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") PFTROGRAPHIC FVAT/TATION OF CONCEFTE AGGREGATES

WITH EPPCIAT, REFERENCE TO ATKATY AGGRFGATE REACTIONS*

The nistoxy oL concrete snows thav since ics ewxliest
use theye have been irejuent iailures and concrete nes nOC
always pioven & Sabisssctoxy constyuction material. &
survey of Lfallures oL concrete structures & amade in
dirrerent countries has shown that chemical resotion
between cement slkalles and certain silicious constituents in
the aggFegate, popularly known e8 “Alkali=Aggregate Resction”
is one oL the majox canse ror detexrioration or concrete
stmetures, The phenomena has been well studied in T.E.A.,
Denmerk snd Mistralia and & good lot of data hase been
mede available zegarding the occurrence end nature 0X
reective sguregates, On Goe other hend, iaspite of major
concrete constiuctions, almosté nothing is known of the
vulnerability to en attack hy cement elkalles oL Ghe xocks
0% thedr aguregctes Lyom diirerent geological rommakions
in Indis. Mrther wore the problem hes net been well~
studied from Ghe petroyrephic point or view even in Ioreign
councries, and only a scanty daeta 1s available regarding
the petio . rephic nature of resctive Masu.

¥ith these objects im view, the present study
deals with & detailed investigation and evaluation of
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common Indian eguregabes, obtained from dicferent stratier
&taphical borizons, & iegards to their susceptibility vo
alkali sgyregete resctions employin, Ghe commonly saccepted
experimencal prosedures like mortar bar expansion studies,
petrogrephic exsminstion end chemical test, In addition
to these, bthe petrogrsphic exanination of thin sections
of mortars showing symptoms of alkall aggregate resctions
has been made in oxder to prove more conclusively the
identification end sssociabion or diifevent resctive

cons tituencs in the s pregate with alkall resptions, An
atteupt is also mede duying the present studies to ossess
Gthe errect of alkeli egyreguce resctions on Ghe Gensile
streny,th oL wortaxs,

A goxrelation between the results obiained with
disierent test piocedures used foxr detecting potential
alkall resoblivity of aguregebes, hes been atteupted end
mexrits and demexite of these are discussed in light of the
petrogrephic featuves 0L the sggregalies,

Tssed on the corxelation between petrogrsphlc
features of the esggregates and their behaviour in mortars,
& new scheme for clessification o sggregstes inte six
gT¥oups has been suggested and Hhe salient petrogrephic
Leatures of the resctive and non-rewtive sgygregates

have been set ous.



It 1s realised that the engineering propexties of
mortars like expansion and crecking due to alkall aggregate
reactions, ave intimately related to the petzegraphic nature
0L the rock end the type and degree of mebamoxphic defome~
tion a rock hes undexgone. OCuxrves showlng mortar bar
expansions have been plotted for zll resctive mnd a few
non=-resctive sygregaties, under ditfrerent groups like
erenitold xocks, chammockites, bssalis, sandetones martzites
end schistose rocks and discussed in oxder to mako & petro-
srephlc evaluation oL Ghese xocks,

Pesed on the xesults obtalned duxing the chemical
testy, on abtlewpt hes been made to clessily vhe sggregates
using e standaxd curve,

Teatly, after a careiful paiocessing of the data
obtained dnring the studies, a new concept bzsed on the
textural features snd percentage of silicious constituents
in the asggregabe, for eveluating their resctivity with
cement alkalies hss been lntroduced, discuased end
es tablished,
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CHAPTER-1I

IITRONCTION

Sirce recent times, the problem of alkali apgrepate
reactions in cemert conerete structures has attraeted the
attertion of chemists, erpgimeers and a few geolorists in
developed countries, particularly in the UsSeAsy CGreat
Britair, Demmark, Australia and others,

In 1940, T.E.8tarton first reported of the phenamena
ard stated "The chemical reaction between certain silicious
eonstituents in the agpregate with cement alkalies, particularly
sodium hydroxide; which are released from the eement during
the process of hydration, giveshise to a swelling type of
alkali-silica pel complex, The gel imbibes water from the
ecorerete, inereases in volume and as it is eonfined by the
cement matrix develops pressures which ultimately result in
exparnsion and cracking of conerete.,” TIn later years
deterioration of engireering structures like dams amd
bridges, due to alkall agpregate reactions has been widely
reported from many eountries, where corerete comstruction
activity is fairly high, Similarly a few instances of this
rature due to alkali aperegate reactions have been reported
from Trdia also tut the prodlem is mot well studied,

Deterioration of corncrete; as a result of chemical
reaction between the alkalies in cement ard mineral
corstituents in the agpregate, was first observed on a major
seale in the Parkar dam on Colorado river, The dam was
completed in 1938, After two years it was roted that
"esssss a fow already existing eracks in the comerete mass
were enlarging and rumerous rew eracks were obgerved to appear
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sudderly which were seen extending rapidly." (Meissmer etal 1041).
From the first eritical survey covering the axtent and
pature of the eracks ard a detailed examination of the cores
removed from various portioms of deteriorated corerete in the
dam, Meissmer etal.(1941) further observed that ",eees many
of the air void spaces were completely or partially filled
up with a mushy, clear to opaque vhite gel, It appeared
at first that the gel was afflicted with a red =eolitie tutf
aggregate and originated by base mxchange with the meoclites,
Later such gel deposits were also found on the surfacs of a
red por-meoclitie roek."” According to them the examimation
of cores revealed gel deposits associated with andesitie
rocks not containirg any weolites tut silicious mirerals like
chaleedony ard opal, The corcrete for the dam was mamfactured
vﬁth all the care and precautions considered necessary for the
production of high quality material. But ir spite of all
these, the concrete in the Parkar dam was fourd to be deteriorating
due to chemical reaction between high alkall coment ard the
reactive aggregates,
Similar eratks were also observed in the conmcrete of
the Buck hydroelectrie plant built in 1912 (Kammer and
Carlson, 1941). Ip this case the coarse aggrepates used were
erushed phyllite and gneiss, Aeccording to these authors
the eracks were first reported In 1922, vhen the phencmenon
of alkali agpgrepate reaction was not even heard of, Later,
after the collapse of the Parkar dam, the structures were
examired apgain in 1941 and a detailed study of the deteriorated
eoncrete revealed that there had been a chemical attack on the
phyllite agrrepate ard a petrographic examination of the



-3

aggrepgate indiecated the presemce of mieroerystalline quarte
in the erushed roeck,

Previous Literature

In the last 25 years,large seale regsearch has shown
that the problem is of extremely complex nature and the
intricate reactions have not yet been fully investipated,
studied and established,

Tremper (1941) reported deterioratior due to alkalil
agererate regetions apd commented "Five corerete pavements
in the vieinity of Spokane exhibited eracking and spalling
of eorerete,” Ticol (1942) observed that a mmber of concrete
pavements in California and Tebraska pot unservieecablg due to
alkali ageregate reactions, Alderman (1944) eited a fow
examples from South Aunstralia where the deterioration in
conerete structures was due to the preserce of opal grains
in corcrete mass, Mather (1951) corncluded that the eracks
in concrete of Tusealoosa Lock bridpe on the Warrior river
in Alabama vhre due to alkali aperegate reaction, Brown (1955)
related the cracking in a few mildines in Los Angeles Islamd
area to alkall aggregate reactions. Tdorn (1962) made
extersive studies of szome of the important bridge structures
in Jutland, Dermark ard reported severe deterioration due
to alkali agpregate reactions, Oleson (1963) attributed
surface deteriorations to alkall appregate reactions in some
of the bridge structures in Georgia, Recently in 1966,
Ingham reported disirtsgration of navement surfaceg due to
alkali arerepate reactiorn in South-Western Ontario, Canada.
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Of the above suthors, Alderman (1044) for the first time
expregsed that in additlon %o opal, chaleedony and chert,
highly decomposed felsvar should also be reparded as & mineral

susceptible to alkali agrrepate reactions, while Tdorn (1962)
from Deymark studied the problem gpeeifically from the
petrographiec point of view and veported the assoclation of
£14nt with alkalil ageregate reactioms, .

The mechanism by vhich alkali arerepate reaction
causes the exparsion ard eracking of cormerete was first
reported by Hansen (1944), His hypothesis is based om the
reaction of alkali hydroxides in coment with opalire silica
in the agpregate. He assumed that the reaction product of
alkalies ard reactive aggrepate exists in the form of an
aqueous alkali silicate, the lors of wvhich are ineapable of
diffusing through the hardermed cement paste, whieh in turn
acts as a semi-permeable membrane and confires the reaction
product to its site of formation. This results in the
development of osmotiec pressures of considerable magnitude
and thus terding a disruptior of the cemert paste, which
ultimately leads to the development of eracke in the conerete
mass, Later this hypothesis of Hansem has been supported by
Me, Cormell (1947), Kalousek (1944) ard Parsoms and Insley (1948),
However, Jomes (1952) observed that osmosis ".......doces play a
part", Tt it functions in exerting pressures only to the
reacting particles, which are commletely empulfed in a reactive
fluid and there 1s no escpae for the alkali silicate gel into
the surrounding open pores of the mortar,

Vivian (1950) believes that opal particles, on renting
with alkalies, absorb water from the surrounding cement and
the swelling that epsures in the process of gel Tommation
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produces ard exerts pressures, which cause expansion and cracking
of the conerete, Later, Brown (1955), Pike and Hubbard (19&?
and even Idorn (19682) also confirmed this view. Moreover, |
Powers and Steinour (1955) believe that swelling pressures are
adequate to disrupt corerete which could also be produced by

gel, if it was of urlimited swelling typre. They indicated

that under certain conditions, swelling pressures may be

gimilar to Osmotiec pressures as discussed by Harsen (1944),
while urder some other conditions it may act as a directed
pressure produced due to swelling of the reactive partiecles,

A review of the irnvestigations to date irdiecates that
the problem has mostly been studied from the chemical anmd
enginearing view points and the very nature of the rock
agrrepgate and their petropraphic characters either have not
been eonsidered at all or have been attended so far to a limited
extert only. Thme, these studies have resulted to a broad
conclusion that the roeks containing reactive mirerals like
opal, chaleedony, chert ard volcarde glasses when used with
portland or hipgh alkall coment produce alkali aggregate
reactions, To explain these ideas and the pheromena of alkali
reactions, various theories, particularly the "Osmotie pressure
theory", the "pel theory" have been put forward by emipent
chemists like Fangon (1044) Vivian (1950) ard Powers and
Steinours (1985), Though these views are highly corflicting,
there 4s a definite gereral apgreement that the existence of
a reactive mineral in the aggrepate is orme of the prime factors
of deterioration in the corerete masses,
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As a result of larpe scale conztruction in recent
times in these countries and the studies on the agrregates,
a gpood amount of data is available or agrregates ard their
susceptibility toRalkalil arpregate reactions.

On the other hand, irspite of major corstructions,
almost nothing is known of the vulrerability to an attack
by cement alkalies of the rocks or their aprregates from
various geclogical formatioms ir India. The alkali contents
of Indian cements vary widey between 0.40 to 1 percent
(Bawa & Japus-1958), Though the maximum content 4s
comparatively lowver thanr in some other countries, still 1%
has been observed that a few of the recently corstructed
engireoring structures seem to have failed due to alkali
aprregate reactions,

Little work has been done so far on the susceptibility
to alkall argregate reactions of pranites amd other
erystalline rock masses irecluding Frelsses, charnockites,
quart=ites, and ewen on sandstores, whigh are considered
physically sourd and are frequently used for conerete
mixtures, As irdicated earlier a few research workers in
UsS.As and Anatralin have mentiored that some pranites and
quartzites could also be susceptible to alkald agpgregate
reactions but no satisractory explanations have been
sugrested so far, Whatever explarations are avallable, all
attribute the cement alkali arerepate reactions, to the
presence of glassy matter amd certaln unstable forms of
silica (.e.g. opal, chalcedony ete.) in the veleanie rocks
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and the osmotic pressures which are rpported to result in the
formation of pels. However, Miclemnz ard Brown (1958) remarked
that the petrographic character of a rock could also be a factor
for the initiation of alkali aggregate reactions. The study of
textures, the mireral constituents of the rocks and the primary
or secordary features pregsent in the individual mirerals lead to
corclude that the supposed less susceptible apd innocuous rocks
are also liable to deleterious reactions, It is also concluded
that a petrographic evaluation can contrilute in importat ways
tovards the proper gelection of concrete aggregates in a country
like Irdia, vhere rock aggregates obtaired from differert
stratiagraphical hoprizons and Tormations are used in engineering
gtructures with any cement maymufactured from limestone of
different (stratigraphic horizons), In addition to these two
factors the different types of water sometimes with variable
compositions and pH, are also used for the erection of the
conerete masses, whiech ir turn are also exposed to varied ard
extreme c¢limatic conditions.

From the nresent studies it would be seen that the cement
alkall aggrepate type of reactions could also be due to the
nirerelopic and petrographie features of the rocks in which
the commonly accepted susceptible forms of silica are absent,
This again leads that petropraphy can find wider and diversified
applications in concrete technology.

Avder (1950) while digcussing the alkali agpregate
reactions in Parkar dam observed ".....50 far as is krown, no
research has been done on this problem in India, doubtless
becanse concretes in important struetures have rot been subjected
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to swelling and eracking, Over many parts of the wnorth, east
and south Ipdia, the aggregates are probably ron.reactive, but
this supposition may require qualification after regearch has
been dome on corcretes fourd on detalled emuiry to be unsound.
There 1s, however, occasion for much rescarch to be done on the
basalts of the Deccar traps which contain chalcedonic silica in
the form of apates, celadonite, palagonite, glass and meolites.”

Though not so common, small secale fallures due to alkall
aprregate reaction have been observed in a few concrete
structures ir South India particularly since the year 1961, Inm
these cases the rocks used as apgregates are the Khondalites,
8411imanite preiss and quart=zites of the Dharmar formations.

Of these, the reactioms with cement have mainly been noted with
the quartzites, which were later fourd to be highly sheared.

Deterioration of concrete structures of the A.C.C.
cement works at Rohri ir Pakistan was also reported in 1960 by
P.J.Japus of the Corcrete Association of I ndia. In this case
the aggregates used are reported to be from a cherty rock,

In 1ight of the above and a major yrumber of concrete
structures already completed or under corstruction in the country,
a systematic study of the aggregates anl a comparison of the
important Indian rock formations for ageregate marulacture
appear to be of prime importance for future development works,

Almg _and Objects

It 43 with these in view that the present studies
have been talken up and the rocks used commorly as aggregates in
engireering structures forms the subjoct matter of this thesis.

In India most of the corcrete structures are being
tuilt in areas other than voleanie regionse In view of the
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same a survey of the imnortant querries and rock formations have
been made ard 1s reported in the following pages, along with a
discussion on the effects of alkall agrrepate reactions observed
on these rocks, On the basis of this study (corncerning mainly
textural and other petrographic features of the apprepates and
their mortars) ecertain rew characteristies have been noted and an
explanation mainly based on petrographic features of the rock
ageregates and the resultant allkald reactions has been attemnted,
Tt would, therefore, mot be out of place if it 1s stated at this
place itself that the conclusions arrived 4in this thesis are only
based on the netrographic observations,

India is a vast country with a variety of rock types,
distinet physiographie features and c¢limgtes and forms three
distiret divisions namely the Peminsular Block, the Irdo-pangetie
plain ard the Extra peninsular Region. Ceolopically, the peninsula
somevhat a stable land mass or shield structure and is chiefly
composed of precambrian formations comprising of various igreous
ard sedimertry types, which have been intensely deformed ard
metamorphosed to various degrees, In some_places these formations
are overlain by younper sediments of Paleo=zoie and Mesozoic times,
coal bearing Gordwanas, extensive sheets of volearic lavas (Dececan
traps) and minor Tertiary sedimente particularly along the coasts,

The Trdo Gongetic plain, streteching from west to east for

nearly 2000 kilometers lies in between the Peminsular shield ard the

Himalayar chain, It is formed of an erormous pile of pleistocere
ard sub-recent to recent sediments capped by a thick alluvium,

The extra perinsular region i1s mairly composed of huge
thickress of peosynclinal sediments, of Cambrian to Tertiary
periods, which have been intricately folded, faulted and deformed
during the Himalayan orogeny.
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Thus the Peninsular region ofIrdia with abundant hard and
durable igreous, sedimentry and metamorphic rocks e.g. granites,
greisses, marteites,sand stores, charnockites, basalts ete, are
the major sources for road and building materials amd for concrete
aperegates, On the other hand, there is great paucity of hard
and suitable rock aggrerates in g greater part of the region of
the ITndo-Canpetic plains and have to deperd largely on the boulders
and gravel deposits, from the river beds, from the Himalayan
repgion and the other sources of available aggrepates,

Mode of Studles
Samples of arpregates used commonly in the country for

corerete purposes were either received through P.V.D. or have
been collected from several quarries of the different states,
Informations regarding their names and exact localities ete. of
these quarries have been taken as such, tut in a few cases the
correct locations of the quarries could mot be obtained armd hence
are rot mentiomed, About a hundred samples were received from
the different orranizations apd another twenty were collected from
important geclorical formations located near the developing
centres,

Of these, seventy samples of the required physieal
properties have been chosen and subjected to mortar bar expansion
tests and the expansions observed for a period of six months,
However, comparatively greater emphasis has been laid on the
study of rocks like granites, charrockites, -and quartzites since
these are the most common types used and are considered
innocucus so far, Incidentally, almost ro information or a very
1little data is available on the reactivity of these rocks from India,
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Of the seventy samnles studied for expansion tests,
thiry samples are found to be moderately to highly reactive
ard henee are chosen for a detailled petrographic examination,
Of the others, forty samples are comparatively less reactive
out of which ten have been examired petrographically in detail,

Though the merits of chemical tests are gererally
thourht to be of much less importance as compared to the mortar
bar tests and the petrogravhic evaluations, still chemical
tastn_and-shc pf sixty samples have also been earried out
accordirg to A.8.T.M., standards.* Further, mepascopic ard
microscopic eteh tests on thirty samples with alkaline solutions
have been carried out, but the eteh tests do rot appear to be
of any use unless the apgregates contain opal, chert or
chalcedony irn abundance, ,

In addition, petrographic examination of mortars
showing symptoms of reactivity and on those with non-reactive
characters have been made on the lines of Idorn (1962),

Following Vivian (1950), tensile strenpths of mortars
of arerepates showing high mortar bar expansions were
determired, The tensile strongths have been observed at the
ape of 28 days and 90 days in each cases

* A.S.T.H; tests are followed durirg this study for two reasons:

1) This types of study on alkall agrregate reactioms is being
attempted for the first time in India and the results need
a ea;guriscn with the observations made in foreign countries
1like U.S.A. Australla ete.

11) There is orly little difference in the experimental procedures
followed in A.S.T.M. tests and Indiar Stardards,
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Based on the laboratory gtudies ard the observations
recorded, an attempt has peen made in Chapter V to classify the
reactive ard rop-reactive aggrepates from the different
geological formations of India, Properties of the aggrepates
geem to be considerably changed due to the effects of
metamorphism, Sometimes even in small areas the pronerties are
variable in a single and more or 1ess contimuous area, as the
intensity or grade of metamorphism or the local metamorphie
history may affect differently the formations in their lateral
extersions, This fact indicates that the selection of
agpregates 1s an important factor. h

Based on the laboratory studles ard the data available
in the literature, the following points are discussed under
d4fferent chapters of this thesls.

Chapter II gives a brief review of the previous studies
made on the deterioration of corcretes due to alkali aggregate
peaction both due to chemical and petrographic behaviour.

The chapter also deals with the factors for cement
aggregate reaction as applicable to Irdia reparding the range
of alkali eontent in the Indian eements, proportions of raw
materials used in cement mamufacture, water for concrete
mixtures and Indlan climatic corditions as they differ from
other countries,

Third chapter swmarises the methods generally
adopted for detecting potential alkall reactivity of
apgrepates ard those adopted in the present study.

