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Abstract of the MAINLINE Project

Growth 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. The impact of these interventions must be minimized and
will also need to take into account the need for lower economic and environmental impacts. New
interventions will need to be developed along with additional tools to inform decision makers about
the economic and environmental consequences of different intervention options being considered.

The project 'MAINtenance, renewal and Improvement of rail transport iNfrastructure to reduce
Economic and environmental impacts' (in short MAINLINE) is a project within the EU's 7th
Framework Programme. It has been part funded on the basis of the contract SST.2011.5.2-6
between the European Union represented by the European Commission and International Union of
Railways (UIC) acting as coordinator for the project.

MAINLINE proposes to address all these issues through a series of linked work packages that will
target at | east 0300m per year s avnmengsfoorintrinoesnss
of embodied carbon and other environmental benefits. It will:

Apply new technologies to extend the life of elderly infrastructure

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

Investigate new construction methods for the replacement of obsolete infrastructure

Investigate monitoring techniques to complement or replace existing examination techniques
Develop management tools to assess whole life environmental and economic impact.

To oo I I

The consortium includes leading railways, contractors, consultants and researchers from across
Europe, including from both Eastern Europe and the emerging economies. Partners also bring
experience on approaches used in other industry sectors which have relevance to the rail sector.
Project benefits will come from keeping existing infrastructure in service through the application of
technologies and interventions based on life cycle considerations. Although MAINLINE will focus on
certain asset types, the management tools developed will be applicable across a broader asset base.

Partners in the MAINLINE Project

UIC, FR; Network Rail Infrastructure Limited, UK; COWI, DK; SKM, UK; University of Surrey, UK;
TWI, UK; University of Minho, PT; Luled tekniska universitet, SE; DB Netz AG, DE; MAV Magyar
Allamvasutak Zrt, HU; Universitat Politécnica de Catalunya, ES; Graz University of Technology, AT;
TCDD, TR; Damill AB, SE; COMSA EMTE, ES; Trafikverket, SE; SETRA, FR; ARTTIC, FR; Skanska
a.s., CZ.

Work Package 3 in the MAINLINE Project
D3.1 is the first deliverable of Work Package 3.

The main objectives for WP3 are:

A to investigate new construction methods and logistics for transport that minimise 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 traffic
and a short down time of the network.

A 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 LCCA. The results will help the infrastructure manager to decide for the
most favourable measure from technical, social, environmental or cost demands.

A 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.
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Glossary

Abbreviation / acronym

Description

ACI

American Concrete Institute

BREAMM Environmental assessment method and rating system for buildings

CEEQUAL Assessment and Awards Scheme for improving sustainability in civil
engineering

CEN European Committee for Standardization

DK Deck

Dow Description of Work

EC European Commission

ES End Support

ETR Eisenbahntechnische Rundschau, journal for railway engineers

FRP Fibre-reinforced polymers

IM Infrastructure Manager

IS Intermediate Support

LCA Life Cycle Analysis / Assessment

LCC Life Cycle Cost

LCCA Life Cycle Cost Analysis / Assessment

LCAT Life Cycle Assessment Tool

OHLE Overhead Line Equipment

SB Sustainable Bridges, EC FP6 Project

SPMT Self-propelled modular transporter

uiC International Union of Railways

WP Work Package
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1. Executive summary

This report gives an overview of existing techniques to replace railway infrastructure. It differentiates
between bridges and track and compiles methods used across Europe.

In particular this document presents European practice for replacement methods and helps to give
advice to infrastructure managers to find the suitable method for their specific construction problem.
Therefore this collection aims to present methods for the most important parts of the fixed long life
railway infrastructure; especially bridges, track and turnouts. The reader will find method descriptions
for several methods to completely or partially replace the life expired infrastructure.

The option selection or decision making process and the life cycle cost (LCC) analysis that might have
influenced the decision to replace the infrastructure does not form part of this report. This very
important activity is handled in Work Package 5 but does not affect replacement methodologies.

