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INTRODUCTION - A BRIEF SUMMARY
oF MAINLINE AND HIGHLIGHTS

ABSTRACT

ROWTH IN DEMAND FOR RAIL TRANSPORTATION ACROSS EUROPE IS PREDICTED TO CONTINUE.

MUCH OF THIS GROWTH WILL HAVE TO BE ACCOMMODATED ON EXISTING LINES THAT CONTAIN OLD
INFRASTRUCTURE. THIS DEMAND WILL INCREASE BOTH THE RATE OF DETERIORATION OF THESE ELDERLY
ASSETS AND THE NEED FOR SHORTER LINE CLOSURES FOR MAINTENANCE OR RENEWAL INTERVENTIONS.
HOWEVER, INTERVENTIONS ON ELDERLY INFRASTRUCTURE WILL ALSO NEED TO TAKE ACCOUNT OF THE
NEED FOR LOWER ECONOMIC AND ENVIRONMENTAL IMPACTS. THIS MEANS THAT NEW INTERVENTIONS
WILL NEED TO BE INTRODUCED. IN ADDITION TOOLS WILL NEED TO BE DEVELOPED TO INFORM DECISION
MAKERS ABOUT THE ECONOMIC AND ENVIRONMENTAL CONSEQUENCES OF THE DIFFERENT INTERVENTION
OPTIONS BEING CONSIDERED.

OBJECTIVES

MAINLINE proposed to address all these issues through a series of correlated work packages to target savings of at least
€300m per year across Europe with a reduced environmental footprint in terms of embodied carbon, and other environmental
benefits. The overall objectives of MAINLINE were to:

Investigate new construction
methods for the replacement of
obsolete infrastructure

Investigate monitoring techniques
to complement or replace existing
examination techniques

Improve degradation and structural
models to develop more realistic life
cycle cost and safety models

Develop management tools to
—_ assess whole life environmental
__________ and economic impact

Apply new technologies to

extend the life of elderly Pias
infrastructure e

Project benefits have also been derived from keeping existing infrastructure safely in service through the application of
technologies and interventions based on life cycle considerations. Although MAINLINE has focused on certain asset types, the
management tools developed are also applicable across a broader asset base.

http://www.mainline-project.eu

MAINLINE Project results - September 2014 | 3



THE CONSORTIUM

THE CONSORTIUM CONSISTED OF NINETEEN PARTNERS, INCLUDING LEADING RAILWAY
INFRASTRUCTURE MANAGERS, CONTRACTORS, CONSULTANTS AND RESEARCHERS
FROM ACROSS EUROPE WITH A WIDE GEOGRAPHICAL REPRESENTATION, INCLUDING
BOTH EASTERN EUROPE AND THE EMERGING ECONOMIES. THESE PARTNERS HAVE
ALSO BROUGHT EXPERIENCE ON APPROACHES USED IN OTHER INDUSTRY SECTORS
WHICH HAVE RELEVANCE TO THE RAIL SECTOR.

Itis also a global project through the involvement of both the Turkish Railways and the International Union of Railways. Many
of our partners also have significant International rail experience outside the EU. MAINLINE has been co-ordinated by UIC with
management support from ARTTIC.

Below you can see the project structure. It also shows how the different Work Packages are linked together and coordinated.

WwWP1
Life extension
{LTU)

wpP2 WP 4
Degradation & Monitoring &
structural models examination
(Surrey) technigues {MAV)

Ficure 1.1 MAINLINE PROJECT STRUCTURE

HIGHLIGHTS

In the work package 2 dealing with asset degradation & intervention strategies,
methodologies for the derivation of deterioration and time profile for selected asset
types were developed as a function of operational and environmental parameters.
They were based on up-to-date research and the increasing availability of field data
from infrastructure managers. They were directly fed into the Life Cycle Assessment
Tool (LCAT), and offer the opportunity to study explicitly the implications of
alternative maintenance strategies based on predicted asset performance.

Work package 4 that deals with degradation monitoring has Case Studies in
deliverable D4.3 showing the application of appropriate monitoring and examination
techniques to monitor assets.

Work package 1, dealing with extending the life of assets, produced the deliverable
D1.4 “Guideline for application of new technologies to extend life of elderly rail
infrastructure”, and work package 3, addressing the replacement of assets, produced
the deliverable D3.4 “Guideline for Replacement of elderly rail infrastructure”. Both
guidelines give Infrastructure Managers advice on intervention strategies for life
extension and/or replacement of elderly infrastructure.

From work package 5 in charge of producing the MAINLINE Life Cycle Assessment
Tool (LCAT), the principal deliverable D5.7 “LCAT User Manual” is a manual how to
use the LCAT in real life situations.

EU-ProJECTS LINKED TO MAINLINE

The INNOTRACK project (2006-2010)
contributed the analysis of major track
cost drivers to reduce maintenance aﬁw om C'/f

Innovative Tract Systems

costs for sub-structure, track, S&C
including LCC and logistics aspects.

The Sustainable Bridges project
ﬂ_ (2003-2007) contributed knowledge
about bridge inspection, assessment,

j' lc//_\ monitoring, strengthening, and

measurement methods.

In MAINLINE an active co-operation

and a lot of fruitful exchanges of SMAHTHAIL
———

information with  SMARTRAIL (2011-
2014) have taken place.

4 | MAINLINE Project results - September 2014
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WHAT IS ASSET
MANAGEMENT?

Asset Management is defined in
1ISO55000 as:

“THE COORDINATED ACTIVITIES
OF AN ORGANISATION TO REALISE
VALUE FROM PHYSICAL ASSETS”

The whole idea behind asset
management is to have better control
over the asset in order to enhance
cost efficiency and robustness,
and today also, to do this in a more
environmentally friendly way.

WHAT I1s THE LCAT?

The Life Cycle Assessment Tool (LCAT)
can compare different maintenance/
replacement strategies for track and
infrastructure based on a life cycle
evaluation.

The evaluation quantifies:
» Direct economic costs;

» Availability (delay costs / user
cost);

» Environmental impact costs.

The LCAT:

» Uses Microsoft Excel as this is
familiar software;

» It is flexible to suit different users
across Europe;

» It can be adapted to suit different
working practices.

THE ROLE OF LIFE CYCLE
AssessMENT TooL (LCAT)
IN ASSET MANAGEMENT

WHY IS ASSET
MANAGEMENT
IMPORTANT?

In the future, less funding may be
available for railways and there is
always a demand from the society
to decrease costs and enhance
robustness. Hence Asset Management
will help Infrastructure Managers to:

» Prioritise and justify works so that
available resources are used and
spent more efficiently;

» Coordinate access/possession
time in a more optimised way and
also define levels of safety and
service.

FiGURE 2.1 COLLAPSE OF STEWARTON BRIDGE IN SCOTLAND
AND EARTHWORK CUTTING FAILURE. ® MAINLINE ConsoRrTIUM

How wiLL THE LCAT HELP ME?

Financial Savings:

» If a 5% reduction of the total life cost could be achieved through better decision
making by using the LCAT; for bridges alone, a benefit of 250M€ could be

realised across Europe.

Gives evidence / justification to decisions as the LCAT:

» Uses degradation data gathered from across Europe;

» Clearly displays trade-off between condition and financial costs;

» Shows environmental impact of a scheme.

How poes THE LCAT woRK?

HE LCAT USES THE OUTPUTS FROM THE OTHER
MAINLINE WORK PACKAGES AND DATA FROM
INFRASTRUCTURE MANAGERS

This is essential to validate:
» Degradation rates;
» Disruption costs;
» Techniques for life extension and monitoring;
» Methods for replacement;

» Environmental impact.

The LCAT will be described more in detail and with examples
in chapter 7. The input and how the different Work Packages
feed in to LCAT is described in the picture below. All these
Work Packages are also described in chapter 3, 4, 5 and 6.

FiGURE 2.4 LiFe CycLE
ASSESSMENT TooL -
OutpuTs.

