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Landslide Susceptibility
For regional or asset wide assessments
Landslide Susceptibility Zoning is appropriate.

Australian Geomechanics Society 2007 and
SafeLand 2011

Involves developing an Inventory of previous
landslides and an assessment of areas which
have potential to experience future landslides.
Examples include:
• Transport Scotland’s Network landslides Study.
o Forestry Commission Scotland’s (FCS) National
Estate (650,000ha).
• Network Rail Outside Parties.

3

FCS Assessment
Forestry Commission Scotland with BGS and TRL/Prof. Mike
Winter ‐ GIS based Landslide Assessment Forest Estate.
114 (17,500ha) sites with potential to affect third party land
were Appraised or Assessed over 3 years by Coffey with BGS.
8 sites (7%) high risk, 44 sites (41%) mod to high risk.
Typically higher risks in discrete areas.
Detailed Inspections recommended for 19 sites with specific
hazards:
•
•
•
•

Rock crags.
Boulder fields.
Large gullies with major debris flow potential.
Large scale rotation landslides.

Specific risk mitigation measures were recommended for
sites.
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NR Landslide Susceptibility
NR with Coffey and British Geological Survey.
Trial on the LNW Route:
• 1114 catchments identified.
• 110 catchments subject to ground or aerial
photographic validation.

11.8% of the 5 Chain Lengths (7,838 out of 66,043)
have been assigned an E category.
But in terms of area only 0.67% of the whole route
is actually flagged with E ratings.
The approach has since been developed and rolled
out across the UK rail network – ‘Classification of
Hazards from Outside Party Slopes – CHOPS’.
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Hazard & Risk Assessment
Landslide Hazard and Risk Assessment require
determination of:
• Type and extent of failure.
• Likely level of damage.
• Temporal component.

Need to know and understand the Problem!
Aptly put by Professor Peter Fookes (Glossop
lecture 1997):
• “A way forward...lies in the continuing development of
site investigation practice and the understanding of
surface and sub‐surface processes of importance
to engineering and for the assessment of hazard
and quantification of risk”.
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Hazard & Risk Assessment ‐ Issues
Recent ICE paper (Tonks et al. 2017) reviewed more
than 100 geotechnical construction related expert /
forensic cases:

• Routine projects.
• Known geotechnical issues.
• Complexities of ground behaviour not duly recognised:
“We are led to the conclusion that the overwhelming majority of issues
arise from human factors rather than the ground itself”.

Further review and discussion highlighted:

• Several issues combining to lead to failure.
• Failure to identify, communicate or manage hazards and
risks.
• Failure to engage the available geotechnical knowledge ‐
over 60% cases had no Geotechnical Adviser (or
equivalent).
• Limited and even unsatisfactory ground investigations BUT
issues could and should have been identified by
interpretation and ground model development.

Landslide cases from UK and overseas highlight the
following nexus:

• Ground investigation, and the interpretation of it, failed to
identify critical issues.
• Failure to identify & allow for groundwater and surface
water (natural or anthropogenic sources).
• Failure to appreciate deterioration of the ground over time
(mudrock weathering to clay).
• Temporal changes in loading / purpose of geotechnical /
structural assets (e.g. masonry facings).
• Increasing demands on an aging infrastructure.
• ‘Siloing’ of different disciplines and lack of time / resource
to identify and assess combinations of issues (multi hazard
interaction).
• Inadequate monitoring, thresholds and action plan.
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Failure Geometry & Mode
Need to know:

• Extent of landslide(s).
• Geometry of failure plane(s), e.g. failure plane deeper than
expected.
• Mode of failure.

Vital to establish an initial model to enable:
•
•
•
•

Back Analysis of slope to verify material parameters in ‘operation’.
Scope for GI and Instrumentation.
Monitoring installations, trigger levels and responses.
Development of mitigation measure.

Typical Pitfalls:
•
•
•
•

Post peak / residual strength.
Groundwater location and pore pressures – including with time.
Surface water – rapid drawdown, .
Loading and unloading of the slope and structures with time.

Slope stability modelling will find the failure plane and mode. No!
– observation and collation of evidence will guide you to the
failure surface and mode!
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Extent
Difficult to determine:
• Extensive features ‐ can’t see on the ground.
• Vegetated slopes.

