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66-200kN thrust, adjustable to suit the site —
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Geotech and GeoMil piezo-cones and Marchetti's DMT on board
On-board processing and printing of results (we print as we test)
All-terrain rig with quiet, comfortable, work space

On-board differential GPS that "averages" over test period

Experienced technicians and good communications systems mean that you can choose full-time or part-time on-board supervision

McConnell
GeoService

igs @insitu.com.au - Fax: 07-3358-4366

-
#beomn's CPT Systems  Geotechnical Support Services

CPT rods & casings

new cordless CPT

www.geomil.com

in stock Consulting Support
In Situ Testing Systems

Marchetti's Diiatometer

arriving soon Phone: 0417-748-669 Complete systems and
Fax: 07-3358-4366 spares held in stock
allan@mcgeo.com.au www.marchetti-dmt.it
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CORPORATE MEMBERSHIP OF THE AGS

$649.00 and look at what your organisation gets -
Membership for two nominees who each receive:

»  Membership fee ($154)

*  Membership of the three International Societies g5&0)

* |AEG Bulletin ($39.60)

An extra copy ofAustralian Geomechanider company library ($95)
Acknowledgement in front section of every issué\astralian Geomechanics
Total benefitis $719.80 All prices include GST.

Contact Peter Robinson onsecretary@australiangeomechanics.orgr go to www.australiangeomechanics.diay
application forms and more information.

Australian Geomechanies Society
Internet Web Site

www.australiangeomechanics.org
M. B. Jaksa (Webmasteremail: mark.jaksa@adelaide.edu.au)

The Australian Geomechanics Society actively maistaan internet web site that can be found at
www.australiangeomechanics.org. The web site contains the information aboutSbeiety, its constitution, the
National Committee, supporting members, memberdkipils and forms, prizes and awards, upcomingerentes,
useful geotechnical links and information relatedtistralian Geomechanicsuch as advertising rates, recent tables of
contents and author instructions. Most importartthg web site contains links to the web pagesefvarious AGS
Chapters. In this way, members can easily see istgating on in their chapter, as well as otheomiad Australia. It is

a good idea, before attending a meeting in yoump@mnato check the relevant web site for the latgsrmation. Any
suggestions for improving or updating the web pagédsbe warmly received.

(c) Australian Geomechanics Society

All rights reserved. Other than brief extracts,paot of this publication may be produced in anyrfavithout
the written consent of the publisher. The Societgoeirages reproduction of its publications and eohss
usually looked upon favourably. It is a requirem#rdt full and complete acknowledgement be citee@mwh
referencing articles published in Australian Geohaaics.

Front Cover: Cliff-top residential developments at North Bondi

The coastal cliff line that approximates the easteaoundary of the residential properties shownZsngetres high. The cliff is
composed of massive facies and sheet facies strétawkesbury Sandstone that are characterisedliyarizontal bedding planes,
inclined cross-beds and sub-vertical intersectigtjsets. As less resistant strata are weathenddeeoded by exposure to the
elements, overlying strata are undercut. As undinguadvances, the overlying strata eventualljapse due to brittle failures
occurring along the abovementioned rockmass deféhbis is the dominant process in the natural &li regression that occurs in
Hawkesbury Sandstone. The process is evidencelebyotk debris that litters the tidal rock platferand it is also evidenced by
the open rock fractures and the extent of the wudiémg that can be seen in the cliff face.

The above described natural regression processas drecroached across the eastern boundary of thygemies in the cover
photograph by over 4 metres.

Photo and description courtesy of Greg Kotze.
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CHAIRMAN'S COLUMN

We enjoyed another glorious summer in WA with soragy mixed reactions to
the trial introduction of daylight saving. | amtporarily working in the UK and
the winter temperatures in Manchester are a vend gadvertisement for thg
Perth climate.

LANDSLIDE RISK MANAGEMENT

This issue ofAustralian Geomechanids dedicated to the results of the LR
project which has been carried out over the lagtetlyears with funding suppor
from the 2004-2005 National Disaster Mitigation giam. The project hag
involved AGS and representatives from Local Governiin the development o
three guidelines including a Hazard Zoning Guideland Commentary, LRM{
Practice Notes and Commentary and GeoGuides fgpreSManagement and
Maintenance. These documents were reviewed by@8 sub-committee, co-
ordinated byMark Drechsler, during December and January.

The finalised versions of the documents have beeviged to the relevant client
bodies and are published in this issueAabtralian GeomechanicsDownloadable versions of the documents will be
available from the AGS web page in the near future.

AGS and the LRM team wish to acknowledge and thhakollowing people for volunteering their timeesthe Xmas
and New Year period to review the draft documesl Bamford (University of Melbourne),Bruce Bulley (GHD),
Tom Bowling (Hydro Tas)Mark Delaney, Graham Scholey(Golder AssociatesBram Knoop (Hydro Tas),Greg
Hawkins (Douglas Partners§;olin Mazengarb (Mineral Resources Tasmani@hris Haberfield (Golder Associates)
andTony Meyers (Rocktest). | would particularly like to acknowlige and thank Mark Drechsler who assisted with
the review process and volunteered to coordinatieagiminister the communication and document cadlacwith the
review panel.

AGS NATIONAL COMMITTEE

Our first national committee meeting for 2007 iseduled for 30 March and will be held in Melbourn&/e thank
Beng Cheah, Doug Stewart, John St GeorgendFred Baynesfor their earlier contributions. We now look fomglato
active engagement and contributions frBavid Williams (QLD) andBarry Lehane (WA). Alan Moon and Tony
Meyers will be assuming their new roles as the Australad/P’s for IAEG and ISRM respectively.

Patrick MacGregor has included details of the current members ofNbhgonal Committee in this edition of AG to
assist with communications between all AGS memhbedsthe committee.

It is pleasing to note that our membership numberginue to grow. Please pass on details of #eifgiant technical
and professional development advantages of joirind supporting AGS, to all new entrants into thestfalian
geotechnical — geological industry. In particulacent graduates and skilled migrants that aretoefustralia, all of
whom will obtain maximum benefits from the CPD deliy and networking opportunities to be found witliGS,
should be encouraged to join wherever possible.

In early February | represented AGS at a meetinly #ngineers Australia (EA) in relation to natioaald international
issues. Of particular note was an increased levghvolvement by EA on the international enginegriarena,
including the September 2010 CECAR conference @indt College will host in Sydney. Additionally, ¢hsoon to be
introduced revised arrangements for measuring andrding of CPD will be very relevant to all menbaf EA.
Details of these interesting and important initiei can be found at the EA web site www.enginestsaia.org.au.

COMING EVENTS

Burt Look and the committee members in QLD are finalising tonference arrangements for thé" ANZ
Conference “Common Ground” in Brisbane from 21 to 24 October 2007 (www.anZ§)Y.com). The conference
web page is up and running and online registrdtoitities are expected in the very near future.

As immediate past chaiiMark Jaksa continues to co-ordinate our national and inteomati distinguished speaker
programme. Arrangements are in placeAtlan McConnell to deliver his talk, entittedwo Geotechnical Mess-ups
at the Gold Coast — What really happened® the different state chapters between 10 andd@ 2007.

On 19 Februarylohn Carter delivered hi2005 E H Davis lectureto a large and appreciative WA Chapter audience
and he is expected to complete his tour in the figare.
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It is also hoped tha@rofessor Robert Mair will be returning to Australia in 2007 and thatwi find the time to visit
more of our regional Chapters to present his 20@8kiRe Lecture. Details of these, and other natignitiatives, are
available from your local Chapter Chair or by catiteg Mark Jaksa (mark.jaksa@adelaide.edu.au).

As previously advised, the very successful, bi-ahnGeology for Engineers course, run in AdelaigeAtan Moon
andFred Baynes is to be organised again for April 2008. Thisise is always fully booked well in advance so make
an early note in your 2007 diary if you are intégdsn attending in 2008.

AGS WEB PAGE (WWW.AUSTRALIANGEOMECHANICS.ORG)

Following discussions at the 2006 National Comraitteeetings, review of commercial proposals forgtavision of
web page services and a recent meeting with Enginfegstralia, we are about to decide on the optinaurangements
to ensure that the AGS webpage (www.australiangebamécs.org) is updated and enhanced on a regasés.bBased
on both potential arrangements we are comfortdisiean enhanced and fully functional web page lvéllavailable by
around the middle of 2007.

Any comments in relation to the AGS web page arelcaveed and can be sent to Peter Robinson
(pbmr@optusnet.com.au), myself (marc_woodward @gaften.au) or Mark Jaksa (mark.jaksa@adelaide.eflu.au

AGS AWARDS

We are very pleased to confirm thiRribfessorRobin Fell of the University of New South Wales is the reeiyiof the
2007 John Jaeger Award As detailed in the awards page on our web sitis, award is madéo recognise
contributions of the highest magnitude over a lifiete of commitment to the geotechnical professionAuistralia.
Robin will be presenting his John Jaeger award mpapeovisionally entitledinternal Erosion and Piping of
Embankment Dams and their Foundati@hshe Brisbane ANZ conference in October.

We are also very pleased to confirm that the 2B®¥ Davis Memorial Lecture will be presented biProfessor Chris
Haberfield of Golder Associates in Melbourne. | am sure #iBAGS members will join us in congratulating @hon
this prestigious award in recognition of hilistinguished recent contribution to the theory angractice of
Geomechanics in Australiand look forward to his lecture tour later in 2007

The AGS Joint Societies Award will be decided andaunced at the Brishane ANZ Conference, to receghé most
valuable conference papeis judged by an executive committee formed from AGZGS and the international
societies VP's.

ISSMGE, ISRM AND IAEG NEWS

As previously advised;red Baynesis now thelnternational President of IAEG and we look forward to enhanced
Australasian involvement with IAEG resulting frons mew international role.

Fred Bayneshas now handed over the role Afistralasian Vice President (VP)for IAEG to Alan Moon and we
look forward to Alan’s contributions in 2007. Alawill be attending the 2007 IAEG Council meetingtie USA in
June 2007 to represent Australasia.

Professor John Carter continues to actively represent Australasia aslo@rnational VP for ISSMGE. The next
ISSMGE board and Council meetings will be held in Brisbameoincide with the opening of the ANZ conference
John continues to report on progress with the ftonaof FIGS from an ISSMGE perspective to helpassess the
implications of these proposed international charfge Australasia.

AGS has been asked to provide nominations of deitabople to join the ISSMGE TCa3uteractive Geotechnical
Design Please check out the ISSMGE web page (www.issimgle. or contact John Carter
(john.carter@newcastle.edu.au) if you require afditional details and/or would like to make a noation.

As previously advisedony Meyers, of Rocktest in Adelaide, is theustralasian VP for ISRM for 2007 to 2011. We
look forward to continuing active involvement frofony and note that he submitted a paper on the AfkSand
industry activity to the January 2007 Mining BultetTony has also played a positive and proagtle in explaining
AGS activity in relation to the proposed AusIMM Ge@nce Society that is expect to be formed late2G07. It is
anticipated that there will be some technical comrgoound and close interaction between AGS andAilE MM
Geoscience Society. We will provide additional dstaf these developments in future editions of A&they become
available.

Tony has previously reported the excellent news Eafessor Edwin (Ted) Brown was awarded the igiesis 5"
Muller Award and that Ted will present the Mullecture at the #1ISRM Congress in Lisbon in July 2007.
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SECRETARIAT AND FINANCIAL ISSUES

The successful and efficient provision of secrataservices byeter Robinson,of Money Tree Associates, continues
with our accounting, auditing and reporting up &dedand transparent. We are very pleased to ootffiat Peter has
extended his contract with AGS for a second yedrvaa can look forward to his active and efficieapgort up to and
beyond late 2007.

With ongoing assistance from Engineers Australie particularly Lois Wurzer, Peter has made sigaift progress
with our membership records and contact details.lead® make sure that you let Engineers Australia
(lwurzer@engineersaustralia.org.au) and the AGSreBmtat (pbmr@optusnet.com.au) know if you chamger
address or contact details so that we can keemémebership database up to date.

Our treasurer Neil Benson and Peter Robinson caeatia actively monitor and report our financialaafé and we are
pleased to note that AGS is in a healthy finarpgsition.

SPECIALIST GEOTECHNICAL CONTRACTORS

I would like to recognise and thank the contribatbomAustress Menard, Broons Hire, Keller, Rock Engineeing
and Vibropile for their interesting and valuable contributiors the December 2006 “Specialist Geotechnical
Contractors” issue of AG. | hope these papers lgaven other members of AGS a useful insight it &ctivities of
these Australian specialist geotechnical contractord hope that we will continue to have enhanceghgement
between the consulting, academic and contractiegsanf our profession.

LIAISON WITH NZGS

Kevin McManus, the current Chair of NZGS, is expected to atteradrtbxt national committee meeting in Brisbane
that will coincide with the opening of the " @&NZ Conference. The opportunity for face to faomtact significantly
enhances the ongoing communications between AGINZ@&S. We thank Kevin for finding the time to jois and
look forward to continuing fruitful liaison betweemr two societies

Mark Eggers, Alan Moon and Fred Bayneswill maintain direct contact witiAnn Williams and the NZGS team
organising 2010 IAEG Congress to ensure effectiygert from AGS.

The NZGS committee now have confirmed that liaipersonnel will be appointed for each internaticwaiety VP, to
ensure appropriate levels of communication are taged between AGS and NZGS in relation to IAEGGNESE and
ISRM activity. We have been advised thain Williams will fill the role of NZGS liaison for IAEG, the ther
positions will be finalised after the next NZGS auitiee meeting.

ACKNOWLEDGEMENTS

In closing my fifth Chair’s letter it is appropreatgain to acknowledge the continuing assistandesapport that | have
received fromPeter Robinson, Mark J&ksa and\eil Bensonand the other members of the national committee.

Patrick MacGregor and Sarah Lanesmanagain deserve our special thanks and apprecidtioriheir excellent
ongoing work on the editorial, production and mamagnt of advertising with AG which continues togrim quality
and industry support with each edition.

Please feel free to contact me if there are ames#hat you feel can be better addressed by AG®imterests of our
members and the wider geotechnical profession.

Regards

Marc Woodward

September 2006

Tel: (08) 9347 0000
marc_woodward@coffey.com.au

Geoscience Australia has been coordinating the Idpweent of a collaborativeandslide inventory framework as pdrt
of a larger project that will demonstrate a way lmfinging diverse landslide databases together. Theentory
structure adopts agreed standards, terminology eladsification systems as outlined within this ieditof the AGS
Journal and provides guidance in the fields reqdifer reporting. Fields chosen have been selectéd eonsideration
of data requirements for landslide risk assessnagmt aim to highlight where current gaps in knowledge. The
framework is being developed in conjunction witlojpct partners, members of the AGS LRM taskforeeiew
committees and local government. It is anticipatteel framework will be provided to the AGS for ddicechnical
review in 06/07. Further information on Geoscien&astralia’s initiative is outlined in AGS Volume ,4MNo 3
September 2006. p177, as a Letter to the Editor.
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Australian Geomechanics Society Corporate Members

The Australian Geomechanics Society gratefully agkedges the contribution made by its Corporate klers who
are listed below. Please contact either the Nati®ecretariat or your local state secretary fothir information on
becoming a Corporate Member of AGS.

Phone Fax
A'S James Pty Ltd 15 Libbett Avenue CLAYTON SOUTHCV 3169 (03) 95474811  (03) 95475393
AMC Consultants Pty Ltd 19/114 William Street MELBBNE VIC 3000 (03) 96708455 (03) 96708311
Arup Geotechnics 11 Harvest Terrace WEST PERTH WA 0056 (08) 93221400 (08) 94811334
Arup Geotechnics Pty Ltd PO Box 76 MILLERS POINT WS 2000 (02) 93209319  (02) 93209321

Level 3, MACQUARIE

Austress Menard Pty Ltd 13-15 Lyonpark Road  PARK

NSW 2113 (02) 94917100 (02) 94917111

Boart Longyear Pty Ltd 919 Marion Road MITCHELL PKR SA 5043 (08) 83758375  (08) 83770534
Brink & Associates P.O. Box 40 OURIMBAH NSW 2258 2j13892300  (02) 43891600
Broons Hire (SA) Pty Ltd 827 Port Road WOODVILLE SA 5011 (08) 82681988 (08)82681576
Civiltest Pty Ltd PO Box 537 MORNINGTON VIC 3931

Coates Shorco 46 Williamson Road INGLEBURN NSW 256@2) 98294500  (02) 98292177
Coffey Geosciences Pty Ltd PO Box 125 NORTH RYDECPBSW 1670  (02) 99111000  (02) 99111001
Douglas Partners Pty Ltd PO Box 472 WEST RYDE NSW685L (02) 98090666 (02) 98094095
Engineering Geology Specialists Pty Ltd P.O. Bo%466 CHATHAM NSW 2430 (02) 65524469 (02) 65573073
Frankpile Aust Pty Ltd PO Box 7966 E”ALLIJ_;KHAM NSW 1755 (02) 88661100 (02) 88661101
Geotechnique Pty Ltd PO Box 880 PENRITH NSW 2751 2) @¥222700 (02) 47222777
GHD Pty Ltd GPO Box 668 BRISBANE QLD 4001 (07) 33060

GHD-Geotechnics Locked Bag 2727 ST. LEONARDS NSW59QL  (02) 94624700  (02) 94624710
Golder Associates Pty Ltd PO BOX 1734 MILTON BC QLD4064 (07) 37215400 (07) 37215401
Ground Environments Pty Ltd PO Box 1620 MACKAY QLD4740 (07) 49533344 (07) 49533300
Hyder Consulting Pty Ltd Level 5, 141 Walker St NORSYDNEY NSW 2060 (02) 89079000  (02) 89079001
ITM — Soil Pty Ltd 16 Chandler Avenue FLOREAT WA BO

Jeffery & Katauskas Pty Ltd 39-41 Buffalo Rd GLADASLE NSW 2111 (02) 98097322 (02) 98097626
John Holland Group 70 Trenerry St ABBOTSFORD VIC 630 (03)84136455 (03) 99345269
Landpac Technologies P/L PO Box 132 SEVEN HILLS NSW730 (02) 98387044  (02) 98388162
Maunsell Australia Pty Ltd Level 9, 161 Collins St(MELBOURNE VIC 3000 (03)96531234  (03) 96547117
Parsons Brinckerhoff (Aust) P/L PO Box 5394 SYDNEY NSW 2001 (02)92725100 (02) 92725101
Pells Sullivan Meynink Pty Ltd G3 56 Delhi Road NTRRYDE NSW 2113 (02) 98125000 (02) 98125001
Piling Contractors (Aust) Pty Ltd PO Box 346 LAWNMNO QLD 4501 (07) 32855900 (07) 32855745
Reinforced Earth P/L 20 George Street HORNSBY NSWO772 (02) 99109910 (02) 99109999
Sinclair Knight Mertz Pty Ltd 590 Orrong Road ARMADE VIC 3143 (03) 92483133 (03) 92483364
Slope Indicator PO Box 198 COTTESLOE WA 6911 (08331067  (08) 93851149
University of New South Wales Eﬁg%o' of Civil & Envir oy p\ ey NSW 2052 (02) 93852780
URS Australia Pty Ltd 116 Miller Street NORTH SYDME NSW 2060 (02) 89255500  (02) 89255555
Vibro-Pile (Aust) Pty Ltd 1 Steele Court MENTONE 1 3194 (03)95844544  (03) 95838629
Wagstaff Piling P/L PO Box 117 ASHGROVE QLD 4060 7)(33662555 (07) 33665608

Viii Australian Geomechanics Vol 42 No 1 March 2007



AGS NATIONAL COMMITTEE

Chair - Marc Woodward Neil Benson Vice-Chair and Treasurer

Marc is the Western Regional Manager for CoffeyNeil is a Chartered Geologist, with over twenty rgea
Geosciences. Educated in Britain he has more #dan experience in mining and engineering geology,
years experience in civil and geotechnical enginger geotechnical engineering, and project managemetit wi
construction, design and project management. Masc hexperience in the UK, South Africa and Australias H
experience in geotechnical grouting projects, gdouncareer has include a range of projects in civil and
anchor projects, piling projects, slope stabilisatiand environmental engineering including large complex
retaining walls, forensic engineering and geotecini investigations, assessment of ground conditions and

remediation projects, site investigation and othegonstruction problems, tunnelling in the urban
geotechnical projects. environment and construction of environmental

remediation solutions.

Mark Jaksa - Immediate Past Chair Kevin McManus — Chair NZGS

Kevin has been Chair of the New Zealand Geotechnica

Mark is a Senior Lecturer in the School of Civildan Society since 1994. Kevin is a geotechnical erggirzad
Environmental Engineering at the University of Aalde. iS a director of McManus & Grocott Ltd, a firm
Before that, Mark worked for Coffey’s and B. C. kam Specialising in geotechnical engineering and ereging
and Associates, both in Adelaide, for a total ofears. geology based in Christchurch, New Zealand. Hisnma
Mark’s research and consulting interests focus lm t (Professional) interests include earthquake resista
spatial variability of soils, the application ofistics and foundation design, soil liquefaction, use of ground
probability to geotechnical engineering, geostatist anchors in geotechnical engineering, and earthquake
artificial neural networks, expansive soiis,situ testing, ~resistant design of retaining systems. His cairegudes
environmental geotechnics and enhancing studedfints at the University of New South Wales and the
learning. Mark has been a member of the AGS sindéniversity of Canterbury as well as time with
1984 and a member of the National Committee sind&nstruction firms and in construction management.
1999. He is married with four children.
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Stephen Fityus — Newcastle Representative Graham Scholey — New South Wales Representative

Graham graduated as an engineering geologist itvkhe
. ' and later obtained a Master's degree in geotedhnica
Geotechnical Research Group in the School fhgineering in the US. He has been in Australiafmut
Engineering at the University of Newcastle. Aftefg years, with Golder Associates in Sydney. Hismmai
completing his undergraduate degrees, he worketién professional interests are in geotechnical riskagament
public service and the geotechnical consulting $iU  and most of his work is for major transport infrasture
before returning to University to complete his PEBd  projects.  Graham has served on the committee @f th
take up an academic appointment. He is activewid® AGS Sydney Chapter since 2001. In that time he has
range of research areas, with a primary focus Qfhdeavoured to encourage new initiatives that ptemo
foundations in residual soils. He has been an @ctiyhe advancement of geomechanics in our region.
member of the AGS for more than 10 years.

David Williams
Queensland Representative

g | _ G !

Mark Drechsler
South Australia Representative

David Williams graduated in Civil Engineering wilirst  Mark has over twenty years experience in geotealhnic
Class Honours from Monash University and obtained @nsulting and the construction materials industiis
PhD in Soil Mechanics from Cambridge Universitymajor area of expertise is in geotechnical invesibns
before returning briefly to the then Country Ro&@tmrd and resource management for civil and mining ptejec
of Victoria. He joined Golder Associates, workifigt in  as well as construction materials and quarry mamagée
Melbourne before transferring to Brisbane. In 883, His project experience includes: wind farms, traission

he joined the Department of Civil Engineering ateThlines and substations; slope stability analysiseropit
University of Queensland, where he is now Associalgesign; tailings dam design; quarry development
Professor of Geomechanics. David's main researqfeopolymer and waste materials  technology:;
teaching and consulting interests concern the egdn  environmental management and auditing; waste
of soil mechanics principles to the disposal, man@@nt management; marine and harbour developments; and
and rehabilitation of mine wastes, an area in whieh residential and commercial developments. He has

enjoys an international reputation. worked throughout Australia and Papua New Guinea.
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Fraser White — Tasmania Representative Chris Boyd — Victorian Representative

Fraser is a civil engineer with over 18 years eignee.
For most of his career he has worked on projectshris is a Principal Geotechnical Engineer with Mgl
associated with renewable energy: hydro power and W Australia and has over 10 years experience in the
developments. He has had a number of roles ower tgeotechnical site investigation, geotechnical desigd

years but he has been mainly involved in desigiyroject management of infrastructure, building avater
investigation and construction supervision of damsgrojects.

tunnels, underground structures, power stations thad
civil aspects of small and large scale wind farrhte is )
presently working for Hydro Tasmania Consulting T Tony Meyers — ISRM AusIMM Liason
and is currently the managing the civil team frots i
Hydropower and Major Projects Group.

Barry Lehane
West Australia Representative

e unstat : Tony Meyers is the Australian Nominee for the
/ ! 55 International Society for Rock Mechanics. In thiderhe
o o ‘ » assists the regional Vice President (Australasidé) Wis
Barry has nearly 25 years experience as a prawitiand  ies in Australia. In July of this year he takeer the
academic in geotechnical engineering. He is a Bsofe y/p (o6 He also acts as the liaison between thel MM

in the School of Civil & Resource Engineering and anq the National Committee of the AGS. From a fgmil

consultant to Arup Australia. His research intesest iy o long history in mining, he finally completea
include deep and shallow foundations, soil-streeturyeqwn out Mining Engineering degree in 1987, a RnD
interaction, numerical modelling and geotechnicag :

X vHY ock Mechanics in 1993 and a diploma in Finance in

Investigation. 1999. His business, Rocktest Consulting, based in
Adelaide carries out rock mechanics design and
assessment for the surface and underground Minidg a
Civil industries throughout Australia. His specsaliion
and research interests include probabilistic risk
assessment and discontinuity characterisation.

Australian Geomechanics Vol 42 No 1 March 2007 Xi



AGS NATIONAL COMMITTEE

John Carter — Vice-President ISSMGE Alan Moon - Vice-President IAEG

3 W Al :

Alan Moon is an engineering geologist with 35 years
experience on a wide variety of projects in Ausralew

| Zealand and South East Asia. He is a Senior Pahci
John has 30 years experience in teaching, resear¢h with Coffey Geotechnics based in their Adelaideocetf
consulting in civil, geotechnical and offshore eregiring. Alan has served on AGS state committees in South
His research interests include analytical and nigaker Australia, Queensland and Tasmania. Every twosyear
modelling, soil-structure interaction, rock meclmnithe Alan, Fred Baynes and Isabelle Lamb prepare anskpte
behaviour of cemented and uncemented carbonatg, sod two week field based course on geology for emgine
soft soil engineering, tunnelling and offshore fdations. on behalf of the AGS.
He is the former Challis Professor in Civil Engiriag at
Sydney University and in February 2006 he took op a
appointment as the Pro-Vice-Chancellor, Faculty of

Engineering and Built Environment at the University Burt Look — ANZ Conference Representative
Newcastle.

Peter Godfrey
Engineers Australia Representative

Dr Burt Look is the Chair of the organising commetfor
the upcoming ANZ Conference on Geomechanics, to be
held in Brisbane, October 2007. He obtained hist fir

Peter is a civil engineer with management qualiiices. degree in .CiV" Engineeering from The Unive_rsity'ﬂie
Peter has over 20 years experience in contractin est In(_jles, .Masters Qegree ffo”? Impenal _College,
construction materials, equipment supply and caimgul Lbndqn, in Soils Mechanl_cs ar_1d Engineering Seismplo
industries. He is Southern Regional Manager off&gof and his Phd from The University of .Q_ueensland. aH;e
Geosciences, specialising in geotechnical, minin as__comple_ted_ a Graduatg Certificate InPhilosophy
environmental, water resource consulting serviced a(}Crlt;calh _Thllnlgng). Eurtd |sfthe ConnIeIIdV\gagnec:jr .
construction material testing. In Engineers AusirBleter Bgobec mcz;\_' _roma eatecr:ho_r QueePstr?n ’ afiel In
is currently National Vice President for Enginegrin fisbane. He IS he pas arman ot the Queedslan
Practice, a member of the AGS National Committeg anChapter of the Australian Geomechanics Society.

is a past President of Tasmania Division and past

Chairman of the Civil College Board.
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Sara Lanesman

Advertising in Australian Geomechanics Peter Robinson — AGS Secretary

Sara took on the role of advertising in Australian
Geomechanics just over two years ago, after heynskec
child was born.  She has a postgraduate diploma in
Human Resources Management and in Marketing (froReter is an Accountant and Chartered Secretary and
the University of Cape Town). In addition to heler currently runs his own company Money Tree &
with Australian Geomechanics Sara works part time a@\ssociates, which recovers unclaimed money fomtdie
Personal Assistant for the directors of a Businedtom Federal and State government departments. His
Consulting Firm. previous positions included Harris Technology as@&M
Finance & Administration and Longmac Associatethas
CFO and Company Secretary. Peter has been maeoried t
Anita for 25 years with two daughters Jenna an@.Sar

Patrick MacGregor —Editor Australian Geomechanics

Patrick is an engineering geologist with almostyg@ars
experience working on projects in more than 20 tdem

He was formerly with SMEC and Coffeys and now is a
consultant on major projects when it does not donf
with his yacht racing, golf and bridge.
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7th Young Geotechnical Professionals Conference
ADELAIDE, 2006

Conference Proceedings

~& Australian Geomechanies Society k8

aaaaaaaaa

&
% ® New Zealand Geotechnical Society MNZ Ausimm

Proceedings available from the AGS Secretariat P.Box 955 St lves, NSW 2075 for $50 ing
GST
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Australian Geomechanics Society

Sydney Chapter

2007 Sympos

Engineering Advances in Earthuorks

Wednesday 10 October 2007
First Announcement and Call For Papers

OVERVIEW OF THE SYMPOSIUM

Infrastructure, residential, commercial and industrial projects have typically involved earthworks design and
construction as a matter of course. Recently, the issue of civil earthworks has become more prevalent in
areas such as mining and marine. In addition, there have been advances in the design methodologies and
construction methods related to earthworks. An understanding of these advances i1s an important tool for
owners, contractors, civil and geotechnical consultants.

The Sydney Chapter of the Australian Geomechanics Society (AGS) is proud to present our eleventh annual
Symposium to be held in October 2007 on Engineering Advances in Earthworks. The Symposium is an
annual event and forms part of the continuing program of events by the Sydney Chapter of the AGS,
designed to keep the engineering profession aware of recent developments in particular aspects of
geotechnical practice. The goal of this symposium is to provide engineering geologists, geotechnical
engineers and civil engineers from consulting, contracting and government organisations the opportunity to
meet and exchange information on their experiences in earthworks and the innovative engineering
application of earthwork practices.

The papers may be published in Australian Geomechanics, providing a national focus for the event, and we
are therefore seeking contributions nationally in support of this initiative.

POSSIBLE TOPICS
The focus of the symposium will be engineering advances and innovation in the application of earthworks to
projects, investigation of earthworks materials, modelling and monitoring of earth structure performance, and

construction. The following are some suggested topics for the Symposium:

* [nnovations in earthworks applications; * Advances in earth containment barrier design and
construction;

« Ground Remediation

s Advances in investigation of earthworks e Advances in earthworks monitoring, testing and
materials; control;

s Advances in modelling earthworks e Innovations in remediation of fill materials;
performance

¢ Innovation in embankment and earth dam e Use of recycled materials in earthworks, including
design and construction; overburden, slag and bottom ash
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SYDNEY 2007 SYMPOSIUM

Abstracts are to be received by 20 April 2007, with final papers to be completed by 27 July 2007. All papers
should be submitted in AGS format, the details of which will be forwarded at an appropriate stage.

STUDENT PAPER CONTEST

As part of the Symposium, The Australian Geomechanics Society will be holding a contest for the best
student paper, with a $500 prize being awarded. Students must be the lead author of the paper. The papers
will be judged by the AGS Committee, Sydney Chapter, and the best paper will be presented at the
Symposium by the author.

Please indicate on your abstract submission whether you will be entering the student paper contest.
EARTHWORKS PHOTO CONTEST

For this years Symposium, the Australian Geomechanics Society will be holding a Photo Contest for the most
interesting earthworks photograph.

The photographs must be related to Engineering Advances in Earthworks and include a brief description
(less than 25 words) of the photograph. Only one photograph per entrant is permitted.

Photographs will be judged by the AGS Symposium Committee with the winner receiving a cash prize of
$100, which will be presented on the day. The winning photograph and 2 runners-up will be included in the
Symposium proceedings. In addition, a selection of the photographs will be displayed at the venue.

Please email your photograph entries to richard moyle@coffey.com.au in jpg format by 1 September 2007.
Emailed photographs must be less than 250Kb, and the original photograph can be up to 5SMb.

ADDITIONAL INFORMATION

Far submission of abstracts or if you would like any additional information or would like to discuss a possible
topic, please contact any of the following:

AGS Symposium Organising Committee

Roberta Lindbeck Hana Liu Richard Moyle

GHD Geotechnics PB Coffey Geotechnics

57 Herbert Street 680 George Street Unit 8/ 12 Mars Road
Artarmon NSW 2064 Sydney, NSW 2000 Lane Cove West, 2066
Phone: 9462 4835 Phone: 9272 5170 Phone: 9911 1000

Email: Email: Email:

Roberta. lindbeck@ghd.com.au HLiu@pb.com.au richard movyle@coffey.com.au
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. % Australian Geomechanics Society

Sydney Chapter

2007 Symposium

Eng neeri ng Advances In Earthworks

Wednesday 10 October 2007

Sponsorship Opportunities

The Sydney Chapter of the Australian Geomechanics Society (AGS) is holding a Symposium on Engineering
Advances in Earthworks. The Sympaosium will be a high profile, all day event that is expected to attract over
100 attendees. Selected papers will be published in Symposium proceedings that will be dedicated to
Engineering Advances in Earthwarks.

The Symposium will be the eleventh of the Sydney Chapter's annual symposiums designed to keep the
engineering profession aware of recent developments in particular aspects of geotechnical and construction
practices. Topics will include advances and innavation in earthworks applications; investigation of earthworks
materials; modelling of earthworks performance; embankment and earth dam design and construction; earth
containment barrier design and construction; earthworks monitoring, testing and control; remediation of fill;
use of recycled materials in earthworks and case histories.

The symposium will offer owners, suppliers, contractors, civil and geotechnical consultants a unique
opportunity to promote their products and services to a wide cross-section of the industry, through sponsoring
the symposium.

Sponsorship... An Introduction
What is sponsorship?

Sponsorship is a strategic marketing vehicle that provides companies the opportunity to align themselves
with organisations that have an existing relationship with that company’s target customers.

What sponsorship will do for you

= Significantly increase your visibility and impact at the Symposium

= Promote your organisation to hundreds of senior-level decision-makers in the industry, and nearly
1000 readers of Australian Geomechanics spread throughout Australia

= Establish name and product recognition

= Demonstrate to colleagues and clients that you support the industry
Why yvou should be a sponsor

= Sponsorship is a direct line to customers who may never come to you

= AGS sponsorship is a targeted, cost effective marketing opportunity.

http://www.australiangeomechanics.org
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SYDNEY 2007 SYMPOSIUM

Benefits of Sponsorship

= Acknowledgement of sponsorship in 2007 AGS Symposium materials
= Recognition of your sponsorship at the Symposium and to readers of Australian Geomechanics

= Sponsorship recognition signs at venue.

There will be three levels of sponsorship - Platinum, Gold and Silver.

1. Platinum Sponscr (one only) - Minimum $3,000 (incl. GST) exclusive

The Platinum Sponsor will be entitled to acknowledgement on the presenter's podium and in the Symposium
proceedings, and to have their brochure included in the proceedings. The sponsors will also have their
company name on the badge of every symposium attendee and receive a full page advertisement in the
Symposium proceedings that will be dedicated to Engineering Advances in Earthworks. Promotional benefits
include recagnition of company name an signage, acknowledgement in program and sponsorship of the bar.

The Platinum Sponsar will be able to set up a booth at the symposium to distribute promotional material to
attendees.

Three of the Platinum Sponsor's employees will be entitled to free admission to the Symposium. The first
written and paid offer of platinum sponsorship received will be nominated for this level of sponsorship.

2. Gold (Major) Sponsors — Minimum $1,500

Gold Sponsors will be entitled to acknowledgement as a Gold Sponsor in the sympaosium’s proceedings, to
have their brochure included in the proceedings, and will receive a half-page advertisement in the
Symposium proceedings.

Two of the Gald Sponsor's employees will be entitled to free admission to the Symposium.

3. Silver Sponsors — Minimum $750

Silver Sponsors will be entitled to acknowledgement as a Silver Sponsor in the symposium’s proceedings, to
have their brochure included in the proceedings, and receive a half-page advertisement in the Sympasium
proceedings.

Please register your interest by returning the registration form to Hana Liu, AGS Committee Member:

, ORDER FORM ploate complets s form and fa or mail 1 {0 he Addres2 below  §
1 29 June 2007 ¥
]

1 company Contact

: Address City

! E-mail Tel Fax

: | WILL SPONSOR THE METHOD OF PAYMENT

| FOLLOWING O Enclosed is a cheque payable to Australian Geomechanics Sociefy for
10 PLATINUM 3

: 0 GOLD O Please send me a tax invoice for my sponsorship payment

| O SILVER COMPLETE CREDIT CARD INFORMATION BELOW (VISA & MASTERCARD ONLY)

! Card Number; Expiry Date:

Cardholder Name:

Signature of Cardholder

MAIL OR FAX COMPLETE FORM TO:
Hana Liu

PB
GPO Box 5394
Sydney, NSW 2001

Phone: 6129272 5170
Fax: 61292725101
Email: HLiu@pb.com.au
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) CLIENTS | PEOPLE| PERFORMANCE

Bl GHD GEOTECHNICS

GHD Geotechnics is a specialist division within GHD that provides geotechnical, geological, hydrogeoclogical, geophysical
and laboratory services throughout Australia and intemationally. With more than 150 professional and technical staff, and

laboratory and field testing facilities across Australia, GHD Geotechnics offers clients the knowledge and experience of
one of Australasia's largest and most capable geotechnical teams.

Shown above is a selection of our recent projects in the specialised field of Landslide Risk Management.
We have extensive experience in:

= hazard identification, mapping and zoning

= risk assessments and risk management

= slope remediation and performance monitoring

For assistance with your next project please contact any of the following regional Geotechnical Managers.

Melbourne VIC Sydney NSW Hobart TAS

Dave Clark/Graham Granger Peter Stone/Greg Kotze Alaa Ahmed-Zeki

T 613 8687 8000 T 61 29482 4700 T 61 36210 06800

E david.clark@ghd.com.au E peter.stone@ghd.com.au E alaa.ahmed-zeki@ghd.com.au

Brisbane Perth WA Auckland NZ

Alex Litwinowicz/Richard Evans David Elias/Bruce Bulley Bob McKelvey / Richard Kaiser
T 617 3316 3000 T 6186222 8222 T 64 9261 1400

E alexander.litwinowicz@ghd.com.au E david.elias@ghd.com.au E bob.mckelvey@ghd.com.au

www.ghd.com.au/ghdgeotechnics




Sy w.geotesta.com . au

Install a Geo Monitoring System now.

Geotesta suppliss relioble geotechnical instrumentation and structural sensors
to menitor Slopes and landslides, deep excavation, pit walls, tunnels, bridges,
and dams. Some of the menitoring syskems can be accessed in recl time and
online, effectively reducing the need to manuclly collect the field data

High Dercily Pubetiyiena e
P B, 10 > 50 mm ?

OMNEQF QUR PRODUCTS - HYDROSTATIC PROFILER FOR SETTLEMENT MONTORING

For products brochure and consultation

Coll 1300 852216
Cr email: info@geotesto.com.au

O

GEOTESTA

g INSERT GEOTEXTILE SUPPLIES AD

(SUITABLY SIZED QUARTER PAGE) AS
IN VOL 41 NO 4 PAGE XXIllI

INSERT AUSTRALIAN SOIL TESTING AD
AS IN VOL 41. NO 4 PAGE XXIlI
(SUITABLY SIZED QUARTER PAGE).

RAFT softwaré]

The world’s first and only computer program

Residential slabs on reactive soi
Design by engineering principles
Visit www.raftsoftware.com

for

XX
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” Golder
L7 Associates

At Golder, we know
you need a challenge.

Focused on people. Passionate about our projects.

At Golder Associates, we understand the elements of a satisfying career: Working within a talented
team, being given the room to make decisions and taking on challenging projects are all important
factors, We also go a step further.

As one of the largest 100% employee-owned consulting groups in the world, staff have the opportunity
to grow with the company as an owner and share in its success. This has resulted in a unique culture
with a pride in ownership that contributes to Golder being recognised as one of the most trusted
sources of professional services in the world. We have also been voted one of the “Best Employers

to Work for in Australia and New Zealand" for three years running.

Golder specialises in geotechnical, mining and environmental services. With over 5,200 employees
working across 135 offices worldwide, completing projects in more than 140 countries, we offer
truly global opportunities.

A world of capabilities delivered locally.

For more information on opportunities at Golder within Australia and New Zealand,
contact Karen Keung, Tel: +61 7 3721 5400,
or email recruitment@golder.com.au

www.golder.com
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(/)] Douglas Partners

Geotechnics - Environment - Groundwater

Over forty years experience
... OVEr 50,000 projects

Providing superior consulting engineering
and testing services fo the mining,
building and government sectors
with 14 offices across Australia.

Integrated Practical Solutions

www. douglaspartners.com.au

= e PLREOS FINTTE ELEMENT GODE FOR S0IL AMD ROCK ANALYSES ..ﬁ:l &ﬂrﬂ‘
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- brisbane | cairms | campbelitown | canberra | danwin | gold coast | melboume | newcastie | perth | sunshine coast | sydney | townsville | wollongeng | wyang
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engineering

| Celebrating 40 years of
geotechnical engineering
services in Australia

URS is recognised for pioneerng work and expertise in earth dam design,
underground structures, offshore structures, earthquake engineering,
foundations, geotechnical risk assessment and slope stabilisation engineering.
We also provide a unigue range of complimentary skills in environmental
sciences, civil and structural enginearing as well as project and construction
managament.

‘We are one of the leading International geotechnical and engineering geology
consultancy firms in the world with over 50 years experience in a wide range of
engineering projects, Our team has a strong reputation for innovation,
dedication and talent across all sectors of geotechnical engingering projects.

Adelaide Brishane
ENGINEERING AND

Melbourne
ENVIRONMENTAL

the future

Career Opportunities @ URS

The Sydney Office is in need of a Principal Geotechnical Engineer to join
the Geotechnical Engineering Services Group, This Senior Position will enable
you to provide strong management and technical expertise to the engineering
business unit in the fields of geotechnical investigations and design
documentation of tunnals, road pavement , foundations and slopes and other
structures. You will possess strong skills in business development, project
management, proposal preparation and winning work as well as the ability to
grow and manage a group of geotechnical engineers and engineering
geologists.  For  further information, or to apply, please visit
wWww.ap.urscorp.com/careers and enter the requisition number
URS17140.

WWW.ap.urscorp.com

Perth
PROFESSIONAL

Sydney
SERMICES



Austress Menard

Speclalist
Soll Improvement Contractors

SOIL IMPROVEMENT
Dynamic Compaction
Dynamic Replacement
vacuum Consolidation
Soil Mixing

Vertical ‘Wick’ Drains
Vibro Densification

CUT OFF SYSTEMS
Freyssimix

Slurry Walls
Permeation Grouting

AUSTRESS MENARD PTY LTD

Geotechnical and

GROUND RETENTION
Hard-Soft Walls

Soil Anchors (SBMA)
Rock Anchors

Soil Nails

SOIL REINFORCEMENT
CMC (Controlled Modulus Columns)
Freyssipiles
Micropiles
Compaction Grouting
Jet Grouting

Stone Columns

Austress Menard
Level 3
13-15 Lyon Park Road
Macquarie Park NSW 2113
Tel: 9491 7100
Fax: 9491 7111
austress@menard.com.au
www.menard.com




Ground Engineering
Contractors

_{ LLIL{ iwnpr-w- 1ent

steln Uses

eDeep Impact

o » «Un-engineered Fills
Compaction

o Loose Sands
sDredged Sands

PO « Saturated Wealk

o Dynamic Compaction
« Stone Columns
e Saturated Soil

. lid : o e = Compressible Soils
{ ns arr s g : 3
Consolidation _ Deep Impact Compactien « Landfills

Applications
s Industrial/Commercial
Developmenis
B . Residential Developments
§* Resort Developments
s Infrastructure/Utility
Developments
«Bulky Goods /Retail Outlets

“T”“ D—.‘-’”-“nﬂ‘? Compaction «Airport/Container Pavements Stone C "jum""
—— — —
S R el SRR L ETTR

' Landpac specialises in providing and implementing ground . vy | olmememme

treatment solutions on unstable sub-grades to a depth of 5 —
1 =4 . ;
! metres. Landpae’s ground improvement systems allow the .| Bl e e 25|
] & - | Usmpacy)os L e s
! use of upper level foundation and slab on ground AT e ]

Landpac has developed mwonitoring * ] i e

and quality control systems to assist ..| \%- =
in the assessment of compaction -

levels and sub-grade strength during
the ground treatment . Engineers
can thus provide soil design
parameters for the whole site area ;
with higher confidence levels. ] s
Landpac's “DiffSett” system, is a differential :

GPS and software tool that assists in the
| measurement of incremental induced
settlements that are indicative of the
compaction levels over the site.

Landpac’s “CIR”
system measures the
soil response over the

BN whole site to the high ... 4: vt | | e . —
\ dynamic loads e P =
induced by the impact o

drums. It identifies localized soft areas and weak sub-grades that
could have adverse effects on foundation performance.

| piling methodologies.

construction without costly removal and replacement or K = Cainparfini
el

- TOETementy ot

I L BT

Specification of the appropriate ground improvement Call Landpac’s Engineers for further information

| methods on deep compaction sites, requires specialised Sydney-(02) 9838 7044; Brisbane-(07) 3832 7666;
knowledge and experience. Perth-{08) 9421 1644; Melbourne-{03) 9525 5690

e T e s >
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Datgel

DATA SOLUTIONS

Geotechnics « Geoenvironment Laboratory

Tools to Collect,Manage
and Report Geo Data.

Datgel is an Australian company distributing,

Dataferensics

PLog - Improve and enhance your
field data collection.

developing and supportit
software for geotechnica

engineers, geologists andgeore
We offer a full suite of products fo
laboratory, data analysis, reporting,

1g data management related
Land geoenvironmental
lated scientists.

r field data entry,
2D and 3D
nation.

Taya Retterer, F.5, !

modeling and internet based data dissemi

Data Management Consulting

Custom gINT database calculations and add-ins.

+ Manipulate.and import custam fite formats

+ Lub and menitering calculations

= Design calculations and extrapolations

« Automated time saving data manipulations
+ Security and user access rights

« Chemical test statistics andscreening

Custom Software Development

« Custom GIS intetface to gINT data
« Web dissemination of site inyestigation

and monitering data
« Autornate scheduled tasks such as

gINT dataexport or import

PLog is the most advanced digital system available today
for documenting subsurface investigations.
With PLog you can easily enter field data on your handheld
Personal Digital Assistant (PDA) and then upload it to gINT
on your personal computer.

Use PLog to enter any type of borehole, test pit and
data you need including:

. Soil and rock samples

. Soil and rock stratigraphy

. Groundwater conditions

. Environmental data

. Well & inclinometer installations

« Drilling notes

- Dynamic probes

And much more

well log

PLog quickly pays for itself by eliminating redundancy in data

processing, thus saving time and money.

Products

« gINT Software
. Dataforensies PLog and PDensity
« RockWare = Rockworks
« Golden Software
_ Syrfer and Grapher
« Panasonic
Toughbooks
« Aceeca Meazura
Rugged Digital
Assistant

www.datgel.com.au

PDensity ~ Field Density Testing
Management Software

PDensity is more than just field density data collection tool,
it is a complete project management tool. PDensity helps you
manage your office and field activities related to field density
QAJQC projects. With PDensity Uou:

. Record field density testing
data electronically.
. 1ssue work orders froma
central location.
. Create field density test
reports in seconds.
. Manage test data for large
or small jobs effectively.
. Save time and money
with increased accuracy
and efficiency.

GPS Integration - PLog and
PDensity integrate with NMEA
compliant GPS units via
Bluetooth or Serial connections.
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gINT® Software is the world’s
most popular geotechnical and
geoenvironmental database
software for fully customisable
borehole, geophysical, test

pit, CPT and well logs, fence
diagrams (sections), laboratory
testing and other professional

engineering reports.

Are you using Excel or CAD

1o |-'-_|‘:u';-‘-". logs?

[s your analysis time being spent
reporting factual data?

Small or large projects - gINT can

e you time and money

© AU Foraron 3
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| 9INT STEREONET PLOT

Ask about our FREE DEMO! A gINT Software full service distribution & developer partner providing sales, support, training and consulting services.

Key Benefits

« Not just a legging program, gINT isa
relational database - store all data fora
project in one database, enter data once
and use it in many ways

« Simple, fast data-entry and report production.

Choose either graphical (log form) or
spreadsheet style input

» Excel-like copy and paste functionality

« Manage and report any tupe of geo data
soil descriptions, well logs, geophysics, lab,
monitoring etc

- Speed data entry by copying entire boreholes

« fully customisable/user-definable databases,
reports and symbols

« Numerous import/export formats

- AGS (UK) and AGS RTA (Australia)
Suppart

- Easy PDF generation without
Adobe Acrobat®

- Compatible with AutoCAD®, Excel®,
Access®, (SV, XML and many
other formats

- Contouring support including
RockWorks™ and Surfer®

- Raster formats bmp, jpg and more

- User-definable calculations and logical
expressions can be created to simplify data
entry and enforce rules

- Develop VBA (gINT Rules) applications and
calculations for CPT parameters, lab testing
and chernistry statistics

« On-board CAD editor

- Site map interface with GIS functionality
« Filter and query data

- Display surfaces on fence (section) reports

« Link to GIS to view gINT data along side
other spatial data

- Australian based technical support
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geotechnical data uet

1t 15 a relatively simple package to use

(and)... the angoing av

echnical support has ens

Tim Nash, JFK Consultants, WA

DRILL HOLE LOG
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Don't Let Landslides Break Your Bank!

Maccaferri, the leaders in Engineered Environmental
Solutions, have been supplying technical assistance and
proven products in Australia for over 30 years. Our cost
effective solutions and unmatched experience have been
paramount in securing our position as leaders in this field.
Please contact us for:

» Design suggestions for retaining walls, channel linings,
weirs and reinforced soil structures using the
MACDESIGN software package

» Standard and project specific AutoCAD drawings

* Product and installation specifications

» Product and approximate installation costs

» Installation and design training

MACCAFERRI . . .
Engineered Environmental Solutions Brisbane Townsville Cairns

PH: (07) 3890 3820 PH: (07) 47755977 PH: (07) 4031 7622
Head Office Perth Hobart Burnie
Ph: (02) 8825 6300 PH: (08) 9309 4388 PH: (03) 6272 1055 PH: (03) 6435 1666
Fx: (02) 8825 6399
E-mail: sales@maccaferricom.au Adelaide Melbourne

PH: (08) 8336 6666  PH: (03) 8586 9111
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At Coffey Geotechnics, we're focused on being the best geotechnical
engineering consultancy in the world. That means creating a culture that
empbraces excellence and where people can grow and keep growing.

For senior and principal level engineers, it means challenge, recognition and
reward. It means joining a team of some of the world's best peers working on

interesting technical challenges to pioneer new solutions and new approaches.

It means enjoying excellent remuneration and benefits packages.

Come and talk to us about the opportunities we can give you, the team you'll
be working with and what you'll be working on.

Please contact Sukumar Pathmanandavel, General Manager Business
Development on 0413 941 487 or emall: sukumar@coffey.com.au.

Coﬁey geotechnics

SPECIALISTS MANAGING THE EARTH

Coffey Geotechnics.

Build a great career with
us as we build the greatest
geotechnical consultancy
in the world.

www.coffey.com.au
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user-friendly geotechnical
environmental programs covering'

broad range of analysis, design, s
investigation and laboratory testing nee¢
backed by local support.

for test versions, please contact dr julian seidel:
julian@foundationqa.com www.foundationga. corm
phone 03 9725 1901 fax 03 9725 1900




geotechnical software suite

Nl B haaa: Slope stability The software builds on the generation

omgmreton 4 X of static protocol In tree llke forms
. Masonry wall

for selecting individual options - the
=1 Prefab wall novelty of the system is the option to

incorporate graphical results directly

Gabion
into the proiocol In a rather simple

Cantilever wall way. In each regime, input or analysis,
the program allows for the addition of
one or more graphical results (figures)
=] Sheeting design directly into the list of figures. Each
IE Sheeting check figure can be further edited, zoomed,
[ changed, or modified and defferentiot-
ed using different colours. The figures
@ Abutment are automatically included In the static
] protocol. An arbitrary modification in
Input prompts an automatic regen-
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Common features of the programs include: ‘3
« Layered subsoil = -
V| ke W
« Integrated database of soil parameters e . P |
« Dimensioning of concrete structures according to the AS/NZS, BS, o T e WU
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EC, IS, PN, DIN, £SN and other standards e 1 L St e e
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» Analyses according to limit state and factor of safety i AT RE B owe warpr | e frbhri i o i
» An arbitrary number of surcharges behind the structure (sirip, Lo
trapezoidal, point load) ST "
+ Modeling of water in front of and behind the structure, possibility R kR B s AT I
of artesian wall modeling ] o R
« An arbitrary number of inputted forces and anchors Bl s
« Data exchange between programs by clipboard el
« Friendly text and graphic outputs i i
ma oSl

www.fine.cz ARG -
www.jonesnicholson.com.au Sasras

For demo version, please contact Marek or Colin
Jones Nicholson Pty. Ltd.

Suite 45, 40-44 Balmont Street

2232 Sutherland, NSW, Australia

tel.: +02 9521 3088

miail @ jonesnicholson.com.au
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GROUND ENGINEERING

LOCAL EXPERTISE... GLOBAL SUPPORT

Soilcrete Jet Grouting * Vibro-Stone Columns * Groundwater

» Compaction Grouting * Dynamic Compaction Cut-off Walls

* Permeation Grouting ® Dynamic Replacement * Leachate Barriers

® High Capacity Soil ® Soil Mixing * Permeable Reactive
Anchors & Micropiles ¢ Lime Columns Barriers

contact: Oliver Batchelor

phone: (02) 8866 1155

fax: (02) 8866 1151  email: info@kellerge.com.au  web: www.kellerge.com.au
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WorleyParsons

resources & energy

T

Geotechnical ™

WorleyParsons’ Geotechnical group comprises of highly qualified and experienced individuals.
We deliver innovative and cost effective solutions through informed problem solving.

WorleyParsons operates in over 30 countries through a network of 97 offices. We presently
provide geotechnical services to these offices through locations in Australia, Asia, Canada and
the USA. Our focus is on providing geotechnical solutions to projects in the transport, marine,
mining and hydrocarbons infrastructure sectors. As part of our focus on providing total project
solutions, we provide inputs at all stages of project development, from concept selection through
to state of the art detailed analysis and design.

WorleyParsons’ Geotechnical group provides truly integrated solutions, with the resources,
energy and experience to address complex geotechnical challenges. We proactively work with
clients and other disciplines to identify project requirements, prepare project briefs, undertake
geotechnical studies and follow up with specialist advice.

Some of the key areas in which our Geotechnical group provides services include:

Engineering geology Nearshore and offshore

Construction materials selection Tunnelling

Site investigation and instrumentation Slope stability and retaining systems
Hydrogeology Advanced analysis

Foundation engineering & ground improvement - Mining, waste management & containment

WAJ/NT: Fiona Chow - 08 9278 8242

: QLD: Andy Houghton - 07 3319 3331
fiero. N beidans VIC: Gary Chapman - 03 8676 3641

NSW: Surendran Karasu - 02 8923 6856

www.worleyparsons.com geotechnical@worleyparsons.com

when experience counts
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NATIONAL DISASTER MITIGATION PROGRAM
which is aimed at identifying and addressing natural disaster risk priorities across the nation.
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A NATIONAL LANDSLIDE RISK MANAGEMENT FRAMEWORK FOR
AUSTRALIA

Andrew R Leventhal
Principal Geotechnical Engineer, GHD Geotechnics, Sydney, Australia
National Chairman (2002 & 2003), Australian Geomechanics Society
Chair, Seering Committee, NDMP Landslide Taskforce, Australian Geomechanics Society
Chair, Seering Committee, NDMP PWC Landslide Likelihood Research Project, Australian Geomechanics Society

SYNOPSIS

The Australian Geomechanics Society (AGS) is ptbbig a series of benchmark guidelines on Landskisk

Management (LRM) and slope management and maintenaiis is a continued recognition by AGS of tkadfits of
risk based systems in managing landslide hazatds.paper provides an introduction to the LRM glifdes that have
been developed under the National Disaster Furfdingram (NDMP) - with the aim of managing the tigsloccupants
and property from landslide hazards. These guidslare tools that can be introduced into the legie framework of
Australian governments at National, State and Ldeskls and to thereby promote appropriate useaafl lin

recognition that it is a valuable resource whicbudth be developed on its merit.

1 INTRODUCTION

There have been a number of technical developnsmdslegislation changes in Australia which havespnéed the
opportunity for the development of a national ldinsrisk management strategy, as discussed byritkak& Walker
(2005, 2005a).

The continuing need for residential developmentlinmajor cities and coastal areas means that asangly such
development will occur in areas previously consdetoo hazardous for development. Hence, there im@eased
likelihood for damage to property and loss of fifem landslide. Given the nature of State legiskatbn planning and
development, there is a requirement for Councilgdnsider a range of planning and development sséoe each
Development Application and one such issue is wdrethe area of a proposed development is subjeicistability.

This is in the context that: (i) slope instabilihgcurs in many parts of urban and rural Austrafid &i) it has been
estimated that virtually every Local Governmenta@(eGA) in Australia has landslide hazards of omarf or another.

2 NATIONAL DISASTER MITIGATION PROGRAM

In 2003, the Australian Government introduced theidhal Disaster Mitigation Program (NDMP) to fuddsaster
mitigation, addressing hazards such as floodinghfire and landslides. Governments throughout Ailiatrecognised
the risks posed to property and life from landsdide

AGS has recognised these risks for over 30 yeatshan developed guidelines for landslide risk mansnt - as it is
now known — in 1985, 2000 and 2002. However, it vexognised that there were limitations to thesdeajines, that
there was a need to develop them further and tpment them with additional advice.

In view of this, AGS and representatives from LoGalvernments sought funding assistance for theldemrent of
three guidelines under the 2004-2005 National Désaditigation Program. Funding assistance for Hide likelihood
research was also sought from NDMP under the 208 funding round.

AGS successfully obtained assistance under the Nfvithree projects dealing with landslide risk mgament:

i) landslide likelihood research;

ii) development of two guidelines — one for landslidaizg, and another for slope management and
maintenance (the latter now known as the AustraianGuides) and

iii) development of a practice note.

In addition to the guidelines, two commentariesehheen developed to provide further explanatiothéoLandslide
Zoning guideline and the Practice Note. The gumslj their accompanying commentaries, AustralianGiédes and
technical papes are listed in Table 1. They havwenbdted consistently in this manner throughous tisisue of
Australian Geomechanics.

The activities have been conducted under the aitghok the AGS National Committee and have beenexibd to
extensive peer review.

Australian Geomechanics Vol 42 No 1 March 2007 1



A NATIONAL LRM FRAMEWORK FOR AUSTRALIA

Table 1: NDMP LRM guidelines, commentaries andgpap

Guideline Title Abbreviated Title Reference Intended Users
“Guideline for landslide susceptibility, hazard aisk Regulators,
zoning for land use planningAustralian Geomechanics, | Landslide Zoning Guideline] AGS (2007a) Geotechnical
Vol 42 No 1, March 2007. Practitioners

Commentary on guideline for landslide susceptiilit Commentary on Landslide

hazard and risk zoning for land use planningistralian ) ) AGS (2007b) As above
Geomechanics, Vol 42 No 1, March 2007. Zoning Guideline

“Practice Note guidelines for landslide risk Geotechnical
management’Australian Geomechanics, Vol 42 No 1, Practice Note 2007 AGS (2007c) Practitioners,
March 2007. Regulators
“Commentary on Practice Note guidelines for landslid

risk managementAustralian Geomechanics, Vol 42 No | Practice Note Commentary AGS (2007d) As above

1, March 2007.

“Australian GeoGuides for slope management and General Public,

maintenance”Australian Geomechanics, Vol 42 No 1, Australian GeoGuides AGS (2007e). Regulatorg,
Geotechnical
March 2007. i
Practitioners
“Landslide likelihood in the Pittwater Local Govenant . oo .
Area”, Australian Geomechanics, Vol 42 No 1, March PWC Landslide Likelihood | MacGregoret al., Geotgghnlcal
2007 Research 2007 Practitioners
“Rainfall Data Analysis and Relation to the Incidenfe Geotechnical
Landsliding at Newport "Australian Geomechanics, Vol | PWC Rainfall Statistics Walker (2007) Practitioners
42 No 1, March 2007.
“An assessment of rockfall frequency for the cdaditi- . .
lines of Pittwater local government area, Sydney”, Ei\li\cleclihcc:)gzsthne Rockall Kotze (2007). S?gggg:;gl
Australian Geomechanics, Vol 42 No 1, March 2007.
3 DETAILS OF THE PROCESS OF DEVELOPMENT

Landslide Likelihood Research

Under the 2003-2004 NDMP funding round, research wadertaken into landslide likelihood in the Péter Council
local government area. The objective of the reseaas to ascertain historic frequencies of landslidvhich could be
used to assist in estimating landslide hazard &hkd within the study area.

Pittwater Council was the sponsoring agency &s situated within a geotechnical setting proneatalsliding and the
Council area has experienced several significantsédlock-sized landslides which have demolishedi damaged
houses. Records held by Pittwater Council (which @ublic documents) were used as base data fosttitly. The
outcomes from this study are presented by MacGretgar (2007), Walker (2007) and Kotze (2007).

Landslide Taskforce Guidelines and Australian GeoGides

The development of three guidelines was funded wtite 2004-2005 NDMP funding round. This applicatiwas

sponsored by the Sydney Coastal Councils Group (®G@th Mosman Council, a northern Sydney Courad,the

lead agency representing the SCCG in this projeat. convenience use has been made of the name sldad
Taskforce”.

The Landslide Zoning Guideline provides guidancethiea methods of Landslide Zoning to government lagus
(officers of local government and state governmémitrumentalities) and geotechnical practitione&uch
characterisation will provide input to the plannipmgcess in areas of landslide hazard.

The Practice Note Guideline provides guidance bmftractitioners in the performance of project #ietandslide risk

assessment and management, and also to governffiesitsoin interpretation of the reports they reeeiThe Practice
Note can be used an external reference documemedaiative requirements and supersedes the réssdjindustry
"standard" on LRM in Australia — AGS (2000). AGSI(®) remains as a complementary commentary anderefe
document. The Practice Note will provide uniformitythe quality of assessment and reporting andiigpromote

confidence in the planning and risk managementga® regard to landslide hazards.

The Practice Note provides: (i) a revised risk toperty matrix to address shortcomings identifiadusage; (ii)
recommendation for the adoption of tolerable rigteda for risk to life; (iii) the introduction ofmportance Levels and
linked tolerable risk criteria for risk to propogri(iv) the introduction of a suite of model sigff-forms, linked to
recommendations from risk assessments, to improedinkages between assessment, design and cdimstruw)
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further explanation of the risk equation and methbdalculation, together with further eamples asf@rences and (vi)
guidance on the contents of a LRM report.x

The Australian GeoGuides for slope management aaidtemance provide owners, occupiers and theref@gublic
in the broader sense with guidance on managemennhaimtenance of properties subject to landslidaith

The guidelines and Australian GeoGuides benefitghreeral community and Local Government regulatbreugh
achieving safer, more sustainable communities atiom to their exposure to landslide risk and @duisk to the
community through improved planning and slope manzant practices — key requisites of the NDMP fugdiFhese
guidelines will link with the risk management piiaes presented in AGS (2000) — enhanced by theiBeadote - and
the BCA Guideline (2006) and will provide long-tematural disaster mitigation benefits to housingd enfrastructure.

Development and Review Process

A Working Group was established for developmentadh of the guidelines as well as for developméthe Practice
Note. All Working Groups report to a Steering Conte@ which consists of a representative of AGS,I0BE€G as the
sponsoring agency and the convenors of each ofMbeking Groups. The convenor of each working grasiphe
principal author of that group’s guideline. Revievas provided by the members of the Steering Coramitthe
Landslide Taskforce - which consists of 16 pramtiéirs (engineering geologists and geotechnicalneegs) and
regulators from across the nation. Membership efltAndslide Taskforce did not preclude membership working

group.

NDMP Landslide Taskforcat their Workshop held in Sydney on 21 Septemb8620

(L to R) Andrew Leventhal (chair), Angus Gordonthr Love, Robin Fell (Hazard Zoning working groapnvenor), Grahame Wilson, Fiona
MacGregor, Ralph Rallings, Max Ervin, John Braytk®oGrant Murray, Warwick Davies, Peter Tobin, Alexwinowicz, lan Stewart, Mark

Eggers, Greg Kotze, Garry Mostyn, Garth Powell, yi ¢tillips (Slope Management working group convgn&ruce Walker (Practice Note
convenor), Tony Miner, Graham Whitt, Geoff Withycoeen(Sydney Coastal Councils Group), Henk Buys.

The SCCG established an External Observer Groppatdide nationwide perspective for the SCCG Exfadup. The
members of the External Observer Group include arsaof federal and state government departmerisicual
government areas responsible for coastal proc#ssagyhout the nation.

A peer review process for the guidelines was impleted by the AGS National Committee. Additionakpecific
independent technical external review was alsdisteed by the Steering Committee. The Expert Pahéte SCCG
and the nationwide External Observer Group estaddisby the SCCG each also conducted reviews inrdega
planning issues.

The output from the studies are nationally endolsedGS as guidelines.

An international Landslide Zoning guideline is lepideveloped under the auspices of JTC-1, the Jagchnical
Committee on Landslides and Engineered Slopesls$tad by the ISSMGE, the ISRM and the IAEG. Thisluded
an international workshop held in Barcelona in 20@ich was attended by two members of the projeBteering
Committee. The Australian draft of the guidelingtet time was used as the initial draft for theeinational version.
Both versions have benefited from review by eadugrand are similar in their final forms. The im&ional guideline
will be published later this year in the internatbjournal Engineering Geology.

4 HOW DOES THIS ALL FIT TOGETHER?

Figure 1 shows the flowchart for LRM as promotedAi@S (2000), which includes brief descriptions bé ttasks
involved. An abbreviated version is provided inufg 2 — see also the Landslide Zoning Guideline $A@2007a) and
the Practice Note (AGS, 2007c¢) which also predestftow diagram. Figure 3 demonstrates how thedistide Zoning
(AGS, 2007a), the Practice Note (AGS, 2007c) arddhstralian GeoGuides (AGS, 2007¢) fit into thenfework.
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Figure 3 demonstrates how:

1)  The technical basis is provided by AGS (2000), tiwad AGS (2000) is now complemented by AGS (2007c).

2)  The Building Code of Australia guideline (2006) pides an overarching legislative requirement. Nbt the
current version of this document requires revismagree with the outcomes from these NDMP projects

3) Implementation of policies at state and local goweznt levels that are universal and uniform willdemeficial
to all participants.

4) Landslide zoning guidelines are provided by thedsdide Susceptibility, Hazard and Risk guidelinel ais
commentary (AGS, 2007a and 2007b).

5) Landslide likelihood research provides some funddaiedata as an example of a starting point forisem
quantitative or quantitative assessments (MacGreiggr2007, Walker 2007 and Kotze, 2007).

6) The Practice Note and its commentary (AGS, 200tc2007d) provide guidance on the process and mmimu
requirements for conducting a landslide risk assess and supersede AGS (2000).

7) Slope management principles are provided for theepvand occupier through the Australian GeoGuidé€3S,
2007e).

8)  Technical competence of practitioners can be detrated through the specific area of practice withPER.

The framework diagram in Figure 3 shows the intdationship between each of those elements antbehefits of
them in their entirety to complete a systematic defiénsible risk management process throughout&lisst

Figure 4 provides an indication of the manner inclwhihe investigation phases of the LRM processdccoieract and
Figure 5 similarly indicates the design and veaifion stages of a LRM project.

5 WHAT ARE THE NATIONAL BENEFITS?

The Australian Geomechanics Society has establishédmework for conducting LRM within a defensitdad

rigorous set of guidelines and legislative requigats. There is now clear guidance both to the etguland the
practitioner and a consistent approach can be adapttwithstanding that there will be differentveéris and various
planning schemes throughout the nation.

The Steering Committee of the Landslide Taskforebelles AGS has made a contribution to the wellipeif the
Australian people, and perhaps to the broaderriatemal community.
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LANDSLIDE RISK ASSESSMENT & MANAGEMENT

SCOPE DEFINITION
ESTABLISH BRIEF, PROPOSED METHODOLOGY

HAZARD IDENTIFICATION
CLASSIFICATION OF LANDSLIDE (e.g. slide, debris flow, rockfall)
EXTENT OF LANDSLIDE (e.g. location, area, volume)
TRAVEL DISTANCE OF LANDSLIDE
RATE OF MOVEMENT (e.g. creep, slow, fast)

| RISK
| ESTIMATION

|
FREQUENCY ANALYSIS CONSEQUENCE ANALYSIS

|

|

|

|

|

|

|

ESTIMATE FREQUENCY ELEMENTS AT RISK :
QUALITATIVE PROPERTY |
SEMI-QUANTITATIVE ROADS/COMMUNICATIONS [
QUANTITATIVE SERVICES :
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

PEOPLE
HISTORIC PERFORMANCE TRAVEL DISTANCE

|

|

|

|

|

|

|

|

|

I

| RELATE TO INITIATING EVENTS TEMPORAL PROBABILITY

: RAINFALL (e.g. vehicles, persons)

| CONSTRUCTION ACTIVITY

| VULNERABILITY

| RELATIVE DAMAGE

: PROBABILITY OF INJURY/ LOSS OF LIFE
|
|
|
|
|
|
|
|
|
|
|
|

RISK ANALYSIS

EARTHQUAKE
SERVICES FAILURE / MALFUNCTION

RISK ESTIMATION

RISK = (LIKELIHOOD OF SLIDE) x (PROBABILITY OF SPATIAL IMPACT)
X (TEMPORAL PROBABILITY) x (VULNERABILITY)

X (ELEMENTS AT RISK)

CONSIDERED FOR ALL HAZARDS

Feedback Loop

RISK ASSESSMENT

RISK EVALUATION
COMPARE TO LEVELS OF TOLERABLE OR ACCEPTABLE RISK
ASSESS PRIORITIES AND OPTIONS

CLIENT/OWNER/REGULATOR TO DECIDE TO ACCEPT OR TREAT
TECHNICAL SPECIALIST TO ADVISE

| RISK
| TREATMENT TREATMENT OPTIONS -

i {or risk ACCEPT RISK ,
| control) AVOID RISK

REDUCE LIKELIHOOD
REDUCE CONSEQUENCES
TRANSFER RISK

TREATMENT PLAN
DETAIL SELECTED OPTIONS

POLICY AND PLANNING

RISK MANAGEMENT

MONITOR AND REVIEW

RISK CHANGES Feedback
MORE INFORMATION
FURTHER STUDIES

v

I
I
I
I
I
I
I
I
I
I
I
: IMPLEMENT PLAN
I
I
I
I
I
I
I
I
I
I
I

Figure 1: Flowchart for Landslide Risk Management
(after AGS 2000).
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FRAMEWORK FOR LANDSLIDE RISK MANAGEMENT

SCOPE DEFINITION
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Figure 2: Abbreviated flowchart for Landslide Riglanagement.
Ref: AGS (2007a, 2007c)
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DEVELOPMENT OF SYSTEMATIC AND DEFENSIBLE
LANDSLIDE RISK MANAGEMENT PROCESS

GEOSCIENCE AUSTRALIA:

LANDSLIDE DATABASE
INTEROPERABILITY PROJECT

ABCB / AGS:

BUILDING CODE OF AUSTRALIA
Landslide Hazards
(Overview document)

NDMP:

LIKELIHOOD RESEARCH
providing base data for landslide
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MacGregor (2007), Walker (2007),
Kotze (2007)
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Figure 3: Systematic and defensible Landslide Rlskagement framework.

Australian Geomechanics Vol 42 No 1 March 2007



A NATIONAL LRM FRAMEWORK FOR AUSTRALIA

LANDSLIDE RISK ASSESSMENT & MANAGEMENT
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Figure 4: Investigation phase of a project incoatiog LRM.

Australian Geomechanics Vol 42 No 1 March 2007



A NATIONAL LRM FRAMEWORK FOR AUSTRALIA

LANDSLIDE RISK ASSESSMENT & MANAGEMENT
DESIGN & VERIFICATION

i RISK TREATMENT

LANDSLIDE RISKS DETERMINED TO & IMPLEMENTATION
BE TOLERABLE PLAN PREPARED,

AS NECESSARY
DEVELOPMENT APPLICATION APPROVED
BY REGULATOR

DETAILED STRUCTURAL AND / OR CIVIL GEOTECHNICAL
ENGINEERING UNDERTAKEN RECOMMENDATIONS
TO MINIMISE / REDUCE

If LANDSLIDE RISK
Required

Are
geotechnical issues
addressed in a satisfactol
manner?

Has risk
treatment and
implementation plan
been developed?

STRUCTURAL AND / OR CIVIL ENGINEER
& GEOTECHNICAL PRACTITIONER ADVISE
REGULATOR THAT LANDSLIDE RISKS
ADDRESSED & MINIMISED OR REMOVED

DETAILED DESIGN PHASE

REGULATOR PROVIDES
CONSTRUCTION CERTIFICATE

BUILDER /
CONSTRUCTION CONSTRU

A

structural and /or
civil engineering design
requirements been
implemented?

Have
geotechnical risk
minimisation & reduction
issues been
implemented?,

STRUCTURAL AND / OR GEOTECHNICAL
CIVIL DESIGN VERIFICATION VERIFICATION

VERIFICATION OF LANDSLIDE RISK MINIIMISATION OR BUILDING
REDUCTION MEASURES PROVIDED TO REGULATOR CERTIFIER
OTHER REGULATORY OCCUPATION CERTIFICATE
REQUIREMENTS ISSUED REGULATOR

MONITORING & MAINTENANCE
UNDERTAKEN REGULARLY L
DURING LIFE OF STRUCTURE

CONSTRUCTION PHASE

OCCUPATION
PHASE

Figure 5: Design and verification phases of a LRidject.
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1 INTRODUCTION

There are a number of natural hazards which amvaet to urban, residential, rural and undevelopesperty
throughout Australia. These include flooding, bdsk, coastal processes and landslides. This goeledddresses
landslide susceptibility, hazard and risk zoninglémd use planning.

In 1998, following the Thredbo landslide in whic8 fiersons were killed, the Institution of Enginegtstralia and the
Australian Geomechanics Society (AGS) formed a fask on the Review of Landslides and Hillside Gaundion
Standards. The Taskforce after reviewing the AliatraStandards and relevant codes on landslides hlfgide
construction concluded that they were inadequaterecommended the production of four guidelines:

e Landslide hazard zoning for urban areas, roadsaiiwhys
e Slope management

» Site investigations, design, construction and nesiabce

* Landslide risk assessment

The Australian Geomechanics Societiafidside Risk Management Concepts and Guidelines’, already under
preparation at the time of the Thredbo landslidas wublished in 2000 (AGS 2000, 2002). This docurt@rched on
all four areas but mainly addressed the fourtts Uised extensively throughout Australia.

In 2005 the Australian Geomechanics Society inatatation with the Sydney Coastal Councils Grougs successful
in obtaining funding under the Australian governitséhlational Disaster Mitigation Program (NDMP) firther the
development of the guidelines which had been recend®d by the Taskforce. Work to prepare these bunétehas
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progressed in 2005 and 2006 and has involved @xtenensultation with those involved in landslidepping for land
use planning and the application of such mappingfanning in local government.

This Guideline for Landslide Susceptibility, Hazanld Risk Zoning for Land Use Planning provides:

» Definitions and terminology.

» Description of the types and levels of landslidriag.

e Guidance on where landslide zoning and land useplig is necessary to account for landslides.

