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reactivity. Alkali-silica reaction (ASR) is the most widespread, extensively knownaif  peactive silica SiO., occurring in a variety of forms, is a common constituent of man
Studlicd: : aggregates. In neutral and acidic environments, the various forms of silica are chemicallz
werystable. As a consequence of this stability, silica forms the bulk of the natural sands
and gravels. However, in highly alkaline environments, such as occur in concrete, the
MMMM@ solubllity of silica increases dramatically. :

Concrete is composed of aggregates and paste. The paste is composed of e The reactivity of silica, in addition to being aff ini i
products of the hydration between the cementitious matena!s ar?d water. Altljﬂflﬂh affected by the form, grain size, or crystalline gtr?.nc:frt: sz%;r;?lizgkalgg?csrt?o!-rll’slsfat]tswo
appearing as a solid (discounting the entrained and entrapped air voids) the cementioé § yigus forms can be found in ASTM C 294 [11]. Amorphous, or b ot d
paste actually consists of a matrix of solid material .W‘Ith an internal network o morly crystalline silica, such as volcanic glasses and opal, are tt;e AT Y e a
interconnected pores. The volume of these pores and their mfcercon_n_ectedneSS_deiieﬂjs The high temperature materials, tridymite and cristobalite a'md chalcedon ag t;ve o
on factors such as water-cementratio, curing regime, and the cementitious matenialsisé § vring in some chert, are also fairly reactive. The z;bove forms ?:arl' :II Ibgoglsa;?sgg
;0:‘?.:1'1}’ als,trafidiv-rﬁact::g%r;ldctypicaIIy will be classified as potentially deleterious by
: d itional tests such as 227 i i

Water can enter and move through this network of pores, dissolving SO‘”bI_e saltst § o hibit the pessimum effect, where thzngaiifugrrs Lli)‘azgz?\eorss Kflv-riaCtive Lt
calcium and alkali metals (sodium and potassium). The dissolution of these salts increa® § yoiain 3 certain proportion of the reactive element At pro ort?oi CAL LG
the hydroxide ion {OH) concentration or pH of the resulting solution. In the portia fiepessimum, the expansion is less. For example, e.m opal CF:)ntentsingzrazztreergg;;e:go?tag

. . ici i ide to saturateft . :
cement paste, the hydrationreaction produces sufficient calcium hydroxid percent {the pessimum amount) yields the maximum expansion. Greater or lesser amounts

[ [ [ lutions saturated with calcie 3 :
ore solutions with respect to this compound. In s0 > | tfopal yield lower expansions, whereas, for : / ount
fwdroxide, the maximum pH is about 12.5; however, increasing amounts of alkali wl some other mineral maximum expansion is

. | ahieved when aggregate consists of 100 percen i
. ) t of
increase the pH. Consequently, the soluble alkali content of a concrete’s cementiios p that mineral.

paste affects the upper limit of pH or alkalinity of the pore solution. MOI:B slowly reacting forms of silica include metamorphically strained quartz, and micro
uystaline quartz. These forms have been found to cause deleterious reactivity in

The ASR process begins with the reaction of hydroxide ions from a highly alkalinep § oorere although it may take longer to develop than with rapidly-reactive aggregates

_ . oces ; ; i use 2
solution with silica in the aggregate. ';t:s reaclz!on _prmljucgsra g:‘; ‘t‘\éhlg%ha?saoyc;ied“ﬁ lhese forms of silica are a primary constituent of quartzite, sandstone and sand and
: o believ avel. Chert i i t

o £ et thaiconceatento el e cracking is also ; y rt, composed of microcrystalline quartz and somet h i

- : G incrbg | : etimes chalcedony, is found
the expansion of the gel due to water absorption. Depending on . - adand gravel and some carbonate rock ' ' !

