
 

  

 

 

MAINLINE 
MAINtenance, renewaL and Improvement of rail transport 

iNfrastructure to reduce Economic and environmental impacts 
Collaborative project (Small or medium-scale focused research project) 

Theme SST.2011.5.2-6.: Cost-effective improvement of rail transport infrastructure 

 

Deliverable D1.1:  
Benchmark of new technologies to extend 

the life of elderly rail infrastructure  

Grant Agreement number: 285121 SST.2011.5.2-6. 

Start date of project: 1 October 2011 Duration: 36 months  

Lead beneficiary of this deliverable: LTU 

Due date of deliverable: 2012-09-30  

Actual submission date: 2013-02-08, Revised 2013-06-27 

 

 

Release: Final version 

 

Project co-funded by the European Commission within the 7th Framework Programme  

Dissemination Level 

PU Public PU 

 

 

 



D1.1 Benchmark of new technologies to extend the life of elderly rail infrastructure MAINLINE SST.2011.5.2-6 
ML-D1.1-F-130627-BENCHMARK_OF_NEW_TECHNOLOGIES_TO_EXTEND_THE_LIFE_OF_ELDERLY_RAIL_INFRASTRUCTURE.DOCX 27/06/2013 

PU  ©MAINLINE Consortium 2 

 

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.  

MAINLINE proposes to address all these issues through a series of linked work 
packages that will target at least €300m per year savings across Europe with a reduced 
environmental footprint in terms 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.  

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; Luleå tekniska universitet, SE; DB Netz 
AG, DE;  MÁV Magyar Államvasutak Zrt, HU; Universitat Politècnica 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. 

 

                                                                                                                                                                                                                      
 
The photo on the front cover shows a concrete trough bridge built in 1959 in Haparanda in 
northern Sweden close to the border with Finland. In 2012 the bridge was strengthened with 
eight post-stressed bars installed in holes drilled through the slab (insert left). In this way it was 
possible to increase the bending and shear capacity of the slab to enable an upgrading of the 
line from an axle load of 25 to 30 ton (photo insert in the top right side shows traffic on the two 
tracks on the top of bridge). See further Section 2.6. 
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Glossary 

Abbreviation / acronym  Description 

ACI American Concrete Institute 

CEN European Committee for Standardization 

DoW Description of Work 

EC European Commission 

fib International Federation for Structural Concrete 

IABMAS International Association for Bridge Maintenance and 
Safety 

IABSE International Association for Bridge and Structural 
Engineers 

IALCCE International Association for Life-Cycle Civil Engineering 

IM Infrastructure Manager 

LCA Life Cycle Analysis / Assessment 

LCC Life Cycle Cost 

LCCA Life Cycle Cost Analysis / Assessment 

LCAT Life Cycle Assessment Tool 

RILEM International union of laboratories and experts in 
construction materials, systems and structures 

SIA Swiss Society of Engineers and Architects 

SB Sustainable Bridges, EC FP6 Project 

TecRec Technical Recommendation approved as standard by UIC and 
UNIFE 

UIC International Union of Railways 

UNIFE Association of the European Rail Industry 

WP Work Package 
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Executive Summary 

There are many traditional technologies available to extend the life of elderly rail 
infrastructure, some of which are being improved or developed, whilst new technologies 
continue to emerge. In this report an overview is given of some of the most promising 
new or updated technologies. Based on these findings further work in the Mainline 
project will mostly focus on the following areas:  

- Assessment methods  
- Monitoring methods 
- Repair and Strengthening methods 

Questionnaires on bridges, tunnels, earthworks and track were prepared and twelve 
Infrastructure Managers have responded to the bridge questionnaire; responses to the 
other questionnaires have been more limited. If the results from this bridge sample are 
extrapolated from the about 125 000 km of network and the about 150 000 railway 
bridges that these Infrastructure Managers oversee to the full European network, which 
is about 230 000 km, a rough estimate may be obtained of the needs for the next years. 
Such an extrapolation suggests that in the next ten years we may expect to strengthen 
some 1 500 bridges, to replace some 4 500 bridges and to replace the deck of some 3 
000 bridges. Some of the bridges that are planned to be replaced may instead be 
strengthened, if the new technologies presented here would be used. 

Work is also going on to improve the life length of track, switches and crossings and 
other rail infrastructure as earthwork, tunnels, drainage and culverts. 

It can also be seen that not many Infrastructure Managers currently use Life Cycle 
Costing (i.e. financial) and/or Life Cycle Assessment (i.e. environmental) in the planning 
of maintenance and repair of their rail infrastructure. There is a lack of data and 
methods and here the Mainline Project is intending to give guidance. There is also 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 are also intended to give advice that may help to improve this situation. 

Stakeholders in Europe will benefit from reduced costs, higher efficiency and reduced 
environmental impact for existing rail infrastructure by using the methods presented 
here. For upgrading of bridges some 150 million Euros per year may be saved 
compared to the cost of replacing existing bridges with new ones. For track and other 
rail infrastructure, similar savings may be achieved adding up to a total possible saving 
of more than 300 million euros per year. In Eastern Europe savings may be 
proportionally larger as a larger part of the tracks and the structures is old and in need 
of upgrading or replacement.  
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1. Introduction 

1.1 Background  

The work presented in this report is the first deliverable in WP1 within the project 
MAINLINE. The project has the overall aim to give railway infrastructure owners tools to 
reduce environmental footprint and prolong the life length of existing rail infrastructure.  

 

Figure 1. Work Package interaction in MAINLINE 

The purpose of this report is to 
identify and critically review 
technologies that have the best 
potential of achieving this aim. A 
chart illustrating the project is 
given in Figure 1. Work Package 
interaction in MAINLINE and the 
different work packages are 

listed in Table 1. 
 

WP1 will interact with the other 
WPs helping to identify new 
technologies, methods and data 
that have the potential to improve 
degradation and structural 
models (WP2), replacement 
(WP3), monitoring (WP4), whole 
life environmental and economic 
asset management (WP5) and 
dissemination of results (WP6). 
Results from the WPs are 
successively uploaded on the 
web, see http://www.mainline-
project.eu/Results,7.html  

 

Table 1.  Work Packages in MAINLINE 

WP no. Title 

WP 1 Life Extension - Application of new technologies to elderly infrastructure 

WP 2 Degradation and structural models to develop realistic life cycle cost and safety 
models 

WP 3 Replacement of obsolete infrastructure – New construction methods and 
logistics 

WP 4 Monitoring and examination techniques 

WP 5 Whole life environmental and economic asset management 

WP 6 Dissemination, training and exploitation 

WP 7 Project management 

WP 8 Scientific and technical coordination 

WP 2
Degradation

(Surrey)

WP 5
Whole Life Asset Management

(NR)

WP 6 Dissemination
WP 7  Management

WP 8 Scientific & Technical Coordination
(UIC)

WP 1
Life Extension

(LTU)

WP 3
Exchange

(DB)

WP 4
Monitor

(MAV)

http://www.mainline-project.eu/Results,7.html
http://www.mainline-project.eu/Results,7.html
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1.2 Benchmarking  

The term benchmarking is said to first have been used by cobblers to measure people´s 
feet. They would place someone’s foot on a “bench” and mark it out to make the pattern 
for the shoes. Benchmarking started to be used as a fundamental business exercise in 
the beginning of 1980. It was introduced as a tool for business development and is 
supposed to offer a key to large-scale improvements, as it provides a basis for learning 
from the best practices, providing a road map for copying the work process of the best 
in the class, i.e. it provides gains with relatively little effort, Espling and Kumar (2008).  

There are different benchmarking approaches ranging from the purely quantitative to 
the highly qualitative. The approach here will mainly be qualitative. 

Already when the Mainline project was prepared, a preliminary benchmark was done, 
see Table 2, ML-DoW (2011). The partners drew up a table which lists major rail assets 
and ascribes a score to a number of factors relevant to research into 
deterioration/damage models. Because there are different levels of knowledge between 
Western Europe and Eastern Europe and the developing economies, the values quoted 
in Table 2 have been simplified to 2, 5 and 8, with (in terms of either existing knowledge 
or the chance of a successful research outcome) 2 meaning poor, 5 meaning fair and 8 
meaning good. It can be seen that we estimated that there was a fair to good potential 
to improve deterioration models within three years in the areas of earthwork, metal and 
concrete bridges, retaining walls, culverts and switches and crossings. The table is not 
complete. It can e.g. be added that concrete and metal bridges may also suffer from 
corrosion due to stray current, SB-ICA (2007). 

In the project a Questionnaire has been sent out to Infrastructure Managers in UIC. The 
questions and the results are given in Appendix A. The results will be discussed in the 
report. 
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Table 2. Potential to increase knowledge regarding degradation mechanisms for components of 
elderly rail  infrastructure, ML-DoW (2011) 

 

1.3 Outline 

In this report, a qualitative benchmark is undertaken of new technologies that have 
become available during recent years to extend the life of existing elderly rail 
infrastructure.  

Some of the technologies have earlier been presented in the EC-FP6 projects 
Sustainable Bridges (2007) and Innotrack (2010). Others have been reported in a 
questionnaire to railway infrastructure owners, see Appendix A. Still others are treated 
in three parallel EC projects: Automain (2012), Smartrail (2012) and Sustrail (2012). Of 
these, Automain and Sustrail concentrate on track, while Smartrail has a scope more 
similar to that of Mainline. Smartrail will focus on earthwork, transition zones, slopes 
and tunnels and Mainline will focus more on bridges and track. Both projects will work 
with life cycle cost assessment, LCCA. A few case studies regarding strengthening are 
given in Appendix B. 
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2. Bridges  

2.1 Summary 

An overview of the demography of European railway bridges was given in SB-D1.2 
(2004). An overview of literature and research on railway bridges was presented in SB-
D1-3 (2005). General information on railway bridges is also given in Pfeifer and Mölter 
(2008). Failures and their causes and consequences are discussed in Scheer (2010).  

Below new and improved methods are summarized in Table 3. The different methods 
are then presented in some more detail in the following subsections. Information about 
the development of methods are given at conferences arranged by European projects 
and International Associations for Bridge Maintenance and Safety (IABMAS), Bridges 
and Structural Engineering (IABSE), and Life-Cycle Civil Engineering (IALCCE), see 
e.g. Bien et al (2007), Collin et al (2009, 2010, 2011), Koh and Frangopol (2008), ASCE 
(2010), IABMAS (2012), IALCCE (2012) and IABSE (2013). Rules for design are given 
in the Eurocodes, EC0 (2002) – EC9 (2007) and in different national guidelines, e.g. 
Network Rail (2001), TRVK Bro (2011), and TRVR Bro (2011). Guides for assessment 
have recently been published by SIA 269 (2011). 

A questionnaire on bridges has been issued to Europe’s rail infrastructure owners and 
twelve responses have been received, see Appendix A. If the results from this bridge 
sample are extrapolated from the about 125 000 km of network and the about 150 000 
railway bridges that these Infrastructure Managers oversee to the full European 
network, which is about 230 000 km, a rough estimate may be obtained of the needs for 
the next years. The length of the network in Europe is about 1.9 times the network 
covered by the questionnaire answers. This implies that in the next ten years we may 
expect to strengthen some 1 500 bridges, to replace some 4 500 bridges and to replace 
the deck of some 3 000 bridges. Some of the bridges that are planned to be replaced 
may instead be strengthened, if the new technologies presented here would be used. 

 

Table 3.  Summary of technologies to strengthen bridges – pros and cons 

New Technology Pros  Cons 

Better inspection and 
assessment methods 

- A more accurate assessment -  More data is needed.   

-  A higher cost compared to 
standard assessment methods 

Water proofing - Hydrophobic surfaces prevent 
moisture transport and prolongs the 
onset of corrosion 

- Hazardous chemicals 

- Poor working climate 

- Higher cost 

Anti-Corrosion - Reduce existing propagation of 
corrosion 

- High cost 

- Poor working conditions 

Joints and Bearings. 
Modification and/or 
replacement 

- Ensuring assumed static system 

- Reducing dynamic effects 

- Increasing safety 

- High cost 

- Interruption in traffic flows 

Strengthening  - The capacity and life length can be 
improved 

- The costs can be high and 
have to be compared to the 
costs for a new structure 
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Transition Zones – new 
methods 

A smoother passenger ride. Reduced 
impact damage 

- Slightly higher initial costs 

In reviewing new technologies in these areas the project intends to look into work 
carried out by academic and research institutions; products developed by 
manufacturers and suppliers and techniques developed by specialist subcontractors. 

