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Executive summary 

This report summarises different practices that European countries are using to assess 
performance of highway structures. In practice, in all countries far the greatest focus is given 
to bridges and tunnels. 

The study is based primarily on questionnaires and interviews that were sent to or done with 
employees of 13 National Road Administrations supporting the CEDR Asset Management 
call. In addition several recent European ( (COST 345, 2004), (ARCHES D08, 2009), 
(SAMARIS D30, 2006), (DRD, 2004), (PROCROSS, 2012)) and international reports and 
recommendations were studied ( (CAN/CSA-S6-00, 2005), (Moses, 2001), (Sivakumar, 
Ghosn, & Moses, 2011)), which added a few more countries on the list. 

Apart from introduction, the report covers the following chapters: 

- Inspection, measurement and monitoring practices for highway structures, as the key 
information and source for condition assessment, with an overview of the procedures 
used in 15 countries, 

- Structural safety assessment practices, with an overview of the procedures used in 8 
countries; including a subchapter about traffic loading, 

- Summary of the questionnaires, including recommendations from individual owners of 
structures – what they are proud of, what they are lacking, weather there are any 
formal or financial restrictions/obstacles to use advanced (novel) monitoring or 
assessment techniques, 

- Quality control practices related to collected information and needs for improvements, 

- Highway structures stakeholders, their expectations and ideal measurements. 

The appendices contain: 

- Questions that were sent to the NRAs, 

- List of available test/monitoring techniques that can be used for highway structures, 

- Two case studies. 

The analysis shows that every bridge administrator, in every country, has created or adopted 
a system for managing bridge stock. All systems have common roots and similar rules. 
However, the systems are incoherent; they take similar factors under consideration, but 
present different outcomes. With respect to inspection, measurement and monitoring 
practices for highway structures, the following conclusions can be borne: 

1. For all countries the most advanced information is collected for bridges, then for 
tunnels. Culverts and retaining walls are a big unknown all around Europe. 

2. All countries use a more or less established Bridge Management Systems (BMS), but 
decisions are still primarily based on structural condition and not on other important 
factors, such as structural safety, remaining service life, whole-life costs, life-cycle 
costs etc. (although in some countries these factors do become important). 

3. Although basically similar, types of inspections vary with respect to required 
qualifications of personnel and duration between inspections. 

4. Quality control of collected information is not a constituent part of the data acquisition 
systems. 

The structural safety assessment is the process where, starting from the actual resistance of 
the structure (updated with the results of the inspection and testing) and the actual loading, 
the remaining safety (measured in terms of partial safety factors, reliability index, probability 
of failure or similar) is derived. With respect to structural safety we can conclude that: 
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1. Only some countries have assessment codes or recommendations for highway 
structures that apply modern rules for optimised assessment that includes realistic 
information about structural capacity, true behaviour of structures (obtained with 
measurements and monitoring) and actual loading. 

2. European countries with a huge stock of highway bridges, as France, Germany, Italy, 
Poland and Spain, do not use specific procedures for safety assessment of existing 
highway bridges and, in general, the basis for the assessment is the same as for the 
design of new bridges. In France, some reduction in partial safety coefficients for 
materials or dead loads is possible but without official rules on how to do it. A similar 
situation exists in Spain. In Germany, no reduction is permitted in the specified safety 
levels for assessment compared with design. Such approach gives very conservative 
(safe) answers with respect to structural safety which in most cases is not optimal and 
requires higher financial inputs for rehabilitation than really necessary. 

3. Knowledge about real traffic loading is very diverse from one country to another. 
Studies show that, based on the truck policies, traffic loading characteristics from one 
county to another vary by more than 30%. As a result, bridges designed according to 
the same Eurocode are much safer in some countries than in others (an extreme 
case is the Netherlands, with very liberal policy regarding special transports). 
Although most countries have weigh-in-motion system in place to collect actual 
weights of heavy vehicles, it seems that this information is, with the exception of 
Austria and Slovenia, not directly used to optimise structural assessment (some 
countries have used WIM data to reduce the load factors from the design codes when 
those loading schemes are used for assessment).  

4. In order to maximise savings in infrastructure rehabilitation and replacement costs, 
continent-wide, some previous studies ( (COST 345, 2007), (SAMARIS D30, 2006)) 
recommended that a European Bridge Assessment code, with allowances for region-
specific loading data, is developed. 

Quality control of collected information is generally weak in all countries and must be 
improved. While some countries perform or even require trainings of inspectors (Finland and 
Lithuania being the only countries that issue inspectors certificates (Lithuanian Road 
Administration, 2010)), in most countries selecting such trained qualified inspectors is not 
mandatory. Furthermore, true quality control of collected information is also limited to very 
few countries. In most cases the employees of the infrastructure owners are responsible to 
check if data is correct, but most countries (exceptions are Czech Republic and Finland) 
seem not to use systematic QC tools to check for outliers, copy/paste cases from previous 
inspections, improvements of condition without any action on the bridge, etc. Many NRAs 
expressed this as a major issue that must be improved in the future. 

With respect to the issues that individual NRAs are applying and would like to recommend to 
the others, they are proud of individual tools that make their highway structures data 
collection system more efficient, from electronic devices to inspect bridges, as the Belgian 
Bridgeboy, to a number of monitoring techniques used in France, systematic approach of 
assessment of all assets to minimize the risks in the Netherlands, soft load testing using a 
bridge weigh-in-motion system to measure true structural parameters of existing bridges in 
Slovenia, and advanced structural safety assessment procedures supported by standards in 
UK. Regarding weaknesses and things that need improvements, several countries 
mentioned quality control of collected information, needs to update the existing condition 
assessment systems, and better implementation of new monitoring/measuring techniques, 
which includes automation of some inspection/monitoring processes. 

Two case studies are presented in the appendices, one from Denmark and one from 
Slovenia that demonstrate efficiency and financial benefits of using advanced bridge 
assessment techniques. 
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1 Introduction 

“ERA-NET ROAD – Coordination and Implementation of Road Research in Europe” was a 
Coordination Action funded by the 6th Framework Programme of the EC. The partners in 
ERA-NET ROAD (ENR) were United Kingdom, Finland, Netherlands, Sweden, Germany, 
Norway, Switzerland, Austria, Poland, Slovenia and Denmark (www.eranetroad.org). Within 
the framework of ENR this joint research project was initiated. The funding National Road 
Administrations (NRA) in this joint research projects are Belgium, Switzerland, Germany, 
Denmark, Finland, France, Ireland, Lithuania, The Netherlands, Norway, Slovenia, Sweden 
and United Kingdom.  

To manage the road network, road managers and operators have to consider existing 
policies such as the requirement to keep the network in good condition, and to deliver this 
condition at minimum whole life cost. However, the condition should also meet the 
expectations of stakeholders. The management process has to optimise the total costs for 
society, whilst minimizing the effects of given condition levels on safety, reliability, 
environmental impact, economics and sustainability. This principle and its overall goals are 
equal for all road managers around Europe. Heroad has investigated how individual 
components, levels of assessment and the inclusion of a life cycle perspective as well as 
new challenges are incorporated in the asset management. This includes: 

- looking at data collection, assessment and reporting regimes, especially considering 
new challenges (climate change, traffic configuration, new materials, LCC and the 
focus on road users’ expectations), 

- identifying and assessing the key technical components of these regimes and then 
determine whether they are best practice or not, 

- identifying and describing indicators at different assessment levels (for example, while 
road operators use more complex technical parameters, the decision makers and 
public need more understandable indicators that are built from combination of 
technical parameters). 

This document is reporting about the measurements and monitoring practices from a number 
of European countries, to illustrate how such information is used for assessment of 
highway structures.  

2 Background 

Several recent EC financed projects ( (BRIME - Bridge Management in Europe, 2001), 
(COST 345, 2007), (SAMARIS D30, 2006), (ARCHES D08, 2009)) as well as CEB/FIB 
(European/International Concrete Committees) and PIARC committees (PIARC C11, 1999) 
have studied the performance of structures over their lifetime and its consequence on 
bridge/asset management. Surveys performed within these projects indicate that the level of 
highway structures’ management, i.e. information and tools available and used, varies 
considerably from one European country to another. While some countries have developed 
comprehensive systems that apply in their bridge management systems results of 
monitoring, life-cycle analysis and financial issues, many others base the decisions on limited 
information, primarily condition of bridges. While in general information about tunnels is also 
satisfactory, practically no European country collects quality data about other highway 
structures, such as culverts and retaining/supporting walls.  

Using limited data results in non-optimised assessment of bridges leads to unnecessary 
rehabilitation measures (strengthening, replacements) which are extremely costly and, due to 
the construction sites, substantially reduce mobility and traffic and road workers safety, as 
well as being sources of severe air pollutions. 
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Results of the above listed sources (projects) are often scarce as they focus on different 
types of information related to structural assessment and on a limited number of countries, 
which often vary from one source to another. Therefore, the HEROAD project tried to identify 
and review a range of parameters used for assessment of structures, to provide a clear 
overview on how bridge management is applied in the CEDR member countries. The 
questions we addressed were: 

- How highway structures are inspected, at what intervals, to what degree of complexity 
and by whom, and how information is used for condition assessment? 

- How is the structural safety taken into account, i.e. what are the procedures used to 
evaluate bridge capacity and actions (loadings)? 

- What is the approach to quality and consistency? Are people performing structural 
assessment specially trained for this work? 

- What are the tools used for structural management? What new technologies and 
procedures are available to optimise structural assessment? 

- How do results of structural assessment influence the decision process?  

- Which monitoring technologies are used for improved assessment and what are the 
prediction capabilities?  

- What future challenges are foreseen (e.g. climate change, increased traffic loading, 
economic crisis) that might affect the parameters, their measurement and use? 

- How much resources are devoted to structural management? 

- What are individual managers of highway structures proud of and what they would 
like to see improved? 

2.1 Aim of HEROAD 

HEROAD has focussed on developing a clear understanding of the performance and 
behaviour of individual assets and how this understanding can then be used to benefit asset 
management across Europe. In the area of highway structures, the focus of the work was to: 

- Bring available information about the structural performance in countries contributing 
to the EraNet Road/CEDR “Asset Management” programme, collected with 
questionnaires and interviews, to a common denominator. 

- Identify and assess the parameters, models and criteria used for managing the 
condition and performance of highway structures. What parameters are being 
monitored and how? How is data quality and consistency controlled? How could the 
processes be improved? How are road users opinions’ considered? What is the effect 
of sensitivity and quality?  

- Determine how these could be used to develop common evaluation tools, through the 
identification and development of comparable condition assessment parameters. 

- As a result of the above, identify the best practices and determine how these could be 
taken forward for use in both individual management systems (e.g. Bridge 
Management Systems - BMS), and ultimately within cross asset management 
systems. 

A key focus of our work will be the influence of new technologies on the measurement of 
condition and how these help our understanding of condition. However, throughout the 
project we will concentrate on the requirements of Road Managers, keeping in mind the 
objective of providing useful, straightforward, tools that can be implemented in practice. 
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2.2 Current practice 

Reconstructions of highway structures attract attention of the public and media, because they 
affect mobility and safety of users and have an impact on the environment. Unfortunately, in 
many, if not most countries, bridge (highway structures) management is not done in an 
optimal way: 

- Attention is primary given to important (bigger) structures, while a number of 
interventions on smaller structures can have similar or, altogether, even more severe 
consequences for users and environment. 

- In many countries most focus is given to condition assessment, while at the same 
time applying the conservative design rules for calculating structural safety of existing 
bridges and culverts. This results in interventions that are not necessary or too heavy, 
such as strengthenings or even replacements. 