Chapter Fourth detalls the petography of the rocks
observed susceptible to alkali reactions (under this
i{pvestigation) and the microscopic features and symptoms
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observed in the affected mortars., Chapter V deals with the
mechanical behaviour of mortars and the correlatlion between
mortar bar tests, chemical tests, briquette tests and
petrography, A classifications of agrregates based on the
texture of reactive constituent has been attempted,

In chapter sgixth, the nature of the reaective
congtituents and their bearing on chemical reactivity with
cement alkalies are discussed,

In the end the chapter seventh gives the summary and
conclusions on the studies renorted in the above chapters,




Apart from the nature of agpregates, the factors
wvhich are partly eomsidered responsible for harmful alkall
agererate reactions in concrote masses are:r 1) Alkald
content of the cement 11) Water used 4in eonstruction and
1141) Climatiec corditioms,

Conerete 1s a product of appregate, cemert anrd wvater,
Tt 48 therefore apparert that the properties of any of the
corerete massos will deperd on these three essential
econstituerts, Homece in addition to the mirerals of the
agrrepate, there may be certain corstifuents in the mixing
waters also vhich would react with the cement compourds
and thepeby affeet the qualitiocs of the paste and the
durability of empineering structures, Of these corstituents,
preserce of even 0,2% sulphates in the vater may cause
deterioration of corerete to a consideradle extornt,
84milarly the carbomates, more than 0,5% in the waters may
be responsible for a degereration of the corcrete mass by
aceelorating carbonation of ealeimm or caleium hypdroxide,
formed during hydration of tho portland cement, The effect
of chlorides 41s similar to sulphates and 4s particularly
harmful in reinforeced coneretes,

The mechanism of the sulphate reaction has been
discussed by Bopue otal {1965), who attributed these effects
to two important btut gereral causes: (1) additiomal produects
may be formed through a direct chemical combination of the
eorgtituerts in the cement with ions provided by salt
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golutions, resulting in a large volume irerease and consemuent
damage to overete structures, (411) wvhen portland cement pastes
are brought ta cortact with sulphate bearirg waters, the later
reacts with the ealeium aluminate ard/ér the caleium hydroxide

in the cement paste to form caleium sulfo.aluminate, The later
phénomenon is very detrimontal for the marine concrete structures.

Aggrepatest. There are throe nossible casuses that make coarse
or fire aggropates chemically deletorious: it may cortalm.
goluble sulphates 1ilke gypsum and alunite, which are easily
goluble im the mixing water and thus may comse damape due to
sulphate reactions, Secondly, pyrite, if presemt im appreciadble
quartitios in the aggrogate, would react with caleium hydroxide
of comert apd result in the local disirtegration and staining
of concrete, Thirdly, certain siliecious corstituents in the
coarse !¢ fire agrregates may react with cement alkalies,

and pive rise to certainm swelling type of pels which may de
resporsible for deterioration and eracking in the concrete
masses, The pheremenon is techrieally termed as "Alkall
agrrepate reacctions™ and has boon widely renorted from many
develoned courtries,

Tt is common kvowledge that wth the hydration of the
portland coment, its allkall corstituents are dissolved slovly
and their complete solution 1z reported to occur within one
to three months time, vhen thege alkalies avpear as sodium
ard potassium hyirexide and are then free to attack the active
ageropatos present in the comorete mixtures, During this
process other reactions may also occury of which the attaelr by
alkalies in cement, on silicious mirerals in the apgrerate may
also be eaused, Cryptocrystalline or amornhous silica, such as
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f1irt, chert, chalesdony, opal, volearic plass, palagonite, are
the chief mirverals which are definitely imown as deleterious
constituents to chemical reactivity with cement slkalies, Very
1ittle is kmowm of the deleterious reactivity of mirerals like
quarts with alkalies in coment,

Ore prireipal damaging aspect of these reactions is the
terdarcy of the nrofuct to swell evormously and easuse distress
and eraclking in the comerete mass, The characteristie features
in most of the comerete structures, falling due to alkall
agrrerate reactions are a raniom cracking amd whitish exudatiors
observed on the surface of the masses. The rate of detorioration
may be slov or fast deponding on the degree of reaction,

As moted earlisr the phorcmenon was first reported by
Startor in the year 1940 and from that time many inctances of
fallure of pavemonts, tuildinps, dams and bridge structures
have been reported from various parts of U.S.A. To name a few,
deterioration of concvete structures in the Parkar dam (1941),
Puel: hydroelectrie projoet and the failure of corerete pavements
ir Yebraska are motahle, Similar deterioration of corerete in
tuildirg struetures, bridpes ete, has alse beenm reported from
Dovmark, ‘ustralia and Camada, As & resmlt of these failures
irvolving several million dollars, attemtion has bdeen paid both
by the chemists and ongincers in these countries to this problem
ard various possiltle theorics mairly based or chemiecal studies have
been edvanced,
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Since the publication of Stanten's oripiral findings
in 1940, a mmber of similarly affected concrete structures
were also studied in detall with repard to the souree of
agrrepgates and alkali contents of the cements used, These
studies have led to the corclusion that the reactions in most
cases have resulted due to the high alkali cements. As &
pesult of these studies, the Pureau of Reclamation U.S.d.,
in 1940, imposed a gereral limit of 0,60 percent Fag0

or a total alkall content in cements to 0,50 percert, in
areas vhere reactive apgerepates are likely to be used in
important conerete structures,

‘In 1948 studies of Harma made it elear that a
restrietion of the alkali cortent in the cement was not a
safe measure of avolding alkali apgregate reaction, since
reactions were observed occurring sometimes even with low
alkali cements, However, cases were also cited vhere
deterioration in corcrete took place even after the
low alkall comerts, e.gs in bridge structures at Seandia and
Concordia ir Kansas State, Similar irstances were alse
reported from Towa and Missouri in Certral United States.
Studies by Domald Woolf(1952) alse sunported these observations.

Kalousek in 1944, based on chemical analyses of gels
fourd in the volds in comcretes affected by alkali agererate
reactions, demorstrated that, with an alkali concentration of
0.2 gram of Nag0 per litre the commosition of the gel wasy
04003 Tagl; 2,0 Ca 0 s 1.0 810 x Hz0, But vhen the alkall
concentration was raised to 20 grams of Wag O per litre the

composgition of the gel had a ratio of
0.25 Tagd : 1,0 Ca0 : 1.0 8409 x Hy O
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He therefore concluded that hirher molar concontration of
Fag® imparts a swelling chavacteristics to the pel.

Harsen (1944) in his osmotic ppessure theepy comsidered that the
opalire sfliea in the reactive argregate reacts with allkald
hydroxides (released during tho hydration of coment paste) amd
forms alkall sflicates, Hansen assumed that the reaetion
profuet is an aqueons goldium silicate and suppested that the
cement paste surrounding the narticles of the reactive aprrepate
acts as a semi-pormoahle mombrare through which 4iffuesion of
the alkali solutions amd water in the reaction =ore takes

place with restricted exist of the alkali siliocate 1,0, the
roaction product, Trom this it is evident that his theory is
eptirely based on the assumption that the reaction product is
an aqueous sodfum silicate and sirce it 1s corfired to its site
of formation, it is controllsd by the fluid pressures and the
offects of osmotie pressure which is sufficiont to produce
eracking and expansion of the concrete,

Me Correl supported (1047) the osmosis theory of Hansen
through his laboratory experimerts or sodium silicate solutions
and coreluded that the osmotic pressures exerted by the sodium
gilicate nelutiou in concreto messes could be as high ae
880 1b/eq" vhich wovld casily dlsrupt the concrete, The
tonability of this theory was further examired by Pareors
ard Trsley (1948), vho carried out tests with opal embedded in
a high alkall ecemort, Apcording to them the mireral opal first
swells ard 1iquifies, due to reactiom with cement alkalies and
the reaction product fille the gsurrounding pores and forms a
gemi-permeatle membranc of a pol vhich does rot permit further
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eseape of the liquid, The osmotie pressures so developned
cause ultimate eraciing and distress of conoretes ard mortars,
Viviar (1950), rejected the Osmotic pressure theory amd
exnlaired the reactions with his eal theory"” and attributed

the expamsion of comereto to the direct swelling in the solid
reactive particles, durivne eaction, Throurh his experimental
studies he demorstrated that a solid sodivm silicate complex
with a tendaney to imbide water (or cemont paste solution) is
capable of exparsior and ar imerease in volume by about 130
percert, He further explaired that as the reaction nroduct is
confired by a comparatively ripgid cement paste, The terdarey
of the reaction produet to swell excessively, ultimately creates
irterral preassures withir the corerete. When these pressures
are of sufficient magritude and axceed the tersile strenpth

of the surrourding cement paste, cracking and exparesion of
corerete would ecccur, He also demonstrated that the reaection
is accolerated with the rise in temperatures in corerotes, The
dotrimental effects of this reaction ir a concrete mass larpely
deperd on a comdination of factors such as (1) availablility of
alkall and solution, (1!) mature, si~e ard distrilution of
reactive corstituents and (111) the temperature of the corerete.
Acecording to Vivian, the pemetration of opal bearing rocks by
caleium hydroxide irn the coment matrix is such less as compared
to the sodium or pottassium hydroxides due to 4ts lower
solubility 4ir water, He furthor Sonsidered that the peaection
of caleium hydroxide with opaline silica, would pive rise to
caleium silicate, a product; which possesses little powver to
absord water and swell, Ir his opinion the formation of such

a reaction produet doecs not seem to ecouse or increase mortar
expansion,



20w

Later in 1052, from a study of the available data, Jores
corcluded that osmogis does play o part ir eausirg dismuption of
corerates due to alkali agrregate reaction, THowever, in his
opirion it furctions im exerting pressure conditions only in
particular cases vhen the reacting particle is comnlotely emclosed
ard there 4s no escape Br tho alkall silicate gel into the
surrourding open pores of the mortar.

Verbeok and Cramlich (1983) emphasized that the reactive
gilicions apprepates may rive rise in concretes either to mon-
detrimental ealeium silicates or to dotrimental alkali silicates,

deperding on the abserce or preserce, respectively, of certain
eorcontrations of alkall iorms in the cemert, "In their opinion,
all gradations of reactiom ocour, producing various products and
various effeets., The alkali silicate may appoar as solid, gel

or solutior tut all of thege have the common ability to imbibe
vater, increase ir volume and esuse expansion, Im the case of

the soldd or gol products, this property is reflected as a swellirg
tordarey ard in the case of the 1liquid solutions as osmotic
pressure tondancy, btut furdamentally they are similar,”

Power & Steirours (1955) based on the laboratory data
of several earlier workers imcluding Xalousek, Hansen, Vivian and
others, digcusged the problem of alkali appregate reactions on the
priveinle of chemical reactivity amd put forward the idea of
"gafe and unsafe® alkalil aprrogate reactions,

"Most reactive recks are amprphous or contain amorphous
eonstituents, The amorphoug constituert may be a condensed gel or
it may be vitreous, Both the gel and the vitreous states of silieca
are characterised by discontimities in structure, Silicon and
oxygen atoms are exposed at all surfaces, and at discontimities,
The exposed atoms do mot have their chemical valencies fully
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satisficd within the golid, This leads to chemical absorption

of water and to surface maction with caustic alkalies by both
elltca pol and vitreous silica, Caugtie alkali vhen suffiefemtly
concontrated breaks silicon-oxypen lirkages and thus exterds its
ranpge of reaction, The circumstarees of the attack may leave the
solid still ome cormected mass, or the action may cormtirue until a
gsol 4s profuced, or urtil a solution remaimns. The ratio of alkalil
to silica in the produet imereases as the attack progresses,

The produet 4+ an alkall siliea complex.”

On the dasie of the direct evidence for both solid swelling
pressures, ard fluid osmotic pressures, they have alse attempted to
recoreile the conflicting views of Vivian and Vansen, They further
suggest that a solid reaction product may be comverted te a liquid
reaction nroduct through a contimuirg reaction with alkalies and by
imbibition of wvater; ard both those pheromena are capable of
produeing pressures, However, they conclude, that the most
domaging and distressing reaction products are of the golid state,

Pike otal (1985) obsorved that the exparsive forees
rosponsible for alkali arpropgate reactior are initiated by don
exchange between the froe vater and the sodium in cements, amd
or the other hand the reactive apgregates As a result of this
the components necessary for the formation of a hydrated sodium
silicate comnlex in greator volume are brought about in the
reacting mass, Cortirund swolling of the reactior produet may
ther be eaused by the osmotie action of the comomt paste amd
due to imbibition of water in comcretes.

Later in 1983, Pike and Fubdbard, using the interferometrie
techriones eoneluding that the (1) esleium hydroxide ir cemenmt
has an ivhibiting effoet on alkeld aperegate reactioms (11) Gpal
can swell ir the absonce of ary comont membrame due to reaction
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vith sodium hydroxide, (111) Apprepates are more rapidly attacked
in settling coment sludpe thar in aqueous extracts frem the aame
cement as the pH of the sludpe 1s hirher thar that of the agueous
extracts,

In 1040 Stanton, while discussing the famous "Bradley
pavement faflure” ronorted that the distress inm the corerete
pavaments, morth of the town of Bradley in California vas due to
the chemiecal irteraction betwoen the opalire silica of the fire
aperepates and the comert alkaldes,

He irtroduced the term "Pessimum ratio® sugpesting thoreby
that the reaction deponds on the ratio of the parcertape of alkaldl
in cemont to the pereontape of opal in the apgrepate, If the ratio
is more or less than urityexparsion will wot occur, However, in
actual practice marmy Ad4rPiecultdos eropped up and 1t was almost
imposeible to apply the tochnique in matural aperepates as there
are mary other reactive comstituents of d4ffevent mirerolopical
charaeters or of reactivity, _
| After the publication of Stanton's original findings a
rmber of similarly affected fallure as in Parkar damy (1941) Buek
hydroelectrie plant (1941) were irvestirated ard reported by various
vorkers, (Meissrer, Tuthill ard others). Soor after the collapnge
of Buek hydroeleetric projoct fautes Borify (1941) for the first
time thought of the protlenm purely from a gpeolorieal angle, According
to him "Corerete 1s essentially am artificds) rock, Both ir 1ts
outer and 4n 1te intormal form it regsembles a conplomerate," He
further noted, "Tt's final stapes of trareformation from a physieco-
chemical system of vater, comomt and apgregate to a potrosraphie
product of hardered comcrete remind one of ecortain well kmown erd
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stape chanpes that commonly talke place irn the forming of igreocus
rocks," To the excess alkalics he compared these as similar

to the "Surplus mireralirers to minerals im matural rock", amd

the attack of alkalies on aggregates has been deseribed as "A
rover causing progressive digirtepration by reactirg destructively
with the arpregate.”

Meissrer otal (1941) mafe a detalled petrographic study
of the phyllite arpregates, considered respomsible for the
failure of Buck hydroelectrie project due to alkal! apgrepate
reactions and observed that the phyllite d4d4 not contain any
opal or gel silica but contained certain amourt of microorystalline
quartz, Almost simultareocusly in 1041 amd later in 1942 Tremper
reported severe deterioration in conerete pavemonts and in some
bridges due to alkali agpregate reactiors, ir the vicinity of
Spokane (Washineton), A Petrorraphic examiration of the fime
arrrepates and the rocks ravealed of am aburdance of chert
in fire apprepate ard glass in andesites,

Pargons and Trsloy (1944), on the basis of alkall etoh
tosts with stromg sodium hypdiroxide solutions on differemt rocks
ard mirerals, observed that orly chort, chalsedory, opal amd
volearic glass show moticeadble reaction,

Laboratory studies conducted by Carlsom etal (1944)
indicate that mamy rook types are suscoptible to alkall agrregate
reaction, Their studies on mortar bar expansion tests revealed
of deleterious expamsions with certain andesites, phyllito, slate,
praywacke, weathored grarite and even a fresh granite, However
no detailed petropraphiec analyses of these rocks or the microsconic
features have beem reported,

Later, Alderman (1946) reported allkali apgropates reactions
in a few concrete structures from South Australia. with analime santa
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ard remarked that decomposed felspar could also be susceptidle
to alkali-apgpregate reactions,

In the Sierra Tovada region of Southern Califorria
mary ecorerete structures were built using granodiorite as an
agrrepate, In (1946) Chadwiek reported certain surface
deteriorations in some of these etructures. Though for over a
poriod of twemty years efforts were made to determine the
causo of this deterioration these did not leading to any ¢lue,
Howevery; on the discovery of the phormomenon of alkali-aggregate
reaction, these structures were re-examired for evidence of
such a reactiorn and a few proballe examples were notieed, though
the reactive comstituents could rot be idemtified and established,

Deterioration due to alkali-aggregate reaction in some
of the railroad structures, built during the peried 1901 to 1929
in Irddara, Kemtucky, Ohio, amd Temesse states (U.S.A.) have
also been reported by Porter and Cillimore (1982), A cormcrete
wall, 30 feet high and several hundred feet lomgy built in 1901
for protecting the railvay embariment from erosion due to vater
ir the stream-bed, showed excessive cracking, spalling amd
popouts, According to the above authors, the detailed
examiration irdicatod conclusively that the deterioration was
caused by alkali aggrepate reaction duo to chaleedony particles
in the apgregates chiefly made up of quarteite and chalcedonie
limestone, Distiret rosction rims of siliea gel were alse
observed on every particle of chaleedony, Similar ineidences
of reaction with chaleedoric particles were moted in other
struetures also, thourh the detorioration of comerete material
varied from slight to moderate #nd in a fow cases the conerste
was found in good condition,
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Jores (1983),

has renorted a few instances in Oreat Britain vhere the failure
of comerete structures has been attributed to alkali agprepgate
reaction, In Creat Dritain the first stmeture, in vhich the
fallure wag later traced to allkali aprregate reaction was the
King eity bridpe tuilt fn 1919.20 over the Salin as river, Laber
arother failure was also ohserved by him 4n 2 bridge on Sarta
Clara river ard the suspectod aggrepate was fourd to be a cherty
shale, " s

: Alkall apsrepate reaction with metamorphic quartwite hag
been reported by Brown (1958) in a few walls amd dridge plers
in the Tos Angeles Islard areg U.S.A. Tn these cases also
distiret reaction rims were fourd doveloped arourd the quart=ite
agrrepate, Detafled petrographic examination of the mock by
Mieler» (1986.57) imticated that 4t 4s made up, mostly, of the
coarsely erystallime, highly straired, gramilated ard fractured
quart=. TIn the abseree of opal, chaleedony, glass or five
silicious gols in the rock, the deterioration had been aseribed
to the reactions with this predonirantly straired muarts in the
apgrepate,

Swerson (1988) reportod deterioration due to alkall
agrrepate reaction in a major corcrete bridpe ealled the
"Caradian Bridpo” in castern Caradn, In this case, the
agerepates used were the phyllite and sandstore, Nere also
distiret reaction rimes vere obsorved with whitish emerustations
or the ageregate surface and the alkaliesilies gel f41led the voids,

Deterioration due to alkall apgregate reaction has been
reported by Tdorn (1061,42) in a yumber of bridge, rallmoad amd
marine struetures in Dermarlk, Though in some of the eoastal
areas mmmwmnmrhumamnwn
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cause of deterioration of conerete masses, Inm these cases, the
agrrogates associated with the alkali aprrepate reaction the
chalcedorie flint, which at times cortain opaline siliea.
Based on studies of thin sections, prepared from the deteriorated
mortars and agrrépates, he has rivon a useful and quick
patrorraphie method to the study of the problem of alkall
ageregate reaction amd its mechaniam,

Cormerote distress attribtutable to expansive carbomate rocks
in the vieinity of Kingston, Ontario, in Carada have been studied
by Swenson & Gi1liot (1961), They observed that the frst sign
of the reaction 1s o rapid expansion of the concrete with
attendert cracking, On the dasis of laboratory studies,; they
have shown that the poor performance of certain Kingston coneretes
could be due to alkali-carbomate reactiom particularly where
dolemitic limestomes are used as appregate, A potrographie
examiration of the rocks showved that they were argillaceous
Golomitic limestores and d1d rot conbain amy opal or chert,
Almost simultarecusly Hadley (1961), observed that although the
preat majority of dolomitic agerepates pive excellent service
in coneretes, still certain fimno graired argiligcoous dolemitie
arrrepates may rive rise to deleterious effects though they may
rot show any appreciable expansions in mortar bar tests or the
reactivity vith chemical tosts, On the basis of these results he
has cateporivod such rocks irto two groups, 1) Bocks in which the
carbonate skeletor has sufficient strenpth to resist the examsive
forces due to dedolomitisation, 41) Reactive Rocks or the rocks
vith appreciable expansion 1.0, in which forces are suffieciently

,strorg to overcome the restraint imposed by carbonates of the
apprepate, He explained the resction as
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Ca Mg (ﬁsjat- 2 Mol = M Cas+ Mg (oll)g +CaCoy

vhere M = Ya or K,
S4nce the phencmeron is rot exnlaimed fully, much remains to be
known of the exact mechanism of these expansion in these rocks,

