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THE MECHANISE OF AIKALT-AGGREGATH REACTION IN CONCRETE
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Alkali-aggregate Reaction can be described
briefly as a reaction between alkalis derived
largely from Portland cement and 2 siliceous
component in aggregate. In concrete reacted
aggregate particles absorb free water from the
‘surrounding concrete and commence swelling. The
swelling particles exert a disruptive force on
the surrounding concrete sznd produce many fine
crecks in it. As the particles absorb more
water these fine cracks are widened and the
concrete is expanded abnormally.

IKTRODUCTION
This contribution is a brief re-statement,based on studies and
experiences covering some 50 years,of the basic mechanism of
alkali-aggregate reaction and the consequent damaging effects
which are produced in concrete. It is concerned therefore with
the interaction of the three essential factors,alkalis,namely
sodium and potassium hydroxides derived from hydr~ting cement,
& reactive siliceous component in the aggregate and free water
which is normally present in concrete., The resultant cracking
and expansion of concrete is caused by the swelling forces
exerted during the absorption of free water by reacted
aggregate particles which are completely confined within a
relatively inelastic,but permeable,hardened cement paste or
concrete matrix, The effects of a number of other factors,
notably reactant quantities,enviromnmental conditions,concrete
quality,action of pozzolans,on the expansion and disruption of
concrete will also be discussed.

These basic studies constitute a suitable background for
understanding and evaluating material test data and various
operational problems in large structures. The significance of
test procedures wnd interpretation of test results have caused
many difficulties while variability of materials,cement,natural
sands and gravels and in some instances aggregate tzken from
different places in one guarry has on occasions caused much

confusion., On account of the presence of other potentially
damaging actions,recognition of alkali-aggregate reaction as a
major cause of deterioration of & concrete structure in +the
field is often difficult. Horeover evaluation of the
contribution of alkali-aggregate reaction to observable damege
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is not easy and assessment of the future performance of
affected concrete and possible repair recguires considercble
Judgenment.

BASIC CONFPONBKTS AllD REACTIONS

The essential requirements for alkali-aggregate reaction to
occur are:{a)alkalis,sodium and potessium hydroxides derived
principally from cement, (b)a component of the aggregate which
can react with hydroxyl ions to produce a new reaction product
which cen sbsorb water and(c)iree water which may be excessg
mixing water., As the reacted agsregate component absorbs waeter
it swells initially us & non-~deforming solid,exerting a
disruptive force on the surrounding concrete and producing
cracks which propagate &nd widen znd thus csuse the concrete to
expand.

It is apparent thut alkalis may be derived not oanly from
cement but also from other sources such &s surrounding soil
solutions and some admixtures. The reactive aggregate corponent
may be present in either the fine or coarse aggregate and is
usually opaline silica,acid and intermedicte glussy volcanic
rocks or rocks vhich contain relatively large amounts of
cryptocrystalline cuurtz. Crystobulite,tridyiidte,fused silice
glass and high siliew artificial glasses are also reactive
while de~vitrified volcanic glasses are non-recctive. iater
derived from foundations and soils and intermittent
precipitotion cun auvgment the excess mixing woter.

The uantities of allkalis present in cement and the
guantity of the reactive component in the aggregate affect the
magnitude of expansion. iAs the cement alkali content (expressed
as NHe,0+0,658K,0)falls below 0.60% the reaction rate decreases
progréssively find the time required for expansion to become
significant increases greotly. The cuantities of rezctive
meterial in the aggregate,e.g.opal or volcanic gless,mey be
relatively low(I-55) while the guontity of cryptocrystalline
cuartz is relatively high - approximately 35-40:%, Absorption
of free water is the criticel factor which causes expansion,.
Consecuently concrete that dries out and remains dry will not

xpand significently and indeed will probably shrink while
concrete exposed to externzl flow water is likely to lose
alkolis by leaching and thus develop a reduced expansion.
Tow density rocks,e.g.pumice,scoris etc.,low cement factor
concrete and poorly compacted concrete are generally not
usually expanded, It is only well compacted,gocd guality
concrete that can be expanded abnormally.

WATER ABSORETION AND EXPANSION

Radioactive tracer studies have shown that the positive
sodium counter ion penetrates throughout and concentrates
rapidly in reactiag silica particles. It is considered that

the-hydroxyl-ionywhich-is-the-eritical-reaetingiony

penetrates with similar rapidity into and throughout the
particle and produces large numbers of $5i~0H bonds which
completely change the properties of the original siliceous
particle and increase its capacity to associate with large
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endG diminishes with depth inside the particle, The swelling of
the reacted particle us water is absorbed is thereiore
non-uniform and moreover the concomitant chunges oceurring in
the physical properties of the rezction product are clso
non~uniform. Initizl woter wbsorption increcses the volume of
the rezction product which swells as & rigid,non~deformable
s0lid., As more wuater is absorbed the reaction product continues
t0o increase in volume but becomes increzsingly deformeble until
at & sufficiently high absorbed wuter coatent it couverts to o
fluid sol. The swelling reaction product first forms severzl
incipient cruacks in the surrounding concrete. Some oi these
cracks ure propagated and widened us the reaction product
swells. Headily deformable gel and sol are forced into these
creacks by bthe continued swelling of the non-deformable rezction
product. However as reucted particles progress through the
seguence of water sbsorption - non-deiormable swelling -
deforri.ble gel - sol transformutions concrete cracking @nd
expansion will reach a maximum cnd then decrease becuuse the
residual swelling rewction product ceén be accommadeted in the
origincl particle sockets and spoce crected by the expansion
cracks,