This report is addressed to the asset maintenance engineers within the railways infrastructure owners
or working for consultants and others involved in the planning and design of infrastructure renewal.

Every infrastructure manager will have his/her own overriding network specific issues for every single
project which will require consideration. Not only are financial issues of great importance,
consideration will be given to different maintenance strategies, length of available traffic interruptions
(and thus time available to replace infrastructure), the possibility of rerouting and the train density in
the network which differ from country to country.

The most appropriate method for every specific situation strongly depends on available budget, track
possession and site conditions. To help in the decision making for the best method this report will not
only give short method descriptions but also extra information on construction cost and track
possession time needed. The report includes tables to quickly check these important parameters.
Every method that is presented also has a rating for Risk/Uncertainties and for track works information
about the quality reached and the allowed speed is provided.

To better describe the methods to the reader, case studies are presented in the Annexes.

From the MAINLINE A D1 . 1: B e of méwwmtachriologies to extend the life of elderly rail
infrastructured [1] the results from a bridge questionnaire that was circulated between twelve
Infrastructure Managers (IM) was extrapolated. It turned out that in the next 10 years it may be
expected to strengthen some 1 500 bridges, to replace some 4 500 bridges and to replace the deck of
some 3 000 bridges. One can see the need for suitable and reliable methods to completely or partially
replace bridges. Understanding that track works are carried out even more frequently than bridge
works, this compendium will be of good use for all infrastructure engineers and managers involved
with maintenance and renewal planning.

PU Copyright © MAINLINE Consortium Page 5
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3. Introduction

Within the railway network the time and space for maintenance activities is limited. Passenger and
freight traffic are of high importance for the European community. Down times of the railway network
not only cause problems in the dense commuter areas, they also hinder the flow of cargo from one
part of Europe to another. The system of trains and their interaction is precisely planned in timetables
that have a lot of connections and interfaces. Any disturbance is crucial to follow up traffic or
interconnections, and comes at a cost to the infrastructure managers and/or train operators. All
infrastructure managers therefore try to limit necessary interruptions of regular traffic to a minimum.
Nevertheless maintenance has to be done to continuously ensure safe and secure railway traffic. The
rail networks currently managed in Europe are of significant age, with infrastructure life expectations
set to perpetuate the longevity of the rail network, and expected to remain in service with low levels of
maintenance across their lives due to the issues of disruption and remoteness.

A very special part of keeping the railway network in service is finally the replacement of obsolete
infrastructure. When bridges reach the end of their service life or bridge deck condition is heavily
deteriorated, replacement is inevitable. The resultant reconstruction inevitably causes great
disturbance to the normal operation of the railway network; one tries to avoid it as long as possible
and uses methodologies to prolong service life. These elements are considered in parts in all other
WPs of MAINLINE. At some point there is no economically efficient strengthening method and then
replacement methods and logistics are necessary.

This report will present accepted practice methods used across Europe to give alternatives to the most
common replacement problems concerning bridges, track and switches and crossings.

3.1 Definitions

This report focuses on construction methods beyond maintenance activities. ldeas to strengthen old
infrastructure are given in ML-D1.1 (2012): Benchmark of new technologies to extend the life of elderly
rail infrastructure [1].

All repair and strengthening is done as long this is an economical alternative for infrastructure network.
But in some cases replacement of the old infrastructure is the only solution to maintain railway network
operations.

A typical example of this is the replacement of old steel beams with low bearing capacity and the
associated direct sleeper track with a new concrete or composite steel RC structure with ballasted
track. The resultant bridge will attract a full new service life expectancy, possibly with room for future
network enhancement and upgraded bearing capacity.

PU Copyright © MAINLINE Consortium Page 7
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Each Bridge is composed of combinations of three major elements as listed in
Table 2C.1 and illustrated in Figure 2C.2.

