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Copydghl Slolemenl

Modens & Associotes Pty Ltd (Publisher) is the owner of the copyright subsisting in this publicotion. Other thon os
permitled by the Copyright Act ond os outlined in the Terms of Engogement, no port of this report moy be reprinted
or reproduced or used in ony form, copied or tronsmifted, by ony electron¡c, mechonicol, or by other meons, now
known or hereofter invenied (including microcopying, photocopying, recording, recording tope or through
eleclronic informotion storoge ond relrievol sysiems or otherwise), withoul the prior writlen permission of Mortens &
Associotes Pty Ltd. Legol oclion will be loken ogoinst ony breoch of its copyright. This report is ovoiloble only os book
form unless specificolly distribuled by Mortens & Associotes in electronic form. No port of iî is outhorised to be copied,
sold, distributed or offered ¡n ony other form.

The documenl moy only be used for the purposes forwhich ii wos commissioned. Unouthorised use of this document
in ony form whotsoever is prohibited. Mortens & Associotes Pty Ltd ossumes no responsibilily where the document is

used for purposes other thon those for which il wos commissioned.

[imitollons Slolemenl

The sole purpose of this report ond the ossocioled services performed by Mortens & Associoles Pty Ltd is io provide o
Geofechnicol lnvestigolion in occordqnce with the scope of services set oui in the controcf / quolotion between
Mortens & Associotes Pty Ltd ond Cotolyst One (hereofter known os the Client). Thot scope of works ond services
were defined by fhe requests of ihe Client, by the time ond budgeiory constroinls imposed by fhe Client, ond by lhe
ovoilobility of occess to The site.

Mortens & Associotes Ply Ltd derived ihe doto in this report primorily from site investigotions, correspondence
regording fhe proposol ond exominotion of relevont literoture. The possoge of lime, monifestotion of lotent
conditions or impocts of future events moy require further exominotion / explorotion of lhe sife ond subsequent dolo
onolyses, togelher wilh o re-evoluolion of the findings, observotions ond conclusions expressed in this reporl.

ln preporing this report, Mortens & Associotes Pty Lld moy hove relied upon ond presumed occuroÎe certoin
informotion (or obsence thereof) relotive to the site. Except os otherwise stoted in fhe report, Morlens & Associotes
Pty Ltd hos not ottempted to verify the occurocy of compleieness of ony such informotion (including for exomple
survey doio supplied by olhers).

The findings, observolions ond conclusions expressed by Mortens & Associotes Pty Ltd in this report ore not, ond
should not be considered on opinion concerning lhe completeness ond occurocy of informotion supplied by others.
No worronty or guorontee, whelher express or implied, is mode with respect to the doto reported or lo the findings,
observotions ond conclusions expressed in this reporl. FurÌher, such doto, fìndings ond conclusions ore bosed solely
upon sile conditions, informotion ond drowings supplied by the Client efc. in existence ot lhe time of the
investigotion.

This report hos been prepored on beholf of ond for lhe exclusive use of the Client, ond is subject lo ond issued in
connection with the provisions of the ogreement belween Mortens & Associotes Pty Ltd ond the Client. Morlens &
Associotes Pty Ltd occepts no liobility or responsibility wholsoever for or in respecl of ony use of or relionce upon lhis
report by ony third porty.
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1 lntroduction

1.1 Overview

This document reports the findings of o geotechnicol investigotion
undertoken for o proposed 25m high telecommunicoiion monopole lo
be locoted ot Thredbo Ski Resort, Thredbo, NSW (Optus Site 5859ó). The
oreo of investigotion wos restricted to the south of the mointenonce
shed 'The Cot Shed' (Figure l, Attochment A).

This report hos been prepored in generol occordonce with A51726
(1993), lhe requirements of the Client ond the ogreed scope of work. lt
provides descriptions of sub-surfoce conditions encountered during
field invesligotions, with corresponding geotechnicol design
porometers ond recommendotions, ond in-situ soil resistivity tesl results.

1.2 Fieldlnvestigotions

Field investigotions, conducted on Jonuoryl 4, 2015, included

o Generol wolkover inspection to ossess existing site conditions ond
locol topogrophy, geology, exposed soil conditions, droinoge
ond vegetotion.

Reviewing DBYD survey plons ond on-site seorch for buried
services in the investigotion oreo.

Two test pits (TPl0l to TPl02), excovoted up lo 2,4 meters below
ground level (m bgl) using o 7t excovotor with o toothed bucket
to chorocterise sub-surfoce moteriols. Steep grodes ond loose
surfoce moteriols olong occess trock prevented the use of o
convention drilling rig.

o Two Dynomic Cone Penetrometer (DCP) tests (DCPI01 ond DCP
102) up to 1 .3 m bgl, to estimote soil strength in occordonce with
AS 128e.ó.3 .2 (1e97).

o Soil resistivity testing using on AEMC 4620 Grovnd Resistonce
Tester ond odopting the Wenner 4 pin method in occordonce
with Stondords Austrolio HB ló0 (200ó).

o Collection of somples for future reference.

Approximote test locotions ore shown on o site plon in Figure l,
Attochment A.

o
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2 Geotec h n ical Assessment

2.1 Site Conditions

Toble I summorises site conditions considered
investigotion. Photos of lhe investigotion oreo
Attochment A.

Toble l: Sile conditions.

relevont to the
ore provided in

llem Description/ Deloil

Expected Soil londscope The NSW Soil ond Lond lnformolion eSPADE (survey, OBSCRA -
KOSCIUSKO 10036501 describes lhe soils ql lhe site os humose-
ocidic mesofrophic yellow kondosol.

Topogrophy

Expected Geology

Sife ospect

Typicol slopes/ Elevolion

b<isäng vegetotion

Sile droinoge

Moderotely steep lo steep grodes, moderotely unduloling tenoin.

The Tollongotto l:250,000 Geologicol Series Sheet SJ 55-3 describes
the geology ot the site os lower Devonion volconic, generolly
consisting of gronite ond gronodiorite.

South west

Generolly 5-107o, between 1,49ó ond 1,494m AHD

Gross (cleored forest)

Vio overlond flow soufh west lowords Thredbo River

2.2 Sub-surfoce Condilions

2.2. I Observed Sub-surfoce Condifions

Toble 2 presents o summory of encountered sub-surfoce moleriols ond
conditions to investigotion terminotion depth, inferred from test pit ond
DCP test results. Encountered conditions ore described in more detoil
on excovotion logs, Attochment B, photos of test pits, Attochment A
ond ossocioted explonotory notes, Attochment G.
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Toble 2: Preliminory moteriol properties bqsed on TPl0l

TOPSOIL: Sondy cloy (firm to sliff)

RESIDUAL: Cloy (sliff to very stifff

WEATHERED ROCK: Gronite (infened very
low slrength) distinclly weolhered

ROCK: Gronite (infened low lo possibly
high strengthft

0.0 - 0.6

0.ó - r.5

1.5 - 2.43

>2.4

0.0 - 0.5

0.5 -l .t

l.t - L83

>l.g

Notes:
I Refer to fest pit logs (ATtochmenl B) for more detoiled moteriol descriplions ol test locotions.
z lndicotive depth ronge below ground level, to end of test pits, which moy vory ocross site

depending on site ond locol geologicol conditions.
s Terminotion depth due to test pit refusol.
a Low strength infened of lest pii terminolion depth. Strenglh of gronite moy increose ropidly to

high below this depth. Rock conditions should be further ossessed by odditionol investigotion
such os rocking coring, lo ossess foundotion ond foundotion excovotion limitotions.

lsoloted gronite exposures were observed of surfoce level ocross the
oreo.

2.2.2 Groundwoter

Groundwoter inflow wos nol observed in the excovotions lo o depth of
2.4 m bgl. Further testing would be required to ossess long-term
groundwoter conditions, if necessory.

2.3 Geotechnicol Recommendot¡ons

2.3.1 Proposed Footing Systems ond Founding Levels

We recommend the following opTions:

Shollow footings for lightly looded, high-level structures, such os
equipment shelters founding on residuol soil, 0.25 m below finol
ground levels.

A shollow pod footing e.g. squore footing os support for the
monopole, founding on low strength (or higher) rock. The limited
occess conditions will likely preclude the use of o piling rig thot is

copoble of drilling into possible high strength gronite for the
provision of on odequole sockel for pile foundotions. Shoring of
exposed soils will be required ond odequotely designed by o
quolified geotechnicol or structurol engineer.

