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Introduction
• Growth in High Speed & Light Rail infrastructure
• Requirement for:

– Accurate modelling of track-structure interaction
– Prediction of stresses in rails and behaviour of the track-structure system under 

the action of thermal and trainset loading
– Consideration of multiple trainset configurations to take account of both braking 

and accelerating trainsets

• Hand calculation methods are available but computer analysis methods:
– Speed up the investigation / prediction process
– Allow optimisation of the design
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LUSAS Tools

• LUSAS Rail Track Analysis provides:
– Analysis to the UIC 774-3 Code of Practice
– Automatic model building from MS Excel spreadsheets
– Multiple analyses of multiple trainsets
– Results in spreadsheet or LUSAS formats

• This saves time
– Is less error prone
– Allows for multiple analysis and optimisation of design
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UIC774-3 Code of Practice

• Requires analysis / assessment of track-structure interaction 
effects including:

– Longitudinal reactions at supports
– Rail stresses induced by temperature and train loading effects
– Absolute and relative displacements of the rails and deck (for ballasted 

or ballastless track)
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Analysis Required to Satisfy UIC774-3
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• Nonlinear analysis is needed to 
investigate:

– Thermal loading on the bridge 
deck

– Thermal loading on the rail if any 
rail expansion devices are fitted

– Vertical loads associated with the 
trainsets

– Longitudinal braking and/or 
acceleration loads associated 
with the trainsets



Track and Bridge Interaction 
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Modelling to UIC774-3

• No requirement in UIC774-3 to consider a detailed model of 
the substructure for standard bridges

– Instead substructure can be modelled using constraints and/or spring 
supports

• LUSAS Rail Track Analysis 
– Can model according to UIC774-3
– But also allows explicit modelling of bearing-pier/abutment-

foundation systems where each component is defined
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LUSAS Rail Track Analysis

• Builds LUSAS models automatically
– from MS Excel spreadsheet data

• Has batch capabilities to allow for multiple structures and 
multiple load configurations

• Automatically updates the material properties associated with 
the track/structure interface based upon the position of the 
train or trains

• Produces rail and structure results that can be written to MS 
Excel for presentation / additional processing 
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Rail Track Analysis: Method

Results and automated graphing 
in Microsoft Excel

3. Finite element model is built automatically

1. Model ‘trainset’ data is 
defined in Microsoft Excel 
spreadsheet

2. Rail Track Analysis option selected and 
modelling options specified

4. Trainset loading is specified

5. Results options
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Rail Track Analysis Spreadsheet
• Consists of separate worksheets to 

define:
– Number of decks, tracks and 

embankment lengths
– Structure Definition
– Geometric Properties
– Material Properties
– Interaction and Expansion

 Joint Properties
– Loading
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Worksheet 1 : General details
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Worksheet 2 : Structure definition
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Worksheet 3 : Geometric Properties

Nodal Line Of Track/Rail

Neutral Axis Of Section

Location Of Support Conditions

Depth Of Section

Eccentricity Between Rail/Slab
(+ve Sense)

Eccentricity Of Section
(+ve Sense)
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Worksheet 4 : Material Properties 
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Worksheet 5 : Interaction / Expansion Joints 
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Worksheet 6 : Thermal + Train Loading
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Model Builder Dialog

• Allows:
– Thermal only analyses
– Combined thermal and trainset 

loading analyses with a constant 
trainset configuration but 
varying positions

– Batch processing of multiple 
analyses of the same or different 
structures
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Apply Rail Loads Dialog

• Allows:
– Application of rail loads to an 

existing thermal only model
– Consideration of different 

trainset configurations without 
the need to rebuild the 
structural model 

– Batch processing of multiple 
analyses of the same or 
different structures
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Post-Processer Dialog

• Provides:
– Automatic extraction & 

graphing of raw displacements 
and forces/moments results for 
the tracks & structure

– Envelopes of peak behaviour & 
graphs

– Summary tables of key 
quantities such as rail stresses, 
reactions and relative 
displacements of the 
track/structure & decks
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Excel Results

• Results spreadsheets contain worksheets of results for specific 
areas of interest:

– Track 1, 2
– Deck 1, 2, etc
– Envelope, Track 1, 2
– Envelope, Deck 1, 2 etc
– Railbed Check
– Longitudinal Reactions Check
– Rail Stresses Check
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Track results 
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Deck results
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Envelopes

• Max and min envelopes are calculated 
based upon raw track and deck data for:

– Temperature loading only
– Temperature and trainset rail loading
– An envelope of both the above envelopes

• Output as summary, graph and tabular 
data
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Other summary tables output

• Longitudinal relative displacements
– Of railbed 

(between rails and deck)
– Between ends of decks (horizontal loading)
– Between ends of decks 

(vertical loading)
• Vertical relative displacement

– Between ends of decks
• Longitudinal reactions
• Axial rail stress
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Results plots in LUSAS
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Results from Simplified Separate Analyses 

Sum of temperature and train effects = -100.32

Sum of temperature and train effects = -101.93
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Simplified or Complete analysis?