LiDAR, Photogrammetry and Remote Sensing:
• Desk based and enables targeting of time on
site.
• Big picture and change with time.
• Efficient use of resources.
• Safety – reduces time in challenging terrain and
weather.
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Tension Crack / Scarp
•Usually obvious – but….
• Scarps
• Tension Cracks
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Tension Crack – Not So Obvious
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Slip Plane – Toe
• Hummocky or mounded ground

• Displaced fence lines / linear features
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Slip Plane Toe
• Push ridges
•

Soft soils

• Toe heave
• Soft soils
• High loadings
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Mid Slope Slip Plane
Mid Slope:
• Probably the most tricky!
• Graben structures helpful indictors.

7.52 m

7.50 m
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Dutton Slip – Back Analysis
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Groundwater
Monitoring:
• Is the duration of monitoring representative of a
full seasonal cycle?
• Is the seasonal cycle monitored typical?
• Is the frequency of monitoring sufficient to pick
up response to rainfall?

Location:
• Borehole / trial pit water strikes.
• Site inspection:
o
o
o
o

Springs /seepages
Frosty weather
Dry weather
Hydrophilic vegetation
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Design Groundwater Level
Design FoS 1.18

Designs assume a long term
groundwater level will drop to toe of the
slope.
• Lack of consideration of short /
intermediate conditions.
• Lack of regard for lower permeability soils
where steady state groundwater may take
many years.
• Complexity of interbedded soils (varved
deposits) with highly varying
permeabilities.

GWL at 1yr FoS 0.71
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Risk Reduction
Once Risks are known two options:
• Risk Management – exposure reduction.
• Risk Mitigation – hazard reduction.

Period between Risk Assessment and
implementation of permanent Risk Reduction:
• Temporary risk management to manage the risk
in the interim.
• Temporary Mitigation measures – make sure
don’t compromise permanent case.

Some sites appropriate to do QRA as:
• Multi hazards.
• Extent of hazards.
• Site constraints.

Risk
Risk
Mitigation
Management
Avoidance
Education
Removal
Monitoring &
Warning&
Control
Containment
Response
Strengthen

• Move the infrastructure away from
• Critical
issues
the slope
or vice versa
• When highest risk
• Behaviour
• Regrade slope, reprofiling, scaling or
controlled removal
• Monitoring of hazard Trigger,
Preparatory & Propagation factors
Containment
• Closure
signs,bunds,
detoursdeflection
etc
bunds, rock fall netting or rock traps
• Site inspections
• Reinforcement, support or
• Management
protection of access
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Mitigation ‐ Regrade
Regrades utilised to:
•
•
•
•

Remove shallow failures by digging out.
Replacement of substandard materials.
Grade back overstep slopes / sections of slope.
Create toe weight berms.

Critical information:
• Single or Multiple slip surfaces?
• Do you know geometry and location of the slip
plane(s)?
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Regrade Caution!
Toe weight / berm:
• Ensure toe berm is at the toe!
• Need to check does not create an alternative
slip.

Grading back of steep slopes:
• Need to know Neutral Point (Hutchinson
1984).
• Low angle failure planes e.g. bedding plane
slip controlled slides – neutral point can be a
long way back from the toe! (Bromhead
Glossop Lecture 2013).

Hutchinson (1984) “Loading of a slide toe
by filling generally preferable to unloading
head by cutting.”
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Management – Beware of Change
Late 1990s: Rock trap ditch and verge
contained scaled rock. Effective rock trap for
road.

2015: Cycleway has replaced the rock trap
ditch and verge!

Hazards exploit interfaces!
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Complex Sites
Situations where:
• Extensive hazards.
• Multi source hazards.
• Significant constraints:
• Access for mitigation.
• Environmental acceptance.
• Cost.

Consider alternative approach – look at
Quantitative Risk Assessment (QRA)
• Significant requirement for input data.
• Significant commitment of effort.
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Conclusions
• LiDAR, Photogrammetry and Remote sensing are vital aids in challenging terrain, extensive /
multiple landslides, heavy vegetation hazardous areas.
• Ground based detailed geomorphological / geotechnical evidence collection essential to
characterise landslides enabling:
• GI, instrumentation & monitoring scopes to be developed.
• Appropriate monitoring trigger levels and actions.

• Need to robustly understand location, extent, geometry and mode of landslide failure to
enable appropriate Landslide Risk Reduction – Mitigation or Management!
• Apparently simple and robust mitigation measures can be risky if geometry and mode of
failure not robustly understood.
• For multi hazard or constrained sites QRA may be appropriate to target Risk Reduction effort,
but requires commitment of resources to adequately undertake.
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Questions?
Thank You!
ian.nettleton@coffey.com
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