2.2 Better Inspection and Assessment Methods 

Table 4.  New inspection and assessment methods – pros and cons 

New Technology Pros Cons References 

Probabilistic 
Assessment with 
Bayesian Updating of 
Material Properties 

- A more accurate 
assessment 

- More data is needed fib B62 (2012) 

ML-D1.2(2013) 

SB-LRA (2007) 

Assessment based on 
monitoring of critical 
sections 

- A more accurate 
assessment 
- Assumed stresses 
and deformations can 
be validated 

-  Extra costs for 
monitoring and 
evaluation 

SB-LRA(2007) 

SB-MON (2007) 

SB-7.4 (2007) 

Helmerich et al (2012) 

Advanced Inspection 
methods 

-  Better knowledge 
can be obtained about 
the condition of a 
structure 

-  The needed 
apparatus may be 
expensive and costly 
to use 

SB-ICA (2007) 

fib B22 (2003) 

Tilly et al (2007) 

Calibrating analytical 
and numerical models 
by loading bridges  to 
failure  - Full scale 
testing  

-The real safety of 
bridges can be 
determined  
- The soundness of 
analytical and 
numerical methods 
can be determined 

- It is expensive to 
carry out full-scale 
testing 

Puurula (2012) 
SB-7.3 (2008) 

Inspection and assessment methods are of vital importance when you deal with elderly 
infrastructure. There has been substantial development in this area during the past 
decade especially regarding probabilistic assessment methods and Bayesian updating 
of available data. For railway bridges the development up to 2007 was presented in the 
project Sustainable Bridges where three guidelines were issued for: 

- Inspection and Condition Assessment, SB-ICA (2007),  

- Load and Resistance Assessment, SB-LRA (2007), and  

- Monitoring, SB-MON (2007).  

One example of how an assessment can be organized is given in Figure 2. For 

concrete structures guidelines have also been presented in e.g. fib B22 (2003) and fib 
B62 (2012). For steel structures methods are given in e.g. Tilly et al (2007), Kühn et al 
(2008) and regarding fatigue in BriFag (2011) and Collin et al (2010). General 
guidelines are also given in Cremona (2011) and Yanev (2007).  

Probabilistic methods have not yet been accepted by all Railway Infrastructure 
Managers. In the Mainline project a further development of assessment methods has 
been identified as one important area and a special delivery will cover that, ML-D1.2 
(2013).  
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Methods to assess structures taking whole life environmental and economic factors into 
account are treated in Work Package 5 and the results are planned to be presented in 
ML-D5.7 (2014). An example of a study of Life Cycle Cost for different bridge types is 
given in Ditrani (2009). So far, only few Infrastructure Managers are applying these 
kinds of methods regularly, see Table A.6 in Appendix A.   

 

 

Figure 2.  Assessment scheme according to SB-LRA (2007) 

 

One important way to calibrate the models used in assessment of bridges is to load 
structures to failure and to check their real behaviour. Two full scale tests of Swedish 
concrete bridges have earlier been reported by Plos (1990, 1995) and Täljsten (1994). 
A slab frame bridge with a span of 21 m and a prestressed frame beam bridge with a 
span of 31 m were tested to failure in shear and bending. For the slab beam a brittle 
failure occurred when a new shear crack with a low slope emerged for a point load of 
4.5 MN. For the prestressed bridge the failure occurred when one of the beams 
punched through the end support wall for a point load of 8,45 MN. Neither of the failures 
was predicted by available codes.  

In Switzerland a project has studied the condition of 89 bridges during their demolition, 
Vogel and Bargähr (2006). The authors recommend improved methods for the 
assessment of real loads and for corrosion damages in prestressed concrete bridges. In 
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Switzerland, Brühwiler (2012) has also studied how the service life of bridges of cultural 
value can be extended.   

An overview of degradation models is given in ML-D2.1 (2012) and ML-D2.2 (2013). 

A failure test for a concrete trough bridge was carried out in the project Sustainable 
Bridges, SB-7.3 (2008). The data has been further analyzed in order to calibrate 3D 
non-linear finite element methods, Puurula (2012). The ultimate load was considerably 
higher than what the current codes predicted.  In Mainline a steel truss bridge will be 
tested to check its capacity and how it complies with analytical and numerical 
estimations.   

2.3 Water proofing 

Table 5.  New water proofing methods – pros and cons 

New Technology Pros  Cons Reference 

Hydrophobic 
impregnation 

- Can prolong the life of 
elderly concrete 
infrastructure 

- Hardly cost-effective 
on high-performance 
concrete with thick 
concrete covers 

Selander (2010) 

Loose-laid 
flexible 
membranes 

- Relatively inexpensive 
material costs 
- Less preparation of 
substrate required. 
- Simple application 

- Extensive 
preparation/excavation 
works required 

Notes to Table A.3 
(in Appendix A) 

Spray on systems - Relatively inexpensive 
material costs 
- Simple application 

- Extensive 
preparation/excavation 
works required 

Notes to Table A.3 
(in Appendix A) 

Electro-injection  - Very effective in plugging 
leaks 
-Underwater work is 
possible 

- Only applicable to 
local repairs (e.g. 
cracks) rather than full 
deck waterproofing 

Notes to Table A.3 
(in Appendix A) 

Several examples of the methods listed above are given in the answers to the 
questionnaire; see Table A.3 in Appendix A. Existing knowledge and standardized 
procedures can also be used to reach better waterproofing, see e.g. EN 1504 (2008).  

Hydrophobic impregnations often referred to as water repellent agents are often used 
on concrete to prolong the service life of concrete structures. This can be accomplished 
by protecting the reinforcement bars from chlorides or by changing the moisture content 
inside the structure. When the concrete is treated with a water repellent agent the 
properties of the surface layer becomes hydrophobic and thereby water droplets are 
stopped from entering, still allowing water vapor to pass through. This change can 
reduce chloride ingress and stop heavy rain from penetrating through the surface layer. 
Today, water repellants consist mainly of alkylalkoxysilanes. There are several 
commercial methods available.  

In a thesis by Selander (2010), results are presented concerning how the properties of 
concrete are affected by a hydrophobic impregnation. Moisture transport and fixation in 
the surface layer of the concrete are studied as well as the secondary effects of more 
practical use such as the effect on chloride ingress, water absorption and humidity 
level. It also presents results on how the penetration depth and concentration of the 
water repellent agent (i) depend on a number of parameters, and (ii) affect the outcome 
of the treatment. Water repellent treatments on a number of different concrete 
structures in Stockholm, ranging from tunnel to high-rice building, are evaluated as well. 
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The three most important factors for the penetration of any water repellent agent into 
concrete are time, porosity and degree of saturation. A semi-empirical equation is 
derived that gives an idea on how much these factors affect the efficient penetration 
depth of the water repellent agent. The depth and concentration have a major effect on 
the performance of the treatment. 

In order to improve the durability of bridge members subjected to harsh environment 
and deicing agents, Trafikverket in Sweden recommends that such members should be 
impregnated. The question is how efficient such a measure is. According to 
approximate life cycle cost calculations, Silfwerbrand (2008) has concluded that 
impregnation is cost-effective on old concrete bridges but hardly on modern ones with 
high performance concrete and thick concrete covers. However, more thorough 
investigations are needed. 

Many of the older rail bridges (especially brick arches) may have been built without 
waterproofing or may have waterproofing systems which have deteriorated or failed. 
Installation of a new system across the whole deck surface is usually achieved with 
waterproofing fabrics or spray on systems. This requires excavation of the full 
carriageway surfacing and fill (overbridges) or removal of track and ballast 
(underbridges) down to the deck. Loose laid flexible membranes have been developed 
especially for fast track rail possession working, when deck and climate conditions are 
uncertain, or for masonry arch bridges where no continuous deck exists. Where there 
are no discontinuities in the underlying deck (e.g. solid concrete slab construction), 
spray on systems may be more applicable. Fabrics or spray on systems both require 
carefully controlled backfilling of material to prevent the waterproofing from puncturing. 

Injection techniques are used to waterproof structures against leakage and protect 
structural reinforcement. It is specifically used for concrete cracks, cold and working 
joints, diaphragm walls and tunnels and for waterproofing walls made of stone, solid 
bricks or reinforced concrete. Work is possible in the presence of water under pressure, 
so emergency situations can be resolved. Various resins and mortar systems are 
available for different applications (acrylic, polyurethane, epoxy, mortars and micro-
cement). At the time of injection the resin has the same viscosity as water, thereby 
saturating cracks, joints, cavities, gravel pockets or concrete voids. It forms a flexible 
gel which expands in the presence of water, sealing the crack by pressure. The reactive 
and reversible swelling effect remains constant over time and enables the resin to adapt 
to any movement in the crack, meaning that the effectiveness of the waterproofing 
remains unaltered. Recent trials have taken place in the UK on waterproofing of brick 
arches using polyurethane waterproofing injected into the soffit of the arch. 

2.4 Anti-Corrosion 

Table 6.  New anti-corrosion methods – pros and cons 

New Technology Pros  Cons Reference 

Corrosion protection of 
reinforcement 

The structure may 
last longer 

The protection may 
be costly 

fib B53 (2009) 

Use of stainless steel Good protection Expensive fib B53 (2009) 
New methods for painting 
of steel structures 

Environmental 
friendly 

Expensive Roberge (2007, 
2008) 

Heat induction to remove 
protective coatings 

Encapsulation of 
structure not needed 

Expensive PCE (2011) 
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Several examples of the methods listed above are given in the answers to the 
questionnaire, see Table A.3 in Appendix A. Current and new methods are presented in 
e.g. the journal Anti-Corrosion (2012).  

In concrete bridges, the concrete in itself provides a protection to the reinforcement as 
long as it has not carbonated. Problems may arise when the concrete quality has been 
poor, where the cover has been inadequate or where chlorides have been present, fib 
B53 (2009). Epoxi-coated bars and cathodic protection are methods that are used. 
Exchange of the ordinary reinforcement to stainless steel or fibre reinforced polymers is 
also a method that is used.  

Most steel bridges, until the mid- to late 1970s, were protected from corrosion by 
multiple thin coats of lead- and chromate-containing alkyd paints applied directly over 
mill scale on the formed steel. Maintenance painting for prevention of corrosion was 
practiced. However, this paint system  can no longer be used because of the effects it 
has on humans and the environment. The bridge engineers have a choice of either 
replacing the lead-based paints with a different coating or painting over the deteriorating 
areas. Removal of lead-based paint incurs high costs associated with the requirements 
to contain all the hazardous waste and debris, Roberge (2007, 2008). 

Developments include: (1) improved and environmentally safe coating systems and (2) 
methodologies to optimize the use of these systems, such as “zone” painting (adjusting 
coating types and maintenance schedules based on the aggressiveness of the 
environment within different zones on the bridge). Overpainting techniques to eliminate 
the cost of expensive paint removal have also been developed.  

Many existing steel bridge coatings contain lead and the bridge must be fully 
encapsulated to contain blast debris when the protective system is removed by blast 
cleaning.  Full encapsulation can compromise rail headroom and increase rail 
possession requirements. The heat induction method of paint removal uses an inductor 
head which generates an electromagnetic field which is moved by the operator over the 
surface to be treated. At the position of the inductor head, the steel is heated to a 
predetermined level causing instant debonding between paint, rust, mill scale, etc.  The 
power supply sends alternating current through the heating coil, generating an 
electromagnetic field and inducing eddy currents within the work piece, giving precisely 
controlled amounts of localized heat without any physical contact between the inductor 
head and the work piece (no wear and tear), see e.g. PCE (2011). 

2.5  Joints and Bearing Modification and/or Replacement 

Table 7. New technologies for joints and bearing – pros and cons 

New Technology Pros  Cons Reference 

Load and deflection 
controlled jacking 

- Can achieve full 
access to carry 
out complex work 

- Very expensive Appendix B 

Load and deflection controlled jacking of the deck is often required to enable bearing 
modification or replacement. Hydrodemolition and concrete repairs can be carried out to 
the abutment, pier or column heads and new bearings installed. This is not an entirely 
new technique but is not used everywhere. As an example it has been successfully 
used on Secklow Gate Viaduct (Milton Keynes, UK), see Appendix B.  
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2.6 Strengthening 

Table 8.  New strengthening technologies – pros and cons 

New Technology Pros Cons Reference 

Near surface mounted 
CFRP reinforcement 

- The surrounding 
concrete protects the 
reinforcement from 
abrasion and  from 
vehicles scratching 
the concrete surface 
- Delamination is 
delayed and life 
length is increased 

- Grinding of grooves 
is needed 

SB-STR (2008) 
Sas (2011) 
 

Precision drilling of 
long holes for  extra 
reinforcement which 
might be post-
tensioned    

- Higher shear and 
flexural capacity can 
be obtained 

- The installing of the 
tendons may need 
precision drilling 
- Anchorage is a 
problem for CFRP 
rods 

Bennitz, A (2010) 
Nilimaa et al (2012) 

Using mineral based 
composites 

Environmental-friendly Not as strong as 
CFRP and epoxy  
glues 

Blanksvärd  (2009) 
 

Strengthening of Steel 
Bridges 

- Environmental 
friendly 
- Good for reducing 
stress levels when 
considering fatigue 

- Low strengthening 
effect for higher load 
capacities 

Bell (2010) 
Cadei et al (2004) 

Cast Iron Stitching - Avoids stress 
problems associated 
with welding cast iron 

- Long term 
monitoring still 
required 
- Very specialized 
procedure 

See example in 
Appendix B 
(Newcastle high 
Level Bridge) 

Proprietary systems 
for arch strengthening 

- Often very practical 
methods for 
strengthening 

- Lack of widely 
known market leaders 

SB-LRA (2007) 

Many European railway administrations regard the replacement of elderly civil 
engineering structures and track assets as a last resort and have also – besides trying 
to apply new refined assessment methods – adopted new technologies to extend the 
service life of existing infrastructure, see e.g. Paulsson et al (1998). For instance the 
use of fibre reinforced polymer (FRP) products for retrospective strengthening of 
metallic and concrete bridges is now becoming accepted, particularly when increased 
carrying capacity is required, compare with Table A.3 in Appendix A. 