» Definitions of levels of zoning and suggested scdt zoning maps taking into account the needs and
objectives of land-use planners and regulatorslamgurpose of the zoning.

» Guidance on the information required for differbavels of zoning taking account the types of laiods.

* Guidance on the reliability, validity and limitatis of the investigation methods.

« Advice on the required qualifications of the pessorarrying out landslide zoning and advice on the
preparation of a brief for consultants to condactisslide zoning for land use planning.

The guideline considers landslides occurring inuretslopes and from failure of constructed sldpekiding cuts, fills
and retaining walls and the impact of the landslida the area to be zoned. It is intended for yskodal, state and
national government officials, geotechnical proi@sals, land use planners and project managers.

This guideline has been developed at the sameastsmilar guidelines prepared by the JTThg Joint International
Committee on Landslides and Engineered Sopes and there has been an interchange of conceptsietaded inputs
between the two guidelines.

Through the NDMP, Australian governments (at Conwalth, State and Local Government levels) are faisding
the development of a Practice Note Guideline (A®8B72) to supersede the Landslide Risk Managemeiteue
(AGS 2000, AGS 2002), and a series of GeoGuideSlope Management and Maintenance (AGS 2007e).

2 DEFINITIONS AND TERMINOLOGY

21 DEFINITIONS

Definitions for terms used in landslide zoning aigk management are given in Appendix A. Thesenitedns are
based on IUGS (1997), with some amendments in msatik detail based on internationally adopted diiins
prepared by The International Society of Soil Metdbs and Geotechnical Engineering (ISSMGE) Technica
Committee 32. These definitions should be usedalbrzoning, reports and land use planning documentsis
recommended that the definitions are attachedesetldocuments so there is no misunderstanding aétms.

Definitions of the main terms are:

* Landslide. The movement of a mass of rock, debris, or eadit) @own a slope

» Landslide Inventory. An inventory of the location, classification, vate, activity and date of occurrence of
individual landslides in an area.

e Landslide Susceptibility. A quantitative or qualitative assessment of thegifacation, volume (or area) and
spatial distribution of landslides which exist ootgntially may occur in an area. Susceptibility neago
include a description of the velocity and intensifythe existing or potential landsliding.

e Hazard. A condition with the potential for causing an usidgble consequence. The description of landslide
hazard should include the location, volume (or grelassification and velocity of the potential dstides and
any resultant detached material and the probaluoifitheir occurrence within a given period of time.
Landslide hazard includes landslides which have gwirce in the area or may have their sourceidrithe
area but may travel on to or regress into the area.

* Risk. A measure of the probability and severity of aveaase effect to health, property or the environmen
Risk is often estimated by the product of probapiland consequences. However, a more general
interpretation of risk involves a comparison of grebability and consequences in a non-product form
For these guidelines risk is further defined as:

() For lifeloss, the annual probability that the person mostsk will lose his or her life taking account of
the landslide hazard and the temporal spatial fnitibeand vulnerability of the person.

(b) For property loss, the annual probability of the consequence orattmeualised loss taking account of the
elements at risk, their temporal spatial probabditd vulnerability.

» Elements at Risk. The population, buildings and engineering workspreenic activities, public services
utilities, infrastructure and environmental featiiie the area potentially affected by the landstideard.
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* Vulnerability. The degree of loss to a given element or set efnehts within the area affected by the
landslide hazard. It is expressed on a scale (obdoss) to 1 (total loss). For property, theslogll be the
value of the damage relative to the value of thaperty; for persons, it will be the probability treaparticular
life (the element at risk) will be lost, given therson(s) is (are) affected by the landslide.

e Zoning. The division of land into homogeneous areas or diegnand their ranking according to degrees of
actual or potential landslide susceptibility, hakzar risk.

In this guideline use of the word ‘landslide’ imgdiboth existing (or known landslides) and pot¢tdizdslides which a
practitioner might reasonably predict based onrtHevant geology, geometry and slope forming preegs Such
potential landslides may be of varying likelihoddbocurrence.

The term landslip is sometimes used to describdslates but is not the recommended term.

It is noted that the term “zoning” has particulgpkcation by planners in Australia. This documasés the term as it
best describes the process and is used interntiyioma avoid confusion, those preparing landslmming using this
document should always refer to “ landslide susb#jy zoning”, “landslide hazard zoning” and “ldslide risk
zoning”.

2.2 LANDSLIDE CLASSIFICATION AND TERMINOLOGY

It is important that those carrying out landslidepping use consistent terminology to classify aedcdbe the
landslides. It is recommended that the classificatiof Cruden and Varnes (1996), Varnes (1978)utcliinson (1988)
and terminology described in IAEG (1990) be usdtesSE are reproduced in AGS (2007c).

3 LANDSLIDE RISK MANAGEMENT FRAMEWORK

Since the publication of AGS (2000), many local gmment authorities have required a quantitatisk asissessment
approach for assessment of life loss risk for imlial building developments. They have generallyeated qualitative
or semi-quantitative assessment of property rigiest assessments are carried out using the riskl besmework

described in AGS (2000) and AGS (2002).

Figure 1 summarizes the framework for landslidk nmanagement. This is taken from Fatlil. (2005) and represents
a framework widely used internationally. It was thasis for the State of the Art papers and invijagers at the
International Conference on Landslide Risk Managgrheld on Vancouver in May 2005 and is consistetht AGS
(2000), AGS (2002)and AGS (2007c).

It is recommended that this general framework teddsr landslide susceptibility, hazard and riskieg whether a
guantitative or qualitative approach is being taken
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Figure 1. FRAMEWORK FOR LANDSLIDE RISK MANAGEMENT
SCOPE DEFINITION
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> After Fell et al, (2005)
4 DESCRIPTION OF LANDSLIDE SUSCEPTIBILITY, HAZARD AND RISK
ZONING FOR LAND USE PLANNING
4.1 TYPES OF LANDSLIDE ZONING

Landslide Susceptibility Zoning involves the classification, volume (or area) apatial distribution of existing and
potential landslides in the study area. It may afsdude a description of the travel distance, g#joand
intensity of the existing or potential landslidingandslide susceptibility zoning usually involvesvdloping
an inventory of landslides which have occurredhea past together with an assessment of the arehsawi
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potential to experience landsliding in the futusat with no assessment of the frequency (annudiglnitity)
of the occurrence of landslides. In some situatsusceptibility zoning will need to be extendedsie the
study area being zoned for hazard and risk to cavess from which landslides may travel on to gress
into the area being zoned. It will generally beassary to prepare separate susceptibility zoningsrtashow
landslide sources and areas onto which landslides the source landslides may travel or regress.

Landslide Hazard Zoning takes the outcomes of landslide susceptibility piagy and assigns an estimated frequency
(annual probability) to the potential landslidesshould consider all landsliding which can afféw study
area including landslides which are above the studgp but may travel onto it and landslides belosvdtudy
area which may retrogressively fail up-slope intoTihe hazard may be expressed as the frequeney of
particular type of landslide of a certain volumelamdslides of a particular type, volume and veiogivhich
may vary with distance from the landslide source)im some cases, as the frequency of landslidés avi
particular intensity where intensity may be measurekinetic energy terms. Intensity measures aostm
useful for rock falls.

Landslide Risk Zoning takes the outcomes of hazard mapping and asséms@stential damage to persons (annual
probability the person most at risk loses his arliie) and to property (annual value of propexsgd) for the
elements at risk, accounting for temporal and apptobability and vulnerability.

It will often be necessary to produce separateepisility, hazard and risk zoning maps for thefafiént types of
landslides affecting the area; e.g. for rock fadimall shallow landslides and deep-seated largafslales. It may be
necessary to produce separate maps for landstoesrfatural slopes and constructed slopes. If thes&ombined on
to one map the boundaries may be confusing.

Appendix A in the Commentary has examples of ldddsusceptibility, hazard and risk zoning for glspvhich may
experience rock falls, small landslides and laggellides.

5 GUIDANCE ON WHERE LANDSLIDE ZONING IS USEFUL FOR LA ND USE
PLANNING

5.1 GENERAL PRINCIPLES

Landslide zoning for land use planning is most camiy required at the local government level fornplimg urban
development, but may be required by state or fédgogernments for regional land use planning orastisr
management planning. It may also be required byl ldavelopers, those managing recreational areathase
developing major infrastructure such as highways railways. The following are some examples ofatitins that are
more susceptible to landslide occurrence. Theintifleation through landslide zoning would facitéadevelopment
planning and landslide risk management. It is tbenlwination of having an area which is potentialibject to
landsliding and the scale and type of developmétitearea that will determine whether landslideiag is needed for
land use planning. The type of zoning requiredssuksed in Section 6.

5.2 TOPOGRAPHICAL, GEOLOGICAL AND DEVELOPMENT SITUATION S WHERE
LANDSLIDING IS POTENTIALLY AN ISSUE

The following are examples where landsliding issptially an issue in land use planning:

€)) Where there is a history of landsliding e.g:
- Deep-seated sliding on natural slopes.
- Widespread shallow slides on steep natural slopes.
- Rock falls from steep slopes and cliffs.
- Rock falls from coastal cliffs.
- Landslides in cuts, fills and retaining walls omds, railways and associated with urban development
- Large currently inactive landslides subject to und#ing by active erosion of the toe or subject to
reactivation by development.
- Debris flows and earth slides from previously fdidopes.
- Widespread shallow creep type landslides in slgpesy inclination.

(b) Where there is no history of sliding but thpdgraphy dictates sliding may occur. e.g:
- Cliffs (coastal and inland).
- Natural slopes steeper thar’8andslide travel is likely to be rapid).
- Natural slopes between 28nd 38 (rapid landslide travel is possible).
- Steep, high road or rail cuttings.
- Steep slopes degraded by recent forest loggingsfidires and/or construction of roads.
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- Large currently inactive landslides subject tongsgroundwater regimes; e.g. by forestry and afjtical
operations.

(c) When there is no history of sliding but geot@diand geomorphologic conditions are such thalingi is
possible e.g:
- Weathered basalt overlying other more competeriksrésliding often occurs on the boundaries).
- Weathered granitic and volcanic rocks.
- Weathered interbedded rocks (such as claystonks ahd siltstone) and sandstone or limestone.
- Sand dunes.
- River banks in soil subject to floods and/or actwvesion.
- Steep natural slopes in regions affected by laagthquakes.
- Slopes in highly sensitive weak clays (e.g. quilys).
- Where there is active undercutting of slopes bgrswor the sea.
- In seismically active regions slopes in loose sdad soil which are susceptible to liquefaction.

(d) Where there are constructed features whichyldhtbey fail, may travel rapidly e.g:
- Loose silty sandy fills (residual/extremely weatttbgranite; ripped sandstone etc).
- Other side cast fills on steep slopes.
- Large retaining walls.
- Mine overburden spoil and mine waste dumps, pdatituthose sited on hillsides.
- Tailings dams constructed using upstream constmctiethods.

(e) Forestry works and agricultural land clearingeve landsliding may lead to damage to the enviemirby
degrading streams and other receiving water bodies.

It should be noted that rapid sliding is importaetause of the potential for life loss. Howevemsknd very slow
moving landslides are also of importance becausg ity also lead to property damage.

5.3 TYPES OF DEVELOPMENT WHERE LANDSLIDE ZONING FOR LAN D USE PLANNING WILL
BE BENEFICIAL

The following are examples of where landslide zgrfor land use planning will be beneficial:

€) Residential land development

- New urban areas.

- Subdivision of rural land.

- Subdivision of urban land where a number of allatteewill be formed. It is envisaged that an areatof
least 2 hectares or 20 house allotments would a@vied. For smaller areas the procedures for iddiai
risk assessments can be followed.

- Redevelopment of urban areas.

(b) Residential development controls in existinlgaur areas potentially affected by landsliding.
- Within part or all of a local government area.
- City wide.

(c) Development of important infrastructure.

- Hospitals, schools, fire brigades and other emeaxgsarvices.
- Critical communications infrastructure.
- Major lifelines such as transport, water, gas pifgal and electricity power lines

(d) Recreational areas.
- Alpine resorts.
- Other resorts e.g. islands.
- State and national parks (coastal and others).
- Sports facilities.
- Coastal walkways.

(e) Development of new or redevelopment of exishiighways, roads and railways.
- Rural.
- Urban main roads.
- Urban subdivision roads.

)] Public land where landsliding may travel orotoretrogress into adjacent developments.
- State forests.
- State and National parks.
- Municipal parks.
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(9) River valleys in which dams are to be constdctincluding the slopes adjoining the reservoid aiver
valleys upstream where there is potential for béaek of rivers by landslides and breach of the lighelslam with
subsequent outburst floods, and/or the creatiolarge waves which may overtop the dam if a largedig moving
landslide travels into the reservoir.

It should be recognized that if the land under mmration for land use planning falls into any bé tcategories in
Section 5.2, there will be potential land managerbenefits in carrying out landslide zoning.

The categories listed are not meant to be a compit Nether is it meant that if one or more leéde categories are
present that landslide zoning is essential. Thogelved should assess whether zoning is necesakingtaccount of
the factors detailed above, the development prapagrd the applicable regulatory requirements.

6 SELECTION OF THE TYPE AND LEVEL OF LANDSLIDE ZONING

6.1 SOME GENERAL PRINCIPLES

Landslide zoning is carried out for regional, loaal site specific planning. The outputs are ugualthe form of one
or more of the following: landslide inventory, saptibility, hazard and risk zoning maps and assedieeports.

The type and level of detail of the zoning and skale of the maps depends on the purpose to whehandslide
zoning is to be applied and a number of other facto

» The stage of development of the land use zoning plan or engineering project. Susceptibility and hazard zoning
are more likely to be used in preliminary stagedefelopment with hazard and risk zoning for mastailed
stages. However the choice depends mostly on terdad purpose of the zoning in land use management

» The type of development. Risk zoning is more likely to be used for exigtinrban developments where the
elements at risk are defined or for existing arahped road and railway developments where the elesnad
risk (the road or rail users) are readily predictddwever, the elements at risk often vary witheigo risk
zoning needs to be up-dated regularly.

e The classification, activity, volume or intensity of landsliding. Risk zoning is more likely to be required where
the landslides are likely to travel rapidly andh@ve a high intensity as measured by the combimaifo
volume and velocity (e.g. rock fall, debris flowsck avalanches). For these situations life logaase likely
so it is useful to use risk zoning as this alloarsd use zoning to be determined using life logsaigeria.

* Funds available. While the purpose should determine the level ofimprand the scale of the maps, the
funding available may be a practical constraintndslide susceptibility zoning is lower cost tharzdral
zoning, and hazard zoning is somewhat lower cast tisk zoning, so land use planners may opt flessser
type and level of mapping at least in a stageddhiction of landslide land use planning.

e The amount and quality of available information. Only susceptibility zoning is performed where data
frequency of landslides either do not exist orsreincertain as to not be relied on.

e History of land use. The history of the area being zoned and its ewvaruith terms of land use must be carefully
taken into account as human activities may modifg slope instability environment and modify the
susceptibility to and likelihood of landsliding ahdnce the hazard.

» Degree of quantification. Qualitative methods are often used for susceptjbiibning and sometimes for
hazard zoning. It is better to use quantitativehoes for both susceptibility and hazard zoning kRisning
should be quantified. More effort is required taqtify the hazard and risk but there is not necédgsagreat
increase in cost compared to qualitative zoning.

» Therequired accuracy of the zoning boundaries. Where statutory land use planning constraintspaoposed
large scale maps with appropriate levels of inghisuld be used. In this regard it should be ndted $tate
and Local governments may have different requirdmerhe largest scale required will determine theel
and scale of landslide zoning.

» Linkage to the proposed planning controls. The use of complementary or linking processes sicplanning
schedules and development control plans wherebiattaslide zoning initiates a more detailed assessat
site scale. In this case, the use of landslideeqigility mapping which defines a planning contaméa may
be sufficient to identify where a more detaileddslide risk assessment is needed.
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Table 1: Recommended types and levels of zonidgzaning map scales related to landslide zoningqae.

Purpose Type of Zoning Zoning Level Applicable
Inventory Susceptibility Hazard Risk Preliminary Intermediate Advanced Zoning
Map Scales
Regional Zoning
Information X 1:25,000
Advisory X X) X) to
Statutory NOT RECOMMENDED 1:250,000
Local Zoning
Information X X X xX) X X) 1:5,000
Advisory X) X X X X X to
Statutory X) X) X X 1:25,000
Site Specific Zoning
Information NOT RECOMMENDED >1:5000,
Advisory NOT COMMONLY USED typically
Statutory X) X X X X 1:5,000
Design X) X) X X) X to
1:1,000

Notes: X= applicable; (X) = may be applicable
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6.2 RECOMMENDED TYPES AND LEVELS OF ZONING AND MAP SCAL ES

Table 1 shows the recommended types of zoningngadeiels and mapping scales that depend on thmperof the
zoning. The table is applicable to land use plagfiam urban development. The table is broadly aaplie to other uses
such as managing landslide hazard and risks foramalexisting roads and railways.

It will usually be appropriate to carry out land&isusceptibility zoning as a first stage in theettgpment of landslide
hazard or risk zoning for planning purposes. Stgiiil allow better control of the process and nagtuce the costs of
the zoning by limiting the more detailed zoningyotd areas where it is necessary.

It should be noted that it will seldom be necesdargarry out landslide zoning at an advanced lbeehuse the costs
will potentially be so much larger than the cosis ihtermediate level zoning and this will potetiyiaoutweigh the
benefits.

The levels of zoning and descriptors of suscejtiybihazard and risk are given in the following tsams. It is
recommended that these descriptors be used byallvied in landslide risk management.

6.3 DEFINITION OF THE LEVELS OF ZONING

Table 2 defines the levels of landslide invent@ysceptibility, hazard and risk zoning in termsgebtechnical and
other input data. The definitions of the levelgtwd input data are given in Section 8. It is imppttto match the level
of the zoning to the required usage, the scaleagpimg and in turn match these to the level ofitipait data. It is not
possible, for example, to produce a satisfactoryanded level hazard zoning without at least intaiate level

assessment of frequency of landsliding. If onlyaaib level assessment of frequency can be maddhbepsult will be
no better than preliminary level and there is nmpspending large resources getting the othertgifua intermediate
or, in particular, to a sophisticated level. On dtker hand, if a preliminary level hazard zonisgequired then the
inputs may be at the basic level.

Table 2: Levels of activity required for suscefiitip, hazard and risk zoning levels.

Risk Zoning
Type Hazard Zoning |
of Susceptibility Zoning |
Zoning Inventory
Mapping
Characteriz- Temporal
Inventory of ation of Travel distance| Frequency spatial
Zoning Level eX|st|'ng potential and velocity assessment | probability Elements at risk  Vulnerability
landslides )
landslides
@
. L @ @) @) Basic "/
Preliminary Basic Basic Intermediate Basic 2 Basic®? Basic®? Basic®?
2
Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Intermediate Interg\:;:lcate to
Sophisticated Intermediate to Intermediate Intermediate to
Advanced Sophisticated to Sophisticated to Sophisticated Sophisticated Sophisticated
Intermediate Sophisticated

Notes:

(1) For qualitative zoning
(2) For quantitative zoning
(3) See Section 8 for description of the levelsmpfit information. viz basic, intermediate, sopibeted.

6.4 LANDSLIDE ZONING REPORTS
Landslide zoning reports should include:

* A landslide inventory map and associated infornmatio landslides in the inventory such as clasgifica
location, time of sliding (if known), volume andlascription of validation and limitations of thevémtory.

Australian Geomechanics Vol 42 No 1 March 2007 19



GUIDELINE FOR LANDSLIDE SUSCEPTIBILITY, HAZARD AND RISK ZONING

«  Susceptibility zoning map(s) with related inforneation how susceptibility was determined and a detson
of validation and limitations of the zoning.

e Where hazard zoning is required a hazard zoningshab an appropriate scale with related infornmato
how frequency of landsliding was assessed and arigésn of validation and limitations of the zoginThe
report should also include the landslide inventmmg susceptibility zoning.

Where risk zoning is required a risk zoning mapfsan appropriate scale with related informatiorhow frequency of
landsliding was assessed and detail the assumemele at risk, temporal spatial probabilities antherabilities and
how these were determined and a description oflatidin and limitations of the zoning. The repordd also include
the landslide inventory and susceptibility and ndzzning.

7 LANDSLIDE ZONING MAP SCALES AND DESCRIPTORS FOR
SUSCEPTIBILITY, HAZARD AND RISK ZONING

7.1 SCALES FOR LANDSLIDE ZONING MAPS AND THEIR APPLICAT ION

Table 3 summarizes map scales and the landsligmiory, susceptibility, hazard and risk mappingvtich they are

usually applied. Landslide zoning maps should tepgred at a scale appropriate for displaying tfenmation needed
at a particular zoning level.

Table 3: Landslide zoning mapping scales and Hygtication.

Scale Description Indicative Range of Examples of Zoning Application Typical Area of
Scales Zoning
Small < 1:100,000 Lar)dsllde inventory and suscepubll!ty to |nforrn>.10,000 square
policy makers and the general public kilometres
1:100.000 Landslide inventory and susceptibility zoning
Medium ' to’ for regional and local development or very largel 000 — 10,000 squarg
. scale engineering projects. kilometres
1:25,000 o )
Preliminary level hazard mapping for local areas
Landslide inventory, susceptibility and hazard
1:25,000 zoning for local areas
e ) . 10-1000 square
Large to Preliminary level risk zoning for local areas and Kilometres
1:5,000 the advanced stages of planning for large
engineering structures, roads and railways
Intermediate and advanced level hazard and iskS
. . e everal hectares to
: zoning for local and site specific areas and fo
Detailed > 5,000 . . ; tens of square
the design phase of large engineering structures, X
. kilometres
roads and railways

In practical terms the scale of mapping may berotiet by the scale of the available topographipsna

7.2 DESCRIPTORS OF THE DEGREE OF SUSCEPTIBILITY, HAZARD AND RISK FOR USE IN
LANDSLIDE ZONING

7.2.1 General
There will be considerable benefits if those cangydut landslide zoning use common descriptoresezidbe the degree
of landslide susceptibility, hazard and risk. Ilvaillow geotechnical professionals doing the zgnia relate to each

other and allow legislators and those developiniddimg controls to refer to these descriptors ie #nmowledge that
they have a uniform meaning. This Section definseaptibility, hazard and risk descriptors.

7.2.2 Examples of landslide susceptibility descriptors
It is difficult to standardise descriptions of latide susceptibility because:

* Whether the geological, topographical, geotechnécal climatic conditions are judged to be condudive
landsliding is often subjective and not readily wfiféed.

» Different descriptors are required for the diffdréypes of landslides, e.g. the proportion of tiheaawhich
may be affected by the landsliding for small sdaledslides; the number of landslides/ square knrsfoall
landslides; the number of rock falls per kilomedéegth of cliff etc.
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» The difficulty of assessing whether if landslidiogcurs, it will travel on to slopes below or retregs up-slope
and the likelihood that a particular area will fieeted by the landslide.
e The time frame in which landslides have occurrembisincluded (it is in hazard)
In some situations it may be sufficient to simpgeuwo susceptibility descriptors; “susceptibleti @not susceptible”.
In general however there will be value in conveyiogusers of the maps the degrees of susceptitglityer in
guantified or relative terms.
Table 4 gives examples of landslide susceptibifigpping descriptors for some more common scenarios.

Table 4;: Examples of landslide susceptibility magmlescriptors.

Susceptibility Rock Falls Small Landslides on Large Landslides on
Descriptors Natural Slopes Natural Slopes

(a) Quantified susceptibility descriptors

Probability rock falls Proportion of area in Proportion of area in
will reach the area given which small landslides | which large landslides

rock falls occur from a may occuf? may occuf® ®

cliff @
High susceptibility >0.5 >0.5 >0.5
Moderate >0.25t0 0.5 >0.25t00.5 >0.25t0 0.5
Susceptibility
Low susceptibility >0.01 to 0.25 >0.01 t0 0.25 >Dt6 0.25
Very low susceptibility 010 0.01 010 0.01 0 t®D.
(b) Relative susceptibility descriptors
Susceptibility Rock Falls Small Landslides on| Large Landslides on
Descriptors Natural Slopes Natural Slopes

The proportion of the total| The proportion of the total| The proportion of the total
landslide population in the| landslide population in the| landslide population in the

study area. study area. study area.
High susceptibility >0.5 >0.5 >0.5
Moderate Susceptibility >0.1t0 0.5 >0.1t0 0.5 > 0.5
Low susceptibility >0.01t0 0.1 >0.01t0 0.1 >01010.1
Very low susceptibility 0to 0.01 0to 0.01 0 t®D.

Notes
(1) Spatial probability determined from historic, rélat stability indexes, data or analysis taking édeation of the
uncertainty in travel distance.
(2) Based on landslide inventory, geology, topograptd/geomorphology.
(3) Usually this is active, dormant and potentiallyatdsated slides, not first time slides.

(4) By “small” landslides is meant here landslides wahace less than about 1000’ rolume.

Rock fall susceptibility may also be describedéntis of the density of scars on a rock slope framchvfalls have
occurred or the number of rocks which have fallenmf a slope. For small shallow landslides the uisluiity may
also be expressed as the number of slides peresgilametre.

There are advantages in using the quantified stibdép descriptors in that the susceptibility different areas being
zoned can be compared. Relative susceptibilityiepmnly within the study area and may represeite qiifferent
absolute susceptibilities in different areas beioged.

For the relative susceptibility descriptors theealive usually is to include the largest numbedaofdslides in the
higher susceptibility classes whilst trying to ask the minimum spatial area for these classesth8ohigher
susceptibility classes should have the greatestityenf landslides, even though the density isasstessed.

It is important to note that landslide susceptipilmapping does not quantify the number of rocksfar small
landslides which may occur in a given time periook; for large landslides the annual probabilityt laadsliding will
occur. That is done in hazard mapping.

7.2.3 Recommended landslide hazard zoning descriptors

The manner in which landslide hazard is descriteggedds on the type of landslide. For small slidesrack falls the
hazard is described in terms of the number of sliger length of source area/annum, or the numbtanoslides per
square kilometre of source area/annum. For lamgdslades hazard is described in terms of the anprablability of
active sliding, or for active slides the annual h@bility movement will exceed a defined distancetloe annual
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probability that cracking within a slide exceedslefined length. Table 5 presents recommended qé¢sifor the
most common landslide and rock fall situations.

Table 5: Recommended descriptors for hazard zoning

Hazard Rock Falls from Slides of Cuts and| Small Landslides Individual
Descriptor Natural Cliffs or Rock | Fills on Roads or | on Natural Slopes| Landslides on
Cut Slope Railways Natural Slopes

Number/annum/km of| Number/annum/km  Number/square | Annual probability
cliff or rock cut slope of cut or fill km/annum of active sliding

Very High >10 >10 >10 107t

High 1to 10 1to 10 1to 10 1072

Moderate 01lto1l 0.1to1l 0.1to1l 10~2 to 107

Low 0.01t0 0.1 0.01to0.1 0.01t0o 0.1 1078

Very Low <0.01 <0.01 <0.01 <107°

The description of the hazard should include tlassification and volume (or area) of the landslides

7.2.4

Recommended landslide risk zoning descriptors

Table 6 gives recommended descriptors for landsisle zoning using life loss criteria. These aresdshon annual
individual risk for the person most at risk.

If there is a potential for a large number of passto be killed in one landslide event there shdnélchn assessment of

societal risk as described in AGS (2007c¢) and Letral. (2005).
For property loss risks the risk matrix and term&GS (2007c) should be used. This is reproducddibiie 7.

It should be recognised that risk zones are deperaiethe hazard, the elements at risk and riskrobfactors. If any
of these alter the risk zoning will need to be sed

Table 6: Recommended descriptors for risk zonsigailife loss criteria.

Annual Probability of Death of | Risk Zoning
the Person Most at Risk in the| Descriptors
Zone

>10"%/annum Very High
10™ to 10%/annum High

10 to 10™*/annum Moderate
107° to 107 /annum Low
<10"°/annum Very Low

Table 7: Recommended descriptors for risk zonsiggiproperty loss criteria (AGS 2007c).

Likelihood Consequences to propertyWwith indicative approximate cost of damagefl)
Indicative
Value of 1: 2: 3: : 5:
Approximate CATASTROPHIC MAJOR MEDIUM MINOR INSIGNIFICANT
Annual 200% 60% 20% 5% 0.5%
Probability
A ALMOST 1 5
CERTAIN 10 VH VH VH MorL @
B LIKELY 102 VH VH H L
C -POSSIBLE 10° VH H M VL
D UNLIKELY 10* H M L VL
E RARE 10° M L L VL VL
F BARELY 6
CREDIBLE 10 L VL VL VL VL
Notes: (1) As a percentage of the value of the gnyp

(2) For Cell A5, may be subdivided such that a eqosnce of less than 0.1% is Low Risk.

(3) L low, M medium, H high, VL very low, VH verfigh.
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7.2.5 Recommended approach

It is recommended that Table 6 be used univerdatljife loss risk zoning. It is suggested that TEald be used for
property loss so far as is practicable but it gmized that project specific terms may be deedop

It is suggested that so far as possible Tablesd45abe used to describe susceptibility and hazaring, but it is
recognised that there will be cases where siteifspéescriptors will be preferred. Whatever degtois are used it is
important that the definitions should be attacheethe report and so far as practical shown on zpmaps. Landslide
zoning will generally be done for conditions asytlaee at the time of the study. There may be sdonatwhere a second
zoning may be presented to allow for hazard arldmanagement measures which may be proposed asfmatand
development.

8 METHODS FOR LANDSLIDE ZONING FOR LAND USE PLANNING

8.1 THE PURPOSE OF THIS SECTION

This Section discusses the methods for landsligéngofor land use planning. It is based on Tablhich lists the
levels of susceptibility, hazard and risk zoningwhthese are related to the methods used to adsessputs to the
zoning and whether the inputs are determined Usasic, intermediate or sophisticated methods. Téghaads involve
“activities” which are presented so there is a cammnderstanding of what is involved in the zoningcess.

8.2 THE IMPORTANCE OF UNDERSTANDING SLOPE PROCESSES AND THE GEOTECHNICAL
CHARACTERISTICS OF THE LANDSLIDING

It is essential for all levels of landslide inver#s and susceptibility, hazard and risk zoning thase carrying out the
study have a detailed knowledge of slope processdsh lead to landslides. This includes knowleddegeology,
geomorphology, and hydrogeology and the soil arek mechanics of landsliding. It is also essentt tthere is
sufficient geotechnical information about the skpe allow an understanding of the soil and rockmaaics of slope
failure. Zoning done in the absence of this knogke almost certain to be misleading.

8.3 APPLICATION OF GIS-BASED TECHNIQUES TO LANDSLIDE ZO NING

It is strongly recommended that landslide zoningéeied out in a GIS-based system so that thengorain be readily
be applied for land use planning and can be upddatenore information becomes available.

A Geographic Information System (GIS) is a compiesed system which facilitates the acquisitiomragie,
management, analysis and display of geographic. dat& typically includes relational database funictility
incorporating spatial data attributes, but alsdudes the ability to spatially manipulate and présthe data with
elaborate mapping capabilities and powerful spatialyses.

The essential feature of all GIS platforms is ttiety recognize the spatial attributes of the datsgnted allowing
natural features to be treated as part of a spatsaém, rather than an isolated object. This défyabnables the spatial
system, (i.e., the environment of any given regimnpe built within the computer project environrheising often
disparate data sets. The data used in this pree@ssome from a variety of sources, often the ptadjeelf (geological
and engineering geological mapping, landslide mappiraditional surveys, GPS surveys, drilling ofdholes, test
pits etc) and other outside sources including gawent organizations and authorities, private corigsaand other
spatial organizations (i.e., digital elevation miggdeadastre, contours, aerial photography, langeisvegetation etc).

One of the most important capabilities of GIS is #bility of the software to manage spatial da@nfdata collection
and generation through to archiving and documentatif data. An important point is that once dataishe GIS, it
remains available for editing and updating, forogjuction in the form of maps or on-screen revimanipulation and
querying and for GIS-based development and modgetifrsusceptibility, hazard and risk.

8.4 LANDSLIDE INVENTORY

Preparation of a landslide inventory is an esskepté of any landslide zoning. It involves the dtion, classification,
volume, travel distance and state of activity aatedf occurrence of landsliding in an area. T&blists the activities
which will typically be required at the basic, inteediate and sophisticated level.
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Table 8: Activities required to preparing a lamdislinventory.

Characterisation

Activities
Method
Prepare an inventory of landslides in the area femmal photographs and /or satellite imagery, lang
mapping and from historic records. The inventorgludes the location, classification, volume (oraare
Basic and so far as practicable the date of occurrentandtliding.

Identify the relationship to topography, geologyl g@omorphology.
Show this information on inventory maps along widpographic information including contours, progert
boundaries, mapping grid, roads and other impofeattires such as streams and water-courses.

The same activities as Basic plus

Distinguish different parts of the landslides.

Map landslide features and boundaries.

Collect and assess historical information on th&viagbf landsliding.
Analyse the past evolution of the land use to kmgwether human activities have had an influencehen
incidence of landslides.

Increased time and resources in the research plidise inventory compilation resulting in more nigas
and extended coverage

Intermediate

—

The same activities as Intermediate plus

Prepare an inventory of geotechnical data.

Implement investigations to better define geotecdindonditions.
Sophisticated Geotechnical analysis to understand slope instalpitocesses.
Advanced temporal cataloguing of periodic reactorat of the same hazard and temporal windowing of
specific triggering events to provide periodic int@y data sets which can then be used in advanced
validation approaches.

8.5 LANDSLIDE SUSCEPTIBILITY ZONING
8.5.1 Landslide characterization and travel distance andrelocity

Landslide susceptibility zoning involves the cléisation, volume (or area) and spatial distributiohexisting and
potential landslides in the study area. It may awtude a description of the travel distance, g#tyoand intensity of
the existing or potential landsliding.

Table 9: Landslide susceptibility zoning-activitieequired to characterise, determine the spatattiltltion of
potential landslides and their relationship to @aphy, geology and geomorphology.

Characterisation

Method Activities

Prepare a geomorphologic mélﬂ

Prepare a landslide inventory as described in T&Bﬂe

Prepare calculations of the % of the total lan@sbdunt for each susceptibility class, the % ofadhea
affected by landslides for each class and the %ach class in comparison to the total study arela|an
classify according to Table 4.
Correlate the incidence of landsliding with the gggl and slope to delineate areas susceptible to
landsliding.

For regional zoning correlate the incidence of &idéhg with annual rainfall or snowmelt, and/orssric
loading.

Prepare the landslide susceptibility zoning magesugposed on the topography with a suitable legend.
Implement the data and the maps in a GIS (recomat)nd

Basic

The same activities as basic plus

Obtain basic soil classifications and depths instiuely area.

Classify more complex terrain units. Qualitativerrgtof the landslide susceptible areas based on
Intermediate overlapping technigues.

Develop quantitative ratings (often relative rajin§landslide susceptible areas based on dattrtesd
techniques.

Implement the data and the maps in a GIS (recomat)nd

The same activities as Intermediate plus

Detailed mapping and geotechnical investigationdeteelop an understanding of the mechanics of
landsliding, hydrogeology and stability analyses.

Sophisticated Perform data treatment analysis (discriminate; aleugtworks; fuzzy logic; logistic regression; eacyd
develop quantitative ratings to obtain susceptibidlasses.

Perform stability analyses.

Implement the data and the maps in a GIS (recomat)nd

Note. (1) The landslide inventory and geomorphaagapping should be carried out at intermediate sophisticated levels for
intermediate and sophisticated level susceptikilitying.
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Table 9 lists the activities required to charaseeithe potential landslides, their spatial distidouin the area to be
zoned and their relationship to topography, geolaggd geomorphology. It should be noted that there idirect
relationship between the scale of zoning maps hadevel of landslide characterisation, with largeale zoning maps
being required at the intermediate and sophisticteels. Table 10 lists the activities requiredassess the travel
distance and velocity of potential landslides. Thisle is based on the assumption that the aetviti Tables 8 and 9
have been carried out.

Table 10: Activities required for assessing tlaet distance and velocity of potential landslides.

Travel Distance and
Velocity Analysis Activities
method

Collect and assess historical information on traliglances and velocity.
Assess limiting travel distances from geomorphalaizita and old landslide
deposits.

Assess the likely travel distance and velocity fraonsideration of the
classification of the potential landslides, geolagy topography and empirica
methods.

Based on this information assess the limit (greéptié&ely travel distance for
each classification of potential landslide.

The same activities as Basic plus

Assess likely landslide mechanisms and classificadif soils in the landslides.
Use empirical methods based on travel distancesargthadow angle to
Intermediate assess travel distance accounting for the uncgytairthe empirical methods
and data inputs.

Assess velocity from potential energy and travstatice using simple sliding
block models.

The same activities as Intermediate plus

Investigate geotechnical properties of the slidimagerials as required by
numerical models.

Use numerical models to model travel distance ahalcity.

Basic

Sophisticated

8.5.2 Preparation of landslide susceptibility map
Preparation of a landslide susceptibility map isally based on two assumptions:

e That the past is a guide to the future, so thasarehich have experienced landsliding in the paestikely to
experience landsliding in the future.

< Areas with similar topography, geology and geomolpyy as the areas which have experienced landglidi
in the past are also likely to experience landstidn the future.

These assumptions are often reasonable but it dHmulnoted there are exceptions such as when tireesof the
landslides is exhausted by earlier landsliding.

Landslide susceptibility zoning maps should inctude

* A map or a series of maps showing the inventoryisforic landslides, showing the location and gi@a
number of slides, e.g. for rock falls) of the seul@ndslides; where appropriate the travel pattes afiding; or
for larger slides the activity or velocity of slidj.

* Maps at the same scale showing the instability itimmiihg terrain factors: i.e. the topography aogdgraphic
units (slope, watershed areas), the geology (bfiokl units); superficial formations; vegetatioover; land
use; etc.

e In areas having potential for shallow landslides aebris flows, it is highly recommended that a n&p
prepared of the superficial formations (colluviutifi, alluvium, residual soils, etc.) because thégges of
failures usually take place in these formationsweer it must be taken into account that usuallgséh
formations are of limited extent so such a mapardy be prepared at a large scale.

* Where appropriate prepare a map showing the tdis&lnce limits either as a maximum value or gtigatias
suggested in Table 10.

A map showing the interpreted susceptibility zonitagsification areas. This map should show thedogphy
and cadastral information as well as the suscdipfizbning classifications for the area being megp
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In some cases these may be superimposed on thezeming map to limit the number of maps but ofteis will be
confusing and it will be necessary to produce sepamaps at the same scale for each classificafitandslides such
as rock falls and small shallow landslides.

8.6 LANDSLIDE HAZARD ZONING

8.6.1 Frequency Assessment
Tables 11 and 12 list the activities required teeas the frequency of rock falls, slides from cfills, and retaining
walls, small landslides; and large landslides.

Table 11: Activities required for assessing thegfrency of rock falls, slides from cuts, fills aedlaining walls and
small landslides on natural slopes.

Frequency

Assessment Method Activities

Frequency established based on the relative frastofahe morphological features of the scars anddide
deposits taking into account the presence of agigmorphic events (e.g. slope undermining by eitiwer or
sea erosion).

Frequency established based on interpretation mbeus of landslides from aerial photographs takdémawn

Basic time intervals.

Assess the historic frequency of rock falls, sliftesn cuts, fills and retaining walls, or small tislides on
natural slopes from basic landslide inventories.

As above and relate to the basic level of frequaridsiggering events such as daily rainfall orssgic events.

The same activities as Basic plus

Relate to slope characteristics such as topogragbgeg angle, elevation, aspect), geology, geomdogho
using multi-variate analyses.

Assess the historic frequency of rock falls, sliftesn cuts, fills and retaining walls, or small teslides on
natural slopes from landslide inventories. Whengrapriate, develop and use frequency volume curves.

Intermediate Use proxy data such as silent witnesses (e.g. datodgees and dendrochronology).

More detailed analysis of rainfall including thdeets of antecedent rainfall, rainfall intensitydasturation on
the incidence of individual landslides (the thrddhor large numbers of landslides.

For seismically induced landsliding, relate thadeace of sliding to seismic loading including fresak
ground acceleration and magnitude of the earthquaiey empirical methods.

The same activities as Intermediate plus

Assess geotechnical parameters of the soils. Maldpé factors of safety from geotechnical pararsetad
Sophisticated rainfall frequency or piezometric data.

For seismically-induced landslides, analyse dispteents using ‘Newmark’ type analyses and for licaeé
soils, the likelihood of liquefaction and flow siid).

Table 12: Activities required for assessing thegfrency of landsliding for large landslides on reltalopes.

Frequency

Assessment Method Activities

Assess the historic frequency of landsliding fréva kandslide inventoy including activity indicatansch as
cracked buildings, displaced fences, bent anditiitees.

Basic Assess frequency from geomorphology evidence ssitheafreshness of slide scarps and other suréateres

associated with landslide movement using subjeetbaessment.

The same activities as Basic plus

As above, and use of proxy data such as carbomtidgd lichenometry dating, of vegetation buriedsbgling,
or in raised alluvial terraces in valleys which nteve been blocked by landsliding.

Relate history of landsliding to rainfall intensépd duration and antecedent rainfall or to snowt.mel

Intermediate Assess the likelihood of seismically-induced sligfrom consideration of the mechanics of the laddslUse

empirical and simplified methods to assess liképlkhcements during earthquakes.

As an alternative to estimating from historic datssess frequency by subjective assessment, eagsbgsing
the probability of landsliding given a rainfall seismic load.

The same activities as Intermediate plus

As above and relating the history of landslidindamtor of safety to rainfall, slope geometry, pis®etric
Sophisticated levels (where available), geotechnical propertiebfactors of safety.

For seismically-induced landsliding analyse disptaents using ‘Newmark’ type analyses and for licpé
soils, the likelihood of liquefaction and flow siid).
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8.6.2 Intensity assessment
Landslide intensity may be assessed either ag#takdistribution of:

» The velocity of sliding coupled with slide volume o

» The kinetic energy of the landslide; e.g. rockfatbck avalanches or
» Total displacement or

» Differential displacement or

e Peak discharge per unit width fmn/second), e.g. for debris flows.

The assessment of velocity is discussed in Se8tori. For basic and intermediate level assessnoéinsensity only
velocity and volume might be assessed. For advaasselssments of rock fall and debris flow hazagdetiergy might
be assessed. Whether landslide intensity is redjaisepart of a hazard zoning should be determined case-by-case
basis. It is likely to be required for rock fallzad zoning.

8.6.3 Preparation of Landslide hazard zoning map

Landslide hazard zoning maps are developed fronsukeeptibility zoning maps with the areas clasdificcording to
the frequency (annual probability) of landslidifidhe way the frequency is expressed will dependherctassification
and volume of the potential landslides. For example

e For rock falls the hazard may be expressed asuh#er of rock falls/annum which will reach the abesng
mapped per kilometre length along a cliff.

» For slides from cuts, fills and retaining walls thezard may be expressed as the number of lansisiida
certain volume and classification/annum per kilomedf road or per building allotment or per square
kilometre.

e For small landslides on natural slopes the hazaay be expressed as the number of landslides oftairte
volume, velocity and classification per square kimian for the area being mapped

* For large landslides on natural slopes the hazayl lve expressed as the annual probability thaé vl be
landsliding in the area being mapped. To this shdid added the likely velocity or total displacemeh
sliding should it occur.

The hazard zoning map should be at the same ssaleeasusceptibility zoning map and show the togplgy and
cadastral information as well as the hazard zoolassifications for the area being mapped.

8.7 LANDSLIDE RISK ZONING

8.7.1 Elements at risk
For risk to be determined and hence for landslidk zoning to be implemented the elements at rigkehto be
assessed. Table 13 lists the activities requiretbtthis.

The elements at risk include the persons and prppetentially affected by landsliding on, belowdamp-slope of the
potential landslides. They may include indirect &ofs such as reduced economic activity resultiomfthe landslide,
e.g. due to loss of a road, and environmental itispac

Table 13: Activities required for assessing trerents at risk.

Method for Assessing

Elements at Risk Activity

Make an assessment of the population who live, woiktravel through the area;
property such as houses, buildings, roads, raileagsservices which are permanent
in the area and of property such as vehicles winarel through the area. For existing
development base this on the current and prop@sebuse. For new development
estimate from proposed land use and occupancy.

Where applicable assess environmental values whaghbe affected by landsliding.
Generic classifications based on the main land, usasely urban, industrial,
infrastructure, or agricultural.

y

Basic

Intermediate As above in greater degree of detail. Economic @gusnces may be included.

As above in detail. Economic consequences willdiemated such as the implications

Detailed of loss of a road providing access to a town usflirs are carried out.
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8.7.2 Temporal spatial probability and vulnerability
Table 14 lists the activities required to assesgemporal spatial probability of the elementssit.r

Table 14: Activities required for assessing thegeral spatial probability of the elements at risk.

Method for assessing
Temporal Spatial Activity
Probability

Life Loss Risks
For persons at risk in residential areas assumtethporal-spatial probability is 1.0.
For other type of developments such as factoridssahools, make an approximat
assessment of temporal-spatial probability fromlitkedy pattern of use of the
buildings.

For roads and railways and other situations wahgrent populations at risk; make
an approximate assessment of temporal spatial pildipdrom the traffic volumes
and velocities.

Property loss risks

For buildings the temporal spatial probability i6.1

For vehicles, make an approximate assessment gbt@ispatial probability from
the traffic volumes and velocities.

D

Basic

Life Loss Risks

For all situations estimate temporal-spatial pralifgltaking account of the nature
of development, living and work pattern, existen€grotected places (e.qg.
Intermediate reinforced shelters), traffic (where relevant) #mel intensity of landsliding.
Property loss risks

As for basic assessment although in more detajl élowing for the variability of
trajectories of rock falls).

As above, with greater detail in the assessmenticpkarly the temporal/spatial

Sophisticated distribution of the elements at risk.

Vulnerability is generally assessed empirically p@rsons and property using published informatag.(AGS 2007a).
More sophisticated methods are not as yet available

8.7.3 Preparation of landslide risk zoning maps

Landslide risk zoning maps are prepared using ézard zoning maps and allowing for the elementslatthe spatial-
temporal probability and vulnerability. Separataing maps will be required for life loss risk andbperty loss risk.
The risk zoning maps should be at the same scaleasusceptibility and hazard zoning maps. Theykhalso show
the topography and cadastral information as welhasisk zoning classification of the area.

For life loss, the risk should be expressed asviddal risk (annual probability of the person Iagihis/her life). For
property loss, the map may show annualised loge#$) but the report should also list the pairdost value and
annual probability of the loss (e.g. 0.001 annuabpbility of $10 million loss).

For new development there will have to be an assassmade regarding the proposed development andléments
at risk. The risk will be unigue to this proposexelopment.

If there are several landslide hazards (e.g. rattkahd shallow landslides) the risks are summegive the total risk.
However, it may be useful to present maps showiegisk from each type of landslide, as well astthal risk.

8.8 THE NEED FOR DOCUMENTATION OF THE LANDSLIDE ZONING PROCESS
It is essential that the landslide zoning processéll documented in a report. The report shouttlishe

e Zoning maps and legends.
e The definitions of the susceptibility, hazard aistk zones.

* The basis upon which the zoning has been carri¢dnoluding data sources, zoning methodology, theet
period covered by the landslide inventory if one haen used to assess landslide frequency.

* Adescription of any limitations of the zoning inding accuracy of zone boundaries.
e Other information to explain the use of the lardkslzoning as required for the particular project.
This informs those who are using the landslide zgind facilitates peer review.
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9 RELIABILITY OF LANDSLIDE ZONING FOR LAND USE PLANNI NG
9.1 POTENTIAL SOURCES OF ERROR

9.1.1 Description
There are a number of potential sources of errtiierzoning process. These include:

« Limitations in the landslide inventory upon whidtetsusceptibility and hazard zoning maps are based.

e Limitations in the stability of temporal series.rfexample the relationship between the triggerangdr (e.g.
rainfall) and the frequency of landslides may cleaifighe area is deforested.

e Limitations in the level of detail available of wgraphy, geology, geomorphology, rainfall and otimgut
data.

* Model uncertainty, meaning the limitations of thethods used to relate the inventory, topographylogs,
geomorphology and triggering events such as raitdfgdredicting landslide susceptibility, hazardlaisk.

« Limitations in the skill of the persons carryingt dlbe zoning.

It must be recognised that landslide zoning isanptecise science and the results are only a pi@diof performance
of the slopes based on the available data. In gkérietermediate or advanced level zoning will ssl subject to error
than preliminary level zoning with each done atiidgable zoning map scale.

9.1.2 Landslide inventories

Casciniet al. (2005) conclude that the greatest source of a@srdimitations in the inventory. They give examples
showing gross mismatch of inventory maps for laddsl from the same area of natural slopes prepasedwo
groups. They point out that the greatest errorsioaten inventories rely on air photo interpretatiparticularly of
small scale photography. These errors are in pattd the subjective nature of aerial photo inttgtion but also to
vegetation covering the areas to be mapped. Aghiatographic mapping should be supported by sunfieagping of
selected areas to calibrate the mapping.

Inventories of landsliding of cuts, fills and retaig walls on roads, railways and urban developmeltseldom be
complete. To get a reasonable estimate of the nuotbglides the zoning will have to make a judgetramout the
proportion of the slides which have been recorded.

9.1.3 Topographic maps

Good topographic maps are most important inputoiairg at intermediate and advanced levels. Topticamaps
facilitate the modelling and mapping of landslidening boundaries with an appropriate accuracy. |[kage scale
zoning, contours at 2 metre or at most 5 metrenvate will be required. Even then, zoning boundarshould be
checked on the ground because the implicationfar owners of errors in boundaries can be siganific

9.14 Model uncertainty

Model uncertainty is a fact of landslide zoning armahe of the methods are particularly accurategdneral terms
hazard and risk zoning based on statistical anglgé¢he input data using intermediate level inpwils give the best
accuracy.

Sophisticated methods for assessing the inputsorelsarrying out calculations (for example of thetbr of safety of a
slope) which have a theoretical attraction andappearance of being able to produce better accuhaagality the
parameter uncertainty is large due to limitatiomghe knowledge of the input data (such as sheangth and pore
pressures) and these make it very difficult to @shiany greater accuracy than other modelling nostho

9.2 VALIDATION OF MAPPING

9.2.1 Peer review

For most zoning studies for land use planning thereuld be a peer reviewer appointed to providepeddent
assessment of the susceptibility, hazard and skng. The peer reviewer should have a high le¥¢he skills and
experience listed in Section 11.2.The peer reviesheuld meet with those carrying out the studyhathieginning of
the study and, depending on the scale of the pgmj@erhaps after initial mapping and then as twing is being
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finalised. This process is a basic form of quationtrol and a form of validation if the peer reveavhas appropriate
wide experience.

9.2.2 Formal validation

For more important advanced level mapping proj#atse can be a process of validation within thestdo do this
the landslide inventory is randomly split in twaogps: one for analysis and one for validation. @halysis is carried
out in part of the study area (model) and testedniother part with different landslides. An altdivia approach for
advanced mapping projects is for an analysis tedrded out with landslides that have occurred icegtain period
whilst validation is performed upon landslides thave occurred in a different period. Validatiom gdso be carried
out by this process after the mapping and landplesning scheme has been in place for some tims.i§heally only
practical for high frequency landsliding becaus¢heftime frame required to gather performance.data

9.3 POTENTIAL EFFECTS OF CLIMATE CHANGE

There is a developing knowledge of climate changé the effects of this on rainfall and snowfall.cibuld be
anticipated that for example a decreased frequefdygh intensity rainfall might reduce the freqagrof shallow
landslides on steep hill slopes. However the seafgrediction of the effects of climate change &ére prediction of
the frequency of landslides from rainfall is noffmiently advanced at this time to warrant consad®n of climate
change when carrying out zoning studies.

Those involved in landslide zoning studies showdgkinformed of developments which might alter tdusclusion.

10 APPLICATION OF LANDSLIDE ZONING FOR LAND USE PLANNI NG

10.1 GENERAL PRINCIPLES

These guidelines are for landslide susceptibilipzard and riskoning. Those who are considering the introductibn
land use management controls fandsliding need to decide the type and level afizg which they require based on
the purpose of the zoning. This is detailed in SecoMhey may choose to stage the zoramg implementation of
land use controls.

It should be recognised that it is not possiblelébneate zoning boundaries accurately with rediand local zoning
using small and medium scale zoning maps. Thisardy be done using local or site-specific zoningl darge to
detailed scale maps.

It is critical that the local governmental authgtitr other organization requiring the zoning, dgand fully define the
purpose and nature of any zoning study, understhrdexisting availability of potential input datassess the
implications for acquisition of new data and thesfimk realistic goals for the zoning study takingoi account,
timeframes, budgets and resource limitations.

It should be noted that mapping will usually resnltines on a map delineating for example the &ideé hazard zones
based on contours and geomorphologic boundarieseir, for land use planning and zoning purposesziime
boundaries are often re-drawn to coincide withtalent boundaries for administrative reasons. Thig/ nead to
adoption of conservative boundaries and shouldvb&lad where practical.

10.2 TYPICAL DEVELOPMENT CONTROLS APPLIED TO LANDSLIDE Z ONING
Examples of the types of development controls whiehapplied to landslide zoning are:

» If zoning is by susceptibility the controls usualgquire geotechnical assessment of hazard andfrible
proposed development for zones determined as sildleei landsliding whilst only minimal requirentsn
(such as adherence to good hillside practice)éasadetermined as very low susceptibility or nsteptible.

» If zoning is by hazard and the study has been dba@ intermediate or advanced level it shoulddmsible to
delineate land use zones where: (a) Hazard iswdHat no development controls are necessary; (bgre/
some prescriptive controls such as limits to thiglits of cuts and fills are necessary; (c) Whertaitisl
geotechnical assessment of the hazard and rigkjisred before development can be approved and/(aye
the hazard is so high no development is possible.

*  Where zoning is by life loss risk and the study been done at an intermediate or advanced lexaipitld be
possible to delineate land use zones where (a)lasf risk is so low no development controls areessary;
(b) Where site specific assessment of the riskdgired prior to approval of development and (c)evéhthe
risk is so high that no development is possible.
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In practice those considering landslide zoninglémd use management would be well advised to sdekefrom a
Geotechnical Professional who is familiar with lainde zoning and risk management to provide advigdanning the
landslide zoning study and applying the outcomdard use planning.

10.3 NEED TO REVIEW AND UP-DATE LANDSLIDE ZONING
It should be recognised that there should be pieri@diews of landslide zoning because:

* The susceptibility, hazard and risk may be altdsgdlevelopment and land-use changes subsequehéto t
study.

* The state of knowledge of landsliding in the aref lve improved with more detailed investigatiorarreed
out as part of the development.

e The elements at risk may change with time so lagelsisk zoning should be reviewed to allow fossthi

e Methods of landslide zoning are evolving so in bamation with the factors listed above, improveching
will be possible.

It is recommended that reviews be carried out trals no greater than about 10 years. In somescamre
frequent reviews will be necessary.

11 HOW TO BRIEF AND SELECT A GEOTECHNICAL PROFESSIONAL TO
UNDERTAKE A ZONING STUDY

11.1 PREPARING A BRIEF
The following are some matters which should be iclemed in preparing a brief for a landslide zongtigdy.

» Define the purpose of the zoning and how it willused.

» Define the area to be zoned.

» Define what type of zoning is required: landslideceptibility, hazard or risk.

» Define the level of zoning required and whetheiit be staged.

» ldentify the various stake holders and their irgese

» Describe what, if any, public consultation procedsbe required.

e State relevant legal and regulatory controls.

e Set out the documentation required for the resfltthe zoning, including details of what maps arquired,
map scales, and electronic formats and the supgoréiport describing the zoning processes, methedd,
validation and limitations.

» Set a program for the study.

» Set a budget consistent with the scope and expawtatf the study.

» Describe the peer review process which will apply.

» List the available data and the format it is in.

e Detail the expected method for the study.

« Define the terminology to be used to describe quiftméty, hazard and risk.

In so far as possible, this is best done in coasah with prospective consultants so there isearcunderstanding of
what is required.

11.2 SELECTING A CONSULTANT FOR THE ZONING

Landslide susceptibility, hazard and risk zoningaisscience that should be done by well qualifiedteghnical
professionals who are experienced in mapping andl uvfderstand slope processes, risk assessmeneatetignical
slope engineering. This will usually mean that anteof professionals will be needed including animegring
geologist, geomorphologist (for zoning of natulapges where geomorphology mapping is required)aagdotechnical
engineer. It should be noted that only a few ergiing geologists and geotechnical engineers arergexqeed in
geomorphologic mapping. It is essential that gduoteal engineers who understand the soil and roekhanics of
slope processes pre and post-failure are involveld landslide susceptibility, hazard and risleasments.

Consultants proposing to carry out landslide zorshguld demonstrate they have personnel who willkvem the
project with the relevant skills and experiencesihot sufficient that a geotechnical company tiase such studies
because it is the personnel directly involved #ratimportant.

Australian Geomechanics Vol 42 No 1 March 2007 31



GUIDELINE FOR LANDSLIDE SUSCEPTIBILITY, HAZARD AND RISK ZONING

One means of demonstrating competence is througjbtration upon the National Professional EngimegiiRegister
(NPER) under the specific area of practice for Islide Risk Management (LRM).

11.3 PROVIDE ALL RELEVANT DATA

It is essential that the consultant is providechvétl the available data regarding the incidencdantisliding in the
study area. There should be a thorough searchcofdse from files and works reporting repairs thavérbeen carried
out.

Where there is limited data on the incidence ofd&lides in the area those responsible will greaiyefit by
establishing and maintaining a landslide inventory.
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APPENDIX A - DEFINITION OF TERMS

Acceptable Risk— A risk which, for the purposes of life or wodqciety is prepared to accept as it is with narego
its management. Society does not generally consixgenditure in further reducing such risks justife.

Annual Exceedance Probability (AEP)— The estimated probability that an event of dptimagnitude will be
exceeded in any year.

Consequence- The outcomes or potential outcomes arising froendccurrence of a landslide expressed qualitgtivel
or quantitatively, in terms of loss, disadvantaggain, damage, injury or loss of life.

Danger — The natural phenomenon that could lead to dantgeribed in terms of its geometry, mechanicédl ather
characteristics. The danger can be an existingsueh as a creeping slope) or a potential one (@s&hrock fall). The
characterisation of a danger does not include argcasting.

Elements at Risk— The population, buildings and engineering worlapnomic activities, public services utilities,
infrastructure and environmental features in tlemagootentially affected by landslides.

Frequency — A measure of likelihood expressed as the nurob@ccurrences of an event in a given time. See al
Likelihood and Probability.

Hazard — A condition with the potential for causing an esilable consequenceThe description of landslide hazard
should include the location, volume (or area), sifecation and velocity of the potential landslidasd any resultant
detached material, and the probability of theiruoence within a given period of time.

Individual Risk to Life — The risk of fatality or injury to any identifieb(named) individual who lives within the zone
impacted by the landslide or who follows a particupattern of life that might subject him or her ttee
consequences of the landslide.

Landslide inventory —An inventory of the location, classification, uole, activity and date of occurrence of
landsliding

Landslide activity —The stage of development of a landsliples-failure when the slope is strained throughout but is
essentially intact; failure characterized by thenfation of a continuous surface of ruptupsst-failure which
includes movement from just after failure to wheedsentially stops angactivation when the slope slides along
one or several pre-existing surfaces of ruptureacieation may be occasional (e.g. seasonal) otiraorus (in
which case the slide is “active”)

Landslide Intensity — A set of spatially distributed parameters relaiedhe destructive power of a landslide. The
parameters may be described quantitatively or tiely and may include maximum movement velocittal
displacement, differential displacement, depthhefinoving mass, peak discharge per unit width tiiremergy per
unit area.

Landslide Susceptibility —A quantitative or qualitative assessment of thasgification, volume (or area) and spatial
distribution of landslides which exist or potedly may occur in an area. Susceptibility may alsolude a
description of the velocity and intensity of thestixg or potential landsliding.

Likelihood — Used as a qualitative description of probabditfrequency.

Probability — A measure of the degree of certainty. This memabas a value between zero (impossibility) aed 1.
(certainty). It is an estimate of the likelihootithe magnitude of the uncertain quantity or thelihood of the
occurrence of the uncertain future event.

There are two main interpretations:

(i) Statistical — frequency or fraction — The outcorha cepetitive experiment of some kind like flipgiooins. It
includes also the idea of population variabilitguch a number is called an “objective” or relafireguentist
probability because it exists in the real world @&nth principle measurable by doing the experiment

(i) Subjective probability (degree of belief) — Quamptif measure of belief, judgement, or confidencehia
likelihood of a outcome, obtained by consideringaahilable information honestly, fairly and wittm@nimum
of bias. Subjective probability is affected by #tate of understanding of a process, judgemeirdayy an
evaluation or the quality and quantity of infornoati It may change over time as the state of kndgde
changes.

Qualitative Risk Analysis — An analysis which uses word form, descriptivenameric rating scales to describe the
magnitude of potential consequences and the ligetithat those consequences will occur.

Quantitative Risk Analysis— an analysis based on numerical values of thiegtnidty, vulnerability and consequences,
and resulting in a numerical value of the risk.
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Risk — A measure of the probability and severity of dwease affect to health, property or the environmBisk is
often estimated by the product of probability x sequences. However, a more general interpretatiomsk
involves a comparison of the probability and consegres in a non-product form.

Risk Analysis — The use of available information to estimate ttsk to individuals, population, property or the
environment from hazards. Risk analyses generedigtain the following steps: scope definition, dvalz
identification and risk estimation.

Risk Assessment The process of risk analysis and risk evaluation

Risk Control or Risk Treatment — The process of decision making for managing asll the implementation or
enforcement of risk mitigation measures and thewvauation of its effectiveness from time to tinusing the
results of risk assessment as one input.

Risk Estimation — The process used to produce a measure of taedétealth, property or environmental risks being
analysed. Risk estimation contains the followirigps: frequency analysis, consequence analysistlaid
integration.

Risk Evaluation — The stage at which values and judgements emedécision process, explicitly or implicitly, by
including consideration of the importance of theimeated risks and the associated social, enviromaheand
economic consequences, in order to identify a rafigéternatives for managing the risks.

Risk Management— The complete process of risk assessment andaigkol ©r risk treatment).

Societal Risk— The risk of multiple fatalities or injuries imGety as a whole: one where society would haveatoy
the burden of a landslide causing a number of deatfuries, financial, environmental and othesks

Susceptibility — see Landslide Susceptibility

Temporal-Spatial Probability — The probability that the element at risk is le taffected area at the time of the
landslide.

Tolerable Risk — A risk within a range that society can live wéth as to secure certain net benefits. It is gaanf risk
regarded as non-negligible and needing to be kegnureview and reduced further if possible.

Vulnerability — The degree of loss to a given element or set ehehts within the area affected by the landslide
hazard. It is expressed on a scale of 0 (no hwsg) (total loss). For property, the loss will the value of the
damage relative to the value of the property; frspns, it will be the probability that a partiauliée (the element
at risk) will be lost, given the person(s) is aféatby the landslide.

Zoning: The division of land into homogeneous areas or diesnand their ranking according to degrees of acaiua
potential landslide susceptibility, hazard or risk.
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PURPOSE OF THE COMMENTARY
The Commentary has been prepared to:

* Provide background notes to explain the reasonadopting the provisions of the guideline.
» Elaborate on some parts of the guideline
* Provide references for additional reading.

The commentary is hot meant to be a textbook omlade Susceptibility, Hazard and Risk Zoning.

C1 INTRODUCTION

There have been examples of landslide susceptibitil hazard zoning in use since the 1970’s (eapblet al, 1972;
Nilsen, et al, 1979; Kienholz, 1978). The hazard and risk mzgpge usually incorporated the estimated frequericy o
landsliding in a qualitative sense rather than tjtatively. These examples of zoning have generaign used to
manage landslide hazard in urban areas by excludmgelopment in some higher hazard areas and neguir
geotechnical engineering assessment of slopeigtdisfore development is approved in other arBasome countries
landslide susceptibility, hazard and risk mapskaiag introduced across the country. For exammePtRR (Plans de
Prevention des Riques Naturels Previsibles) in dgand the Cartes de Dangers or Gefahrenkartewitze®land are
carried out at the Canton level but with Federablfng support (Leroét al, 2005).
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C2 DEFINITIONSAND TERMINOLOGY

c21 DEFINITIONS
The definitions in the Guideline are consistentwitternational Landslides and Geotechnical Engingegoractice.

Some practitioners in Australia have used the tdrazard” without including the frequency of landitig in the
definition. This is contrary to the AGS (2000, 29@2finition and to international practice.

c2.2 LANDSLIDE CLASSIFICATION AND TERMINOLOGY

There is no consensus within the international gghotical community on which landslide classificatgystem to use.
All existing systems are seen to have shortcomifrgsecognition of this JTC 1, the Joint TechniGdmmittee on
Landslides and Engineered Slopes has establishedrking committee to develop a new classificatigistem on
behalf of ISSMGE, IAEG and ISRM. This will not berapleted until late in 2008.

In the meantime it is recommended that the clasgibn and terminology described in Appendix B d&% (2000,
2002) be used. These are based on Cruden and (4088), Varnes (1978) and IAEG (1990).

C3 LANDSLIDE RISK MANAGEMENT FRAMEWORK

More details on the use of risk management in liies are given in the State of the Art papers lie Tnternational
Conference on Landslide Risk Management, Vancoultere 2005 (Fekt al, 2005; Picarellet al, 2005; Nadimet
al., 2005; Hunget al, 2005; Roberds, 2005; Leret al,. 2005; Cascinét al.,2005 and Wong, 2005); in AGS (2000,
2002, 2007a) and Lee and Jones (2004).

For information on the historical development afidalide risk management, see Einstein (1988, 19541),(1994),
IUGS (1997) and Fell and Hartford (1997).

C4 DESCRIPTION OF LANDSLIDE SUSCEPTIBILITY,HAZARD AND
RISK ZONING FOR LAND USE PLANNING

C4.1 TYPES OF LANDSLIDE ZONING

Landslide I nventory
Landslide inventories are essentially factual iturew However in some cases there may be a defjietempretation
because they may be based on geomorphologic aésilseen on air photographs or mapped on the ground

Landslide Susceptibility Zoning

Landslide susceptibility zoning involves a degrek imterpretation. Susceptibility zoning involvesethspatial

distribution and rating of the terrain units acdogdto their propensity to produce landslides. Tikidependent on the
topography, geology, geotechnical properties, dimaegetation and anthropogenic factors such aslalgment and

clearing of vegetation. It should consider all Isliding which can affect the study area and inclladelslides which

are uphill of the study area but may travel ornttamnd landslides downhill of the study area whitdwy retrogressively
fail up-slope into it.

It should be recognized that the study area maguseeptible to more than one type of Landslide reck fall and
debris flows, and may have a different degree steptibility (and in turn hazard) for each of thelsethese cases it
will often be best to prepare separate suscepyilsiid hazard zoning maps for each type of landslid

Areas which may be affected by travel or regressibthe landslides from the source will often bestb&hown on a
separate map. The travel and regression of theslided is dependent on different factors to thoaesing the
landslides.

There are some differences of viewpoint amongséeggpn landslide zoning as to whether suscepttaioning should
include an assessment of the potential travel gnession of landslides from their source. Some tteggl this should be
considered only in hazard zoning. However, in sei@tions it will be difficult to assess the freqey of landsliding
and land use zoning may be carried out based a®ptilsility zoning. In these cases the importantteneof travel or
regression would be lost. In view of this travetlaagression should be considered in susceptilaitityng.

Landslide Hazard Zoning
Hazard zoning should be applied to the area iratdition at the time of the zoning study. It stiballow for the
effects of existing development (such as roads)then likelihood of landsliding. In some situatiorfsetplanned
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development may increase or reduce the likelihdddralsliding. This can be assessed and a postafmwent hazard
zoning map produced.

Hazard zoning may be quantitative or qualitatites lgenerally preferable to determine the freqyesfdandsliding in
guantitative terms so the hazard from differergssitan be compared and the risk estimated alsoantitative terms.
However in some situations it may not be practicabssess frequencies sufficiently accurately ® quisantitative
hazard zoning and a qualitative system of desaibazard classes may be adopted. Usually it wifpdmsible to give
some approximate guidance on the frequency of laledsin the zoning classes.

Landslide Risk Zoning

Risk zoning depends on the elements at risk, teaiporal spatial probability and vulnerability. Feew developments
an assessment will have to be made of these fadtorsareas with existing development it shoulddmognised that
risks may change with additional development ang ttisk maps should be updated on a regular b&sigeral risk
zoning maps may be developed for a single hazamthgastudy to show the effects of different devehgmt plans on
managing risk.

C4.2 EXAMPLESOF ZONING

Examples of landslide susceptibility, hazard andirzg maps are attached in Appendix CA. For othemgples see
Casciniet al. (2005) which references a number of zoning sclseidete that the terms used in these examplescdre n
necessarily consistent between each other or hishguideline.

C5 GUIDANCE ON WHERE LANDSLIDE MAPPING ISUSEFUL FOR
LAND USE PLANNING

Cs.1 GENERAL PRINCIPLES
No comments or additional information.

C5.2 TOPOGRAPHICAL, GEOLOGICAL AND DEVELOPMENT SITUATIONSWHERE
LANDSLIDING ISPOTENTIALLY AN ISSUE

The examples given in the guideline are categoiig®ed classes based on:

(a) Where there is a history of landsliding. THisthe most obvious class and the most common mefso
deciding that landslide zoning should be carried ou

(b) Where there is no history of sliding but thedgraphy dictates sliding may occur. If slopessieep enough
they may be susceptible to landsliding for a wigiege of geological conditions. If sliding occutssilikely to
be rapid and pose a hazard to lives of persons\itbie slopes.

(c) When there is no history of sliding but geot@diand geomorphologic conditions are such thalingi is
possible.

The list of conditions is not meant to be completed other situations may be known locally to beceptible to
landsliding. It should be noted that in many of tases listed the areas susceptible to landsliaigng be in relatively
flat terrain, with sliding occurring on low streihgturfaces of rupture.

(d) Where there are constructed features whichjlditbey fail, may travel rapidly.

Many of these cases relate to soils which losegelamount of strength on sliding and thus wilfeué large drop in
the factor of safety and travel rapidly after fadluThe list is not meant to be complete but ilntended to give a
reasonable range of examples.

(e) Forestry works and land clearing where landslichay lead to damage to the environment such dsgrading
streams and other receiving water bodies. Thissiparate class with the emphasis on environmeotslequences.

C53 TYPES OF DEVELOPMENT WHERE LANDSLIDE ZONING FOR LAND USE PLANNING WILL
BE BENEFICIAL

It should be noted that, unless specifically reegiiby the organisation funding the zoning studypythe regulatory
authorities, the impact of landsliding of the raadrailway on road or railway users will not usydle considered in
the landslide zoning. This is usually considerea isponsibility of the road or railway owner, tiobse developing
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adjacent land, unless the proposed developmergdres the landslide risk to the infrastructureitndsers. The effect
of landsliding of the road or railway on the adjsicareas which are being developed will usuallgdesidered

C6 SELECTION OF THE TYPE AND LEVEL OF LANDSLIDE ZONING

C6.1 SOME GENERAL PRINCIPLES

Some landslide zoning management schemes relyamisusceptibility zoning to differentiate betweeras where
geotechnical assessment of landslide risk will bguired for an individual development and areas revheo
geotechnical assessment is required. It shoul@édmgnised that:

(a) Such schemes are potentially expensive to impleinetatal cost terms because they do not diffeadati
areas for which some general development contrelseqjuired, such as limiting the height of cutd an
fills, but no detailed geotechnical assessmentaéhd or risk assessment is needed.

(b) They potentially categorize as equally susceptivkas which have different frequencies of landsgjdi
and as a result different hazards.

The money saved by the planning authority in daireglower cost susceptibility zoning study may Bpended many
times over by those in low hazard zones being redub fund unnecessary detailed hazard and rsgdsaments.

Only risk mapping allows assessment of the riskéifefloss and comparison with tolerable life-lossteria. Early
experience is that many of those involved in laidgszonation were not sufficiently aware of theguial for loss of
life from landslides and either did not consideligalloss risk, or underestimated its importance.

C6.2 RECOMMENDED TYPESAND LEVELSOF ZONING AND MAP SCALES

Table 1 is intended for use by land-use plannesglacting the type, level and scale of landsliol@izg that should be
done. It is emphasised that this should be coetidlly the proposed use of the landslide zoningtaifutory controls
are to be imposed on development applications basatie landslide zoning then the zoning shouldhdmard or risk
zoning and at an appropriate large or detailedescabning boundaries generally cannot be suffityeatcurately

defined at the medium or small scale. It is alsdasirable to base statutory zoning requirementsiwimay for

example impose restrictions on development baseslisceptibility zoning that does not consider tiegjdiency of the
potential landsliding.

It is recognized that the funding available fordaide zoning may be a constraint and this may ftireaise of smaller
scale zoning of susceptibility or hazard. If thésdone there should be a realistic understandingpeofaccuracy of
zoning boundaries and of the susceptibility or hdzstimates. These types of zoning should onlydeel to act as a
trigger for more detailed geotechnical assessmigiandslide hazard and/or risk and not to impoagusbry constraints
on development.

C6.3 DEFINITION OF THE LEVELS OF ZONING
No comments or additional information

C7 LANDSLIDE ZONING MAP SCALES AND DESCRIPTORSFOR
SUSCEPTIBILITY, HAZARD AND RISK ZONING

Cc7.1 SCALESFOR LANDSLIDE ZONING MAPSAND THEIR APPLICATION

Table 3 summarizes map scales and the landslideestilsility, hazard and risk mapping to which thene usually
applied. The table is based on Soeters and vaneW€$096), Cascingt al. (2005) and discussions at the JTC 1
Workshop on Landslide Susceptibility, Hazard angkRZoning held in Barcelona in September 2006. fbllewing
are some comments on the table:

(a) The input data used to produce landslide zoniags must have the appropriate resolution and
quality. Generally speaking, the inputs to the mgréhould be at larger scales than the zoning
map. Reliable zoning cannot be produced if, fortainse, a landslide hazard zoning map
prepared at a scale of 1:5,000 is based on a D@5@omorphologic or topographic maps
because the accuracy of boundaries will be potgntiaslieading.
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(b) The use of larger scale zoning maps must bemaganied by a greater detail of input data and
understanding of the slope processes involved.

(c) In practice, only limited detail can be showngmall, medium and even large scale maps. Most
examples of municipal (local government) landskdeard or risk zoning maps which assign a
hazard or risk classification on an individual pedy level should be prepared at the detailed
level on large scale landslide zoning maps. Thezesame who believe that even at the detailed
scale it is not technically or administratively eie$ible to make site specific decisions based on
zoning maps, and that site specific assessmenkedgssary. Others believe it is possible,
provided the zoning process includes ground ingpetd define zoning boundaries, as was done
by Moonet al. (1992) for debris flow hazard zoning.

(d) The usefulness and reliability of small scaledslide zoning mapping is considered by some to
be questionable, even for regional developmentairphg.

C7.2 DESCRIPTORS OF THE DEGREE OF SUSCEPTIBILITY, HAZARD AND RISK FOR USE IN
LANDSLIDE ZONING

C7.21 General

The descriptors have been developed based on theriemce of the scientific committee taking intac@mt the
opinions of the reviewers. There is not necessamyivalence in risk for the different types ofdalide having the
same hazard descriptor.

C7.22 Examplesof landslide susceptibility descriptors
Landslide susceptibility descriptors generally fatb the following categories:

» Likelihood that landsliding may occur in an area.

e The proportion or percentage of an area which neagusceptible to landsliding or on to which lardkssi may
travel.

e The percentage (proportion) of the total eventhiwithe zoned area.

