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This report is one of the deliverables from the Integrated Research Project “Sustainable Bridges - Assessment for 
Future Traffic Demands and Longer Lives” funded by the European Commission within its 6th Framework Pro-
gramme. The Project aims to help European railways to meet increasing transportation demands, which can only 
be accommodated on the existing railway network by allowing the passage of heavier freight trains and faster 
passenger trains. This requires that the existing bridges within the network have to be upgraded without causing 
unnecessary disruption to the carriage of goods and passengers, and without compromising the safety and econ-
omy of the railways. 

A consortium, consisting of 32 partners drawn from railway bridge owners, consultants, contractors, research 
institutes and universities, has carried out the Project, which has a gross budget of more than 10 million Euros. 
The European Commission has provided substantial funding, with the balancing funding has been coming from 
the Project partners. Skanska Sverige AB has provided the overall co-ordination of the Project, whilst Luleå Tech-
nical University has undertaken the scientific leadership. 

The Project has developed improved procedures and methods for inspection, testing, monitoring and condition 
assessment, of railway bridges. Furthermore, it has developed advanced methodologies for assessing the safe 
carrying capacity of bridges and better engineering solutions for repair and strengthening of bridges that are found 
to be in need of attention.  

 

The authors of this report have used their best endeavours to ensure that the information presented here is of the 
highest quality. However, no liability can be accepted by the authors for any loss caused by its use. 
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Summary 

This Overall Project Guide gives a general overview of the main outputs of the  
Integrated Research Project "Sustainable Bridges - Assessment for Future Traffic 
Demands and Longer Lives" founded by the European Commission within its 6th 
Framework Programme. It guides the bridge engineers, operators and managers 
through the number of technical guidelines and reports developed within the project, 
and it shows where to find relevant technical information for the specific activity  
related to operation, maintenance and management of existing railway bridges.  
Furthermore, it gives some guidance on the number of possible approaches and 
methods, presented in the project guidelines and reports that might be helpful in  
upgrading existing railway bridges for higher speeds and loads or that might help to 
extend their service life. 
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1. Introduction 

The railway network is extremely important for the transportation of people and 
goods within a sustainably developing Europe. It allows for quick, safe and reliable 
movement between the main inhabited and industrialized areas of EU member 
states. In the present situation, where there is a urgent need to reduce the impact of 
transportation on the environment, the railways, as environmentally sound, are be-
coming especially important. Bridges constitute a significant, and very important, part 
of the railway infrastructure. 

European railway infrastructure is relatively old because, to a large extent, it was 
created during nineteen century. Although parts of it have been rebuilt as a result of 
war damage, and/or upgraded during the years of operation, large parts of it are well 
over 100 years old. Consequently, many bridges that are still in service are sustain-
ing loads and speeds far higher than those for which they were designed. In order to 
meet present and future requirements regarding effective, reliable, uninterrupted and 
safe railway transportation, it is of vital importance to upgrade existing railway 
bridges and ensure that they will behave properly under increased loads and higher 
speeds. 

These requirements can be met through the intelligent and effective operation, main-
tenance and management of existing railway bridges which involve a whole range of 
activities as inspections, condition assessment, safety assessment, testing, monitor-
ing, strengthening etc. 

The technical objectives of the Sustainable Bridges project were to provide bridge 
engineers with state-of-the-art knowledge and tools used for operation, maintenance 
and management of bridges to allow them to meet the following overall project goals:  

− Increase the transport capacity of existing bridges by allowing axle loads up 
to 33 tonnes for freight traffic at moderate speeds or by allowing higher 
speeds (up to 350km/hour) for passenger traffic with lower axle loads; 

− Extend the residual service lives of existing bridges by up to 25 %; 

− Enhance management, strengthening and repair systems. 

Four Guidelines developed within the Sustainable Bridges Project, namely SB-ICA 
(2007), SB-LRA (2007), SB-MON (2007) and SB-STR (2007), give bridge engineers, 
bridge owners and operators guidance on the state-of-the-art knowledge and tools to 
help operation, maintenance and management activities and ensure the most effi-
cient use of existing railway infrastructure. 

This Overall Project Guide gives a general overview of the project results and aims to 
help the railway engineer, operator or manager use the project outputs in their every 
day work. It guides the way through the large number of technical guidelines and re-
ports developed within the project, and it shows where to find relevant technical in-
formation for the specific operational or maintenance activity. Furthermore, it gives 
some guidance on the number of possible approaches and methods presented in the 
project guidelines and reports that might be helpful in upgrading existing railway 
bridges for higher speeds and loads or that might help to extend their service life. 
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2. Operation, maintenance and management of bridges 

All bridges, after design and construction, pass to the phase of operation and main-
tenance. This phase starts when the bridge opens to traffic and it lasts until the end 
of its service life, when demolition or replacement takes place. The decision regard-
ing demolition or replacement occurs when the bridge reaches a minimum accept-
able level of performance, defined in terms of either safety or functionality, and when, 
at the same time, repair, rehabilitation or strengthening is not economically justified. 

Generally, the entire service life of a bridge contains of two different subsequent 
stages (see figure 2.1). The first stage is the normal stage of operation, where regu-
lar inspections and testing & monitoring (if necessary) take place and maintenance 
(e.g. painting, lubricating bearings, etc.) undertaken. The second stage is a special 
stage, which starts when concern regarding the safety or the functionality of the 
bridge arises or when assessment of the bridge and/or some more costly mainte-
nance action, for example repair, rehabilitation or strengthening, has to be under-
taken. 

In order to maximise the service life of a bridge within tight functional and economical 
constraints several maintenance actions are likely to take place within its lifetime. 
These may: slow down the rate of deterioration (routine maintenance); eliminate the 
source of deterioration and/or restore capacity loss (repair or rehabilitation); upgrade 
the capacity or the functionality of the bridge (strengthening or retrofitting). The deci-
sion regarding what kind of maintenance action to undertake, and when to do it in 
order to minimize maintenance costs and maximize bridge performance should be 
based on the maintenance policy established either for all the bridges along the par-
ticular railway line on which the bridge is situated or for the specific bridge (or family 
of bridges), if different. 