® MAINLINE ConsoRrTium

Initial Conditicn

[ Intervention triggers

Intervention benefits

Intervention costs

Ficure 2.2 LiFe CycLE ASSESSMENT TooL - INPUTS.
® MAINLINE ConsoRrTium

=

FiGuRE 2.3 LiFE CyCLE ASSESSMENT
TooL - PROCESSING.
® MAINLINE ConsorTium

Financial Costs

Environmental Impact

Operational Impact

Condition Profile

The LCAT will be described more in detail and with examples
in chapter 7. The input and how the different Work Packages
feed in to LCAT is described in the picture below. All these
Work Packages are also described in chapter 3, 4, 5 and 6.

6 | MAINLINE Project results - September 2014
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ASSET DEGRADATION & INTERVENTION ACHIEVEMENTS

STRATEGIES

AT THE START OF THE MAINLINE PROJECT, THE AVAILABLE ASSET
MANAGEMENT TOOLS FOR TRANSPORT NETWORKS WERE LARGELY DEFICIENT
IN THE TREATMENT OF DETERIORATION AND HOW IT IMPACTS LIFE CvcLE CosT
AND ENVIRONMENTAL IMPACT ANALYSIS. IN PARTICULAR, AVAILABLE MODELS WERE
HAMPERED BY SIMPLIFYING ASSUMPTIONS MADE IN DETERIORATION MODELS, WHICH
HAD BEEN DEVELOPED FROM LIMITED LABORATORY (RATHER THAN FIELD) DATA
OR SIMPLY TRANSFERRED FROM ALLIED, YET DISTINCT, INDUSTRY SECTORS (E.G.
CORROSION MODELS FROM THE MARINE/OFFSHORE SECTOR). THIS WORK PACKAGE
WAS AIMED AT THE DEVELOPMENT AND VALIDATION OF DETERIORATION MODELS
WITHIN A RAILWAY ENVIRONMENT, IN ORDER TO INCREASE CONFIDENCE IN THEIR
PREDICTIONS, WHICH IN TURN WOULD IMPROVE THE CAPABILITY OF LCC ESTIMATES
FOR ALTERNATIVE MAINTENANCE OPTIONS.

BACKGROUND

THE MAJORITY OF EXISTING RAILWAY CIVIL ENGINEERING INFRASTRUCTURE WAS DESIGNED AND BUILT
LONG BEFORE THE MODERN CONCEPT OF “DESIGN LIFE” WAS DEVELOPED IN CONNECTION WITH
LIMIT STATE AND RELIABILITY BASED CODES; EARTHWORKS IN PARTICULAR ARE LARGELY REQUIRED
TO HAVE A VIRTUALLY INFINITE LIFE, AS REPLACEMENT WITHOUT MASSIVE DISRUPTION IS EXTREMELY
DIFFICULT, IF NOT IMPOSSIBLE.

The work first identified groups of railway assets, based on a ranking strategy that
considered the potential to increase knowledge within the project’s lifetime and the
availability of field data for validation purposes. Additional considerations included
the desire to cover asset types managed on the basis of their condition as well
as those managed on a capacity basis, and the opportunity to demonstrate the
development of deterioration models either from empirical data/observations or
from physical laws and mechanical relationships (see Deliverable D2.1). Thus, the
focus areas which were studied in detail were:

It is a tribute to 19th century engineers that a large proportion of this old infrastructure is still giving
satisfactory performance, despite sometimes unsympathetic maintenance interventions. However, as
the age of railway assets is advancing, critical performance milestones are being reached, especially
in the light of predicted increases in both freight and passenger traffic and worsening of environmental
exposure conditions due to climate change effects.

To identify and model important degradation
phenomena and processes for selected railway assets
for the purpose of LCC and LCA analysis.

» Soil Cuttings;

» Track (plain line);

OBJECTIVES
» Metallic bridges;
To quantify the influence of

intervention strategies on
degradation time profiles.

The objectives of work
package 2 were:

» Concrete tunnels.

For all four asset types, available deterioration models were analysed and
compared, and specific recommendations were made as to how they could be
adapted for use in a railway context. Moreover, a number of improvements and
insights were introduced in order to create complete and robust deterioration models
(see Deliverable D2.2) that are compatible with the Life Cycle Cost methodology
described in Chapter 7. Specific examples of typical railway assets from each of the
above four groups were presented in full, quantifying the influence of deterioration
on the basis of changes in performance over time (see Deliverable D2.3). For the
first two asset types, the adopted approach was based on the analysis of large
historical datasets pertaining to asset performance over a period of more than ten
years. On the other hand, for the last two asset types, analytical modelling was
preferred, partly based on test and field data but also relying to a considerable
extent on physical understanding of the underlying deterioration mechanisms and
structural behaviour. Finally, significant effort was directed towards scrutinising all
the proposed models through comparisons with real data and targeted sensitivity
analyses (see Deliverable D2.4).

To develop performance time
profiles for selected asset

types.

To validate the developed
. degradation and performance
~~. models through case studies.

FiGURE 3.1 GENERATION OF TRACK DETERIORATION PROFILES. ® MAINLINE CoNSORTIUM

8 | MAINLINE Project results - September 2014 MAINLINE Project results - September 2014 | 9
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\\ ‘ OPEN QUESTIONS

IN ORDER TO MOVE TO THE NEXT GENERATION OF DETERIORATION MODELS, AND
THE NEXT LEVEL OF CONFIDENCE IN THEIR PREDICTIONS, FURTHER RESEARCH WILL
BE NEEDED. THE MAINLINE PERFORMANCE-TIME METHODOLOGY WITH EXPLICIT

= ;ﬂ = a5 CONSIDERATION OF DETERIORATION MECHANISMS AND THE EFFECT OF SELECTED
INTERVENTION ACTIONS IS ONE OF THE FIRST ATTEMPTS TO MOVE FROM ‘FIXED LIFE’
ASSET MANAGEMENT ALGORITHMS TO A REFINED AND ADAPTIVE TOOL THAT ATTEMPTS
TO EVALUATE ASSET PERFORMANCE AS A FUNCTION OF TIME.
110 T T T .

There are open questions with respect to the following:

» How do these models perform across a very wide spectrum of countries,
climates and management strategies?

gi
@

Nomalised moment capacity (%)
8 8 B 8

» How can these models be improved to capture important deterioration
attributes related to micro-climates, construction detailing and workmanship?

» How can these models be linked to the increasing availability of field inspections
and, more recently, monitoring data?

Comosion » How can we combine the holistic understanding captured by field data with
Eﬁo 2‘;] li] ﬁ"} ﬂ'l'l 200 the analytical knowledge offered by scaling up laboratory experiments and
Time ) numerical simulations?

FIGURE 3.2 GENERATION OF METALLIC BRIDGE DETERIORATION PROFILES. ® MAINLINE CONSORTIUM

To summarise, the main achievements are as follows:

» A deterioration model for Soil Cuttings which considers a number of time-invariant (such as soil type) and time-variant
(such as vegetation and drainage) factors that predicts on the basis of historical trends captured through inspection cycles;

» A deterioration model for Track (Plain Line) that explicitly quantifies track quality as a function of time on the basis of initial
conditions and a deterioration rate estimated considering line-specific factors (such as sleeper types, transport loads and
track alignment);

» A deterioration model for metallic bridges susceptible to atmospheric pollution and corrosion, focusing first on the
degradation of any available coating and the ensuing evolution of corrosion as coating becomes ineffective; the change
of performance with time is captured under both condition criteria (such as percentage of unprotected area or fraction of
thickness lost) and strength criteria (such as bending, shear or buckling capacity);

» A deterioration model for tunnels with concrete linings subject to chemical attack on reinforcing steel by carbon dioxide or
by chloride ions, bearing in mind the specificities of tunnel geometry and availability of aggressive substances in a railway
environment.

10 | MAINLINE Project results - September 2014 http://www.mainline-project.eu MAINLINE Project results - September 2014 | 11



/ DEGRADATION MONITORING: GAPS &
OPPORTUNITIES

BACKGROUND

MONITORING AND EXAMINATION (M&E) TECHNIQUES ARE APPLIED TO ASSETS SO THAT TIMELY
ACTION CAN BE TAKEN FOR THESE ASSETS TO REMAIN FIT FOR SERVICE. M&E SYSTEMS THUS
FORM A CRUCIAL PART OF ASSET INTEGRITY MANAGEMENT. THEY ALSO PROVIDE VALUABLE SUPPORT IN
LIFE CYCLE MANAGEMENT DECISION MAKING BY ENABLING ASSET MANAGERS TO ASSESS THE REMAINING
LIFE OF THEIR ASSETS AND PLAN FOR LIFE EXTENSION OR DECOMMISSIONING.

