
 
 
 

 

 

Updated inventory on condition assessment procedures 
for bridges   

Background document SB3.2 
 

Incl. Annex: Methods of railway bridge testing and 
evaluation in Poland 

 
 

 

 

 
PRIORITY  6 

SUSTAINABLE DEVELOPMENT 

GLOBAL CHANGE & ECOSYSTEMS 

INTEGRATED PROJECT 



 
 

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

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

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

 

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

 

 

 

 

 

 

 

 

 

Copyright © Authors 2007.  

 

Figure on the front page: Photo of a riveted railway bridge in Poland 

Project acronym: Sustainable Bridges 
Project full title: Sustainable Bridges – Assessment for Future Traffic Demands and Longer Lives 
Contract number:  TIP3-CT-2003-001653 
Project start and end date: 2003-12-01 -- 2007-11-30 Duration 48 months 
Document number: Deliverable D3.2 Abbreviation SB3.2 
Author/s: J. R. Casas, UPC 

Annex: J. Bien, P. Rawa, WUT 
Date of original release: 2007-11-30 
Revision date:  

 

Project co-funded by the European Commission  
within the Sixth Framework Programme (2002-2006) 

Dissemination Level  

PU Public X 
PP Restricted to other programme participants (including the Commission Services)  
RE Restricted to a group specified by the consortium (including the Commission Services)  
CO Confidential, only for members of the consortium (including the Commission Services)  



Sustainable Bridges                                  SB-3.2                                                       2007-11-30 3 (63) 

 
 

 

 

 
 

 

 



Sustainable Bridges                                  SB-3.2                                                      2007-11-30 4 (63) 

 

1 General remarks 

This report is prepared on the basis of Contract No. TIP3-CT-2003-001653 between the 
European Community represented by the Commission of the European Communities and 
Skanska Teknik AB contractor acting as coordinator of the Consortium. 

The content of the report is related to workpackage WP3 “Condition Assessment and Inspec-
tion” and deals specifically with the condition assessment part and the traditional inspection 
techniques nowadays extensively used by the railway administrations in Europe. The most 
advanced inspection and monitoring techniques will be the subject of other deliverables 
within the project.  

The aim of WP 3 is to develop unified condition assessment methods. WP3 concentrates 
only on the condition assessment and condition rating in order to get a ranking of the condi-
tion state of the bridge stock. The ranking may be the basic for rehabilitation and repair plans 
for bridge owners with respect to the economical most effective and cost saving solution. 

The condition can be expressed in terms of condition characterising marks, which are the 
result of a condition rating. The marks include all information obtained from the inspection. 
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2 Summary 

 

The objective of this deliverable is to collect and review the existing condition assessment 
methods used in different countries as a first step in the preparation of a unified proposal for 
condition assessment of European railway bridges which is the main work of deliverable 
D3.3. The need for this harmonization seems evident within the framework and the final ob-
jectives of the Sustainable Bridges project. In fact, the condition assessment of bridges is 
mainly used in two directions. In the first, the condition of the bridges is used as a module in 
the framework of an overall Bridge Management Systems (BMS) with the objectives of rank-
ing the bridges for future repair and maintenance (allocation of funds), and to see the evolu-
tion of damage with time with the aim of detection of deterioration processes. In the second 
case, the condition state of the bridge is used in the safety and remaining capacity assess-
ment. If the final objective of Sustainable Bridges is to increase the capacity of existing rail-
way lines by looking at the remaining capacity of existing bridges, it is clear that each point in 
the chain (every bridge) must be capacity rated and the comparison of condition state of dif-
ferent bridges with the purpose of allocation of funds for maintenance is not the most rele-
vant to the project. Being clear, then, that condition assessment must be viewed within the 
project as the first step in the final objective of obtaining the load an resistance assessment 
of individual bridges ( which is the work developed in workpackage 4), future work should be 
developed in the sense that the condition of the bridge ( as derived from an inspection proc-
ess) must not be country dependent. The answer to the question:  “What bridge is in worst 
condition ? ” can not be different depending on who is carrying out the condition assessment. 
For this reason, it is of interest to examine how the process of condition rating is actually per-
formed by the railway administrations.  

The review of the methods used by different owners and administrations, both of highway 
and railway infrastructure has highlighted the following items: 

1.- All administrations have a systematic inspection procedure (normally divided in 3 levels), 
but not all use the results of the inspection in a comprehensive and objective way to derive a 
condition rating, either numerical ( in the range o 1 to 10, 1 to 100,…) or grammatical ( poor, 
fair, acceptable, good,…).  

2.- At the present time, all railway administrations use the visual inspection as the main 
source of relevant data to carry out the condition assessment 

3.- None railway code or guideline for the load capacity assessment is using directly the final 
result of the condition assessment in the capacity rating process. However, some highway 
administrations (Czech Republic, Slovenia, UK, USA) are doing so. 

4.- There are basically two approaches to the evaluation of the condition of the whole struc-
ture based on the condition assessment of its elements. The first is based on a cumulative 
condition rating. The second method uses the highest condition rating of the bridge compo-
nents as the condition rating for the structure itself. 

5.- Each administration and/or country is using different condition rating techniques. Such 
situation may derive in the fact that the same bridge, assessed by two engineers from differ-
ent countries can be rated with different grades. As mentioned before, this is not a promising 
result in the direction of assessing the actual capacity of European railway lines crossing 
different countries and stresses the need of harmonization between countries through the 
use of a common guideline.  

From the survey of the methods used in different countries, the following remarks for such 
guideline have been identified: 

1.- The most suitable format appears to be: 
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- Rating of individual bridge 

 * Division of bridge into components 

 * Labelling of elements 

* Damage description. Catalogue of damages by severity and extent and subdivided by   
material type 

 * Inspection report 

 * Algorithm for calculation of condition rate 

-  Rating of the bridge according to its importance in the network 

 

2.- Regarding the requirements, the following are identified: 

- It is of great importance a correct calibration of any new bridge rating equation pro-
posed, in the sense that if the condition rating is assigned to a general state of conserva-
tion of the bridge  ( A,B,C,….), different inspectors from different European countries with 
their respective inspection backgrounds, will assign the same value. It is also important a 
calibration process in the sense that the application of the new rating procedure can not 
derive in very controversial result compared with the existing national guideline.  

- In addition, the already existing inspection data base in all Administrations should be 
easily adapted and used by the new rating system in order to not duplicate a work that 
has been already done by almost all railway administrations. The existing digital or 
printed records from previous inspections should be basis for the new system.  

- It should be easy to translate the existing rates to the future ones derived with the new 
common guideline 

- The new condition ratings have to be directly used in the load and capacity assessment 
of individual bridges 

- The proposal of a new condition rating procedure should include the new inspection and 
testing methods developed in the framework of the Sustainable Bridges project, as well 
as the most widely used by the European railway administrations according to the results 
of the survey by workpackage 1. This will complement the results of the visual inspection 
and will lead to more accurate results.  
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3 Introduction 

This report summarizes the methods applied in different countries and by different infrastruc-
ture administrations in the condition assessment of the bridges managed by them. Be-
cause during the years, the term structural assessment has been understood in quite differ-
ent ways, the first task has been to clearly define the content of the present deliverable, tak-
ing into account the tasks incorporated in the different workpackages of the project. In this 
sense, the meaning of the concepts structural condition assessment and structural safety 
assessment must be clearly differentiated from the beginning.  

The condition assessment can be defined as the process where, starting from the results 
of the inspection (normally visual) of an existing structure, a set of indicators are obtained 
which permit the definition or calculation of the so-called condition rating, that indicates the 
global state of conservation of the structure and their ranking according to its value. 

 

The safety assessment is the process where, starting from the actual resistance of the 
structure (up-dated with the results of the inspection) or according to the condition rating and 
the actual loading, the remaining safety (measured in terms of partial safety factors, reliability 
index or probability of failure) is derived. Alternatively, the safety assessment process can 
account for the calculation of the remaining service life of the bridge with a minimum required 
safety level. 

As mentioned, this deliverable focuses only on the condition assessment concept, being the 
safety assessment part of the work developed in the WP4 and therefore no mention to this 
subject will be addressed in the present report. 

It must also be noticed the difference between condition assessment and inspection. In 
this deliverable, the inspection process is only the first step leading to the appraisal of the 
condition assessment. The inspection is just the gathering of data from the existing bridge via 
visual or other means and its translation into the corresponding inspection records (sheets, 
digital,…). Starting from this data, the final result of the condition assessment is a judgement 
about the condition of the bridge compared to its initial state and also the comparison with 
other bridges. The results of the inspection are “intelligently filtered and weighted” and a final 
rating to the overall condition of the bridge is obtained. This condition assessment is normally 
expressed as a condition rating in terms of a number ( from 0 to 10, from 0 to 100,….) or of a 
grammatical sentence ( poor condition, fair, good,……) 
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4 Objectives 

According to the description of workpackage 3 and the corresponding list of deliverables, the 
objectives of the present report are: 

 

1.- To set the definitions, objectives and phases included in the condition assessment proc-
ess 

2.- To examine and review the existing procedures used for the condition assessment of 
railway bridges in some selected european countries 

3.- To create the necessary knowledge to develop a future expert system for bridge condition 
evaluation that may be assumed, understood and incorporated by the different european 
countries 

 

Based on the definitions as outlined in the Introduction, not only the existing methods for 
conditions assessment of railway bridges will be considered, but also the available tech-
niques used in roadway bridges. The explanation is clear as the main difference between 
roadway and railway bridges is in the loading side, but as far as condition assessment is con-
cerned, only the resisting part is of interest. Therefore, because not loading characteristics 
are present in the condition assessment, the methods developed for roadway and railway 
bridges may be similar or equivalent. For this reason, the methods used in the roadway brid-
ges can be also of interest and, as a consequence, a review of some of them has been also 
included in the present deliverable. In this sense, also countries and states outside Europe 
(USA, California) have been considered. 
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5 Condition assessment process 

5.1 Objectives 
Condition assessment gives data about the intensity and extent of observed defects on the 
structures, the cause for these defects and possible deterioration processes and impact of 
such findings to the safety and service life of the structures. These data are the basis for the 
estimation of possible intervention and for rough estimation of costs for possible remedial 
work. Condition assessment is also a relevant source of information regarding the assess-
ment of the remaining structural capacity. 

Therefore, the main objectives of the Condition Assessment (CA) are: 

1.- Detect possible deterioration processes 

2.- Indication of the condition of the bridge and its elements as well as the bridge stock 

3.- Ranking the bridge for urgent repair and maintenance strategies 

4.- Optimisation of urgent maintenance budget allocation 

In some cases, the result from the condition assessment is also directly used in the safety 
assessment of the bridge. In this case, a relationship exists between the condition rating and 
the actual resisting capacity. The normal procedure is to define a condition factor with a 
value between 0 and 1, based on the value of the condition rating, that multiplies the nominal 
actual resistance of the structure  

 

5.2 Phases 
Condition assessment of bridges and structures clearly comprises two main phases: 

1.- “In situ” inspection of the structure  
To gather all the relevant information for further analysis. It is of main importance that the 
inspection task is performed by well trained and experienced personnel that clearly knows 
which is the data relevant for the posterior calculation of an index related to the condition of 
the structure (condition rating, priority ranking,....). 