The use of rock onchors or group of shorter piers moy be
considered to limit lhe size of pod footing.

o

o

o
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2.3.2 Preltminory Moteriol Properfies ond Design Poromefers

Preliminory moteriol properties, infened from DCP test results ond
observotions during excovotions, such os excovotion resistonce, ore
summorised in Toble 3. Toble 4 summorises geotechnicol porometers for
encountered sub-surfoce conditions recommended for design of new
shollow ond deepened single pod footings or onchors for the new
monopole.

Toble 3: Preliminory moteriol properties

TOPSOIL: Sondy cloy (firm to stiff)

RESIDUAL: Cloy (stitf to very stiff)

WEATHERED ROCK: Gronite (infened very
low strength) dislinctly weothered

ROCK: Gronite (infened low to possibly
high strength)

TOPSOIL: Sondy cloy (firm 1o stiff|

RESIDUAL: Cloy (sliff to very stiff)

WEATHERED ROCK: Gronite (infened very
low slrength) distinctly weothered

ROCK: GroniÌe (infened low Ìo possibly high
slrength)

o.4 2.4

0.37 2.7
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l9
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23

50
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35

40

ì0

30

75
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Noles:
I Moteriol unitweighl, bosed on visuol ossessment (t l0%).
z Undroined cohesion, ossuming normolly consolidoted cloy (1 107.).
¡ Effective internol friction ongle (l 2").
¿ Cohesion ond friction ongle of soil, thot opply to tronsient looding conditions, e.g. wind looding.
ln rock, volues opply concunently for short ond long-term looding. These ore derived by reducing
intoct rock strength to toke occount of discontinuilies in, ond weothering of, the rock moss.
s Effeciive elostic modulus (t l0%), thot should be odopted to colculote loterol deflecîion of pile in
soil under serviceobility looding.

Toble 4: Recommended geotechnicol design porometers

NA8

856

3507

ó007

NA8

NA8

20

50

Notes:

' Allowoble end beoring pressure (kPo) for footings embedded ot leost 0.5 m into the design
moteriol type.

2 Assuming conosion prolected, grouted rock onchors.
¡ Allowoble skin friction (kPo) in uplift, ossuming intimole contoct between onchor ond foundotion

moteriol. We recommend checking ogoinst'pislon' ond 'cone' pull-out mechonisms in
occordonce with AS2l 59 (2009) .

¿ AEB ond ,\SF ore given with estimoted foctors of sofety of 3 ond 2 respectively. These ore
generolly odopted in geotechnicol proctice to limil settlement to on occeptoble level for
conventionol building structures ond to 25 mm for o lorge single pod footing.

s Ko = Coefficienl of oclive eorth pressure; Ko = ço.tt'"'.nt of possive eorth pressure.
ó Assuming lightly looded structures supporled by squore footing with DrlB < 0.5 ond Dr> 0.75m bgl
z Assuming squore pod footing with B < 5m, DrlB < 0.5 ond Dr> l.5m bgl.
e Not opplicoble, or side odhesion nof recommended either due lo shollow deplh or potentiol

internol settlement of moleriols.

C"2 a

(kPo)
Ø'34
o(kN/m3)

Y1
(MPo)

E' ó

Loyer

Shollow Foolings

AEBIl

Rock Anchors2

ASF 34
Loyer Kos Kot
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Design porometers in Toble 4 ossume the bose of excovotion is free of
loose or soft soils ond woter prior to plocement of concrete. Higher
design volues moy be opplied subject to results of further investigotions,
including rock coring, ond loborotory testing.

2.3.3 Seosono/Effecfs

We understond the site is situoted in on oreo exposed to extreme
seosonol temperoture chonges ond sudden chonges in weother
conditions. We recommend the foilowing:

Provisi'on of surfoce droinoge within the development oreo to
limit erosion of surfoce moteriols from surfoce woter runoff.

o Provision of surfoce ond subsurfoce droinoge within the
development oreo to limit groundwoter infiltrotion beneoth
footing which moy couse frost heove/thowing settlemenls.

2.3.4 Site ClossilFicotion

A preliminory site clossificotion of 'M' should be odopted for design of
lightly looded shollow footings, in occordonce with AS 2870 (2011),
subjecl to provision of odequote site droinoge ond recommendotions
presented in this report.

2.4 Conslruclion Considerolions

Trofficobility on unseoled trocks ond exposed cloy soils will likely be poor
in wet weother conditions. ln oddition, site occessibility for mochinery
will need io be ossessed in view of presence ond condition of steep
occess trocks.

The controctor should consider polentiol difficulties in penetroting
possible high (or higher) strenglh rock in excovotions below
investigotion terminotion depths in relolion to copobilities of specific
mochinery proposed.

Should groundwoter inflows be encountered during deep excovotions,
these ore likely monogeoble by pumping. Alternotively odopi o
tremmie system for concrete/grout plocement, from excovotion bose
upwords, limiting deloys between plocement ond excovotion
completion.

o
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2.5 lnspeclion ond Moniloring ond Conlingency

2.5. I F urfher /nvesfigotions

Drilling of oddit¡onol boreholes lo ossess deplh ond
condition below investigotion terminotion depths.

Notes:
rMA=Mortens & Associotes Pty Ltd

We recommend the following supplemenlory investigotions ore
undertoken ond odvice is provided for design development (Toble 5).

Tqble 5: Recommended supplemenÌory investigolions ond odvice for design
developmenl.

2.5.2 Further Moniforing ond /nspecfion Progrom

We recommend the following is inspected ond monitored (Toble ó)
during site consiruction works.

Toble ó: Recommended inspeclions/ monitoring requirements during site works

Before finolisotion of
design or conslruclion.

MAT

Builder/MAr

Builder

Builder

Monitor seepoge from excovotion to
ossess odequocy of droinoge provision

Monitor sedimentolion downslope of
excovoted oreos

Monitor sediment ond erosion control
structures to ossess odequocy ond for
removol of built up spoil

lnspecl exposed moteíol ot foundotion
level to verify suitobility os foundotion/
lolerol support/ subgrode

Notes:
rMA=Mortens & Associotes Ply Ltd

When encountered

During ond ofter roinfoll
events

After roinfoll events

Prior to reinforcemenl set-up
ond concrele plocemenÌ or
povement construction

MA

2.5.3 Contingency Plon

MA is to be notified ond moy need to provide odditionol odvice if
conditions ore different to those reported.
ln the event thot the proposed development works couse on odverse
impoct on overoll site stobility, works sholl ceose immediotely. The
noture of the impoct sholl be documented ond the reoson(s) for the
odverse impoct investigoted. This might require o site inspection by on
exper¡enced geoiechnicol or structurol engineer ond o rev¡ew of
geotechnicol requirements for site retention ond foundotions.

Geotechnicol lnvestigotion:
Optus Site 5859ó, Thredbo Ski Resorl, Thredbo, NSW

Pl 50459.l JROlV0l - Jonuory 201 5
Poge l0

Who lo
Complete

Scope of Works Iiming

Scope of Works Frequency/Durolion Who to Complete

,6Àrtens
(_ consult¡ng eng¡neeß s¡nce 1989



3 Risk Assessment of Proposed Development Works

3.1 AGS (2007) Risk Assessmenl

A geotechnicol hozord risk ossessment for the proposed works hos been
completed in occordonce with the quolitotive risk motrices provided in
Section 7 of the AGS (2007) guidelines. We hove considered five moin
geotechnicol hozords. These ond ossocioted risks ore described in
Toble Z ond Toble 8, respectively, ossuming recommend treotment
option hove been odopted. Risk colculolion sheets ore provided os
Attochment D.

Toble 7: Geotechnicol hozords ond lreolment

Shollow
Rototionol

Slides (upslope
ond

downslope of
developmenl

oreo)

Tronslotionol
Slide

Possible/Unlikely

Ensure good hill slope engineering proclice is odopled.
Mointoin vegelotion cover. Do not over-steepen noturol
grodes without suitoble shoring support. Do not ploce
excessive lood onto noturol surfoces unless designed for.
Limit ponding of surfoce woler ond provide odequote
surfoce ond sub-surfoce droinoge throughoul the site.