Major Element

Element | Code Comments

A deck spans between two supports. Even if the
‘Superstructure is continuous, the deck and associated
Deck DK [|elements are “split” at the support. A deck typically
comprises elements such as girders (main, secondary
and cross), bearings and barrel arches.

An end support supports the end of one or more decks.
End Support ES End supporis typically comprise elements such as
abutments, wing walls and padstones or cills.

The ends of at least two consecutive decks are
supported by an intermediate support typically

Intermediate IS comprising piers, trestles or columns with their

supports associated padstones or cills. More substantial
examples may also contain wing walls and parapets, see
Figure 2C_34.

Table 2C.1: Major elements of a Bridge

Figure 1 Bridge components (Network Rail, NR/L3/CIV/006/2C, Handbook for the Examination
of Structures: Part 2C Condition Marking of Bridges)

The main components of a bridge are separated into two categories: the Superstructure or the part on
which you drive or walk (i.e. beams, deck, curb, sidewalk, railings, expansion joints, bearings, etc.);
and the Substructure or the parts supporting the superstructure (i.e. abutments, backwalls, wingwalls,
piers, footings, etc.).
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According to the components of the bridge that are replaced, one can distinguish different types of
replacement. Different types for replacement are described shortly.

Full replacement

The whole existing structure is replaced, i.e. both sub- and superstructure are replaced.
A new superstructure can often be constructed adjacent to or underneath the old bridge and then the
superstructure is transferred into place. Compared to building a new bridge in an existing track, the
majority of earthworks are already done.

Small bridges are often the ones that will have a full replacement.

Superstructure replacement

The most common type of replacement. The substructure is kept after modification and possible
strengthening. Minimum amount of earthwork is required.

Suitable for all types of bridges from small span to medium sized span; concrete and steel

Partial replacement

Parts of superstructures are included in the new superstructure and/or superstructure is replaced
completely but phased with the existing structure removal. A common example is retention of existing
superstructure girders but replacement of deck elements.

Overbuild and supersede

Arch bridges and small concrete bridges are overbuilt with slabs. The new structure is designed to
carry the loads and that is the reason why this should be seen as a replacement method. However,
the old structure is kept in place and is in many cases needed to serve as a strut member to hold the
existing supports apart.

Combined methods

In reality, methods often need to be combined to make a successful bridge replacement. Railway
bridge carriers can be used to place the new bridge while the old bridge is laterally launched onto
temporary support for later demolishing. This may be associated with a temporary or permanent
realignment of the permanent way.

For track renewal the characterisation of replacement is different. Here the definitions for the bridge
replacement are unsatisfactory. Anyhow, relaying of track consists of dismantling and reinstalling total
track (rails, fasteners, sleepers, and ballast).

The methods for replacement of track differ due to the working processes: either continuous
working machines or relaying of track in segments.

Furthermore the methods can be divided into ones with or without replacing of the track
foundation (see Figure 2).

Rails
Track
Permanent (structure) Sleepers
way
Ballast and subballast

Track Blanket layer (optional)

. Formation
foundation

Subgrade

Subsoil or Natural Ground

Figure 2 Track components
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3.2 Considerations

In reconstruction of railway infrastructure nearly all parameters are determined in advance. The
network and the track geometry already exist and only in a very few cases is larger track relaying
possible. Normally the cross section of the line does not give any room for widening the track distance.
Additionally, the free opening and clearance underneath a bridge should as far as possible not be
reduced. It is often a desire for the newly built or replacement bridges to have automatically a higher
construction height than old ones due to changed design rules i this often then requires vertical
realignment of the track to a significant length at the bridge approaches as well as on the bridge.

When all this is combined with an inner city line and constricted room to construct the bridge, the
logistics become very complicated.
Some countries have further specific and technical requirements from the network owner that need to
be considered when planning new build. Some examples:

- Post-tensioning is not allowed if it can be avoided;

- Traditional waterproofing using bituminous membranes with protective concrete is required

- Limits to the allowable time for track closure

- Load carrying capacity is not allowed to decrease

- Train traffic interruption must be minimized

- Change from direct sleepers to ballasted track

- ltis preferable to keep overhead contact line in place

- Often increased load carrying capacity wanted and fully Eurocode compliant bridge structure
(old infrastructure is rarely fully Eurocode compliant, particularly in the case of actions due to
derailment).