M&E systems range from the very basic visual inspection by trained personnel to the remotely
operated real-time continuous monitoring systems employing electronics for sensing and wireless
communication. The M&E techniques used must be compatible with other parts of the asset
management system, particularly the degradation assessment models that necessarily require
appropriate inputs from such techniques. The issues that MAINLINE has sought to investigate
include state of the art M&E techniques and the interface between such techniques and degradation
assessments.

OBJECTIVES

To clarify what inputs the degradation
models require from advanced The main objectives of work
monitoring techniques and examination - package 4 were:

systems, investigate their use and
identify how these can operate in the
most cost-effective and reliable way

to complement or replace existing
examination techniques for elderly
infrastructure. Such monitoring and
examination systems, together with
the degradation models, are crucial for
the effective and efficient integrated

To provide case study/validation evidence
so as to promote take-up of the proposed
~~._ approaches by infrastructure managers.

whole life asset management system e
described in Chapter 7. - —

ACHIEVEMENTS

THE WORK PACKAGE INCLUDES: ASSESSMENT OF CURRENTLY USED AND PROMISING M&E TECHNIQUES, GIVEN THE
INFORMATION PROVIDED REGARDING THE DEGRADATION MODELS IN USE; IDENTIFICATION OF GAPS AND RECOMMENDATIONS
TO ADDRESS THE GAPS BETWEEN M&E AND DEGRADATION ASSESSMENT PROCEDURES; AND, REPORTS FROM CASE STuDY
APPLICATIONS.

Deliverable D4.1 provides an overview of currently available M&E techniques in relation to modelling degradation processes in
a selection of railway assets — Cuttings, Metallic Bridges, Tunnels, Plain line, and Retaining Walls. This Deliverable summarises
the pros and cons of each technique, draws on the suitability of these methods according to the degradation mechanism and
the railway asset they apply to, and identifies gaps and issues to be addressed in the next stage in this work package.

Track monitoring is normally undertaken using track recording cars and the outputs are presented in deliverables D3.3 and
D3.4.

Deliverable D4.2 is a report on the range of potential solutions to address the gaps identified in an efficient and cost-effective
way. A suitable geographical coverage across Europe was ensured through the involvement of experts from both Western
and Eastern European countries in the preparation of the document. A comparison of European methods has been carried
out to offer reliable conclusions in regard to solutions to compatibility gaps between monitoring and examination systems and
degradation models.

Deliverable D4.3 is a report on Case Studies showing the application of appropriate M&E techniques in the management of
assets.

RIDGE CASE STUDIES:

The Retszilas Bridge Case Study in Hungary
illustrates how monitoring can be used to follow fatigue
cracking and strengthening in a full scale test on a real
bridge.

FiGURE 4.1 RETSZILAS BRIDGE CASE STUDY, HUNGARY. ) ) )
® MAINLINE CoNSORTIUM The Aby Bridge Case Study in Sweden illustrates how a

photographic strain measurement system can be used.
Results from the measurements are compared against
traditional assessment of the remaining fatigue life of the
bridge and finite element modelling.

These Case Studies have used
information  from  the previous
deliverables. In particular regarding
fatigue in metallic bridges, optical
sensors, photographic strain monitoring
and full-scale testing are the proposed
solutions to enable the measurement
at points with maximum damage and
calibrate fatigue models to improve
their reliability.

ARTHWORKS CASE STUDY:

Another Case Study is the Sligo
Line Cutting in lIreland which is a
SMARTRAIL test site too. The cutting
is a live railway cutting on the Sligo line  FIGURE 4.2 Ay BRIDGE CASE STUDY. ® MAINLINE ConsorTiuM
in North West Ireland, owned by Irish
Rail. State-of-the-art M&E techniques
and assessment procedures are used
and results compare to the existing
approach. This Case Study gained from
the results from both MAINLINE and
SMARTRAIL projects.

12 | MAINLINE Project results - September 2014
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METHODS TO EXTEND
THE LIFE OF ASSETS

OPEN QUESTIONS BACKGROUND

Any future developments of non-destructive techniques need to be evaluated, and
any non-destructive evaluation (NDE) development projects need to take account

TODAY A GREAT PROPORTION OF EXISTING RAIL INFRASTRUCTURE IS OLD AND HAS PASSED ITS
of the requirements of degradation modelling and assessment calculations.

THEORETICAL LIFETIME. HOWEVER, REPLACEMENT IS SELDOM AN OPTION SO IT IS NECESSARY TO
SEEK TO EXTEND ITS USEFUL LIFE AS ECONOMICALLY AS POSSIBLE.

OBUJECTIVES

The main objective of work package 1 - dealing with life extension - is to apply new
technologies to extend the life of elderly infrastructure. This can be subdivided as follows:

To further develop new technologies
that can reduce life cycle costs for
repair and strengthening and minimize
the necessary traffic interruption

To develop a guideline for the
application of new technologies

To develop new and more accurate to extend the life length

assessment methods to determine
if and when the life can be extended
without any intervention (such as
e.g. strengthening)

To transfer existing knowledge
e of new technologies to Eastern
Toexplore and evaluate -7 AR Teeeo Europe and developing economies
new technologies to extend Pte B

the life length -

To deliver input regarding data to the
development of life cycle cost models and

other decision support systems. This includes
describing the cost and effect on the environment
of applied technologies

http://www.mainline-project.eu MAINLINE Project results - September 2014 | 15




SWEDEN, WAS STRENGTHENED BY POST-

ACHIEVEMENTS
In line with the objectives, the following results have been achieved:

New technologies to extend the life of rail infrastructure have been explored and developed. One example is strengthening
bridges by post-tensioning to increase their load-carrying capacity (see Figure 4.1), saving 75 to 85% of the cost of replacement,

. . . FiGURE 5.3 RESULTS FROM AN ADVANCED
which would have been the only feasible alternative.

ASSESSMENT OF THE ABY BRIDGE SHOWN IN
FIGURE 5.2. IT CAN BE SEEN THAT AN APPLIED
STATIC LOAD CORRESPONDING TO FOUR AXLES

oF 250 KN ONLY REPRESENTS A SMALL PART OF
THE CAPACITY OF THE BRIDGE.

FiGURE 5.1.1 A RAILWAY CONCRETE ® MAINLINE ConsoRTIUM

TROUGH BRIDGE IN HAPARANDA,

TENSION OF BARS PLACED IN HOLES
DRILLED TRANSVERSELY THROUGH THE
BRIDGE SLAB. THE ALLOWABLE AXLE
LOAD COULD BE INCREASED FROM 250
70 300 KN.

® MAINLINE ConsoRrtium

Ficure 5.1.2 CLOSER VIEW OF
THE WORKS UNDERTAKEN.
® MAINLINE ConsoRrTIUM

More accurate assessment methods have been developed to study if and when the life can be extended without the need for
physical interventions. One example is the study of the Aby River metal truss bridge in northern Sweden, (see Figures 5.2 —
5.4), where direct reliability, redundancy and robustness were studied. This has enabled a number of similar bridges to be kept
in service carrying higher axle loads.

Aguideline has been developed for the application of new technologies to extend the life length of existing rail infrastructure. The
guideline is based on three earlier deliverables and concentrates on assessment and strengthening, and will help infrastructure
managers to decide on the best methods of life extension.

Existing knowledge of new technologies has been transferred to Eastern Europe and developing economies. One example is
the workshop that took place in Budapest in May 2014.