Ensure good hill slope engineering proctice is odopled.
Mointoin vegetotion cover where possible. Do not over-
steepen noturol grodes without suitoble shoring support.
Do nol ploce excessive lood onto noturol surfoces unless
designed for. Moinloin oppropriote surfoce ond
subsurfoce droinoge.

Unlikely

Soil Creep Likely

Ensure good hills slope engineering procfice is odopled.
MoinÌoin vegelolion. Ensure oppropriole foundolions
ond footings design. Mointoin oppropriote surfoce ond
subsurfoce droinoge.

Ensure good hills slope engineering proclice is odopted.
Boulders Unlikely Mointoin vegetotion. Do nol ploce excesive lood onto

nofurol surfoces unless designed for.

Notes:
I Assuming treotment recommendolions hove been included in the development.
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Tqble 8: Slope inslobility risk ossessment bosed on AGS (2007)

Shollow rololionol
slide

Deep rololionol
slide

Tronslolionol slide

Soil creep

Boulders

Unlikely

Unlikely/
possible

Unlikely

Likely

Unlikely

I.l3xl0-z

2.sOxl0'7

l.l3xlOz

5.00x1Oz

4.50x1O7

Minor

Minor

Minor

Minor

Moderote

Low

Low

Low

Low

Low

Acceptoble

Acceptoble

Acceptoble

Acceptoble

Acceptoble

The proposed development is considered to constitute on occeptoble
risk to life ond properiy resull¡ng from ossessed geotechnicol hozords in
occordonce with AGS 2002, provided lhot good hill slope engineering
proctices (os provided os Attochment F), the slope treolment meosures
presented in Toble Z ond recommendolions presented in this report ore
odopted. We point out thot it is the responsibility of the client ond
stokeholders to ultimotely decide whether the risk is occeptoble.

3.2 Conclusion

ln conclusion, ihis report hos documented the sub-surfoce condit¡ons
encountered of the site ond hos provided geotechnicol design
recommendotions ond poromeiers for the proposed monopole bosed
on existing site conditions ond constroints. Provided thot oll the
recommendotions ond odvice hove been odopted in this report, the
site is suitoble for the proposed development.

Geotechnicol lnvesligotion:
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4 Soil Resistivity

The results of in-situ soil resistivity testing ore summorised in Toble 9

Toble 9: Soil resisÌivity test doto.

2

|,642

730.0

521.9

164.0

I,800

678.9

462.0

291.O

3

4

Notes:
I Refer to the site plon in Attochment A for indicqtive tronsect olignments.
2 The following formulo con be used to determine resistivily (bosed on AEMC lnsfruments user

monuol (2012), Section 5.5): p = 2nro, where
o p=resisiivity(Om)
o r = meosurement in Q from columns 4 ond ó
o o = rod spocing from column 2

2

4

I

0.2

o.2

0.2

0.2

0.2

o.2

0.2

o.2
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5 Limitations

The recommendotions presenled in ihis report include specific issues to
be oddressed during the construction phose of the project. ln the
event thot ony of the construction phose recommendotions presented
in this report ore not implemented, the generol recommendotions moy
become inopplicoble ond Mortens & Associoles occept no
responsibilíty whotsoever for the performonce of the works undertoken
where recommendoiions ore not implemenled in full ond properly
tested, inspected ond documented.

Occosionolly. sub-surfoce conditions between ond below the
completed boreholes ond other tests moy be found to be different (or
moy be interpreted to be different) from those expecled.
Groundwoter conditions moy olso vory, especiolly ofier climotic
chonges. lf such differences oppeor to exist during construction, we
recommend thot you immediotely contoct Mortens & Associotes.
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7 AttachmentA- Figures
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AUSTRALTAN GEOGUTDE LR8 (CONSTRUCTTON PRACTTCE)

Sensible development practices are required when building on hillsides, particularly if the hillside has more than a low
risk of instabiliÇ (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

Vegetal¡on rctained

urface water interception drainage .

Watertight, adequately sìted and founded roof water slorage
tanks (with due regard for impact of potential leakage)

Flexible structure

Roof water piped off site or slored

On-s¡le detention lanks, watertighl and adequetely
founded. Potential leakage managed by 9uþ-sçil
drains

Vegetalion retained NANTLEOF SOILAND
ROC'( FRAGI'EIIITS
(coLLUVtuu)

SIREEI
'- Pier lootings into roek

PARKíNG Subsoil dm¡nage may be
regu¡red in slope

Gutting and fill¡ng min¡m¡sed ¡n developmênt

ROAOWAY Sewage effluent pumped out or connected to sewer,
Tanks adequately founded and watert¡ght. PotentiaÌ
leakagê managed by sub-soll drains

BEÔRÒCX

Engineered retaining walls with both surface and
subsurface drainage (construcled bêiorê dwelling)

O) AGs (zoo7)

S€q al$AGS (2000)Apæñón J

WHY ARE THESE PRACTICES GOOD?

Roadways and parking areas - are paved and ¡ncorporate 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 develop¡ng in the backfill. \y'Vhere 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 ¡s 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 LRS).

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). lf you are uncerta¡n 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 construct¡on
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 angu¡sh 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

fllä
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AUSTRALTAN GEOGUTDE LR8 (CONSTRUCTTON PRACTICE)

EXAMPLES OF POOR HILLSIDE CONSTRUCTION PRACTICE

UnslabilisèC rock lopples and travels downslope

Vegetat¡on removed

Steep unsupported cut f¿¡ls

Discharges of roefluater soak away rather than
conducled ofsitè or to secure slorâge for re-use

Slruclure unable to lolerate
seltlemen( and cracks

Pooly conpacled flll settles
unevenly and cracks pool

f nadequate walìíng unable
lo support fill

:

lnadequalely
supporled cut f6ifs ¡- - Roofwaler ¡nlroducsd

. ' 
ìnto slope

- '' ElwBlling not founded in
. b€drock

Absenc€ of subsoil drainage
w¡th¡n fill

SaIurated
slcpê fails

Vegetalion
rernoved

oFsor¿

AFOROCK ,

- --"- -"-".:.- Loose, saturaled fill slides and
poss¡bty tlows downsloPe

Ponded water enteß slop€ and aclivates landsl¡de
c ÀGs tæ07)

Possiblê travel downslop8 which impacts other developrnent downhill k ds 
^CS 

l2{@) lFrlt 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 quant¡t¡es 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 cont¡nue
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 fìll have combined to cause landslides

Retaining walls - have been avoided, to minimise cost, and hand placed rock walls used instead. Wthout 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 LRs). Subsoil drains that run along the contours should be
avoided for the same reason lf felt necessary, subsoil drains should run steeply downhill in a chevron, or herring bone,
pattern. This may conflict with the requ¡rements 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 fìll, 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 LRS).

DON'T CUT CORNERS ON HILLSIDE SITES. OBTAIN ADVICE FROM A GEOTECHNICAL PRACTITIONER

More information relevant to your particular situation may be found in other Austral¡an GeoGuides:

Mucl llÒw
ocÇ0t3F

GeoGuide LR1
GeoGuide LR2
GeoGUide LR3
GeoGuicle LR4

- lntroduction
- Landsl¡des
- Landslides in Soil
- Landsl¡des in Rock
- Water & Drainage

GeoGuide LR6
GeoGuide LR7
GeoGuide LR9
GeoGuide LR10
Geocu¡de LRl I

- Retain¡ng Walls
- Landslide Risk
- Effluent & Surface Water Disposal
- Coastal Landslides
- Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; locâl councilsì planning authorities;
developers; ¡nsurers: lawyers and, ¡n fact, anyone who lives with, or has an inlerest ¡n, a natural or engineered slope, a cutling, or an
excavation They are ¡ntended to help you undersland why slopes and reta¡ning 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 r¡sk they represent The
GeoGuides have been prepared by the Australian Geomechanics SocieÛ, a specialist technìcal socìety within Engineers Auskal¡a, the
nat¡onal 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.