- Retention or sympathetic alteration of material or visual appearance for historically important
bridges.

All of the above have a significant influence on the method chosen when replacing the bridges.
Therefore, in order to determine the optimal bridge replacement strategy, it is required to know which
parameters each individual bridge owner focuses on when determining bridge replacements. The
presented replacement methods cover logistics for replacing railway carrying structures over water as
well as structures over roads. The access to the bridge site will vary depending on location, possible
traffic situation and space in the surroundings.

In many countries time is the governing parameter when replacing bridges - i.e. the method requiring
the shortest possible track closure is preferred no matter the related cost (within reasonable limits).

3.3 Benchmark criteria

As mentioned above many parameters have a crucial impact on the selection of the right method for
the replacement activity. For the detailed planning of infrastructure replacement works different topics
will be looked at. These criteria are very different from one country to another and also from
infrastructure manager to infrastructure manager.

To make decisions on methods easier some main criteria have been collected and assembled. All
methods will have details to these selected categories.

To enable qualitative comparison of technologies a series of benchmarking categories are required

together with a consistent scoring system. To maximise objectivity, scores should be based upon

critical review of a database of projects (from as many countries as possible) that provide detailed

evidence of project duration, cost, risks and other aspects. Thesecr i t eri a were coll ected
Benchmar king Pr ocedul[]ersducachbg SKMr a me wor k 0

To ensure that one can compare construction methods and/or logistics the WP decided to select
parameters from those proposed in the mentioned report. Not all are suitable or promising criteria for
replacement methods. Thus WP3 selected 4 criteria to evaluate the techniques. The description is
taken fromthea MA1 NLI NE Benchmar king Preoepgdures and Framewor
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Design Life/Durability

Design Life/Durability covers the proven (or expected if no proof is available) durability of a technology
in the construction environment. Where there is little or no proof or supporting evidence of durability in
the construction environment (i.e. technologies not yet in the application stage) then a low score
should be given, and a comment made in the 6
responses from Deliverable 2.1 should also be used to provide information on durability. In addition,
the Design Life/Durability (i.e. degradation mechanisms) for new technologies could be considered in
Deliverable 2.2.

Speed / track possession

Speed covers how quickly the technology can be used, and therefore how it may impact on the
function of the operational railway. Technologies that require lengthy durations for their installation/use
and cause major disruption to the railway should receive a low score.

Sustainability

Material Efficiency is related to sustainability, however, current methods to measure sustainability (e.g.
BREAMM, CEEQUAL, Inventory of Carbon and Energy) are varied and partly subjective, with a lack of
unbiased information sources. Therefore, it is considered that assessing material efficiency is more
suitable, as generally heavy/bulky technologies are either more difficult to transport (low sustainability)
or have high embodied carbon/energy (low sustainability). Technologies that require a large volume or
weight of material should receive a low score. It may also be possible to consider using CO, values as
a ranking method for the various technologies using the conclusions from the Deliverable 5.2 We need
to review if this is the case.

Cost

Cost is based on the cost impact of a particular technology. It is important that this only covers the
cost to install/use/maintain the technology (not other costs such as railway possession costs, access
costs etc. which vary significantly depending on the particular project and are rated in the other
benchmarking categories). If a technology has a particular advantage (e.g. remote sensing
technologies that do not require in-situ installation) or disadvantage (e.g. intrusive replacement of a
bridge component that cannot avoid railway possessions) that could have a major impact on cost, this
can be stated as a comment. A reference to case studies giving detailed cost breakdowns can also be
given.