- Not enough attention is given to environmental issues and life-cycle analysis. Only in 
some countries constructions of bridges and tunnels are regularly classified as major 
road infrastructure projects which have to undergo environmental impact assessment 
procedures. Use of raw materials, emissions from the construction itself, changes to 
the local hydrology or impact on residents and wildlife are some of the impacts which 
have to be considered. In the operational phase emissions are mainly due to the 
energy consumption for tunnels and maintenance activities for bridges. Parameters 
are based on average maintenance frequency and required energy for continuous 
operation. 

- Retaining walls and culverts are often not managed in a consistent way. 

- Management of structures is often a separate process, not integrated in a holistic 
road asset management, which results in repairing a bridge one year and the road 
leading to that bridge in the next year. 

Although this report is devoted to the different methods used in the CEDR members 
countries for assessment of highway structures, particularly bridges, with special focus on 
monitoring techniques, it is good to clarify first the differences between condition 
assessment and structural safety assessment, because in some cases, during the 
development of the report, both concepts may be blended with each other. This happens due 
to the fact that in some cases the available methods do not clearly differentiate between the 
two concepts. 

Condition assessment is the process where, starting from the results of the inspection, the 
final result is the determination of the functional capability and the physical condition of 
bridge components including the extent of deterioration and other defects. The condition 
assessment can be either qualitative, in the form of definition of classes, or quantitative, in 
the form of a so-called “condition rating”, a value that indicates the global state of 
conservation of the bridges and their ranking according to its value. 

Structural safety assessment is the process where, starting from the actual resistance of 
the structure (up-dated with the results of the inspection and testing) and the actual loading, 
the remaining safety (measured in terms of partial safety factors, reliability index, probability 
of failure or similar) is derived.  

Figure 1 presents schematically the three phases that constitute optimal assessment of 
highway structures, particularly bridges: 

1. The process starts with collecting data and monitoring of structures, which includes 
both, condition monitoring (inspections at different levels and collecting information 
about deterioration) and monitoring of actions, i.e. traffic loading and effects of 



 

Page 14 of 70 

environment on the structure (aggressiveness of environment, wind and earthquake 
loads…).  

2. In the second phase the analyses are performed. All recent studies recommend that 
these shall be done step-by-step, starting with available information and using simple 
analytical methods. If results do not pass the requested thresholds, more data is 
collected, monitoring/measurements are performed and more sophisticated analytical 
tools and applied. Typical technical parameters to be assessed are condition and 
structural safety, linked over bearing capacity of the structure and its critical elements, 
and often its service life. Feasibility studies and economic analyses complete the 
assessment phase. 

3. In the third stage the measures are selected. The primary ranking based on technical 
and economic parameters is fine-tuned by the sustainability factors (users’ needs, 
environmental impacts / effects of climate changes, traffic safety and security 
issues…). Other factors, like importance of the structure, also influence the final 
decision about the intended rehabilitation measures. 

 

Figure 1 Phases of optimal bridge assessment and selection of rehabilitation measures 

2.3 Methodology  

The aim of the work was to bring common denominator information from different sources: 

- international or European research projects dealing with similar topics ( (COST 345, 
2007), (SAMARIS D30, 2006), (ARCHES D08, 2009), (PIARC C11, 1999)), 

- questionnaire prepared in HEROAD project (Appendix A), 

- interviews and personal connections, 

in order to give answer to the questions listed in chapter 2. The questionnaire is a selection 
of questions that were addressed in the above listed projects, with an aim to collect valuable 
information about optimised bridge management, tools and monitoring techniques that can 
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be recommended to other road administrations. These sources of information were also used 
for countries from which insufficient information was received.  

Sources of information are illustrated in Figure 2.  Nine questionnaires were returned, with 
varying level of details provided. Information for four other countries participating in the Asset 
Management call was collected from other sources, including other recent projects, 
interviews with known experts from these countries and literature surveys. From other 
existing recent studies we have also taken some data for Czech Republic and Poland. 

 

Figure 2 Sources of information for the study 

3 Inspection, measurement and monitoring practices for 
highway structures 

Inspections are the most commonly used and wide-spread monitoring technique related to 
highway structures.  

3.1 Inspection of bridges 

Most European countries use some kind of a system for bridge inspections (SAMARIS D19, 
2006). Structures should be inspected at reasonable time intervals dependent on the scope 
of particular type of inspection. Three basic types of inspection are carried out to ensure 
adequate monitoring of the condition of bridge structures (BRIME - Bridge Management in 
Europe, 2001): 

- Superficial inspections are carried out by maintenance personnel, who are familiar 
with the safety procedures for working on the highway but do not have special 
knowledge in bridge pathology. During the regular maintenance surveys of the road 
section any major anomalies (defects) on and under the bridge are reported.  

- General or regular inspection is a visual examination of all accessible parts of the 
bridge without using special access equipment and is normally undertaken by trained 
technicians/engineers who have received some training on bridge inspection. Very 
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complex bridge structures normally require a more qualified inspection team. All 
defects, which can be visually detected from the ground, are recorded and the 
condition of the structure is evaluated in an appropriate manner. The report typically 
includes description of all detected defects, and, if necessary, calls for an in-depth 
inspection. The recommended frequency for general/regular inspection is one to three 
years. 

- Major or main inspection is a visual inspection of all parts of the bridge structure 
from the close proximity to each bridge element, and thus access for special 
equipment or facilities must be provided. Examination of some bridge parts can be 
made with a powerful zoom camera It is carried out by qualified bridge engineers with 
experience in bridge diagnostics and maintenance. The recommended frequency for 
major inspection is five to ten years, although they could be undertaken more 
frequently depending on the condition of the structure and its load carrying capacity.  

Major inspections shall in some characteristic spots include selected monitoring 
activities, measurements and/or laboratory tests, such as: 

o chloride profiles,  

o electrochemical potentials,  

o permeability tests of concrete,  

o depth of concrete cover,  

o crack width,  

o depth of carbonation,  

o position of bearings,  

o deflections, settlements and  

o joint openings.  

The scope of these measurements depends on the complexity and condition of the 
structure. A full report containing description of detected defects, condition assessment 
and recommendations for the special i.e. detailed inspection and necessary urgent 
repair work must be set up. The damages and their extent should be described in detail 
and evaluated, to provide reliable data for the first estimation of costs for the proposed 
repair work. Unsuitable construction details causing damages on structural elements 
and impairing the durability of the bridge should also be identified. 

3.2 Evaluation of condition of bridges 

While bridge inspection procedures and methods of condition assessment (system of 
inspection, catalogues of damages etc.) are similar in most European countries, the method 
used for quantification of a condition rating varies. Generally, evaluation of the whole 
structure’s condition based on the condition assessment of its elements can be grouped into 
two approaches (COST 345, 2007): 

1. Cumulative condition rating, where the most severe damage on each element is 
summed for each span of the superstructure, each part of the substructure, the 
carriage way and accessories. The final result is the condition rating for the structure, 
which can be used for a preliminary prioritisation of the structure. 

2. Highest condition rating of the bridge components as the condition rating for the 
entire structure. 
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3.3 Bridge inspection practices in Europe 

Available information shows that every bridge administrator, in every country, has created or 
adopted a system for managing bridge stock. All systems have common roots and similar 
rules and the inspections are more or less done at similar time intervals by people of similar 
experience and qualification, as summarised in Table 1.  

Yet, the systems are incoherent. They take similar factors under consideration, but present 
different outcomes. For example, condition rate 4 (satisfactory) in Polish system has a 
different meaning than in the geographically close German system (inadequate structural 
condition). Furthermore, the similar rating might have different meaning due to different 
tolerances for damage that are used in these systems. Inspection/monitoring practices also 
differ considerably from one country to the other. 

The future may result in higher unification, not only due to likely administrative actions, but 
thanks to further development of BMS software that might force bridge owners to use more 
coherent condition assessment systems.  

More detailed description of types and intervals of inspections is given in (SAMARIS D19, 
2006), (ASCAM report D3, 2012) and in (NCHRP Synthesis 375, 2007). 

Table 1 Overview of inspection practices in European countries, their names and intervals. 

Country 
Superficial 
(months) 

General 

(Years) 

Major 

(Years) 
Remarks 

Austria 4 2 6  

Belgium  
 

Visual 
3 

 
Specific inspection is based on a problem discovered 
during visual inspection (app. 4% of all inspections). 
Based on PIARC methodology. 

Czech 
republic  0.5 to 1 2 to 6 

Inspection intervals are based on type of bridge 

In addition, control inspections are performed by the 
central road administration every 4 years to verify the 
results of other inspections 

Denmark Short 
intervals 

Annual 
0.5-1 

Principal 
3-6 

Inspection manual: Inspection of Bridges (1994), 
Danish National Road Directorate 

France 
Annual 

12 
IQOEI 

3 
Detailed 

6 

Inspection intervals can vary based on condition (1 to 
9 years for detailed inspections). Other inspections: 
preliminary, end-of-guarantee, exceptional 

LAGORA BMS is used but contains no modelling 

Finland Annual 
12 

General
5-8 

Basic 
5 

Guidelines for Bridge Inspection 

Bridge Inspection Manual 

Germany 
4-12 

Standard
3 

Main/Deep

6 

Testing / monitoring of mechanical and electrical 
equipment in accordance with special regulations 
BISStra BMS system 

Hungary Regular 
6 

Major 
1 

Detailed 
10 

PONTIS BMS system is used 

Ireland 

  
Principal 

1-6 

System Manual No 3, Principal Inspection & Inventory 
Manual (both Rev. C Jan. 2008), Eirspan bridge 
management system; inspection interval depends on 
bridge condition and age 

Lithuania Regular 
1 

Yearly 
1 

Detailed 
10 
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Country 
Superficial 
(months) 

General 

(Years) 

Major 

(Years) 
Remarks 

The 
Nether- 
lands 

Daily Condition 
Major 

6 

DISK BMS system is used, for inspectors special 
training and skills are required 

Norway 
 1-2 3-10 

In addition: acceptance inspection and guarantee 
inspections when construction is complete and major 
inspection of cables and major underwater inspection 

Poland 4 1 5  

Slovenia 
3-6 

Regular 
2 

Main 
6 

Also: additional inspection is performed when safety 
assessment is done, focusing on carrying members of 
bridges. 

Sweden Regular 
 

General 
up to 3 

Major 
6-10 

Bridge Inspection Manual (1996), BATMAN BMS 
system 

UK 

day-to-day 2 
Principal 

6-10 

Principal inspection is source for Certificate of 
completion, issued before opening of a new bridge. 

SMIS (Structures Management Information System) is 
used to record and assess condition of structures. 

3.4 Inspection of other highway structures 

Inspection of other highway structures differs even more than for bridges: 

- Practically all countries have inspection strategy for tunnels. 

- Culverts and other bridging structures shorter than the minimal bridge length 
(definition of a normal bridge varies considerably in between European countries, 
from spans of 2-m to the most common 5-m and beyond) are often treated with lower 
priority and are not regularly inspected. In many countries even the inventory of 
culverts is non-existent or incomplete. These structures are typically subjected to 
superficial inspections only carried out by maintenance personnel not experts. 

- Even worse is the situation with retaining and supporting walls, especially with the old 
dry-stone ones which number and length is mostly not recorded in a systematic way. 
As with culverts, retaining and supporting walls are subjected to superficial 
inspections only, with the exception of newer anchored walls, which some countries 
inspect and monitor regularly or on special request.  

4 Structural safety 

While bridge inspection and condition assessment are well established methods to collect 
and monitor the state of bridges, structural safety assessment is less common and very 
diverse around Europe. The BRIME (2001), COST 345 (2004) and SAMARIS (2007) project 
reports have already made an inventory of procedures used for structural safety assessment 
in European countries, and the situation has not changed a lot since: 

- only a few European countries use special codes and standards for assessment of 
existing bridges different from those used in the design of new structures, as is 
commonplace in the US and Canada (CAN/CSA-S6-00, 2005); two examples are 
Denmark (DRD, 2004), Germany (BASt, 2010) and the UK (TSO, 2007), and  
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- progressive use of procedures different from design will be only possible provided 
that they are supported with appropriate flexible guidelines that can be adopted 
progressively and according to sophistication levels of the analyses.  

