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1 Executive Summary 

This report relates to the work performed primarily in Task 4.1 of the GoSAFE RAIL project. 

The primary goal was to examine the application of the safety framework developed in the 

project and implemented within a decision support tool on a section of the TEN-T network in 

Ireland. The report describes the application of the framework on two of the main assets, also 

considered as critical infrastructure on the network, which are a major railway bridge, the 

Boyne Viaduct and railway embankments along the network.  

 

The Boyne viaduct has an embedded monitoring system which is used within the risk 

assessment model. Additionally a demonstration of the use of an unmanned aerial survey, 

UAS for the bridge condition assessment has been performed on Boyne bridge. The bridge 

was inspected and modelled with the aim to demonstrate how future inspection could be 

done and used for better maintenance decision making. 

 

In the second case study the application of multi-objective decision making tool for the 

maintenance planning of number of slopes along the network has been developed. For the 

slopes outputs from a reliability based model for landslide susceptibility developed for Irish 

rail was used as input into the decision making model. Because of the very steep slopes 

evident over the network and the age of the assets being in excess of 150 years, slope failures 

are not uncommon, particularly during periods of heavy rainfall. As a result permanent speed 

restrictions are imposed on a number of lines which cause significant losses for the railway 

owner. The present study aims to support the decision making process by providing guidance 

on where to invest the money on the railway network considering multiple, often conflicting 

objectives. 
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2 Abbreviations and acronyms  

 

Abbreviation / Acronyms Description 

GSKPI Global Safety Key Performance Indicator 

IM Infrastructure manager 

KPI Key Performance Indicator 

PI Performance Indicator 

RU Railway undertaking 

SHM Structural Health Monitoring 

UAS Unmanned Aerial System 
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3 Objective 

This document has been prepared to describe part of the work conducted in Task 4.1 of the 

project as a guideline to facilitate implementation of the safety framework and decision 

support approaches adopted. The document D 4.5 contributes directly to a number of the 

Shift2Rail technical demonstrators for Innovation Programme (IP3), namely;   

 

(i) TD 3.6 Dynamic Railway Information Management System (DRIMS) where we 

develop and demonstrate innovative systems for the management, processing 

and analysis of railway data.  

(ii) TD 3.7 Railway Integrated Measuring and Monitoring System (RIMMS) as we 

provide innovative tools and techniques for capturing information on the current 

status of assets, in a non-intrusive and fully integrated manner. 

(iii) TD 3.8 Intelligent Asset Management Strategies (IAMS) where the decision support 

system provides a whole-system approach of asset management employing 

collected and processed data provided by TD3.6 and TD3.7. 

4 Introduction 

Railway infrastructure including tracks, structures and earthworks are considered in the 

GoSAFE RAIL project. In Ireland this infrastructure is state-owned and managed by Iarnród 

Éireann (IÉ) or Irish Rail. The responsibility of IÉ includes construction of new infrastructure 

and maintenance of all elements of the rail system in the Republic of Ireland (Irish Rail 2018). 

The network includes approximately 2,400 km of operational track, 4,440 bridges and more 

than 3,300 earthworks (cuttings and embankments > 3m in height) and 13 tunnels, See Figure 

1. 
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Figure 1 Irish Rail Network 

 

The network is one of the oldest in the world and as with many rail networks, has suffered 

from a historic lack of investment. In common with many similar networks the resilience of 

some infrastructure assets is relatively low and in an era of increased traffic and considering 

the damaging effects of climate change, Irish Rail have been at the vanguard of developing 

risk management strategies for its infrastructure assets, including earthworks, bridges and 

level crossings. In this deliverable we consider the performance of two main civil engineering 

infrastructure assets, also considered as critical infrastructure on the network, bridges and 

earthworks.  

  

Boyne Viaduct 





 

GA 730817                                                            Page 10 | 52 

5. Risk Ranking – selection of optimum scenario. 

 

The five maintenance scenarios above will be evaluated for a 33-year assessment period. This 

period is selected as it represents 120 years of life for the Boyne viaduct. An outline of the 

methodology is illustrated in Figure 3.  

 

Figure 3 Risk Assessment and Scenario Ranking Methodology  
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5.2 Do Minimum, DM scenario 

For this work, the DM scenario will be defined as the routine maintenance which has been 

carried out throughout the design life of the Boyne Viaduct. As informed by the bridge owner, 

the routine maintenance consists of painting every 40 years, with a paint life of 5 years. This 

means that every 40 years corrosion progression is stopped for a duration of five years, after 

which corrosion is resumed for 35 years. The corrosion age is reset to zero after each cycle of 

painting. This is due to renewal of the protective passive layer on the structural steel.   

 Multi-Component Failure Probability of the Boyne Viaduct 

The multi-component failure probability was calculated over time due to this scenario, up to 

the current age (87 years) plus the 33-year assessment period. The profile of failure 

probability over time is illustrated in Figure 4. The “do nothing” scenario is also shown for 

illustrative purposes, but will not be considered in the risk assessment, as maintenance has 

been carried out throughout the lifetime of the structure. The current age is shown by the 

dashed vertical line, and the failure probability pertaining to a reliability index of 3.7 is 

illustrated by a horizontal dotted line. This is shown to demonstrate the level of failure 

probability which would be considered unacceptable for existing structures in accordance 

with JCSS (2000). The procedure for calculating the profile of failure probability, illustrated in 

Figure 4, has been provided in GoSAFE Rail D1.6. 

 

Figure 4: Increase in Failure Probability over time due to deterioration. 
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 TMtot – total duration of traffic management option (day) 

The delay for calculating indirect costs are quantified by the Micro Simulation model 
described in GoSAFE Rail Deliverable 2.1. (Schöbel, 2018). In the event of ULS failure, it is 
envisaged that trains will stop running on the bridge entirely during reconstruction. It is 
envisaged that mobilisation and reconstruction will take one year to complete. As this is the 
only line running from Belfast to Dublin, it is envisaged that a temporary bus service would 
be provided between Dundalk and Drogheda station, for each scheduled train passage. This 
would result in a significant reduction in the number of trains being run daily.  

The total indirect consequences due to failure are calculated to be equal to €100,000,000. 
90% of these costs are considered to be incurred within the first year of failure, with the 
remainder attributed to loss of future business. 

 Risk Profile 

The risk for the DM scenario is calculated as the sum of the consequences times the failure 
probability over time and is illustrated in Figure 8 from the current year to the end of the 33-
year assessment period. 

 

Figure 8: Increase in Failure Probability over time due to deterioration. 

The value of the bridge at the end of the assessment period must be quantified. It is envisaged 
that the end of the structure’s life will be at the next maintenance date (i.e. 2053 = 120 years 
of life). The value of the bridge is quantified as the total amount of passenger-trips over the 
bridge throughout the next 33 years. Additions are also made for the end-of-life value 
scrappage value. A total value of €200,000,000 was specified by the IM. In order to quantify 










































