Risk/Uncertainties

Risk is based on the risk to the infrastructure and operational railway. A technology that imports risk or
once installed leaves a significant residual risk should receive a low score. An example of this would
be temporary propping of a bridge which leaves a residual long-term risk. Major risks associated with
a particular technology can be stated as a comment.

This report aims to evaluate certain methods and to give a chance to make a selection between
several promising methods. Therefore every method will have a score for these mentioned categories.
An easy overview is a table with a scoring system. One can find to summarize the technology. In this
table there will also be free text to precise the scoring when necessary.

Track possession Xl 6-16 hours []6-8 days [ ] 1 month

required at the start and the end of the project to establish
and remove the temporary track supports; reduced line speed

20-40 km/h
Replacement X full Replacement  [] partial Replacement
Design life/durability X1 100 years [ ]50years [ ]10 years
Risk X1 negligible risk (well-known technology, standard)

] minor risk [[] major risk

Figure 3 Table for the rating of methods
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These criteria and the described special demands for construction works in the railway environment
will be important for the decision making for the right method.
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4. Civil engineering structures

4.1 Bridge types

This report deals with railway bridges: bridges that carry railway loading. Road bridges are not within
the scope although many methods that are presented here can be used for road bridges, too.

For the planning process of the replacement, it is also important to understand the current structure
surroundings and constraints. This includes whether there is traffic underneath, a building site next to
the old bridge or generally the accessibility of the site to construction traffic.

All these parameters will influence the choice of construction type of the new infrastructure. Possibly
these boundary conditions also determine the decision for full replacement or partial replacement.
Depending on importance of the line, train density and possible (and/or allowable) traffic interruptions,
this decision is taken.

First of all, one can divide bridges based on their span length. Knowing first the span of the new bridge
and materials, the bridge design can be determined for the most efficient use of materials. This will
influence the construction logistics considerably.

Bridge types can be divided into three main groups: small, medium and large bridges. The here used
definition and span length is shown below.

Small bridges

Smallbridges have a span 2m O x < 10m and represent

Europe (see Sustainable Bridges (SB) report D1.1 [3]).
Small bridges do not have bearings. Typical bridge types are shown in Figure 4.

Figure 4 Concrete superstructure on stone supports (top left), RC frame bridge (top right) and
masonry arch bridge (bottom)
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In this category a large number of arch bridges also exist. Their construction material varies from
masonry and stone with regional very different material quality. In some countries steel pipe bridges
are commonly found for this small span length.

Small bridges can often be easily exchanged. The way to replace these bridges mainly depends on
the accessibility of the site. Due to the short span the weight of the complete bridge is usually not very
high and can be lifted into position by crane from a local construction area.

If cranes are difficult to place next to the bridge, the superstructure can easily be replaced with railway
bridge carrier.

Medium bridges

Medium bridges have spans from 10-30m. These bridges may or may not have bearings. Single span
bridges in this range will often have bearings.

Single span bridges type can be exchanged, most likely by lateral moving from and to temporary
supports.

Figure 5 Truss bridge
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A very characteristic bridge for medium sized bridge is the truss bridge. Steelwork U-frame bridges are
also common within this span range. These bridge types are closely linked to the development of the
railway network across Europe. Therefore many of these bridges have been in service for more than
100 years already. Often the main problem for replacement of truss bridges is the surrounding. Due to
their weight and construction height they are often found crossing small rivers or channels. Here
specific logistics are needed and exact planning is essential.

A typical three span bridge as shown in Figure 7 does not have bearings. Those multispan integral
bridges are normally not exchanged.

Figure 7 Typical three span concrete bridge (Sweden)

Instead a new bridge is built closely and the track is moved onto the new bridge. If it comes to
replacement, the biggest challenge is to remove the old structure. Inserting a new bridge is rather fast
and straight forward.

Problems connected to removing an old structure is less for a bridge with bearings, hence it follows
that a medium sized bridge with bearings can still easily be replaced.

Medium sized bridges can be replaced in full or by replacement of superstructure.