It becomes obvious that the first step in the CA sequence is the inspection process. If it is not 
performed and reported properly it may affect very negatively to the result of the CA. Two 
levels of inspection can be considered: 

A.- Standard inspection 

Standard inspection techniques are widely available and applied at some extent in different 
railway structures and bridges. They are based on the fact of obtaining a result of the inspec-
tion only when it is decided to perform such inspection. (inspection discrete in time). It is ob-
vious that one of the main disadvantages of the standard inspection is that a deterioration 
process can start just after an inspection has been done, being its result that no deterioration 
is present in the structure. Deterioration or incorrect performance of the structure will be only 
detected when a new inspection process will be undertaken. In some cases the period of 
time between two inspections could be too long and important remedial measures will be 
necessary. For this reason, a continuous inspection or long-term monitoring is more efficient. 
In annex 1, a description of the inspection methods for railway bridges used in Poland is pre-
sented. The methods proposed there are very much representative of the standard inspec-
tion methods used nowadays in several European countries. In summary, three basic types 
of inspection are proposed by the majority of the bridge owners to assure adequate monitor-
ing of the bridge condition: 
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a.- Superficial inspection: carried out by skilled maintenance personnel but without special 
knowledge of bridge pathology. They detect major anomalies while doing the regular mainte-
nance surveys. The period of this inspection is at least once a year. 

b.- General inspection: visual examination of all accessible parts of the bridge without using 
special access equipment. All defects which can be visually detected from the ground must 
be recorded and the condition of the structure must be evaluated in an appropriate manner. 
The frequency should be between 2 and 3 years. The report shall include description of all 
detected defects and, if necessary, shall call for the in-depth inspection. 

c.- Major inspection: visual examination of all parts of the bridge. It is carried out by a spe-
cialist engineer for bridge pathology. A visual check of all parts of the bridge should be made 
from the touching distance. The frequency should be five to ten years or less depending on 
the structural condition. On some specific and characteristic spots selected site and/or labo-
ratory standard tests and measurements should be performed, as those described in Annex 
1. 

B.- Advanced inspection and/or long-term monitoring 

Advanced inspection is based on the use of more advanced techniques and testing methods 
besides the visual inspection and the simple tests used in a major inspection. These ad-
vanced techniques are also the subject of WP3 of the project and are specifically analysed 
and summarized in other deliverables. 

Today, available experimental techniques based on advanced sensors (fibre optics and oth-
ers) will permit a continuous inspection in time of bridges, through the concept of adding to 
the structure in the construction process a set of sensors that will last as long as the service-
life of the structure and will be able to monitor a set of parameters of the structure essential 
for its CA. This, in turn will allow a continuous CA of the structure that will not present the 
disadvantage commented for standard inspection (Millenium 2000, Smart Structures 2002, 
Casas and Cruz 2003).  

 

2.- Evaluation of Condition.  
This is normally done through the calculation of an index or value. The final result of the 
evaluation of condition is generally a number in a numerical scale or a word (good, fair, 
poor,…), which indicates the condition of the structure. For each condition rating or condition 
class a general description of the structure condition is given. Sometimes the related urgent 
actions are also suggested. In the next chapters a few descriptions of evaluations of condi-
tion rating for bridge structures in selected countries is given.  

5.3 Procedures 
Existing procedures use a condition rating as a measure of a condition state of a structure or 
its elements. The main difference among different procedures is the method used for quanti-
fication of a condition rating.  

Condition rating is an effective means of quantifying in a relative way the general deteriora-
tion of a structure. Methods have been developed for bridge management purposes to iden-
tify the most damaged structures for further in-depth inspection and examination, and to es-
tablish preliminary priorities for further rehabilitation. Similar methods can also be adopted for 
other railway structures. 

Condition assessment should be based on a simple scoring for the inspected members or for 
the whole structure. The evaluation of any deterioration should take into account all types of 
defect revealed during an inspection, whose character, severity and extent might have a 
substantial impact on the resistance and durability of the structural member or structural 
component.  
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Therefore the evaluation of every damage type should account for: 

1.- The type of damage and its affect on the safety and/or durability of the affected structural 
member. 
2.- Effect of the affected structural member on the safety and durability of the whole structure 
(e.g. bridge) or structural component (e.g. span structure of a bridge). 
3.- Maximum intensity of  any defects on the inspected members. 
4.- Extent and expected propagation of the damage on the observed members within a compo-
nent. 
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6 Inventory of condition assessment methods 

6.1 General 
The condition assessment methods presented are not restricted only to european countries 
and to railway bridges. The methods used in roadway bridges have been included in this 
review because they can also provide interesting rules and procedures that may be extrapo-
lated to railway bridges almost automatically. Therefore, to know such methodologies is also 
of interest to the objective of creating a condition assessment method that may be assumed 
and incorporated by different european countries with the objective of harmonization be-
tween countries that may help to the interoperability of railway traffic across Europe 

6.2 Roads 
The methods used in highway bridges and structures in some selected countries, mostly 
from Europe, are presented.  Most of the information here presented corresponds to the in-
formation gathered during the BRIME and COST345 european projects 

6.2.1 Austria 
A method is available for the conditions assessment of concrete bridges. The condition of the 
whole reinforced or prestressed concrete bridge is described by 12 characteristic groups of 
damages: 

1.- Damages of the concrete surface. The damages are divided into 7 categories 

2.- Cracking. The intensity of cracks is classified into 3 categories 

3.- Open joints 

4.- Damages of the reinforcement. A total of 6 categories of damage 

5.- Damage of post-tensioned tendons 

6.- Wetting of the concrete surface (defective waterproofing, drainage or sealing) 

7.- Damage in bearings 

8.- Expansion joints 

9.- Damages in the carriageway. The damages are classified into 8 categories 

10.- Drainage system 

11.- Bridge equipment 

12.- Landscape around the bridge: slopes in the riverbanks, etc.. 

The different groups and corresponding categories of damage gives a total of 32 types of 
damage. 

The assessed condition of the bridge structure is expressed by the condition rating S, which 
in general form is given by the following function: 

 

                                      ∑ ××××=
32

1
4321 iiiii kkkkGS  

 

where individual numerical attributes refer to: 
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Gi - Type of damage. As mentioned, there are 32 types of damages. The value of Gi is in 
the range of 1 to 5 and depends on the severity of the damage. For each type of damage a 
description of its extent, intensity and urgency of the intervention on particular structural 
member is given. 

K1i - Extent of damage. It is expressed by numerical values between 0 and 1. It can be de-
scribed by words: few or some, frequent and very frequent or large. The description usually 
refers to one or more components of the bridge or to the whole bridge structure. The extent 
is never quantified by the measured sizes (length, area, etc.) of the damage. 

K2i - Intensity of damage. It is expressed by numerical values between 0 and 1. It can be 
also described by words: little or insignificant, medium, heavy and very heavy. The descrip-
tion of intensity is usually associated with the description of damage (e.g., width of the 
cracks, etc). 

K3i - Importance of the structural component or member. Values range between 0 and 1. 
The structural components are classified as primary, secondary and other parts. 

K4i - Urgency of intervention. Values range between 0 and 10 and depend on the type, seri-
ousness and risk of the collapse of the structure or its part. 

According to the obtained value of condition rating S bridge structures can be ranked into 
one of six classes, which are defined in table 1 

Table 1.- Condition rating - Austria 
Damage class Definition Condition rating value S 

1 No or very little deterioration 0-3 

2 Little deterioration 2-8 

3 Medium to severe deterioration 6-13 

4 Severe deterioration 10-25 

5 Very severe deterioration 20-70 (k4=10) 

6 Very severe or total deterioration >50 (k4=10) 

6.2.2 California 
In California, Caltrans has developed the so-called California Bridge Health Index (HI), which 
is used for managing the bridge stock they are responsible for. HI is a single number as-
sessment of a bridge´s condition based on the bridge´s economic worth. Its evaluation is 
based on element level inspection of bridge structures. HI is a numerical rating of 0 to 100 
that reflects element inspection data in relation to the asset value of a bridge or network of 
bridges. The premise of the HI is that each bridge element has an initial asset value when 
new. An element may deteriorate to a lower condition state, reducing its asset value. The 
health index for the bridge is the ratio of the current element value to the initial element value 
of all elements on the bridge. The elements of the bridge can be the concrete deck, steel 
girder, abutments, columns, etc… 

Health Index is calculated by the following expressions: 

 100×⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=
∑
∑

TEV
CEV

HI   

 FCTEQTEV ×=   

 FCWFQCSCEV ii ××= ∑ )(  (sum extended to all condition states ) 
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The sum is extended over all elements of the bridge and: 

HI  → Health Index 
TEV  → Total Element Value 
CEV  → Current Element Value 
TEQ  → Total Element Quantity 
FC  →  Unit Failure Cost of element 
QCS  → Quantity  of the element in a specific Condition State 
WFi  → Weighting Factor for the condition state 
In the definition of the HI the costs of the elements and not only their conditions state take a 
relevant role. For this reason, such index is used to allocate resources, to evaluate bridge 
maintenance and rehabilitation and to provide level-of-service indicators. It is also used as a 
performance measure.  

6.2.3 Denmark 
In Denmark, the Danish Road Directorate uses the DANBRO Bridge Management System 
for management of bridge stock. DANBRO includes a condition rating procedure where the 
condition is evaluated for 15 standard components of a bridge structure. In table 2, all bridge 
components which have to be considered are presented. 

Table 2.- Bridge components in DANBRO BMS (Denmark) 
Component Description 

1 Bridge in general 

2 Wing walls (wing walls and possible retaining walls) 

3 Slopes (slopes with slope protection, adjacent to the abutments and wing 
walls) 

4 Abutments (abutment structure with back wall, bridge seat, visible parts of the 
footings) 

5 Piers 

6 Bearings (bearings on abutments and piers) 

7 Slab 

8 Waterproofing 

9 Girders/beams (main girders, cross beams, diaphragms, bracings) 

10 Parapet/railing ( parapets, guard rails and railings) 

11 Bridge surface (normally the surface between the curbs) 

12 Crossing passage 

13 Expansion joints (all components of expansion joints including special over-
lays adjacent to the joint) 

14 Drainage system 

15 Other elements (bridge components which are not included in the previous 
mentioned components 
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For each component, the type of damage must be assigned. The extent of the damage is 
estimated on site, if possible with the help of geometry data from the inventory. The condition 
rating is a numerical value, which describes the condition of the observed component of the 
bridge structure. In table 3, the description of condition rating is given. 