Vory recerntly in 1061.62, feeble alkali agprepate reaction
vith martesite has boon reported from certain cement fastory
in South India, vhere the foundations of some structures built inm
1937-39 pot deteriorated, These were built with a low allkald
cemort (0.35%) and the ecoarse apgpromte consisted of rocks 1ike
khondalite, sillimarite grelss and quartrites, oceurring elose to
the works, The deterioration was usually marked with oracks,
corrogsion of reinforcement ard spalling of the ecomerete mass, The
lhboratory tests showed that the khordalite ard sillimamite grelos
are irmocuous while the quart=ite showed exparsion upto 0.063%
ir six months' time, indicating deletorious expamsions. A
petrographic examination of the guarteite pleees from comcrete
masses with reaction rims showed that 1t 1s rich in irterrally
fractured, strorply undulose, straired and sheared quarte, with
altered felspar and mierocline as miror eorstituerts, The chamical
tests also indicated of a high sildea release, The chemiecal
aralyses of water availalle in the aroa showed that 4t had 0,519
of chleride as Cly, amd 0,025% of suiphates as 8054 which happens
to be withir the specified 1imits,

Faflure due to alkeli apgrogate reaction accompanied by
pattern eracking in some of the bridge structures in Georgia amd
Alabama built in 1947.42 have been renorted by Oleson (1963), In
this case the ageregate 4s a grarite used with a hirh alkall cemert
(Alkalg comtent varyine from 0,02 to 1,029), Howover, no detailed
petrorraphic studies reparding these are available,
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Roper & Erlin (1960,64) have described deterioration in
seme of the comerete struetures in South Africa accompanied bWy
expansion and cmacking of concrete, The agerepates used irclude
wveathered dolerite and a sardstone, In these casos vo indieation
of alkali reaction aceompanried by reaction rims aroumd the
apprepate, or infillings of alkali silica gol in voids have been
reported, while the deterioration has been attriluted to the
ghrinkape characteristics of the aggrerates, The petrographic
examination of the sandstone further revealed that the rock used
‘4s composed of subanpular quartz grains anl gericiti=ed felspars
set in a matrix of fiver moterials of Blotite, muscovite, chlorite,
ealeite and »eolite, while the weanthered dolerite contaired
montmorrilionite in comgiderable gquantities,

In 1964, a reviow of the problem made by the Water Vays
Experiment Station, Mississippi, indicated that the petregraphic
features of the alkali roactive rooke and minerals need a
eonsiderable attontion and eoncluded that the constituemts of the
apgrerate as comsidered to react deloteriously with minor alkaldies
of the portland coemert are,opal, matural plass, tridymite,
eristobalite and chaleedony, It has also been remarked that the
important common characteristies of all these constituenmts is the
presence of thermodymamically metastable siliea,

Ingham & Duri Kowsla (1966), reported disintegration of
conerete pavements due to alkall aprropate reactiom in parts of
Southwestern Ontario, Cansda, and the disinrtegration has been
attriuted to the use of chert, A potrographic examiration of the
chortg indicated essentially the preserce of miere to eryptoerystalll
quarts and minor amounts of caleite ard dolomite,



in the eemopt industry refers to the oxides of sodium and potassium
vhich may be derived from the impurities pregent in the limestores

or clays used ir the mamufacture of ¢coment, As has boen noted in
earlier papes the pregseree of theso alkalies even in miror quantities is
gemerally considered objectioralle due to their tendancy to react

vith the agprepate and pive rise to silica "pels" which may cause
deterioration apd digruption of the conerete mass,

Though there 4s no direct evidence available in the literature
on the sourco of alkalies in coment 1% can safely be assumed that
these may be derived from certain mineral constituents used in
cement mamfacture e.g. the limestores or the shales or the clays,
Very rocontly Martin apd Cibson (1966) arpued that the most
important source of alkalies in coment is the felspar in the
limestore, which octurs as an authigeniec miveral in some of the
limestores, Sericite axd 11lite also oecurs as fine det rital
grains in the limestomes or shales and are considered as source
of alkalies, In addition, coal ash wvhich is sometimes used in
cement mamifacture may alse contribute towvards alkalies in coment,
(A sample of coal ash studied hy mmerican Cement Corporation was
found to contain 107 alkalie Cibson (1066), Thums 1t car be seen
that the source of alkalies In coment may be from the raw materials
or even from the fuels, Morecovery, it can be atated here that these
additions may be umavoidable even if the raw materials are
petrolopically examired and selected, Of course such a selection is
not easy ror ecoromical in the mamufacture of cement, According to
Lea {1985) "It 4s doudbtful vhethor a commereial cemert has ever
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boen made that d1d pot contain alkalies". Marther it is common
knowledpe thet the low kilm temmeratures in the mamfacture of
coment may also be responsitle for a hiph alkali content in the
comert since the Telspar or other alkali rich constituont remain
unchanged,

The problem of alkali contonts in cements is somewhat serious
in most of the developed countries, In U.S.A. a mmbor of cement
factories were found to produece high slkali cemonts egen upto 1,50%,
vhich eaused serious damipe to some of the major corcrete structures
in U.8.A. However, deterioration due to alkali agerepate reaction
has also been reported oven with low alkall cememts, (Harmma, 1943),

Alkald conptart of Indian goments
A systematie study of allkali cortents of Irdian coments was

firet made by Jarus ard Bawva (1083). As a result of this study the
problen of alkald agerepate reaction gathered momerntum 4in this
country. Using the "poriin elmer flame Photometor™ (A.5.T7.V,
Standand 2°8.49T) aralysis was conducted, The analysed 26 coment
samples from 26 differont coment plants, The data so obtained are
vory useful and rive a general picture about the alkali cortert of
Indiar coments,

The followirg tadble pives an idea about the variation of alkall
econtent in cemonts mapufactured and used in Tndia,

IaRELX
Alkali content pordent
(Ya,0 equivalent) Fo, of cement factorics,
1, Below 0,40 -

2. 04,40 to 0.60 2
3, 0,60 to 0.80 8
4, 0,80 to 1,00 8

ril

8, Above 1,00



31w
From the above it is clear that the minimum and maximum total
alkall eontent in Trdian cements varies betwoen 0,15 to 0.,99%, A
comparison of the variations observed in the alkali cortents in the
Irdian céments with those obsorved in some other countries ia
progsented belows

India Britain Mﬂmh UeTshe Deymark
0,20 S0 0440 to 0.20 to 0.38 to
‘1’;%5.3" 1,208 :.%:as }.aul 1.30%
i apus and (Fomog (Viviar- Lereh- (Idorn.
1958) 1953) 1950) 1950) 1961)

Thus it can be seen that the averape alkali cortent in Trdian
cemonts 1s rot as high as those from Britian, U.S,A. Augtralia ard Demark,

Table (2) pives ar 1dea of the chemical composition of the 1ime.
stores and clays used in some of the major cemept factories in India,

Or the basis of the above aralyses it is observed that only
vhen the 510,(s111ca) poreortage in a limestone is 10ss than 10%,am
addition of clay is essertial on an averape of 0,15 ton of clay im
ore ton of coment, This may account for a gemerally lover alkall
cortort in the Inilan comonts as compared to those U.S.A. vhere according
to Martinr and Gibgom (1066) the limestones used for cement mamfacture
are highly argillaceous,

However, 4t is unforturate to note that the aralysis of the clay
or the limestome used in comont marufacture doos not venort of the
alkeld content,

dater.

It's basie fumetion for corcrete is to react with coment to form
a bindirg paste which by poretrating into the srgrerate drinps them into
¢lose adhesion, The amount of wator to be added to comerete has to bde
docided very carefully, The wator coment ratio varies with the
eoment used, Sometimes too 1ittle a vater results inm dry comcreote

ard too much water produces a weal coment paste due to excess of volds
in the corereto mass.
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Suality of Vateri- The potemtially appressive ecorstituents of
water with respoct to corerete are the sulphates, chlorides,
earborates, bicarbonates of allali metals ( Yo or X) amd magresium,
Mary workers 1ike Dogue (1088), Lerch (1958), Mather (1957),
Tromper (1067), workers from U.o.Bureau of Reelamation (1088),
Villiem Xerning (1966) amd othors agree that amy of the above
corstituerts if presemt inm water for comerete purposes, above
cortain 1imits 43 harmful and may conse alkald agerepate
reaction in a conerete mass,

According to Bopue ard Loreh (1055) the sodium and nagresium
sulphates in water peact with the cement to pive rise to sodium or
magrosium gilicate hydrates which swell and cause expangion of
mortar ard conerete,

Mathor (1957) obsorved that the rate of earbomation of cement
paste 1s acoelerated due to a hirh percentape of earborate amd
biecarbomates in mixing water,

Tt has pererally been argued by most of the regearch
vorkers that stromgly alkaliwe gea water may cause alkall
argrérate reactions by reloasing sodium or pottasium ioms,
Chlorides in vater are Imown to be harmful as regards their
corroding effect on steel in roinforeed conoretes,

Tt has pererally been observed that the water used for
eoncrete cortaining more than 088 sulphates or 0,1% chlorides

is 1ikely to be harmful, and may cause the reactions as deserided
above,

It has been ohserved 4n the xlaboratory studies conducted by
Starton (1941) Vivian (1950) am? others thet hish tomperatupe
accelerates the alkald ageresate reactions, There 42 a pereral
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arreonent among most of the rogearch wortors that hot and humid
eorditions are favourable for the corcrete deterioratiom,

A review of the averape mean temperatures and rainfall in
Irdia and other courntriss, 1ike U.0.A. Mstraila, Dom:rk and
Great Britain shov that the mean tempe ratures recorded in
Indinare about 80°F, On the other hand the mean temperatures
in Usfolsy Dommark, ote, are about 55°F to 6O°F,

Studies made on temmeratures in conerete pavements in
different narts of the courtry by Chosh and XKrighnamachari
(1967-63) irdieate that tho mean surface Stemperatures in coperete
vavements ir India varies from sbout 1200 to 130°F, as compared
to 70° to 100°F, in U,%,A,, Demark am Opest Britain,

This irdicatos that the studies om mortars for alkald
arrregate reactions in India nood to be made at 120°F,



Since the discovery of the phernomeron of alkall apgrepate
reactior by Stanton in 1940, many attempts have been made to develop
sultable rapid apd reliabdle tests to determine potertial alkall
regetivity of aggrepates used for conerete conmstruction, TFore of
these, can yet be sald to be entirely satlsfactory and some have
ghown t0 be umreliable, The tests gemerally used can be classified
into two types as i)Rapnid tests ii) Long duration tests,

Under the first category comes 1) The petrographle examination
of the aggrepate » 41) The chemical test, 111) Etehing test, Of
these the petrographic examination is pererally though to be much
superior to the chemical test, as it gives the most direct approach
to the determimation of reactive constituents in the agprepate, On
the other hard chemleal test is known to have certaln disadvantapes,
which have been deseribed 4in the later papes. BEtehing test 4s also
rearly a rough replica of chemical test and is rot a reliable ome,

1) Among the long duration tests, mortar bar expansion test is
supposed to be the most reliable ard 1s generally employed in all
the laboratories for detecting potential alkall reactivity of coarse
and fire agerepates.

11) Vivian (1950), sugpested that measurement of tensile strengths
of mortars of graded agprepates at different periods of curing may
give an idea about the alkali reactivity of an aggrepate, It was
thoupht that the reduction in ternsile strengths with "age" may
indicate a deleterionsly reactive agpregates But this test has rot yet
been standarmdized and has rot received much attentions
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141) Scholer and Gibson (1948), sugpested a test to detect the
potential alkal! reactivity of apgregates, which includes casting
mortars of graded aggregates, subjecting these mortars to heating
and cooling eycles, and measuring their linear expansions at the
erd of ore year, But, 1t was found that There i1s no consistent
relationship between the alkali content of the cement and percentare
of expansion apd is thms rot considered as a reliable test for
predicting the alkali reactivity of agpregates,

Thus the most common tests that are gererally adopted for
detecting the potential alkali meactivity of agpregates are
1) The petrographic examination of aggregates, II) The chemical
test, TIT) Mortar bar expansion test,

All these three tests are described in the following papes
and their advantapges and disadvantages are discussed, All these
three tests are adopted in the present study also. In addition
the Tensile briquette tests have also been made to deteet the alkall
reactivity of aggrepates, The deteriorated mortars have also been
examired petropraphically according to the procedure adopted by
Idorn (1962),

1) Mortar bar tests This imcludes the measurement of exparsions of
mortar bars made with cement and graded aggrepates, kept under
humid eonditions at constant temperature in tightly covered
cortairers, This was first proposed by Stanton and is nrow used
extersively by a large mumber of laboratories,

Measurement of expansions of moist stored mortar bars is
supposed to be the most reliable method  or determining the
potential alkali reactivity of the aggregates with the cement
used (Plate 1 Fig.l).



Plate 1:- Photograph showing a lenrth comparator for measuring
mortar bar exparsions at different periods. The right
hard bottom portion of the photogranh shows a starndard
rodused for correct caliberatior of readings,
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Geperal Procedure of test: Mortar bar specimens of sive

1"x1"x10" are cast using mould of that size, with 1 part of
coement amd 2,25 parts of praded aggregate, using enough
water to pgive a flow of 100 to 115 percent, Then after 24
hours of humid storape the length of bars are measured ard
the bars are stored in tipghtly covered metal contairers kept
at 100°F or any other temperature decided for the test at
100 percent humidity, In America the practice is 100°F as
the temperature, The reaction can bde accelerated by storing
the bars at elevated temperatures, The condition of specimen
storage is important, The specimens are rot kept ir water
but they are kept standing on a wire gauge kept 1% above
the water (Plate 2 Fip.,1), Most of the laboratories follow
this procedure, The lengths of the bars are observed .t
regular intervals. Expansion of 0.05 percent at the ape of
elx months are considered deleterious,

In the present study, a) The coarse apgrerates are crushed
ard sieved to the following gradation for the preparation of
mortars as: followss TAPRIE 3

Passing Bleve Vo, and sive 'Retained on T Parcent

(AST™M) i54eve Yo, L_
1. 4(4760 microns) : B , 19
2, 8(23380 miecroms) 1 16 t 19
3. 16(1190 mierons) 30 . 19
4, 30(590 mierons) , 50 s
5. 50(297 microns) + 100 e
6.100(149 microms) s Pan .
{ ] L ]

b) An ircumbating temnerature of 120°F. was maintained
irstead of 100°F, taking into comsideration the temperatureg



of humid storapge

Photopgraph chowing effect of six months

A fferevt aprrerates.

on three mortar bars made with,
Mortar® bar marked ro,l 45 mode with erushed Delhd
quart=ite (fourd irmocuous durire the studies).
Mortar bar maried Yo.2 is am
uartes chlorite gchist from H
'ortar bar Yo.3 15 2 mort
chalcedony from hampaon
» surface of the reacti
vhitish gol exuvdations while
showve nresoree of only

Photegraph of a contaivrer used Tor storirng mortar bars.

ortar of hichly shoared
aliyval (9p.1 Sch.-roa
ar made with a basalt with
(Sp8 T-Highly reactive).

gshow a mumber of
the less reactive Yo.l
a few pel exudation,

ve mortar
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for which conerete structures are exposed in some parts of
the country. The temperatures are tried keeping in view the
difference of climate between other countries and Irdia as
mentiored in second chapter amd also to get results about
the chemical reactions at an earlier stage, ¢) The alkall
content of the cement vas irereased to 1,15% by adding
sodium hydroxide to have a conmstant alkali cortent in the
cement,.4)The mirimum 1imit for deleterious reactivity has
been fixed as 0.06 percent (6 months) irstesd of 0.05% as
normally adopted. e) The water used for the test is the
standard distilled water,

11) Chemical tests- (ASTM. C~280.57T)

26 grams of erushed aggrerate sample, passing SO
AST™M mesh and retaired on 100 ASTM megh is immersed in 25
e.,e, of one mormal YaOH (sodium hydroxide 108 solution)
kept ir a stainless steel container, The contairer is kept
for 94 hours in ap over at temperature 80 % 1°C, Then the
solution is cooled and analysed for dlssolved silica and
reduetion in alkalinity, In general if the ratio of
dissolved silica (Be) and reduction in alkalinity (Re)
emressed as millimoles per litre exceeds unity then the
aggrorate 1s taker to be reactive (i.e. if Se/Re &s > 1
the aggregate is reactive) according to this test. The
readings are plotted or a standard pragh(fig.12).

The same nroeedure has been adopted in the pregenmt
studies,

111) Petrographie examination:
This i1s a very reliable method Tor identifying the
présence of reactive constituents with mierescopie
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examination of thin rock sections. A quantitative estimate
of the mirerals is also possible (Plate 3 Pigs,1 and 2).
Alkald reactivity of a sample of corerete arggregate cen be
determined qualitatively in two pereral ways by petrographie
examiration, By petrographic aralysis the presence apd
fremuercy of potentially deleteriocusly reactive minerals
can bo established with ary desired accuracy. Similarly,
by petrographic examiration, the aggregate can be compared in
datall with other arprepates for which service records or test
data are availaeble., If the mecessary backgrourd dats is
available, comparison of the apgpregate with others having
similar mireral composition material, previded, the petrographic
axamination apd analysis of the aggrepates involved, have
been mede carefully. Textural characteristics of the aperegate
ard the individual minerals in the aggregate are best studied
only through detailed microsconie examination, which also
reveals even mimte quantity of potentially reactive substamnces,
The importance of petrographic examination of
corerete agererates has dbeen well stressed by Mielens (1956),
Brown (1956), M ther (1957), Montauni (1966) amd others, A
review of the literature as made in the second chapter also
shows that, petrographic examination of the apgrregates has
often helped to identify the alkall reactive constituents to
explain the failures of conecrete in some major econcrete
structures in U.S.A., Dermark, Australia and Cavada,
Petrographic identification of harmful congstituents in an
agrrérate, may sometimes be useful for adoping beneficiastion
procedures whieh would make asceptable an oripirally umsuitable
agrregate, Tt is also useful for the selection or rejection
of concrete aggregates, Dut all this requires a close



Plate 3t Lelt= Resecarch Petrological Mieroscope with Ledts
Flg. 1: irntegratine stape, used for model aralysis of apggrepate.

Lait= "agrareh Patrolorical Mieoroscone with Comere
Inetds attackmort,
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Co-operation between potrogravher, concrete technolopgist ard
the engineer. 1Ir the present gtudy, not only the geveral
petrographie characters of ageregates riven above are paid
attentlon, but special emphasis has been laid on the textural
characters of the agpregate amd the individnal mirerals as
occuring in the rock specimerns, Careful attention has been
pald to the strain effects observed in the silica mirerals
1ilkte quart= as well as in felspars ard micas, Particular
mention is made of the intergrowth structures like perthitie
and myrmekitie ones, which are observed in the roek apgregates.
Alteration of mirerals amd their end products have also been
given proper attemtion. Modal eomposition of the agprepates
vere determined by the Leitz integrating stage. A quantitative
study_of the angle of undulose extinction observed in the
quart» grains, (which 4s directly related to the intemsity of
strain) has been made, using the procedure described ﬁ.

Hills and Corvalan (1964),

' ! . O T I K

7ianv'nvrvrv'1r1-:r-11r~1:r1r*11-z1lﬁ:xr1r':1
EoTOT axie ~(Mi1ls and Corut

1) The grain 4s set ir a position of highest bimefringence,

11) The mieroscope stape 1z then rotated until the first
clear eviderce of u-rﬁuia‘tm extirction is obtaired,

The reading on the microscone stage is recorded,
This can be sald as reading 'A',

114) The stage is further rotated until it passes through
complete extinetion and further, until the undulatory
extinetion bards disapnear. The reading on the stare
is recorded, This can be taken as reading 'Bf,
Difference of readines between A and B, on the microscope
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stage gives the angle of urdulose extinction of the
quartz with reference to 'C' axis,

1v) A yumber of quarts grains in the rock are thus studied
for the arngle of urdulose extiretiorn and the average
recorded,

1V) Retrogravhic examination of mortars:

A review of experiences of corcrete structures, which
fajled due to alkeli aggrepgate reactions as made in the previous
chapter imdicates that the phenomera associasted with these
reactions can be studlied satisfactorily by making a detalled |
petrogravhic examiration of deteriorated corcretes ard mortars,
But no systematic methods for such g study were known ti11l
Idorn from Dermark (1960-62), forwarded a sourd and systematic
methed for petrographie examination of coreretes and mortars,
affected due to alkali aggrepgate reactions. He sunplemented
his observations by making an intemsive study of corcrete
structures, vhich had actually failed due to alkali reactions,

The method mostly insists or symptoms observed due to
alkali aggregate reactions, such as a) Pop outs on surface of
mortars b) reaction rims, ¢) partial dissolution of the mirerals
associasted with the reaction 4) asa\oeigtion of gel.filled voids
e) internal fracturing of mireral grainms.

The observations included ares-

a) Examination of un-prepared (Broken) faces of pioces of mortar,

b) Examination of polished faces,

e) Examination of thin gections prepared of slices cut out at
selected positions according to previous examination.