However design guidelines are still in the early developmental stage, see e.g. Cadei et 
al (2004), SB-STR (2008) and Täljsten et al (2006, 2011). This means that there is a 
lack of accepted Standards or Codes. The lack of codes and the absence of widely 
accepted partial safety factors to be used in the design cause difficulties in the 
widespread practical application of this strengthening technique, Bell (2010). Hence, 
effort in this area should go in the direction of defining more accurate/refined models for 
both un-strengthened and strengthened components and structural systems for elderly 
civil engineering and track assets. Refinements can be achieved in different ways, 
including the quantification (and possible reduction) of uncertainties in loads or in the 
resistance models, the improved characterization of deterioration and its influence on 
performance, etc. As an example, models for debonding of FRP sheets used for flexural 
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strengthening have been studied in a statistical analysis by Ceci et al (2012). This may 
be used for development of tools for reliability-based calibration of partial safety factors 
in FRP strengthening.  

The technique to use near surface mounted CFRP reinforcement was introduced in 
Sustainable Bridges, see Figure 3, SB-STR (2007), see also SB-D7.3 and Sas (2011).   
 

 

Figure 3.  Near Surface Mounted Reinforcement, NSMR, is placed in groves that are grinded in 
e.g. the bottom of a slab (left, middle). Carbon Fibre Reinforced Polymer (CFRP) bars (right) can 

then be glued into the groves, see e.g. SB STR (2007), Täljsten et al (2011) 

 

The technique of precision drilling long holes through a concrete or rock structure may 
be used to introduce extra reinforcement in areas which otherwise are inaccessible. 
This technology can be further developed using post stressing which is a classic way of 
preventing further cracking in a concrete or a metallic structure. The method has 
recently been tested at a bridge in Haparanda, see Figure 4. Here the use of fibre 
reinforced polymers is not yet a practical solution due to the difficulties in creating 
acceptable end anchorages. Common screw threads cannot be used as they will 
destroy the fibres. MAINLINE intends to study new bonding techniques that may make 
this technology applicable, Bennitz (2010), Nilimaa et al (2012), Nilimaa (2013). 

Using mineral based composites for strengthening is also an interesting alternative, 
where the epoxy resin is substituted for cement based bonding agent, Blanksvärd 
(2009). This strengthening system has better compatibility with the concrete substrate 
compared to the use of epoxy plastics. 
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Figure 4.  Strengthening of a concrete trough bridge built in 1959 with eight post-stressed bars 
installed in holes drilled through the slab (insert left). The bridge is located in Haparanda in 

northern Sweden close to the border to Finland (No 3500-2033-1, 1309 km + 609). In this way it 
was possible to increase the bending and shear capacity of the slab to enable an upgrading of 

the line from an axle load of 25 to 30 ton (insert right shows traffic on the two tracks on the top of 
bridge). Nilimaa et al (2012), Nilimaa (2013), 

 

Strengthening of steel bridges for shear/flexure is often carried out by attaching extra 
steel plates to webs and flanges which are too weak. Examples of several strengthened 
bridges are given in Bell (2010). 

Bell also gives an example of how new CFRP methods can be applied, see Figure 5, 
which illustrates a strengthened 3-span bridge on the Hammersmith Road in west 
London. The bridge was built around 1860. The main span now crosses the principal 
cross London freight route to the Channel Tunnel and one side span crosses the 
London Underground District Line branch to Olympia. Each span consists of 13 cast 
iron longitudinal girders. 

The assessed capacity was an 18 ton vehicle. 10 internal bays have brick jack arches 
and the remaining 2 internal bays have cast iron floor plates. These limit the assessed 
capacity to a 3 ton vehicle while 40 ton capacity is required. 

The main girders were strengthened with plates of Ultra High Modulus Carbon Fibre 
Reinforced Polymers (UHM CFRP) and cast iron (CI) deck plates were strengthened 
with specially manufactured cruciform stiffening made from UHM CFRP. 

Some more examples from the UK provided by SKM are given in Appendix B: Secklow 
Bridge, Slattocks Canel Bridge, Newcastle High Level Bridge and St. Michael’s Road 
Bridge. Other examples are given in Pantura (2012) and in VVbN Magazine (2013). 
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Figure 5.  Strengthening of a 3-span bridge built in around 1860 to carry the Hammersmith road 
in west London. The main span now crosses the principal London freight route to the Channel 
Tunnel.  Main girders were strengthened with CFRP plates and deck plates were strengthened 

with specially manufactured cruciform strengthening made from CFRP. Bell (2010) 

 

Steelwork strengthening methods to improve the stability and capacity of metallic 
girders have also been developed and installed on railway bridges in the UK. These 
include ‘top-hat’ and ‘bottom-hat’ strengthening methods, where steel channel is bolted 
to the flanges of existing girders, see Cadei et al (2004). 

Regarding strengthening of connections in metallic bridges, there is very little research 
on this topic. However, in-situ laminated FRP strengthening systems are very suitable 
for strengthening connections in metallic bridges, as the geometry of such connections 
is typically complex. FRP fabric can be moulded around the connection geometry to 
improve connection rigidity and capacity. Initial experimental work has been undertaken 
by Kaan et al (2012) and others. 

Regarding fatigue cracking, FRP strengthening has been shown to be an effective 
technology to reduce fatigue stress concentrations, and therefore prevent/delay the 
onset of fatigue cracking or reduce the rate of crack growth, see e.g. Täljsten et al 
(2009). Limited research work has also shown that bonded FRP strengthening systems 
can also be designed to withstand the energy released when a fatigue crack occurs, 
and therefore provide an alternative load path to provide structural adequacy. 

Cast iron stitching is a cold repair process for repairing cast iron that avoids the normal 
stress problems associated with welding.  Holes are drilled along the line of the fracture 
in the cast iron and these holes are tapped and filled with steel studs. Holes are then 
drilled at right angles to the fracture using a template and the holes are filled with steel 
keys.  Layers of keys are peened on top of each other to form a structural stitch. This 
has been done successfully on Newcastle High Level Bridge in UK (large-scale testing 
undertaken to confirm structural capacity of cast iron stitching). 
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Masonry arches represent a large stock of older rail bridges, particularly in Europe. An 
overview of masonry arch bridges is given in SB-LRA (2007). Various proprietary 
systems of internal strengthening for arches exist. For example, Archtech involves 
inserting and grouting stainless steel reinforcing bars into the masonry. The 
reinforcement is positioned in the arch barrel in a longitudinal direction and tangential to 
the curvature. The strength of individual bridges is accurately calculated both before 
and after reinforcement. The bar system incorporates an expandable fabric ‘sock’ that 
contains the bars and grout, protecting the surrounding masonry from being displaced 
or otherwise damaged by the grouting pressure. During inflation, the sock deforms and 
the grout fills in the cavities in the masonry to develop a mechanical bond. Another 
example is Archie-M (2013), which is a program for the analysis of arches. 

New bridge types as composite bridges and soil-steel culverts have become popular 
during the last decades. Some information about development and 
possibilities/problems with these types of bridges are discussed in Collin et al (2009, 
2010, 2011), Hällmark (2012), Nilssson (2012) and Petterson (2009). For soil-steel 
culverts it is of importance to check the life length, see e.g. Ditrani (2010). 

2.7 Transition zones 

There are sometimes problems in the transition zones between bridges and the track 
on the adjoining embankment. Due to the differences in foundation stiffness between 
the two zones, a “jump and bump” situation can occur giving extra dynamic forces 
which are harmful for the track and trains, see Figure 6,  SB-LRA (2007), Coelho (2010) 
and Dreier et al (2011). One way to remedy this is to place a special slab in the 
transition zone, which has the effect of smoothing out the relative differences (see 
Error! Reference source not found.). This however requires excavation of ballast and 
ifting of track which may be difficult and relatively expensive. However, once installed, 
the slabs can remedy the problems for an extensive period of time. 

The method is also used in e.g. Hungary; see Table A.3 in Appendix A. 

 

 

Figure 6.  In the transition zone between a bridge and the adjoining embankment there might 
appear a “jump and bump” situation which is harmful for the track and the trains, SB-LRA (2007) 

 

 

"Jump & Bump"

difference in rail level

Very stiff track foundation
Embankment

Much less stiff track foundation

Bridge structure
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Figure 7.  Link plate used by Trafikverket in Sweden to make transition zones smoother. One 
end is supported by the bridge abutment and the other lower end is supported by the 

underground. A softer bearing can also be used for the bridge. 

 

2.8 Added value for stakeholders 

Europe has a railway network of some 230,000 km with an asset value of more than 
1500 billion € (1500*109 €) and spends – with large variations – less than 1% of this 
value for yearly maintenance, UIC (2007). 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 
outcome from MAINLINE, remain in service for longer periods than currently 
anticipated, improving the ability of the railways to deliver increased mobility across 
Europe and play an increasingly important role in the development of integrated, safer, 
“greener” and “smarter” pan-European transport systems. 
 
MAINLINE will facilitate longer service lives for existing railway infrastructure, which will 
bring about great savings for Infrastructure Managers in Europe. This will be done by 
providing improved life extension methods (WP1), understanding of infrastructure 
degradation (WP2) and enhanced monitoring and examination techniques (WP4). 
MAINLINE will also provide methods to optimize replacement of obsolete structures 
(WP3), and will develop a tool to evaluate all these options (WP5), in a transparent 
economic cost and environmental impact framework.  
 
A modest 10-year increase in the service life of 2% of the bridges using enhanced 
assessment methods coming from MAINLINE will imply 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 short railway bridges is about 0.5 to 1M€. 

With a low interest rate of 2%  (p = 0.02), the present value of the cost for a rebuilding 
a bridge in 10 years will be K/(1+p)10

 = 0.820 K. 

The saving compared to rebuilding the bridge now 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 (0,5 to 1) M€ = 
90 to 180 M€ per year. 



Transition zone plate  
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As another example, using MAINLINE knowledge, the planned replacement of a bridge 
could be substituted by the upgrading of the same. The cost for 
upgrading/strengthening is often about a quarter of the cost of a new bridge. In the next 
ten years in Europe, there are about 10,000 bridges that need to be 
assessed/upgraded/replaced, according to the results of the questionnaire in appendix 
A. By applying the methods developed in the project, a quarter of them might be saved 
and upgraded. Europe here has a possibility to save some (10,000 / 4)   (3/4)   (0.5  to 
1) M€ = 937.5 to 1,875 M€.  

 

For Eastern Europe, with many old railway lines, it is especially important to be able to 
assess and upgrade the rail infrastructure in an efficient way. According to Tanczos and 
Bessenyei (2009), the rail freight traffic and passenger transport had a spectacular fall 
after the political change around 1990. After that transportation performance has 
stabilized and now the overall development is considerably accelerated. However, in 
order to be able to compete successfully with road traffic there is a need to use and 
maintain the existing rail infrastructure as effectively as possible. Here the methods 
proposed by the MAINLINE Project should be very useful. 
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3.  Track 

3.1 Summary 

Overviews of practice and research are presented in e.g. Esveld (2001), Lichtberger 
(2005), Lothar (2007), IHHA (2009) and Innotrack (2010). Track-wheel interaction is 
treated in Lewis and Olofsson (2009). General information on the history of tracks is 
given in e.g. Pike (2010). Recent trends are given in Veit and Marschnig, (2011, 2012). 
A typical double track is illustrated in Figure 8. Below new and improved methods are 
summarized in Table 9. The different methods are then presented in some more detail 
in the following subsections.  

 

Figure 8.  Double track and embankment in Torp, Sweden, Innotrack (2010) 

As work on track systems is also going on in the European projects Automain (2012), 
Interail (2012) and Sustrail (2012), Mainline will try to keep updated with their progress 
to avoid unnecessary duplication of work.  

It can be seen in the Questionnaire, see appendix A that not many Infrastructure 
Managers yet use Life Cycle Cost Assessment in the planning of maintenance and 
repair of their rail infrastructure. There is a lack of data and methods and here the 
Mainline Project may give assistance. There is also often a lack of economic resources 
for maintenance which may lead to a shorter life length and less sustainability than 
would be necessary. Also here the results from the Mainline Project may give 
information that may help to change this.  

Table 9.  Summary of technologies to improve track – pros and cons 

New Technology Pros  Cons 

Better inspection and assessment 
methods 

Improves safety and 
economy 

Implementation may need some 
additional work 

Grinding of rail with optimized 
procedures 

Improves safety and 
economy 

Takes time and and may cost  
money in the short run 

Improved Switches and 
Crossings 

Lesser failures May initially cost more 

New strategies for tamping and 
ballast cleaning  

Improves ballast 
properties 

May be more expensive in the 
short run 

Improved sleepers to delay 
degradation 

Last longer Quality control is necessary 
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3.2 Better Inspection and Assessment Methods 

Inability to detect rail cracks at an early stage of growth hinders the planning of 
mitigating actions such as grinding. It may also entail that cracks are allowed to grow 
too long before removal, which leads to higher grinding costs and more operational 
disturbances, and also to a shorter rail life. In severe cases this may even be a safety 
issue. 

