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APPENDIX A - DEFINITION OF TERMS

Acceptable Risk — A risk which, for the purposes of life or work, society 15 prepared to accept as 1t is with no regard to
its management. Society does not generally consider expenditure in further reducing such risks justifiable.

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

Consequence — The outcomes or potential outcomes arising from the occurrence of a landshde expressed gualitatively
or quantitatively, in terms of loss, disadvantage or gain, damage. myury or loss of life.

Danger — The natural phenomenon that could lead to damage. described 1n terms of its geometry, mechanical and other

characteristics. The danger can be an existing one (such as a creeping slope) or a potential one (such as a rock fall). The
characterisation of a danger does not mclude any forecasting.

Elements at Risk — The population, buildings and engineering works. economic activities, public services ufilifies,
infrastructure and environmental features in the area potentially affected by landslides.

Frequency — A measure of likelihood expressed as the number of occurrences of an event i a given time. See also
Likelihood and Probability.

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

Individual Risk to Life — The risk of fatality or injury to any identifiable (named) individual who lives withun the zone
mmpacted by the landslide or who follows a parficular pattern of life that mught subject lum or her to the
consequences of the landslide.

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

Landslide activity —The stage of development of a landslide; pre-failure when the slope is strained throughout but is
essentially intact; failure charactenzed by the formation of a continuous surface of rupture; posi-failure which
meludes movement from just after failure to when 1t essentially stops and reaciivarion when the slope shides along
one or several pre-existing surfaces of mupture. Reactivation may be occasional {e.g. seasonal) or confinuous (in
which case the slide 15 “active™)

Landslide Intensity — A set of spatially distributed parameters related to the destructive power of a landslhide. The
parameters may be described quantitatively or qualitatively and may include maximum movement velocity, tofal
displacement, differential displacement, depth of the moving mass, peak discharge per unit width, kinetic energy per
unit area.

Landslide Susceptibility — A quantitative or gualitative assessment of the classification. volume ({or area) and spatial
distribution of landslides which exist or potentially may occur in an area. Susceptibility may also include a
description of the velocity and intensity of the existing or potential landsliding.

Likelihood — Used as a qualitative description of probability or frequency.
Probability — A measure of the degree of certamty. This measure has a value between zero (1mpossibility) and 1.0

(certamnty). It 15 an estimate of the likelihood of the magnitude of the wncertain gquantity or the likelihood of the
occurrence of the uncertain future event.

There are two mamn inferpretations:

(1)  Statistical — frequency or fraction — The outcome of a repetitive experiment of some kind like flipping coins. It
includes also the idea of population variability. Such a number is called an “objective” or relative frequentist
probability because it exists in the real world and 1s in principle measurable by deing the experiment.

(ii) Subjective probability (degree of belief) — Quantified measure of belief judgement. or confidence in the
likelihood of a outcome, obtained by considering all available information honestly, fairly and with a mininwim
of bias. Subjective probability 1s affected by the state of understanding of a process, judgement regarding an
evaluation or the quality and quantity of information. It may change over time as the state of knowledge
changes.

Qualitative Risk Analysis — An analysis which uses word form, descriptive or numeric rating scales to describe the
magmiude of potential consequences and the likelthood that those consequences will occur.

Quantitative Risk Analysis — an analysis based on numerical values of the probability, vulnerability and conseguences,
and resultng in a numerical value of the nsk.
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Risk — A measure of the probability and severity of an adverse affect to health, property or the environment FRisk is
often estimated by the product of probability x consequences. However, a more general mterpretation of risk
mvelves a comparison of the probability and consequences in a non-product form.

Risk Analysis — The vse of available information ro estimate the nisk to individuals, population, property or the
environment from hazards. Risk analyses generally contain the following steps: scope defimtion, hazard
identfication and risk estimation.

Risk Assessment — The process of nisk analysis and nisk evaluation.

Risk Control or Risk Treatment — The process of decision making for managing risk and the implementation or
enforcement of risk mutigation measures and the re-evaluation of its effectiveness from fime to fime, using the
results of risk assessment as one input.

Risk Estimation — The process used to produce 2 measure of the level of health, property or environmental risks being
analysed. Risk estimation contains the following steps: frequency analysis, consequence analvsis and their
integration.

Risk Evaluation — The stage at which values and judgements enter the decision process, explicitly or implicitly, by
wncluding consideration of the importance of the estimated risks and the associated social, environmental and
economic consequences, m order to 1dentify a range of alternatives for managing the risks.

Risk Management — The complete process of risk assessment and risk control {or risk freanment).

Societal Risk — The risk of multiple fatalities or injuries in society as a whole: one where society would have to carry
the burden of a landshide cavsing a number of deaths, injuries, financial environmental and other losses.

Susceptibility — see Landslide Susceptibility

Temporal-Spatial Probahility — The probability that the element at risk 15 in the affected area at the time of the
landslide.