For obgervations of polished faces and broken nicces
of mortar or cormcrete, a hand lens and a bioecular microscope are
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used and for thin section observatioms, a petrographic microscope
i1s used.

The technique employed by Idorn (1961) for meking
thin sections of mortar or conerete is by immersing the slica
of mortar or conerete in araldite, allow it to harden and then
make a thin section,

The method irvolves gewerally the evidences of chemical
reaction in the deteriorated corcretes or mortars, and the exact
jdentirication of the reactive constituent, The following
observations are to be made, which indicate alkall agrregate
reactions,

1) Ocecurrence of pop outs on the surface of corcretes
and mortars and reaction rims around the ageregate particles and
at the contaet surfaces between cement and aperegate. Tt is
emphasized that these rimgs show a dark appearance in reflected
1ipht while 4n transmitted 1licht under the microscone, show a
comparitively high Sramsparency. The oceurremee of such
reaction rims 4s a very clear irdication of alkali aggrepate
reaction, The reaction rims consist of the resultant gel product
which appears as a gramilar, low birefrirgent material.

I7) The reacted partiecles or fragments may show
fractures filled up with the gel produet,

T1T) The cement matrix surrounding the reacted particles
is hiphly isotropic in mature, and gemerally shows 1sotropie
charactor in most of the portion of conerete and is sometimes
highly earbonated,

IV) Mierofractures, emarating either from the bourdary
of the reacted particles or from the interior of the reacted
particles or fragments, ard extending into the surrounding
cement matrix are observed in the heavily deteriorated mortars

and corcretes,
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V) The agrrerate itself ghows eorraded margins,
irdicating partial dissolution due to chemical reaction with the
surrounding coment matrix and at times exhibits pigmented
appearance,

VI) The volds in the coment matrix are gererally filled
or lired up with the gel.

In the pregent study the petrogravhic examination of
deteriorated mortars is conducted on similar iima as Tdorn (1960,62),
The deteriorated portions of mortars were taken frem solected
portions of mortar bars used for exnanrsion tests,

The thin sections were prepared by impregrating mortars
with Canada Balsam instead of araldite as used by Tdorn (1960, 62),
The following method 18 followed for preparing thin sections of
affected mortars,

Sections were eut 1™ 1" around the reaction gpots
observed in affected mortars. The ares showine the reaction
spots 1s carefully noted., The pleces were pround on the other
side of the reaction spots to have a thickness of about 4 mm,

The portions of the reaction spot are well preserved, The thick
sections are then boiled in Camada balsam for one hour tiil they
are well impregrated by Canada balsam and then cooled to room
temperature for 24 hours, The sections were then slirhtly grourd
with carborundum powder 111 the layer of boiled Canada balsam on
the side of the reaction spot is removed, The section 1s mourted
on the microslide with Canada balsam ard the other gide is grourd
in the usuval way a microsection 1s made £111 the section has

pot a thickmess of 0.02 mm,

Thus a mierosconie retropraphic examivation of minerals
associated with the reaction (1.e. reaction rroduects) is made
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Possidble, This technique has proved very useful to kwow the

textural characteristics of mirerals actually ebgerved associated

A Briquettes were cast using
erushed aggregate of the same rradation as uged in mortar barg
using the same cement employed for mortar bar test, The corditiors
of storage are similar to mortar bars (120°F and moist storage),

Tensile strencths were studied at 28 days amd 90 days
using the standard arvaratus as employed in engimering
laboratories (Plate IV Pig.1),

s anG o DmMe ot e e Aals § :

I) ¥ortar bar tosts. Thoupgh it is a reliable ard well recornired
mothed ami 19 usually employed for del=eting the notentially |
alkald reactive agrregates still 1t has pot certain drawbacks
as follows:-

a) It requires séveral months, or atleagt gix monthg
to obtain corclustive results. However, the reaction can bhe
aceelerated using hipgher storage temperature, But temperatures
above 130°F rive urreliable results,

b) The method has mot been fourd useful to detect
alkall carbonate reactions by some researeh workers (Swenson,
Hadley- 1961),

I1) Shemical Tosts: a) Tt is a very quiek test am rives

results within a weelk tut 1t has beep observed by Meielens
and others (1958) that some irmocuous materials give high
Se/Re values than Reactive materials, b) Tt has been noted
by previous workers that there 1e many timees no eorrelation
between this test and the mortar bar tegt or even petrography,



Photapranh of tomgile brimette strowmpth anmarstue,
Showing the bdriquotte of mortar held botuvoen tve ’1-‘
of the machive ard subjectod ta terfion and the load

at faflureg vhieh directly rives tho tovgile stroncth of
the spocimer 4n P.08.7{per souare ineh),
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ITI) Patroeraphle examiration: Tt is supposed to be a very
rellable method ard i1t has got the advartage that it can pive
quicker results thar any other method. Fairly good correlation
has been observed between the results obtaired by this method
and mortar bar tests by most of the researeh workers, In case
of krown reactiwe miperals it has pot an advantage that it can
detect even mimite quantities of reactive material apd large
quantities of reactive material also. But at the same time,
the alkali content of the cement is equally an important
factor which affeets the reaetion, and this can be krown
orly after aetually casting the mortar bars and condueting the
mortar bar test, Thus petrogranhiec examination should always
be supported by other methods 1ike mortar bar expansions,




In any country, aggregates for copcrete constructions
cover almost any rock type-Igreous, sedimentry and metamorphie,
since the cholee of an agprepate is limited by the rocks
present in the region. The selection of ar aggrepate, therefore
irvolves selection of a material of highest quality against
economic considerations. At the same time, to make a genreral
survey and to make a statement or their suitability for
conerete purposes would be considered urwise, particularly due
to the wide mammer in which the rock formations differ, insnite
of their being in the close meighbourhood of each other,

This can be achieved through a petropraphic examination
of the important and common rock tynes in the courntry along
with their behaviour in mortars or in the corncrete masses.

The importance of petrography in relation to the nroblem of
alkali agrregate reactions is well known and need not be
stressed further, A review of literature clearly irdicates
that the petrographic microscope serves as a useful tool
for studying the eviderces of chemieal reactions in mortars
or corncrete,

With this in view, an attempt has beer made to colleect
a hurdred samples of c¢ommor rock agpregates used for conerete
constructions ir Irdia through the State Public Works Departments
ard another twenty through field wisits, Of these, about
seventy samples, as Were fourd suitable for corerete purnoses
through physical tests, (Apperdix ) have been further gtudied
for alkalil reactivity. For purposes of degeription, the
samples so studied have been classified into six popularly
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known groups., It is interesting to note that the rocks
(Table &) used for apgre -ates belong almost to all the
important stratliapgraphical horizores of the Daccar Shield mass,

IABIE 4 ®
Bock Tvpe Stratiacraphlcal horizon.
Group I- Cranites, Areheanr and Precambrian
: granod lorites, unclagsified ecrystallires,

greisses, syerites

Group 1I. Charrockites Archear and unclassified
erystallires of Dharwar group
(Acmﬁ Intermediate

and Basic)
Group ITI. Quartzites Dharvar ard Cuddapah
Formations
Group IV~ Phyllites ard Dharwar Formations
Schists
Group V - Sandstores Lover ard Upper Vindhyans,
Cuddapah.
S4walik Formations, Tertiary
formations.
CGroup VI~ Bagalts Cretaceous to “ocene

(Two samples of limestores from Upper Vindhyan horisores

have also been tested but these were fourd to be immocuous).
In the following pages, the petropraphic characteristics of
the above aggregates are given with speclal reference %o
their properties as may be responsible for the alkalil
agprepate reactions, This is followed by the petrographie
examination of mortars made with these approratesy The
observations on the mierosconic phenomena in the mortars
corclusively prove that the alkali aggrerate roactions, with
the different aggrepates, can be determined through a
petropraphic mieroscope. The texture of the reactive
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eonstituents as occur in these mortars are given particular
attertion, It should be mentioned here that the average
miverological comnosition of the reacted frapments in the
reactive mortars, should not be mistaken for the oripginal
composition of the agerepgate, as the mortar slices hawve
been prepared with preat care ard speclal attention.
(Chapter III Exporimental Teehrigques).

At the end the mieroscopic observations in the
mortars, which are related to the deterioration are
discussed briefly for each tyne of rocks,*

* (The thin section Wo's, indicate the rock group and
the rumber of the sample such as I CH = sgmnle ¥o.l
of charnockite group, *_@ = gsample of mortar of
the charnockite sample Yo,1. 'M' at the end indicates
mortar of that particular sample CRs Cranitoid roel
S8=8ardstone, T=Basalt or Trap roek: Ph=Phyllite;
SCh=Schist, &a Quartzite),



Charrockites are found to be very hard ard durable
and may be classified, as one of the best variety of roecks,
for use as an aggrepate for corcrete, But some of the
charroekites have been found to show deleterious exparsions
with high alkalil cements in the present studies.

Most of the charrockites studied, belong to the Acld
group of rocks cortaining a high pronortion of quart= and
felgpars. On the basis of the preporderance of plapioclase
and potash felspars, the Aeid charrockites are class 1f1ed
irto two varieties, as mentioned by Tilley (1036), Pitehmathu
(1953) and Subramariam (1959)., The acid charnoekites with
more plagioclase than the potash felgpars are classed
"erdorbites™, and those with predominart potash felspar as
"hbikermites", Since, the chemical analysis of these rocks
is considered to serve no useful nurpose on the problem
of alkali aggregate reactions, ro chemical analvsis of

the charvoekites was carried out.

mnortant Fe wluknode

The specimens of charnokites studied and reported
herein, are even grairved, massive, and are characteriwed
by the cccurrance of bluish grey quartes, and greenish
hlue felspars, Only a few speeimenrs show the presence of
reddish brown garret, but the darker colour of the roecks
definithly indicates the presence of larger amounts of
mafie minerals. Most of the charnockites are fairly dense,
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and the specific gravity varies between 2,70 amd 3,10,
The highest speeific gravity 1s indicated by the basic
charnockite from Daltonganj.

Micerosconic features:i- The charrockites studied
are gererally free from alteration, amd most of the mafie
mirerals as well as the felspars are characterired by a
fresh appearance, The rocks show marked textural variations
from equigramular to granoblastic, and porphyroblastie or
xenomorphic types. Rocks from Madras, Acharapakiam, Dumka,
(thin seetion 2 CH, 6 CH, 12 CH.) are ewen graired and
equigramilar, while rocks from Thirukall Kurdram, Coonoor,
Tholuder, and Daltongan] are varying from gramulitic to
granoblastie, (Thin seection 3 CH, 4 CH, 11 CH,), The
porphyroblastie variety from Adomy area (thin seetion 10 CH)
also display a xenomorphie texture., In some of the rocks,
quartz gives a strong urdulose extinetion ard peripheral
granulation, and often corrodes the plagioclase., The
plagioclase gererally exhibits a patchy secordary twinning
and 1s sometimes artiperthitie, The potash felspar is
primarily microperthitic in most of the charnockites.,
Myrmekitie growths are also observed in a few rocks and
occur along the cortacts of quartz and the mieroperthite.
Hypersthene gemerally oceurs as subhedral grains and at times
shows schillerization, Gernet is generally seen developed
rear the borders of quartz and rarely the hyperstherne.
Biotite 1s usually seer developed along the margins of
plagioclase or sometimes garret. Some of biotite occurs :
as bended plates in the interstitial spaces between quartz and
the plagioclase, Magmetite ard apatite occur as irregularly
distributed grains throughout the rock, Magretite also occurs
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as fine disseminations in aquarte apd felspars, JSireon and
ratile oeceur as major irelusions in quartz and rarely
plarioclase, Zireon usually oceurs as mirute rourdod
irclusions, vhile inclusiors of rutile are gererally needle
'h&pﬂdt
The mirerals making the rocks include:
I ) Quarte, Potagh Felgpar (Microclire Parthite,
Mieroperthite) Plagioclase and Orthopyroxeres
(pererally Hypersthene) as egsertial
constituents vhile the

IT ) Varietal include: Carmet Cliropyroxeres
(Diopside ard augite) and Biua&, i

Magretite, Zireon, Rutile, and Apatite occur
in minor quantities,.

The microscopie features of individual mirerals are
degseribed as follows:i- |

1) Quartz:~ It is invariably present in all semples
of eharroekites tut varies from 10 to 44 pereent, 1t occurs
generally as subhedral to arhedral graing, somectimes
exhibiting substitured ontlires marked by the oecurrence of
ivon oxide, The grain si-e gererally varies from 0,8 to 2 mm.
The most common inclusions are, zirecon, needlelike rutile
apd iron ore, Liquid inclusions are rarely observed, At
times, the quarts cortalinrs tiry flakes of chlorite as
inelugions (thin seetion 10 CH),

In most of the roeks, the mineral is marked by
unrdulose extinction due to strain effects but exceptiors are
not rare (thin seetior Yo, 11 CH, 12 CH), Strain effects in
the quarte grains vary widely, and the angle of undulose
extinetion on the 'C' axis varies from 10 to 2B degrees,
Some of the straired gquarts exhibits fracturing amd marginal
grarulation,
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rocks as subthedral grains of varying si=e frem 0.4 to 0,8 mm.,
hugite 1s characterised by weak Pleochroism in green and well
developed prismatic cleavagoes ard ite extinction angle on
the prismatie cloavages varies between 38 to 38 °, Of the
two (aupite anmd Diopside) the later occurs in minor
quantities, as subhedral praims of short prismatie habit
and 1s characterised by high relief,

3) Biotitei- It occurs gererally as small irpegular
flakes or plates, It 1s stronely pleochroie in brown with
absorption X= pale brown; ¥ = brown and 8 = reddish brovn
(X>Y amd 2), Ateration to chlorite is rarely observed,
Blotite generally shows straight extinction, but in
charnockites from Tholudur and Adoni (thin seetion Vo,

1 CH and 10 CH), 1t shows wavy extinction due to gtrain,

1) The Garnet gramilite (thinm Seetion Wo, 10 CH) from
the Adoni area (plate § Fig.1) exhibits a porphyroblastie
texture, with rcarnet papphyroblasts in a grourdmass of
strained quartz amd felspars, The rock contains a high

% proportion of stromply undulatory, fractured amd pramlated
quart=.(Plate 5 Fig.2), Most of the quarte shows well senarated
zores of undulatory exttmetion and the argle of urdulose
extinetion on 'C' axis varies frem 20 to 27 degrees, Some of
the straived quarts shows fractures in the core with a clear
eramilated marginal rim, Rarely the fractures are geen f1l1led
with reerystallised quartes, The rramilated quarte 4s made up
of two or more small individual auarte grains in vhieh each

part exhibits awr undnlose extinctior and show intererystal
suturing,



2) Pelspars:- The most common variety of felspar
observed is oligoclase, vhich varies in composition from
‘“'30 Anmto ‘“"75 An@ . Most of the grains are subhedral to

arhedral, varying in sime from 0,5 to 1 mm., ard gererally

display a poorly developed albite twiming and patchy secondary

extiretion due to strain, Antiperthitic intergrowths are

also obgerved in a few speecimens (thin section Wo, 1 CH, 2CH),
The potash felspars range from microperthites to

microcline perthites and mierocline, Inclusions of meedle

1ike rutile and eircon are some times observed in the

plagloclase as well as the potash felspar. The potash

felspars are generally subhedral to arhedral wvarying in

gize from 0.6 to 1.5 mm,

3) Orthopyroxeres:- They are fairly common in the
rocks studied and belong to the hypersthene variety,
Hypersthene in these rocks occurs gererally as subhedral
grains varyirg in size from 0,35 to 0.8 mm and is weakly
pleochroic in pink, yellow and green, Prismatic cleavage is
conspicuous and the mireral mostly shows straight to slightly
oblique extinction,

Yarietal Minoralss

1) Garnet:~ Garnet is commorly observed in most of
the charnockites studied, except (thin seetion Yo, 4 CH, 11 CH).
Polygonal grains of garmnet, characterised by pink brown
colour, high relief and irregular fractures are fairly common
in the charnrockites and appear to be of almand're variety.
The grain size varies between 0.3 to 0.8 mm,

2)Clinopyroxeres: (Augite and Diopside): Though
smaller in proportions, these gererally occur in most of the
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MODAL ¢ COMPOSITIOF OF SOME REACTIVE AFD IFFOCUOUS CHARFOCKITES

Thin ' d Tata- TPiag- | Mrmt' Airy other
section’ Locality ' Rock type ‘stn- ' foela~' :em ’ mafic mireral.
Fo. : : 'ired ".!ned 'Fels-: se Fo-' g z
1 . ] ! pu 18’9&1’ t t 3
"I CH  Tholudur(S.Arcot Distt) Acld charrockite  28% 24 5% 0% 10% 108  Biotite- 5%
Madras State (Zpderbite)
(H-n‘)
2 CH 15 miles Worth of Aedd charmocikite 30% of 4% 308 218 (34 -
Madras %%;:y (Enderbite)
3 CH Cmoon—llgdru State Aeid charnockite 408 gf 20% 107 158 ag Apatite- 2%
(R (Bikermite) :
4 CH Thirukalikurdaram Trtermediate 357 st o858 20f 108 - Biotite- 5%
¥adras State charroeckite
(R )
6 CH Acharapaltkam Madras Acid Charrockite 328 7%  oa% 144 189 5  Yegligible
State ( Bikermite) ity of
(R) 1otite
8 CH Yammakal-Madras State Intermediate 2% a4 15¢ 268 14% = Biotite-5%
(1vm) eharroeckite
10CH Ad(anl« ga.p.) Garret Grarulite 40% 2% 124 0% 4 12¢  DBiotite-6%
'H-Rl
11CH  Daltorpanj-Bihar Basic charmoekite 127 - 6% 304 35¢ 129  Blotite-2§%
(IW‘? Apa.tita-a’

H.R. = Highly Reactive
R = Reactive
IF¥Y = Irrnocuous



5: Photemierorrarh SOumaprification showing » wohyrohlagtie
1t texture In a parret grarulite frem Mont (2p.Yo.10 Ch),
Coarse norphyroblast of parret am geon omolosed 4w a
sheared matrix of quarte, The parvet shove mirgle _
irelugions of gudbanrular to sulrounded nart=, voh hng

imparted a sioved gtrueture to the parwet,

Plate 5: Photomierogranh RB0x mar. of the parmet eramalite (5p.10 CH)
Fig. 2: showing the strainoffaeets in quartz, vhich forms a
predomirant comstituert of the roek, Undulatory extinstion
and perdphoral grarulation is partienlarly nrevalont 4m
the quarts, Richt harnd correr of the photopranh shows
intense fracturing ‘n the quartw, The fracture nlares
are pevorally gron to be filled up with laths of goricite.
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Oligoclase ( AbgyAng, ) shows patchy secondaly
twinning which appnears to have been produced due to strain,

Frayed outlires are observed in a few gralmns, Same of the
graing ave fmactured and the fracture plares are filled up
with brececiated and erushed gquarte,

Garreti- It occurs generally as polygoral grains
varying in size from 0.6 to 2 mm, Inelusions of small graims
of roupded quartz are corsplcuous which impart a sieyed
gtructure to the parnet, Biotite flakes exhibit strain
effects with bent cleavapes and wavy extinetion., Diopside

occurs as a miror constituent,

2) Acid charrockite (Erderbite) (thin Section Fo,1 CH)
from the Tholudur area exhibits a granoblastie texture and
cataclastic features are observed in most of the qartz anmd
oligoeclase. The rock contains about 40 percent strongly unrdulose,
fractured quartz anl the angle of undulose extinction on 'C!
axis varies from 22 to o7s, Moet of the quart= is fractured
with the fracture plares rurning parallel to the undulatery
bards, Some of the straimed quart= grains are broken along
the borders and reerystallised into small but less straired
frapments giving rise to a mortar structure (Plate 6 Fig,l).

Antiperthitie intergrowths between oligoclase and

microeline is observed to a minor extent, As in the earlier
types, blotite flakes show wavy extinetion due to strain,
Garnet, hypersthere and augite are the other important constituents.

3) Charrockite (Intermediate type)(thin Section Vo.4 CH)
from Thrukalilurdram shows anr even graired prarmulitic texture
and eontains a fairly high proportion of strongly urdulatory
quart=., The other imnortant mirerals constituting the rock are
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nierograph 80x mag. of a hiphly sheared aci
mﬁ:@:cm from Tholudur (Sp,1 Ch), showinmg v l?:;geﬂr i
fracturing ard gramilation of the quarts, The o bo;'} G;’f 3
also shovs mieroshear iny and rourdine o erystalm f :h.
in gome of the quartw, The ummer left hamd portion o

photorraph shows bending of blotite flakes due to straim.