The key objective of structural safety assessment is to demonstrate the actual level of bridge 
safety, based on: 

- true structural capacity, which has likely changed since bridge was constructed,  

- real loadings which, especially the traffic ones, may have increased since bridge was 
designed, and 

- a multistep approach that begins at the lowest level (available information, simple 
analytical procedures, higher levels of target safety, low-cost) and is, in the case of a 
negative result, repeated on a higher levels, using more and more elaborated 
analytical techniques, results of monitoring, modified target safety levels, probabilistic 
assessment (O'Connor & Enevoldsen, 2006)… 

Furthermore, structural safety assessment should consider that all bridges have reserves 
that were not accounted for during the design: 

- conservatism and simplifications of the structural model,  

- material characteristics that may be and are likely better than assumed,  

- traffic load effects which may be less severe than assumed in the structural models.  

4.1 Bridge safety assessment practices in Europe 

Bridge safety assessment practices in Europe vary considerably from one country to another. 
Practically all countries do some kind of bridge safety assessment, particularly for old and 
deteriorated bridges which capacity might be jeopardised. On the other hand, countries rely 
on different legislative documents that support the assessment procedures. The Eurocode 
(EN 1991 - Eurocode 1, 2009) allows using alternative procedures as long as the levels of 
safety are proven to be on the requested levels, which is a legal allowance to apply 
optimised safety assessment procedures. Still, not all countries take benefits from this. Some 
countries, like Belgium and Lithuania, apply the design rules also for assessment, others, like 
Germany, have employed modifications (reductions) to the design code rules or have 
developed specific structural assessment codes (Denmark, UK, Sweden) that account for 
realistic information about the structural capacity and loadings. Several countries use 
recommendations or guidelines that are adopted in practise although they do not have a form 
of a formal code or standard (France, Slovenia). Ireland is using British bridge assessment 
codes. Dutch ministry is developing a risk based approach to assessment of all aspects of 
road management, not only bridges, but also pavements, economy, users… Summary of 
these practices is given in Table 2. 

4.2 Traffic loading 

Traffic loading on bridges in different European countries varies greatly due to differences in 
traffic volume and the statistical distributions of Gross Vehicle Weights (GVW) and axle 
loads. Such GVW characteristics arise from the current state of economic development and 
the regulatory and enforcement environment.  
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Table 2 Summary of bridge safety assessment practices in European countries: which 
structures, available codes 

Country Used on  
Code

1 
Multi 
step2 

Load 
tests 

Remarks 

Austria bridges A 4+P yes (RVS 13.03.11, 2005) 

Belgium  
bridges D  no? 

Case by case approach, load tests at 80% of their 
capacity performed on new or reconstructed 
structures 

Denmark 

bridges A P no 

Deterministic & probabilistic (using β safety 
index), performed by designers for deterministic 
and dynamic analysis and specialists for more 
complex methods, i.e. probabilistic analysis. 

France bridges R yes   

Finland 

bridges R? yes yes 

For critical bridges on the road network, load tests 
are performed to confirm actual structural 
behaviour and to verify models used in 
calculations 

Germany 
bridges A  yes 

(BASt, 2010). Performed to identify potential 
safety issues and for maintenance planning 

Ireland bridges, 
culverts 

A D yes 
Deterministic safety assessment is performed 

Lithuania 
bridges, 
culverts 

D   
Based on condition assessment, bridge tests are 
performed, to help evaluating structural safety. 
Load tests, static and dynamic, are performed. 

The Neth-
erlands 

critical 
assets 

A P  
Risk assessment of all critical assets 

Norway bridges     

Slovenia 
bridges, 
culverts 

R 3 yes 
Load tests performed for all new bridges over 15-
m span. Soft load tests (with bridge weigh-in-
motion) system for existing old bridges. 

Sweden bridges, 
culverts 

A   
 

UK bridges, 
culverts, 
retaining 
walls 

A 3+P yes 

(CSS, 2004), (TSO, 2007) 

1 code applied: D – design rules, A – assessment rules, R – recommendations  
2 number of levels of analyses, P denotes that full probabilistic assessment is also used 

4.2.1 Diversity of traffic loading 

The volume and statistical distribution of truck weights has a profound influence on the 
bridge repair needs of a road network. For example, along the major transit corridors or in a 
region with a high level of manufacturing there will be greater volumes of heavy trucks. This 
exponentially increases the number of heavy truck meeting events, greatly increasing the 
characteristic load effects (bending moments or shear forces) which bridges must have the 
capacity to resist.  

Further reason for diversities in traffic load characteristics are the different special transport 
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policies and levels of weight enforcement applied across Europe. For example the maximum 
gross vehicle weight (without special permit) varies from 44 tonnes in most of the Europe to 
50 tonnes in the Netherlands and 60 tonnes in Finland and Sweden. Especially countries 
with high volume of trucks, like Germany, France and the Netherlands, can expect more 
congestion and as a result high occurrence of multi-truck loading events on bridges.  

  

Figure 3 50-t crane (left) and 105-t low-loader (right) 

This variety of loadings around Europe is demonstrated in Figure 4, which presents the 
calculated expected load effects (bending moments) for a 30-m simply supported span 
based on weigh-in-motion measurements. Results are based on extensive weigh-in-motion 
measurements in five European countries (Enright, OBrien, & Dempsey, 2010).  

 

Figure 4 Expected load effects (bending moments) for a 30-m simply supported span based 
on weigh-in-motion measurements (ARCHES D08, 2009) 

It can be seen that in the Netherlands, where: 

- the truck legal weight limit is 50 tonnes and 

- they have very liberal policy about trucks with special permits (great proportion of 
special vehicles with permanent/annual permits, as opposed to other countries where 
these are issued on specific applications), 
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the expected bridge traffic loading is almost 40% higher than in Central European countries, 
reaching the level of loading specified in the design code (EN 1991 - Eurocode 1, 2009). 

It can be argued that truck volumes in all European countries will eventually reach those 
levels experienced in the most developed regions. Furthermore, Europe as some other 
continents is thinking to allow the longer heavier freight vehicles (road trains, Figure 5). 
Some European countries either use them already (Finland, Sweden) or are conducting trials 
with them (Berndtsson & Lundquist, 2008). These are valid arguments in the context of new 
bridge design where the marginal cost of providing additional capacity is small and where the 
bridge design life is 100 years. However, for existing bridges it is not practical nor is it a wise 
use of resources to upgrade all bridges instantly. There are many cases where bridges with a 
capacity for low traffic loading may continue to function safely long term due to low levels of 
heavy goods vehicle traffic in the region.  

Appendix B.2 provides more information about collecting realistic traffic loading information, 
static and dynamic, and basic information about the weigh-in-motion techniques to collect 
this information. 

  

Figure 5 Road trains tested in Europe (left) and being used in South America (right) 

4.2.2 Traffic loading and structural safety 

Traffic loading is a key factor when assessing structural safety. In Europe, there is a great 
variation in policies of collection of truck weight statistics. In some countries no statistics are 
available while in others there are comprehensive networks of measuring and monitoring 
devices. There is also a great variation in overload enforcement policy and activity, with fines 
for offenders that range for a factor of 100 from some countries to the others. In this context, 
it is not surprising that characteristics of freight traffic, especially the extremely heavy 
vehicles that govern the bridge assessment, are very different throughout Europe. 

For a given bridge capacity, the differences in weight histograms means that there is a 
significantly greater safety margin in some countries than others. Bridges throughout Europe 
are assessed using a range of techniques and load models. It is typical to assess a bridge for 
a notional load model less than that used for new design. It seems likely that a considerably 
less onerous model is appropriate for some countries than others.  

When a bridge is strengthened or replaced, then it should be designed for full design, i.e. 
Eurocode loading which allows for future traffic growth. However, there are many existing 
bridges around member states which can function safely without being strengthened or 
replaced because traffic loading is considerably less than in others. This is most significant 
as it can prevent a great deal of unnecessary strengthening and replacement of bridges. 

Table 3 summarises practices in different European countries for collection of traffic loading 
information for bridge assessment purposes. 
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Table 3 Summary of practices in European countries for applying traffic information in bridge 
assessment 

Country 
Loading 
schemes 

Counting 
data 

Weigh-in-
motion 

Remarks 

Austria 
A yes yes 

Annual Average Daily Traffic (AADT) and 
traffic composition 

Belgium  D    

Denmark  yes   

France  yes yes  

Finland A    

Germany 
A yes  

AADT and traffic composition, WIM to calibrate 
the national factors in codes 

Ireland   yes Bridge WIM trialled for bridge assessment 

The 
Netherlands 

  yes? 
WIM data is collected, not confirmed if used 
also for structures. 

Slovenia 
A  yes 

WIM results used to develop load model for 
assessment of existing bridges. WIM also used 
to perform soft load tests (see Appendix C). 

Sweden 
  yes 

WIM data is collected, not confirmed if used 
also for structures. 

UK 
 yes  

Annual Average Hourly HGV Flow 
(AAHHGVF). 

4.3 Conclusions on structural safety assessment 

A surprising conclusion of the questionnaires and interviews is that very few European 
countries account for realistic/measured traffic loading information when performing 
structural assessment of bridges. Traffic loading changes considerably from one country to 
another or even from one type of road to another. As a result, level of structural safety varies 
a lot, which is far from optimal and can result in unnecessary and very costly rehabilitation 
measures.  

The key recommendation of the above mentioned international projects and those NRAs that 
are already using them is that bridge assessment should be carried out in stages of 
increasing sophistication, aiming at greater precision at each higher level. While the simple 
methods apply the design rules and available information, the final level involves direct 
application of reliability methods. The advanced, more costly methods may be needed only 
when simple methods cannot prove sufficient safety and their conclusions lead to bridge 
strengthening, replacement or other severe measures. In the intermediate stages 
measurements and monitoring provide great added-value for optimised structural 
assessment.  

Other conclusions from this work were:  

- assessments should be carried out using Limit State principles, as in modern design 
codes, 

- effect of deterioration on carrying capacity now and in the future should be 
considered,  

- live loading should be realistically assessed, using either: 
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o standard assessment loading model to replace the design loading model in the 
general cases and/or 

o bridge specific load model developed directly from traffic measurements (weigh-
in-motion) and/or 

o reduced levels of loading when weight restrictions are to be imposed.  

To carry out assessments at levels of increasing sophistication seems the right approach that 
can reconcile the national requirements without excluding advanced techniques.  

5 Quality control of collected information 

Quality assurance procedures for inspection of highway structures vary from one country to 
the other. Very few countries like Finland and Lithuania issue and require certified bridge 
inspectors. Several countries perform formal or informal training courses for bridge 
inspectors; many others require only formally educated engineers with adequate practical 
experience in bridge design, maintenance and, for detailed inspections, specific knowledge. 
Exceptionally, like in Czech Republic, they perform selective control inspections to verify 
results of regular general and major inspections. Many countries do not require formal 
training of bridge inspectors and rely on their general experience. 

Table 4 summarises quality assurance practices in different European countries related to 
bridge condition and safety assessment ( (ATKINS, 2009), (NCHRP Synthesis 375, 2007), 
(IABMAS, 2010)). 

Table 4 Quality assurance practices in different European countries related to bridge 
condition and safety assessment. 

Country Remarks 

Austria Bridge Inspectors need to possess an adequate engineering background and 
specific competence and experience. Bridge inspector training is offered by the 
Austrian Association for Research on Road, Rail and Transport as a two-level 
course. This is not mandatory but gives an advantage in the case of tenders.  

