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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 



THE PROBLEM……. 



AND AGAIN IN 2012……. 

Thornhill, Dumfrieshire, 22.11.12 



Asset deterioration 

Generalised deterioration model for transport earthworks (adapted from Thurlby, 
2013). 



Asset deterioration 

Generalised deterioration model for transport earthworks (adapted from Thurlby, 
2013). 
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•  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 

Available information - UKCP09 

http://ukclimateprojections.metoffice.gov.uk 



Using the UKCP09 data 

Choose representative locations 
in the UK 
 

Generate current and future weather 
event sequences 
 

Present 
2020 
2050 All for the high emissions scenario 
2080 
 

Calculate in terms of Soil 
Moisture deficit (Water 
Balance) 
 

Generate pdfs of (zero) 
SMD 
 
 
 
Select 3 years – average, 
high, low 
 

Reassemble years to generate scenarios containing extremes with 
known return periods 
 



SCALE 2 – FIELD MONITORING 
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SCALE 2 - FIELD SITES 

Newbury road 
cutting 

BIONICS model  
embankment 

Great Central Railway  
embankment 

Hawkwell Railway  
embankment 

Loughbrickland road  
cutting 

Craigmore Railway 
cutting 



Newbury site 

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

Instrumentation installed in four groups 

Curb of 
road 

A 

B 

C 

D 

Weathered 
clay 

London Clay 

Instrumented 
section of slope 



Effects of climate on pwps 

Climate observations from 
site 
 

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

Assign return periods to 
climate from site 
 

Long-term climate 
observations (42 years of 
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 
 
 

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

Say something about the 
return period of observed 
pore water pressures 
 



Slide title Pore water pressures 
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Slide title Pore water pressures 

January 
2003 

October 
2003 



Slide title Return periods for pore water pressures 
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Dry summer
Minimum pore water 
pressures will exceed 

(be less negative than) this
~7 in 8 years

Average summer
Minimum pore water 
pressures will exceed 

(be less negative than) this
~1 in 2 years

Wet summer
Minimum pore water 
pressures will exceed

(be less negative than) this
~1 in 10 years

Wet winter
Maximum pore water 
pressures will exceed 

(be more positive than) this
~1 in 8 years

Dry winter
Maximum pore water 
pressures will exceed 

(be more positive than) this
~9 in 10 years



Slide title Using the field data 

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 

 

 



SCALE 2 – NUMERICAL MODELLING 
Scale 1 Scale 2 Scale 3 
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Newbury analysis (Seep/W set-up) 

Ksat (vertical) from borehole bailout tests 

(m/s) 

Surface	  layer	   4.3×10-8 

W London clay 4.3×10-8 

G London clay 
3.7×10-9	  

Cross-sectional details (Smethurst et.al. 2006) and geometry for Newbury cutting 

SWCC (Croney, 1977)  and soil permeability (Smethurst et.al. 2006)  



Newbury – Comparison of models 

Measured and predicted pwp 
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SHETRAN Mesh 

Coupled fluid-
mechanical 
modelling 

FLAC with two phase 
flow add on model used 
for coupled fluid-
mechanical analysis 

Simple Newbury cutting geometry 

SHETRAN used for soil-
surface atmosphere 
interaction hydrological 
modelling 



•  soil water retention curve and the hydraulic conductivity function for the soil were 
derived from the SWRC published by Croney (1977) for London Clay 

Preliminary 
results 

Horizontal Mid-slope Displacement and Surface Pore 
Pressures  

Present Climate – Horizontal Effective 
Stress 

 
Future Climate – Horizontal Effective 

Stress 
 

Present Climate – Shear Strain at Failure 

 

Future Climate – Shear Strain at 
Failure 

 

•  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 



Preliminary results -Rainfall Antecedence 

•  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 



Preliminary results - Stiffness 

The elastic modulus (E) is related to mean 
effective stress (p’) as follows (Potts et al.,1997): 
𝐸= 𝐸↓0 (𝑝↑′ +100/100 ) 

Potts, D.M., Kovacevic, K. and Vaughan, P.R. (1997). Delayed collapse of cut slopes in stiff clay. Géotechnique. 47(5):953-982. 



Preliminary results - Permeability 



 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 
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Example of SWRC 



Slide title Example of hydraulic conductivity 

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.  
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Hydraulic conductivity (ms-1) 

Guelph Permeameter – constant head measurement in 
the field (after Soilmoisture Equipment Corp. 2008) 

Approximately 5-orders of magnitude 
scatter in values approaching the near-
surface in contrast to a more 
consistent, lower conductivity at 
depths in excess of 1m. 



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

Example of Micro-structural changes 

Hollin Hill 
compacted at Pl: 1st 

Drying 
2nd 

Drying 
3rd 

Drying  
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iSMART - Upscaling 
Scale 1 Scale 2 Scale 3 

0	  

20	  

40	  

60	  

80	  

100	  

1	   10	   100	   1000	   10000	   100000	  
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Design 

Tactical Decision Support 

Strategic Decision Support 



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 

 



Some first steps 

tm 

t

tm 

t

critical combinations of geology, 
asset condition, geometry, 
vegetation 

Numerical modelling 4D Vulnerability map 

Deterioration curves 



Conclusions and future work 

•  Methodology for integration with climate 
projections 

•  Methodology for scale-up 
•  Data from several sites 
•  Strong UK researcher and stakeholder 

network 
•  Basis for international collaborations? 



A LONG-TERM VISION…….. 



        

	  	  
For further information visit: http://www.ismartproject.org/ 
 
Contact:  Stephanie.Glendinning@newcastle.ac.uk 

  Tom Dijkstra – tomdij@bgs.ac.uk 
	  

	   	  	  


