
    

 
 

 

              Proceedings of the 3rd International Railway Symposium Aachen 2021         314



              Proceedings of the 3rd International Railway Symposium Aachen 2021         315



Improving the capability of the asset base to be more weather resilient 
Prolonged periods of wet weather that increase … the likelihood of asset failure
Management of the infrastructure during short duration adverse/extreme weather 
events that can lead to rapid washout failures in granular slopes
Rapid failures that develop and occur within a matter of minutes to hours
Increased embankment traffic loading and tonnage growth
Seasonal shrink-swell (desiccation) of embankments causing serviceability issues 
to track geometry
Peat wastage of sub-surface soils that result in subsidence
Natural … slopes beyond [Network Rail] infrastructure where potential hazards 
may exist
Using available data to identify and fix the root cause rather than treating the 
symptom in the embankment, formation, drainage and track components of the 
rail system
Effects of vegetation on soil and rock slopes
Impacts of climate change
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Planned Renewal,

Actively Failing Asset

Catastrophic failure

Network Rail should maintain a strong focus on trialling newly available 
condition monitoring and slope stabilisation technologies, working with 
academic and other researchers and with other railway administrations,
to improve its ability to identify and anticipate slopes that will fail and 
target remedial work as efficiently as possible. Network Rail should 
continue to commission academic research into possible slope 
stabilisation techniques.

Minimal disruption to train services
More value from data
Accelerated research, development and technology deployment
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Prioritise sites with highest safety risk (informed by the ESRM)
Optimise the number of assets improved in condition for a given level of funding
Adopt a lowest whole life cost approach balancing operational and capital 
investment
Adopt a proactive approach to intervene prior to reduction in level of service

1. Deterioration Processes

2. Asset Performance

Forecasting and Decision Support

1. Performance and Deterioration (PaD)
2. Monitoring and Measurement (MaM)
3. Simulation and Modelling (SaM)

Design and Decisions (DaD)
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SaM 4.1:
Advanced statistical emulator 

forecasting LLA deterioration rates, 
locations and volumes

SaM 4.2:
Quantify WLCs at Asset Scale

Intervention 
Unit Costs

SaM 4.3, 4.4:
Quantify WLCs at Network Scale

DaD 2:
Develop WLC model for 

London – Bristol corridor

DaD 3:
Extend WLC model to include end-
user and environmental impacts

DaD 5:
Extend model from cuttings to 

embankments and to roads and 
flood defences 

SaM 3:
Asset-scale earthworks 

performance curves

User and 
Environmental 

Costs

Decision Support Tool

Figure 1: Outline process flowchart
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Figure 2: Earthworks vulnerabilities along the London – Bristol railway line in terms of 
ultimate limit state Factor of Safety
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Figure 3: Estimated vulnerabilities and times to failure for a range of slope angle and 
height combinations
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Figure 4: Example earthworks Factor of Safety (FoS) deterioration curve
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Table 1: CTSs between London and Bristol
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Figure 5: Alternative drainage interventions and their effects on mid-slope horizontal 
displacement in a simple pore pressure equilibration model (no climate boundary 

conditions)
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Forecasting infrastructure resilience to climate change

Resilience of rail infrastructure .

Earthworks Technical Strategy
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