Rautasjokk Kiruna -

FiGURE 5 2 - Four 50 YEAR OLD BRIDGES IN NORTHERN SWEDEN WERE ASSESSED AND STRENGTHENED TO INCREASE THEIR LOAD-CARRYING CAPACITY.
THE METAL TRUSS BRIDGES OVER THE RAUTASJOKK AND ABY RIVERS ARE TWINS BUILT ACCORDING TO THE SAME DRAWINGS. THE ABY BRIDGE WAS TESTED
TO FAILURE AND THE VERY POSITIVE RESULTS WERE USED TO UPDATE THE CAPACITY OF THE RAUTASJOKK BRIDGE. THE PRE-STRESSED CONCRETE BRIDGE
IN KIRUNA WAS TESTED TO FAILURE TO STUDY ITS DUCTILITY AND THE INFLUENCE OF CORROSION. THE HAPARANDA CONCRETE TROUGH BRIDGE WAS
STRENGTHENED BY POST-TENSIONING. ® MAINLINE CONSORTIUM

6 Total Vertical Load - Vertical Displacement curve
14X 10
T T T T T

« Max load, 12.08cm 12.2M

Yield point, 7.97cm, 8815kN

Total Vertical Load(N)

400kN Axle Load*4+ Gravity (2.14cm)
£ «——— 330kN Axle Load*4+ Gravity (1.85cm)
P ¢——— 250kN Axle Load*4+ Gravity (1.5cm)

*+——— Gravity (0.50cm)
Il Il Il Il

| |
0 0.05 0.1 0.15 0.2 0.25 03 0.35
h__ Vertical Displacement(m)

FIGURE 5 4 THE ABY BRIDGE AFTER FAILURE. IT WAS CAUSED BY BUCKLING OF THE TOP RIGHT
GIRDER. THE FAILURE WAS QUITE DUCTILE AND THE BRIDGE COULD CARRY A HIGH LOAD ALSO AFTER
THE MAXIMUM LOAD AS PREDICTED BY THE MODEL IN FIGURE 5-3. A PART oF THE FEM MODEL OF THE
FAILURE IS SHOWN IN THE INSERT. ® MAINLINE CoNsORTIUM

OPEN QUESTIONS
The following questions are open:

» How to apply life extension techniques to structures in the light of increased
demands caused by climate change?

» How to develop assessment methods that can be more easily used by
infrastructure managers?

» How to better understand the functioning of structures in order to be able to
strengthen them in a more effective and standardised way?

» How to use monitoring to secure a longer life length of structures that do not
pass initial assessment?

16
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BACKGROUND

¢ REPLACEMENT OF ASSETS

REPLACEMENT IS AN IMPORTANT PART WHEN INFRASTRUCTURE ASSETS HAVE REACHED THE END
OF THEIR SERVICE LIFE OR ARE FUNCTIONALLY OBSOLETE. |T SHOULD BE CARRIED OUT WITH
MINIMUM TRAFFIC DISRUPTION. TRAFFIC DISRUPTION CAN BE MINIMISED THROUGH THE CLUSTERING OF
DIFFERENT WORK ITEMS BETWEEN THE SAME CLOSURE POINTS TOGETHER, PROVIDED THAT THERE IS NO
LOGISTICAL CLASH BETWEEN WORK SITES. THIS CAN BE ACHIEVED THROUGH CAREFUL PREPLANNING.

Work has been focussed on bridge structures and track systems as these are the infrastructure assets

within the overall MAINLINE work plan that are most frequently replaced.

To investigate new construction
methods and logistics for transport that
minimize the time and cost required

for the replacement of obsolete
infrastructure. The focus here is on
cost effective and environmentally
sound methods that are easy to
implement with low impact on the rail L J—

traffic and a short down time of the - .

network.

To plan and optimise the construction
processes on existing lines where
replacement of existing infrastructure
is an alternative. Here the systematic
approach is extremely important and
should always be connected to Life
Cycle Cost Analysis (LCCA). The
results will help the infrastructure
manager to decide for the most
favourable measure from technical,
social, environmental or cost demands.

OBJECTIVES

The objectives of work package 3 were:

To deliver input regarding data to

the development of life cycle cost
models and other decision support
systems for infrastructure managers.
This includes taking into account
construction time and logistics, short-
and long-term impact on the network,
future maintenance issues but also
environmental aspects such as
emissions of greenhouse gases from
temporary transport services.

ACHIEVEMENTS

Planning

ASURVEY OF RAILWAY INFRASTRUCTURE MANAGERS ACROSS EUROPE SHOWED THAT, IN THOSE COUNTRIES WHERE THERE
S A REGIME FOR COMPENSATING TRAIN OPERATORS WHEN LINES ARE NOT AVAILABLE TO THEM, THE LONGER NOTICE OF
DISRUPTIVE ACTIVITIES THAT IS GIVEN THE LOWER THE COMPENSATION PAYMENT. IN SOME CASES, LEAD TIMES OF SEVERAL
YEARS ARE NECESSARY WHEN VERY LONG DISRUPTIVE POSSESSIONS ARE NEEDED, EVEN WHEN THESE ARE USUALLY ONLY
MADE AVAILABLE OVER THE EASTER AND CHRISTMAS HOLIDAY PERIODS. AS A RESULT, ADVICE HAS BEEN GIVEN ON HOW TO
UNDERTAKE LONG TERM PLANNING BY COMPARING THE STRATEGIES AND METHODS USED ACROSS EUROPE. THIS COULD LEAD TO
A REDUCTION OF UP TO 60% IN DISRUPTION COSTS.

Since not all countries have established regimes for charging disruption costs, a number of regimes were studied and a
simplified method devised to assist those countries without a method. This will allow such countries to populate the relevant
parts of the LCAT models with consistent data.

The survey also showed that the clustering of maintenance and renewal activities within disruptive possessions would lead
to cost savings for individual projects as the disruption costs could be shared and productivity was likely to increase due to a
higher efficiency of machinery use. An example quoted showed a productivity increase of 15% following the introduction of
clustering.

Another important part of the planning process is the consideration of the environmental impact of the work proposed. The
MAINLINE LCAT tool will be of assistance to this when looking in detail at individual construction activities but it is designed to
deliver the impact in terms of CO, output or Euro equivalent. This means that other less easily quantified environmental impacts
such as noise, which is becoming a more important issue in parts of Europe, are not addressed by the tool. Hence advice
is given in D3.4 about how to reduce both the generation of noise and its export to neighbouring communities, with different
solutions being offered for both bridgeworks and track works.

Bridges

MOST RAILWAY ADMINISTRATIONS ACROSS EUROPE HAVE THEIR OWN STANDARD DESIGNS OF BRIDGES. A SELECTION OF
THESE HAVE BEEN DESCRIBED AND COMPARED SO THAT GOOD OR NOVEL SOLUTIONS FROM ONE RAILWAY CAN BE ADOPTED
BY OTHERS.

A Eurocode compliant design for a relatively simple concrete bridge, which could be considered as a future standard pan-
European design, has been undertaken to compare the requirements of the Swedish and Spanish National Annexes. This
has shown that there are only minor differences between the two designs and hence little practical difficulty in developing
standardised products that could be offered commercially to the whole of Europe, with the potential for savings based on a
larger scale of production.

Installation methods also vary across Europe. The most popular method is by the use of either road or rail mounted cranes
but this can lead to additional time and cost where lines are electrified as overhead equipment may need to be removed. To
counteract this, some countries possess special rail mounted bridge carriers and others rely more on multi wheel road based
bridge carriers. In other cases, replacement bridges are built alongside the existing bridge and then slid (or launched) laterally
into position during a relatively short track closure. For long bridges, particularly over water, this method can be combined
with the sequential longitudinal launching of individual spans constructed on dry land onto temporary supports prior to lateral
movement. A table has been produced to compare the merits of each solution to assist infrastructure mangers in the selection
of the best option.
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++ =yes Rail

+ = may work Mobile | Mounted | Rail Mounted | Longitudinal Horizontal Deck

— =no Cranes Crane | Bridge Carrier Launching Launching | Replacement

1. Bridge length Two notional designs have been produced:

1.1 Less than 5 m ++ ++ ++ ++ ++ ++ » Areplacement FRP deck on pre-existing metallic main girders which could produce weight savings of up to 50% when
1.25-20m 4 4 4 -t -+ -+ compared with the more traditional concrete alternative.

1.3 More than 20 m + + + + 4 4 » A fully FRP composite railway bridge with a span capability of up to 50m which are expected to offer cost savings on

both initial construction (due to their relative lightness) and through life (due to lower maintenance requirements).