* The likelihood given landslides (e.g. rock fallgcar that they will reach an area being zoned.

Which of these is most appropriate should be detexsnon a study specific basis. The examples gimehable 4
should be used so far as practical to give somsist@mcy between different zoning studies. It ipkasised that:

(a) Landslide susceptibility does not include a tingnie or frequency of landsliding.

(b) The ability to recognize susceptibility to somedgpof landslide may depend on how long before the
zoning study the landslides occurred. For examipéiew landslides on steep natural slopes may aot b
evident a few years after they occur if the areagetates.

(c) Some types of landslides may have occurred undfareiit climatic conditions than now exist. Others
may have exhausted the source material; e.g. shalides forming in drainage gullies on steep stope
may remove all the colluvial soil from the gully @t no further sliding will occur.

C7.23 Recommended landslide hazard zoning descriptors

Table 5 is meant to be used to assign verbal géscsito the hazard zoning where the hazard has dpe@ntified. It
must not be used in reverse. If the assessed adickdzard is “high” by some qualitative methodstkhould not be
interpreted to mean 1 to 10 rock falls/annum/krolisf.

It should be noted that the “low” and “very low” sigiptors for large landslides are most likely tdpplied to slopes
which have no geomorphic or other evidence of ladidg. It is difficult to assess such low frequéesto existing
landslides.

In many cases there will be insufficient data titat#y quantify the hazard. In such cases the atbdl data should be
used to make a best estimate and the hazard whitten described as in Table 5 with a suitableifigation on the
accuracy of the estimated hazard.

In some situations it may be possible to add todéeeription of the hazard the temporal occurraemitiein the year of
the landsliding. For example, if the rainfall is msoonal all landslides may occur within a 4 to énthgperiod in the
year. This can be useful additional knowledge farse managing the landslide hazard and should he ddere
practical.
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C7.24 Recommended landsliderisk zoning descriptors

Table C1 summarizes individual life loss risk aidein use in a number of engineering related disws, including
landsliding. It can be seen that there is a siityidretween most of the criteria. Criteria in AGE)00, 2002, 2007a)
were determined taking many of these examplesactount.

Table 6 has been developed taking as the startimgt phe individual life loss risk criteria of 10°/annum for

acceptable risk and 16/annum for tolerable risk, for the person mostisk for new cut and fill slopes suggested in
AGS (2000, 2002, 2007a). It has been assumed #uaeptable risks” are “low” and tolerable risks &moderate”.
Higher risks are often tolerated for existing skofiean for new slopes but it is considered impcattio adopt different
figures for defining the descriptors for new andsBRrg slopes in landslide zoning because of th@amon mix of
existing and new development. Table 6 is meanttaded to assign verbal descriptors to the riskngowhere the risk
has been quantified.. If the risk is assessedaas’ by some qualitative method it should not beipteted to mean the

annual probability of death of the person mostskt is assumed to be between Toannum and 10° /annum.

Whether risks within a zone are tolerable is a endtir the authority managing landslide hazardsragdlators.There
are no internationally accepted risk criteria fandsliding. It is necessary therefore to develdpréble loss of life
criteria for each situation, taking account of léagal framework of the country and regulatory colstin place. Criteria
should be developed in consultation with all thie@tkd parties, including the affected public. Tdakwing the risk
analysis are likely to be most informed about pdecgés and understand the analyses and their lionigtso it is
appropriate they are involved in this process. Mofermation on tolerability of landslide risks géven in Leroiet al.
(2005), ANCOLD (2003), Lee and Jones (2004), Bodmaal. (2004) and Christian (2004).

Generally it should be possible to define risk zireindividual risk terms. However there may bensosituations
where a large number of deaths may result fromgleilandslide event. In these cases considerafiordividual risks
may not properly reflect societal aversion to santevent and societal risk criteria may requiresteration. Leroet
al. (2005) present a discussion on societal risk aoldidle examples of societal risk criteria.

Table C1: Individual life loss risk criteria. (Laret al.,2005).

Organization Industry Description Risk/annum Refeeenc
Broadly acceptable 10%annum, public and workers
Health and Safety Land use risk.
Executive, United planning around HSE (2001)
Kingdom industries Tolerable limit 10“%annum publi
10%annum workers
. Land use ] S . Netherlgnds Ministry
Netherlands Ministry . o) 10~/annum, existing installation of housing (1989),
. planning for Tolerable limif 6 ; . .
of Housing ; . 10°/annum, proposed installation Ale (2001), Vrijling
industries
et al. (1998)
5x10'/annum hospitals, schools, childcare
Department of Urban Land use facilities, old age housin
P . planning for “acceptable” 5 ' g using
Affairs and Planning, .. | 10°/annum residential, hotels, motels
. hazardous (tolerable) limits' o )
NSW, Australia . . 5x10°/annum commercial developments
industries 5 .
10~/annum sporting complexes
4 - . . .
Australian National igb{zzptl:)mAi)X;[gg dam, public most at risk
Committee on Large | Dams Tolerable limit 51 . . | ANCOLD (2003)
Dams 10°/annum new dam or major augmentation
public most at risk, subject to ALARP.
Australian Landslides (from
Ggomgchamcs Society engineered and Suggested 10%annum public most at risk, existing slope
guidelines for natural slopes) - 5 ) ; AGS (2000)
. . tolerable limit 10°/annum, public most at risk, new slope
landslide risk
management
Hong Kong.SpemaI. Landslides from . 10%annum public most at risk, existing slope. Ho et al. (2000),
Administrative Region| natural slopes Tolerable limit 5 . . ERM (1998), Reeves
10~/annum public most at risk, new slope
Government et al (1999)
- 3x10%annum residential, schools, daycare | Iceland Ministry for
Iceland ministry for “ R . . .
the environment Avalanches and | “acceptable centres, hospitals, community centres. the environment
hazard zonin landslides (tolerable) limit 10*annum commercial buildings (2000), Arnaldset
9 5x10° recreational homé&% al. (2002)
Elcj)ta;%sri?n?\ér\;avﬁlc Highway Implied tolerable 10%annuné® Stewartet al (2002),
Austra“;" landslide risk | risk RTA (2001)
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Notes: (1) But for new developments HSE (2001). advisaérsgayiving planning permission where individuadks are > 10
Slannum. (2) Based on a temporal spatial probabifityt.0. (3) Assumes temporal spatial probability0of5 for residential, 0.4
commercial, 0.05 recreational. (4) Best estimateaaietal risk for one person killed, top risk rawi If slope ranks in this range
action is taken to reduce risks within a shortqebriFor the second ranking, societal risk ig/a@num, and slope is put on priority
remediation list.

The recommended descriptors for risk zoning forpprty loss criteria shown in Table 7 have been ldgesl after
considerable discussion and trialling of differemgirsions. It has been developed mostly for use wésidential
dwellings. The “Likelihood” is the annual probatyilof the event which causes the property losmdiudes the annual
probability of the landslide with allowance for wvther it will reach the property. The damages inelube cost of
stabilization of the site to allow reconstructiohtbe residence so they can exceed the value optbperty. For
guidance on the use of this table refer to AGS 7290

C7.25 Recommended approach
No comments or additional information

C8 METHODSFOR LANDSLIDE ZONING FOR LAND USE PLANNING
cs8.1 THE PURPOSE OF THISSECTION
No comments or additional information.

c8.2 THE IMPORTANCE OF UNDERSTANDING SLOPE PROCESSESAND THE GEOTECHNICAL

CHARACTERISTICSOF THE LANDSLIDING
It should be recognized that landslide zoning msutidisciplinary exercise. Zoning carried out bgrgons who do not
have the required knowledge and experience, orowitBufficient detail of geotechnical investigatois likely to be
inaccurate and may be totally misleading.

c8.3 APPLICATION OF GIS-BASED TECHNIQUESTO LANDSL IDE ZONING

(a) Gl Sbased landdlide inventories

GIS-based landslide inventories can be quite sirmpléhey can include extensive and detailed infaimnacompiled
over longer periods of time in related tables asgbaiated spatial data, typically in vector format.

Table C2 gives a generic example of the fields tvimay be included in an inventory.

The compilation and use of standard parameterstioage and reporting fields in landslide invergsrhas been the
subject of an ongoing project initiated by GeosceeAustralia. This work is addressing landslideeimory structure

and includes generic categories whilst employing@ex relational database structure. The projensdd establish a
nationally consistent system of data collectioemsure a sound knowledge base for natural disasietsas landslides
and facilitate better disaster mitigation. It issenmended that the future outcomes from this ptagebe published in

Oschuwosket al. be considered as a new guide for the developofdahdslide inventories.

Table C2: Generic Primary Landslide Inventory #el(courtesy of A Miner and P Flentje).

Field ID | Field Name Data Type ’;‘;Tnba? General Description of Field Contents

1 Inventory Number Number Single Unique landslitie eference code
Cruden and Varnes (1996 ) basic landslide type glide, flow, fall

2 Landslide Type Text n/a or as described elsewhere in this guideline Fahgllow landslides
large landslides and small built environment faig)r

3 Detall_e_d L‘?nds“de Text n/a Cruden and Varnes (1996) full landslidessification

Classification

4 Reported By Text n/a Name of person reportingdtde

5 Contact Details Text n/a Contact details of regror

6 Date Reported Text n/a Date landslide reported

7 Date and Time of Landslide D'ate/ na Date_ and _tlme of landslide. Perhaps in relatecetalith one to many

Time relationship

8 z\ﬁlne;gmtude of displacement Number Single Distance travelled by landslide

9 Street Number Text n/a Physical Street Number

10 Street Name Text n/a Physical Street Name

11 Suburb Text n/a Local Government suburb
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Pnts

12 City Text n/a City or Country region

13 State Text n/a State

14 Post Code Number Integer Australian Post Code

15 Jurisdiction Text n/a Organisation or individugdponsible for land management of site
16 GDA1994 Easting Number Long Integer  GDA1994 iBgsrid position to centre of landslide

17 GDA 1994 Northing Number Long Integgr  GDA 199drfking grid position to centre of landslide

18 ’\CA:,E,TSEeOf Spatial Data Text n/a Field mapping, surveying, old reports, At

19 Positional Accuracy Text n/a An estimate of osal accuracy such as +/- 20m or similar

20 IS‘%%%SE%" Width across the Number Single Maximum width across the slope inreset

21 IS‘%?J%SEE(; Length up/down the Number Single Maximum length up/down slope in netre

29 Landslide Depth (m) Number single ll}iljg;(&rrr]eulr:]ﬁ ;?le(;l:gsess of landslide profile perpendicutasurface of
23 Volume Number Single WP/WLI (1990) landslidewnk calculation

24 Location Text n/a Describe physical locatioanidslide to aid geographic positioning
25 Site Description Text n/a Physical descriptibsite to aid visualisation and detail positionin
26 Landslide Trigger Text nia 'I\D/I(;sg(;riitt:;;rigr?grki)fcl;rt}g\rl]vrét(é)e rainfall intensityfidation; seismic

27 References Text n/a E:rfgrii?ncgetlésttg?g I21fn Igg/lciads:gatlon Reports and othaterial

28 Current Site Number Byte Is this site still areat site or has it been superseded, see comm)|
29 Comments Text n/a Addendum to any of the abodeoa additional comments

30 Ground slope Number Byte Local area averagergrsiope

31 Geological Setting Text n/a Geological Province

32 Bedrock Geology Text n/a Geological formatiarame of underlying bedrock units

33 Slide Geometry Text n/a Generalised descrigifasiide profile, if known.

34 Slide Material Text n/a Description of bulk o&tarial being displaced

35 Depth to Bedrock Number Single Depth to bed(ock

36 Depth to Basal Failure Plane Number Single Deptiasal failure plane (m)

37 g’;ﬁ};ﬁghe Relationship to Text n/a What is the relationship between moveraedtrainfall if known?
38 Strength Parameters Text nia :r?;?ggge to or list any geotechnical parameténereiested or back
39 Houses Damaged Number Double Number of houseagkd

40 Houses Destroyed Number Double Number of hodesisoyed

41 Person Injured Number Double Number of persojused

42 Person Killed Number Double Number of persotisdi

43 Infrastructure Damaged Text n/a Descriptioméfistructure damaged

44 Infrastructure Destroyed Text n/a Descriptioinéfastructure destroyed

45 Environmental impact Text n/a Description of iemvmental impact

46 Economic Loss Text n/a lIPDe(?:ginpég)sn of economic loss caused by landslidkedate with

47 _(?;[;)éechnical Investigation Number List select Type/Level of Geotechnical Iriigedion with references

48 Cost of Geotechnical Number Double Cost of Geotechnical Investigatiothwiferences

Investigation
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(b) GI S based modelling of landslide susceptibility and hazard

With the available data in place various methods bae applied to establish inter-relationships atitnately to
establish levels of susceptibility and hazard. Kegtor data sets typically used in landslide zorshglies include
landslide polygons, geology, geomorphologic andtesrain units, cadastre, road, rail and utilitiéend use and
vegetation. Other data that can be imported gitierréquired spatial data elements may include loteghformation,
soil strength parameters, pore water pressurasfaliaetc. The key grid or raster data is the dig&levation model
(DEM). GIS software can derive numerous data sse¢fuliin landslide zoning from the DEM such as sloaspect,
flow accumulation, soil moisture indices, distateastreams and curvature to name only a few.

A GIS model can be used to combine a set of inpapsvor factors using a function to produce an dutmpap. The
function can take many forms including linear regien, multiple regression, condition analysis a&triminate
analysis etc.

These indirect methods involve qualitative or gitative modeling and analysis techniques of variypes (Soeters
and Van Westen, 1996):

(Heuristic Analysis.

In heuristic methods the expert opinion of the percarrying out the zoning is used to assess the
susceptibility and hazard. These methods combiaenthpping of the landslides and their geomorphologi
setting as the main input factors for assessinghmeard. Two main types of heuristic analysis can b
distinguished: geomorphic analysis and qualitathag combination.

In geomorphic analysishe susceptibility and hazard is determined diyeloy the person carrying out the
study based on individual experience and the useadoning by analogy. The decision rules are thexe
difficult to formulate because they vary from pldoelace.

In qualitative map combinatiothe person carrying out the study uses expert ledge to assign weighting
values to a series of input parameters. Theseuanened according to these weights, leading to stibdiy
and hazard classes. These methods are commort, isudlifficult to determine the weighting of thepunt
parameters.

(i) Knowledge based analysis.

Knowledge based analysis is the science of computeleling of a learning process (Quinlan, 1993 @hta
mining learning process extracts patterns fromdagmbases of landslides (Flengeal. 2007). Pixels with
attributed characteristics (from the input dateetay matching those for known landslides are usedefine
classes of landslide zoning. The percentage digiobs of landslides within the zones are then uselelp
define the zones.

(iii) Statistical analysis.

The statistical approach is based on the obseelatianships between each factor and the pasthiittn of
landslides. Hence susceptibility and hazard zorsrgpnducted in a largely objective manner wheriloyors
and their interrelationships are evaluated on tisital basis. Various methods exist for the depeient of
the rules for and relationships between variables these include bivariate analysis, multivariatalgsis,
Boolean approaches using logistic regression, Bawyemethods using weights of evidence and neural
networks (Soeters and van Westen, 1996). Limitatiaith such methods result from data quality sush a
errors in mapping, incomplete inventory and poaoleation of some data sets as the models are &dient
data trained. In addition, the results of such n®dee not readily transferable from region to oegi

(iv) Deterministic Analysis.

Deterministic methods apply classical slope stgbitheory and principles such as infinite slopeniti
equilibrium (e.g. Bishop, Sarma etc) and less comiyndinite element and 3-D techniques. These models
require standard soil parameter inputs such astbimkness, soil strength, groundwater pressuriemes
geometry etc. The resultant map details the avefagfer of safety and boundaries while susceptib#ind
hazard classes can be set according to factofetfysanges (i.e. unstable <1.0, meta-stable 110k®@tc). See
for example, Savaget al (2004) and Bauret al (2005). The variability of input data can be ffignt used to
calculate probability of failure in conjunction Witreturn periods of triggers (Soeters and van \Weste
1996).The main problem with these methods is thersimplification of the geological and geotechnical
model and difficulties in predicting groundwater@gressures and their relationship to rainfall/andnow
melt.

These methods of data analysis are applicableng3i8 based systems but the use of GIS greatlgtagbie process.
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(c) Spatial dataand scalein GIS

Scale in GIS is considered in relation to the sgbeat use of the data. Landslide inventory mapsceqtibility and
hazard zoning maps will be used by Local Governmemtd Government Authorities etc to make important
management decisions at a large scale, often dowlmetcadastral land parcel scale. Data querieslacgions based
on data mandate the integrity of the data to beroigs at that scale. Hence the scale at which idpt# is collected
should relate to the required scale of the output.

(d) The need for calibration of GIS modelling.

The need to field check iterations of the GIS midaigloutput is critical in producing a quality zoagi map that reflects,
as best one can, the reality in the field. Calibraiof this model is essential in any project. Tdignificance of
compiling the best possible input data to any Gdfliaation cannot be overstated. Time and resoulegsted to the
assembly of comprehensive, accurate, high quakiy dvhich is captured at an appropriate scale ardlution is
considered to be possibly the most significant wasttertaken in any GIS-based inventory compilatiod modelling
project. The use of GIS is not a substitute forithmlvement of geotechnical professionals with skéls required to
carry out landslide zoning. GIS is a tool to asisin to do the zoning efficiently.

c84 LANDSLIDE INVENTORY

It should be noted that the landslide inventorgften the basis for all the zoning and it is impattthat this activity is

done thoroughly. For rock falls, slides from cuiés and retaining walls the data will usually k@ cover 10, 20 or
more years so a number of significant rainfall égseran be sampled in the inventory if it is to Isedias the basis for
frequency assessment. In many cases it will nopdssible to create a good inventory from past @080 the

inventory has limitations. These can be overconté tiine if those responsible establish a systengéihering data

which can then be incorporated in later zoningistud

For small landslides in natural slopes, the qualityhe inventory will be enhanced by carrying sutface as well as
aerial photograph-based interpretation. Even egpeéd aerial photo interpreters may not be abkeéoslides which
have been hidden by vegetation. Basic small or amdicale landslide inventory mapping at regionalocal level

may be followed by intermediate or sophisticatecppiiag of higher susceptibility areas. The inventshould be
mapped at a larger scale than the susceptibilagaid or risk zoning maps. Different informatiomdae mapped
depending on the scale. For example:

(a) Inventory scale 1:50,000 to 1:100,000 for ragloning.

The minimum area covered by an inventoried landsigl4 ha. Smaller landslides may be represented gt (or
equivalent in GIS terms). It is unnecessary andossjble to distinguish between landslide scarpufeatand resulting
mass or deposit. Landslides are only classifiedaldbout activity are simplified to active, dormablata about
damages are simplified.

(b) Landslide inventory at scale 1:10,000 to 1:28,6r local zoning.

The minimum area covered by an inventoried and mapgndslide is 1600 mSmaller landslides are represented by a
dot. Minor and lateral scarps may be distinguishedvell as upslope deformations such as tensicksror minor
landslides. Landslides are classified. Original snaslume and averaged velocity is recorded froraatlinformation

or expert assessment. Activity should be descrilsiioly WP/WLI (1993). Data about damages if theyaasailable are
simplified to: no data, minor and major.

(c) Landslide inventory at scale 1: larger than@08 for site specific or local zoning.

The minimum area covered by an inventoried mappadslide is 100 fn Smaller landslides are represented by dots.
Mapped landslides may be divided into its compasiestarp, rupture surface and mass or deposituRuptrface is
digitized as a polygon comprising visible (scar@s)l hidden sides covered by the mass. Landsliéedassified. Mass
volume and average velocity is estimated and rexbrIS analysis may be used to obtain the totd af each
landslide type in each lithological unit of the map zone so the distribution of landslide ruptwrdase by lithology
units is obtained. Activity should be describedngsiWWP/WLI (1993). Data about damages are recorflegailable
with mention of economic losses or qualitative digsion of losses, number of days, weeks or mowthmterrupted
services or catastrophic losses. Human lossedsarelatailed with number of injured and dead pessétistorical data
or record of temporal distribution of landslidesggering rainfall and earthquake magnitudes mayp &k added to the
inventory. The inventory may also record landslielgtures relating to slope deformations associtiezhrly stage of
landslide development such as inclined trees,riadlifences and deformed structures, tension cacksement at risk
such as roads, walls, houses, pavements, etceasith cracks on slopes.
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For landslides from cuts and fills and from rocK faen the most basic inventory of landslides banvaluable in
estimating landslide frequency. This can be seinu@IS or simply as a spreadsheet with such datdedocation,
classification, volume, travel distance and stétactivity and date of occurrence.

Those responsible for landslide risk managemenstomgly encouraged to develop a landslide inwgnifoone does
not yet exist for their area.

C85 LANDSLIDE SUSCEPTIBILITY ZONING

C85.1 Landdlidecharacterization and travel distance and velocity

Table C3 (a) to (d) provides more detail on thévéis required to characterise the landslidegiierfour main classes
of landslides and lists suggested useful referencemost cases where intermediate methods aregheiad basic
methods will also be used. For advanced methotiynrediate and basic mehods will also be used. thatemuch of
these activities will be carried out in GIS and thems used here are generic. It should be notddtie more advanced
the characterization method the larger scale ofntla@ping and level of detail of information and erslanding of
slope processes is required. Some general referencenapping procedures include Van Westen (199@4)2 and
Guzzettiet al. (1999).

It should be recognized that even at the interntediad sophisticated levels it is difficult to acately define landslide
susceptibility from terrain and geotechnical ch&gstics. This uncertainty should be borne in miviten carrying the
information forward into preparing hazard and dsking.

Some useful references for assessing travel distiactude:

« Empirical methods for assessing travel distancsodfand rock slides which become debris flows dabris
slides: Evans and Hungr (1993), Huegial (2005), Corominas (1996), Hunter and Fell (2003)

* Numerical methods for assessing travel distanceigH1995), McDougall and Hungr (2004), Huregral.
(2005).

e GIS based methods: Dorren and Seijmonsbergen (2003)

The landslide velocity can be estimated from theeptial energy and assumed friction losses usiegstiding block
model as described in Hungr al (2005).

Care should be exercised when defining travel dégtdbased on the location of ancient landslide siepdrhe source
of pre-historic landslides cannot always be propdocated and travel distance estimation may bgestdd to
significant error. It should be noted that theren@ yet available a commercial computer prograrth vsufficient
documentation or guidance on selection of inpuapeters to reliably model travel distance and vtésc The DAN
Program (Hungr, 1995, McDougall and Hungr, 2005avwilable for use commercially but requires calftan on
failed slopes in the study area before being usedforecasting mode. Because of this, empiricahots are the most
widely used. These have a significant model unggstavhich should be allowed for in developing thesceptibility
maps for landslides which will travel beyond these landslide.

Table C3: Details of some activities which mayused to characterise, and evaluate the spatiaibdison of potential
landslides and their relationship to topographylagy and geomorphology.

(a) Rock Falls

Characterisation | Activity References
method
Map historic rock fall scars and record the numispatial distribution,
Basic volume of fallen rocks below the source of the réals.
Relate rock fall occurrence to presence of falleckd and talus deposits.
The same activities as Basic plus Romana (1988)
Map geomorphic indicators (cracks, partially detathblocks). Selby (1980)
Intermediate Develop frequency-magnitude relationships fromtitstoric data. Rouilleret al (1998)
Relate rock fall activity to Slope Mass Rating, Rocksd Strength or useHungr,et al (1999)
techniques such as Matterock Picarelli,et al (2005)
Use magnitude-frequency relationship techniques. Moon, et al (2005)
The same activities as | nter mediate plus Hoek and Bray (1981)
Sophisticated Detailed mapping of geological structure and refatl performance tg Goodman and Shi (1985)
analysis of stability using planar, wedge and tomgpanalyses.
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(b) Small Landslides

Map historic landslides from air photography, prafdy photographg
taken at different times some years apart and wsnge surface mapping

Nilsenet al. (1979)
Brabb (1984)

Basic Relate landslide occurrence to topography (e.g.esl@fevation, aspect) Evans and King (1998)
and lithology using simple correlation of singleiahles and judgement. | Dai and Lee (2002)
The same activities as Basic plus Van Westen (1994)
Carry out more detailed surface mapping of the iewie of landslides and Carraraet al (1995)
Intermediate geomorphology mapping using air photographs arg/@urface mapping} Baynes and Lee (1998)
Relate landslide occurrence to topography, geolygg and depth of soils
and geomorphology using statistical analysis teqies..
The same activities as | nter mediate plus Baumet al. (2005)
Sophisticated Detailed surface mapping and aerial photo integpieai, geotechnical and

hydrological investigations. Relate landsliding withupled slope stability
models implemented in a GIS.

(c) Large Landslides

Basic

Map landslides from aerial photography and/or sefenapping. Preparge Crandellet al. (1979)

an inventory of landsliding.

Relate landslide occurrence to topography (e.g.eslepevation, aspect
and lithology using simple correlation of singleiahles and judgement.

Cascinietal. (2005)
) Hungretal. (2005)

Inter mediate

The same activities as Basic plus

Carry out more detailed geological and geomorphologpping using ai
photographs and/or by surface mapping, distingngstthe activity of
landsliding qualitatively.

Relate landslide occurrence to topography, geoltype and depth an
geotechnical characteristics of soil and geomompdolusing statistica
analysis techniques.

Dikau, et al (1996)

o

Sophisticated

The same activities as | nter mediate plus

Detailed surface and air photo mapping, geotechrdnd hydrological
investigations. Some analyses of stability may &eied out. Analysis of
historic and survey data to assess activity.

Wu and Abdel-Latif, 2000
Corominas and Satacana,
2003

(d) Cuts, fills and

retaining walls in roads andways and in urban development

Make an inventory of the classification, volumecdtion and date o
occurrence of landslides from local government mégonewspaper article
and consultants files.

n

Basic Collect data on the population of slopes includihg humber, height]
geology, type of wall construction.
Relate these to the length of roads and the nunfh@moperties on which
they have occurred to assess susceptibility.
The same activities as Basic plus Budetta (2004)
Include in the inventory the height of cuts, filad retaining walls, slopge MacGregoret al. (2007)
Intermediate angles, basic geology (lithology, depth of soil)dapossibly basig
geomorphology (e.g. are slides located in gull@anar slopes or convex
slopes), types of retaining walls for failed slopesl the population.
The same activities as | nter mediate plus
Sophisticated Include in the inventory details of slope anglesptgchnical properties af
typical slopes, drainage and groundwater conditfonghe failed slopeg
and the population.
C8.5.2 Preparation of landslide susceptibility map

Landslide susceptibility zoning maps may be devedbfpom landslide inventories and geomorphologipsaroduced
from aerial photos, satellite images, and field kvak relative susceptibility is allocated in a setjve manner by the
person doing the study. This often leads to a mafciwis very subjective and difficult to justify aeproduce

systematically.

A more objective way of developing susceptibilitgning is by correlating statistically a set of fast (such as
geological-morphological factors) with slope inglitp from the landslide inventory. The relative rddbution of the
factors generating slope failures is assessed ladahd surface is classified into domains of défee susceptibility
levels. Finally, the results of the classificatim® checked by analysing whether the spatial bigion of the existing

landslides (landslide inventory) takes place indlasses rated as the most unstable.
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It should be kept in mind that the aim of suscelitijomapping should be to include the maximum nemof landslides
in the highest susceptibility classes whilst trytogachieve the minimum spatial area for theseselais

At large scale, detailed susceptibility maps mayfdaeded on geotechnical models such as the igfiglibpe with
parallel plane failure, provide the landslideshe tirea are shallow translational slides in rogksoils (i.e. consistent
with infinite slopes). An assessment of geotecHrdod pore water pressure parameters is necessargeér to use this
approach. The safety factor may be established ®I% in pixel cells and the results referred tocepsibility
depending on the calculated factor of safety. Gitbencomplexity of geotechnical conditions in slgpeese methods
are unreliable unless calibrated by correlatindnlie landslide inventory.

Slope failure is caused by the concurrence of peemiaconditioning and triggering factors. Permarfactors are

terrain attributes (i.e. lithology, soil types ashepths, slope, watershed size, vegetation covamgrmthers) that evolve
slowly (i.e. by weathering or erosion) to bring slepes to a marginally stable state. Triggeringnés include ground
shaking due to earthquakes or rise of groundwaterl$ and/or pressures due to infiltration of r@inér snow melt.

Only permanent conditioning factors are mappedstess landslide susceptibility while the recurremegod of the

triggers is usually used to assess the landslidarba

Some examples of susceptibility mapping are give@asciniet al (2005), Lee and Jones (2004), and Chastoal
(20086).

C8.6 LANDSLIDE HAZARD ZONING

C8.6.1 Frequency Assessment
(IUGS, 1997) advise that the frequency of landslijdinay be expressed in terms of

* The number of landslides of certain characteridtiegd may occur in the study area in a given syfatine
(generally per year, but the period of referencghinbe different if required).

» The probability of a particular slope experienciagdsliding in a given period

* The driving forces exceeding the resistant foraegtiobability or reliability terms with a frequenayf
occurrence being determined by considering the @nprobability of the critical pore water pressu(es
critical ground peak acceleration) being exceeddtié analysis

This should be done for each type of landslide tviias been identified and characterized as affgttia area being
zoned. Frequency is usually determined from thessssent of the recurrence intervals (the average between
events of the same magnitude) of the landslidethelfvariation of recurrence interval is plottechiagt magnitude of
the event, a magnitude-frequency curve is obtained.

Methods of determining frequency include:

» Historical records. When the complete series ofi$éiding events is available, recurrence intervaa be
obtained by assuming that future occurrence ofdbaels will be similar to the past occurrence. Lsiuks
have to be inventoried over at least several dectproduce a valid estimate of landslide freqyeard the
stability of temporal series has to be checked.

» Sequences of aerial photographs and/or satellisgés Average frequency of landslides may be wédai
dividing the number of new landslides identifiedtbe retreat of a cliff in metres by the years safag the
images.

« Silent witnesses. They are features that are atdo@nsequence of the landslide phenomenon sutteas
impacts produced by fallen blocks or organic sbiisied by the slide deposits. They provide the afigthe
landslide event with a precision that depends emikthod used to date the feature.

e Correlation with landslide triggering events. Ratorms and earthquakes are the most common laadslid
triggering mechanisms. Once the critical rainfalil&or earthquake magnitude capable to trigger latetshas
been assessed in a region, the recurrence intariviile landslides are assumed to be that of triggers.

* Proxy data. They are data used to study the lateddior which no direct information is availableoky data
may be, for instance, pollen deposited on the saréd the landslide at any time after its emplaagriehen
colonization of the landslide deposits, or faunseasblages that lived in a pond generated by theslaie
movement, etc. These elements can be dated wihiety of techniques (Langt al, 1999).
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» Geomorphologic features which are associated with degree of landslide activity (presence of ground
cracks, fresh scarps, tilted structures).

e Subjective (degree of belief) assessment. If therkttle or no historical data it is necessarydstimate
frequencies based upon the experience of the pe)sdoing the zoning. This is usually done by cdeshg
the likely response of the slope to a range ofjritng events, such as the 1in 1; 1 in 10; 1 in ABP rainfall
and combining the frequency of the triggering euerthe probability, given the trigger occurs, giepe will
fail. This should be summed over the full rangérigiger frequencies.

Assessing the recurrence periods of the landslidnts will usually require using different and cdewmentary
methods. The frequency of the small size landslidey be obtained from the statistical treatmenthef historical
records. For example the frequency of large laddstivents having long recurrence periods may baireat from a
series of dated old landslide deposits.

Landslides of different types and sizes do not m@mtiyrhave the same frequency (annual probabilifypaurrence.
Small landslide events often occur more frequethithn large ones. Different landslide types and raeids of sliding
have different triggers (e.g. rainfalls of diffeténtensity, duration and antecedent conditionsthegakes of different
magnitude and peak ground acceleration) with differecurrence periods. Because of this, to quahtizard, an
appropriate magnitude-frequency relationship shaalgrinciple be established for every landslidpetyin the study
area. In practice the data available is often Bohiand this can only be done approximately.

Preliminary landslide hazard zoning maps are giteypared from simple geomorphological maps showiegypes of
landslides and a qualitative estimation of theitivity (i.e. active, dormant or inactive). More btaated maps are
based on the quantitative, or at least semi-quivit, assessment of frequency-magnitude relatiprfein different
landslide types.

Deterministic approaches for estimating frequengycbrrelation with rainfall have been mostly perfied at a site
level (large scale). Recent developments in cogpliydrological and slope stability models have wa#id the
preparation of landslide hazard maps at a locadllélhese approaches require data of high qualigyailed DTM,
relatively uniform ground conditions, landslide &gpeasy to analyse and a well established relaijprizetween
precipitation regime and groundwater level char(g@es. Baumet al. 2005). This is usually only possible for shallow
landslides which generally fit these conditionseThequency of landsliding can be linked to thegfrency of the
precipitation. The complex geotechnical naturelopas makes it impractical to use these methodsowitcalibration
against field performance with landslide inventsiiie the study area.

Some useful references on frequency assessmemtiéncl

» For assessing geomorphology data: Baynes and [988),1Wieczorek (1984), McCalpin (1984),Carratal.
(1995), Palmquist and Bible (1980), Fellal. (1996).

» For assessing historic data to produce magnituceuéncy curves. Fedit al. (1996), Bunceet al. (1997),
Hungret al (1999), Remondet al. (2005), Coest al. (2004), Picarellet al. (2005), Mooret al. (2005), Evans
et al. (2005).

» For assessing proxy data: Gardner (1980), Bull. (1994), Langet al. (1999), Schusteet al (1992), Van
Steijn (1996), Alexandrowicz and Alexandrowicz (8999Gonzalez —Diezt al (1999), Coromina®t al.
(2005)

» For relating landslide frequency to rainfall antdeatfactors: Picarelkt al (2005), Strunk (1992), Wilson and
Wieczorek (1995), Crozier (1997), Finlayal.(1997), DUTI (1983), Soeters and van Westen (19B&ymet
al. (2005).

» For relating the frequency of rock falls and smelitles on natural slopes to seismic loading: Wieslzo
(1996), Keefer (1984), Schustetral. (1992), Cascinet al (2005), Harp and Jibson (1995,1996), Jibsbal.
(1998)

» For assessing the susceptibility of slopes to fagteon and flow failure: Youett al. (2001), Hunter and Fell
(2003)

It should be noted that:

(&) The assessment of frequency of sliding frommg@phology is very subjective and approximate, eifen
experienced geomorphologists are involved. It s supported with historic data so far as posslhl
principle the method should work best for frequaitting where fresh slide scarps and other featwitts
be evident. However, such features may be coveitlihwveeks by farming and construction activity.

(b) Most methods for relating landslide frequenaydinfall indicate when landsliding in an area neggur
and not whether a particular slope may slide. Tigerés from these analyses must be adjusted for the
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population of slopes to allow estimation of theqgitency of sliding. This is discussed in Picaretlial
(2005) and in MacGregat al.(2007).

(c) The incidence of landsliding of slopes to ralhfs usually non-linear. For smaller slides fromatural
slopes and cuts and fills there is often a “thréha@infall below which little or no landsliding M occur
and then a greater frequency of sliding for indregsainfall. This is evident in the data for fais from
cuts, fills and retaining walls in Hong Kong (Fiplat al, 1997, MacGregoet al.,2007) for cuts and fills
in Pittwater shire, Sydney and in small shallowlessi from steep natural slopes (Kétnal, 1992).

(d) For larger landslides it is often the combioatof rainfall intensity and antecedent rainfaleowa period
which causes landslides to become active. Ler@¢R@01) provides several examples.

(e) When relating the frequency of landsliding amfall it should not be assumed that 24 hour eding the
critical duration. The effect of shorter duratidghnhintensity rainfall should be assessed if thefadl data
is available. However, pluviograph data is seldomilable. The effect of antecedent rainfall sholod
assessed at least qualitatively (e.g. MacGregat, 2007; Walker, 2007).

(H The frequency of seismically induced landslglis related to the peak ground acceleration asitiee and
the magnitude of the earthquake. Studies by Kd&f#84), Harp and Jibson (1995, 1996) and Jiletai
(1998) have shown that there is a critical magmitadd peak ground acceleration (or distance fram th
earthquake epicentre) above which landsliding wadéitur. This varies for different classes of lardksli
Pre-earthquake rainfall and water tables influaheeresponse of slopes to earthquakes.

() Newmark type displacement analysis is describédewmark (1965) and Fedt al (2005).

(h) The assessment of the frequency of collapsmastal cliffs is related to coastal erosion preessvhich

may control the frequency of landsliding. This isgecialist area and should be assessed by a multi-

discipline team including engineering geologistkranechanics engineer and coastal engineer. Siyilar
for mapping of coastal sand dunes subject to emobip the sea a team consisting of geotechnical
engineer, engineering geologist and coastal engiseequired.

Because of the complex interaction between the améchl behaviour of geo-materials and triggeringtdes it is
recommended that a geotechnical engineer familidr the mechanics of slopes be involved in freqyesstimation
for zoning studies.

C8.6.2 Intensity assessment

Hungr (1997) defined landslide intensity as a $efpatially distributed parameters describing thstaictiveness of the
landslide. These parameters are varied with theirmar movement velocity the most accepted one, afihaotal
displacement, differential displacement, depth afving mass, depth of deposited mass and depthasfioer are
alternative parameters. Keeping in mind the desifjprotective structures, other derived parameseich as peak
discharge per unit width, kinetic energy per unigaaand maximum thrust or impact pressure maydweansidered.

Landslide movements can range from imperceptibderdisplacements of large and small masses toléqgh and
very fast rock avalanches. The likelihood of dam@agstructures and the potential for life loss wiky because of this.
Intensity is the measure of the damaging capallitthe landslide. In slow moving landslides pessare not usually
endangered while damages to buildings and infretstres might be high although, in some cases, evilyenced after
long periods of time. By contrast rapid movemeritsmall and large masses may have catastrophieegarsces for
both persons and structures. For this reasordésgable to describe the intensity of the lan@slith the zoning study.

The same landslide may result in different intgngétlues along the path (for instance, the kinetiergy of a rock fall
changes continuously along its trajectory).

There is therefore, no unique definition for iniéhsnd those carrying out the zoning will havedecide which
definition is most appropriate for the study. Usalferences include Hungr (1997), Lateltin (199Mungr et al
(2005), Cascinet al (2005) and Coponst al. (2004).

C8.6.3 Preparation of Landdide hazard zoning map

Examples of hazard zoning mapping are given in i@ast al (2005), Wong (2005) and Corominasal (2003).

Australian examples include the Shire of Lillyd&1®93) mapping which was at an intermediate level elassifies
hazard (called risk in the scheme documents) mtg low (basalt), medium M1, medium M2 and highefigare other
areas classified as not susceptible to landslidb@pending on the classification, development macged without
detailed geotechnical assessment or with geoteahaésessment. The scheme is described in Mbah(1992).
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Part of that Shire was also subjected to a sophistil level study of debris flow hazard. This isatied in Mooret
al. (1992) and in Fell and Hartford (1997) who exkhthe scheme to risk zoning.

c8.7 LANDSLIDE RISK ZONING

C8.7.1 Elementsatrisk

The elements at risk are the population, buildiagg engineering works, economic activities, pubécvices utilities,
infrastructure and environmental features in theagpotentially affected by the landslide hazardesehneed to be
assessed for existing and proposed development.

C8.7.2 Temporal spatial probability and vulnerability
Some useful references include Roberds (2005),Westen (2004), Wong (2005) and AGS (2000, 2002720

Elements at risk may be damaged in multiple wayo(ieet al, 1996; Gladest al, 2005; van Westeet al, 2005). In
large landslides, there are sensitive areas wharegde will be more likely (or much higher), no raattvhat the total
landslide displacement or the released energybeillThis occurs for instance in the landslide bawied, such as the
head or sides or at local scarps where tensilesstsedevelop with the result of cracks, surfacergtalepletion and
local rotation. Similarly, large differential defaations are expected in the landslide toe wherestimg and bulging of
the ground surface might take place.

The resistance of a building is dependant on thdsiidde mechanism. It might be sufficient to resig impact of a
falling block but it can be insufficient to avoidevklopment of tension cracks due to differentigptiicements
produced by a translational slide. It may be codetuthat, for a similar structure or building, thepected damage will
depend on: (i) the landslide type (rock fall, deftow, slide, etc); (ii) the hazard intensity &iig the relative location
of the vulnerable element in relation to the lart#strajectory or to the position inside the lamdislaffected area.

The vulnerability of lives and properties are oftéfferent. For instance a house may have a sirilgln vulnerability
to both slow-moving and rapid landslides, whileesison living in it may have a low to negligible matability in the
first case. It is recommended that vulnerabilityttid elements at risk be estimated for each ladw$lipe and hazard
intensity. In order to make reliable estimatiortlu vulnerability of the elements at risk it is ispgensable to carry out
the analysis of the performance of structures dupast landslide events and the inventory of theenled damages
(Faella and Nigro, 2003).

Vulnerability mapping can be performed with the aidapproaches which, depending on both the scadk the
intended map application, may be either qualitatbre quantitative type. A qualitative approach, dedpwith
engineering judgement, uses descriptors to expregmlitative measure of the expected degree ef(lBasciniet al,
2005). However, qualitative approaches, as recordeteiby AGS (2000), are only applicable to consitienaof risk
to property. Quantitative approaches, like thatppsed by AGS (2000, 2002, 2007a) for life lossaitins and
Remondoet al (2005), need data on both landslide phenomendrnvalmerable element characteristics (Leebal.,
1996).

Mostly this is empirical data. It should be notedttany errors introduced by uncertainty in vulbdity estimates are
usually far outweighed by the uncertainty in freguyeestimates.

C8.7.3 Preparation of landdliderisk zoning maps

Examples are given in Casciet al. (2005), Bell and Glade (2004), Lee and Jones (20Midhael-Leibaet al. (2003)
and Corominast al. (2005).

C9 RELIABILITY OF LANDSLIDE ZONING FOR LAND USE PLANNING

Cca1 POTENTIAL SOURCES OF ERROR

The inability of sophisticated methods to modepsi® in zoning studies is discussed further in Bliaet al. (2005)
and Fellet al. (2000). Where used they should be calibrated agkindslide inventories and empirical methods.

C9.2 VALIDATION OF MAPPING

Casciniet al. (2005), Remondet al. (2003), Ardizzioneet al. (2002) and Irigarayet al. (1999) give examples of
validation.
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C10 APPLICATION OF LANDSLIDE ZONING FOR LAND USE
PLANNING

C10.1 GENERAL PRINCIPLES
The importance of carrying out the zoning at arrappate level and scale cannot be over-emphasised.

C10.2 TYPICAL DEVELOPMENT CONTROLSAPPLIED TO LANDSLIDE ZONING
No comments or additional information.

Cl1 HOW TO BRIEF AND SELECT A GEOTECHNICAL PROFESSIONAL
TO UNDERTAKE A MAPPING STUDY

Cili1 PREPARATION OF A BRIEF
No comments or additional information.

Cil1.2 SELECTION OF A CONSULTANT FOR THE MAPPING
No comments or additional information.

C11.3 PROVIDE ALL RELEVANT DATA
No comments or additional information.

C12 METHOD FOR DEVELOPMENT OF THE GUIDELINES, AND
ACKNOWLEDGEMENTS

It is emphasised that the guidelines have beeresutg extensive review internationally.
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APPENDIX CA - EXAMPLES OF LANDSLIDE ZONING MAPPING
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Figure 2A Rockfall Susceptibility
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Figure 2B Rockfall Hazard
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LEGEND
M i . S
P Landslide Classification Landslide Susceptibility @ | LandsideHazard® | LandsideRisk for LifeLoss®

C1 Rock falls from cliff High High Negligible (4)
Cc2 Rock falls from cliff High Moderate Negligibld)
S1 Rock fall travel path Moderate Moderate Mode(&je
S2 Rock fall travel path Moderate Low Low (5)
M1 Rock fall deposition zone Low Low Low (5)
M2 Rock fall deposition area Low Very Low Very |d®)
F1 Area above cliff Not susceptible No hazard N&r
F2 Area beyond rock fall deposition zone Negligible Negligible Negligible

Notes

(1) Likelihood that rock falls will reach the ariéahey occur.

(4) Because there are no elements at risk.

(2) The number of rock falls per annum/ km of cliffiich will reach this area.
The frequency of rock falls is an order of magnéualwer for areas, C2, S2 and(5) Within the area to be developed for housingentise negligible.
M2 than for C1, S1 and M1.

(6) H=high; M=moderate; L=low; VL=very low; N=negible.

Figure CA1 Example of landdlide zoning for rock fall
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(3) Accounting for the landslide hazard and thespes within the area.
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Figure 3C Small Slide Risk

Area to be developed

LEGEND
Mapping Landslide Classification SJ;;T;:SS o | LandsideHazard @ La’:?i'fzzg‘) for

S1 Rapid earth slides and debris flows up to 200m High High Negligible(4)
S2 Rapid earth slides and debris flows up to 2050m Moderate Moderate Negligible”
D1 Debris flow deposition areas Moderate Moderate Moderate(s)
D2 Debris flow deposition areas Low Low Low ®
E1l Debris flow deposition areas-fan deposits Moera Moderate High ®)
E2 Debris flow deposition areas-fan deposits Low wLo Moderate(s)
E3 Debris flow deposition areas-fan deposits Vevy | Very low Low ©)
F Outside area affected by landsliding Very low Wiew to negligible Low to Very |0W(5)

Notes

(1) Number of small slides per square km
(2) Number of small slides per square km/annum

(3) Accounting for the landslide hazard and thespes within the area.

(4) Bseahere are no elements at risk.
WEhin the area to be developed for housing, otisrwegligible
(6) H=high; M=moderate; Lsl&k=very low; N=negligible.

Figure CA2: Example of landslide mapping for small landdlides.

Australian Geomechanics Vol 42 No 1 March 2007

61




COMMENTARY ON GUIDELINE FOR LANDSLIDE SUSCEPTIBILITY, HAZARD AND
RISK ZONING FOR LAND USE PLANNING

N 100
? 5|0 190 1?0 2[|)O ~_ .~
Scale (metres)
Figure 4 Large Slide
LEGEND
L\\Ariogpi " Landslide Classfication :;izltidt:nty @ Landdide Hazard @ ;?Zs:rltjeL 0:'2;(4;”
A Active very slow earth slide High Very high Vemgh
A Slope onto which ‘A’ may travel Moderate High High
Ag Slope into which ‘A’ may retrogress Moderate Modera Moderate
B Inactive earth slide Moderate High High
Bt Slope onto which ‘B’ may travel Low Moderate Modtera
Bg Slope into which ‘B’ may retrogress Low Low Low
By Slope into which ‘B’ may widen Low Low Low
D Slopes with no geomorphologic Not susceptible Very low Very low

characteristics of landsliding

Notes (1) Likelihood large landsides may occurhis airea given the topography, geology and geonotogh
(2) Annual probability of active sliding

(3) Accounting for the landslide hazaral the persons within the area. It is assumedtibavhole area is available for development

(4) Life loss risk is very low for alteas because of the very low slide velocity
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Figure CA3: Example of landslide mapping for large landdiding.

Australian Geomechanics Vol 42 No 1 March 2007




PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEM ENT
2007

Australian Geomechanics Society Landslide Taskfor¢é.andslide Practice Note Working Group

Bruce Walker*, Warwick Davies’, Grahame Wilsor?
Leffery and Katauska®Davies GeotechnicafPouglas Partners

TABLE OF CONTENTS

PART A: BACKGROUND ...ttt ettt e et e e e et e e e e s e s e e e s sann e e e e e e snneeeeeeenane 64
1 INTRODUGCTION. ....c ittt e ettt emmmr ettt e s st e e e s et e e e e e e e e e et e e s e asn et e e e e e nnnr e e e e e eennneas 64
2 RISK TERMINOLOGY ...ttt ettt ettt e e e e e e e e et r e et e et e e e e e e e e e e e s e s s e eennnnrnnes 65
PART B GUIDELINES FOR REGULATORS ...ttt e e e 66
3 GUIDELINES FOR REGULATORS .....oitttiiiiiiiit ettt e e et n e e n e e e e e e e e e e s 66
PART C GUIDELINES FOR PRACTITIONERS ..ottt 69
4 SCOPE DEFINITION ..ottt ettt e et e et e e e e e e e e e e s s e s eereeas 69
5 HAZARD ANALY SIS L.ttt ettt et et e e e e e e s st e ittt e taeeaeeeeeeenaaan 69
6 CONSEQUENGCE ANALYSIS ...ttt et er e e e e e e e e s e e e e e ennes 74
7 RISK ESTIMATION ..ottt et te ettt ettt s et e e e s e e e e e et e e s s e e e e s assnnn e e e e s e ennneeen s 75
8 RISK ASSESSIMENT ..ottt ettt s ettt e e e e ettt e e e e e n et e e e s e e e e e e e s aan e e e e e e annneeeeessannrnneeeenanne 77
10 REPORTING STANDARDS ... ..ottt e s s e e e e s s e e e e e s snrneeeeeenann 81
11 SPECIAL CHALLENGES...... oottt ettt e e e e e e e e e e s e e et et r e et e e e e e e e e e e naesaeaeees 81
12 ACKNOWLEDGEMENTS ...ttt emmmme ettt e e e e e e e et e e e e e e e e e e e na s 82
13 REFERENCES ...ttt et e e e e e e e e s e e e e e e e e e reeeeeneaeas 83
APPENDIX A - DEFINITION OF TERMS AND LANDSLIDE RISK ...oitiiiiiiiiiiiiiiiiiii e 84
APPENDIX B - LANDSLIDE TERMINOLOGY ....cottiiiiimmmiiiiiriiiiiteiieiie e isesrr e e e e e e s e e d 87
APPENDIX C - QUALITATIVE TERMINOLOGY ...ttt e e 91
APPENDIX D -EXAMPLE FORMS ... ittt e e e e e e e s e e e e e e 93.
APPENDIX E - GEOLOGICAL AND GEOMORPHOLOGICAL MAPPIE SYMBOLS..........coovi i, 110
APPENDIX F- EXAMPLE OF VULNERABILITY VALUES ... ..ot e e e e e 112

APPENDIX G - SOME GUIDELINES FOR HILLSIDE CONSTRUQM@DN..........c.covviiiie i ieeinee e 0. 113

Australian Geomechanics Vol 42 No 1 March 2007 63



PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007

PART A: BACKGROUND

1 INTRODUCTION

11 PREAMBLE

Slope instability occurs in many parts of urban amal Australia and often impacts on housing, madilways and
other development. This has been recognised by rfwral government authorities, and others, andlédso the
requirement by many local government councils fabiity assessments prior to allowing building diepment.

In 2000, the Australian Geomechanics Society (AGBplished “Landslide Risk Management Concepts and
Guidelines” (AGS 2000). Since then there have bmany published papers and discussion which havgressed
Landslide Risk Management (LRM) in particular aigsk management in general. As a consequence, ABSdered

it appropriate to develop more comprehensive gindslfor practitioners and regulators involved RNL

This Practice Note Guidelines for Landslide Riskrnidgement (the Practice Note) and its CommentaryS/2G07d)
are one part of a series of three guidelines éladeLRM that have been prepared by AGS with fugdimder the
National Disaster Mitigation Programme (NDMP). Tharogramme has been introduced by the Australian
Government to fund disaster mitigation, addreshisards such as flooding, bushfires and landslides.

The associated guidelines which should be readnjuaction with the Practice Note are:-

« AGS (2007a)Guideline for Landslide Susceptibility, Hazard aRisk Zoning for Land Use Planning”.
« AGS (2007e)Australian GeoGuides for Slope Management and Naiance”.

1.2 PURPOSE
The purpose of this Practice Note is to:

1. Review the Australian Geomechanics Society (AGS)dstide Risk Management Concepts and GuidelinesSAG
2000) in the light of usage since publication apdiate accordingly and in addition, to take the apputy to
establish a formal revision process/documenta#d@cordingly, a Revision Table is included in the&ice Note.

2. Provide guidance and recommendations on toleraskecriteria, minimum reporting standards and asvest
criteria/options to Local Government and Governmbatlies who as the regulator, receive Landslidek Ris
Management (LRM) reports and decide on levels dérbble Risk.

3. Provide guidance of a technical nature in relationthe processes and tasks undertaken by geotathnic
practitioners who prepare LRM reports including mppiate methods and techniques. The Practice Mot
statement of what constitutes good practice byrapgtent practitioner for LRM, including defensildad up to
date methodologies.

4. Provide guidance on the quality of assessment @parting, including the outcomes to be achieved kel they
are to be achieved. It sets out the functionsrasponsibilities of the professional carrying e aissessment.

5. Be areference document for legislative purposés;tiwhas been subject to nation-wide peer review.

13 SCOPE

This Practice Note supersedes AGS (2000) as thaelyud for good practice and is accompanied by m@entary
(AGS 2007d) which discusses various aspects andsgappropriate references, and which should be mead
conjunction with this Practice Note.

AGS (2000) contains much useful and relevant contangrwhich can (and should) be read in conjunctigih the
Practice Note. It is not the intention of the RicNote to supersede this valuable commentatiyerdao complement
it. AGS (2000) should be regarded as “companitandture”. Unless specifically discussed or revisethe Practice
Note, the Working Group considers the commentaxgngles and references provided in AGS (2000) tustitmite
appropriate background for the use of the Prattote.

The emphasis of the Practice Note is on residestibHivision and development, particularly whensidering the
requirements for assessment on a lot-by-lot basisither existing or proposed development.

The recommendations are however applicable to laléses of urban and rural building development fog t
environment.
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The risk analysis principles could be adopted foors term risks associated with trenches or exéawsitduring
construction projects and for quarries and opennaies. For such cases, risk tolerance criteriacardgrolled by
occupational health and safety requirements andareovered here.

The Practice Note can be applied to roads and agdw However, special consideration has to bengiwehe number
of users, their temporal spatial probability anel sammation of the risk along the route. Thisissussed further in the
Commentary.

14 CONVENTIONS USED

The Practice Note includes imperative verbs, ssclestablish’, ‘use’, ‘identify’ and so on. Theaee to be understood
as meaning;AGS recommends that you establish, of “...that you use...."or “...that you identify.....”and so on as
the case may be. This form of expression has heed to avoid unnecessary repetition of wordingha sense of
‘plain English’.

Paragraphs presentedhiold type constitute the guideline statement and subsecudnparagraphs provide discussion
of the guideline topic. Further discussion is ptded in the Commentary.

In the following, use of the word ‘landslide’ imp§ both existing (or known landslides) and potétdiadslides which
a practitioner might reasonably predict based enr#levant geology, geometry and slope forming @sses. Such
potential landslides may be of varying likelihoofl accurrence. ‘Landslide’ also includes ‘landslif@s used in
Victorian legislation), ‘slump’ and the various tslide forms (see Appendix B).

15 STAKEHOLDERS
The various stakeholders who may be affected bysléde risk include:-

« Thelandowner who will frequently be the client in terms of ancmission to prepare a LRM report for a site
or a development proposal.

e Theoccupier who would most often also be the land owner.

« Thefinancier who would often be a financial institution haviag interest in the land and any development
thereon.

« Theregulator (Appendix A) who would have responsibility for theg risk acceptance criteria, administering
planning controls and approving development prolscss being within the requirements of planningtaas,
or a policy.

e The practitioner (Appendix A) who would have the required experfiseand responsibility of preparing a

LRM report and recommending suitable risk contr@asures, when needed, to achieve the risk acceptanc
criteria.

e Thedesign professional(such as architect or structural engineer) wholavdne one of the advisors to the
client with responsibility for integration of riskontrol measures recommended by the practitiorter time
development scheme, where possible, within thegddsiief from the client.

« Theinsurer where appropriate may have an interest in progidtisurance cover against nominated insurable
risks.

Although there is no section in the Practice Naalithg with the Client, clearly the Client is arsestial stakeholder in
relation to the practitioner. The Client will belying on unbiased, sound technical advice fromptaetitioner as to
the risk that a development proposal poses toltbet@nd /or his interests. It will be the resgibility of the client to

accept the risks involved, subject to the approohitbe regulator.

2 RISK TERMINOLOGY
The framework for the LRM process, as shown in Figee 1 in a simplified flow chart form, should be adgted.

Adopt the recommended terminology for ease of commmication and clarity as defined in Appendix A.

As with most areas of expertise, there is a teahrjargon associated with LRM. Specialist termagyl is used to
convey succinct ideas or facts. This cannot bedadoand by necessity is of a technical nature.e Tdlevant
terminology is defined in Appendix A. The lay reads also referred to the Commentary for furthiscalssion and to
the GeoGuides (AGS 2007e).

This Practice Note, and the companion AGS guidsli(®GS 2007a, 2007e), use the term ‘landslide’ eatian
‘landslip’ or ‘slump’ or similar, to cover a widenge of failure mechanisms in soil, rock (as disedsn Appendix B)
and man made structures such as retaining waligy@id by the definition in Appendix A.
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FRAMEWORK FOR LANDSLIDE RISK MANAGEMENT

SCOPE DEFINITION —

I

l HAZARD ANALYSIS

LANDSLIDE
CHARACTERISATON

ANALYSIS OF FREQUENCY

|

CONSEQUENCE
\ ANALYSIS

CHARACTERISATION OF
CONSEQUENCE SCENARIOS

ANALYSIS OF PROBABILITY AND
SEVERITY OF CONSEQUENCE

i

RISK ANALYSIS

|

RISK ESTIMATION

VALUE JUDGEMENTS
AND RISK TOLERANCE
CRITERIA

RISK EVALUATION
VERSUS TOLERANCE CRITERIA
AND VALUE JUDGEMENTS

RISK ASSESSMENT

RISK MITIGATION OPTIONS?

RISK MITIGATION AND
CONTROL PLAN

IMPLEMENTATION OF RISK
MITIGATION
MONITOR, REVIEW AND
FEEDBACK

RISK MANAGEMENT

After Fell et al, (2005)
Figure 1.

The Framework for LRM presented in Figure 1 is #mto the flow chart in AGS (2000). However, &ishbeen
simplified in presentation and has been amendeghtbli from AGS (2000) to reflect the inclusion ofel§uency
Analysis as part of Hazard Analysis (in accordanith the abovementioned definition of hazard anddeined in
AGS 2000).

Definitions for associated terminology have als@meéncluded in Appendix A together with an expléomtof
Landslide Risk as presented in AGS Australian Ged&UR7.

PART B  GUIDELINES FOR REGULATORS

3 GUIDELINES FOR REGULATORS

3.1 BACKGROUND

The term landslide denotéthe movement of a mass of rock, debris or eartwra slope”. The phenomena described
as landslides are not limited to either “land” or“sliding” and usage of the word has implied a mugore extensive
meaning than its component parts suggest. Ths oditenovement cover the full range from very ragicextremely
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slow. The size, similarly, can vary enormouslyheTcombination of type of landslide, size and mHtenovement can
determine the destructive power, and hence potaaiesequences of the landslide in terms of danageoperty, loss
of life, economic costs and impact on the environmeSubsidence, as a mechanism, is excluded fraomsideration,
though it may be similar in consequence and apgehe of a similar form. Appendix B presents a mary of the
terminology used to classify and describe landslide

Landslides can impact on human development andityctis well as natural areas / features. It épbtential impact
on human development which becomes of concerndoptanners, regulators and disaster managemenbraig$.
Landslides can be just one of a number of threaisiwhave to be considered, others being for exaridpbding, bush
fires, and seismicity.

Examples of where landsliding is potentially auesenclude:-

a) Where there is a history of landsliding.

b) Where there is no history of sliding but the togay dictates sliding may occur.

C) When there is no history of landslides but geolalg@d geo-morphological conditions are such thding is
possible.

d) Where there are constructed features which, if fagymay travel rapidly.

e) Forestry works and agricultural land clearing whieim lead to landslides causing damage to theammwient.

Specific examples of the above are given in the A&&lelines for Landslide Susceptibility, Hazardl aisk Zoning
for Land Use Planning (AGS 2007a). AGS (2007ad gdsovides detailed guidance to the regulator iati@n to
landslide zoning for planning purposes.

3.2 RELEVANCE TO APPROVALS PROCESS

Details of the approvals process may vary in détaih state to state. It is understood that irSédites and Territories
of Australia, the regulator has a statutory resjimlity to consider the impact of a number of haimrincluding
landslides, on potential development of land adudy’ of care’ exercise. The regulator is usudily ibcal government,
but may be a State Government department or bddye actual mechanism and regulatory context fotiravith
planning controls, building controls and approvedgess varies from state to state. However, theooie should be
that areas having a landslide risk are properhsicmared in relation to land use and developmentgsals.

In order to develop planning controls and buildiegulations, local government (or other regulatonsist ensure that
it has the statutory means to:

a) Through a planning scheme and using the principl@sGS (2007a), identify the areas that are sudokepto or
at risk from landslides.

b) Require planning and/or building approvals for l@hd use and development within the areas zoned as
susceptible to landslides.

C) Ensure there is a proper process for assessmeglaiion to existing and proposed developmentuidiclg the
requirement for completion of LRM reports in accamde with this Practice Note.

d) Provide appropriate risk tolerance criteria forslag life and property so that there is a meandetermine
whether it is appropriate for development to oamuthe required land use to proceed.

e) Apply, if necessary, consent conditions on the laisé and/or development approval, including coodsi
requiring maintenance that will appropriately mam#ue landslide risk for that use and/or develogmen

It can be seen from the above that zoning in aesare with AGS (2007a) becomes the ‘initiator’ unther planning
scheme and building approvals process to determhmether LRM controls are required and whether naetailed
LRM consideration is required.

3.3 POLICY REQUIREMENTS

The regulator should have a specific policy whicheds out the requirements for LRM assessments as pgaof the
development application documentation and process

The need for such a policy should be determinedzdmying studies in accordance with AGS (2007a). efissl
components of such a policy will include:

3.3.1 When a LRM assessment is requiredThis may be related to a Susceptibility or Hazawding Study or
some other plan or criteria defining areas or tygfedevelopment included or excluded.

3.3.2 The necessary competencies of practitioners undekang LRM assessments Such practitioners should
be required to have LRM as a core competencyA method of demonstrating core competency in LRM
being addressed by the Australian Geomechanice§amd Engineers Australia as a specific areaaiftize
within the National Professional Engineers Regif##?ER). Some regulators may choose to definehanot
method of demonstrating competency.

3.3.3 The basic requirements of LRM reportswhich should be based on compliance with the requénts of this
Practice Note.
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3.3.4 Require assessment of risk to life as part of a LRMeport which, as discussed below, should be completed
in a quantitative basis.

3.3.5 Suggest adoption of the preferred qualitative termrmology given in Appendix C of this Practice Note fo
risk to property so that the regulator can become accustomed tetimnology adopted and implications
arising there from. If alternative terminologytisbe adopted for LRM, the regulator should onlyegat non
standard schemes where the terms have been dliedirhed, the terms have been explained in reldatdhe
preferred terminology and it can be reasonably destnated by the practitioner that the alternatb/bdtter
suited to the particular circumstances of the asseat.

3.3.6  Provide the required formsto control the submissions and approvals process.

3.3.7 Specify the criteria under which a decision will bamade for both the scope/nature of developments and
the appropriate tolerable risk criteria being adopted.

3.4 PROCESSING REQUIREMENTS

3.4.1 The regulator should use a number of forms tgrovide appropriate QA process control and
documentation records of the submitted LRM assessméand subsequent compliance with the approval
conditions.

The forms need to be appropriate to each stageeofi¢velopment application, approval, detailedgfestionstruction
and maintenance of the development. Essentiaéotntvill include:

1. Name and qualification of the practitioner respblesfor the LRM assessment.

2. A list of supporting documents including the arebttural, civil design and structural engineeringige
drawings, as appropriate, to fully define the ekeerd scope of the proposed development.

3. A statement of compliance with the requirementthisf Practice Note. In some cases the statemeihisew
required to include details of how compliance ikiaced.

4. Document reference details (date, reference numéeort title) for the relevant LRM assessment siskion.

A suite of example forms is given in Appendix D faodification by each regulator to be consisterthiheir policy.
The aim of the forms is to provide appropriate doentary control of the stages required throughatmmetion of a
development.

Processing of the application by the regulator khiclude, amongst other aspects, confirmatio i@ submission is
in accordance with policy requirements, and thatriature of the development complies with the meguoénts of the
LRM assessment.

Where the regulator has specific concerns in miatid the adequacy of a submission, or the corarigsieached, or if
required by a Hazard Zoning study, the submissiay be subject to peer review or independent spsicedvice to
the regulator as an audit process or as part ofatied for an agreement. The reviewer should irdejently review
the LRM assessment report in terms of adequacywiptiance with this Practice Note and the reas@rasds of the
assessment conclusions and risk control measueesfisd. The review should also consider the djpedevelopment
proposals as defined by the design drawings.

3.4.2  Where the recommendations of this Practice N® have not been followed, then the regulator shodl
either reject the application orrequire provision of further information before approval is given.

It is anticipated that the forms in Appendix D with part, constitute a checking template for tegulator. Further

discussion is given in the Commentary.

3.4.3  Where construction is completed but all aspes of the Approval Conditions have not been complet
with appropriate documentation or justification, then the final approval by the regulator should not le
given until sufficient information is provided to demonstrate compliance

It is anticipated that completion of Forms F andaviBh suitable annotation would help identify wheren compliance

exists. If the regulator does not have a stromgguiure for enforcement of, or auditing of, compdia with consent

conditions, then there may be subsequent liabgdgyes for the regulator if non-compliance becoaressue at a later
date.

3.5 ESTABLISHMENT OF TOLERABLE RISK CRITERIA

The regulator is responsible for setting the Tolerble Risk Criteria for loss of life and property loss. Discussion

of the considerations and world practice are giverin the Commentary together with the AGS recommendabn

for consideration by the regulator.

3.6 LANDSLIDE INVENTORY

The local Council, or other regulator, should mainain an inventory of past landslide events as discsisd in AGS
(2007a) and make this information available to alpractitioners.
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3.7 ROLE AND RESPONSIBILITY OF THE PRACTITIONER

The practitioner has the role of providing technicdinput in relation to the specialized aspect of LR1. Such input
will be subject to the specific requirements of @jicy instituted by the regulator. The regulateay require specific
levels of qualification and competence of praatitics providing the regulator with advice in relatim compliance
with the risk acceptance criteria.

The qualifications and experience of suitable gtiacers are as discussed in Paragraph 3.3.2.

It is the responsibility of the practitioner to gaout LRM assessments in accordance with thisteablote and within
the requirements of his/her professional Code bidst The practitioner must provide advice todhent and regulator
in an unbiased manner.

PART C  GUIDELINES FOR PRACTITIONERS

4 SCOPE DEFINITION
Establish the purpose and scope of the risk assessnt study.

The practitioner needs to take into account thgainbrief from the client and the requirementstbé regulator.
Usually these will be sufficient for the practitemto decide on the appropriate scope and levéhefstudy which
should then be advised to the client as a “reviersd’. In the LRM process, the practitioner wilave a role to advise
the client as to how the landslide risk can be ceduavoided or otherwise controlled including opsi or alternatives.

5 HAZARD ANALYSIS
5.1 DATA GATHERING / DESK STUDY
Assemble relevant data and record their sources.

Often there is a body of local experience whichdpees invaluable for the assessment process. Symrience
includes published papers, geological maps, aehatographs and general studies such as Hazarchgaidies
completed for the regulator. Local experience ic&ctude previous assessments and knowledge of grradiic areas
which should be available from the regulator’'s itk inventory. Practitioners new to an area &haliscuss with
locals their knowledge and experience.

Preferred data for the assessment will include specific data, such as survey plan showing exjstiatures, spot

heights, contours and location and nature of sesvidnitial design proposals are required so ttatrisk assessment
may be completed and appropriate risk control measspecified. (It is a necessary requiremertiénperformance of

a risk assessment for there to be an element lat ience the need for a preliminary design or foragsumed

development which should be defined in the LRM répo

5.2 FIELD INVESTIGATION REQUIREMENTS

5.2.1 Complete investigations sufficient to establish agptechnical model, identify geomorphic processes @n
associated process rates.

The investigation may involve a number of methodd anay be completed in stages, with each stagécisufly
detailed to provide a model appropriate to the ll@festudy being undertaken. Further discussiogii®n in the
Commentary.

5.2.2 Inspect the site and surrounds including field mapmg of the geomorphic features.

This must be completed by the practitioner for gwessessment. The field mapping is to documenbliservations
and to enable formulation of the geotechnical model

Mapping should be completed to scale on an availabivey plan and must include the surrounds (ghmelew and
adjacent) to the site as appropriate to defindahéslides and the geotechnical model.

Where a survey plan is not available, then simpiteey using hand held tape and clinometer methbdsld be used to
draw up a plan, to scale, using standard mappintbseils and terminology to represent the geologiodl geomorphic
features. (Examples of geological and geomorplapping symbols are presented in Appendix E.)

5.2.3 Determine the subsurface profile from exposures osubsurface investigation such as by boreholes
and/or test pits.

This is necessary as part of the geotechnical modeften exposures or knowledge from a nearby ity be

sufficient.

Where such data is not available or not approprigibsurface investigation is required to enabienigation of the
model and must include determination of the deptlotk or to below the depth of potential failutefaces if this is
greater.
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Where pre-existing landslides are expected or stispethen where practical, use should be madéledraest pits (to
enable sufficient sample/material to be seen feniification of shear planes or other relevantcitme) or boreholes
(with appropriate sampling and installation of inoimeters for monitoring for evidence of movements)

5.2.4 Assess likely groundwater levels and responses tigger rainfall events.

Consideration of the likely ground water responsié emable assessment of response to rainfall ériggyents. Use
may be made of experience in the area, as obsemvatisite specific data will frequently requireojimged periods of
monitoring to enable formulation of a groundwatesponse model taking into account the statisticalifcance of
rainfall events during the monitoring period. Felatively straightforward projects with low to merdte risks, a basic
qualitative estimate of groundwater levels and eesps may be appropriate when there is a lack taf ddowever,
other more complicated projects, or where risk leae higher, will require a greater level of urstiending of
groundwater levels and responses.

For more detailed analysis, particularly of possilstabilisation measures by subsurface drainagseradtion of
groundwater levels and their response to significaimfall events is advisable to enable subseqass¢ssment of the
effectiveness of subsurface drainage measuresfuCaonsideration must be given to the locatiopiezometers and
their construction details.

5.2.5 Prepare a cross section drawing (to scale) througbelected parts of the site to demonstrate the
geotechnical model of site conditions and on whidandslides may be identified.

The resulting geotechnical model should integriittha data obtained from the mapping and inveitga.

The section should demonstrate the likely variatiorsubsurface conditions on the section includgngundwater
levels. On large or complex sites, more than @wotian may be required. All sections are to bevdreo natural scale.
If exaggerated vertical scale is required for tyathen a summary section at natural scale shalstaibe included.

Adequate investigation has been completed whegeabeechnical model is sufficiently defined to uredand the slope
forming processes relevant to the site and surrguiheé form and extent of landslides, likely triggéor the landslides
and process rates associated with the landslities.report should include explanation of uncertagaissociated with
the model.

5.2.6 Take into account slope forming process rates assated with the geotechnical model and landslides.

An understanding of the slope forming process seiéto the landslides and associated processsrfiedamental for
evaluation of likelihood.

5.2.7 Identify landslides types/locations appropriate tahe geotechnical model based on local experiencedan
general experience in similar circumstances.

The types of landslides will be dependent on thaeyghnical model and to some extent on the natuegisting and/or
proposed development. The expected characteritittee landslides (such as the size, type of rnat@wolved, rate
of failure and travel distance) need to be assessbd range of landslide sizes can vary from ty Varge landslides,
which may encompass a whole hillside or regionatemall site specific landslide. The model shoimdude
assessment of the fundamental cause as well &g tilgger events. The report must document thealh assessment
which will include the estimated likelihood for éelandslide type.

The hazard assessment must address areas upslopthé site, downslope from the site and acrossltye adjacent
to the site where these may affect the site.

5.2.8 If required, further detailed investigations should be completed to better define the model, the
landslides, the triggers, the frequency (likelihooflor design of stabilisation measures to control
risk.
Such additional investigation is most likely to fguired on sites where the risk is judged to helénable and/or
where further input is required to resolve uncettas

5.3 LANDSLIDE CHARACTERISATION

Characterise the landslides based on the desk studyd field investigations. Use Appendix B for terrmology to
describe the landslides.

The characterization should include the classificatvolume, location and potential travel distadeall landslides
which may occur on the site or travel on to or esgrinto the site.

5.4 FREQUENCY ANALYSIS
5.4.1 Techniques for Frequency Analysis
a) Adopt a frequency analysis technique appropriateto the level of study and complexity of the

geotechnical model and slope forming process.

The appropriate technique may change with diffetewels of study, or for different stages of a pmj or with the
project brief and available budget. For exammehhiques and level of detail may be different for:
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. Subdivision stage LRM

. Residential dwellings LRM

. Infrastructure and utilities LRM

. Natural resource and environmental LRM

It is essential that the assessment be based ohetiteestimates available and that expert judgrhenapplied to
answers so derived.

It is essential to understand the slope forminggss before moving on to the frequency assessment.
The assessment must document the reasoning inspéent manner.

b) Gather local and historical knowledge of slope g@formance and landslide characteristics and
occurrence. The resulting inventory enables assassnt of frequency.

This technique is a basic starting point and egsdefur all studies. However, a common shortcomigmghat “local
knowledge” is often poorly documented and diffictdt collate and assess. Local Council records exmkrience
should be accessed via a landslide inventory maddahle to practitioners. Analysis of aerial pbgtaphs and
possibly maps may provide additional data.

Documentation of events by local newspapers may ladsa useful source, depending on the qualityepbtting and
what events are judged at the time to be of lataleést.

C) Empirical methods based on slope instability raking systems.
These methods are often devised by expert grouassist with prioritisation of treatment measures.

The methods are usually based on subjective judgofethe relative importance of contributory factorThe results
obtained may be difficult to calibrate or it may @ficult to obtain consistent results and hencayrbbe inaccurate.
The methods do not usually allow assessment ofifnecjes.

d) Relationship to geomorphology and geology.

This method is based on the principle put forwayd/larnes (1984) that the past and present are guaéhe future.
Hence, this leads to the assumptions that:

1. itis likely that landsliding will occur where i@ls occurred in the past and

2. landslides are likely to occur in similar geolodiggeomorphologic and hydrological conditions asythave in the
past.

The use of historic records and landslide inveatnf past performance are likely to be requiredntable frequency
values to be assessed. However, it should be nb&dandslide frequency, size and intensity midedfrom past

performance where altered trigger events are intred, e.g. due to man made changes or climate ehdngaddition,

other factors (such as periodic or seasonal wetimd) drying cycles resulting in soil creep, cydiegradation and
strength loss) can also result in failures afté&tieely “normal” rainfall events.

The use of other slope attribute factors (such@sesangle, slope drainage, slope age, presengsohdwater, slope
orientation) may assist with assessment of pagticslbpes relative to the broad geomorphic model.

e) Prepare a statistical evaluation of rainfall andrelate to history of landsliding and population ofslopes
within area of similar slope type.

Rainfall, and the consequent effect on groundwategls, is widely recognized as a main trigger ¢¥enlandsliding.
Therefore, indicative frequency values may be eeldab the frequency of rainfall provided there uffisient historical
data to enable the relationship between rainfatidency, antecedent rainfall and landslide evente tcorrelated.

A similar approach may be adopted for other forifrisiggering events such as earthquakes.
f) Consider use of simulation models and Monte Caol sampling analyses to derive a frequency of failer

These methods (including simulation modelling ofwgrdwater response to rainfall, evapotranspiratéong ground
water flows) can be difficult to carry out reliablyPicarelliet al. (2005) outline some of the difficulties with these
methods. Simulation modelling is most likely to dggplicable only to medium to large, deep seataddiides where
extensive monitoring data is available to enabldbation over a range of rainfall and piezometdeponses.

