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Milestone 2.1: Interaction between WP1 & WP2 (Task 2.5) to 
identify optimum sensor locations for infrastructure (M10)

Milestone 2.2: Instrumentation of Boyne Viaduct (M15)

Milestone 2.3: Reliability based assessment framework for 
earthworks (M12)

Milestone 2.4: Selection of case study for train track 
modelling (M6)

Introduction: 
WP2 Milestones
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Deliverable 2.1: Guideline for Probability Based Multi 
Criteria Performance Optimisation of Railway 
infrastructure ( M24)

Deliverable 2.2: Report on Assessment of Bridges(M30)

Deliverable 2.3: Report on Assessment of Earthworks 
(M28)

Deliverable 2.4: Report on Assessment of Tracks (M30)

Introduction: 
WP2 Deliverables
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Deliverable 2.1: Probabilistic Basis for 
Multi Criteria Performance 
Optimisation of Railway infrastructure
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Deliverable 2.1 : Developments

ÅBayesian Updating
ÅReliability-based Fatigue
ÅProbabilistic Deterioration
ÅSystem Reliability
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ÅConvolution / maxima distributions Parameters
ÅDynamics ɀreferences to deliverable 2.2 (M30)
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ɆProbabilistic 
Assessment

ɆModel Calibration

ɆDynamic Allowance

ɆFatigue Analysis

ɆDeterioration

ɆSystem Analysis

Deliverable 2.2: 
Assessment of Bridges

ɆApplication of Empirical Mode Decomposition & discrete 
fast Fourier spectral analysis for damage detection

ɆSoil-Structure Interaction with cyclic loading
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ɆApply Reliability Theory and Probabilistic approaches to 
slope stability for railways.

ɆAccount for different failure mechanisms and climatic 
effects

ɆUse monitoring data from WP1 to develop appropriate 
statistical distributions and employ said distributions in 
analyses.

ɆDevelop fragility curves to describe vulnerability of 
earthworks to rainfall events

Deliverable 2.3:
Assessment of Earthworks
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ÅInvestigation of the difference between loaded and 
unloaded longitudinal level and relation to track 
supporting layer stiffness variation, (GPR measurement). 

ÅNumerical method to identify track stiffness variation in 
long section based on the measurement result from strain 
gauge and other measurement methods. 

ÅSynchronization of the measurement result from track 
recording car to rail seat. 

Deliverable 2.4:
Assessment of Tracks
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DESTination RAIL
Reliability Assessment Models 
for Structures

26 th April 2018
Lorcan Connolly, ROD-IS
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Reliability Analysis
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ɆAssessment to BD21/01

ɆType RU live loading

ɆNo assessment of joints

ɆNo assessment of deck plate

Member Effect Usage

Cross beam Y 21%

Rail bearer Y -6%

Rail bearer S 18%

Bottom chord Y 56%

Top chord CB 19%

Truss diagonal Y 3%

Truss Vertical CB 13%

Boyne Viaduct Instrumentation ɀ
Deterministic Assessment
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ωConsider inputs to assessment as random variables
ωPerform assessment 1E6 times, randomly selecting from 

distributions to calculate final load/resistance distribution

Reliability Assessment
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Reliability index

Consider alternative form of 
performance function g(x):

If limit state failure

The b-index represents the mean of the performance 
function, divided by the number of standard deviations 
between the mean and origin.
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ɆStochastic distributions (DRD guidelines)

ɆSimulation & FORM analysis in MATLAB

Åb-value of 4.3 calculated for yielding 
critical rail bearer

Variable Distribution ʈ CoV

Yield Strength LogN 297 MPa 0.11
MU. Yield Strength LogN 1.0 0.10
Dead Load Stress Norm 17.1 MPa 0.05
MU. Dead Load Stress Norm 1.0 0.05
SDL Stress Norm 13 MPa 0.10
MU. SDL stress Norm 1.0 0.05
Fraction of RU loading Gumb 0.66 0.20
MU. Live Load Norm 1.0 0.15
ʀ )ÎÃÒÅÍÅÎÔ Norm 0.14 1.00

Conservatism

ɆLive Load

ɆUncertainty

ɆYield strength

ɆDynamics
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Boyne Viaduct Instrumentation ɀ
Reliability Assessment
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ISO 2394: 2015 - General principles on reliability for structures

Consequences of failure

Very low Low Medium High

2.3 3.1 3.8 4.3

Cost of safety 

measures

Consequences of failure

Minor Moderate Large

Large 3.1 3.3 3.7

Normal 3.7 4.2 4.4

Small 4.2 4.4 4.7

JCSS, (2001), Probabilistic Assessment of Existing Structures

Boyne Viaduct Instrumentation ɀ
Reliability Assessment
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Task 2.1: Reliability Analysis
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ɆCritical section of rail bearers (centre 
span) instrumented with rosettes.

ɆCorrosion on one side Ą instrument 
both sides

ɆCritical cross beam instrumented for 
model calibration & fatigue analysis

ɆRosettes Ą principal stress calc

Boyne Viaduct Instrumentation ɀ
Strain Measurement
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ɆIdentification of mode shapes and 
frequencies from FE model

ɆMobile measurement used to specify 
sensors.

ɆTriaxial accelerometers used.

Boyne Viaduct Instrumentation ɀ
Acceleration Measurement
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Boyne Viaduct Instrumentation 
- Data Summary

ɆFinal sensor installed on 10/11/2015.

ɆData from 22/10/2015 ɀ18/01/2016.

Ɇ35 days of data measurement

Ɇ843 events with 726 train events

Ɇσπ ÆÕÌÌ ÄÁÙÓ ɉІ ψ ÅÖÅÎÔÓɊ ×ÉÔÈ ÕÐ ÔÏ σχ ÔÒÁÉÎÓ ÐÅÒ ÄÁÙȢ

ɆData provided in .csvand .mat format

ɆCurrent monitoring
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Data usage - Dynamic Analysis

Removal of dynamics ςlow-pass filtering

DAF = 1.02 DAF = 1.07
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Data usage - Dynamic Analysis

Calculation of ADR  &  Ů- distribution
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DAFs

Normal Fit

Lognormal Fit

ADR = 1.01 Ůïlognormal (0.12, 0.03)

Ůïdistribution not indicative of load!
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Data usage - Dynamic Analysis

Stress Varying Ů- distribution

ADR = 1.01 Ůïlognormal (0.12, 0.03)


