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|m Background and context

* The UK’s transport infrastructure is one of the
most heavily used in the world

« The UK rail network takes 50% more daily
traffic than the French network

 The M25 between junctions 15 and 14 carries
165000 vehicles per day

* London Underground is Europe’s largest metro
subway system but also its oldest

* Much of the rail network is over 100 years old
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THE PROBLEM.......
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AND AGAIN IN 2012.......

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
guardian.co.uk, Thursday 30 August 2012 11.11 BST T\’\'O fe'll‘ed dead in DOI’C:et l'lndS]ide
~dl'C ) S>CL I¢ 7

Man and woman leared ¢

ore than a week following a landslide caused by heavy rain

Steven Morns
guardan co.uk, Tuesaay 17 July 2012 16 03 BST

Thornhill, Dumfrieshire, 22.11.12
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Rall disrupton continues




ISVART A Asset deterioration
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Generalised deterioration model for transport earthworks (adapted from Thurlby,
2013).
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Available information - UKCPQ9

=
ISMARTISs

* Improved consideration and quantification of associated
uncertainties - ensemble of different models used to derive
probability distributions

« Improved spatial and temporal details

« Weather generator to down-scale information to provide projections
for local area
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LIMATE
PROJECTIONS
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& guidance > About the Weather Generator

¥ Home About the Weather Generator z"’t‘;r’::tye ;Iis: be

~ Reports & guidance
UKCPO9 product map

You are here:

v

} UKCPOS orodict S The Weather Generator report introduces users to the UKCPOS Weather Generator P Maps & key findings
> Al h:' < u’ = Y tool, which is available through the User Interface. » About the Climate Change
About the Briefing report Projections
c _ o N
} About the Observed Trends The Weather Generator provides time series of weather variables that quantify B A M
) About the Climate Change certain aspects of weather on a daily or hourly basis. These variables are Pro‘:ctu;'\sh -
Projections temperature, rainfall, humidity and sunshine amount. It allows users to generate - i
) About the Marine and plausible daily and hourly time series of these weather variables at 5 km resolution b About the Observed Trends
Coastal Projections level. As there is no dimate change data available at the 5km scale, the Weather

Weather Generator ‘downscales’ the climate data from the 25km scale.
Offsite Links

. The Weather Generator report introduces the Weather Generator and addresses how
b About Weather Generator . . X :
2.0 it can be used to assess changes in extremes. It also provides illustrative maps of » User Interface
changes in extremes across the UK.

P What to use it for
A copy of the Weather Generator report can be downloaded from the Rep.
P Benefits Guidance cacti
Guidance section.
P Assumptions
» What to be aware of What to use it for
P Weather Generator The weather generator report should be used to:

Technical notes

Tieshld oy v ol sl cimae mpac http://ukclimateprojections.metoffice.gov.uk

About the 11-member RCM + Explore certain extreme events

About the Spatially
Coherent Projections

v

vwv

+ Investigate the risks associated with exceeding 2 pre-determined dimate threshold

v

Publications and updates + Obtzin a typical daily climate sequence.



Y~ Using the UKCPQ9 data
Im

Calculate in terms of Soil
Moisture deficit (Water

Balance)

Choose representative locations
in the UK

&

Generate pdfs of (zero)
SMD

. Tl i o~ N T
Generate current and future weather
event sequences

2 2

Present

2020
foT 2050 All for the high emissions scenario
w2080

Select 3 years - average,
high, low

&

Reassemble years to generate scenarios containing extremes with
known return periods
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SCALE 2 - FIELD MONITORING
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im SCALE 2 - FIELD SITES
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Newbury road|
cutting

Great Central Railway
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Loughbrickland road
cutting

BIONICS model
embankment

Craigmore Railway Hawkwell Railway
cutting embankment




iS/MA\ RTINS Newbury site

* Modern highway cut slope in London Clay on the A34 near
Newbury

Instrumented
section of slope
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Effects of climate on pwps

hM.lemm_dlmumm

Climate observations from
site

{

Assign return periods to
climate from site

L

Use models to demonstrate
link between climate and
observations of soil water
content and pwps

{J

Say something about the
return period of observed
pore water pressures

Long-term climate
observations (42 years of

rainfall)

Assign return periods to
different events (e.g.
summer/winter rainfall)

OUTPUTS:
Conceptual model for slope
Inputs to numerical models

+  Water movement in
response to climate

 Extreme wet pwps and
return periods

* Magnitude of cycles of
pore water pressure

 Comparison with
synthetic data




Pore water pressures
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i~ Return periods for pore water pressures
ISMART IS

Pore water pressure (kPa)
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=~ Using the field data
Im

Generation of long-term datasets for:

« Understanding deterioration processes
« Validation of numerical models
Pore water pressure:

« The link between climate and changes in water content, pwps and slope
movements

« The return period for worst-case pore water pressures that might cause
failure

« The size of cycles of pore water pressure that may influence progressive
failure

Vegetation:
« Shallow vegetation cover only influences the top 1-2 m of the soil profile