Bridge Management Systems (BMS) support bridge owners and operators in their 
choice of an optimum maintenance strategy that is consistent with their policies, long-
term objectives and financial constraints. For any BMS to suggest optimal decisions it 
requires adequate and reliable information regarding bridge condition, safety, func-
tionality, etc, which can be obtained from inspection, condition assessment, perform-
ance assessment and testing and monitoring. Some of these activities are carried out 
routinely whilst others take place just once, or a few times, during the whole life of the 
structure.  

Inspections, condition assessment, performance assessment, testing and monitoring 
have very important economic and functional impacts on the operation, maintenance 
and management of existing bridges since they may postpone the costly repair, retro-
fitting or replacement of the structure and thus reduce traffic interruption. 

The following sections briefly describe all the activities that characterise both the rou-
tine and special stages of the operation and maintenance of existing bridges and di-
rect the user to the relevant project Guideline where the information relevant to the 
particular activity is located. 
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Figure 2.1: Stages and activities during entire service life of railway bridges 
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3. Routine activities 

During the normal operation of a bridge, a number of routine activities take place.  
These can include: inspection and condition assessment; testing; and monitoring, 
(which are discussed in this chapter), and which will lead to routine maintenance  
activities that are not covered by this Guideline. In addition, some European railways 
have a requirement to undertake regular performance assessments of the type dis-
cussed in chapter 4. 

3.1 Regular inspections 

All bridges within the European Railway Network are inspected regularly in order to 
check their condition and ensure their continued safe operation. There are differing 
national rules and strategies for inspection, but they generally adhere to the basic 
principle of annual visual inspections supported by detailed (touching distance) in-
spections undertaken at longer intervals, usually varying between 5 and 10 years. 

General guidance on how and when perform the different types of inspection is pre-
sented in "Guideline for Inspection and Condition Assessment" SB-ICA (2007). 
This Guideline gives material and bridge type specific requirements for inspection 
and the attachment "Description of terminology" provides bridge inspectors with 
relevant terminology. 

The "Defect catalogue" attached to SB-ICA (2007) assists bridge inspectors in the 
identification and characterization of the defects and damage most commonly  
encountered in existing railway bridges in Europe. To identify the common types of 
defects and deterioration for all types of bridges, the catalogue contains descriptions 
of typical defects for steel, reinforced concrete and masonry arch bridges, supported 
by photographs. Concrete bridges receive special attention because of the lack of 
reliable tools for NDT-data acquisition and data evaluation. 

In addition, the Guideline describes typical degradation processes and proposes an 
algorithm for modelling defects to help with the evaluation of the bridge. The deterio-
ration rate and aging effects of bridge structures depend directly on the quality of de-
sign & execution, the bridge maintenance level and the in-service conditions. 

3.2 Condition assessment 

Assessment of bridge condition, which aims to determine the rate of deterioration 
and degraded state of the structure, normally follows an inspection. The accurate 
determination of the condition of all the bridges within a network is necessary to en-
able prioritisation of maintenance actions and to predict the future state of the bridge 
stock. Generally, condition assessment relies on a simple scoring system for either 
the inspected members or for the whole structure.  

The "Guideline for Inspection and Condition Assessment" SB-ICA (2007) gives 
general guidance on condition assessment of railway bridges. It recommends a 
method for condition rating, based on the characterization of the type, location, extent 
and intensity of defects encountered in the bridge elements. The "Defect catalogue" 
attached to SB-ICA (2007) assists bridge inspectors in the objective and accurate 
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identification and characterization of the defects and damage most commonly en-
countered in existing railway bridges.  

The Guideline also proposes an advanced methodology for condition assessment 
that will support the next generation of BMS, where a new expert tool will evaluate 
the condition rating of a bridge. This expert tool uses the detailed description of the 
defect (i.e. type, location, extend and intensity) and the complete description of the 
structure (i.e. construction type, geometry, material, etc.) to give a condition mark for 
a bridge by using integrated numerical databases and knowledge bases. The condi-
tion mark assessed by the expert tool is much more objective than that normally 
given by bridge inspectors. This gives a much more uniform description of the condi-
tion of the entire bridge stock and thus allows better allocation of funds for mainte-
nance. 

3.3 Regular testing 

Sometimes detailed inspections have to be supported by simple non-destructive tests 
(NDT) or measurements to determine such factors as cover thickness, carbonation 
depth, coating thickness, etc. Guidance on suitable methods and tools to carry out 
such tests or measurements is presented in "Guideline for Inspection and Condi-
tion Assessment" SB-ICA (2007). Here the inspector will find state-of-the-art and 
newly developed methods for evaluation of typical railway bridge defects.  

A “NDT toolbox" has been prepared together with SB-ICA (2007), which contains a 
comprehensive overview of available NDT methods and equipment and the time 
needed for testing. It describes both existing techniques and those newly developed 
or enhanced during the Sustainable Bridges project, for use for both better and more 
refined investigations into the current condition of a bridge. It covers the detection of 
both in-built defects and those caused by in-service degradation and lists the advan-
tages, disadvantages and usage limitations (particularly in a railway context) of the 
different methods. In a final step it links typical defects in railway bridges to the NDT 
methods appropriate for their detection. This way an inspector finding a defect on site 
can get direct information on all NDT methods suitable for further investigation of the 
defect. 

3.4 Structural Health Monitoring 

A few railway bridges in Europe are equipped with permanent Structural Health Moni-
toring (SHM) systems, which can also feed data into routine condition assessment. 
The aim of a SHM system is to continuously check the bridge’s performance, usually 
in relation to serviceability or durability considerations. Monitoring technology is cur-
rently developing very quickly and it is likely that the use of SHM systems will in-
crease in the future. They could even replace bridge inspection and condition as-
sessment activities for carefully selected bridges. 