Belgium  Inspectors are trained according to PIARC publications for the accreditation of 
inspectors. No certificate is issued. The bridgeboy tool used for inspections is a 
systematic checklist that guides the inspector in its assessment. Apart from the 
initial training, the inspectors are not “calibrated”. 

Czech republic Selective control of inspections is applied to verify results of regular general 
and major inspections 

Denmark All Danish inspection personnel, apart from those who undertake underwater 
inspections, are required to be formally educated engineers. The DRD does 
not certify inspectors but does conduct annual refresher training for all bridge 
inspectors.  

France A series of courses leading to qualification with a practical examination and a 
jury delivering a certificate, for 2 levels of inspector. However, selection of such 
qualified inspectors is not mandatory.  

Some companies perform quality control of results of inspections. 

Finland Finnra arranges 4-5 day theoretical and practical bridge inspector training 
courses that culminate in a 1-day performance evaluation involving inspection 
of a bridge and a written test. To maintain certification, inspectors not only have 
to pass the hands-on bridge inspection assessment, but are also subject to a 
QA check involving a bridge inspection with two other inspectors. 
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Country Remarks 

Germany No mandatory training for engineers conducting bridge inspections required. 
DIN 1076 standard requires only that it is performed by an experienced 
engineer with university degree and with experience in bridge building or 
construction engineering. Physical ability to perform the tasks associated with 
the job is assumed. 

Ireland Basic and refresher training courses organised for routine bridge inspections 
and use of Eirspan BMS.  

Lithuania Inspectors must possess a certificate insured by Lithuanian authorities. Quality 
control is performed by technical supervisors and responsible NRA employees. 

Netherlands Special training and skills are required for bridge inspectors. Quality control 
procedures are in place. 

Norway No formal qualification is required. Assignments to in-house and consultant 
inspectors are based on complexity of bridge inspection, education and 
experience. Number of bridge inspectors is not high, thus the person in charge 
of ordering the inspections is aware of inspectors' qualifications. 

Slovenia There is no formal training for the inspectors, general ‘competence’ related to 
bridge design and construction is sufficient. Only ad-hoc checks of the reports 
by the NRA employees are performed. 

Sweden No formal certification or physical qualifications of bridge inspectors is required. 
However, common basic requirements for inspectors are: a) engineering 
education, b) years of experience using SNRA inspection methodology, c) 
experience in measuring and assessing physical and functional condition, d) 
knowledge of durability and deterioration processes, e) knowledge and 
experience in predicting damage development, f) knowledge and experience in 
developing corrective action recommendations for structural damages. 

UK There is no mandatory requirement for inspectors to be trained, only that they 
are ‘competent’. A number of privately run training courses are available, but 
are not centrally controlled or monitored. Some bridge owners (Network Rail) 
specify that certain competences must be met in order to inspect their bridges.  

Work is currently underway to develop by 2013 a set of competences for all 
bridge inspectors to raise standards and consistency of inspection results. 
They will not be mandatory, but will be incorporated in the code of practice for 
bridge maintenance. 

The UK is in the process of developing an inspector accreditation scheme but 
this won’t define quality control measures. It will cover ways of making sure 
that all inspectors have basic levels of competence and that these are 
assessed consistently, but there won’t be a defined quality control regime. 

The Highways Agency implements a technical approval process that sets out 
the procedural requirements for assessment (amongst other things). Technical 
approval process is set out in Design Manual for Roads and Bridges (BD 2/12, 
Volume 1, Section 1, 2012). 

 

As an example of good practice, Figure 6 illustrates the control system that the Finish Road 
Administration applies in order to ensure quality of bridge inspection information. 
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Figure 6 Control system of the bridge inspection system in FinnRA (ITSP, 2010) 

6 Others 

6.1 Recommendations from individual owners of structures  

Two questions in the questionnaire were asking what in their inspection/monitoring systems 
the individual owners of highway structures are proud of and would like to recommend to the 
others (Table 5) and what they are not happy with and would like to improve (Table 6). 

Table 5 What individual owners of highway structures are proud of 

Country Remarks 

Belgium  An acquisition device called Bridgeboy, which is based on a pocket PC. It is an 
electronic checklist adapted to the specific bridge to be inspected, with a help file to 
define and explain the potential defects. It is used also by Brussels Region and the 
Great Duchy of Luxemburg. 

Denmark Pioneering approach to application of probabilistic methods in bridge assessment. 

France There has not been any disaster due to bridges: failures have always been detected 
before they occurred. Other things to be proud of are: 

 online real time assessment / monitoring system SIMON-e which used for for 
assessment of important structures: Millau viaduct, Rades La Goulette bridge... 

 a remote inspection process SCANSITES 3D which combines visual inspection 
and deformation measurement. It is used for dams, viaducts and special 
buildings such as large fuel tanks and CNIT (La Défense). 

 optical fibre monitoring solutions for short and long range displacements, 
temperature, leakage, drilling... 

the Neth-
erlands 

Systematic approach of assessment of all our assets to minimize the risks. 

Slovenia Consistent and detailed condition assessment methodology. Soft load testing using a 
bridge weigh-in-motion system to measure true structural parameters of existing 
bridges without hired vehicles and without stopping the traffic. 

Sweden  

UK The CSS method of calculating the condition indicators, where defects are reported in 
terms of their extent and severity, provides a consistent methodology for determining 
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Country Remarks 

condition that can be implemented by different bridge owners. It allows condition to 
be compared between different authorities as well as between the structures within 
one authority’s structure stock. 

With respect to structural safety assessment, the UK has differentiated the needs of 
assessment from those of design for many years now. The UK also has a strategy for 
dealing with and managing sub-standard structures. 

Table 6 What would the individual owners of highway structures want to improve 

Country Remarks 

Belgium  Training for the inspectors should be performed on a higher level. A calculation 
method of the load capacity to take the defects into account. 

France  Fostering targeted inspections combining visual assessment with “simple” 
measures (e.g. carbonation) and early detection of corrosion and fatigue, to 
optimize the cost/benefit ratio for repairs and maintenance  

 Automatic or semi-automatic image processing for remote inspection data. 

 Combination of IR / 3D scanning and visual inspection 

 Wireless monitoring / sensor control. 

Ireland Faster rollout of innovative techniques/technologies. 

the Netherlands Quality control of outsourced condition assessments. 

Slovenia Condition assessment system should be renewed (some critical components, 
like bearings and expansion joints, are not adequately represented). Training of 
inspectors and quality control of inspections in general should be improved. 

UK The condition is based on a component’s worst, or dominant, defect. If a 
component has multiple defects of similar severity then fixing the worst one 
may not actually improve the condition score, as the next most severe defect 
will then come into play. 

6.2 Formal or financial restrictions/obstacles to use (novel) 
monitoring/assessment techniques 

Only some answers were received to the question whether there are any formal or financial 
restrictions/obstacles to use (novel) monitoring/assessment techniques.  

1. In Belgium there are no legal or political limitations apart that the activities are 
performed within the allocated budget. 

2. In UK, for the Highways Agency owned structures, all monitoring and assessment 
proposals are judged on their individual merits and need to go through an approval and 
prioritisation process known as Value Management. Novel techniques, such as the use 
of acoustic monitoring of pre-stressed concrete bridges and cable stayed and 
suspension bridges, have been used and demonstrate the willingness to make use of 
cutting edge solutions. Any proposals that do not conform to the Highways Agency’s 
standards need to be formally approved. This is called a Departure from Standard. This 
is not an obstacle, but is the formal mechanism by which new or novel techniques can 
be proposed. 
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3. In Ireland novel monitoring/assessment techniques are being investigated more and 
more but there is delay in the expertise of bridge managers within the National 
Authorities who are in some cases reticent to move from traditional approaches. 

4. Denmark reported that there are no notable restrictions/obstacles to use advanced 
monitoring/assessment techniques. 

5. In Slovenia these techniques are used on the national network were bridge 
assessments are supported with soft load tests with bridge-WIM systems and 
implementation or realistic traffic loading information. 

7 Highway Structures Stakeholders, their Expectations 
and ideal measurements 

The following tables summarise expectations of stakeholders affected by highway structures, 
with respect to availability, safety, durability of highway structures, as well as environmental 
and economy issues related to them. To great extent they are similar or complementary to 
expectations related to other road assets. 
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7.1 Stakeholder expectations - availability 

Stakeholder  User (commercial and private) Owner/Operator Neighbours 

Availability 

What the 
stakeholder 
expects? 

 entire network is accessible at all or most 
times, closures must be predictable, 

 travel shall be possible at a minimum 
speed, dependent on the time of day, or 
season, 

 service and safety should be present at 
all times. 

 maintenance of highway structures shall be 
minimal, whilst maintaining the Service 
Quality i.e. structural repairs should have 
minimal effect on network availability, 

 structures are kept in condition that roads 
would not need to be closed because of 
repeating repair works. 

 diversions are put in place when the road is 
not available; these diversions do not cause 
local traffic problems, damage to their 
property, or similar issues. 

Availability 

What is the 
ideal measure-
ment practice 
(maintenance 
effectiveness)?

 the amount of delays (hours) caused by 
maintenance, 

 the ability to predict the accuracy to which 
maintenance interventions occur in time 
and duration, 

 how well the information regarding road 
works, and associated delays etc, 
reaches the users. 

 if operators income is affected by network 
availability or amount of delay due to 
pavement maintenance, the amount of 
delays (hours) caused by maintenance, 

 if there is a chance of being sued if the 
emergency services can’t get to where 
there need. 

 if affected: 

o Unavailability of road network due to 
highway structures maintenance, 

o Delays due to maintenance. 

 otherwise they may enjoy less traffic noise. 

 accurate predictions of time and duration of 
maintenance interventions, 

 efficiency of information regarding road 
works, and associated delays, diversion 
routes etc 

7.2 Stakeholder expectations – service quality 

Stakeholder  User (commercial and private) Owner/Operator Neighbours 

Service 
Quality 

What the 

 certain level of comfort, e.g. lack of 
vibration,  

 no obstacles near or on highway 

 highway structures should not be 
bottlenecks in the road network, 

 highway structures should not affect 

 highway structures shall be not maintained 
too often, 

 noise levels from highway structures (e.g. 
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Stakeholder  User (commercial and private) Owner/Operator Neighbours 

stakeholder 
expects? 

structures, 

 minimum noise (due to expansion 
joints…), 

 good visibility (minimum splash spray, 
dust, snow deposits…). 

general availability of the network, 

 level of service should minimise vehicle 
damage, thus avoiding claims from users. 

expansion joints) should be at a minimum, 

 infrastructure to be in place to ensure that 
the road users stay on the road. 

Service 
Quality 

What is the 
ideal measure-
ment practice 
(maintenance 
effectiveness)?

 level of comfort (bumps on bridge 
approaches, potholes …). 

 minimum in-car noise at expansion joints. 

 level of splash spray  

 freezing on bridges.. 

 these requirements depend on how the 
owner/operator operates their contracts. If 
we assume that they have user or service 
quality requirements built in, then these 
might contain all of those listed in the users’ 
requirements. 

 thresholds specified may differ from user 
requirements. 

 level of noise, particularly from expansion 
joints, but also tyre/pavement interaction 
noise, engine noise, noise caused by poor 
fastening of road equipment… 

 adequacy of road drainage, leakage through 
the bridges… 

 number of excursions per section. 

