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ISMART has

Train derails in Cumbria after landslide
Early-morning train carrying about 100 passengers left tracks
following landshde near St Bees, but no injunies reported

Helen Nugent

g dian.co.uk, Th day 30 A 12012 11.11 BS7T ¢ .
s S s el Two feared dead in Dorset landslide
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Man and woman leared dead after being buned in thesr car

more than a week following a landslide caused by heavy rain

Steven Morns

guardan co.uk, Tuesday 17 July 2012 1603 8ST
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Thornhill, Dumfrieshire, 22.11.12

See Briggs, K. M., Loveridge, F. A. and Glendinning, S., 2017. Failures in
transport infrastructure embankments. Engineering Geology, 219, pp. 107-
117
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Landslides and fire disrupt rail services as
rains hit Scotland

Aall distuption continues
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http://www.bbc.co.uk/news/uk-18639865
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i{XﬁmSoil Moisture Deficit and Slope Failure
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SMD — Amount of water in mm which the soil  Landslips

surface will absorb before further » Associated with periods of low (often zero)

precipitation cannot be stored in the profile SMD

Data — SMD for clays around the London area + Frequently occur during the longer low SMD
periods

Taken from - Briggs, K.M., Smethurst, J.A., Powrie, W. and O’Brien, A.S. (2013a). Wet winter pore pressures in railway embankments.
Proceedings of the Institution of Civil Engineers: Geotechnical Engineering. 166(5):451-465.



ISMART A Asset deterioration
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Generalised deterioration model for transport earthworks

(adapted from Thurlby, 2013)
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iSMART - Summary
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-~ Unsaturated soil strength
ISMART hss

Deviatoric Stress, q [kPa]
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-~ Soil water retention curves (dry-wet)
ISMARTNSS
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Deterioration at the micro-scale: Scanning Electron B
Microscopy

1st Drying 2" Drying

E-SEM scan of medium plasticity
clay (BIONICS) at 5% and 22%
respectively

SEM imaging showing the development of micro-cracking during repeated cycles of wetting and drying.

(from work led by Stirling
Newcastle University)
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SCALE 2 - NUMERICAL MODELLING
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Numerical Modelling

Developed a methodology to allow the influence of meterological parameters

and climate on a slope to be investigated

Two Phase Flow

Model makes use of coupling between SHETRAN and FLAC with
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(from work led
by Helm and
Rouainia,
Newcastle
University)




£ Modifications to the models

* Input parameters:
— Strength - progressive reduction with strain

— Stiffness - for small strains and variability
with effective stress

— Permeability - variability with depth
— Hydrological - derived from SWRC
* (literature, parametric study, lab and field data)

* Mesh dependency - to allow for deformations -

local vs non-local strain softening; consistency between
models

 Weather - to account to current and future
climate, regional and local conditions



=< Using the UKCP09 data
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(from work led by Smethurst & Woodman, Southampton UnlverS|ty)




ISMART es— ____Near surface permeability: Simulation results
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Pore water pressure at 1m depth — a comparison with piezometer data

(from work led by Briggs & Muddle, Bath University)




&2 Model Calibration & Validation

Developed a methodology to allow the influence of meterological parameters
and climate on a slope to be investigated

Model makes use of coupling between SHETRAN and FLAC with Two Phase Flow

Modelling approach calibrated using Newbury Cutting and Take and Bolton
Centrifuge tests
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imﬁm odel validation of seasonal ratcheting
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« Magnitude and nature of mid-slope and toe displacements are very good,;
« Crest displacements are slightly different;
» Progressive failure begins at toe — more important that this behaviour is correct!

Physical modelling results from Take & Bolton (2011)

(work led by Dixon & Postill, Loughborough University)




i&ﬁm Numerical models of seasonal ratcheting

Transient Factor of Safety
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« Demonstrates simplistic, transient factor of safety method for two scenarios;

« Again, shows significance of wet years on the performance of a slope compared to
gradual deterioration under continued seasonal cycles.

(from work led by Dixon & Postill, Loughborough University)
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iSMART - Scaling up
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s Upscaling approach

» Selected a route(s) (M4 & London-Bristol
rail line)

* Determined range of representative
geometry and geology

* Modelled with current and future climate
 Generated deterioration curves



& Deterioration Curve
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=~ Deterioration curve - with toe drain
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L .
|§/MMXT.__. Conclusions

 Weather-driven deterioration of soils
exists

« Climate change is likely to accelerate
deterioration

* Prototype modelling tools to assess
future deterioration of transport
earthworks have been produced
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