Guidance on how to design a SHM system to meet previously defined objectives for 
various types of bridges is presented in the "Monitoring Guidelines for Railway 
Bridges" SB-MON (2007). This Guideline also gives some guidance about how to 
develop, validate and maintain such a SHM system. A "Monitoring toolbox" in-
cluded in this Guideline provides bridge owners and engineers with basic information 
about methods, algorithms and sensors that may be applied for the SHM of bridges. 
The Appendixes attached to this guideline provide technical information regarding 
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newly developed sensors and monitoring techniques for monitoring bridge condition 
and performance. 

3.5 Transition to Special Stage 

The normal output from the work described above is a decision to carry out no work 
until after the next scheduled inspection or to undertake routine maintenance.   
However, occasionally the condition of the bridge may give cause for concern and 
further investigations are required. This is referred to as the Special Stage and is fully 
described below. 

Special Stage investigations may also be triggered by a desire to increase the usage 
of a bridge, for instance by increasing the axle weight or speed of trains or, in some 
cases by the BMS adopted by, or imposed on, a bridge owner. 
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4. Special Stage I -  
Investigation and performance assessment 

As briefly mentioned above, during the service life of a bridge some concerns about 
its performance (safety, serviceability or durability) may arise for a variety of reasons, 
as for example: 

- There is a necessity to carry an exceptional load that is normally not permitted;  

- The bridge has been subjected to change such as deterioration, mechanical 
damage or change of use;  

- The bridge was designed according to the outdated code and it has to be 
checked against new codes and new requirements, as for example in the case 
when it is going to be reused within a new railway link; 

- The maximum permit load on a railway network is going to be increased and 
there is a concern for this change. 

As a consequence, a number of activities may then be undertaken: special inspec-
tions - supported by more or less advanced testing; assessment of structural per-
formance, which may be carried out on the different level of sophistication; and fo-
cused monitoring.  These will all be followed by a decision making process, which will 
result in appropriate actions being undertaken. 

Regular structural performance assessment may also be a requirement of a chosen 
BMS and will be subject to the general considerations that follow. 

4.1 Investigation 

4.1.1 Special inspections 

Usually, when some concern regarding bridge performance arises a special inspec-
tion takes place in order to verify the existing information and identify all the anoma-
lies present in the bridge. Special inspections are usually supported by testing to help 
in identifying, localising and assessing the extent and severity of the anomalies (dete-
rioration, defects, damage, etc.). 

The "Guideline for Inspection and Condition Assessment" SB-ICA (2007) gives 
general guidance on how to perform special inspections and the "Defect catalogue" 
attached to the Guideline assists bridge inspectors in the identification and charac-
terization of defects. 

4.1.2 Advanced testing 

Many bridge defects are incapable of full visual evaluation. If a visual inspection sug-
gests the existence of a hidden defect, advanced testing to check real performance 
and, if necessary, determine the extent, severity and significance of the defect be-
comes necessary. Testing can determine actual material properties for inclusion in 
performance assessment calculations where the available data is of poor quality. 

The "Guideline for Inspection and Condition Assessment" SB-ICA (2007), and 
the "NDT toolbox" attached to it, give guidance on advanced methods and tools to 
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carry out specific tests or measurements. These show that some of the methods de-
liver precise 3-dimensional data to describe a defect whilst others give only a rough 
indication of a possible defect. 

As NDT-methods have their specific capabilities and limitation in use, knowledge of 
the physics (described in the toolbox) behind the various methods assists the under-
standing of their applicability and helps the establishment of realistic limitations on 
the application of the methods to different materials. As mentioned above an elec-
tronic version of the toolbox is available for use on site to assist decision-making. 

4.2 Performance assessment 

The performance assessment of a bridge is the heart of the "investigation and per-
formance assessment" activity and the main focus area of the Sustainable Bridges 
project. Both special inspections (supported if necessary by testing) and focused 
monitoring are the main activities that have to provide information for the completion 
of a performance assessment.  Due to its importance in informing decisions about 
any actions necessary to ensure safety and continuity of the traffic, performance as-
sessment (safety, durability, serviceability, etc.), using the most advanced methods 
and tools that are presently available, is necessary. This may show that a major in-
tervention is unnecessary. 

The guidance on the most appropriate procedures, methods and tools for the as-
sessment of concrete, metal and masonry arch bridges is given in the "Guideline for 
Load and Resistance Assessment of Existing European Railway Bridges - ad-
vice on the use of advanced methods" SB-LRA (2007). This Guideline also gives 
advice regarding how and where to search for the data that is required to perform 
advanced bridge assessment and refers to SB-ICA (2007) and SB-MON (2007) 
when a more detailed description of the specific testing or monitoring method is nec-
essary. Appendices attached to this Guideline contain practical applications of the 
procedures and methods proposed for higher-level assessment that might be unfa-
miliar to assessing engineers. 

4.2.1 General procedure 

It is generally accepted that the assessment of the performance of a bridge, irrespec-
tive of whether it is a safety, serviceability or durability assessment, and whether it 
aims to permit increased loads, higher speeds or to extend bridge service life, should 
be performed in phases with increasing level of accuracy and complexity. Figure 4.1 
shows the general procedure adopted in the Guideline SB-LRA (2007) for the reas-
sessment of existing bridges, where the expression “Doubts” really means “Decision 
to assess” based on the considerations outlined in 4 above. 

A simple assessment using basic calculation checks based on readily accessible 
data (drawings, design calculations, earlier assessment calculations, inspection re-
cords, etc.) should first be used to initially assess the performance of a bridge. If this 
shows that the bridge performance is adequate, no further action is required, but if 
the doubts remain then an intermediate level assessment is required. In this proc-
ess, more advanced analysis (e.g. elastic but giving better idealisation, plastic, etc.) 
and data that are more accurate on the material properties, the loads, the current 
state and the behaviour of the bridge (e.g. material properties obtained from simple 
measurement, loads defined by measurements, etc.) assist the evaluation of the per-
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formance of the bridge. If doubts continue after the intermediate assessment then an 
enhanced assessment will be necessary. Here the most advanced assessment 
methods (e.g. reliability-based assessment methods, etc.) and tools available (e.g. 
non-linear FEM analysis, testing, monitoring, etc) evaluate the performance of the 
bridge. 