7.3 Stakeholder expectations - safety 

Stakeholder  User (commercial and private) Owner/Operator Neighbours 

Safety 

What the 
stakeholders 
expect? 

 highway structures should in general not 
lead to any safety issues, in particular:  

o bridges, culverts and retaining-
supporting walls should not collapse. 

o in tunnels there shall be no danger of 
spalling of material 

o drainage shall be sufficient to prevent 
safety issues due to water 
(aquaplaning, splash spray…) 

 level of safety shall: 

o minimise accidents, which affect the 
availability of the road, are costly to 
clear up the accident, and make any 
repairs needed to highway structures. 

o minimise liability. 

o ensure that road workers are not 
exposed to excessive danger 

As for the entire road network, nothing specific 
for highway structures 

Safety 

What is the 

 interventions related to structural and 
traffic safety should minimise interruptions 
of traffic flows 

 measurements/monitoring that prevents 
from jeopardising structural safety of 
highway structures, especially bridges and 

As for the entire road network, nothing specific 
for highway structures 
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Stakeholder  User (commercial and private) Owner/Operator Neighbours 

ideal measure-
ment practice 
(maintenance 
effectiveness)?

tunnels  

 measurements/monitoring that prevents 
from causing traffic safety problems, such 
as icing on the bridges 

7.4 Stakeholder expectations - environment 

Stakeholder  User (commercial and private) Owner/Operator Neighbours 

Environmental 
Impact  

What the 
stakeholder 
expects? 

 “Green” users might expect their CO2 
emissions to be at a minimum 
(congestion/traffic flow), 

 provision of structures (where 
appropriate) to reduce fuel consumption, 
through reduction in gradient. 

 unnecessary maintenance should be 
avoided (since this generates noise, dust 
and CO2), 

 to consider local nature and consider waste 
management, when carrying out 
maintenance, 

 structure should not pollute its surrounding 
area (e.g. leaching of chemicals into the 
table water). 

 noise, dust, fumes, water run-off to shall be 
at a minimum, to prevent property damage 
or illness. 

 level of vibration that cause damage to their 
health or their property, shall be at minimum 

Environmental 
Impact 

What is the 
ideal measure-
ment practice 
(maintenance 
effectiveness)?

 As for the entire road network, nothing 
specific for highway structures 

 measurements and monitoring should 
provide necessary information to avoid 
unnecessary interventions that have 
environmental impact (Casas, 2010) 

 adequacy of road drainage, where it drains 
to, what contaminants it contains, 

 equal for splash and spray 

 vibration control/measurement, 

 wildlife consideration e.g. mammal/ 
amphibian tunnels. 
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7.5 Stakeholder expectations - durability 

Stakeholder  User (commercial and private) Owner/Operator Neighbours 

Durability 

What the 
stakeholder 
expects? 

 highway structures with low durability 
shall not prevent the road from being 
available and providing adequate service 
quality. 

 durability should be such as to minimise 
maintenance on highway structures. This is 
related to mobility and economy issues. 

 durability of structures shall be predictable, 
particularly failures (risk assessment). 

 durability is appreciated as it prevents from 
disturbances listed above 

Durability 

What is the 
ideal measure-
ment practice 
(maintenance 
effectiveness)?

As for the entire road network, nothing 
specific for highway structures 

 measurements/monitoring that will prevent 
from premature deterioration, and will 
deliver parameters from which durability 
could be calculated. 

 measurements of structural strength and 
loading on structures 

 visual inspections that predict deterioration 
problems 

As for the entire road network, nothing specific 
for highway structures 

7.6 Stakeholder expectations - economy 

Stakeholder  User (commercial and private) Owner/Operator Neighbours 

Economy 
(cost)  

What the 
stakeholder 
expects? 

 fuel consumption, taxes or tolls, 
congestion (this incurs delay charges), 
vehicle damage (via wear or accident) 
shall be minimised, 

 maintenance work shall not incur costs 
arising from detours and delays 

 costs for maintenance and management of 
structures (including survey costs) shall be 
minimised 

 the whole life costs shall be minimal, or at 
least sensible 

 costs incurred by accidents, whether for 
liability claims or clear-ups, shall be minimal

 presence of highway structures shall not 
devalue their properties 

 effects of dust, pollution and vibration shall 
not increase their maintenance bills 

 there shall be no health issues from living 
near a structure, which would have cost 
implications. 

 at least, these effects shall be minimal 
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Stakeholder  User (commercial and private) Owner/Operator Neighbours 

Economy 
(cost)  

What is the 
ideal measure-
ment practice 
(maintenance 
effectiveness)?

As for the entire road network, nothing 
specific for highway structures 

 measurements/monitoring shall provide 
information that will: 

o optimise expenditures on maintenance 
of structures  

o extend life-time of bridges by providing 
realistic information about traffic 
loading and bridge capacities  
(Woodward, McKenzie, Žnidarič, 
Denarié, & Richardson, 2006) 

As for the entire road network, nothing specific 
for highway structures 
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8 Conclusions and recommendations 

As anticipated, the literature survey and the questionnaires and interviews performed within 
HEROAD exhibited a great variety of practices related to highway structures management 
throughout Europe. All countries have inventories of bridges and tunnels and they do inspect 
them on regular basis. However, only a few countries go beyond that and inspect also 
culverts, retaining walls and other structures. In many countries inventories do not even exist, 
for example about the retaining and supporting walls. 

Most countries have standards or at least recommendations for bridge assessment, but the 
complexity of these documents varies. While the UK has a whole set of bridge assessment 
standards, other countries have only non-official recommendations or guidelines that are not 
mandatory. 

Structural assessment follows the same principles as design of new structures, but has a 
number of specifics, including how to inspect the structures, how to perform tests and 
monitoring and how to use their results, need for knowledge about deterioration processes, 
about actual loadings, etc. Although this is generally recognised, only a few countries have 
set in place proper training procedures for inspectors and assessors and, even then this 
usually is the only measure to pursue some kind of quality control. In most countries it is 
sufficient if the expert is “capable” and has some other qualifications related to structures, 
e.g. bridge design or construction. A positive exemption in this respect is Lithuania that 
requires for bridge inspections a certificate of qualification in structural investigation and a 
certificate insured by Lithuanian authorities. 

8.1 Inspection and condition assessment 

Condition assessment is a key part of management of highway structures. It delivers 
information about repair needs for all road assets and, in the case of highway structures, 
provides indicators about reduced durability and bearing capacity which are accounted for in 
structural safety assessments. It is also the most delicate and uncertain tool in bridge 
management as, for example, in most systems the current inspections are carried out by 
non-certified persons and the results depend on their good eye and experience. Still, the 
inspection results are the basis for decision-making process that involves tremendous 
spending of money and are used when calculating structural safety. This is why the condition 
assessment should provide reliable results and must be done properly. A clear conclusion is 
that more should be done on quality of the results, which as one of the first steps includes 
better training of the inspectors. 

As cooperation between different CEDR member countries increases it would be beneficial if 
condition assessment results would be unified to provide comparable results. This would 
allow the future results to be compared between the national administrations and would thus 
facilitate common transport policies  

8.2 Structural safety 

When discussing structural safety of highway structures, most European countries account 
for bridges only. A few add into the group culverts or retaining walls, and only exceptionally 
all highway structures that are at risk are considered (the Netherlands).  

Furthermore, only some European countries use specific recommendations, guidelines or 
standards for structural safety assessment of existing bridges. In several countries the 
Eurocode design code is used also for assessment purposes. This is not optimal as the 
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design codes apply notional loading schemes and high levels of safety, which are the key to 
design new bridges that must serve the public 100 years or more. When a bridge is 
strengthened or replaced, then it should be designed for full Eurocode loading which allows 
for future traffic growth. Yet, such approach can be extremely inefficient and costly if used for 
assessment of a bridge that is located on a low-volume road or when its lifetime should be 
extended only for a few years. 

There is a consensus around Europe that the structural safety assessment should be based 
on a Limit States format as is already the practise in the design procedures. Furthermore, the 
latest recommendations in Europe ( (COST 345, 2004), (ARCHES D08, 2009), (SAMARIS 
D30, 2006), (DRD, 2004), (PROCROSS, 2012)) and worldwide ( (CAN/CSA-S6-00, 2005), 
(Moses, 2001), (Sivakumar, Ghosn, & Moses, 2011)) suggest that: 

1. Most efficient assessment process is that based on the application of different and 
increasingly sophisticated assessment levels. Countries that use such multi-step 
approaches (Denmark, France, UK, Slovenia…) can demonstrate considerable savings 
in prescribed rehabilitation measures, by proving that, from the structural safety point of 
view, less severe measures are sufficient. Clearly, prevention from further deterioration 
is cheaper and less disturbing for users and environment than strengthening that could 
come as a result of non-optimised assessment. Furthermore, as low-level assessment 
is several times cheaper than the high-level (sophisticated) ones, but can still prove 
that a bridge is safe, more bridges are assessed and better picture about actual safety 
of bridges and culverts on the network level is obtained. 

2. Countries in general agree that the resistance formulas used for undamaged elements 
cannot be assumed for the deteriorated ones (COST 345, 2007). However, there is no 
consensus how the influence of deterioration in damaged bridges should be 
considered. In some cases the concept of condition factor or even the most damaged 
structural element is used and in other cases, specific documents and rules are 
developed for the most common damaging scenarios (corrosion of steel, alkali-silica 
reaction).  

3. Traffic loading is a key factor when assessing structural safety. Unfortunately, in 
Europe there is a great variation in policies of collection of truck weight statistics. In 
some countries only vehicle counting data is applied, whiles others take benefits from 
their networks of weigh-in-motion stations. For a given bridge capacity, for example 
designed according to Eurocodes, the differences in weight histograms mean that in 
reality (despite national adjustments of the Eurocodes) similar bridges have a 
significantly greater safety margin in some countries than in others. For example, in the 
Netherlands, where they apply higher legal truck loads and more liberal policy towards 
special transports, the expected traffic loads on bridges are around 40% higher than in 
Central European countries (ARCHES D08, 2009). In other words, there are many 
bridges which can function safely without being strengthened or replaced because the 
traffic loading is considerably less than on the heavily trafficked roads. This is most 
significant as it can prevent a great deal of unnecessary strengthening and 
replacements of bridges. 

4. There was a variety of understandings how the loading tests can be used in bridge 
assessment. Although most countries accept the load tests as a supplementary source 
of information, providing essential information about actual structural behaviour, this is 
mainly limited to the diagnostic type of testing (to verify the structural model). In recent 
years a simplified loading test based on bridge weigh-in-motion measurements has 
been introduced (ARCHES D16, 2009), which is very cost-effective and can be 
performed without disturbing the traffic, and which in the future may allow more bridges 
to be assessed using realistic structural parameters . 
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8.3 Quality assurance procedures for structural assessment 

Nearly all considered countries reported the necessity of working out a kind of universal 
guidelines for condition assessment, which allow for consistent condition analysis and 
reliable decision making process. There are very few countries that have a consistent 
training mechanism for bridge inspectors. If trainings exist they are often informal or, as in 
UK, run by private sector, which does not ensure consistency. There also seems to be no 
quality assurance system in place in any European country that would consistently check for 
errors in the reports, such as copy-pasting of all reports, impossible records, improvement of 
condition without any action taken on the bridge, etc.  
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A.1 Guidance for Interviewers 
The European road network consists of a wide range of assets, such as pavements, 
structures, tunnels, signs and other road equipment, which has led to a large number of 
approaches being proposed to model the behaviour of the assets, and the use of many 
different parameters. Work within the HeRoad project is focussing on developing a clear 
understanding of the performance and behaviour of individual assets and how this 
understanding can then be used to benefit asset management across Europe. The first stage 
of this work involved identifying and assessing the parameters, models and criteria used for 
managing the condition and performance of assets in countries contributing to the Asset 
Management call. Table below lists these countries and responsible HeRoad partner to 
obtain information from individual countries. 

Country Partner responsible for obtaining information 

Austria  

Germany AIT 

Switzerland  

Belgium BRRC 

The Netherlands FEHRL 

France  

Ireland TRL 

UK  

Denmark 

VTI 
Finland 

Norway 

Sweden 

Lithuania 
ZAG 

Slovenia 

A.2 Questions 
A list of questions has been compiled, to provide guidance for the interviews. Additional 
information that may also be relevant for the project was also appreciated.  