Inspection methods and equipment to detect rail cracks were studied in Innotrack 
(2010), see Ekberg and Paulsson (2010). The work is continuing in Interail (2012) and 
PM’n’IDEA (2012). 

3.3 Grinding of rail with optimized procedures 

Grinding is since a long time a necessary maintenance method used to increase rail life 
and reduce cost, see e.g. Zarembski (2005).  Grinding costs are today relatively high. 
Two reasons for this are poor logistics planning and lack of network grinding strategies. 
Innotrack (2010) has delivered a guideline and a Technical Recommendation (TecRec) 
on optimized grinding procedures. This document includes not only technical 
specifications (e.g. profile tolerances), but also logistical and strategic considerations.  

High speed grinding is a relatively new method, see e.g. Vossloh (2012). It is based on 
the principle of circumferential grinding. Cylindrical grinding stones are pulled over the 
rail at an angle, inducing rotation as well as an axial grinding motion. The grinding 
stones are mounted on grinding units hauled by a carrier vehicle. In this way the speed 
can be increased to 60-80 km/h compared with traditional grinding with a much lower 
speed. Fast ultrasonic testing (search for head checks) can support fast grinding 
procedures. 

3.4 New caps on old rail  

The Project ReRail, see Sundström (2012), is engaged in developing a new concept to 
prolong the life of the existing worn out rail. If successful, this method is likely to reduce 
the consumption of steel and which in turn will result in reduced CO2 emission. It 
consists of a rolling format, modern hardened steel, which forms a wear surface, see 
Figure 9. The hardened steel in ReRail is nearly twice as hard as normal rail steel. 
ReRail tread is about 10 mm thick and is mounted around the head of the original rail 
which is milled down when it is worn out and adapted to the tread of the internal form.  

The advantage of a two-track rail is that it can be renovated into place, then only the 
surface needs to be replaced. Tests have been carried out at TTCI, the Transportation 
Technology Center, in Pueblo, Colorado. The production of 10 000 meter rail produces 
around 24 000 tons of carbon dioxide. With ReRail the emissions may be reduced to 
about 5000 tons. Upgrading and re-using a worn rail may require only 10% new rail 
materials. However, there are also problems to obtain a good fit without stress 
concentrations. If stress concentrations cannot be avoided the fatigue capacity will be 
reduced.  

 

Figure 9. Principle for the Rerail System with new caps on old 
rail, Sundström (2012) 
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3.5 Improved switches and crossings 

Switches & crossings (s&c), also named turnouts, are discontinuities in the track 
systems. They impose dynamic loads on track and rolling stock and are prone to 
mechanical failures. Two types of improvements may be possible: (1) more robust 
switches with new types of components less susceptible to failure and (2) improved 
maintenance procedures.  

Through numerical simulations calibrated from in-field measurements recently several 
measures to optimize the mechanical characteristics of s&cs have been proposed, by 
e.g. Nissen (2008) and Innotrack (2010). Work is now going on in Automain (2012) and 
Sustrail (2012). 

An interesting example is shown in Figure 10 where Performance Indicators (PI) for 
switches are studied, Stenström (2012). Figure 10a shows that two subsystems of the 
S&C, namely the switch control system and the switch motor system, are deviating 
considerably from the other subsystems with respect to number of work orders and 
delays. The corresponding active repair times can be seen on the right hand side of the 
figure as box plots. On each box, the central mark is the median, the edges of the box 
are the 25th and 75th percentiles, and the whiskers extend to 1.5 IQR (interquartile 
range). Outliers are left out. The median time to repair of the frog, i.e. the switch 
crossing point, is over 200 minutes, while other systems take about 50 minutes.  
 
The subsystems of the S&C are further broken down to the component level in Figure 
10b. Connectors and point drives, which are part of the switch control system and 
switch motor, are found to have a high risk ranking. In addition, the frog point and wing 
rail of the frog have high active repair times. 

Performance measurements can give large savings and bring business safety by more 
proactive management, while there are additional costs associated with measuring. It is 
therefore important to thoroughly analyse what, where, when and how to measure. 
Thus, there exists a need to study the railway infrastructure PIs used by different IMs, to 
find out which ones are the most important, which are required and which are not 
required. 
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Figure 10.  Example of (a) subsystems and (b) components which cause most work orders and 
longest delays in switch systems, Stenström (2012). It can be seen that most of the trouble is 
caused by the control system and the motor in (a) and the point drive and the connector in (b) 

3.6 New strategies for ballast tamping and cleaning 

Over time, ballast settle and the track may be in need of an alignment. This can be 
done with a ballast tamper or tamping machine which is used to pack (or tamp) the 
ballast under the railway tracks.  With modern machines the track as a whole can be 
leveled, aligned and tamped, in order to achieve a smoother ride for passengers and 
freight and to reduce the mechanical strain applied to the rails by passing trains. 

The ballast also becomes worn with time, and loses its angularity, becoming rounded. 
This hinders the tessellation (in Latin, tessella is a small cubical piece of clay, stone or 
glass used to make mosaics) of pieces of ballast with one another, and thus reduces its 
effectiveness. Fine pieces of granite, like sand, are also created by attrition, known 
simply as "fines". Combined with water in the ballast, these fines stick together, making 
the ballast like a lump of concrete. This hinders both track drainage and the flexibility of 
the ballast to constrain the track as it moves under traffic. 

Ballast cleaning removes the fine material in the worn ballast, screens it and replaces 
the "dirty" worn ballast with fresh ballast. The advantage of ballast cleaning is that it can 
be done by an on-track machine without removing the rail and sleepers, and it is 
therefore cheaper than a total excavation. It can be carried out with e.g. a ballast 

http://en.wikipedia.org/wiki/Clay
http://en.wikipedia.org/wiki/Rock_(geology)
http://en.wikipedia.org/wiki/Glass
http://en.wikipedia.org/wiki/Mosaic


D1.1 Benchmark of new technologies to extend the life of elderly rail infrastructure MAINLINE SST.2011.5.2-6 
ML-D1.1-F-130627-BENCHMARK_OF_NEW_TECHNOLOGIES_TO_EXTEND_THE_LIFE_OF_ELDERLY_RAIL_INFRASTRUCTURE.DOCX 27/06/2013 

PU  ©MAINLINE Consortium 29 

 

cleaner which is a machine that specializes in cleaning the railway track ballast (gravel, 
blue stone or other aggregate) of impurities. 

In total, over the whole life of track, tamping is the most frequent measure in 
maintenance. Rail exchange or a ballast cleaning is far more costly than tamping (factor 
up to 10 times more expensive). Together  tamping and cleaning of ballast are usually  
the processes that are most costly in maintaining a railway track. The strategy for how 
often these maintenance procedures are carried out have a vast influence on the 
overall cost and quality of the track, Veit and Marschnig (2012). 

3.7 Improved sleepers to delay degradation  

 

Figure 11.  Example of parameters to be considered in concrete sleeper design. Abetong (2011). 

 

The design of prestressed sleepers, see Figure 11, has been studied by e.g. 
Gustavsson (2002) and Charmec (2012). In a recent design guide, Bolmsvik et al 
(2011), conclude that the conditions at the wheel–rail interface and of the sleeper 
support have significant influences on the generated sleeper bending moments. Hence, 
regular and controlled maintenance of rolling stock, rails and ballast bed, are 
prerequisites to optimize the pre-stressed concrete sleeper.  

An innovative new sleeper design is to enlarge the contact area between the sleeper 
and the ballast by applying a polyurethane layer on the bottom of the sleeper, so called 
under sleeper pads, USP. This also gives an additional elasticity to the track, Schneider 
et al (2011), Veit and Marschnig (2012) and Charmec (2012). One producer of under 
sleeper pads is Getzner (2012). 

When prestressed concrete sleepers are produced it is important: (1) that not too much 
is used of cement (with the right quality) and (2) that the hardening process is carried 
out in a careful way so that the temperature does not get too high. Damages in the form 
of delayed ettringite formation (DEF) may otherwise form after some years. This has 
happened in several countries time after another, see e.g. Tepponen and Eriksson 

http://en.wikipedia.org/wiki/Track_ballast
http://en.wikipedia.org/wiki/Construction_aggregate
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(1987) and Famy and Taylor (2001). Recommendations have been given in e.g. CBI 
(2000), Scrivener and Skalny (2005) and EN 13230 (2009). Sleepers with limited partial 
cracking fulfil the load-carrying requirements. They are quite robust, and small cracks 
do not seem to influence the load carrying capacity or the fatigue resistance and it is 
first when the cracking is very severe that the load carrying capacity is reduced 
significantly, Thun et al (2008). However, this may finally be the case with delayed 
ettringite formation and then most of the damaged sleepers have to be replaced. So, it 
is important to keep an eye on the production so that proper cement and a good 
hardening process are used.  

 

3.8 Added value for stakeholders  

The project Innotrack (2010) showed that there is a potential to enhance replacement 
methods of switches & crossings (s&c) by reducing replacement time, ensuring good 
track alignment and reducing varying track stiffness. This is one of the principal focus 
areas for MAINLINE and the potential benefit is outlined below. 
 

There are approximately 150,000 switches in main 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 exchange of the switches could be improved so that they would last some 25 % 
longer this would save 750 – (150,000/37.5) x 0.15 =  750 – 600 = 150 M€ per year. 
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4. Other Railway Infrastructure 

4.1 Summary 

Overviews of practice and research are presented in e.g. Bonett (2005), Fell et al 
(2005) and Lunardi (2008). Degradation models are presented in ML-D2.1 (2012).   

Stabilisation and scour protection of earthworks are common problems which may be 
more pronounced in coming times due to climate changes.  Below some information is 
given regarding: 

- Earthwork 

- Tunnels 

- Drainage and culverts 

- Structures for power and signals 

 

4.2 Earthwork 

Table 10.  Summary of technologies to improve earthwork – pros and cons 

New Technology Pros  Cons Reference 

Slope stability analysis for 
progressive failures 

- More accurate 
predictions 

- More complicated 
calculations 

Bernander (2011) 

Lime-cement columns - Stabilizes the 
ground 

- Need special 
equipment to apply 

Larsson et al (2012) 

Vertical drains - Stabilizes the 
ground 

- Need special 
equipment to apply 

Hansbo (1997), 
Müller (2010) 

A general presentation of geotechnical problems and solutions regarding stabilization 
and scour protection in Earthwork is given in Fell et al (2005). Generally it can be said 
that predicted climate changes may cause intensified periods of rain and drought in 
various places on the earth. This will demand that traditional designs using classic 1000 
year values need to be revised. Some special areas are discussed below. 

Sub grade (natural ground) -  Degradation processes consist mainly of settlement due 
to creep, and erosion leading to lack of shearing strength and bearing capacity failure. 
A recent method to analyse the risk for progressive landslides in long natural slopes 
was presented by Bernander (2011). The problems with progressive landslides are 
especially important in countries with strain-softening clays as e.g. Scandinavia and 
Canada.  

A fairly new method to stabilize the sub-grade is to use the so called lime–cement 
columns, see e.g. Larsson et al (2012). 

Cuttings and Embankments - Degradation processes consist mainly of erosion and 
creep deformations leading to scour and loss of stability. A method to improve the 
embankment for the Ådal line in northern Sweden is presented in Müller (2010). The 
line is founded on sulphide clay and the stability was improved by using preloading in 
combination with prefabricated vertical drains. Additional information on vertical drains 
is given in e.g. Hansbo (1997). 

Retaining/sea walls - Degradation processes consist mainly of erosion and creep 
deformations leading to scour and loss of stability.  
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4.3 Tunnels 

General information about design praxis for tunnels can be found in e.g. Duddeck 
(1988), CIRIA C671 (2009) and ITA (2009) and at the website of the International 
Tunnelling and Underground Space Association, see ITA (2112). There is also a 
Journal on Tunneling and Underground Space Technology, TUST (2012).  

The founding president of ITA sir Alan Muir Wood (1921-2009) made the following 
astute observation about tunneling, Mair (2011): 

“It has been said that a tunnel is a long cylindrical hole through the ground, with a 
geologist at one end and a group of lawyers at the other.” 

“Yet more dire is the present day phenomenon of lawyers at each end.” 

 “Uncertainty is a feature that is unavoidable in tunneling. But it can be understood and 
controlled so that it does not cause damaging risk.” 

The above refers mostly to the construction of tunnels. Maintenance of existing tunnels 
is e.g. treated in Haack et al (1995). 

