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“The acceleration of the corrosion process due to climate 
change might be of hundreds of billions of dollars annually.”*

*Bastidas-Arteaga, E., & Stewart, M. (2015). Damage risks and economic assessment of climate adaptation strategies for design of new concrete structures subject 
to chloride-induced corrosion. Structural Safety
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Climate Change 

Impact on the environmental drivers



“Paris Agreement”

Business as usual
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Corrosion drivers
Climate proxies

Ambient temperature: Air temperature

Ambient humidity: Relative humidity



Variation of air 
temperature
in Europe

In brackets, level of agreement among climatic models : L-low, M-medium, H-high, V-very high



Variation of 
Relative Humidity
in Europe

RCP 4.5

RCP 8.5

JJA



Concrete corrosion. Climate change impact



Propagation stageInitiation stage

Reinforced 
concrete corrosion
Mechanism



Reinforced 
concrete corrosion
Processes

ChlorinationCarbonation
CO2 Chlorides



Initiation stage

Impact of CC on 
carbonation ingress



Initiation stage

Impact of CC on 
chlorine ion ingress 

Increment of the consumption of the deicing salts as a 
consequence of CC: twice larger in the last 25 years.



Initiation stage

Carbonation &  
chlorination

Compound effect



Impact of CC on 
Reliability and  
Service life



Assessment of problem severity

 Scarce studies in Europe

 Forecasted values of environmental drivers 

 Studies linked to the level of confidence 

 Structure and building stock database

Impact of CC on
Corrosion in Europe



Adaptation to climate change



Adaptation of European 
infrastructure to CC

Inform and support UE policies 
and development of standards

Technical standards. 
New Generation of Eurocodes



Adaptation of European 
infrastructure to CC 

Structural corrosion: EC2



RC durability against 
corrosion
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corrosion



RC durability against 
corrosion



Adaptation measures 

Design phase

 Increase cover depth 

 Vary concrete composition

 Improve concrete grade

 Reducing w/c ratio

 Use new materials

 Blended and alkali-activated (AA) cements

 Low carbon, stainless or galvanized steel 
reinforcement, glass-fiber-reinforced polymer rebars

+10 mm  

or  

+ grade

1-3% of construction costs

Catholic 
protection



RC durability against 
corrosion



RC durability against 
corrosion



Adaptation measures 

Service Life

 Prevent corrosion

 Coating and penetrating sealants 

 Rehabilitation of RC

 Patch repair

 Re-alkalization    

 Electrochemical chloride extraction  

EVERY 10-15 YEARS

No long-term rehabilitation for chloride 

EVERY 15-20 YEARS*



Carbonation &  
chlorination

Climate change vulnerability 

& adaptation



Adaptation 
Measure

Expected damage cost of 
an inadequate 

adaptation strategyUncertainty 
of Climate

Change

Viability of solutions

Cost-Benefit 
Analysis



Mean Benefit-Cost Ratio (Pr[BCR>1]) for CC over 100 years. Marine environment
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Stewart & Bastidas-Arteaga (2019). Corrosion of Concrete and Steel Structures in a Changing Climate. In Climate Adaptation Engineering (pp 99-125). 
Butterworth-Heinemann

Viability of solutions

Cost-Benefit 
Analysis



A resilience-based approach for adaptation



Risk-based vs 
Resilience

Risk-based Resilience-based

Lack of knowledge
Temporal dimension

Strategies to increase preparedness
Adaptive response over time



Resilience-based 
framework



Resilience-based 
framework

High level of 
confidence



Resilience-based 
framework

High level of 
confidence

Lower level of confidence: 
upgrading/maintenance strategy



Resilience-based 
framework

Maintenance plan in the design stage

For several scenarios,  a detailed maintenance plan

 Type of maintenance (preventive, predictive, corrective)

 Detailed actions, adapting the structural design 

 Economical viability study



Resilience-based 
framework



Closure. Challenges and opportunities



EC2: “adequate maintenance”

New EC: “adequate maintenance”

Resilient: “adaptive response”
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Closure
Challenges

 Main challenge: uncertainty of climate change

 “Win-win, low-cost and no-regret” adaptation measures



Climate Adaptation
within the 
European roadmap
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