Experience shows that full probabilistic analysss difficult and time consuming (Robin Fell persormm.).
Therefore this method should only be carried ousfiecial cases where sufficient data is availabknable the results
to be meaningful.

o)) Use knowledge based expert judgment or ‘degreef doelief method which combines experience,
expertise and general principles.

For most assessments this may be the only suitgdtien to estimate frequency due to the lack ototiye data. The
assessment relies to a large degree on subjecsessment of available data where other more rigoneethods are
not available or viable. The method still requisesne degree of research to obtain relevant datmamunderstanding
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of the geological model to qualify the judgmentlig€lihood. Nonetheless, the approach requiresptioposition of
various possible scenarios followed by the systentasting and elimination of options as a restlinwestigation,
discussion and judgment to develop an estimateegtiency (Lee and Jones 2004).

The result is conditioned by the ‘degree of bel@fthe practitioner. Typically, the resulting acacy for a frequency
assessment and, perhaps, a consequence assessufgeraey from half an order of magnitude at b&sipne order of
magnitude or perhaps two orders of magnitude. Assalt, the risk assessment should clearly disidagensitivity to

the input parameters and, unless justified by &rrthvestigations, a conservative outcome shoulddopted.

h) Where appropriate, use event trees to provide a atictur

i) ed and auditable approach for the use of expert jugiment and subjective
probability assessment.

An event tree analysis uses a graphical constoushbw the logical sequence of events or considesathat can be
used to analyse the system leading to a particwlarome. It can be used for evaluation of proligbdf failure of a

landslide, or consequence of failure, or risk. Tdgcal sequence within the system is mapped lasuaching network
with conditional probabilities assigned to eachnistaof a node. The frequency of achieving a cervaitcome is the
product of the conditional probabilities leadingthat outcome times the frequency of the initiatitriggger” such as
rainfall.

i) Other methods.

The above may not be an exhaustive list but cotr@sprincipal methods/approaches. Specific cir¢antes of a
particular area or project may enable other apgresor combinations of approaches to be usedld feiehniques may
develop to offer alternatives, for example remetesing by satellite.

Further comment is given in the Commentary togethilr some guidance on different site investigatioethods.
5.4.2 Estimation of Annual Probability (Frequency) (Pyy) of Each Landslide

a) Use ‘best estimates’ for frequency but considegange / uncertainty / sensitivity.

Suitable methods are outlined in Section 5.2.

It is important not to infer greater accuracy thiarreasonably possible. Evaluation of the sernsjtigrising from
uncertainty is part of the consideration.

A best estimate is to be derived for each landslidéch is then applied to both risk to property amek to life
assessments. The estimate may be related tozihefsihe landslide and/or the expected amountmfement as part
of the hazard assessment. The appropriate quaditegrm is chosen from the estimated probabiliagdad on the
frequency assessment. Note that the reversediian of a probability value from a qualitativerm, should not be
undertaken as it has been demonstrated that guigen a range of estimates of frequency sewed#rs of magnitude
apart depending on the practitioner.

b) Estimates of frequency may be derived by partitining the problem to (Annual probability of trigger
event) x (Probability of sliding given the triggerevent) over the range of trigger events.

Landslides of the one ‘type’, but having varyingspible scales (magnitude/travel distance/velodity) eeed to be
assessed separately. Each could well have adtitférequency of occurrence. The landslide invgntd performance
for an area will provide some basis for the asseasm

A trigger event for a particular locality (e.g. ar@in intensity/duration or recurrence intervalrainfall) will not
necessarily cause each potential landslide evethiainlocality to occur. There will be a finiteglrability (value) that
the landslide under consideration may not be ddiyofhe trigger event.

The frequency of landsliding should be assessed tineefull range of the triggering events, and tb&l frequency
carried forward in the risk analysis. In practibéstprocess may be simplified to consider only highest frequency
triggering events. An example is presented in tam@entary.

C) Complete a review of the assessed frequency ielation to the implied cumulative frequency of thesvent
occurring within the design life and known performance within the area.

This is a ‘sanity check’ on the result of the assgnt. It is import to apply judgment or bias be final outcome only,

not on the input estimates.

Values of the cumulative probability are shown aguiFe 2 for different annual probability valuesaafunction of time

over usual design life intervals.  The resultingmulative probabilities should be checked to confithey are

reasonable in relation to experience. The impbeet of the cumulative probability values shownFigure 2 are

discussed further in the Commentary.
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FIGURE 2 INDICATIVE PROBABILITY OF
OCCURRENCE AFTER GIVEN NUMBER OF YEARS
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5.4.3 Assess the Travel Distance and the Probability ofpfatial Impact (P(s.)) of the Elements at Risk

When assessing risk arising from landsliding, iniportant to be able to estimate the distanceslide mass will travel
and its velocity. These factors determine the rextie which the landslide will affect property apdrsons downslope
and the ability of persons to take evasive action.

The travel distance depends on:

e Slope characteristics
- Height
- Slope
- Nature of material

e Mechanism of failure and type of movement such as
- Slide, fall, topple etc.
- Sliding, rolling, bouncing, flow
- Strain weakening or not
- Collapse in undrained loading (static liquefaction)
- Influence of surface water and groundwater
- Comminution of particles

e Characteristics of the downhill path

- Gradient and gradient direction

- Channelisation

- The potential for depletion/accumulation

- Vegetation
Information on travel distance from previous evemtsor near the site may be collected during the isispection.
Predictions of travel distance and travel direcstiould be based on the assessed mechanism & &utents and site
characteristics.
For rotational landslides which remain essentialtgict, the method proposed by Khatitial (1996) or experience with
landslides in similar geological, topographic atichatic conditions can be used to estimate thelatgment. Further
discussion is given in the Commentary.
For slides which break up, and in some cases bedloms, and slides from steep cuts, the travelagisé is usually
estimated from empirical methods, such as Huntdr Rl (2002) and Corominas (1996). These mettawdsonly
approximate, and the wide scatter of data on trdigthnce angles reflects the range of topographiemlogical and
climatic environments, different slide mechanismd Bmited quality of data from which the methode derived.
If the empirical methods are to be used for préafist of travel distance and the probability of gdampact of the
elements at risk, much judgement will be required & is important to try to calibrate the methosligh landslide
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behaviour in the study area. It is often usefudltow for a range of travel distances in the claitton and express that
range in probabilistic terms as discussed in then@entary.

The annual probability of the landslide and probigbof spatial impact may be considered togetimequalitative terms
as likelihood of impact on the element at risk lgaionsidered.

6 CONSEQUENCE ANALYSIS
6.1 ELEMENTS AT RISK

The elements at risk will include:
*  Property, which may be subdivided into portiongitige to the hazard being considered.
e People, who either live, work, or may spend somne tin the area affected by landsliding.
e Services, such as water supply or drainage orraiggtsupply.
¢ Roads and communication facilities.
* Vehicles on roads, subdivided into categories (¢dausks, buses).

These should be assessed and listed for eachidmtalzard.

For some cases, other risks may also have to ksdesyad. For example:
* Environmental, where the elements at risk are enwirental (rather than man made), such as forestsiter
bodies.
* Social, where the consequences of the landslidehaag an impact on social conditions, such asdseaf
disruption to traffic where roads are affected.
* Political, where the consequences may not be aaokepin political terms.
6.2 TEMPORAL SPATIAL PROBABILITY (P (r.g))
When the elements at risk are mobile (e.g. pergmdoot, in cars, buses and trains) or where therearying
occupancy of buildings (e.g. between night and d@gk days and weekends, summer and winter),nédgssary to
make allowance for the probability that personsg grarticular number of persons) will be in theaaaéfected by the
landslide. This is called the Temporal Spatialdatwlity.

For where the elements at risk are mobile it igpprtion of a year (between 0 and 1.0) in which espe, car or bus
will be below or on the landslide when it occuSor occupancy of buildings it is a calculation bé tproportion of a
year (between 0 and 1.0) which the number of perbeimg considered occupy the building, or the afé¢be building

likely to be impacted.

These calculations should allow for the possibilitgt the persons may have warning of trhe impentiindslide and
may evacuate the area. Each case should be catsibe taking account of the details of the sitati Generally
persons o landslide are more likely to observe the initiatof movement and move off the slide, than thoke are

belowa slide which falls or flows onto them unless thges of movement are slow.

6.3 EVALUATION OF CONSEQUENCE TO PROPERTY
6.3.1 Estimate the extent of damage likely to property asing from each of the landslides.

This requires an understanding of the landslideadtaristics and experience in assessing the likghact on property.
The consequences are often calculated using tieralility (/(prop:s) Of the elements at risk to the landslide.

The factors which most affect vulnerability of pesfy are:

*  The volume of the slide in relation to the elematisk.

e The position of the element at risk, e.g. on tigeslor immediately downslope.

e The magnitude of slide displacement, and relatigpldcements within the slide (for elements sitactiee

slide).

* The rate of slide movement.
It should be noted that the vulnerability refershie degree of damage (or damage value in absotutative terms)
which is judged to be likely if the landslide daeur.
As discussed below, the assessment should be basadjuantitative estimate to enable clarificatibrthe judgment
which for a qualitative assessment may be subjecvnsiderable interpretation.

6.3.2 Estimate the indicative cost of the damage.

This requires use of indicative costs of buildingd aemedial works. Frequently, broad brush ‘guesges’ will
suffice, but the ‘guesstimate values’ and basisighbe documented. Some guidance is given in trar@entary. It
should not be necessary to use a quantity survieyestablish a more accurate estimate as usualyithad brush
guesstimate will suffice for allocation of a congeqce term in a qualitative scheme such as in Agigen.

The indicative cost of damage is to be the TotadtGes this is the most relevant to the owner. Gorapts to be
considered comprise:-
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» Direct costs related to reinstatement works for alged portions of the property (structures andahd).
» Stabilization works required to render the sitanatolerable risk level for the landslide.
» Professional and approvals fees.
e Consequential costs (such as legal fees and ditertamporary accommodation).
It does not include additional stabilisation wotesaddress other landslides which may affect tiopenty.
6.3.3 Estimate the market value.
This may be achieved by reference to property waliges within the local area which will reflect thalue of the land
plus structures. The client is likely to have sokmowledge of the local market values. Again, aalrbrush
guesstimate should often suffice.
6.3.4 Consider the resulting Consequence classificatiosuch as using Appendix C, and implied accuracy of
the above estimates.
It is not expected that the assessor will be a fityasurveyor or have similar experience, but thansible estimates,

possibly as a range, can be made and documentatentent of limits of accuracy or uncertainty apprapriate for
sensitivity and appraisal analysis.
6.4 EVALUATION OF CONSEQUENCES TO PERSONS
The following factors influence the likelihood okaths and injuries or vulnerabilit}/ (.r)) of persons who are
impacted by a landslide:

*  Volume of slide.

* Type of slide, mechanism of slide initiation andioedty of sliding.

» Depth of slide.

*  Whether the landslide debris buries the person(s).

*  Whether the person(s) are in the open or enclesad/ehicle or building.

*  Whether the vehicle or building collapses when iotpd by debris.

» The type of collapse if the vehicle or buildinglepkes.
Persons are very vulnerable in the event of cormpbetsubstantial burial by debris, or the collapa building. It
should be noted that even small slides, and simgléders, can kill people.

Appendix F provides some indicative examples ohetability values. The Commentary provides someendetailed
discussion.

7 RISK ESTIMATION
7.1 QUANTITATIVE RISK ESTIMATION
Quantitative risk estimation involves integratidittoe frequency analysis and the consequences.
For property, the risk can be calculated from:

Rprop) = PH) X P(s:hy X Pr:s) X V prop:s)X E 1)
Where
Reop) s the risk (annual loss of property value).
Py is the annual probability of the landslide.
Py is the probability of spatial impact by the landslon the property, taking into account the travel
distance and travel direction.
Pas) is the temporal spatial probability. For housed ather building®.s= 1.0. For Vehicles and other

moving elements at risk1.@%r.g) >0.
Vrop:s) IS the vulnerability of the property to the sphiiapact (proportion of property value lost).
E is the element at risk (e.g. the value or netgregalue of the property).

For loss of life, the individual risk can be cakteld from:

Ritor) = PHy X Ps:iy X Perisy X Vo 2)
Where
Ron) is the risk (annual probability of loss of lifeg@th) of an individual).
P is the annual probability of the landslide.
Psh is the probability of spatial impact of the landslimpacting a building (location) taking into acait
the travel distance and travel direction givendhent.
Pars) is the temporal spatial probability (e.g. of thalding or location being occupied by the indivitjua

given the spatial impact and allowing for the pbi#isy of evacuation given there is warning of the
landslide occurrence.
Vi is the vulnerability of the individual (probabiylibf loss of life of the individual given the imgac

A full risk analysis involves consideration of dndslide hazards for the site (e.g. large, deegpedelandsliding,
smaller slides, boulder falls, debris flows) anldlz elements at risk.
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For comparison with tolerable risk criteria, thdiiridual risk from all the landslide hazards affegtthe person most at
risk, or the property, should be summed.

The assessment must clearly state whether it pertai ‘as existing’ conditions or following implemtation of
recommended risk mitigation measures, thereby githe ‘residual risk’.

7.2 SEMI-QUANTITATIVE AND QUALITATIVE RISK ESTIMATION F  OR RISK TO PROPERTY

When considering the risk to properiy may be useful to use qualitative terms to repioe results of the analysis,
rather than quantitative values. The risk caléoiainay be completed quantitatively or by the usgqualitative terms.

A semi quantitative analysis (where the likelihasdinked to an indicative probability) or a quatitze analysis may be
used:

< As an initial screening process to identify hazamdd risks which require more detailed considenatiad
analysis.

* When the level of risk does not justify the timel affort required for more detailed analysis.

«  Where the possibility of obtaining numerical datdimited such that a quantitative analysis isketli to be
meaningful or may be misleading.

Section 7.3 describes a suitable and preferredretogy.

7.3 RISK MATRIX FOR PROPERTY LOSS
a) Adopt a defined qualitative terminology for likdihood, consequence and risk.

Qualitative terminology is presented in Appendixfd@ property loss. The terminology has been depedofrom
Appendix G in AGS (2000) taking into account th@estence and comments as discussed in the Commentar

For ease of use, the frequency estimate, expressad annualized probability and taking into actdie probability
of spatial impact, is expressed qualitatively &slihood.

The terminology is aimed primarily at residentiavdlopment but may also be used for other situgtidhis noted that
provision of specific numerical values at the NnbBoundaries for the terms adopted does not eethee uncertainty
that may be associated with assessment of appremuanerical values.

Where sufficient data is available, the risk shduddetermined from a quantitative analysis. Tdwilts can then be
objectively compared, especially with quantifietbaable risk criteria.

Where there is insufficient data or the study isaawalk over or preliminary design level, then udequalitative
methods or terms may be more appropriate. Usislofanking schemes, where component inputs aigreskrelative
ranks, may be suitable for initial screening. thew cases, it is likely that expression of theslitkood, consequence
and risk using qualitative terms is preferable émmmunication purposes; (for example using ternoigglas in
Appendix C). Selection of the appropriate termwstiobe based on an appropriate evaluation of hieeld or
consequence ranges.

Semi-quantitative methods may be a combinationadii,bfor example considering risk to property quaively, and
risk to life quantitatively based on the approibest estimates of likelihood.

b) The practitioner should adopt the preferred risk matrix presented in Appendix C.

The terminology presented in Appendix C of thisdfice Note has addressed the shortcomings idehtfigh the
scheme in Appendix G AGS (2000). Appendix G of A@B00) is now superseded and should no longersbkd.u
Adoption of Appendix C as a preferred risk matril assist with uniformity of assessment and intetption. This is
discussed further in the Commentary.

The regulator should only accept non standard sebexiere the terms have been clearly defined etinesthave been
explained in relation to the preferred terminologgnd it can be reasonably demonstrated by theifiwaetr that the
alternative is better suited to the particularwinstances of the assessment.

7.4 ESTIMATION OF RISK OF LOSS OF LIFE
a) Estimate the risk of loss of life quantitativelyfor the person most at risk.

The annual probability of loss of life for the pamnsmost at risk from the landslide(s) should bénestied using the
equations in Section 7.1. The person most atwidkoften but not always be the person with theajest spatial
temporal probability.
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The individual risk, as determined by summing tis&, rfor the person most at risk, from all the Iglidk hazards, is
used for comparison with the tolerable risk créeri

b) For situations where there is a potential for lage numbers of lives to be lost in a single landslé event,
estimate the frequency (f) —number (N) of lives lagairs and total annual risk.

If the possible loss of large numbers of lives frantandslide incident is high, society will gengradxpect that the
probability that the incident might actually ocalrould be low. This accounts for society’s pattcuntolerance to
incidents that cause many simultaneous casualtidssaembodied in the criteria for tolerable saigisk. Societal
Risk is discussed further in the Commentary.

In many cases there will be more than one landsialeard (e.g. rockfall, which may lead to one oo twes lost;
medium volume rapid landslide which may lead toesallives lost; and large rapid landslide whichyrfead to many
lives lost). The frequency (annual probability)) “6f the “event” and the number of lives lost (Bhould be estimated
for each landslide hazard.

The total annual risk =Z: (f x N) should also be estimated.

8 RISK ASSESSMENT

8.1 RISK EVALUATION
Evaluate the risks against Tolerable Risk Criteriafor loss of life and property loss.

Accept the risks if tolerable, or seek to reduce sks to tolerable levels by risk mitigation.

The main objectives of risk evaluation are usu#dlydecide whether to accept or treat the risks tanskt priorities.
The Tolerable Risk Criteria are usually imposedh®yregulator, unless agreed otherwise with theeoletient

Non- technical clients may seek guidance from tteetitioner on whether to accept the risk. In ¢hesuations, risk
comparisons, discussion of treatment options apiaaation of the risk management process can helgltent make
his decision.

It is desirable, if not essential, that the pramtier who prepared the risk assessment be invalvdtke decision making
process because the process is often iterativejrileg) assessment of the sensitivity of calculaida assumptions,
modification of the development proposed and rewisif risk mitigation measures.

Risk evaluation involves making judgements aboatgignificance and tolerability of the estimateskri Evaluation
may involve comparison of the assessed risks wlbraisks or with risk acceptance criteria relai@dinance, loss of
life or other values. Risk evaluation may includmsideration of issues such as environmental tsffpablic reaction,
politics, business or public confidence and feditigfation.

In a simple situation where the client/owner is dinéy affected party, risk evaluation may be a danalue judgement.
In more complex situations, value judgements orpizble risk appropriate to the particular situatioe still made as
part of an acceptable process of risk management.

8.2 TOLERABLE RISK CRITERIA
The regulator is to establish the Tolerable Risk Cteria for loss of life and property loss.

As discussed in Section 3.5, the regulator is gprapriate authority to set standards for toleraisle which may relate
not only to perceived safety in relation to othieks, but also to government policy. Implementaiid a tolerable risk
level has implications to the community at largethbin terms of relative risks or safety and imterof economic
impact on the community.

The Commentary provides discussion and gives th& Ag&gommendations in relation to tolerable riskléss of life.
These are summarized in Table 1

Table 1: AGS Suggested Tolerable loss of lifevittlial risk.

Situation Suggested Tolerable Loss of Life Risk fothe
person most at risk
Existing Slope (1) / Existing Development (2) 10~/ annum
New Constructed Slope (3) / New Development (4) / 107%/ annum
Existing Landslide (5)
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Notes:

1. “Existing Slopes” in this context are slopes that mot part of a recognizable landslide and haveatstrated non-
failure performance over at least several seasoagents of extended adverse weather, usually teejreriod of at
least 10 to 20 years.

2. “Existing Development” includes existing structuraad slopes that have been modified by cut ahdHit are not
located on or part of a recognizable landslide lzance demonstrated non-failure performance overest Iseveral
seasons or events of extended adverse weathelyuseiag a period of at least 10 to 20 years.

3. “New Constructed Slope” includes any change totexjsslopes by cut or fill or changes to existithgpgs by new
stabilisation works (including replacement of eixigtretaining walls or replacement of existing dtaftion
measures, such as rock bolts or catch fences).

4. “New Development” includes any new structure orrg&ato an existing slope or structure. Where caang an
existing structure or slope result in any cut trdfi less than 1.0m vertical height from the todtie crest and this
change does not increase the risk, then the EgiStiope / Existing Structure criterion may be addptWhere
changes to an existing structure do not increasétiiding footprint or do not result in an overliange in
footing loads, then the Existing Development ciitermay be adopted.

5. “Existing Landslides” have been considered likelyequire remedial works and hence would becomewa N
Constructed Slope and require the lower risk. Bvbare remedial works are not required per segitldvbe
reasonable expectation of the public for a knownl$dide to be assessed to the lower risk categoayraatter of
“public safety”.

Acceptable risks are usually considered to be odermf magnitude lower than the Tolerable Risks.
It is important to distinguish between “acceptatid&s” and “tolerable risks”.

Tolerable Risksre risks within a range that society can livehvgib as to secure certain benefits. It is a rarigesio
regarded as non-negligible and needing to be kegtrureview and reduced further if practicable.

Acceptable Riskare risks which everyone affected is preparedctept. Action to further reduce such risk is usuall
not required unless reasonably practicable measweesvailable at low cost in terms of money, tand effort.

AGS suggests that for most development in existifgain area criteria based on Tolerable Risks leaedsapplicable
because of the trade-off between the risks, thefiisrof development and the cost of risk mitigatio

The Commentary discusses Individual and Societélta loss of life. Usually Societal risk need betconsidered for
a risk evaluation in relation to a single dwellingocietal risk should be evaluated for buildingsihg high numbers of
occupants, such as schools, hospitals, hotels ¢elsnawhere many lives are at risk. This then askbe society’s
aversion to loss of many lives from single landslents.

The Tolerable Risk Criteria for property loss mag determined by the Importance Level of the develm
(Appendix A) as discussed in the Commentary.

9 RISK MANAGEMENT
9.1 RISK MITIGATION PRINCIPLES

9.1.1 Feasible options for risk mitigation for each riskassessment are to be identified and discussed
including the reduced risk by adoption of those opbns.

Alternative methods to be explored include:

a. Accept the riskwhich is only an option subject to the criterid By the regulator. Where the risk is not
tolerable then risk mitigation measures are reqguire
b. Avoid the risk such as relocation of the site of proposed d@reémt, or revise the form of the

development, or abandon the development (thougmthly still require some risks to be controlled ttue
possible effect on third parties adjacent or nearby

C. Reduce the frequency of landslidingy stabilisation measures to control the initigtcircumstances, such
as by re-profiling the surface geometry where @éxgsslopes are ‘over steep’, by provision of impgrdv
surface water drainage measures, by provisionlidflgtace drainage scheme, by provision of retaining
structures such as retaining walls, anchored waltgound anchors.

d. Reduce the consequencdsy provision of defensive stabilisation measureprotective measures such as
a boulder catch fence, or amelioration of the behavof the landslide, or by relocation of the depenent
to a more favourable location.
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e. Manage the risk by establishing monitoring and wang systemssuch as by regular site visits, or by
survey, which enable the risks to be managed astamm measure in the short term or as a permanent
measure for the long term by alerting persons fistnaffected to a change in the landslide capdit
Such systems may be regarded as a method of rgdiheirtonsequences provided it is feasible for
sufficient time to be available between the aleihf raised and appropriate action being implentente

f. Transfer the risk,such as by requiring another authority to accepritk (possibly via a court appraisal)
or by provision of insurance to cover potentialgedy damage.
g. Postpone the decisionyhere there is sufficient uncertainty resultingnfrthe available data, provided that

additional investigations or monitoring are likétyenable a better risk assessment to be completed.
Postponement is only a temporary measure and isnileerisks are being temporarily accepted, even
though they may not be acceptable or tolerable.

Adoption of particular risk mitigation measures a@&éo be documented so that the decisions arepear®t to future
land owners and to the regulator. The documemtatiti need to make it clear whether there is ongainaintenance
required or not. Responsibility for implementatiof the risk mitigation measures (including auditiand reporting)
resides with the land owner, particularly wherea@ng maintenance is required.

It should be recognized that there may be situatighere the risk is such that either no developrakatild occur, or
that very strict conditions and/or extensive inigagttons and implementation of risk control measuxd! be required.
Such risk control measures may render the propdseelopment unworkable.

9.1.2 Wherever possible the recommended options should lemgineered to reduce the uncertainties.
It is not possible to remove risk, but it can béused.

Risk mitigation options should include robust emgiring design to reduce uncertainties and hencesthe

Guidance on good engineering practice for hillsiidsign and construction is given in Appendix G whi@as been
reproduced from AGS (2000).

It is necessary that the options considered lowerrisk to at least tolerable levels. In many saskee ALARP
principle (“As Low As Reasonably Practicable” asalissed in the Commentary) may apply so that rexfutd a
tolerable level is a pragmatic result since redurcto acceptable levels is not viable in the cantéxhe cost to the
individual or community. In other cases, good ficg'cmay suggest that risk reduction be appliedesihis relatively
cheap or cost effective to implement even thougk ievels are assessed to already be at acceptabls. In other
words, risk minimization should be a governing teator tenet of LRM.

Evaluation of mitigation options may take into aeobrelative costs and effectiveness of the measanel inherent
uncertainties. Combinations of mitigation measunay be appropriate.

The options should be reassessed if there is atweediuce uncertainties or if suitable engineedptions cannot be
adopted.

An issue will be who decides on what level of riskluction is appropriate. This is dependent onrigle tolerance
criteria set by the regulator. The owner is likédyinput into selection of the options, subjectajgprovals by the
regulator. For some cases, there may be discuf@bmeen the stakeholders to select a suitablemseha risk
mitigation measures.

9.1.3 The adopted risk mitigation measures are to be deti@d in a mitigation plan to explain and document
the implementation of the measures.
The mitigation plan should identify responsibilitiéor each stakeholder during and after implemantatit may also

include cost estimates, programme, required inggecegime, performance measures and expected roato The
level of detail will depend on the priority for tleption and stage of the evaluation and implememtadrocess.

The mitigation plan may include an emergency plémciv should establish from the outset the sequehewents or
monitoring results that will activate this plan.hél plan may include a number of warning levels aodsequent
actions. The plan must be carefully reviewed tofico it is workable and will achieve the desiréskrmitigation.

The existence of the mitigation plan needs to laglihg known to subsequent land owners. The maxlile available
method for this is to register the mitigation ptiatails on the land title.
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9.14 The risk should be subject to monitoring and reviewduring the assessment of options, during
implementation of the risk mitigation measures andluring the on going monitoring.

Further data may come to light during the managémetess which enables the risks to be reasse&eth data may
be adverse, requiring more stringent risk mitigatimeasures, or alternatively may be positive by atestrating

satisfactory slope performance under adverse dondit It is anticipated that the practitioner wbllave a primary
role in the monitoring and review process and paldirly to confirm the requirements of the approsaihditions had
been fulfilled.

9.2 SITE SPECIFIC DEVELOPMENT CONDITIONS

Identify appropriate site specific development coniions to provide good practice and control the rigs to
acceptable levels.

In the context of advice from a technical expérne(practitioner) acting in a consultant capacigyelopment controls
would usually constitute ‘recommendations’, but thgy will be integral with the risk assessment bé tfinal

development they may not be optional to the clienthe practitioner should provide a statement asthi
appropriateness of the development proposals atioalto the risk management requirements.

If ‘certification’ of the completed developmentrisquired (by the planning scheme or regulator'seygd conditions),
then the development conditions and associatecatigms and documentation must be sufficient tdolenthis to be
provided at the later date.

The development conditions should be subdivided ifiose required at each of the stages of detalksign,
construction (including appropriate sequencing aechporary works), and for maintenance. The devetop
conditions must address all the factors relevaabtarolling the landslide risk.

9.3 DESIGN LIFE

9.3.1 Design of the risk mitigation measures is to be daible for the time frame of the life of the structue -
the design life. The design life is to be cleartated on the design drawings.

Often the design life will be that specified byenedint design codes such as 40 to 60 years for AB@6dcrete Code,
50 years for AS2870 Residential Slabs and Footingdpr 5 years to 120 years for temporary siteksaio major
public works respectively for AS4678 Earth RetainBtructures.

A design life of at least 50 years would be considdo be reasonable for permanent structures lugs@eople. Some
local government policies may require a longer giedife as discussed in the Commentary. Howewer,sbme

structures, such as timber retaining walls, inhiepenformance of the materials will limit the effie performance life
to less than the required design life.

9.3.2 Where the effective performance life is less tharhe required design life, then the effective life ghuld
be extended by a maintenance regime designed to ca@me the limitations and to enable the
performance to be assessed throughout the requiratkesign life. This is likely to require more
extensive repair and replacement as determined byegular maintenance inspections.

For example, experience shows the longevity of éimirib walls is less than for a concrete strugtdree to faster
degradation of timber with time. Therefore, a mfsegjuent inspection and maintenance / repair lacgpnent regime
will be required for timber crib walls to enabletable repair and replacement so that a reasortdigin life can be
achieved. Similar considerations will apply to seibdrains and stressed anchors.

9.4 MAINTENANCE REQUIREMENTS

94.1 The design is to include details of required insp#ions and maintenance to enable the risk mitigation
measures to remain effective for at least the desidife of the structure.

Risk mitigation is not just an exercise in LRM domntation, design of the works and constructionthaf risk
mitigation measures. The owner, including all ownsubsequent to those responsible for commisgiothia risk
mitigation measures, has a responsibility to inspad maintain the risk mitigation measures.

9.4.2 Refer to the AGS Australian GeoGuide LR111 which povides advice on record keeping.
The other GeoGuides (AGS, 2007e) also provide adwicthe frequency of maintenance tasks.
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9.4.3 Implementation of the maintenance plan may requiréenforcement’ by annotation on the land title so
that subsequent purchasers become aware of the reiggments and that relevant documents are
available for the maintenance plan. Such ‘enforceemt’ will be a benefit to subsequent owners as they
will be better informed as to their required input responsibilities.

10 REPORTING STANDARDS

10.1 The report on the risk assessment is to docunighe data gathered, the logic applied and conclisn
reached in a defensible manner.

The practitioner will gather relevant data, willsass the relevance of the data and will reach ueimis as to the
appropriate geotechnical model and basic assessrhéme slope forming processes and rates. Fuloh@ntation of
these results provides evidence of completion, igesvtransparency in the light of uncertainty, desithe assessment
to be re-examined or extended at a later date nadles the assessment to be defended againsalcréigew. The
process often identifies uncertainties or limita@f the assessment which also need to be docedand understood.

10.2  The data to be presented includes:

List of data sources.

Discussion of investigation methods used, and immyations thereof.

Site plan (to scale) with geomorphic mapping result

All factual data from investigations, such as botetand test pit logs, laboratory test resultsugdwater
level observations, record photographs.

Location of all subsurface investigations and/dicoaps/cuttings.

Location of cross section(s).

Cross section(s) (to scale) with interpreted sulasermodel showing investigation locations.
Evidence of past performance.

Local history of instability with assessed triggeents.

Identification of landslides, on plan or sectiorboth, and discussed in terms of the geomorphicetod
relevant slope forming process and process ratesdslides need to be considered above the si@wbe
the site and adjacent to the site.

Assessed likelihood of each landslide with basésebf.

Assessed consequence to property and life for laadslide with basis thereof.

Resulting risk for each landslide.

Risk assessment in relation to tolerable risk gatée.g. regulator’s published criteria where ayppiate).
Risk mitigation measures and options, includingseased risk once these measures are implemented.

aoop

T omamo
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Where any of the above is not or cannot be congbletee report should document the missing elemémtfyding an
explanation as to why.

The report needs to clearly state whether the aidessment is based on existing conditions or ngkhtreatment
measures implemented. In some cases, the assédsmbath existing and after treatment should beuwmented to
demonstrate the effect of risk control measuresedocing risk.

A report which does not properly document the assest is of limited value and would appear to haveeasonable
basis.

11 SPECIAL CHALLENGES

111 MINOR WORKS

Adoption of all the provisions of the Practice Notefor minor works may not be appropriate or reasonale.
However, the basic principles still need to be coiered. Although some policies may make provisiofor less
onerous consideration for minor works, the practitoner will still have a duty of care to advise on &laspects and
may have other landslides not connected with the pposed works that will still need to be considered.

Minor works should be evaluated on a site by s#eidbut are likely to comprise proposed worksetdtively low

monetary value (such as may be completed by an olwikler with appropriate approvals and insurapocgsthose
which do not change the existing risk, provided ¢Risting risk has been assessed to be withindlleeable range. In
some cases, the risk to life may be much highar tha risk to property and may dictate the needifi mitigation to

achieve tolerable risk levels.
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11.2 PART OF THE SITE NOT ACCEPTABLE

Existing or proposed development may not involve i full site area. Nonetheless, the practitioner’'seport must
address all risks and advise the client and/or redator of necessary works to control risks on otheparts of the
site or adjacent/nearby sites upslope or down slogges appropriate (as a primary duty of care issue)

Where additional development is proposed, it maydomd that risks associated with the proposed ldgweent are
tolerable but that landslide risks on other paft$e site are not. These other risks still mesatdressed.

11.3 ADJOINING AREAS NOT UNDER RESPONSIBILITY OF THE SIT E OWNER
In some cases, the risk posed by landslides irsdregond the control of the land owner may be éntddle.

The LRM assessment report must identify these landides and provide a preliminary assessment of apppriate
risk mitigation measures, which may require furtherinvestigation to better assess the risk.

The regulator may then implement appropriate orders(as appropriate to the legal/regulatory framework)to
enforce appropriate risk mitigation measures and/orinvestigations. Alternatively, it may not be appopriate for
development to proceed in such cases.

114 COASTAL CLIFFS

LRM reports on coastal cliffs should include considration of the existing slope profile, evidence opast
instability, geology, defects, ground water, degraation cycles, and degradation rates and possiblefetts of wave
attack, wave run-up and sea spray. The cliff areashould be examined from the face side as well a®in the
land side.

Assessment of coastal cliffs is likely to requifgesial expertise to consider the combined effestoa@ated with
recession rates, rock mechanics and wave environmEme LRM assessment may require some input ftoastal
engineers to address possible effects from storemtevin terms of wave heights, run-up and frequentiie most
frequent hazard is often boulder falls which wiMe risk determined by the temporal spatial prdtigbi
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APPENDIX A - DEFINITION OF TERMS AND LANDSLIDE RISK
RISK TERMINOLOGY

Acceptable Risk- A risk for which, for the purposes of life or wonke are prepared to accept as it is with no ret@ard
its management. Society does not generally consideenditure in further reducing such risks justife.

Annual Exceedance Probability (AEP)- The estimated probability that an event of spetifieagnitude will be
exceeded in any year.

Consequence- The outcomes or potential outcomes arising fromod®urrence of a landslide expressed qualitatively
or quantitatively, in terms of loss, disadvantaggain, damage, injury or loss of life.

Elements at Risk— The population, buildings and engineering woksynomic activities, public services utilities,
infrastructure and environmental features in tlemagootentially affected by landslides.

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

Hazard — A condition with the potential for causing an asulable consequence (the landslide). The dewuripf
landslide hazard should include the location, va@yor area), classification and velocity of thegmoial landslides and
any resultant detached material, and the likelihofoitheir occurrence within a given period of time.

Individual Risk to Life — The risk of fatality or injury to any identifiadnamed) individual who lives within the zone
impacted by the landslide; or who follows a partacypattern of life that might subject him or herthe consequences
of the landslide.

Landslide Activity — The stage of development of a landslide; pre ifailuhen the slope is strained throughout but is
essentially intact; failure characterised by therfation of a continuous surface of rupture; pastire which includes
movement from just after failure to when it essahtistops; and reactivation when the slope slidiesg one or
several pre-existing surfaces of rupture. Reatitimamay be occasional (eg seasonal) or contin@ioushich case the
slide is “active”).

Landslide Intensity — A set of spatially distributed parameters relatedthie destructive power of a landslide.
The parameters may be described quantitativelyuafitqtively and may include maximum movement viigdotal
displacement, differential displacement, depthhaf noving mass, peak discharge per unit width,tiirenergy per
unit area.

Landslide Risk - The AGS Australian GeoGuide LR7 (AGS, 2007e)usthdbe referred to for an explanation of
Landslide Risk

Landslide Susceptibility — The classification, and volume (or area) of lardisdi which exist or potentially may occur
in an area or may travel or retrogress onto itsc8ptibility may also include a description of tredocity and intensity
of the existing or potential landsliding.

Likelihood - Used as a qualitative description of probabilityfrequency

Probability — A measure of the degree of certainty. This meabasea value between zero (impossibility) and 1.0
(certainty). It is an estimate of the likelihoofl the magnitude of the uncertain quantity, or thelihood of the
occurrence of the uncertain future event.

There are two main interpretations

() Statistical — frequency or fraction — The outcorha ocepetitive experiment of some kind like flipginoins. It
includes also the idea of population variabilittSuch a number is called an “objective” or relativequentist
probability because it exists in the real world @&h principle measurable by doing the experiment

(i) Subjective probability (degree of belief) — Quaetf measure of belief, judgment, or confidence hm t
likelihood of an outcome, obtained by consideritigazailable information honestly, fairly, and with minimum of
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bias. Subjective probability is affected by thatetof understanding of a process, judgment regarain evaluation, or
the quality and quantity of information. It mayaectge over time as the state of knowledge changes.

Qualitative Risk Analysis— An analysis which uses word form, descriptivenameric rating scales to describe the
magnitude of potential consequences and the lizetilthat those consequences will occur

Quantitative Risk Analysis—An analysis based on numerical values of the pritibatvulnerability and consequences
and resulting in a numerical value of the risk.

Risk — A measure of the probability and severity of dwease effect to health, property or the environmeRisk is
often estimated by the product of probability x sequences. However, a more general interpretafiask involves a
comparison of the probability and consequencesniormaproduct form

Risk Analysis — The use of available information to estimate trek rio individual, population, property, or the
environment, from hazards. Risk analyses genecaltyain the following steps: Scope definitionzdsal identification
and risk estimation.

Risk Assessment The process of risk analysis and risk evaluation

Risk Control or Risk Treatment — The process of decision making for managing ris#t #re implementation or
enforcement of risk mitigation measures and thevauation of its effectiveness from time to timsing the results of
risk assessment as one input.

Risk Estimation — The process used to produce a measure of thedéhelalth, property or environmental risks being
analysed. Risk estimation contains the followiteps: frequency analysis, consequence analysithairdntegration.

Risk Evaluation — The stage at which values and judgments enter ¢laesidn process, explicitly or implicitly, by
including consideration of the importance of théneated risks and the associated social, enviromah@md economic
consequences, in order to identify a range ofradtiares for managing the risks.

Risk Management-The complete process of risk assessment and rigkatdor risk treatment).

Societal Risk-The risk of multiple fatalities or injuries in sety as a whole: one where society would have to/ca
the burden of a landslide causing a number of deatfuries, financial, environmental and othesks

Susceptibility — see Landslide Susceptibility

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

Tolerable Risk—A risk within a range that society can live witha®to secure certain net benefits. It is a rafigisk
regarded as non-negligible and needing to be kegureview and reduced further if possible.

Vulnerability — The degree of loss to a given element or set ohetds within the area affected by the landslide
hazard. It is expressed on a scale of 0 (no los§)(total loss). For property, the loss will the value of the damage
relative to the value of the property; for persahwiill be the probability that a particular lifghe element at risk) will
be lost, given the person(s) is affected by theséde.

ASSOCIATED TERMINOLOGY

Importance Level — of a building or structure is directly related t@etsocietal requirements for its use, particularly
during or following extreme events. The conseqaesnwgith respect to life safety of the occupantbuwifdings are
indirectly related to the Importance Level, beingeault of the societal requirement for the strrettather than the
reasomer seof the Importance Level.

Authority or Council] having statutory responsibjlifor community activities, community safety andvedlopment
approval or management of development within ifindd area/region.

The Regulator will be the responsible body/autlyoiidtr setting Acceptable/Tolerable Risk Criterialte adopted for
the community/region/activity, which will be the dia for setting levels for Acceptable and ToleraBisk in the
application of the risk assessment guidelines
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Importance Examples
Level of Explanation (Regulatory authorities may designate any strudtusmny classification type when
Structure local conditions make such desirable)
Buildings or structures Farm buildings.
1 generally presenting a low risk| Isolated minor storage facilities.

to life and property (including
other property).

Minor temporary facilities.
Towers in rural situations.

Buildings and structures not

Low-rise residential construction.

2 covered by Importance Buildings and facilities below the limits set forportance Level 3.
Levels 1, 3 or 4.
Buildings or structures that as a Buildings and facilities where more than 300 peaale congregate in one area.
whole may contain people in | Buildings and facilities with primary school, secanglschool or day-care facilities
crowds, or contents of high with capacity greater than 250.
value to the community, or thatf Buildings and facilities for colleges or adult ediiga facilities with a capacity
pose hazards to people in greater than 500.
crowds. Health care facilities with a capacity of 50 or moesidents but no having surgery
3 emergency treatment facilities.
Jails and detention facilities.
Any occupancy with an occupant load greater thea(,
Power generating facilities, water treatment andtevavater treatment facilities, any
other public utilities not included in Importanceuel 4.
Buildings and facilities not included in Importarcevel 4 containing hazardous
materials capable of causing hazardous conditivatsdo not extend beyond
property boundaries.
Buildings or structures that areBuildings and facilities designated as essentidlifies.
essential to post-disasterBuildings and facilities with special post-disadtenctions.
recovery, or with significanf Medical emergency or surgery facilities.
post-disaster functions, or thatEmergency service facilities: fire, rescue, poitation and emergency vehicle
contain hazardous materials. | garages.
4 Utilities required as back-up for buildings andilities of Importance Level 4.

Designated emergency shelters.

Designated emergency centres and ancillary fasliti

Buildings and facilities containing hazardous (tostexplosive) materials in
sufficient quantities capable of causing hazardmmlitions that extend beyond

property boundaries.

(from BCA Guidelines)

Practitioner — A specialist Geotechnical Engineer or EngineerirglBgist who is degree qualified, is a member of a
professional institute and who has achieved chedtprofessional status — being either Charteretefsmnal Engineer
(CPENng) within the Institution of Engineers Aus@al Chartered Professional Geologist (CPGeo) witthe
Australasian Institute of Mining & Metallurgy, oreistered Professional Geoscientist (RPGeo) witignAustralian
Institute of Geoscientists — specifically with Lafide Risk Management as a core competency

A Practitioner will include persons qualified undkee Institution of Engineers Australia NPER — LR&4yjister

It would normally be required that the Practitioean demonstrate an appropriate minimum periokpérgence in the
practice of landslide risk assessment and manageméme geographic region, or can demonstratevaglieexperience
in similar geological settings

Regulator — The regulatory authority [Federal Government/ S&beernment/ Instrumentality/ Regional/Local.
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APPENDIX B - LANDSLIDE TERMINOLOGY
The following provides a summary of landslide taxalogy which should (for uniformity of practice) belopted when
classifying and describing a landslide. It hasnble@sed on Cruden & Varnes (1996) and the readec@nmended to
refer to the original documents for a more detaiéstussion, other terminology and further exampleandslide
types and processes.

Landslide
The termlandslidedenotes “the movement of a mass of rock, debreadh down a slope”. The phenomena described

as landslides are not limited to either the “lami”"to “sliding”, and usage of the word has impli@dnuch more
extensive meaning than its component parts sug@&astund subsidence and collapse are excluded.

Classification of Landslides
Landslide classification is based on Varnes (19%§8fem which has two terms: the first term deseritbe material

type and the second term describes the type of mene
The material types afock Earth andDebris being classified as follows:-

The material is either rock or soil.

Rock s “a hard or firm mass that was intact and smiatural place before the initiation of
movement.”

Sail: is “an aggregate of solid particles, generally @ferals and rocks, that either was
transported or was formed by the weathering of ingdace. Gases or liquids filling the
pores of the soil form part of the soil.”

Earth:  “describes material in which 80% or more of tlaetigles are smaller than 2 mm, the upper
limit of sand sized particles.”

Debris “contains a significant proportion of coarse miate 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 rahiethe landslide beforié was displaced.

The types of movement describe how the landslideement is distributed through the displaced mashke five
kinematically distinct types of movement are ddsexiin the sequendall, topple slide, spreadandflow.

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

Table B1: Major types of landslides. Abbreviatexision of Varnes’ classification of slope movemdiarnes, 1978).

TYPE OF MATERIAL
ENGINEERING SOILS
TYPE OF MOVEMENT
BEDROCK Predominantly Predominantly
Coarse Fine
FALLS Rock fall Debris fall Earth fall
TOPPLES Rock topple Debris topple: Earth topple
ROTATIONAL . o : .
SLIDES TRANSLATIONAL Rock slide Debris slide : Earth slide
LATERAL SPREADS Rock spread Debris spread Earth shreq
FLOWS Rock flow Debris flow . Earth flow
(Deep creep) (Soil creep)
COMPLEX Combination of two or more principle typesndvement

Figure B1 gives schematics to illustrate the mgjpes of landslide movement. Further informatiod @ahotographs of

landslides are available on the USGS website pt/fétndslides.usgs.gov.

Australian Geomechanics Vol 42 No 1 March 2007

87



PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007

Surface rapture

Translational landslide Block slide

Topple Debris flow

H I

Curved treg trunks

Titted pole
N

Depositional acesy

nce out of alignment

Debris avalanche Earthflow Creep

Lateral spread

Figure B1: These schematics illustrate the majoes of landslide movement.
(From US Geological Survey Fact Sheet 2004-3071%, 2004, with kind permission for reproduction.)

The nomenclature of a landslide can become moreorite as more information about the movement besom
available. To build up the complete identificatiohthe movement, descriptors are added in frontheftwo-term
classification using a preferred sequence of terifise suggested sequence provides a progressiv@wiag of the
focus of the descriptors, first by time and thendpatial location, beginning with a view of the whdandslide,
continuing with parts of the movement and finallfiding the materials involved. The recommendegusace, as
shown in Table B2, describes activity (includingtst distribution and style) followed by descripsoof all movements
(including rate, water content, material and typBgfinitions of the terms in Table B2 are givendruden & Varnes
(1996).

Second or subsequent movements in complex or catagardslides can be described by repeating, ag/ times as
necessary, the descriptors used in Table B2. ip#srs that are the same as those for the firstammnt may then be
dropped from the name.
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For example, the very large and rapid slope moveérhe occurred near the town of Frank, Albertan&ia, in 1903
was acomplex, extremely rapid, dry rock fall — debrizal From the full name of this landslide at Franke avould
know that both the debris flow and the rock fallrevextremely rapid and dry because no other ddecsijare used for
the debris flow.

The full name of the landslide need only be giveney subsequent references should then be toitted material and
type of movement; for the above example, “the radlk or “the Frank rock fall” for the landslidet &rank, Alberta.

Table B2: Glossary for forming names of landslides.

Activity
State Distribution Style
Active Advancing Complex
Reactivated Retrogressive Composite
Suspended Widening Multiple
Inactive Enlarging Successive

Dormant Confined Single

Abandoned Diminishing

Stabilised Moving

Relict
Description of First Movement
Rate Water Content Material Type
Extremely rapid Dry Rock Fall
Very rapid Moist Earth Topple
Rapid Wet Debris Slide
Moderate Very Wet Spread
Slow Flow
Very slow
Extremely slow

Note: Subsequent movements may be described lmatieg the above descriptors as many times as swgesThese terms are
described in more detail in Cruden & Varnes (199&) examples are given.

Landslide Features

Varnes (1978, Figure 2.1t) provided an idealisedydim showing the features focamplex earth slide — earth flow
which has been reproduced here as Figure B2. iefia of landslide dimensions are given in CrudeVarnes
(1996).

ORIGINAL GROUND
SURFACE

Tronsverse :’. =
cracks :

\)\, Trarasverse

Figure B2: Block of Idealised Complex Earth Slid&arth Flow
(Varnes, D J (1978,)Slope Movement Types and PresessSpecial Report 176: Landslides: Analysis @odtrol(R L Schuster &
R J Krizek, eds.), TRB, National Research Councilhgton, DC, pp.11-33).
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Rate of Movement
Figure B3 shows the velocity scale proposed by €nu&l Varnes (1996) which rationalises previousegalThe term
“creep” has been omitted due to the many defingtiand interpretations in the literature.

Velocity Descrintion Velocity Typical
Class P (mm/sec) | Velocity Probable Destructive Significance
4 Extremely 4 Catastrophe of major violence; buildings destrdygd
7 Rapid impact of displaced material; many deaths; escape
unlikely
5x1G 5 m/sec
6 Very Rapid Some lives lost; velocity too great to permit atgons to escape
5x13¢ 3 m/min
. Escape evaluation possible; structures; possessod
5 Rapid .
equipment destroyed
5x 10" 1.8 m/hr
4 Moderate Some temporary apd insensitive structures can be
temporarily maintained
5x10° 13 m/month
Remedial construction can be undertaken during
movement; insensitive structures can be maintavigd
3 Slow - : h
frequent maintenance work if total movement islaaje
during a particular acceleration phase
5x10° 1.6 mlyear
2 Very Slow Some permanent structures undachly movement
5x10° 15 mmlyear
Extremely Imperceptible without instruments; construction
V¥ SLOW v POSSIBLE WITH PRECAUTIONS

Figure B3: Proposed Landslide Velocity Scale arabBble Destructive Significance.
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APPENDIX C: LANDSLIDE RISK ASSESSMENT
QUALITATIVE TERMINOLOGY FOR USE IN ASSESSING RISK T O PROPERTY

QUALITATIVE MEASURES OF LIKELIHOOD

Approximate Annual Probabilit . S .
PP y Implied Indicative Landslide Description Descrintor Level
Indicative Notional Recurrence Interval P P
Value Boundary
10t 5x1C2 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 cooddiover the
10 100 years design life LIKELY B
-3 200 years .
10° Sx1¢ . 1000 years 2oogv9ar The event could occur under adverset@mmglover the design life.|] POSSIBLE C
5x10° : i i
10* 10,000 years (11'2; ivl?fnet might occur under very adverse circuncsgrover the UNLIKELY D
0° 5x10° 20,000 years |-t ivable but only und fior@umstances
1 100,000 years e event is conceivable but only under excepti mstances p e E
5x10° 200.000 vea over the design life.
10° 1,000,000 years ' The event is inconceivable or fahaver the design life. BARELY CREDIBLE F

Note: (1) The table should be used from left to right; us@rpimate Annual Probability or Description to @agsDescriptor, notice versa

QUALITATIVE MEASURES OF CONSEQUENCES TO PROPERTY

Approximate Cost of Damage
Indicative Notional Description Descriptor Level
Value Boundary
200% Strg_ci'f[ure_(s) compllgtely destrtl)yed and/ordl_argkesrdamagt_a requiring major gnglneerlng works for CATASTROPHIC 1
100% sta ||sgt|on. Could cause at least one a Jaomnqnty major consequence damage. _
Extensive damage to most of structure, and/or elitgrbeyond site boundaries requiring significant
60% o . . MAJOR 2
40% stabilisation works. Could cause at least onecadjgproperty medium consequence damage.
0 Moderate damage to some of structure, and/or &gnif part of site requiring large stabilisationris
20% Could I fr - d MEDIUM 3
10% ould cause at least one adjacent property minuseguence damage. _ _
5% 1% Limited damage to part of structure, and/or pasite requiring some reinstatement stabilisavionks. MINOR 4
0.5% thtI.e damage. (Note for high probgblllty e\(enﬂl(rJIbst Certain), this category may be subdivided at INSIGNIEICANT 5
notional boundary of 0.1%. See Risk Matrix.)

Notes: (2) The Approximate Cost of Damage is expressed asaemrge of market value, being the cost of therawgd value of the unaffected property which inelsidhe land plus the
unaffected structures.

3) The Approximate Cost is to be an estimate of thectlicost of the damage, such as the cost of adémsent of the damaged portion of the propertyd(falos structures), stabilisation
works required to render the site to tolerable teskel for the landslide which has occurred andigssional design fees, and consequential costs asidbgal fees, temporary
accommodation. It does not include additionaliattion works to address other landslides whicyraffect the property

4) The table should be used from left to right; us@rgimate Cost of Damage or Description to assigadbiptor, not vice versa

91 Australian Geomechanics Vol 42 No 1 March 2007
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APPENDIX C: — QUALITATIVE TERMINOLOGY FOR USE IN A SSESSING RISK TO PROPERTY (CONTINUED)

QUALITATIVE RISK ANALYSIS MATRIX — LEVEL OF RISK TO PROPERTY

LIKELIHOOD CONSEQUENCES TO PROPERTY (with Indicative Approximate Cost of Damage)
Indicative Value of 1: CATASTROPHIC 2: MAJOR 3: MEDIUM 4: MINOR 5:
Approximate Annual 200% 60% 20% 5% INSIGNIFICANT
Probability 0.5%
A ALMOST CERTAIN 107 H MorlL (5)
B LIKELY 10° H M L
C POSSIBLE 10° M M VL
D UNLIKELY 10* L L VL
E RARE 10° M L L VL VL
F BARELY CREDIBLE 10° L VL VL VL VL
Notes (5) For Cell A5, may be subdivided such that assmuence of less than 0.1% is Low Risk.

(6) When considering a risk assessment it mustdagly stated whether it is for existing condisaor with risk control measures which may not bplemented at the current

time.

RISK LEVEL IMPLICATIONS

Risk Level

HIGH RISK

Example Implications (7)

Unacceptable without treatment. Extensive detailedstigation and research, planning and impleatant of treatment
options essential to reduce risk to Low; may beepensive and not practical. Work likely to costre than value of the
property.

Unacceptable without treatment. Detailed invesitiga planning and implementation of treatment amsi required to reduce
risk to Low. Work would cost a substantial sunmétation to the value of the property.

M

MODERATE RISK

May be tolerated in certain circumstances (suliggotgulator’s approval) but requires investigatiplanning and
implementation of treatment options to reduce ifleto Low. Treatment options to reduce to Lovk seould be
implemented as soon as practicable.

L

LOW RISK

Usually acceptable to regulators. Where treatrastbeen required to reduce the risk to this l@rmgping maintenance is
required.

VL

VERY LOW RISK

Acceptable. Manage by normal slopgimtenance procedures.

Note: @)
general guide.
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APPENDIX D -EXAMPLE FORMS

The following example forms have been preparecamplates to provide appropriate documentationHercontrol of
submissions and approval process.

It is envisaged that the regulator would edit thirfs to suit local requirements and to use terrogylappropriate to
regulatory framework of the regulator's LRM policitems between ‘< >’ are to be edited as approgriahe
following terms have been used in a generic sendeshould be amended by the regulator accordingly:

<the Regulator>- the authority responsible for the approval & tlevelopment application.
<Regulator’s geotechnical DCP> the appropriate LRM policy title/reference, oe\i2lopment Control Plan (DCP).
<add reference>- the section or page of the geotechnical repbitkvaddresses the item.

<PCA> - the Principal Certifying Authority, or the autiity who will be responsible for confirmation of mpliance
with the development approval conditions.

<tolerable risk> - amend to ‘acceptable risk’ if that is requireg the <Regulator’s geotechnical DCP> rather than
tolerable.

<Construction Certificate> - the approval necessary to start constructiorchvbdiocuments that design has complied
with the conditions of approval for the developmapplication.

<Occupation Certificate> - the final approval from the Regulator allowingcapation of the development once all
required conditions of consent have been showre tealisfied.

<Subdivision Certificate> - the final approval from the Regulator confirmitigat subdivision works have been
completed in accordance with the conditions of eabsuch that development on individual lots maycped.

<Building Certificate> - a certificate issued by the Regulator confirmihgt either existing development is in
accordance with the Regulator's requirements, officoing that the Regulator is not aware of any non
compliance which will require rectification works.

ACKNOWLEDGEMENT

These example forms have been based on the forchsd@d in the Wollongong City Geotechnical Develemin
Control Plan — Development of Sites which may bigjestt to Slope Instability, effective from 12 J@Q06 with their
kind permission. Copies of the Word documents bmgbtained from AGS by regulators wishing to prefheir own
forms.
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A

FORM

Page 1 of 2
Geotechnical Declaration and Verification
Development Application

Office Use Only

Regulator: <Add in or change to

appropriate name>

To be submitted with a development application. If this form is not submitted with the geotechnical report the report will be refused.

This form is essential to verify that the geotechnical report has been prepared in accordance with <Regulator's geotechnical DCP> and that the author of the geotechnical report is
a geotechnical engineer or engineering geologist as defined by <Regulator’s geotechnical DCP>. Alteratively, where a geotechnical report has been prepared for subdivision or
is greater than two years old or by a professional person not recognised by <Regulator's geotechnical DCP> , then this form may be used as technical verification of the
geotechnical report if signed by a geotechnical engineer or engineering geologist as defined by <Regulator’s geotechnical DCP>.

Section 1 Related Application
Reference What is the Council development application number?
DA Site Address
DA Applicant
Section 2 Geotechnical Report
Details Title:
Author’'s Company/
Organisation Name: Report Reference No:
Author: Dated: / /
Section 3 Checklist
Geotechnical The following checklist covers the minimum requirements to be addressed in a geotechnical report. This checklist is to accompany the
Requirements report. Each item is to be cross-referenced to the section or page of the geotechnical report which addresses that item.
(Tick as appropriate,
either Yes or No)
Yes No

O Oggood
O Oggood

<
»
=
o

e

Oooodon
Oooodon

A review of readily available history of slope instability in the site or related land as per <Add reference>

An assessment of the risk posed by all reasonably identifiable geotechnical hazards as per <Add reference>
Plans and sections of the site and related land as per <Add reference>

Presentation of a geological model as per <Add reference>

Photographs and/or drawings of the site as per <Add reference>

A conclusion as to whether the site is suitable for the development proposed to be carried out either conditionally or unconditionally as per
<Add reference>

If any items above are ticked No, an explanation is to be included in the report to justify why. <Add reference>

Subject to recommendations and conditions relevant to:

selection and construction of footing systems,

earthworks,

surface and sub surface drainage,

recommendations for the selection of structural systems consistent with the geotechnical assessment of the risk,

any conditions that may be required for the ongoing mitigation and maintenance of the site and the proposal, from a geotechnical viewpoint,
highlighting and detailing the inspection regime to provide the <PCA> and builder with adequate notification for all necessary inspections.

State Design life adopted: Years

Note: <Add reference>: Add in the relevant section or page number of the listed geotechnical report which addresses each item.
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Page 2 of 2
= . . . .
x| A Geotechnical Declaration and Verification
. Development Application
Section 4 List of Drawings referenced in Geotechnical Report
Design Documents Plan or Revision or
Description Document No. Version No. Date Author

Section 5 Declaration
Declaration | am a geotechnical engineer or engineering geologist as defined by the <Regulator’s geotechnical DCP> and on behalf of the company
(Tick all that apply) below, I:

Yes

] [

(] ~na[]
(] wval]

] n[]
L] [
] [

am aware that the geotechnical report | have either prepared or am technically verifying (referenced above) is to be submitted in a support of a
development application for the proposed development site (referenced above) and its findings will be relied upon by <the Regulator> in determining
the development application.

prepared the geotechnical report referenced above in accordance with the AGS (2007c) as amended and <Regulator’s geotechnical DCP>.

am willing to technically verify that the Geotechnical Report referenced above has been prepared in accordance with the AGS (2007c) as amended
and <Regulator’'s geotechnical DCP>.

am willing to technically verify that the geotechnical report prepared for the development application for the site confirms the land will achieve the
level of <tolerable risk> of slope instability as a result of the considerations described in <add reference to specific section of> <Regulator’s
geotechnical DCP> taking into account the total development and site disturbances proposed.

am willing to technically verify that the geotechnical report prepared for the site and related land being greater than two years old confirms the land
will achieve the level of <tolerable risk> of slope instability as a result of the considerations described <add reference to specific section of> of
<Regulator’s geotechnical DCP> taking into account the total development and site disturbances proposed.

have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year in
which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>.

Section 6 Geotechnical Engineer or Engineering Geologist Details
Company/
Organisation Name
Name (Company
Representative) Sumame: Mr /Mrs /Other:

Given Names:

Chartered Professional Status: Registration No:
Signature

Dated: / /

Reference: AGS (2007c) “Practice Note Guidelines for Landslide Risk Management”. Australian Geomechanics Society, Australian Geomechanics,

V42, N1, March 2007.

Note: N/A = Not Applicable.
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Page 1 of 2
= . . . .
x| B Structural/Civil/Geotechnical Engineering
- Declaration — <Construction Certificate> Application
Office Use Only Regulator: <Add in or change to

appropriate name>

To be submitted with the structural design forming part of an application for a <construction certificate>.

This form must be attached with the submission of the structural documentation required for the determination of a <construction certificate> or combined development application
and <construction certificate> submission.

This form is essential, as it provides evidence to the <PCA> determining the <construction certificate>, that the structural design has been prepared or verified by a structural
engineer or civil engineer as defined by <Regulator’s geotechnical DCP> and that the structural design has been prepared in accordance with the recommendations given in the
geotechnical report for the same development. This form also covers additional design documents required to cover other works not shown on the main structural/civil design
drawings. This form is also essential to establish that the recommendations given in the geotechnical report have been interpreted and incorporated into the structural design as
originally intended by the geotechnical engineer in preparing the geotechnical report.

Section 1 Related Application
Reference What is the <Regulator's> development application number?
DA Site Address
DA Applicant
Section 2 Structural/Civil Design Documents
List of Structural/Civil Plan or Revision or
Design Documents Description Document No. | Version No. Date Author
(More space on page two
if required)
Section 3 Geotechnical Report
Details Title:
Author: Dated: / /
Author’'s Company/
Organisation Name: Report Reference No:
Section 4 Declaration by Structural/Civil Engineer or Designer of Additional Design Documents in Relation
to a Geotechnical Report
Declaration
(Tick all that apply)
Yes No

O O 0o gy
O O 0o gy

| am a structural or civil engineer as defined by the <Regulator’s geotechnical DCP> and on behalf of the company below.

| have prepared the structural designs listed in Section 2 above and/or Section 6 below, in accordance with the recommendations given in the above
geotechnical report.

| am a design engineer and have prepared Additional Design documents listed in Section 7 below in accordance with the recommendations given in
the above geotechnical report.

| am aware that the <PCA> will rely on this declaration in granting a <construction certificate> for works to which the above structural design
documents and geotechnical report relate.

| certify that any residential structure designed or erected in accordance with the structural design prepared by the structural engineer or civil
engineer achieves the performance requirements of Clause 1.3 of the current version of AS 2870 (this must be ticked when accompanied by
minimal impact certification).

| have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year
in which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>.
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Page 2 of 2
= . . . .
x| B Structural/Civil/Geotechnical Engineering
- Declaration — <Construction Certificate> Application
Section 5 Structural/Civil/Design Engineer Details
Company/

Organisation Name

Name (Company
Representative) Sumame: Mr /Mrs /Other:
Given:
Chartered Professional Status: Registration No:
Signature Dated: / /
Section 6 Ancillary Structural/Civil Design Required Prior to Completion of Geotechnical Declaration
List of Structural Plan or Date of
Design Documents Company Document Revision or | Additional
Required Description Responsible | No. Version No. | FormB* Author

eg. Landscaping retaining walls

eg. Anchor design

Section 7 Additional Design Documents Required Prior to Completion of Geotechnical Declaration
List of Design Plan or Date of

Documents Document Revisionor | Additional

Required Description Company No. Version No. | FormB* Author

eg. Surface & subsoil drainage design

eg. Infiltration or effluent disposal

Section 8 and 9 are not to be completed until each relevant ancillary and additional Form B has been completed
and forwarded to the geotechnical engineer/engineering geologist

Section 8 Declaration in Relation to Structural/Civil Designs and Additional Design Drawings
Declaration | am a geotechnical engineer or engineering geologist as defined by the <Regulator’s geotechnical DCP> and on behalf of the company
(Tick all that apply) below:

Yes No

O O

O O
O O

| prepared and/or technically verified the above geotechnical report and now declare that | have viewed the above listed design documents
prepared for the same development.

| am satisfied that the recommendations given in the above geotechnical report have been incorporated into the design documents as intended.

| consider no additional drawings are required to show all the required works listed in the Geotechnical Report.

Section 9 Geotechnical Engineer or Engineering Geologist Details
Company/
Organisation Name
Name (Company
Representative) Sumname: Mr /Mrs /Other:

Given Names:

Chartered Professional Status: Registration No:
Signature

Dated: / /

Note: * A separate Form B is required to be completed by the design engineer for those works listed in each of Sections 6 and 7 of this Form B.
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C

FORM

Page 1 of 2
Geotechnical Declaration
Subdivision <Construction Certificate> Application

Office Use Only

Regulator: <Add in or change to
appropriate name>

To be submitted with an application for an engineering <construction certificate> for subdivision of land. This form must be attached to the application for
the <construction certificate>.

This form is essential to verify that the geotechnical report has been prepared in accordance with <Regulator’s geotechnical DCP> and that the author of the geotechnical report is
a geotechnical engineer or engineering geologist as defined by <Regulator’s geotechnical DCP>. Alternatively, where a geotechnical report has been prepared by a professional
person not recognised by the <Regulator’s geotechnical DCP>, then this form may be used as technical verification of the geotechnical report if signed by a geotechnical engineer
or engineering geologist as defined by <Regulator’s geotechnical DCP>.

Section 1

Related Application

Reference

What is the Regulator's Development Application Number?

DA Site Address

DA Applicant
Section 2 Geotechnical Report
Details Title:
Author: Dated: / /
Author’'s Company/
Organisation Name: Report Reference No:
Section 3 Declaration
Declaration | am a geotechnical engineer or engineering geologist as defined by the <Regulator’s geotechnical DCP> and on behalf of the company
(Tick all that apply) below:
Yes No

O 0O Of
O 0O Of

| prepared the geotechnical report referenced above in accordance with the AGS (2007c) as amended and the <Regulator’s geotechnical DCP>.

| am willing to technically verify that the geotechnical report referenced above has been prepared in accordance with the AGS (2007c) as amended
and <Regulator’'s geotechnical DCP>.

| have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year
in which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>.

| am aware that the geotechnical report | have either prepared or am technically verifying (referenced above) is to be submitted in support of an
engineering <construction certificate> for subdivision of land for the proposed development site (referenced above) and its findings will be relied
upon by <the Regulator> determining the engineering <construction certificate>.
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Page 2 of 2

= . .

z|C Geotechnical Declaration

hrd o . npn . .

Subdivision <Construction Certificate> Application
Section 4 Checklist
Geotechnical The following checklist covers the minimum requirements to be addressed in a geotechnical report in accordance with <Add reference to
Requirements specific section of> <Regulator’s geotechnical DCP>. This checklist is to accompany the report.
(Tick as appropriate,
either Yes or No)
Yes No

O O

O 0Oodo 0Oodod
O 0Ododg odod

[

The extent and stability of proposed embankments including those acting as retarding basins <Add reference>

Recommended Geotechnical testing requirements <Add reference>

Required level of geotechnical supervision for each part of the works as defined under AS3798 — Guidelines on Earthworks for Commercial and
Residential Developments <Add reference>

Compaction specification for all fill within private subdivisions <Add reference>

The level of risk to existing adjacent dwellings as a result of a construction contractor using vibratory rollers anywhere within the site the subject of
these works. In the event that vibratory rollers could affect adjacent dwellings, ‘high risk’ areas shall be identified on a plan and the engineering
plans shall be amended to indicate that no vibratory roller shall be used within that zone <Add reference>

The impact of the installation of services on overall site stability and recommendations on short term drainage methods, shoring requirements and
other remedial measures that may be appropriate during installation <Add reference>

The preferred treatment of any areas of unacceptable risk within privately owned allotments <Add reference>

Requirement for subsurface drainage lines <Add reference>

Overall suitability of the engineering plans for the proposed development <Add reference>

Risk mitigation plan defined <Add reference>

Section 5 Geotechnical Engineer or Engineering Geologist Details

Company/

Organisation Name

Name (Company

Representative) Sumame: Mr /Mrs /Other:
Given Names:
Chartered Professional Status: Registration No:

Signature

Dated: / /

Reference: AGS (2007c) “Practice Note Guidelines for Landslide Risk Management”. Australian Geomechanics Society, Australian Geomechanics,

V42, N1, March 2007.

Note: <Add reference>: Add in the relevant section or page number of the listed geotechnical report which addresses each item.
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D

FORM

Page 1 of 2
Geotechnical Declaration
Minor Impact

Office Use Only

Regulator: <Add in or change to
appropriate name>

This form may be used where minor construction works present minimal or no geotechnical impact on the site or related land. A geotechnical engineer or engineering
geologist must inspect the site and/or review the proposed development documentation to determine if the proposed development requires a geotechnical report to be
prepared to accompany the development application. Where the geotechnical engineer determines that such a report is not required then they must complete this
form and attach design recommendations where required. A copy of this form with design recommendation, if required, must be submitted with the development

application.

Note: In all situations, this form will need to be accompanied by Form B where the structural engineer or civil engineer certifies that any residential structure designed or erected
in accordance with the plans and specifications prepared by the structural engineer or civil engineer achieve the performance requirements of Clause 1.3 of the current version of

AS 2870.

Note: The use of this form does not preclude the geotechnical consultant from requiring a Geotechnical Report.

Section 1 Related Application

Reference What is the Council Development Application Number?

DA Site Address

DA Applicant

Section 2 Documentation

List pf Documents Plan or Revision or

Reviewed Description Document No. | Version No. Date Author
(More space on page two

if required)

Section 3 Declaration

Declaration | am a geotechnical engineer or engineering geologist as defined by the <Regulator's geotechnical DCP> and | have inspected the site and

(Tick all that apply)

<
@
»

oo oOd
OO Ods

0O O

reviewed the proposed development at the DA Site Address described above. As a result of my consideration of the <Regulator’s
geotechnical DCP>, of my site inspection and review of the documentation listed above, | have determined and declare that, on behalf of the
company below:

The current load-bearing capacity of the site will not be exceeded or be adversely impacted on by the proposed development, and
The proposed works are of such a minor nature that the requirement for geotechnical advice in the form of a geotechnical report, prepared in
accordance with <Regulator’s geotechnical DCP> is considered unnecessary for the adequate and safe design of the structural elements to be

incorporated into the new works as there is no change to the current landslide risk on the site in accordance with AGS (2007c), and

In accordance with AS 2870 Residential Slabs and Footings, the site is to be classified as a type:

| have attached design recommendations to be incorporated in the structural design in accordance with this site classification.

| have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year
in which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>.

| am aware that this declaration shall be used by <The Regulator> as an essential component in granting development consent for a structure to be
erected on the site or related land without requiring submission of a geotechnical report complying with the <Regulator’s geotechnical DCP> in
support of the development application.

Reference: AGS (2007c) “Practice Note Guidelines for Landslide Risk Management”. Australian Geomechanics Society, Australian Geomechanics,

V42, N1, March 2007.
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Page 2 of 2
= . .
D Geotechnical Declaration
g .
Minor Impact
Section 4 Additional Documentation
List of Documents Plan or Revision or
Reviewed Description Document No. | Version No. Date Author
Section 5 Geotechnical Engineer or Engineering Geologist Details
Company/
Organisation Name
Name (Company
Representative) Sumame: Mr /Mrs /Other:
Given Names:
Chartered Professional Status: Registration No:
Signature
Dated: /
Australian Geomechanics Vol 42 No 1 March 2007 101




PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007

E

FORM

Page 1 of 2
Geotechnical Declaration
Remediation

Office Use Only

Regulator: <Add in or change to
appropriate name>

This form must be submitted where development must be staged for geotechnical reasons and remediation of the site to a <tolerable risk> is necessary
prior to any further development continuing on the site.

This form is essential, as it provides verification at each stage of the development, prior to the next stage commencing, that the remediation of the site to a <tolerable risk> has
been carried out in accordance with the requirements of the geotechnical report and <add reference to specific section> of <Regulator’s geotechnical DCP> and that no
unforeseen ground conditions have been encountered which could impact on the integrity of structures on site or related land or the landslide risk. The geotechnical engineer or
engineering geologist who prepared and/or verified the report must carry out site inspections as determined by the report to ensure that the design(s) documented on Form(s) B
have been completed prior to signing this form.

Section 1 Related Application
Reference What is the Development Application number?
DA Site Address Development Stage (s):
DA Applicant
Section 2 Geotechnical Report
Details Title:
Author: Dated: / /
Author’'s Company/
Organisation Name: Report Reference No:
Section 3 Declaration
Declaration | am a geotechnical engineer or engineering geologist as defined by the <Regulator’'s geotechnical DCP> and, on behalf of the company
(Tick all that apply) below:
Yes No

0O O

0 o
0O O
0O O
0O O

0O O

| inspected and am satisfied that the foundation materials upon which the structural elements of the development have been erected, complied with
the requirements and recommendations specified in the geotechnical report for Stage (s) <add > of the development.

To the best of my knowledge, | am satisfied that Stage(s) <add> of the development referred to above have been carried out in accordance
with all the requirements and recommendations of the above geotechnical report, and conditions of development consent relating to geotechnical
issues.

To the best of my knowledge, | am satisfied that where changes to the development occurred during construction, those changes were carried out in
accordance with all the requirements and recommendations of the above geotechnical report, conditions of development consent relating to
geotechnical issues, and any site instructions or site reports issued by me as listed below.

| am aware that the <PCA> requires this certificate at the end of stage of the development specified in the development approval and prior to any
further development continuing on the site and related land.

| am willing to technically verify that the site or related land will now achieve the level of <tolerable risk> of slope instability as defined by
<Regulator’s geotechnical DCP>.

| have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year
in which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>.

Note: <add> relevant stage numbers to be inserted.
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Page 2 of 2
= . .
x| E Geotechnical Declaration
b T
Remediation
Section 4 List of Site Instructions and/or Site Reports Issued
List of Documents Associated
Issued Design
Drawings
(tick as
Reference appropriate)
Description/Title No. Date Author Yes No
Section 5 Geotechnical Engineer or Engineering Geologist Details
Company/
Organisation Name
Name (Company Surname: Mr /Mrs /Other:
Representative)
Given Names:
Chartered Professional Status: Registration No:
Signature
Dated: / /
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F

FORM

Page 1 of 2
Geotechnical Declaration
Final Structural/Civil Certificate

Office Use Only

Regulator: <Add in or change to
appropriate name>

This form must be submitted to the <PCA> at the completion of a project and prior to the issue of an <occupation certificate>.

This form is essential, as it provides evidence to the <PCA> that the development works have been carried out in accordance with the requirements of the structural design, any
site inspections, and that any changes to the development occurring during construction, were carried out in accordance with all the requirements and recommendations of the
structural design and geotechnical report, conditions of development consent relating to geotechnical issues, and any site instructions issued.

Section 1 Related Application
Reference What is <the Regulator's> Development Application number?
DA Site Address
DA Applicant
Section 2 Geotechnical Report
Details Title:
Author: Dated: / /
Author's Company/
Organisation Name: Report Reference No:
Section 3 Structural Civil Design Documents appropriate to the ‘as constructed’ development
List of Structural Civil Plan or Revision or
Design Documents Description Document No. | Version No. Date Author
(More space on page two
if required)
Section 4 Declaration
Declaration | am a structural or civil engineer as defined by the <Regulator’s geotechnical DCP> and | prepared the above structural designs in
(Tick all that apply) accordance with the recommendations given in the geotechnical report described above on behalf of the company below. I:
Yes No

O O

O O
O O
O O
0O 0O

inspected and am satisfied that the structural elements of the above development have been erected, and complied with the requirements and
recommendations specified in the structural design and geotechnical report.

to the best of my knowledge, am satisfied that the above development has been carried out in accordance with all the requirements and
recommendations of the structural design and above geotechnical report, and conditions of development consent relating to geotechnical issues.

to the best of my knowledge, am satisfied that where changes to the development occurred during construction, those changes were carried out in
accordance with all the requirements and recommendations of the structural design and above geotechnical report, conditions of development
consent relating to geotechnical issues, and any site instructions issued by me as listed below.

am aware that the <PCA> requires this certificate prior to issuing an<occupation certificate> for the above development and will rely on this
certificate as verification that the above development has been erected, and complied with the requirements and recommendations specified in the
structural design and geotechnical report as defined by <Regulator’s geotechnical DCP> and in determining the <occupation certificate>.

have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year in
which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>.
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Page 2 of 2
E " "
Z F Geotechnical Declaration
L Final Structural/Civil Certificate
Section 5 List of Site Instructions Issued
List of Documents Associated Design
Issued Reference Drawings
Description/Title No. Date Author Yes No
Section 6 Additional Design Documents
List of Additional Plan or
Design Documents Document Revision or
Description No. Version No. Date Author
Section 7 Structural Engineer or Civil Engineer Details
Company/
Organisation Name
Name (Company
Representative) Sumame: Mr /Mrs /Other:
Given Names:
Chartered Professional Status: Registration No:
Signature

Dated:
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G

FORM

Page 1 0f 2
Geotechnical Declaration
Final Geotechnical Certificate

Office Use Only

Regulator: <Add in or change to

appropriate name>

This form must be submitted to the <PCA> at the completion of a project and prior to the issue of an <occupation or subdivision certificate>.