Australian Geomechanics Vol 42 No 1 March 2007 175
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Geotechnicol lnvestigolion:
Oplus Site 5859ó, Thredbo Ski Resorl, Thredbo, NSW
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Depanrnenl of
l¡fralhucù¡?c. Pbtnilg rnd llatrnl [e3orr¡c?¡

Geotechnical Policv - Kosciuszko Alpine Resorts
Fom I - Declaratión and certification made bv
geolechnical enginger or engineering geologiét in a
geotecnn¡cal report.
Date received: I I DA no:

To be suþmitted with a development application

You can use Form 1 to veriry that lhe author of a geotechnical report is a geotechnical
engineer or englneering geologist as defined by DÍPNR Geotechnicaf Poliry. Alternatively, where a
geotechnical report has been prepared by a proÉssional person not recognised by DIPNR
Geotechnical Policy, then form 1 may be used as tecñnical verification of thg geotechnical report if
signed by a geotechnical engineer or engineering gêolog¡st as defined by the DIPNR Geotechnical
Policy.

Pleese contactthe Alpine ResorG Assessments Team ln Jindabyne for further informaton.
Phone 02 6,456 1733.

To complete thb form, pleese place a cross ln the Ooxes E and fill or¡t üre wtlitB sec,tions.

n¡rfl Ms E Mrs E Dr El Other

\ur-N Famify name

I

OF

1. ' Declaration made by geotechnical engineer or eng¡neer¡ng geologist
as part of a geotechnical report

$hlJS¡*. \
$^on fhis the

certiff that I am a geoteohn¡cal engineer or engineering geologist as defined by the'Policy"
and l; (tick appropriate box)

E prepared the geotechnical repof referenced below in accordance with the AGS 2€ûûand
DIPNR Geotechnical Policy - KosciuszkqAlpine Resorts. æ+

EZm wiling to technically veriñ7 that the Geotechnical Report referenced below has been
prepared ín accordance the AGS 2e@and the Geotechnical Policy - Kosciuszko Alpineireéors. 7æ+

ReportTrtle
î-

\,,
Author Dated

s
DA Site Address

\\t \\l

e
For m 1 - Declaration and certifcation made by geotechnical engineer or engineer¡ng geologlst in a geotechnical

report - DIPNR Geotechnical Policy - Kosciuszko Alpine Resorts 1 I 2

È

2. Geotechnical Report Details



I am aware that the Geotechnical Report I have either prepared or am technically verífiing,
(referenced above) is to be submitted in support of a development application for the
proposed development site (referenced above), and ifs findings will be relied upon by the
Consent Authority in determining the development application.

The following checklist covers the minimum requirements to be addressed in a Geotechnical Risk
Management Report. This checklist is to accompany üre report.

Please tick appropriate box

Ef Risk assessment of all identifiable geotechnical hazards in accordance with
of the policy.

U y. plans with key hazards identified and otlrer information as per 6.1 (b)

{Ott"it"of site investigation and inspections as p€r6.1 (c)

E/ Photographs and/or drawings of the site as per 6.1 (d)

El/ Presentation of geotechnical model as per 6.1 (e)

{especincconclusion as to whether he site is suitable for the development proposed on tñe above
site, if appfícable, subjecd to the following conditions;

d Conditions to be provided to establish des¡gn paremeters,
E 

. 
Conditions to be incorporated into the detailed design to be submitted for tñe construction

,/ certificate,
VI / Conditions âppty¡nS to the construction phase,
V Condilions relating to ongoing management of the siüs/structure.

Acsæ{fsper6.1 (a)

3, Ghecklist of essential requirements to be contained in a geotechn¡cal risk
assessment repoñ to be submitted with a development application

4. Signatures

I

i

Signature

Neme

I Chartered probssional status

Date

rgíAçAit Ð

5. Contact details
Alpine Rqsoñs Asses3menfs team
Snowy River Avenue
PO Box 36 J|NDABYNE2627
r 02 6456 1733
f 02 645ô 1736
e: : r;:Ìi"i ¿ì'ji'Á_:_:;':g1:1;r : ¡t:. ']:-J ¡ .ìt i"l€.S-i ,)ir¿ü

For m 1 - Declaration and certification made by geotechnical engineer or engineering geologist in a geotechnical
report - DIPNR Geotechnical Policy - Kosciuszko Alpine Resorts 2 I 2
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ont lnformotion About Your Report

Subsurfoce condifions couse more consfruction problems thon ony other foctor. Ihese
nofes hove been prepored by Mortens fo he/p you interpret ond understond the /imitofions
of your report. Not o// of course, ore necessorily relevont to oll reports, but ore included os
generolreference.

Engineering Reporls - limilotions Engineering Reporls - Use For lendering Purposes
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Geolechnicol reports ore bosed on informolion
goined from limited sub-surfoce sile testing ond
sompling, supplemented by knowledge of locol
geology ond experience. For this reoson, they musl
be regorded os interpretotive rolher lhon foctuol
documents, limited to some extent by the scope of
informolion on which they rely.

Engineering Reports - Projecl Specific Crile¡io
Engineering reports ore prepored by quolified
personnel ond qre bosed on lhe informotion
obtoined, on cunenl engineering stondords of
inlerprelolion ond onolysis, ond on the bosis of your
unique project specific requiremenTs os understood
by Mortens. Project criterio typicolly include The
generol nolure of lhe projecl; its size ond
configurolion; the locotion of ony structures on the
site; other sile improvements; the presence of
underground utilities; qnd fhe odditionol risk
imposed by scope-of-service limitolions imposed by
the Client.

Where the report hos been prepored for o specific
design proposol (eg. o three storey building), the
informotion ond interpretolion moy not be relotive if
the design proposol is chonged (eg. to o lwenty
storey building). Your report should nol be relied
upon if lhere ore chonges to the project withoui first
osking Morlens to ossess how foctors thot chonged
subsequent to the dote of fhe report offecl lhe
report's recommendotions. Mortens will not occept
responsibilify for problems thot moy occur due to
design chonges if they ore nol consulfed.

Engineedng Reporls - Recommendolions
Your report is bosed on the ossumption thot the site
condilions os reveqled through selective point
sompling ore indicolive of ocluol conditions
throughout on oreo. This ossumpiion often connot
be substontioted until project implementotion hos
commenced ond therefore your site invesligotion
report recommendotions should only be regorded
os preliminory.

Only Mortens, who prepored the report, ore fully
fomilior with the bockground informotion needed to
ossess whether or nol the report's
recommendolions ore volid ond whether or not
chonges should be considered os the project
develops. lf onother porty undertokes the
implementotion of the recommendotions of ihis
report lhere is o risk thqt the report will be
misinlerpreted ond Mqrtens connol be held
responsible for such misinterpretotion.

Where informotion obtoined from this invesligotion
is provided for lendering purposes, Mortens
recommend thot oll informotion, including lhe
written report ond discussion, be mode ovoiloble. ln
circumstonces where the discussion or comments
seclion is not relevont to lhe contrqctuol situotion, it
moy be oppropriole to prepore o speciolly ediled
document. Atlention is drown to lhe document
'Guidelines for the Provision of Geotechnicol
lnformotion in Tender Documents', published by the
lnstitution of Engineers, Austrolio.

The Compony would be pleosed to ossisl in this
regord ond/or to mqke oddilionol report copies
qvqilqble for conlroct purposes of o nominol
chorge.

Engineering Reporls - Dolo
The report os o whole presents the findings of the
site ossessment ond lhe report should not be
copied in porl or oltered in ony woy.

Logs, figures, drowings efc ore customorily included
in o Mortens report ond ore developed by scientisls,
engineers or geologisls bosed on Iheir interpretotion
of field logs (ossembled by field personnel) ond
loborotory evoluotion of field somples. These dolo
should not under ony circumstonces be redrown for
inclusion ìn olher documents or seporoted from the
reporl in ony woy.

Engineering Reporls - Other Projecls

To ovoid misuse of the informotion contoined in
your report it is recommended thot you confer with
Mortens before possing your reporl on to onother
porly who moy nol be fomilior with the bockground
ond the purpose of the report. Your report should
not be opplied to ony projecl other thon thot
originolly specified ot the time fhe report wos
issued.

Subsurfqce Condilions - Generql
Every core is token with the report os it relotes to
Interpretolion of subsurfoce conditions, discussion of
geotechnicol ospects, relevonl stondords ond
recommendotions or suggestions for design ond
construction. However, the Compony cqnnot
olwoys onticipote or ossume responsibility for:

Unexpected voriotions in ground condilions -

the polentiol for will depend portly on test point
(eg. excovotion or borehole) spocing ond
sompling frequency which ore often limited by
project imposed bud getory constroinls.

Chonges in guidelines, stqndords ond policy or
interpretotion of guidelines, stondords ond

o

o
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policy by slolutory outhorities

o The oclions of controctors
cornmerciol pressures.

