
1 INTRODUCTION 

Road asset management is a task of great respon-
sibility, since it involves vital assets to the communi-
ty. An efficient transportation network is essential 
for the modern society from the economic, societal 
and environmental point of view. Today, it is a chal-
lenge for operators to manage road infrastructures 
under their responsibility in an efficient way, meet-
ing the present and future needs of the community 
they serve. For this purpose, the authorities need to 
produce a Quality Control (QC) plan, which should 
not only define the goals to be achieved by exploit-
ing the road network, but that should also identify 
the investment needs and priorities based on a life 
cycle cost criteria. In addition, a proper condition as-
sessment of these assets must be conducted to sup-
port the decision-making process regarding their 
preservation. 

Within the roadway bridge management process, 
the identification of maintenance needs is more ef-
fective when developed in a uniform and repeatable 
manner. This process can be accomplished by the 
evaluation of performance indicators, improving the 
planning of maintenance strategies. Therefore, a dis-
cussion at a European networking level, seeking to 
achieve a standardized approach in this subject, will 

bring significant benefits. Accordingly, a COST Ac-
tion recently started in Europe with the aim of stand-
ardizing the establishment of QC plans for roadway 
bridges (European Cooperation in the field of Scien-
tific and Technical Research – COST 2014). 

In this context, a first step would be the estab-
lishment of specific recommendations for the as-
sessment of roadway bridges, namely, used methods 
for the quantification of performance indicators. A 
set of reference time periods for these assessment ac-
tions should be also presented. A second step would 
be the definition of standardized performance goals. 
Finally, a guideline for the establishment of QC 
plans in roadway bridges would be developed. In 
these plans, the importance of advanced deteriora-
tion prediction models is emphasized. 

Accordingly, the COST Action is divided in the 
following Working Groups (WG): WG1. Perfor-
mance indicators; WG2. Performance goals; WG3. 
Establishment of a QC plan; WG4. Implementation 
in a Case Study; WG5. Drafting of guide-
line/recommendations; WG6. Dissemination. In this 
paper a detail description of WG1 is given, namely, 
of what was being recently developed since it was 
the first WG to start its activities. A short description 
of this WG is initially given with the definition of 
performance indicators, following with the connec-
tion between performance indicators concept and 
life-cycle philosophy. For the quantification of the 
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key performance indicators (KPI) a database has 
been developed and presented in the paper, with the 
clarification of the data survey process.  

2 PERFORMANCE INDICATORS 

Life cycle analyses methods are used for the as-
sessment of new and existing bridges, as well as for 
the evaluation of maintenance strategies. Manage-
ment systems, capturing different degradation pro-
cesses, are very often used in relation to such life-
cycle analyses methods. Such management systems, 
developed for a structural condition assessment, are 
usually based on deterministic performance predic-
tion models which describe the future condition by a 
functional correlation between structural condition 
attributes, such as the structural age, and the me-
chanical, chemical and thermal loading processes. 

The practical implementation of such models re-
quires detailed information about its variables, but 
due to the non-consideration of uncertainties in input 
variables (scattering values), it does not allow any 
statement about the quality of the prediction. How-
ever, probabilistic performance prediction models, 
which can be considered as a relevant goal, presume 
the incorporation of uncertainties in the descriptive 
variables by probability distribution functions and 
support conclusions about the quality of the perfor-
mance prediction. 

Deterioration could lead to a decrease of perfor-
mance to such an extent that a structure could not be 
able to satisfy the basic serviceability and safety re-
quirements before the design life has expired. In or-
der to prevent the premature failure of a construc-
tion, structural codes provide several practical 
principles and application rules such as the use of 
protective systems for material exposed in aggres-
sive environment, the construction detailing aimed at 
avoiding the initiation of degradation, the mainte-
nance actions to be regularly performed, etc. 