The questions have been divided into 3 sets: “Pavement Performance”, “Performance of 
Structures”, and “Performance of Road Equipment”.  This set of questions covers the 
assessment of pavements.  

Prior to interviewing, a literature search has been carried out, along with a review of previous 
relevant research and this has been used to answer as many of the questions as possible.. 
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A.3 Performance of Structures 

5.1 
Condition assessment 

Question More information for Question 

5.1.1 

Does your country/administration have a 
code, official, or non-official 
recommendation for condition assessment 
of existing structures? 

We would like to know if “shareholder” countries have any official/non-official recommendations or codes for 
performing condition assessment. If yes, please indicate the name, reference and year. If there are more, 
please indicate all of them. 

Definition of condition assessment. The process, where, starting from the results of inspection (normally 
visual) of an existing structure, a set of indicators is obtained which permit the definition or calculation of the 
so called “condition rating”, that indicates the global state of the structures and their ranking according to its 
value. 

Definition of existing structure. Any structures existing in the road network: 

 bridges, 
 culverts, 
 retaining walls,  
 tunnels, …. 

5.1.2 
For which type of existing structures the 
condition assessment is performed? 

We would like to know, if the condition assessment is performed only for specific ones, typically bridges, or 
for all types of structures described in 3.4. 

5.1.3 

Do you have different levels of inspection?  

 

If yes, at what time interval the individual 
level of inspection is performed?  

Provide an indication about the complexity of inspections. For example: 

 regular inspection 
 major inspection 
 detailed inspection …  

In the case that your country has different levels of inspections, what is the interval between the individual 
types of inspections?  

Provide also information how close the inspectors need to get to the structure, in order to perform each level 
of inspection, and whether they use tool or equipment during the inspection?  
(For example: Regular inspection is visual only, inaccessible parts can be inspected by binoculars or 
cameras, during the main inspection all inspected parts must be within reach of hands …) 

5.1.4 
Which qualification is required for bridge 
inspectors? Do they admit special training? 

We would like to know, what degree of educations is required for bridge inspectors (engineers, 
technicians…)?  
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5.1 
Condition assessment 

Question More information for Question 

What about the health issues of inspector? Additionally, we are interested if they have to attend special training to gain the necessary knowledge about 
deterioration, structural safety and technologies and procedures for assessment of damages? Do they get 
official certificate when they finish the training? 

The inspectors have to be in good physical condition. Does somebody control this issue? 

5.1.5 
Which is the suitable equipment for 
inspectors?  

Which is the typical equipment that inspectors use when assessing condition of bridges?  

5.1.6 
Which type of investigations/monitoring is 
used in condition assessment and when?  

To improve information visual inspections are often supplemented by testing. We would like to know, what 
test / monitoring methods do you use and when (short term / long term, bridge importance…)?  

5.1.7 
Do you have catalogue of definitions and 
descriptions of defects, deterioration 
processes and their possible causes?  

Provide information if a catalogue of the potential damages is used in everyday practice? 

5.1.8 
Do you have specific software for recording 
and assessing condition of the structures?  

 

5.1.9 
How do you quantify condition of a 
structure?  

Existing methods for condition assessment usually use numerical values (ratings) to quantify damages 
detected. Two possible approaches for condition evaluation of the whole structure are: 

 cumulative condition rating, where the individual damage ratings are weighed and the condition of 
the structure is expressed as sum of individual ratings; 

 highest condition rating, where the highest individual rating is selected as the condition rating for 
the structure itself. 

We are interested, which of the two, or any other method, is taken to quantify condition of a structure? 

5.1.10 
How do you archive the data of the 
condition assessment?  

We are interested in how the data is stored (printed files, digital tables, central database, including photos, 
including monitoring data…) 

5.1.11 
Do you perform quality control of condition 
assessment? 

Condition assessment is not an easy task. It requires considerable knowledge, attention and precision. 
Therefore the quality control is needed. We would like to know, if there is some control of the results of 
condition assessment? 

If yes, what kind of quality assessment you carry out and how? 

(For example, when several inspectors, or even teams of inspectors, are performing structural inspections, a 
quality check of their work is needed. This ensures that the results are homogenous and adequately 
describe structural conditions. Surveys should be typically done by independent inspection teams, which 
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5.1 
Condition assessment 

Question More information for Question 

verify a certain percentage of structures and compare the results. The bridges for verification should account 
for different types of structures, different materials, different inspectors and different locations. It is also 
important to check not only structures in bad but also in relatively good condition.)   

5.1.12 
Do you integrate the results of the condition 
assessment into the structural safety 
assessment? 

Are results of the condition assessment and monitoring directly affecting capacity of the structure? If yes, 
how (e.g. lower nominal resistance, increased safety factors) and how does this influence structural safety 
assessment? 

5.1.13 
What are the results of the condition 
assessment used for? 

E.g. to detect possible deterioration processes, rank the structures for urgent repairs and maintenance 
strategies, consequently optimize the maintenance budget allocation.  

We would like to know, for what purposes and how condition assessment data is used in each country? 

5.1.14 
Is there anything related to your procedure 
for conditional assessment/ monitoring that 
you are proud of? 

 

5.1.15 
Is there anything related to your procedure 
for conditional assessment/monitoring that 
you would like to improve? 

 

 

5.2 
Structural safety assessment 

Question More information for Question 

5.2.1 

Is regular structural safety assessment of 
structures, particularly bridges, included in 
current practice in your country? If yes, for 
which types of structures (bridges, culverts, 
retaining walls…) 

If the answer is NO, continue with chapter 6. 

5.2.2 

Does your country/administration have a 
code, official or non-official recommendation 
for structural safety assessment of existing 
structures? 

We would like to know if you have any official/non-official recommendations about performing structural 
safety assessment. 

If yes, please indicate the name, reference and year. If there are more, please indicate all of them. 

Definition of structural safety assessment.  

The process where, starting from the actual resistance of the structure (up-dated with the results of the 
inspection and testing) and the actual loading, the remaining safety (measured in terms of partial safety 
factors, reliability index or probability of failure) is derived. 
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5.2 
Structural safety assessment 

Question More information for Question 

5.2.3 
How the load capacity of the structure is 
determined? 

The load capacity of the structure is very important parameter in procedure of the safety assessment. 

We are interested on how do you calculate it? Do you use design information or true properties of the 
elements (dimensions and material). Do you include information from tests and monitoring?  

5.2.4 
What type of the loads do you consider in 
safety assessment? 

Existing highway structures are subjected to different types of loads, e.g. dead loads, traffic loads and other 
loads (earthquake, wind…). 

We would like to know, which loads do you consider in structural safety assessment? Do you check the 
structure only for dead and traffic loads (usually the most critical ones) or also for earthquake/wind loads 
(occasionally the most critical ones)? 

5.2.5 
Which types of analysis do you perform in 
the case of safety assessment? On which 
structures? 

For the analyses of the structure, different types of analyses can be used depending on the nature of the 
loads and of the level of assessment. 

Types of the analysis are static, dynamic, others …  

5.2.6 

Does your code or recommendations 
propose a multi-step approach to 
assessment of structures and who performs 
it? 

A multistep approach begins at the lowest level (available information, simple analytical procedures, higher 
levels of target safety, low-cost) and is, in case of negative result, repeated on a higher levels, using more 
and more elaborated analytical techniques, results of monitoring, modified target safety levels, probabilistic 
assessment… 

Who is qualified to perform safety assessments at different levels (bridge designers, trained 
assessment/rating engineers, highly specialised experts…) 

5.2.7 
How is the structural safety quantified? Do 
the assessment target safety levels differ 
from the design ones?  

The level of structural safety is expressed with different safety formats, depending on their complexity, for 
example: 

 Deterministic (with partial safety factors), 
 Stochastic (reliability index - typically β value, probability of failure -typically pf), 
 Other … 

Are levels of safety, expressed with safety indices or factors, different for assessment and design? If yes, 
are the assessment ones based on monitoring and how do monitoring results affect their selection? 

5.2.8 
Do you perform any load test to validate the 
structural behaviour? 

Experimental validation of structural behaviour and optimisation of structural models can be made using 
results of load tests, for example: 

 soft load test (using bridge weigh-in-motion systems to acquire bridge behaviour) 
 diagnostic load test (with pre-weighed heavy vehicles, static and dynamic, to around 70% of the 

design value) 
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5.2 
Structural safety assessment 

Question More information for Question 

 proof load test (gradual increase of loading, to verify the capacity of the bridge) 
 other 

We would like to know, if these are the common practices in your country and if yes, which type is used? 

5.2.9 
How do you involve realistic traffic 
information into the structural safety 
assessment? 

Many countries assess bridges using the design codes, which with respect to traffic loading is not optimal. 
Assessment codes on the other hand apply more realistic loading schemes and modified safety factors due 
to better knowledge (less uncertainty) about the loadings. 

We would like to know, wheatear do you use in your safety assessment: 

A. design loading schemes (if yes, are there any other important differences compared to design) or  
B. real traffic information to develop:  

 modified loading schemes, typically less conservative from the design ones,  
 site-specific loading schemes developed for a specific bridge from  measurements/monitoring. 

5.2.10 

If the answer to the question 0 was B, how 
do you measure traffic and how this 
information is transformed into bridge 
assessment loading schemes. 

We would like to know which technology, how often, how and at how many locations is used to monitor 
traffic: 

 counting,  
 weigh-in-motion – if yes, which technology,  
 static weighing 

How is traffic monitoring data converted into bridge assessment loading? 

5.2.11 
What are the results of the structural safety 
assessment used for? 

We would like to know, how the structural safety assessment results influence the decisions about 
maintenance and operation of the bridges, their rehabilitation or even replacement. Is it used to define 
posting (load limiting) the structures? Or verification for special transports? 

5.2.12 
Do you perform quality control of structural 
assessment? 

Structural safety assessment requires a lot of specific knowledge, attention and precision. Therefore the 
quality control is needed. We would like to know, if there is some control of the results of structural safety 
assessment? If yes, how is it done? 

5.2.13 
Are there any formal or financial 
restrictions/obstacles to use (novel) 
monitoring/assessment techniques? 

Typical obstacles are the additional initial cost of monitoring and additional assessment, legal barriers 
(procedures not specified in codes), no resources/people to learn how to benefit from monitoring/optimised 
assessment. 

5.2.13 
Is there anything related to your procedure 
for structural safety assessment that you 
are proud of? 

Emphasis on monitoring techniques. 
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5.2 
Structural safety assessment 

Question More information for Question 

5.2.15 
Is there anything related to your procedure 
for structural safety assessment that you 
would like to improve? 

 

 

5.3 
Bridge management (primarily based on the ASCAM questionnaire) 

Question More information for Question 

5.3.1 

Do you use a Bridge Management System 
(BMS), a comprehensive one or parts of it, 
as a tool for managing and administrating 
your bridges?  

A bridge management system or BMS is a means for managing bridges throughout design, construction, 
operation and maintenance of the bridges. Bridge management systems help agencies to meet their 
objectives, such as building inventories and inspection databases, planning for maintenance, repair and 
rehabilitation (MR&R) interventions in a systematic way, optimizing the allocation of financial resources, and 
increasing the safety of bridge users. 

A typical BMS includes four basic components: data storage, cost and deterioration models, optimization 
and analysis models, and updating functions.  