Actuol conditions differing somewhol from
those infened to exist, becouse no professionol,
no motter how quolified, con reveol precisely
whot is hidden by eorth, rock ond time.

The octuol interfqce betrveen moteriols moy be
for more groduol or obrupt lhon ossumed
bosed on the focts obtoined. Nothing con be
done to chonge the octuol sile conditions
which exist, but sleps con be token to reduce
the impoct of unexpected conditions

lf these condilions occur, the Compony will be
pleosed to ossist with investigotion or odvice lo
resolve the motter.

Subsurfqce Condilions - Chonges
Noturol processes ond the octivity of mon creole
subsurfoce conditions. For exomple, woter levels
con vory wilh lime, fill moy be ploced on o site ond
pollutonls moy migrote wilh time. Reports ore
bosed on condilions which existed ot the time of
the subsurfoce explorotion.

Decisions should not be bosed on o report whose
odequocy moy hove been offected by time. lf on
extended period of lime hos elopsed since the
report wos prepored, consult Mortens to be odvised
how lime moy hove impocted on lhe projecl.

Subsurfoce Condilions - Sile Anomolies
ln the event fhqi conditions encountered on site
during construction oppeor to vory from those thot
were expected from the informotion contoined in
the report, fhe Compony requests thot it
immediotely be notified. Mosl problems ore much
more reodily resolved of the time when conditions
ore exposed, roiher thon of some loter sloge well
ofter The event.

Reporl Use By Olher Design Professionols
To ovoid potentiolly costly misinterpretotions when
olher design professionols develop their plons
bosed on o report, reloin Mortens to work with other
project professionols who ore offected by the
report. This moy involve Mortens exploining the
report design implicotions ond then reviewing plons
ond specificotions produced 1o see how they hove
incorporoled the report findings.

responding To findings, conclusions, or recommendqtions

Subsurfqce Condilions - Geoenvlronmenlol lssues

Your report generolly does not relote to ony

lhe pofenliol for hozordous or contominoted
moteriols existing ol the site unless specificolly
required to do so os port of the Compony's
proposol for works.

Specific sompling guidelines ond speciolist
equipment, techniques ond personnel ore typicolly
used to perform geoenvironmenlol or site
contominotion ossessments. Contominolion con
creqte mojor heolth, sofety ond environmentql risks.

lf you hove no informotion obout lhe potentiol for
your site to be contominqted or creote on
environmenlol hozord, you ore odvised to contqct
Mortens for informotion reloting to such molters.

Geotechnicol reporting relies on interpretotion of
focluol informolion bosed on professionol judgment
ond opinion ond hos on inherent level of
uncertointy ottoched to it ond is typicolly for less
exoct thon the design disciplines. This hos often
resulted in cloims being lodged ogoinst consultonts,
which ore unfounded.

To help prevent this problem, o number of clquses
hove been developed for use in conlrocts, reports
ond olher documents. Responsibility clouses do not
tronsfer oppropriote liobilities from Mortens lo other
porties but ore included to identify where Mqrtens'
responsibilities begin ond end. Their use is intended
1o help oll porties involved to recognize their
individuol responsibilities. Reod oll documenls from
Mortens closely ond do not hesitote to osk ony
questions you moy hove.

Sile lnspeclions
Morlens will olwoys be pleosed to provide
engineering inspecfion services for ospecfs of work
to which lhis report rs relofed. fhis could ronge from
o sife vísit to confirm thot conditions exposed ore os
expecfed. to full tîme engineering presence on sife.
Mortens is fomilior with o vorîety of techniques ond
opprooches thot con be used lo help reduce risks

for oll porlies to o project, from design fo
consfruclion.
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ln engineering terms, soil includes every lype of
uncemented or portiolly cemented inorgonic or orgonic
moteriol found in the ground. ln proctice, if the moteriol
does not exhibit ony visible rock properties ond con be
remoulded or disintegroted by hond in its field condition or
in woter it is described os o soil. Other moîeriols ore
described using rock descriplion terms.

The methods of description ond clossificolion of soils ond
rocks used in this report ore bosed on Austrollon Stondord
1726 ond the S.A.A Site lnvestigotion Code. ln generol,
descriptions cover the following properlies - strength or
density, colour, structure, soil or rock type ond inclusions.

Porlicle Size

Soil lypes ore described occording to the predominoting
porlicle size, quolified by the groding of other porticles
presenl (eg. sondy cloy). Unless otherwise stoted, porticle
size is described in occordonce with the following toble.

Plosticity Properlies
Plosficity properlies con be ossessed either in the field by
loctile properties, or by loborotory procedures.

¡lO

of Coheslve Solls

Cohesive soils refer io predominonlly cloy moteriols

Densily of Grqnulor Soils
Non-cohesive soils ore clossified on lhe bosis of relofive
density, generolly from lhe resulls of stondord penetrotion
test (SPT) or Dutch cone penetrometer tests (CPT) os
below:

Minor
Minor components in soils moy be present ond reodily
detectoble, bui hove little beoring on generol
geotechnicol clossificotion. Terms include:

bq 30

x
o!Ezo
à
u
=!roÀ

Àtt Lov/ liquìd rinit Siil

CL

Low Ftrslicìl'y

¡.¡,1

l'lediur
iiquid

Limil S.ll

ct
r,4edium

Plcsli.itY
clcy

CH

laiqh
Po ciy

ÌúH
riqh aiq-'¡d

timil sli

0
0 t0 20 30 ¡to 50 ó0 70 80

Dry

llquld tlmlt (%)

Moislure Condítion

Looks ond feels dry. Cohesive ond cemented
soils ore hord, frioble or powdery. Uncemented
gronulor soils run freely through honds.

Moist Soil feels cool ond domp ond is dorkened in
colour. Cohesive soils con be moulded. Gronulor
soils tend to cohere.

As for moist but wilh free woter forming on honds
when hondled.

stiff

st¡ff

Firm

Soft

Soft

Term

Frioble

Hord > 200

ì00-200

50 - t00

25-50

12-25

<t2

Cu
(kPo)

8-r5

4-8

2to 4

2

Apprx
SPT N

>30

l5-30

The soìl con be indented qboul
smm w¡lh the lhumb. but nol

penefroled. Con be moulded by
strong pressure in ihe fìgures.

A finger con be pushed inlo lhe
soil lo obout 25mm depth. Eosily

moulded in f¡ngeß

A finger con be pushed well inio
the soil w¡lh lillle efforl. Somple
exhudes between f¡ngeß when

squeezed in f¡sl.

Field Guide

Crumbles or powders when
scroped by lhumbnoil

lhe surfoce of lhe soil con be
morked only with lhe thumbnoil.

Brittle. Tends lo breok inio
frogmenls.

The surfoce o[ lhe soil con be
morked, bui nol ¡ndented wilh
thumb pressure. Difficull lo cut

w¡lh o knife. Thumbnoil cqn
reodily indenl.

lhe surfoce of lhe soil con be
indented wifh the thumb, bul not
penehoied. Connol be moulded

by fìngers

SAND

GRAVEL

Dlv¡slon

CLAY

SILT

Fine

Medium

Cooße

Fine

Medium

Coone

COBBLES

BOULDERS

Subdlvlslon Slze

< 0.002 mm

0.002 to 0.075 mm

0.025 to 0.2 mm

0.2 lo 0.ó mm

0.ó 10 2.0 mm

2ioómm

óto20mm

20 to ó0 mm

ó0 to 200 mm

>200 mm

Very dense

Dense

Medium dense

Loose

Very loose

Relollve
Density

>85

ó5- 85

35-ó5

l5-35

< 15

>50

30-50

l0-30

5-r0

<5

SPT'N' Volue
(blows/300mm)

>25

l5-25

5- ì5

2-5

<2

CPI Cone
Volue

(q. Mpo)

WiTh some

ïroce of

Term

Presence eosily
detecioble by feel or

eye, soil properlies litlle
different to generoi

properties of primory
comoonenl

Presence jusl
delectoble by feel o!'
eye, but soil properties
litïle or no different lo
generol propedies of
orimory comoonenÌ

Assessmenl
Proporlion of

Mlnor comDonent ln:

Coorse groined soils:
5-12%

Fine groined soils:
ì5-30%

Coone groined soils:
<5%

Fine groined soils:
< 15%

Wet



o
c
o+,
L

t¡

0)
q)

'å
c
o
o)

=th
ou

Soil Agricullurol Clqssiflcolion Scheme
ln some situolions, such os where soils ore to be used for effluent disposol purposes, soils ore often more opproprioiely clossified
in terms of troditionol ogriculturol clossificolion schemes. Where o Mortens report provides ogriculturol clossificotions, Ihese ore
underloken in occordonce with descriplions by Northcote. K.H. (1979) The foctuol key for fhe recognition of Auslrolion Soils,

Rellim Technicol Publicotions, NSW, p 26 - 28.