 

 

Figure 4.1: Flow diagram for reassessment of existing bridges (SB-LRA, 2007) 
 

A sensitivity analysis, performed during the assessment, may help to identify where a 
refinement of knowledge about the bridge may be most beneficial for the particular 
situation. Generally, such refinements will depend on the assessment methodology 
(deterministic, probabilistic, etc.) and analysis method (linear, non-linear, etc.) cho-
sen, and may include further collection of data about generalized loads (traffic load, 
environmental actions, etc.) and/or generalized resistance (member strength, fatigue 
resistance, serviceability condition, etc.). 
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4.2.2 Assessing bridges for higher loads 

The safety of a bridge subjected to increased loads evaluated in accordance with 
normal assessment practice depends on material and structural parameters, the load 
models considered, the structural analysis models used and the assessment meth-
odology applied. The importance of each of these factors may be different in each 
particular assessment situation and may depend on bridge construction type, mate-
rial, span, etc. The assessing engineer has to show the highest expertise in selecting 
the most appropriate models and methods for the particular situation and level of 
bridge assessment. 

The "Guideline for Load and Resistance Assessment of Existing European 
Railway Bridges - advice on the use of advanced methods" SB-LRA (2007) pro-
vides advice on these issues through the following chapters: 

• Chapter 2 provides the general assessment methodology. 

• Chapter 3 contains the requirements for, and the various assessment meth-
ods applicable to, different assessment levels. 

• Chapter 5 examines the assessment loads and dynamic amplification factors 
suitable for initial, intermediate and enhanced evaluation. 

• Chapters 6, 7 and 8 provide information, such as material parameters, resis-
tance models and analysis methods, specific to concrete, metal and masonry 
bridges. 

• Chapter 9 addresses issues related to foundations and transitions zones. 

• Chapter 10 gives guidance on how to improve an assessment by using infor-
mation from testing and monitoring performed in according with the proce-
dures and methods presented in SB-ICA (2007), the "NDT toolbox", SB-
MON (2007) and the "Monitoring toolbox". 

4.2.3 Assessing bridges for higher speeds 

While performing an assessment of a bridge to allow the passages of faster trains the 
bridge engineer has to be aware of the particularities of this type of task. In this cate-
gory of assessment, the dynamic behaviour of a bridge and its interaction with the 
passing trains is usually most important.  

Chapter 5 of the "Guideline for Load and Resistance Assessment of Existing 
European Railway Bridges - advices on the use of advanced methods" SB-LRA 
(2007) provides the necessary information for performing this kind of assessment. In 
Annex 5.1 gives an overview of software that might be helpful in performing dynamic 
analysis of railway bridges. However, Chapter 10, discussed above, also gives  
useful advice on the possible improvement of the assessment by the use of dynamic 
measurements and monitoring data. 

4.2.4 Extending service life of bridges 

The remaining service live of a bridge is mainly dependent on two different proc-
esses, fatigue and material deterioration and, depending on which process is most 
dominant in a particular case, its assessment will have different requirements. In ad-
dition, each bridge is likely to have its own specific characteristics that may require 
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the use of an unusual approach. The assessing engineer has to be aware of this and 
will have to use his expertise in order to choose the best procedures (methods, mod-
els and tools) for the assessment. The "Guideline for Load and Resistance As-
sessment of Existing European Railway Bridges - advice on the use of ad-
vanced methods" SB-LRA (2007) looks at the general requirements and the 
framework for this type of assessment. 

The assessment of the remaining fatigue life a bridge is dependent on the fatigue 
properties of material, the number of relevant stress cycles already experienced and 
the expected future loading patterns. 

The residual service life assessment of a bridge suffering from material deterioration 
will depend more on the properties of the material, the environmental actions affect-
ing the bridge the deterioration models applied and the assessment framework may 
also play an important role.  

The SB-LRA (2007) provides advices on all the above mentioned issues:  

• Chapter 3 defines the general requirements and the framework for the as-
sessment of remaining fatigue life and remaining service life. 

• Chapter 5 provides information regarding fatigue loads relevant for assess-
ment. 

• Chapters 6, 7 and 8 provide information such as material parameters, dete-
rioration models, fatigue assessment models and analysis methods specific to 
concrete, metal and masonry bridges. 

• Annex 3.7 gives advice on the use of probabilistic methods for fatigue life as-
sessment. 

• Additionally, guidance how to improve assessments using the results from the 
testing and monitoring methods described in SB-ICA (2007) & SB-MON, 
(2007) is given in Chapters 7 and 10 and Annex 3.7 

4.3 Focused monitoring 

During the assessment of a bridge it is often desirable to have bridge specific data 
relating to, for instance, the actual traffic loads carried or the range of stresses in dif-
ferent elements. This usually requires site observations or measurements over a 
longer period than is normally required for conventional assessment data gathering. 
Special short-term monitoring systems are able to provide quantitative information 
about the required parameter(s). 

The "Monitoring Guidelines for Railway Bridges" SB-MON (2007) and its associ-
ated "Monitoring toolbox" define the role of both the bridge engineer and the moni-
toring specialist when specifying a monitoring task. It explains how to design a moni-
toring system to give detailed information on, for example, traffic loads, modal pa-
rameters and Eigen frequencies for use in a high-level assessment. 
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5. Special stage II - Decision making and action taken 

When being confronted with the non performance of a bridge, whether it is due to 
deterioration, ageing or new traffic demands (higher axle loads or speeds) on a rail-
way line the bridge engineer has to determine the necessary maintenance action and 
future use of the bridge, using the budget and resources available in the most effi-
cient way. 

5.1 Redefining use 

One way to deal with a bridge that fails its performance assessment is to redefine the 
use of the bridge. 

This may lead to special traffic restrictions on the bridge: heavy haul traffic must 
cross the bridge at a very low speed to reduce the dynamic effects; passenger trains 
need to reduce the speed to one determined as not harmful for the bridge; or the 
maximum axle load needs to be lowered to a safe value. Of course the decision to 
redefine use of the bridge in most of the cases will not really solve the problem, how-
ever, it might be beneficial for a temporary measure to keep traffic running pending 
repair, strengthening or replacement. The "Guideline for Load and Resistance As-
sessment of Existing European Railway Bridges - advice on the use of ad-
vanced methods" SB-LRA (2007) gives advice for defining the restrictions related 
to maximum allowable axle load, train speeds or remaining service life of a bridge 
that fails the performance assessment.  