This form is essential, as it provides verification that the development works have been carried out in accordance with the requirements of the geotechnical report during
construction, and any site inspections, and that no unforeseen ground conditions have been encountered which could have an impact on the integrity of structures on site or
related land and any subsequent geotechnical requirements introduced during the construction process.

Section 1

Related Application

Reference

What is the Development Application number?

DA Site Address

DA Applicant
Section 2 Geotechnical Report
Details Title:
Author: Dated: / /
Author's Company/
Organisation Name: Report Reference No:
Section 3 Work as Executed Drawings & Ongoing Maintenance Plans relevant to Geotechnical Risk Management
List of Documents Plan or Revision or
(more space on Description Document No. | Version No. Date Author
page 2 if required)
Section 4 Declaration
Declaration | am a geotechnical engineer or engineering geologist as defined by the <Regulator’s geotechnical DCP> and | prepared or verified the
(Tick all that apply) geotechnical report as described above on behalf of the company below. I:
Yes No

O

O O
O O
O O

inspected and am satisfied that the foundation materials upon which the structural elements of the development have been erected, complied with
the requirements and recommendations specified in the geotechnical report.

to the best of my knowledge, am satisfied that the development referred to above has been carried out in accordance with all the requirements and
recommendations of the above geotechnical report, and conditions of development consent relating to geotechnical issues.

to the best of my knowledge, am satisfied that where changes to the development occurred during construction, those changes were carried out in
accordance with all the requirements and recommendations of the above geotechnical report, conditions of development consent relating to
geotechnical issues, and any site instructions or site reports issued by me as listed below.

am aware that the <PCA> requires this certificate prior to issuing an occupation or subdivision certificate for the above development and will rely on
this certificate as verification that the above development has achieved the necessary level of <tolerable risk> as defined by <Regulator’s
geotechnical DCP> and in determining the <occupation or subdivision certificate>.
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Page 2 of 2
E " "
Z |G Geotechnical Declaration
L Final Geotechnical Certificate
Section 5 List of Site Reports or Site Instructions Issued
List of Documents Associated
Issued Reference Design Drawings
Description/Title No. Date Author Yes No
Section 6 Additional Work as Executed Drawings and Ongoing Maintenance Plans relevant to
Geotechnical Risk Management
List of Additional Plan or
Documents Document Revision or
Description No. Version No. Date Author
Section 7 Geotechnical Engineer or Engineering Geologist Details
Company/
Organisation Name
Name (Company
Representative) Sumame: Mr /Mrs /Other:
Given Names:
Chartered Professional Status: Registration No:
Signature
Dated: /
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Page 1 of 2
= . .
z H Geotechnical Declaration
hred T . g
<Building Certificate> or Order
Office Use Only Regulator: <Add in or change to
appropriate name>
This form is to be submitted with Application for a <Building Certificate> or in response to an order.
Section 1 Related Application
Reference What is the Regulator’s DA / BA / Order number?
Site Address
Applicant
Section 2 Geotechnical Report
Details Title:
Author: Dated: / /
Author’'s Company/
Organisation Name: Report Reference No:
Section 3 Declaration
Declaration | am a geotechnical engineer or engineering geologist as defined by the <Regulator’s geotechnical DCP> and | prepared or verified the

(Tick all that apply)

Yes

[l

[
[
[
[

No

[l

[
[
[
[

geotechnical report as described above on behalf of the company below. I:

have inspected the site and existing development and am satisfied that both the site and development achieves <tolerable risk> level requirement of
the <Regulator’s geotechnical DCP>. The attached report provides details of the assessment in accordance with the <Regulator’s geotechnical
DCP>. The report also contains recommendations as to any reasonable and practical measures that can be undertaken to reduce foreseeable risk.

have inspected the site of the existing development. The attached report details the remedial actions required to be undertaken prior to me being
prepared to certify that the site and the development achieves the <tolerable risk> criteria required by the <Regulator’s geotechnical DCP>.

to the best of my knowledge, am satisfied that where changes to the development occurred during construction, those changes were carried out in
accordance with all the requirements and recommendations of the above geotechnical report, conditions of development consent relating to
geotechnical issues, and any site reports or site instructions issued by me as listed below.

am aware that the <PCA> requires this certificate prior to issuing a <Building Certificate> for the above development and will rely on this certificate
as verification that the development has achieved the necessary level of <tolerable risk> as defined by <Regulator’s geotechnical DCP> and in
determining the <occupation or subdivision certificate>.

have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year in
which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>.
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Page 2 of 2
E " "
Z H Geotechnical Declaration
L <Building Certificate> or Order
Section 4 List of Site Reports or Site Instructions Issued
List of Documents Associated
Issued Reference Design Drawings
Description/Title No. Date Author Yes No
Section 5 Geotechnical Engineer or Engineering Geologist Details
Company/
Organisation Name
Name (Company
Representative) Sumame: Mr /Mrs /Other:
Given Names:
Chartered Professional Status: Registration No:
Signature
Dated: /
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APPENDIX E - GEOLOGICAL AND GEOMORPHOLOGICAL MAPPING SYMBOLS

Water flow
Permanent

Water flow
intermittent \/\’s
Nnﬂow \mﬂow

.\Seepage /ﬁ

'l

7 Seepage

'& line

Standing water
(eg pond, dam)

Damp or
wet ground

Culverts

N e
/ N
Single cell

N\ /
J |

Maulti cell

i AND TERMINOLOGY
Geological Boundary
l Accurate
.................... Approximate Crest of cut or
embankment
B e B2 nB w2~ Inferred
. Defects
/ /’\/ Bedding Scarp
" ot
/ 4 Cliff
/
/\ /,’\ Cleavage w
(/
/ 4/' Foliation Break of slope
- \Vi 7___ Sharp
-~ Plunge of lineation c
7 oncave
/ ”IZ AV N . Rounded
(Dashed line - trace
on batter surface)
V YV~ Sharp
Decomposed Comer
Seam/zone V V Rounded
Slope angle
Infilled 1 (Of lepe facet)
Seam/zone
Gully
%kkkkkkv Cnlshezdone erosion
N
\'\:\—'\
J Sheared
S Zone
Show orientations, widths etc
as appropriate. R LULLU S A
Syrabols for surface features . el R
should be drawn to reflect their Soil (sheet) ™S . .moututattl”
true shape and exwnt, as faras erosion
possible.
Examples of Mapping Symbols (after Guide to Slope Risk Analysis Version 3.1 November 2001, Roads and Traffic
Authority of New South Wales).
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i

ij
—-[j
¢
Ty Sl n=ssnnhisnmensunprmmeane:

|

ry v 4

SYMBOL

RN

U oy o

GROUND PROFILE

Convex
Concave
Convex
Concave

Breaks of slope

Changes of slope

Sharp

Rounded

Cliff or escarpment or sharp break
40° or more (estimated height in metres)

Uniform slope
Concave slope
Convex slope

Top
Botiom

Hummocky or irregular ground
Open drain, unlined

Open drain, lined
Fenceline

Property boundary T -T-

Well defined or angtilar
break of slope

Convex and concave too close together
to allow the use of separate symbols

Ridge crest

Poorly defined or
smooth change of siope

Slope direction and angle (Degrees)

} Cut or fill slope, arrows pointing down slope

Dry stone wail
JW’ Majer joint in rack face (opening in millimetres)

Tension crack {opening in milimetres)

Example of Mapping Symbols (after V Gardiner & R V Dackombe (1983).Geomo

Allen & Unwin).
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APPENDIX F- EXAMPLE OF VULNERABILITY VALUES

SUMMARY OF HONG KONG VULNERABILITY RANGES FOR PERSONS, AND RECOMMENDED VALUES FOR
LOSS OF LIFE FOR LANDSLIDING IN SIMILAR SITUATIONS

The following table is adapted from P J Finlay, G R Mostyn & R Fell (1999). Landslides: Prediction of Travel Distance and
Guidelines for Vulnerability of Persons. Proc 8", Australia New Zealand Conference on Geomechanics, Hobart. Australian
Geomechanics Society, ISBN 1 86445 0029, Vol 1, pp.105-113.

. Recommended

Case Range in Data Value e
Person in Open Space
If struck by a rockfall 0.1-0.7 0.5 May be injured but unlikely to cause death
If buried by debris 0.8-1.0 1.0 Death by asphyxia almost certain
If not buried 0.1-0.5 0.1 High chance of survival
Persons in a Vehicle
If the vehicle is buried/crushed 09-1.0 1.0 Death is almost certain
If the vehicle is damaged only . 0-03 0.3 High chance of survival
Person in a Building
If the building collapses 09-1.0 1.0 Death is almost certain
If the building is inundated with debris 08-1.0 1.0 Death is highly likely
and the person buried
If the debris strikes the building only 0-0.1 0.05 Very high chance of survival

EXAMPLE OF VULNERABILITY VALUES FOR DESTRUCTION OF PEOPLE, BUILDINGS AND ROADS

The following table is adapted from Marion Michael-Leiba, Fred Baynes, Greg Scott & Ken Granger (2002). Quantitative Landslide
Risk Assessment of Cairns. Australian Geomechanics, June 2002,

. . Vulnerability Values
Sppmerphio- Ut People Buildings Roads
Hill slopes 0.05 0.25 0.3
Proximal debris fan 0.5 1.0 1.0
Distal debris fan 0.05 0.1 0.3

EXAMPLE OF VULNERABILITY VALUES FOR LIFE FOR ROCKFALLS AND DEBRIS FLOWS FOR
LAWRENCE HARGRAVE DRIVE PROJECT, COALCLIFF TO CLIFTON AREA, AUSTRALIA

The following table is adapted from R A Wilson, A T Moon, M Hendricks & I E Stewart (2005).
Application of quantitative risk assessment to the Lawrence Hargrave Drive Project, New South Wales,Australia.
Landslide Risk Management - Hungr, Fell, Couture & Eberhardt (eds) 2005. Taylor & Francis Group, London, ISBN 04 1538 043X.

Order of magnitude Rockfalls from Debris flow from
of landslide crossing Scarborough CIliff Northern Amphitheatre
road (m°) Landslide hits car Car hits landslide Landslide hits car Car hits landslide
0.03 0.05 0.006 - -
0.3 0.1 0.002 - -
3 0.3 ’ 0.03 0.001 -
30 0.7 0.03 0.01 0.001
300 1 0.03 0.1 0.003
3,000 1 0.03 1 0.003

NOTE: The above data should be applied with common sense, taking into account the circumstances of the landslide being studied.
Judgment may indicate values other than the recommended value are appropriate for a particular case.
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APPENDIX G - SOME GUIDELINES FOR HILLSIDE CONSTRUCTION

GOOD ENGINEERING PRACTICE

POOR ENGINEERING PRACTICE

ADVICE

GEOTECHNICAL Obtain advice from a qualified, experienced geotechnical practitioner at early | Prepare detailed plan and start site works before
ASSESSMENT stage of planning and before site works. geotechnical advice.

PLANNING

SITE PLANNING Having obtained geotechnical advice, plan the development with the risk | Plan development without regard for the Risk.

arising from the identified hazards and consequences in mind.

DESIGN AND CONSTRUCTION

Use flexible structures which incorporate properly designed brickwork, timber
or steel frames, timber or panel cladding.

Floor plans which require extensive cutting and
filling.

HOUSE THESION Consider use of split levels. Movement intolerant structures.
Use decks for recreational areas where appropriate.
SITE CLEARING Retain natural vegetation wherever practicable. Indiscriminately clear the site.
ACCESS & Satisfy requirements below for cuts, fills, retaining walls and drainage. Excavate and fill for site access before
DRIVEWAYS Council specifications for grades may need to be modified. geotechnical advice.
Driveways and parking areas may need to be fully supported on piers.
EARTHWORKS Retain natural contours wherever possible. Indiscriminatory bulk earthworks.
Minimise depth. Large scale cuts and benching.
Curs Support with engineered retaining walls or batter to appropriate slope. Unsupported cuts.
Provide drainage measures and erosion control. Ignore drainage requirements
Minimise height. Loose or poorly compacted fill, which if it fails,
Strip vegetation and topsoil and key into natural slopes prior to filling. may flow a considerable distance including
Use clean fill materials and compact to engineering standards. onto property below.
FILLS Batter to appropriate slope or support with engineered retaining wall. Block natural drainage lines.
Provide surface drainage and appropriate subsurface drainage. Fill over existing vegetation and topsoil.
Include stumps, trees, vegetation, topsoil,
boulders, building rubble etc in fill.
ROCK OUTCROPS Remove or stabilise boulders which may have unacceptable risk. Disturb or undercut detached blocks or
& BOULDERS Support rock faces where necessary. boulders.
Engineer design to resist applied soil and water forces. Construct a structurally inadequate wall such as
RETAINING Found on rock where practicable. sandstone flagging, brick or unreinforced
WALLS Provide subsurface drainage within wall backfill and surface drainage 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 footingshoriented up and down slope. or undercut cliffs.
Design for lateral creep pressures if necessary.
Backfill footing excavations to exclude ingress of surface water.
Engineer designed.
Support on piers to rock where practicable.
SWIMMING POOLS | Provide with under-drainage and gravity drain outlet where practicable.
Design for high 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. Discharge at top of fills and cuts.
Discharge to street drainage 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 energy at changes of slope and/or direction.
Provide filter around subsurface drain. Discharge roof runoff into absorption trenches.
Provide drain behind retaining walls.
SUBSIMEACE Use flexible pipelines with access for maintenance.
Prevent inflow of surface water.
Usually requires pump-out or mains sewer systems; absorption trenches may | Discharge sullage directly onto and into slopes.
SEPTIC & o S -y . . ; ;
SULLAGE be possible in some areas if nsk. is acceptable. Use absgrpthn trenches without consideration
Storage tanks should be water-tight and adequately founded. of landslide risk.
EROSION Control erosion as this may lead to instability. Failure to observe earthworks and drainage
CONTROL & Revegetate cleared area. recommendations when landscaping.
LANDSCAPING
DRAWINGS AND SITE VISITS DURING CONSTRUCTION
DRAWINGS Building Application drawings should be viewed by geotechnical consultant
SITE VISITS Site Visits by consultant may be appropriate during construction/
INSPECTION AND MAINTENANCE BY OWNER
OWNER’S Clean drainage systems; repair broken joints in drains and leaks in supply
RESPONSIBILITY | pipes.

Where structural distress is evident see advice.
If seepage observed, determine causes or seek advice on consequences.
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EXAMPLES OF GOOD HILLSIDE F’RA?CTICE

Vegetation retained
Surface water interception drainage -—
Watertight, adequately sited and founded

roof water slorage tanks (with due regard for
impact of potential leakage)

Flexible structure ———
Roof water piped off site or stored —————eeee
On-site delention tanks, watertight and
adequately founded. Potential leakage
managed by sub-soil drains —

Vegelation retained

y
i\
5
Y
5

. OFF STREET
| PARKING

MANTLE OF SOIL AND ROCK
FRAGMENTS (COLLUVIUM)

Pier footings into rock

Subsoll drainage may be
requlred in slope

— Culting and filling minimised in development
Sewage effluent pumped out or connected to sewer.
BEDROCK

Tanks adequately founded and watertight. Potantial
leakage managed by sub-sall drains

——— Engmneered relaining walls with both surface and

subsurface drainage (construcled before dwelling)

EXAMPLES OF POOR HILLSIDE PRACTICE

Unstabilised rock topples
and travels downsiops —,
Wegetation removed ——,
Discharges of roofwater soak Steep unsupported
away rather than conducted off cut falls
site or to secure storage for re-use ————,
Structure unabls io tolerate
seftlement and cracks

Poory compacted fill settles
unavenly and cracks paol

by
Inadequate walling unable
to support fill

Loose, saturated fill slides
and possibly flows downsloge

& |
’:] JI
= _' —
Inadequately supported cut fails —; d : = Roolwater inkoduced into slope
1
Saiurated B MANTLE OF SOIL &
slopa fails — 1 4 | ROCK FRAGMENTS
! I sl (COLLUVIUM)——
Vegeiation i [ e ==
removed — | } ‘_/ . )
Mud flow ; ; o Ty
ocours ! :

BEDROCK

Dwelling nol founded In bedrock

Absence of subsoll draimage within fill
Panded waler entors slope and activales landslide
Possible ravel downslope which impacts other developmen! downhil|

€1 AGS (2008)
See olso AGS (2000) Appendix J
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PARTA BACKGROUND

C1l INTRODUCTION

Cl1 PREAMBLE

In 2000 the Australian Geomechanics Society (AG8pliphed “Landslide Risk Management Concepts and
Guidelines” (AGS 2000). In 2002 the content angligption of AGS (2000) were demonstrated aroundtfalia by
“the Risky Roadshow” which was sponsored by EmergeManagement Australia and AGS. Papers for the
“Roadshow” were published in Australian Geomechanol 37 No 2 May 2002. Since then there have baany
published papers and an extensive body of disausshich has progressed the use of Landslide Riskageament
(LRM) as discussed further below.

Cl2 PURPOSE

In preparing the Practice Note Guidelines for LdidésRisk Management (AGS 2007c¢) (‘the PracticeeNot the
intention has been to limit the document in socafais possible to a clear and concise set of re@mead requirements
and principles. The purpose of this Commentartp iprovide additional background, relevant refeesncomments
and guidance relevant to the Practice Note.

C13 SCOPE

Since publication of AGS (2000) there have been ymamblished papers and discussion which have pssgce
Landslide Risk Management (LRM) in particular amsk management in general. It would be an almuogiossible
task to distil all the thoughts and useful develepts that are contained in the publications lisgtetbw and others.
Nonetheless, the interested reader should refewrte, or all, of these to gain a greater understgnd

For example:

* Bowden, Lane and Martin (2001) “Triple Bottom LiRésk Management” which considers risk managemeiat in
broader business management context with aims h@wee benefits to the social, environmental andrfaial
accountability of a business.

* Vick (2002) “Degrees of Belief, Subjective Probéiibnd Engineering Judgment” which has extensigeussion
of the basis behind LRM and examples. In particiildiscusses subjective probability in some detai

* AGS (2002) “Risky Roadshow” which provides someragkes of qualitative and quantitative LRM.

e RTA NSW “Guide to Slope Risk Analysis Version 3.@Stewartet al, 2002) which provides a specific LRM
methodology for roads.

e« ANCOLD (2003) “Guidelines on Risk Assessment” whimovides useful guidelines and commentary in i@tat
to dams. As part of the consideration for damat(ih stability of embankment dams) is similardadslides, this
document forms a very useful companion referenak iarrecommended reading for examples of the aetail
assessment process.

* Lee & Jones (2004) “Landslide Risk Assessment” Whégamines the issues and literature in consideradtail,
with numerous examples from various published papdthese examples can provide guidance on hoactdet
particular problems and is a valuable reference.

e Standards Australia HB436:2004 “Handbook; Risk Mpemaent Guidelines Companion to AS/NZ 4360:2004”"
which discusses risk management in general temokyding consideration of the elements involved.

e ‘“Landslide Risk Management” (2005) Proc Intl Coefere on Landslide Risk Management June 2005 in
Vancouver. This volume provides a wealth of upldate information and examples in relation to LRMincludes
six state of the art papers. Picarelial. (2005) provides a comprehensive discussion ofrdazlaaracterization
and quantification. Leroet al. (2005) which provides a comprehensive discussionAoceptable Risk and
tolerable loss of life criteria. Knowledge of tbentents of this volume is a useful backgroundaforexperienced
practitioner in LRM. This volume also provides anmber of case history type papers and an extetisivef
references for the interested reader or practitieaeking examples or further guidance on speisifiges.

* Gladeet al. Eds (2005) “Landslide Hazard and Risk” which pd®s further discussion and examples.

In view of the developments included in the abavegd as a number of Australian Government bodieg lexisting
geotechnical policies or have developed draft pediovhich are based on the principles of AGS (20@0was
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considered appropriate to develop updated guidekme commentary for the use of both regulatorspmadtitioners.
In particular, the Practice Note should provideeference document for legislative purposes. Tletiee Note was
initially developed as an update of AGS (2000). widwer, during development it became clear that auld be
unworkable to merely update parts of AGS (2000) wale other parts unaltered. Therefore, the Rmdtote
supersedes AGS (2000). Consequently, it is amtiegp that legislation will refer to and/or be basedthe Practice
Note.

The Practice Note has been formulated to be pmsariin content. This has the advantage to tigellegor that the
scope of LRM reports is better defined and to thectitioner that, in general, the required quatifyLRM reports is

known. Some practitioners perceive that preseéptequirements will stifle innovation and ingeguitThe Working

Group considers that innovation and ingenuity aressential part of applying the principles giveithie Practice Note.
The important message is to document the LRM assggsprocess including definition of terminologyeds

The Practice Note has specifically excluded dedailensideration of roads and railways (or similaFhe state—of-the-
art paper by Picarelét al. (2005) provides detailed advice on how these shbelconsidered for LRM.

Cl4 CONVENTIONSUSED

The Practice Note has been kept to a format sirtelahat adopted in the ANCOLD (2003). The parpbgain bold
type represent recommendations from AGS. This Centany has section numbers that correspond diréxtifiose
used in the Practice Note.

Further discussion of the issues and consideratielesant to the guidance given in the PracticeeNoe provided in
this Commentary where appropriate. The Commentay also provide comment on whether the relevamttjoe is
well accepted by experienced practitioners or udigussion with contending points of view.

Throughout the Practice Note and this Commentagference to “landslide” includes both existing (arown
landslides) and potential landslides, which a gtiaoer might reasonably predict based on the mégeometry,
geology and slope forming processes and experience.

C15 STAKEHOLDERS
No additional comment.

C2 RISK TERMINOLOGY

The technical jargon associated with risk termiggla@an be confusing initially to the lay personioexperienced
practitioner. However, it is necessary to use gaominology to convey succinct ideas or factse fimin terms can be
expressed in simple plain English terms as follows:

What might happen? What are the landslide types?

How big might they be? What are the landslide characteristics?
How often do they occur? What is the Frequency (LIKELIHOOD)?
What damage or injury might result? What are the CONSEQUENCES?

How important is it? What is the RISK?

What can be done about it? What are the RISK TREATMENT options?

Has everyone understood the above? Has the treatment plan been properly communicated?

A generalised discussion of terminology and corxeaptgiven in “HB 436:2004 Risk Management Guidetin
Companion to AS/NZS 4360:2004" (Standards Austra0@4). The principles of AS/NZS 4360 have beebaared
in the Practice Note. However, the terminology baslved for LRM and Practice Note Appendix A prasethe
current internationally agreed terminology for lalidies.

Usage of the terminology since AGS (2000) was ghield has shown that the term “hazard” has frequéetn used
incorrectly to encompass the landslide charactesigtut not the likelihood of occurrence (frequéncyhe definition
of hazard in AGS (2000) and in the Practice Notduides the likelihood of the landslide and is cetsit with the
internationally adopted definition.

The flow chart in Figure 1 of the Practice Note destrates how the various terms interrelate. Tlbischart is
similar to Figure 1 in AGS (2000) but is in a siifipd form. Also the Practice Note Figure 1 cotheshows the
relationship for Hazard Analysis, which must in@duthe frequency analysis as a result of the fordedinition.
Landslide Characterisation was previously inferiadorrectly, to be the Hazard Identification.

The practitioner must be careful to use the terimsrgin Appendix A of the Practice Note consistgmthd correctly in
relation to their defined meaning. Rigour in these reduces possible misunderstanding. In thitegg it is noted that

Australian Geomechanics Vol 42 No 1 March 2007 117



COMMENTARY ON PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK
MANAGEMENT 2007

frequently the public, the media and published pam®lloquially use “risk” when they really meareduency or
probability (likelihood).

Further, the Practitioner should be aware thatitteature may be confusing as terms used may aatdfined or may
have changed their meaning with time.

PART B GUIDELINESFOR REGULATORS

C3 GUIDELINESFOR REGULATORS

C31 BACKGROUND

The regulator is the regulatory authority (at Feti&overnment / State Government / InstrumentalRggional / Local
Authority or Council level) having statutory respibility for community activities, community safetand
development approval or management of developmihinits defined area / region. (Practice NotepApdix A).

Where landsliding is a possible threat to develamyrather planned or existing, then the regulats a duty of care, if
not a statutory requirement, to consider LRM ag péiits planning process. The companion AGS Glirids for
Landslide Susceptibility, Hazard and Risk Zoning fand Use Planning (AGS 2007a) provides detaileddance in
relation to this aspect.

The results of zoning studies will be consideredtby regulator and implemented as appropriate clsnind
regulations to cover approvals for subsequent fipelgvelopment applications.

It is not the intention of the Practice Note andn@uentary to provide regulators with all the detaiquired for
establishment and administering of a planning atrod scheme, due to the possible variations frtatesto state and
local considerations. It is, however, expectedt tttee LRM principles will be appropriately considdr and
implemented.

C3.2 RELEVANCE TO APPROVAL PROCESS

Once planning controls are in place and generastcaints are established (based on studies in dacoe with AGS
2007a), then, where required by the planning césitreach individual development proposal will requspecific

consideration by the regulator. The planning adatmay require a LRM assessment as part of theosed application
documentation for consideration as part of an aggsoprocess. If so, the LRM assessment will rnteecbnsider the
specific development proposals in relation to thetgchnical model for the site and its surroundinga to determine
appropriate risk reduction and maintenance strasegi he extent of the surrounding area considengst be sufficient
to identify those landslides that may impact otv@impacted by the site.

The requirement for an LRM assessment may stiiiig@sed by the regulator where landslide risk entffied as an
issue even if there are no broad planning studiesiitiate it. The basis for such implementatiomynbe local
knowledge and experience or the nature of the m@egdevelopment.

The regulator will consider the LRM assessment ssbion together with other application documentatimd will
determine whether (having regard to the outcomdébeot. RM assessment) the development should promeed any
consent conditions should be applied to the prdpofRisk control measures will form an essentiatl antegral
component of the conditions. The regulator wiket@nto account the subsequent process of docuti@ntand
inspection during detailed design and constructi@ften these subsequent phases are not undeirétw¢ cbntrol of
the regulator and this lack of control must beaetftd in the consent conditions.

Where appropriate, the regulator may engage its practitioner to provide independent advice on LR&ports

submitted before any decision on the use and/ogldpment proposal is finalised and consent cormtare stipulated.
Alternatively, the regulator could employ its owragtitioner for “in-house review” or require subsi@n of a “peer
review” report in addition to the LRM report.

Clients and builders must be aware of the implaceti of consent conditions in relation to the reguients for
inspections, testing and confirmation during camgion. The required inspections and testing shdd carried out
during construction, so that compliance with comsmanditions can be demonstrated. Without thipéeson and
testing, compliance can be very difficult and/orstty if not impossible, to achieve. This predi@nn can be
problematic for the client and may also cause tractfiioner difficulties and unwarranted liabiligxposure. In
accordance with good practice, the practitioner matnapprove or “certify” work completed if it wa®t inspected by
the practitioner in accordance with consent coodgj unless additional investigations have beenptatad to satisfy
the practitioner as to the extent and quality ef work completed. The regulator should not giwefthal completion
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certificates if the required work, including insfiea and testing, has not been completed in acooelavith the
consent conditions.

Ongoing maintenance may be a requirement of themmiigation strategy. This aspect is discussefention 9 of the
Practice Note and makes reference to the Geog(#d&S 2007e). Regulators may require annotatiotherland title
to draw the attention of future land owners toribed for maintenance and the existence of a rigation strategy.

Existing development may still be subject to LRMessment by imposition of Orders (or similar statuinstrument)
to investigate and rectify situations which may equp or are known, to be unsatisfactory.

C33 POLICY REQUIREMENTS

Policy Requirements are intended to be prescripswethat the principal elements are covered by qzlty.
Individual regulators may have specific additiormainsiderations or requirements relevant to spedificards or
planning requirements within their jurisdiction. pblicy should advise if one particular qualitatieeminology (such
as the Practice Note Appendix C) is preferred amether other terminologies will be accepted andeunghat
circumstances.

In addition, the resulting requirements for thectiteoner are also intended to be prescriptive.ctSprescription is
considered to be appropriate as experience hasnshitat a number of practitioners do not fully coymnplith the
procedures nor do they justify such non compliarthis is to the detriment of the community.

Such prescription is not to prevent some flexipildr innovation in application of policy requirenterwhere the
practitioner provides an appropriate documentetifigetion. Such justification must be technicaslyund.

Early completion of planning studies in accordand AGS (2007a) will assist with determining appriate detail
and specific mandatory requirements for individualicies.

The regulators should seek review by and input ftocal practitioners before final publication opalicy to confirm
that particular local needs and conditions have lzekequately addressed.

C34 PROCESSING REQUIREMENTS

Local government and other regulators must estaldisong internal procedures for dealing with lamske and

development proposals on land situated within ddhde susceptibility zone which requires LRM untkgislation /

regulation. Staff will require training, not only the procedures themselves, but also in regartieetbasis of landslide
mechanisms, LRM and dealing with geotechnical respand practitioners. Such procedures may inctbdeadoption

of peer review or independent advice by approfsiad&perienced practitioners should sufficient kihedige not be

available “in house” or in the event of contentigitsations.

The use of recommended processing forms (sucheasxaimple forms in the Practice Note Appendix Dsiamilar
tailored to suit local specific requirements) shibsiinplify the approval by non technical staff bétregulator by acting
as a checking template. (The Working Group noked similar forms have been successfully used ligw&ter,
Gosford and Wollongong Councils and for Kosicuigea in NSW.) Staff may not be required to undectthe
technical content of the LRM reports submitted sifigelf-certification” by the practitioner, via tl@mpleted forms,
provides a basis, both technically and legally,tfer regulator to accept the content. Nonethetbssiegulator should
confirm compliance of LRM submissions with the pglirequirements. Where the practitioner has to pleta
declarations, the regulator should confirm that dleelaration is appropriately completed and notthi For both
parties, the forms will assist with quality contesld liability issues.

In view of the specialized nature of some LRM aspethe verification process may rely on confirroatby the
practitioner that the design drawings have appabgly incorporated the landslide risk control meastdentified in
the LRM assessment. The verification process waslghlly not be a review or check of the structorativil design
and should clearly state this unless commissiortedraise. The verification process may be docugtbiby control
forms covering the scope of design needed to ctineerisk control measures, such as Form B in Appebdof the
Practice Note, to cover each design professiodalsiments.

Processing of approvals may have costs which regglanay wish to include within the application.fee

Adoption of a NPER (LRM) category will provide armd mark for regulators to determine the competeoicy
practitioners for submission of LRM assessmentfie Regulator may include a requirement for the tRi@er to
submit documentary evidence of registration andlalifications with the completed forms. Similarby client may
request such documents.

Australian Geomechanics Vol 42 No 1 March 2007 119



COMMENTARY ON PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK
MANAGEMENT 2007

C35 ESTABLISHMENT OF TOLERABLE RISK CRITERIA

The regulator is responsible for setting the Tdileraisk Criteria within their policy. Considemti has to be given to
uniformity of approach and the risk values adopfEde discussion in Section C8.2 is provided to gigemuch

technical guidance as is considered to be currenylable from practice and literature. The ragul may wish to

seek its own technical advice in relation to adaptf specific Tolerable Risk Criteria and detailghe policy.

C3.6 LANDSLIDE INVENTORY

Refer to AGS (2007a) for recommendations in refatio the content of the inventory. Compilationasf inventory
will become a valuable tool for both the regulatod the practitioners.

Such an inventory may also refer to LRM reportgppred for development applications, though if therao known
landslide this should be documented to avoid ceafus Although LRM reports may be restricted in useder
intellectual property rights (copyright), such doents are in the public domain once included witoamal
application and may be referred to.

C3.7 ROLE AND RESPONSIBILITY OF THE PRACTITIONER

The practitioner has the role and responsibilitpmaividing the technical advice to the client, adlas to the regulator.
Although the practitioner is responsible to higweti there is an overarching responsibility assediavith the Code of
Ethics to the public at large. This overarchingpansibility is not insignificant. The practitianeust provide his
advice in an unbiased manner and with the duthiegtblic at large in mind in accordance with tleel € of Ethics of a
professional association.

Compliance by the practitioner with the regulatgticy requirements would be expected unless deper can be
justified on sound technical grounds.

Practitioners should be aware of the liability ss@associated with signing the declarations orrthrens (Appendix D,
Practice Note) submitted with the LRM reports ah@duwbsequent stages. As part of the “in housé&’ management
procedures, the practitioner should only sign difivis reasonably known by observation and/orrtgdth be adequate
or appropriate to the intent of the design requaets. This would also be in accordance with masfa3sional
Indemnity insurance limitations.

PART C GUIDELINESFOR PRACTITIONERS

C4 SCOPE DEFINITION

Implicit in the scope will be compliance with theguirements of the regulator’s policy. Such regmients are likely to
be derived from studies in accordance with the ABX®7a).

Such studies, and resulting policy, may determiparéicular minimum scope or level of study, axdgsed in Section
C5.2. If the minimum scope is not completed, tttenreasons for departure from such a scope sheuttbcumented
by the practitioner.

In more complex studies, staged study may be apiptepso that increasing complexity of study isyadopted if the
results obtained from the initial studies showoitbe warranted. It may be appropriate to disculs thie client the
alternative levels of study and implications argstherefrom.

Frequently a lay client will not have sufficientdwmledge to question whether the scope is apprapriditthere may be
a need to extend the scope of the assessment, bastt results of the initial assessment or respdrom the
regulator, then it would be “good practice” to avihe client at the earliest opportunity of theglility of such an
extension

Communication of the scope adopted and inherenitalfions arising therefrom becomes “good practiée” the
practitioner as a liability risk management issue.is essential that the client be informed of timeitations of the
particular risk assessment and inherent uncertainty

C5 HAZARD ANALYSIS
Cs1 DATA GATHERING / DESK STUDY

Proper recording of data, including sources, isaehto subsequent review and possible revisiondaktianal data
comes to light.

120 Australian Geomechanics Vol 42 No 1 March 2007



COMMENTARY ON PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK

MANAGEMENT 2007

A useful data source should be the local councit¢gulator) who may have a “database” of expegettwough it may
be somewhat informal. Councils (regulators) areoeraged to set up a landslide inventory in acawdawith AGS

(2007a) which should be updated with reports ofitides and the damage resulting. Where informaliecomes
available to Council through reports that may hitellectual property rights limitations (copyrighthen a summary
of salient data and reference to the holder ofciygyright would be appropriate. The Council hasoaligation to

make such data readily available to practitionesskimg in the area to enable them to be fully infed. Provision of
such data enables the practitioner to better utatetshe local conditions and performance histony will enable the
regulator to reduce potential exposure to liabiltyues. Appropriate disclaimers or privacy cosmsations may also
have to be observed.

Relevant maps and aerial photographs may be alaifabm other government departments/ agencies.agés
available on the web, such as from “google eartfdy assist.

For studies of larger areas (rather than individogd), aerial photographs may form a useful dataree. Air photo
interpretation using stereo pairs can assist withpes morphology and identification of geologicalafieres.
Examination of aerial photographs, if availablé&etaover a number of years may assist in deterigisite and landuse
changes that may have occurred with time at tleeosisurrounding area. Evidence of past instghitiay be available
from such photographs. Often the small scale aflable aerial photographs will limit detail, padlarly at the level
of individual residential lots.

C5.2

FIELD INVESTIGATION REQUIREMENTS

The investigations completed need to be suffidiemtrovide confidence in the geotechnical modetywitbstanding the
uncertainties inherent. Table C1 lists the questio be addressed in landslide investigationd &tell.,2000).

Table C1: Questions to be addressed in slopdistadnd landslide investigations (Feit al, 2000)

(]

1 Topography? 1.1 In the landslide source and fiatéravel path.
1.2 Effect and timing of natural and human actiitythe topography.
2 Geological setting? 2.1 Regional stratigraphycdre, history (eg. glaciation, sea level subraeog and emergence}.
2.2 Local stratigraphy, slope processes, struchis&ry.
2.3 Geomorphology of slope and adjacent areas.
3 Hydrogeology? 3.1 Regional and local groundwatedel?
3.2 Piezometric pressures within and around tloke8li
3.3 Relationship of piezometric pressures to rdinfsnowfall and snowmelt, temperatu
streamflows, reservoir levels, both seasonallyamtually?
3.4 Effect of natural or human activity?
3.5 Groundwater chemistry and sources.
3.6 Annual exceedance probability (AEP) of grountwaressures.
4 History of movement? 4.1 Velocity, total displamant, and vectors of surface movement?
4.2 Any current movements and relation to hydroggypland other natural or human activity?
4.3 Evidence of historic movement and incidencsliding (eg. lacustrine deposits formed beh
a landslide dam, shallow natural slides, or fadursEcuts and fills).
4.4 Geomorphic or historic evidence of movemertlgpe or adjacent slopes.
5 Geotechnical characterisatiqn5.1 Stage of movement (pre failure, post failueactivated, active).
of the slide or potential slide? | 5.2 Classification of movement (eg. slide, flow).
5.3 Materials factors (classification, fabric, vole change, degree of saturation).
6 Mechanisms and dimensions pf6.1 Configuration of basal, other bounding, andnmal rupture surfaces?
the slide or potential slide? 6.2 Is the slide part of an existing or largerehd
6.3 Slide dimensions, volume?
6.4 Is a slide mechanism feasible?
7 Mechanics of shearing ard7.1 Relationship to stratigraphy, fabric, pre érigtrupture surfaces.
strength of the rupture surfacej 7.2 Drained or undrained shear?
7.3 First time or reactivated shear?
7.4 Contractant or dilatant?
7.5 Saturated or partially saturated?
7.6 Strength pre and post failure, and stressastfzaracteristics.
8 Assessment of stability? 8.1 Current, and likabtors of safety allowing for hydrological, seisnaind human influences?
8.2 AEP of failure (factor of safetyl)?
9 Assessment of deformatiofs9.1 Likely pre failure deformations?
and travel distance? 9.2 Post failure travel distance and velocity?
9.3 Likelihood of rapid sliding?

Whilst such questions are aimed at the investigatfospecific existing landslides of a moderatéarge size, they are
also useful to keep in mind for an assessmentalle-over level such as for an individual residahtilock.
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The applicability of various investigation methasisanked in Table C2 (Fedtt al.,2000) for different types of slopes.
Table C2: Application of site investigation metlkdd slope classes (Fell al, 2000)

SITE INVESTIGATION NATURAL SLOPES CONSTRUCTED SLOPES

METHOD S?QI?:)'\CV Medium Large Ex(i:sltjitng Exli:sitlilng New Cut New Fill Soft Clay
Topographic mapping and survey A A A A A A A A
Regional geology A A A A A A A A
Geological mapping of project are B B A A B A B C
Geomorphological mapping A A A B B B B D
Satellite imagery interpretation D D C D D D D D
Air photograph interpretation A B A C C C C C
Historic record A B B A B B(2) B(2) B(2)
Dating past movements B C B D D D D D
Geophysical methods C C B C C C D C
Trenches and pits B A B B B B B C
Drilling/boring C A A C B B B A
Downhole inspection C B B C D C D D
Shafts and tunnels D C B D D D D D
g‘;‘;ﬂeaﬁlfg}'ﬁg of strength and 5 cE) c) D B(3) c c A@3)
Strength and permeabilit

monitoring pore pressures, rainfa}l, Cc A A A A C C A(5)
etc

Monitoring of displacements C B A B B B(5) C(5) A
Laboratory testing C A B B B B C A
Back analysis of stability C B A C B B(2) C(2) C(2)

NOTES: (1) A - Strongly applicable, B — Applicable, C -aiylbe applicable, D — Seldom applicable.

(2) In similar areas.

(3) SPT, CPT, CPTU.

(4) Permeability.

(5) During construction.
The driver / purpose of the field investigationgasunderstand the geotechnical model, possibldslate causes and
triggers. Field investigations should start withwalk-over survey, including diligent field mappirig record the
geomorphic features. These should be drawn tee smalplans and sections to provide a sound metbgyobf
observation which can then lead to a preliminargtgehnical model and an understanding of the sfopeing
processes applicable. Subsequent subsurfaceigatésts help refine the preliminary geotechnicaldal.

Moon and Wilson (2004) advise “particular skillsdaknowledge bases relevant to developing slope mmadelude
understanding of:

» Slope failure mechanisms.

» Landslide travel distances and speeds.

» The relationship between landslides and the intgasid duration of rainfall.
e Landslide hydrogeology.

e Landslide formation process rates.”

References are given by Moon and Wilson (ibid)ekamples of the above.

The scope of work may vary depending on the leethe study completed, even within the complyingze
Indicative levels of study would be:-

* Reconnaissance: to establish the broad topography, evidence st pestability and geology on a regional
scale or as a screening process to aid determinatiscope of subsequent studies.

* Walk-over: to establish site (or area) specific topography dethiled observation of relevant features such as
outcrops, topographic form and evidence of padabity. Some initial subsurface investigation ynaso be
completed.
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» Preliminary design: to provide sufficient data to enable the concepsigies to be selected from possible
alternatives based on the risk management requirtsme

e Detailed design: to enable design of risk control measures to bemiggd and to remove sufficient
uncertainty such that the design will be satisfacto

e Construction: to confirm the design assumptions and allow modiftn to the design sufficient to address
departures from the assumed geotechnical model.

Not all levels of study will be applicable for eyeproject. For example, for some cases compleatioa walk-over
investigation may be sufficient to allow detailegsiyn to be completed satisfactorily. For more jglem projects, the
investigations may be completed in stages (foredifit levels) to enable the geotechnical modeletpiogressively
refined and uncertainties reduced. The levelstudysform a continuum and furthermore the scopé wély from

project to project.

The appropriate level for residential LRM shouldds out in the regulator’s policy and should béeast to a walk-
over level but with subsurface investigation asdeeeto establish the subsurface profile. Prelinyirzand/or detailed
design level investigations may only be warrantedecthe consent conditions have been set. Sudenboonditions
may include the requirement to complete the moteilde investigations so that the risk control mgas may be
properly designed and constructed.

The prescriptive requirements given in the Pradiloge are considered to be “best practice” for LBMndividual lots
or possibly for subdivision assessments. They aldo be applicable for investigation of a pattcuandslide or
area, but should be completed to a more comprelrelesiel.

Monitoring of ground water levels and responsesaiafall events would be ideal. However, practitiaiitations
(including cost and time) limit how often such mioning is likely to be completed. Frequently a lifative
assessment is likely to be sufficient. For stabtibn by subsurface drainage some monitoring beéord after
installation of the drainage measures will be reggliio enable the effectiveness of such drainape @mssessed.

If a practitioner does not comply with the requiests of a policy, then it should be fully documehie the report as
to why not.

C5.3 LANDSLIDE CHARACTERISATION
No further comment.

C54 FREQUENCY ANALYSIS

54.1 Techniquesfor Frequency Analysis

i) Main Techniques

The Practice Note outlines the main techniques lwhre routinely adopted. AGS (2000) Appendix Cvites further
discussion. Lee and Jones (2004) and Picaselll. (2005) provide more detailed discussion and exasmfiom
published papers.

i) Limitations for Historical Analysis

The Working Group notes that, in Australia, gathgrof historical knowledge is not usually as easyroitful as it
should be. Experience shows that local governmseltom has a complete listing and records becofffieutti to
retrieve, whilst local papers tend to concentraté'the human aspect” with little factual documeiutat not even of
date and time of a landslide event, nor the exdadtnature of the landslide. Notwithstanding taifisting of landslide
events (as a basic inventory) is of relevance @f&lia assessment of likelihood. Much of the datghe incidence of
landslides is held by consultants who work in theaa There would be considerable benefits if lagalernment
authorities gathered the data held by all the dtersis who work in their area and established &aniory which could
be accessed by all.

Within Australia an inherent limitation is likelyotbe the relatively short time period that develepihas been
exposed to landslides. Historically, original dieyenent tended to avoid problem areas based on cons®nse and
possibly trial-and-error. If historical recordsdimited to say 30 years, then the frequency oflsi events will be
limited to a basic 1 in 30 probability (about 0.08)ough this may be modified by the probabilitytofger events
during that period, and response within a poputatibsimilar landslides in similar geology and gewphology. Table
C3 shows the length of historical record requieégtimate return periods with selected reliability
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Table C3: The length of historical record requite@stimate return period events with 95% and 86kability.

. Length of record in years required to deliver fality of return period estimate
Return Period (Years) 95% reliable 80% reliable

2.33 40 25

10 90 38

25 105 75

50 110 90

100 115 100

From Lee and Jones (2004) after Benson (1960).

With sufficient data it may be possible to formel&trequency vs Magnitude curves to summarise tteeat®d gain a

better understanding of the overall process andcésed frequencies. (For example, refer Moon,sdfil & Flentje
2004, and MacGregat al.,2007).

iii) Evaluation of Rainfall

Statistical evaluation of rainfall data is relativeasy to perform using computer spreadsheet®sd ktatistics can be
related to the incidence of landslides. An exanglgven in MacGregoet al. (2007).

Consideration has to be given to possible trigheesholds which may relate to rainfall, either e tshort term
(minutes to hours) or the long term, such as adeaerainfall over weeks to months. Usually, aatlmt rainfall will

be relevant where rising groundwater levels ara sesethe main trigger, and this is frequently agatile for the larger
landslides

In addition, there may be a conditional probabitifythe landslide event occurring during a giveimfedl event, or the
conditional probability related to the proportioh similar slopes that might be affected by a rdinéwent. Such
conditional probabilities may be evaluated by cdeshg the proportion of slopes that have failecigiven rainfall
event (based on the landslide inventory in conjoncwith the rainfall analysis).

Use of simulation models which predict piezomemdsponses to rainfall events may assist with catiiton and
extrapolation to extreme rainfall events. Howeteese require long periods of records of rainfatl piezometric data,
and even when this is available simulation is diffi. Fell et al. (1991) gives an example. Table C4 indicates the
probability of different return period events oatng over different periods of time. It can bersdleat the probability

of having a low return period event (for exampleia 100 year event) over a relatively short manmiig period such as

5 years is quite low (4%). Thus such models artcapmlation will have obvious limitations but maglisbe a useful
tool for understanding a particular scenario.

Table C4: Percentage probability of the N-Year ¢w®eurring in a particular period.

Number of years N = Average return period in years
in period 5 10 20 50 100 200 500 1000
1 20 10 5 2 1 0.5 0.2 0.1
5 67 41 23 10 4 2 1 0.5
10 89 65 40 18 10 5 2 1
30 99 95 79 45 26 14 6 3
60 >99.9 98 95 70 31 26 11 6
100 >909.9 99.9 994 87 65 39 18 9
300 >99.9 >09.9 >09.9 99.8 95 78 45 26
600 >099.9 >09.9 >09.9 >09.9 99.8 95 70 45
1000 >09.9 >09.9 >09.9 >09.9 >09.9 99.3 87 64

After Lee and Jones (2004).

The effects of ‘climate change’ may show that ushistorical rainfall records has an implied lintitm. However, at

this stage the effect of climate change cannot legligted. Some predict longer dry periods, whdtters are

predicting higher intensity rainfalls. Since it ynbe that a changed rainfall pattern may in margesancrease the
probability of landsliding, whilst dryer periods yndecrease the probability for others, it is coesdd appropriate at
this time not to attempt to adjust the assessepliénacy for such changes.

iv) “Degree of Belief” or Subjective Probability

For many cases, the practitioner will have to miythe “degree—of-belief” method or subjective @oitity. This will
be necessary due to the lack of relevant informasiach as historical records and/or quantitativayasis of trigger
events which would enable an objective assessnfeavemt probabilities. The practitioner will hat® make best

estimates of frequencyl/likelihood from limited sidata, using experience and broad knowledge ofraa ar other
areas of similar slope form and geology.
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Moon and Wilson (2004) provide a useful over-vieadeveloping judgments on landslide likelihood:hé necessary
evidence on which judgments of landslide likelihaogl based has to be assembled, understood angbieted. This
process involves developing a slope model thaetfla sound knowledge of how the slope was fornoedjt behaved
in the past and how it might behave in the futuiide ability to build up such a model comes fromwkadge of the
slope and its surrounds, knowledge of similar stoipesimilar environments, and a range of skillgl &mowledge bases
that result from training and experienceMany useful references are cited.

Vick (2002) discusses the role of evidence andchlginference to subjective probability and engrimege judgment.
Although the assessed likelihood will be a subjecfudgment, it should, like a bookmakers oddsydmed on evidence
(Moon and Wilson, 2004).

There are undoubted problems associated with usgegfee—of-belief” methods. The following preseatsummary
of the discussion in Lee and Jones (2004).

The main potential problems identified by Robert890) are, in summary:

. Poor quantification of uncertaintywhich may result in significant over estimatedikélihood where the slope
forming process is ignored or misunderstood.

. Poor problem definitionas a result of the practitioner’'s experience badkground, resulting in emphasis on
one area or element of the slope at the expenseatiier.

. Motivational biaswhich may result in over optimistic or overly cengtive assessments depending on the
purpose of the assessment.

. Cognitive biasvhere the practitioner’'s judgment does not matehavailable facts.

The effects of these potential problems can becediwr eliminated by techniques such as those efdrel Jones
(2004):

. “Self assessmenwhere the rationale behind every judgment hasetonvell documented as required by the
Practice Note. The same operator bias is likelggply, but the documentation process clarifiesldigéc and
results in a more defensible judgment.

. Independent review or second opiniehich also should be well documented. This mdlysstffer from bias.

. Calibrated assessmemthere the practitioner’s biases are identified ealibrated, and the assessment adjusted
accordingly. The biases may be identified by pg@up review or objectively by a set of experimeats
guestionnaires.

. Probability encoding which involves the training of practitioners t@ogduce reliable assessments of the
probability of various events in a formal mannehmisTinvolves six stages:

1. Training the practitioner to properly quantify urteénty.

2. Identifying and minimizing the practitioner’s bitendencies.

3. Defining and documenting the item to be assessad imambiguous manner.

4. Eliciting and documenting the practitioner’s ratdm for the assessment.

5. Eliciting, directly or indirectly, the practitionsrquantitative assessment of uncertainty and déhgdor
self-consistency. The practitioner’'s uncertaintyh dze established by determining the probability of
various states through comparison with referenzmons, such as poker hands, or by choosing legtwe
two lotteries (e.g. probability wheels or interyalsitil indifference is achieved.

6. Verifying the assessment with the practitioner eaqukating the process if necessary.”

Group consensus about a judgment is desirableskadhiieved at increased cost and may not be econdrhiere may
be significant differences of opinion between dif& practitioners. Where such differences of igpirare identified
then they should be attempted to be resolved @iefigin an open forum. The outcomes from this Ikgg&m process
can be:

. Convergencéo a common belief or assessment agreed to Ipyadtitioners in the group.

. Consensusyhere a single assessment can be determined bassessment may not be the exact view of each
individual. The consensus assessment may be aroarige derived from the individual assessmentsrotijg
members but without the express agreement of tthgidluals concerned (forced), or the group may essly
agree to it for a particular purpose (agreed).

. Disagreement. Where convergence or consensus to a single assgsgneot possible from the multiple
assessments due to the major differences of opinion

More detailed discussion of the above is preseintége and Jones (2004).
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The Working Group considers that the Practice Neiines “best practice” for self assessment wlsetdegree—of-
belief” method is frequently adopted. Howeverisitanticipated that documentation of the assessméhinclude
reference to known history and trigger events 1p halibrate the judgment and provide defensihility

The assessment of frequency should adopt the lesmtsravailable given the nature of the landslidiesyumstances of
the geotechnical model, nature of triggering eveartd requirements of the risk assessment. Whavedfta are
available, then estimates erring on the consemaide should be adopted to cover inherent unagytaMore detailed
studies may then be required to provide more rielieibk estimates.

In considering the circumstances of the particaasessment, the practitioner has to use best ¢ssinfimm the
available data when assigning likelihood (and cqueaces) values, but will inevitably be based osubjective
assessment of the practitioner's “belief” of the semsment. The assessment needs to consider
range/uncertainty/sensitivity of the assessed galoestablish confidence. The practitioner haspialy judgment, but
must provide an explicit trail, or explanation,ledic applied to derive the best estimates adopted.

Stewartet al. (2002) discuss the RTA Guide to Slope Risk Analyghich provides a systematic procedure for LRM
for roads based on defined ratings to derive aregsd Risk Level. The companion paper (Bayteal., 2002)
discusses the issues of accuracy and precisiorsanofi the procedure by many practitioners on aelangmber of
slopes. The methodology of the procedure is basegrinciples outlined above. Training in use loé system is
required to help calibrate each practitioner ardlice bias. Audit procedures are used to derivesasus where
necessary.

The state-of-the-art paper by Picaretlial.,(2005) also provides a further overview and example

V) Event trees

Event trees enable the logical sequence of eventsetconsidered in a structured manner. A suitablectured
approach might, for example, consider for each atersequences such as likely trigger event, stegponse, and
consequence. An event tree can be used for corapénarios.

The method has the advantage of enabling the ladapted to be clearly shown together with eachmesé of
conditional probability, thereby providing clearadonentation for review and appraisal.

This matter is discussed further in Lee and Jo2@84), and provides some examples where the méiwtheen used.
Hsi and Fell (2005) give an example where trigggeby rainfall, over-taxing of a culvert and earthe is modelled.
Mostyn and Sullivan (2002) provides examples iatieh to failure of fill embankments along a roddill et al.(2002)
provides further discussion of issues associatél tive principles of event trees.

54.2 Estimation of Annual Probability (Frequency) (P(H)) of Each Landdlide

a) Use best estimatesfor frequency estimates but consider range/ uncertainty/ sensitivity.

AGS (2000) acknowledged that assessment of frequ@ndikelihood, is the most difficult part of thiesk assessment
process.

Assessment is particularly difficult at the meditmlow frequency end (say T(pa to 10 pa) because historic data
based methods are not applicable. However, suktievanay still be appropriate by a combination iderstanding
the slope forming processes and logical eliminatbother values. For some cases, such low frexyugalues may
obviously be appropriate to hazards which could aclcur over periods of geological time.

Experience has shown there is an inherent dandbrAppendix G of AGS (2000), in that some practiges assessed
the likelihood solely based on the Descriptor. Thdicative Likelihood would then be adopted withadue
consideration. This procedure is incorrect as rilesd below. An estimate of the probability shobkl made based on
the best estimate of performance, trigger proktéslietc. and then the descriptor may be assigosat@dingly.

Words such as “likely” can mean many different gsrto different people and in various contexts.e Tikelihood
descriptors vary enormously in probability valuéwesen different publications as shown in the agachable C5.

The qualitative terminology for Likelihood adoptéor the Practice Note Appendix C is essentially Hzme as
Appendix G, AGS (2000). The lowest category oélikood has been revised to Barely Credible (froot Gredible).

The Descriptors are given to provide a consistehto$ terms to assist the non-practitioner to et the assessed
annual probability. In addition, the Descriptonoyide a useful summary term for discussion purposéh due
recognition of the inherent limitation of accurabst is involved.
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Table C5: Some published relationships betweebaletescriptor and probabilities.

Conditional Probability Annual Probability

Verbal Descriptor| USBR Vick (1992) Bowden Reagan AGS (2000) | De Ambrosis & Moon &

(2003) etal.(2003) | etal.(1989) | Appendix G | Mostyn (2004) | wilson (2009
Virtually certain 0.999 0.99 0.999 0.9 Approx 0.1 ¢ >=0.1* >0.2*
Very likely 0.99 0.9 0.85 0.2 t0 0.02
Likely 0.9 0.7 Approx 0.01 >=0.01 0.02 to 0..002
Neutral (even 05 05 05
chance)
Unlikely 0.1 0.001 0.15 Approx 0.0001 >=0.0001 G2
Very unlikely 0.01 0.1 0.0001 0.1 <<0.0002
Virtually impossible 0.001 0.01 0.000001 0.02 <0.000001F <0.000001*

Note: * Verbal descriptor similar

Consideration has been given to the cumulative alibby associated with each Descriptor and theeetqtion for the
probability of occurrence of the lay user for thasems. For example, on first sight the use oftdren ALMOST
CERTAIN for an annual probability of greater tha®® seems inappropriate. However, examinatiorhefRractice
Note Figure 2 shows that within a design life of y\@@&rs the cumulative probability of occurrenceli®ut 0.95, and
about 0.99 for 100 years. The apparent anomatypsained by consideration of performance overdésign life (as
discussed in Section C9.3 below), and it is comsitl@cceptable The indicative probability of oceace over various
design lives is given for each Descriptor in Talil&xl and CC2 in Appendix CC attached.

Where knowledge based expert judgment or ‘degrdeelid¢f’ method of assessment of frequency is ugedresulting
assessment could only be expected to have a pmecisthin about one order of magnitude as discusseBayneset
al. (2002). A consensus assessment by two or mootitpyaers can improve the precision to a reasaniel.

Although descriptors may have different meaningsthrer systems or publications, they are well d=fim the Practice
Note Appendix C. If an alternative system is toda®pted then the alternative should be similagl wefined and
include an explanation as to why the preferred meheas not adopted for the LRM assessment.

b) Estimates of frequency may be derived by partitioning the problem to (Annual probability of trigger
event) x (Probability of diding given thetrigger event) over therange of trigger events.

It is sometimes useful to consider the likely resgmof a slope to given rainfall events (or othigger events, such as
earthquakes) when assessing frequency. Hence:

Frequency = (Annual probability of trigger evert)Probability of sliding given the event)
= Pr X Psy
assessed over the range of trigger events.

The probabilities of sliding are assessed judgeatigrirom historic data and the experience of thacptioner. Table
C6 provides an example of employment of partitignia produce an estimate of annual probability aveange of
trigger events.

Table C6: Example of the assessment of the aqmmabhbility (frequency) of landsliding employingetannual
probability of rainfall and the response of thepgldo the rainfall.

Annual probability Annual Probability/annum Estimated conditional Annual probability
of the rainfall probability rainfall is in this range| probability of landsliding (Frequency) of
rainfall is (Pr) given the rainfall is in this landsliding
exceeded range (B )
linl 1.0
0.9 0.001 0.0009
1in 10 0.1
0.095 0.1 0.0095
1in 200 0.005
0.0049 0.9 0.0044
1in 10,000 0.0001
0.0001 0.99 0.0001
Total 0.0149
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Where there is little historic data on which toesssthe conditional probabilities<(f} it is useful to use inferred
relationships known as mapping schemes. Thesedlirdfitative and quantitative terms for probabilityrable C7
shows a scheme which has been used widely in daknagsessment in Australia.

Table C7 was developed for use in dams risk asssdsrny Barneictet al. (1996) from Military Standard (1993),
using Baysian theory to assess historical datais Was done by a group of dams and geotechnicadresspand
reviewed by Professor A. Cornell. It has been uswtlvalidated in other areas such as pavementgearent systems,
environmental risks at mine sites and seismic aislysis projects. Experience shows the tablesh@pbtaining
consistent estimates of conditional probabilitiethin event trees.

Table C7: Mapping scheme linking description kélihood to quantitative probability (Barneiehal.,1996)

Order of M agnitude of
Probability Assigned

Occurrence is virtually certain 1

Occurrences of the condition or event are obseirvélte available database 10

The occurrence of the condition or event is noeoled, or is observed in one isolated 2

. ) : ) ) ; ; . s 10

instance, in the available database; several patdailure scenarios can be identified.

The occurrence of the condition or event is noeoled in the available database. Ifis

difficult to think about any plausible failure se@gio; however, a single scenario could 10°

be identified after considerable effort.

The condition or event has not been observed, anglausible scenario could

identified, even after considerable effort.

Description of Condition or Event

10*

c) Complete areview of the assessed frequency in relation to the implied cumulative frequency of the event
occurring within the design life and known perfor mance within the ar ea.

Practice Note Appendix C Likelihood table has ided the “Implied Indicative Landslide Recurrencteiwal”. The
correspondence to the Approximate Annual Probgh#itnot strictly correct, especially at low probay values. As
discussed by Moon and Wilson (2004) the recurreéntval has a connotation about long periods mktbased on
long periods of evidence. The reality is that dateelation to the annual probability values obab10* or less will be
limited. "However, because likelihood evidencates to years not abstract numbers (e.g. yeasbélape movement,
return period of landslide inducing rainstorms), njgoractitioners find it easier to think in term$ ‘tandslide
recurrence intervals’ and then convert the judgsé&meinnual probabilities” (Moon and Wilson, 2004).

The inclusion of likelihood terms for annual probiapvalues of less than 1Dis considered to be appropriate to allow
for differentiation, particularly where the probkiyiof spatial impact may be quite different faffdrent hazards. This
also offers easy differentiation for hazards whign@ probability of landsliding is barely credibfey example on a
plateau area remote from any escarpment or pos®glession (except over geological time) and havalatively
gentle slopes underlain by competent strata thiegtnitity is likely to be less than fpa.

54.3 Assessment of Travel Distance and the probability of spatial impact (P(S:H) ) of the elementsat risk

For most risk assessments it will be adequatetimate travel distance using empirical or simptfimethods. Only in
very detailed studies of large and important laidésl would it be necessary or useful to use metisodh as finite
element or distinct element analyses to estimdi@rahations of individual slides, or to use numelriteethods to model
debris flows or rock avalanches. Humgral. (2005) provides an overview of methods for estingptravel distance.

For rotational landslides which remain essentiaihact, the method proposed by Khaéli al. (1996) or experience
with landslides in similar geological, topograplaind climatic conditions can be used to estimatedibplacement.
This method is based on the principle of consemwatf energy assuming the factor of safety at failis unity,

adopting the residual strength and the slope gegnetestimate the displacement. The results coenpeasonably
with case studies. The displacements are greftesbrittle” failures i.e. where there is a lardmess of strength on
shearing. The strength loss may be best measuragddirained strength terms, e.g. for soft clayk@ea remoulded
strengths should be used and for saturated looskafgsing) granular fills where liquefaction maycac, post

liquefaction strengths should be used. For nocutar surfaces, the method may overestimate dispiaots.

Deformation may be modelled for more important ct§ using finite element, finite difference ortiist element
programs.

There is a degree of uncertainty in the methoddadla for estimating travel distance. Judgmerit &lso have to be
applied when consideration of travel directionegevant in relation to the landslide impacting atipalar element at
risk. (Such consideration is most likely to beekant for boulder falls or similar.) For individuallotment

assessments, a best estimate or slightly consezvapiproach may be used, though for more detad&dassessments,
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the uncertainty in travel distance and /or traviebation should be modelled as shown in the exarppésented in
Table C8.

Table C8: Example of modelling uncertainty in ghglistance and the probability of spatial impzﬁqggﬂ ).

Travel Distance Estimated Probability the Travel Probability of spatial impact (P () ) assuming
Range metres Distance will bein this Range the element at risk is 32 metres below
thelanddide
<20 0.2 0
20 to 30 0.6 0
30 to 40 0.2 0.2
Total 1.0 Total 0.2

The probability values could be further modifiedthg conditional probability associated with tradekection, where
this is appropriate. For example, if a rockfalbhissessed to have a variety of possible trajestasi@y some of which
will result in spatial impact on the element akyithen application of the conditional probabilityr the trajectory
would be applied to the travel distance probability

C6 CONSEQUENCE ANALYSIS

Co6.1 ELEMENTSAT RISK
No further comment.

C6.2 TEMPORAL SPATIAL PROBABILITY (P (1.g))

Roberds (2005) gives a detailed account of howstimmate temporal spatial probability where the elata at risk are
mobile. AGS (2000, 2002) Appendix E gives dethilsthe case of traffic travelling on a road.

For most assessments involving persons at risk lwiking, the practitioner should make an estimaitéemporal
spatial probability based on the use of the bugdinThis should include assessment of the prolaloi non-
evacuation which may be used as a conditional fmititya The landslide velocity and possibility fifrewarning of the
landslide failure will be relevant considerations.

The assessment may need to be based on a regulatdional occupancy for a dwelling, not necesgdhé client’s
proposed occupancy. For example, a client may vadbuild a holiday house with relatively low oceuney factors
(particularly for the time of year most likely teave a landslide event). However, a subsequent owray be
occupying with an average family on a fulltime desitial basis. The later occupancy would be moitcal and
should be adopted for assessment purposes foetleoghment.

C6.3 EVALUATION OF CONSEQUENCE TO PROPERTY

C6.3.1 Edgtimatetheextent of damage likely to property arising from each of the landslides

The assessment of vulnerability and damage to piojee subjective, and there is little publishedormation. The
Practice Note Appendix F has some data but notefdihgroperty this represents the judgements ofe¢hdoing the
study and is not a record of actual vulnerabilitjnere are some general points which should beidenmes:

. Landslides which move slowly (particularly thosetlwa near planar, horizontal surface of rupturey wause
little damage to structures on the landslide, thotigpse structures which are on the boundariebeofandslide
will experience differential displacement.

. For stuctures on the landslide, the rate of movensdess important for damage to the structuresegt insofar
as it affects the time rate of damage, than ibiddss of life.

. For stuctures below the landslide, the velocitythed landslide has a major effect on the damagehamde
vulnerability. Hence structures which are nearttieeof a landslide which will travel a long distenare likely
to experience a high velocity impact and will suffatensive damage (high vulnerability), and stites which
are near the limit of the travel (or run-out) oétlandslide will experience low velocity impact bgly part of
the landslide mass and will probably suffer “mindémage (low vulnerability).
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. It will sometimes be appropriate to consider vudtinglity of a small part of the element at risk. rlexample, a
room in a house which may be affected by a smatldfide such as rock fall, may have a vulnerabityi .0,
whereas this may represent only a proportion o/giee of the house as a whole.

. The proportion of a structure damaged is unlikelyepresent the same proportion of the value obthecture.
For example, damage to 10% of structure may rept&f®o of the value of the structure.

C6.3.2 Estimatetheindicative cost of the damage

The direct cost of damage to the structure is hetTotal Cost to the owner if a landslide occuf$ie Practice Note
details the costs to be considered to derive amatg of the Total Cost.

For many risk assessments it will be sufficientestimate the costs approximately for example bygugiublished
construction cost guides which are relatively irengive (such as Rawlinson’s, Cordell's, Reed’s ionilar).
However, the practitioner is not a quantity survegnd caution should be used in providing broadHmuesstimates
on which legal decisions may be made and enforo&ltl.cost estimates should be well documented afdrenced
using up to date industry sources appropriateg¢ddbation and types of costs involved.

Experience using the qualitative terminology in A@B00) Appendix G indicated that evaluation of theaning of
the description of the consequences to property bEasubject to wide interpretation. In an effartrtarrow the
interpretation, de Ambrosis and Mostyn (2004) sty use of estimates of the cost of damage asre ofjective
measure so as to limit disputes of interpretatibrthe description. The Practice Note definitioniltds on that
proposal. Assessment of the consequences to pydpes been normalised as the Total Cost relativihé Market
Value of the property under consideration. AGSoremends adoption of this updated approach usingnai-s
guantitative method as presented in Appendix Gi@fRractice Note.

There may be some situations where the regulatibrrequire the risk from all landslide hazards te brought to
tolerable risk levels as part of the remedial warkshe event of a landslide on a property. Regutawho will take
this approach should make it clear to Practitionleigg risk assessments in their area.

For Practice Note Appendix C, the consequence® dtas been adjusted in conjunction with appraisahe risk

categories as discussed in Appendix CC. It isidensd that the adopted consequence scale is abddeio the order
of magnitude scale in de Ambrosis and Mostyn (2@34he Appendix C scale enables a more workalbl@iggion of

risk in the Medium and Major categories (10% to Z06onsequences) and shifts the descriptors towthedsigher
consequences, which is more realistic.

There is an obvious limitation in application oétmethod if the practitioner is not experiencedugoto appreciate
the civil engineering and structural engineeringlications of particular landslide events. Howeas consequences
are an essential input to risk evaluation, thisitition has to be addressed and may require assesttiom other
experts, such as civil or structural engineersafgwopriate) or quantity surveyors for refinemeintast estimates.

C6.3.3 Estimatethe market value
No additional comments.

C6.3.4 Consder the resulting Consequence classification, such asusing Practice Note Appendix C, and
implied accuracy of the above estimates.

No additional comments.

C6.4 EVALUATION OF CONSEQUENCESTO PERSONS

The assessment of vulnerability to persons is stibeand there is little published information.helT Practice Note
Appendix F has some data but note that excephéodata in Finlay et al (1999) this representgutlgements of those
doing the study and is not a record of actual walb#ity. There are some general points which &hbe considered:-

. For persons below the landslide, the velocity & ldindslide has a major effect on the vulnerabiliBersons
who are near the toe of a landslide which will &la& long distance are likely to experience a higlocity
impact and will have a high vulnerability and persavho are near the limit of the travel (or runjoat the
landslide will experience low velocity impact by lpnpart of the landslide mass and will have a lower

vulnerability.
. Persons who are in buildings which collapse tota#lye high vulnerability.
. Persons who are in buildings are less vulneralale those in the open unless the building collapses.
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. Persons in vehicles are less vulnerable than tho#ge open. Their vulnerability depends on theuwwd and
velocity of the landslide. Experience in Hong Kdifiinlay et al., 1999) indicates that rapid landslides of only a
few hundred cubic metres are likely to result iattieof the occupants of the vehicle.

It should be noted that whether a person will emtedrom the path of the landslide is covered mperal spatial
probability, not in vulnerability.

C7 RISK ESTIMATION
Standards Australia (2004) HB436:2004 discussetyties of risk analysis which may be summarized as:

. Qualitative analysis “uses words to describe the magnitude of paértnsequences and the likelihood that
those consequences will occur. These scales caddyged or adjusted to suit the circumstancesdédfetent
descriptions may be used for different risks”

. Semi-quantitative analysis‘qualitative scales, such as those describedahbee given values. The objective is
to produce a more expanded ranking scale tharuallysachieved in qualitative analysis, not to segjgealistic
values for risk such as is attempted in quantiadinalysis.”

. Quantitative analysis “uses numerical values (rather than descriptiwales used in qualitative and semi-
guantitative analysis) for both consequences admditiood using data from a variety of sources. Thality of
the analysis depends on the accuracy and compsstarighe numerical values and the validity of thedels
used.”

Appendix G of AGS (2000) presented an example alitative terminology and risk matrix that was ciolesed to be
suitable for use in landslide risk assessment fopgrty. AGS (2000) recognized that alternativieesges may be used,
provided they are defined. As previously noted, SA@000) has now been superseded by the Practiee No

Cc7.1 QUANTITATIVE RISK ESTIMATION

Reference should be made to Lee and Jones (2004) mfumber of examples of risk calculations foraaiety of
scenarios. Some examples are also given in Rol{gfil5) and other invited papers in the same volurBeich
examples may be useful for deriving an approprateel to enable suitable risk estimates.

Cc7.2 SEMI-QUANTITATIVE AND QUALITATIVE RISK ESTIMATION FOR RISK TO PROPERTY

In the context of risk assessments for residedialelopment with submission to a regulator, adoptiba common
preferred qualitative terminology should be mandatas stipulated in the regulator's policy. If tipeactitioner
considers an alternative scheme to be preferabla farticular hazard/situation, then adoptionhig tlternative must
be justified by detailed documentation of the reaso

There is considerable benefit to the regulator thedpractitioner to use a common terminology. Carigon between
different sites and between different practitionésfacilitated. Whilst there may be an inhereiiffedence in
assessment between practitioners (for example @asrshy Baynest al, 2002), adoption of a common terminology
will facilitate understanding and calibration beemepractitioners. Use of a scheme developed $peaific site or case
makes cross comparisons difficult or confusing.

Although the Practice Note Appendix C scheme useditgtive terminology to communicate and/or sunisgathe
assessment of risk to property, it is in essergpeaatitative scheme since it relies on the begnasts of the likelihood
and consequence for the analysis. Risk to lifeushonly be considered quantitatively and the aidopbf semi-
guantitative methods is considered to be inappabgri

C7.3 RISK MATRIX FOR PROPERTY LOSS

The preferred Risk Matrix for Property presentedthia Practice Note Appendix C has been derived goiiynfor
residential development. It may also be approprigdb apply the scheme to other development,or
situations/consequences. If the scheme is modifie@n alternative adopted, then full discussibthe justification
and basis for the alternative scheme should bengive

A number of alternative qualitative scales for likeod, Consequences and resulting risk matricesamsigned risk
levels were examined before deriving the final sohén the Practice Note. Further discussion igmgiin Appendix
CC of the considerations involved.

The main considerations were:

. The use of the annualised cost of damage to hielpad¢ the risk categories.
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. The risk values have been skewed down in favowookequence (as discussed by de Ambrosis and Mostyn
2004) for the lower value consequences. It is @adthat higher consequences are more readily atept
tolerated at the lower likelihood values.

. Cell A5 (Almost Certain / Insignificant) has beeanbdivided in recognition of the practicality of leads that
result in very low value consequences and are lseadiepted by most owners.

. The recommendation to the regulator that MODERAIEE is tolerable and that LOW (and Very Low) Risk i
acceptable for Importance Level 2 and 3 struct@fgmpendix A, Practice Note) based on the assessuofent
implied cost impact of damage on most home ownedsthe fact that most home owners will be risk agén
the light of lack of insurance availability. Ifsorance was available then an annualised dollaeveduivalent
to an insurance policy cost would be a reasonafderational benchmark for acceptability. (ReferSection
C8.2b below).

Alternative qualitative schemas for measures dliifood and/or consequences may be used but the ismen the
practitioner to fully document the methodology aldinitions for the terminology adopted. The doemtation should
include an explanation as to why the AGS prefesateme is not appropriate. To avoid confusiorfediht descriptor
terms (words) should be used wherever possible.adidition, the components of any alternative systeuast be
compatible and form a consistent and logical predesallow LRM. It is considered likely that théepemeal
substitution of only one element of the preferrg@SAterminology is unlikely to produce a consistydtem.

C74 ESTIMATION OF RISK OF LOSSOF LIFE

It is widely accepted that Risk to life can only éealuated quantitatively and this enables direchgarison with
tolerable risk criteria. For this reason, AGS (@0R002) required life loss risk to be estimatedmitatively as does
the Practice Note. Refer also to discussion indrmek Jones (2004) and Lemdial (2005).

De Ambrosis and Mostyn (2004) have proposed sonaditgtive terms for risk to life. This proposalshaot been
adopted by the Working Group because their talieotdy be realistically used from right to left.hat is, the assessor
has to evaluate the conditional probabilities oflnewability, non-evacuation, temporal probabilityda spatial
probability in order to determine the required eabf “Indicative Vulnerability”. Since the conditial probabilities
are required anyway, it makes more sense to cantimwse them for evaluation of the risk to lifegtitatively, using
the assessed best guess likelihood value applitalie hazard.

C8 RISK ASSESSMENT

cs8.1 RISK EVALUATION

The final step in the Risk Assessment is the Rigaliation. The Practitioner has to relate thenested risks to the
risk tolerability criteria and then, if requiredetérmine the appropriate and necessary risk mibigatptions to reduce
risks to within tolerable limits. The owner andjuéator have to decide if risks are tolerable, ttopragmatically the
ultimate decision resides with the regulator.