Tolerable Risk — A risk within a range that society can live with so as to secure certain net benefits. It is a range of risk
regarded as non-negligible and needing to be kept under review and reduced further if possible.

Vulnerability — The degree of loss to a given element or set of elements within the area affected by the landslide
hazard. It is expressed on a scale of 0 (no loss) to 1 (total loss). For property, the loss will be the value of the
damage relative to the value of the property; for persons, it will be the probability that a particular life (the element
at risk) will be lost. given the person(s) is affected by the landslide.

Zoning: The division of land into homegeneous areas or domains and their ranking according to degrees of actual or
potential landslide susceptibility, hazard or risk.
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APPENDIX C: LANDSLIDE RISK ASSESSMENT

QUALITATIVE TERMINOLOGY FOR USE IN ASSESSING RISK TO PROPERTY

QUALITATIVE MEASURES OF LIKELIHOOD

Approximate Annual Probability Implied Indicative Landslide Descrinti Descrint Level
Indicative Notional Recurrence Interval escriphion escriptor eve
Value Boundary
10™ 5x1072 10 years » The event is expected to occur over the design life, ALMOST CERTAIN A
= : 20 years - = = z adves 4 P
10 100 years T!.lg event will probably occur under adverse conditions over the LIKELY B
P 5%107 200 years design life. — —
107 A 1000 years - The event could cccur under adverse conditions over the desipn life. | POSSIBLE C
-4 =Ll 2000 v The event might occur under very adverse circumstances over the
10 10,000 years desion K i UNLIKELY D
= Sx107 20,000 years Eeign I _ .
107 100.000 vears Z The event 15 conceivable but only under exceptional cireumstances RARE E
5x1078 A 200,000+ over the design life.
10" B 1,000,000 years “VEUSU VRS The event is inconceivable or fanciful over the design life. BARELY CREDIBLE E
Note: (1) The table should be used from left to right; use Approzimate Annual Probabality or Description to assign Descriptor, not vice versa.
QUALITATIVE MEASURES OF CONSEQUENCES TO PROPERTY
Approximate Cost of Damage
Tndicative Notional Description Descriptor Level
Value Boundary
200% Structure(s) completely destroved and/or large scale damage requining major engineering works for CATASTROPHIC 1
- 1008 stabilisation. Could cause at least cne adjacent property major consequence damage. )
0% & Extensive damage to most of structure, and/or extending beyond site boundaries requiring significant MATOR 5
G 40% stabilisation works. Could cause at least one adjacent property medium consequence damage. E
208, e Moderate damage to some of structure, and’or significant part of site requiring large stabilisation works. MEDIUM 3
i 10% Could cause at least one adjacent property miner consequence damage. i
% 1% Linuted damage to part of structure, and/or part of site requiring some reinstatement stabilisation works. MINORE 4
. ) Little damage. (Note for high probability event (Almost Certain). thus category may be subdivided ata
oy - - v =k g
0:5% notional boundary of 0.1%. See Risk Mairix ) I SIGNIEICANT 3

Notes: (1) The Approximate Cost of Damage iz expressed as a percentage of market value, being the cost of the improved value of the unaffected property which includes the land phos the
unzffected structures.

(3) The Approximate Cost 15 to be an estumate of the direct cost of the damage, such as the cost of reinstatement of the damaged portion of the property (land plus stmctures), stabibsation
works required to render the site to tolerable nisk level for the landslide which has occurred and professional design fees, and consequential costs such as legal fees. temporary
accommodation. It does not include additional stabilisation works to address other landslides which may affect the property.

(4) The table should be used from left to right; use Approximate Cost of Damage or Description to assign Descriptor, not vice versa
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APPENDIX C: — QUALITATIVE TERMINOLOGY FOR USE IN ASSESSING RISK TO PROPERTY (CONTINUED)

QUALITATIVE RISK ANALYSIS MATRIX - LEVEL OF RISK TO PROPERTY

LIKELTHOOD CONSE Q[INCES TO PROPERTY (With Indicative Approximate Cost of Damage)
Indicative Value of 1: CATASTROFHIC 1: MAJOR 3: MEDIUM 4: MINOR 5:
Approximate Annual 200% 5% INSIGNIFICANT
Probability 0.5%

A — ALMOST CERTAIN 10 H MorL(5)

B - LIKELY 10t M L

C - POSSIBLE 10 M VL

D - TUNLIEELY 10* H M L L VL

E - RARE 107 M L L YL VL

F - BARELY CREDIBLE 10 L VL VL VL VL

Notes:  (35) For Cell AS. may be subdivided such that a consequence of less than 0.1% is Low Risk.
(6) When considering a sk assessment 1t muist be clearly stated whether it is for exasting conditions or with risk control measures which may not be implemented at the current

time,

RISK LEVEL IMPLICATIONS

Risk Level Example Implications (7}

Unaccepiable without treatment. Exfensive detailed imnvestigation and research. planning and implementation of treatment
options essential to reduce risk to Low; may be too expensive and not practical. Work likely to cost more than value of the

property.

