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the publication is without flaw of any kind or is wholly
appropriate for your particular purposes and therefore
disclaim all liability from error, loss or other consequence
that may arise from you relying on any information in this
publication. Further, specific references to funding levels
in this publication are for indicative purposes only. The
level of Government investment in this publication is
contingent on budgets and Government priorities.
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Introduction –
Landslides
A landslide can be described as:
The movement of a mass of rock, debris or earth (soil)
down a slope (under the influence of gravity).
As such, it should be noted that the term “landsliding” is
neither limited to “land” nor to sliding and a more
complete description of the possible landslide types is
provided in the Landslides section of the accompanying
Manual.
Landslides are a form of erosion and are an important
process in the shaping and reshaping landscapes and
landforms. Landslides re-distribute soil and sediments in a
process which can be extremely rapid or very slow.
Other terms used such landslip, mass wasting, slippage
and falling debris have also been commonly used
although the term landslide is generally used.
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Fig. 1: Simplified block diagram of a typical, but idealised
landslide showing commonly used technical names given the
various parts of the landslide (from Highland, 2004, based on
Varnes, 1978). Definitions are provided in the glossary of terms.
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Landslides are unpredictable. They can be slow or
extremely rapid, occurring ‘without notice’ - to cause loss
of life and property damage simply because there is
insufficient time for people to evacuate. A large, slowmoving landslide is less likely to cause loss of life but may
be difficult or impossible to control, resulting in damage to
property, assets and infrastructure.
The factors that interact in the development and initiation
of a landslide are described in detail in the Manual.
These can be grouped into:
• Preparatory factors such as steepness, rock type
and structure, de-forestation, weathering, erosion and
undercutting by river flow, waves, animal or human
activity of various kinds: unsupported cuts, slope
loading (surcharge) by filling, and uncontrolled water
discharges. The formation of earth dams, excavation
and mining, irrigation, construction, services (such as
storm water, sewers, etc.), pilings, can all be
preparatory factors in landslide development.
• Triggering factors such as intense or prolonged
rainfall, rapid snowmelt or sharp fluctuations in
ground-water levels, shocks or vibrations caused by
earthquakes (M 3-4 or greater) or construction activity
can loosen granular soils, even when they are dry. In
conditions where the soil is saturated, granular or
otherwise, even light vibrations can trigger a
rearrangement of the soil particles, resulting in a
temporary increase of pore pressure and a reduction
of the frictional forces in the material, destabilising the
slope. Human Intervention can trigger slope failures –
for instance construction activity that undercuts or
overloads dangerous slopes, or that redirects the flow
of surface or ground-water.
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Known and possible locations
of landslides
A diverse range of landscapes and soil units exist within
the CCMA region and when combined with highly variable
climatic conditions resulting in average annual rainfall
ranging from 470mm to in excess of 1900mm, almost all
types and forms of land degradation are possible. The
land degradation processes including landslides have
been persistent throughout geological time and continue
to be active, although they are generally episodic in
nature.
Major areas of landslide susceptibility and activity within
the CCMA include
• the northern coast of the Bellarine Peninsula,
• the Otway Ranges and coast,
• the dissected plains of the Heytesbury Region and
• the flanks of the major river valleys including the
Barwon, Moorabool and Leigh Rivers.
Fig. 2: Extent of known landslides in the CCMA region.
Full details in the accompanying manual.
Corangamite Catchment Management Authority
Landslide Inventory
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Key points to remember
about landslides
• As at April 2007 there are 4944 mapped landslides in
the CCMA Region
• As a guide, positional accuracy may range from
+/- 25m to +/-200m
• Also as a guide, there may be many more incipient or
potential landslides that have not been identified by
the surveying techniques used so far
• Many of the mapped sites intersect roads, railways or
other infrastructure where human activity has created
predisposing factors
• Further human activity may create triggering factors;
climatic factors may also create ‘triggers’.
Whilst the capture and collation of information and data is
ongoing, the current number of mapped occurrences
(as of April 2007) of erosion and landslide by municipality
within the CCMA region is shown in the following table.
Municipality

Gully &
Streambank
Erosion

Sheet
& Rill
Erosion

Landslides

City of Ballarat

93

City of Geelong

178

288

117

Colac Otway

153

139

3,189
931

Corangamite

228

20

49

27

1,603

777

48

Moorabool

709

1,125

379

Surf Coast

128

119

224

11

32

36

2,924

2,735

4,944

Golden Plains

Other shires
adjacent to the
CCMA region
Totals

Overall total of erosion & landslide features = 10,603
Fig. 3: Individual landslide inventory maps have been produced by
Corangamite Catchment Management Authority for each shire at
both local government area scale and at 1:25,000 scale for
individual map sheets.
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Susceptibility to landslides
As one component of the Soil Health Strategy, the CCMA
has produced Landslide Susceptibility maps.
An important aspect to remember at all times when using
these susceptibility maps is that the susceptibility depicted
is only a modelled version of reality and there is no
substitute for detailed on-site appraisal by a qualified
geotechnical practitioner experienced in the assessment of
the potential susceptibility to landslides for a specific site.
Further detailed discussion - “Landslide and Erosion
Susceptibility Mapping in the CCMA Region” Report No
306/01/06, 30 June 2006, prepared by A.S. Miner
Geotechnical. All landslide susceptibility maps are freely
available on the Corangamite Soil Health web site at
www.ccma.vic.gov.au/soilhealth
Corangamite Catchment Management Authority
Landslide Susceptibility