Tunnels can be divided in the following categories: 

- Unlined 

- Masonry Lining 

- Concrete lining (including sprayed) 

- Metallic lining 

In Sweden there is about 1 km tunnel per 10 km of railway and most of the tunnels are 
unlined. One problem that appears is that water freezes on the tunnel walls during the 
winter and causes cracking in the rock or in the concrete sprayed on the rock to 
stabilize it. One new way to prevent the freezing is to apply an isolation sheet of foam 
on the wall. This is done at lengths varying from 2 to 100 m. A drawback is that the wall 
behind the isolation cannot be inspected and that the life length is relatively short, about 
40 years.  

As in bridges, waterproofing of tunnels is often a big problem. Here it is important to 
avoid materials that may be hazardous. One example is the sealant Rhoca-Gil that was 
used in the construction of the Hallandsås tunnel in southern Sweden. It contained 
acrylamide, which is carcinogen and mutagen, and it polluted the water in the 
surroundings to the tunnel.   

Rock bolting is often used to strengthen tunnels. This is also a practice in the mining 
industry; see e.g. Lunardi (2008). Rules for design of tunnels are given in national 
standards as e.g. TRVK Tunnel 11 (2011) and TRVR Tunnel 11 (2011). 

4.4 Drainage and Culverts 

General design guides for culverts have been published by e.g. FHWA (2000) and 
Balkham (2010). Guidelines and a handbook for assessment and repair have recently 
been issued by UIC and Trafikverket, see Södergren (2011) and TRVH Avvattning 
(2011). Many elderly culverts have barrels built by boulders forming both walls and roof. 
With increased axle loads, the boulders may separate from each other causing sand 
from the bank on top of the culvert to pour down into it, see Figure 12. The problem has 
been analysed by Sjöberg et al (1998). They recommended keeping the culverts 
together by post tensioning of steel bars. If only small deformations appear, a possibility 
is also to protect the culvert with a fiberglass lining. After cleaning the culvert, the lining 
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is inserted and hardened by ultra violet light. An example is given in Figure 12 where a 
corrugated steel culvert has been lined, Railcare (2012). 

 

 

 

Figure 12. Top: Old stone culvert 
where the boulders have separated 

and sand and mud have poured down. 
Bottom: Corrugated steel culvert 

repaired with glassfibre lining. The 
lining expands at the ends of the 

culvert and stabilizes the embankment. 
Railcare (2012) 

 

 

 

 

Another possibility is to replace old 
deteriorating culverts with new 
ones made of concrete elements, 
see e.g. Figure 13, Dahlgrens 
(2012). The elements were 
originally designed by Torgny 
Nilsson at Banverket Luleå as a 
result of the earlier mentioned 
study by Sjöberg et al (1998).  

Culverts made of corrugated steel 
may have problems with corrosion 
and life length and this has to be 
taken into account when that 
alternative is considered. 

 

 

Figure 13.  Concrete culvert 
made by elements that are 
locked together by special 
extending parts from the 

upper arch elements fitting 
into recesses in the bottom 
slab elements. Every upper 
arch element ties two slab 
elements together and vice 

versa. The elements are 
produced with diameters 

from 0,6 m to 2,5 m, 
Dahlgrens (2012) 
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4.5 Structures for Power and Signals 

Structures for Power and Signals have to stand classical environmental actions. 
Modern IT-technology has increased the demand for safe signals and a continuous 
power supply.  Usually these kinds of structures, as posts, masts and towers, are 
handled by electric traction and signal specialists. However, for their function they rely 
on basic civil engineering structures to be hold in place or to be protected. 

One maintenance problem that is reported is that vehicles working on the track area 
may crack culverts and concrete caps on management wells for cables. Here improved 
design and practice may be a useful tool to extend the life of the structures. 
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5. Conclusion 

There are many technologies to extend the life of elderly infrastructure. Many of them 
are under development and new versions emerge. In this report an overview is given of 
some of the most promising technologies. Further work in the Mainline project will 
mostly focus on the following areas to be presented in the upcoming reports: 

- Assessment methods, ML- D1.2 (2013). ML-D5.7 (2014) 

- Monitoring methods, ML- D4.1 (2012), ML-D4.2 (2013), ML-D4.3 (2014) 

- Repair and Strengthening methods ML-D1.3 (2014), ML-D1.4 (2014) 

A questionnaire on bridges has been sent out and has been answered by twelve 
Infrastructure Managers. If the results are extrapolated from the about 125 000 km of 
network and the about 150 000 railway bridges that these managers oversee, to the 
about 230 000 km of network in Europe, a rough estimate may be obtained of the need 
for the next years. Such an extrapolation gives that in the next ten years we may expect 
to strengthen some 1 500 bridges, to replace some 4 500 bridges and to replace the 
deck of some 3 000 bridges. Some of the bridges that are planned to be replaced may 
instead be strengthened, if the new technologies presented here would be used. 

Work is also going on to improve the life length of track, switches and crossings and 
other rail infrastructure as earthwork, tunnels, drainage and culverts. 

It can also be seen that not many Infrastructure Managers yet use Life Cycle Cost 
Assessment in the planning of maintenance and repair of their rail infrastructure. There 
is a lack of data and methods and here the Mainline project may give assistance. There 
is also often a lack of economic resources for maintenance which may lead to a shorter 
life length and less sustainability than would be necessary. Also here the results from 
the Mainline Project may give information that may help to improve this situation.   

From the savings on bridges and switches & crossings discussed in sections 2.8 and 
3.8, MAINLINE may reduce costs by more than 300 M€ per year. Added to these 
estimates, savings will be realized thanks to MAINLINE results for earthwork, tunnels 
and other structures. The combined impact will thus be an effective and efficient 
improvement of infrastructure based on whole life considerations. This also 
includes positive environmental effects. The impact will be especially important in 
considering the improvement of combined rail freight and passenger networks that 
require substantial infrastructure upgrading, as is the case within Eastern Europe and 
developing economies. 
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Appendix A - Questionnaire 

 
From MAINLINE 
 

Björn Paulsson 

Tel +46 70 7245620 

Bjorn.paulsson@trafikverket.se 

Borlänge 27th March 2012 

Questionnaire from EU-project MAINLINE 
 

Dear all Members of PoSE, 

 

On the last PoSE meeting I asked you all for help with to answer a co-ordinated questionnaire 
from MAINLINE. Here it is. 
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Bridges 

a) Maintenance & strengthening 
 

Have you introduced any new techniques or products in the following maintenance areas in the last 
10 years? 

 

Waterproofing  

Painting/corrosion protection  

Bearings or joints  

Please give details on a supplementary sheet  

  

How many bridges do you expect to strengthen in the next 10 years?  

Do you use advanced composites (FRP) for strengthening concrete or metallic bridges?  

Do you use commercial strengthening systems on masonry arch bridges?  

 

b) Replacement 
 

How many bridge decks do you expect to replace in the next 10 years?  

How many bridges do you expect to totally replace in the next 10 years?  

Roughly what percentage of bridge replacement is due to:  

Strength or condition?  

Changed operational requirements (higher speeds/more tracks etc)?  

  

Have you introduced any new techniques or products in the last 10 years for:  

Fabrication?  

Installation?  

Please give details on a supplementary sheet  

 

c) Examination & monitoring 
 

Are reports from routine visual examinations supplemented by photographs?  

Do you normally use monitoring / instrumentation as part of routine examination?  

Do you normally use non destructive testing as part of routine examination?  

Do you use monitoring / instrumentation to answer specific questions and, if so, is this?  

Very short term (less than 1 week)  

Medium term (less than 1 year)  

Continuous  

Is monitoring done remotely  

If so, is the data automatically processed before transmission  
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Do you use non destructive testing to answer specific questions?  

Please give details of methods used on a supplementary sheet  

 

 

d) Life cycle analysis  
 

Do you carry out life cycle, whole life or net present value costing for maintenance projects?  

Do you carry out life cycle, whole life or net present value costing for renewal projects?  

If so, is the tool used  

Commercially produced (please give program name and supplier details below)  

Developed specifically for our own use  

Do you carry out environmental assessments for maintenance projects?  

Do you carry out environmental assessments for renewal projects?  

If so, does this include the calculation of equivalent CO2 production  

During construction only  

“Cradle to grave”  

If so, is the tool used  

Commercially produced (please give program name and supplier details below)  

Developed specifically for our own use  

 

Please attach any documents that you think will assist the project in understanding your answers 
above 

 

e) Names to contact 
 

Please give a name(s) to contact for further information: 

 

Topic Name Telephone No Email 

Maintenance & strengthening    

Replacement    

Examination &monitoring    

Life cycle analysis    

 

  

Please fill in to the best of your ability and send it back to me.  

Thanks in advance and best regards, 

 

Björn Paulsson 

UIC/Trafikverket 
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Summary of Answers 

The questionnaire has been answered by twelve Infrastructure Managers. In Table A.1 
some statistical data is given for 39 Railways in 31 countries in the European Union 
(EU), the European Free Trade Association (EFTA) and the Central and Eastern 
European Countries (CEEC). The total network length is 230 662 km according to the 
UIC statistical database for 2009/2010, Railisa (2012). The number of railway bridges 
for 18 of the countries is 222 253 according to a compilation made in 2003 in 
Sustainable Bridges, SB-D1.2 (2004). The number of bridges per km in the 18 countries 
was 1,28.  
 

In Table A.2 a summary is given of the estimated number of bridges to be strengthened 
or replaced in the coming 10 years according to received answers to the questionnaire. 
As the length of the network in Europe is about 1,86 times  the network covered by the 
questionnaire answers, rough estimates of the number of bridges to be strengthened or 
replaced in the  Europe can be assumed. This gives that in the next ten years we may 
expect to strengthen some 1,86*745 = 1386 ≈ 1 500 bridges, to replace some 1,86*2 
400 = 4 464 ≈  4 500 bridges and to replace the deck of some 1,86*1 525 = 2 837 ≈  
3 000 bridges.  

 

In Tables A.3 to A.6 the detailed results are summarized. Finally in Tables A.7 to A.9 
also questionnaires for Cuttings, Track, and Tunnels are given. They have not been 
circulated as widely as the one for bridges and have therefore only received few 
answers.  
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Table A.1 

Network length [km] and number of Railway bridges in EU + EFTA + CEEC 
countries according to Railisa (2012), the UIC statistics database, and SB-D1.2 
(2004) 

Country 
Infrastructure 
Manager Network, km Bridges 

Corresponding 
Network, km Bridges/km 

Austria GKB 91 6797 5 356 1,27 

 
OeBB 5 265 

   Belgium SNCB/NMBS 3 578 5206 3 578 1,46 

Bulgaria NRIC 4 097 
   Czech CD 9 420 
   

 
SZDC 9 477 

   Denmark BDK 2 131 2160 2 131 1,01 

Estonia EVR 797 
   Finland FTA 5 919 2247 5 919 0,38 

France  RFF 29 903 41482 33 640 1,23 

 
Veolia 3 737 

   Germany DB AG 33 714 32400 33 714 0,96 

Greece OSE 2 552 
   Hungary GySEV 284 3230 7 892 0,41 

 
MAV 7 608 

   Ireland CIE 1 919 3418 1 919 1,78 

Italy Ferrovie Nord 318 36000 17 021 2,12 

 
FS Spa 16 703 

   Latvia LDZ 1 897 
   Lithuania LG 1 767 
   Luxenbourg CFL 275 
   Netherlands Prorail 3 016 
   Norway  JBV 4 114 2535 4 114 0,62 

Poland PKP 19 702 12142 19 702 0,62 

Portugal  REFER 2 842 4507 2 842 1,59 

Romania CFR 10 776 
   Slovak Rebublic ZSR 3 622 10403 3 622 2,87 

Slovenia SZDC 1 228 2280 1 228 1,86 

Spain FEVE 1 194 6411 1 464 4,38 

 
FGC 270 

   Sweden TRV 9 957 3620 9 957 0,36 

Switzerland SBB FFS 3 137 7415 3 573 2,08 

 
BLS 436 

   UK Network Rail 15 775 40000 16 275 2,46 

 
NIR+Eurostar 500 

        

Sum EU+EFTA 218 021 222 253 173 947 1,28 
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 CEEC (Central and Eastern European Countries) 
 

Country 
Infrastructure 
Manager Network, km Bridges 

Corresponding 
Network, km Bridges/km 

Albania  HSh 423 
   Bosnia-

Herzegovina  ZRS 416 
   Croatia  HZ 2 722 
   Turkey  TCDD 9 080 
   Sum CEEC 12 641 
   Total EU+EFTA+CEEC 230 662 222 253 173 947 1,28 

 

 

Table A.2  

Summary of estimated number of bridges to be strengthened or replaced in the 
coming 10 years according to received answers to questionnaire 

Country IM No of Network 
Bridges/
km 

Strengthen 
in 10 yrs 

Deck 
replace 

Bridge 
replace 

  

Bridges km 

  

in 10 yrs in 10 yrs 

Croatia Hznet 

 

2 722 

 

10 25 10 

Finland VR/RHK 2 247 5 919 0,38 10 50 100 

France SNCF 41 482 33 640 1,23 75 150 75 

Germany DB 32 400 33 714 0,96 - 20 1 500 

Hungary MAV 3 230 7 892 0,41 ? 25 250 

Ireland IE 3 418 1 919 1,78 125 125 30 

Norway JBV 2 535 4 114 0,62 5 7 75 

Portugal REFER 4507 2 842 1,59 ? 8 5 

Slovakia ZSR 10 403 3 622 2,87 10 15 50 

Spain ADIF 6 411 1 464 4,38 200 25 5 

Sweden BV/TRV 3 620 9 957 0,36 10 75 100 

UK NR 40 000 16 275 2,46 300 1000 200 

SUM ML (12) 

 

150 253 124 080 1,21 745 1 525 2400 

Sum SB (18) 

 

222 253 173 947 1,28 ≈ 1 043* ≈ 2 135* ≈ 1 800* 

Total EU+ 

EFTA+CEEC 

  

230 662 

 

≈ 1 386* ≈ 2 837* ≈ 4 464* 

 

*The sum of bridges to be strengthened or replaced in countries that participated in the 
Sustainable Bridges project (SB) and the total for EU+EFTA+CEEC are estimated 
based on the relation of network lengths; 173 947/124 080 ≈ 1,4 for SB and 
230 662/124 080 = 1,86  for EU+EFTA+CEEC 
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Summary of Answers to Questionnaire – Bridges   
 

Table A.3       A) Maintenance & strengthening 
 

 
 
 
 
 
 
 

Question/ Answer  from Croatia 
Hznet 
HZ 

Finland 
VR 
FI 

France 
SNCF 
FR 

Germany 
DB 
DE 

Hungary 
MAV 
HU 

Ireland 
Irish rail 
IE 

Norway 
JBV 
NO 

Portugal 
REFER 
PT 

Slovenia 
ZSR 
SK 

Spain 
ADIF 
ES 

Sweden 
TRV 
SE 

UK  
NR 
UK 

Have you introduced any new 
techniques or products in the 
following maintenance areas in 
the last 10 years? 