If you use a computerised full or partial BMS, fill the questions 5.3.3 – 5.3.13 

5.3.2 How do you collect bridge information? 
Describe the procedure and which information do you collect. 

Continue with question 5.3.9 

5.3.3 How long has it been in operation?  

5.3.4 How often is it updated?  

5.3.5 Is it developed in house/commercial?  

5.3.6 Total number of data fields in the BMS is?  

5.3.7 Which data does the BMS contain? 

List of the data, which can be included in BMS: 

 inventory 

 condition of structures 

 traffic condition 

 carrying capacity and safety 
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 load limits of structures 

 performed activities 

 economic aspects 

 other 

5.3.8 What the BMS is used for? 

The BMS can be used for: 

 economic aspects 

 inventory status 

 programming inspections 

 develop maintenance programme 

 prioritise actions 

 predict future conditions 

 other 

5.3.9 
What criteria are used from prioritising 
maintenance? 

 

5.3.10 
Does the BMS generate an optimum 
maintenance policy? 

 

5.3.11 Does it take account for traffic delay costs?  

5.3.12 
Is it linked to the pavement or furniture 
management system? 

 

5.3.13 

Does bridge management take into 
account future challenges (e.g. climate 
change, increased traffic loading, 
economic crisis)? 
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Appendix B Testing/monitoring methods 
for highway structures 
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B.1 Material tests 
The UK ‘Inspection Manual for Highway Structures’ (TSO, 2007) systematically lists the 
testing/monitoring methods that are used for assessment of highway structures. These 
techniques, grouped by structural material, are also used in other countries, depending on 
their availability. 

B.1.1 Concrete tests 

 Delamination survey 

 Trial pit excavation 

 Breakout and coring 

 Endoscopic investigation 

 Thermography 

 Ground Penetrating Radar (GPR) 

 Radiography 

 Sonic techniques 

 Covermeter 

 Impact Echo 

 Crack width comparator 

 Crack width microscope 

 Tell-tale crack monitor 

 Vernier callipers or Demec gauges 

 Strain gauges 

 Inductive displacement transducers 

 Optical fibre sensors 

 Dynamic response 

 Load tests 

 Rebound hammer 

 Internal fracture 

 Penetration resistance 

 Pull-off tests 

 Pull-out (drilled hole) tests 

 Break-off tests 

 Ultrasonic Pulse Velocity 

 Radiometry 

 Moisture content 

 Permeability and surface absorption 

 Core compression 

 Density 

 Reinforcement tensile tests 

 Petrographic analysis 

 Acoustic emission 

 Resistivity 

 Core expansion (ASR) 

 Thaumasite form of sulphate attack 

 Linear polarisation resistance 

 Electrochemical techniques 

 Carbonation 

 Half-cell potential 

 Sulphate resistance 

 Chloride content 

 Diffusion 

 Sulphate content 

 Alkali content 

 Post-tensioned bridges: 

o Void detection 

o In-situ steel stress determination 

o In-situ concrete stress determination 

B.1.2 Metal tests 

 Delamination survey 

 Trial pit excavation 

 Breakout and coring 

 Endoscopic investigation 

 Thermography 

 Ground Penetrating Radar (GPR) 

 Radiography 

 Inductive displacement transducers 

 Optical fibre sensors 

 Dynamic response 

 Load tests 

 Hardness 

 Chemical analysis 

 Tensile testing 
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 Sonic techniques 

 Ultrasonic testing 

 Dye penetrant testing 

 Magnetic particle inspection 

 Eddy current 

 Crack width comparator 

 Crack width microscope 

 Tell-tale crack monitor 

 Vernier callipers or Demec gauges 

 Strain gauges 

 Impact testing 

 Acoustic emission 

 Plate thickness measurement 

 Exposure 

 Manufacturing defects 

 Cyclic loading 

 Paint film thickness 

 Adhesion 

 Discontinuity of paint film 

 Chemical testing 

B.1.3 Tests on masonry 

 Delamination survey 

 Trial pit excavation 

 Breakout and coring 

 Endoscopic investigation 

 Thermography 

 Ground Penetrating Radar (GPR) 

 Radiography 

 Sonic  techniques 

 Precision survey 

 Crack width comparator 

 Crack width microscope 

 Tell-tale crack monitor 

 Vernier callipers or Demec gauges 

 Strain gauges 

 Inductive displacement transducers 

 Optical fibre sensors 

 Dynamic response 

 Load tests 

 Compressive strength 

 Pull-out 

 Flat jack 

 Flexural bond strength 

 Shove (in-situ shear) 

 Physical and chemical properties of 
mortar 

 Acoustic emission 

 

B.1.4 Tests on timber 

 Delamination survey 

 Trial pit excavation 

 Breakout and coring 

 Endoscopic investigation 

 Thermography 

 Ground Penetrating Radar (GPR) 

 Radiography 

 Sonic  techniques 

 Hammer tapping 

 Precision survey 

 Crack width comparator 

 Crack width microscope 

 Tell-tale crack monitor 

 Vernier callipers or Demec gauges 

 Load tests 

 Microscopy 

 Hardness 

 Tensile and compressive tests 

 Resonance, vibration or mechanical 
impedance 

 Glue and fastener strength 

 Radiography 

 Acoustic emission 

 Probe 

 Energy Absorption 

 Moisture content 

 Bioassay 

 Biochemical 
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 Strain gauges 

 Inductive displacement transducers 

 Optical fibre sensors 

 Dynamic response 

 Ultrasonic 

 Rot 

 Fungal attack 

 Insect attack 

B.2 Monitoring of traffic loading 
In countries where realistic traffic loading is an issue related to structural assessment (they 
do not rely on design values), the following methods are used: 

- Traffic counting, automatic or manual, 

- Vehicle weighing, statically or with weigh-in-motion systems. 

B.2.1 Weigh-in-Motion 

Weigh-in-Motion (WIM) measurements are the only reliable technology to collect truck weight 
statistics (WAVE, 2002). These systems that weigh vehicles at highway speed are less 
accurate than the static weighing systems but: 

- Unlike the static weighing campaigns, which pull from the traffic a few random 
vehicles, they weigh all freight vehicles in a traffic flow, providing a clear picture about 
vehicle axle spacings and axle loads, 

- For the bridge load modelling purposes, they also identify light vehicles, which are 
important for modelling the extreme load cases, 

- They are often less obvious to the road users, which prevents them avoiding the 
measuring site and thus changing the traffic load patterns 

- They occupy much less space and human resources than the static weighing 
platforms. 

The situation with WIM monitoring varies considerably around Europe, with some countries, 
like France, Hungary, Slovenia, Sweden, having comprehensive WIM networks, but also 
many countries that do not perform such measurements in a systematic way or at all, and 
rely mainly on traffic counting. 

There are two main types of WIM technologies available: 

1. With weighing sensors built into the pavements, with different types of sensors, and 

2. Bridge WIM systems, where existing bridges are instrumented and turned into a 
weighing scale (OBrien, Žnidarič, & Ojio, 2008).  

  

Figure B1 Pavement (left) and bridge weigh-in-motion systems (right) 
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To develop reliable bridge traffic load models, it is important that the weigh-in-motion 
systems are reasonably accurate (axle loads can be measured with an error not exceeding 
±15% from the true value, (COST 323, 2002)) and that they can provide vehicle-by-vehicle at 
least per 1/100 of a second. The latter is essential for efficient modelling of bridge loading 
scenarios, i.e. extreme loading events. 

B.2.2 Dynamic loading 

In the design codes, the dynamic traffic loading is accounted for in a similar conservative way 
than the static one. In other words, the dynamic amplification factor (DAF) used to multiply 
the static load effects with is much higher than in reality (OBrien, Rattigan, Gonzales, 
Dowling, & Žnidarič, 2009). 

Recent studies ( (SAMARIS D30, 2006), (ARCHES D10, 2009)) have demonstrated, by 
theory and field measurements, that there is a tendency for dynamic amplification to 
decrease as static loading increases. Thus, extreme loading events, which may include 
several heavy trucks meeting simultaneously on a bridge, have a far smaller dynamic 
amplification than less significant crossings of single trucks or meetings of two light trucks. If 
this trend is extrapolated for the 1000-year return period, the dynamic amplification is much 
smaller than typically accounted for in the design load models. This fact is extremely 
important when considering assessment of bridges, especially if the purpose of the analysis 
is to extend the life-time for a few years only. 

Figure B2 displays an example the DAF/strain function measured on a 7-span bridge 
composed of simply-supported prefabricated reinforced concrete beams and a continuous 
slab over them. Individual dots, measured with a bridge weigh-in-motion system, represent 
all single vehicle events and multiple-presence events of one heavy1 with one light and of two 
heavy vehicles. The trend, as the traffic loads get higher, is much closer to the values 
prescribed in the Danish reliability based bridge assessment code (DRD, 2004) than to those 
set in the Slovene bride design code, which is based on German code DIN 1072, or 
accounted for in the load models of Eurocode (EN 1991 - Eurocode 1, 2009). 

 

Figure B2 Dynamic amplification factors as a function of maximum measured static strain on 
a typical bridge (ARCHES D10, 2009)  

                                                 
1 Heavy vehicles are those heavier than 35 kN (gross weight)  
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For the cases when no measurements or dynamic bridge modelling are performed, ARCHES 
proposes an intermediate solution based on the large amount of experimental tests and 
numerical simulations carried out during the project. Based on the quality of the road profile 
the critical loading cases governing the maximum load effects typically produce dynamic 
amplification factors below 1.15 and 1.2. The presence of a bump or a damaged expansion 
joint prior to the bridge may lead to higher values in short span bridges. Yet, if the road 
profile of a bridge was maintained in a good condition, the dynamic amplification factor for 
bridge assessment could be substantially reduced in relation to the values built within the 
Eurocode traffic load models (Figure B3). 

 

Figure B3 DAF recommendation versus Eurocode values (ARCHES D10, 2009) 
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Appendix C Probabilistic Assessment of 
Bridges in Denmark – case 
study 
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Probabilistic Assessment of Bridges in Denmark 

C.1 Introduction 
This appendix presents two examples of probability based assessment performed by 
RAMBOLL for the Danish Roads Directorate (DRD) as part of an assessment program of 
Danish bridges. The assessment is performed in accordance with the Danish Roads 
Directorates ‘Guideline for Reliability Based Classification’ (DRD, 2003). 

The first example is a simple slab bridge built in 1942, which carries the motorway over a 
disused railway. The bridge spans 3.75 m between support centrelines, is 24 m wide and 
skewed at an angle of 58.5. At the bottom the main reinforcement is ø16/130 in longitudinal 
ø12/250 in transverse direction. The slab is not reinforced on the top side. 

   

Figure C1 Evaluated slab bridge 

The second example is a beam and slab bridge built in 1935. The structure consists of 6 
parallel longitudinal beams at 1.40 m centres, which carry the load in combination with the 
slab as T-sections. A diaphragm beam is located in the middle of the span. 

  

Figure C2 Evaluated beam and slab bridge 
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A deterministic load-carrying capacity analysis of the structure was performed according to 
the guidelines set out by the Danish Roads Directorate and the Danish code for concrete 
structures (DS411:1999). The deterministic assessment investigates the capacity of the 
structure in terms of: 

1) Bending capacity assessment of the slab at Ultimate Limit State (ULS), together with 
assessment of the abutment walls and foundation forces.  

2) Check of the shear capacity of the slab at ULS. 
3) Bending capacity assessment at SLS. 

The result of the calculations performed at the 4 passage types is as follows: 
 

Passage type / 
bridge 

Normal Passage Conditional 
Passage 1 

Conditional 
passage 2 

Conditional 
passage 3 

Slab bridge Class 70 Class 70 Class 100 Class 150 

Beam-slab bridge Class 80 Class 80 Class 100 Class 200 

 
The classification in both cases is governed by ULS where the bending capacity governs. 

C.2 Formulation of the critical limit state 
The critical limit state is violated by exceedance of the ULS mid-span moment capacity. 
Mathematically this is described as: 

0g            where appliedcap MMg   

where Mcap is the capacity, which is a function of  o number of parameters, such as section 
height, flange dimensions, cover to reinforcement, reinforcement area, characteristic 
concrete strength, steel yield strength, etc., and Mapplied is the load effect, composed of 
effects of dead load, superimposed dead load and live load (in this case mainly traffic). 