Fig. 4: Modelled Landslide
Susceptibility in the
CCMA Region.
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Colac-Otway Shire
Landslide Susceptibility

Fig. 5: Colac Otway Shire Landslide Susceptibility Map.
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STEP 3
ON SITE
HAZARD ID

STEP 2
GO/NO GO

STEP 1
REFERENCE

NO

YES

Are there any signs
(old or recent) of previous
instability at the site?

ON GROUND STAFF

SEE SECTION ?

YES

YES

YES

Is someone in the works crew
trained to make an Onsite
Landslide Risk Assessment
(OLRA)?

NO

Can a Landslide Risk
Assessment (LRA) be conducted
by technical staff before work
crews reach the site?

NO

Is the site one of recent activity
or failure? ie. rock falls,
collapsed road embankment

NO

Is the proposed work site in a
known area of high or very high
landslide susceptibility?

SUPERVISORS

SEE SECTION ?

Conduct a LRA

SEE SECTION ?
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Action flow chart for landslides

Record all details of observations of landslides and
instability (including photos and GPS location) and
the “Onsite Risk Assessment” if conducted and
forward to supervisor as soon as possible

SEE SECTION ?

STEP 6
ON GOING DATA
COLLATION

NO

SEE SECTION ?

Conduct work in strict
adherence to your
organisation’s OHS policy and
best works practice

YES

Are risks acceptable
to allow the
continuation of
work?

Conduct Onsite
Landslide Risk
Assessment (OLRA)

YES

SEE SECTION ?

STEP 5
ON SITE RISK
MANAGEMENT

STEP 4
ON SITE RISK
ASSESSMENT

NO

Are there any features or indicators which
suggest landslides could be possible?

STOP work
IMMEDIATELY.
Contact your
supervisor ASAP

YES

NO

Final decision on
whether crews attend
site lies with supervisor

ACTION FLOW CHART FOR LANDSLIDES
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Hazard identification for
landslides
Before work orders are developed:Step 1:
Check the landslide inventory maps for the site where
works are to be undertaken.
• Consult the current CCMA detailed 1:25,000
inventory maps
• Consult maps of known landslides held by the
organisation if they exist.
Step 2:
Check to see what the modelled landslide susceptibility is
for the area.
• Consult the current CCMA landslide
susceptibility maps.
Field recognition and identification
It is very important to note that landslide hazards may be
derived off site but the hazard may exist on the actual
works site.

Swampy
low area

Dead trees
(water has
Cracked walls and
drained out of
roof, sinking
cracked ground
foundation
Overtight power
lines

Head
scarp

Tilted utility
poles

Broken
fence

Regolith
Slip
surface
Bedrock Secondary
slump

Fig.6 :The different features of a landslide.
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HAZARD IDENTIFICATION FOR LANDSLIDES

Two sources of useful information will be
presented here:
Terrain morphology and Proxy landslide risk indicators.
The features of any landslide will be reflective of the type
of landslide and its age. For example, a rotational slide will
be characterised by a steep, near vertical headscarp,
gentle mid-slopes and a convex toe. A slope undergoing
rock fall will have scree (or debris) at the base of the slope
which can range in size from small sand-like particles up
to large boulders.
Be suspicious of flat areas intermediate between sloping
ground above and below in overall steep and sloping
terrain, as they very often prove to be old landslide sites.
Rocks or an accumulation of debris at the base of the
slope indicates activity from above.
Fresh activity will be characterised by sharp edges and
features as well as distinct colour changes where
materials have parted from the parent rock or slope.
Older failures may have very degraded features included
rounded headscarps and worn edges and will be
reflective of the ongoing weathering and erosional
processes which continually modify the landscape.
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Head part of slide with outcrop of failure plane

Rotational movement of slide blocks

Microrelief associated with shallow movements or small retrogressive slide
blocks

Mass movement deposit of flow-type form

Semicircular backscarp and steps

Back-tilting of slope facets

Hummocky and irregular slope
morphology

Infilled valleys with slight convex bottom,
where V-shaped valleys are normal

Vegetational clearances on steep scarps,
coinciding with morphological steps

Landslide niche and associated deposit

Retrogressive sliding

Steplike morphology

Vegetation:

Landslide niche and associated deposit

Relation to slope instability

Concave/convex slope features

Morphology:

Terrain features

Table 1: The following table describes morphologic, vegetation and drainage
features which can be characteristic of slope instability processes.
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Slide blocks and differential movements in body

Stagnated drainage on back-tilting blocks, seepage at frontal lobe, and
differential conditions on body

Disrupted, disordered, and partly dead
vegetation

Differential vegetation associated with
changing drainage conditions

Outbulging landslide body (with differential vegetation and some soil erosion)

Springs along frontal lobe and at places where failure plane outcrops

Drainage anomaly caused by head scarp

Streams curving around frontal lobe or streams on both sides of body

Excessively drained areas

Seepage and spring levels

Interruption of drainage lines

Anomalous drainage pattern

Morphological features associated with Landsliding.