            

Waterproofing Yes Yes  Yes  No Yes  Yes  Yes  No Yes  Yes   Yes Yes  

Painting/corrosion protection No Yes  Yes  No Yes  Yes  Yes  No Yes  Yes Yes  Yes  

Bearings or joints No No No No Yes Yes  Yes  No Yes  Yes No No 

Please give details on a 
supplementary sheet 

            

             

How many bridges do you 
expect to strengthen in the next 
10 years? 

10 10  50-100 - ? 100-150 5 ? 10 200 10 30/yr 

Do you use advanced 
composites (FRP) for 
strengthening concrete or 
metallic bridges? 

No No Yes  No Yes  Not yet No No No Yes A few 
cases 

Yes 

Do you use commercial 
strengthening systems on 
masonry arch bridges?  

Yes No No Yes Yes Rarely  Yes  No Yes  Yes No No 
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Notes 
Waterproofing 
FI:  For waterproofing repairs we have used EPDM rubber mats on 
railway bridges.  This has been used on bridge sites that do not allow 
very long traffic disturbances.  Also an advantage is that usually no (or 
very little) actions are needed for the old waterproofing or the covering 
of it.  The mat is only rolled into place, glued and fixed mechanically at 
the end. This needs only hours.  There are some disadvantages like 
tearing and possible leaking, but as an option this is good.  There is a 
lot of studies on new techniques in installing waterproofing in Finland, 
mainly concentrating on how to make the laying efficient. 
FR: Electro injection / thin resin waterproofing 
HU: Brabant insulation. 
IE: Spray-on waterproofing systems  
NO: We have used Polyurethane on the concrete bridge decks  
PT: We will not introduce new techniques or products, but we will start 
to use other techniques that we normally do not use, as liquid 
membran   
SK: Crystalline technology for waterproofing, repairing protection and 
durability enhancement of concrete bridge, eventually concrete bridge 
decks. Polyurethane chemical grout. 
ES: We have changed the systems of paint the metallic structures, 
Traditionally there was in use chlorinated rubber systems and at 
present we use polyurethane and epoxy systems 
UK: Waterproofing and painting – continuous improvement (e.g. glass 
flake epoxy paint used on Forth Bridge).  We tend to follow the market 
rather than lead. 
 

Painting/corrosion protection 
FI: Painting and corrosion protections are now done without lead 
based paints. 
FR: Water removal of old painting  (and sandblasting)  

HU: Protective coating on stone, concrete, and reinforced concrete 
surfaces (BV1, BV2, BV3), We apply new coating systems (AMERON, 
JOTUN, HEMPEL, ICOSIT, TIKKURILLA, GEHOLIT etc). A new 
technology: bringing into service of the surface preparing by high-
pressure water.  
 
IE: Sprayed-metal systems, fully-galvanised bridge decks 
NO: Products companies: Jotun, Carboline and International 
SK: Products companies JOTUN, HEMPEL and SIKA 
UK: continuous improvement (e.g. glass flake epoxy paint used on 
Forth Bridge).  We tend to follow the market rather than lead. 
 
Bearings and joints 
HU:  Beside the foreign already applied solutions (e.g. elastic bedding) 
we don’t have totally new solutions. We do use hydraulic brake 
supports without fix bearings and bearing system combined by 
transmission of artificial rubber buffers.  
IE: Bearings with uplift capacity on headroom restricted bridges 
NO: Elastomeric bearings and TOBE bearings 
SK: Elastomeric bearings, sliding pot bearings on viaducts 
 
How many bridges do you expect to strengthen in the next 10 
years? 
FI: Mainly steel bridges. Some concrete overpasses as well, no 
concrete railway bridges 

 
Do you use advanced composites (FRP) for strengthening 
concrete or metallic bridges?  
FR: For concrete 
HU: One steel bridge has been temporary strengthened with FRP 
sheet. A case study on this work is being prepared.  
IE: Not yet, however, it is being seriously considered for some 
upcoming projects 
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SK: Has been proposed 
ES: Concrete 
 
Do you use commercial strengthening systems on masonry arch 
bridges? 
IE: Only when demonstrated that commercial systems are technically 
or/and economically superior to traditional methods of strengthening 
NO: We have used chemical grout for sealing of cracks, polyurethane 
and epoxy injection for waterproofing. 
SK: Yes mainly for MAB we use chemical grout for sealing of cracks, 
polyurethane and epoxy injection, waterproofing injection also the 
execution of a set of horizontal anchors across the full width of the 
arch. For strengthening masonry arch bridges we also use tubosider 
technology. 
 
Other comments 
HU:  A precast concrete ribbed plate system is used in transition zones 
for avoiding jump and bump problems. It is a relatively new solution, 
we have good and bad experience with it. 
We use this system at big steel bridges for restriction of the 
movements originating from the strains of the bridges. Complied with 
the special forming of the earthwork and back-filling, and with an 
“flexible floating plate” and there are special rules for forming the back-
filling.  
 
 
 
 
 
 
 
 

Other new methods to prolong the life of eldery rail infrastructure? YES 
A precast, pre-stressed concrete U shaped load dispensing slab is 
used on old bridges (e.g. arches) to decrease stresses, provide water 
insulation and ballast retaining. It is quick to install and is proven to 
extend service life.   
IE: We have been extensively strengthening old-type open-deck 
bridges by the installation of reinforced concrete slabs acting 
compositely. This is often combined with the embedded rail system 
(e.g. Edilon) in order to reduce the structural depth and dead load   
 
Contact 
HZ: Dean Matović 
FI: Janne Wuorenjuuri 
FR: Patrice SCHMITT 
DB: Heiko Gregorski 
HU: László Erdődi; Axel Roland Tóth, Zoltán Orbán 
IE: Michal Majka 
NO: Arne Vik 
PT: Pedro Campos 
SK: Roman Štalmašek 
ES: Luis Esteras 
SE: Valle Janssen 
UK: Brian Bell 
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Table A.4   B) Replacement 
 
Question / Answer  from Croatia 

HZnet 
HZ 

Finland 
VR 
FI 

France 
SNCF 
FR 

Germany 
DB 
DE 

Hungary 
MAV 
HU 

Ireland 
Irish rail 
IE 

Norway 
JBV 
NO 

Portugal 
REFER 
PT 

Slovenia 
ZSR 
SK 

Spain 
ADIF 
ES 

Sweden 
TRV 
SE 

UK 
NR 
UK 

How many bridge decks do you 
expect to replace in the next 10 
years? 

25 50 100-200 <20 c26 100-150 5-10 5-10 10-20 20-30 50+ ? c1,000 

How many bridges do you expect to 
totally replace in the next 10 years? 

10 100  < 100 ~1500 260   20-40 50-100 5 50 5 70+ ? c200   

Roughly what percentage of bridge 
replacement is due to: 

            

Strength or condition? 50% Both 95% Strength 
20% 
Condition 
80% 

70% 70% ≈0 40% Neglible 80% 100+ ?  20% 

Changed operational requirements 
(higher speeds/more tracks etc)? 

90% Yes  5% 2% 30% 30%   60% Corridor 
line 

20% ? 80%  

             

Have you introduced any new 
techniques or products in the last 10 
years for: 

No 
 

No  
 

          

Fabrication? Yes No No No Yes  Yes  Yes No Yes -- ? Yes  

Installation? No No Yes No  Yes  Yes  Yes No Yes -- ? Yes 

Please give details on a 
supplementary sheet 

            

 
 
Comments 
 
How many bridges do you expect to totally replace in the next 10 
years? 
HU: We have got around 10 000 bridges/culverts. The claim for 
replacement is 1 % taking 100 year life-time into consideration, but  

 
 
we had a lag in the past 20-30 year, so now we should replace more. 
We have engineering structure replacement in the frame of mainline 
projects, but on the secondary lines the old engineering structures 
cannot be reconstructed with this timing.  
UK: Most total replacement will be station footbridges to improve 
disabled access. 
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Roughly what percentage of bridge replacement is due to: 
Changed operational requirements (higher speeds/more tracks 
etc)? 
FI: Heavier axle loads is the main reason. 
IE: Mainly substandard clearances 
SK: Corridor Line 
UK: Main “changed operational requirement” is electrification or 
remodelling to provide grade separated junctions 
  
Have you introduced any new techniques or products in the last 
10 years for:  
Fabrication? 
FI: It seems that replacing decks is a forgotten type of construction in 
Finland.  For designers it seems to be easier to just repair or design a 
new bridge than to combine a new deck to old structure.  Also the lack 
of machinery of companies is a problem. Heavy lifts under the 
electrification need special arrangements and machinery.  Even VR 
Track has no big machines anymore for this as the works are 
competed and the markets are too small for such great investments 
HU: Hydraulic brake supports and artificial rubber buffers, at arches 
load distribution plate. Green-bridge polymer composite foot plate.   
IE: Maximising precasting, minimising site-work 
UK: Far more factory type fabrication close to site, followed by 
installation using either a single lift or transporters. 
 
Installation 
HU: Yes, at arches load distribution plate. Green-bridge polymer 
composite foot plate 
IE:Installation of complete bridge decks (short and medium span) in a 
single lift    
 
 
Additional comments 

FR: New techniques for installation of bridges: different sliding or 
moving devices, according to the contructors equipment  
NO: Precast concrete structure  
SK: We started to use Technology Matiere Modularch /arch 
construction/ and Opti-cadre /frame construction/ precast concrete 
structure. Good references. On the other side not quite good 
experience with using corrugated steel pipes/steel pipe culverts 
 
Contact 
HZ: Dean Matović 
FI: Janne Wuorenjuuri 
FR: Patrice SCHMITT 
DE: Britta Schewe 
HU: László Erdődi; Zoltán Orbán 
IE: Michal Majka 
NO: Arne Vik 
PT: Pedro Campos 
SK: Roman Štalmašek 
ES: Luis Esteras 
SE: Valle Janssen 
UK: Brian Bell 
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Table A.5     C) Examination & monitoring 
 
Question/ Answer  from Croatia 

Hznet 
HZ 

Finland 
VR 
FI 

France 
SNCF 
FR 

Germany 
DB 
DE 

Hungary 
MAV 
HU 

Ireland 
Irish rail 
IE 

Norway 
JBV 
NO 

Portugal 
REFER 
PT 

Slovenia 
ZSR 
SK 

Spain 
ADIF 
ES 

Sweden 
TRV 
SE 

UK 
NR 
UK 

Are reports from routine visual 
examinations supplemented by 
photographs? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes Yes 

Do you normally use monitoring / 
instrumentation as part of routine 
examination? 

Yes No  No No Yes No No Yes No No No No 

Do you normally use non destructive 
testing as part of routine 
examination? 

Yes No  No No Yes No No Yes No  No No No 

             

Do you use monitoring / 
instrumentation to answer specific 
questions and, if so, is this? 

    Yes      Seldom Yes 

Very short term (less than 1 week) Yes Yes No Most 
common 

Yes Yes Rare 
event 

Yes Yes    Usual 

Medium term (less than 1 year) No Yes Yes  Yes Yes Yes   Yes Yes  Some  Rare 

Continuous No Yes Yes Very few Rarely Very 
rarely 

Yes. Yes Yes  (1-5) Yes Never 

Is monitoring done remotely No No   Yes  Not yet Yes Not yet.  No Yes No 

If so, is the data automatically 
processed before transmission 

No No (Yes) Not in all 
cases 

No  Yes   No   Yes  

             

Do you use nondestructive testing to 
answer specific questions? 