Each construction, during its life cycle, will face 
with deterioration depending on several factors such 
as the environmental condition, the natural aging, the 
quality of the material, the execution of works and 
the planned maintenance. Therefore, several design 
procedures based on the prediction of the deteriora-
tion that will likely act on the structure will be de-
veloped in the framework of the international re-
search. In addition, performance indicators for the 
present and future structural conditions on determin-
istic and probabilistic level will be defined and de-
termined. The management systems are supported in 
QC plans which in turn are supported by perfor-
mance indicators. Therefore, it is extremely im-
portant to analyze such indicators in terms of used 
assessment frameworks (e.g. what kind of equipment 
and software is being used), and in terms of the 
quantification procedure itself. In this particular 

work package, the objectives will be the collection 
and analysis of practical and research based perfor-
mance indicators: 

(a) Technical indicators: the goal in the first step 
is to explore those performance indicators of bridge 
structures, in the course of international research co-
operation, which capture the mechanical and tech-
nical properties and its degradation behavior. These 
properties are already partly covered by norm speci-
fications but not their complex time variable perfor-
mance. Moreover, environmental condition, natural 
aging, and the quality of the material regarding to 
determined indicators will be investigated and eval-
uated in their meaningfulness. These considerations, 
however, also include service life design methods, 
aimed at estimating the period of time during which 
a structure or any component is able to achieve the 
performance requirements defined at the design 
stage with an adequate degree of reliability. On the 
basis of the quality of input information (mainly 
concerning with the available degradation models), 
as sketched in the above description, it is possible to 
distinguish among deterministic methods, usually 
based on building science principles, expert judg-
ment and past experience, which provide a simple 
estimation of the service life, and probabilistic 
methods; 

(b) Sustainable indicators: in addition to technical 
performance indicators, which characterize the ulti-
mate capacity as well as serviceability conditions, 
sustainability indicators, environmental based, will 
be also formulated. These variables characterize the 
environmental impact of a structure in the course of 
its total lifecycle, expressed in terms of total energy 
consumption, carbon footprint (CO2 emission), bal-
ance of raw materials, etc. These indicators can be 
separated into direct and indirect indicators, where 
the former are related to the construc-
tion/maintenance itself and the latter are caused e.g. 
as a consequence of limited functionality; 

(c) Other indicators: other sustainable indicators, 
economic and social based, may be used to evaluate 
a bridge performance. These indicators capture, 
based on the technical performance of a structure, 
additional aspects that may influence the decision 
process and typically represent the discounted (ac-
cumulated) direct or indirect costs associated with 
construction and maintenance. Summed up over the 
full life-time, they represent part of or the full life-
cycle costs. They can, in the context of multi-
objective optimization, be understood as a weighting 
scheme to arrive to a single objective function that is 
to be minimized.  

3 LIFE-CYCLE FRAMEWORK 

In an Austrian national project, a framework for 
the life-cycle assessment for railway constructions, 
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specifically of bridges, has been developed. It is of a 
paramount importance that key performance indica-
tors KPI, performance goals PG and thresholds PT 
are defined for an each stage of the bridge’s lifetime. 
The connection between the main objectives of a life 
cycle assessment procedure and main outcomes of 
the Action has been verified. 

The proposed Life Cycle Framework allows an ef-
fective life cycle assessment of engineering struc-
tures, especially of roadway and railway bridges. The 
Framework is divided into following sections: 

 Database "Condition survey and assessment 

data” 

 Structural elements subjected to damages or 

degradation processes 

 Deterioration mechanisms 

 Intervention methods and models 

 Life-cycle cost 

 System based analyses 

The condition survey and assessment level is con-
structed according to the recommendations of the 
Model Code MC2010 (fib, 2013). As defined, con-
servation activities should restore the current condi-
tion of a structure to a satisfactory state, include pre-
ventive measures which seek to ensure that future 
condition of a structure remains within tolerable 
bounds and aim to improve a current condition in 
order to meet revised performance requirements. The 
first condition control activities, already after con-
struction, should include inspection, survey, testing 
and assessment, at which end a Birth Certificate is 
issued. The Birth Certificate is a document that con-
tains engineering data defining the condition of the 
structure. The main elements of the intervention plan 
here are (a) the deterioration function of the relevant 
element (b) the timing of the necessary interventions, 
(c) the life cycle costs for the optimized intervention 
plan. These elements are also displayed in the Birth 
Certificate. The intervention information includes: 
the conservation strategy, the intervention times, the 
theoretical remaining service life, the graphs of all 
the relevant degradation processes and the graph of 
the most influential degradation process. 

