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Landslides
Landslide = geological phenomenon which includes a wide range of ground movement (rock falls,
deep failure of slopes, shallow debris flows)
 primary driving force = the action of gravity
 occur when the stability of a slope changes from a stable to an unstable condition
 contributing factors affecting the original slope stability (pre-conditional factors build up specific
sub-surface conditions that make the area/slope prone to failure)
 the actual landslide often requires a trigger before being released
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Landslides
Causes:
 Natural causes:
 groundwater (porewater) pressure acting to destabilize the slope
 loss or absence of vertical vegetative structure, soil nutrients, and soil structure (e.g. after
a wildfire)
 erosion of the toe of a slope by rivers or ocean waves
 weakening of a slope through saturation by snowmelt, glaciers melting, or heavy rains
 earthquakes adding loads to barely stable slope
 earthquake-caused liquefaction destabilizing slopes
 volcanic eruptions
 Human causes:
 deforestation, cultivation and construction, which destabilize the already fragile slopes
 vibrations from machinery or traffic
 blasting
 earthwork which alters the shape of a slope, or which imposes new loads on an existing
slope
 in shallow soils, the removal of deep-rooted vegetation that binds colluvium to bedrock
 construction, agricultural or forestry activities (logging) which change the amount of water
which infiltrates the soil.
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Defining elements of landslides
 Headrail – rock layers separation area
 Bedding – or sliding surface
 Sliding body – or moving material

 Sliding lead - the most advanced part of the landslide
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Landslides classification
By the thickness of the moved materials
•
•
•

Shallow landslides: with a thickness of up to 1,5 m.
Medium depth landslides: with a thickness of 1 to 3 m.
Deep landslides: with a thickness over 3 m.

By the activity degree
•
•

•

Stabilized landslides: slides entered in the final steady state
Partially stabilized landslides: slides which are in a state of unstable equilibrium, can be reactivated under the
action of one or more factors that triggered the initial slide
Active landslides: under way landslides

By the advancing speed
•
•
•
•
•
•
•

Extremely fast landslide >3 m/s
Very fast landslides 3 m/s – 0,3 m/min
Fast landslides 0,3 m/min - 1,5 m/day
Moderate speed landslides 1,5 m/day - 1,5 m/month
Slow landslides 1,5 m/month -1,5 m/year
Very slow landslides 1,5 m/year – 0,06 m/year
Extremely slow landslides <0,06 m/year
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Landslide probability is one of the most significant considerations for pipeline routing and
construction
Forces exerted on the pipeline by landslides can be high and in some cases can lead to failure of
the pipeline.
The main mitigating measure is an appropriate selection of the right of way. (Det Norske
Veritas – CO2EUROPIPE)
(Det Norske Veritas – CO2RISKMAN) Generic inherently safer design measures include:
Unstable land avoidance (avoid landslip areas, mining areas, etc.)
Prevention
Right of way selection
How
Using knowledge of subsurface and determining the likeliness of landslide

Geotechnical investigations must be conducted to determine the magnitude of the landslide
problems.
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A Geotechnical Study is an objective, science-based study, prepared by a qualified expert
(Geotechnical Engineer/Consultant) that analyses soil composition to determine its structural stability
and its ability to accommodate the new development by conducting a sub-surface investigation.
A Hydrogeological Study, prepared by a qualified expert (Hydro-geotechnical Engineer/Consultant)
is also required. The Hydrogeological Study describes the local/ regional hydrogeological conditions.
Identification of subsurface conditions includes:
1. Soil, groundwater and geotechnical parameters
2. Locations of investigation location on site and servicing plans
3. Factors of safety, feasibility and risk assessment
4. Mitigation measures and monitoring programs where necessary
5. Recommendations
Measures available to prevent landslides:
 Storm Water Management
 Slopes can be modified to avoid minor landslides in higher risk areas
The Study must be prepared by a professional Geotechnical Engineer/Consultant, and the
Hydrogeological review is warranted by a professional Hydrogeologist. The Study must also be
signed, sealed and dated by the qualified professional.

We are powering your business

Geotechnical boreholes (exploratory
boreholes), drilled to obtain soil and/or
groundwater samples to be analyzed for
chemical and/or physical properties.
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When the pipeline crosses a landslide, it is subjected to shearing forces at the lateral edges of
the slide → bending and subsequent rupture of the pipe
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Pipeline aligned with the landslide → it will be subjected to compressive and tensile stresses by
the downward moving soil
•

Compressive stresses cause buckling and rupture

•

Tensile stresses rarely cause failures

Stress can cause pipeline failure by Stress Corrosion Cracking (SCC) - defined as failure by
cracking under the combined action of corrosion and stress. The stress and corrosion
components interact synergistically to produce cracks, which initiate on the surface exposed
to the corrodent and propagate in response to the stress state.
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Ground movements must be detected while they are still small and action must be taken
before the movements grow large enough to constitute a real problem.
Monitoring can be used to predict potential failures in time for successful mitigation.
 Inclinometers - for monitoring ground movements
 Piezometers – to detect the groundwater levels
 Strain gauges (as Stress detectors) – to detect the stress that occurs in the pipeline
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Inclinometers or Tilt sensors are instruments for measuring tilt, angle, slope, elevation or depression of an object
with respect to gravity.