• UIC774-3 permits 2 analysis methods:
– ‘Simplified’ 

• Considers temperature, longitudinal and vertical train effects separately 
and lets them be combined to get a ‘total’ effect

– ‘Complete’
• Considers the temperature, and longitudinal and vertical train effects 

simultaneously

• More accuracy obtained from a ‘Complete’ simultaneous 
analysis (LUSAS method) 
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‘Simplified’ / ‘Complete’ Results Comparison

“When a combined thermal and train loading 
from a separate analysis gives interaction forces 
that exceed the stated yield resistance then the 
separate analysis method will potentially over 
predict the rail stresses unless the loaded track 
yield surface is reduced by the mobilised track 
resistance over the extent of the train loading.”
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Results from Complete Simultaneous Analysis 
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LUSAS Rail Track Analysis - Benefits

• Automated model building guarantees correctly-built models 
compared to manual model creation

• Automatically updates the material properties associated with the 
track/structure interface based upon the position of the passing train 
or trains

• Provides results in summary, tabular or graphical formats for all or 
selected parts of the model

• Provides a much faster assessment of thermal and / or train loading 
track interaction effects on multi-span structures to the UIC774-3 
Code of Practice than all other methods
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LUSAS RTA projects in South Korea

Unballasted track
• All bridges on Gyeongbu High Speed 

Railway – 2nd phase (between Daegu and 
Busan).

• Some bridges on the Honam HSR
• All bridges on Daegu city rail metro - 

currently under construction
Ballasted track
• All bridges on Jeonla railway between 

Shingpung-Yeocheon 
• All bridges on Suin railway between 

Suwon and Incheon.
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Gyeongbu High Speed Railway
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Honam HSR : Manyeong Crossing
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Honam HSR : Manyeong Crossing
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DART Light Rail System

• Dallas Area Rapid Transit
– 5 mile / 8 km Blue Line extension
– 7 new structures required
– One 28 span and one 11 span bridge assessed 

for thermal track-structure interaction effects
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Onkaparinga Valley Bridge

• Seaford Rail Extension, 
South Australia

– one of Australia’s longest rail 
bridges at 1.2km in length

– 35 piers supporting 33m long 
spans
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Dubai Metro light rail project

• Example of use of manually-created LUSAS 
models for track structure interaction

– Done before LUSAS Rail Track Analysis available. 
– Would be greatly simplified now.
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Dubai Metro - Red and Green Lines
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Dynamics Analysis
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Rail Track Analysis – In Summary

• Speeds up the investigation / prediction process
• Allows quick optimisation of designs
• Automated model building guarantees correctly-built models 

compared to manual model creation
• Allows the analysis of multiple trainset configurations quickly
• Allows quick extraction and presentation of key results such as

– The change in axial stress in the rails
– The displacement behaviour of the combined track-structure system
– Support reactions
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In Summary
• Automated model building guarantees correctly-built models 

compared to manual model creation. 
• Automatically updates material properties associated with the 

track/structure interface. 
• Provides results in summary, tabular or graphical formats for all or 

selected parts of the track/bridge model. 
• Provides a faster assessment  of track interaction effects for multi-

span structures to the UIC774-3 Code of Practice than all other known 
methods. 

• Can be used to meet the requirements of Eurocode EN 1991-2:2003 
Eurocode 1: Actions on structures - Part 2: Traffic loads on bridges
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Current limitations of use

• Offsets are not modelled
• Curved bridges cannot be modelled
• Only 1 or 2 tracks can be considered
• Thermal loading for mixed steel and 

concrete bridges cannot be generated 
through the input spreadsheet

– But is possible by manually editing the built 
model data
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Engineering analysis and design software

Bridge
engineering

Civil and Structural 
engineering

Composites
engineering

Specialist 
Applications

General mechanical 
engineering

Teaching and 
Research

Find out more at 
www.lusas.com