If the risk cannot be reliably reduced by mitigatimeasures to satisfy the tolerable risk critetfieen either the
development should not occur or the scope of theldpment should be modified accordingly.

Individual risk will usually be the governing codsration for most residential developments and Ishmlate to the
“individual most at risk”. The risk from all lanlide hazards which may affect that person shoulddresidered and
summed to give the individual risk and this shasdtisfy the tolerable risk criteria.

In cases where occupancies are likely to includaymadividuals (such as for schools, hospitals,pgliog centres,
boarding houses, motels, clubs etc, i.e. Importamse| 3 and Importance Level 4 structures) rathan a family unit
in a single residential dwelling, Societal Risk glibalso be considered. For a family unit in adestial dwelling it is
considered to be impractical to consider sociagsi for every case and the risk assessment outi®melikely to be
significantly different.

The example in Appendix CB demonstrates how Sddiitk can be evaluated. More details are give ANCOLD
(2003) and Leroét al. (2005).

Additional considerations by the owner and reguldts determination of whether risks are tolerabiay include
political issues, social and community consideratjobusiness confidence, environmental impacts parst-disaster
uses.
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Cc8.2
a) Lossof Lifecriteria

TOLERABLE RISK CRITERIA

As discussed in Section C3.5, the regulator isaghyeropriate authority to set standards for toleraldk which may

relate not only to perceived safety in relationotber risks, but also to government policy.

Impéenation of a

tolerable risk level has implications to the comiityat large, both in terms of relative risks ofedg, but also in terms

of economic impact.

Table C9: Individual Loss of Life Risk Criterid.groi et al.,2005)

Organisation

Industry

Description

Risk/annum

Reference

Health and Safety
Executive, United
Kingdom

Land use planning
around industries

Broadly acceptable
risk.
Tolerable limit

10%annum, public and workers
10%annum publi¢
10%annum workers

HSE (2001)

Netherlands Ministry of
Housing

Land use planning
for industries

Tolerable limit?®

10%annum, existing installation
10%annum, proposed installation

Netherlands Ministry of
housing (1989), Ale
(2001), Vrijlinget 4d.
(1998)

Department of Urban
Affairs and Planning,

Land use planning
for hazardous

“acceptable”
(tolerable) limits®

5x10"/annum hospitals, schools, childcare
facilities, old age housing

Committee on Large Damg

>

risk subject to ALARP
10%annum new dam or major

NSW, Australia industries 10%annum residential, hotels, motels
5x10%annum commercial developments
10%/annum sporting complexes
Australian National Dams Tolerable limit 1annum existing dam, public most at | ANCOLD (2003)

landslide risk managemen

natural slopes)

10°%annum, public most at risk, new slope

augmentation, public most at risk, subject|to

ALARP.
Australian Geomechanics | Landslides (from | Suggested 10“%annum public most at risk, existing AGS (2000)
Society guidelines for engineered and tolerable limit slope

Hong Kong Special
Administrative Region
Government

Landslides from
natural slopes

Tolerable limit

10annum public most at risk, existing
slope.
10°%/annum public most at risk, new slope

Ho et al. (2000), ERM
(1998), Reevest al
(1999)

Iceland ministry for the
environment hazard zonin

Avalanches and
y landslides

“acceptable”
(tolerable) limit

3x10%annum residential, schools, day car
centres, hospitals, community centres.
10*annum commercial buildings

5x10° recreational hom&s

e lceland Ministry for the
environment (2000),
Arnalds
et al. (2002)

Roads and Traffic
Authority, NSW Australia

Highway

landslide risk

Implied tolerable

risk

10%annun{”

Stewartet al (2002), RTA

(2001)

Notes:
(1)
2
(3)
(4)

period. For the second ranking, societal risk i¥40num, and slope is put on priority remediatish li

But for new developments HSE (2004) “advisgaimst giving planning permission where individtisks are > 18/annum’”.
Based on a temporal spatial probability of 1.0
Assumes temporal spatial probability of 0.@6residential, 0.4 commercial, 0.05 recreational.
Best estimate of societal risk for one perkitied, top risk ranking. If slope ranks in thisnge action is taken to reduce risks within a short

Table C9 summarises published individual lossfefriisk criteria. An overview of the issues in téda to Loss of Life

criteria are discussed in Leret al. (2005).

It is important to distinguish between “acceptatid&s” and “tolerable risks”.

Tolerable Risksre risks within a range that society can livenvab as to secure certain benefits. It is a rafgesk
regarded as non-negligible and needing to be kegenureview and reduced further if possible.

Acceptable Riskare risks which everyone affected is preparecctept. Action to further reduce such risk is ukual
not required unless reasonably practicable measmeesvailable at low cost in terms of money, tand effort.

Most organisations listed in Table C9 have adopieérable Risk as the measure to gauge risk. iSHiecause there
is a trade-off between the benefits and cost &f mgtigation, and the costs to achieve acceptablelevels are often
high. The Australian National Committee on Largari3alANCOLD) has adopted tolerable risk criteria &ssessing
risks posed by dams. This decision was reachedeftensive consultation locally and internatiopalhd after seeking

legal opinion.
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After due consideration of these factors and takingount of the criteria which were included in A@B00, 2002)
AGS suggests thdbr most development in existing urban areas criteria based on Tolerable Risks levels are
applicable because of the trade-off between the risks, the benefits of development and the cost of risk mitigation.
Therecommended Tolerable loss of liferisk values for the person most at risk for different situations are shown
in Table 1 of the Practice Note.

It is recommended that risks be assessed onlhéopérson most at risk, and not for the averagsopeais suggested in
AGS (2000, 2002). ANCOLD (2003) reported that ferson most at risk always controlled, and thataye risks
were difficult to define and determine.

The recommended values are higher for existingesldban for new slopes. This is in keeping withGDLD (2003)
and general literature on risk tolerability whictdicates that persons tolerate risks from exidtiazards more than for
newly constructed ones. Where development modifieexisting slope, the “new slope” criteria shobddapplied in
accordance with the definitions given for the ditbain Table 1 of the Practice Note.

Regulators may decide to apply “acceptable riskiteda for high consequence cases, such as schumdpijtals and
emergency services in recognition of the importaosfahese structures and as a way of covering &daisk concerns.
This is also reflected in the recommended critimigoroperty loss for different Importance Levefstructures below.

The community may tolerate higher risks from ndturazards than man made hazards (IJUGS 1997). @uch
consideration by the regulator may result in somieimal hazards being tolerated in the face of exmegl expenditure
to reduce the risk to tolerable levels. An examgflehis may be the risks associated with boul@dls ffrom natural
cliff lines in a bush reserve adjacent to existiegidential development. [f the regulator and ptoadly affected
owners were not aware of the circumstances thenr fwithe LRA they would have been “uninformed” dadfption of
such tolerable risks should be made on the basis appropriate LRA and assessment of the rislgatitin options.

It is recognised that the recommended criteria lagher than required by NSW Department of Plannj2g02)
However, their criteria are applied to developm&nth as chemical plants which can be sited in amb&se the low
risks can be achieved. Urban development is witdlsisignated areas, the land owner has no optiotoldevelop (if
practical) so the trade-off between risk levelstad development and risk mitigation have to besidered. This is a
similar situation to dams and is part of the rea8NCOLD have adopted tolerable risk criteria.

Societal Risk may be measured against the ANCOLID3IP recommended values as given in Figure 4 obiletral.
(2005). Reference should be made to ANCOLD (2008 mcarrying out such assessments.

For special cases of work place related risks, aghn mining and tunnelling, and/or for short testability in
construction sites, then work-place safety requinets will control and those criteria might govern.

b) Lossof Property Criteria
Acceptable (or tolerable) values for Risk to Praypare rarely quoted in literature.

Lee and Jones (2004) considers evaluation of sskhir economic terms by evaluating economic intdiceisuch as
the Benefit-to-Cost Ratio, Net Present Value ancrdmental Benefit-to-Cost Ratio. This allows congmn of
alternative risk management strategies. Applicatid a decision rule allows selection of the mosstceffective
management option. Various methodologies for etadn are detailed in Lee and Jones (2004) andoaréengthy to
repeat here. Such methods should be investigatethifger projects or where a variety of stabilmatoptions are
possible.

The issue of what might be an acceptable valuerif to property has been subject to consideraldeudsion
following publication of the Pittwater Council Dtgdolicy in 2003. This policy required a Low Rikproperty using
the qualitative terminology given in Appendix GAGS (2000).

Discussion of whether this risk criterion should bedified and whether it is in accordance with camity
expectations was progressed by consideration oftimeialised cost of damage to property as discussAgpendix
CC.

Annualised cost of property damage is a useful lierack for comparison of different hazards. Howewaeloption of a
dollar value based on a cost equivalent to an am@ policy premium is only considered to be appate where such
policies can be obtained. Where insurance canroblgained (which unfortunately is currently thesecaacross
Australia), then experience shows that most infafn@me owners are likely to be risk averse as altrex
appreciation of the consequences at a family osqrex level, almost regardless of the likelihoodhaf event. This
risk aversion suggests that Low Risk to Proper@grnisappropriate recommendation for acceptabletoigke regulator
for domestic dwellings which are of Importance LeX¥das defined in the BCA, refer to Practice NAmpendix A).
Alternative levels are risk are considered reaslenfaio structures of other Importance Levels asasshin Table C10
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Table C10: AGS suggested Acceptable qualitatisleto property criteria.

Suggested Upper Limit of Acceptable QualitativekRsoperty (2)
Importance Level — —
of Structure (1) Existing Slope (3) / Existing New Constructed _SI(_)pe 5B)/ N_ew
Development (4) Development (6) / Existing Landslide (7
1 Moderate Moderate
2 Low Low
3 Low Low
4 Very Low Very Low
Notes:
1. Refer to Appendix A, Practice Note
2. Based on Appendix C, Practice Note
3. “Existing Slopes” in this context are slopes that ot part of a recognizable landslide and haveothstrated non-

failure performance over at least several seaspasants of extended adverse weather, usually teeayiod of at
least 10 to 20 years.

4. “Existing Development” includes existing structuraad slopes that have been modified by cut ahdHat are not
located on or part of a recognizable landslidelange demonstrated non-failure performance overagtIseveral
seasons or events of extended adverse weathelyuseiag a period of at least 10 to 20 years.

5. “New Constructed Slope” includes any change to ixjstlopes by cut or fill or changes to existingpss by new
stabilisation works (including replacement of eixigtretaining walls or replacement of existing dtshtion
measures, such as rock bolts or catch fences).

6. “New Development” includes any new structure ormgeto an existing slope or structure. Where ceag an
existing structure or slope result in any cut brofi less than 1.0 m vertical height from the toghe crest and this
change does not increase the risk, then the EgiStiope / Existing Structure criterion may be addptWhere
changes to an existing structure do not increasétliding footprint or do not result in an overetlange in footing
loads, then the Existing Development criterion rbayadopted.

7. “Existing Landslides” have been considered likelyequire remedial works and hence would becomewa N
Constructed Slope and require the lower risk. Enviare remedial works are not required per se, itldvbe
reasonable expectation of the public for a knownd$ide to be assessed to the lower risk categoayraatter of
“public safety”.

Tolerable risk levels would be one class higher €gample Moderate where Low is acceptable). Glamation
should be given by regulators to adopting Toleraisle to property for Existing Slope and Existing\2lopment
situations in a similar vein to the recommendeéedéntiation for risk to life.

C9 RISK MANAGEMENT

Ca1 RISK MITIGATION PRINCIPLES

The principal aim of the risk mitigation measurbswd be to reduce risk, to engineer out uncergdmthe risk and to
provide a level of risk satisfying community expiins through the regulator’s criteria once prgpienplemented.

Not all options for risk control methods will beafgble or appropriate for each project/ circumstanc

The issue of whether residual risk (after impleragah of risk mitigation measures) is tolerableagceptable (as
appropriate) should take into account the ALARPngiple. ANCOLD (2003) defines ALARP (As Low As
Reasonably Practicable) principle as “that prireiplhich states that risks, lower than the limittaierability, are
tolerable only if risk reduction is impracticable ibits cost is grossly disproportionate (depegdan level of risk) to
the improvement gained.” Note that ANCOLD (2008ppts tolerable risk criteria; where an acceptaiske criterion
is adopted, then “acceptable” would replace “tddégain that definition. Putting this principle @nother way, if risk
can be reasonably and cost effectively reducetiéuthan the acceptability criterion, then the ddal risk mitigation
measures should be adopted also.

Risk control measures are likely to require on-gaimintenance in most, if not all, instances.

Detailed specification of the design, constructéod maintenance criteria for each risk treatmerdasuee should be
appropriately specified or addressed. Feedbaeg&ssntial throughout the design and constructiongss to enable re-
evaluation of the assessment as appropriate.

C9.2 SITE SPECIFIC DEVELOPMENT CONDITIONS

Site specific development conditions need to berdahed such that risk levels are reduced to yatisf regulator’s
criteria. They need to take into account unceti@srand limitations of design and construction.
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The development conditions may be thought of asmeeendations. Recommendations are usually comrsider be
optional for the client to accept or reject if attiactors weigh more heavily. However, the deveilept conditions
may not be an option for the owner if they formessential component of the risk management strategy

The practitioner should be mindful of the needigmslocumentation upon completion of constructibthe approved
works, such as by submission to the regulator obmpletion form (such as the Practice Note, Apperli Form
G).The experienced practitioner will be aware of tmplied liability associated with such forms. eféfore, as a
matter of good practice for liability risk managarhethe practitioner needs to specify appropriagpéction and
testing throughout the detailed design and corstrucphases so that he can sign-off on completiathowt
unnecessary liability exposure.

AS2870 (Standards Australia, 1996) requires sitesresthe “foundation condition on a sloping siteevehdownhill
foundation movement or failure is a design consitlen” (clause 1.7.29, AS2870) to be classifiecCésss P (clauses
2.1.2 and 2.4.4, AS2870). Such sites require desigfootings from engineering principles. The igasand
construction aspects of such footings may fornnéegral part of the risk mitigation measures. Sgeeral guidance
is given in Appendix G of the Practice Note.

Ca.3 DESIGN LIFE

The premise behind adoption of a design life mayheecommunity expectation that a residential dwglfrequently,
with appropriate maintenance, will have a functlolife well in excess of 50 to 60 years. The conmityi can
reasonably expect this performance for a well deigand constructed building. Such a design difecinsistent with
that nominated by relevant Australian Standardsathdr design guides as summarised in Table C11.

Table C11: Summary of Design Life Requirements.

Stqndard or Title Clause/Section Design Life
Design Guide
AS 2870-1996 | Residential Slabs and 142 50 years
Footings - Construction
AS 3600-2001 Concrete Structures 4.1 40 — 60 years
AS 3700-2001 Masonry Structures [AS 1170.4 — Appendix F, Table 3.3]
Refer to
AS 4100-1998 Steel Structures
AS 1170.0 and . _ .
AS 1170.4- <6 months ranging to >= 109 years for varying
AS 1720.1-1997 Timber Structures ' Importance Levels and varying Annual Probability of
Exceedance
Varying according to pole construction material and
Structural Design Aopendix D exposure.
AS/NZ 4676-2000| Requirements for Utility pp ' Galvanised Steelp to 60 — 100 years and >100 years,
. Table D2
Services Poles down to 3 — 12 years
Concrete 50 — 100 years and >100 years
Short 5 years Temporary site works
. 10 years Mine structures
Medium -
341 and 30 years Industrial structures
AS 4678-2002 Earth Retaining Structures > River and marine structures
Table 3.1 60 years . . . ’
residential dwellings
Long 90 years Minor public works
120 years Major public works
Design and Construction
Guides:
= Reinforced Concrete
Concrete Masonry ?g?;(r)]?nry \C/:Va;r;ltsllever
Association of 9 Appendix C As above for AS 4678
; = Segmental Concrete
Australia 2003/04 : .
Reinforced Soil
Retaining Walls
= Segmental Concrete
Gravity Retaining Walls
Eﬂgglgﬁga Code of Importance Level Table B1.2a Read in conjunction wi$1170.0 and AS 1170.4

Usually the time-frame for the life of the structuwr development, and hence the period over wiieHandslide risk
assessment is relevant, will be based on thatfsgmbiy relevant design codes or the regulatéor example, Sydney’s
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Pittwater Council requires a baseline period of ¥8ars as the context within which the geotechniskl assessment
should be made, broadly reflecting the expectatairiie community for the anticipated life of aidestial structure.

The practitioner should identify the maintenancguieed to achieve the required design life in felato the landslide
hazards. The design life should also be nomingtadicularly if it is not in accordance with a sfji& requirement.

On-going maintenance is essential for the effeottés of the risk control measures. Without sucmt@aance, the
risk may change from acceptable to unacceptable tinite.

Co4 MAINTENANCE REQUIREMENTS

It is essential that the owner (and occupier) beleravare of the necessity of maintenance to proeftbetive and
sufficient risk control over the design life. TReactitioner should advise on appropriate inspadiied maintenance to
control the risk. Some guidance is given in theGaides (AGS 2007¢)

Future owners need to be made aware of the same@esm®nts. One method available to inform futunners is to
have annotation on the Land Title so that the Betaferred to in the annotation become readilywkméo new owners.
Such details should include the reference detdikhe risk management report and relevant desighcamstruction
records, as well as maintenance records.

C10 REPORTING STANDARDS

The report has the overriding function to docunteetdata, assumptions and thought process usedef@ssessment.
Such documentation facilitates subsequent reviewavision. The report should be technically r@es but must also
be understood by non-technical people who are rediid make decisions based on it.

The report should fully document sources of datéerg of investigations completed, assumptions naattkassociated
limitations. The report is to be clear, unambigsjostating outcomes from the investigations aneéssssent, and to
make clear recommendations. If there is uncegtathen such doubt needs to be stated in the répgether with what
can be done to clear up the doubt. A good priedipladopt for such documentation is to assumetieateport may be
tendered as an expert report to a subsequent case. Such documentation is necessary to jusidyexpert’s

conclusions if it is not to be rejected on the badithe “Makita Principle” which, broadly speakjmgquires reasons
based on facts or calculations or precedents,imug an unsubstantiated opinion.

The report should document the best estimate sefarlthe risk analysis, based on data availabikeatstage.

Table C12 presents an example checklist of issuée taddressed / considered by LRM reports. Theektist should
also assist the practitioner when preparing reportsonfirm that all relevant aspects have beerremdeéd, and the
regulator when evaluating reports for compliancenpblicy requirements.

Cl1  SPECIAL CHALLENGES

Cili1 MINOR WORKS
No further comment.

Cl11.2 PART OF THE SITE NOT ACCEPTABLE

The requirement to address other parts of theisiteerived from the community expectation that weptable risks
will be identified and addressed as part of a bidatg of care.

Cl11.3 ADJOINING AREASNOT UNDER THE RESPONSIBILITY OF THE SITE OWNER

Again the broad duty of care requires these othieh sareas to be addressed. Adjoining areas maynter the
regulator’s control and require direct input.

Cl14  COASTAL CLIFFS

Stability of coastal cliffs (and bluffs) is ofteronassociated with a rainfall trigger (as is ugutiie case with soil and
colluvial slopes). CIiff stability is often trigged by sea conditions, such as undercutting imspwetting by run up
and spray leading to frequent wetting and drying&yand possibly temperature.

Access to coastal cliffs is often difficult duettte physical constraints. Nonetheless, where thgreelements at risk
(being either property or people, above or belosvdfiff) then the situation needs to be examinednfboth above and
below to confirm the appropriate site details tdeas since the likelihood and consequences wilthigbly dependent
on those features.
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Table C12: Example Checklist for LRM Reports

Response: Comments/ Description
Items Check Yes, No, (If used by the Regulator, then all except No answersrequire
NA, NK comment)
Report Reference and date
Client’'s name
Q Site address
(% Date of site visit.
Site visit by (name)
Weather conditions on date of visit
Will the proposed development have a degree of use
or occupation by humans?
- Does the development involve significant
o modification to the landscape, including cut ani@ fi
%— What is the landslide susceptibility classificatfon
o) this slope/site? (Assuming the regulator has
3 completed such zoning studies in accordance with
= AGS 2007a)
What is the landslide hazard or risk classificafimn
this? (as above)
What is the regional geology according to published
maps?
§ Is the site located on surface fill or colluvium?
3 Has the geology been confirmed by inspection or
O investigation? If not — why not. If Yes — providadis
for confirmation.
Are there any indications of possible instabilitytbe
site or adjacent to it?
> Does the site have distinct breaks in slope or
S benches?
s Are there terracettes or other signs of creep en th
s} site?
% Are there signs of tunnel erosion, such as sinkhote)
O collapse of soils on the site?
Are there any tension cracks in the ground surfdice]
the site?
Do adjacent sites show signs of slope instabibty a
P described above?
& Do adjacent sites have non-retained cuts or fitisec
% to boundaries?
g Are there steep slopes, different geology or lardéo
= on adjacent sites that may pose a threat to tiei8 si
< Will the proposed development threaten the stabili
of adjacent developments via cuts, fill or drairiage
What is the overall (natural) slope of the site?
Are there changes (breaks) in the slope?
“8’_ Are these man made or natural?
D What is the maximum slope of the site?
Is the slope in an area of development different to
elsewhere (large sites)?
Does the site have deeply dissected drainage ciuise
Is the site likely to receive significant surfacater
runoff from other sites upslope?
o Does the site have dams, lakes, ponds, swamps, hogs
i seeps or soaks?
s Does the site receive drainage from road culverts
[a] spoon drains?

Will any aspect of the development significantly
modify the existing site drainage?
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Response: Comments/ Description
Items Check Yes, No, (If used by the Regulator, then all except No answersrequire
NA, NK comment)

Are there any severe forms of erosion including
tunnels or gullies on the site?

Do any existing cuts and fills show signs of erosio
including loss of vegetative cover?

Erosion

Do access tracks show erosion, scouring or signs pf
uncontrolled runoff?

Will the development have the potential to charnge [t
current conditions?

Are there existing cuts and/or fill areas on thei (If Yes, attach site sketch showing location, dxteeight and batte
angles)

Are there any existing unsupported cuts or filstth
exceed 1.0m in vertical height from toe to crest?

Are batter angles steeper than 1V:2H (or 26 degregs
or 50%) for any existing cut or fill in soil matels?

Are batter angles steeper than 1V:1H (or 45 degregs
or 100%) for any existing cut in rock?

Do existing cuts and fills have adequate surface o
subsurface drainage? Provide details.

Were vegetation and topsoil removed prior to fjin
If No, provide details.

Site Cutsand Fills

Have suitable fill materials been used and have the
been properly compacted (with evidence thereof)?

Do any existing cuts and fills show seepage? If, Yes
show details on site plan.

Are there any existing retaining walls on the site? (If Yes, attach site sketch showing location, extémight, type,
condition and slope of batter above)

Are timber or dry rock retaining walls used for apy
purpose other than minor landscaping of vertical
height less than 1.0m?

Do existing retaining walls supporting major cutsl g
fills appear to be unengineered?

Retaining Walls

Do existing retaining walls show signs of distress
movement? If Yes, provide details.

Do existing retaining walls have adequate drainage
above and below the wall? If No, provide details.

Are there discharge areas such as springs, seeps, (If Yes, provide site sketch showing location axte r&t)
bogs, swamps or constantly wet areas on the site or
adjacent to the site?

Are there bores intersecting a shallow watertablel o
the site?

Groundwater

Any other evidence of high groundwater levels?

Is rock exposed on the site?

Do any exposed cuts have rock strata that arerdipy
out of the slope?

Rock

Do any exposed rock faces show open joints or logse
boulders? If yes, provide site sketch plan anditset

Do exposed faces or existing excavations show [soil
profiles exceeding 1.5m vertical height?

Do exposed faces or existing excavations shoyw a
mixture of soil and rock, which may be landslige
debris or colluvium?

Sail Profile

Does the soil profile show inconsistent colouring|o
interbedded layers of differing materials?
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Response: Comments/ Description
Items Check Yes, No, (If used by the Regulator, then all except No answersrequire
NA, NK comment)

Does the exposed profile show imported materials|or
fill?

Is there significant evidence of yabby holes oeoth
burrowings?

Has the natural vegetation been substantially etkal
from the site?

Does the proposed development involve significant
clearing of the site?

Are any of the plants species on site indicators of
waterlogging (eg. spiny rush, swamp gums)?

Is revegetation work required?

Vegetation

Do existing trees and shrubs show signs of slope
instability, such as tilting or bent trunks?

Does any existing vegetation show signs of isolated
dieback or distress?

Will the removal of any vegetation cause increased
erosion and degradation to the adjacent area?

What type of effluent disposal system is currently
used? If on site disposal, show discharge ared®n s
plan.

Provide details of current discharge point for
stormwater. Show location on site plan.

Does the geology or stability of the site suggeat t
septic system absorption trenches are unsuitable?,

Are there any signs of increased waterlogging or
impact from effluent of adjacent sites?

Is a new point/area for stormwater discharge
proposed? If so, give details and show locatiod (an
extent if dispersed on site) on site plan.

Effluent and Stormwater Disposal

Is a new on site effluent disposal system propo#fed?
Yes, give details and show proposed disposal area o
site plan.

Have landslide hazards been identified and shown|on
relevant plan or section?

Has the risk to property been assessed and is the
result in accordance with the acceptance criterion?

Has the risk to life been assessed and is thetiesul
accordance with the acceptance criterion?

What is recommended to maintain or reduce the
landslide risk at this site? Are detailed requieais
given?

Slope Classification

OTHER COMMENTS

ASSESSEA DY Lo Date .ooiieiiiii e
COMPANY: ot e e e e e

Note (1) Assessment must be completed by a suitpldlified geotechnical practitioner.

Note (2) Every clear box must be filled in withheit Yes (Y), No (N), Not Applicable (NA) or Not Kmwn (NK). Comments could
cross reference to specific sections or page ofepert.

Note (3) This checklist is intended to document basic date to facilitate a landslide risk assessnre accordance with the
requirements of a regulator's specific policy. Tdi®ove table may require edits to be suited tol losaditions and the
requirements of the policy.

Note (4) A comment or full description is required all Yes responses. Applicant should submit itEdlaesponses in the attached
report.

Acknowledgement: This table has been based onhtbeklist from Yarra Ranges Shire with their kindrpession.
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APPENDIX CA: EXAMPLESOF RISK CALCULATIONS

The following examples of risk calculations are reproduced from Fell et al. (2005) with kind permission from the
publisher, Bakema.

Other examples are given in Lee and Jones (2004), in Roberds (2005) and in other invited papers in the Proceedings of
the Vancouver 2005 Landslide Risk Management conference (Balkema).

(iv) Risk estimation . o o
The annual probability of the person most at risk losing histher life is
Poony = Pay X Pery X Psmy X Viom
= (1.33x107%) x (04) x {0.83) x (0.4)/annum
=1.7%107%/annum

The annual probability of four persons being in the house where it is hit by the slide (assuming the time they
spend in the house overlap)

=(1.33x 107y x (0.4) x (0.14)
=074 x 107% /annum

Since their vulnerability is 0.4, so 1.6 persons (say 1 to 2) would be killed.

3. RISK ASSESSMENT

(i} Risk evaluation
Individual Risk _ _ ‘ o
g?om Table 2, the tolerable individual risk for an existing slu]?e is 1 % 10™Yannum; so for.the individual
most at risk, with Pory = L7 % 10~#, the risk is just in the intolerable range.
b} Societal Risk o - ‘
{Tl)wom Figure 4 reproduced below, the societal risk is below the limit of tolerability line, butin the ALARP
region.

1.00E0

i |

B0

1LOE-0Y 1

=T B 1 I SR

]

Frequency (F) of N or more fatalities per year
il

1 00EGE

ot

]
e 1 0 10 A0 Y

Number (N) of Fatalities

i) Comment _ o
g&g this time, possible xisk mitigation options would be COI‘IS]dEl:&d, anfl the Inlsks‘re-calmﬂatod. ThcALAlRP
principle might be used along with values judgements to determing a risk mitigation and/or monitoring p.a;,
or to consider doing more geotechnical investigations to get an improved more accurate assessment of the risk.

Figure 5. (Confinued).
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Elements at risk -
wehicles and their occupants

Lane Lane
N 5
Highway
o 5 10m
L i ]
Scale

COPE DEFINITION

Cg!g:ﬁ{ate:theﬂsk to persons travelling on the highway as shown in the Figure. Assess the tolerability of this
isk against the tolerable risk criteria shown in Table 1 and Figure 4. Only congider direct impact falls,

: 'R‘fs'-K ANALYSIS

.:)'Danger flandslide) characterisation

The road to 4 ski resort is privately owned and was built 10 years ago. The 50 cuts in the road were con-
'rructed at relatively steep slopes, and without treatment to control weathering, erosion and shallow insta-
v leading to rockfalls.

A thorougli search of the maintenance records and observations of boulder impacts on the road surface
nd;cated that for the average cutting on the road, there have been 2 rockfalls per anmum, with boulders rang-
ng insize from 0.5 m dia to 1 m dia. The cuttings are in similar topography, geology and climatic conditions.
Based on the recorded boulder impacts on the road surface, and the use of rockfall simylation programs, it

s assessed that 60% of rocks falling from the slope will impact on Lane N which is closest to the cut, and
L0Y on Larie S,

'c';ue:_tcy analysis

The average frequency of rockfalls for each cutting is 2 per annum, There are a total of 50 cuts along the
_ad,'_fgmng a total of 100 rockfalls per annum or 0.27/day, the average frequency of rockfalls (N} onto
lang, N = 0.6 X 0.27 = 0.16/day, and on Lane §, = 0.1 X 0.27 = 0.027/day.

gure 6.. Example II - rockfalls from cuttings on a highway.
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(ifi) Consequence analysis
{a) Temporal spatial probability (Pis,my) of vehicles
The probability of a vehicle occupying the length of road onto which the rock falls s given by
Ny, L 1

P T s - —
1 T 50 " 1000 vy

where Ny = average number of vehicles/day

L = average length of vehicle (metres)
Vv = velocity of vehicle (km/hour)

For each lane, the average number of vehicles per day over the year is 2000, the average length of the
vehicles is 6 metres, and they are travelling at 60 km/hs, ignoring the width of the boulder:

For each lane For a particular vehicle travelling once each day in one direction
P = 2—.-00-9- - 6 - i P = ml-.—r - —6-—~ L] l
G724 1000 60 ®1 7241000 60
= 0.0083 = {.0000042

(b} Vulnerability of the persons in the vehicles Vp.m)
Based on published information and judgement, it is estimated that the vulnerability of persons in
vehicles in Jane N is 0.3 and in lane 8, 0.15.

(iv) Risk estimation
The annual probability of the person most at risk losing histher life by driving along the road is:
(a) For lane N (b) For lane 8
PEJ.OL) = B[s} xVyp = {1— (1- as:r})m} X VDE‘
= (1 — (1 - 0.0000042)**) x 0.3 Py = (1 - (1~ 0.0000084)*" x 0.15
= 2.0 x 107 / annwm =03 x 107 / annum

The total probability of death for the person most at risk is 2.3 X 10~ fannum. For a person who only
travels on the road once per year in each direction, Pory = 6.3 X 107 "fammum (2.3 > 10 '/363), The total
annual risk assuming each of the 2000 vehicles/day carries an average of 3 persons is 2000 X 365 X
3% 6.3 ¥ 10~ Yannum = 0,0014 persons/annum. The F-N plot has not been determined in this case.

3. RISK ASSESSMENT

(i) Risk evaluation
(a) Individual risk

From Table 1, the tolerable individual risk for existing slopes is 1 X 10~ annum. So for the indi-
vidual most at risk, with Py o) = 2.3 X 10~ "/annum, the risks are within the tolerable limit. For an indi-
vidual who drives on the road only once per vear, the risk is 6.3 X 107'%annum, which would be acceptable.
The socictal risk limit of tolerability for one life lost is 10™*/annum (see Figure 4). The estimated probability
of one or more lives lost is about 5 % 10~ %/annum, near the tolerable limit.
(i) Comment

(2) Tt is considered reasonable to sum the risks for all the road cuttings because the road is the responsi-
bility of one organization.

(b) At this time, risk mitigation options would be considered. These could include engineering option to
reduce the frequency of rockfalls {rock-bolting, shotcreting, scaling of loose rocks in a regulated manner);
reducing the probability the rocks will fall onto the road (e.g. mesh protection over the slope, catch drain);
or reducing the probability of vehicles being below a rockfall when it occurs (e.g. closing the road in periods
of heavy rain if it could be demonstrated that is when most rockfalls occurred).

{c) See SOA Paper 5 for the equations for estimating risk.
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Mine waste
Water table

Danger -
landslide in mine waste

-
-
kT

=

Elements at risk -
houses and their ocoupants

PLAN

1. SCOPE DEFINITION

‘Calculate the risk to persons living in the houses and travelling on the road below the mine waste dump.
Assess the tolerability of these risks agamst individual and societal tolerable risk criteria.

| 2. RISK ANALYSIS

(i} Danger (landslide) characterisation
The mine waste is silty sandy gravel and gravelly silty sand coarse reject from a coal washmg It was

deposited over 50 years by end tipping. Geotechnical site investigations, hydrological and engmeermg
analyses have shown that:

- {a) The waste is loose, and the lower part is saturated.
(b) The waste is likely to liquefy and flow liquefaction occurs for earthquakes loadings larger than 1 07" AEP

Figure 7. Example Ul - landslinding of mine waste dump.
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(¢) The culvert through the waste dump exceeds its capacity and runs full for floods greater than 0.1 AEP.
For floods larger than this water flows over the sides of the waste dump and leaks onto the waste mate-
rial through cracks in the culvert, increasing the pore pressures in the waste.

(d) The factor of safety of the dump under static Joading is about 1.2 for water table levels which are
reached annually.

{e) Ifthe dump slides even under static loading, it is likely to flow because of its loose, saturated granular nature.
The probability of this occurring given sliding occurs and the resultant debris flow reaching the houses is0.5
based on post liquefaction shear strengths, and empirical methods for estimating travel distance.

(f) The volume of the anticipated landslide and resulting debris flow is about 100,000 m” and the debris
flows are likely to be traveiling at a high velocity when they reaches the road and houses.

(ii) Frequency analysis
The potential failure modes are:

(a) Culvert runs full, water leaks, saturates downsiream toe, causes slide.
(b) As for (a), but a smaller slide, blocks/shears culvert, causes slide.

(¢) Culvert collapses, flow saturates downstream toe, causes slide.

(d) A bigger flood, causes the culvert overflow, saturates fill, causes slide.
(&) As for (d), but scour of flowing water at toe of fill initiates slide.

{f) Rainfall infiltration, remobilizes slide.

(g) Earthquake causes liquefaction,

Based on the hydrology of the catchment, the hydraulics of the cutvert, stability analyses and engineer-

_ing judgement, it is estimated that the frequency of landsliding of the waste for modes (a) to (f) is

0.01/annum.

Based on an analysis of liguefaction using a Youd et al (2001) approach, and post liquefaction stabulity
analysis, it is estimated that the frequency of Jandsliding for mode G is 0.005/annum.

Hence the total Py = 0.015/annum.

(iii) Consequence analysis
(a) Temporal spatial probability (P(gy)) of the persons in the houses, and on the road
A survey of occupancy of the houses shows that the person most at risk in one of the houses is in the

~ house on average 18 hours/day, 365 days per year, s0 Py = 0.75.

Each house is occupied by a further 4 persons, for 10 hours/day, 325 days/year. Assuming they are all in
the houses at the same time. So:

10 325
Poqe fOr 16 persons = —-- X ——
(srmy 10T 10 POISONS = o & s

=0.36

Vehicles on the road travel at an average velocity of 30km/hour as they pass by the 100 metres of road
potentially affected by the debris flow. So for each time the vehicle drives along the road,

o 100
(5TY ™ 30,000 x 365 x 24

=38x 107

If a vehicle travels along the road 250 times a year (such as the school bus)
_ -1 -
Pismy = 250 X 3.8 X 1077 = 9.5 X 1077

The critical vehicles for risk assessment are buses which travel 250 days/year.
(b) Vulnerability of persens (Vipp)
Bases on the likely high velocity of sliding and large volume, it is estimated that the vulnerability of

| persons in the houses is 0.9, and in a bus, 0.8.

Figure 7. (Continued).
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| (iv) Risk estimation
' The annual probability of the person most at risk losing his or her life is

| Pow = Puy % Bray * Fsoy X Vo
| P = (0.015) x (0.5) x (0.75) x 0.9/annum
O =5x107/ annum

| j If all four houses are hit by the landslide, 0.9 X 16 or say 14 of the 16 persons would be killed. The annual
. | probability that this wonld happen is:

| 7= 0.015 x 0.5x0.36/annum
L= 2.7 % 10 /annum

;.- .. If a bus with 40 persons on it is hit by the landslide, 0.8 X 40 = 32 persons would be killed. The annual
| probability this would happen is: '

= 0,015 x 0.5 x 9.5x 107 Jannum
o= 7.1 % 107 /annum

So if loss of life of persons in other vehicles on the road is ignored, the cumulative F-N pair are:
| One or more fives F=5x10% +2.7 x 107* + 7.1x 107 = 7.7 x 107 / annum
. 15 ormorelives = 2.7 x 107 + 7.1 x 107" = 2.7 x 107 / amnum

) 33 lives F = 7.1 x 10°7 / annum

3. RISK ASSESSMENT
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Figure 7. (Continued)
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(1) Risk evaluation
(a) Individual risk.
The risk for the person most at risk is 5 < 10~ ¥anmun which is well in excess of the tolerable individ-
ual risk in Table 1.
(b) Societal risk
The three points on the F-N curve are shown below. It can be seen that the risks ave wel] in excess of the
tolerable for 1 and 15 tives, but in the ALARP range for 33 lives lost in a bus.

fii}) Comwmment
Al this point, possible risk mitigation options would be considered, and the risks recalculated, The miti-
gation options could include reducing the probability of sliding by repaiving the cracks in the culvert,
controiling water which overflows when the culvert capacity is exceeded: removing and replacing the
outer waste well compacted so it will not flow if it fails; adding a stabilizing berm; instatling a warning
syslem so persons in the houses can be evacuated and the road blocked to traffic when movement is
detected in the waste,

Figure 7. (Continued)
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APPENDIX CB: EXAMPLE OF SOCIETAL RISK CALCULATION
Calculation of societal risk is discussed in ANCOLD (2003) and this should be referred to if a societal risk calculation

isto be performed.

An example plot isgiven in ANCOLD (2003) as reproduced below.
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Fig. 1.1 Example Plot of F-N Line and f,N pairs
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The data used to generate this plot (shown as Figure 5 in Leroi et al., 2005) are presented in the following table from
Leroi et al., (2005).

...I;lata for the F-N plof in Figure 5 (Fell & Hartford 1997, after D). Bowles).

Exposure
Prob I'rob
{Failure Prob- Incremental (incremental
Failure maode) Day/  ability life loss life loss)
mechanism (A} Season night  (B) N(C) fia X B) {C) % (D)
Erosion 5.00E-04  Spring Day 0.7 2 3.50E-(14 7.00BE-04
Spring Night 0.3 2 1.50E-04 3.00E-03
i - 05
Headcut 1.00E-05  Spring Day 0.7 10 7.00E-06 T.00E
. Spring Might (.3 30 3.00E-06 1.50E-04
- i ' 4,50E-05
Embankment  Liquefaction  1.00E-05  Summer Day 0075 60 7.50E-07
_.____an A . Summerfopen Day  0.05 3500 5.00E-07 2.50E-04
Summer Night 0.125 1900 1.25E-06 1.25E-04
Non-summer  Day 0525 13 525B-06 - T.BBE-03
Non-summer  Night 0225 75 2.25E-06 1.69E-04
o 25E-07  1.80E-05
Qutlet works  Rupture 3.00E-06  Summer Day 007s 80 2.
u e ’ Summerfopen. Day 0.05 500 1.50E-07 7.50E-05
Swmmer Night ©.125 120 3.758-07 4.50E-035
Non-sumimer  Day 0525 20 1.58E-06 3.15E-05
S Non-summer  Night 0225 90 G.75E-07 6.08E-05
mal " Bsnba ips 7.50B-07  225E-05
ntemal bankment  Piping 1O00E-05  Summer Day 0.075 30
: v 'iEm C " Summer/open Day 005 500 5.00E-07 2.50E-04
- Summer Night 0125 95 125E-06  1.19E-04
Mon-suramer  Day 0.525 12 5.25E-06 6.30E-05
Non-gummer  Night 0225 60 2.258-06 - 135E-04
' ipi 3.75E-07 1.13E-05
Ouilet works  Piping S.00B-06  Suminer Day 0.075 30
’ Summerfopen  Day 0.05 500 2.50E-07 1.25B-04
Summer Night 0,125 95 6.25E-07 5.94E-05
MNon-swnmer  Day 0525 12 2 63E-06 3.15E-05
Non-summer  Night 0225 60 1.13E-08 6.75E-05
JABE-04 Total 5.38E-04 Total
ol ’ ! 5. 70B-03
Risk

The method of calculation in this table is shown on the column headings. To form the table in Figure 1.1, the data pairs
for f (probability of incremental life loss, column D ) and N (incremental life loss, column C) are sorted by N increasing
as shown. Where there are two or more data pairs for the same N, the probability values are aggregated. Then to derive

the Cumulative Probability Function F (>=N) the Aggregated probability values are added from the bottom upwards.
Theresulting F-N line isthen plotted from the resulting F-N pairs.

Other example calculations and plots are given in Lee and Jones (2004) and Mostyn and Sullivan (2002).
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APPENDIX CC: REVIEW OF APPENDIX G AGS(2000)

AND DERIVATION OF THE REVISED RISK MATRIX
SHORT COMINGSIN APPENDIX G

Experience in use of the terminology in AppendixofGAGS (2000) since publication has shown the syste be
reasonable, but that there are a number of shorings. Specifically:

Indicative likelihood values were given at the cemtof each “box” or level Consequently it could be argued
that the boundaries between each level were unale@isubject to challenge. De Ambrosis & Mosty0@)
proposed assigning the indicative likelihood valagéshe boundary between each level, thereby remyothie
uncertainty. However, this may have the resultrogffect, increasing the assessed indicativditiked by half
an order of magnitude. The revised scheme hastaiméad the indicative likelihood values at the cemtf each
box.

Experience has shown that practitioners were makiagjualitative assessment of likelihood based solah

the Description or Descriptor when considering rist property(as discussed in C5.4.2 above). The associated
indicative probability was then used for quantitatirisk to life analysis, resulting in a semi qutative
assessment. For this process using the de Amlandislostyn (2004) scheme, the practitioner mayetsme
uncertainty as to what probability value would Ipp@priate to use in subsequent risk to life caltahs. If the
procedure of making a best estimate of likelihcasl outlined in C5.4.2 is adopted, then this showatdoccur.

The revised scheme has adopted both a Notional dawyrbetween each level and an Indicative Valuesfarh
level to clarify this issue where needed.

Consequences to property were poorly defindthe descriptions given were subject to interpi@tsand mean
different things to different people, especially péople have different experience and/or knowledgie

Ambrosis and Mostyn (2004) proposed defining treeasment of consequences in relation to Markete/ahi

subjective assessment of the extent of damag#l iequired, but for a given assessment a “betstnate” of the

cost could be prepared and documented. It has &egred (in discussions) that such a methodolodfersu
from being a “moving target” with time, since laadd property values do not move in the same ratet the

same rate as the remedial works costs. Whilstrtiaig be true, it is unlikely to be a real constrampractical

terms given the necessary lack of precision ofderoximate cost estimates and the relatively bszzde of

consequences for a given category. An unambigsobisme is preferred, even if the input estimatey lbea
subject to debate, and the practitioner has to wattk the available “best estimate” possible attihee. With

appropriate documentation, the assessment is dielierand able to be reviewed at a later date. rEvesed

scheme has adopted both a Notional Boundary beteaem level of consequence and an Indicative Vidue
each level.

Dual risk terms (eg L-M, or VL-L) were included ithe matrix. This was done intentionally with the intention
that the practitioner could use judgment within thege to assign an appropriate term, which mayveeh dual
term to identify uncertainty in the outcome. Howevthe dual terms were interpreted as anotheralegs.
Therefore, this became confusing, particularlyétation to acceptance of risk by the regulator Base Low
risk. To remove this confusion, the revised risktmix has been amended to single risk classesafcin &hox”
(though cell A5 may be subdivided as noted).

The term Not Credible is too extremd&.he lowest level of likelihood has a revised terihRELY CREDIBLE
which is more appropriate.

Some practitioners were incorrectly deriving indibae probability values for risk to life analysisAppendix G
Likelihood table was being used from left to rigthitat is a descriptor was selected from the deenigor even
by preference for the descriptor), and then theécative probability assigned accordingly. This huat is
wrong.

The Likelihood Table has now been reordered tocatgi the correct sequence of logic from left tdtrignd as
discussed in section C5.4.2, an estimate of thégtnitity should be made based on apparent perfaean
trigger probabilities etc, and then the descriptssigned accordingly.

A number of variations have been considered forbilnendaries between different levels of Likeliho@hnsequence
and Risk. Earlier versions were considered by lthedslide Taskforce. The following consideratiorsvédn been
applied in deriving the revised scheme presentetiénPractice Note Appendix C which supersedesApmendix G

AGS (2000) scheme which should no longer be used.

cc2

REVISIONSTO LIKELIHOOD TABLE

The Notional Boundary between Likelihood terms baen set at ‘5’ times the exponent. An alternadity8 times the
exponent was considered. The Taskforce favouréth@®s the exponent during discussion of the issuthis value
represents the half way on a log scale as idedtifieAppendix G, AGS (2000).
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However, it is now considered that 5 times the e is better on a cumulative probability basitie advantage of
the choice is particularly evident at the boundfdgm Almost Certain to Likely when considering tipdots of
Indicative Probability of Occurrence after a Givdamber of Years (as shown by Figure 2 of the Peadiote for 5
times the exponent). That is, if we adopt 5 tifesexponent, then the numerical cumulative prditalvialues after
any particular elapsed time period are higher thanvalues for 3 times so that the 5 times valaek more reasonable.
The relevant numerical values are included in ttle &ble to the matrix calculation sheet presemeélhbles CC1 and
cc2.

CC3 REVISIONS TO CONSEQUENCE TABLE
The Consequences table has been revised to usAptimoximate Cost of Damage as the basis for degivime
consequence scale and appropriate descriptors.

The Consequence scale has been adjusted basednoments received from the Taskforce. The revisadgior is
considered to give reasonable values within theirafThe “road testing” of this scale by the Warli Group has
shown the scale values to be reasonable and theuisomes reasonable in relation to experiencesapdctation.

It is considered that the nominated consequende &areferable to the order of magnitude scaldeérAmbrosis and
Mostyn (2004) as the nominated scale enables artseibdivision of risk in the Medium and Major gaiges (10% to
100% consequences) and shifts the descriptors diswhe higher consequences, which is more realistic

Cc4 REVISED MATRIX FOR RISK TO PROPERTY

As AGS (2000) Appendix G risk matrix has been usgtnsively, the revisions adopted have not begormtiaough
some of the cells in the risk matrix have a revisistt level. It is considered that the revisiorsvé enabled
clarification for the use of the system. The A@BQ0) Appendix G risk matrix should no longer bedis

The risk matrix has been evaluated based on anafised cost of property damage. The annualiset ltas been
calculated as:

Annualised Cost = (Market Value $) x (Likelihood) pa(Approximate proportion of damage)

Indicative values of annualised cost are presefiaedhe indicative values of likelihood and consence (ie at the
centre of each matrix box) on the risk matrix tabteTables CC1 and CC2.

For illustrative purposes the Market Value (MV) Haeen assumed as $1,000,000 (Table CC1) or $30@ade
CC2) to demonstrate the annualised cost valuessthe risk matrix. These MV are considered todasonable for
current indicative values in a “prime coastal lemat or in “an average suburban” / “country townc&bion”
respectively. The resulting annualised costs Haen used to assign the risk categories. Theresbigsk values
within the Matrix have also been “juggled” basedommments from the Taskforce. Summary annualisédvalues
are given at the bottom of Tables CC1 and CC2.

The risk level has been skewed down in favour ofsequence (as discussed by de Ambrosis and Mozd@ga)) for
the lower value consequences. From the valuesrsbovilrables CC1 and CC2 it can be seen that theahimdicative
risk to property for Moderate risk increases frof:@ for cell E1 to 5E-04 in cells C3 and A5.

Review of earlier drafts raised two examples fonsideration being cells C4 (Possible / Minor) antl @nlikely /
Catastrophic) which are discussed below in relatohable CC1.

For cell C4: there is a 1 in 20 chance of up t%Ilfamage in a 50 year design life for the structdrkat implies in a
20 house subdivision, one of them will have up16(k000 damage (based on $1M MV) or more likelyLal$50,000
damage over the design life. These dollar valueshat the sort of expenditure that an averagelyawill factor into
their long term financial plan. Therefore, if yate unlucky enough to be the one affected, theroeece would be a
financial “disaster”. Therefore, it would moredily be considered Tolerable (given the chance otdurring) than
Acceptable. Hence Moderate Risk has been asslpestli on the recommended criteria given below.

For cell D1: thereis a 1 in 200 chance of 100%nore damage in a 50 year design life for the ttirec That implies
a total loss of $1M MV, or worse, of one house iB0® house subdivision over the 50 year design life Pittwater
area of Sydney, there have been three housesvestibout 32 years out of about 7600 propertighénandslide risk
zone (MacGregor et al 2007); say about 1 in 250&nck over a 32 year period. The corresponding &tive
probability over 32 years for the indicative annpabbability of 10* (for row D) is about 1 in 3000, which is a
reasonably similar cumulative probability. The eoumity reaction is that this is unacceptable, dratdfore cell D1
should be High Risk as adopted

In addition, cell A5 (Almost Certain / InsignificBhas been subdivided in recognition of the praditie of hazards that
result in very low value consequences and are Iseadéepted by most owners. This subdivision agweieh feed back
from practitioners on currently adopted assessments

Cells B4, C3 and D3 present an uncertainty / dilemnfor consistency of annualised dollar value éh&®ould be
High, High and Moderate risk respectively. The dowisk levels have been adopted by skewing theleigel down in
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favour of consequence. That is, it is judged thghdér consequences are more readily acceptedevated at the lower
consequence values.

Therefore, based on the above considerations,igkematrix has been revised based on the recomrtiendhat for
normal residential dwellings (Importance Level tustures) MODERATE risk is only TOLERABLE and thae®W
risk is ACCEPTABLE as discussed in section C8.2he Tisk levels have been adjusted accordingly enRtactice
Note Appendix C risk matrix. The Working Group aamo this view following the Taskforce discussiahge to the
cost impacts of actual damage on most home owmeldhee fact that home owners are likely to be askrse due to
the lack of insurance availability. If insurancgamst landslide damage was available, then anadised cost of
damage equivalent to an insurance policy cost wbald reasonable and rational division for accelftiab

It could be argued that it might be more ratiomalcombine our Major and Medium to give a 4 levehsEgquence
scheme, with notional boundaries on the order ajnitade as per de Ambrosis and Mostyn (2004). Wesicler this
does not allow sufficient differentiation in theddie of the matrix. The lower risk values for sell3 and D3 of M and
L, (or possibly M and M) as adopted, justify thieel scheme.

CC5 OTHER CONSIDERATIONS

At first comparison, the resulting risk matrix appgeto be more conservative than the de Ambrosidvérstyn (2004)

version, as the risk levels for Medium and Minag fractice Note Appendix C risk matrix are highemttheirs for the
same descriptors. However, if de Ambrosis and o adjusted so that comparison is made for dineespercentage
damage they are very similar. That is, Medium dzena de Ambrosis and Mostyn is the same as Mirmm&ge in

Practice Note Appendix A matrix, and their Minorsigilar to Insignificant. The resulting similarit consistency is
reassuring.

The recommended acceptance criteria for risk tpgnty raises the question as to the possible ecignompact on the
community. Such a concern was raised when thetRdfwater policy was published for comment. Some
practitioner’s experience within Pittwater is thhe need for more extensive stabilisation meastitas previously
adopted has not been as wide spread as expectets not clear whether this has arisen from asemgrower
probability values and/or less consequences dinagssessments.

Comment has been made on the comparison of risikngrbetween damage to houses in say Orange (market say
$300,000) and Pittwater (market value say $1,0@),00f landslides of similar likelihood cause andar dollar value

of damage, then the risk is higher for the lowerkeavalue property. This is an unavoidable outedrom a dollar
value based system. There is implied acceptandeigbfer dollar values of damage where MV is high&s an

alternative, an index based on percentage areaopepy affected with a weighting factor for dwedis/structures
affected has been suggested as a possibility,diudaveloped to a workable alternative as yet.

For some cases, such as within subdivisions or ewesites with portions having differing charadgds, it may be
appropriate to subdivide the site into areas dedéht risk, rather than having a single risk fog entire site. Clearly
the risk management requirements would similarlgy\&cross the portions depending on the risk andreaf the

development affected by the landslide.

Consideration needs to be given to the failure @ity of a properly engineered and constructadbiitation scheme.
It has been suggested by some practitioners thafyB&redible would be appropriate. If construatie not rigorously
supervised, then Rare may be more appropriateer@tfactitioners have the view that Rare was mppapriate for
the properly engineered and constructed stabiisatieasures. If Rare is more realistic for mosesathen any site
for which consequences of failure of the stabilascheme is Catastrophic would have a Moderake(ih accordance
with Practice Note Appendix C risk matrix) whichriet recommended to be acceptable. To have aptatdte (low)
risk, the stabilisation measures would have to feBarely Credible likelihood of failure. To achéw likelihood of
Barely Credible, the stabilisation design shouldsider the extremes and still have a design FaitSafety of greater
than 1.0 for all credible combinations of loads atr@ngths. That is the design must satisfy ailsledtrength limit
state. Necessary supervision and testing durimgtoaction must be specified by the designer taexehthe Barely
Credible likelihood. This then enables derivatidrstabilisation measures having acceptable risk.

In relation to the above it is noted that MacGrega. (2007) have concluded that the suggested anmabapility of

failure for all locations in Pittwater for soil cutvith wall support or fills with wall support walibe 2x1¢". That is, a
likelihood of UNLIKELY. As these data undoubtedhclude a lot of unengineered walls, it would bas@nable to
expect engineered walls to be at least one ordemagfnitude less likely to fail, that is would be RB. Adoption of
appropriate conservative design and supervisioinguconstruction should reasonably achieve a lolikelihood

again, showing that BARELY CREDIBLE can be achieved
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TABLE CC1 EVALUATION OF LEVELS OF RISK TO PROPERTY FOR MV = 51M
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TABLE CC2

EVALUATION OF LEVELS OF RISK TO PROPERTY FOR MV = 5300.000
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THE AUSTRALIAN GEOGUIDES
FOR SLOPE MANAGEMENT AND MAINTENANCE

AGS Landslide Taskforce, Slope Management and M aintenance Working Group

The Australian Geomechanics Society (AGS) presentthe following pages a guideline on slope managg¢rand
maintenance, as part of the landslide risk managemeidelines developed under the National DisaBiemding

Program (NDMP). This Guideline is aimed at honmners, developers and local councils, but alsoamgicability

to a larger audience which includes builders anatreators, consultants, insurers, lawyers, goventrdepartments
and in fact any person, or organisation, with goesibility for the management or maintenance clape. The
objective is to inform those with little or no kntasige of geotechnical engineering about landslides.

Each GeoGuide is a stand-alone document, whicbrimdtted so that it can be printed on two sidea sfngle A4
sheet. It is expected that the set of GeoGuidésnerease with time to cover a range of topiés things stand:

e GeoGuide LR1 is an introductory sheet that should be read byus¢rs, since it explains what the LR
(landslide risk) series is about and defines terms.

¢ GeoGuidesLR2, 3and 4 explain why landslides occur and provide informatim different types of landslide.

e GeoGuide LR5 discusses the critical part that water often playgelation to landslide occurrence and
discusses measures that can be adopted to lireffeétst.

e GeoGuide LR6 refers to retaining walls and their maintenance.

e GeoGuide LR7 puts the concept of landslide risk into an everydagtext, so users can relate a particular
landslide risk to other risks that they know theg prepared to take, sometimes on a daily basis.

e GeoGuide LRS8 retains the ideas of good and poor hillside cositvn practice originally provided by an AGS
sub-committee in 1985.

» GeoGuide LR9 concentrates specifically on effluent and surfaetewdisposal, which is an important topic in
some development areas.

¢ GeoGuide LR10 is specifically aimed at those who have propenytlee coast and could be susceptible to
coastal erosion processes.

» GeoGuide LR11 provides information about the benefits of keepiagords on inspection and maintenance
activities and provides a proforma record sheeugers.

It is recognised that the GeoGuides are likely ¢éoupgraded from time to time. Feedback on use samygjested
changes should be sent to the National Chair ofAhstralian Geomechanics Society. The latest wassiof the
GeoGuides will be downloadable from the AGS websitev.australiangemechanics.org

Through the NDMP, Australian governments (at Comwealth, State and Local Government levels) are faisding
the development of a Landslide Zoning Guideline 8AB07a), and a Practice Note Guideline (AGS 206¥@hich
interested readers seeking in-depth informatiomuishiefer.
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AUSTRALIAN GEOGUIDE LR1 (INTRODUCTION)

INTRODUCTION TO LANDSLIDE RISK

AUSTRALIAN GEOGUIDES

The Australian GeoGuides (LR series) are a set of information sheets on the subject of landslide risk management and
maintenance, published by the Australian Geomechanics Society (AGS). They provide background information intended to
help people without specialist technical knowledge understand the basic issues involved. Topics covered include:

LR1 - Introduction LR2 - Landslides LR3 - Landslides in Soil

LR4 - Landslides in Rock LR5 - Water & Drainage LR6 - Retaining Walls

LR7 - Landslide Risk LR8 - Hillside Construction LR9 - Effluent & Surface Water Disposal
LR10 - Coastal Landslides LR11 - Record Keeping

The GeoGuides explain why slopes and retaining structures can be a hazard and what can be done with appropriate
professional advice and local authority approval (if required) to remove, or reduce, the risk they represent.

Preparation of the GeoGuides has been funded by Australian governments through the National Disaster Mitigation Program
(NDMP). This is a national program aimed at identifying and addressing natural disaster risk priorities across Australia.
Technical input has been provided by experienced geotechnical engineers, engineering geologists and local government and
government agency representatives from around Australia.

BACKGROUND

A number of landslides and cliff collapses occurred in Australia in the 1980's and 1990's in which lives were lost. Of these the
Thredbo landslide probably received the most publicity, but there were several others. During this period the AGS issued a
number of advisory notes to practitioners in relation to the assessment of landslide risk and its reduction. Building on these
notes, and responding to changes in technology, a technical paper known as AGS2000 was prepared. It was followed in 2002
by an intensive nation-wide educational campaign attended by a large number of interested professionals from government
departments and private industry. This resulted in an increased awareness of the risks associated with unstable slopes and a
changed approach in many government departments responsible for regional planning, domestic development, roads, railways
and the maintenance of natural features such as cliffs.

STATUS OF THE GEOGUIDES

The GeoGuides reflect the essence of good practice as perceived by a large number of geotechnical engineers, engineering
geologists and other practitioners such as local government planners. The GeoGuides are generic and do not, and cannot,
constitute advice in relation to a specific situati on. This must be sought from a geotechnical practi tioner with first
hand knowledge of the site . It is expected that some local councils will refer to the GeoGuides and their companion
publications in planning and building legislation. Check with your local council to see how it regards these documents.
Companion publications to the GeoGuides are:

¢ AGS (2007a) Guideline for Landslide Susceptibility, Hazard and Risk Zoning for Land Use Management Australian
Geomechanics Society, Australian Geomechanics, Vol 42, Nol and its associated commentary (AGS 2007b).

e AGS (2007c). Practice Note Guidelines for Landslide Risk Management. Australian Geomechanics Society.
Australian Geomechanics, Vol 42, Nol 2007, and its associated "Commentary” (AGS 2007d).

Copies of the above documents are available on the AGS website www.australiangeomechanics.org
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TERMINOLOGY

AUSTRALIAN GEOGUIDE LR1 (INTRODUCTION)

Terminology tends to change with time and place and with the context in which it is used. The terms listed below have
the following meanings in the GeoGuides:

Consequence

the outcome, or potential outcome, arising from the occurrence of a landslide expressed quantitatively, or
qualitatively, in terms of loss, disadvantage, damage, injury, or loss of life.

Discontinuity

in relation to the ground is a crack, a bedding plane (a boundary between strata) or fault (a plane along
which the ground has sheared) which forms a plane of weakness and reduces the overall strength of the
ground.

Equilibrium

the condition when the forces on a mass of soil or rock in the ground, or on a retaining structure, are equal
and opposite.

Factor of safety (FOS)

theoretically the forces available to prevent a part of the ground, or a retaining structure, from moving
divided by those trying to move it. A FOS of one or less indicates that failure is likely to occur, but not how
likely it is. To allow for unknowns and to limit movements engineers always aim to achieve a FOS
significantly larger than one.

Failure

when part of the ground experiences movement as a result of the out of balance forces on it. Failure of a
retaining structure means it is no longer able to fulfil its intended function.

Geotechnical practitioner

when referred to in the Australian GeoGuides (LR series), is a professional geotechnical engineer, or
engineering geologist, with chartered status in a recognised national professional institution and relevant
training, experience and core competencies in landslide risk assessment and management. In some
government departments, technical officers are specifically trained to undertake some of the functions of a
geotechnical practitioner.

Hazard a condition with the potential for causing an undesirable consequence. In relation to landslides this
includes the location, size, speed, distance of travel and the likelihood of its occurrence within a given
period of time.

Landslide the movement, or the potential movement, of a mass of rock, debris, or earth down a slope.

Likelihood a qualitative description of probability, or frequency, of occurrence.

Partial saturation

the condition in the ground above the water table where both air and water are present as well as soil, or
rock.

Perched water table

a water table above the true water table supported by a low permeability stratum.

Permeability a measure of the ability of the ground to allow water to flow through it.

Risk a measure of the probability and severity of an adverse effect to life, health, property or the environment.
Slip failure landslide.

Stable the condition when failure will not occur. Over geological time no part of the ground can be considered

stable. Over short periods (eg the life of a structure) stability implies a very low likelihood of failure.

Retaining structure

anything built by humans which is intended to support the ground and inhibit failure.

Structure

in relation to rock, or soil, means the spacing, extent, orientation and type of discontinuities found in the
ground at a particular location.

Tension crack

a distinct open crack that normally develops in the ground around a landslide and indicates actual, or
imminent , failure.

Water table
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the level in the _ground below which it is saturated and the voids are filled with water.
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AUSTRALIAN GEOGUIDE LR2 (LANDSLIDES)

LANDSLIDES

What is a Landslide?

Any movement of a mass of rock, debris, or earth, down a slope, constitutes a “landslide”. Landslides take many forms,
some of which are illustrated. More information can be obtained from Geoscience Australia, or by visiting its Australian
Landslide Database at www.ga.gov.au/urban/factsheets/landslide.jsp. Aspects of the impact of landslides on buildings
are dealt with in the book "Guideline Document Landslide Hazards" published by the Australian Building Codes Board
and referenced in the Building Code of Australia. This document can be purchased over the internet at the Australian
Building Codes Board's website www.abcb.gov.au .

Landslides vary in size. They can be small and localised or very large, sometimes extending for kilometres and involving
millions of tonnes of soil or rock. It is important to realise that even a 1 cubic metre boulder of soil, or rock, weighs at
least 2 tonnes. If it falls, or slides, it is large enough to kill a person, crush a car, or cause serious structural damage to a
house. The material in a landslide may travel downhill well beyond the point where the failure first occurred, leaving
destruction in its wake. It may also leave an unstable slope in the ground behind it, which has the potential to fail again,
causing the landslide to extend (regress) uphill, or expand sideways. For all these reasons, both "potential" and "actual”
landslides must be taken very seriously. They present a real threat to life and property and require proper management.

Identification of landslide risk is a complex task and must be undertaken by a geotechnical practitioner (GeoGuide LR1)
with specialist experience in slope stability assessment and slope stabilisation.

What Causes a Landslide?

Landslides occur as a result of local geological and groundwater conditions, but can be exacerbated by inappropriate
development (GeoGuide LR8), exceptional weather, earthquakes and other factors. Some slopes and cliffs never seem
to change, but are actually on the verge of failing. Others, often moderate slopes (Table 1), move continuously, but so
slowly that it is not apparent to a casual observer. In both cases, small changes in conditions can trigger a landslide with
serious consequences. Wetting up of the ground (which may involve a rise in ground water table) is the single most
important cause of landslides (GeoGuide LR5). This is why they often occur during, or soon after, heavy rain.
Inappropriate development often results in small scale landslides which are very expensive in human terms because of
the proximity of housing and people.

Does a Landslide Affect You?

Any slope, cliff, cutting, or fill embankment may be a hazard which has the potential to impact on people, property, roads
and services. Some tell-tale signs that might indicate that a landslide is occurring are listed below:

« open cracks, or steps, along contours e trees leaning down slope, or with exposed roots
e ground water seepage, or springs «  debris/fallen rocks at the foot of a cliff

¢ bulging in the lower part of the slope - tilted power poles, or fences

¢ hummocky ground e cracked or distorted structures

These indications of instability may be seen on almost any slope and are not necessarily confined to the steeper ones
(Table 1). Advice should be sought from a geotechnical practitioner if any of them are observed. Landslides do not
respect property boundaries. As mentioned above they can "run-out" from above, "regress" from below, or expand
sideways, so a landslide hazard affecting your property may actually exist on someone else's land.

Local councils are usually aware of slope instability problems within their jurisdiction and often have specific development
and maintenance requirements. Your local council is the first place to make enquir ies if you are responsible for
any sort of development or own or occupy property o n or near sloping land or a cliff.

TABLE 1 - Slope Descriptions

Appearance i:wogﬁ: I\ée:;zliw;nr? Slope Characteristics
Gentle 0°-10° lon6 Easy walking.
Moderate 10% 18° lon3 Walkable. Can drive and m anoeuvre a car on driveway
Walkable with effort. Possible to drive straight up or down
Steep 18% 27° lon2 roughened concrete driveway, but cannot practically manoeuvre a
car.
Very Steep 27% 45° lon1l Can only climb slope by cl utching at vegetation, rocks etc.
Extreme 45° 64° lon0.5 Need rope access to climb slope
Cliff 64< 84° lon0.1 Appears vertical. Can absei | down.
Vertical or Overhang | 84°- 90+° Infinite Appears to o verhang. Abseiler likely to lose contact with the face.

Some typical landslides which could affect residential housing are illustrated below:

162 Australian Geomechanics Vol 42 No 1 March 2007



AUSTRALIAN GEOGUIDE LR2 (LANDSLIDES)

Rotational or circular slip failures (Figure 1) - can occur on
moderate to very steep soil and weathered rock slopes (Table
1). The sliding surface of the moving mass tends to be deep
seated. Tension cracks may open at the top of the slope and
bulging may occur at the toe. The ground may move in
discrete "steps" separated by long periods without movement.
More rapid movement may occur after heavy rain.

Small scale
landslide

Medium scale
landslide

Translational slip failures (Figure 2) - tend to occur on
moderate to very steep slopes (Table 1) where soil, or weak
rock, overlies stronger strata. The sliding mass is often
relatively shallow. It can move, or deform slowly (creep) over
long periods of time. Extensive linear cracks and hummocks
sometimes form along the contours. The sliding mass may
accelerate after heavy rain.

Wedge failures (Figure 3) - normally only occur on extreme
slopes, or cliffs (Table 1), where discontinuities in the rock are

inclined steeply downwards out of the face.

. . Rock fall
Rock falls (Figure 3) - tend to occur from cliffs and

overhangs (Table 1). Wedge failure

Cliffs may remain apparently unchanged for hundreds of h2S
years. Collections of boulders at the foot of a cliff may
indicate that rock falls are ongoing. Wedge failures and rock
falls do not "creep”. Familiarity with a particular local situation
can instil a false sense of security since failure, when it
occurs, is usually sudden and catastrophic.

[win}

Figure 3

Debris flows and mud slides (Figure 4) - may occur in the ,/_PmﬁIe of et
foothills of ranges, where erosion has formed valleys which

slope down to the plains below. The valley bottoms are often
lined with loose eroded material (debris) which can "flow" if it

. . . Valley bottom d it
becomes saturated during and after heavy rain. Debris flows R

. . k A R, "flow" downbhill
are likely to occur with little warning; they travel a long way = Ssqa SO e .
and often involve large volumes of soil. The consequences ‘ﬁﬁ‘m
can be devastating.
Figure 4
More information relevant to your particular situat ion may be found in other Australian GeoGuides:
. GeoGuide LR1 - Introduction . GeoGuide LR7 - Landslide Risk
. GeoGuide LR3 - Soil Slopes . GeoGuide LR8 - Hillside Construction
. GeoGuide LR4 - Rock Slopes . GeoGuide LR9 - Effluent & Surface Water Disposal
. GeoGuide LR5 - Water & Drainage . GeoGuide LR10 - Coastal Landslides
. GeoGuide LR6 - Retaining Walls . GeoGuide LR11 - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation. They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent. The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering. The GeoGuides have been funded under the Australian governments’
National Disaster Mitigation Program.
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LANDSLIDES IN SOIL

Landslides occur on soil slopes and the consequences can include damage to property and loss of life. Soil slopes exist
in all parts of Australia and can even occur in places where rock outcrops can be seen on the surface. If you live on, or
below, a soil slope it is important to understand why a landslide might occur and what you can do to reduce the risk it
presents.

It is always worth asking the question "why is this slope here?", because the answer often leads to an understanding of
what might happen in the future. Slopes are usually formed by weathering (breakdown) and erosion (physical
movement) of the natural ground - the "parent material". Many factors are involved including rain, wind, chemical
change, temperature variation, plant growth, animal activity and our own human enthusiasm for development. The
general process is outlined in Figure 1.

The upper levels of the parent material progressively weather over thousands, or millions, of years, losing strength. This
can result in a surface layer which looks similar to the parent material (although its colour has probably changed) but has
the strength of a soil - this is called "residual soil". At some stage the weathered surface layer is exposed to the
elements and fragments are transported down the slope. In this context a fragment could be a single sand grain, a
boulder, or a landslide. The time scale could be anything from a few seconds to many thousands of years. The
transported fragments often collect on the lower slopes and form a new soil layer that blankets the original slope -
"colluvium”. If material reaches a river or the sea it is deposited as "alluvium" or as a "marine deposit". With appropriate
changes in river and sea level this material can again find itself on the surface to commence another cycle of weathering
and erosion. In places often, but not only, near the coast, this can include sand sized fragments which form beaches and
are sometimes blown back onto the land to form dunes.

Weathered parent material
(residual soil)

Fragments of parent material
transported down slope

Parent
: Remnant
: Rigure 2 .
matenal g anc]ent
landslide
River
Collected weathered or sea
fragments (colluvium

Water or wind deposited soils
(alluvium, marine deposits, or dunes)
Figure 1
Landslides can occur almost anywhere on a soil slope. Slides can be rotational, translational, or debris flows (see
GeoGuide LR2) and may have a number of causes.
/ﬁf ‘ 'V\’\

e’ -

o -

Landslide from parent material
or residual soil further uphill

Landslide due to increased
water pressures, or
softened soil

Rise in water table, or an
increase in water content can
be due to tree clearance, installing .
soakaway drains, or a period of heavy rain

Figure 2
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Landslide due to poorly supported excavation,
excessive fill depth, steep excavated

cut face or inadequately designed

shallow foundations

Landslide due
to erosion by
sea or river

Ancient landslide reactivated by
extended rainfallor major reshaping
of the landscape

Figure 3

Some of the more common causes of landslides in soil are:

1) Falls of the parent material or residual soil from above, due to natural weathering processes (Figure 2).

2) Increased moisture content and consequent softening of the sail, or a rise in the water table. These can be due
to excessive tree clearance, ill-considered soak-away drainage or septic systems, or heavy rainfall (Figure 2).

3) Excavation without adequate support, increased surface load from fill placement, or inadequately designed
shallow foundations (Figure 3).

4) Natural erosion at the toe of the slope due to scour by a river or the sea (Figure 3).

5) Re-activation of an ancient landslide (Figure 3).

Most soil slopes appear stable, but they all achieved their present shape through a process of weathering and erosion
and are often sensitive to minor changes in the factors that affect their stability. As a general rule, human activities only
improve the situation if they have been designed to do so. Once this idea is understood, it is probably easy to see why
the following basic rules are so important and should not be ignored without seeking site specific advice from a
geotechnical practitioner:

. Do not clear trees unnecessarily.
. Do not cut into a slope without supporting the excavated face with an engineer designed structure.
. Do not add weight to a slope by placing earth fill or constructing buildings with inadequately designed shallow

foundations (Note: in certain circumstances weight is added to the toe of a slope to inhibit landslide movement,
but this must be carried out in accordance with a proper engineering design).

. Do not allow water from storm water drains, or from septic waste or effluent disposal systems to soak into the
ground where it could trigger a landslide.

More information in relation to good and poor hillside construction practice is given in GeoGuide LR8. With appropriate
engineering input it is often possible to reduce the likelihood, or consequences, of a landslide and so reduce the risk to
property and to life. Such measures can include the construction of properly designed storm water and sub-soil drains,
surface protection (GeoGuide LR5) and retaining walls (GeoGuide LR6). Design should be undertaken by a
geotechnical practitioner and will normally require local council approval.

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

. GeoGuide LR1 - Introduction . GeoGuide LR7 - Landslide Risk

. GeoGuide LR2 - Landslides . GeoGuide LR8 - Hillside Construction

. GeoGuide LR4 - Landslides in Rock . GeoGuide LR9 - Effluent & Surface Water Disposal
. GeoGuide LR5 - Water & Drainage . GeoGuide LR10 - Coastal Landslides

. GeoGuide LR6 - Retaining Walls . GeoGuide LR11 - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation. They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent. The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering. The GeoGuides have been funded under the Australian governments’
National Disaster Mitigation Program.
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LANDSLIDES IN ROCK

Rocks have been formed by many different geological processes and may have been subjected to intense pressure,
large scale distortion, extreme temperature and chemical change. As a result there are many different rock types and
their condition varies enormously. Rock strength varies and is often significantly reduced by the presence of
discontinuities (GeoGuide LR1). You may think that rock lasts forever, but in reality it weathers under the combined
effects of water, wind, chemical change, temperature variation, plant growth and animal activity and erodes with time.
Rock is often the parent material that ends up forming soil slopes (GeoGuide LR3). Inevitably different rocks have
different physical and chemical characteristics and they weather and erode to form different types of soil.

Weathering can lead to landslides (GeoGuide LR2) on rock slopes. The type of landslide depends on the nature of rock,
the way it has weathered and the presence or absence of discontinuities. It is hard to generalise, though normally a
specific combination of discontinuities and material types will be the determining factor and these are often underground
and out of sight. Typical examples are provided in the figures 1 to 4. A geotechnical practitioner can assess the
landslide risk and propose appropriate maintenance measures. This often entails making geological observations over
an area significantly larger than the site and a review of available background information, including records of known
landslides and aerial photographs. Depending on the amount of information available, geotechnical investigation may or
may not be needed. Every site is different and every site has to be assessed individually.

It is impossible to predict exactly when a landslid e will occur on a rock slope, but failure is normal ly sudden and
the conseguences can be catastrophic.

ﬁm"'\ N
e eaal ~\
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" Rockfall debris on
_.-~7 rock platform as
N well as in ocean
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Rockmass
slides

Block
dislodged

Figure 3 - Block slide on weak layer Figure 4 - Wedge failure along discontinuities

If the landslide risk is assessed as being anything other that Low, or Very Low, (GeoGuide LR7) it may be possible to
carry out work aimed at reducing the level of risk.

The most common options are:

1) Trimming the slope to remove hazardous blocks of rock.