Measuring slight differences in slopes - used for measuring the depth and rate of landslide movement.
Principle of Conventional Inclinometer Operation

Deep Benchmarks (Figure) are
steel pipes/casings drilled into
stable strata - preferably sound
bedrock
Preliminary geotechnical studies
to identify the boundaries and
approximate depths of landslides
in the area → select suitable
locations and depths for the
inclinometers (the bottom of the
inclinometer casing must be
anchored in stable ground below
the slip plane of the landslide, so
that movements can be referenced
to a stable point)
Inclinometer surveys - about once
a month during periods of low
activity + more frequently during
the spring, when wet weather can
reactivate the slides and increase
the rate of movement
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Piezometers are
devices designed to
measure static
pressures
Used for measuring the
pressure (the
piezometric head) of
groundwater at a
specific point.
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Strain gauge = device used to measure the strain of an
object.
Most common type of strain gauge consists of an
insulating flexible backing which supports a metallic foil
pattern. The gauge is attached to the object by a suitable
adhesive, such as cyanoacrylate. As the object is
deformed, the foil is deformed, causing its electrical
resistance to change. This resistance change, usually
measured using a Wheatstone bridge, is related to the
strain by the quantity known as the gauge factor.
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Vibrating Wire Strain Gauges - designed to be welded to or embedded in various structures for monitoring
strain

Vibrating Wire Strain Gauges consist of a tensioned steel wire anchored at both ends into flanges.
The wire is enclosed in a stainless steel tube. Forces within the structural element onto, or in, which the
gauge is fixed, cause the length of the gauge to change. As the steel surface undergoes strain, the end
blocks will move relative to each other. The tension in the wire will change accordingly, thus altering the
resonant frequency of oscillation of the wire. A vibrating wire readout is used to generate voltage pulses in
the magnetic/coil assembly located at the center of the strain gauge, which measures the resulting
resonant frequency of vibration. The change in the square of frequency of oscillation is directly proportional
to the change in strain in the structural element.
Advantages:
- Able to tolerate wet wiring (common to geotechnical applications)
- Capable of signal transmission of several kilometers without loss of signal
- The frequency output is immune to electrical noise
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Stress detectors for pipelines
Monitoring stress in a pipe or pipeline lined with a multi-layered liner which has an
external jacket, an interior liner, a woven intermediate layer between the external
jacket and the interior line and at least one optical fiber running the length of the
multi-layered liner in the woven intermediate layer. The stress detector is connected
to the optical fiber, transmitting a light signal through the optical fiber, and monitoring
the back scattered light intensity to detect micro-bending in the optical fiber.
The method is also used for monitoring pipe leakage in a pipe or pipeline lined with
the multi-layered liner which has a external jacket, an interior liner, a non-conductive
woven intermediate layer interposed between the external jacket interior liner and at
least two conductive elements (e.g. conductive cables) running the length of the
multi-layered liner and separated from each other by the non-conductive woven
intermediate layer, comprising the steps of connecting a leak detector to the
conductive elements, and monitoring changes in the electrostatic capacity between
the conductive elements to detect leakage onto the non-conductive woven
intermediate layer.
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Rapid melting of the snowpack / heavy rains / spring snowmelt:
 Inclinometers measure large increases in slope deformation rates
 Piezometers show high water levels (even above ground surface)
 Strain gauges show increased pipeline stresses
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Measures available to protect the pipeline from rupture in case of a landslide:
 stabilizing the landslide
 relocating the pipeline

(expensive and time consuming measures) The size and
number of landslides could make such measures
unfeasible.

 trenching - reliable mitigation measure, can be completed quickly at modest cost, when
the alignment of the pipeline is perpendicular to the direction of ground movement
Involves excavating a trench along the upslope side of the pipe to provide stress
relief. As the trench is excavated, the pipe will move in the upslope direction.
Measured strain will then decreased substantially.
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Summary:
 Landslides can lead to pipeline failure

 Geotechnical studies must identify the boundaries and the depths of landslides
 Unstable land must be avoided when the pipeline route is established
 If the pipeline is installed in an area subject to landslides, monitoring can be used to
predict potential failures in time for successful mitigation
 Inclinometers, piezometers and strain gauges can provide useful information about
ground movements, so that action can be taken before the pipeline is damaged
 There are measures available to protect the pipeline from rupture in case of a landslide:
trenching, stabilizing the landslide or pipeline relocation
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Thank you!
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