As a part of a second phase, all bridge elements on 
which damage or degradation processes are going to 
be detected are listed (such as abutment, deck, piers, 
foundations, main girder, ...). These bridge elements 
can be associated with degradation models from the 
database or on empirical prediction models based on 
the inspection results. Also the following should be 
characterized: the bridge type, the type of construc-
tion, materials and the environmental conditions. 

The deterioration models, which can be applied to 
the elements of the bridge structure, are hereafter de-
fined. Following deterioration mechanism should, 
among others, be considered: carbonation, chloride 
ingress, reinforcement corrosion, prestressed steel 

corrosion, freeze-thaw attack, alkali-aggregate reac-
tion, fatigue and mechanical properties. 

 
According to the basic idea of the MC2010 (fib, 

2013) and the need for the application of the deterio-
ration models, models can be divided in the levels of 
approximation (Figure 1): 

1. Engineering level – based on the design and 
implementation documentation 

2. Inspection level – based on inspection find-
ings 

3. Testing level – based on updating of inspec-
tion level by testing results 

4. Detailed testing level – based on updating by 
more detailed testing (laboratory) 

 
Possible intervention strategies are furthermore 

defined. Interventions have the purpose of repairing, 
retarding or terminating the damage and degradation 
processes. MC2010 (fib, 2013) distinguishes be-
tween proactive and reactive measures/interventions. 
Additionally, the distinction has been made between 
the proposed interventions, where either the protec-
tive measure has been applied in order to slow down 
the deterioration process, or the contaminated parts 
are removed and replaced with the new ones. There 
is a possibility also to separate between the strategies 
which are allowing a reduction in the carrying capac-
ity, and those which are not. 

Life-cycle cost, as a total discounted monetary 
cost of owning, operating, maintain and disposing of 
a structure, system or infrastructure over a period of 
time, must be subjected to cost analyses which are 
essential for evaluation of different repair, mainte-
nance and rehabilitation methods. There could be a 
necessity that costs are converted to their corre-
sponding present value, since they must be calculat-
ed and updated during the whole service life of a 
structure. 

At a final stage of the life-cycle framework, a sys-
tem model which can represent structural dependen-
cies as well as the interactions between deteriora-

 
Figure 1. Accuracy of the estimation of a degradation process’ be-

havior 
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tions/damages is created. The intention is to make 
possible to draw conclusions about the cause of 
damages as well as their relevance and effects on the 
respective parts of the construction and the structure 
as a whole (BASt, 2014). 

For a consistent characterization of the bridge el-
ements’ performance in the Action TU1406 the col-
lection of the performance indicators PI, perfor-
mance thresholds PT, performance goals PG, and 
performance methods PM is fulfilled. At the level of 
deterioration models a collective characterization of 
performance is again carried out, by applying again 
PI, PT, PG and PM. Furthermore, similar to the 
bridge elements and the deterioration processes, the 
collection of performance variables must be provid-
ed also for the selected intervention models, as well 
as for the cost models, and finally on the system and 
network level. These performance-specific variables 
are going to be contained in the Action TU1406 da-
tabase for the evaluation of the bridge elements, de-
terioration, intervention, cost and system models, 
where the database uses a standardized coordinated-
wording and definitions. 

 
4 DATA SURVEY 

 Through the activities of the WG1 the perfor-
mance indicators database is currently being en-
hanced. The core of the survey process for the key 
performance indicators (KPI) is given in Figure 3. 
The COST countries must choose beforehand the 
relevant documents (e.g. inspection, evaluation, re-
search etc.) from which the KPI-s and related infor-
mation are going to be extracted. To support this 
process, a user interface is necessary. Here, it must 

be acknowledged that the amount and level of in-
formation varies between documents, even in those 
of same type. Thus, one of the main requirements in 
the survey is to allow an unrestricted data input.  

