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Typical Features of Flood Embankment
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35,000 km of coastal and river flood defence embank  ments in UK
Annual expenditure £450M ( » US $700M)
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*Soft alluvial clays.

*Peat.

River terrace sand & gravel
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Classical Failure Mechanisms
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Documented Failure Mechanisms in UK
(after Dyer 2004)

LOCATION FAILURE MECHANISM GEOLOGY
London & *Shear Failure on soft ground Soft alluvial clays
East Coast *Uplift pressures in underlying | «Confined River
Estuaries sand Terrace Gravels

*Desiccation cracking of clay *Alluvium
fill leading to slope instability

Wales & West *Translation Failure on peat *Peat

Coast Estuaries | «piping through slate waste or | *Aeolian Sand
sand *Alluvium
*Piping caused by rabbit *Quarry waste
borrowing
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Deep Rotational Failure =

Longitudinal tension
cracks developing during
or shortly after construction

Bulging at
the toe

Weak clays and organic soils

River Thames, London
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Deep Rotational Failure

Overlying strata of -
clays or peat /\[ Flood level
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* sands of gravels
Excessive hydraulic uplift Crayford Marshes
pressures in continuity with . .
river flood levels Padfield & Schofield

1983 Geotechniaue 28(4)
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Linking Failure Mechanisms with Condition
Assessment of Flood Embankments

Geology \
Field Observation

Deterioration =—p  Potential Failure Mode  ==p| & Condition

/ Assessment
Construction
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Failure Modes Field Observation=-
Element Failure Mode Geotechnical Process Field Observations
Founding Settlement Consolidation Low crest levels
strata Absence of desiccated crust
Deep Rotational | Shear failure during Tension cracks on crest.
Failure - construction Settlement of crest.
slippage Lateral displacement.
Heave of toe.
Deep Rotational | Uplift pressures in confined | Heave of toe.
Failure - Uplift strata
Translational Lateral hydraulic force Distortion of crest &
Sliding exceeds shear strength of bulging along inward
desiccated organic fill face
Seepage and Under-flow of floodwater Seepage of water in
piping front of embankment.
Embankm | Internal Excessive seepage caused | Fissuring of
ent seepage by desiccation and fine embankment.
Structure fissuring. Seepage on inward face
of embankment.

Geological map of
Britain and Ireland 7
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Geology or
Construction Fill

5 - fissuring
ing




University of %

Strathclyde

Engineering

Current Research

Desiccation Cracking of Clay Fill
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Desiccation Cracking - Seepage "
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(Breach Mechanism after Cooling and Marsland 1954)




Thorngumbald Flood Defence

Humber Estuary

Humber
Estuary




Moisture Content Profile
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Field Work - Infiltration Tests

Double Ring Infiltrometer

11



Desiccated New Embankment
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Intact Section of Embankment
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Uplift Mechanism for
Breach Formation

Uplift Mechanism
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Soil Suction Tests

Soil Suction Plate Tests

(Matric Suctions 50kPa, 100 kPa, 200 kPa, 300 kPa,
400 kPa, 500 kPa)
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Soil Water Characteristic Curve

SWCC Humber
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Good agreement between field and laboratory observa  tions

General Conclusions

« Clear link between local geology (and hence
construction fill) and potential failure modes,
which can be anticipated and inspected

Deterioration of a flood embankment
(desiccation) can radically change the critical
failure mechanism

Future planning for flood risk management will
be based on probabilistic concepts. In that
context event trees are a valuable method for
identifying and quantifying an adverse
combination of geotechnical factors that could
lead to a breach.
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