« Vegetation is unable to generate a soil moisture deficit that is not almost
completely eroded in winter
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SCALE 2 - NUMERICAL MODELLING
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Newbury analysis
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Newbury - Comparison of models
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Coupled fluid-

mechanical

modelling

49.00

Simple Newbury cutting geometry

28 m
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/ Displacement monitoring point
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surface atmosphere
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modelling
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flow add on model used
for coupled fluid-
mechanical analysis




Preliminary
results

 Larger surface suctions
lead to larger shrink
swell cycles

« Causes accelerated
failure in future climate
scenario

» Failure occurs in wet
years in both present
and future scenarios

» Effective stress elevated
in crest in future scenario

» This change in effective
stress state alters failure

geometry
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Present Climate — Horizontal Effective

Horizontal Mid-slope Displacement and Surface Pore

Pressures
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Present Climate — Shear Strain at Failure
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imwminaw results -Rainfall Antecedence

Future Climate
eeeeeeeeeeeeeeee

= | ==

Trigger level for
modelled displacements
— 6 week antecedent
rainfall > 200 mm
causes coincident
spikes in PWP response
at depth (> 35 kPa)
significantly effected by
material permeability.
Difficult to identify the
significant parameters
and their trigger values
with “real” data



iZa—~._ Preliminary results - Stiffness
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Preliminary results - Permeability

T Ty
Future Climate Models ‘
) 'h
} <
e le7m/s QR
LA / 1e-9 m/s w
nvye Qe’ ¢
—— 1le-8 m/s
. . ) -
Present Climate Models ' :
""""""""""""""""" E<— ———— 1e-8m/s [}
; :
0.25 —————— e Tl
f’"v\f"" e le7 m/s
1 .
0.20 MRSy I8
]
]
1 d
0.15 Ehlvv ] P‘}M}’.'V‘JFMW M
N XN SO
I R 8 ks
] XTI PRI Dolg
».-m-.:www}?mvifwwvwvwwwwvw“mw“WMM,,,MMMM,,,,M,,WMM <« le-9m/s
‘ ------- le-7m/s  ====- 1e-8 m/s 1e-9 m/s
| | | ]
0 10 20 30 40 50 60 70 80 90 100

Time

(Years)

0.35

0.30

F 0.25

0.20

0.15

-+ 0.10

- 0.05

0.00

Horizontal Displacement (m)



/

iSMART— Use of the modelling data

— Understanding the factors that influence slope deterioration
both now and in the future

— Understanding the sensitivity to input parameters:

« Pwps influenced by hydraulic conductivity SWRC and vegetation
parameters

« Slope movement influenced by soil stiffness and strain softening

— Understanding the weather event sequences that influence
failure - use to help design how we use the UKCP09 data

— Making the link between Scale 2 and Scale 3 so that the results
can be used to draw conclusions at network scale



ISMART has iSMART - SUMMARY

Scale 2 Scale 3

UKMO HIRHAM E HIRHAM H

Rainfall (mm)

£180- 110
©]110-140




. /\gExample of SWRC
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x Example of hydraulic conductivity
IS(\/ﬁARTX

\ Measurement of permeability/hydraulic conductivity/
' infiltration in the field is highly dependent upon antecedent
conditions.

By the very nature of the constant head supply, no account of
unsaturated/relative permeability may be quantified using
current techniques despite this being the most common state
at the near-surface, vadose zone.

Hydraulic conductivity (ms)
1.E+00 1.E-02 1.E-04 1.E-06 1.E-08 1.E-10

0.0 :
0.2 - oo _ ® o o
o0 o
04 - . o oo T °
] —_ o @® e
Guelph Permeameter - constant head measurement in €06 1 o o o oo
the field (after Soilmoisture Equipment Corp. 2008) -
=
20.8 -

. : 1.0 - . ee e
Approximately 5-orders of magnitude o .
scatter in values approaching the near- '
surface in contrast to a more 1.4 7 e

consistent, lower conductivity at 1.6
depths in excess of 1m.



gz Example of Micro-structural changes
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E-SEM scan of medium plasticity clay
(BIONICS) at 22% and 5%
respectively

Hollin Hill
compacted at P, 1st
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ig/\‘ﬁ‘m iSMART - Upscaling

Scale 1 Scale 2
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iS/ﬁLARTX Network up-scaling

— A key aim is to incorporate results from Scales 1 and
2 into a whole-network model

— To advance systems-scale understanding of future
network responses and vulnerabilities

— hence to develop slope risk/vulnerability maps for
UK transport networks for both now and the future

— Provide network operators with data and methods
that inform asset design, management, maintenance
and investment strategies



ig/\‘,\%m Some first steps

Numerical modelling

4

critical combinations of geology,
asset condition, geometry,
vegetation

4D Vulnerability map
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Deterioration curves
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T ART Conclusions and future work

* Methodology for integration with climate
projections

* Methodology for scale-up
» Data from several sites

» Strong UK researcher and stakeholder
network

e Basis for international collaborations?



A LONG-TERM VISION........

ISMART Ias
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For further information visit: http://www.ismartproject.org/

Contact: Stephanie.Glendinning@newcastle.ac.uk
Tom Dijkstra - tomdij@bgs.ac.uk