Table 3.- Condition Rating R - Denmark 
Category Definition 

0 No or insignificant damage 

1 Small damage but no need of repair except routine maintenance 

2 Some damage, repair needed when convenient. Component is still func-
tioning as originally designed 

3 Significant damage, repair needed very soon 

4 Serious damage, repair needed at once 

5 Ultimate damage, total failure or risk of total failure of the component 

 

It is assumed that inspectors should be capable of assessing the degree of deterioration and 
to decide which parts of the bridge need close investigation. For each component are given: 
typical types of damages expected to occur, a description of each particular type of damage 
in case that the condition rating value equals 3, and a description of minor maintenance and 
standard repair works for some types of damage. When the condition rating is 3 or more, a 
repair work must normally be notified. For standard damages a list of standard repairs exists.  

When the condition of all components is evaluated, the condition of the whole bridge is as-
sessed on the basis of these values. The highest (most unfavourable) condition rating as-
signed to one of components is not necessarily the condition rating of the whole structure. 
The final assessment of the structure should identify the damaged components, type and 
extent of damages, expected development of the damage and its influence on the traffic flow 
and safety. The general rule is that the condition rating for the whole bridge can not be higher 
than the one assigned to the most deteriorated component and cannot be lower than the one 
assigned to either of main components, like abutments, piers, bearings, slabs and girders.  

6.2.4 France 
In France, the condition assessment of a road bridge is made either on the basis of the re-
port of detailed inspection conducted in the year of periodic survey or on the basis of visual 
“Image de la Qualité des Ouvrages d´Art (IQOA)” inspection. In the last, there are 3 main 
parts of the bridge, as described in table 4. 

Table 4.- Parts of the bridge in the IQOA (France) 
Main part of the 
bridge 

Description Constituent parts 

1 Equipment Placed above and below the bridge like pave-
ments, footpaths, barriers, cornices, drainage 
systems, pavement, expansion joints 

2 Piers and bearings Columns, walls, foundations, bearings 
3 Deck Slab, longitudinal girders, transverse beams, 

cantilever slab, etc. 
 
Each part of the bridge is inspected and the severity rating shall be assigned to each de-
tected defect. The defects are described in the catalogue of defects for different type of 
bridge structures. The main defects are very similar to those described for Austria: settle-
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ments, scour, surface damages, cracking, wetting, bearings, expansion joints, drainage sys-
tems and safety barriers. 
 
In table 5, the final condition classes used for condition assessment in France are presented. 
The class assigned to a piece of equipment, a protection device or inspected part of the 
structure depends on the highest rating given for all the defects it possesses. The lowest 
class ascribed to one of the constituent parts of the bridge is governing also the overall 
condition class of the bridge. 

Table 5.- Condition Rating R - France 
Condition 
class 

Definition 

1 Bridge is in a good apparent condition requiring only routine maintenance 
as defined in the Instructions for Bridge Survey and Maintenance (IT-
SEOA) 

 Bridge is in good apparent structural condition or with minor defects that 
require specialised maintenance. 

2 Not urgent 

2E Urgent, in order to prevent rapid development of structural deficiencies. 
The urgency which can lead to a bridge being placed in class 2E should 
be assessed with reference to defects whose development can lead 
within a short period of time to the structure entering class 3 because of 
the appearance of major defects in the structure. 

 Structurally impaired bridge which requires repair works 

3 Not urgent 

3U Urgent, because the bearing capacity of the bridge is either already in-
adequate or will become so in the near future as a result of the rapid de-
velopment of deficiencies 

NE Not assessed 

 

6.2.5 Germany 
The condition evaluation technique used so far is in accordance with the 1994 edition of RI-
EBW-PRUF. It is a recommendation for the unified method of bridge inspection and informa-
tion collection during inspection all over Germany. It was written after Germany unification, 
especially for use in the former East German states for the assessment of bridges. It con-
tains details on standards, principles of design, evaluation of structural condition and the rat-
ing technique. In this standard, there is no unique relationship between the evaluation of 
damage and asignment of condition ratings. Every occurrence of damage is evaluated ac-
cording to traffic safety, stability and durability. For each definition of damage in terms of sta-
bility, traffic safety and durability a description for each grade (0,1,2,3,4) of damage evalua-
tion is given. To ensure a standard approach for the evaluation of damages, inspection 
teams will be equipped with catalogues containing detailed example of damage evaluation. A 
detailed and long list of possible damages in different bridge elements is also presented with 
the proposed grade (0 to 4) assigned to stability, safety and durability. A total of 6 levels of 
bridge condition rating are defined whose descriptions are presented in table 6. Condition 
evaluation applies only to overall structure. Although the evaluation is derived from individual 
inspection results, the final result for the overall bridge is based on subjective opinion of the 
inspector.  
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Table 6.- Condition rating - Germany 
Cond. rating Description 

1.0 – 1.4 Very good structural condition. 

The stability, traffic safety and durability of the structure are assured. 

Routine maintenance is required. 

1.5 – 1.9 Good structural condition. 

The stability and traffic safety of the structure are assured. 

The durability of the structure might be impaired slightly in the long term. 

Routine maintenance is required. 

2.0 – 2.4 Satisfactory structural condition. 

The stability and traffic safety of the structure are assured. 

The durability of the structure might be impaired considerably in the long-term. 
Proliferation of damage or the occurrence of consequential damage, leading in 
the long term to a considerable reduction in stability and/or traffic safety or in-
creased wear, is possible. 

Routine maintenance is required. 

Repair work is required in the medium term. 

Measures for reconstruction or warning signs for upholding traffic safety 
might be necessary in the short-term. 

2.5 – 2.9 Temporarily satisfactory structural condition. 

The stability of the structure is assured. 

The traffic safety can be impaired. 

The durability of the structure might be impaired considerably. Proliferation 
of damage or the occurrence consequential damage, leading in the medium 
term to a considerable reduction in stability and/or traffic safety or increased 
wear, is to be expected. 

Routine maintenance is required. 

Repair work is required in the short term. 

Measures for reconstruction or warning signs for upholding traffic safety 
might be necessary in the short-term. 

3.0 – 3.4 Critical structural condition. 

The stability and/or traffic safety of the structure are impaired. 

The durability of the structure might no longer be assured. Proliferation of 
damage or occurrence of consequential damage might negate stability 
and/or traffic safety in the short term. 

Routine maintenance is required. 

Repair work is required immediately. 

Measures for reconstruction, warning signs for upholding traffic safety or 
restrictions of usage might be urgently necessary. 

3.5 - 4.0 Inadequate structural condition. 

The stability and/or traffic safety of the structure are considerably impaired or 
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Cond. rating Description 

negated. 

The durability of the structure might no longer be assured. Proliferation of 
damage or occurrence of consequential damage might negate stability 
and/or traffic safety in the short term, or lead to an irreversible decay of the 
structure. 

Routine maintenance is required. 

Repair work or replacement is required immediately. 

Measures for reconstruction, warning signs for upholding traffic safety or 
restrictions of usage might be immediately necessary.  

 

To overcome the commented drawbacks, a new technique for condition evaluation has been 
newly developed. The condition rating of the overall structure Zges is a function of the 3-stage 
damage evaluation set involving the parameters SV (traffic safety), SS (stability) and SD (du-
rability), taking into account a defined evaluation key, as well as the total extent of damage U 
and the number of individual occurrence of damage n: 

 

                                        Zges = f(SV,SS,SD,U,n)   

 

The bridge is divided in the following component groups: 

- Superestructure 

- Substructure 

- Prestressing elements 

- Foundations 

- Ground and rock anchors 

- Bridge cords and cables 

- Bearings 

- Road 

- Joints 

- Carriage-way surface 

- Caps (Bridge concrete surface) 

- Protective facilities 

- Miscellaneous items 

Each component group can be divided into smaller components where different standardized 
damages in those elements are evaluated in terms of safety (value from 0 to 4), stability (0-4) 
and durability (0-4) in a similar way to the current methodology from 1994. Using a set of 
matrices with the 3 values between 0 and 4 assigned to safety, stability and durability, finally 
a condition number Z1  between 1 and 4 is evaluated for each individual occurrence of a 
classified damage.  

In the process of evaluation of the condition rating for component groups ZBG, the value Z1 is 
supplemented by a positive or negative value ΔZ1, which takes into account the total extent 
of the damage U. Extent of damage U is described as follows: 
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U = "small" → ΔZ1 = -0.1; 

U = "medium" → ΔZ1 = ±0.0; 

U = "large" → ΔZ1 = +0.1; 

The condition rating of the component group ZBG is based on the maximum corresponding 
number Z1, taking into account a positive or negative value ΔZ2 for the number of occurrence 
of damage n within the component group. Value ΔZ2 for the substructure component group 
is: 

n < 5  → ΔZ2 = -0.1; 

5=< n =< 15 → ΔZ2 = ±0.0; 

n > 15  → ΔZ2 = +0.1; 

and for all other component groups: 

n < 3  → ΔZ2 = -0.1; 

3=< n =< 5 → ΔZ2 = ±0.0; 

n > 5  → ΔZ2 = +0.1. 

 

The condition rating of an overall structure Zges is based finally on the highest condition rating 
of the component groups maxZBG taking into account a positive or negative value ΔZ3 for the 
extent of damage to different component groups: 

1 to 3 damaged component groups    → ΔZ3 = -0.1, 

3 to 7 damaged component groups    → ΔZ3 = ±0.0,  

more than 7 damaged component groups   → ΔZ3 = +0.1. 

Intermediate values are interpolated along a straight line.  

6.2.6 Norway 
The degree of damage is measured by a numerical scale used to give a technical assess-
ment of the magnitude of the damage/deficiency; that is, whether maintenance activities 
must be executed or not, and if so, how soon. In table 7, the codes for the degree of damage 
are presented. For a uniform description, standard types of damages are described in the 
“Inspections Handbook for Bridges”. 

Table 7.- Degree of damage code - Norway 
Code Description  

1 Slight damage/deficiency, no action required 

2 Medium damage/deficiency, action needed during next 4 - 10 years 

3 Serious damage/deficiency, action during the next 1-3 years 

4 Critical damage/deficiency, immediate action required or within ½ year at the 
latest 

9 Not inspected 

 

The impact of the damage is represented by a letter code used to indicate the consequences 
any damage/deficiency might have on the bridge, bridge users and/or environment. The 
codes are presented in the table 8.  
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The results of measurements and materials investigations shall, along with inspections, form 
the basis for establishing the degree of damage and the consequences of the damage.  The 
codes for the degree and the consequence of the damage shall be used together when 
damage is to be assessed (e.g., 3B - serious damage/deficiency that can reduce bridge car-
rying capability if it remains untouched for more than 1-3 years. Action required within 1-3 
years). 

Table 8.- Deficiency code - Norway 
Code Description  

B Damage/deficiency threatening load carrying capability 

T Damage/deficiency threatening traffic safety 

V Damage/deficiency that may increase maintenance costs 

M Damage/deficiency that may affect the environment/aesthetics 

 

For each damage type the, activating condition is described in "Inspections Handbook for 
Bridges". The term activating condition means that a structure or an element has suffered 
damage or developed faults or deficiencies that require maintenance soon. The activating 
condition must be determined when inspecting the bridge. This means that what can be ac-
cepted and what will require action must be decided then. This shall be indicated using the 
degree of damage in the following manner: 

Degree of damage 1: condition may be accepted without action. 