2. Bridge type to be exchanged Nevertheless the absence of a Eurocode covering the use of FRP material is likely to inhibit the take up of these solutions in

2.1 Reinforced concrete beam bridge + + + + + h the short term, although design guidance, without the formal status of codes, is available in a number of European countries.
2.2 Steel truss ++ ++ + ++ ++ ++
2.3 Steel beam ++ ++ ++ ++ ++ ++
2.4 Arch + + + + + +
2.5 Other + + + + + +

3. Track possession time

3.1 Between 6-12 h + + + - + +
3.2 Between 12-24 h ++ ++ ++ + ++ +
3.3 Between 24-60 h ++ ++ ++ ++ ++ ++
3.4 More than 60 h ++ ++ ++ ++ ++ ++

4. Available funding

4.1 Very restricted funding + + + + ++ ++
4.2 Normal funding ++ ++ ++ ++ ++ ++
4.3 Money is not the problem ++ ++ ++ ++ ++ ++

6. The bridge runs over

6.1 Water ++ ++ ++ ++ + ++
6.2 A rural route ++ ++ ++ ++ ++ ++
6.3 A highway ++ ++ ++ ++ ++ ++
6.4 A street in a city ++ ++ ++ ++ ++ ++
6.5 Agricultural land + ++ ++ ++ ++ ++

7. Available working site
7.1 Small ++ ++ ++ + + +

7.2 Normal ++ ++ ++ ++ ++ ++

8. Electrified line

8.1 Electrified line + ++ ++ + ++ +

8.2 No electricity ++ ++ ++ ++ ++ ++

FiGURE 6.1: RECOMMENDATIONS FOR METHODS FOR REPLACEMENT OF THE SUPERSTRUCTURE OF SHORT SPAN BRIDGES.
®MAINLINE ConsorTIUM

Finally, the use of novel materials for bridge construction, principally high performance concrete and fibre reinforced polymers
(FRP), also known as advanced composites, has been investigated. This has shown that both materials have seen limited use
worldwide in railway bridge applications and that they offer considerable promise in the future.

FIGURE 6.2 EXAMPLES OF BRIDGE REPLACEMENT METHODS © MAINLINE ConsorTIUM
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Track

Track replacement falls into two distinct categories, plain line and switches and crossings (S&C), each of which has different
logistical and engineering requirements. The total replacement of a complicated junction can take several days. Plain line can be
done in short track possessions in order not to affect train operation but with very low output and high costs or on the contrary,
the line can be closed during several weekends -or even weeks- depending on the line, available alternative routes and the
country. The latter enables higher output and lower costs (see also LCAT). Therefore the length of track possession for track
activities depends strongly on the requirements/demands of the IMs, which affects directly cost and output of the works.

Plain line renewal can vary from the use of manual labour with minimal assistance from plant such as cranes or excavators

Excavators Road cranes

Portal cranes (UWG/Geismar-Fasseta) Modular switch

FiGURE 6.3 DIFFERENT TECHNIQUES FOR TRACK RENEWAL. ® MAINLINE CoNSORTIUM

to the deployment of a modern fully automatic track relaying machine with the choice of system being dictated in part by the
length of line to be replaced and the time available for the work. The manual method can be made less weather dependent by
the use of mobile workshops (which can also be used when routine maintenance is undertaken) in which case the adjacent line
can be kept open without restriction. The merits of each approach are discussed so that infrastructure managers can decide
on the best approach for their own specific requirements. Major cost savings can usually only be achieved through the use of
modern high output machines which have a high capital cost and thus need to be used intensively to justify the initial outlay.

Switch & crossing renewal, as outlined above, can vary from the replacement of a single lead turnout to the total replacement
of a complicated junction. There are many methods available, ranging from hand build up on site to the transportation and
installation of large components fabricated offsite. There are also a number of commercially available machines to assist
the installation of S&C, such as the Automated Ballast Collector which efficiently removes the old ballast and compacts the
subgrade to avoid future differential settlements.

Additionally the use of modular S&C is becoming more popular as it can give time savings of up to 80% and a 33% reduction
in work force on site. All these options are discussed in detail in terms of required machinery, output and labour and compared
in specially produced tables so that the most appropriate system can be chosen for each particular site. Moreover, additional
recommendations are provided in order to achieve higher initial quality after the renewal (such as avoiding provisional clamping
in favour of welding or always removing the complete layer of old ballast layer), which is essential to minimize future track
degradation.
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Comparisons have been undertaken between the use of under rail pads, under sleeper pads and under ballast mats for
homogenising track stiffness through S&C, which is now believed to be an important factor in long term track behaviour. The
results are presented in a series of graphs and the following conclusions drawn:

» soft rail pads are the most efficient » the combined use of rail pads » further studies should be carried
system to minimize track stiffness and under sleeper pads can bring out on under sleeper pads.
variation and hence, impact load additional benefits, and should be
on the crossing, while under ballast considered. However, the stiffness
mats have very little effect. of rail pads and under sleeper pads

should be revised if used together.

It is well known that the use of wood sleepers in S&C improve the dynamic behaviour to a similar degree as the use of under
sleeper pads. The disadvantage of wooden sleepers is that they need to be preserved to prevent rot using creosote, which
is no longer environmentally acceptable. Hence the use of synthetic sleepers manufactured from fibre-reinforced foamed
urethane (FFU) has been investigated. These are extensively used in Japan and have been used in a number of European
countries. Whilst more expensive than comparative wooden sleepers, FFU sleepers should have a longer life (up to 50 years
is suggested) so are likely to prove to be cheaper on a whole life cost basis.

OPEN QUESTIONS
From the previous sections the following questions remain open:

» Comparative calculations for the design of bridges using different National
Annexes to the Eurocodes should be undertaken to reinforce the view that
standard design(s) could be produced.

¥

Investigations into the use of FRP materials for new railway bridges should
be undertaken. These investigations should particularly concentrate on the
dynamic response of lightweight bridges under the action of both high speed
trains (up to 300km/h) and heavy axle loads (up to 35 tonnes) and lead to the
production of rail specific guidance on designing with FRPs.

v

Research into the benefits of under sleeper pads in S&C should be undertaken.
Methods for the replacement of soil cuttings and tunnels should be researched
as it has not been possible to do this within the MAINLINE project since it is not
a regular task for railway infrastructure managers.

¥

MAINLINE Project results - September 2014 | 23



DEescRIPTION OF THE LIFE CYCLE
ASSESSMENT TooL

BACKGROUND

I HE CONTINUED GROWTH IN RAIL TRAFFIC ACROSS EUROPE WILL INCREASE BOTH THE RATE OF
DETERIORATION OF THESE RAILWAY ASSETS AND THE NEED FOR SHORTER LINE CLOSURES FOR
MAINTENANCE OR RENEWAL INTERVENTIONS.

The impact of these interventions will need to take into account the financial constraints and enhanced
environmental requirements as a result of new legislation. Tools to inform decision makers about the
economic and environmental consequences of different intervention options are becoming essential
to provide confidence and assurance.

Direct economic costs

OBJECTIVES

The main objective of MAINLINE was
to create a tool (Life Cycle Assessment
Tool - LCAT) that can compare different
maintenance/replacement strategies for
track and infrastructure based on a life
cycle evaluation quantifying:

. Environmental impact costs

Availability (Delay costs/user cost/
benefit from upgrade etc.)

ACHIEVEMENTS

THE INITIAL WORK WAS TO ESTABLISH WHICH EXISTING ASSET MANAGEMENT TOOLS COULD BE USED FOR RAILWAY ASSETS
AND WHETHER THEY PROVIDE BOTH LIFE-CYCLE AND ENVIRONMENTAL OUTPUTS. THIS ANALYSIS HIGHLIGHTED POSITIVE AND
NEGATIVE FEATURES OF EXISTING SOFTWARE AND ALSO FOUND THAT COMBINING LIFE-CYCLE AND ENVIRONMENTAL OUTPUTS WAS
UNCOMMON.

Questionnaires were issued to Infrastructure Managers to confirm the extent and nature of any life-cycle assessment that
was carried out within their organisations. The results varied across Europe, although some activity was carried out within all
countries; and that environmental outputs were performed less frequently than life-cycle costing. The respondents recognised
the growing importance of both environmental and life-cycle costing.

The LCAT models have been designed to bring together both the improved deterioration rates described in chapter 3 and the
ability to use monitoring intervention and replacement techniques, described in chapters 4, 5 and 6 or from user experience.