5.2 Intensifying monitoring  

If the performance assessment seems to have given over-conservative results, it 
may be advantageous to intensify monitoring of the bridge for a short period. This 
might give a better understanding of bridge behaviour under real loads. As already 
discussed, the guidance on all the aspects of bridge monitoring is presented in the 
"Monitoring Guidelines for Railway Bridges" SB-MON (2007). 

5.3 Strengthening and/or repairing 

A  bridge that fails its performance assessment will require repair or strengthening. 
Repair or strengthening should bring the structure to the level of performance re-
quired. Guidance on the repair and strengthening methods most appropriate for con-
crete, metal and masonry railway bridges is presented in the "Repair and Strength-
ening of Railway Bridges - Guideline" SB-STR (2007). As well as a description of 
the method, the SB-STR (2007) provides a unique methodology (the “graphical in-
dex”) that assists the selection of the most appropriate strengthening method for the 
bridge. In addition, case studies for most of the methods are presented. 

There are many good traditional repair methods that are already well known to infra-
structure managers and are therefore not presented in the "Repair and Strengthen-
ing of Railway Bridges - Guideline" SB-STR (2007). Instead, SB-STR (2007) con-
centrates on new cost-effective and environmentallly friendly techniques that mini-
mise the disturbance of railway traffic during installation. The main focus has been on 
new developments for the use of Carbon Fibre Reinforced Polymers (CFRP) on typi-
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cal concrete brigdes, but the report also gives on other modern techniques for use on 
both metallic and masonry brides.  
 

In conjunction with the “NDT-Toolbox”, SB-STR (2007) gives recommendations for 
methods to control the quality of strengthening methods. Sometimes intensified moni-
toring, as proposed in SB-MON (2007), may be used after a novel repair or strength-
ening to prove the performance of the bridge in its new state. The aim of such a sys-
tem is to provide quantitative information about measured properties or parameters 
and to check the effectiveness of measures taken. 

5.4 Replacement 

When a bridge reaches a minimum acceptable level of performance, defined in terms 
of safety or functionality, and either repair, rehabilitation or strengthening is not eco-
nomically justified or redefined use or intensified monitoring are not alternatives, the 
bridge will have to be replaced. Replacement is outside the scope of this Guideline, 
although some of the advice in SB-LRA (2007) and SB-STR (2007) may help in re-
ducing the scope of such a project by, for instance, limiting the work necessary on 
abutments and transition zones. 
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6. Conclusion 

This overall project guideline will help bridge engineers and managers locate the  
correct detailed project guideline to help them with the day to day management of 
railway bridges across Europe. The guidelines report the methods developed in the 
Sustainable Bridge project to help European railways meet the ever increasing de-
mands being asked of them and go a long way towards meeting the high level project 
objectives outlined in Chapter 1 of this guide. 

These high level project objectives were deliberately set to be challenging to the  
researchers working on the project and only a few existing bridges are likely to able 
to accommodate trains travelling at 350 km/hr or freight trains with 33 tonne axles on 
the basis of our recommendations. Nevertheless use of the guidance will enable 
some bridges to meet these requirements and increases well above the current typi-
cal capability of around 160 to 200 km/hr speeds and 22.5 tonne axles should be rou-
tinely obtainable. 

The detailed project guideline SB-ICA (2007) also provides state of the art guidance 
to bridge owners who do not currently have their own bridge management system or 
standardised defect classification system on how to establish such systems. It is 
hoped that the recommendations in SB-ICA (2007) may form the basis for further 
work to establish agreed pan European systems, although it is accepted that railways 
with well established systems may take some time to adopt the recommendations as 
currently proposed. In addition, the work described in SB-STR (2007) will benefit 
from further development, possibly in the form of further collaborative European re-
search activities. The project has also identified a need for further collaborative work 
in relation to masonry arch bridges, where knowledge of structural behaviour and 
monitoring are less advanced than for other typical construction materials. 

All the members of the Sustainable Bridges consortium commend this work to bridge 
owners both in Europe and across the world and will be glad to receive any feedback 
from end users. Whilst the work has focussed on railway bridges, the results should 
be equally of interest to those responsible for highway bridges. 
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Appendix A -  Sustainable Bridges project reports 

This appendix presents all Guidelines and Background Documents produced within 
Sustainable Bridges Project. In case of Guidelines, which are the main output of the 
Project, it also gives a short overview of the scope and content of the documents. All 
documents can be found on the project web page www.sustainablebridges.net. 

A.1. Guidelines 

The main outputs from the Sustainable Bridges project are the four listed bellow 
Guidelines: 

− Guideline for Inspection and Condition Assessment of Railway Bridges - 
SB-ICA (2007), (in older versions of the SB project documents referred as 
Deliverable D3.15), 

− Guideline for Load and Resistance Assessment of Existing European Railway 
Bridges - advices on the use of advanced methods, SB-LRA (2007), (in older 
versions of the SB project documents referred as Deliverable D4.2) 

− Monitoring Guidelines for Railway Bridges - SB-MON (2007), (in older versions 
of the SB project documents referred as Deliverable D5.2),  

− Repair and Strengthening of Railway Bridges - Guideline - SB-STR (2007), (in 
older versions of the SB project documents referred as Deliverable D6.1). 

Each of the above listed Guidelines is dealing with different topics related to the ac-
tivities that take place during operation and maintenance of existing railway bridges. 
In the following sections the summary of each of the Guidelines is presented. 

A.1.1. Guideline for Inspection and Condition Assessment - SB-ICA 

The "Guideline for Inspection and Condition Assessment of Railway Bridges", to-
gether with its three annexes, proposes inspection and condition assessment tools to 
get comparable description of the railway infrastructure condition in different coun-
tries of the European Community. Furthermore, it presents tools helping to update 
bridge documentation that might be insufficient, inaccurate or incomplete.  