Degree of damage 2-4: condition will require short or long-term action (up to 10 years). 

The condition assessment of the bridge is based on the assessment of individual bridge ele-
ments. To this end, the bridge is divided in elements like expansion joints, bearings, drainage 
systems, pavement, superstructure, columns, abutments, etc… 

 

6.2.7 Slovenia 
The condition rating R for assessing the condition of a bridge structure and its components in 
a quantitative form, is expressed by the following function: 

 

                                     ∑∑ ××××== iiiiiD KKKKBVR 4321   

 

The individual factors mean: 

VD - damage type value. 

Bi – basic value associated with the damage type i. The value of Bi is within the range of 1 to 
4 and expresses the potential effect of the damage type on the safety and/or durability of the 
observed structural element. 

K1i – Factor which describes the extent of the damage and is expressed by numerical values 
between 0 and 1. In  the field record it is described by letters A, B and C (A – up to 30% (or 
number of the same elements), B from 30 to 60% and C for more than 60% of the observed 
surface of the structure). The description usually refers to one or more components of the 
bridge or to the whole bridge structure. The extent is not described by the measured sizes 
(length, area, etc.) of the damage on the affected component or structure. 
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K2i – Factor which describes the intensity of the damage and is expressed by values between 
0 and 1. In the field only the intensity grades I to IV  (I – light, II – medium, III – severe, IV – 
very severe) are recorded. The description of intensity is usually related to the type of dam-
age (e.g. width of the cracks, thickness of the delamination, etc). 

K3i – Factor which describes the importance of the structural component or member for the 
safety of the entire structure. The values range between 0 and 1.  

K4i – Factor which describes the urgency of intervention. The values range between 0 and 
10. The chosen  value depends of the type of structure, and seriousness and risk of collapse 
of the affected structure or its part. 

According to the obtained value of condition rating R, the bridge structure is classified into 
one of five condition classes, described in table 9.  

Table 9.- Condition Rating R - Slovenia 
Condition class Definition Condition rating R 

1 Critical  >20  

2 Bad  14-22 

3 Satisfactory  8-17 

4 Good  3-12 

5 Very good  0-5 

 

Similarly to the case of United States (described below), the final condition rating is directly 
applied to the calculation of the remaining carrying capacity of deteriorated concrete bridge 
members. In fact, from the condition value of the superstructure, the deterioration factor is 
obtained from a table. This deterioration factor jointly with the coefficient of variation of the 
member resistance recognising the reliance of the testing data, and the target value of the 
safety index are used to derive the capacity reduction factor (CEB 1998). 

The method as described has a minor drawback because for different types of structures, 
different condition rating values can be obtained although damage types, intensities and ex-
tent are estimated as being the same. For this reason a modified method has been proposed 
by researchers at ZAG, but not yet implemented by the Road Administration. In this new pro-
posal, the condition rating is not expressed by the simple sum of damage values, but by the 
ratio between the effective sum of damage values obtained according to the damage types 
detected at the inspection, and the reference sum of damage values obtained by taking into 
account every damage that could realistically occur on the same structure, multiplied always 
by unit intensity and extent factors K2 = K3  =  K4 = 1. On the basis of the calculated condition 
rating the structures is classified into one of the 5 available deterioration classes. A full ex-
planation on how the method is applied can be found in CEB 1998 

6.2.8 Spain 
Condition assessment of bridges is based on a condition state of each element of the bridge. 
A “condition mark” of each element is assigned depending on results of inspections. 

The condition mark of an element is a figure, varying from 0 to 5, that indicates the nature, 
degree and extent of damages, as well as the element’s ability to function and harmful impli-
cations to other elements. 

Each damage is assessed using the so called “Condition mark” that is calculated as a sum of 
the following parameters: 

- Damage mark 
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- Function mark 

- Implication mark 

Marks are assigned on site by inspectors according to the following rules: 

Damage mark. 
It depends on the damage itself. It is a figure from 0 to 3 calculated as sum of the following 
sub-marks: 

Nature sub-mark: 0, if damage is considered to be harmless. 1, if damage is considered to 
be harmful 

Degree sub-mark: 0, if damage is developed to a low degree. 1, if damage is developed to a 
high degree 

Extension sub-mark: 0, if damage is less than 50% of the zone of the element that can be 
affected by this kind of damage. 1, if damage is extended on more than 50% of the zone of 
the element that can be infected by this kind of damage. 

Principles for assigning nature and degree of sub-marks for a lot of damages are provided on 
a very detailed “Catalogue of damages”. Criteria for determining possible extension of dam-
age depends on nature and type of damages (eg, shear cracks can only occur near bear-
ings, whilst flexural cracks on lower part of decks occur only on centre of span).  

Function mark. 
Present ability of a damaged element fort fulfilling its function is evaluated. Function mark is 
a figure (0 or 1) as follows: 

0, if the damaged element can still fulfil its function  

1, if the damaged element cannot fulfil its function. 

Implication mark. 
It is evaluated if damage on the element is causing some other damage on other element. 
Implication mark is a figure (0 or 1) as follows: 

0, if there is no implication on other elements  

1, if there is some implications on other elements. 

Condition Mark (CM) of each damage results in a figure from 0 to 5, calculated as a sum of 
the aforementioned condition mark, function mark and implication mark. Therefore, a severe 
damage results on a high condition mark on the infected element, whilst healthy elements 
have condition mark equal to zero. Nevertheless, changes from 1 to 2 on condition mark of 
an element is not so dangerous as changes from 3 to 4, for example. Thus “transformed 
condition mark” is calculated in order to take into account so called “danger on condition 
mark”. Transformed condition mark (TCM) is calculated as 2CM. 

Condition Mark (CMel) of each element is assigned as the maximum condition mark of all 
damages reported for this particular element. Additionally, certain elements of a bridge are 
more important that some others. So, “weight on elements” ( γel )   is used to take into ac-
count the importance of the element. Therefore, a  “condition index” of each element (CIel) is 
calculated multiplying transformed condition mark by the weight of the element. 

As a result of the evaluation, a “condition index” (CI) of each bridge is calculated as a maxi-
mum of all condition indexes of all elements of the bridge. For obtaining a “priority index” (PI) 
of each bridge, so-called condition index is multiplied by the “weight of the bridge”, that takes 
into account the importance of the bridge on the road net. That is, in the end a single figure is 
used for representing actual condition of the bridge. This figure is the so called “priority in-
dex” calculated as follows: 
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6.2.9 Sweden 
Functional condition of bridge structures is described in terms of condition classes. These 
condition classes describe to what extent the structural members satisfy the functional re-
quirements specified in design. 14 members are taken into consideration, such as: founda-
tion, slopes and embankment ends, supports, wing walls and retaining walls, bearings, pri-
mary load-bearing elements, other load-bearing elements, bridge deck, edge beam, water-
proofing, surfacing, parapet, expansion joints, drainage system. The condition classes for 
each element are as follows: 

3 – defective function at the time of inspection 

2 – defective function within 3 years 

1 – defective function within 10 years 

0 – defective function beyond a span of 10 years (no damage at time of inspection) 

A set of maximum values is presented in an appendix to help in assessing the condition 
class of each element. The maximum value for a certain measurement variable defines the 
extent of damage which, if exceeded, implies that the function of a structural member may be 
defective. 

Overall condition class describes the function of the whole bridge with respect to bearing 
capacity, traffic safety and durability. It is determined on the basis of the classes to which the 
different structural members are assigned. Different structural members have different 
weights, which are given in table 10. 

Table 10.-: Weight factors for structural members – Sweden 
Function Member no. Member Weight 

(BC) 1 Foundations 4,0 

(BC) 2 Slopes and Embankment ends 3,0 

(BC) 3 Supports 4,0 

(BC) 4 Wing walls and retaining walls 3,0 

(BC) 5 Bearings 4,0 

(BC) 6 Primary load-bearing elements 4,0 

(BC) 7 Other load-bearing elements 4,0 

(BC) 8 Bridge deck 4,0 

(BC,S) 9 Edge beam 4,0 

(D) 10 Waterproofing 1,0 

(D) 11 Surfacing 1,0 

(S) 12 Parapet 2,0 

(D) 13 Expansion joints 1,0 

(D) 14 Drainage system 1,0 

BC – Bearing Capacity, S – Traffic Safety, D – Durability 
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If any of the structural members (1,3,5,6,7,8,9) is assigned to condition class 3, the bridge is 
assigned to overall condition class 3. If any of the structural members (1,3,5,6,7,8,9) are as-
signed to condition class 2 and the weighting overleaf does not result in overall condition 
class 2 or higher, the bridge is assigned to overall condition class 2. Otherwise, the overall 
condition class is determined on the basis of the weighting factors as reported in table 10. 
The overall condition class is calculated and rounded to one decimal. 

6.2.10 Switzerland 
In Switzerland the same scale is used for both the whole structure and each component. In 
table 11, the description of condition ratings is given. 

Table 11.- Condition Rating R – Switzerland 
Category Denomination Definition 

1 Good condition no or minor damage 

2 Acceptable condition insignificant damage 

3 Defective condition considerable damage  

4 Bad condition serious damage 

5 Alarming condition safety is endangered; 

remedial measures required prior to next principal inspec-
tion, 

urgent measures 

6 Condition not check-
able 

for components that cannot be inspected 

 

6.2.11 United Kingdom 
For general purposes and any bridge, the inspection report (form BE 11/94) condition as-
sessment for 33 structural items ( foundations, piers, columns, abutments, wing walls, retain-
ing walls, bearings, main beams, diaphragms, waterproofing, expansion joints, etc…) is 
made in terms of estimated costs of repair, extent, severity, work and priority. The estimated 
cost of repair is a rough guide to the cost involved.  

Four categories of extent are possible: 

A- No significant defect 

B- Slight, not more than 5 % of length or area affected 

C- Moderate, 5 to 20 % affected 

D- Extensive, more than 20 % affected 

 

Four possibilities are expressed for severity: 
1- No significant defects 

2- Minor defects of a non-urgent nature 

3- Defects which shall be included for attention within the next annual maintenance pro-
gramme 
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4- Severe defects where urgent action is needed 

 

The possibilities for recommended work are as follows: 

A- Add (new items to be provided, e.g. waterprooging ) 

B- Item present but not inspected 

C- Change (e.g. replacement of a defective bearing or parapet) 

P- Paint 

N- No action at present, monitor only 

R- Repair/maintain (repair to concrete, clean grease, rod, etc…) 

S- Silane impregnation 

 

In the case when actual work is not recommended, the following investigation codes are 
used: 

1.- Alkali-Silica reaction 

2.- Chloride contamination 

3.- Carbonation 

4.- Corrosion of reinforcement/prestressing cables 

5.- Structural steel paintwork 

6.- Accidental damage 

7.- Spalling of masonry, brick or concrete 

8.- Chloride ion levels in reinforced concrete decks before waterproofing or on re-
waterproofing 

 

The priority can be: 

H- High, work should be done during the next financial year to ensure the safety of the 
public or safeguard structural integrity or avoid a high cost penalty 

M- Medium, work should be done during the next financial year; postponement carries 
some cost penalty 

L- Low, work should be done within the next two financial years 

There are some combinations that are not allowed as input. For instance A2, A for extent ( 
no significant defect) is inconsistent with 2 for severity ( minor defects of a non-urgent na-
ture). 

