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Abstract:  In the context of performance requirements, whole life costing and sustainability, the concrete 
structure durability issue has recently gained considerable attention. The present paper deals with 
service life assessment utilizing durability limit states specially defined for concrete structures, i.e. 
focusing on degradation due to environmental effects. Both the initiation and propagation periods of 
reinforcement corrosion are considered and a comprehensive choice of limit states is provided. The 
approach is based on degradation modelling together with probabilistic assessment, enabling the 
evaluation of service life and the relevant reliability level. A suitable software tool is introduced which 
makes use of a variety of degradation models and is thus able to facilitate the effective decision making of 
designers and clients. 
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1. Introduction 

Structures must be designed to have adequate structural resistance, serviceability and durability. This 
is achieved by quality management measures including (among other things) reliability requirements, 
which are usually assessed by the use of limit states as stipulated by ISO 2394 (1998) and EN 1990 
(2001). The relevant design situation should be taken into account with consideration also given to 
time dependent effects related to the specified period and the mathematical modelling of degradation 
phenomena and the utilization of probabilistic simulation methods are needed for both newly designed 
structures and existing structures. Thus, not only the mechanical load/actions (permanent, variable and 
accidental actions) but also the environmental influences/actions that could affect durability should be 
taken into account. Due to environmental actions structural materials can be degraded and so both the 
ULS and SLS can be affected. The present paper concentrates on concrete structures where a variety 
of degradation processes due to environmental actions may be encountered. 

2. Concrete structures - limit states in the context of durability 

The level of reliability in the context of durability should be left to the client’s decision as well as the 
appropriate serviceability criteria – see fib Draft Model Code (2010).  

     While assessing the reliability level, an appropriate LS has to be defined and assessed. Within this 
context, limit states associated with durability (for the purpose of this paper they are termed Durability 
Limit States - DLS) are recognized – also see ISO 13823 (2008) and the fib Bulletin (2006). They can 
fall into either the ULS or the SLS category, according to the type of degradation effect, its extent and 
location. Basically, the reliability level is described by the probability of failure Pf, which may be 
converted into the reliability index !. The “older” codes (still currently utilized) generally do not allow 
for a design which is subject to a specific (target) service life and/or to a specific reliability level.      
The combined effect of structural performance and ageing should be considered.  

      When assessing the degradation of reinforced concrete structures, the corrosion of reinforcement is 
the dominant effect. Generally, the DLS condition may be written as:  
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where Pf is the probability of failure, A is the action effect, B is the barrier at time tD = design service 
life and Pd is the target probability value. 

    In the full text paper the possible actions and barriers usable for the DLS of concrete structures are 
summarized for both the initiation and propagation periods. The relevant DLS conditions are 
formulated and developed software tools are presented: http://rc-lifetime.stm.fce.vutbr.cz  and 
www.freet.cz. 

3.  Conclusions 

The usefulness of effective degradation modelling and hence reliable design or assessment for 
durability may bring positive financial and sustainability impacts - the probabilistic approach often 
results in a safer and more realistic design than the frequently used deemed-to-satisfy approach 
encompassed in current codes. Moreover, the availability of a variety of models seems to be beneficial 
in some situations, bearing in mind that a more sophisticated computational model requires a larger 
amount of input data, which are not always available. 

Acknowledgement  
This outcome has been achieved with the financial support of the Czech Ministry of Education, project 
MSM 0021630519, and Czech Technology Agency, grant No. TA01011019. 

References  
EN 1990 (2001) Eurocode – Bases of structural design, CEN. 
ISO 2394 (1998) General principles on reliability for structures, ISO. 
ISO 13823 (2008) General principles on the Design of Structures for Durability, ISO. 
fib Model Code for Service Life Design (2006),  fib Bulletin No. 34, Federation for Structural Concrete, Lausanne. 

fib Draft Model Code (2010),  fib Bulletins No. 55 and 56, Federation for Structural Concrete, Lausanne. 
Novák, D., Vo!echovsk", M. & Rusina, R. 2011. FReET v.1.5 – program documentation. User´s and Theory 

Guides. Brno/#ervenka Consulting, Czech Republic, http://www.freet.cz. 
Tepl", B., Chromá, M. and Rovnaník, P. (2010), Durability assessment of concrete structures: Reinforcement 

depassivation due to carbonation, Structure and Infrastructure Engineering, 6, 3, pp.317 – 327.  
Tepl", B, Chromá, M, Vo!echovská, D. & Rovnaník, P. 2010 FReET-D. Program documentation, Part 1: 

Theory, Brno/#ervenka Consulting, Czech Republic, http://www.freet.cz. 
Chromá, M., Rovnaník, P. a Tepl", B. (2006) Carbonation Modelling and reliability analysis of RC structures 

made from blended cements.  International RILEM Workshop on Performance Based Evaluation and 
Indicators for Concrete Durability, (V.Baroghel-Bouny,et al.), Madrid, Spain, pp. 319-325.  

Vo!echovsk", M., Novák, D. (2009) Correlation control in small-sample Monte Carlo type simulations I: A 
simulated annealing approach. Probabilistic Engineering Mechanics 24: 452-462. 

Tepl", B., Chromá, M., Rovnaník, P. (2010) Durability assessment of concrete structures: reinforcement 
depassivation due to carbonation. Structure and Infrastructure Engineering 6(3): 317–327. 

Tepl", B., Matesová, D., Chromá, M. and Rovnaník, P. (2007) Stochastic degradation models for durability limit 
state evaluation, Proceedings of 3rd International Conference on Structural Health Monitoring of Intelligent 
Infrastructure, Vancouver, British Columbia, Canada. 

Vo!echovská, D., Chromá, M., Podrou$ek, J., Rovnaníková, P., Tepl", B. (2009) Modelling of Chloride 
Concentration Effect on Reinforcement Corrosion. Computer-Aided Civil and Infrastructure Engineering 24: 
446-458. 
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