Yes Yes Yes Yes Yes Yes Yes Yes  Yes Yes Yes 

Please give details of methods 
used on a supplementary sheet 
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Comments 
 
Do you normally use monitoring / instrumentation as part of 
routine examination?  Do you normally use nondestructive 
testing as part of routine examination? 
 
FI: Monitoring or nondestructive testing is not used on routine 
inspections, they are only visual. But both methods are used in 
special inspections that are separately programmed. 
DE: If necessary 
SK: Routine examination is always without NDT methods  
SE: Not automatically. The need for these techniques is assessed 
before they are used. 
 
Do you use monitoring / instrumentation to answer specific 
questions and, if so, is this?  
Very short term (less than 1 week) 
Medium term (less than 1 year) 
Continuous 
FI:  Monitoring is done mainly on steel truss bridges that have 
detected problems.  We have both short term and long term 
monitoring. The problem is that we do not yet optimal monitoring 
devices. The market is full of monitoring devices, but they do not 
measure the right things.  In addition we are trying to develop a more 
mobile monitoring device. One that can read the problem areas as a 
normal procedure on routine inspection. One that can be put on and 
taken of easily for just one passing train. 
NO: Bridges are being monitoring in connecting with control of loads 
and deflection. And also in connection with check of fatigue. 
Continuous monitoring is made on prestressed railway bridges 
PT: Continuously only in some important structures but only in 
situations with defects with rapid development, with structural safety 
at risk 

SK: Short term: Rare event, but occur infrequently for example 
temporary bridges. 
Medium term:  Bridges are being monitored  with tensometric 
methods  mostly once a year. 
Continuously:  Some new types of constructions /for example precast 
prestressed concrete railway bridges, cable-stayed bridges / are 
being designed with continuous monitoring systems. 
 
Is monitoring done remotely? 
DE: Not in all cases, but it is the preferred solution  
HU: In specific cases 
IE: Depends on the service supplier. See e.g. 
http://www.datummonitoring.com for details 
SK: On the present we use in situ methods for measuring vibrations, 
deflection and position changes of bridge deck and bridge 
foundations. Measurement devices occurs on or near the bridge 
SE: Sometimes by university partners as KTH and LTU. 
 
Additional comments / Details of methods 
FR: Data automatically processed: one experimentation on one old 
metallic bridge.  Nondestructive testing: magnetoscopy, 
gammagraphy 
DE: Nondestructive testing is used if necessarry 
HU: Georadar (used in specific cases to determine hidden structural 
parts). Endoscopy (used in specific cases to determine hidden 
structural parts). Infrared thermography (only pilot application). 
Surface measurement (to determine strength of materials).  Concrete 
cover measurements with magnetic device. 
IE: Strain/stress testing, acceleration testing for acceptance, GPR on 
masonry structures, impact-echo on post-tensioned structures 
NO: Static and dynamic load testing and check of fatique of steel 
structures 
PT: Rebar detection. Crack Measurement ;  

http://www.datummonitoring.com/
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Geophysical exploration, Thermography; Schmidt-hammer  
SK: Static and dynamic load testing /software MIDAS/Civil/, Stiffness 
and Damping Factor Measurement, Geotechnical monitoring, 
Geodetic measurement during construction and before opening of the 
bridge. 
ES: Nondestructive testing is used sometimes e.g. salt maps 
SE: The methods that are used most are brittleness and composition 
for steel bridges and core samples for concrete bridges that are 
evaluated for chloride content, ASR, carbonation and frost damage. 
UK: Conventional concrete testing (half cell etc) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Contact 
HZ: Dean Matović 
FI: Janne Wuorenjuuri 
FR: Patrice SCHMITT 
DE: Britta Schewe 
HU: László Erdődi; Axel Roland Tóth, Zoltán Orbán 
IE: Michal Majka 
NO: Arne Vik 
PT: Hugo Patrício 
SK: Roman Štalmašek 
ES: Luis Esteras 
SE: Valle Janssen 
UK: Brian Bell 
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Table A.6    D)  Life cycle analysis 
 

  

Question/ Answer  from Croatia 
Hznet 
HZ 

Finland 
VR 
FI 

France 
SNCF 
FR 

Germany 
DB 
DE 

Hungary 
MAV 
HU 

Ireland 
Irish rail 
IE 

Norway 
JBV 
NO 

Portugal 
REFER 
PT 

Slovenia 
ZSR 
SK 

Spain 
ADIZ 
ES 

Sweden 
TRV 
SE 

UK 
NR 
UK 

Do you carry out life cycle, whole life 
or net present value costing for 
maintenance projects? 

Yes Whole 
life 

No In special 
cases 

No No No No No. Some-
times 

Yes  Yes 

Do you carry out life cycle, whole life 
or net present value costing for 
renewal projects? 

Yes Whole 
life 

(Yes) In special 
cases 

Yes for 
some 

No No Yes No Some-
times 

Yes Yes 

If so, is the tool  used             

Commercially produced (please give 
program name and supplier details 

below) 

Yes 
 

No 
 

No  No     No  No 

Developed specifically for our own 
use 

Yes 
 

Yes 
 

No       No BaTMan Yes 

    Yes         

Do you carry out environmental 
assessments for maintenance 
projects? 

Yes Some Yes  No Yes No  No Yes No No 

Do you carry out environmental 
assessments for renewal projects? 

Yes Some Yes No Yes Yes No No No Yes No Yes 

If so, does this include the calculation 
of equivalent CO2 production 

No No  No - No  Yes    No 

During construction only No No No No -   No   No   

“Cradle to grave” No No No  -     No   

If so, is the tool used            N/A 

Commercially produced (please give 
program name and supplier details 

below) 

No No No   N/A    No   

Developed specifically for our own 
use 

No No No       No   
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Comments 
 
Do you carry out life cycle, whole life or net present value 
costing for maintenance projects? 
SE: Not fully implemented 
 
Do you carry out life cycle, whole life or net present value 
costing for renewal projects? 
FR: For steel bridges 
HU: We compare the actual vehicle loads to the load calculated from 
“UIC 71” type load enhanced with the dynamic factor. We determine 
the specific damage, the fatigue load by “reservoir” method 
PT: Normally done by designers or consultants 
SE: Not fully implemented 
  
Do you carry out environmental assessments for renewal 
projects? 
FI: Environmental assessments are done on larger bridges only, and 
programs are being developed. Maybe in a couple of years this is 
more a reality. 

DE: No, only waste is considered 
SE: Our department does not but it may be done by the Department 

of Investments. 
UK: If required by UK law 
  
Contact 
HZ: Dean Matović 
FI: Janne Wuorenjuuri 
FR: Patrice SCHMITT 
DE: Holger Koriath 
HU: László Erdődi;  Zoltán Orbán 
IE: Michal Majka 
NO: Arne Vik 
PT: Ana Isabel Silva 
SK: Roman Štalmašek 
ES: Luis Esteras 
SE: Valle Janssen 
UK: Brian Bell
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Table A.7 Questionnaire for Cuttings 

 

a) Maintenance & strengthening 

What length of cuttings do you have on your railway network?  

What percentage of your cuttings are:  

rock cuttings?  

soil cuttings?  

What length of cutting do you expect to refurbish in the next 10 years?  

Have you introduced any new techniques or products for cutting maintenance/ refurbishment in the 
last 10 years? 

 

Please give details on a supplementary sheet  

  

What length of cutting do you expect to strengthen in the next 10 years?  

Please give reasons for strengthening on a supplementary sheet  

  

Have you introduced any new techniques or products for cutting strengthening in the last 10 years?  

Please give details on a supplementary sheet  

 

b) Replacement 

Do you expect to have to replace any cuttings in the next 10 years?  

Do you expect to build any new cuttings in the next 10 years?  

 

c) Examination & monitoring 

 

Are reports from routine visual examinations supplemented by photographs?  

Do you normally use monitoring / instrumentation as part of routine examination?  

Do you normally use non destructive testing as part of routine examination?  

Do you use monitoring / instrumentation to answer specific questions and, if so, is this?  

Very short term (less than 1 week)  

Medium term (less than 1 year)  

Continuous  

Is monitoring done remotely  

If so, is the data automatically processed before transmission  

Please give details of methods used on a supplementary sheet  

Do you use non destructive testing to answer specific questions?  

Please give details of methods used on a supplementary sheet  
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d) Life cycle analysis 

 

Do you carry out life cycle, whole life or net present value costing for maintenance projects?  

Do you carry out life cycle, whole life or net present value costing for renewal projects?  

If so, is the tool used  

Commercially produced (please give program name and supplier details below)  

  

Developed specifically for our own use  

  

Do you carry out environmental assessments for maintenance projects?  

Do you carry out environmental assessments for renewal projects?  

If so, does this include the calculation of equivalent CO2 production  

During construction only  

“Cradle to grave”  

If so, is the tool used  

Commercially produced (please give program name and supplier details below)  

  

Developed specifically for our own use  

  

 

Please attach any documents that you think will assist the project in understanding your answers 
above 

 

Please give a name(s) to contact for further information: 

 

Topic Name Telephone No Email 

Maintenance & strengthening    

Replacement    

Examination &monitoring    

Life cycle analysis    
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Table A.8 Questionnaire for Track 
 

a) Maintenance & strengthening 

Have you introduced any new techniques or products for plain line maintenance in the last 10 years?  

Please give details on a supplementary sheet  

Have you introduced any new techniques or products for switch & crossing maintenance in the last 10 
years? 

 

Please give details on a supplementary sheet  

Do you expect to have to improve/strengthen plain line/s&c to carry additional tonnage or higher 
speeds in the next ten years? 

 

Have you introduced any new techniques or products for track improvement in the last 10 years?  

Please give details on a supplementary sheet  

 

b) Replacement 

What length of plain line do you expect to renew within the next 10 years?  

How many sets of switches and crossings (s&c) do you expect to renew in the next 10 years?  

Roughly what percentage of plain line/s&c renewal is due to:  

Existing track reaching the end of its life?  

Changed operational requirements (higher speeds/tonnages etc)?  

Do you cascade track removed from main lines to secondary routes?  

Have you introduced any new techniques or products for track/s&c renewal in the last 10 years?  

Please give details on a supplementary sheet  

 

c) Examination & monitoring 

Are reports from routine patrolling supplemented by photographs?  

Do you use any routine monitoring / instrumentation for plain line/s&c?  

Do you use any routine non destructive testing for plain line/s&c?  

Please give details on a supplementary sheet  

Do you use monitoring / instrumentation to answer specific questions and, if so, is this?  

Very short term (less than 1 week)  

Medium term (less than 1 year)  

Continuous  

Is monitoring done remotely  

If so, is the data automatically processed before transmission  

Please give details of methods used on a supplementary sheet  

  

Do you use non destructive testing to answer specific questions?  

Please give details of methods used on a supplementary sheet  
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d) Life cycle analysis 

 

What is your life expectancy for: (please give a range if different lives are expected for different 
categories of line) 

 

Rail?  

Fishplates?  

Wooden sleepers?  

Concrete sleepers?  

Steel sleepers?  

Switches?  

Crossings?  

Track fastenings (Pandrol clips etc)?  

What is your frequency for: (please give a range if different frequencies are used on different 
categories of line) 

 

Plain line tamping?   

S&C tamping?  

Rail grinding?  

Ballast cleaning?  

Weedkilling?  

Please list any other regular activities on a separate sheet.  

Do you carry out life cycle, whole life or net present value costing for maintenance projects?  

Do you carry out life cycle, whole life or net present value costing for renewal projects?  

If so, is the tool used  

Commercially produced (please give program name and supplier details below)  

Developed specifically for our own use  

  

Do you carry out environmental assessments for maintenance projects?  

Do you carry out environmental assessments for renewal projects?  

If so, does this include the calculation of equivalent CO2 production  

During construction only  

“Cradle to grave”  

If so, is the tool used  

Commercially produced (please give program name and supplier details below)  

Developed specifically for our own use  

 

Please attach any documents that you think will assist the project in understanding your answers 
above 
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Table A.9 Questionnaire for Tunnels 
 

a) Maintenance & strengthening 

How many tunnels are there on your railway network?  

What is the total length of tunnels on your railway network?  

Roughly what percentage of your tunnels:  

are masonry (brick or stone) lined?  

are concrete (insitu or precast segments) lined?  

are lined with metal (steel or cast iron) segments?  

are unlined?  

What length of tunnel do you expect to refurbish in the next 10 years?  

Have you introduced any new techniques or products for tunnel maintenance in the last 10 years?  

Please give details on a supplementary sheet  

What length of tunnel do you expect to strengthen in the next 10 years?  

Please give reasons for strengthening on a supplementary sheet  

Have you introduced any new techniques or products for tunnel strengthening in the last 10 years?  

Please give details on a supplementary sheet  

 

b) Replacement 

 

Do you expect to have to replace any tunnels in the next 10 years?  

Do you expect to build any new tunnels in the next 10 years?  

 

c) Examination & monitoring 

 

Are reports from routine visual examinations supplemented by photographs?  

Do you normally use monitoring / instrumentation as part of routine examination?  