Photomierogranh B80xmap. of a charmockite containing . a Rich
provortion of ecoarse praimed modsratoly undulece mart=,
The left hamd portion of the photopranh shows strain
effects in olipoelanse also, charactopigod by patehy
secordary extimetion amd bending of twin lamellne,




«56=

the oligoclasey microperthite, augite and biotite,

4) Aeid charnockite (Enderbite) (thin section 2 CH) from
Madras showe an even graired pramlitic texture, Cataclastic
features are observed only in quartz, BStrain shadows are
econsplcuous in most of the mart= grains but the intensity of
strain varies widely, A few grains exhibit strong undulose
extinetion and fracturing, while some of the prains exhibit
weak and broad strain shadows, The angle of urdulose extinction
varies from 10 to 20 degrees (with referemce %o 'C' axig).

The other important constituents are the oligoclase,
aupite, garret and antiperthite,

8) The acid charrockite (Bikermite) (thin Seetion Wo.6 CH)
from Acharapakkam is an even rraimed rock ard exhibits strain
effects in quarts to a moderate scale. The angle of undulose
extinetion on 'C' axis varies between 15 to 20° and quarts is
gererally free from gramlation, A few grains of quartz are
fractured and the fracture planes are filled with laths of
sericite. Microecline perthite forms the major felspar, Other
important constituents are hypersthere, aurite, and pgarnet
(Plate 6 Fig.2).

6) The acid charrockite (Bikermite) (thim Section To,3 CH)
from Coonoor is an even gralnflgragnlitie rock and contains a
high proportion of strained quart=, Some of the quartz shows
well separated mores of urdulatory extinction, at time accomnanied
by fractures rumning parallel to the undulatory bamis. The
angle of undulose extirction on 'C' axis varies from 18 to 24
derrees, Some of the quartes shows margiral grarulation.
Mieroclire perthite, olipoclase, hyporgthmvamd rarnet are the
other important comstituemts of the rock.



The charnockite from Dumka (thin Section ¥o.12 CH) is an
even grained rock and contains a fairly high proportion of
martz, but the quarts is free from strain effects and exhibits
uniform extinetion., Other lmnortant mirerals corstituting the
rock are oligoclase, hyperstheme and aurite,

The basic charnockite (thim Seetion Mo.1l CH) from Daltonganj
is an even grained grarmilitie rock consisting essentially of
hypersthene and caleie rlagioclage (Ab‘w Angq ) and minor amounts
of quartz, The plagioclase is remarkably clear and fresh,
Hypersthene 1s characterised by schillerization ard shows straight
extinction, A few graimngs of aurite associated with hypersthene
are fairtly pleochroie in green and show an extinction angle

of 38® on prismatie cleavages,

In the following rages, the features observed im the mortars
made up of crushed charnoakite argrepates have been degeribed,
Most of the mortars, which indiecated deleterious expansions in
the mortar bar test, show elear symptoms of disruption,

Hovever, some of the sipnificant observations are mentioned here,

Sereral Megftypeg:

Megascopic characters:.- The mortar 1s made up of gray to
ereenish gray coleured erushed frapments of charmockite rock
embedded in a 1ipht fray coloured cememt matrix, Whitish
exudations are conmspicuous on the plalp surface of the mertar
vhile the polished gections of mortars exhibit dark coloured
rims around some of the frapments, A few of the Tragments
exhibit slipht discolouration around the margins. The mortars



also contain few volds filled up with white to light rray coloured
material, Some of the apprepate pleces with rims, at times show
a wvhitigh geum on the surface. ,

Mierosconic characters: The thin section shows fragpmonts
of charnockite rock enclosed in a partially 1sotropic, carbonated
cement matrix. The apgererate cement ratio is roughly 2.25:1.

The si»e of the fragmerts varies between 0.3 to 0,8 mm. The
interstitial space filled with cement matrix rarely exceeds 0.6 mm.
Some mirerals such as quartz ad at time oliroclase or pyroxemns,
oceur as independent grains or fragmenmts (due to erushing of the
rock to firer si»es in the preparation of mortars) and somet imee
are associated with other mimeral grains. Some of the ageregate
particles exhibit corroded boundaries ard reaction zones, Ina
few specimens (thin Seetion Wo.1 CHM, 4 CHM, 10 CHM) the particles
show cracks emanating from the margins into the adjoining cement
matrix, The pattern of cracks differs from specimen to snecimen,
Mierocracks in the cement matrix .aro also observed in a few
speeimens (thin Seetion Wo. 1 CHM, 4 CHM, 10 CHM, 3 CHM),

The origiral charnockite agrregates, which are gemerally
medium to coarse grained, are erushed to smaller sives in the
fabrication of mortars, The miperal grains of the oripinal
charrockite roek therefore form discrete constituents, which
has proved very useful im the identification of the alkall reactive
corstituents and in differentiating the reactive econstituents of
the rock from the non-reactive or less reactive constituents,

The composition of the mortars varies slightly in different
specimens but shows a cormon cheonolorical order. The mineral
fragments in the mortars, in the order of their decreasing
predominance are: Straired quartz, Oligoclase (sometimes strained),
Fyroxeres (Hypersthere, Augite, Diopside), amd Carnet. Only g
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few fragments of the rock containing two to three of these
minerals are obseryed, Biotite generally ocecurs associated
with other minerals. The ratio of total mineral fragments to
cement varies from 2,25 to 2,80:1, 13

1) Straired Quart»:- Irdividual grains of straimed quarts
vary in size from 0,2 to 0.5 mm, Most of the strained quartz in
the mortars exhibits hipghly corroded boundaries, and at times
1s fractured along the boundaries (thin Section Wo.10 CHM), A
few of the grains show slight pigmentation, marked by a faint
reddish colour, probably indicating that some portion of the
muartz has dissolved (thin seection No, 1 CHM, 10 CHM){Plate 7
Fig.1). The chemical reaction between strained quartz and the
surrounding cement matrix is further indicated by the occurrence
of a thin rim of a low birefringent gel along tl;e pveripheries
of most of the quartz grains, The marginal portion of the quarts
1s dissolved in a few cases (thin Seetion Nos, 1 ChM, 2 CEM, 3 CHM,
4 CHM, 10 CHM) ard 1t shows highly 4rregular outlines which at
times are indistinet due to the deposition of a gel like gramlar
product along the peripheries (Plate 7 Fig.2). o

At times, the gel has slightly impregnated the quartz
grains also along its fractured planes (thin Seetion No,1 CHM, 10 CHM),
The thickress of the pel layer 1s fourd to vary along the different
grains, Around the coarser grains, the layer is less than 20
microns while the thickness of the gel 1layer is observed to
be of the order of 50 microns when the sirze of the reactive
strained quartr fragments is batween 0.2 to 0.3 mm, and thus
appears to be a funetion of grain size (thin Section Wo.1 CHM)
(Plate 8, Fig.1). Some of the fragments of straimed quartz
exhibit severe dissolution amd only relict patcheg are seen
enveloped in a thick mass of gel (thin Section No.l CHM).



Plate 73

Fig.

1:

Photomicrograph B0Oxmar, of a mortar of charmoel-ite
(80,10 Chm.) showing reaction of straired quarts with

the cement, characterised by »omal discolouring, marginal
fracturing and pigmented borders, The Yower portion of
the photograph shows g rrain of ampite assoeiated with
straired quart=, but which shovs distiret outliyres ard %
devold of reaction rims,

Photomicrerranh 400y Mar. shoving reactior o o rrale of
stralimd quarts vith the surrourd ‘ng semott mateix, The
bourdarios of tho reactive stratmed juarte ave all
sorroded and show embayrowts all slomp the bordors, whith
are filled vith ar mievorrarular pol matorint inlicating
partial dissolution alone the marpire, The meastion fs
aliMtly more alome the urdiulztory banls of quarts rralrs
ard the ol has elishtly fmpregratod alome ths © setureg,
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Quartz frapments with feeble urdulose extirction do not
ghow any ¢lear indicatiom of any chomieal attack by the
alkalies in the surrounding cement matrix (thin Section
Vo, 12 CHM, 8 CHM),

2) Olipoclase: {(Abgyy Angg) oligodlase grains show
distiret outlines and rarely exhibit ary irdications of
chemieal reaction with the cememnt matrix,

3) The mafic cornstituerts of the charmockite rock e.g.
the hypersthene, ampite, parret and dionside also do not
exhibit any symptoms of chemical reaction when in cortact with
cemert,

Microfractures in the moptarsi~ In a few specimens (thin
Section Wo, 1 CHM, 4 CHM, 10 CHM) the mortars exhibit a few
distiret eracks emanating from the margins of the reacted
fragments of strained quartz, The pattern of eracks vary
only slipghtly and can be classified into two types as followste

a) Link Cracks b) Chair Cracks,

a) Lirk Cracikat These eracks are obhserved to emerpe from
the marging (thin Section ¥o, 1 CHM, 4 CHM, 10 CEM) of
different reacted framents of straired quart=. They are seen
exterding through the surrounding cement matrix and Joining
arother reacted graln of straimed quartz, The eracks are
gererally observed partially to totally filled up with the
gel (thin Section Yo, 1 CVM, 4 CHM, 10 CHM), btut empty eracks
may also be presemt {(thin Seetion 4 CIM) (Plate 8 Pip.2).:

The length of the eracks varies from 0,3 to 0.6 mm,»

b) Chain Cracks: Wher a rumber of 1ink eracks joint
togather they give a chain 1ike pattern of eracks.: Thin
gsection ( 1 CAM) shows about eight reacted prains of strained
quartz inter.commected in a chain like pattern. The eracks
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1:

Photomierograph 120x Mag. of a mortar of reagctive charm-
ekite (Sp.Yo, 2CH). showing deposition of a mierogramlar
gel material along the peripheries of particles of
straived quartz. The mmtwt gel has thoroughly imprepgnated
the surrounding cement matrix. The right hand correr of
the phobograph shows that the gel layer 1s comparatively
thinner ir case of coarser particleg of reactive quartz,

Photomierograph 120:ag. (without Wicols) of a mortar of
reactive charrockite (Sp.4 Ch) showing eracks emanating
from the edges or margins of reactive straired quarte a
Joining arother fragment of reacted quarts.(Liri cracks
Rim eorrosion is comspicuougly observed in all the

reacted quartr fragments, The eracks are limned with
gel material,
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are gererally seer starting from the margins of onme particle,
passing along the periphery of amother partiecle, amd then joining
the third reacted particle at the margirs and as on, These
eracks are partly to wholly filled up with the pel., Thin
sections ( 3 CiM, 2 CiM, 8 CAM) do not show mierofracturing of
the mortar,

Nature of the cement matrixi- The cemert matrix 1s severely
carbonated and microerystalline graims of carbonate substarece are
frequently observed in the matrix, These are characterized by high
birefringence. Sometimes the cement matrix adjacent to the reacted
fragments of quartz in the mortar arpears dark and opaque, probably
due to the impregnation of the cement matrix by the gel, A fow
indistinet mieroeracks are observed in the cemernt matrix alco
(thin Section Fo,3 CM) btut these de not indicate ary notable
features, The cement matrix also contalng a few volds varying im
diameter from 0,1 to 0.2 mm, filled up with the gel (Plate 9),

Important observationg:- The megascopic as well as the
mieroscoplic observations of the specimens ~f mortars gtudied are
‘remarkable in certain respects, 1) The mortar is made up of high
alkali cement and erushed charnockite rock aggrerate with a fair
amount of strongly undulatory fractured apd gramilated marts.
i1) Though, Oligoclase, pyroxene, potash falspar amd garret are
also present, but of all these mirerals only strained marts
show chemical reaction with cement resulting in the formation of a
gely which 4s not only filling 4n the eracks or volds but sometimes
seem to be peretrating ard embaying the quarte graims. 111)Gel
filled eracks emanating from the margins of rescted fragments of
strained quarts are very often imter-eonmected (thin Section 1 CHM,
4 CHM, 10 CHM), imicating that the reaction has resulted in the
dlsruption of mortar which also anpears to be a combined effect of



Plate 9: Photomicrograph 400xMag, of a mortar of a highly reactive
charnockite (8n.¥o, 1 Ch) showing a eircular void f1lled up
with alkali siliea gel. Right hard top corver of the
photograph shows the pel surrcurding a quartz grain, The
gel is microgramiler in texture and is making embayments
on the peripheral margins of the reacted muartz grain,

The top right hard portion of the photograph shows aéspl
filled crack which 1s secen interconrecting the reaect

fragment and the cireular void as mentiored above, and the
pel appoars te have flowed through this erack to 111 wp
the void,
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the reaction of a yumber of straired quertz particles with the
cement alkalies.

To make a study of the granitoid rocks from all over Indla
will be an uphill task and is beyond the scope of the problem.

But at the same time it may be addedﬁ:he important features
observed in the reactive granitold rocks do not vary much, as the
alkali agrregate reactions oeccur mostly with the silieca minerals
and there is ro reference in the literature vhere the reaction
has taken place with felsic, mafic or ary other such constituents
nor it has been observed in thig study.

Like the charrockites these roeks are grouped together
for the study, due mainly to the gerersl and common petrographie
features and only slirht variation in textural amnd mirerological
properties, Most of the rocks studied under this group from the
peninsular Tndia belong to the Archean group of roeks, It has
been observed, that, being hard, compact and massive rocks, having
pood resistamce to attrition, abrasion, they are widely used
as concrete aggregate in Apdhra Pradesh, Mysore, Madras, Ferala
and to a certain extent in Bihar, Orissa, M.P., U.P., Rajasthan
and Cujarat, |

In the following pages the petrographic features of
aggrefates are described in gereral and since the studies mainly
econcern with cement apgregate reaction, only the importart features
of reactive aggrepates are brought out,

The granites and granodiorites studied are found to be
gererally hard, pink to grey coloured, medium to coarse graired
massive rocks, They are characterised in the hand specimen by the
occurrence of medium to coarse praimed 1irht prey to greyish white,
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quartz, flesh red to dark grey coloured felspar and dark brown
coloured blotite, Most of the granitic rocks gtudied grade from
granodiorite through adamellite to grarite according to Johangen's
classification,

The specifie gravity of the rocks studied varies from
2160 to 2.74,

Textures Most of the pgrarite specimens from Cudur, lyderabad,

Mellere, Jangaon, Sullurpetta ete, exhibit an equipgramilar
hypidiomorphic fabriey with subhedral gquartes and felspar which
ip turn is scattered vith small flakes ard plates of biotite and
very irregular grains of magretite, A few of the pranites

(thin Section ¥o, 9 GR, 11 OR) from Banparpet, Tunlcur show a
s1ightly foliated texture due to subwparrallel biotite flakes.
The potash felspar in most of the granites is miecrocline
microperthite with veins and blebs of albitie plagloclase exsolved
in subhedra(microeline, Myrmekite is occasionally developed | tjh
quartz plagioclase contact, Cataclastie effects are predominantly
observed in some of the pranites ard granodiorites (thin Seetion
Y¥o. 2 OR, 3 OR, 8 OR, 9 GR, 14 CR, 15 CR) from West Chittor, _
Dhore, Kandi, Kazipet, Kawall and Phongir., Most of the quarts
in these rocks exhibits stromg urdulose extinction and at times
corrodes the adjacent plageioclase, Some of the quartz shows
fracturing and the fracture plames are at times filled up with
laths of sericite. Sometimes the plaploclase also shows bend
lamellae with rave sercitizatior in the core., A few of the
granites (thin Section Yo, 15 GR) show slightly bent platos of
biotite, sometimes enclosed between quart= and plagloclase. It
may be worth memtioning here that the rocks showing cataclastie
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effocts appeared similar to other pgranitie roCks in the hand

specimen ard showed ro external indicatioms of deformation,

though the major microsconic constituents 1like quartes and
plagloclase exhibit strain effeets, Zircon and rutile are
observed to occur a® minor inclusioms in some of the quartsz,

Zireon gererally occurs as subrourded to rourded inclusions

while rutile is reedle shaped,

¥inerolory:

As stated eariier the roeks in this rroup inelude the
granites, grarodiorites, granite pgreisses, and a syenite,
Minerolorically these contain @

Egsential mirera}ss Quartz, potash felspars (including orthoclase
mierocline, microclime perthite ws;
piagieslase (oliroclase, albite),

Varietal mireralst- Biotite, apd rarely hornblende or augite,

Miror mirerals: Magretite =ireon, rutile (inclusions).

The nomenclature used in these papes of the different rock
types is baged om the relative proportions of essential mirerals
and to a lesser extent those of the varietal miverals.

1) Quart=:- It i1s the common mimeral present in all The
granites, granitic gneisses amd grarddiorites studied,; and varies
from 20 to 45 percent, except in a speeimen of syenite (thin
Section Yo, 13 GR) from Kangayam, Madras State, where it is only
10¢, OQuartz occurs gererally as subhedral to arhedral praing,
and sometimes exhibits subsutured outlires maried by the
occurrence of iron oxide, GCemrerally the grain si=e varies from
0.6 to 1,5 mm in the medium graired rocksy while in the coarser
varieties the siwe is from 0.8 to 2,5 mm, The nature of inclusiors
are variable and the common inclusions constitute the ore
mirerals, sometimes reedle like rutfle and rarely =ircon, Liquid
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inelnsioms are also observed 4n some mart? in a fow granites
(thin Section © GR, 11 GR), Tiny flakes of chlorite ard biotite
are also seen to ocour as inclusions, (thin geetion Wo. 15 CR,
14 CR), Quarte grains, as seen in thin gections in the rocks
studied show a2 wide variety of textural features but their appearance
gererally econfirms with the overall texture of the roeks in
which they occur, .

In most of the rocks studied quart= 1s gererally free
from fratures and tynieally shows uniform extinetion but
gometimes weak and broad strain shadow effects are also seen
with a variation of undulose extinction, On 'C' axis betwen
4 to 10 degreesg, while quart= from some of the granites and
granodiorites is grarmulated at the margins amd (thin Section Yo,
16 GR, 14 GR, 3 GR) shows fracturing in the core with moderate
to strong undulose extinctions, The intensity of strain in
quartr of these rocks vary widely amd the anple of undulose
extinction with reference to the microscopic axis 'C' varies from
15> to 24°, The textural features in quart=- as observed in
thin sections in these rocks are degeribed in detall im their
deseription in the proeceeding papes,

2) Felsparst They form the most predominant constituent
and vary betweer 30 te 60%, The most common variety of potash
felspar is microcline vhich occurs as medium to coarse suthedral
grains of 0,6 to 1,6 mm in sive, in mediwum erained varieties, and
from 0,8 to 3 mm _in the coarse graired varieties, Minor inciusiors
of rourded quartz, flakes of biotite aml fimely divided iron oxide
are sometimes observed, Mo-t of the mierocline exhibits the
characteristic pgriddiron twimming, Perthitiec interprovth between
mierocline amd albite are frequently observed apd are of the
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exsolution type, Blebs of albite are fairly common in most of
the microeclire perthites, Someties miemenr\i is kaolini=ed
along the margins and rarely in the core. Orthoclase in
subhedral grains is sometimes obgerved gererally associated
with the mieroclire. It shows a characteristic turbid
appearances due to alteration and is rererally perthitie.
Carlsbad twirming is sometimes obgerved, JTt's grailn size in the
rocks studied varies from 0.6 to 1,2 mm,

Plagicelase: Plagioclase builts hypidiomorphic, generally albite
twirred erystals, mary of which are serieitized and kaolinired
(thin Sectiorn Wo, 8 CR, 9 OR) and vary 4in grain size from 0.6 to
1.5 mm, Sometimes the plapgioclase is corroded by mierocline,
quartz and biotite, The larrer grains in most of the roel:

consist of albite-oligoclase (Aby, Ang,)to ( Aby o An ),

vhile the smaller prairs are (Ab.m kn%) in composition,

Most of the plagioclase shows serieitiwation in the core,

but renerally the albitie rims are clear, Straln effects
characterized by bending of twin lamellae are observed in a
few gpecimens (thin Seetion 15 CR, 8 GR, 9 GR), Rarely the
plagioclase occurs as miror inelusions in the coarse subhedral
mieroclire. Vermicular myrmekitie irtergrowth between albite
and quartz 1s obgerved ir a few pranites ard rranodiorites.

Biotites Biotite formire flakes and tiny plates is a common
constituent in most of the roeks. It may be onclosed and/or
corroded by plagioclase, Sometimes inelusions of blotite are
seen with the felspar or other mirerals., The percentape of
biotite in the rocks studied varies from 2 to 109, Most of the
biotite is strongly pleochroie in brown to preery Alteration
to chlorite is sometimes obseryed, Strain effects characterised
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by wavy extinction ir the flakes are observed in g few rranites
with cataclastic features (thir Section Fo, 180R),
Augitet Ocours as an accessory mireral only in a few granites
(thin Section Wo, 20 CRy 17 CR) and 1s gemerally subhedral. Most
of the gugite shows well developed prismatic e¢leavage and ig
weakly pleochroie in green., The extinetion angle on prismatie

eleavages 1s between 35 amd 32 deprees.