Landslide niche, back-tilting landslide blocks, and hummocky internal relief on
landslide body

Areas with stagnated drainage

Drainage:

Slip surface of transitional slides and track of flows and avalanches

Irregular linear clearances along slope

Vegetation:

HAZARD IDENTIFICATION FOR LANDSLIDES
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Fig. 7: Cracks in the ground are indicators that
the ground is creeping.

One significant telltale sign of potential failure is the
presence of cracks in the ground. Such cracks are known
as “tension cracks” and indicate tension or pulling apart
within the soil. Most soils are relatively strong in
compression but only have limited strength in tension or
shear.
The appearance of cracks at the soil surface usually
precedes full failure and is a sure sign that movement is
occurring within a slope. Whilst tension cracks may be
associated with slow movement (or creep), distinct sharp
edges to tension cracks are a strong indicator that
movement has been relatively quick and may signal the
onset of even more rapid movement leading to overall
failure.
The nature and signs of instability can often vary
depending on the type and scale of the failure. However,
ground movement can be recognised by other features
which may not be immediately associated with slope
instability.
These can include:
• Ancillary structures such as decks and patios tilting
and (or) moving relative to the main house
• Sunken or down-dropped road beds
• Tilting or cracking of concrete floors and foundations
• Soil moving away from foundations
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• Broken waterlines and other underground utilities
• Leaning telephone poles, trees, retaining walls, or
fences
• Off-set fence lines or retaining walls
• Springs, seeps, or saturated ground in areas that have
not typically been wet
• New cracks or unusual bulges in the ground or street
pavement
• Rapid increase in creek water levels, possibly
accompanied by increased turbidity (soil content)
• Sticking doors and windows, and visible open spaces
indicating jambs and frames out of plumb
• Sudden decrease in creek water levels though rain is
still falling or just recently stopped.

Fig. 8: Bent trees and tilted fences indicate creep.

Fig. 9: Deforestation of a slope can result in an increased
landslide hazard.
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Diagrammatic representation of landslides
The key categories of landslides:
1. Falls

Sketch of a typical rock fall site

Fig. 10: Examples of a “Fall” landslide.

2. Topples and Spreads

Rock toppling process

Sketch of lateral
spreading
Fig. 11: Examples of rock toppling process and sketch of
lateral spreading.
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3. Slides - Rotational and translational

Rotational slide

Rotational failure with
multiple planes

Translational slide

Translational failure

Fig. 12: Examples of rotational and translational landslides.
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4. Flows

Different types of landslides

Two views of debris flow environments

Debris flow

Fig. 13: Examples of different types of flows.
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Further information
Contact your Supervisor who will have access to more
detailed information on landslides from the Corangamite
Catchment Management Authority.
Additional information also available on the CCMA Soil
Health website at www.ccma.vic.gov.au/soilhealth
Acknowledgement: Much of this information has been
sourced from other documents and full reference is given in
the accompanying training manual.
CCMA Soil Health Web Site
The Corangamite Soil Health Strategy contains a significant
amount of information on landslides in the Corangamite
Region, Also look at: www.ccma.vic.gov.au/soilhealth for
downloadable versions of previous reports on landslides
within the CCMA region as well as information on upcoming
events, workshops, seminars and field days.
Other On-Line Resources
Australian Geomechanics Society’s site - downloadable
versions of the 2000 guidelines and updated 2007
guidelines:
http://www.australiangeomechanics.org/index.htm
Geoscience Australia’s Natural Hazards:
http://www.ga.gov.au/hazards/landslide/
Landslide facts, emergency response and preparedness at
the Australian Governments Emergency Management
Australia (EMA) website:
http://www.ema.gov.au/agd/ema/emaschools.nsf/Page/RWPF
98CABB36B90E441CA256C5D0015D69C?OpenDocument
The USGS - a wide range of landslide related information
and sites including fact sheets and frequently asked
questions: http://www.usgs.gov/hazards/landslides/
Publications
Numerous books, publications and texts have been
published on the subject of landslides and slope instability.
A selection are listed in the Manual.
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Corangamite Catchment Management Authority
64 Dennis Street, Colac. 3250

For further information on Soil Health in the Corangamite region:
www.ccma.vic.gov.au/soilhealth
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T: 03 5232 9100 E: info@ccma.vic.gov.au
W: www.ccma.vic.gov.au

