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EXAMPLES OF GOOD HILLSIDE PRACTICE

VEGETATION
RETAINED

SURFACE
DRAINAGE

FLEXIBLE
STRUCTURE
ROOF WATER
PIPED OFF SITE

MANILE OF 501
— & AOCK FRAGAIENTS

CUT & FILL S (COLLlvIum)

8coROCK

T PIER FOUNDATIONS

NMNTO ROCK

OFF SIALET
PARKING

SUBSOIL DRAINAGE
MAY BE REQUIRED
W SLOPE

= SEWERAGE EFFLUENT PUMPED- OUT
OR CONNECTED TO SEWEA.
TANAKS ADEQUATELY FOUNDED

ENGIMNEERED RETAINIMNG WALLS
WITH SURFACE & SUBSURFACE
DRAINAGE COMSTRUCTED
BEFORE HOUSE

EXAMPLES OF POOR HILLSIDE PRACTICE

UNSTABILISED
ROCK TOPPLES

VEGETATION
REMOVED

STEEP
UNSUPPORTED
CUIr FAILS

RUCTURE UNABLE

LEMENT CRACKS

ROOF WATER INTRODUCED
INTO SLOPE

INADEQUATELY
SUPPORTED .
CUT FAILS MANTLE OF Son. DI FOUNDED
& ROCK FAAGHMENTS jock
VEGETATION .
RENOVED
SATURATED seomocx

SLOPE FALS .
0

POMNDED WATER ENTERS
SLOPE A& ACTIVATES 5(1P

FIGURE 2 Illustrations of Good and Poor Hillside Practice

This figure ‘is an extract from GEOTECHNICAL RISKS ASSOCIATED WITH HILLSIDE DEVELOPMENT as presented in Australian
Geomechanlics News, Number 10, December, 1985, which discusses the matter more fully. :
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TABLE 6

SOME GUIDELINES FOR HILLSIDE CONSTRUCTION

GOOD ENGINEERING PRACTICE

POOR ENGINEERING PRACTICE

ADVICE -

GEOTECHNICAL Obtain advice from a.qualified, experienced geotschnical consultant Prepare detailed plan end start site
ASSESSMENT at early stage of planning and before site works. waorks before geotechnical advice.
PLANNING

SITE PLANNING

Having obtained geotechnical advice, plan the development with the
Risk of Instability and Implications for Development in mind.

Plan development without regard for the
Risk of Instability.

DESIGN AND CONSTRUCTION

HOUSE DESIGN

Use flexible structures which incorporate properly designed brickwork,
timber or steel frames, timber or panel cladding.

Consider use of split levels.

Use decks for recreational areas where appropriate.

Floor plans which
cutting and filling.
Movement intolerant structures.

require extensive

SITE CLEARING

Retain natural vegetation wherever practicable.

Indiscriminately clear the site.

ACCESS & DRIVEWAYS

Satisfy requirements below for cuts, fills, retaining walls and drainage.
Council specifications for grades may need to be modified.
Oriveways and parking areas may need to be fully supported on piers.

Excavate and fill for site access befare
geotechnical advice.

EARTHWORKS

CUTS

FILLS

ROCK OUTCROPS &
BOULDERS

Retain natural contours wherever possible.

Minimise depth.
Support with engineered retaining walls or batter to appropriste slope.
Pravide drainage measures and erosion control.

Minimise height.

Strip vegetation and topsoil and key into natural slopes prior to filling.
Use and compact clean fill materials.

Batter to appropriate slope or support with engineered retaining wall.
Provide surface drainage and appropriate subsurface drainage.

Remove or stabilise boulders which may become unstable.
Support rock faces where necessary.

Large scale cuts and benching.
Unsupported cuts.
Ignore drainage requirements.

Loose or poorly compacted fill.

Block natural drainage lines.

Fill over existing vegetation and topsoil.
Include stumps, trees, vegetation, top-
soil, boulders, building rubble etc in fill.

Disturb or undercut detached blocks or
boulders. ’

RETAINING WALLS

Engineer design to resist applied soil and water forces.

Found on rock where practicable. .

Provide subsurface drainage within wall backfill and surface drainage.on
slope above.

Construct wall as soon as possible after cut/fill operation.

Construct a structurally inadequate wall
such as sandstone flagging, brick or
unreinforced blockwork.

Lack of subsurface drains and weepholes.

FOUNDATIONS

Support on or within rock where practicable.

