Lecture No. 31

Subject: Concrete Durability Problems – Alkali- Aggregate Reaction
Objectives of Lecture:

· To explain the alkali- aggregate reaction 
Introduction

· Alkali-aggregate reaction is the chemical reaction involving alkali ions from Portland cement (or from other sources) and certain siliceous and carbonate constituents that may be present in the aggregate
· Alkali-aggregate reaction results into the expansion and cracking leading to loss of strength, elasticity, and durability of concrete
· Depending upon whether the alkali reacts with silica or carbonate in the aggregate, following are the two types of alkali-aggregate reactions:

1. Alkali-silica reaction 

(frequent)

2. Alkali-carbonate reaction 
(rare)

1. Alkali-Silica Reaction (ASR):

Mechanism  

· This is chemical reaction between the active silica constituents of the aggregate and the alkalis in the cement

· The reactive forms of alkali in cement are as follows: Na2O and K2O
· The reactive forms of silica in aggregate are as follows: opal (SiO2.nH2O, amorphous), chalcedony (SiO2, fibrous), and tridymite (SiO2, crystalline)

· The reaction between the siliceous minerals in the aggregate and alkaline hydroxides in the cement takes place whereby the reactive silica undergoes initial alkaline depolymerization and dissolution forming the hydrous alkali-silicate gel
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· The alkali-silicate gel formed by alkali-silica reaction attracts water by absorption or by osmosis and thus tends to increase in volume
· Since the alkali-silicate gel is confined by the surrounding cement paste, internal pressures result and eventually lead to expansion, cracking and disruption of the cement paste, as shown in the following Plate:
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Plate:
Typical manifestation of concrete deterioration due to alkali-silica reaction
(Example of “map cracking” or “pattern cracking”)

Effect of ASR on structural properties of concrete

Two major structural properties negatively affected by the alkali-silica reaction are as follows:

(i) Flexural strength

(ii) 
Dynamic modulus of elasticity  
Factors influencing the “progress of ASR”

· Form of reactive silica: opal most reactive form, being both amorphous and porous

· Amount of reactive silica (refer the following Fig.):

· Particle size of reactive material, (refer the following Fig.):

· Quantity of the alkalis in the cement (refer the following Fig.):

· Availability of water in the paste

· pH of pore solution affecting solubility of  silica (refer the following Table):

· Porosity of the aggregate

· Permeability of the cement paste

· Moisture conditions in the exterior of concrete (wet or alternate wetting and drying)

· Temperature (higher temperature is conducive for the ASR)

· Hydraulic pressure generated by osmosis and/or swelling pressure of the still solid products of the ASR, causing expansion
Precautions recommended for controlling ASR

· Prevent contact between the concrete and external source of moisture

· Control the pH in the pore solution

· Control the amount of reactive silica

· Use Portland cements with an alkali content of not more than 0.6% expressed as Na2O (which is = actual Na2O content + 0.658 × K2O content of the cement). Refer the following Fig.:

Fig.: Effect of alkali content of the cement on progress of the ASR

· Use a blend of ordinary Portland (Type-I) cement and ground granulated blast-furnace slag, with a minimum of 50% of slag

· Use a blend of ordinary Portland (Type-I) cement and PFA (fly ash) with a minimum of 25% of PFA, provided that the alkali content of the concrete supplied by the Portland cement component is less than 3.0 kg/m3 (the alkali content of concrete = alkali content of cement expressed as fraction × maximum expected cement content)

Refer the following Fig.:

Fig.: Effect of pozzolan additions to the cement on progress of the ASR
· Use a combination of aggregates which is judged to be potentially safe

2. Alkali-Carbonate Reaction:

The alkali-carbonate reaction manifests in the following three forms:

1. The reaction between the carbonate fraction in the calcitic limestone aggregates and the alkaline material in the cement is manifested in the form of dark reaction rims, which develop within the margin of the limestone aggregate particles

2. Reactions involving dolomitic limestone aggregates are characterized by distinct reaction rims within the aggregate

3. The reaction of fine-grained dolomitic limestone aggregates with alkalis produces a distinct dedolomitized rim.  “This type of reaction appears to be the only type that produces a significant expansion”
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Following Plate shows a typical example of concrete deterioration due to alkali-carbonate reaction.
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Plate:  Typical manifestation of concrete deterioration due to alkali-carbonate reaction.
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