LCAT models have been created for plain line track, metallic bridges and soil cuttings. These assets were selected due to
interest from the infrastructure managers and availability of sufficient data to calculate deterioration rates. These three models
have been written in Microsoft Excel to provide transparency and allow users to amend the models as they need in the future.
A consistent layout and style has been used to give a common identity to the models.

S0il Cuttings Track

FiGURE 7.1 ExamPLES OF AREAS WHERE LCAT 1s DEVELOPED TODAY. ®MAINLINE CONSORTIUM

The outputs from the LCAT are
intended to assist the justification of
interventions, to optimise spending
of maintenance budgets, to compare
different interventions and to predict the
timing of future works and expenditure.

Training  workshops have been
organised to discuss, explain and
demonstrate the LCAT models to
infrastructure managers and other
users. This has also allowed the models
to be refined, based on feedback from
these sessions.

The following examples show the
application of the LCAT for a metallic
bridge and plain track.

The metallic bridge in Figure 7.2 is a
single span structure with half-through

girders and is a typical railway asset.
The inputs to the LCAT describe the FiGURE 7.2 BRIDGE OVER ERMELUNDSVEJ, DENMARK ®MAINLINE CoNSORTIUM

properties of an individual element
of the bridge, its dimensions and
acceptable limits for both condition and
loss of section which determines the
strength in terms of shear and bending.
The LCAT uses these limits, together
with any defined maximum intervals for
specific interventions.

These limits are applied to the degradation rates within the LCAT and a life-cycle
plan is generated, as shown in Figure 7.3. It shows the financial and environmental
costs relating to the physical works, and coating and section loss over time.

The track example is for a length of route with good drainage and formation that
is used by freight. Acceptable quality limits (Q) have been defined by the user to
trigger interventions for tamping of the ballast and also relaying the track. Again, the
degradation rates within the LCAT create the life-cycle plan shown in Figure 7.4.
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Metallic Bridges Model

Summary of Costs & Condition
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MAINLINE Plain Track Model
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Please be aware that the charts' axis are each time ically adjusted to the ion - if you wish to change that, you should follow the next steps:

-Right click on that Y-axis, and click "Format Axis"
-Then, make sure you check the options that said "Fixed", instead of "Auto”
-Doing that will make it fixed to the specified values, even when the line goes out

FiGURE 7.4: LiFE CYCLE PLAN GENERATED BASED ON THE DEGRADATION RATES WITHIN THE LCAT

OPEN QUESTIONS

Further research and development work could be carried out by others in the
following areas:

» Collation of further data for the existing LCAT models to give greater validation
of deterioration rates;

» Collation of data from other asset types to allow for the creation of degradation
rates of other materials and assets;

» Creation of LCAT models for different assets based on the new data;

» Investigate the incorporation of fatigue modelling within the Metallic Bridges
LCAT;

» Continuous updates to the existing LCAT models based on new data and user
feedback;

» Creation of a ‘combined LCAT’ to consider holistic risk and whole life costing
for a system approach rather than by individual assets;

» Greater number of environmental factors within the LCAT models including
‘noise’;

» Investigate the feasibility of adding a probabilistic approach into the LCAT
models;

» Create an optimisation tool within the LCAT.
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[
o TECHNICAL, ENVIRONMENTAL AND
ECONOMIC ASSESSMENT

EconoMic ASSESSMENT

ANY INFRASTRUCTURE MANAGERS DO NOT YET USE LIFE CvcLE CoOSTING

(1.E. FINANCIAL) AND/OR LIFE CYCLE ASSESSMENT (I.E. ENVIRONMENTAL) IN
THE PLANNING OF MAINTENANCE AND RENEWAL OF THEIR RAIL INFRASTRUCTURE.
THERE IS A LACK OF DATA AND METHODS AND THIS IS WHERE THE MAINLINE
PROJECT PROVIDES USEFUL GUIDANCE (CHAPTER 7).

There is often a lack of economic resources for maintenance which may lead to a
shorter life length and less sustainability than would otherwise be the case; results
from the MAINLINE project provide useful advice aimed at improving this situation.
The Life Cycle Assessment Tools (LCAT) have been developed which allow users
to demonstrate optimum interventions and reduce capital expenditure.

BACKGROUND

THE MAINLINE PROJECT HAS TARGETED A REDUCED ENVIRONMENTAL FOOTPRINT FOR SELECTED
ITEMS OF RAIL INFRASTRUCTURE IN TERMS OF EMBODIED CARBON AND OTHER ENVIRONMENTAL

BENEFITS. Europe has a railway network of some 230,000 km with an asset value of more

than 1500 billion € and is spending — with large variations - less than 1% of it for
yearly maintenance. A large proportion of the civil engineering structures and tracks
are old; of the 500,000 bridges, 35 % are over 100 years old and earthworks and
tunnels are often older. Nonetheless they can, with the help of the results from
MAINLINE, remain in service for longer periods, improving the ability of the railways
» Investigated monitoring techniques to complement or replace existing examination techniques to deliver increased mobility across Europe and play an increasingly important role

(chapter 4); in the development of integrated, safer, “greener” and “smarter” pan- European
transport systems.

The project has:

» Improved degradation and structural models to develop more realistic life cycle cost and safety
models) (chapter 3);

» Applied new technologies to extend the life of elderly infrastructure (Chapter 5);

» Investigated new construction methods for the replacement of obsolete infrastructure (chapter 6);

» Developed decision support tools to assess whole life environmental and economic impact

(chapter 7).

TECHNICAL ASSESSMENT

Technical assessment methods are a main outcome from the work on new
technologies for extending the life of existing elderly rail infrastructure (chapter 5)
and the replacement of assets (chapter 6).

The results from MAINLINE will facilitate longer service lives
for existing railway infrastructure, which will bring about great
savings for Infrastructure Managers in Europe. They provide
methods to optimize replacement of obsolete assets which
will further reduce costs.

A modest 10 year increase in the service life of 2% of the
bridges due to the results of MAINLINE means that the
replacement of 10,000 bridges could be postponed for 10
years with notional cost savings calculated below.

» The average construction cost (K) of a new railway
bridges is about 1M €

» With a low interest rate (p) of 2% the present value of the
cost for rebuilding a bridge in 10 years will be K/(1+p)10
=0.820 K

» Compared to rebuilding the bridge now the saving will
then be K- 0.820 K =0.180 K.

» Not replacing 1,000 bridges per year gives a saving of
1,000 x 0.180 x 1 M€ = 180 M€.

Similar savings will be available for other kinds of infrastructure;
for instance significant performance enhancements for
Switches and Crossings (S&C) have been developed. There
is potential to enhance replacement methods of S&C by
reducing replacement time, ensuring good track alignment
and reducing varying track stiffness. This has been one of the
principal focus areas for MAINLINE and the potential benefit
is outlined below.

» There are approximately 150,000 switches in mainline
track in Europe.

» Switches are changed about every 20 to 30 years
» The cost to change a switch is of the order of 0.15 M€

» This gives a yearly cost of some (150,000/30) x 0.15 M€
=750 M€.

» If the quality of the switches could be improved so that
they would last some 25 % longer this would lower
replacement costs and thus save 750 — (150,000/37.5)
x 0.15 M€ = 150 M€ per year.

So, just from savings on bridges and switches and crossings
we may reduce costs by more than 300 M€ per year. Additional
savings will arise from the MAINLINE results for plain line
track and soil cuttings, which have not been quantified here.
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ENVIRONMENTAL ASSESSMENT

RADITIONALLY THE MAIN ENVIRONMENTAL CONSIDERATION ASSOCIATED WITH

RAILWAY OPERATION HAS BEEN RELATED TO REDUCING NOISE AND VIBRATION,
BUT WITH THE MAIN ENVIRONMENTAL FOCUS NOW TURNING TO CLIMATE CHANGE
AND THE ASSOCIATED CARBON AGENDA, NEW CONSIDERATIONS ARE BECOMING
IMPORTANT.

In common with many other parts of the built environment, the carbon impact
of railway infrastructure is dominated by usage rather than initial construction
or ongoing maintenance. However if the railway industry is to play its part in
meeting the carbon reduction targets set within Europe, then the carbon impact of
infrastructure maintenance and renewal activities will have to decrease.

