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How do you design concrete for durability?

1. Quantify the aggressiveness of the environment(s)

by 68, Betonin valinta ja käyttöikäsuunnittelu – opas suunnittelijoille 2016



How do you design concrete for durability?

SFS-EN 206:2014 + A2:2021 Concrete. Specification, performance, production and conformity

1. Quantify the aggressiveness of the environment(s)



How do you design concrete for durability?

SFS-EN 206:2014 + A2:2021 Concrete. Specification, performance, production and conformity

2. Consult the design codes for mix design limits

Maximum water/binder ratio, Minimum strength class, Minimum cement 

content, Minimum air content, and Other requirements



How do you design concrete for durability?

SFS 7022:2019 Betoni. Standardin SFS-EN 206 käyttö Suomessa 

2. Consult the design codes for mix design limits

Maximum water/binder ratio, Minimum strength class, Minimum cement 

content, Minimum air content, and Other requirements



How do you design concrete for durability?

SFS EN 1992-1-1:2015 Eurocode 2: Design of concrete structures. Part 1-1: General rules and rules for buildings
By65 Concrete Code 2021, Betoniyhdistys.

3. Concrete cover (C,min,dur)



From prescriptive towards performance-based 
design

 Performance-based
• Performance requirements

• Penetration resistance

   (diffusion, carbonation resist.)

• Minimum concrete cover

 Focus on the mix design
• QUALITY ASSUMED

• How is durability measured?

→ It is not!

• How is service life quantified?

→ It is not – ASSUMED

 Focus on performance
• QUALITY MEASURED

• How is durability measured?

→ Performance tests

• How is service life quantified?

→ Models to verify compliance       

     with limit states

 Prescriptive
• Deem-to-satisfy requirements

• Maximum water/binder ratio

• Minimum cement content

• Minimum concrete cover



 Possible Limit States (LS) associated with durability and 

levels of reliability
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Designing with a performance-based approach
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Designing with a performance-based approach
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Designing with a performance-based approach

Optimization of RC structure performance in marine environment (2010) Engineering Structures - https://doi.org/10.1016/j.engstruct.2010.02.011.



 The structural resistance will be given by a combination of:
• “Exposure Resistance Classes” (ERC) defined in Eurocode-2 and 

provisions for verification to be given in EN 206-100 (Concrete)

• Cover to reinforcement to be given in Eurocode-2 (design standard 

EN 1992-1-1)

• Curing provisions and tolerances for cover to be given in EN13670 

(Execution standard).

 The ERC are defined in two notes in the EN 1992-1-1
• These definitions represent the interface between Eurocode-2 and 

the EN 206

New performance-based code (EN206-100)
Concept of Exposure Resistance Classes



New performance-based codes (EN206-100)
Concept of Exposure Resistance Classes

 ERC for carbonation designated XRCn

 ERC for chlorides designated XRDSn
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Basis for the new EN 1992-1-1

Formation of cracks based on corrosion 

depth of 50 mm* and b = 1.5 (pf ≈ 7 %)

New performance-based codes (EN206-100)
Concept of Limit state

tSL = tINI + tPROP

* - 50 mm is value indicated for carbonation induced corrosion, and 500 mm is the reference value for chloride induced corrosion.



Determining service life for LS crack opening 
Example of calculations behind definition of XRC/XRDS

 For initiation model: 
• CEM I 42.5 N with w/b ratio 0.50

• Not the ideal cement type from a chloride ingress perspective

 For corrosion propagation model – two distinct corrosion rates
• “fast” corrosion process (3.0 mA/cm2) – 0.035 mm/year

• “slow” corrosion process (0.3 mA/cm2) – 0.0035 mm/year 



Determining service life for LS crack opening 
Example of calculations behind definition of XRC/XRDS

≈ 3 years
≈ 20 years

Designing concrete durability by coupling limit states of corrosion initiation and corrosion induced cracking of concrete cover (2016) Nordic Concrete Research Journal - 
https://nordicconcrete.net/wp-content/uploads/2016/11/17972-NCR-nr.-54.pdf



 New generation of codes will allow for performance-based 

durability design
• Current approach is prescriptive, which has optimization limitations

 Designer can tailor durability performance to the explicit exposure
• Currently possible only for carbonation and chloride induced corrosion

 Concrete producer has greater freedom to select appropriate mix 

design – fulfilling required performance 

 Proposed performance-based approach will design for small 

amount of active corrosion
• As opposed to current approach which consider damage free

Final considerations
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