Use rows of piers or strip foundations oriented up and down slope.
Design for lateral creep pressures. :
Backfill foundation excavations to exclude ingress of surface water

Found on topsoil, loose fill, detached
boulders or undercut cliffs.

SWIMMENG POOLS

Engineer designed.

Support on piers to rock where practicable.

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
SURFACE

SUBSURF ACE

SEPTIC &
SULLAGE

Provide at tops of cut and fill slopes.

Discharge to street drainage or natural water courses.

Provide generous falls to prevent blockage by siltation and incorporate
silt traps. )

Line to minimise infiltration and make flexible where possible.

Special structures to disipate energy at changes of slope and/or
direction. '

Provide filter around subsurface drain.

Provide drain behind retaining walls,

Use flexible pipelines with access for maintenance.
Prevent inflow of surface water.

Usually requires pump-out or mains sewer systems; absorption trenches
may be possible in some low risk areas.
Storage tanks should be water-tight and adequately fourjed.

Discharge at top of fills and cuts.
Allow water to pond on bench areas.

Discharge sullage directly onto and into
slopes. )

EROSION CONTROL &
LANDSCAPING

Control erosion as this may lead to instability.
Revegetate cleared area.

Failure to observe earthworks and drain-
age recommendations when landscaping.

DRAWINGS AND SITE VISITS OURING 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

RESPONSIBILITY

leaks in supply pipes.
Where structural distress is evident seek advice.
If seepage observed, determine cause or seek advice on consequences.

This table ls sn sxtraot from GEOTECHNICAL RISKS ASSOCIATED WITHiHlLLSIDE DEVELOPMEN Ilan Geomechanics
News, Number 10, 1985 which diucusses the matter mors fully. MENT a1 presentsd In Australlan
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Form No. GE05.6 Issue 3. Rev. 2.

Explanatzon Sheet (1 of 2)

DEFINITION:

DENSITY OF GRANULAR SOILS
In engineering terms soil includes every type of uncemented or TERM DENSITY INDEX (%)
partially cemented inorganic or organic material found in the ground.
In practice, if the material can be remoulded or disintegrated by hand Very loose Less than 15
in its field condition or in water it is described as a soil.
Other materials are described using rock description terms. Loose 15-35
CLASSIFICATION SYMBOL & SOIL NAME Medium Dense 35-65
Soils are described in accordance with the Unified Soil Classification D 6585
(UCS) as shown in the table on Sheet 2. ense -
Very Dense Greater than 85
PARTICLE SIZE DESCRIPTIVE TERMS
NAME SUBDIVISION SIZE MINOR COMPONENTS
Boulders >200 mm TERM ASSESSMENT GUIDE PROPORTION OF
MINOR COMPONENT IN:
Cobbles 63 mm to 200 mm
Trace of Presence just detectable Coarse grained soils:
Gravel coarse 20 mm to 63 mm by feel or eye, but soil < 5%
) properties little or no
medium 6 mm to 20 mm different to general Fine grained soils:
properties of primary <15%
2.36 mm to 6 mm component.
Sand coarse 600 um to 2.36 mm With some | Presence easily detected Coarse grained soils:
] by feel or eye, soil 5-12%
medium 200 pm to 600pm properties little different to | Fine grained soils:
) general properties of 15-30%
fine 75 pm to 200 pm primary component.
SOIL STRUCTURE
MOISTURE CONDITION
Dry  Looks and feels dry. Cohesive and cemented soils are hard, ZONING CEMENTING
friable or powdery. Uncemented granular soils run freely ) )
through hands. Layers  Continuous across | Weakly Easily broken up by
exposure or sample. | cemented  hand in air or water.
Moist  Soail feels cool and darkened in colour. Cohesive soils can be ) ) ' . .
moulded. Granular soils tend to cohere. Lenses  Discontinuous Moderately  Effort is required to
layers of lenticular cemented  break up the soil by
Wet  As for moist but with free water forming on hands when | shape. hand in air or water.
handled. . .
Pockets Irregular inclusions
of different
material.

CONSISTENCY OF COHESIVE SOILS

UNDRAINED
TERM STRENGTH FIELD GUIDE
sy (kPa)

Very Soft <12 A finger can be pushed well into the
soil with little effort.

Soft 12-25 A finger can be pushed into the soil to
about 25mm depth.

Firm 25-50 The soil can be indented about 5mm
with the thumb, but not penetrated.