Large bridge

Large bridges in the definition used for this report are bridges that have a span > 30m. They are
typically difficult and expensive to replace and require long railway possessions (perhaps at least one
week). Wherever possible a new bridge is built closely and the track is moved onto the new bridge.
However, moving the track is expensive and a lot of money could be spent on a new structure for a
lower cost.

Most likely, only parts will be exchanged. One can discuss if partial replacement should be seen as
strengthening of the existing structure or replacement. This document will not make such difference
but include partial replacement as an effective method.
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Figure 8 Concrete arch bridge (Aby River bridge Sweden)

Because of the size there can be possibilities to construct a new bridge around the old one. For the
presented example a new arch may be built below the existing. It may also be possible to erect new
structures aside the existing one and then place a new superstructure between. It is also possible to
place a truss structure on top of the old bridge and slightly raise the track.

When such project is finalized the structure will have been fully replaced. The phased construction
procedure where the old structure is part of the new structure, can be more economical compared to
partial replacement.

4.2 Other civil structures / Earthworks

Besides bridges there exist other civil structures to support railway tracks.

First of all there are all types of geotechnical constructions such as embankments, cuttings and
abutments. In general strengthening is more often used in this area. Completely new build situations
are rare. As this report presents methods for replacement, this area is not within the scope.

Culverts and ducts are small with a span or diameter O 2 andhare therefore not defined as bridges.
They are more or less comparable to a bridge regarding construction work, planning and calculation.
However, these structures are not the main topic of this report even though many of the presented
methods are suitable.

Culverts are also sometimes pushed under ther a i | when the track is placed
even for tracks at ground level this method may be used using excavations on both sides of the tracks.

In the sense of bridge replacement considered in this report, the new dridgedis built next to the old

one and the method is more compared to erecting a new dridged and demolishing the old one

separately.

When bridges are pushed under the embankment, the damage on the outer surface must be
considered. Steel pipes must for instance have sufficient thickness to allow for corrosion since the
outer protection will be damaged.

4.3 Suggestions for the planning process

The track possession required for the replacement of a bridge structure has to be well planned and
prepared, bearing in mind the train traffic and aiming for the shortest closure possible, the road closure
and actual logistics for the construction method.

Some recommendations for the time planning are:
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- The old structure should be prepared for removal before the traffic stop (diversion of services
etc.)

- All work to adjust existing parts that should be reused should be done prior to the possession.

- Limited speed after possible removal of track

- Work that affects track can only be undertaken at certain temperatures

To facilitate such work, the sleeper distance might need to be temporary increased.

The maximum distances between two adjacent sleepers that can be allowed depends on particular
national standards and will be governed by the rail type, traffic loads, traffic intensity and duration of
works. As an indication, a center to center distance can for some cases be 0.75 m, giving a free
opening of approximately 0.5 m. The demolition work can then be carried out stepwise; some works
are done as preparation before the change and remaining work is done afterwards. This facilitates,
space and positioning of both existing and new bearings at the same time.

When the bridge change takes place in areas where all the work is undertaken on the track, the
placement of the new ballasted track needs planning. The new track must allow the wagons with
ballast to pass the bridge before it is in its final position. With temporary supports of the new sleepers
at the ends the ballast wagon may pass the bridge and unload ballast. The temporary supports are
then removed continuously and more ballast is placed. Larger (more than 0.3 m) lifting of existing
track is rather easy, the new sleepers are placed on the new bridge surface and the track is lifted in
the process of adding ballast and adjustment of the track.

The particular situation for each and every bridge reconstruction must be studied in detail at the
planning of the new bridge and the selected solution is likely to affect placement of electrical
equipment and services for the trains. General information is also given in [4] Pfeifer and Molter
(2008).

4.4 Full replacement

In this chapter, methods are presented to replace both sub- and superstructure. A complete new
bridge is built to replace the old structure.