The Guideline is divided into 11 Chapters and 3 Annexes concerning among other 
things: 

− Review of the railway bridges inspection practice in Europe (Chapter 2); 

− Classification of degradation processes (Chapter 3); 

− Review of the railway bridges assessment and condition rating practice in 
Europe (Chapter 4); 

− Non Destructive Tests (NDT) toolbox (Chapter 5 and Annex 3); 

− Detailed guidelines on the inspection and condition assessment of concrete, 
metal and masonry arch bridge superstructures, and the bridge transition 
zones (Chapters 6 to 9 respectively); 

− Defect catalogue (Annex 2); 

− Description of terminology (Annex 1). 
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A.1.2. Guideline for Load and Resistance Assessment - SB-LRA 

The "Guideline for Load and Resistance Assessment of Existing European Railway 
Bridges - advices on the use of advanced methods" is providing guidance and rec-
ommendations for applying the most advanced and beneficial methods, models and 
tools for assessing the load carrying capacity of existing railway bridges. This in-
cludes a systematized step-level assessment methodology, advanced safety formats 
(e.g. probabilistic or simplified probabilistic) refined structural analysis (e.g. non-linear 
or plastic, dynamic considering train-bridge interaction), better models of loads and 
resistance parameters (e.g. probabilistic and/or based on the results of measure-
ments) and methods for incorporation of the results form monitoring and on-site test-
ing (e.g. Bayesian updating). 

The SB-LRA Guideline has been prepared aiming to follow somehow the structure of 
the Eurocodes and it is divided into 10 Chapters and 12 Annexes concerning: 

− Assessment procedure (Chapter 2); 

− Requirements, safety formats and limit states (Chapter 3, Annexes 3.1-3.7); 

− Basic information for bridge assessment (Chapter 4); 

− Load and dynamic effects (Chapter 5, Annex 5.1); 

− Concrete bridges (Chapter 6); 

− Metal bridges (Chapter 7, Annex 7.1); 

− Masonry arch bridges (Chapter 8, Annexes 8.1 and 8.2); 

− Foundations and transition zones (Chapter 9); 

− Improvement of assessment using information from testing and monitoring 
(Chapter 10, Annex 10.1). 

In most of the topics related to railway bridges assessment the Guideline uses the 
current state-of-the-art knowledge and the presently best practice. Nevertheless, in 
many subjects it propose the use of new and innovative methods and models that 
have been developed, obtained or systematized due to research performed.  

A.1.3. Monitoring Guidelines for Railway Bridges- SB-MON 

The "Monitoring Guidelines for Railway Bridges" provides a procedure for how to 
specify, design, implement and operate monitoring systems in a systematic and co-
herent way. It defines the actors and their roles within the monitoring activity. The 
guideline introduces the concept of a model monitoring system as the fundamental 
planning tool for specifying the physical monitoring system. This tool allows bridge 
owners and structural engineers to specify their requirements on a monitoring system 
by using concepts that are familiar to them. The concept of model monitoring system 
permits to separate the roles and responsibilities of the different actors and to clearly 
define the interface between a structural engineer and monitoring experts. The task 
of the monitoring expert is to implement and operate a monitoring system that con-
forms to model monitoring system specified by the structural engineer. 

In the Guideline a monitoring toolbox is also included. This toolbox provides briefly 
the most relevant information to different methods, algorithms and sensors being in 
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use in monitoring. The goal of the toolbox is to provide background information that 
guides to design more exactly and with more details the model monitoring system.  

The appendices contain guidelines of the novel monitoring techniques developed 
within the project. The scope of these guidelines is to encourage the use of these 
novel techniques in future monitoring activities. 

Besides the above described general part regarding the monitoring concept, the SB-
MON Guideline contains four sub-guidelines dealing with different, topics of bridge 
monitoring: 

− Monitoring of steel railway bridges; 

− Experimental estimation of structural damping of railway bridges; 

− Corrosion monitoring systems for reinforced concrete bridges; 

− Reliability of monitoring systems for bridges. 

A.1.4. Repair and Strengthening of Railway Bridges - Guideline - 
SB-STR 

The Guideline "Repair and Strengthening of Railway Bridges" aims to assist the rail-
way owners in deciding necessary strengthening measures for concrete, steel or ma-
sonry railway bridges. In addition possible strengthening measures for the bridge 
subsoil are presented.  

Strengthening of bridges is usually performed to fulfil the safety requirements regard-
ing the ultimate limit state (ULS). Therefore, the principal focus in this Guideline is on 
the methods suitable for this purpose. However, many of the strengthening methods 
that are described in this document will also be applicable when measures are 
needed to fulfil the serviceability limit state (SLS), for example increased stiffness of 
the structural elements or decrease crack sizes in concrete members.  

The scope of the guideline has been limited to modern methods and strengthening 
systems known to the authors or developed within the project. Methods that can be 
considered traditional or methods that can be considered well known to the railway 
owners have not been presented. The guideline tries to highlight strengthening 
methods that are environmental friendly, not disturbing the ongoing traffic and at the 
same time are economically competitive. 

The guideline is divided into a Graphical Index (GI) document, Method Description 
documents and Case Study documents. The Graphical Index document is a tool 
guiding the users (i.e. bridge administrator, bridge assessment engineers, etc.) 
through the strengthening methods presented in the Guideline in order to find the 
most suitable method for the specific case and then, to indicate where in the Guide-
line the relevant information (i.e. method description and case studies) regarding this 
method can be found. The method descriptions give detailed description of the 
strengthening method referred to, equipment used, benefits and drawbacks and a 
cost estimate of the method. In the case studies different field applications of the 
method descriptions are presented.  

A.2. Background Documents 

Besides the four Guidelines, described in the previous section, a number of Back-
ground Documents have been prepared within the Sustainable Bridges Project. The 
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Background Documents describe the research and development activities performed 
by various Project partners and form a scientific basis for the Guidelines.  