Horrblends: It ocours as a minor constituent ir a granite
(thin Section ¥o,.21 GR) from Madhya Pradesh and is strongly
pleochroic in yellows. Extinetior angle on prismatie ecleavage
is 18 to 20 derrees,

Iron ores: These include the brown to dark red oxides of iron
and grains of Magretite, and are widely distributed in the rocks
gtudied.

moortant features of alks eactive rramitold roel
The biotite granite (thin Sectiong ¥o,14 CR) from Chittor
area contains a high proportion of quart=, which is characterised
by strain effeets and often shows well geparated zones of
undulateory extimetion, The angle of unrdulose extinction with
reference to 'C' axis varies from 20 to 24 deprees. Fracturing ig
consnicuous in most of the eraivs and the fraetures lie parallel to
the urdulatory bands, These are sometimes filled with laths of
serieite, Microelire, occurs ag coarse subhedral kaplinised

grains, and at times 4s rerthitic. The plapioclase (‘“’go Anw )

is mearly equal im amounts as mieroclire and Gccurs as enarse
subhedral grains, It 1s hirhly gericiteed and sometimes exhibits
natehy secordary twinning due to strair, The roek shows development

of myrmekite to a minor extent. Biotite 1aths sceur ag chief
accegsories,



=68

Arother sample of a highly sheared blotite granite (thin
Section ¥o.15 CR) from the Bhongir areca also contains strainred
guartz as the major corstituert, which 1s often highly sutured,
the outlires of which are marked by the oceurrence of iron oxide.
Most of the quart=z ghows marked unpdulese extiretion with fractures
in the core and a clear pgramlated marginal rim, Oligoclase
(A'b30 A“zo) occurs as subhedrs prains and shows strain effeects,

Some of the albite (A’bgoAnm ) 41g fractured and fracture planes
are filled up with laths of serieite, Biotite, cccurs as an
accessory mineral and 1s stromply pleochroie in brown amd shows
vavy extiretion, The rock contalns mieroeline perthite as another
important constituvent, while Biotite, aupite and mapretite are the

accessory mirerals.

Mierocline granite (thin Beetion Wo, 26R Plate 10 Fig.1)
from Kazivet cortains coarse subhedral mieroeline as the nredominant
corstituent, which is fairly altered and at times perthitie,
Cataclastiec effocts are promirantly observed in subhedralto
arhedra{quert=, and are marked by strong undulose extimction amd
fracturing. The fracture plares are pererally fllled up with
laths of sericite,

An alkali granite (thin Seetion To, 4CR, Plate 10 Fip,?2)
from the Tellore district contains Mieroclime perthite as the
predominart constituert, while straired quarts constitutes about
28 percent of the roek, Most of the quart» exhibit weak and
broar strain shadows while a few erains show gtrong undulose :
extiretion and fracturing, Vermicular irtorprowths between quarts
and albite (myrmekite) are also obaarwﬂ.t Biotite oceurs as an
accessory comstituent,

A blotite granodiorite (thin Seetion Wo. 9 OR) from Kandi
(Plate 11 Fip,1) cortains a hirh pronortion of coarse cuapks. mf



IABIE 6
MODAL COMPOSITE OF SOME OF THE REACTIVE AND IFMOCUOUS GRAMITOID ROCKS

Thin ' i v “T Potash ' Plagio- 'Diotite ' Other Mafies
Section’ Locality ' Roek type Strair tra fels- ! clase ’
Fo. ; ’ ¥ " "pars ! fels-. ’
' ' . ' ' pars 2 t
- e 8 i @ ' T *
2 GR Kazipet (A.P.) Microclire s 4 a3 55% - ag -
(M.R.) Crarite -
3 CR  Kawali Taluequa (A.P) Alkali 25¢ 5% 60% = &7 -
(S.Rc) G‘Pamm
4 GR Gudur area (A.P.) Biotite s% 35% 459 84 4% 3% Anpite
(1IrN) Crarite
9 GR  Kardi (A.P.) Biotite 35% 5% o0f% 26% 10¢ 4% Magretite
(M.R.) Crarodiorite
13 GR Eang;:)area (Madras) Ouartz Syerite = 7% gof  10% 38 -
14 GR W.Chittor area (A.P.) Biotite as? of 3584 189 7% -
(Haat) Cranite
16 GR Bhonplir area (A.P.) Biotite 40% 3% 248 o224 8% 3% auplite
(H.R.) Crarite
19 CR Bhivari{Haryara) Toralite 7 4 268 208 458 ag 4% Mapnetite
(Irm) (Granodiorite)
20 CR Krmmam (A.P.) Mmrite - 30% 208 2% - 8% Marite
(rr™) Crarite
«R, = Highly reactive.
S.R. = 8lirhtly Reactive,
M. R, = Moderately Reactive.
*r = Irnocuous



Plate 10t Photomicrosranh A0xMag, of a mieroeline cramite fron "aripet
Flge 19 showiny a hynid tomernhie rramilar toxture, The contral
: portion of the photorravh shows coarse rraived rederately
uninlope quazte occurring irtoratially and hog slichily
eorradod tho smelogine micronline,

Plate 10:Photomicrorranh S0xMap of ar alkall eravits from Kawvald,

Fige 21The gravite vredomirantly containe microcline and parthite,
The richt hand cormer of the photorraph shows altered
felspar, The left hand corver of the photoeranh shows the
strain effeets ir quarte narked by undulose axtinetion,
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which some grains are characterired by undulose extinetion
and fracturing, Most of the guartz exhibits well separated
=orea of undulatory extiretion and shows gramulated borders,
A few grains exhibit fracturing in the core with a gramlated
marginal rim, Some of the quart» is entirely free from strain
effects and exhibits a normal extimetion, Albite (Abgs Ang )

forms about 30% of the rock ard occurs as coarse suthedral prains
and 1s highly sericitized, A few of the rrains show patehy
extiretion due to tending of the twin lamellae,

Microclire 1s generally perthitie, occurs as coarse
subhedral grains apd 41s slightly altered in the core as well
as8 along the margins, Blotite occurs as flakes varying in
lenpth from 1 to 2 mm and is strongly pleochroic in brown
ard at times is chloritized,

Biotite grarodiorite {(thin section o, 8CR) from Dhore
also shows similar mierosconic features as thir seetion Mo.2 CR,

Biotite granite: From Cudur (thin Section To.4 GR) is
a grey colourod holoerystallire grarmular rock characterised
esgentially by the presence of microcline and quartsz with
biotite as a minor comstltuent, The rock 4s medium graired
with the graln size varying between 0.6 to 0,9 mm, Perthitie
irtergrowths between microecline amd quartz are observed to a
minor extent, Most of the guartz in the roeck 1s characterized
by uniform extinetion, with a few grairs exhibiting faint
urdulose extinetion, Apother sample ¢gf from Wellore also
exhibits gimilar character (as 4thin Section Wo, 4 GR),

Aurite granite fthin Seetior Wo. 200R) from Khammam,
cortainrs microclire as the nredominant constituent and
containe about 30 narcent susrts wvith rormal avtdratian.
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The other importanmt constituent of the roek is albite (Abgyin,,)
vhich 1s also free from straim effects. Aurite occurrinrg as subhedral
prismatie crystals is the orly accessory mireral present in the
rock, Tomalite (thin Sectior Vo, 19 GR) from Bhiwani (Haryana) is
a coarse grained, rrey coloured porphyritie rock with coarse
suthedral grains of oligoclase (Ab so“ao ) and quartz embedded
in a medium eraired grourdmass of quarte sericiti-ed albite

20
09 to 2 mm,, vhile the nhenosrysts of quarts vary in size from 1

(Ab Anle). The phenoerysts of olipoclage vary in size from

to 2,5 mm. The rock cortains rmscovite in miror quantities, whiech
gererally occurs as irrepular flakes, All the quartz in the rock
both occurring as phenoerysts and in the prourdmass shows uriform
extinction. The albite rrains are also free from strain effects,

Quartz syenite (thir Seetion F¥o,3 CR) from Kangayam
(Madras State) i1s a coarse graired; pirk coloured massive rock and
exhibits a holoerystallire gramlar fabrie, Microcline perthite,
vhich occurs as coarse subhedral grains varying in si-e from 1 to
1,5 mm forms the predominant comstituent. Quartz oecurs interstitially
as subhedral grains varying in size from 0,5 to 1 mm as a subordinate
econstituent, The rock cortains biotite im minor quantities.
Quartz whieh forms about 10 percent of the roek ghows wealr and
broad strain shadows,

Letrosranhy of mortarss

Mepascopic features: The mortars are made up of pirk be
grey coloured crushed frapments of graritic rocks, embedded ir a
light prey coloured cement matrix. The apggrepate cement ratio is
roughly 2.25:11 and varies slichtly between 2.25 to 2,5011 and
the si-e of the fragments varies between 0.3 to 0.8 mm, After
six months of humid storage of mortars, whitish exudations are
conspicuous on the plain surface o;f;ﬂho mortar while the polisghed
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sections of mortar exhibit slightly dark coloured rims ground some
of the rock fragments, a few of which also exhibit slight
discolouration around the margirs, Sometimes the mortars are with
few volds which are filled with a2 white to light grey coloured
 material.

Mieroscopie featuress- In thin seetions, the framents of
the rocks are enclosed im a partially isotropie carbonated
matrix, Certain mineral corstituenrts such as quartz and at times
microcline occur as indeperdent pgraims or frasments (éue to
erushing of the rock to firer sizes im the preparation of mertars)
and sometimes associated with other mireral grains.

Some of the aggregate particles show corroded boundaries
and reactlon »ones, thus indicating partial dissolution along
the bourdaries due to chemieal reaction with the surrourding cement
matrix, r

1) Straired quartr: Sometimes quartz occurs as individual
grairs and at times s associated with felspar amd biotite,

Most of the straived quart= in the mortars exhibits
corroded boundaries and at times shows marginal fracturing
(thin section Yo, 14 CRM, 15 GEBM). A few graims are sliphtly
peimented alons the borders. The chemical reaction betwen the
straired quartz apd surrounding cement matrix is further indicated
by the deposition of a low birefrinpent gramlar reaction nroduct
(gel) in the peripheral space between the strained quarts md the
cement matrix, creating a sort of reaction rim (thin Section
To. 2 GRM, 8 GRM, O CRM, 14 GRY, 18 ORM) (Plate 11 Fip.2). {
The thickness of the rim appears to be a furction of particle sire
and varios from 20 to 40 microns, Some of the Muartz frapments,
with a feeble undulose extinction exhibit distinet mtlines and
do rot show boundarv lavere of the sal matendad



Plate 11: Photomieropraph 80x Mag, of mortar of a reactive pranite
(8p.14 CRM)., The central nortion of the photograph very
clearly shows rim ecorresion and deposition of a microrrarular
g2l product all along the peripheries of a coarse frarment
of undulatory quart», Similar sympotoms aré also scen
vith other smaller prains of strained quartz in the mortar,
irdicating reaction with the ecement matrix,
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2) Felspars, vhich belong to the mieroeline, microcline
perthite and albite variety are practically unaffected amd exhibit
¢lear ocutlires,

Mierofracturea are rot observed in the mortars studied,

The cement matrix appears to be hipghly carbonated with
patches of isotropic material, particularly around the reageted
fragments of straired quartes, A few voids varying in size from
0.1 to 0.2 mm are lired up with the gel material.

Some Important Observations: The mierosconic features
obgerved in the deteriorated mortars are remarkahble in some
respectsy and similar to charrockites,

1) Bourdary corrosion and partial dissoluti-n of straired
quartz and the deposition of mierogramlar gel product along the
embayed bordera is observed,

2) Deyelopment of gel filled cracks emanating from the
marging are rarely observed, With regard to the similarity of
observations as compared to the charrockites, the mortars are
made up of crushed granitie rocks with quart~ of felspar as the
predoninant eonstituerts, Of all these mirerals only straired
quart= in the mortars exhibits chemical reaction with the cement
(alkalies), a feature aralogues to the charmockites, But at the
same time it is noticeable that in the graritie rocks the
digruption due to alkali agrrepate reaction is comparatively less
than the charrockites, The charnmockites studied, are more deformed
than the graritie rocks, and the microsconie featureg of the
mortars also irdicate a comparatively intense reaction in quarts
of the charrockitic rocks in which the mortar exvansions are also
higher, Thus it can be repeated that the mierosconie features
observed in the mortars give a fairly pood idea of the degree of
reaction ani rate of expansion of mortars,
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~BASALTS

Bagalsts are commorly used as appregates for concrete
construetions in western and in narts of cemtral Indiay particularly
in Mgharagshtra, Oujérat and Madhya Pradesh, Yost of the basalts
are fairly hard and durable and are gererally found to be innocuous
unless they cortain secordary mirerals like chalecedony, opal or
altered volearic glass (palagonite)., A petrographic examination
of these rocks reveal that some samples contair glass in in mirnor
quanrtity in the proundmass, Sinece the petrography of the Indian
bhasalts is fairly lmown, only the specific features of these rocks
fourd reactive with cemevrt alkalies have been brought out in this
study.

The basalts studied are hard, falrly dense, dark greenish
grey to black coloured, fire graired massive roecks, The structure
varies from ppophyritie amd vesicular to comnact and dense., At
times the vesicular cavities are filled with secordary mirerals
like zeciite (Bp.Vo, I T, 2 T), quartz or chaleedony (5T, 15 T).
Sometimos the rock is traversed by thim veims of lipght grey
coloured chalecedonic silieca,

The speciriec gravity varies from 2,89 to 3,36.

Mierosconle features: The texture ig commornly
prophyritic with phenoerysts of plagioclase (&b‘mx\n 68) ard aurite
set in an aphinitie groundmass., The matrix 15 mainly composed of

irterstitial glass., Occasiorally, olivine oecurs as phenocrysts

(thin Section Mo.5¥). A few of the speeimenms {thin Seetion Yo.12 T,
13 Ty 17 T) show an intergrarular texture, Plapioclase phenocrysts
are twinred on the Alblte, Carlsbad and periclive laws amd are gome-
timeg =omed, Of these, the plagioclase forming the rroundmass 1is
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Borerally twimmed on the albite or the carlsbad laws, vhile the
irdependert pheroerysts are twirmed om perieline types. Pyroxene
inclusions are at times observed ir the plapioclase phemerysts
and sometimes produce the typiecal ophitic texture with aupite
eonstituting about 40 to 45 percent of the rook mass, AMgite
sometimes occurs as microphenocrysts tut is gererally confined to
the proundmass,

Iron or2 ocenrs as irrepular elonpated erairs, and as
inclusions in the pyroxere, plarioclase and in the glass.

Primary glass forming § to 15% of the roek, is mainly
interstitial., Palagonite 1s observed (thin section 3 T) as an
ateration nroduct of the primary glass and varies in eolour from
pale to darkt brown, Fibrous texture is corspicuocus. Chalesdony
is seen to occur as a secordary mireral (thin Section Te. 5 T, 18T)
filling up the vesicular cavities amd as veinlets traversing the reck.

1) The olivire basalt (thin Section Wo, 5T) from the Khamgaon
area is prophyritie, Olivine occurias a major phenoeryst, as coarse
polygomal graime varying in si»e from 0.5 to 1.8 mm ard is
charactorized by marked alteration to iddingsite, which has iven a
rimmed and eriserossed appearance to the mineral Labrofiorite
(AbyyAngs) occuring as phencerysts 4s sulledral to anhedral, exhibits
highly corroded eutlines marked by the ocourrence of iron oxide
and varies in grain sire from 0.5 to 1 mm, Aupite vherocrysts of

0.5 to 0.8 mm size are weallly pleochroie in green amd ocour as
subhedral grains, The grourdmass is composod of microlites of
labroadorite felspar (Abaoknss) erd pyroxere and grains of mapgretite.
Interstitial prinary plaes is observed in nimr' quartities,

Chaleedony occurs as amypdular fillings (Plate 12 Pig.1) and as veins,
It exhibits the typieal £1ibrous extinetion and at times contains



LASE 2
MODAL COMPOSITION OF SOME OF THE RTACTIVE AND INNOCUOUS BASALTS

Thin ' ' Plagio- * Pyro- ‘miﬂm'm Inter. 'Secondary Miverals
Section' Locality ' Rock tvpe ‘eclase ' xeres Mafie Tstitial ‘chalecedony or
Yo. ’ » Pole. * ’ "Congti- 'glm :pllami‘b.
y ¢ ‘nars ’ ’ tuents
] L L B L3 L . J
ar Phuj area (Cujarat)  Porphyritie 40% aaf ag 3% 234 7% palagomite
(M.R.) Baaalt
f s ors.
arashtra re
(I.f) v Me 128 59 eg 9% Chalcedony
10T ‘lald?r: (Maharashtra) Basalt, aag 40% - 119 5% -
16T  CGordal (Cujarat) Porphyritic 43% 427 - ag 4% gg Chaleedony
(R) Basalt



Plate 12: Fhotamicrograph 80xMap. of a reaetive basalt from Khampaon

Flee 13 (S8p, 5 T) showing a larpe grain of chaleedony £11ling up the
ampdule in the basalt. Radiating fibrous structure is
eonsploucusly observed in the chaleedony, The right haw
corner of the ohotopravh shows mirute inclusions of
tridymite occurring as elusters in chaleedory, which also
containg mirmte inclusions of Dyroxene.

Plate 12: Photomicrograph 20xMag. of a glassy basalt. The cortral

Fig. 21 portion of the photograph shows palagonite, exhibiting a

fibrous structure amd cccurring interstitially in a
subophitie groundmass with gupite partly enclosing the
plarioclase prains amd partly intergtitial betweer them.
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ipelusions of tridymite whieh occur as mirute polygoral prains,
isotropic in mature, Mirute inclusioms of grarular auglte and iron
ore are also observed,
2) Mierosconie features observed in basalt (thin Section ¥o,15T)
are similar to (thin Seetion ¥o,5T) except &hat the phemoerysts are
mostly labrodorites (Ahwanaal and augite, Chaleedorny 4s seen

gererally occurring as wﬁ.ats ard s sometimes associated with traces
of opalire silica, Primary glass also oceurs interstitially in
the grourdmass in minor quantities.

3) The basalt from Bhuj (thin Sectien Wo,3T) is fairly similar
to the above deseribed specimens execept that a few mierorherocrysts
of olivine are observed in the prourdmass. The plass ocmurring in
the groundmass is devitrified at places, and patches of 1irht brown
coloured, low birefringent, fibrous, vesicular, palagonite glass
are conspicuously observed (Plate 12 Fig,2), However, the rock does
not contain any chalecedony or opal.

Petrocrachy of moriars

Magaseopic characters: The morters are made up of dark
greenish grey coloured fragments of tasaltic rock, embedded in a
1icht prey coloured cemewt matrix, Whitish porcellanmecus exudations
are conspicucusly observed on the surface of the mortar after six
months of humid storage. A few of the fragmerts axhibit dark coloured
roaction rims and whitish scum on the surface, The ratlo of agerogate
to cement is about 2,26:1, The mortars conteir a fow volds filled
up with & 1ight grey coloured materdal.

Micerosconie charagters: In thin sectiom the fragments of
basalt are fournd embedded in am isotropie tut slightly earborated
cement matrix. The size of the fragmenmts varies from 0.4 to 0.6 mm
and the interspaces are filled with cement matrix which rarely exceeds
0.4 mm. Most of the aggregate fragments show slight to moderately
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corroded boundaries and reaction »ores and sometimes are with
eracks emanating from the boundaries of the apgregate particles
(thin Seection Fo, 5 TM,15 TM,3 TM),

Sometimes these cracks are linked together, while at times
these are seen either passing along the peripheries of another
frapment or traversing the adjacent aggregate po.rticin.