' e . ieret | n¢ ! ate rocks. Unstrained quartz, ma f
and reaction conditions, even very small ampunts may cause cracking; under d apdgranmc gneiss appear to be the least reactive form oquilica but Kal;eb:::(;;r;gg?r;ltg
onditions alkali-silica gel may not be deleterious. :ir:]h deterioration due to ASR [24]. The greater the porosity of the aggregate du?a ?o
ext:r:tltsf natural m_tern_al stru_cture or fractures induced during crushing, the greater the
of the reaction is due increased surface area of silica available for reaction.

Factors Affecting the Potential for ASR Related Distress

In order for ASR related distress to occur in concrete, three factors are required: Alglies

1) The presence of reactive forms of silica in the aggregate; cThe Potential for ASR increases with the alkali content of the concrete This is
au . - - - . 5

i‘ﬂrea:zsth: hydroxide ion goncentratlon (alkalinity, pH) increases as the alkali content

: alk.-;r ortland cement is usually the primary source of alkalies in concrete. Although

ety 0les are repor?ed as Na,0 and K,O the readily soluble portions in the cement

i ccur as alkali sulfates. Other internal sources include mineral and chemical

Mmixtures:

. em 3 WIES; some aggregates (typicall i i ici
Other factors may affect the development of ASR related distress. J!\mongﬁt:;nt "emicals and seawatergare ext:rpnal szuglzaes: 5 \;‘qlﬁamc rfJCkIS) and mix water. Deicing
admixtures, deicing chemicals, concrete permeability, and conditions place walehswonly.alkalies:ta the pore golution.

curing.

2) A sufficiently high alkali content in concrete pore solution;

3) Sufficient moisture. :
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Moisture

Water as a constituent of the pore solution in concrete is necessary for ASR 1
proceed. Concrete which is allowed to dry after proper curing and will remain dryjy
service is unlikely to be affected by ASR. However, concrete members with large cross
sections may retain enough residual moisture to cause reactivity even though they arey
a dry environment.

Concrete which is in contact with ground or water or is periodically wetted will mey
likely contain sufficient moisture to cause reactivity. Moisture in excess of 80 percen
relative humidity in concrete is necessary to cause the gel to swell [23]. A certainlew
of protection can be provided to concrete by decreasing the permeability, and thus th
availability of external moisture to the system.

Fly Ash, Ground Granulated Blast-Furnace Slag, and Silica Fume

Fly ash, ground granulated blast-furnace slag (GGBF), and silica fume can be effectik
in preventing deleterious expansions resulting from ASR. The primary constituentin eadh
of these materials is amorphous or glassy silica. Because they are fine grained they reat
very rapidly with the hydroxide ions in the pore solution forming a compound similar
that formed by the hydration of portland cement. This compound fills in spaces betwe
the hydrated cement grains reducing the permeability of the concrete. It effectivelyt
up the alkalies thus reducing the potential for ASR.

ldentification of ASR Distress in Concrete

There are three commonly used ways to identify the occurrence of ASR in a conce
structure. Visual signs include expansion and exudation of gel. Signs of expansionind
cracks, closing of joints, and displacement of pavement in severe cases. The cracks!
be either longitudinal or map-type. SHRP Handbook [25] is a very good photographic§
for showing ASR cracking in pavement.

The examination of hardened concrete by proceduresin ASTM C 856 [1 1] Pet“’g'apl-i: i

practice can identify ASR. A gel fluorescence test was developed under SHRP 10 iden

ASR gel in hardened concrete [25].

valuation of Materials and Environment

_E_________________________

There are several methods for evaluating aggregates. They include:

Guide for Petrographic Examination of Aggregates for Concrete ASTM c 25

i | "estin

Pavements 331

Test Method for Potential Reactivi i
- ctivity of Aggregates (Chemical Method) ASTM C 289

Test method for Potential Alkali Reactivi
{Mortar-bar Method) ASTM C 227 [1 1],C;I:¢':Itv IR K