Stiff 50 - 100 The surface of the soil can be
indented with the thumb, but not
penetrated.

Very Stiff| 100 - 200 The surface of the soil can be marked,
but not indented with thumb pressure.

Hard >200 The surface of the soil can be marked
only with the thumbnail.

Friable - Crumbles or powders when scraped
by thumbnail

GEOLOGICAL ORIGIN
WEATHERED IN PLACE SOILS

Extremely Structure and fabric of parent rock visible.
weathered material

Residual sail Structure and fabric of parent rock not visible.

TRANSPORTED SOILS

Aeolian soil Deposited by wifid.

Alluvial soil Deposited by streams and rivers.

Colluvial soil Deposited on slopes (transported downslope by
gravity).

Fill Man made deposit. Fill may be significantly

more variable between tested locations than
naturally occurring soils.

Lacustrine soil Deposited by lakes.

Marine soil Deposited in ocean basins, bays, beaches and

estuaries
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Form No. GEO5.8 Issue 3 Rev. 2.

The descriptive terms used by Coffey are given below. They are broadly consistent with Australian Standard AS1726-1993.

DEFINITIONS:
Rock Substance

Rock substance, defect and mass are defined as follows:
In engineering terms rock substance is any naturally occurring aggregate of minerals and organic material which cannot be

disintegrated or remoulded by hand in air or water. Other material is described using soil descriptive terms. Effectively

homogonous material, may be isotropic or anisotropic.
Defect

Mass
more substances with one or more defects.

Discontinuity or break in the continuity of a substance or substances.
Any body of material which is not effectively homogeneous. It can consist of two or more substances without defects, or one or

SUBSTANCE DESCRIPTIVE TERMS:

ROCK NAME Simple rock names are used rather than precise
geological classification.
PARTICLE SIZE Grain size terms for sandstone are:

Coarse grained
Medium grained

Mainly 0.6mm to 2mm
Mainly 0.2mm to 0.6mm

Fine grained Mainly 0.06mm (just visible) to 0.2mm
FABRIC Terms for layering or penetrative fabric (eg. bedding,
cleavage etc.) are:
Massive No layering or penetrative fabric.
Indistinct Layering or fabric just visible. Little effect on properties.
Distinct Layering or fabric is easily visible. Rock breaks more

easily parallel to layering or fabric.

CLASSIFICATION OF WEATHERING PRODUCTS
Term  Abbreviation Definition

Residual RS Soil derived from the weathering of rock; the

Soil mass structure and substance fabric are no
longer evident; there is a large change in
volume but the soil has not been significantly
transported.

Extremely Xw Material is weathered to such an extent that it

Weathered has soil properties, ie, it either disintegrates or

Material can be remoulded in water. Ongma! rock fabric
still visible.

Highly HW Rock strength is changed by weathering. The

Weathered whole of the rock substance is discoloured,

Rock usually by iron staining or bleaching to the

extent that the colour of the original rock is not
recognisable. Some minerals are decomposed
to clay minerals. Porosity may be increased by
leaching or may be decreased due to the
deposition of minerals in pores.

Moderately MW The whole of the rock substance is discoloured,

Weathered usually by iron staining or bleaching, to the

Rock extent that the colour of the fresh rock is no
longer recognisable.

Slightly SW Rock substance affected by weathering to the

Weathered extent that partial staining or partial

Rock discolouration of the rock substance (usually by

limonite) has taken place. The colour and
texture of the fresh rock is recognisable;
strength properties are essentially those of the
fresh rock substance.

Fresh Rock- FR Rock substance unaffected by weathering.

Notes on Weathering:

1. AS1726 suggests the term "Distinctly Weathered" (DW) to cover the range of
substance weathering conditions between XW and SW. For projects where it is
not practical to delineate between HW and MW or it is judged that there is no
advantage in making such a distinction, DW may be used with the definition
given in AS1726

2. Where physical and chemical changes were caused by hot gasses and liquids
associated with igneous rocks, the term “altered” may be substituted for
“weathering” to give the abbreviations XA, HA. MA, SA and DA

ROCK SUBSTANCE STRENGTH TERMS

Term  Abbrev-
iation
Very Low VL
Low L
Medium M
High H
Very High VH

Extremely EH
High

Point Load
Index, Is50
(MPa)

Field Guide

Less than 0.1 Material crumbles under firm

0.1t00.3

0.3t0 1.0

1t03

310 10

More than 10

Notes on Rock Substance Strength:
1. In anisotropic rocks the field guide to strength applies to the strength
perpendicular to the anisotropy. High strength anisotropic rocks may
break readily parallel to the planar anisotropy.

