Mineral Admixtures:

Fly Ash:

· A by-product of burning coal
· 1/3 cost of cement
· Finer than Portland cement

Silica Fume:

· 100x finer than Portland cement
· Industrial by-product of silicon
· Contributes to higher strength

Pozzolons:

· Makes concrete more durable and less permeable

Durability of Concrete:  Ability to resist weathering, chemical attacks or process deterioration

Causes:

Chemical:
· Alkali-silica reaction
· Sulphate attack
· Reinforced Deterioration

Physical:
· Freeze/thaw
· Fire
· Surface water

Alkali-silica Reaction:
· Use mineral admixtures
· Keep concrete as dry as possible (proper curing)
· Obtain a low w/c ratio

Effects:
· Very slow deterioration
· But can make for a very expensive clean-up/re-build (maintenance work)
· It’s a reaction between the alkaline cement paste and non-crystalline silica.



Sulphate Attack:
· The sulphate ions penetrate concrete from surrounding 
· React with hydrated C3A
· Volume expansion takes place
· Sealing and cracking
· Generation of internal stress

How to minimize:
· Use cement with low C3A hydrates
· Use cement with low w/c ratio
· Use mineral admixtures as oppose to chemical admixtures


Reinforcement Deterioration/Corrosion:

· Concrete with reinforcing steel
· Deterioration can happen which is caused by corrosion of reinforcement 
· Electrochemical process

Concrete is good if it is slightly alkaline (pH>13)
Having this pH makes the concrete have a passive oxide film layer.
This passive oxide film layer limits access of oxygen and moisture to the steel.
BUT!  If the pH drops below 11.5, the passive oxide film layer is destroyed and depassivation occurs.  This is a form of corrosion.

The CO2 present then causes corrosion of the concrete.

Methods to reduce Corrosion (depassivation)
· Reduce permeability of concrete
· Lower w/c ratio, proper curing, mineral admixtures
· Increase concrete cover by minimum of 60 mm.
· Protective membranes on the concrete can have sealers placed on them or even have surface treatment

Other methods to reduce corrosion:
· [bookmark: _GoBack]Epoxy coating put on steel, problem, if not all steel is coated, then the places that aren’t coated are more prone to corrosion, which in turn would have concentrated corroded areas, causing failure
· Zinc-coated steel
· Stainless steel reinforcement





The Ideal Durable Concrete:
· Cement paste with high density and low permeability
· Entrained air to mitigate the effects of freeze-thaw damage
· Proper curing
· Strong admixtures
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