The user interface for the survey is structured in 
MS Excel, where the information may be stored in 
the four groups: Performance Level, Damage, Per-
formance Indicator/Index and Performance Assess-
ment. Besides this data, there is an opportunity to 
add additional references and specific information 
about a group element (e.g. evaluation process, for-
mula, Figure, etc.). The background for this structure 
comes from screening of the Austrian national doc-
ument (Bundesministerium für Verkher, Innovation 
und Technologie, 2011) and two documents from 
United Kingdom (County Surveyors Society CSS, 
2004). 

In order to support the interface, the Glossary of 
key terms is required to store the information and 
terminology related to PI, PG, PT and PM. It has 
been prepared on the basis of the information from 
German and Austrian documents (BASt, 2015, Bun-
desministerium für Verkher, Innovation und Tech-
nologie, 2011). During the screening process it is es-
sential to update the Glossary. Here, every COST 
TU1406 country should add national specific infor-
mation in their own language and translate them to 
English.  

Once the survey is finished, the collected data is 
going to be assessed to clarify the relationships be-
tween the key terms PI, PG, PT and PM. This will 
support the structuring of the Database in Access 
workspace and further data analysis. The contents of 
the Glossary and the User Interface are presented in 
paragraphs to follow. 

 

Figure 2. Survey of the national documents for the key performance indicators 
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4.1 Glossary 

The Glossary is arranged into the following four 
parts: 

1. Glossary – offers a list of terms with source 
(reference), definition and keywords. It pre-
sents the key concepts, definitions and key-
words in relation to PI, PG, PT and PM, which 
are essential in structuring of the Database. 
For instance, deterioration processes are con-
sidered to be performance indicators. The 
damage level can be taken as a performance 
threshold and robustness as a performance 
goal. Performance methods are e.g. partial 
safety factor or (semi)probabilistic concept, 
stochastic modelling etc. 

2. Damages – contains the list of damages affect-
ing roadway bridges (for example, Figure 4. is 
portraying cracks on the bridge superstruc-
ture). Users are invited to fill in the list with 
additional missing damages in their native lan-
guage together with the source and translation 
in English. 

 
Figure 4: Superstructure cracking (BASt, 2015)  

3. New terms – serves for users to add additional 
concepts, definitions and keywords in relation 
to PI, PG, PT and PM. 

4. Country specific terms – serves for translation 
of content of the sheet Glossary (terms, defini-
tions, keywords…) to user’s native language 

4.1.1 User Interface 
The user interface structure as well as connections 

between data is given in Figure 3. It is envisioned 
that every COST participant country receives Excel 
files with the Glossary and the User interface. The 
main sheets in the interface are: GeneralData, 
Cou_Num, and Names_Table sheets. 

 GeneralData comprises the basic information on 
chosen relevant documents for screening.  

 Names_Table holds the information of the drop-
down lists for Cou_Num sheets and the idea is 
to append this data simultaneously with the 
Glossary during the surveying process by users. 
For instance, by clicking on the category Mate-
rials user can choose: aluminium, asphalt, brick, 
concrete, iron, reinforcement, steel and wood. 
Drop-down lists are likewise defined for the 
performance index, performance indicators and 
levels, bridge elements, damages, detection 
methods, goals, thresholds etc. 

 With regard to the number of documents, there 
are going to be several Cou_Num sheets. 
Names of these sheets are automatically given 
in the form of /first three country letters/_Num, 
where Num refers to document number in Gen-
eralData sheet. In Cou_Num sheets the core in-
formation from a specific document is going to 
be stored. The input of data is realized row-by-
row, following the chapters/paragraphs in a 
document, where the information for each data 
group is selected from the drop-down lists 
(Names_Table). 

5 CONCLUSIONS 

In order to compose the KPI Database, the first 
task is a systematic and comprehensive screening of 

 

Figure 3: Data structure of the user interface in Excel sheets  
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relevant national documents. To support this pro-
cess, the user interface which allows an unrestricted 
data input is required. The main goal of the interface, 
besides the data collection, is to reveal the relation-
ships between the key terms, since they are not de-
fined systematically in the documents. After the 
comprehensive quantification of the key perfor-
mance indicators and respective performance goals 
in the Database is achieved, the establishment of the 
Quality Control plan will follow. 

In the data surveying process 36 countries will be 
included, which will bring the KPI database on the 
standardized European level. 
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