A.2.1. Background Documents to SB-ICA Guideline 

As a basis for the SB-ICA Guideline, several, listed bellow Background Documents, 
dealing with different topics related to inspection and condition assessment, have 
been prepared: 

− Background Document D3.2 - Updated Inventory on Condition Assessment 
Procedures for Bridges - SB-3.2 (2004); 

− Background Document D3.3 - Possibilities of Unification of Bridge Condition 
Evaluation - SB-3.3 (2005); 

− Background Document D3.4 - Condition Assessment and Inspection of Steel 
Railway Bridges, Including Stress Measurements in Riveted, Bolted and 
Welded Structures - SB-3.4 (2005); 

− Background Document D3.5 - Evaluation Program to Combine Radar Data of 
Different Polarisation - SB-3.5 (2004); 

− Background Document D3.6 - Prototype of 2D-scanning System for 
Automated Measurements on Concrete Surfaces with Impulse Radar, 
Ultrasonic Echo and Impact-Echo - SB-3.6 (2006); 

− Background Document D3.7 - Impact-Echo Techniques for Crack Depth 
Measurements - SB-3.7 (2007); 

− Background Document D3.8 - Radar Tomography - SB-3.8 (2007); 

− Background Document D3.9 - Electrochemical Techniques to Detect 
Corrosion Stage of Reinforcement in Concrete Structures - SB-3.9 (2006); 

− Background Document D3.10 - Laboratory Investigations of Steel Bar 
Corrosion In Concrete - SB-3.10 (2007); 

− Background Document D3.11 - Validation of Nonlinear Finite Element 
Modelling of Reinforced Concrete Structures Attacked by Corrosion - SB-3.11 
(2007); 

− Background Document D3.12 - Report on Optimum Setup for a LIBS System 
for Application on Site - SB-3.12 (2006); 

− Background Document D3.13 - Optimisation of NDT Methods for Existing 
Foundations - SB-3.13 (2005); 

− Background Document D3.14 - Cross Hole Tomography of Subsoil in 
Transition Zones at Existing Railway Bridges - SB-3.14 (2006); 

− Background Document D3.16 - NDT Toolbox - SB-3.16 (2006); 

− Background Document D3.17 - Demonstration of Measurements Using 
Impulse-Radar, Ultrasonic Echo and Impact-Echo on a Prestressed Concrete 
Railway Bridge in Duisburg/ Germany - SB-3.17 (2006); 

A.2.2. Background Documents to SB-LRA Guideline 

As a basis for the SB-LRA Guideline, several, listed bellow Background Documents, 
dealing with different topics related to assessment of bridge loads and resistance, 
have been prepared: 
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− Background Document D4.3 - Loads and Dynamic Effects - SB-4.3 (2007); 

− Background Document D4.3.1 - Summary of Several European As-
sessment Codes - SB-4.3.1, (2005); 

− Background Document D4.3.2 - Assessment of Actual Traffic Loads 
Using B-WIM, Site Specific Characteristic Load from Collected Data 
& Statistical Evaluation of Dynamic Amplification Factors - SB-4.3.2, 
(2007); 

− Background Document D4.3.3 - Dynamic Railway Traffic Effects on 
Bridge Elements - SB-4.3.3, (2007); 

− Background Document D4.4 - Safety and Probabilistic Modelling -  
SB-4.4 (2007); 

− Background Document D4.4.1 - Safety Format and Required Safety 
Levels - SB-4.4.1, (2007); 

− Background Document D4.4.2 - Probabilistic Modelling - SB-4.4.2, 
(2007); 

− Background Document D4.4.3 - Probabilistic Nonlinear Analysis - 
SB-4.4.3, (2007); 

− Background Document D4.4.4 - Examination of Fatigue Safety and 
Remaining Fatigue Life of Structural Details and Components in 
Steel of Railway Bridges Using Probabilistic Methods - SB-4.4.4, 
(2007); 

− Background Document D4.4.5 - Long-term Behaviour of Subsoil Be-
low Railway Embankments – A Simplified Prediction Method of Set-
tlements with a Probabilistic Approach - SB-4.4.5, (2007); 

− Background Document D4.5 - Non-Linear Analysis and Remaining Fatigue 
Life of Reinforced Concrete Bridges - SB-4.5 (2007); 

− Background Document D4.6 - Improved Assessment Methods for Static and 
Fatigue Resistance of Old Steel Railway Bridges - SB-4.6 (2007); 

− Background Document D4.7 - Masonry Arch Bridges - SB-4.7 (2007); 

− Background Document D4.7.1 - Structural Assessment of Masonry 
Arch Bridges - SB-4.7.1, (2007); 

− Background Document D4.7.2 - Numerical Analyses of Load Distri-
bution and Deflections in Railway Bridge Transition Zones due to 
Passing Trains - SB-4.7.2, (2007); 

− Background Document D4.7.3 - Methods of Analysis of Damaged 
Masonry Arch Bridges - SB-4.7.3, (2007); 

− Background Document D4.7.4 - Potentiality of Probabilistic Methods 
in the Assessment of Masonry Arches - SB-4.7.4, (2007); 

A.2.3. Background Documents to SB-MON Guideline 

As a basis for the SB-MON Guideline, several, listed bellow Background Documents, 
dealing with different topics related to bridge monitoring, have been prepared: 

− Background Document D5.1 - Evaluation of Monitoring Instrumentation and 
Techniques - SB-5.1 (2007); 

− Background Document D5.3 - Crack Sensor with Embedded Optical Fibre - 
SB-5.3 (2007); 
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− Background Document D5.4 - Multiplexed Fibre Bragg Grating Monitoring 
Systems for Dynamic and Static Strain Measurements: Sensor System 
Specification, Design Construction and Evaluation - SB-5.4 (2007); 

− Background Document D5.5 - Wireless Sensor Networks using MEMS for 
Acoustic Emission Analysis including other Monitoring Tasks - SB-5.5 (2007); 

− Background Document D5.6 - Prototype of Exciter for Vibration Tests and 
Concept of Monitoring System - SB-5.6 (2007); 

− Background Document D5.7 - Prototype Implementation of a Wireless Sensor 
Network - SB-5.7 (2007); 

− Background Document D5.8 - Data Analysis and Reduction Methodologies for 
Wireless Sensor Networks - SB-5.8 (2007); 