2) Bolting, or anchoring, to fix hazardous blocks in position and prevent movement.

3) Installation of catch fences and other rockfall protection measures to limit the impact of rockfalls.
4) Deep drainage designed to limit changes in the ground water table (GeoGuide LR5).

Although such measures can be effective, they need inspection and on-going maintenance (GeoGuide LR11) if they are
to be effective for periods equivalent to the life of a house. Design should be undertaken by a geotechnical
practitioner and will normally require local counci | approval. It should be appreciated that it may not be viable to
carry out remedial works in all circumstances: for example where the landslide is on someone else's property, where the
cost is out of proportion to the value of the property, or where the risk inherent in carrying out the work is actually greater
than the risk of leaving things as they are. In situations such as these, development may be considered inappropriate.
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ROCK SLOPE HAZARD REDUCTION MEASURES

Removal of loose blocks - may be effective but, depending on rock type, ongoing erosion can result in more blocks
becoming unstable within a matter of years. Routine inspection, every 5 or so years, may be required to detect this.

Rock bolts and rock anchors  (Figure 5) - can be installed in the
ground to improve its strength and prevent individual blocks from
falling. Rock bolts are usually tightened using a torque wrench, whilst
rock anchors carry higher loads and require jacking. Both can be Rockibae
designed to be "permanent” using stainless steel, or sheathing, to
inhibit corrosion, but the cost can be up to 10 times that of the
"temporary" alternative. You should inspect rock bolts and rock
anchors for signs of water seepage, rusting and deterioration around
the heads at least once every 5 years. If you notice any of these
warning signs, have them checked by a geotechnical practitioner. It
is recommended that you keep copies of design drawings and
maintenance records (GeoGuide LR11) for the anchors on your site

and pass them on to the new owner should you sell. .
Figure 5

[Wire catch fence
f Mesh netting fixed to slope

Catch pit at toe
of slope

Rock fall netting, catch fences and catch pits (Figure 6) - are
designed to catch or control falling rocks and prevent them from
damaging nearby property. You should inspect them at least once
every 5 years, and after major falls, and arrange for fallen and
trapped rocks to be removed if they appear to be filling up. Check for
signs of corrosion and replace steel elements and fixings before they
lose significant strength.

Figure 6

Cut-off drains (Figure 7) - can be used to intercept surface water \'
run-off and reduce flows down the cliff face. Suitable drains are often
excavated into the rock, or constructed from mounds of concrete, or
stabilised soil, depending on conditions. Drains must be laid to a fall
of at least 1% so they drain adequately. Frequent inspection is
needed to ensure they are not blocked and continue to function as
intended.

Cut-off drains reduce
storm water flow down
cliff face

«— Cliff face maintained
free of trees and

Clear trees and large bushes (Figure 7) - from slopes since roots |
arge bushes

can prize boulders from the face increasing the landslide hazard.

Figure 7

Natural cliffs and bluffs - often present the greatest hazard and yet are easily overlooked, because they have "been there forever”.
They can exist above a building, road, or beach, presenting the risk of a rock falling onto whatever is below. They also sometimes
support buildings with a fine view to the horizon. Cliffs should be observed frequently to ensure that they are not deteriorating. You may
find it convenient to use binoculars to look for signs of exposed "fresh" rock on the face, where a recent fall has occurred, or to go to the
foot of the cliff from time to time to see if debris is collecting. A thorough inspection of a cliff face is often a major task requiring the use
of rope access methods and should only be undertaken by an appropriately qualified professional. If tension cracks are observed in the
ground at the top of a cliff take immediate action, since they could indicate imminent failure. If you have any concerns at all about the
possibility of a rock fall seek advice from a geote chnical practitioner.

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

. GeoGuide LR1 - Introduction . GeoGuide LR7 - Landslide Risk

. GeoGuide LR2 - Landslides . GeoGuide LR8 - Hillside Construction

* GeoGuide LR3 - Landslides in Soil *  GeoGuide LR9 - Effluent & Surface Water Disposal
¢ GeoGuide LR5 - Water & Drainage e GeoGuide LR10 - Coastal Landslides

. GeoGuide LR6 - Retaining Walls . GeoGuide LR11 - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation. They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent. The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering. The GeoGuides have been funded under the Australian governments’
National Disaster Mitigation Program.
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WATER, DRAINAGE & SURFACE PROTECTION

One way or another, water usually plays a critical part in initiating a landslide (GeoGuide LR2). For this reason, it is a
key factor to be controlled on sites with more than a low landslide risk (GeoGuide LR7).

Groundwater and Groundwater Flow

The ground is permeable and water flows through it as illustrated in Figure 1. When rain falls on the ground, some of it
runs along the surface ("surface water run-off') and some soaks in, becoming groundwater. Groundwater seeps
downwards along any path it can find until it meets the water table: the local level below which the ground is saturated. If
it reaches the water table, groundwater either comes to a halt in what is effectively underground storage, or it continues
to flow downwards, often towards a spring where it can seep out and become surface water again. Above the water
table the ground is said to be "partially saturated”, because it contains both water and air. Suctions can develop in the
partially saturated zone which have the effect of holding the ground together and reducing the risk of a landslide.
Vegetation and trees in particular draw large quantities of water out of the ground on a daily basis from the partially
saturated zone. This lowers the water table and increases suctions, both of which reduce the likelihood of a landslide
occurring.

~—~— A Waste water and effluent disposal
-~ ~  augment natural inflows

Vegetation extracts water
and lowers water table

Surface water
run-off
o

Partially
saturated

Saturated

Groundwater flow

Figure 1 - Groundwater flow
Groundwater Flow and Landslides
The landslide risk in a hillside can be affected by increase in soak-away drainage or the construction of retaining walls

which inhibit groundwater flow. The groundwater is likely to rise after heavy rain, but it can also rise when human
interference upsets the delicate natural balance. Activities such as felling trees and earthworks can lead to:

e areduction in the beneficial suctions in the partially saturated zone above the water table.

e increased static water pressures below the water table,

e increased hydraulic pressures due to groundwater flow,

e loss of strength, or softening, of clay rich strata,

¢ loss of natural cementing in some strata,

e transportation of soil particles.

Any of these effects, or a combination of them, can lead to landslides like those illustrated in GeoGuides LR2, LR3 and
LRA4.

Limiting the Effect of Water

Site clearance and construction must be carefully considered if changes in groundwater conditions are to be limited.
GeoGuide LR8 considers good and poor development practices. Not surprisingly much of the advice relates to sensible
treatment of water and is not repeated here. Adoption of appropriate techniques should make it possible to either
maintain the current ground water table, or even cause it to drop, by limiting inflow to the ground.

If drainage measures and surface protection are relied on to keep the risk of a landslide to a tolerable level, it is important
that they are inspected routinely and maintained (GeoGuide LR11).

The following techniques may be considered to limit the destabilising effects of rising groundwater due to development
and are illustrated in Figure 2.
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-

Retain trees wherever possible.
Felling can cause the water
table to rise

Surface protection and
contour drains reduce
inflow and increase run-off

Sub-soil drains
intercept
groundwater

Figure 2 - Techniques used to control groundwater f  low

Surface water drains (dish drains, or table drains) - are often used to prevent scour and limit inflow to a slope. Other
than in rock, they are relatively ineffective unless they have an impermeable lining. You should clear them regularly, and
as required, and not less than once a year. If you live in an area with seasonal rainfall, it is best to do this near the end
of the dry season. If you notice that soil or rock debris is falling from the slope above, determine the source and take
appropriate action. This may mean you have to seek advice from a geotechnical practitioner.

Surface protection - is sometimes used in addition to surface water drainage to prevent scour and minimise water
inflow to a slope. You should inspect concrete, shotcrete or stone pitching for cracking and other signs of deterioration at
least once a year. Make sure that weepholes are free of obstructions and able to drain. If the protection is deteriorating,
you should seek advice from a geotechnical practitioner.

Sub-soil drains - are often constructed behind retaining walls and on hillsides to intercept groundwater. Their function is
to remove water from the ground through an appropriate outlet. It is important that subsoil drains are designed to
complement other measures being used. They should be laid in a sand, or gravel, bed and protected with a graded
stone or geotextile filter to reduce the chance of clogging. Sub-soil drains should always be laid to a fall of at least 1
vertical on 100 horizontal. Ideally the high end should be brought to the surface, so it can be flushed with water from
time to time as part of routine maintenance procedures.

Deep, underground drains - are usually only used in extreme circumstances, where the landslide risk is assessed as
not being tolerable and other stabilisation measures are considered to be impractical. They work by permanently
lowering the water table in a slope. They are not often used in domestic scale developments, but if you have any on your
site be aware that professional maintenance is essential. If they are not maintained and stop working, the water table will
rise and a landslide may even occur during normal weather conditions. Both an increase or a reduction in the normal
flow from deep drains could indicate a problem if it appears to be unrelated to recent rainfall. If changes of this sort are
observed, you should have the drains and your site checked by a geotechnical practitioner.

Documentation - design drawings and specifications for geotechnical measures intended to minimise landslide risk can
be of great assistance to a geotechnical specialist, or structural engineer, called in to inspect and report on them. Copies
of available documentation should be retained and passed to the new owner when the property is sold (GeoGuide
LR11). You should also request details of an appropriate maintenance program for drainage works from the designer
and keep that information with other relevant documentation and maintenance records.

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

. GeoGuide LR1 - Introduction . GeoGuide LR7 - Landslide Risk

. GeoGuide LR2 - Landslides . GeoGuide LR8 - Hillside Construction

. GeoGuide LR3 - Landslides in Soil . GeoGuide LR9 - Effluent & Surface Water Disposal
. GeoGuide LR4 - Landslides in Rock . GeoGuide LR10 - Coastal Landslides

. GeoGuide LR6 - Retaining Walls . GeoGuide LR11 - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation. They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent. The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering. The GeoGuides have been funded under the Australian governments’
National Disaster Mitigation Program.
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RETAINING WALLS

Retaining walls are used to support cuts and fills. Some are built in the open and backfill is placed behind them (gravity
walls). Others are inserted into the ground (cast in situ or driven piles) and the ground is subsequently excavated on one
side. Retaining walls, like all man-made structures, have a finite life. Properly engineered walls should last 50 years, or
more, without needing significant repairs. However, not all walls fit this category. Some, particularly those built by
inexperienced tradesmen without engineering input, can deflect and even fail because they are unable to withstand the
pressures that develop in the ground around them or because the materials from which they are built deteriorate with
time. Design of retaining walls more than 900mm high shou Id be undertaken by a geotechnical practitioner or
structural engineer and normally require local coun cil approval.

Retaining walls have to withstand the weight of the ground on the high side, any water pressure forces that develop, any
additional load (surcharge) on the ground surface and sometimes swelling pressures from expansive clays. These
forces are resisted by the wall itself and the ground on the low side. Engineers calculate the forces that the retained
ground, the water, and the surcharge impose on a wall (the disturbing force) as well as the maximum force that the wall
and ground on the low side can provide to resist them (the restoring force). The ratio of the restoring force to the
disturbing force is called the "factor of safety” (GeoGuide LR1). Permanent retaining walls designed in accordance with
accepted engineering standards will normally have a factor of safety in the range 1.5 to 2.

Never add surcharge to the high side of a wall (e.g. place fill, erect a structure, stockpile bulk materials, or park vehicles)
unless you know the wall has been designed with that purpose in mind.

Never more than lightly water plants on the high side of a retaining wall.
Never excavate at the toe of a retaining wall.

Any of these actions will reduce the factor of safety of the wall and could
lead to failure. If in doubt about any aspect of an existing retaining wall, or
changes you would like to make near one, seek advice from a
geotechnical practitioner, or a structural engineer. This GeoGuide sets out
basic inspection requirements for retaining walls and identifies some
common signs that might indicate all is not well. GeoGuide LR11
provides information about records that should be kept. Geotextile
formatgrial_/
GRAVITY WALLS separation

(as required)

Clay seal to minimise
water inflow

Free draining backfill
behind wall

| —Inclined
drainage layer

/—Weep holes

—

Gravity walls are so called because they rely on their own weight (the
force of gravity) to hold the ground behind in place.

Formed concrete and reinforced blockwork walls (Figure 1) - should
be built so the backfill can drain. They should be inspected at least once
a year. Look for signs of tilting, bulging, cracking, or a drop in ground
level on the high side, as any of these may indicate that the wall has
started to fail. Look for rust staining, which may indicate that the steel
reinforcement is deteriorating and the wall is losing structural strength
("concrete cancer"). Ensure that weep holes are clear and that water is
able to drain at all times, as high water pressures behind the wall can lead
to sudden and catastrophic failure.

Figure 1- Typical formed concr ete wall

Inclined drainage layer
behind wall

Free draining gravel
between wall elements

. . " . Internal drainage pipes
Concrete “crib” walls  (Figure 2) - should be filled with clean gravel, or i

"blue metal" with a nominated grading. Sometimes soil is used to reduce .
cost, but this is undesirable, from an engineering perspective, unless Col amr

internal drainage is incorporated in the wall's construction. Without separation Reinforced concrete footing
backfill drainage, a soil filled crib wall is likely to have a lower factor of ) ) )
safety than is required. Crib walls should be inspected as for formed Figure 2 -Typical crib

concrete walls. In addition, you should check that material is not being lost
through the structure of the wall, which has large gaps through it.

Drainage layer

Timber “crib” walls -  should be checked as for concrete crib walls. In
addition, check the condition of the timber. Once individual elements
show signs of rotting, it is necessary to have the wall replaced. If you are
uncertain seek advice from a geotechnical practitioner, or a structural
engineer.

Clay seal and backfill
as for concrete wall

Geotextile for material
separation (as required)

Masonry walls: natural stone, brick, or interlockin g blocks (Figure 3) -
more than about 1m high, should be wider at the bottom than at the top
and include specific measures to permit drainage of the backfill. They
should be checked as for formed concrete walls. Natural stone walls
should be inspected for signs of deterioration of the individual blocks:
strength loss, corners becoming rounded, cracks appearing, or debris
from the blocks collecting at the foot of the wall.

Weep holes through
¥
A

Figure 3 -Typical masonry wall
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Old Masonry walls (Figure 4) - Many old masonry retaining walls have
not been built in accordance with modern design standards and often
have a low "factor of safety" (GeoGuide LR1). They may therefore be
close to failure and a minor change in their condition, or loading, could
initiate collapse. You need to take particular care with such structures
and seek professional advice sooner rather than later. Although masonry
walls sometimes deflect significantly over long periods of time collapse,
when it occurs, is usually sudden and can be catastrophic. Familiarity
with a particular situation can instil a false sense of confidence.

Reinforced soil walls (Figure 5) - are made of compacted select fill in
which layers of reinforcement are buried to form a "reinforced soil zone".
The reinforcement is all important, because it holds the soil "wall"
together. Reinforcement may be steel strip, or mesh, or a variety of
geosynthetic ("plastic") products. The facing panels are there to protect
the soil "wall" from erosion and give it a finished appearance.

Most reinforced soil walls are proprietary products. Construction should
be carried out strictly in accordance with the manufacturer's instructions.
Inspection and maintenance should be the same as for formed concrete
and concrete block walls. If unusual materials such as timber, or used
tyres, are used as a facing it should be checked to see that it is not rotting,
or perishing.

OTHER WALLS

Cantilevered and anchored walls  (Figure 6) - rely on earth pressure on
the low side, rather than self-weight, to provided the restoring force and
an adequate factor of safety. These walls may comprise:

« aline of touching bored piers (contiguous bored pile wall) or

« sprayed concrete panels between bored piers (shotcrete wall) or

« horizontal timber or concrete planks spanning between upright timber
or steel soldier piles or

« steel sheet piles.

Depending on the form of construction and ground conditions, walls in
excess of 3 m height normally require at least one row of permanent
ground anchors.

INSPECTION

All walls should be inspected at least once a year, looking for tilting and
other signs of deterioration. Concrete walls should be inspected for
cracking and rust stains as for formed concrete gravity walls. Contiguous
bored pile walls can have gaps between the piles - look for loss of soil
from behind which can become a major difficulty if it is not corrected.
Timber walls should be inspected for rot, as for timber crib walls. Steel
sheet piles should be inspected for signs of rusting. In addition, you
should make sure that ground anchors are maintained as described in
GeoGuide LR4 under the heading "Rock bolts and rock anchors".

Inadequate wall
thickness

No drainage medium
behind wall

Figure 4 - Poorly built masonry wall

| Reinforced |
soil zone

Reinforcement (steel or synthetic)

Drainage layer

—— Compacted fill of specified
quality and density

ir— Drainage pipes
Facing panels (concrete,
| blockwork, timber poles,

used tyres etc.)

1 | —
Geotextile (as required)

Figure 5 - Typical reinforced soil wall

Ground anchor
(not required for
cantilevered wall)

e

<—— Retaining wall

Figure 6 - Typical cantilevered or
anchored wall

One of the most important issues for walls is that their internal drainage systems are operational. Frequently verify that
internal drainage pipes and surface interception drains around the wall are not blocked nor have become inoperative.

More information relevant to your particular situat

. GeoGuide LR1 - Introduction *
. GeoGuide LR2 - Landslides *
. GeoGuide LR3 - Landslides in Soil *
. GeoGuide LR4 - Landslides in Rock *
. GeoGuide LR5 - Water & Drainage *

GeoGuide LR7
GeoGuide LR8
GeoGuide LR9
GeoGuide LR10 - Coastal Landslides
GeoGuide LR11 - Record Keeping

ion may be found in other Australian GeoGuides:

- Landslide Risk
- Hillside Construction
- Effluent & Surface Water Disposal

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation. They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent. The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering. The GeoGuides have been funded under the Australian governments’ National

Disaster Mitigation Program.
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LANDSLIDE RISK |

Concept of Risk

Risk is a familiar term, but what does it really mean? It
can be defined as "a measure of the probability and
severity of an adverse effect to health, property, or the
environment." This definiton may seem a bit
complicated. In relation to landslides, geotechnical
practitioners (GeoGuide LR1) are required to assess
risk in terms of the likelihood that a particular landslide
will occur and the possible consequences. This is called
landslide risk assessment. The consequences of a
landslide are many and varied, but our concerns
normally focus on loss of, or damage to, property and
loss of life.

Landslide Risk Assessment

Some local councils in Australia are aware of the
potential for landslides within their jurisdiction and have
responded by designating specific “landslide hazard
zones". Development in these areas is often covered
by special regulations. If you are contemplating
building, or buying an existing house, particularly in a
hilly area, or near cliffs, go first for information to your
local council.

Landslide risk assessment must be undertaken by
a_geotechnical practitioner It may involve visual
inspection, geological mapping, geotechnical
investigation and monitoring to identify:

e potential landslides (there may be more than
one that could impact on your site)

¢ the likelihood that they will occur

« the damage that could result

« the cost of disruption and repairs and

« the extent to which lives could be lost.

Risk assessment is a predictive exercise, but since the
ground and the processes involved are complex,
prediction tends to lack precision. If you commission a

landslide risk assessment for a particular site you
should expect to receive a report prepared in
accordance with current professional guidelines and in
a form that is acceptable to your local council, or
planning authority.

Risk to Property

Table 1 indicates the terms used to describe risk to
property. Each risk level depends on an assessment of
how likely a landslide is to occur and its consequences
in dollar terms. "Likelihood" is the chance of it
happening in any one year, as indicated in Table 2.
"Consequences" are related to the cost of repairs and
temporary loss of use if a landslide occurs. These two
factors are combined by the geotechnical practitioner to
determine the Qualitative Risk.

TABLE 2: LIKELIHOOD

Likelihood Annual Probability
Almost Certain 1:10

Likely 1:100

Possible 1:1,000

Unlikely 1:10,000

Rare 1:100,000

Barely credible 1:1,000,000

The terms "unacceptable”, "may be tolerated", etc. in
Table 1 indicate how most people react to an assessed
risk level. However, some people will always be more
prepared, or better able, to tolerate a higher risk level
than others.

Some local councils and planning authorities stipulate a
maximum tolerable level of risk to property for
developments within their jurisdictions. In these
situations the risk must be assessed by a geotechnical
practitioner. If stabilisation works are needed to meet
the stipulated requirements these will normally have to
be carried out as part of the development, or consent
will be withheld.

TABLE 1: RISK TO PROPERTY

Qualitative Risk

Significance - Geotechnical engineering requirements

Very high | VH | 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 the value of the property.

High H

the value of the property.

Unacceptable without treatment. Detailed investigation, planning and implementation of treatment
options required to reduce risk to acceptable level. Work would cost a substantial sum in relation to

Moderate M

May be tolerated in certain circumstances (subject to regulator's approval) but requires
investigation, planning and implementation of treatment options to reduce the risk to Low.
Treatment options to reduce to Low risk should be implemented as soon as possible.

Low

L Usually acceptable to regulators. Where treatment has been needed to reduce the risk to this
level, ongoing maintenance is required.

Very Low VL | Acceptable . Manage by normal slope maintenance procedures.
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Risk to Life

Most of us have some difficulty grappling with the
concept of risk and deciding whether, or not, we are
prepared to accept it. However, without doing any sort
of analysis, or commissioning a report from an "expert",
we all take risks every day. One of them is the risk of
being killed in an accident. This is worth thinking about,
because it tells us a lot about ourselves and can help to
put an assessed risk into a meaningful context. By
identifying activities that we either are, or are not,
prepared to engage in we can get some indication of
the maximum level of risk that we are prepared to take.
This knowledge can help us to decide whether we really
are able to accept a particular risk, or to tolerate a
particular likelihood of loss, or damage, to our property
(Table 2).

In Table 3, data from NSW for the years 1998 to 2002,
and other sources, is presented. A risk of 1 in 100,000
means that, in any one year, 1 person is killed for every
100,000 people undertaking that particular activity. The
NSW data assumes that the whole population
undertakes the activity. That is, we are all at risk of
being killed in a fire, or of choking on our food, but it is
reasonable to assume that only people who go deep
sea fishing run a risk of being killed while doing it.

It can be seen that the risks of dying as a result of
falling, using a motor vehicle, or engaging in water-
related activities (including bathing) are all greater than
1:100,000 and yet few people actively avoid situations
where these risks are present. Some people are averse
to flying and yet it represents a lower risk than choking
to death on food. Importantly, the data also indicate
that, even when the risk of dying as a consequence of a
particular event is very small, it could still happen to any
one of us any day. If this were not so, no one would
ever be struck by lightning.

Most local councils and planning authorities that
stipulate a tolerable risk to property also stipulate a
tolerable risk to life. The AGS Practice Note Guideline
recommends that 1:100,000 is tolerable in newly

developed areas, where works can be carried out as
part of the development to limit risk. The tolerable level
is raised to 1:10,000 in established areas, where
specific landslide hazards may have existed for many
years. The distinction is deliberate and intended to
prevent the concept of landslide risk management, for
its own sake, becoming an unreasonable financial
burden on existing communities. Acceptable risk is
usually taken to be one tenth of the tolerable risk
(1:1,000,000 for new developments and 1:100,000 for
established areas) and efforts should be made to attain
these where it is practicable and financially realistic to
do so.

TABLE 3: RISK TO LIFE

Risk (deaths per Activity/Event Leading to
participant per Death
year) (NSW data unless noted)
1:1,000 Deep sea fishing (UK)
1100880 to Motorl cyclipg, horse riding
0 ultra-light flying (Canada)
1:23,000 Motor vehicle use
1:30,000 Fall
1:70,000 Drowning
1:180,000 Fire/burn
1:660,000 Choking on food
1:1,000,000 Scheduled airlines (Canada)
1:2,300,000 Train travel
1:32,000,000 Lightning strike

More information relevant to your particular situat ion may be found in other AUSTRALIAN GEOGUIDES:

. GeoGuide LR1 - Introduction

. GeoGuide LR2 - Landslides

. GeoGuide LR3 - Landslides in Soil
. GeoGuide LR4 - Landslides in Rock
. GeoGuide LR5 - Water & Drainage

GeoGuide LR6 - Retaining Walls

GeoGuide LR8 - Hillside Construction

GeoGuide LR9 - Effluent & Surface Water Disposal
GeoGuide LR10 - Coastal Landslides

GeoGuide LR11 - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation. They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent. The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the

national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering. The GeoGuides have been funded under the Australian governments’

National Disaster Mitigation Program.
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HILLSIDE CONSTRUCTION PRACTICE

Sensible development practices are required when building on hillsides, particularly if the hillside has more than a low
risk of instability (GeoGuide LR7). Only building techniques intended to maintain, or reduce, the overall level of landslide
risk should be considered. Examples of good hillside construction practice are illustrated below.

EXAMPLES OF GOOD HILLSIDE CONSTRUCTION PRACTICE

Surface water interception drainage

Watertight, adequately sited and founded roof water storage
tanks (with due regard for impact of potential leakage) ————— —\

Flexible structure

Roof water piped off site orstored ————

On-site detention tanks, watertight and adequately -
founded. Potential leakage managed by sub-sail |
drains \ it /
\ S0 N A——
Vegetation retained ! R ggg;Lng’;fﬂgﬁ'éND
(COLLUVIUM)

\

— Pier footings into rock

- Subsoil drainage may be
required in slope

Cutting and filling minimised in development

Sewage effluent pumped out or connected to sewer.
Tanks adequately founded and watertight. Potential

e g8 \ leakage managed by sub-sacil drains
5 \\ \ . ] .
RS =5y L Engineered retaining walls with both surface and
1 BEDROCK: subsurface drainage (constructed before dwelling) %
- (© AGS (2007)
vt o See also AGS (2000) Appendix J

WHY ARE THESE PRACTICES GOOD?

Roadways and parking areas - are paved and incorporate kerbs which prevent water discharging straight into the
hillside (GeoGuide LR5).

Cuttings - are supported by retaining walls (GeoGuide LR6).

Retaining walls - are engineer designed to withstand the lateral earth pressures and surcharges expected, and include
drains to prevent water pressures developing in the backfill. Where the ground slopes steeply down towards the high
side of a retaining wall, the disturbing force (see GeoGuide LR6) can be two or more times that in level ground.
Retaining walls must be designed taking these forces into account.

Sewage - whether treated or not is either taken away in pipes or contained in properly founded tanks so it cannot soak
into the ground.

Surface water - from roofs 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 exits, rather
than enters, the ground. Shallow, lined, drains on the surface can fulfil the same purpose (GeoGuide LR5).

Surface loads - are minimised. No 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 to occur and, preferably, to rock. This sort of
construction 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 certain amount of movement with minimal signs of
distress and maintain their functionality.

Vegetation clearance - on soil slopes has been kept to a reasonable minimum. Trees, and to a lesser extent smaller
vegetation, take large quantities of water out of the ground every day. This lowers the ground water table, which in turn
helps to maintain the stability of the slope. Large scale clearing can result in a rise in water table with a consequent
increase in the likelihood of a landslide (GeoGuide LR5). An exception may have to be made to this rule on steep rock
slopes where trees have little effect on the water table, but their roots pose a landslide hazard by dislodging boulders.

Possible effects of ignoring good construction practices are illustrated on page 2. Unfortunately, these poor construction
practices are not as 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 one of
the disasters illustrated, is likely to more than wipe out any apparent savings at the outset.

ADOPT GOOD PRACTICE ON HILLSIDE SITES
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EXAMPLES OF POOR HILLSIDE CONSTRUCTION PRACTICE

Unstabilised rock topples and travels downslope

Vegetation removed ——
Steep unsupported cut fails ]

AN \ “\\ //7k
Discharges of roofwater soak away rather than \\\ \ @ r«

conducted offsite or to secure storage for re-use ——— \ \

Structure unable to tolerate
settlement and cracks

Poorly compacted fill settles X
unevenly and cracks pool 4y \ O

Inadequate walling unable / \
to support fill Lo

Inadequately | ‘
supported cut fails—— ‘

| || into slope
Saturated \. \ \\ / /"‘ 4
slope fails — \ \’QCK FRAGMENTS Y@\ \————&=4— Dwelling not founded in
Vegetation | = (COLLUVIUM) 0 \ /,/ /‘/ bedrock
removed— | \ BEDROCK " /[ /
| £ Absence of subsoil drainage
Mud flow | \‘ ~ within fill

occurs

__ / Loose, saturated fill slides and
possibly flows downslope

——— Ponded water enters slope and activates landslide

18

(©) AGS (2007)
Possible travel downslope which impacts other development downhill See also AGS (2000) Appendix J

WHY ARE THESE PRACTICES POOR?

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

Cut and fill - has been used to balance earthworks quantities and level the site leaving unstable cut faces and added
large surface loads to the ground. Failure to compact the fill properly has led to settlement, which will probably continue
for several years after completion. The house and pool have been built on the fill and have settled with it 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
engineering design principles, the walls have failed to provide the required 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 also become involved in a man-made landslide.

Soak-away drainage - has been used for sewage and surface water run-off from roofs and pavements. This water
soaks into the ground and raises the water table (GeoGuide LR5). 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 herring bone,
pattern. This may conflict with the requirements for effluent and surface water disposal (GeoGuide LR9) and if so, you
will need to seek 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 practitioners as "debris flow paths". Rock is normally even denser than ordinary fill, so even
quite modest boulders are likely to weigh many tonnes and do a lot of damage once they start to roll. Boulders have
been known to travel hundreds of metres downhill leaving behind a trail of destruction.

Vegetation - has been completely cleared, leading to a possible rise in the water table and increased landslide risk
(GeoGuide LR5).

DON'T CUT CORNERS ON HILLSIDE SITES - OBTAIN ADVICE FROM A G EOTECHNICAL PRACTITIONER

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

. GeoGuide LR1 - Introduction . GeoGuide LR6 - Retaining Walls

. GeoGuide LR2 - Landslides . GeoGuide LR7 - Landslide Risk

. GeoGuide LR3 - Landslides in Soil . GeoGuide LR9 - Effluent & Surface Water Disposal
. GeoGuide LR4 - Landslides in Rock GeoGuide LR10 - Coastal Landslides

. GeoGuide LR5 - Water & Drainage . GeoGuide LR11 - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation. They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent. The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering. The GeoGuides have been funded under the Australian governments’
National Disaster Mitigation Program.
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AUSTRALIAN GEOGUIDE LR9 (EFFLUENT DISPOSAL)

EFFLUENT AND SURFACE WATER DISPOSAL

EFFLUENT AND WASTEWATER

All households generate effluent and wastewater. The disposal of these products and their impact on the environment
are key considerations in the planning of safe and sustainable communities. Cities and townships generally have
reticulated water, sewer and stormwater systems, which are designed to deliver water and dispose of effluent and
wastewater with minimal impact on the environment. However, many smaller communities and metropolitan fringe
suburbs throughout Australia are un-sewered. Some of these are located in hillside or coastal settings where landslides
present a hazard.

Processes by which wastewater can affect slope stabi lity

As explained in GeoGuides LR3 and LR5, groundwater variations have a significant impact on slope stability.
Inappropriate disposal of effluent and wastewater may result in the ground becoming saturated. The result is equivalent
to a localised rise of the groundwater table and may have the potential to cause a landslide (GeoGuides LR2, LR5 and
LR8).

On-site effluent disposal

In un-sewered areas disposal of effluent must be achieved through suitable methods. These methods usually involve
containment within the boundaries of the site ("on-site disposal”). State environment protection agencies and local
government authorities can usually provide advice on suitable disposal systems for your area. Such systems may
include:

«  Septic systems, which involve a storage/digestion tank for solids, with disposal of the liquid effluent via absorption
trenches and beds, leach drains, or soak wells. Such systems are best suited to areas not prone to landslides.

« Aerobic treatment units which incorporate an individual household treatment plant to aid breakdown of the waste into
a higher quality effluent. Such effluent is further treated and disposed of by surface or sub-surface irrigation, sub-soil
dripper, or shallow leach drain system.

« Nutrient retentive leaching systems which utilise septic tanks to process the solid and liquid wastes in conjunction
with discharge of the effluent through sand filters, media filters, mound systems and nutrient retentive leaching
systems, which strip the effluent of nutrients.

Toilet (and sometimes kitchen) waste is known as black water. Other, less contaminated, wastewater streams from
showers, baths and laundries are known as grey water. Grey water re-use systems allow a household to conserve water
from bathrooms, kitchens and laundries, for re-use on gardens and lawns.

Recommendations for effluent disposal

In areas prone to landslide hazard, it is recommended that whatever effluent disposal system is employed, it should be
designed by a qualified professional, familiar with how such a system can impact on the local environment. Local council,
and in some instances state environment protection agency, approval is usually required as well. Many local authorities
require a site assessment report, which covers all relevant issues. If approved, the report's recommendations must be
incorporated in the system design. Reduction in the volume of effluent is beneficial so composting toilets and highly
rated (i.e. low consumption) water appliances are recommended. It should be noted that in some state and local
government jurisdictions there are restrictions on the alternative measures that can be applied. Consideration should be
given to applying treated wastewater to land at low rates and over as large an area as possible. Further guidance can be
found in Australian Standard AS/NZS 1547:2000 On-site domestic wastewater management.

Effluent disposal fields should be sited with due consideration to the overall landscape and the individual characteristics
of the property. Some guidance is provided. In particular, effluent fields should be located downslope of the building,
away from stormwater, or grey water, discharge areas and where there is minimal potential for downstream pollution.
Set backs and buffer distances vary from state to state and local requirements should be adhered to. All systems require
regular maintenance and inspection. Efficient operation of the system must be a priority for property owners/occupiers to
ensure safe and sustainable communities. Responsibility for maintenance rests with owners.

SURFACE WATER DRAINAGE

Attention to on-site surface water management is also important. Runoff from developments, including buildings, decks,
access tracks and hardstand areas should be collected and discharged away from the development and other effluent
disposal fields. Particular care must be given to the design of overflows on water tanks, as this is often overlooked.
Discharge from any development should be spread out as much as possible, unless it can be directed to an existing
natural water course. Ponding of water on hillsides and the concentration of water flows on slopes must be avoided.

It is recommended that a specific drainage plan and strategy should be developed in conjunction with the effluent
disposal system for sites with a high potential for slope instability. Maintenance of the surface water drainage system is
as important as maintenance of the effluent disposal system and again the responsibility rests with owners.
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AUSTRALIAN GEOGUIDE LR9 (EFFLUENT DISPOSAL)

. Locate disposal field preferably on downhill side
Avoid concave slopes, of the house with trenches following the contour,
depressions and benches manage landslide risk if this is an issue

Land application area size is
determined by soil dependent
loading rate

Disposal area planted with
shallow rooting grasses and
shrubs

Keep access and buildings
away from disposal field to
retain full soil absorption
and evaporation capabilities.
Avoid areas
of high
groundwater Disposal field better
located on flatter area
and away from the water

Disposal trench should be | \_ "
constructed so that landslide risk | g
; : | to waters edge

is tolerable. Seek professional |

advice if in doubt ——————————

Special design considerations
are required for floodprone land

Reduce effluent volumes through Avoid concentrations of surface Other effluent disposal systems can
highly rated appliances and grey water and direct away from include soak wells, surface/spray irrigation,
water re-use systems effluent fields drip irrigation and subsurface drippers
Locate underground household water Direct rainfall runoff away from Disposal field set back from property
storage uphill and away from disposal field disposal field with a cut-off drain boundary in accordance with local
provisions

Retain vegetation where
possible and plant area
with grasses and shrubs

Ensure overflow to improve operation of

at water tank is disposal field
spread broadly
across slope
Disposal system

located away from
surface waters.
Check local provisions

Ensure point of application is above

the highest seasonal water table Locate disposal field (if that is what is required)
along the contours of the slope in accordance with
local provisions and landslide risk assessment

Note: Adapted from EPA Vic. Publication 451 (March 1996) “Code of Practice - Septic Tanks’, which was sourced
from Vic. Department of Planning and Loddon-Campaspe Regional Planning Authority.

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

. GeoGuide LR1 - Introduction . GeoGuide LR6 - Retaining Walls

. GeoGuide LR2 - Landslides . GeoGuide LR7 - Landslide Risk

. GeoGuide LR3 - Landslides in Soil . GeoGuide LR8 - Hillside Construction
. GeoGuide LR4 - Landslides in Rock . GeoGuide LR10 - Coastal Landslides
. GeoGuide LR5 - Water & Drainage . GeoGuide LR11 - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation. They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent. The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering. The GeoGuides have been funded under the Australian governments’ National
Disaster Mitigation Program.
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AUSTRALIAN GEOGUIDE LR10 (COASTAL LANDSLIDES)

Coastal Instability

The coast presents a particularly dynamic environment where change is often the norm. Hazards exist in relation to both
cliffs and sand dunes. The coast is also the most heavily populated part of Australia and always regarded as “prime” real
estate, because of the views and access to waterways and beaches.

Waves, wind and salt spray play a significant part, causing dunes to move and cliff-
faces to erode well above sea level. Our response is often to try to neutralise these
effects by doing such things as dumping rock in the sea, building groynes,
dredging, or carrying out dune stabilisation. Such works can be very effective, but
ongoing maintenance is usually needed and total reconstruction may be necessary
after a relatively short working life.

Of particular significance are extreme events that cause destruction on a scale that
ignores our efforts at coastal protection. Records show that cliffs have collapsed,
taking with them backyards which had been relied upon as a buffer between a
house and the ocean. Sand dunes have also been washed away resulting in the
dramatic loss of homes and infrastructure. As with most landslide issues, even
though such events may be infrequent, they could happen tomorrow. It is easy to
be lulled into a false sense of security on a calm day.

In coastal areas, typical landslide hazards (GeoGuides LR1 to LR4) are
compounded by coastal erosion which, over time, undercuts cliffs and eventually
results in failure. In the case of sand dunes, dune erosion and dune slumping
have equally dramatic effects. Coastal locations are subject to particular
processes relating to fluctuating water tables, inundation under storm tides and
direct wave attack. Large sections of our more sandy coastline are receding under
present sea conditions. The hazards are progressive and likely to be exacerbated
through climate change.

Coastal Development

If you own, or are responsible for, a coastal property it is important that you understand that, where the shore line is
receding, there is a greater landslide risk than would be the case on a similar site inland. The view may make the risk
worthwhile, but does not reduce it.

Coastal Landslides

Coastal landslides are little different from other landslides in that the signs of failure (GeoGuides LR2) and the causes
(LR3, LR4 & LR5) are largely the same. The main difference relates to the overriding influence of wave impact, tidal
movement, salt spray and high winds.

Cliff failures

In addition to the processes that produce cliff instability on inland cliffs, coastal cliffs are also subjected to repeated cycles
of wetting and drying which can be accompanied by the expansive effect of salt crystal growth in gaps in the rocks. These
processes accelerate the deterioration of coastal cliffs. At the base of cliffs, direct wave attack and the impact of boulders
moved by wave action causes undercutting and hence instability of the overall face. Figure 2 of GeoGuide LR4 provides
an example. Whilst the processes leading to coastal cliff collapse may take years, failure tends to be catastrophic and with
little warning. In many cases, waves produced by large oceanic storms are the trigger assisted by rainfall to produce
collapse. These are also the conditions in which you are more likely to be inside your home and oblivious to unusual
noises or movements associated with imminent failure.

Sand dune escarpment and slope failures

An understanding of coastal processes is essential when
determining beach erosion potential. Waves produced by large
oceanic storms can erode beaches and cut escarpments into
dunes. These may be of relatively short duration, when beach re-
building happens after the storm, but can be a permanent feature
where long term beach recession is taking place. In many
locations, houses and infrastructure are sited on or immediately
behind coastal dunes. After an escarpment has eroded, those
assets may be lost or damaged by subsequent slumping of the
dune. It is important that, on erodible coastal soils, the potential
for landward incursion of an erosion escarpment is determined.
Having done this, the likelihood of slope instability can be
established as part of the landslide risk management process.
Injury, death and structural damage have occurred around the
Australian coast from collapsing sand escarpments.
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AUSTRALIAN GEOGUIDE LR10 (COASTAL LANDSLIDES)

The large scale and potentially high speed of coastal erosion processes means that major civil engineering work and large
cost is normally involved in their control. The installation of rock bolts (LR4), drainage (LR5), or retaining walls (LR6) on a
single house site may be necessary to provide local stability, but are unlikely to withstand the attack of a large storm on a
beach or cliff-line.

BUILDING NEAR CLIFFSAND HEADLANDS i aiures suines m Geogude Lrs___~ "
Coastal cliffs and headlands exist because the rock that they are :‘w ~
made from is able to resist erosion. Even so, cliff-faces are not
immune and will continue to collapse (Figure 1) by one or other of the
mechanisms shown on GeoGuide LR4. If you live on a coastal cliff,
you should undertake inspection and maintenance as recommended
in LR4 and the other GeoGuides, as appropriate. The top of the cliff,
its face, and its base should be inspected frequently for signs of
recent rock falls, opening of cracks, and heavy seepage which might
indicate imminent failure. Since the sea can remove fallen rocks | \ | O™~ G
rapidly, inspections should be made shortly after every major storm
as a matter of course. If collapses are occurring seek advice
from _an_appropriately experienced geotechnical prac titioner.
Advise _you local council if you believe erosion is rapid_or

accelerating. Figure 1
Building on Coastal Dunes

<4— Salt spray, wind and
<«——— waves attack cliff
continually

Rocks can abraid base of cliff
before being removed by sea

Any excavation in a natural dune slope is inherently unstable and must be supported and maintained (GeoGuide LR6).
Dunes are particularly susceptible to ongoing erosion by wind and wave action and extreme changes can occur in a single
storm. Whilst vegetation can help to stabilise dunes in the right circumstances, unfortunately a single storm has the
potential to cut well into dunes and, in some cases, remove an entire low lying dune system or shift the mouth of a river.
As for cliffs, it is appropriate to observe the eff  ects of major storms on the coastline. If erosion is causing the
coastline to recede at an appreciable rate, seek ad vice from suitably experienced geotechnical and coa  stal
engineering practitioners and bring it to the atten tion of the local council.

CLIMATE CHANGE

The coastal zone will experience the most direct physical
impacts of climate change. A number of reviews of global
data indicate a general trend of sea level rise over the last
century of 0.1 - 0.2 metres. Current rates of global average
sea level rise, measured from satellite altimeter data over the
last decade, exceed 3 mm/year and are accelerating. The
most authoritative and recent (at the time of writing) report on
climate change (IPCC, 2007) predicts a global average sea
level rise of between 0.2 and 0.8 metres by 2100, compared
with the 1980 - 1999 levels (the higher value includes the
maximum allowance of 0.2 m to account for uncertainty
associated with ice sheet dynamics).

In addition to sea level rise, climate change is also likely to
result in changes in wave heights and direction, coastal wind
strengths and rainfall intensity, all of which have the capacity
to impact adversely on coastal dunes and cliff-faces. A Guideline for responding to the effects of climate change in coastal
areas was published by Engineers Australia in 2004.
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More information relevant to your particular situation may be found in other Australian GeoGuides:

. GeoGuide LR1 - Introduction . GeoGuide LR6 - Retaining Walls

. GeoGuide LR2 - Landslides . GeoGuide LR7 - Landslide Risk

. GeoGuide LR3 - Landslides in Soil . GeoGuide LR8 - Hillside Construction

. GeoGuide LR4 - Landslides in Rock . GeoGuide LR9 - Effluent & Surface Water Disposal
. GeoGuide LR5 - Water & Drainage . GeoGuide LR11 - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation. They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent. The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering. The GeoGuides have been funded under the Australian governments’ National
Disaster Mitigation Program.
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AUSTRALIAN GEOGUIDE LR11 (RECORD KEEPING)

RECORD KEEPING

It is strongly recommended that records be kept of all construction, inspection and maintenance activities in relation to
developments on sloping blocks. In some local authority jurisdictions, maintenance requirements form part of the building
consent conditions, in which case they are mandatory.

CONSTRUCTION RECORDS

If at all possible, you should keep copies of drawings, specifications and construction (i.e. "as built") records, particularly if
these differ from the design drawings. The importance of these documents cannot be over-emphasised. If a geotechnical
practitioner comes to a site to carry out a landslide risk assessment and is only able to see the face of a retaining wall, the
heads of some ground anchors, or the outlets of a number of sub-soil drains, it may be necessary to determine how these
have been built and how they are meant to work before completing the assessment. This could involve drilling through the
wall to determine how thick it is, or probing the length of the drains, or even ignoring the anchors altogether, because it is
uncertain how long they are. Such "investigation" of something that may only have been built a few years before is, at
best, a waste of time and money and, at worst, capable of coming up with a misleading answer which could affect the
outcome of the assessment. Documentary information of this sort often proves to be invaluable later on, so treat it with as
much importance as the title deeds to your property.

INSPECTION AND MAINTENANCE RECORDS

If you follow the recommendations of the Australian GeoGuides it is likely that you will either carry out periodic inspections
yourself, or you will engage a geotechnical practitioner to do them for you. The collected records of these inspections will
provide a detailed history of changes that might be occurring and will indicate, better than your own memory, whether
things are deteriorating and, if so, at what rate. Unfortunately, without some form of written record, all information is
usually lost each time a property is sold. It is recommended that a prospective purchaser should have a pre-purchase
landslide risk assessment carried out on a hillside site, in much the same way that they would commission a structural
assessment, or a pest inspection, of the building. If the vendor has kept good records, then the assessment is likely to be
quicker and cheaper, and the outcome more reliable, than if none are available. Each site is different, but noting the
following would normally constitute a reasonable record of an inspection/maintenance undertaken:

« date of inspection/maintenance and the name and professional status of the person carrying it out

« description of the specific feature (eg. cliff face, temporary rock bolt, cast in situ retaining wall, shallow leach drain
system)

« sketch plans, sketches and photographs to indicate location and condition
e activity undertaken (eg. visual inspection; cleared vegetation from drain; removed fallen rock about 500 mm diameter)

« condition of the feature and any matters of concern (e.g. weep holes damp and flowing freely; rust on anchor heads
getting worse; shotcrete uncracked and no sign of rust stains; ground saturated around leach field)

« specific outcomes (eg. no action necessary; geotechnical practitioner called in to advise on the state of the anchors;
cliff face to be trimmed following the most recent rock fall; leach field to be rebuilt at new location)

A proforma record is provided overleaf for convenience. Photographs and sketches of specific observations can prove to
be very useful and should be included whenever possible. Geotechnical practitioners may devise their own site specific
inspection/maintenance records.

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

. GeoGuide LR1 - Introduction . GeoGuide LR6 - Retaining Walls

. GeoGuide LR2 - Landslides . GeoGuide LR7 - Landslide Risk

. GeoGuide LR3 - Landslides in Soil . GeoGuide LR8 - Hillside Construction

. GeoGuide LR4 - Landslides in Rock . GeoGuide LR9 - Effluent & Surface Water Disposal
. GeoGuide LR5 - Water & Drainage . GeoGuide LR10 - Coastal Landslides

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation. They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent. The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering. The GeoGuides have been funded under the Australian governments’ National
Disaster Mitigation Program.
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AUSTRALIAN GEOGUIDE LR11 (RECORD KEEPING)

INSPECTION/MAINTENANCE RECORD

(Tick boxes as appropriate and add information as required)

Site location (street address / lot & DP numbers / map reference / latitude and longitude)

FEATURE

Slopes & surface protection:
Natural slope/cliff
Surface water drains
Shotcrete

Retaining walls:

Cast in situ concrete
Masonry (hatural stone)
Cribwall (concrete)
Anchored wall

Sub-soil drains

Ground improvement:

Rock bolts
Ground anchors
Deep subsoil drains

Effluent treatment system
Effluent disposal field
Storm water disposal field

Other:
Netting

[ ] catch fence

[ ] cutill slope

|| stone pitching [ ] Other

Concrete block
Masonry (brick, block)
Cribwall (timber)
Reinforced soil wall
Weep holes

|:| Soil nails

Effluent and storm water disposal systems:

[ ] catch pit

Inspected

Maintained

Tested

By Professional

Attachments: |:| Sketch(es) |:| Photograph(s) D Other (eg measurements, test results)

Record prepared by ...................
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ASSESSMENT OF LANDSLIDE LIKELIHOOD IN THE PITTWATER
LOCAL GOVERNMENT AREA

Patrick MacGregor™, Bruce Walker® Robin Fell®, and Andrew Leventhaf®
@ Consulting Engineering Geologist, Mannering Park, NSW
@ Principal, Jeffery and Katauskas, Sydney, NSW
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ABSTRACT

The likelihood of landsliding in the Pittwater LGi#as been assessed by the compilation of an inweofdandslide

events that have occurred in the area over a pefiodore than 30 years. This inventory indicateat tmost events
were associated with residential development. mication of the population of slope modificatioasyprovided by a
survey of several areas selected as representdtilie properties within the designated geotechmisk zone.

Rainfall records for Newport have been used a bfmsisa review of the relationship between rainfallents and
landslide events. The results of this analysiseha®en combined with the landslide inventory angugation survey to
provide an assessment of the likelihood of the meae of landslides in the Pittwater LGA in théufe.

1 INTRODUCTION

The occurrence of landslides in the northern beadiurbs of Sydney has been recognised since th@'sl@hen a
number of homes were damaged or destroyed by idedsIThe then Warringah Council first introducethradslide
zoning scheme in 1977. This scheme identified afeaswhich a geotechnical assessment of the paieifior
landsliding was required for development appliaagioThe Pittwater area is sought after as a ret#ddocation and
pressure for more intensive development has rabuiteroad and building construction in areas witgngicant
geotechnical constraints. In recognition of thislgpem Pittwater Council established an interim ®ebnical Risk
Management Policy that requires geotechnical ibpdievelopment within a designated zone (PWC, 2003)

As part of the risk management policy Council regsiithat an assessment of the likelihood of laddslbe prepared
for proposed development within the zone. Thesesassents are to be conducted in accordance witimdibods
presented in the Australian Geomechanics SocietydgBnes on Landslide Risk Management (AGS 2000).
Practitioners carrying out these assessments ol fit difficult to estimate the likelihood (andyarobability) of
sliding because there is no complete database whimh to make that judgement.

In recognition of this need the Australian Geomaitg Society in association with Pittwater Courscilght funds for
a research project to gather data on landsliderosce, the population of slopes which are susilepto landsliding
and rainfall statistics. From this the averageophilities of failure and annual probabilities afléire for typical slopes
have been developed.

Funds to assist the study have been made availabler the National Disaster Mitigation Program (NBPMrom the
Commonwealth Government, the NSW State GovernnmahPétwater Council. The study has been carrigchgithe
authors under the overall direction of a Steerimgn@ittee established jointly by Pittwater Councitldhe Australian
Geomechanics Society

This paper is an abbreviated version of the reporthe results of the study prepared as a genefierience for use by
those involved in risk assessments for PittwatasrCo.

2 FEATURES OF PROJECT AREA

2.1 TOPOGRAPHY

Pittwater Shire occupies the ‘Peninsula’ area @& Morthern Beaches of Sydney which extend northwesth
Narrabeen Lagoon to Barrenjoey Head and coversvéstern shore of Pittwater as far as West Head Rottte Ku-
ring-gai Chase National Park.
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LANDSLIDE LIKELIHOOD IN THE PITTWATER AREA MACGREGOR et al

East of Pittwater several flat-topped plateaux atvport, Bilgola, Avalon, Whale Beach and Palm Beashch an
elevation of about 100 m and are separated by yémgiked valleys with narrow coastal flats. Oe thestern side a
almost continuous plateau extends from Elanoralieitp West Head reaching elevations of about 150 m

2.2 GEOLOGY

Figure 1 is based on a portion of the Sydney 10@Geological Series map 9130 which shows thaPttiwater area

is underlain by a near-horizontally bedded sequefcedimentary rocks of Triassic Age. The flappad ridges are
formed by the Hawkesbury Sandstone, a uniform nmdgrained quartzose sandstone with minor shale $yand
reasonably distinct bedding and well developedicbily widely spaced, near-vertical joints. Figu?epresents a
typical geological section through the peninsulst ea Pittwater.

The slopes surrounding the plateau areas are aimdry an interbedded sequence of laminite, silestshale and
quartz sandstone of the Narrabeen Formation whitlib# strongly developed bedding and jointing. e slopes
these rocks are overlain by talus which has faftem the sandstone uphill and by clayey colluviuerided by
weathering of the siltstone and shale. On the tosl@pes rock is overlain by Quaternary Age alllgad marine
sands.
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Figure 2: Section showing typical geology in thviter area.

2.3 GEOMORPHOLOGY

Erosion of these rocks has produced a surfacel@ngith a flat crest above steep slopes with reddyi narrow terraces.
Some of the steep slopes are sandstone cliffs amk ©f the terraces are underlain by sandstonesid&dial

development of the area has involved modificatibthe slopes by excavation into the talus and glap@luvium and

the placement of fill over these materials. Pregre development has transformed the area froniddy beach

houses’ to ‘suburbia’.
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3 METHODOLOGY

3.1 LANDSLIDE INVENTORY
Information on landslide events in Pittwater LoGavernment Area has been obtained from the follgwgiources:
» Recollection of past instability in Pittwater LG£ofn memories of members of the project Steering Gittae
— originally referred to as ‘the Brain Dump’.
» Records of landslide events held by Pittwater Cdunc
* Records of landslide events held by Warringah Shiancil.
» Reports prepared by geotechnical consultants edaminvestigate landslide events in Pittwater LGA
» Reference to back numbers of ‘The Manly Daily'.

The data obtained for each event has been, as famaaticable, composed of:

* The date of the event in day, month and year.

* The location of the event as Suburb, Street areeSMumber. It has been assumed that each evesstiEted
to one property.

* The situation of the event within the property €&t road’ (R), ‘within block’ (B) and ‘at houséH).
e A brief description of the event with report refece if available.

» Classification of the event type, e.g. for Cut (EjJl (F), Soil (S), Rock (R), with the height dig disturbance
in metres.

» Style of retaining wall if involved in the eventge uncemented rock wall (WR), masonry or concldtek
wall (WB), reinforced concrete wall (WC), sawn saiathe block wall (WS), timber wall (WT) and cribsiok
wall (WCB).

« Classification of size based on estimated volurmelired, e.g. Small for <5 fnMedium for 5-50 mand Large
for >50 .

» Source of information e.g. Pittwater Council (P@)arringah Shire Council (WSC), CG for Coffey
Geotechncis (CG), GHD-LongMac and GHD Geotechrlit$)( Jeffery and Katauskas (J&K), Andrew Shirley
(AS).

The landslide inventory initially identified som&@ cases of slope instability. Following reviewtloé information and
removal of duplication and instances where no lb&dianformation was available the revised inventtisgs 193
landslide events in Pittwater LGA in the 32 yeagteen 1972 and 2004 that were considered accegtaldnalysis.

3.2 POPULATION

Almost all the events identified by the landslideéntory fall within the Geotechnical Risk zone ket on Pittwater
Council map 03-H001 “Geotechnical Risk Managememtph003”. The Geological Risk Zone generally deliee
areas of sloping ground with colluvial cover. Pater Council has provided a list of the number fperties within
each suburb affected by the Geotechnical Risk Zmealso the total number of properties in eaclidub

It was necessary to establish the population o, dills and walls within the Geotechnical Risk 2o his was done by
selecting a number of representative areas withitwdter and carrying out a “slope modification”réely. In these

sample areas the number of cuts, fills and waltstarir characteristics were individually countdebr the purpose of
this survey it was assumed that cuts and fills westricted to individual properties i.e. if a gtanned 6 properties it
was recorded as 6 cuts.

Each property within the selected area was insgeatad slope modification features classified usihg same
terminology as in the landslide inventory. A toddl699 properties in 10 streets in 6 suburbs wesiged. This limited
survey was carried out from the roadway and thesinformation is approximate (but sufficient foetpurpose). It
follows therefore that information on site condito'at road’ is much more complete than ‘in blook*at house’.
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3.3 RAINFALL

Rainfall records for Newport have been used assistfar a review of the relationship between rdinéaents and
landslide events. The study included the dailgfedi and antecedent rainfall which has been restrthen landslides
have occurred; the annual probability of the ranergs at which some landslides are recorded andewadarge
number of landslides are recorded.

The rainfall analysis is presented in a separgtempay Walker (2007) and is summarized in Secti@n 4

4 ANALYSIS OF DATA

4.1 LANDSLIDE INVENTORY

The landslide events are located on Figure 3.

The 193 landslides in the developed area have seted by suburb, date, type and size with a sumofahe features
in Figure 4. Information on dates of landslidisgsummarised on Figure 5. Table 1 lists those latedsfor which the

actual date of landsliding is known. Those datessHaeen used for the analysis of the relationshilardsliding to
rainfall.

The inventory indicates that:

» Reported landslides are spread through nine sulwitbsnost in Newport, Church Point, Bayview andafon.

* The landslides in the area are mostly rotationaramslational slides of soil or soil and rock. Téare some
falls of rock and soil from steep cut slopes anirzd cliffs.

e Of the 193 landslides 25 are rock falls from cdasliffs. These are not included in the analysidasfdslide
occurrence.

» Of the remaining 168 landslides, 161 are in cutsfdis. Only 7 (less than 3%) are “natural” slojadlures.

» Two thirds of the reported events occurred ‘at thed’ with a quarter ‘in the block’ and the remaéndat
house'.

e The reported events appear distributed almost Bgoatween failure of cut and fill soil slopes wiiss than
8% containing some rock.

*  More than 40% of the reported landslides had aeshmgight of 2 m or less. Almost 40% had a slopgHtef
3-4 m and the remainder had slope heights betwesmasd 10 m.

» Walls were affected by less than 12% of the repogadslides.

e More than 40% of the reported landslides were ed@ohto be small, more than 30% medium and abdit 20
large — as defined in Section 3.1.

* The years 1990 and 1998 each had about 20% otfiwated landslides with 15% in 1989 and 10% in 1988
The remaining years each had less than 4% of freatedl landslides.
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Figure 3: Landslide location map.
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Figure 4: Summary of the characteristics of laid@sl in the database.
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193 Landslides in 34 Years
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Figure 5: Pittwater landslides occurrence by year.

Table 1: Dates of landslide events where the adiata is known

DATE MONTH | YEAR DATE MONTH |YEAR DATE  MONTH YEAR
26-Jan-72 Jan-72 1972 31-Mar-§89  Mar-89 1989 7-88g| Aug-98 | 1998
23-May-73| May-73 1973 16-May-89  May-89 1989 7-M8 | Aug-98 | 1998
11-Mar-74 Mar-74 1974 30-Jun-89  Jun-89 1989 7-88g| Aug-98 | 1998
1-Dec-74 Dec-74 1974 5-Dec-89 Dec-84 1989 7-ABg{9 Aug-98 | 1998
4-Mar-77 Mar-77 1977 1-Feb-9( Feb-90 1990 7-ABg-D Aug-98 | 1998
4-Mar-77 Mar-77 1977 2-Feb-9( Feb-90 1990 7-ABg-D Aug-98 | 1998
22-May-83 |  May-83 1983 3-Feb-9( Feb-90 1990 7-88g] Aug-98 | 1998
26-May-83 |  May-83 1983 5-Feb-9( Feb-90 1990 7-88g] Aug-98 | 1998
15-Jul-85 Jul-85 1985 5-Feb-9( Feb-90 1990 7-98g{ Aug-98 | 1998
14-Nov-85 Nov-85 1985 5-Feb-9(Q Feb-90 1990 7-88g| Aug-98 | 1998
24-Oct-87 Oct-87 1987 5-Feb-9( Feb-9( 1990 16-0mv Nov-00 | 2000
30-Oct-87 Oct-87 1987 7-Feb-9( Feb-9( 1990 30alar| Jan-01 2001
20-Nov-87 Nov-87 1987 16-Feb-90  Feb-90 1990 640hy| May-01 | 2001
23-Jan-88 Jan-88 1988 11-Apr-90  Apr-9Q 1990 740hy| May-01 | 2001
24-Jan-88 Jan-88 1988 23-Apr-90  Apr-90 1990 5¢2b| Feb-02 2002
4-Apr-88 Apr-88 1988 9-May-90|  May-90 1990 5-Feéb- Feb-02 2002
29-Apr-88 Apr-88 1988 2-Aug-90|  Aug-90 1994 15-M23% | May-03 | 2003
30-Apr-88 Apr-88 1988 7-Aug-90|  Aug-90 1994
30-Apr-88 Apr-88 1988 15-Sep-90  Sep-90 1990
30-Apr-88 Apr-88 1988 13-Nov-9 Nov-90 199(
1-May-88 May-88 1988 10-Jun-91  Jun-91 1991
1-May-88 May-88 1988 11-Jun-91  Jun-91 1991
13-May-88 |  May-88 1988 20-Jun-91  Jun-91 1991
13-May-88 |  May-88 1988 1-Jul-91 Jul-91 1991
16-May-88 |  May-88 1988 9-Feb-92 Feb-92 1992
5-Jul-88 Jul-88 1988 10-Feb-9p  Feb-93 1992
6-Jan-89 Jan-89 1989 13-May-98  May-98 1998
6-Jan-89 Jan-89 1989 29-May-98  May-98 1998
17-Jan-89 Jan-89 1989 7-Aug-98  Aug-9 1998
12-Mar-89 Mar-89 1989 7-Aug-98  Aug-98 199
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4.2 POPULATION

The number of properties in Pittwater Shire, withite Geotechnical Risk Zone and within the slopdiffaation
survey areas is listed in Table 2.

Table 2: Property numbers in the Pittwater shiteusbs (supplied by Pittwater Council) and propgartncluded in the
slope modification survey.

No. of Properties .
Total No. of No. of Properties in Slope NO.' of I_'e}nds.hdes
SUBURB f e . A identified in
Properties within Risk Zone Modification
Suburb
Survey
AVALON 3494 1415 177 26
BAYVIEW 1174 665 24
BILGOLA 1486 535 10
CAREEL BAY 100 48
CHURCH POINT 417 328 104 30
CLAREVILLE 353 178 7
ELANORA HEIGHTS 1364 210
INGLESIDE 640 69
KU-RING-GAI CHASE
NATIONAL PARK 407 349
MONA VALE 2901 127
NORTH NARRABEEN 1971 742 43 15
NEWPORT 2989 1167 233 54
PALM BEACH 1464 968 61 18
SCOTLAND ISLAND 384 376
WARRIEWOOD 1835 114
WHALE BEACH 319 303 81 9
Total 21298 7594 699 193

The 699 properties inspected during the slope riwadibn survey therefore represent 9.2% of the 7@@perties in
the geotechnical risk zone and 3.3% of the tot@B8lproperties in Pittwater Shire.

In the 699 properties visited slope modificationr@ad’ included 296 cuts and 362 fills:

e Just under 50% of the cuts were unsupported.

e Less than 45% of the fills were unsupported.

«  More than 60% of the cuts were in soil with alm®3% of 3 m or less in height.

«  More than 90% of the fills were in soil with almd$% 2 m or less high and a further 45% of 3-4 iglite

In the 699 properties visited slope modificatiorithin block’ included 202 cuts and 89 fills.

e Just over 20% of the cuts were unsupported.

* About 2% of the fills were unsupported.

*  More than 75% of the cuts were in soil with 60% deight of 2 m or less.

« All the fills were in soil with 75% 2 m or less height and the remaining 25% of 3-4 m height.

In the 699 properties visited slope modificationtlee house’ included 152 cuts and 8 fills.

e Almost 20% of the cuts were unsupported

e All the fills were supported.

« More than 90% of the cuts were in soil with 85% Jeight or less and the remainder 3 m high. Adl filis
were in soil with height of 2 m.

The confidence in these figures is affected byrdstrictions on access. There are undoubtedly mmas of slope
modification ‘in the block’ and ‘at the house’ thaould be observed from the road during the survidyshould be
noted that within the properties the cut heighHess and a higher proportion of the cuts are supgorThe fill height
within the properties is also less and fills ama@dt entirely supported by a wall of some type.

During the slope modification survey it was obsertleat, in general, areas of concern in regardaridsliding are
related to poorly engineered cuts and fills whiciyrhave been formed during the initial constructibnoad access to
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the terrace areas and subsequently modified dunaigire residential development. Other problemsahese resulted
from attempts to construct access through aregseater geotechnical hazard e.g. steep talus slopésed gullies.

Within the properties areas of slope modificatiom smaller and discontinuous. Many appear relatebe capacity of
the owner to carry out the work. It was observhdt tdevelopment in the many of the properties vgtbater
geotechnical hazard has avoided slope modificaipithe use of suspended concrete slabs for drivevaayg piered
foundations for houses. This type of developmepears to be more recent than the majority of tha.a

4.3 ANALYSIS OF RAINFALLS FOR KNOWN LANDSLIDE EVENTS

The landslide database has a total of 193 landsiidats over a 34 year period. As indicated byl ab77 landslides
had been reliably identified for 58 actual datess, about 40% of the landslides.

The assessment of the probable influence of raimfal the landslide events identified in the Pittevat.ocal
Government Area by Walker (2007) indicates that:

(&) The study has been based on rainfall records atpNewat the bowling club) where there are 75 yexdrs
almost complete record. There are other rain gaingthe area but they have shorter records.

(b) The data from this gauge has been used to detemainfall duration-frequency distributions. Thdsave
been checked for validity against Australian Rdlrdad Runoff plots for Sydney and seem reasonable.

(c) For each landslide date, the results have been aused for the maximum return period (years) aral th
corresponding critical number of rain days, i.@ ttumber of days of rainfall with the highest ratperiod.

This data has then been summarised as:

* A histogram showing the distribution of landslidates for rainfall maximum return periods grouped
into 5 year intervals.

« A histogram showing the distribution of landslid&eks for critical number of rain days.

e The scatter plot of maximum return period versiticat number of rain days.

Some observations are:

e There is no clear pattern of results from the data.

* The Maximum Return Period for the landslide dates wostly (about 71%) from 1 to 5 years. Most of
these dates have only single landslide events.

* There is a tendency for higher number of rain dagg,60-day to 90-day, to be critical. These actéam
about 50% of the landslide dates. However, foebriary 1990 and 7 August 1998 which had 4 and 12
landslide events respectively, the 1-day rainfalbwritical. About 20% of the landslide dates haday
and 2-day rainfall as critical.

» Considering periods of multiple landslide evertts, tesults are as shown in Table 3.

Table 3: Rainfall maximum return periods and catinumber of days rain for periods with multiphadislide events.

; Number of landslide | Rainfall maximum Critical number of

Period . :
events return periods (years) | days rain

29 April to
29 May 1988 13 81019 30 and 60
1 February to
16 February 199( ° 1t025 1to 60
7 August to
8 August 1998 12 131019 land 2

* There is no relationship apparent between maximeturm period and critical number of rain days. It
might be concluded that for the longer periods dti€al Number of rain days, the Maximum Return
Period is less.

» Examination of the data indicated that frequeniiy f-day rainfall was above 70 mm when landslides
were recorded. Table 4 shows the top 20 1-dayakénivithin each year from 1972 to 2005, sorte@ int
daily rainfalls and related to the number of daigfall. The figures are affected by the limitadhwber of
landslides for which an exact date is known (ald@3b).

Allowing for this it can be concluded that:

A 50 mm 1-day rainfall has about a 40% chancesfilting in one or more landslides.
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A 70 mm 1- day rainfall has about a 50% chancesiilting in one or more landslides.
« If 125 mm or more rainfall is experienced in ong dais almost certain that there will be one orrmo
landslides in the Pittwater area.

Table 4: Likelihood of one or more landslides itiwater versus daily rainfall.

Likelihood of one

1-Da Approx. Number
—ay Return Number of Days in which | Approximate Ratio | or more landslides
Rainfall . of Days : . )
Period landslides were recorded | to Total Number given the daily
Amount 1972-2005 X
(Years) rainfall
Greaterthan | poue1.0 131 20 15% 40%
50 mm
Greaterthan | 1.3 77 14 18% 50%
70 mm
Greaterthan | p13.3 13 7 54% 100%
125 mm
5 ASSESSMENT OF LANDSLIDE LIKELIHOOD
51 METHOD USED TO ASSESS LIKELIHOODS OF FAILURE FOR TY PICAL SLOPES

The method which has been used to assess the ayaaupbility a typical slope will fail and the arat frequency of
failure of the typical slope is:

» Consider slopes associated with road construabionhe properties and at the houses separately.

e Consider unsupported cuts and fills and walled edopeparately and subdivide into those consistfngr o
containing soil, soil/rock and rock.

* Use the data from the sample areas to determinavirage number of slopes per property in eaclycate

« Determine the number of each category of slopeimitie Risk Zone using the average number of sipees
property and the known population of propertieth Pittwater Geotechnical Risk Zone.
« Allocate the landslides in the database into tifferdint slope categories.

« Determine the average probabilities of failure fbe typical slope in each category (from the tinfe o
construction of the slope to now) from the numbfdandslides and the number of slopes.
« Determine the average annual probability of faildioe the typical slope in each category from these
probabilities of failure, assuming 32 years of reso
Table 5: Summary of likelihoods of failure and gagted values

Probability of Probability of Probability Suggested | Suggested annual
Slide T failure of fail fl of failure of | Probability probability of
ype ) ailure of slopes ) )
slopes ‘At ‘Within Block’ slopes of failure for failure for all
Road’ ! ‘At House’ | all locations locations
Unsupported cuts
Soil 0.060 0.047 0.036 0.080 2.5E-04
Soil/rock 0.020 0.031 0 0.033 1E-04
Rock 0.020 0.018 0 0.025 8E-05
Cuts with wall support
Soil 0.008 0.001 0 0.006 2E-04
Soil/rock 0.000 0 0 0.001 3E-05
Rock 0.000 0 0 0.001 3E-05
Unsupported fills
| Soil | 0.026 | 0.783 | 0 | 0.040 | 1.25E-04 |
Fills with wall support
| Soil | 0.004 | 0.009 | 0 | 0.006 | 2E-04 |
Totals
| Alltypes | 0.018 | 0.023 | 0.007 | 0.030 | 1E-03 |
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Given the limited database and the potential shariegs of the ‘at house’ and ‘within block’ datachese the
properties could not be inspected, it is suggetstatione set of failure likelihood is adopted. Foggested probability
values are based on the assumption that the datababout 80% complete for large landslides, 7@¥hpiete for

medium landslides and 60% complete for small laddsl

5.2 INFLUENCE OF SLOPE HEIGHT AND LOCATION ON THE LIKEL IHOOD AND SIZE OF
LANDSLIDING

5.2.1 Influence of slope height on likelihood of landslithg.

Table 6 summarises the incidence of landsliding mamed with the heights of the different cuts, faisd walls in the
sample area. These are considered as one categidher@ is not sufficient data to treat them sdaphraThe %
population is shown and also as a weighted veraanrding to the size of the sample.

Table 6: Influence of height of slope on likelilibof landsliding, cuts, fills and walls.

. . Ratio % Ratio %
0, 0,
iah .A) Popu:atlon % Population .A) Ihandslldes landslides to | landslides to Sluggeste_dh
Height N sampie weighted In the % population | % population Slope Height
area database sample area | weighted Factors
1m 13.5 13.4 6.7 0.50 0.50 0.5
2m 33.1 33.5 35.2 1.06 1.05 1.0
3m 31.8 34.1 24.4 0.77 0.72 1.0
4m 9.5 9.7 14.0 1.47 1.44 15
5m 6.8 5.3 3.6 0.53 0.68 15
6m 4.1 2.2 9.8 2.39 4.45 15
m 0.3 0.2 0.5 1.67 2.50 3.0
8m 0.7 0.4 0.5 0.71 1.25 3.0
10m 0.3 0.2 2.6 8.67 13.0 3.0

Table 6 shows that higher slopes are more likelfailchan low ones. Suggested “slope height fietavhich may be
applied to the typical slope likelihoods are sugggs The slope heights have been grouped to gik@asonable
progression of factors.

5.2.2 Influence of slope location on the likelihood of ladsliding.

Table 7 presents the landside database informgtimuped according to the suburb within Pittwatetd ahows that that
there are some suburbs such as Church Point, Newglareville and Whale Beach which have more ladds per
property than the average and others such as Av8litgola, North Narrabeen and Palm Beach whichehtawer
landslides per property than the average.

This appears to reflect the geology, topography @mstruction practices applied when the suburb® wleveloped.
The results agree with common perceptions amongsitéshnical Professionals familiar with the Pitievaarea.
Suggested “suburb factors” which can be applietthédlikelihoods of typical slopes are shown in Babl The factors
for suburbs for which there is no landslide infotima in the database have been assessed from lagsvief the
geology and topography of these suburbs in relatidhose for which data is available.
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Table 7: Influence of location on the likelihoofllandsliding.

Number of Probability of
Suburb properties within Number of Landslides d I'dt'y Suburb Factor
risk zone Landsliding
Suggested
Total Cuts| Fills| Total| Cuts Fillsj Total Cu Fills Suburb
Factors
AVALON 1415 26 14 12 0.018 0.010 0.008 0.60 0.56 0.66 0.5
BAYVIEW 665 24 12 12 | 0.036 | 0.018| 0.01§ 1.19 1.00 149 1.0
BILGOLA 535 10 3 7 | 0.019| 0.006| 0.013 0.63 0.3 1.08 0.5
CAREEL BAY 48 0 0 o| © 0 0 - - ; 1.0
CHURCH POINT 328 30 20 10| 0.091| 0.060[ 0.031 3.07 3.3 257 3.0
CLAREVILLE 178 7 5 2 | 0.039| 0.028] 0.011 1.29 155 091 1.25
ELANORA HEIGHTS 210 0 0 0 0 0 0 - - - 0.5
INGLESIDE 69 0 0 0 0 0 0 - - - 0.5
KU-RING-GAI CHASE
NATIONAL PARK 349 0 0 0 - - - 10
MONA VALE 127 0 0 0 0 0 0 - - - 1.0
NORTH NARRABEEN 742 15 7 g | 0.020| 0.010; 0.01Q 0.64 056 0.3 0.5
NEWPORT 1167 54 36 18| 0.046 | 0.031| 0.015 1.53 1.7 1.25 15
PALM BEACH 968 15 9 6 | 0.015| 0.009| 0.009 0.50 050 0.75 0.5
SCOTLAND ISLAND 376 0 0 0 0 0 0 - - - 1.0
WARRIEWOOD 114 0 0 0 0 0 0 - - ; 05
WHALE BEACH 303 12 11 1 0.039 0.036 0.003 1.29 199 299 1.25
TOTALS 7594 193 117 76 0.025 0.015 0.010
5.2.3 Influence of slope height on the size of landslidin

The database of landsliding has been analysedtavndi@e the relationship between the height ofdlope and the
likely size of landslide which would result if theope failed. This showed there was a similartieiahip for
unsupported cuts and fills, and walled slopes. & 8hows suggested likelihoods which can be applésed on the
data analysis.

Table 8: Influence of slope height on likely sefdandslide.

Slope Height Likelihood of size of landslide
Small Medium Large
<2m 0.75 0.25
3m 0.3 0.5 0.2
4m 0.1 0.5 0.4
>4m 0.4 0.6
5.3 ASSESSMENT OF LANDSLIDE FREQUENCY FROM RAINFALL AND LANDSLIDING
STATISTICS

As an alternative to the method described in Sedi@, or as a supplement to it, the annual prdibabf landsliding
can be estimated from the data in Tables 3 anbadble 9 summarises the results.
Table 9: Estimated frequency of failure for themage typical slope based on rainfall-landslideuoence data.

. Annual . Likely number of Estlmatgd Estimated annual probability of
Return Period of . . Annual probability . population of slopes| - . e
Rainfall in years pr_ob_ablllty this rainfall is in this range landslides based on affected by the failure from rainfall in this
rain is exceeded Tables 3 and 4 rainfall range for any one slope
linl 1.0
0.80 1 8000 1.0E-04
1linb5 0.2
0.16 12 6000 3.2E-04
1in25 0.04
0.02 25 4000 1.25E-04
1in50 0.02
0.01 50 3000 1.67E-04
1in 100 0.01
0.01 100 3000 3.33E-04
1.05E-03,
Total 1.0 Say 1.0E-03
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It should be noted that it has been necessarytiimate the number of landslides likely to occur limwer frequency
rainfall events and the number of slopes in the aféected by the rainfall. This assessment hasnasd a non-linear
response of landsliding to rainfall return periowahat more intensive long return period evenéslacalised rather
than over widespread areas. This has been obsirgéiding of cuts, fills and retaining walls inoidg Kong.

