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Mg << Ho

cross-sectional area [mm?|

breadths [mm)]

cohesion of concrete [MPa]

compressive force [kN]

structural capacity [stress, force or moment units]
structural demand [stress, force or moment units]
diameter [mm]

elastic modulus [MPa, GPa]

direct stress (fy = yield stress) [MPa, GPa]
function of quantity in ( )

heights [mm]

function of Poisson’s ratio v

lengths [mm]|

load [kN, MN]

pore water suction [kPa]

probability of failure [dimensionless]
radius of water meniscus [mm or nm|
relative humidity [dimensionless]
standard deviation [MPa]

tensile force [kN]

surface tension of water [N/mm, kPam|
ultrasonic pulse velocity [m/s, km/s]
shear force at failure [N, kN]

failure load [kN]

mean value

GREEK LETTERS

o l.c.
B lze.
Y lc.

alpha ratio or coefficient [dimensionless]
beta ratio or coefficient [dimensionless]
gamma  shear strain [dimensionless]
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lic:

Lé.
le.
lc.
l.c.
Le.
Lies

L.

epsilon

eta
mu
nu

pi
rho
sigma

tau

phi

direct strain [dimensionless, mm/m = 1 x 10~ = millistrain
mm/km = 1 x 10 = microstrain]

viscosity [Pas, kNm/s]

micro as in jlm = micrometre or P = microstrain
Poisson’s ratio [dimensionless]

ratio of perimeter to diameter of a circle [dimensionless]
density or unit mass [kg/m* or g/cm’]

direct stress, strength or pressure [kPa = kN/m?,

MPa = N/mm?]

standard deviation of C or D

shear stress or shear strength [kPa, MPa]

shear stress at failure

angle of shearing resistance of concrete [degrees of arc]
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Chapter |

Alkali-aggregate reaction (AAR)
and its effects on concrete — an
overview

1. AARAND ITSVISIBLE CHARACTERISTICS

The subject of the book is alkali-aggregate reaction and the structural damage it
causes to concrete. The occurrence of AAR has been reported from every continent
and both north and south hemispheres. It is a world-wide problem in concrete tech-
nology. The emphasis of the book is on engineering assessment, diagnosis and repair.
There are many published conference and journal papers dealing with AAR, and the
number of authoritative and specialized papers has increased substantially over the
past three decades. For example, the number of papers presented to the Fifth Inter-
national Conference on AAR in Concrete in 1981 was 32. At the 12th International
Conference in 2004, 162 papers were presented. However, most of this literature is
concerned with scientific rather than engineering aspects of AAR, i.e.: its chemistry,
the nature of the various reactions, susceptible minerals, chemical kinetics, and fac-
tors influencing them, as well as the prediction of AAR-susceptibility. These scientific
studies have been essential for our understanding of the AAR phenomenon and have
assisted the cement and concrete industries to improve the performance of cement and
aggregates and items made of concrete and to eliminate the use of marginal materials
that may be AAR-susceptible.

The effects of AAR on the engineering performance of concrete artifacts and
structures — whether of mass reinforced or prestressed concrete has been less well-
covered in the engineering literature. At the 1981 AAR Conference, 4 of the 28 papers
dealt with engineering aspects of AAR, while in 2004, 45 of the 162 papers were on
engineering aspects. Hence not only has the number of engineering-orientated papers
increased, but also their proportion (1 in 7 to 1 in 4.2). AAR has the primary effect
of damaging concrete and causing some loss of performance in concrete structures, at
the very least by the unsightly surface cracking it causes. The challenge to owners and
operators of AAR-affected structures is how to assess these structures in terms of their
engineering performance and safety, how to repair them and then how to manage the
repaired structures. It must be recognised that, ultimately, civil or structural engineers
have to assess, repair and manage the ongoing problems of AAR-affected structures.
Owners of such structures will require reasonable assurance that their assets will
retain their value and remain safe, functional and economic in terms of ongoing repair
costs. Therefore, sound engineering knowledge of the mechanisms whereby concrete
is damaged by AAR, its effects on the actual performance of concrete structures, as
well as on assessment and repair techniques is needed.