One advantage with replacing an old bridge with a new compared to erect a new bridge in an existing
track is that most of the earth moving work is already done. The main problem is to remove the old
structure. It can be very useful if the existing bridge was the outcome from an earlier bridge
replacement. In such cases the existing bridge is likely to be already prepared for sliding or other
moving techniques. For more complicated cases the presented methods below have found to be
useful.

4.4.1 Below a temporary bridge

The main problem in railway networks is to close down the traffic for long periods. Therefore many
railway infrastructure managers across Europe have pre designed temporary bridges to use for
construction work. These bridges can be easily placed underneath the tracks and then construction
works are done underneath these temporary supports. They are in use when the headroom
underneath the track allows reducing the construction height of the new bridge. Then construction
works are done underneath these temporary supports.

Figure 9 shows only one example for the various types that exist across Europe.
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Figure 9 Temporary bridge used in DB

These bridges can be used several times and are easy to install and remove. They are available in
different lengths and are designed for spans from 6 m to 24 m. For the temporary bridges used and
designed within DB, the allowable train speed is up to 120 km/h in straight tracks and 90 km/h in
curves. These attributes propose a wide range of areas of application. Whenever these temporary
bridges are in use, a loading history report should be made. Due to their temporary use, these bridges
have their very individual loading history and therefore individual service life.

After installment of the temporary bridge with no ballast and very low structural height, the old bridge is
demolished and the new bridge is built underneath the temporary bridge, which is later removed. Old
bridges do often have over amounts of ballast which make it easy to fit the temporary bridge. The
method can be used for spans up to 25 m.

The existing bridge is taken out from the railway environment and all work is made under the
temporary bridge. A temporary bridge is placed on sheet pile walls which are installed in existing track.
Then the temporary bridge is placed during a 6-16 h track possession.

When this kind of rail support is used, the trains have to
pass the bridge with speed limits usually 20-40 km/h.

The advantage is that all work can be done underneath
the support. E.g. demolition of the old bridge but also
old supports can be retrofitted and prepared for a
superstructure replacement.

There are several methods for active tracks available in
the European market (see references [4], [5] and [6]).
They are different in length, supporting construction and
allowable speeds. A system with very high allowable
speed is shown in Annex 1 and describes replacement
of smaller bridges under

Aoap:

Figure 10 Active rails to be installed

ifActi ve

Track possession X 6-16 hours []6-8 days [ ] 1 month

required at the start and the end of the project to establish and
remove the temporary track supports; reduced line speed 20-40

km/h
Replacement X full Replacement  [X] partial Replacement
Design life/durability X 100 years [ ]50years [ 10 years
Risk X negligible risk (well-known technology, standard)

] minor risk [] major risk
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4.4.2 Replacing with prefabricated elements

Replacing smaller bridges with spans typically less than 5m is usually done using prefabricated
elements. The method has been used extensively the last 10 years and can be executed very fast.

Basically after the track has been closed and the rails removed, the existing structure is demolished,
improvements to the foundation conditions are made, the prefabricated elements (normally in the form
of U-shaped elements) are lifted into place. Waterproofing on the sides of the elements are either
rolled or glued to the structure, whereas waterproofing on the top of the elements is hormal bituminous
waterproofing membrane put on the elements before placing them in the final location. In addition, a
layer of concrete and a steel plate is put on top of the bridge. Finally, backfill and drainage is added
and track is restored.

This technique can be accomplished in a single weekend (Friday to Monday morning), but usually 6-8
days - including removal and replacement of tracks. The time also depends on the geotechnical
conditions on site. Therefore it is important to calculate the time required to prepare the new
foundation of the bridge.

a) Demolition of existing structure b) Earthworks done before lifting new
(two track suburban line). prefabricated elements in place.

] 7

c) Adding prefabricated elements.

d) structure complete (placing elements for
this size of underpath is approximately 2 hours)

e) Adding waterproofing is done while elements f) Adding concrete and steel plate on top
are assembled. of elements.
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