Calcium hydroxide,waich is & large component of hydrated
cement,is speringly soluble and in solution, produces & very
small concentration of hydroxyl ions.Consecuently it is not a
significent factor in promoting aggregate reaction. Some
alkali-gilice reasction product(sel or sol) moy come inte
conteet and recct with coleium nydroxide o produce & white,
opague,non-swelling olkali metal-calcium-silice complex. This
complex product may be observed in cracks,volds @nd sometimes
in protected ureus on surfuces of concrete structures usuclly
witer wlkali-~eggregste recction his been proceeding for o loag
time,

oo oy il

The Ppehaviour of & nozzolun presents an interesting
example of o rezctive materizl which restricts the extent of or
innhibits aggreguate rezction while,slthough it reucis rewudily,
it does mnot cuuse concrete cracking ond expension, Fozzolen -
perticles must be very fine(i.e.they have smell individuul
volumes snd large exposed surfuce areas)und They must repluce
o reletively large amount of cement. These recuirements ensure
thet the major proportion of the alkalis reacts with pozzolun
rether then with large eggreguate purticles which huve relatively
smill exposed surface areas. i‘he pozzolan recction product
absorbs water and rapidly passes through the gel to the sol

Gontact with the pozzolén purticles to accommodate the reaction
product. ‘the sol can react with calcium hydroxide to form the
non-swelling slksli-celeium—silica product. On account of its
smull size the capacity of pozzolen to cause o disruptive
expansion is limited by its deficiency in residuwl potentially
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swelling material. Reaction and expunsion of aggregate is
therefore suspended indefinstely.

SOkl PRACTICAL CONSIDSRaTIONS

llany procedures heve been proposed for testing the reactivity
of aggregates. Those most widely used zre (I)the mortar bur test
und(2)the repid chemical test. Both have been criticised on
vurious grounds @énd major difficulties occur in assessing
etuer «n agsregate can be used sulely when test results full

ia the doubtful rezctivity wsreu., The mortor bur test cun be
guite definitive but it tukes & long time,severcl pontins up to
& year,to produce results. The chemical test yields test results
repidly (within days)but these recuire expert evaluution. Lortar
ber expansions should exceed 0.05-0.I0i within a year and the
test srecimens should contain large numbers of rescting
purticles wnd associated cracks. The critical measurement
produced by the chemicul test involves the cuantity of -dissclived
silica,which must exceed IO0 millimoles/litre,veczuse o
determination of this magnitude is necessary to indiczte the
Presence of « significant wmount oif recctive muterial in the
eggregete, plevated temperatures may be employed to accelerste
rewction rates and produce early test results. Such results
should be interpreted with caution beczuse elevated temperatures
mey promote reactions which either do not occur or which proceed
&t very low rates at atmospheric temperature.

Diagnosis of elikali-aggregate reaction in structures muy
be obscured znd confused by vurious cdditionzl fucvors such «s
Chinges induced by enviromment:l cycling conditions,cement
unsoundness,drying shrinkege cnd the dimension of the structure,
its design details,restraints cnd construction defects, In
Common with otlher deteriorating cpgents,the sctusl dameging
agent,in tais instence reacting uggregate particles,must be
vresent in lurge numbers and readily observable., Reacted
particles must be softened,centres of water absorption and
associzted with cracks which muey contain gel. In addition clear
gel or the white,opacue,non-swelling slkali-celcium-silice
prodéuct may also be observed in significant guantities in the
voids which swre present adventitiously in the concrete.

Prior testing of aggregate is the most effective method
of eliminating alkeli-aggregete reaction. However in some areas
8ll availuble aggregates msy be reactive. Under these
circumstances it is essential to evaluate the expected life and
working duty of the structure and to select suiteble materisls.
For exemple use of & very low alkali cement will significently
reduce the rate of aggregate attack and further restriction of
the rate of reaction can be achieved by replacing & portion of
the cement with a pozzolan, Under these circumstunces aggregute
reuction cné serious concrete deterioration can be delayed for
& time approaching that of the useful liie of the structure.

Goncrete that is placed under cover Gries out and remains

permenently ary. 1t will not undergo further chenge, Concrete
placed on or under ground may continue reacting while concrete
exposed to environmental chunges will continue reacting,
expending end deteriorating intermittently. Expunsion crucks
tend to expose the interior of the concrete mass to further
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chonges including carbonution and reinforcement corrosion.
apart from displacements coused by expansion,reinforcement
corrosion =nd loss of bond ecpecially in pre-tensioned,
prestressed units can lead to calamitous fuilures,

‘Hdepair of damaged concreve is not generally or readily
achievable, In some limited areas und for relatively small
units complete encasing with steel plates held oun the surface
by stressed steel bars moy be effective in maintsining the
working capacity of the units.

CONCLUDING REARKS

A greut deul is now krnown &bout the mechanism of alkali-
aguregote reaction end the deterioration of uffected concrete.
The simple expansion mechanism involves the swelling of reacted
siliceous aggregete purticles as they absorb weter and the
disrurtive expension craclhing of the concrete, although the
swelling forces are not excessively large they are sufficiently
great to exceed the cohesive strength of hardened cement puste
and concrete,

In practice test results obtained irom varieble znd
borderline aggregutes are sometimes difficult to evaluate and
experience and judgement are needed to achieve & reasonuble
assessment. Similer judgement pust be exercised when choosing
metericls for specific projects and when assessing the
condition of deteriorating structures.
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