HC

MC

LMC

LC

sic

sc

FSCL

S¡CL

CL

scL

Lfsy

L

scL

FSL

SL

CLS

LJ

s

Symbol

Silty cloy loom

Cloy loom

Sondy cloy loom

siL Sill loom

Loom, fine sondy

Loom

Light sondy cloy loqm

Fine sondy loom

Sondy loom

Cloyey sond

Loomy sond

Sond

tleld lexlure Grode

Heovy cloy

Medium cloy

Light medium cloy

Light cloy

Siliy cloy

Sondy cloy

Fine sondy cloy loom

Coherenl plosTic bolus; smooTh to monipulole

Strongly coherent bolus sondy to touch;
medium size sond groins visible in o finer molrix

Coherent bolus, very smooth to s¡lky when
monipuloted

Bolus coherent ond slighily spongy; fìne sond
con be felt ond heord when monipuloted

Bolus coherent ond rother spongy; smoolh feel
when monipuloted buI no obvious sondiness or

silkiness; moy be somewhot greosy to the
touch if much orgonic motler presenT

Bolus strongly coherent bul sondy 1o touch,
sond groins dominonlly med¡um size ond eosily

visible

Bolus coherent; fine sond con be felt ond
heord

Bolus just coherent bul very sondy to Touch;
dominonl sond groins ore of medium size ond

ore reodily visible

Slighl coherence; sticky when wet; mony sond
groins slick to fingen; discolours fingeß w¡th

cloy sioin

Slighl coherence; discolours fingers with dork
orgonic sloin

Coherence nil to very slighl; connol be
moulded; single groins odhere to f¡ngers

Behovlour of mobl bolus

Smoolh ploslic bolus; hondles like sliff
plosticine; con be moulded inlo rods wilhout

frocture; fÌrm resislqnce 1o sheoring

Smooth plost¡c bolus, hondles like plosticine
ond con be moulded inlo rods without
frocture, some res¡slonce to sheor¡ng

Plostic bolus; smooTh to louch, slightly greoter
resistonce to sheoring thon LC

Plostic bolus; smoolh to touch; slight resisTonce
to sheoring

Plostic bolus; smooih ond silky

Plostic bolus; fine to med¡um sized sonds con
be seen, feli or heord in o cloyey motrix

CoherenÌ bolus; fine sond con be fell ond
heord

Coherent smooth bolus; ploslic ond silky to
touch

2.5

2.5

20

1.3-2.5

1.3 - 2.5

ó.35mm - ì.3cm

ó.35 mm

0mm

Rlbbon lenglh

75

5.0 - 7.5

5.0-75

5.0 - 7.5

3.8 - 5.0

3.8 - 5.0

3.8 - 5.0

2.5 - 3.8

2.5

> 7.5

> 7.5

20-30

25+>25sill

25

25

ì5-20

ì0-20

l0- 15

5- t0

Ã

<5

Cloy content (%)

>50

45-55

40- 45

35-40

35-40+>25silt

35-40

30-35

3G 35 + > 25 silt

30-3s
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Unified Soil Clqssificolion Scheme (USCS)

x

FP dSW

S ILI(ML dMH)

TOPS OIL

cLAY (cL rcl)

SEDI¡rENtrqRY ROCK

CUY S TONE

GNEISS

sotL

-t-.t

H LA MIN IIE

MUDSrcNE

SHAG

IGNEOUSROCK

f

!"oo,

FI"',. "oro"u,

ffi"*"." SAND €c)

Eluu'"'"'

RIE /

MEIAMORPHIC ROCK

[: {AtruvuM

ffi""
ffiro.u"

Øl"ou-.^
þ¡f coHcrouennre

ffi"o"n.o".*or.

Wsms:"*r:^*

ff]snr:;r

ffin"ou..,o"",o*,

FSI.,.* 
GRA'EL(cM)

ffi"*r., cRAvEL(Gc)

SUTE, PHYITE
SCHIST

E
E

I
co_

:.8
9öp
ÊE3zac<õ9uçL
9È¡zbeq*o E

c
o
f
E

o
No
o
c
E
o
P
o

2E
õE
ôeUCzo<5 E
eøço6-
U-p.2
<o)o;
OÈ

o
be
o
c
oc
o)
o

HIGHLY
ORGANIC

sotLs

õ
c)
Þ
o
oc
oc
o
o
-o,'6

c)

E

_a
o
E

oç
l

o
.9
o

E
o
E
E

Nco

c
o

O-

oEgo
ø 9ci
ôXcz;9< o+

oo
-d

o
o

c
o
o
oèE
oc

3 öqu oN
)uc
rþË
Oõ:

-o
õs
E

E
o:

Medium to
H¡sh

High

Low lo
Medium

Low io
Med¡um

Medium 1o

High

None lo Low

DRY SIRENGIH
(crushlng

Choroclerlsllcs)

qO

Êì3e
l)q=-- O=

IOr õäln3Èa'
3ze¿E
< <*o

o7Øc
Í9ÞB
dtËn

qnSz
uZa--

3= g¡Ë
o=<ob

None

None

Slow io Very
Slow

Slow to Very
Slow

None

Quick to
Slow

DITATANCY

Low lo
Medium

High

Low to
Med¡um

Medium

None

TOUGHNESS

Non-plosiìc fìnes (for identificolion procedures see ML below)

Predominonlly one size or o ronge of s¡zes wilh more ¡ntemediote sizes

mrssrng

w¡de ronge in gro¡n size ond subslontiol omounls of oll inlermed¡ote porl¡cle
5tze5.

FIETD IDENTIIICATION PROCEDURES
(Excluding porticles lorger lhon ó3 mm ond bosing frociions on eslimoted moss)

lnorgon¡c cloys of low lo med¡um plosficily, grovely
cloys, sondy cloys, s¡lty cloys, leon cloys

lnorgonìc sìlis ond very fine sonds, rock flour, s¡lly or
cloyey fine sonds w¡th slight plost¡c¡ty

DESCRIPIION

Plost¡c fines (for ident¡ficol¡on procedures see CL below)

Non-ploslic fines {for ¡denl¡f¡cot¡on procedures see ML below)

Predom¡nonlly one size or o ronge of sizes w¡th some infermediote sizes
m6srng

Wide ronge ¡n groin sizes ond subston'liol omounls of infemed¡ole sizes
mrssrng

Plost¡c fines (for identificol¡on procedures see cL below)

Reodily ideniified by colour. odour, spongy feel ond frequently by f¡brous Ìexture

Orgonic cloys of medium'to high plosl¡city

lnorgonic cloys of high plosticity, fol cloys

lnorgonic silts, micoceous or diolomoceous f¡ne
sondy or silly soils, eloslic silts

orgonic sl¡ls ond orgon¡c s¡lty cloys of low ploslic¡ty

GP

GW

uscs

sc

SM

SP

sw

GC

GM

PI

OH

CH

MH

OL

UL

ML

uscs

Prlmory Nome

IDENTITICAIION PROCEDURES ON FRACIIONS < 0.2 MM

Cloyey Sond

Silty Sond

Sond

Sond

Cloyey Grovel

Silty Grovel

Grovel

Grovel

Low Plost¡c¡ty - Liquid Limit WL < 35 % Medium Plosllclty - Liquid limif WL 35 lo ó0 % High Plosticity - Liquid limit WL> 6O%

Peot

Orgonic Sill

Cloy

siti

Orgonic S¡ll

Cloy

siti

Prlmory Nome
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Definllions
Descriptive ierms used for Rock by Mortens ore given below ond include rock substonce, rock defects ond rock moss

Rock Subsfonce ln geotechnicol eng¡neering terms, rock substonce is ony noÌurolly occurring oggregote of minerols ond orgonii
mqtter which connot, unless extremely weothered, be disintegroled or remoulded by hond in oir or woler. Other
moteriol is described using soil descriptive terms. Rock subsÌonce is etfectively homogeneous ond moy be
isolropic or onisotropic.