Unaceeptable without treatment  Detailed investigation. planning and implementation of treatment options required to reduce
r1sk to Low. Work would cost a substantial sum in relation to the value of the property.

H HIGH RISK

May be tolerated in certain circumstances (subject to regulator’s approval) but requires investigation, planming and
M MODERATE RISK implementation of treatment options to reduce the nsk to Low. Treatment options to reduce to Low risk should be
implemented as soon as practicable.

Usnally acceptable to regulators. Where treatment has been required to reduce the risk to this level. onzoing maintenance is

L LOW RISK :
requited.
L VERY LOW RISK. Acceptable. Manage by normal slope maintenance procedures.
Note: (7) The implications for a particular situation are to be determined by all parties to the risk assessment and may depend on the nature of the property at risk: these are only

given as a general guide.
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APPENDIX G - SOME GUIDELINES FOR HILLSIDE CONSTRUCTION

GOOD ENGINEERING PRACTICE

POOR ENGINEERING PRACTICE

ADVICE

GEOTECENICAL Cigrain advice from a qualified. expenenced peosechmical praciiioner a1 sacly | Prapare detated plan and stam sore warks beforz |
ASSESSMENT smge of planmins and befors st wodks. gentacimical advice

FLANNING

EITE PLAXNDNG Hawing obained geofechmical advice, plan the development with the risk

artsing Tom the idertifed hazards md conssgquencss o mind.

[ Plan developmeem without Tegand for te Fisk |

DESIGN AND CONSTRUCTION

Use dexibls soucnmes which moorporate properly desipred brickwork, tmber | Floor plans wiich raguire extensive outns and
E TSI or stz frames, timber of panel cladding fillimg.
HOUSE DESIGN Cunstdzr'nsem';p'_it]a'.'ela. Moveraant meolerant stnacmizes,
Use decks for recreational aseas whers approprae.
SITE CLEARING Fletam cahural vegpstanon wherever pracicaile. Indiscriminately cizar the site
ACCERS & Sab:ly requirements Dalow for cuts, Sl retaining walls and Jramage. Excavate and £l for =% access Telore
DRIVEWAYS Covmeil specificarions for srades may nead to be modified. geatactmical advice.
Cmveways and parking ameas may nesd to be filly suppormed oo piers
EARTHWORES Hatain panmal comtours wherever possible. Endizeimminatory ik sarthwarks
Mliminise depiy. Large scale outs and benching,
Camrs Suppom with ensiveerad retmning walls of atber te appropriate slogs. osuppertsd outs
Provide dramape mazsures and enosion cooired. Tenare drainage recnirements
Simirise hisfghi. Zoaoze ar poarly compactad O whech if 1t fauls.
Smp vezeton and topscil and key inse namral slepes prior to Glkieg. may flow a coosidersble distance inchuding
Use cleam A1l marenials and compact 1o engneenng standards oot property below.
Fris Baftar i aporopriats slope of suppert with engneersd retuinins wall Block natural drinagze lines.
Prowide surface draznape and appropriate subsarface drainags Fill over existing vegetmion amd fopzod
Inchade srumps, rees, vegefation, topsodl
bgulders, building mubble etc @ S11
ok Cirromoes Femove of stabilise boalders whch may have imacceptaile msk Disorn  or umcercut defached Dlocks or
& BonnERs Suppor: rock faces where necessary. builders,
Engmesr desizn to resist appliad soil and water forces Coostuct a stucnrally inadaquase wall such as
RETANTG Foumd on rock where pracicable. o ) ) sandstone . fagging, brick or mreinforced
WALLS Prowide subsarfnce drainage within wall backil md surface dminezs oo slope | blockwork.
= abane, Lack of subsurface drps and wesphelas.
Consmact wall a3 soon #s possible after o'l operation.
Foumd withic rock where practicable. ] . Found on topsoil, looss £I1 desached boulders
FOOTRIGS se rows of pears of sinip feotnes onented up and down slops or vmdercuf cliffs.
B : Deesign for larsral creep pressures if necessary
Backdl footing excavations o exchuds ingress of surface waer
Engzmesr dasimed
Support on piers o rock whers practicabia
SWINMDGGPOCLS | Provide with under-dramape and gravity dram ontle: where practicable.
Diesiz for high seil pressures winch may develop on vphill side whils: thers
oy be lintle or o lateral support on downhill sids.
DRAMAGE
Prowide af tops of ot and 1 stopes Dascharge ar 1op of fills and cues,
Crzcharge to straet drainazs or amral water coursas Allgw waser to pond on bench ameas
SumFacE Prowide genaral falls to prevent Dlockage by siftation and incorporats silt maps.
Lime to minirmse mAkraten and maks Senrble nhere possibis
Special sacnizes 1o dissipars enarzy at changes of slope md o diracdon.
Provide filrer around sabsarface dmin. Crzchargs moof mmoff inro absorpion menchss.
G e Provide dramn bebind resainims walls
PR E e Uae dexible pipelives with access for maintenancs.
Erevert inflow of surfce witer,
SErTiC & Caally requirss promp-oul of MUDS S&Wel systems, absorpnon menches mey | Discharge sillage dimectly oo and imio slopes.
ek :.nr ba poszible 1 some areas if sk is acceptable. Uz absorpricn trenches withour considsragon
= Sroraze moks should be wazer-tisht and adeguasaly foundsd. of landslide risk
ERDEION Control erozion as flzs may Iead to nsabiliny, Fadlore to obseme Bamhworks and drainazs
CONTROL & Rawegenane cleared amsa. reconumendations when landscapms
LANDSCAPING
DEAWINGS AND SITE VISITS DUEING CONSTRUCTION
| CRAWINGS Buzldins Arplicator drawines should be viewed by geotechrical copsuliznt | |
1 SITEWISITa St Wit by consnlEant may be appropniate GEns consTuchon | |
INSFECTION AND MAINTENANCE BY OWNER
CWINERS Clean dramape sysiems; repar broken ponts modreoes and leaks mosupply
BESPOMSIBILITY | pi
Whare smucraral damess 15 evidant ses advce.
I secpaps obsevad, detsmmine cases of sesk advice 00 CONSEOUIENIES
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Wikertight, nclsrpintely sied mnd founded