Within the MAINLINE project a tool has been developed that enables Infrastructure
Managers to assess the environmental (carbon) impact of various maintenance
or renewal interventions under consideration and hence have the opportunity to
select the one with the least impact. Unfortunately the current state of knowledge
about the carbon impact of typical interventions is limited and largely confined to
academia, which means that it is virtually impossible to quantify the benefits from
the project; however the example below will give an indication of the kind of benefits
that could be realized.

The emission of carbon dioxide from the building of a concrete ~ Research projects developing a new generation of
bridge containing 160 m? of concrete can be calculated in the  lightweight, low energy, self-compacting concretes for

following way:

structural applications have shown that it is possible to replace
substantial quantities of cement with PFA (pulverized fuel

» 1 m? of concrete weighs approximately 2.3 tonnes. ash) or GGBS (ground granulated blast furnace slag) without
» Concrete contains about 400 kg of cement per tonne affecting structural performance. This can save around 40%

» Cement production creates approximately 700 kg CO,/ of the embedded energy in concrete, which would mean a

tonne

» This gives 160 x 2.3 x 0.4 x 0.7 ton = 103 tonnes CO,,.

reduction of 40 tonnes CO, from the concrete — equivalent to
a 30% reduction in overall carbon footprint for such a bridge.

» To this we add 150 kg reinforcement steel per m®* of  The potential for savings in a new build scenario can be

concrete.

demonstrated by reference to the Environment Product

» Steel production is responsible for some 1,2 kg CO,/kg Declaration prepared for 190 km of a new single track railway

steel

» This gives 160 x 0.15 x 1.2 tonne = 29 tonnes CO,,.

with 90 bridges of a total length of 11 km and with 25 km
of tunnels, Bothniabanan (2010). Per km the bridges were
calculated to emit 8 050 ton CO, equivalents and use 22 GWh

» In total we will emit about 103 + 29 >> 130 tonnes CO, (80 TJ) during construction and 60 years of maintenance. The

per new bridge.

energy use per km of tunnel was of the same magnitude and
the emission was about half of that of the bridges. Per bridge
this gives in average an emission of 1020 ton CO, equivalents
and a use of energy of 2,65 GWh (9,5 TJ). So, the savings in
extending the life of existing structures instead of replacing
them are large.

OPEN QUESTIONS
To achieve sustainable transportation and low carbon emissions there is a need for:

Efficient utilization and maintenance of the rail infrastructure. Rail utilization will
increase in the future if the carbon dioxide emissions from airborne traffic are
subject to the same taxation as surface transportation.

¥

¥

Increased use of strengthening to extend the life of existing structures. Full
scale tests to failure of obsolete structures may give guidance on which
strengthening methods that have the best function and sustainability

v

Increased use of efficient assessment methods. Infrastructure Managers
should be encouraged to learn to use and familiarize themselves with these
methods. As an example a new method for estimating reinforcement corrosion
degradation saved 3 M€ on two bridges in Stockholm

¥

Maintenance efficiency can be improved by better methods and data for RAMS
(Reliability-Availability-Maintainability-Safety/Supportability)

v

Better LCAT methods with more data and more options for different alternatives
than the first important steps which are taken in the MAINLINE Project.
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. In chapter 1 "introduction" the following

CONCLUDlNG REMARKS objectives were listed:

To investigate new construction
methods for the replacement of
obsolete infrastructure

To investigate monitoring
techniques to complement
or replace existing

To improve degradation and examination techniques

AINLINE HAS BEEN SUCCESSFULLY COMPLETED IN A PLANNED WAY BY VERY COMMITTED structural models to develop more
PARTICIPANTS AND GOOD RESULTS FOR THE MAIN OBJECTIVES HAVE BEEN ACHIEVED. TEAMBUILDING realistic life cycle cost and safety
ACTIVITIES AT THE START ALSO CREATED AN OPEN AND COOPERATIVE ATMOSPHERE AND A PRODUCTIVE models
TEAM.
To develop management
tools to assess whole
- life environmental and
To apply new technologies -7 Tmeeo economic impact.
to extend the life of elderly JPtae -

infrastructure -

All these objectives have been addressed in a good way. To assist Infrastructure Managers to implement the results some are
presented in the form of guidelines and others as a manual.

The dissemination activities in MAINLINE have been extensive. They are described in a separate deliverable named “D6.3
Dissemination and Implementation of MAINLINE results”. Four activities are important to mention, namely:

» Good support from the UIC groups where MAINLINE has been spread to
most European railway infrastructure managers.

» A special workshop targeted at Central and Eastern Europe was held in
Budapest 15 May 2014. All presentations are also available on the project
web page www.mainline-project.eu.

A special MAINLINE seminar with 8 presentations was hosted during the
IABMAS2014 conference in Shanghai. The presentations are available
on www.mainline-project.eu and give a short and comprehensive overview
of MAINLINE.

Ficure 9.1 MAINLINE PARTNERS GOING TO A GENERAL MEETING IN LULEA, SWEDEN

» The LCAT training seminar (London, 11-12 June 2014 and Paris, 11-
12 September 2014) was fully booked and 11 infrastructure managers
participated. A continuation will be proposed under the UIC umbrella.

Regarding these activities, the dissemination of MAINLINE can be seen as
successful.

E All deliverables are also public and available i
! on www.mainline-project.eu under result. !
H They will be available at least until 2021. H
1 1
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List oF MAINLINE PuBLIC
APPENDlX I DELIVERABLES

NB: THE DOCUMENTS IN THIS LIST ARE ALL AVAILABLE ON THE
WEBSITE FOR DOWNLOAD.

LIFE EXTENSION - APPLICATION OF NEW TECHNOLOGIES TO ELDERLY INFRASTRUCTURE

D1.1 Benchmark of new technologies to extend the life of elderly rail infrastructure
Overview of some of the most promising new or updated technologies in the fields of strengthening, inspection, water proofing,
anti-corrosion, joints and bearing

D1.2 Assessment methods for elderly rail infrastructure
Description of the latest developments for advanced infrastructure assessment and their possible incorporation in life cycle
assessment

D1.3 New technologies to extend the life of elderly infrastructure
Description of the potential and use of new or updated assessment and strengthening technologies for bridges, track and
earthworks

D1.4 Guideline for application of new technologies to extend life of elderly rail infrastructure
Guideline for owners, consultants and contractors to support them in the use of new technologies

DEGRADATION AND STRUCTURAL MODELS TO DEVELOP REALISTIC LIFE CYCLE COST AND SAFETY MODELS

D2.1 Degradation and performance specification for selected assets
Report containing the construction, geometric, material and functional characteristics for selected assets — earthworks, bridges,
tunnels and track — and their relevance to LCC/LCA calculations

D2.2 Degradation and intervention modelling techniques
Degradation time profiles and effect of intervention strategies under a range of operational scenarios for track, metallic bridges,
cuttings, corrosion and coatings, tunnels with masonry or concrete linings

D2.3 Time-variant performance profiles for LCC and LCA
Development of performance-time profiles, together with sensitivity analyses for track, metallic bridges, soil cuttings and
concrete lined tunnels

D2.4 Field-validated performance profiles
Summary of comparisons between predicted performance profiles and actual profiles based on field data for the 3 assets for
which an LCAT model was developed: track, metallic bridges and soil cuttings

REPLACEMENT OF OBSOLETE INFRASTRUCTURE — NEW CONSTRUCTION METHODS AND LOGISTICS

D3.1 Benchmark of production and replacement of railway infrastructure
Overview of existing techniques to replace railway infrastructure (civil engineering structures and track) and presentation of
European practice for replacement methods

D3.2 Bridges: Methods for replacement
Comparison of the different methods for bridge replacement presented in the benchmark (D3.1) and description of improvement
in terms of logistics, material use and production methods

D3.3 Rail switches and crossings: Development of new technologies for replacement
Review of different replacement methods for switches and crossings and introduction of potential improvements on logistics
and design of S&C renewals

D3.4 Guideline for Replacement of elderly rail infrastructure
Guideline to help infrastructure managers in their decision making on infrastructure management (bridges, track, switches and
crossings), considering cost effectiveness and environmental aspects