Proposed Test Method for Accelerated D i
: etection of Potentiall i i
of Mortar Bars Due to Alkali-Silica Reaction (ASTM Pr0posI:dyNI|D:tlﬁ:)Zr)lous 7%

Wherever possible the results of th
‘ . e above tests should be used i j i

‘ . ed in con i
u]fqrmatlon obtained from the service record of the aggregates over a i jgnCtion Wlt'h
smilar concrete exposed to comparable service conditions s iiocl

Alkalies are present in varyi i
ying amounts in all portland cement i ily i
_ . ¢ s primar i

zhﬂe gu;gautit\e, ac:;r:tpou:d's. .The alkali content is calculated on an oxidepbasis :xdlrr]eriifﬂg

ghemi:;al reqmreme;‘t fllmlt of 0.06 percent Na,0 equivalent is listed in the o:))tior?ai

e Wﬁ;n theﬂpor;land cement specification ASTM C 150 [11]. this limit

_ portiand cements may be used with icl
: : aggregates

meentially deleteriously reactive. However, the 0.60 perceng"cglirrgm}itatior‘:\‘r 2':: htl?:u;(ljkb?

ali

tontent does not always provid
- (=]
= p protect from ASR. Several factors play a role in such

Alkali :
kalies are concentrated in the concrete due to cyclic wetting and drying

Alkalies are contributed from other ingredients
Alkali i
dlies are contributed from external sources, and high cement contents

Blended hydraulic ¢ ified i
J ements specified in ASTM C 59 i i
g _ . 5 [11] includes an opt
nreventingr:;?::;?sr?oennt cl’Jsmg test method ASTM C 441 [11] to evaluate ef?e:;?\?cler?;z;t?r:
by evaiuafionuies tsc:J:gSeJ:t gheFIprocedure discussed in the following paragraph
_ ed. Fly ash specified in ASTM
ated as discussed in the i ol
paragraph on testing and i
B e : _ g evaluation. Class F fly ashes
: available alkalies and ¢ i ili
e ‘ ontain larger amounts of sili
B rgi?il((:z ghem more eff‘ect!ve than Class C fly ashes in minimizing thecjl?e:g
RO s .silic ) ume is effective in reducing expansions caused by ASR in concret
a fume is completely distributed throughout the mixture during fh:

% evaly
Generall
diming

Chemical admi
HJWever, cm:g(r;’;l):;;‘:res ha\:re not been identified as being a significant contributor to ASR
- S may increase the potential for expansion of ASR gel. Research has'

Eintroduction of lithi i
e of lithium salts prevent deleterious ASR. This was first revealed by

d Ca i i
o Idwell [26] and extensive confirming research was recently done by SHRP
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Testing and Evaluation

al considered for use should be tested and evaluated in accordance v
tory qualified to do the work.

Each materi
the appropriate ASTM procedure by a labora

st method for evaluating the effectiveness of fly ash, GG§
pansions caused by ASR. The procedure is similarg
lass as a standard reactive aggregate. A criteria of;
t 14 days is the recommended limit. This te
f difficulties in reducing expansos

ASTM C 441 [11]is the te
slag, and silica fume in reducing ex
ASTM C 227 [11] but uses pyrexgd
maximum of 0.02 percent expansion a
method and criteria should not be used because 0O
below this limit.

e expansion of a control and test mixtures. Eal
s aggregate as specified in ASTM C 441 [11]. Tk
produce a flow of 110 to 1 15 as determinedly
hall be made with 400 grams of portland cemét
with an equivalent alkalies of 0.50 to 0.60 percent. The test mixture shall be madewi
a portland cement with a total alkali content exceeding 0.08 percent and blended witi
fly ash, GGBF slag or silica fume or with a blended hydraulic cement. The total weightt
the cement plus fly ash, GGBF slag, or silica fume or blended hydraulic cement shal
400 grams. Except for proportioning of the mortar, prepare, store, and measure i
specimens as required by the applicable sections of ASTM C 227 [11]. The 144
expansions of the test mixture shall be no greater than the control mixture.