Finally, based on the report, the inspector should give an overall assessment of the condi-
tion. The possibilities are G for good, F for fair and P for poor. This should not take into ac-
count factors such as age. 

An specific procedure is defined for post-tensioned structures. Existing post-tensioned 
bridges are to be examined by special inspection over a five year period. The method for 
determining inspection priorities and to ensure a degree of uniformity of bridge ranking 
throughout the road network was developed. The so called Total Assessment rating TA is 
evaluated with the help of six different ratings, which are: Age of bridge rating Ra, Bridge form 
rating Rf, Vulnerable detail rating Rd, Traffic volume assessment rating Rv (24 hour annual 
average daily traffic) and Ru(annual average daily flow below or adjacent to bridge) and 



Sustainable Bridges                                 SB-3.2                                                       2007-11-30 27 (63) 

 

Route importance rating Ri. The values for each rating are given in tables. A value between 1 
and 5 shall be assigned to Age of bridge rating Ra, which depends on the year of bridge con-
struction. A bridge form rating has values 1, 3, 4 or 5 and it depends on the type of construc-
tion. Vulnerable detail rating Rd shall be assigned value between 1 and 5 and it depends on 
number of vulnerable details (few -1, many - 5). Traffic volume assessment rating Rv and Ru 
shall be assigned values between 1 (up to 20000 vpd) and 5 (over 80000 vpd), depends on 
the daily traffic flow in number of vehicles per day. The value for Route importance factor RI 
lies between 0 and 5 (strategic importance of the route). Total assessment rating TA is calcu-
lated by the following expression: 

 

                                TA = 4 × Ra + 2 × Rf + Rd + Rv + Ru + Ri  

 

The value of TA will have a value between 8 and 50. The priority rating PR is determined on 
basis of the rating TA and is shown in table 12 

Bridges, which got the priority rating 1 should be inspected first and those with 5 last. In spe-
cial cases a bridge is automatically assigned a priority rating of 1 (e.g., immediate concern 
for public safety,…). 

Table 12.- Priority Rating PR for post-tensioned bridges – United Kingdom 
Total assessment rating TA  Priority rating PR 

43 - 50 1 

36 - 42 2 

29 - 35 3 

22 - 28 4 

8 – 21 5 

6.2.12 United States 
During the inspection, the overall condition rating is assigned for 3 major components: deck, 
superstructure and substructure. Each one of these components is divided into elements: 
wearing surface, curbs, parapets, expansion joints, drainage systems,… for the deck, gird-
ers, trusses, arches, cables, bearings, welds,… for the superstructure, abutments, piers, 
bents, cap,… for substructure. 

A descriptive condition rating in terms of good/fair/poor/not applicable is given by the inspec-
tor for each element of the component, based on the deficiencies found on the individual 
element. For each element of the component the type, extent, quantity and severity of dete-
rioration and deficiencies must be described. Description of condition ratings for elements is 
given in table 13 

Table 13.-: Descriptive Condition Rating R for elements – United States 
Condition rating Description  

Good  Element is limited to only minor problems 

Fair  Structural capacity of element is not affected by minor deterioration , 
section loss, spalling, cracking or other deficiency 

Poor  Structural capacity of element is affected or jeopardized by advanced 
deterioration, section loss, spalling, cracking or other deficiency 
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The numerical condition rating of the component should characterize the general condition of 
the entire component. In the table 14, the condition ratings for the component are given.  

Table 14.- Numerical Rating R for components – United States 
Condition rating Description  

N Not applicable 

9 Excellent condition 

8 Very good condition - no problems noted 

7 Good condition - some minor problems 

6 Satisfactory condition - structural elements show some minor deterio-
ration  

5 Fair condition - all primary structural elements are sound but may 
have minor section loss, cracking, spalling, or scour 

4 Poor condition - advanced section loss, deterioration, spalling, or 
scour 

3 Serious condition - loss of section, deterioration, spalling or scour 
have seriously affected primary structural elements. Local failures are 
possible. Fatigue cracks in steel or shear cracks in concrete may be 
present. 

2 Critical condition - advanced deterioration of primary structural ele-
ments. Fatigue cracks in steel or shear cracks in concrete may be 
present or scour may have removed substructure support. Unless 
closely monitored it may be necessary to close the bridge until correc-
tive action is taken. 

1 Imminent failure condition - major deterioration or section loss present 
in critical structural components, or obvious vertical or horizontal 
movement affecting structure stability. Bridge is closed to traffic but 
corrective action may put bridge back in light service. 

0 Failed condition - out of service; beyond corrective action. 

 

The rating values in table 14 are very subjective. The inspector visits the site and looks at 
every component of the bridge and gives an assessment value between 0 and 9 for the 
whole structure, not having a rule to take into account, for instance, more damaged elements 
in a bridge that is in very good shape in the rest. The inspectors go through some training 
and certification by the State in order to create some uniformity in their judgements, but there 
are no objective ways to determine the rating values.  The ratings provide information on the 
severity of a condition but do not identify or quantify the extent of the problem. For this rea-
son, this rating has a limited value in determining maintenance and rehabilitation needs. 

The important aspect of the USA methodology is that based on the values of the rating factor 
a direct assessment of the remaining resistance capacity for load rating purposes can be 
made. In fact, in the Load and Resistance Factor  Rating Method (AASHTO, 2003), the con-
dition factor ( factor multiplying the nominal resistance)  is linked to the condition rating as 
defined in the NBI (National Bridge Inventory) according to the values in table 14 (see tables 
15 and 16 extracted from AASHTO 2003). 
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Table 15.- Approximate conversion in selecting the condition factor 
Superestructure condition rating (SI & A Item 59) Equivalent member structural condition 

6 or higher Good or satisfactory 

5 Fair  

4 or lower Poor 

 

Table 16.- Condition factor from condition member 
Structural condition of member Condition factor 

Good or satisfactory 1.00 

Fair 0.95 

Poor 0.85 

 

The condition factor relates to possible further section losses prior to the next inspection and 
evaluation. If section properties are obtained accurately, by actual field measurement of 
losses, the values in table 16 may be increased by 0.05, provided the resultant condition 
factor is less than 1. The factor accounts for member deterioration due to natural causes. 
Damage caused by accidents is not considered. 

 

6.3 Railways 

6.3.1 Austria 
As reported in the answers to questionnaire in WP1, a code for condition rating of railway 
bridges is available in this country. However, the information has not been made available 
yet 

6.3.2 Czech Republic 
As reported in the answers to questionnaire in WP1, a code for condition rating of railway 
bridges is available in this country (CSN 73 6221). The code is used for both highway and 
railway bridges. However, the information has not been made available yet 

6.3.3 Denmark 
As reported in the answers to questionnaire in WP1, a code for condition rating of railway 
bridges is available in this country. However, the information has not been made available 
yet 

6.3.4 France 
SNCF is using an interim document   ”Cotation des ouvrages d´art” (SNCF 1996). The objec-
tives of the condition assessment as presented in the document are: 1) To have an indicator 
of the actual state of the bridge and measure its evolution, 2) To obtain in an statistical way  
the degradation by bridge type and 3) To allocate the national and regional budgets for main-
tenance. The rating method consists on the preparation of an inspection record of each 
bridge based on a predefined catalogue of damages and is very similar to the method used 
for highway bridges in France. The catalogue of damages depends on the bridge type and 
components and the following are identified: 
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- Foundations in water 

- Retaining walls 

- Small bridges under tracks 

- Arch bridges with detailed inspection 

- Abutments and piers of non arched bridges 

- Metallic decks 

- Composite decks 

- Beam embedded decks 

- Concrete decks 

- Tunnels 

The bridge record is composed of two parts: A ( Actual bridge condition )  and B (Parameters 
of condition evolution with time). Part A is a physical constant of the different pathologies 
affecting the bridge. For each reported damage,  a code is defined and therefore the part A 
of the inspection report is a “quinquennial picture” of the bridge condition. The bridge is di-
vided into the following components: 

- aquatic foundations 

- superstructure: masonry, concrete portal frame, other structures 

 

For instance, in the case of concrete bridges, the damages are codified by one letter followed 
by two numbers. The letter indicates the type of damage ( A= general deformations, D= steel 
corrosion, G= cracking,….). The numbers give and indication of the qualification and quantifi-
cation of the damage 

The non-structural parts and equipment ( parapets, barriers, etc.. ) are not considered in the 
evaluation of the condition.  Finally an existing computer-based technique assigns a condi-
tion number to each component of the bridge based on the codes of the catalogues, and a 
global condition rating is obtained by the assembling of the different numbers assigned to the 
components.   

Because of confidentiality reasons by the railway administration not all documents have been 
made available and only some extracted parts of them could be examinated and evaluated. 
For this reason, the way how the condition number is calculated from the inspection reports 
is unknown to us.  

6.3.5 Germany 
The inspection procedure and condition rating used by Deutsche Bahn is contained in two 
main codes (Richtlinie 804.8001 and 804.8002). The first  deals with the general principles 
and the second applies specifically to railway bridges. According to 804.8001, the inspec-
tions are limited to the easily accessible areas and the damages affecting to safety, durability 
and strength must be recorded. In annex 5 of 804.8001 is defined the format used for the 
inspection and diagnosis of general works whereas in the annex 4 the same is defined for 
bridges. In this case, the diagnosis is performed using the software tool “ BauSysControl”.  

Acoording to annex 5, the condition of the different elements completing the civil work is de-
fined in terms of risk, damage category and state category. The risk refers to the construc-
tion damages that may affect safety at the present or may affect it in the next future and 3 
levels are considered: SS (structural risk, danger concerning strength of the construction or 
large part of it), BS ( risk related to the use of the construction) and VS ( risk related to traf-
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fic). The damage categories relate to the severity and intensity of damage and are as fol-
lows: 

 

S0 = damages only to be documented ( no problem at all in the present time) 

S1= low level damage 

S2= Medium level damage 

S3= Important damage 

S4= Total damage.  