− Background Document D5.9 - Prototype TOF (Time of Flight) Fibre Optic 
Sensor Including System Description Report - SB-5.9 (2007); 

A.2.4. Background Documents to SB-STR Guideline 

As a basis for the SB-STR Guideline, several, listed bellow Background Documents, 
dealing with different topics related to bridge strengthening, have been prepared: 

− Background Documents D6.2 - Repair and Strengthening of Railway Bridges - 
SB6.2 (2007) 

− Background Documents D6.2.1A - Strengthening Methods for the 
Subsoil in Transition Zones at existing Railway Bridges - Literature 
Review - SB6.2.1A (2007) 

− Background Documents D6.2.2A - Combined CFRP Strengthening 
and Cathodic Protection - Literature Review- SB6.2.2A (2007) 

− Background Documents D6.2.2B - Combined CFRP Strengthening 
and Cathodic Protection - Research and Development- SB6.2.2B 
(2007) 

− Background Documents D6.2.3A - Quality Control of Strengthening 
or Reinforcement Measures on CFRP-Strengthened RC-Bridge 
Structures Using Thermography - Literature Review - SB6.2.3A 
(2007) 

− Background Documents D6.2.3B - Thermography System for Qual-
ity Control of the Bond Behaviour for Typical FRP-Systems Using 
Active Thermography Including the Development of a Prototype for 
Automated Scanning - Research and Development - SB6.2.3B 
(2007) 

− Background Documents D6.2.4A-1 - Traditional Repair and 
Strengthening Measures for Steel Bridges - Literature Review - 
SB6.2.4A-1 (2007) 

− Background Documents D6.2.4A-2 - Strengthening Metallic Struc-
tures – Existing Methods - Literature Review - SB6.2.4A-2 (2007) 

− Background Documents D6.2.4A-3 -Strengthening Metallic Struc-
tures Using Advanced Composites - Literature Review - SB6.2.4A-3 
(2007) 



Sustainable Bridges SB-9.2 2007-11-30  27 (28) 

    

 

 

− Background Documents D6.2.4B-3 -Strengthening Metallic Struc-
tures with Advanced Composites - Research and Development - 
SB6.2.4B-3 (2007) 

− Background Documents D6.2.5A - Strengthening of Concrete Struc-
tures with the Use of Mineral Based Composites (MBC) - Literature 
Review - SB6.2.5A (2007) 

− Background Documents D6.2.5B - Strengthening of Concrete Struc-
tures Using Mineral Based FRPs  - Research and Development - 
SB6.2.5B (2007) 

− Background Documents D6.2.6A - Strengthening Structures with 
Externally Prestressed Tendons - Literature Review - SB6.2.6A 
(2007) 

− Background Documents D6.2.6B - Strengthening of Structures with 
External Prestressing - Research and Development - SB6.2.6B 
(2007) 

− Background Documents D6.2.7B - Performance Characteristics of 
Fibre Bragg Grating Strain Sensors Post-Embedded in CFRP Com-
posite Rebars - Research and Development - SB6.2.7B (2007) 

− Background Documents D6.2.8A - Repair and Strengthening of Ma-
sonry Arch Bridges - Literature Review - SB6.2.8A (2007) 

− Background Documents D6.2.8B - Repair and Strengthening of Ma-
sonry Arch Bridges - Research and Development - SB6.2.8B (2007) 

− Background Documents D6.3 - Field Test - Strengthening of the Örnsköldsviks 
Bridge with Near Surface Mounted CFRP Rods - SB6.3 (2007) 

A.2.5. Other Background Documents 

Besides the Background Documents for the respective Guidelines presented in pre-
vious sections, a number of Background Documents aiming to present results of sur-
veys among railway administration in Europe and results of field demonstration of 
testing and monitoring techniques have been prepared during the Project. These re-
ports are listed bellow: 

− Background Document D1.2 - European Railway Bridge Demography - SB-1.2 
(2004); 

− Background Document D1.3 - European Railway Bridge Problems - SB-1.3 
(2004); 

− Background Document D1.4 - Railway Bridge Research - SB-1.4 (2005); 

− Background Document D7.2 - Field Test of a Riveted Steel Bridge in Avesnes, 
France - SB-7.2 (2007); 

− Background Document D7.3 - Field Test of a Concrete Bridge in Örnsköldsvik, 
Sweden - SB-7.3 (2007); 

− Background Document D7.4 - Demonstration Bridge C: Masonry Arch 
structure - SB-7.4 (2007); 

− Background Document D8.2 - Bridge Monitoring Demonstration - SB-8.2 
(2007);  
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Appendix B -  Project partners organizations 

The table below lists all the partners in the Sustainable Bridges Project.  

 

Partner name Country 

Skanska Sverige AB, (project leader) Sweden 

Network Rail United Kingdom 

Banverket Sweden 

BAM Federal Institute for Materials Research and Testing Germany 

COWI A/S Denmark 

Swiss Federal Institute for Materials Testing and Research Switzerland 

Luleå University of Technology Sweden 

Laboratoire Central des Ponts et Chaussées France 

WSP Consulting Kortes Ltd.  Finland 

Wroclaw University of Technology Poland 

City University United Kingdom 

University of Salford United Kingdom 

Swedish Geotechnical Institute Sweden 

Sto Scandinavia AB Sweden 

Designtech Projectsamverkan AB Sweden 

Swedish Road Administration, Sweden Sweden 

Deutsche Bahn AG Germany 

Universität Stuttgart Germany 

Rheinisch-Westfälische Technische Hochschule Aachen Germany 

Norut Norway 

École Polytechnique Fédéral de Lausanne Switzerland 

Chalmers University of Technology Sweden 

University of Oulu. Research Unit of Construction Technology Finland 

Finish Rail Administration Finland 

Finish Road Administration Finland 

Société Nationale des Chemins de Fers Français France 

Universidade do Minho Portugal 

Universitat Politècnica de Catalunya Spain 

PKP Polish Railway Lines Poland 

Cervenka Consulting Czech Republic 

Royal Institute of Technology Sweden 

Lund University Sweden 

 