The determination of these individual moments incorporating their uncertainty exceeds the 
purpose of this example, but can be found in (SAMARIS D30, 2006). 

C.3 Analysis Models 
Different analytical models can be employed to solve this relationship. The mid-span 
moments of the beam-slab bridge were calculated using an influence surface that was 
generated using a modified version of the finite element model from the deterministic 
analysis. For the slab bridge a plastic analyses was done to calculate the ULS moment 
capacity of the slab deck. 

C.4 Probabilistic classification and modelling 

C.4.1 Requirements for safety level 

The requirement in the ultimate limit state for the structural safety are specified with 
reference to failure types and failure consequences, i.e. safety class with requirements for 
the formal yearly probability of failure pf,: 
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Failure Consequences 
(Safety Class) 

Failure Type I: Ductile failure 
with remaining capacity 

Failure Type II: Ductile failure 
without remaining capacity 

Failure Type III:  
Brittle failure 

Very Serious 
High safety class 

Pf   10-5 
t  4.26 

Pf   10-6 
 t  4.75 

Pf    10-7 
 t  5.20 

 

For bot sample structures the critical limit state is a ductile failure mode, therefore the Failure 
Type II – Ductile failure was selected as the eligible criteria. The implication is that the safety 
requirements for the structure at the ultimate limit state is   4.75 (DRD, 2004). 

C.4.2 Reliability-based analysis using PROBAN  

Reliability analysis is carried out using the software package PROBAN. Determination of the 
probability of failure pf is performed using the first (FORM) and/or second order reliability 
methods (SORM). 

C.5 Traffic load modelling 
Of the loads to be modelled on highway bridges, by far the most variable are the traffic loads. 
This variability results not only from the stochastic variables describing the individual 
vehicles, i.e. weight, axle spacing, speed, impact etc., but also from the probability of multiple 
presence of vehicles traversing the bridge simultaneously in multiple lanes.  

For short span (or short influence length) bridges such these two, in the majority of cases the 
critical loading events in the extreme occur due to (1) meeting events between ordinary 
trucks and (2) meeting events involving heavy transports with ordinary trucks. In both cases 
the extreme distribution function of the load effects can be obtained from the so-called 
thinned Poisson process, i.e. only arrival and meeting events including the heaviest groups 
of trucks in the various traffic situations are considered. In this way the overall load on the 
structure in the extreme is determined in accordance with the Danish Roads Directorates 
guideline (DRD, 2003). 

For a two-lane bridge the extreme distribution Fmax of the considered load effect q is obtained 
as a function of the intensities of traffic in lanes 1 and 2, intensity of the meeting, i.e. 
simultaneous presence of vehicles in both lanes at the same time, and the considered 
reference period for the extreme distribution (one traffic year). Furthermore, when modeling 
the traffic loading, vehicle parameters (load, speed, length, transverse location, frequency), 
lane importance factors, vehicle impact factors and model uncertainty for the load must be 
considered. 

In the analysis two loading cases are considered: 

- Normal, unrestricted passage, where a heavy transport vehicle and a standard 
vehicle are assumed to meet anywhere on the bridge, and 

- Conditional, restricted passage, where only the heavy transport is considered to pass 
on the structure 

C.6 Classification from safety analysis 
Safety assessment of the carrying capacity was performed based upon the probabilistic 
modelling outlined above. For the slab bridge results were: 

- Normal Passage Class 100: βSORM= 4.76 > 4.75 

and for the beam-slab bridge were: 
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- Normal Passage Class 100: β = 4.96 > 4.75 

- Restricted Passage Type I: β = 5.24 > 4.75 

Consequently it is concluded that both bridge can receive the classification CLASS 100 for 
normal and restricted passage, thereby overturning the deterministic assessment rating 
Classes 70 and 80, respectively. The reasons behind this revised classification were 
considered to be that: 

1. the probabilistic live loading model is more realistic for the structure under 
consideration, as it not only takes account of the relative weights of the vehicles 
but also their frequency of occurrence on the structure.  

2. the safety based formulation of capacity assessment demonstrates the 
conservatism inherent in the deterministic approach.  

C.7 Sensitivity Analysis 
An important aspect of any safety assessment is to perform a sensitivity analysis of the 
results to identify which of the modelled parameters has the greatest influence on the safety. 
This analysis provides a means of checking the rationality of the values of the random 
variables at the design point. Here results for the sensitivity analysis performed on the results 
for normal passage are presented only, as an identical discussion would be provided for 
restricted passage.  

Figure D3 illustrates the relative influence of the modelled parameters for the beam-slab 
bridge. It is apparent that the strength of the main longitudinal reinforcement (i.e. ø26 mm 
bars) is controlling. Three other important variables with influence on the result are the model 
uncertainty, transverse position of the heavy vehicle and the dynamic amplification factor. 
Other variables are of minor influence only. Such sensitivity analysis demonstrates the 
accuracy of the structural modelling. 

  

Figure C3 Influence of modelled parameters 

C.8 Conclusion  
The result of the probability based safety classification was that in both examples 
classifications for normal and restricted passage were increased, compared to the results 
from the deterministic assessment. In summary: 

C.8.1 Slab bridge 

The probabilistic assessment was performed only for the bridges critical limit state as 
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determined from a deterministic assessment. No limitations were required on the bridge.  

The resultant direct saving for the Danish Roads Directorate was approximately 0.5 million 
Euro where this figure excludes the intangible and indirect savings resulting from the DRD 
not being required to close the structure for repair. 

C.8.2 Beam-slab bridge 

The probabilistic assessment was performed only for the bridges critical limit state as 
determined from a deterministic assessment. In this deterministic assessment the structure 
was demonstrated to have Class 200 for restricted passage type III. As such there was no 
requirement to validate the structures capacity for other limit states for the Class 100 rating 
received from probabilistic assessment.  

The resultant direct saving for the Danish Roads Directorate was approximately 1.5 million 
Euro where this figure excludes the intangible and indirect savings resulting from the DRD 
not being required to close the structure for repair. 
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Appendix D Structural safety assessment 
in Slovenia – case study 
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Bridge structural safety assessment procedure in Slovenia 

D.1 General 
Two thirds of Slovenian bridges were designed and constructed more than 40 years ago for 
traffic loading much lower than today’s traffic. As due to their age and lack of money for 
rehabilitation these bridges are more or less deteriorated, many of them would have to be 
strengthened if assessed according to the present design code (EN 1991 - Eurocode 1, 
2009)).  

To demonstrate that: 

- actual traffic loading is less than specified in the design codes and that 

- old bridges in reality behave more affordable than their theoretical models,  

the EC Framework Programme projects SAMARIS and ARCHES (ARCHES D16, 2009) 
developed the soft load testing procedure. Using the bridge weigh-in-motion system to 
simultaneously monitor traffic and bridge behaviour, soft load testing provides realistic 
structural and traffic loading parameters that analytical models are calibrated to. This 
approach is defined in the recommendations for safety assessment of existing bridges 
adopted by the Slovene road administration (Žnidarič, 2010). 

D.2 Soft load testing 
The objective of load testing is to optimise bridge assessment by finding reserves in its 
behaviour and load carrying capacity. This can result in considerable savings in less severe 
rehabilitation measures on deteriorated structures. 

Yet execution of a traditional diagnostic or proof load tests, with special or pre-weighed 
vehicles, is costly, not only because a number of loaded trucks or other means for loading 
the bridge must be available, but also because the bridge under investigation must be 
closed, which causes interruption for the users. For that reason soft load testing was 
introduced in the SAMARIS and further elaborated in the ARCHES project, through the 
development and implementation of the new generation of bridge weigh-in-motion systems 
(Žnidarič, Lavrič, & Kalin, 2010). Using B-WIM systems means no need for pre-weighed 
vehicles to load the bridge, as during a traditional diagnostic load test. Furthermore, there is 
no interference for the users during measurements as the bridge is left opened for the traffic. 
And, due to the lower load levels, there is no risk of damaging the structure, one of the main 
concerns with other load tests.  

D.2.1 Experimental influence lines 

Soft load testing is very efficient in acquiring the realistic influence lines which can, 
particularly in older shorter bridges, differ considerably from the theoretical ones. Typical 
reasons for the differences are: 

- restricted movements of the expansion joints,  

- bearings whose behaviour do not follow the theoretically assumed one,  

- soil pressures,  

- lack of knowledge about the design details, etc. 

In addition to its potential benefits, the SAMARIS and ARCHES projects also identified the 
following limitation of the soft load testing: 
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- It is not intended to predict the ultimate state behaviour of a bridge but rather to 
optimise the structural model used for safety assessment.  

- The validity of bridge assessment is generally short-term (from a single specific event 
to a few years or a decade) and so should be the validity of the soft load test.  

- It should only be used by experienced bridge engineers who know how the bridge 
might behave under heavier loading. 

The benefits of using experimental influence lines are demonstrated on the bridge from 
Figure D1. It is a 1950’s slab single-span structure, with a 5.20 m long span and is 9.35 m 
wide. It has no bearings and no expansion joints. It is located on a major road with around 
800 heavy vehicles per day. The design documentation was not available, thus soft load 
testing was performed to check its capacity for carrying normal traffic and some typical heavy 
special transports.  

  

Figure D1  Comparison of theoretical (left) and measured/modelled influence lines (right) 

Strain transducers were installed at mid-span, 89 cm apart from each other in the lateral 
direction. Figure D2 displays its response to loading in a Finite Element software developed 
to generate influence lines for bridges. Clearly, the theoretical influence line (blue) does not 
match the measured one (red). By varying the boundary conditions a close match between 
the measured and the updated experimental influence lines (green) is obtained. In this case, 
the experimental influence line resulted in considerable 37% reduction of the mid-span 
bending moments, compared to the theoretical influence line.  

 

Figure D2 Comparison of theoretical (blue), measured (red) and experimental/model updated 
influence lines (green) 
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On some bridges reductions of bending moments were shown to be well over 50%, i.e. “true” 
bending moments were less than one half of the theoretical values. 

D.2.2 Load distribution factors 

SiWIM bridge WIM system measures another structural parameter that is used to optimise 
torsional characteristics of the structural model, the load distribution factor. As a part of the 
weighing/monitoring procedure it evaluates directly the mean values and the standard 
deviations of the maximum strains recorded due to vehicle passes. Several hundreds of runs 
is averaged to obtain reliable values of load distribution factors. Figure D3 shows results of 
such measurements on the bridge above. Each bar presents the mean values of the 
maximum strains, provided by 12 sensors, corrected by the measured coefficients of 
variations (COV) and selected confidence interval.  

 

Figure D3 Measured lateral load distribution factors obtained with the SiWIM system, in both 
lanes 

A key feature/benefit of soft load testing is that it can improve structural models at any 
complexity of structural analysis, from simple 1-dimensional, as illustrated in Figures D2 and 
D3, to the most sophisticated 3-dimensional finite element structural models.  

D.3 Example 
Conventional safety analysis of over 150 older bridges on Slovenian state road network with 
spans/influence lines up to 20 m resulted in insufficient structural safety for 31 of those 
structures. Replacing them would cost the bridge owner, at an average cost of 0.5 Million 
Euro per bridge, over 15 Million Euro. Cost of strengthening would require roughly one third 
of this amount. Postings and/or road closures during reconstructions would also cause 
considerable indirect costs for users of these bridges. 

Consequently, before applying strengthening or posting of heavy traffic, more elaborated 
assessment with soft load testing was recommended. After enhancing the inputs of the 
analysis with results of these measurements, 28 of 31 were shown to be safe for current 
traffic and current condition. Only three needed posting, but for less than suggested based 
on traditional analytical methods.  
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Figure D4 A bridge instrumented with a B-WIM system for soft load testing 

 

 

 