The defined state categories are related to the evolution of damage until when safety prob-
lems appear. The changes in the state of the structure are divided in 4 types named “state 
categories” and are: 

Z1= local damages in a part of the construction not affecting safety. The prospective mainte-
nance works depend on the efficiency of the allocated resources (considering a remaining 
structural life over 30 years) 

Z2= significant damage in a part of the construction not affecting safety. The prospective 
maintenance works depend on the efficiency of the allocated resources (considering a re-
maining structural live over 18 years)   

Z3= Large damage in a part of the construction not affecting safety. Repairs are still possible 
but depend on the efficiency of the allocated resources 

Z4= Important damage in a part of the construction. Repair is not possible so far 

 

The diagnosis of the condition of the structure is carried out on the basis of the data gathered 
according to annex 4. To help in this, the software BauSysControl is used. This software is 
more a data base for the bridges corresponding to a specific railway line and is used to help 
in the organization of the inspections and the statistical control on the state of the bridges. 
However, there is not indication how from the results of the inspections, the program per-
forms an evaluation of the condition rating of the bridge based on some equation or algo-
rithm.  

In the case of bridges, Richtlinie 804.8002 specifies the components that should be in-
spected ( deck, piers, abutments, bearings, joints, anchorages, etc…). The condition as-
sessment of the bridge is based on the following items: 

 

1.- List of damages 

 Indicating damages with and without safety concern 

 Implication to safety (structural, use and traffic) 

 If damages may affect the structural safety, the last must be checked ( annex 4 of       
804.8001) 

 Damage classification in the range S0 to S4 

2.- Definition of the actual state category and prognosis for the future 

3.- If necessary, maintenance and repair measures for each element  
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6.3.6 Hungary 
As reported in the answers to questionnaire in WP1, a code for condition rating of railway 
bridges is under development and at an experimental stage at this time.  The structure of the 
rating system in progress is the following: 

1.- Bridge type – structural elements – defect types 

Determination of system and connection between elements: forming a 23x169x125 spatial 
matrix. 

- Bridge types: 23 
- Main structural elements (groups): 6 
- Basic structural elements: 169 
- Defect types: 125 

 

Each defect type is associated with a repair method and the related costs. 

 

2.- Condition marking and rating of bridges 

Each defect type is classified by the following two marks: 

 M: Condition category (1-5)  

 V: Seriousness category (1-4) 

 

These categories are given to each structural element. 

The condition mark of main structural elements is calculated by the weighted marks given to 
each basic structural element. 

The integrated Bridge Rating Number is calculated from the condition marks given to the 
main structural elements and combined with other factors such as the age of bridge, load 
carrying capacity, line importance, virtual maintenance demand factor, etc. 

 

The  rating system is specifically developed for its integration in a Bridge Management Sys-
tem under development in MAV. 

6.3.7 Ireland 
As reported in the answers to questionnaire in WP1, a code for condition rating of railway 
bridges is available in this country. However, the information has not been made available 
yet 

6.3.8 Italy 
As reported in the answers to questionnaire in WP1, a code for condition rating of railway 
bridges is available in this country. However, the information has not been made available 
yet 

6.3.9 Poland 
System of evaluation of the railway bridge condition applied by the Polish State Railways 
(PKP) is presented in Table 17 
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Table 17.- Condition rating in Poland  

Type of inspection Evaluation of bridge condition 

1 2 

Current inspection Only serious damages which can be dangerous for bridge safety are 
recorded and reported. 

Basic inspection 

Condition of each main component of the bridge is evaluated sepa-
rately (each support, main girders of each span, deck of each span, 
bearings of each span). 

Condition rating is based on the detected damages and experience of 
the bridge inspector. The following scale is applied: 
5 - excellent condition (as designed), 
4 - good condition, 
3 - sufficient condition, 
2 - non-satisfactory condition, 
1 - dangerous condition, 
0 - dysfunction of the bridge component. 

Detailed inspection 
The same scale of the condition rating is used as during the basic 
inspection. All main components of the structure are evaluated by 
team of bridge inspectors, taking into account the detected damages 
and results of the tests. 

Special inspection 
Form of the condition evaluation is individually selected by the execu-
tor of the inspection and depends on the defined goals of the special 
inspection. 

 

6.3.10 Slovakia 
As reported in the answers to questionnaire in WP1, a code for condition rating of railway 
bridges is available in this country. However, the information has not been made available 
yet. 

6.3.11 Slovenia 
A code or standard for railway bridge condition evaluation does not exist. The same non-
official recommendation used as interim guidance for highway structures is also applied to 
the condition assessment of railway bridges. Therefore we refer to the explanation in 5.2.7 
regarding the condition rating for railway bridges in Slovenia. 

6.3.12 Sweden 
According to the reply to the questionnaire issued in WP1, the Swedish railway administra-
tion (Banverket) is using the same inspection manual than the highway administration and 
therefore we refer to the explanation in 5.2.9 regarding the condition rating for railway 
bridges in Sweden. 

6.3.13 United Kingdom 
The objective of the document is the explanation of the steps necessary to finally evaluate 
the so-called Structures Condition Marking Index (SCMI), providing a quantitative condi-
tion mark for each bridge that undergoes a detailed examination. This condition mark re-
places the old system of coarsely grading structure condition into Poor/Fair/Good by marking 
the structure on a scale of 0 – 100, where 100 indicates a bridge in “perfect” condition. This 
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quantitative score between 0 and 100 reflects the condition of the visible parts of a structure 
determined by detailed visual examination.  It is not a safety index and does not reflect struc-
tural adequacy. The marking system has been designed by Railtrack as a high level asset 
management tool in order to measure and demonstrate the change in condition of their 
bridge stock with time. 

For the purpose of the SCMI, each bridge is subdivided into major elements (either decks, 
end supports or intermediate supports).  These major elements are further sub divided into 
minor elements. The major and minor elements are identified and recorded using an unam-
biguous labelling system described in the document.  Minor elements are identified either 
individually, in which case they are marked individually, or in groups of elements of the same 
type which are marked collectively (see tables 1 and 2). 

 

Minor Element 
Type 

Code Marked Indi-
vidually or 

Collectively

Comments 

Abutment ABT I  

Wing Wall WWL I  

Pier/Trestle PRT I  

Col-
umn/Cylinders 

COL I  

Barrel Arch BAR I Masonry barrel arches are identified and 
marked as masonry.  Heavily skewed 
arches and some other arch bridges may 
comprise several arch barrels.  Each barrel 
arch should be individually labelled and 
marked. Mass concrete barrel arches and 
masonry barrel arches lined with concrete 
(mass or reinforced) for strengthening are 
also identified and marked as masonry.  

Longitudinal 
Main 
Beam/Girder 
(EXPOSED) 

MGE I A longitudinal main girder/beam spanning 
between the abutments/piers/columns.  
The outer two beams on any deck (i.e. 
most exposed) are classified as MGE.   

Longitudinal 
Main 
Beam/Girder 
(INNER) 

MGI I Any longitudinal main girder/beam span-
ning between the supports excluding the 
two edge beams is identified as MGI and 
marked individually.  Longitudinal trough-
ing or a concrete slab, spanning between 
supports should be labelled and marked as 
an MGI.   

Face 
Rings/Voussoirs 

FRV I Each set of face rings should be identified 
and marked individually.  (2 sets of face 
rings per masonry arch). Heavily skewed 
arch bridges and some other arch bridges 
may comprise several arches each with 
own face rings which may be exposed to 
varying extents.  Each set of face rings 
should be individually identified and 
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Minor Element 
Type 

Code Marked Indi-
vidually or 

Collectively

Comments 

marked. 

Spandrel Wall SPW I Each spandrel wall should be identified 
and marked individually.   

Parapet PPT I Each parapet should be identified and 
marked individually.  Note that pilasters 
are not SCMI marked unless they are con-
tinuous with a masonry parapet, but their 
condition should be reported under miscel-
laneous items, see table 3. 

 

Table 1.- Minor elements of a bridge which should be condition marked individually 
 

 
 

Minor Element 
Type 

Code Marked Indi-
vidually or 

Collectively

Comments 

Padstone/Cills 

(Bedstone) 

PCL C Each line of padstone / cills on a support 
should be marked collectively.   

Bearings BGL C A line of bearings under one end of a deck 
should be marked collectively.  Where one 
line of bearings supports the ends of two 
decks, it should be labelled with the deck 
with lowest Major Element number.   

Longitudinal Sec-
ondary Element 
Exposed 

LSE C A longitudinal secondary element, for exam-
ple a beam supporting a parapet at the ex-
posed edge of a deck.  Note that only ex-
posed longitudinal secondary elements are 
identified as LSE.  If there is doubt as to 
whether the element does carry live load, it 
should be identified as a main beam/girder.   

Longitudinal Sec-
ondary Element 
Inner 

LSI C A longitudinal secondary element, for exam-
ple railbearers – excluding any LSEs. 

Transverse 
Beam/Girder End 

XGE C A transverse member located at the support 
end of a deck.  Typically a trimmer beam, 
but includes all those associated with abut-
ments Not always present.   

Transverse 
Beam/Girder In-
ner 

XGI C All transverse members within a sub-deck, 
excluding the XGEs above are marked col-
lectively.  
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Minor Element 
Type 

Code Marked Indi-
vidually or 

Collectively

Comments 

Bracing BRG C All bracing including diaphragms, within a 
sub-deck or a support should be marked 
collectively.  Should bracing span between 
sub-decks it should be labelled with the low-
est sub-deck number.   

Decking/Deck 
Plate/Deck 
Slab/Jack 
Arches. 

DCK C This covers all deck types supported by 
beams.   

Introduced 
Strengthening  

INS C Note the type, number and location of all 
introduced strengthening.  This should in-
clude, but is not limited to, Pattress Plates 
with Ties, Anchors, Banding, Strap-
ping/Lagging, Propping, Shoring and But-
tresses not included in the original construc-
tion.  Note Mass concrete, reinforced con-
crete or metal linings / arches used to 
strengthen masonry arches are marked as 
either masonry or metal barrel arches 
(BAR).   

 

Table 2.-  Minor elements of a bridge which should be condition marked collectively 
 

In addition to the above there are additional features or miscellaneous items (see table 3) 
which are not SCMI scored but which are required to be reported upon during the course of a 
detailed examination. 

 

 

 

Item Present 
 Y or N 

Comments 

Walkways and Ladders   

Handrails   

Track Longitudinal Timbers 
and Fixings 

 Track Longitudinal Timbers are those to 
which the rail is directly fastened. 

Coping Stones  Note separation from masonry in com-
ments 

Pilasters  Unless continuous with a masonry para-
pet 

Approach Embankment   

Road Surface   



Sustainable Bridges                                 SB-3.2                                                       2007-11-30 37 (63) 

 

Item Present 
 Y or N 

Comments 

Drainage, including gutters 
and down pipes 

  

Vegetation   

Plates and Signs  Report on what is there using a tick box 
for each type (bridge no., limited clear-
ance, track slew, mileage, limited head-
room sign etc) 

Rail Joints   

Continuous welded rails   

Waterproofing   

Inaccessible Parts   E.g. Foundations or filled spans, and 
parts of structure below ground or water 
level. 

Internal Faces of Box Gird-
ers 

  

Lighting   

Cladding  Including non structural linings. 