ropd walar slofage Lanks (with due regard for
L T A —

Frealble struciure
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NOTES RELATING TO GEOTECHNICAL REPORTS

Introduction

These notes have been provided to outline the
methodology and  limitations inherent in
geotechnical reporting. The issues discussed are not
relevant to all reports and further advice should be
sought if there are any queries regarding any advice
or report.

Geotechnical Reports

Geotechnical reports are prepared by qualified
personnel on the information supplied or obtained
and are based on current engineering standards of
interpretation and analysis.

Information may be gained from limited subsurface
testing, surface observations, previous work, and is
supplemented by knowledge of the local geology
and experience of the range of properties that may
exhibited by the materials present. For this reason
geotechnical reports should be regarded as
interpretative rather than factual documents, limited
to some extent by the scope of information on
which they rely.

Where the report has been prepared for a specific
purpose (eg design of a three storey building), the
information and interpretation may not be
appropriate if the design is changed (eg a twenty
storey building). In such cases, the report and the
sufficiency of the existing work should be reviewed
by SMEC in the light of the new proposal.

Every care is taken with the report content,
however, it is not always possible to anticipate or
assume responsibility for the following conditions:

e  Unexpected variations in ground conditions.
The potential for this depends on the amount of
investigative work undertaken.

e  Changes in policy or interpretation by statutory
authorities

e The actions of contractors responding to
commercial pressures

If these occur, SMEC would be pleased to resolve
the matter through further investigation, analysis or
advice.

Unforseen Conditions

Should conditions encountered on site differ
markedly form those anticipated from the
information contained in the report, SMEC should
be notified immediately. Early

identification of site anomalies generally results in
any problems being more readily resolved and
allows re-interpretation and assessment of the
implications for future work.

Subsurface Information

Logs of a borehole, recovered core, test pit,
excavated face, or cone penetration test are an
engineering and/or geological interpretation of the
subsurface conditions. The reliability of the logged
information depends on the drilling/testing method,
sampling/observation spacings and the ground
conditions. It is not always possible or economic to
obtain continuous high quality data. It should also
be recognised that the volume of material observed
or tested is only a fraction of the total subsurface
profile.

Interpretation of subsurface information and
application to design and construction must take
into consideration the spacing of the test locations,
the frequency of observations and testing, and the
possibility that geological boundaries may vary
between observation points.

Groundwater observations and measurements
outside of specially designed and constructed
piezometers should be treated with care for the
following reasons:

e Inlow permeability soils groundwater may not
seep into an excavation or bore in the short
time it is left open.

e Alocalised perched water table may not
represent the true watertable.

e  Groundwater levels vary according to rainfall
events or season.

e Some drilling and testing procedures mask or
prevent groundwater inflow.

The installation of piezometers and long term
monitoring of groundwater levels may be required
to adequately identify groundwater conditions.

Supply of Geotechnical Information for
Tendering Purposes

It is recommended tenderers are provided with as
much geological and geotechnical information that
is available, and that where there are uncertainties
regarding the ground conditions, prospective
tenders should be provided with comments
discussing the range of likely conditions in addition
to the investigation data.