The term "extremely low" is not used as a rock substance strength
term. While the term is used in AS1726-1993, the field guide therein
makes it clear that materials in that strength range are soils in

N

w

engineering terms.

blows with sharp end of pick;
can be peeled with a knife;
pieces up to 30mm thick can
be broken by finger
pressure.

Easily scored with a knife;
indentations Tmm to 3mm
show with firm blows of a
pick point; has a dull sound
under hammer. Pieces of
core 150mm long by 50mm
diameter may be broken by
hand. Sharp edges of core
may be friable and break
during handling.

Readily scored with a knife; a
piece of core 150mm long by
50mm diameter can be

broken by hand with difficulty.

A piece of core 150mm long
by 50mm can not be broken
by hand but can be broken
by a pick with a single firm
blow; rock rings under
hammer.

Hand specimen breaks after
more than one blow of a
pick; rock rings under
hammer.

Specimen requires many
blows with geological pick to
break; rock rings under
hammer.

The unconfined compressive strength for isotropic rocks (and
anisotropic rocks which fail across the planar anisotropy) is typically
10 to 25 times the point load index (1s50). The ratio may vary for
different rock types. Lower strength rocks often have lower raios
than higher strength rocks

” N
7 N\
2\
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BOREHOLE B17439.GPJ COFFEY.GDT 25.07.02

Form GEO 5.3 Issue 3 Rev.2

Borehole No. BH1
. s Sheet 1 of 1
Engineering Log - Borehole Office Job No.. __B17439/1
Client: MARTIN FINDLATER & ASSOCIATES PTYLTD Date started; 3.6.2002
Principal: GREENVIEW DEVELOPMENTS PTY LTD Date completed:  3.6.2002
Project: FRASER DRIVE, TWEED HEADS SOUTH Logged by: SPP
Borehole Location: REFER DRAWING 1 Checked by: /2]
drill model and mounting: JACRO 250 BOMBADIER  Easting: slope: -90° R.L. Surface: 28.50
hole diameter: 100 mm Northing bearing: datum: AHD
drilling information material substance
s notes 15 3|5 o,
g samples g ‘5 materlal oc | EE|3 © 2 structure and
3 o T lests etc' o | s 58| 25| 88¢€ additional observations
] - s = |58 2E | oL
g @ § £ depth] & ﬁ E soil type: plasticity or particle characteristics, 2 g g % kPa
£ 123|® 2 RL |metres} © | © @ colour, secondary and minor components. Eo| oo §§§§
N CH | SILTY CLAY: high plasticity, red-brown and M RESIDUAL SOIL
- % yellow-brown, with boulders —
| 28 7] / 7
1% j
| 27 7] 7]
207 _|
| 25 7 2% 1
8 7 N
s / .. boulder
& Y 2 i
2 %
8 | 25 7 / 1
5 Y ]
z ~ -
:1_5 |
| 24 ] ; T
- / ... boulder -
(1 7,77 _
/ CH | SILTY CLAY: high plasticity, red-brown and
- / / yellow-brown. -
| 23 N n
7 CH | SILTY CLAY: high plasticity, red brownto | . 7]
-1 / grey-brown, trace of fine grained gravel, grading to —
6 | / / extremely weathered basalt. ]
Y i
| 22 N é B
I8 7777
Borehole BH1 terminated at 7m
| 21 7] .
8
method support notes, samples, tests classification symbols and consistency/density index
AS auger screwing* M mud N nil Usp undisturbed sample 50mm diameter soll description VS very soft
AD auger drilling* C casing Ua undisturbed sample 63mm diameter based on unified classification S soft
RR roller/tricone penetration D disturbed sample system F firm
w washbore 34 ot N standard penetration test (SPT) St stiff
CcT cable tool ?:n{;f,:;"w N* SPT - sample recovered molsture VSt very stiff
HA hand auger refusal Nc SPT with solid cone D dry H hard
DT diatube water v vane shear (kPa) M moist Fb friable
B blank bit 10/1/98 water level P pressuremeter W wet VL very loose
\ V bit on date shown Bs bulk sample Wp  plastic limit L loose
T TC bit . E environmental sample W, liquid limit MD medium dense
*bit shown by suffix P— water inflow R refusal D dense
eg. ADT — water outflow VD very dense