MONITORING AND EXAMINATION TECHNIQUES

D4.1 Report on assessment of current monitoring and examination practices in relation to the degradation models
Summary of pros and cons and cost effectiveness of different approaches in use in the rail assets considered in MAINLINE

D4.2 Solutions to gaps in compatibility between monitoring and examination systems and degradation models
Identification of gaps and compatibility issues between output from monitoring and examination techniques and inputs to
assessment models and solutions to address these

D4.3 Report on case studies
Presentation of two bridge case studies and one cuttings case study designed to validate new approaches to monitoring and
examination for improved asset management

WHOLE LIFE ENVIRONMENTAL AND ECONOMIC ASSET MANAGEMENT

D5.1 Assessment of asset management tools
Presentation of questionnaires sent to infrastructure managers regarding management of bridges, tunnels, cuttings and track

D5.2 Assessment of environmental performance tools and methods
Benchmarking of current environmental performance measurement approaches and conclusions on the best features to be
used in MAINLINE Life Cycle Assessment Tool (LCAT)

D5.3 Recommendations for Format of a Life Cycle Assessment Tool (LCAT)
Analysis leading to the choice of converting life cycle assessment results into environmental cost for life cycle cost evaluation

D5.4 Proposed methodology for a Life Cycle Assessment Tool (LCAT)
Identification of key parameters required for the LCAT and introduction of a system description

D5.7 Manual for a Life Cycle Assessment Tool (LCAT) for Railway Infrastructure - Metallic Bridges, Track and Soil
Cuttings
Demonstration of MAINLINE LCAT tools for metallic bridges, plain track and soil cuttings with guidance on how to use them

DISSEMINATION, TRAINING AND EXPLOITATION

D6.2 Setup of a dissemination platform for MAINLINE
Presentation of objectives and strategy for dissemination and communication around the project

D6.3 Dissemination and implementation of MAINLINE results
Overview of performed dissemination activities and plans for the future

SCIENTIFIC AND TECHNICAL COORDINATION

D8.1 First report on advisory committee recommendations
Summary of recommendations provided by the advisory committee at mid-term of the project

D8.2 First analysis and identification of potential guidelines from MAINLINE R&D
Reflection on deliverables that may be turned into guidelines

D8.3 Second report on advisory committee recommendations
Summary of recommendations provided by the advisory committee following the workshop targeted to Central and Eastern
Europe that took place on 15 May 2014 in Budapest, Hungary

D8.4 Second analysis and identification of potential guidelines from MAINLINE R&D
Presentation of the three major deliverables of MAINLINE that will be published as guidelines
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MAINLINE RELATED PUBLICATIONS

APPENDIX Il Ano presentations

A LiST oF THE MAIN EVENTS MAINLINE PARTNERS HAVE ATTENDED OR HOSTED
IS INCLUDED IN DELIVERABLE D6.3 - DISSEMINATION AND IMPLEMENTATION OF
MAINLINE ResuLTs. MAJOR EVENTS ARE PRESENTED BELOW.

ORGANISATION OF WORKSHOPS

Midterm workshop at UIC in Paris, 14-15 May 2013
AIM: identify common fields of interest with the SMARTRAIL project, funded by FP7 under the same theme “Cost-effective
improvement of rail transport infrastructure”

Workshop targeted to Central and Eastern Europe, Budapest, 15 May 2014
AIM: disseminate knowledge and results to Central and Eastern Europe
Presentations available on the public website: http://www.mainline-project.eu

Final workshop at UIC in Paris, 30 September 2014
AIM: present and distribute final project results: LCAT tools, guidelines and other reports
Presentations available on the public website: http://www.mainline-project.eu

TRAINING ON THE USE OF THE LIFE CycLE AssessSMENT TooL (LCAT)
AIM: to present and distribute the LCAT tools developed in MAINLINE, together with a user manual

First session, 11-12 June, Jacobs/SKM, London: presentation of the tools features, gathering of feedback for further
improvements, distribution of homework to be presented in the second session

Second session, 11-12 September, UIC, Paris: models run through, presentation of worked examples, distribution of the
tools and testing by the attendees

PARTICIPATION IN EVENTS
MAINLINE partners have done presentations in many national and international events.

The most extensive presentation was a Mini Symposium in the framework of the IABMAS 2014 Conference, in Shanghai, 7-10
July 2014, which included 8 papers:

» Paper 1: MAINLINE — MAINtenance, renewal and Improvement of rail transport iNfrastructure to reduce Economic and
environmental impacts — J.S. Jensen (COWI) et al

» Paper 2: Extending the life of elderly infrastructure by strengthening — J. Nilimaa et al. (LTU)
» Paper 3: Influence of advanced assessment methods on the LCA of Elderly Bridges — M. Soriano and J.R Casas (UPC)

» Paper 4: Performance profiles of ageing steel railway bridges affected by atmospheric corrosion — A.N Kallias, M.K.
Chryssanthopoulos (UoS)

» Paper 5:. Life-Cycle Assessment tool for railway infrastructure — D. Castlo (NR) et al.
» Paper 6: Lifetime analysis of infrastructures — P. Cruz (UoM) et al.
» Paper 7: Challenges within Life Cycle Cost (LCC) studies and Life Cycle Assessment (LCA) — P. Linneberg et al (COWI)

» Paper 8: Test to failure of a steel truss bridge — Calibration of assessment methods — A. Carolin, B. Paulsson (TRV) and
Th. Blanksvard et al (LTU)

PuBLICATIONS

MAINLINE has published several press releases through UIC, all available on the public website:
http://www.mainline-project.eu/What-s-new.html

Some partners have also published articles in national journals, notably in Sweden, Denmark and Hungary.

APPENDIX Il List oF MAINLINE parteRS

wic/

UIC: International Union of Railways

NetworkRail

NR: Network Rail Infrastructure Limited (UK)

COWI: COWI (DK)

SURREY: University of Surrey (UK)

TWI: TWI (UK)

UMINHO: University of Minho (PT)

LULEA
UNIVERSITY
OF TECHNOLOGY

Mobility
D B Networks
Logistics

LTU: Luled tekniska universitet (SE)

DB AG: Deutsche Bahn AG (DE)

MAV: MAV Magyar Allamvasutak Zrt (HU)

UPC: Universitat Politécnica de Catalunya (ES)

TUGraz: Graz University of Technology (AT)

TCDD: TCDD (TR)

Matteknik & Dagnosiik

DAMILL AB: DAMILL AB (SE)

on
COMSA

COMSA: COMSA EMTE (ES)

@in

07 TRAFIKVERKET

TRV: TRAFIKVERKET (SE)

% Cerema

CEREMA: CEREMA (FR)

ke

ARTTIC: ARTTIC (FR)

SKANSKA

_SKm

SKANSKA: Skanska a.s (CZ)

Jacobs/SKM : Jacobs/SKM (UK)
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THE 19 PARTNERS OF MAINLINE HAVE BEEN CHOSEN TO

BRING A MIX OF COMPETENCIES AND EXPERIENCES INTO
THE CONSORTIUM AS WELL AS TO ENSURE A SUITABLE
GEOGRAPHICAL COVERAGE ACROSS EUROPE
(11 COUNTRIES ARE REPRESENTED): ’

INFRASTRUCTURE MANAGERS:

%

¥

The International Union of Railways
(UIC), France;

Network Rail Infrastructure Limited,
United Kingdom;

X

»

¥

Deutsche Bahn, Germany;

MAV Magyar Allamvasutak, Hungary;
TCDD, Turkey;

TRAFIKVERKET, Sweden

¥

»

¥

¥

INDUSTRY PARTNERS:

» COWI, Denmark;

» TWI, United Kingdom;

» COMSA, Spain;

» SKANSKA, Czech Republic;
» Jacobs/Sinclair Knight Merz (SKM), United Kingdom

UNIVERSITIES:

™~

» University of Surrey, United Kingdom;

» University of Minho, Portugal;

» University of Lulea, Sweden;

» Polytechnic University of Catalonia, Spain;

» Graz University of Technology, Austria

SMEs:

» ARTTIC, France;
» DAMILL, Sweden

A GOVERNMENTAL ORGANISATION:

» Cerema, France.
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