Rock Defecf

Rock Moss

DisconÌinuity or breok in lhe conlinuity of o substonce or substonces.

Any body of moteriol which is not effectively homogeneous. lÌ con consist of two or more substonces wilhout
defecTs, or one or more substonces with one or more defects

Degree of Weolhering
Rock weothering is defined os the degree in rock structure ond gro¡n property decline ond con be reodily determined in the
field.

Fresh

Slìghtly
weothered

Moderolely
weothered

Highly
weothered

Exfremely
weolhered

Res¡duol Soil

Term

Fr

SW

HW

EW

Rs

Symbol

Rock substonce unoffected by weofhering

Rock subslonce otfected by weothering 1o the extenl thol porliol sfoining or discolouroTion of lhe rock
substonce usuolly by limonite hos token ploce. The colour ond lexÌure of the fresh rock is recognisoble.

Rock substonce offecled by weothering lo the exieni Ìhot stoin¡ng extends throughout the whole of the rock
substonce ond the originol colour of the fresh rock is no longer recognisoble.

Rock subslonce offecled by weothering to lhe extenl lhot limonile sioining or bledching offecÌs the whole of
Ihe rock substonce ond oiher signs of chemicol or physicol decomposiTion ore evident. Poros¡ty ond strength
moy be increosed or decreose compored to the fresh rock usuolly os o resull of iron leoching or deposilion. The
colour ond strenglh of the oríginol rock subslonce is no longer recognisoble.

Rock substonce offecÌed by weolhering Io lhe extent thol the rock exhibits so¡l properties - ie. il con be
remoulded ond con be clossified occording to lhe Unified Clossificoiion Syslem, buf lhe lexture of The originol
rock is sl¡ll evident.

Soil derived from Ìhe weothering of rock. The moss siructure ond subslonce fobric ore no longer evidenT. There
is o lorge chonge in volume bul lhe soil hos nol been s¡gnificonlly tronsported.

Definition

Rock Slrength
Rock skength is defined by lhe Poinl Lood Strength lndex (ls 50) ond refers to the strength of the rock subsionce is lhe direction
normol to the bedding. The test procedure is described by the lnternotionol Society of Rock Mechonics.

Exkemely high

Very high

High

Med¡um

Low

Very low

Exlremely low

Term

>ì0

>3 <10

>l <3

>0.3 <l .0

>0.ì <03

>0.03 <0.t

<0.03

ls (50) MPo Field Guide

A p¡ece of core l50mm long x 50mm diomeler is difficult to breok with hond held
hommer. Rings when struck wilh o hommer.

A piece of core l50mm long x 50mm diometer moy be broken reodily with hond
held hommer. Connol be scrotched wilh pen knife.

A piece of core l50mm long x 50mm diomeler connol be broken by unqided
honds, con be slighily scrotched or scored with o knife.

A piece of core ì 50mm long x 50mm diomeier con be broken by hond wilh
consideroble difficulty. Reodily scored wilh o knife.

A piece of core 'l50mm long x 50mm diomeler moy be broken by hond ond eosily
scored with o knife. Shorp edges of core moy be frioble ond breok during hondling.

Moy be crumbled in ihe hond. Sqndslone is 'sugory' ond frioble.

Eosily remoulded by hond to o moteriol with soil properlies.

L

EL

Symbol

EH

VH

H
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of Frocluring

This clossificotion opplies to diomond drill cores ond refers to the spocing of oll types of noturol frqctures olong which the core
is discontinuous. These include bedding plone portings, joinls ond other rock defects, but excludes froctures such os drilling
breoks.

Unbroken

Slighily frociured

Froctured

Highly froclured

Frogmented

Term

Core Iengths ore moinly 30mm-l00mm wiTh occosionol shorter ond longer sections.

Core lengths ore generolly less lhon 20mm-40mm wilh occosionol frogmenTs.

The core is comprised primorily of frogments of length less thon 20mm, ond moslly of width less thon core diometer

Description

The core does not contoin ony froclures.

Core lengths ore generolly 300mm-l000mm with occosionol longer seclions ond occosionol sect¡ons of l00mm-300mm.

Rock Core Recovery

TCR = Tolol Core Recovery SCR = Solid Core Recovery RQD = Rock Quolity Designotion

tAx¡ollengthsof core> I 00mm I

Lenolhof core
Lengthofcorerun

Rock Slrength Tesls

_ ÐLength of cyli ndricd core recov eredx 
I 000/"

Lengthofcorerun
x100o/o

Lengthof corerun

v

I

Point lood slrength lndex (1s50) - oxiol test (MPo)

Point lood slrenglh lndex (1s50) - diometroll test lMPo)

Unconfined compressive shength (UCS) (MPq)

Defecl lype Abbreviolions ond Descr¡pl¡ons

Defecl Type (wilh inclinolion given)

BP Bedd¡ng plone porling

X Foliotion

L Cleovoge

JT Joint

F Frocture

sz

CS

DS

ts

Sheored zone (Foult)

Crushed seom

Decomposed seom

lnfilled seom

Vein

Coolng or ti ing

Cn

Sn

ct

Fe

Cleon

Sfoin

Cooting

lron Oxide

Plonor¡ty

Cu

lr

PI

JI

Un

Curved

lnegulor

Plonor

Slepped

Undulol¡ng

lnclinolÍon

The ¡nclinotion of defecls ore meosured from
perpendiculor to Ìhe core oxis.

Roughness

Po

Ro

Polished

Rough

Slickensided

Smooth

Very rough

s

Sm
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Som
Sompling is conied out during drilling or excovotion to
ollow engineering exominolion (ond loborotory lesiing
where required) of the soil or rock.

Dislurbed somples loken duíng drilling provide informotion
on colour, type, inclusions ond, depending upon lhe
degree of dislurbonce, some informotion on strength ond
slruclure.

Undisturbed somples moy be token by pushing o thin-
wolled somple tube into the soils ond withdrowing o soil
somple in o relotively undislurbed slote. Such somples
yield informolion on structure ond strength, ond ore
necessory for loborolory determinotion of sheor sfrength
ond compressibility. Undisturbed sompling is generolly
effective only in cohesive soils. Olher sompling methods
moy be used. Detoils of lhe type ond method of sompling
ore givén in the report.

Drilling Melhods
The following is o brief summory of drilling methods
currently odopîed by the Compony ond some comments
on their use ond opplicotion.

Hond Excovotion - in some situotions, excovolion using
hond tools such os moitock ond spode moy be required
due to limited site occess or shollow soil profiles.

Hond Auger - the hole is odvonced by pushing ond
rotoiing either o sond or cloy ouger generolly 75- l 00mm in
diometer into the ground. The deplh of penetrotion is

usuolly limiled to lhe length of the ouger pole, however
extender pieces con be odded to lengthen this.

Test Pits - these ore excovoted with o bockhoe or o
trocked excovotor, ollowing close exominqlion of the in-
sifu so¡ls if it is sofe to descend into the pit. The depth of
penefrolion is limited fo oboui 3m for o bockhoe ond up
to óm for on excovotor. A potentiol disodvontoge is the
disturbonce coused by the excovotion.

Lorge Diometer Auger (eg. Pengo) - the hole is odvonced
by o rotoling plote or short spirol ouger, generolly 300mm
or lorger in diometer. The cutlings ore returned to the
surfoce ot intervols (generolly of not more lhon 0.5m) ond
ore disturbed bul usuolly unchonged in moisture content.
ldentificofion of soil stroto is generolly much more relioble
thon with conlinuous spìrol flight ougers, ond is usuolly
supplemented by occosionol undisturbed tube sompling.

Continuous Somple Drilling - lhe hole is odvonced by
pushing o l00mm diometer socket into the ground ond
withdrowing it ot intervols to extrude the somple. This is the
most relioble method of drilling in soils, since moisture
contenÌ is unchonged ond soil structure, skength elc. is

only morginolly offected.

Continuous Spirol Flight Augen - the hole is odvonced
using 90 - l l5 mm diometer continuous spirol flight ougers
which ore withdrown ot intervols lo ollow sompling or ín-
silu tesling. This is o relotively economicol meons of drilling
in cloys ond in sonds obove the woter toble. Somples ore
returned to the surfoce or,-or moy be collected ofter
withdrowol of the ouger flights, but lhey ore very dislurbed
ond moy be contominoted. lnformotion from the drilling
(os distinct from specific sompling by SPTs or undisturbed
somples) is of relotively lower reliobiliiy, due to remoulding,
conlominotion or softening of somples by ground woter.