As the fragments are made of basaltiec rock, the minerclegical
composition of the agpregate particles is falrly similar to the
parent rogk except that the percentage of interstitial glaess in
the groundmass and the amount of secordary minerals vary.
Chalcedony oeccurs at the margins or edges of the basalt fragments
or sometimes as individual grairs, The minerals constituting these
fragments in the decreasing order are lalrodorite, pyroxenes
(aupite ard other elinopyroxeres), magretite, olivire, interstitial
glass and ehaleadm.. Devitrified palaponite glass is also observed
(thin Section Yo,3TM), Most of the agerepate framments with
interstitial glass show slight fraeturing and corroded bourdaries
indicating chemical attack by the surrounding cement matrix,
vhich mey be having alkali in excess (thin Seetion Yo, 5 T™,15TM,

3 ™), Some of the basalt fragments indicate preferential
dissolution of the interstitial plassy material (thin Section ¥o.3TM),

Chalcedony is sometimes found to oceur along the edres or
margins of the basalt fragments or as irdividual grains ard is
deeply corroded, It is scen partially to totally altered to low
birefringent gel, and at times oceurs as reliet grainms emnclosed
in a mass of gel,

It is observed that though most of the basalt fragments show
slight to moderkte boundary corrosion, still they do mo exhibit
distinet gel rims, However, the intense opaque character of the
cement matrix around these frapments supggests impregnation of

T . e o o B k. - . o il — B
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Aupite and labrodorite are rarely seen to oeccur as
individual miveral grains. These show distimnet outlires apd do
rot exhibit any gel rim, or bourdary corrosion and appear to be
absolutely uraffected by the coment alkalies,

Hlerofractures in the mortars: The mortars exhibit
distinet eracks emarating from the margins of the reacted basalt
aggregate frarments ard heavily reascted particles of chalcedony,
The nature of disruption varies slightly in the specimens studied,
Usually, the cracks are partly te vholly filled up with the gel
product and vary in length from 0.5 to 0.2fm. The nature of the
eracks may be as (a) 1ink cracks (b) radial eracks,

a)Lirk eracks: The eracks are seen emanating from the
marging of the coarse reacted fragments of basalt. The eracks
are further seen exterding through the surrourding cement
matrix vhich is isotropic in pature, amd then Joining another
reacted fragment of basalt. Somotimes the cracks are gseen
passing along the periphery of a reacted basalt framment (thin
Section To. 5§ TM, 15 ™) (Plate 13 Pip.1).

b) Sometimes two or three eracks are seen enmgnating from
the particle or veins of chalcedony ard give a radial pattern.
Sometimes these emanate from a heavily reacted particle of
chalcedony and are scen to extopd through the surrourding cement
matrix in different directions. The eracks are pererally observed
to form a link with another reacted frapmenmt of basalt or
chaleedony (thin Seetion Wo.5 TM) (Camera Lucids Skieteh ¥0.2).
The ecracks probably irdieate that the reactive particle has
swelled due to the formation of swelling type of gel along the
borders,

Zature of Cemort Matrix: The cement matrix in gereral

exhibits an isotropiec mature amd is slirhtly earbomated at places,



Plate 13: The photomiergranh (120xMag.) of a mortar of reactive basalt
Flg. 1t (8p, 5T M) ghowine two eracks emarating from reacted dbasalt
fragments amd rurning nearly parallel to each other, The
eracks are seem passing along the paripherdes of adjacent
reacted basalt fragments ard at times traversing the
hoavily reacted ard weakened basalt frapmerts, Though
no distinet pel rims are observed around these basalt
particles, the occurrence of efacks and the intense
opaque eharacter of the cement matrix indicates reaction
and the consequent swelling of the reacted fragments.

Plate 19: Photomiceregranh (80xMag,) of a mortar of reactive ba
: : . Salt
Fie. 21 from Bj (Sp, 15 ™). The central portion of the
pgotograph shows a eirenlar vold in the mortar, Deposition

froisToeramlar gel materisl along the bourdar
the vold is distirrctly observed, & boundaries of
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Which is characterised by the hipghly birefrirpent carbonate

patchy substance, Few volds are observed varying in diameter
from 0.2 to 0,4 mm apd are usually lired with the gel (Plate 13
Fig.2).

Junaortant observations: The mepascopie as well as the
mieroscopic cbservations in the mortars studied, are striking
in some respects, The mortars are made up of high alkall
cement and basalt fragments containing interstitial glass and
chalcedony as ucdﬁm mireral, Most of these basalt fragpments
exhibit distinet symptoms of reaction with the cement matrix,
The ocourremce of distiret, lomg, gel filled eracks, emarating
from the margins of the reacted fragments of basalt, indicate
disruption of the mortar due to the swelling of the reacted
frarments, Espeelally the o'hmrmmo of peripheral eracks along
gome of the fragmonts indicates shrinkage of the fragments after
the reaction, The occurremce and mature of rel filled cracks
emanating from the particles thus throw a gmﬂ light on the
mechanism of reaction. It appears that the disruption of the
mortar is a result of swelling of the reacted fragments of
basalt. Occurremnce of a mmber of eracks emanating from particles
of chalecedony, which is seen altered to a pel product, alse
irdicate the swelling nature of the pel amd confirm the observations
made by Vivian (1750), Browr (1958) and others, that the disruption
of mortar due to alkall agpgregate reactions is a sequenece of
swvelling of the reacted frapmenmts, The observations of mortars
made during the study are also of similar nature ,
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SArDSIONES

Sardstone, if hard and durable are also commonly used as
building stores as well as concrete agerefates, Such sandstornes
are fourd to occur in most of the older peolorical formations
in India amd are widely used for concrete econstructionms, The
sardstones studied here belorg to the Vindhyard, (upper and lower
Vindhyan4s) Cuddapah, Tertiary and Siwalik formations. In the
following pages the sandstone argregates studied, are described
in gereral and their important features speeially regarding the
cementing matrix and at times the detrital mirerals, of the
alkald reactive sandstornes have been brought out, as well as those
of irmocuous characters also have been dealt with,

mmortant Petrofranile 22 T »® tha Bardetornos o TlUd
The sandstomes studied are fourd to be gererally hard,
compact, fine to medium rraired rocks, The colour of these
sandstores varies from pink, grey, dark grey te btuff aml most of

the roclks are characterised in the hand specimen by the predominance
of Tine to medium graired quartz, sometimes coated with a thin

f1lm of iron oxide,

The specifiec gravity of these sandstones varies from 2.56
to 2.85,

Microsconic foaturess

Texture: Most of the sardstones exhibit a moderate to
excellently sorted, well cemerted, gramular fabric exeept (thin
Section Yo.l 855 and 7 S5) which are poorly sorted, The average
graivrg size of quarts in sandstones varies from 0.4 to 1.2 mm,

Mirerclogy: Subangular to subrounded quartz is the
predominant corstituert and the perecentape of quarts varies from
50 to 85%., The cementing matrix is either siliclous, Clayey or
of ferruginous material., The detrital jmineral grains observed
are the chert, sericite, microclire, tourmalire, chlorite and albite



(1) arteose Sandstore (thin Seetion ¥o.6 88) from Chirthala
Kurnool formatioms lower Vindhyanh(A.P.) (Plate 14 Pig.1) 18 a
moderately sorted, well cemented rock amd contalns subangul ar to
subrounded quarts varying in grain size from 0.5 to 1.2 mm as the
predominant constituent. Some of the quartz shows a faiwt undulose
extinetlion, The roek contaims about 20 percent chert which alse
forms the bdinding matrix, Chert ocours interstitially set ina
radiate faghior arourd the subanpular to subrourded quartz grains.
Tirny irelusions of flaky chlorite are common in the chert and have
imparted a 1ipght green colour to the cementing matrix. Chlerite
also oceurs individual flakes or 1s assoeciated with the binding
matrixz. Subhedral to arhedral magretite is irregularly distributed
throughout the rock,

(2) Sardstome (thin Seetion 0.955) fem Palamwur, Rajasthan
(Tertiary formation) (Plate 14 Fip.2) s a noderately sorted, well
cemented rock and congists of subangular to subrounded quart=,
varying in size from 0.8 to 1 mm,, ervéloped in a ferruginous
¢layey matrix composed of highly decomposed and kaolinwed felspar,
serieite, chlorite and iron ore, Bulyourdied to rourded grains of
detrital chert (micro to eryptoerystallime quarts) are alse
observed associated with the cementing matrix ard form 8% of
the roclmass,

(3) OQuartwose Sandstonme (thin Seetion Wo. 4 88) from Durg
Distt. (M.P.) 1s an equipramlar, moderately sorted, well cemented
rock and contains subrounded auartz varying in size from 048 to 1.2
mm, eemented by authigeric quart= interpgrowths which is
characterized by the stippled borders marked by the occurrence of
iron axide arourd most of the erains,

Some of the inrdividual quarts grains, show a faint undulose
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Plate 14: Photomieropraph (120xMar.) of a quartrose sardstom from

Pig. 11 Chivthala {(8n.Fo. 6 83) gshowine subargmlar to subrourded
medium praired quart> Mruly ecemented by a silicious chorty
matrix. Chert is gorerally geen occurring interstitially
Boatween the quartr praing set in a radiate fashion, Right
hand correr of the photopranh shows glight urdulogse :
oxtinetion as observed in a fow quarts graing,

Plate 14,
ig. 2t

quarts,
fine shreds
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eonstitutes about 10 of the rock ard mieroclime grains subrounded
in shape and 0.°mm in size comstituting adbout 2%, are seen oceurring
intergtitially, f4l1ing up the pore spaces in between some of the
quarts graing, _

(4) Quartzose Sandstone (thin Section Vo, 3 G8) from Durp
Distt (M.P.) 1s a moderately sorted, well interlocked rock amd
contains subangular to subrourded grains of quartz varying in
size from 0.2 to 1.5 mm, The graims show well marked bourdarics
ecoated with iron oxide, Some of the quarts alse show gtrong
undulose extinction, Detrital subrourded chert rrains of varying
gize from 0.8 to 1 mm corstitute about 15% of the roek, Chlorite
and sericitired albite are also seer occurring as deterital
constituents,

(5) Lithic Sandstome (thin Section We. 1 58 Plate 15 Fig.1)
from FKurdaghaf (H.P,) belonging to S iwelik series is a poorly
sorted tut fairly well cemented roeck, Subangular to subrounded
graine of aquarts constitute only 50% of the rock, while the
frapments of sericite phyllite comstitute 20% ard detrital chert
eonstitutes 107 of the roek., These, along with mivor tourmaline
are enbedded 4n a forrupginous clayey matrix, whiech is made up
of five shreds of seriecite, chlorite ard kaolinitie clay.

Quartz grains vary in sive from 0.2 to 0.6 mm and some of these
exhibit faint unrdulose extinetion, Ienticular fragments of
serfeite phyllite varying in length from 0.4 to O0.6mm exhibit
slight foliation and consist of fine shreds of sericite and a

few tiny flakes of kaolinite and chlorite admixed with fire
quartz, Detrifial chert 4s highly ferruginous in nature and
occurs as suberounded grains varying in size from 0.4 to 0,6 mm,
The detritasl tourmeline is strongly pleochroic in brown and varies
in sirze from 0,2 to 0.3 mme
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6) Siwalik Sardstome (thin Bection Yo, 788) from Kalka (H.P.)
is a highly argillaceous, poorly sorted sandstore and comsists of
subangular te rounded quart» grains, varying in size from 0,2
to 0.5 mm, embedded in a highly argillaccous matrix consisting
predominantly of fine shreds of serieite, kaolinite amd irrespular
grains of magmetite,

Zonocuous Smndstones

Sandstores (thip Seetion Wo,2 38) from Kota belonging to
upper Vindhyan sories) i1s a moderately sorted rock and congists
of subangular to subrourded prains of quartz varying in size from
0.4 to 0.6 mm coated with iron oxide at the marging, whish alse
forms the bdinding matrix,

The sardstones studied vary fairly
widely in their petrographie characters, Hemce the mortars corntaining
the erushed frapments of these sandstore, vhich exhibit significant
symptoms of reaction, are deseribed separately and cateporised o st
1) Mortars made up of erushed frarments of quartzose
sandstones (thin Section Wo, 3 SaM, 6 SsM, 4 saM),
2) Mortars made up of erushed fragmenmts of 1ithic samdstones
(thin Section 1 88M, 9 saM),

Megasconic characters:t The mortar is made up of light grey
to dark grey coloured fragments of sardstones emclosed in a light
grey coloured cement matrix, The agprepate: coment ratio is 2.28:11,
The polished surfacos of the mortar show whitish exudations, while
the broken pleces as well as the polished sections show dark
coloured reaction rims (Plate Fo.15 Pig.2) around some of the
ageregate particles, The mortar also contains a few volds £illed
up with vhite coloured material,
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Mieroscopic characters: The thin gection of the mortar shows
fragments of disapgeregated sardstone (thin Section Yo, 388M, 6 85M)
enclosed in an isotropie but slightly carbonated coment matrix.
The sive of the framemts varies from 0,2 to 0.5 mm, The
interstitial space filled with cement matrix is less than 0.6 mm,
in width, Most of the quartz particles of the sardstones appear
to have been disaggregated due to (a) erushing of the rock into
firer sires, while prevaring the specimens for the mortars (b)

The crushed fragments are further Adisiéirtegratod due to the partial
to total dissolution of the binding silicious matrix (which is
often chorty ), due to chemical reaction probably with cemert
alkalies,

The mortars aleo exhibit digtinet eracks emarating from some
of the deeply corroded fragmemts (thin geetion ¥o, 6 55M), The
average mirorolorical composition of the agrregate particles in
the order of decreasing predomirances is as followss coarse quarts,
chert, chlorite, The percertage of quartz in the mortars studied
varies from 70 to 90%, Some of the quart= exhibits feeble
urdulose extinction, Chert constitutes about 5 to 10f of the
mortars, Chlorite forms about 1 to 2f and ocours as tiry flakes,

The coarse quart= Crarments im the mortar vary in size from
0,2 to 0,5 mm, Chert has been heavily reacted and dissolved to
pive rige to a low birefrinpent gel. A few grains also show
rarrov gel rimg,(thin Beetion Yo, 3 =8M, 6 88M), and most of the
aggregate particles of chert oecur as reliet prains enclosed in a
mass of gel which is well dispersed in the surrcunding cemert
matrix, At times a complete alteration of chort particles to a
low birefringent pgel product is comspicuously cobserved,

Mierofractures in the mortars The morter shows a few
distinet eracks emerging from the deeply corroded particles of
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chert (Miero to eryntoerystalline quartz), into the surrounding
cement matrixz and joining another reacted fragmemt of chert, The
eracks are gererally long, narrow &nd gel filled. The length of
the eracks is found to vary between 0,6 to 1 mm, The phermomena is
eonspicuously observed in (thin section Yo, 6 8), The cement
matrix adjacent to these c¢racks exhibits a few distiret
mieroeracks vhich are also filled up with gel.

The merascople as well as the gemeral microscople features
are gimilar to the mortars of sardstone degeribed previously.
Only the specific features peparding the mineral composition,
mierofractures are given below:-

The minerological eomposition of the agrregate particles
in the mortar 1s as: _

a) Coarse apgrerate fragments containing quarts, sericite,
kaolinitic olay and mirvor amounts of detrital chert to a total of
60%.,

b) Individusl mimeral graines of slightly undulatory
straired quart=, at times associated with highly decommosed
ard kaolinized felspar-25%,

¢) Individual mireral pgrain of nom-urdulatory unstrainred
quartz 5%

d) Individual fragments of chert, sometimes associated
with kaolindzed ard decomposed fels par.- 108,

a) Coarse argrerate frapments: The grain size of the coarse
fragments of sandstore varies from 0.5 to 0.7 mm, Some of which
contain minor amounts of chert and show slight fracturing due teo
chemical reactior betweewn the chert and the surroundire cement
matrix, The fractures are goen to be filled up with parrow
seems of 1gotronic coment matrix. Warrow reactiom rims are alse
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developed along the bourdaries of these fragmemts with cort and are
absent or indistinet with the fragmenmts devold of chort. 22

b) The individual miveral prains of undulatory quarte, vary in
size from 0.2 to 0,4 mm tut show oply faint reaetion zomes ami the
reaction appears to be a weak ome. :

¢) Quartz rraim shoving uniform extinetion do mnot exhibit any
symptoms of chemical reaetion with the surrounding cement matrix,

_ d) Chert: An examiration of the ebrt particles (0.3 to 0.5 m

in sire) shows that the boundaries are severaly corrodedy or dissolved

| amd are extensively fractured in mest of the graims, The corrosion
rims seem to have beep intense alonp the bourdaries, Chemical
reaction of the chert partieles with the cement matpix anpears to
have resulted in the production of a gel whieh is rredominantly
isotropie ard has thoroughly permeated the cement matrix also
(Plate 16 Fig, 1).

Hlerofractures in tho mortar

The mortar exhibits a fow distinet cracks emerging from the
chert frapments, The eracks are distirotly ebserved in thin section
1 85M, Three eracks are seen emerging, from a single particle of
chert, ir different directiops (Plate 16 Plg,2). At timeg the eracks
are seen traversing through the adjacent grains of serdeitzed ard
kaoliri=ed felepar, and extend throuch the ceament matrix to form a
link with another reacted fragmeyt,

Fature of the cemert matrixs The ecemert matrix in goneral is
isotropie, tut slightly carbopated and at places shows m"’;‘” of
mieroerystalline moderately birefrinpent carbomate gsubstance, A few
volds varying in diameter from 0.1 to 0.28m are also observed
1ired up with the pel, _

Important observations: The microscopic observations in the
mortars studied are notable in some respects. The dlsruntion of the
mortar due to chemical reaction between cemert alkalies and the



Plate 18: Photomicropraph (1005Map,) (witheut rieols) of a mortar of s

Figs 13 prosotive sardstore (8p,¥o, 995M) showing a long erack in the
mortar, vhich is goen traversing a hoeavily roactod awd
woalened frapmert of in the mortar, The erack
is seep 1ired un f11led with o nieroprarilar
gel matorial, "ix adjacert to this ¢rack s
thoroughly fmprerma 2ol matorial,

n rithout Teols) of a nortar
P{f)ipg;'o. 1 %"?g s%!w*r:wrg!tnlagrg?
att y fragmopt of chert, (Coptral Lon of
ﬁﬁfrﬁhgfmn“m erms are 1iwed up and partially M1led

un with a sieroprarular pol matorial.

Plate 16: Photomiorogravh (100sMa
Pig. 2% of a reactive savdotore
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fragments of samistore 1s clearly exhibited, The nresomce of
distinet, long pel £41leq cracks oripirating from the bourdaries
of the deeply altered chert indicate disruption of the nortar
due to swelling force imparted by the pel, The evidences
observed in the thin sections inileste that the disruption
of the mortar is caused by the sweliing pressure excerteqd

by reactive particles, As observed in thin section Wo. 186M,
it 1s quite possible that the cccurrence of a fairly large
amourt of kaolir#=ed amd sericitized felspars, associlated
with chert micht have aceelerated the reaction by releasing
the alkalies amd thue ircreasing the alkali comtent of

cement matrix,

QUARIZITRS

Quartzites are fairly hard amd durable rocks and o e
videly used for coperete corstruction all over the country,
The quarteite arprepates described here belomg to the Dharvar
amd Cuddapah formatioms, The aggrerates studied are deseribed
in gereral and dmnortant features of some quartwites obge rved
susceptible to alkald aggregate reactioms through the mortar
bar tests have been brought out, Petrograshic features of

The martrzites studied are found to be hard, comnact,
fine to medium ami coarse prained massive rocks, The colour
varies widely, The quartzite from Vijayawada is groyish vhite
in eolour, while the quartwites from Delhi, (5 q) Walajabad
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ard Dadri show grey to dark grey colour with a slight bluish
tinge, Quartzite from Prodattur (32) 4s flesh red and the fine
graived cherty hematite quartzite from Birmitrapur is reddish
grey due to the occurrence of hematite in onsiderable gquantities.
An importanrt feature sbgerved in most of the suartrzites 18 a
terdgpey to break throurh the fracture surfaces and around the
ipdividual grairs and most of them break with sharp angular
edpes., The speeifie gravity of the quartzites varies from
2,58 to 2,70.