Ballast Boards   

Bridge Strike Protection  Including scuff plates. 

Pigeon Netting   

Hoarding   

Tell Tales   

Plumbing points   

Viewed under load   

Change of Construction   

Other   

 

Table 3.- Miscellaneous items to be reported upon but not SCMI scored 
All elements are tabulated and their constituent material recorded.  Four materials are con-
sidered (masonry, metal, concrete or timber) .The elements are condition marked according 
to the severity and extent of their worst visible defects. The material type determines the 
marking.  There are six sets of severity/extent (S/ex) codes: Concrete, Timber, Masonry, 
Cracked Masonry, Metal and Coatings to Metal. 

Minor elements which are to be marked collectively, should be marked against their two most 
severe defects.  The extent of the reported defect on collectively marked elements is typically 
measured as a percentage.   

For concrete and timber, the most severe defect is determined first and the extent of the de-
fect is determined, (S/ex1).  The second most severe defect is then identified and the extent 
of that defect determined, (S/ex2). 
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For metal and masonry the same marking procedure as above is carried out to determine 
S/ex1 and S/ex2.  In addition, the condition of any coating on the metal and any cracking of 
the masonry is reported by further marking: 

Coating to metal - S/ex1 and S/ex2 
Cracked Masonry - S/ex1 and S/ex2 

Therefore by material type, Concrete and Timber elements have two markings each whilst 
Metal and Masonry have four each. 

The severity is indicated by letter and the extent by a number. For instance, in the case of 
metal elements, the definitions in table 4 apply. 

 

 

 Is section thickness measurable? 
Severity No 

Use this column 
Yes 

Use this column 
A No visible defects to metal No visible defects to metal 
B Corrosion < 1mm deep Corrosion depth< 5% of section thick-

ness 
C Corrosion 1mm up to 5mm deep Corrosion depth 5% up to 25% of section 

thickness 
D Corrosion > 5mm up to 10mm 

deep 
Corrosion depth > 25% up to 50% of sec-
tion thickness. 

E Corrosion > 10mm but not 
through section 

Corrosion depth > 50% and < 100% of 
section thickness 

F Corrosion to full thickness of 
section 

Corrosion to full thickness of section 

G Tear / fracture / buckling / per-
manent deformation / cracked 
welds / fire damage 
Mark worst extent 

Tear / fracture / buckling / permanent 
deformation / cracked welds /fire dam-
age. Mark condition that has worst ex-
tent. 

 

Note: Severity G relates to a severe condition that would normally merit a photograph and a 
written description.  

 

 

Extent Definition 
1 No visible defects 
2 Localised defect due to local circumstances (such as isolated  damage 

caused by bridge strike and water leakage) 
3 Defect occupies < 5% of surface of the element 
4 Defect occupies 5% up to 10% of the surface of the element 
5 Defect occupies >10% up to 50% of the surface of the element 
6 Defect occupies > 50% of the surface of the element 

Note: All defect extents relate to the visible surface of the element. 

Table 4.- Severity and extent codes for metal 
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If no notable “second” defects exist, then the second mark should always be A1 

The condition of each element is recorded as alpha/numeric codes on the detailed SCMI 
examination report form.  On receipt of this form, in electronic format, these codes are 
downloaded into a database where an algorithm calculates the SCMI for the structure, taking 
into account the numbers and types of elements and their significance to the structure. No 
indication is made in the document on how to calculate the SCMI from the alphanumeric data 
contained in the reports. 

In summary, the Structure Condition Index is derived as a result of non-judgmental recording 
of defects by the bridge examiners.  It provides a consistent and quantitative indication 
of the visible condition of the structure.  It is not an indication of structural adequacy 
or safety.  
Special attention is given in this document to masonry and masonry cracked elements. It is a 
very good guidance document for masonry structures, which are the most present in the 
European railway stock.  
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7 Critical review of existing condition assessment meth-
ods 

A review of methods for condition assessment of bridges actually in use in Europe and the 
United States showed that there are basically two approaches to the evaluation of the condi-
tion of the whole structure based on the condition assessment of its elements: 

The first one is based on a 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. This is the case of coun-
tries like Austria and Slovenia which have very similar procedures.  

The second method uses the highest condition rating of the bridge components as the condi-
tion rating for the structure itself. Results for the bridge stock gives the number of structures 
in each class and direct comparison among structures is not possible. In this group we may 
identify the following countries: Denmark, France, and Spain. For instance, in France, the 
class assigned to an element depends on the highest rating given for all the defects it pos-
sesses and the condition class of the bridge is the lowest class ascribed to anyone of its 
components.  In Spain, the condition mark of an element is the maximum condition mark of 
its damages. The condition index of the bridge is the maximum of all condition indexes of all 
elements of the bridge weighted to take into account the level of importance of the elements.   

However, some drawbacks of these procedures have lead to the proposal (not yet imple-
mented) of defining the condition rating as a ratio between the evaluated and a predefined 
reference condition. As commented in the case of Slovenia, the proposal is to calculate the 
condition rating as the ratio between the sum of detected damage values to the extreme 
possible sum of damage values which can be obtained for a structure or its component by 
taking into account all potential damage types, and by supposing always the highest possible 
intensity and extent of a damage type on the structural member 

A clear division also exists between methods that are purely subjective, those based on sim-
ple scoring, by assigning a number of deficiency points to the inspected structural member, 
in compliance with the rules adopted for the classification and evaluation of damage, and 
those where the final condition rating is obtained via a calculation where the rating of a set of 
selected essential damage types is done based on the report by the inspector. In those 
methods where a quantitative value is obtained based on results of inspection, such inspec-
tion must record at least: 

- The type of damage and its effect on the safety and/or durability of the affected mem-
ber 

- Effect of the affected structural member on the safety and/or durability of the whole 
structure 

- Extent of the damage 

- Intensity of the damage 

 

Another solution for the condition assessment is to put structures in different qualitative con-
dition classes (3 to 5) such as very good, good, satisfactory, bad and very bad. 

Most methods divide the whole bridge in several parts or components and these components 
into elements. In some cases (UK, USA) there is no clear or objective indication how to pass 
from the condition of the individual elements to the global condition rating of the bridge and 
this is made by the engineering judgement of the inspector. In Germany, a new methodology 
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has been proposed to overcome this difficulty, still present in its current Code for condition 
rating.  

Some of the most elaborated methods for calculation of condition rating have been devel-
oped in Slovenia  (CEB 1998) and Germany. In UK, due to the safety concerns detected in 
post-tensioned bridges, an specific condition rating method for post-tensioned concrete brid-
ges exists. In USA, there is not a condition rating for the whole bridge, and is only available 
for the components (deck, superestructure, substructure) and the elements which form part 
of these components ( joints, bearings, drainage systems, piers,...). No indication how to 
pass from condition rating of the elements to the corresponding components is available too. 

Most of the methods have only into account technical valuations concerning the damages 
detected, their intensity and urgency of intervention and others also take into consideration 
economic aspects such the cost of failure and the replacement value. The last is the case of 
the Health Index developed in California. The cases where the economic aspects are con-
sidered are more suitable for bridge management aspects (optimum allocation of mainte-
nance and rehabilitation resources), whereas in the other cases the only information pro-
vided is a ranking of the bridges regarding their condition but not taking into account the re-
sources necessary for an optimum maintenance. In the first case, the bridge is ranked at-
tending to its future management. In the second, the ranking is more suited for an indication 
of the remaining capacity.  

Regarding the railway bridges, it is clear from the results of the survey performed within WP1 
that most respondents have documents explaining inspections and examination, some have 
documents on condition ranking and very few have documents on capacity assessment.  

 

 



Sustainable Bridges                                 SB-3.2                                                       2007-11-30 42 (63) 

 

8 Conclusions 

Condition rating is a measure of the bridge condition that, at least, should be and indicator 
valid for: 

- primary ranking to screen the most deteriorated bridges 

- to obtain the capacity reduction factor for use in the capacity assessment of the bridge. This 
is the case in USA and Slovenia. In the first case, the condition rating is automatically trans-
lated, via a table, to the corresponding reduction factor. In the case of Slovenia, the proce-
dure is more elaborated, since from the condition rating the deterioration factor is first calcu-
lated and afterwards included in the expression for the calculation of the reduction factor 
jointly with the target value of the minimum acceptable safety level. 

- assessing the tendencies of deterioration processes and providing rough estimation of the 
expected service life using the condition rating calculated at successive time intervals. 

In some particular cases (see the Health Index used in California), the condition rating in-
cludes also economical issues and in this case is also an indicator to be used for the opti-
mum management of the bridge stock.  

As seen, although the procedures for assessing the bridge condition and calculating the con-
dition rating differ among themselves from country to country, the basic steps to reach the 
final result are always very similar and may be summarized as follows:  

1.- Supervision of the bridge by inspection. Three levels of inspection are recognized as nec-
essary: superficial, general and major inspection. As reported in the results of WP1 of this 
project, all railway administrations perform a visual examination every year, an a more de-
tailed inspection with an interval varying from 3 to 12 years, being the most common 5 or 6 
yearly. 

2.- Calculation of the bridge condition based on rating of essential bridge elements or on the 
cumulative evaluation of detected damage types. In the case where a quantitative assess-
ment is done, the calculation must consider the nature and cause of the damage and the 
intensity and extent of each damage type. 

 

In summary, the following condition rating procedures have been identified from the review 
carried out: 

1.- Subjective methods: The calculation of the bridge condition rate is obtained from the 
condition of its elements and components in a subjective way according to the inspector´s 
judgement. This is the case of UK, USA, Germany (actual code) and Norway 

2.- Objective methods: The calculation of the bridge condition is based in an objective way 
(normally expressed by a rating equation) on the condition of the bridge elements and com-
ponents. In this group several possibilities have been detected: 

2.1.- The most severe damage on each element is summed for each span of the superstruc-
ture, each part of the substructure, the carriage way and accessories. This is the case of 
Austria and Slovenia 

2.2.-  The highest or lowest (depending on the measuring scale) condition rating of the bridge 
components is assumed as the condition rating for the structure itself. This is the case of 
Denmark, France, Spain and Germany (proposal) 

2.3.- A mix between 2.1 and 2.2, where depending on the condition rate of the most impor-
tant elements a condition rate for the bridge is decided according also to the weighted sum of 
the rest of elements. This is the case of Sweden.   
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In the case of condition assessment systems specific of railway administrations we have 
seen a clear correlation between the methods used in France and UK. The main difference is 
that in France all defects are considered, whereas in UK only the two most important are 
considered. Other difference is that in France the damages are classified by bridge type, 
whereas in UK the classification is done by material type. 