Non-core Rotorv Drilling - the hole is odvonced by o rotory
bit, with woter being pumped down the drill rods ond

returned up the onnulus, corrying the drill cuttÌngs. Only
mojor chonges in strotificotion con be determined from
lhe cuttings, together with some informotion from 'feel'
ond rote of penetrotion.

Rotorv Mud Drilling - sim¡lor to rotory drilling, but using
drilling mud os o circuloting fluid. The mud tends to mosk
the cuttings ond relioble identificotion is ogoin only
possible from seporote intoct sompling (eg. from SPT).

Continuous Core Drilling - o continuous core somple is

obtoined using o diomond tipped core borrel, usuolly
50mm internol diometer. Provided full core recovery is

ochieved (which is not olwoys possible in very weok rocks
ond gronulor soils), this technique provides o very relioble
(but relotively expensive) method of investigotion.

Stondord Penelrolion Tesls

Stondord penetrotior;r tests ore used moinly in non-
cohesive soils, but occosionolly olso in cohesive soils os o
meons of determining density or slrength ond olso of
obtoining o relotively undisturbed somple. The test
procedure is described in AS 1289 Methods of Testing Soils

for Engineering Purposes - Tesl F3.I .

The test is conied out in o borehole by driving o 50mm
diometer split somple tube under the impoct of o ó3 kg
hommer with o free foll of 7ó0mm. lt is normol for the tube
to be driven in lhree successive 'l50 mm increments ond
the 'N' volue is ioken os the number of blows for the lost
300mm. ln dense sonds, very hord cloys or weok rock, the
full 450mm penetrotion moy not be procticoble ond the
test is discontinued.

The test results ore reported in the following form:

(i) ln lhe cose where full penetrotion is obtoined with
successive blow counls for eoch l50mm of soy 4, ó ond 7
blows:

os 4, 6,7
N=13
(ii) ln o cose where the iest is discontinued shorl of full
penetrotion, soy ofter l5 blows for the first ì50mm ond 30
blows for the next 40mm

os I5, 30/40 mm

The resulÌs of the tesfs con be reloted empiricolly to the
engineering properties of the soil. Occosionolly, the lest
melhod is used to obioin somples in 50mm diometer lhin
wolled somple tubes in cloys. ln such circumstonces, the
test results ore shown on the borelogs in brockets.

CONE PENETROMETER TESTING AND INIERPRETATION

Cone penetrometer testing (sometimes refened to os
Dutch Cone - obbrevioted os CPT) described in this report
hos been conied out using on electricol fricÌion cone
penetrometer. The lest is described in ,{S I 289 - Test F4.l .

ln the tesl, o 35mm diomeler rod with o cone tipped end
is pushed continuously into the soil, lhe reoction being
provided by o speciolly designed fruck or rig which is fitted
with on hydroulic rom system. Meosurements ore mode of
lhe end beoring res¡sionce on the cone ond the friction
resistonce on seporole l30mm long sleeve, immediotely
behind the cone. Tronducers in lhe tip of the ossembly ore
connected by electricol wires possing through the centre
of the push rods to on omplifier ond recorder unit
mounted on the control lruck.

As penetroiion occurs (ot o rote of opproximotely 20mm
per second) the informotion is output on continuous chort
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recorders. The plotïed results given in this reporl hove
been troced from ihe originol records.

The informolion provided on the chorts comprises:
Cone resistonce - the octuol end beoring force divided by
the cross sectionol oreo of the cone - expressed in MPA.
Sleeve fiiclion - the friclionol force of the sleeve divided
by the surfoce oreo - expressed in kPo.
Friction rotio - The rotio of sleeve fricfion to cone resistonce
- expressed in percent.

There ore two scoles ovoiloble for meosurement of cone
resistonce. The lower (A) scole (0 - 5 Mpo) is used in very
soft soils where increosed sensitivily is required ond is

shown in the grophs os o dotled line, The moin (B) scole (0
- 50 Mpo) is less sensitive ond is shown os o full line.

The rotios of the sleeve resistonce lo cone resistonce will
vory with the type of soil encountered, with higher relotive
friction in cloys thon in sonds. Friction rotios of l%-2% ore
commonly encountered in sonds ond very soft cloys rising
Io 4%-lO% in siiff cloys.

ln sonds, the relolionship between cone resistonce ond
SPT volue is commonly in the ronge:

q" (Mpo) = (0.4 to 0.ó) N (blows/300mm)

ln cloys, lhe relotionship between undroined sheor
sirength ond cone resisionce is commonly in the ronge:

q.= (12 to l8) c"

lnterpretolion of CPT volues con olso be mode to ollow
eslimotion of modulus or compressibility volues to ollow
colculotion of foundotion settlements.

lnfened strolificolion os shown on the ottoched reports is

ossessed from the cone ond friclion troces ond from
experience ond informotion from neorby boreholes etc.
This informotion is presented for generol guidonce, but
musl be regorded os being to some extent inlerpretive.
The lest method provides o continuous profile of
engineering properties, ond where precise informotion on
soil clossificotion is required, direcl drilling ond sompling
moy be preferoble.

DYNAMIC CONE (HAND) PENETROMETERS

Hond penetrometer lests ore conied out by driving o rod
into the ground with o folling weighÎ hommer ond
meosuring lhe blows for successive l50mm incremenls of
penelrotion. Normolly, there is o depih limitotion of l.2m
bul this moy be extended in certoin conditions by the use
of exÎension rods. Two relotively similor tesls ore used.

Perlh sond peneiromeler - o ló mm diometer flot ended
rod is driven with o 9kg hommer, dropping ó00mm (AS

1289 - Test F 3.3). This test wos developed for testing lhe
density of sonds (originoting in Perth) ond is moinly used in
gronulor soils ond filling.
Cone penetrometer (sometimes known os the Scolo
Penetrometer) - o I ómm rod with o 20mm diometer cone
end is driven wilh o 9kg hommer dropping 5lOmm (AS

1289 - Test F 3.2). The test wos developed initiolly for
povement sub-grode investigotions, with conelotions of
the test results w¡th Colifornio beoring rotio published by
vorious Rood Authorities.

TABORAÏORY TESTING

Loborotory testing is corried out in occordonce wilh AS
1289 Methods of Testing Soil for Engineering Purposes.
Detoils of ihe lest procedure used ore given on the
individuol report forms.

TEST PrT / BORE LOGS
The lest pit / bore log(s) presented herein ore on
engineering ond/or geologicol interpretotion of ihe sub-
surfoce conditions ond lheir reliobility will depend lo some
extent on frequency of sompling ond the method of
excovotion / drilling. ldeolly, continuous undisturbed
sompling or excqvolion / core drilling wil! provide the most
relioble ossessment, but this is not olwoys procticoble, or
possible 1o justify on economic grounds. ln ony cose. the
boreholes represent only o very smoll somple of the totol
subsurfoce profile.

lnterpretotion of the informotion ond its opplicotion to
design ond construction should therefore toke into
occount the spocing of boreholes, the frequency of
sompling ond lhe possibility of other thon 'stroight line'
voriotion between the boreholes.

GROUND WATER

Where ground woter levels ore meosured in boreholes,
there ore severol potentiol problems:

ln low permeobility soils, ground woier olthough present,
moy enter the hole slowly, or perhops not of oll during the
lime it is left open.
A locolised perched woter toble moy leod to on
erroneous indicoiion of ihe true woter toble.
Woler toble levels will vory from time lo time with seosons
or recenl prior weother chonges. They moy not be fhe
some ot the iime of consiruction os ore indicoted in the
report.
The use of woler or mud os o drilling fluid will mosk ony
ground woter inflow. Woter hos to be blown out of the
hole ond drilling mud must firsl be woshed out of the hole
if woter observotions ore to be mode.

More relioble meosurements con be mode by instolling
stondpipes which ore reod of inlervols over severol doys,
or perhops weeks for low permeobilily soils. Piezometers
seoled in o porticulor strotum, moy be odvisoble in low
permeobility so¡ls or where fhere moy be interference from
o perched woter toble.