An alternative is to determine th
mixture uses 900 grams of pyrex glas
amount of mixing shall be that needed to
ASTM C 109 [11]. The control mixture s

STM test method be used o

It has been proposed by others that the proposed A
blended hydraulic cements (2

the effectiveness of fly ash, GGBF slag, or silica fume or

echanism of Alkali-Carbonate Reaction

Mechanism of Alkali-Carbonate Heaction

Alka
solution in concrete and carbonate aggregates which are characterized by the presen
discreet crystals of dolomite. The reaction is believed to involve dedolomitizal
producing calcium carbonate and alkali carbonate, while releasing magnesium ions Wik
combine with hydroxide ions to form brucite. In a subsequent process. the @
carbonate reacts with calcium hydroxide to form calcium carbonate and alkali hydro!
Thus the alkalies which originally involved in attacking the dolomite are released bﬂC!‘“‘11
the pore solution for further assault. The expansion which accompanies t
not completely understood, is believed to be related to the swelling of the interstitialﬂh‘-

caused by association with alkaline pore solution [27].

Factors Contributing to Alkali-Carbonate Reactivity

ACR seem to exhibit a characteristic Iith‘m:

Aggregates which are susceptible to
f calcite and dolomite with an insolubler

They consist roughly equivalent amounts 0

li-carbonate reaction (ACR) occurs between the hydroxide ions in the alkaline g

his reacuoﬂf_ b
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4110 to 30 percent consisting primarily of clay mi
st 25 : y minerals. They are usually dark col
fine grained, and exhibit conchoidal fracture. The distinctive microtextur: identifiatc)’lf?r;

thin sections is a rhombs of dolomite, roughly 25 mi
2 z ’ ICI H = . .
natrix of calcite and clay. ghly crons across, floating in a fine grained

The amount of ACR expansion is directl i
' y related to maximum size of the

_ _ aggr
particle and the amount of reactive constituent in the rock. As either increa%%:gffzg

I amount of concrete expansion i
: ncreases. Factors that cause ASR, i i
and moisture are also the same factors that cause ACR ot B SPVESRAY alkalies

ldentification of Alkali-Carbonate Reactivity Distress In Concrete

distggsﬂacr::us?;sll expansions of concrete and, as such, the outward manifestations of

g MOSitar t% ASR or any other process which causes differential volume change

inapartic;_jlar direi\:;ogn*:hwnll be i:\_’1ap and pattern cracking. If the pavementis retrained
. the cracking will align itself in that directi [ i

. . >t vill & on. Signs of ex

mude closing of joints, offsets or misalignments, crushing of concretg and pa?rzrr::a?:

towups. Petrographic examination by A
N y ASTM C 856 [11] has to be used to confirm

Evaluation of Materials

ASTM
ks CA%;Q,FE: 227 aqd propqsed ASTM test method [11] are appropriate for
- Handbgok of.coetrog:razh:c examination of the aggregate by ASTM C 295 [11] and
1 ncrete Aggregates [28] should be used. R i
itdctive on the basis of compositional and e QGE rheRion i g
i e o _ al and textural characteristics should be subjected t
y the rock cylinder test ASTM C ] ;
o . : 586 [11]. The concrete pri
€1105 [11] is a method to determine the potential of ACR in concrete.prilsc;r\r:::;szij

Bistest method is ti -
od is time consuming requiri
Tay also be evaluated. g requiring & to f2manths foyresults-;Bepyiceecord

Mizing Potential for Alkali-Carbonate Reactivity Distress

When th ’ i i
€ concrete’s service environment is conducive to ACR and the aggregate to

r

t

1. The
amount of expansion is di i
B o p is directly related to the amount of reactive rock in the
a. ifi
E:(Eona_tg rocks are stratified. If layers containing the reactive lithology can
. i gntnfled, they can be avoided in the quarrying process.
eactive rocks can be blended with non-expansive aggregates.




