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Working Life Considerations
* Functional
* Economic

e Technical

Can we build
timeless cities?



Physical attack

Salt crystallisation

Freezing - thawing attack

Abrasion, erosion and cavitation

Thermal damage

Degradation

Chemical attack

Mechanisms Leaching

Acid and base attack

Alkali-silica reactions

Delayed ettringite formation

Sulfate attack
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< Steel reinforcement corrosion >
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EN 206-1 Design Methods

Limiting Value Method
(Prescriptive)

Table F.1 — Recommended limiting values for composition and properties of concrete

Exposure classes

No risk Chloride-induced corrosion
af Aggressive chemical
corrosio| Carbonation-induced corrosion Sea water Chloride other than Freeze/thaw attack environments
nor from sea water
attack
X0 XC1 xc2 XC3 XC4 Xs1 Xxs2 X53 X1 XD2 XD3 XF1 XF2 XF3 XF 4 XAl XA2 XA3
Maximum
Wyt - 0,65 0,60 0,55 0,50 0,50 0,45 0,45 0,55 0,55 0,45 0,55 0,55 0,50 0,45 0,55 0,50 0,45
Minimum
strength | C12/15|C20/25|C25/30|C30/37 | C30/37 | C30/37 | C35/45|C35/45 | C30/37 [C30/37 | C35/45|C30/37 | C25/30|C30/37 | C30/37 | C30/37 | C30/37 | C35/45
class
Minimum
cement
contente - 260 280 280 300 300 320 340 300 300 320 300 300 320 340 300 320 360
(kg/m3)
Minimum
air content - - - - - - - - - - - - 4,03 4,02 4,02 - - -
(%)
O1_:her Aggregate in ac_:cordanc? with Sulfate resisting
requiremen - - - - - - - - - - - EN 12620 with sufficient -
. cement?
ts freeze /thaw resistance

2 Where the concrete is not air entrained, the performance of concrete should be tested according to an appropriate test method in comparison with a concrete for which freeze /thaw resistance for

the relevant exposure class is proven.

b Where sulfate in the environment leads to exposure classes XA2 and XA3, it is essential to use sulfate-resisting cement conforming to EN 197-1 or complementary national standards.

€ Where the k-value concept is applied the maximum w/c ratio and the minimum cement content are modified in accordance with 5.2.5.2.

Performance-related Method

5.3.3 Performance-related methods

(1) The requirements related to exposure classes may be established by using performance-related

methods for durability and may be specified in terms of performance-related parameters, e.g. scaling of

concrete in a freeze/thaw test. The application of a performance based method depends on the
provisions valid in the place of use of the concrete.

NOTE A suite of European performance-related test methods is being developed, e.g. CEN/TS 12390-9,
CEN/TS512390-10, CEN/TS 12390-11 and CEN/TR 15177 and the framework for the equivalent durability
procedure has been published as CEN/TR 16563.



Temperature Vs Corrosion

Corrosion rate doubles of a metal doubles for every 10°C increase in temperature.
10 mpy at 30°C, expect 20 mpy at 40°C

Average Daily Temperatures
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BS8500
Extended

Service Life

BS 8500-1:2015+A2:2019

Incorporating Corrigenda No.1 and No. 2

Concrete - Complementary British
Standard to BS EN 206

Part 1: Method of specifying and guidance for the specifier

Models to predict concrete requirements for long-life structures in chloride environments do not give
identical predictions, and extrapolating performance from existing structures also has many practical
problems. Consequently there is a degree of uncertainty with the recommendations for an intended
working life of at least 100 years in the chloride (XD) and sea water (XS) environments. Reliance

solely on cover and concrete quality might not be the most economic solution. In these situations,

consideration may be given to using other techniques such as stainless steel or non-ferrous
reinforcement, barriers, coatings and corrosion inhibitors, but these techniques also have their
uncertainties. For guidance on these techniques see specialist literature, e.g. Concrete Society
Technical Report 61 [6].




Technical Report 61 by CS

Concrete Society Technical Report No. 61

Additional Protective Measures:

e Corrosion Inhibitors

* Epoxy-coated reinforcement

Enhancing reinforced * Galvanized steel

concrete durability * Stainless steel
* Non-metallic reinforcement

Guidance on selecting measures for minimising the risk of ° Cathodic prevention
corrosion of reinforcement in concrete

P.B. Bamforth



ASTM C1582
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Designation: C1582/C1582M - 11 (Reapproved 2017)""

Standard Specification for
Admixtures to Inhibit Chiloride-Induced Corrosion of
Reinforcing Steel in Concrete’
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https://www.youtube.com/watch?v=kunTlcruqNo&t=14s

Concrete Crack Protection

Cracked Beam Admixture Testing
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10 Year Study — interim results

Integrated Current (Coulombs)
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10 Year Study — interim results
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10 Year Study — interim results
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Field Study
Time Vs Corrosion Rate
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Can we build timeless
cities?

We can by
* Performance-based durability design
* Adopting good concrete technology and practice

* Incorporate Additional Protective Measures