Taking into consideration that the objective of the project “Sustainable bridges” is the in-
crease of axle-loads and speed in the network of European bridges, and that this possibility 
must be always linked to a load capacity and safety assessment process of all bridges in an 
specific line, it is important to as soon as possible identify the most critical bridges in the line. 
This can be done via a condition assessment of all bridges in the line as far as the condition 
rating procedures are the same independently of the country considered. Otherwise, the 
comparison between bridges in the network and their prioritization for repair and/or strength-
ening works is not possible. Because the variability in loading from country to country will be 
not highly significant once the decision of increasing load or speed would be taken, the con-
dition rate alone can be a useful tool in a first step to decide on further investigations on load 
capacity or strengthening measures. The harmonization of the different condition assess-
ment methods used in various countries to rank the condition of bridges in different countries 
on the same basis may derive into an European condition assessment guideline.   

Concerning the proposed format of a guideline on condition assessment of railway bridges, it 
is considered that the minimum list of contents will be: 

 

1.- Rating of individual bridge 

 1.1.- Division of the bridge into components ( deck, piers, abutments,…) and elements ( 
main girder, cross beams, wing wall,….) 

 1.2.- Identification (labelling) of the elements 

 1.3.- Damage description. Catalogue of damages by severity and extent and subdivided  

      by material type 

 1.4.- Inspection report 

1.5.- Algorithm for calculation of the condition rating from the inspection report taking into                          
account the importance of each element into the bridge 

 

2.- Rating of the bridge according to its importance in the network. This is only necessary in 
the case that the results are used for maintenance and repair prioritization (BMS) and in the 
case of capacity assessment campaigns affecting many bridges in the network, but is not so 
important for the case of safety evaluation of individual bridges.   

It is of great importance a correct calibration of any new bridge rating equation proposed, in 
the sense that if the condition rating is assigned to a general state of conservation of the 
bridge  ( A,B,C,….), different inspectors from different European countries with their respec-
tive inspection backgrounds, will assign the same value. It is also important a calibration 
process in the sense that the application of the new rating procedure can not derive in very 
controversial result compared with the existing national guideline.  

In addition, the already existing inspection data base in all Administrations should be easily 
adapted and used by the new rating system in order to not duplicate a work that has been 
already done by almost all railway administrations. The existing digital or printed records 
from previous inspections should be basis for the new system. To this end, a minimum con-
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tent of the results of those inspections should be defined according to the most relevant in-
spection results gathered by the different participating railway administrations.  Alternatively, 
the procedure can be to define the required algorithms to pass from existing condition rates 
to the new ones. This will be necessary for the administrations that have a condition as-
sessment procedure already implemented. 

The existing condition assessment guidelines are mainly based on the results of a visual 
inspection. The proposal of a new condition rating procedure should include the new inspec-
tion and testing methods developed in the framework of this workpackage as well as the 
most widely used by the European railway administrations, according to the results of the 
survey by WP1 
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General remarks 

This technical report is prepared on the basis of Contract No. TIP3-CT-2003-001653 be-
tween the European Community represented by the Commission of the European Communi-
ties and the Skanska Teknic AB contractor acting as Coordinator of the Consortium. 

Presented report is contribution of Wrocław University of Technology to WP3 “Condition As-
sessment and Inspection”, specifically to deliverable D3.2 “Inventory of Assessment Proce-
dures” according to Annex II to the Consortium Agreement. 
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2         Introduction 

Report summarizes the basic methods of railway bridge testing applied in Poland. According 
to the technical regulations of the Polish State Railways (PKP) [1], [2] selection of the testing 
method depends on the type of bridge inspection. Classification of the railway bridge inspec-
tions in Poland is presented in Table 2.1. 

Table 2.1. Inspections of railway bridge structures in Poland [2] 

No. Name Frequency Executor Type 

1 2 3 4 5 

1. Current inspection 3 months bridge inspector* visual inspection 

2. Basic inspection 1 year bridge inspector* visual inspection
& simple tests 

3. Detailed inspection 5 years division inspector* 
& bridge inspector* 

visual inspection
& advanced tests 

4. Special inspection if any needs consultants& divi-
sion/bridge inspector* 

high-tech tests, 
proof loads, etc. 

* - special certificate is required 
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3     General classification of damages 

In the next chapters of this report the testing methods are presented in connections with the 
most typical damages. The basic types of railway bridge damages are shown in Table 3.1. 

Table 3.1. Basic types of bridge damages, be continued 

No. Damage type Examples 

1 2 3 

1. Deformation 

  

2. Material 
destruction 

 

3. Material discontinuity 

 

 

4. Losses of material 
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Table 3.1. Basic types of bridge damages, continue 

No. Damage type Examples 

1 2 3 

5. Damages of protection 

  

6. Displacement defects 

 

 

7. Contamination 

 

 

For each considered type of damages the following information are presented in the next 
chapters: 

• tested characteristics related to the damage type, 

• applied testing methods, 

• relationship between inspection type and testing method, 

• applicability of each testing method owing to the construction material, 

• practical comments. 
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4     Testing of deformation 

Table 4.1. Method of deformation testing 

Bridge inspection 
concerned Construction concerned 

Damage 
type 

Tested 
characteristic Testing method 
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S
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Comments 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Damage sub-type 
and category Visual assessment           standard procedure 

Visual assessment           standard procedure 

Geodetic methods           standard procedure 

Displacement gauges           rarely used 

Deformation 

Change of shape 

Strain measurements           rarely used 
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5    Testing of material destruction 

Table 5.1. Methods of material destruction testing 

Bridge inspection 
concerned Construction concerned 

Damage 
type 

Tested 
characteristic Testing method 
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Comments 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Damage sub-type 
and category Visual assessment           standard procedure 

Surface condition Visual assessment           standard procedure 

Uncover + measurement           standard procedure 

Ultrasonic test           rarely used 

„Impact-Echo” method           rarely used 

Endoscopy test           standard procedure 

Radiographic test           rarely used 

Electromagnetic test           standard procedure 

Radar test           pilot implementations 

Material 
destruction 

Internal damages 
of the material 

structure 

Acoustic emission measurement           rarely used 
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Table 5.1. Methods of material destruction testing, continued 

Bridge inspection 
concerned Construction concerned 

Damage 
type 

Tested 
characteristic Testing method 

C
ur

re
nt

 
in

sp
ec

tio
n 

Ba
si

c 
in

sp
ec

tio
n 

D
et

ai
le

d 
in

sp
ec

tio
n 

S
pe

ci
al

 in
-

sp
ec

tio
n 

Br
ic

ks
 

S
to

ne
 

P
la

in
 

co
nc

re
te

 
R

ei
nf

or
ce

d 
co

nc
re

te
 

P
re

st
re

ss
ed

 
co

nc
re

te
 

S
te

el
 

Comments 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Visual assessment           standard procedure 

Cut-out specimen test           standard procedure 

Pull-out method           standard procedure 

Pull-off method           standard procedure 

Strength 
of material 

Sclerometric tests           standard procedure 

Absorbability Cut-out specimen test           standard procedure 

Freeze resistance Cut-out specimen test           standard procedure 

Carbonatization Chemical tests           standard procedure 

Material 
destruction 

Chemical 
constitution Test of pollution           standard procedure 



Sustainable Bridges SB-3.2 2004-03-15 55 (63) 

 

6    Testing of material discontinuity 

Table 6.1. Methods of material discontinuity testing 

Bridge inspection 
concerned Construction concerned 

Damage 
type 

Tested 
characteristic Testing method 
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Comments 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Damage sub-type 
and category Visual assessment           standard procedure 

Direct measurement           standard procedure 

Dye penetrant           pilot implementations 

Magnetic particles           pilot implementations 

Ultrasonic test           rarely used 

Radiographic test           pilot implementations 

Radar test           pilot implementations 

Material 
discontinuity Crack width and 

length 

Acoustic emission measurement           pilot implementations 
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7      Testing of losses of material 

Table 7.1. Methods of material losses testing 

Bridge inspection 
concerned Construction concerned 

Damage 
type 

Tested 
characteristic Testing method 
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Comments 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Damage sub-type 
and category Visual assessment           standard procedure 

Visual assessment           standard procedure 

Direct measurement           standard procedure 

Losses 
of material 

Losses size 

Endoscopy test           standard procedure 
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8      Testing of damages of protection 

Table 8.1. Methods of protection damages testing 

Bridge inspection 
concerned Construction concerned 

Damage 
type 

Tested 
characteristic Testing method 
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Comments 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Damage sub-type 
and category Visual assessment           standard procedure 

Visual assessment           standard procedure Protection coat 
condition 

Mechanical properties           standard procedure 

Damage range Direct measurement           standard procedure 

Uncover + measurement           standard procedure 

Electromagnetic test           standard procedure Coat thickness 

Ultrasonic test           standard procedure 

Carbonatization Chemical test           standard procedure 

Damages 
of protection 

Chemical consti-
tution Test of pollution           standard procedure 
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10 Testing of displacement defects 

Table 9.1. Methods of displacement defects testing 

Bridge inspection 
concerned Construction concerned 

Damage 
type 

Tested 
characteristic Testing method 
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Comments 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Damage sub-type 
and category Visual assessment           standard procedure 

Visual assessment           standard procedure 

Geodetic methods           standard procedure 
Permanent 

displacement 

Displacement gauges           rarely used 

Visual assessment           standard procedure 

Displacement 
defects 

Displacement 
limitations Displacement gauges           rarely used 
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11 Testing of contamination 

Table 10.1. Methods of contamination testing 

Bridge inspection 
concerned Construction concerned 

Damage 
type 

Tested 
characteristic Testing method 
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Comments 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Damage sub-type 
and category Visual assessment           standard procedure 

Contamination

Damage range Direct measurement           standard procedure 
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12 Special testing methods 

Table 11.1. Special tests of railway bridge structures in Poland 

Bridge inspection 
concerned Construction concerned 

Loading method Testing method 
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Comments 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Static load tests Locomotives           standard procedure 

Locomotives           standard procedure Dynamic load 
tests Normal trains           rarely used 

Vibration tests Exciters           pilot implementations
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13 Evaluation of bridge technical condition 

Evaluation of the bridge technical condition is based on the inspection results. Precision of 
the condition evaluation depends on the type of the inspection. 

System of evaluation of the railway bridge condition applied by the Polish State Railways 
(PKP) [2] is presented in Table 12.1. 

Table 12.1.  

Type of inspection Evaluation of bridge condition 

1 2 

Current inspection Only serious damages which can be dangerous for bridge safety are 
recorded and reported. 

Basic inspection 

Condition of each main component of the bridge is evaluated sepa-
rately (each support, main girders of each span, deck of each span, 
bearings of each span). 

Condition rating is based on the detected damages and experience of 
the bridge inspector. The following scale is applied: 
5 - excellent condition (as designed), 
4 - good condition, 
3 - sufficient condition, 
2 - non-satisfactory condition, 
1 - dangerous condition, 
0 - dysfunction of the bridge component. 

Detailed inspection 
The same scale of the condition rating is used as during the basic 
inspection. All main components of the structure are evaluated by 
team of bridge inspectors, taking into account the detected damages 
and results of the tests. 

Special inspection 
Form of the condition evaluation is individually selected by the execu-
tor of the inspection and depends on the defined goals of the special 
inspection. 
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