Do you normally use non destructive testing as part of routine examination?  

Do you use monitoring / instrumentation to answer specific questions and, if so, is this?  

Very short term (less than 1 week)  

Medium term (less than 1 year)  

Continuous  

Is monitoring done remotely  

If so, is the data automatically processed before transmission  

Please give details of methods used on a supplementary sheet  

Do you use non destructive testing to answer specific questions?  

Please give details of methods used on a supplementary sheet  
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d) Life cycle analysis 

 

Do you carry out life cycle, whole life or net present value costing for maintenance projects?  

Do you carry out life cycle, whole life or net present value costing for renewal projects?  

If so, is the tool used  

Commercially produced (please give program name and supplier details below)  

  

Developed specifically for our own use  

  

Do you carry out environmental assessments for maintenance projects?  

Do you carry out environmental assessments for renewal projects?  

If so, does this include the calculation of equivalent CO2 production  

During construction only  

“Cradle to grave”  

If so, is the tool used  

Commercially produced (please give program name and supplier details below)  

  

Developed specifically for our own use  

  

 

Please attach any documents that you think will assist the project in understanding your answers 
above 

 

Please give a name(s) to contact for further information: 

 

Topic Name Telephone No Email 

Maintenance & strengthening    

Replacement    

Examination &monitoring    

Life cycle analysis    
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Appendix B – Case studies - Strengthening 

 

Secklow Gate Viaduct Strengthening 

Secklow Gate Viaduct is situated in Milton Keynes and carries a dual carriageway over an open-air 
market and MKOne retail centre. 

.  

 

 

 

 

 

 

 

 

The superstructure comprises a multi-span voided 
concrete deck. Each span is 18m with deck joints 
every 3 spans, supported on reinforced concrete 
piers and spread footings. A fire in the market in 
2010 caused significant structural damage to 2 
spans of the deck, 2 piers and 6 pot bearings. 

Following the fire, the bridge was temporarily 
propped and the road closed. The temporary 
propping system comprised almost 200 props 
supporting the concrete deck in 2 spans. 

Following consideration of various options, 
including partial demolition of the structure, 
strengthening of the structure was required urgently 
to enable opening of the road. 

Milton Keynes Council commissioned SKM to 
undertake feasibility, preliminary and detailed 
design of the strengthening system together with 
site technical support. The major challenge was not 
associated with strengthening of the deck, but with 
staged removal of many temporary props 
(unsuitable for jacking operations) combined with 
the installation of temporary jacking supports 
designed to resist over 1200 Tonnes at each pier, 
and replacement of the existing bearings. 

Due to the difficult and congested site access, the 
jacking supports were designed to be supported 

from the existing column foundations. This was due 
to the lack of space to the top of the existing piers, 
which would normally be used for jacking support, 
and is the first known instance of this approach in 
the UK. 

The preliminary and detailed design, and 
installation of the strengthening measures were 
completed in less than 3 months, a major 
achievement considering the technical complexity 
of the scheme. The strengthening works 
comprised: 

i) Hydrodemolition and concrete repairs to 

damaged concrete areas, local 

replacement of steel reinforcement, 

followed by CFRP strengthening of the 

deck soffit, 

ii) Load and deflection controlled jacking of 

the deck to enable bearing replacement , 

iii) Hydrodemolition and concrete repairs to 

the column heads and installation of new 

bearings. 

The strengthening works were undertaken in 2011 
under traffic management, and were completed in 
less than 8 weeks at a cost of approximately 
£0.5M. 
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Key Factors 

 

Client: Milton Keynes Council. 

 

The work was carried out in 2011 during traffic 
management. 

SKM completed feasibility, preliminary and detailed 
design, and provided contract administration and 
site support. 

Cost: c. £0.5m 

For more information please contact: Lee Canning             
on: 07976 456469, lcanning@globalskm.com                    
or visit www.skmconsulting.com 

mailto:lcanning@globalskm.com
http://www.skmconsulting.com/
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Hammersmith Road Bridge CFRP Strengthening 

Hammersmith Road Bridge is over 150 years old and carries the A315 road, a major thoroughfare 
through West London, over Network Rail and London Underground surface lines. 

 

 

 

 

 

 

 

 

 

Structural inspection and assessment of the 3-span 
structure, comprising cast iron girders and deck-
plates with brickwork jack-arches, showed that the 
cast iron elements had insufficient capacity. 

As one of Network Rail’s approved FRP designers, 
and based on our work in developing a business 
case with Network Rail for CFRP strengthening, 
SKM were approached to undertake the design of 
strengthening works to achieve 40T capacity. 

Due to the traffic density and strategic nature of the 
highway, a staged sequence of works was designed 
utilising ultra-high modulus CFRP strengthening to 
the girders and bespoke curved CFRP cruciforms to 
the deck plates. 

 

 

To maximise the structural capacity in the temporary 
case, 3D finite element analysis was also used. This 
allowed the number of temporary lanes of traffic to 
be increased 3-fold and massively reduced traffic 
congestion. 

 

The strengthening works were completed over 
multiple track possessions during Christmas-New 
Year and Easter periods together with overnight 
possessions for supporting site work. The 
strengthening work was completed in 2009 after 5 
years of site work, at only half the cost of other 
reconstruction options, saving the client over £2M 
and the travelling public years of traffic disruption. 

 

Key Factors 

 

Client: Network Rail South-Eastern Territory. 

The work was carried out from 2004-2009 during 
track possessions. 

SKM completed preliminary and detailed design, and 
provided site supervision. 

Cost: £2.5m 

 

For more information please contact: Lee Canning              
on:07976 456469,  lcanning@globalskm.com                  
or visit www.skmconsulting.com. 
 

 

 

 

http://www.skmconsulting.com/
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Slattocks Canal Bridge CFRP Strengthening 

Slattocks Bridge is over 75 years old and carries the A664 road, a busy route between Middleton and 
Rochdale. 

 

 

 

 

 

 

 

 

 

Structural inspection and assessment of the 
structure, comprising early steel girders and concrete 
decking, confirmed the bridge to only have 17 Tonne 
capacity. 

SKM proposed the use of CFRP strengthening to the 
steel girders to increase the capacity of the bridge to 
full 40/44 Tonne loading. This strengthening proposal 
had major benefits as there was no requirement for 
traffic restrictions or road closures, no heavy duty 
lifting equipment was needed, and the work could be 
completed quickly with little visual effect on the 
existing structure. 

 

 

 

The bridge was strengthened in a short 2 
week period and the scheme received a 
Historic Bridges Commendation in 2000. 

It was also the first use of CFRP 
strengthening for  strengthening a steel bridge 
in the UK, and gave the client significant cost-
savings compared to other more traditional 
strengthening methods. 

 

 

Key Factors 

 

Client: Rochdale Metropolitan Borough 
Council 

The work was carried out in 2000. 

SKM completed feasibility, preliminary and 
detailed design, and provided site support. 

Cost: £0.15m. 

 

For more information please contact: Lee 
Canning             on: 07976 456469, 
lcanning@globalskm.com                    or visit 
www.skmconsulting.com 

 

mailto:lcanning@globalskm.com
http://www.skmconsulting.com/


D1.1 Benchmark of new technologies to extend the life of elderly rail infrastructure MAINLINE SST.2011.5.2-6 
ML-D1.1-F-130627-BENCHMARK_OF_NEW_TECHNOLOGIES_TO_EXTEND_THE_LIFE_OF_ELDERLY_RAIL_INFRASTRUCTURE.DOCX 27/06/2013 

PU  ©MAINLINE Consortium 62 

 

Newcastle High Level Bridge Strengthening 

 
 

Robert Stephenson’s iconic two-deck bridge 
was opened in 1849. It has six 38m spans 
consisting of four cast iron arch ribs. The rail 
deck is supported from the ribs on cast iron 
columns. The road deck is at the level of the 
arch springing and is hung from rail level by 
wrought iron tension rods enclosed in cast box 
sections. The outward thrust of the arches is 
counteracted by wrought iron tension chains at 
road level.   
 
An inspection and assessment of the bridge 
found many elements of the bridge in need of 

repair and strengthening. A conservation plan 
was developed and a strengthening and 
refurbishment project, comprising: 

 Complete replacement of the 
suspended road deck 

 Installation of an alternative load 
path for ‘fatigued’ cast iron girders 
using steel overbeams, so that all 
the original fabric was retained 

 Selective replacement of 
corroded sections of the original 
wrought iron hangers, using a 
process akin to keyhole surgery 
to gain access to the hangers 
where they were concealed within 
columns 

 Extensive metalwork repairs 
using a variety of methods – 
bolted, plate-bonded, mechanical 
stitching, new iron castings 

 New drainage and deck 
waterproofing 

 Improved inspection and 
maintenance facilities 

 A complete repaint in heritage 

colours 
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St Michael’s Road Bridge, Irlam, UK 
 

Carbon Fibre Reinforced Polymer (CFRP) strengthening of a concrete 
underbridge

 
St Michaels Road Underbridge is a small 
concrete underbridge on the West Coast 
Main Line that has been found to be 
understrength.  The structure was the first 
Network Rail underbridge to be 
strengthened using carbon fibre reinforced 
polymer plates. 

 
St. Michaels Road Underbridge carries the 
Weaver Junction to Liverpool Lime Street line 
over St. Michael’s Road.  St. Michael’s Road is 
a disused access to an industrial area which is 
permanently flooded to a depth of 1.2m at the 
point of the bridge. 
 
The original structure was constructed in the 
mid-19th century as a metal longitudinal beam 
and transverse masonry jack arch structure, 
and was replaced in 1959 with a 6.7m square 
span deck comprising of 4 No. precast 
reinforced concrete deck units (PCU) with 
each deck unit located directly below each rail 
and 2 No. precast reinforced concrete parapet 
units to the edges of the deck. 
 

The bridge was assessed as capable of 
carrying an RA1 vehicle at 80MPH to the 
Network Rail Group Standard RT/C/025 Issue 
1. 

 

The required capacity for the bridge was full 
RU loading to the Highways Agency BD 37/01 
because it carries the West Coast Main Line.  
As this was the first under line bridge to be 
strengthened using carbon fibre reinforced 
polymer (CFRP) laminates, a maximum limit of 
50% increase in overall capacity was permitted 

by Network Rail.  This meant that an increase 
to full RU loading could not be accommodated, 
as this required a 75% increase.  However an 
increase in capacity of 47% and 44% 
represented an RA10 vehicle at 60Mph or an 
RA8 vehicle at 90Mph respectively.  Network 
Rail North West Region accepted this 
strengthening compromise because line 
upgrades to full RU loading were a longer term 
issue. The composite strengthening was 
installed with the outer most face protected 
with peel-ply, so that when full RU loading 
becomes needed additional laminates can be 
bonded to the fresh surface of the existing 
laminates, once the peel-ply is removed, to 
upgrade the capacity. 

 

Trains were due to start using the bridge 
before the adhesive had fully cured, 
approximately 4 hours after bonding works had 
finished.  Consideration was given to the 
choice of adhesive so that sufficient curing had 
taken place as to not compromise the 
adhesive bond. In addition, temporary props 
were used throughout the composite 
strengthening installation to ensure good 
contact of the adhesive with the concrete 
substrate until the adhesive had sufficiently 
cured. 

 

The bridge was under capacity in bending thus 
the strength was increased by bonding the 
composite laminates to the soffits of the PCUs.   

The design was performed using TR55 in 
conjunction with BS5400 part 4. 
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This resulted in using an area of 2352mm2 
CFRP laminates per PCU. This area was 
made up of individual laminates of 4 No. 
1.4mm thick and 5 No. 2.8mm thick (made up 
of 2 factory bonded 1.4mm thick laminates), 
120mm wide laminates at 180mm centres (the 
placement of the laminates is shown in the 
drawing below) over the 1.7m wide concrete 
beam soffit. To reduce the shear and peel 
stresses developed at the ends of the 
laminates, the second plate of the 2.8mm thick 
laminates was curtailed before the end of the 
plate, reducing the plate thickness to 1.4mm at 
each end. 

 

Calculations showed that an anchorage length 
of 500mm is required, beyond the point at 
which the laminates are required, however it is 
recommended by TR55 to extend the FRP 
strengthening to as close to the ends of a 
simply supported span as possible. In this 
case, the laminates were extended to 
approximately 500mm from the supports due 
to limited access at the bearings. 

 

The scheme was designed by Mouchel 
Parkman and independently checked by TGP, 
a pre-requisite of the Network Rail process, 
described in the Network Rail Structures 
Advice Note (SETAN) for advanced 
composites. 

 

Services provided under this commission: 
 Feasibility design 
 Investigative work 
 Detailed design 
 Specification 
 Site supervision 
 
 
 
 
 
 
 
 
 
 
 

Key Factors 
 
 Client: Network Rail Ltd. 
 Value: Approx. £30,000. 
 Dates: Spring 2003. 
 Design Criteria: BD37/01, RT/C/025, 

BS5400, TR55,  
 Designer (permanent works): Mouchel 

Parkman  
 Contractor: Quickseal 
 Procedural Constraints: Works performed 

in night normal possessions, first of its kin 
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