The data in Table 9 is for all slopes. The ahpuabability the average typical unsupported daps would fail is
5E-04.

6 SUGGESTED APPLICATION OF THE DATA TO LANDSLIDE RISK
ASSESSMENTS

The suggested application of the data in this pireassistance in estimating the annual probghilitfailure of slopes
in the Pittwater Local Government area is:

a. Take the average annual probability of failure flee average typical slope for the category of slapder
consideration from Table 5.

b. Apply the slope height and suburb factors from €alil and 7.

This suggestion is for the average typical slophe Geotechnical Professional carrying out the assessment should
estimate whether the slope in question is moress likely to fail than the average typical slope.do this he/she will
need to take account of the site factors, histbigsiability and his/her knowledge of other slofirethe area.

It will be useful also to pose the question; “Givtlr occurrence of a 1 in 100 year rain event, vightte probability of
failure of a particular slope that might be trigggetby a 1 in 100 year event?” This value shoulddrapared with the
values in Table 9, where the assumed conditioraiatility is 1 in 30.

The assessment should consider, as shown in Tabhat9rainfall contributes only to part of the oadé probability of
landsliding.

The information presented in the paper is appleablthe particular geological, topographical arithn development
conditions which apply to Pittwater Local Governmarea. The data is not applicable to other areas.”
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RAINFALL DATA ANALYSISAT NEWPORT AND THE RELATIONSHIP
TO LANDSLIDING INPITTWATER

Bruce F. Walker
Jeffery and Katauskas Pty Ltd

ABSTRACT

It is well recognised that the most common nattrigfering factor for landslides is rainfall. Amgral relationship of
more landslide events in wetter than average ywassapparent from initial examination of the 19adislide events on
the database gathered as part of the National Bisdditigation Programme project to study the likebd of
landsliding in the Pittwater area. This paper repthe results of a more detailed analysis offadlinlata using daily
rainfall and cumulative rolling totals from 2-day ©0-day periods. The resulting rainfall data welated to the
landslide events on known dates which compriseg ahbut 40% of the landslide database. No singktemn of
results was available from the data. The chand¢anafslides occurring in Pittwater increases witthbr 1-day rainfall.
There is probably almost 100% chance of one or naom@slides in the Pittwater area when the 1-dayfathis 125mm
or more. Days on which multiple landslides arelljikto occur are often related to a maximum reperiod associated
with 30 to 60 day antecedent rainfall. All the npl# landslide days are related to relatively lomgurrence period
rainfalls of about 20 years.

1 INTRODUCTION

This paper presents the results of rainfall datdysis carried out on behalf of the Australian Geohanics Society as
a part of the Landslide Likelihood Research profectPittwater, which is being completed under didiwl Disaster
Mitigation Programme (NDMP) grant. The paper isdshon Jeffery and Katauskas (2006). Other wodeuthe
project has included the gathering of a databageamivn landslide events (MacGregaral., 2007)

It is well recognized that the most common nattrighering factor for landslides is rainfall. Thkiéstribution of 195

landslide events in the project area over the pdet®70 to 2004 is shown in Figure 1. Also showthe annual total
rainfall for Newport. It can be seen that the wethan average years in 1988, 1989, 1990 and h88&ignificantly

more landslide events than the other years. Thexeés a general hypothesis, it would reasonabéxpect that there
may be a relationship between the return perioghrobability of rainfall events and the likelihood kandslides.

Similarly, the effect of antecedent rainfall (ttenfall in the period prior to the event) may bgngficant in relation to

the occurrence of landslides.
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Figure 1: Comparison of landslide events with ahmainfall.

The objective of the study described in this papdo analyse the available rainfall data from fainstations in the

study area of Pittwater and relate this to thedeoce of

landslides The analysis has been baseal pblished

statistical method (as discussed in Section 4 bebowd has compared the results obtained with thwadable from
Australian Rainfall and Runoff (ARR, 1987) Themfail records for dates of known landslide everts ¢ollated
during the NMDP project) have been examined tord@tee whether any indicative return periods for thmfall at the

time of the landslides can assessed.
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2 DATA AVAILABLE FOR RAINFALL ANALYSIS

Daily rainfall records have been obtained from Buweau of Meteorology. Table 1 summarises the dalpfall
records available. The approximate locations a$ehainfall stations are shown on Figure 2.

Table 1 shows the commencement and terminatiors dateeach station record and the resulting nunaberears
spanned by each record. For Newport, Palm Beach|yMéale and Ingleside the latest records availabldhe time of
the analysis were for January 2006. On scannirautiir the data files it was noted that all of theaddes had missing
records. Table 1 also includes a summary of ttesing data for each station.

Table 1: List of provided daily rainfall for anaig

. . Commencement No of Years L
No. | Rainfall Station Date End Date Spanned Missing Data

Newport Jan 32; Feb & Nov & Dec 70; Jul & Sept & Dec 75infr
1 (Newport 01-Jul-31 30-Nov-05 75 1-Dec-81 to 30-Apr-82; from 1-Jun-82 to 31-Dec-Bdy

Bowling Club) 96; and many scattered daily missing data

At . from 01-Feb-71 to 1-Sep-92; and some scattereyl dail

2 Avalon Beach 01-Oct-58 30-Jun-9§ 40 missing data

Mount Kuring- May 87; 18-Jan-92 to 30-Jan 92; Jan 94; Sep 94;axav
3 Gai (Ledora 13-May-64 31-May-98 34 Dec 95; Dec 97; and a few scattered daily misdatg

Farm)

Palm Beach from 1-Mar-66 to 31-May-66; 20-Jul-66 to 3-Sep-&6d
4 (Golf Club) 01-Sep-65 30-Nov-05 40 01-Nov-89 to 28-Feb-98; and a few scattered daily

missing data
from 1-Apr-71 to 30-Sep-71; Nov and Dec 71; Noy 76
Aug 81; Feb 82; Apr 82; 1-Aug-82 to 31-Dec-87; &ih

Mona Vale Golf

5 | cub 01-Feb-69 31-Dec-97 29 1-Aug-92 to 31-Dec-92; Aug 93; 1-Sep-94 to 28 F&p 9
and a few scattered daily missing data
6 | Manlyvale 09-Jun-06 30-Apr-03 08 1-Mar-72 to 7-Jan-73; Oct 86; 30-Apr-03 to 30-Ndv-0
(Manly Dam) and many scattered daily missing data
7 IAn\%iilge Walter 01-Jan-84 30-Nov-05 22 Afew scattered daily missing data

Manly Vale (Manly Dam) has the longest record lsutémote from the study area.. It is known fromesience that

there can be significant variation between thefadlinvithin the study area and elsewhere in Sydnd@ye Newport

station was selected for analysis as it had thgdstrecord for the stations within the study amed has relatively less
missing data.

3 RAINFALL INTENSITY IN THE VICINITY OF NEWPORT

Data on rainfall intensities frequencies and doratihroughout Australia are presented in AustraRainfall and
Runoff (ARR, 1987). The maps presenting the reledata enable Intensity-Frequency-Duration (IFD3ige curves
to be prepared for any location using interpolataldes and the procedure set out in ARR.

The procedure set out in ARR has been adoptedrieedéenchmark’ design curves for the study arsma Newport

as the location. For comparison purposes the gaoeedure was used for Sydney, since the Sydnafatiarecord is

much longer, hence may be more ‘reliable’ on asdteal basis. The rainfall intensities (mm/hobgve been derived
for durations ranging from 5 minutes to 72 hoursl§$s) with Average Recurrence Intervals (ARI) gfehr through to
100 years. The data for Newport are presenteBRslrves in Figure 3.

Comparison of the results for Sydney and Newpast& that the rainfall intensity in Sydney is stighgreater than at
Newport. However the difference is only about 1@durations of 1 hour or less, and the differeraresinsignificant
(less than 2%) for durations greater than 12 hours.

4 ANALYSISOF DAILY RAINFALL DATA

The daily rainfall data for Newport has been anadlyasing the Gumbel distribution for extreme evéKleEnnedy and
Neville, 1986). The procedure adopted was asvaldt has been applied to data series formed ffendaily rainfalls
and rolling cumulative totals for 2 day, 5 day,ddy, 20 day, 30 day, 60 day and 90 day periods.

1 Using an Excel spreadsheet of consecutive datedaiyl rainfall in column format, the SUM functionaw
used to calculate the rolling cumulative totals 2oday, 5 day, 10 day, 20 day, 30 day, 60 day dahd&y
periods. This function substitutes zero rainfafl fiot available (n/a) data entries. There has beesttempt to
synthesise rainfall for dates where ‘n/a’ entriesus.

2 Another column was added to the data showing the fge each day by the use of YEAR function.
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3 Independently for each data series (daily to 90ay),dthe data was sorted by Year ascending and lilien
Rainfall descending.

4  The annual maximum for each calendar year wasdakacted to give one data point for each year.
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Figure 3: Rainfall Intensity vs. Duration and AiRlthe vicinity of Newport

5 The annual maxima were then sorted by descendinpito@e and a column added to show the rank of each
annual maxima from 1 to 74 (for the adopted record)

N+1
6 The return period of annual maxima in yeals & ——), wherem is the rank andl is the length of the
m

record in years, was then calculated.
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7 The probability of non-exceedance for each evemtafi annual rainfall series was also calculatedqusi

P =[100-

100m
N+1

]

8 The resulting data was then plotted on the Gumbeixtreme probability paper using lggrainfall) versus
return period]Tr. Comparative plots were also prepared using Eoteait function for normal log-log and log-

linear plots.

Table 2 presents the date and total rainfall obthiior the top 34 ranking events for each of tha daries examined.
These data correspond to the results having anrgierriod of about 2 years or more. The maximunlydainfall is
295 mm for 2 May 1953. For the cumulative 90 — daipfall the maximum is 1107 mm on 26 July 1950hese
values have a calculated probability of non-excaedaf 98.7% with an equivalent return period ofy@éars.

Table 2: Date of events from rainfall analysis \{ijgert).

5 Day 10 Day
1 Day Annual 2 Day Annual Annual Annual
Maximum Maximum Maximum Maximum
Rainfall Rainfall Rainfall Rainfall
Rank Date (mm) Date (mm) Date (mm) Date (mm)
1 2-May-53 295 11-Mar-58 384 9-May-53 422 9-May-53 803
2 10-Mar-58 271 7-Jul-31 349 11-Mar-58 392 17-J0n-5 436
3 5-Feb-90 237 8-May-53 332 9-Jul-31 370 15-Mar-58 428
4 10-Feb-92 233 8-Aug-98 330 21-Nov-61 354 26-Nav-6 423
5 26-Jul-52 216 11-Feb-56 250 8-Aug-98 331 4-Mar-77 395
6 7-Aug-98 214 29-Mar-42 248 6-Mar-77 325 12-Feb-90 388
7 18-Jan-88 187 6-Feb-90 239 9-Feb-90 308 29-Mar-42 373
8 7-Jul-31 184 19-Nov-61 236 28-Jul-52 296 10-dul-3 370
9 28-Mar-42 179 11-Feb-92 235 30-Mar-42 295 16-A8g- 356
10 10-Jan-49 175 26-Jul-52 228 13-Jun-64 294 4-Bg- 355
11 14-Jan-72 173 30-Apr-88 221 13-Feb-56 285 1363un 340
12 2-Mar-77 171 6-Aug-86 217 19-Jun-50 285 10-Apr-8 330
13 19-Nov-61 164 20-Mar-78 216 1-May-88 283 1-Méy-8 329
14 29-Jan-78 163 11-Jan-49 205 22-Mar-78 281 26-N\3ar 324
15 10-Feb-56 163 14-Jan-72 205 20-Apr-46 261 265]an 307
16 24-Jan-55 158 11-Jun-91 190 8-Aug-86 251 119%eb- 299
17 19-Feb-59 157 19-Feb-59 185 11-Feb-92 244 2044pr 283
18 6-Aug-86 141 3-Mar-77 185 12-Feb-69 238 8-Feb-02 282
19 26-0ct-87 140 13-Feb-97 181 6-Feb-02 233 234un- 273
20 9-Mar-00 129 25-Jan-55 174 17-Jan-72 227 2275un- 269
21 22-Feb-54 128 17-Apr-46 171 12-Jan-49 225 169%b 265
22 7-Jan-89 127 5-Feb-02 168 11-Jun-91 223 10-8ep-3 264
23 31-Jan-38 120 14-May-62 167 15-May-62 220 26-&ct 256
24 26-May-74 119 30-Aug-63 167 22-Jun-79 215 11-86g 254
25 16-Apr-46 118 12-Nov-87 157 17-May-03 200 15-Neglv 249
26 31-Aug-96 109 16-Jun-50 156 9-Nov-84 199 19-02an- 246
27 2-Sep-70 107 9-Mar-00 156 1-Feb-73 194 15-Jun-91 245
28 14-Nov-69 106 12-Feb-69 155 22-Jan-51 194 146%b 245
29 27-Apr-66 105 12-Mar-74 154 20-Feb-59 191 3-Fab- 241
30 12-Feb-97 105 7-Jan-89 150 14-Feb-97 184 26-May- 237
31 19-Jan-50 105 7-Aug-67 148 29-Apr-63 188 29-BBr- 233
32 21-Oct-60 101 8-Nov-84 148 11-Mar-00 186 23-19ar- 229
33 10-Jun-91 100 10-Jun-64 146 26-Jan-55 18% 5Mar- 229
34 13-May-62 98 1-Feb-38 140 7-Jan-89 179 20-May-62 225
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Table 2 continued: Date of events from rainfalilgmis (Newport).
20 Day 30 Day 60 Day 90 Day
Annual Annual Annual Annual
M aximum M aximum M aximum Maximum
Rainfall Rainfall Rainfall Rainfall
Rank Date (mm) Date (mm) Date (mm) Date (mm)
1 9-May-53 815 9-May-53 840 9-May-53 941 26-Jul-50 1107
2 26-Jun-50 640 22-Jun-50 716 22-Jul-50 932 9-May-5 1078
3 14-Aug-52 580 10-Mar-56 700 20-Mar-56 917 17-Ngér- 1039
4 2-Dec-61 513 1-May-88 659 6-May-88 733 3-May-88 039
5 28-Feb-56 473 23-Aug-52 613 11-Mar-58 708 238an- 891
6 11-Mar-58 460 11-Mar-58 536 22-Mar-55 708 5-J8Bn-6 852
7 9-Mar-77 433 15-Dec-61 529 8-May-63 694 7-Jun-74 845
8 26-Aug-98 432 18-Aug-98 496 13-Jan-62 693 21-9pr- 801
9 18-Feb-90 429 26-Feb-73 490 14-Aug-52 690 128%r- 800
10 30-Mar-42 420 20-Apr-46 459 8-Mar-72 665 28-A8r- 791
11 16-Feb-73 397 12-Jun-74 454 5-Apr-90 652 2-Apr-7 769
12 5-Jun-74 391 6-Mar-77 452 2-May-89 639 23-Oct-52 766
13 22-Jul-31 386 25-Feb-90 450 2-Dec-61 611 4-Apr-7 753
14 20-Apr-88 376 16-Mar-55 442 8-Jun-98 583 1362an- 723
15 23-Jun-49 370 15-Apr-78 439 25-Mar-73 573 788n- 707
16 24-Apr-46 365 12-Nov-87 436 26-Mar-78 570 13-Naav 694
17 26-Jan-72 364 20-May-63 435 17-Jun-74 558 127%r 693
18 2-Apr-78 359 18-Jun-49 427 5-Mar-77 556 8-Aug-98 689
19 10-May-63 356 30-Mar-42 421 23-Jun-49 543 21-8bv 683
20 26-Jan-51 352 22-Apr-89 420 20-Mar-67 538 18-@ay 668
21 4-May-85 352 11-Feb-72 413 11-Sep-34 527 2248un- 652
22 13-Mar-75 350 4-Aug-31 394 20-May-46 526 27-MYy- 648
23 25-Feb-92 348 18-May-03 383 28-May-03 525 224mn 638
24 18-Jun-64 343 11-Sep-34 382 3-May-83 522 19-May- 617
25 18-Feb-02 322 26-Jan-51 381 6-Apr-76 518 30-5%ar- 613
26 9-Sep-34 322 21-May-85 375 18-Dec-60 507 10Bep- 612
27 16-Mar-55 321 25-Mar-76 373 23-Apr-75 494 25-Beb 612
28 11-Mar-67 321 16-Mar-75 369 4-Apr-92 492 21-NBar- 603
29 12-Nov-87 316 25-Feb-92 361 21-Nov-87 484 21-Bec 600
30 24-Mar-00 305 15-Mar-67 355 12-Mar-51 478 22-Rpr 596
31 13-Apr-89 302 12-Jun-91 353 20-Mar-59 477 23-Bpr 591
32 15-Jun-91 301 13-Apr-83 352 13-Jun-64 469 3&ct- 583
33 13-Feb-97 298 20-Feb-02 343 7-Jun-85 468 1042un- 573
34 5-Feb-38 297 18-Jun-64 342.7 15-Jun-45 461 E85Ju 558

Figure 4 presents the results of the analysis erGimbel plot using Log Rainfall. It is noted tlaly selected data
points have been plotted for probability of non-eedance less than 90%.

The data has been analysed assuming a full redsschoted in Table 1, the data for Newport has mber of months
missing. In addition, 1931 has only 6 months afidend 1982 is largely missing. With the exceptdri932, the
years of incomplete data are mostly ranked in titeoln half. If the plots are adjusted by calculgtthe probability of
non-exceedance or return period, using say onlye&s (instead of 74 years) then the plots movegimalty to the
left. It was considered that it was reasonablm¢tude all the available data and plot based en7éh year period. If
required, consideration could be given to consibacof synthetic rainfall data for the missing pel$ based on the
Sydney data or some other rainfall station, bus itonsidered unlikely that this refinement woulteiathe overall
conclusions.
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Figure 4: Gumbel probability plots for rainfall ldewport.

Figure 4 shows that there are some irregularitighe data. The most obvious is the large ‘stephe 10 — day rainfall
data where the highest ranking total of 803mm da® 1953 is significantly higher than the next tat436 mm on

17 June 1950. These ‘steps’, and others, implyrélserd is not a rigorously representative stat@s$trecord. For
example, the highest 10 — day rainfall is plotted aeturn period of 75 years (in accordance with pirocedure) but
would appear more likely to represent say a 10G0 geent assuming the other data are representalilie design
curves shown for the data on Figure 4 have not bdgrsted statistically, but do offer some ‘smowoghiof the data.

The data obtained from the analysis have been cmdpa with the ‘benchmark data’ from ARR as givarFigure 3.
This showed that the results of the daily raindalalysis for 1-day and 2-days:

e Give lower rainfall values than ARR for the 2 yaad 5 year return periods
e Give higher rainfall values than ARR for the 201yé# year and 100 year return periods.
*  Whilst the comparative values are different, theRAdRata plot typically within the scatter of thenfaill data.

Thus it is considered reasonable to adopt the susweFigure 4 derived from the Gumbel analysisasdindicative
of the rainfall return periods and hence frequentie the longer antecedent rainfall periods.
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5 KNOWN LANDSLIDE EVENTS AND ASSOCIATED RAINFALL

51 LIST OF KNOWN LANDSLIDE EVENTS

The NMDP project has involved collating data onwndandslide events as discussed by MacGrepgal. (2007). In
early March 2006 the landslide database had a ¢6ta95 landslide events over a 34 year periode dates of each
event had been reliably identified for 77 (abou¥®®f the landslides. These landslides occurre8&dates.

The date (when known), the number of landslidescamment on the landslides are shown in Appendaiohg with
the associated rainfalls for that date from ralrdttions in the study area including Newport.

It is important to note that the standard pradsd® record the 24 hour rainfall at 9 am every.da@herefore, for heavy
rainfalls on a particular day after 9 am, the ralinf attributed to the next day. Consequentby hinfall records were
also checked for the day after the nominated diatieeolandslide event. It was found that for saawents the recorded
rainfall for the next day was more justifiable Alistic, since the daily rainfall was considerabigher on the next day
than on the nominated date of the event. In afdiin some cases there was ‘n/a’ — not availablecerded for the
nominated date. The specific dates used for tiifathare indicated in Appendix A if different thhe nominated date
of the landslide event.

Subsequent analysis of the rainfall data in refatmlandslides is limited by the lack of known el&r the other 60%
of the landslides.

52 ANALYSISOF RAINFALLSFOR KNOWN LANDSLIDE EVENTS

From Appendix A it can be seen that some eventshigid daily rainfall (e.g. for Newport 157 mm on B@ril 1988;
237 mm on 5 February 1990 and 214 mm on 7 AuguB)19

Figure 5 shows Newport rainfalls for 30 April 19¢8,day on which 5 landslide events occurred) t@tbbn the curves
from Figure 4. From this plot the return period floe rainfall for this landslide event varied frabout 2 years at 10-
days and 20-days to about 15 years at 30-daysindicative return period could be assessed as a@bdbyears with

either the long term (30-day to 90-day) rainfalltioe short term (1-day and 2-day) rainfall being thore critical and

hence likely triggers for the landslides on thatda

Similar figures have been plotted for actual rdlaféor other selected dates, but are not includetis paper.

The data in Appendix A have been extended in AppeRdo derive an indicative return period for ttaénfall for each
known landslide date. The results are shown in AdpeB.

For each landslide date, the results have been auged in Appendix B for the Maximum Return Per{gdars) and
the corresponding Critical Number of Days Rain.aflts the Number of Days Rain with the highest Reteeriod.
These data have then been summarised as:

* A histogram showing the distribution of rainfall ri@mum return periods of the grouped into 5 yeaervals.
(Figure 6)
* A histogram showing the distribution of the numbéidays rain which gives the maximum return peffiod
the landslides. (Figure 7)
e A plot of maximum return period versus the numbfedays rain these correspond to. (Figure 8)
There is no single pattern of results from theda.da
Some observations are:

e The maximum return period for the landslide datas wostly (about 71% of dates) 1 to 5 years. Mbst
these dates have only single landslide events.

» There is a tendency for the 60-day and 90-day altinfo be the maximum return period, accounting fo
about 50% of the landslide dates. This indicatastte incidence of landsliding is influenced bg 80 to
90 day antecedent rainfall, i.e those are thecatifperiods. However, for 5 February 1990 and gust
1998 which had 4 and 12 landslide events respégtitlee 1-day rainfall was critical. About 20% thie
landslide dates have 1-day and 2-day rainfall disai:

» Rainfall maximum return periods and critical pesodhen multiple landslide events occurred are shown
in Table 3. It can be seen that either short og lpariod rains appear to be controlling these eydnit all
have critical durations with a return period ofward 20 to 25 years.

204 Australian Geomechanics Vol 42 No 1 March 2007



RAINFALL DATA ANALYSIS AT NEWPORT

LOG RAINFALL (mm)

ER]

25

20

175 |+

15

90 DAY

RAINFALL (m

DAY
30 DAY
20 DAY
10 DAY

5 DAY
2 DAY

1000

4 800
1700
1600

1 400

PRI 1988

DA

1 DAY

100
1 80
1 70
1 60
1 50

1
0110 10 20

&0

80 90 95 97

99 995 997 99§ 999

Probability of Nonexceedance [100 - [139:11 ;l , Percent
—t f —t + t ; g t t t !
1001101 11 15 2 8 10 25 50 100 200 40O

* There is no relationship apparent between maximatarm period and critical nhumber of days rain

Return Period 7., Years

Figure 5: Newport rainfall record for 30 April 188

summary plot (Figure 8).

» Examination of the data indicated that frequeniiy f-day rainfall was above 70 mm when landslides

1000

B F WALKER

were recorded. Table 4 shows the results of arsabfser sorting the top 20 1-day rainfalls withick

year from 1972 to 2005 (the period of known lardiskvents). The data have been subdivided intgpgrou

of greater than 50mm, 70mm and 125mm 1-day rainfélle resulting approximate return period (Figure
4) and number of days in the data record are shateo shown are the number of days where data in
Appendix A shows that landslide events are knowinawe occurred. The figures are affected by the

limited number of landslides for which an exacted&t known (about 40%). Allowing for this, it cae

concluded that 50 mm or more 1-day rainfall hasuat® 40% chance of resulting in one or more
landslides, 70 mm or more about 50% chance, ab@d5fmm or more rainfall is experienced, the chance

is probably almost 100% that there will be one orerlandslides in the Pittwater area.

80.0%

5 60.0% 1

0.0% -

Distribution of Rainfall Maximum

Return Period

H - W

—
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5to10 10to15 15t020 20to25

Maximum
Return Period (years)
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Figure 6: Distribution of rainfall maximum retureod for known landslide events.
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Figure 7: Distribution of critical number of dayaim for the critical return period for known lanidg events.
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Figure 8: Summary of maximum return period vsiGaitnumber of days rain.

Table 3 Rainfall maximum return periods and critipariods when multiple landslide events occurred.

Period Number of Landdide Rainfall Maximum Critical Num_ber of
Events Return Periods (years) DaysRain
gg ,\A/lgry” g8 13 8to 19 30 and 60
16F§2L$3;{;01990 9 11025 11060
; ﬁﬁgﬂi: Toos 12 1310 19 1and 2
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Table 4: Likelihood of one or more landslides iti#ater versus daily rainfall.

Number of Davs Approximate Ratio
. Approximate Return Total Number of . D3y Appendix A Number
1-Day Rainfall Amount ; included in
Period (Years) Days 1972-2005 Appendix A to
pp Total Number
Greater than 50 mm About 1.0 131 20 15%
Greater than 70 mm About 1.3 77 14 18%
Greater than 125 mm About 3.3 13 7 54%
6 CONCLUDING REMARKSAND GENERAL COMMENTS

It is apparent that the incidence of landslidindPitiwater can be related to rainfall but from tlega currently available
there is no clear single pattern. The chance mddides occurring in Pittwater increases with kigh-day rainfall.
There is probably almost 100% chance of one or naomslides in the Pittwater area when the 1-dayfathis 125mm
or more.

Days on which multiple landslides are likely to ocare often related to a maximum return perioda@ased with 30
to 60 day antecedent rainfall. All the multiple diafide days are related to relatively long recureeperiod rainfalls of
about 20 years.

These data allow rainfall to be used to assesrdgiéncy of landsliding as detailed in MacGregal. (2007)

Although assessment of the rainfall return period i(nplied frequency) may give an indicative fregqog for a
landslide occurrence, it is only part of the asses®. Together with rainfall data, the site specdhil-water status, site
geology and soil properties, ground water hydroJag/well as site topography and morphology mayeleaveffect on
when a landslide is triggered. However, theserddetors were beyond the scope of this project.
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APPENDIX A SUMMARY OF SPECIFIC DATESINCLUDING NUMBER OF
LANDSLIDE EVENTSAND THE ASSOCIATED RAINFALLS.

Ramfall Date Rainfall {mm])
Date [No of Events Comment {if different) Station 1 Day 2 Day 3 Day 10 Day [ 20Day | 20 Day | &0 Day | 20 Day
20-Jan-72 1 j2lso leaking pipe Mewport 72 101 112 144 304 aTT [ 506
Palm Bzach il a4 103 128 384 375 550
Manly Vale 74 O 110 240 384 3B 571
Ingleside [E]
22-Det-i2 Eelinda Place Mewport 1] [1] r 1 4 05 114 241
Palm Bzach 0 0 5 51 5B 101 118 166
Manly Vale n'a
Ingleside nia
L3-May- 7 Erandview Lirve Nm 1] [1] U U [1] L) 15 ]
Falm Bzach 1] 0 1 0 i a0 108 212
Manly Vale 1] 0 0 [ i 22 51 234
— Ingleside nia
11-Mar-74 Sl fill 12-Nar-ra a7 154 160 180 184 530
12-Mar-74 22 125 120 120 134 27
12-Mar-74 78 155 55 156 182 450
2-Mar-t 2z T% wendiew Soad, tennis court ewport 1232 319 414 E71
Falm Szach 12 224 310 47
Manly Vale 109 198 322 452
Ingleside
23-May-5 Criv Wall. Careel Bay 23-Nay-d:  [Newport 56 56 83 £3 610
23-May-33 Palm Bzach 44 67 71 E2 651
23-May-23 Manly Vale 75 T8 =[] ] 552
|ngleside E}
28-May-E3 Crio Wall, Riverview Road Mewport 50 ] 125 52 152 223 £24 670
Palm Bzach 432 63 18 142 144 221 402 i
Manly Vale 14 35 21 125 125 202 338 504
Ingleside nia
159-Jul-23 I3y be water main excavation Nm 1] [1] ) 0 o ] 124 530
Palm Bzach 1] 0 38 54 64 an 207 604
hanly Vale 1] 0 22 50 50 73 137 517
Inglecide ] [1] X3 [l 55 192 511
14-Nov-6o F=actvation, small Mewport 1] el 2 1 45 [i] e 320
Falm Bzach 1] 2 2 13 41 T4 287 320
hanly Yale (1] 2 13 67 118 118 277 241
Inglesde 3 5 5 24 [ a7 18 359
T [2valon 7 Date Mewport 140 140 147 256 274 208 97 582
Falm Szach 138 144 158 230 243 261 LE] 522
Manly Vale 107 107 107 210 231 241 326 453
Inglesde 1160 128 103 252 203 281 A8 600
Ramnfall Date Rainfall {mm])
Date Mo of Events Comment {if different) Station 1 Day 2 Day 3 Day 20 Day S0 Day
30-Ci-B7 1 Srnall Mewpor i] 5 145 284 £85
Palm S=ach i 24 272 542
Manly Vale i 0 108 232 453
|n;||_95-:9 1] 3 14 281 618
20-Mov-87 Fa'en tree broks water main Mewport 1] [1] ] 177 ]
FPalrm Bzach i] 0 14 300 G4
hanly Vale i 0 3 208 537
ingleside ] [ 17 201 oH1
13-Jan-32 Sandstone fall ¥ Diate Mewport 1] 2 23
Palm Bzach i] 5 178 £03
Wanly Vale nia 8 238 45
nglecde 1] 27 ek} S
J2-Jan-32 [Eanosions = T Lae EWpor -] ] 240
Palrn Beach & 8 138 R
IManly Vale nia 0 238 273 538
N Ingleside 18 16 302 240 576
4-Apr-G5 Rstaining wall. Small Newport 114 114 27 249 258 72
Palm Beach 37 111 147 212 22 553
Manly Vale nia 0 18 BEi 493 461
Ingleside o3 13 238 242 fo0
2o-RDr- Reiaining wall. Small NE@CI’. GE] 7| 5 150 A5 £03
Falm Bzach 4% 87 03 132 455 722
hanly Vale 74 88 a2 200 354 554
Ingleside 72 a2 5 178 454 7148
5 WValley Close, MeCarrs Creek, Narabsen Mewport 157 221 278 G0B E50
Falm Szach 1500 J) P 612 B2
hanly Vale 100 174 300 445 554
ingleside 167 E 2 045 15
1-May-5E 2 Small, may be re'ated to sephbe Mewport 50 323 ] (]
Palm Bzach FE] 242 397 ] [
Wanly Vale nia 100 240 440 653
n&l?s:? ] 235 ] P13 Ho[
A-May- 3 Mewport, Baywew. Larges EWpor 1] [1] [1] 2 217 [
Falm Beach 0 0 0 2 332 363 B35
I anly Vale 0 0 1 1 202 338 E
Ingleside il 1] 1 7 320 363 o156
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APPENDIX A CONTINUED

Ramfall Date Rainfall {mm]
Date Mo of Events Comment {if different) Station 1 Day 2 Day 3 Day 10 Day 20 Day 610 Day 50 Day
18-May-B8 i Small Newport 0 0 0 0 288 724 TET
Palm B=ach 0 0 0 334 724 E13
Manly Vale 0 0 1 283 645 IE]
Inglesse 0 0 1 320 TTE 523
28-May-E8 =. Leaking watsr main Mewpor [i] [ 15 15 36 THI
FPalm Beach 0 2 20 26 737 B23
M anly Vale n'a 0 ar 41 a04 508
In&'““ 1 i 1 23 [Lli] E17
5-Jul- 1 =mall crib wall D5-Jul-EE Mewport L] e 100 134 202 g3
Falm Bsach 154 188 188 234 335 gag
Manly Vale 02 125 134 170 281 685
In&'““ 116 120 162 213 337 EoG
0-Jan-d4 P Medium log wall Church Point i - Mewport 127 150 17H k) 237 454
O7-Jan-E00 Falm Bzach g og 111 171 87 302
Manly Vale 15 13 4 102 306 313
07-Jan-E0 L%h?s-]? 1-54 174 158 263 523 520
17-Jan-33 i Sl SWpor il [ 2 204 72 454
Falm Szach 1 1 g 153 320 411
Manly Vale 0 0 ] 198 3432 425
Ingleside [1] ] 4 244 451 545
13-\ ar-22 1 Retaining wall. Medum MNewpar i 0 a7 110 247 409
[Faim E=acn 1 1 16 109 215 420
hanky Yale il 0 22 107 237 458
Ingleside 3 [ 40 507
31-Mar-38 1 Small durng construction 01-Apr-82 Mewport 50 51 57 G54
U1-Apr-dd Palm E=ach a7 all o L]
W anly Vale 20 23 82 i 536
U1-Apr-ds Ingleside [ ] g 233 kT 14
18-May-E0 17-May-22 Mewport 1 4l 77 152 014 B16
T-May-32 Palrm S=ach 30 32 24 03 431 £70
T-May-22 M anly Vale CE a7 70 28 541 712
i-Way-d nglesde 35 b 12 20 [ 530
Al-Jun-32 1 Coasters Refreat, ng rain E:pc:n 1] 10 0 173 24 BTV
Palm Beach [i] 18 36 25 473 42
hanly Vale 0 21 58 170 473 B12
Ingle=de il 10 38 Ee 513 B52
3-Dec-5H 1 WeCarrs Creek, reactivation Mewpor 58 T [:]] i1 132 132
Palm Beach n'a
M anly Vale [ii; B H3 12 155 178 150
In&les-:e l-.'.'Ei 128 120 13D 143 175 210 213
Ranfall Date Rainfall (mm]
Date Mo of Events Comment {if different) Station 1 Day 2 Day 5 Day 10 Day 20 Day 30 Day 60 Day 20 Day
1-Feb-90 1 Mewport ] 0 4 12 24 102 221 254
Palm Beach nia
Manly Vale 1 ] [ 23 a2 258 325
Ingleside 1 10 11 30 120 335 285
2-Feb-90 1 [Faim Seseh, small NE:pCI’. 13 13 17 25 a7 115 231 267
Palrn Bzach nia
M anly Vale 12 14 18 18 36 105 258 338
Inglesde ] 24 33 3 5] 151 333 400
KR 1 escanen 'H#pcr 0E T i ki iK1 e LT
Palm Beach nia
M anly Vale nia 13 [ 13 36 105 130 338
Ingles-:e il 243 2a1 Pk 28 40020 240 [ili
5-Feb-Hl 4 WcCarrs Creek, medium o large Mewport 2AT PN 2ol Pk 200 jeliie] 30 ol
Falm Bzach nia
IManly Vale 203 202 217 230 308 338 540
inglecide 12 188 40 474 EET 321 £43
[-reb-9l 1 udson Parade, Large MNewper 40 41 27 307 360 414 38
Palm Beach nia
hanly Vale 23 25 220 247 316 358 561
Inglesde 71 T4 510 243 £35 538 g10
16-Feb-8d i Hu'sburra Road, Large ewpor (1] 0 72 150 417 507 632
Palm Szach nia
Manly Vale 1] 382 30 473
ngleside 1] 675 BEG 800
11-Apr-B0 1 Chisholm Awe. Fif and retaning walls Mewport 1] 1] 138 206 385
Falrm Bzach nia
W anly Vale 21 26 51 132 236 443
— Ingleside e =4 2115 203 3
23-Apr-E0 1 udson Parade. Cut ana fill failures Mevwport 1] 0 7| 171 100 380
Palm Bzach nia
M anly Vale 14 14 [ 71 307 47 E7d
In&les-:e u [4] 11 240 H 445 1305
b EPE 1 Faradise Avenue, small Mewport 4 1 21 1 b 101 517
Palm Bzach nia
W anly Vale 1 31 31 32 104 228 [
Ingle=ce 1 25 5 25 108 311 776
a-.-.,-;-eu 1 MeCarrs Creek, Crb wall, large Mewport 1 128 i 206 200 230 40
Palm Beach nia
Manly Vale 32 1 131 12 175 2T S0
n&les:e i 131 125 200 21 282 470
1= Aug-Hl 1 Whale Beach, retaning wall EWpor 1] [1] 32 245 260 287 416
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Ramfall Date Rainfall {mm}
Date Mo of Events Comment (if different) Station 1 Day 2 Day 3 Day 10 Day [ 20Day | 30 Day | 60 Day | %0 Day
Palrn Beach nia
Manly Vale i] 10 32 183 134 207 232 E
Ingleside i] 4 30 224 260 274 27
Small Mewport 1] ] 1 3B 40 204 334
Palm Beach nia
hanly Wale nia 7 ] 20 40 43 27
Ingleside el £y 4 5/ i) 14 201
R EannEE LTNE, Meg U T, gabion wa's Mewport 1] ] o [ 12 1 21
Palrn Beach nia
Manly Vale 0 10 10 12 24 40 172 223
nuE-s-:E 1] ki ] 14 22 35 13 156
10-Jun-51 Makersl Beach, largs Evipart 100 100 132 124 25 200 314 kLS
Palm Beach nia
Manly Vale n'a 0 38 23 [ 127 138 103
Inﬁs:e 103 115 152 152 245 2_51 305 326
11-Jun-21 Mu'sburra Road, wall. small Mewport ] 180 223 224 280 346 35T 433
[Faim B=ach nia
Manly Wale 211 2 240 240 290 47 T 404
nL|ES.-:E 156 258 304 308 385 4-55- 280 4 5‘2_
ZU-Jun-51 Cherd Crescent. cut ewport il 0 i i1 245 316 413 431
Falm Bzach nia
Manly Vale [i] 0 1 278 332 403 432
Ingleside 0 0 0 318 400 435 476
1-Jul-&1 \Warriewood, broken pioe Mewport [i] 0 1] 2 247 218 426
Palm Beach nia
Manly Vale i] 0 i [1] 28 275 344 426
Ingl_es,-:e 1] 1 10 401 72
0-Feb-92 Fetaining wa'l, small Mewport nia 8 ] 268 4 3 246 306
Palm Beach nia
anly Wale n'a 0 0 14 16 o3 247 314
I“ﬁ'“e 212 212 23k 245 295 255 341 610
10-Feb-4d m;:alnln-; wa |, small Mewport - i) 247 plily 207 ey 237 ]
Palrn Beach nia
NManly Vale 212 212 218 240 283 264 238 568
nuE-s-:E 132 344 oG 200 i/ Sel [:5E<) a2
13-May-E Evipart 1] [\ 1] [ 131 214 S 421
Palm Beach i 0 0 73 125 202 433 441
IManly Vale i 0 0 i 101 181 287 205
Inﬁs:e il [i] 0 100 180 2_55 14 645
Ramnfall Date Rainfall {mm)
Date Mo of Evenis Comment {if different) Station 1 Day 2 Day 3 Day 10 Day 20 Day 30 Day 20 Day
29-May-0B 1 Mewport i ¥ 1] 14 177 283 581
Palm Beach i [ 1 7 199 306 640
I anly Vale 0 0 1 13 172 258 550
- Inglesde i] [} 1 15 223 373 £4d
12 [Avalon 1o Marabeen, walls, cuts and fills Mewport 214 1 215 307 208 873
Palm Beach 117 121 272 275 561
I anly Vale 111 175 250 254 554
ingleside 126 il B 253 o0
Aug-HE |Fanfall reported day folowng ¢ Aug THHE] Mewport 116 231 412 424 i)
Palm Szach 112 303 373 3BT 241 673
W anly Vale 151 326 337 405 £T7E 710
Ingles-:e 1] 12 45 ki 001 ]
10-Now-00 amporary cut, small Mewport T 124 154 il 17
Palm Beach 3g 41 50 131 151
I anly Vale 106 103 121 208 218
N In&les de 121 iFE] 140 2!.‘,_2 206
[40-Jan-01 Temporary cut, small Mewport il ] &7 a7 138 261
[Faim B=acn i 10 46 47 102 214
hanly Vale i] 1 47 28 ED 244
Ingleside 0 12 57 59 108 205
e 'Ee‘.ainin-: wa | Whale Beach Mevwport 1] A3 EE 03 151 248
Falm Heach 123 139 105 278 334
M anly Vale 37 183 213 248 328
Ingleside o 133 167 273 308
7-May-01 Mu'aburra Foad, Large, reactwation Mewport 77 107 112 154 263
Palrm Bzach 0 111 23 244 01 aig
W anly Vale 7o £3 221 240 271 338
ingleside { 131 204 218 235 ]
| 2 Cut, sma’, Morth Marabeen Mewport 240 244 281 320 402
Palm Szach 171 221 227 264 32 408
hanly Vale 141 ] 244 282 340 27
Ingles de Py 225 3 2B a3 3
15-May-U seawa, Mewport Mewport [ 121 215 230 200 5
|Falm B=acn 41 a7 26 164 285 3a7 408
I anly Vale nia
In&les de 47 130 165 7T 241 42 437 680

Based on Landshoe Database at 25000
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APPENDIX B: SUMMARY OF NEWPORT RAINFALL DATA ON LANDSLIDE DATES
AND MAXIMUM RETURN PERIODS.

PEral [ [¥E@ns) via 0 AT MEEUC
1 Day 20 Day 50 300a
g ™ D%E_Sl's
0 7 114 224 1 1L
0 o 151 262 1 El
En 164 78 53 3 2
125 a1 554 571 15 10
56 5 &3 375 &1 3 ac
50 & 1582 4z 4 ar
[ a 57 182 2 ot
0 2 45 283 1 L
140 14 73 2 1
0 5 264 2 20
20-how-27 0 1 177 2 &L
2313036 0 S 233 4 ac
24-13n-38 g 3 245 2 10
114 114 243 4 ac
&4 i 150 8 3
5 157 21 73 13 3t
2 50 o7 323 12 3t
3 0 a 263 15 &L
0 a 263 15 &L
0 15 ] &L
1 66 133 3 ac
OEJandn 2 127 234 3 1
17-Jan3e 1 0 29 2 6L
- 0 110 2 9t
50 207 2 L
3 152 10 L
0 175 1 E
56 7 1 !
0 ) 1 &L
13 7 1 6L
ha 37 ANia
4 23 266 25 1
40 w7 5 5
0 a5 7 20
0 136 5 L
0 17 a ac
4 5 2 ac
7 206 2 1
0 245 2 20
0 ] 3 1 L
0 12 o 1
100 25 343 2 1
a0 260 £33 5 2
0 245 231 2 ar
0 2] 7 214 2 L
ha 4 34 309 AR
233 267 267 539 12 1
[ 131 HE | 2 &L
A e
Maximum | Crifical
Mo of ratun perica| Mo Days
CATE Svets } i 0ay | 20y | SDay | 100ay | 200sy | 30Day | &0 30 Da 10ay | 2Dsy | 5Day [fears) Ran
FED O : 0 12 77 25 545 581 000 1000 1000 20 20g 2 &L
o7-Auges 12 214 215 a7 308 a7 573 12567 £428 304D 142 230 12 1
03-ug28 O 11 3 412 4 473 52 2922 19000 15300 2 FE B 3
16Noe-00 1 75 122 129 154 05 317] 434 1ES2 137 1138 0% 2 3
30-Jand1 L 10 £7 &7 133 381 0o 1000 0 1013 141 1 at
0EMaydi 1 C 58 &8 93 151 249 0o 4000 1093 1013 1013 1 1
TMaIT 18 7 107 112 154 253 1013 1013 1013 1341 1013 1013 1 1
os-Fab 2 3 220 242 221 3 203 1900 2455 3619 253 1883 167 15 129 4 5
1EMEI3 2 131 75 330 425 58 1013 1337 1967 1905 1434 2054 1800 2303 2 ar
Wi of dakes = 58 Kiote: Retum Period not adjusted 12 graph on Flgure 5; values are reascnabie for Retum Feriads of kess than
Hotaa: anout 10 y2ars

1: Corversion of dally ralnfall values to raturn perod using lockup tabie for Mewport dals as based on Tabie E.
2. Excluges the Rock falls
3. Datas from dalzbase at

E
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AN ASSESSMENT OF ROCKFALL FREQUENCY FOR THE COASTAL
CLIFF-LINESOF PITTWATER LOCAL GOVERNMENT AREA, SYDNEY

Greg P Kotze
National Manager - Geology, GHD-Geotechnics, Sydney, Australia

SYNOPSIS

The Australian Geomechanics Society (AGS), in daason with Pittwater Council, has performed anesssnent of
the likelihood of landslide occurrence througho tPittwater Council Local Government Area (LGA)ttWater
Council LGA has a significant coastline with thesran Sea of the southern Pacific Ocean. To compiethe
assessment of the frequency of earth slides, alfitifiailures and retaining wall instability, thistudy was conducted
of the frequency of rockfalls from the near vetticmastal cliff-lines.

1 INTRODUCTION

The governments throughout Australia recognisedrigies posed to property and life from landslides! grovided
funding for research into the likelihood of landslioccurrence under the Australian GovernmentsioNat Disaster
Mitigation Program (NDMP). The landslide likelihoadsearch was conducted with NDMP support unde2€6s-
2004 funding round, with funding support from theistralian Commonwealth Government, the New Southegva
State Government and with the support of both Riw Council (PWC) and the Australian GeomechaBiasiety
(AGS).

A comprehensive study of the likelihood of eartllest, cut and fill failures, and retaining wall tléss has been
conducted by MacGreget al. (2007). This study addresses rockfall frequenoypg@ithe coastal cliff-lines of PWC and
is a companion to Macgregeral. (ibid) such that both earth slides within the steep itewhthe Council area and the
rockfall mechanisms of the coastline are addressed.

2 COASTAL ROCKFALLS

21 GEOLOGICAL SETTING

Pittwater LGA is located within the northern beazla@ea of metropolitan Sydney, New South Wales. Hittevater
environment is characterised by a dominant cappihdliddle Triassic Hawkesbury Sandstone. The Hawkes
Sandstone comprises horizontally to sub-horizontaktdded quartz sandstone strata with some shagedeand
interbeds. The Hawkesbury Sandstone has a totlgsaphic thickness of over 200 metres and it waathered to
produce extensive sub-vertical cliff-lines that tmgographically dominant in the Pittwater LGA.

The Hawkesbury Sandstone is underlain by the Eariassic Narrabeen Group of strata that are congpose
predominantly of quartz and lithic sandstonesstilies, shales and laminites. The uppermostgtatiic unit of the
Narrabeen Group is the Newport Formation, which moges a horizontally to sub-horizontally bedded arterbedded
sequence of sandstone, shale, laminite and carbousiossiliferous shale strata. The Newport Ftionawhich has

a local stratigraphic thickness of up to 49 metiegshe dominant cliff forming unit along the coastthe Pittwater
LGA. The spectacular sub-vertical headlands andtebaluffs that typify the area generally rangdaight from 40 to
50 metres, in Newport Formation strata. At thetmem end of the Pittwater LGA peninsula, the is@a of a
Hawkesbury Sandstone capping produces verticaltaloeliffs to heights of about 80 metres. A schémakection
depicting the general geological setting is presgiais Figure 2.

2.2 ROCKFALL INVENTORY

Listed in Table 1 and shown located on Figure &, arastal cliff-line rockfall events that have oged in Pittwater
LGA, from December 1991 to December 2006. This fery comprises rockfalls with a minimum threshetdume

of 1 nt, that have been observed by or reported to P#w&buncil and have been referred to the author for
assessment. Rockfall events less than®limmmagnitude have been excluded, as have beeratisckreated or
triggered by people. Only cliff-lines adjoiningetlocean have been included in this review. Itde & be noted that
progressive fretting, ravelling and weathering/depositional mechanisms have not been recorded.

Australian Geomechanics Vol 42 No 1 March 2007 213



ROCKFALL FREQUENCY FOR COASTAL CLIFF-LINES GP KOTZE

Rockfall
Reference No.
See Table 1

Palm Beach

o oo Ui~

jar g 7=}

13
15
14

Figure 1: Location of coastal rockfalls in the Water LGA.
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Table 1: Recorded coastal rockfalls 1991-2006itinvBter Council LGA.

Reference Date of Approximate Approximate
Number on L ocation rockfall volume magnitude of Gover ning mechanism
. occurrence 3 :
Figurel m* (w x d x h) local regression
1 Turrimetta Dec 91 85 (3x4x7) am Undercut by wave action during
Head severe storm
2 North Oct 92 4(2x1x2) 1m Natural weathering
Narrabeen
Bilgola,
3 southern Feb 95 2(1x1x2) im Natural weathering
headland
Natural weathering locally
4 South Avalon Aug 99 400 (8 x4 x 12 4m exacerbated by cliff top
developments
5 Feb 01 20 (4 x1x5) 1m
6 Whale Beach, =596 12 (4x1x3) Im .
northern Natural weathering
7 headland Nov 96 1(1x1x1) 1m
8 Apr 05 6 (3x1x2) 1m
Natural weathering, triggered by
9 \s/\érsj;:rl]eer?]each, Aug 98 100 (5 x4 x 5) 4m severe rainfall
10 headland Jan 99 12 (3x1x4) 1m Natural weathering
11 Feb 01 100 (10 x 2 x5) 2m Natural weatherirugien
Avalon, Natural weathering exacerbated b
12 southern Nov 95 4(2x1x2) 1m . 9 y
cliff-top access
headland
13 May 00 2(2x1x1) 1m Natural weathering
14 South Mona Mar 04 10 (2x2x2) om Ngtural weathering exacerbated by
Vale cliff top developments
15 1998 180 (6 x 3 x 10) 3m Natural weathering

Note: This table should be read in conjunction lith accompanying text.

It has not been practicable to monitor the fullgémof the coastal cliff-lines in Pittwater LGA asa access only would
enable the review of some locations. It is furtheted that rockfalls from some cliff-lines fall dotly into the ocean
with no debris preservation to enable quantificatar assessment. Variously discernable cliff facars at some
locations have indicated that (unrecorded) rockfelivity has occurred.

The rockfall events listed in Table 1 have beenrdi®, rapid events. They occurred at locationsvileae not subject to
recent disturbance, that is, excavation or constmu@ctivities were not involved.

3 MECHANISMSOF INSTABILITY

The dominant mechanisms of instability that havenifieated at the rockfall sites listed in Table lyrh@ summarised
as follows:

31 UNDERCUTTING

As low strength bedding plane seams and less aesistrata such as shale and siltstone, are sulojguteferential
weathering and erosion with ongoing exposure to dlenents, overlying more resistant sandstone ibedsme
undercut. As undercutting advances, the overlyingdstones eventually collapse, due to sudden ebrittilures
occurring along prevalent rock mass defects theaaaelease planes. The defect types that contbifeilitate this
mechanism include sub-vertical orthogonal jointssahd sub-horizontal bedding plane partings. Tke sif the
resultant rockfall is dependant upon the extentrafercutting and the localised defect spacings.

3.2 TOPPLING

Two regional joint sets characterise the strat&ydney including Pittwater LGA. They are steeplppiing to sub-
vertical and orthogonal and under the effects cathvering, in combination with horizontal beddingupd seams or
partings, they can effectively divide an otherwisgnpetent sandstone bed into a series of contigblmaks or slabs.
Dependant on the dip direction of joints and pdssibfluences of creep, these blocks and slabsbeasubject to
toppling failure. The potential for toppling to ddep can be exacerbated by the penetrative grofatiedree roots into
open joint plane defects.
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Figure 2: Depiction of typical geological settiofithe coastal cliff lines and headland bluffs witRittwater LGA.
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Figure 3: Depiction of typical landslide types hiiit the coastal cliff lines of Pittwater LGA.

3.3 SLIDING

Sliding of rock wedges formed by intersecting joplanes, and/or on weathered cross-bed partings result in
singular or multiple rock mass failures, particlyjavhen combined with undercutting.

Sliding failures also occur in soil and rock defsgsee accumulations on crestal slopes and atif-ledges. The rock
masses released during sliding failures can vargize and number. Sliding failures generally ocduring or
immediately following wet weather periods.

3.4 DEVELOPMENT INTERVENTION

The naturally occurring failure mechanisms desdriladove can be exacerbated or accelerated by qeveid
intervention at or adjacent to the crests of diifés. Activities such as the placement of fill fimcreased cliff-top
access and the direction of stormwater drainagsvanming pool backwash discharges into cliff topiemnments, has
locally contributed to rockfalls from underlyingcti®ns of cliff-line.
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DANGER

. ROCKS
o\ FALL FROM
RS\ CLIFF Z=

AT

| headland (Newp
Formation) between Newport and Bilgola Beaches
within Pittwater LGA and some of the rockfall feas
present.

Note: (Top photograph) Rockfall remediation wodesigned by the author and undertaken by Pittwademncil immediately above
and adjacent to Bilgola Beach Ocean Pool and walkway.
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4 ROCKFALL FREQUENCY

The statistics of this study include:

i) Total length of coastal cliff-line and bluffs (exding Barrenjoey Head: 9,100 m)
ii) Inaccessible / unknown cliff-line length: 2,300 m

i) Cliff-line sample length: 6,800 m

iv) Assessment period: 15 years

v) Number of rockfalls reported: 15

vi) Total volume of reported rockfalls (rounded): 950 m

vii) Total mass of reported rockfalls: 2,375 tonnes

viii)  Total width (equivalent cliff-line length) of reped rockfalls (rounded): 60 m

The above data can be manipulated in a number yd imarelation to rockfall frequency, as follows:

. 1 coastal rockfall per annum reported to Pittw&teuncil

. 0.15 rockfalls per annum per kilometre of coasli#f-kine

. 10n? of rockfall volume per kilometre of coastal clliffte per annum

. 25 tonnes of rockfall mass per kilometre of coagliéftline per annum
. 600 mm (lineal) of rockfall per kilometre of codstéff-line per annum

In accordance with Reference AGS (2007a) the aluata equates with a rockfall frequency at the o ef the
“moderate” descriptor (0.1 to 1 rockfalls per annpen kilometre).

5 DISCUSSION

The rockfall frequency data presented above mustegarded as a lower bound indicator, due to theusion of
rockfalls with a volume less than 2 mnd the absence of rockfalls that have gone uniegholt is considered however,
that the frequency of the reported rockfalls imakdated to geology.

As mentioned above, the Newport Formation comprisescoastal cliff-lines in Pittwater LGA, with thlexception of
some Hawkesbury Sandstone capping to the northvafol. The Newport Formation is an interbeddedisage of
sandstone, shale, laminite and carbonaceous stata.s Whilst the author has not carried out anglyses of the
relative percentages of the rock types that makehepNewport Formation, it is observable at mangstal cliff
locations that thick sequences of fine grainedeshald laminite occur. These strata are subjeptdgressive fretting
and ravelling as regressional mechanisms and simali weathering products are generally produddttse strata can
actively regress through progressive small scagnfientation, without being obviously noticed by rbens of the
public and without being reported as rockfall ireits to Council. Similarly, a joint controlled ltaie of a large mass
of shale or laminite, will typically result in fragentation upon impact on an underlying rock shelthe wave cut
platform and again, may not be readily noticed lymhers of the public or necessarily reported torCivas a rockfall
incident. Furthermore, accumulations of small fnegts of shale and laminite on the wave cut plaifoan be readily
removed by wave action, thereby resulting in thatineely rapid disappearance of the evidence ofdiokfall.

By comparison, the sandstone strata in the Newgmrnation can comprise competent beds rangingidhribss to 1.5
m. When these strata fail through the mechanismashave been described above, large and multiptk&/slabs of
sandstone are generally produced. The sandstimefmasses are large enough to be more readily @ed also to be
visually related to a resultant fresh scar at therce location on the cliff face. The strengthrelteristics of the
sandstone failure masses are also such that teeless prone to fragmentation and to short-ternrutdon by wave
action. The sandstone failure masses are therefore likely to be observed and reported as rokckfaints.

It has been the author’s experience that sandstivat have been prominent in the majority of thekfalls listed in
Table 1. The rockfall frequency data presentedralmay therefore be conservative not only througta dimitations,
but also by a factor related to the percentage rogkef non-sandstone strata in the Newport Formatio

6 CONCLUSION

The data presented in Table 1 and Section 4 alrepeesents the available data on coastal cliff-lioekfalls in

Pittwater LGA over the last 15 years. For the oeasoutlined above, the frequency data presenteuldibe regarded
as a lower bound indicator. Ongoing documentatiod engineering geological assessment of rockights is

encouraged by the author, so that frequency databearefined, through a closer understanding ofrétationship

between rockfalls and coastal geological models.
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BOOK REVIEWS

GEOMORPHOLOGY FOR ENGINEERS

edited £y P.G. Fookes, E.M. Lee and Milligan G.
Whittles Publishing (UK), 2005, (about AUS$250).

Available for $250.00 from:
Inbooks
Tel: (02) 9986 7082
Fax: (02) 9986 7090
email: orders@inbooks.com.au
www.inbooks.com.au

Geomorphology is the study of landforms and landform change. The application of geomorphology in engineering and
the aims of this book are explained in an excellent opening chapter. The editors aim to present a basic yet authoritative
handbook of geomorphology for geotechnical engineers. The book is intended to help geotechnical engineers and
others to understand the subject and to appreciate the part that geomorphology and geomorphologists can play in
engineering. The editors also stress the importance of first understanding a site in broad context before engaging in
detailed investigations and predictions.

The book is divided into three parts. The first part (Chapters 2 to 7) is concerned with the major factors which control
the materials, forms and processes on the Earth’s surface and includes chapters on climate and weathering,
sedimentology, tectonics, stratigraphy and the Quarternary. There is also a chapter on the engineering behaviour of
soils and rocks which includes useful information on how the engineering properties of soils are related to their origins.
The second part (Chapters 8 to 12) deals with the geomorphological processes which help shape land surfaces and
influence their engineering characteristics. There are chapters on landslides, active tectonic environments and seismic
hazards, rivers, soil erosion and subsidence. The final part (Chapters 13 to 27) is concerned with various environments
and landforms. This is the longest part of the book and includes chapters on glacial environments, hot drylands,
savanna, hot wetlands, mountain environments, estuaries and deltas, coastal environments, continental shelves, volcanic
landscapes, karst terrains, loess, chalk landscapes and urban geomorphology.

Overall there are 22 different authors, mostly from Britain, but examples are drawn from all over the world. Most
chapters are well illustrated with maps, sections, schematic drawings and photographs. Chapter lengths vary from 12 to
47 pages (including references). With so many different authors the approach, content and level of detail vary. Some
chapters emphasise applied geomorphology and provide useful case histories while others are more theoretical. In a
basic or introductory text book references are particularly important and some of the chapters would have benefited by
having more (and more up to date) references.

In their preface and introduction the editors explain that the book is not a text book of geomorphology, that it does not
attempt to be comprehensive and is not particularly systematic. They also explain that the main purpose of the book is
to act as an aide-memoir, on a world-wide scale, of the many different landscapes in which engineers may find
themselves working. In my opinion the editors have achieved their aim. Every chapter contains worthwhile
information which will help practitioners understand and anticipate ground conditions and it is an excellent book to
browse.

In geotechnical practice, we have to become the experts on the ground conditions wherever we work. Most
practitioners in Australia understand how geological knowledge and skills improve their ability to predict, interpret and
understand ground conditions. Hopefully this book will help us understand the importance of geomorphology. It is, as
the editors explain, a starting point, and while it will not tell us everything we need to know about every site, it will
encourage us to read further, and expand our own libraries with other relevant material.

Reviewed by Alan Moon
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MANUAL OF SOIL LABORATORY TESTING

VOLUME 1: SOIL CLASSIFICATION AND COMPACTION TESTS

by K H Head, Third Edition (2006)
Published by Whittles Publishing (UK)

Available for A300.00 from:
Inbooks
Tel: (02) 9986 7082
Fax: (02) 9986 7090
email: orders @inbooks.com.au
www.inbooks.com.au

Since K H Head first produced his manuals on soil laboratory testing in 1980 they have been an essential reference in
all good soil testing laboratories. In these manuals the basic theory and general application of each of the tests is
explained clearly and step by step procedures for testing and calculations, together with diagrams and photographs, are
given for each of the tests.

The manual covers tests specified in the British Standard on soil testing, BS1377:1990 and also makes reference to
some ASTM standards, but is equally useful in explaining soil tests covered within the Australian Standard AS1289.
This third edition has been updated to reflect changes in the British Standard and includes some new tests, such as the
soil suction test and a section on calibration. The text has been thoroughly reviewed and revised by the author to
include additional notes on areas which are often difficult to interpret. It is obvious from the text that the author has an
extensive understanding of the details of soil testing and vast experience to draw upon.

This volume covers moisture content, index tests, density, particle size, chemical tests, compaction tests and visual
description of soils. Volumes 2 and 3 cover the more specialized tests, such as triaxial testing and it is understood that
these volumes are also being updated.

This book should be an essential reference for all engineers and technicians who carry out soil testing and also for those
engineers who just use the test results for use in analysis and design. I thoroughly recommend it to anyone who has not
come across previous editions. It is very clear in its descriptions of the tests and easy to read. T hope that the new
editions of Volumes 2 and 3 are not far behind.

Reviewed by Fiona MacGregor
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Sam Mackenzie

Coffey Geotechnics has appointed Sam Mackenzie to the position of general manager — technical development. Sam
will be responsible for fostering technical learning and making efficient use of the company’s specialist knowledge.

Sam'‘s previous role was as associate geotechnical engineer at Coffey, where he has worked for six years, particularly in
the area of mine subsidence risk assessments. '

“Acquiring and applying specialist technological knowledge is the fundamental role of Coffey Geotechnics and is our
source of competitive advantage and value creation. As the company grows, our collective knowledge and learning
potential also grows.”

To foster Coffey Geotechnics’ technical learning and make efficient use of its knowledge, Sam will focus on three key

areas:
e developing dynamic knowledge storage and transfer systems
® engaging in innovation and experimentation in strategic fields
e developing a culture of knowledge sharing across individuals and groups.

Strategic partnerships with universities will play a key role in the company’s technical development. Already,
partnerships with the University of Sydney and Newcastle University have been established.

“By tapping into the expertise and research capacity of universities we can work towards gaining solutions to
challenging real-life problems, ultimately achieving cost-savings for our clients and improving the capability of our
industry.”

For further information regarding Coffey Geotechnics, please contact Sukumar Pathmanandavel, general manager
business development, email: Sukumar@coffey.com.au or phone: 02 9911 1000.

222 Australian Geomechanics Vol 42 No 1 March 2007




PEOPLE

Jay Ameratunga

Dr Jay Ameratunga has recently been promoted to senior principal at Coffey Geotechnics, which is the highest
professional grade within Coffey. As senior principal Jay will be a member of the Council of Senior Principals, a high
level ‘think tank’ comprising some of the most technically advanced practitioners in geotechnical engineering in
Australia and internationally. The expertise of the Council’s members is used as a resource for Coffey Geotechnics and
to mentor the company’s next generation of leaders.

Jay is a graduate of the University of Ceylon and was granted his Masters in Engineering from AIT in Bangkok, before
studying for his PhD with Tan Johnston at Monash University.

Jay has over 30 years of experience as a geotechnical engineer. He has been with Coffey for the past 17 years, initially
in Sydney and since 1993 in Brisbane. He has been instrumental in delivering the geotechnical design of the Singapore
Circle Line Stage 3, Port of Brisbane Motorway and the gold engineering award winning Future Port Expansion (FPE)
Seawall alliance at the Port of Brisbane. He is currently the Geotechnical Manager for the $1.88 billion Gateway
Upgrade Project in Brisbane.

Jay has been involved in the design and construction of major infrastructure projects throughout Australia and overseas.
He is the chair of the Queensland Chapter of the Australian Geomechanics Society and is on the organising committee
of the 2007 Australia New Zealand Conference on Geomechanics.
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STANDARDS AUSTRALIA GEOTECHNICAL COMMITTEES - NEW PROJECTS, PUBLIC
COMMENT DRAFTS AND PUBLICATIONS.

The following new projects, public comment drafts and publications have been released in the past three months by
Standards Australia geotechnical committees. Standards Australia would like to thank the numerous technical experts that
have contributed to the development of these standards. Standards Australia is a not for profit organization that develops
Australian Standards® of public benefit and national interest.

CE-009 Testing of Seils for Engineering Purposes
The following new reviews have been commenced:

AS 1289 Methods of testing soils for engineering purposes

Project 8291 AS 1289.3.5.1 (Correction Amendment) Soil classification tests - Determination of the soil particle density of
a soil - Standard method

Project 8292 AS 1289.0 (Review) Methods of testing soils for engineering purposes - General requirements and list of
methods

Project 8293 AS 1289.3.6.3 (Correction Amendment) Methods of testing soils for engineering purposes - Soil classification
tests - Determination of the particle size distribution of a soil - Standard method of fine analysis using a
hydrometer

Project 8294 AS 1289.3.9.1 (Review) Methods of testing soils for engineering purposes - Soil classification tests -
Determination of the cone liquid limit of a soil

AS 5101 Methods for preparation and testing of stabilized materials
Public Comment closed 19 Jan 2007

DR 06655 Part 3.3: Cement content of cement stabilized materials

DR 06656 Part 2.2: Sampling - Preparation of stabilized pavement materials

DR 06657 Part 5: Absorption, swell and capillary rise of compacted materials

DR 06658 Part 4: Unconfined compressive strength of compacted materials

DR 06659 Part 3.1: Lime or cement content of uncured stabilized pavement materials (EDTA method)
DR 06660 Part 3.2: Lime or cement content of stabilized pavement materials (EDTA method)

AS 1289 Methods of testing soils for engineering purposes — Soil Classification tests

Public Comment and Ballot closed 20 Dec 2006

DR06690CP Methed 3.1.1: Determination of the liquid limit of a soil-Four point Casagrande method

DR06691CP Methed 3.1.2: Determination of the liquid limit of a soil-One point Casgrande method (subsidiary method)

DR06692CP Methed 3.2.1: Determination of the plastic limit of a soil-Standard

DR06693CP Method 3.3.1: Calculation of the plasticity index of a soil

DR06694CP Method 3.3.2: Calculation of the cone plasticity index of a soil

DR06695CP Method 3.4.1: Determination of the linear shrinkage of a soil-Standard method

DR06696CP Method 3.6.1: Determination of the particle size distribution of a soil-Standard method of analysis by sieving

DR06697CP Method 3.6.2: Determination of the particle size distribution of a soil-Analysis by sieving in combination with
hydrometer analysis (subsidiary method)

CE-012 Aggregates and Rock for Engineering Purposes
DRO0O6727 AS 2758.6 Aggregates and rock for engineering purposes - Part 6: Guidelines for the Specification of
Armourstone Public Comment closed 16 Feb 2007

Please go to http://www.standards.org.au and then choose Standards Development/Current Drafts to download Public
Comment drafts and submit comments. Further information on committees is available from committees.standards.org.au

To receive immediate notification of all items for publication and public comment, go to http://www.saiglobal.com/shop
and choose Services, then choose Standards Watch. Other geotechnical engineering related standards committees include
BD-025 (Residential Slabs and Footings), CE-015 (Site Investigations), CE-018 (Piling), CE-020 (Geosynthetics), CE-027
(Earthworks) and CE-032 (Reinforced Soils and Retaining Structures).
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GEODIARY

GEODIARY

Title Date Place Contact
16" Southeast Asian May 8-11 2007 Selangor Darul Dr Ooi Teik Aun
Geotechnical Conference Ehsan Malaysia Email: 16seagc@iem.org.my
Website: www.16seagc.com

3" International Geomechanics June 11-15 2007 Nessebar, Bulgaria Prof.D.Sc. Eng. Nikolai Nikolaev
Conference -The role of Web site: w.confgeomech.info
geomechanics in the stability of E-mails: geomechanics@abv.bg
development of mining industry conf geomech@yahoo
4™ CECAR Conference June 2007 Taipei, Taiwan Website: www.elitepco.com.tw/4ce
XIII Panamerican Conference on | July 16-20 2007 Isla de Margarita Isaura Romero Requena
Soil Mechanics and Geotechnical Venezuela Website: www.xiiicpmsig.org
Engineering
11" Congress of the ISRM July, 2007 Lisbon, Conference Secretariat

Portugal Email: isrm2007 @1nec.pt
1* Sri Lankan Geotechnical August 7-11 2007 | Colombo Prof P Kulatilake
Socwty International Conf;rence Sri Lanka Website: lgssr2007
on Soil and Rock Engineering
10" Australia New Zealand October 21-24 Brisbane, Website: ww »2007.co
Conference on Geomechanics 2007 Queensland
“Common Ground”
International Symposium on December 6-7 Bangkok, Thailand
Geotechnical Engineering, 2007 Prof. Dennes T. Bergado
Ground Improvement and Email: bergado@ait.ac.tt
Geosynthetics for Human
Security and Environmental
Preservation
12" ICAMAG Conference February -March | Goa, India Dr D.N. Singh

2008 or October E-mail: dns@civil.iitb.ac.in
November 2008 -

VI International Symposium April 10-12 2008 | Shanghai, China Website: www.tc28-shanghai.org
Geotechnical Aspects of
Underground Construction in Soft
Ground
10"™ International Symposium on | June 30-July 4 Xian, China Zuyu Chen
Landslides and Engineered 2008 Email: chenzy @iwhr.com
Slopes Website: landslide.iwhr.com
Sixth International Conference on | August 11-16, Arlington, Website: http://www.6icchge2008.org
Case Histories in Geotechnical 2008 Virginia (USA) )

Engineering

BAPYV 5th International
Geotechnical Seminar“Deep
Foundations on Bored and Auger
Piles”

September 8-10
2008

Gent, Belguim
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EDITORIAL POLICY

EDITORIAL POLICY

Australian Geomechanics is published quarterly, in March, June, September and December, by the Australian
Geomechanics Society. The magazine is edited and produced by the Australian Geomechanics Society. It provides a
journal and news magazine for matters of interest to the Australian geotechnical community. The statements made or
opinions expressed do not necessarily reflect the views of the AGS.

The Editorial Panel of Australian Geomechanics seeks contributions for future editions. The following comments are
offered to assist would-be contributors.

Contributions can include: refereed technical papers; technical papers or notes; or news items and reports.

Technical papers can be refereed to ensure that they are of a standard similar to those published in international
geotechnical journals. Authors should aim for a maximum overall length of no more than 3500 words, although shorter
papers or technical notes are particularly welcome. Authors should indicate if they want their submission to be
refereed; the status of the paper will be indicated on publication.

Refereed technical papers should be original and:

e Papers on geotechnical engineering, engineering geology and environmental geomechanics. Papers should be
topical, practically oriented and preferably of national interest. Case studies describing innovative geotechnical
work are particularly encouraged.

e Papers on geotechnical or geoscience research undertaken in Australia or of relevance to Australian
geomechanics. These should clearly indicate their practical relevance and limitations.

e Authoritative reviews of aspects of geotechnical practice or aspects of geotechnical education.

Technical papers or notes can be:

e Items as above but submitted for rapid publishing. These will not be refereed but will be reviewed. They will be
accepted at the discretion of the editorial panel. The intention is to provide a source for rapid dissemination of
technical material to the geotechnical community.

e Discussions on papers published in previous editions.

News items and reports can be:

e Items describing significant projects, instructive failures, conferences, courses or other matters of general interest
to the Australian geotechnical community.
e Geotechnical book reviews.
e Letters to the Editor.
It is preferable for contributors to submit formatted text, tables and figures in electronic format using Microsoft Word

on IBM compatible hardware. Contributions by CD are preferred. Submission of large papers by email should be
avoided. All contributions should be followed by a hard copy.

Submitted material should be presented in the following format:

Single column format on A4 paper.
Left and right margins of 20 mm.
A top margin of 30 mm and a bottom margin of 25 mm.
10 point character size of Times New Roman font with single (normal) line spacing.
Text should be formatted to have 6 pt after paragraphs and after headings.
No indent at the beginning of paragraphs.
~Main headings numbered 1, 2, 3.... etc. in 12 point Times New Roman, bold, upper-case and centred in the
column.
Sub-headings numbered 2.1, 2.2, 2.3 ... etc. in 10 point Times New Roman, bold, upper-case and left justified.
Minor headings numbered 2.1.1, 2.1.2 ... etc in 10 point Times New Roman, bold, lower-case and left justified
Items in bulleted or numbered lists should not be separated by a line, but should be indented by 10 mm.
Formulae typed and numbered (1), (2), (3) ... etc. and centred in the column.
Captions for figures should be placed beneath the item and numbered Figure 1:
Captions for tables should be placed above the item and numbered Table 1:
Figures and tables should be referred to in the text as Figure 1, Table 1, etc.
Figures and tables should be centred in the column.
Do NOT use page numbers, these will be added later.
In text citation according to the Harvard system of author (year) or (author, year) as appropriate. Multiple
references should be separated by semicolons (author 1, year 1; author 2, year 2)
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e References should be listed at the end of the paper in alphabetical order using the Harvard system: Author (year)
title, publication, volume, pages, publisher with a 10 mm hanging indent and no blank line between each.
e Underlining should be avoided and symbols shown in italics.
FIGURES AND TABLES

Where possible figures and tables should be placed at the correct position in the text. Figures should be scanned.
Failing this place them together at the back of the text. These should be sharp black on white and of the correct size for
incorporation into the finished document. The width of these must be less than or equal to the width of the text column
(165 mm). Do not use colour unless you have discussed it with the editor.
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Rolling :
Dynamic

Compaction

With a proven track record of more than 600 projects around the
World over almost 20 years, the professional team at Broons are
the ground improvement specialists when it comes to Impact
Roller technology. From advice during project conception right
through to site treatment, settiement monitoring and reporting
we're alongside you and your client all the way.
THINK IMPACT ROLLING, THINK BROONS

Available Australia Wide

Call now (08) 8268 1988

‘ or our Technical Manager direct on 0409 677210

info@broons.com www.broons.com
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Geotechnical and
Environmental Producits

ENVIRONMENTAL MATERIALS TESTING GEOTECHNICAL AND STRUCTURAL

Designed to monitor and remove Used in laboratories and on construction  Permanently installed sensors used to

contaminated groundwater and monitor  sites to establish design parameters and monitor tilt, displacement, pressure and

surface water. perform quality control testing of soil, strain in soil, rock, concrete and steel
concrete and asphalt. structures.

B Ground Water Remediation Pumps B (oncrete Testing Equipment and Supplies M Inclinometers and Casing

B Ground Water Sampling Pumps @ Asphalt Testing Equipment and Supplies M Tilt Meters and Tilt Systems

E Well Development Pumps B Soil Testing Equipment and Supplies B Bassett Convergence System

B Water Quality Meters B Geosynthetics Testing Equipment W Strain Gauges and Load Cells

B Landfill Leachate B General Laboratory Supplies B Piezometers and Pressure Cells

B Stormwater Sampling and Monitoring B Extensometers and Settlement Systems

B Real-Time Data Acquisition and Reporting

Durham Geo Slope Indicator has offices in the USA, Canada, Australia and China.
We have distributors in 33 countries and Service Centres in Australia, Taiwan and Singapore.
Please visit our website at www.dgsi.info for the complete range of instruments available.

aytal«l

Local Contact:

Colin Viska uu J I
Durham Geo Slope Indicator

PO Box 198

Cofiodlon WAEHT DURHAM GEO SLOPE INDICATOR

Tel: (08) 9385 1067
Fax: (08) 9385 1149

www.dgsi.info




	42_1_4
	E AGS 2007c App D
	G AGS 2007d Text
	H AGS 2007d App CA
	I AGS 2007d App CB
	J AGS 2007d APP CC