Mieroscopic featurest Most of the quartzites display
an equigrarular granoblastie fabrie (thir Sectior To, 37,50,8 Q)
excopt those (thin Section 12, 43, 979) from ﬂh\'émda., Walajabad
and Yargurd which exhibit highly sutured cutlires marked by the
cccurrence of iron oxide and appear to have been highly fused
dgarirg the metamorphic processes. Most of the auarte in these
quartzites also shows gtromp urdulose extinetion and at times
a series of well developed deformation lamellae, On the other
hand the quartzite from Delhi, Dadri, Prodattur (thir Section
37, 50, 87) gives a uniform extiretion, Biotite, garrot and
magnetite occur as inelusioms 4p two quartzites from Delhi
and Dadri (thin Sectlon 53,6q), The qartzite from Prodattur
contains orly 5 percent chert while the quart=zite from Birmitrapur
4s rich in micro %o eryptocrystallive quart= coated with a
thiek film of hoematite which also acts as cementing media,

1) A quartwite (thin Section Wo,1q) frem Vigdvada (A.P4)
is a highly deformed rock and copsists of predomirantly fused
quartz grairs, which show sutured outlires marted by the
occurrence of iron oxide, In martz grains, cataclastic effects

et et aneia foatures are common, The graims vary in size
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from 1 to 2,5 mm along the lonper axis, A few graimns of the
straired quartz also show fractures in the core with siight
marginal gramlation,

Most of the quartz shows well geparated momes of urdulatory
extinction and the angle of undulose extinction with reference to
the '@ axis varies from 18 to 240, In additior, deformation
lamellae are well observed in some Frains and there appear to
develop a series of narrow lems shaped lamellae, These mairtain
& regular arrangoment exeept when these are displaced by micrefractu:
At times where the graipe are with intense fracturing, the deformatic
lamellae are fMirther broken down into smaller frapments of gtraired
quartz, Sometimes the fracture planes are geen filled up with
fire shreds and laths of seriecite and rarely with reerystallised
quarts,

The only accessory mimeral is magnetite amd 1s svaringly
distrituted,

Tuartzite (thin Seetion Yo, 99) from Walajabad, Madras State
is a deformed quartsite 1n vhich the grains are highly sutured.

Like the earlier roeck from Vijayawada, cataclastie effects are
predominrartly marked inm dl the quart= grains, but the angle of
urdulose extinction on 'C' Axis varies from 15 to 2°, Somotimes
the straired quarte 1s fractured with plares running parrallel
to the =ores of un@ulatory axtinetion, A few grains exhibit
'Bhbm' lamellae which are lens shaped ard anpear to pirech out
before reaching the edge of the erain (Biste — Pip, — ),

Anpite and biotite ocour as accessory mirerals in the
roek, 3

Quartzite (thin Section Fo.39) (Plate 17 F1p.1) from
Prodattur (A,P.), The roeck exhibits a gramilar fabrie ama most
of the quarts pgraing are rourded to subrounded with well marked
bourdaries coated with from oxide, which in turn forms the
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Cementing material, Detrital chert, or eryptoerystallire quarts
oceurs as fine subrounded graims with thiek coating of iron
oxide and forms about 5§ of the reck,

4) Cherty hematite quart=ite (thir Seetior ¥o0.21) from
Birmitrapur area {Bihar State) is essentially made up of well
interlocked prains of micro to eryptocrystalline martz,

(8478 of individual quart» grain 1s 20-40 microns). Some of
this microervestallive martz, exhibits wavy irregular extinetion.
The roek is traversed by a few veins of fibrous quarts.

A few arhedralgrains of coarse marts varying from 0.1
to 0.3 mm in size apd characterised by wavy extinetion occur as
irregular patehes in the groundmass of miero to eryptoerystallire
quarts, Hematite pererally oecurs ag fire dissimirated grairs ard as
a cement through-ut the roek and sometimes as subhedral graing,

The quartzite from Delhi is a bluish grey coloured,
eoarse graired roek apd shows bronmig’h tinged patches due to
surface alteration of iron oxides, The only predominart mireral as
idertified in the hard specimer is quarts which exhibits a
c¢haracteristie vitreous lusture, The roeck is fairly hard and
is highly registant to abrasior., The specifie gravity i1s 2.68,
Under the microscope the rock typically displays a mosie or
slirhtly sutured fabrie, Most of the quarts eccurs suthedral
to arhedral grains with mirute inclusions of parnet and iron ore
and sometimes muscovite amd fime meedles of rutile. _The grain
sie varies from 0.8 to 1.8 mm, Most of the quarts shows well
maried boundaries coated with ironr oxide which alse acts as a
cementing material, The quarts shows uniform extinetion except a
few prains which show weak and broad strain shadows ,



 Irp the quart»ite (thin Seetion Y08 Q) from TYardalur (A.P.)
quart» occurs as angular to subangular graims varying in size
from 0.25 to 0,40 mm, The grains are marked with a thick coating
of iron oxide which also forms the cementing material. All the
quartz is characterized by uniform extinetion,

As mentioned in the earlier pages
the @artzites studied vary in their texture and minerological
composition, Therefore the mortars containing the differert
varietics of quartzite and showing symptoms: of reaction are
described separately and are categorised as

1) Mortars with cherty qartzite (thin Section 2 QM)

2) Mortars with erushed fragements of Deformed Juartzites

(thin Section 1 QM, 4 oM, 9 qM),

Mierogcopic featuresi~ The thin section contains frarements
of chertyhematite quartrite (Microcrystalline Martz-60%, coarse
quartz-10%, Hematite-30%) enclosed in an isotropie earbonated
cement matrix, The ratio of the aggrepate to cement matrix is
roughly 2.511. The sire of the fragments varies from 0.3
to 0.6 mm and the interspace f4lled with cement rarely exceeds 0,.°mm.

Most of the argrepate fragments exhibit deeply corroded
cutlires and reaction wones amd at times show eracks emamating e
from margins, Extensive precintatior of a low birefrinpent gel
product is well observed all along the boundaries of the fragments
and in the surrounding cement matrix, A foew of the fragments which
are smaller than 0.4 mm are totally dissolved due to the chemical
attack by cement alkalics and occur as relioct graine engulfed in a
thick mass of gel,

The above observations indiecate that 1) The chemieal attaclk
by cement matrix is progressive frem the borders of the roeactive
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particles, Marpginal fracturing of the reacted particles probably
irdicates an intemsive reaction, Extenmsive precipitation of
the gel along the boundaries indicates a partial transfomation
of mierocrystalline quartz to a gel rim, 2) The particle size
of the reactive particles also is important and the reaction is
more in the particles of fine sives,

Microfractures Ip the Mortarss

In the thin sections (2 OM) studied, threoe distiret eracks
could be located. These cracks are seen emanating from the
bourdaries of the reacted fragments of chertyquartzite, and
are filled up with a low birefringent gel product, The eracks
are gererally long and parrow ard vary in lemgth from 0.5 to
0.8 mm and at times traverge through some of the heavily reacted
ard weakened particles amd join arother reacted frapgmemt
forming a link between the two, A few framments of cherty
quartzite, which are partially to totally dissolved, give rise
to a gel product camsing disruption of the mortar (Plate 17
Fig.2), :

¥ature of the eement matrix: The cement matrix is highly
earbonated tut exhibits an intense opgaque character arourd and
rear the reacted frapmevts imdicating extensive precipitation
of the resultant pel yroduet in the cement matrix, A fow
gel filled voids varying in dlameter from 0,1 to 0.2 mm are alseo
observed,

Some importamt observatiors: The reaction of the cherty
quartzite with the cemert matrix has destroyed parts of the
fragments of chertyquartzite and miu cgused weakening of the
structure of the rock fragments as well as the mortar, The
oceurrence of long cracks filled with pel at times are seen
cutting through the whole section a_mﬂ indicate a total weakening



Plate 17; Photomierograph (120xMag. ) (without Wiecols) of a mortar of.
Fig. 21 cherty hematite quartzite (Sp,Wo.2 QM) showing a long
nmarrow gel filled erack emanating from a coarse fragmert
of cherty quartzite passing along the pgrighery of other
reacted fragments, traversing a few rescte and weskened
fragments, thereby causing dlsruption and weakening of
the mortar.

Plate 17: Photomicrograph (80xMag,) of & quart=zite from Prodattur,

Fig. ™ The cemtral portion of the nhotoprash shows a grain of
chert showing micre to eryptoerystalline texture., Arother
small fragment of chert 4s also seen in the Moft hawd |ower

Roxmey of the photopgranh,
Povlide
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of the mortar due to the reaection. X

Group@- Highly to moderately deformed guart=zites

(thin Section Yo, 10M, 4 QM, 9 OM),

Megasconic featuress The mortar shows whitigh exmdations
off the surface and contains volds filled up with a white coloured
gel like material, The aggregate fragments exhibit indistinet
reaction rims,

Mieroscopie features: The thin section containg framments
of quartzite enclosed im a slightly carbonated cemont mabtrix,

The aggrepate cement ratio is roughly 2,.5:1, The size of the
fragments varies from 0.2 to 0,6 mm, The roek frapments sometimes
exhibit highly corroded bourdaries anmd reaction »ones. Cracls
emarating from the margins of the agprepate particles are
sometimes observed,

Minerology: The mortars are made up of erushed monomineralie,
deformed quartzite, and obviously the most predomipart constituent
1s the strongly undulatory fractured and slightly gramilated
quarts, Veedle 1ike rutile occurs as commorn irciusions in the
quartz particles,_ As mentiomed above most of the particles
of straired quarts show boundary corrosion amd slirhtly
fractured margins indicate, partial dissolution due to chemical
reaction with alkalies in the surrounding cement matrix, This
has resulted in the formation and deposition of low birefringent
gel along the margins of reactive quartz creating a sort of
reaction rim, The gn].' has permeated the surrounding cement
matrix (Plate 18 Fig.1).

Mierofractures in the mortarsy The mortar oxhibits a
few indistinct cracks emamating from the margins of reacted
fragments of straired quartz (thin “ection Yo,1 M, 9 QM) into
the surrounding cement matrix, The ¢racks are partially filled
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up with a low birefringent gel and rarely exceed 0.3 mm in
length, The cement matrix 1s highly carbonated and micro-
erystalline grains of carbonate substance are frequently
obgerved, characterized by high birefringence, Thz cement
matrix also contains a few voids varying in diameter from
0.1 to 0.2 mm lired up with the gel. It contains a few patches
of isotropic material, as a result of the impregnation of the pgel.
The microscoric observations are cimilar to those observed
in the deformed charmockites amd granites wvhere strongly
undulatory straired ami fractured muartz shows a chemical
reaction with the high alkell cement,

CRIST

The phyllites and schists due to their fissihle mature
are rarely used for concrete constryctions in Inddia, However,
a few samples of comparatively hard variety belonging to the
Dharvar formations have been obtaired from the Mysore state
ard studied for alkali reactivity. For comparison a sample
of phyllite from Himachal Pradesh has also been studied,

Phyllite and schists from the Dharvar formations of
the Mysore area 1s fairly hard, fine graired, dark colourd,
foliated rocks., Sometimes the rock is traversed by veins of
caleite, The specifie gravity varies within very narrow range
from 2,75 to 2,78.

Mieroscopic featuress Aa the rocks studied vary widely
as regards thelr textural features amd the miverolopical composition,

they have been described separately, -
(Thin Section Fe.1 SCH) chlorite quartz schist from

H8liyal. Mysore State (Highly reactive),
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Textures The rock exhibits a porphyroblastie texture
(P1,te 18 Fig,2). Porphyroblasts of quartz ani sometimes
chlorite ocour in a medium to fire grained groundmass of quarts,
chlorite, sericitized albite, biotite, sericite and iromn ore,
The roek 41s traversed by veins of caleite vhich s well
characterized by hirh birefringence ard twinming.

Minerology: The minerals corstituting the roeck in an
order of decreasing predominance are as f ollows:

Ouarts, chlorite, caleite, serieciti-ed felspar, blotite,
mascovite,

1) Quart=: It corstitutes abeout 507 of the rock and
occurs as porphyroblasts, as well as a constituent of the
groundmass and occurs as subhedral to arhedral grains, The
lenticular porphyroblasts sometimes are gererally marked by
the occurrence of irorn oxide at the margirs, and vary in size
from 0,8 to 2 nm in length, Trclusions of =ireor, needle
1like rutile and iron ore are conspicnously observed in quarts,

Mogt of the quartr exhibits strong undulose extinetion
and sometimes the marginal grarulation along certain grains
is not rare, while some grains are breceiated ivto much smaller
particles which also show an undulose extinction and mortar
structure,

2) Chlorites It forms about 20% of the rock amd gererally
occurs as a part of the grounimass as tiny flakes, arranged
parallel, The sivze varies from 0.1 to 0,2 mm in length, amd
sometimes as porphyroblasts varying in sive from 0.4 to 0.8 mm.
Most of the chlorite is strongly pleochroie in green and exhibits
straight extinction,

3) Caleites It forms about 8% of the rock mess, and oceurs
as subhedral to arhedral grains in the groundmass or as veins



Photofitero pranh (80xMag.) of a mortar of a hishly reactive
uart=ite from Vijayawada (Sp,%,1 M) showving rimmed wopes
and depogition of a mierograymlar gol droduct alomp the
perinheries of reactive strained quart=, The marte
Frains gorerally exhibit marced undwlose extinetion,

Plate 18: Photomierorrash (%0xMag,) of a quarte chlorite schist

Fige & from Haliyal (Sn, 1 Seh) showine coarse porphyrohlagts of
8traired quarts ercloged ip a sheared, partially mcrmy:tallisad
matrix of chlorite, s Plotite and mscovite,
1eft hand bottom portism of the photepraph shows a fow
grains of gorieciti-ed folswar as occuring in the matrix,
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traversing the rock, Cataclastie effects are obgerved in

a few grains marked by slipght displacement of the twin lamellae.
4) Serleitized albites (AbgpAry,)i~ It occurs as a

miror constituent in the groundmass and waries in sire from

0.2 to O.4mm,
5) Biotite occurs ag flakes assoeiated with chlorite

in the matrix ard 1s stronmgly pleochroic from brown to green,
@) Muscovite occurs as flakes in the grourdmass,

(thin seetion Yo, 1 PH)-Slaty phﬂlih-ﬂ?giiﬁlnm ::::;
¥ reac .

Texture and minerology: The rock exhibits a schistose
fabrie showing sub parallel layers of flaky chlorite, blotite,
gsericitired felspar and medium te fine grained sulijedral to
arhedral quart=z, Iron oxide is widely distributed throughout
the rock and occurs as coarse clustors, lembieular dusty
patehes and Tire dissemirations in the matrix,

The rock cortains a few fragmemts of chert (miecro to
eryntoerystalline quart=) irregularly distributed and varying
in size from 0.2 o 0.66 mm, It constitutes about 12 percent
of the rock mass,

(Thin Section Yo, 2PH) Sericite phyllite from Dalhousie
(H.,Ps) (marginally reactive) is ahighly argillaceous phyllite
eontaining fire flakes of chlorite, tiny shreds of sericite
and fire quartz and klinite. The roek is ferruginous and
contains iron oxide occurirg as coarse clusters aml fime
dissemlrations, in an argillaceous matrix,

Megascopic features: The mortar is made up of grenish grey
coloured fragments of chlorite quart~ gchist embedded in a
greéy coloured cement matrix, The ratio of aggrerate to cement
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is 2,511, and the sire of agrrepgate fragments varics from
0.4 to 0,88 mm, Whitish poreellaneous exudations are
conspicuous on the polished surface of the mortar after six
months of humid storage. The broken surfaces of mortar exhibit
dark coloured reaction rims arourd the frapments, Few of the
fragments exhibit slipght discolouration to 1ighter shades,

Microscopie features: The thin seetion shows fragments
of chlorite quart® schist embedded imn a partially isotronic
carbonated cement matrix, Some of the mirerals iv the roclk
fragments occur as indenendent graims due to erushing to finer
gires in the fabrication of mortars, Some of the agrregate
particles exhibit slipht to highly corroded omtlires amd
reaction =ones, A few of the apgpregate particles also shew
eracks emarating from the mareins into the adjoinirg coment
matrix,

The average mirerological comnosition of the agerepate
particles in the mortar is given below:

1) Agpregate particles mede up of

Straimod quarte. in et ds of ehlorite,

fire quartz, ealeite, sericiti-ed
relspﬁ!abiotito. mscovite ard

magre - 70%
2) Irdividual particles of medium

graired strained quarts, - 184
3) Individual fragments of grarulated

quarte- - 10%
4) Sericitired felspar - 28

1) Most of the aggregate particles containine strained
quart= in abundgnee, show boundary corrosion ami slipht
“racturing, The fragments vary in size from 0.4 to 046 mm,

2) Corroded margins are comspicuously obsorved in most of
the straired quartr occurine as individual rraire amd vervine



Photomierograph (400xMag.) of a mortar of reactive schist
(5p.1 Sehm) from Haliyal showing an ellintical woid &n
the mortar. The void 4s 1irmed up with the gel product
formed due to reactions bdettween the surrourding roek
particles of straimed quartz, All the reacted particles
show deposition of a micropramle gel material along
their margirs, The gol has sometimes impregnated the
reacted particles as seen in the lower right hand cormer
of the photogravh.
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in size from 0.2 to 0,4mm, at times the quarts g deeply corrode
and dismlm, that orly re1iot rrains are founq enclosed in g
mass of a pel,

The coment matrix in gomersy 1= carbomateq with patehes
of isotronic material,

The hegascopic as we1y as the gemoyql mieroscopie featurey
are simflar 4, (thin Section Ms, 31 SCH), Hemee orly the speecife
featureg regarding the Rineral Compositon, ang nierof ractupes
in the mortay ame Eiver in the fellowing nages,



1) Quart= . 25%

(unsgtraired) b
2) Quart=s: Chert (Microerystalline quarts, dg.fanuimted with
iron oxide and cortains mirmor inclusions thlowtte -35%
3) Serleitived Albite 208 |
4) Chlorite -16%
§) Caleite - 4%

1) Quartz: Tt gemerally occurs associsted with chloﬁ'pt,
soricitired aibite ard sometimes as individual grains varying
in sive from 0.2 to Ot mm, Yo reaction sympboms are obssrved
vith quarte of the umstrained type,

2) Cherty (Mieroervstalline quart=). It generally occurs
in the matrix with othes minerals 1ike the unstraimed quarts,
sericitized albite, caleite, chlerite and iron ore. Sometimes
individual varticles of mierocrystalline quarts are shserved
scattered in the cement matrix, The fragments of slaty
phyllite vhieh contain aburdent mierverystellire quarts
exhibit Intense fracturing amd impregmation of the cement
matrix throurh thege fractures, indicating that the alkald
reactive constituent in the framment has boen subjeeted to
a chemical attack by the surrounding cement matrix, The
fractures are gonarally sesn emanating ﬁm the microcrystalline
quarts oceurfng in the framents of glaty phyliite and are
seen to be fM1led up with an 4sotronie gel matrial (Plate
Todl® Brs2), Feaction rime are obgeryed all along the fragments
indicating chemicnl reaction with the eement. The aggregate
fragnents cortaining microerystalline quart= gerarally show
intense rracturing and sometimes the fractures are seen to
oxtend further in the SUPTANTAL re come et — b ge.



Plate 203

Photomicrograph (120xMag) of a mortar of a highly roactive

phyllite (Sp, Yo 1 Sch) from Fabli Distt., Mysore State

containing chert (mierocerystallire quarte=). The certral

portion of the nhotogro.nh chows two cirecular voids Iin the
e

mortar partially filled and 1lined up with the micropgrarular
gol material. Cel filled eracks are seen emamating in
different direction from the boundary portion of the voids,
probably imdicating swelling nature of the gel mater<ial.
The two voids are & seen 1 ereonrected through a erack
which 1s also gel filled, The left hand cormer of the
photograph shows a heavily reacted fragment of phyllite
showing two gel filled eracks emapating from different
points along the margirs of the frapment and joining a
void which is partially filled wp with the gel material.
The left hard upper correr of the photograph also shows

gel filled ecracks emanating from a fragment of phylllte,
The bottom portion of the photograoh showvs a few scattered
heavily reacted particles of chert,

On the whole the mortar exhibits distinet signs of pattern
eracking ard disruption,
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Mieroerystallire quartz, which occurs as scpotterdd
grains in the ﬁmﬁ matrix exhibits severe corrosion ami
disirtegration, whlbk gererally occurs as relict patches
surrounded by a mass of pel {irdicating severe chemieal
attack by the surrourdine cement matrix), Most of the
individnal grains of mieroerystallinme quartr hawe been
totally dissolved eiving rise to rel nroducts vhich are well
dispersed in the adjoinirg cement matrix, in eracks aml voids,

3) Sericitived albite 4s geverally ohgerved in the
larger fragments of the phyllite roek, It 1s free from
chemical reactivity with the coment, Chlorite and caleite
. also do rot exhibit any symptoms of reaction anl are thus
free from chemical attaclk,




Earlier workers have established that roelk aggrerates containin

opaly chalecedony, voleanic glass and chert arve susceptible to attack
by alkalies in cement ard cause expansion and eracking of mortars
and conerete masses, But very little 1s krown about the behaviour
of the rocks like the grarites, charnockites, quartzites,phyllites,
schists ete. which are regarded free from the lower forms of silica
@.g+ opal, chert, chaleedony ete. Ir India most of the roeck
agrrepates used for corerete corstruetions belong to the above
varieties, Ireidertly ro apnreciable systematie study on Indian
agererates has yot been made om the cemenb-allkald reactivity.
In the following few pages an evaluation of the alkalil reactivity
on Irdiar aggrerates has been attempted., As menmtiomed earlior the
samples studied are obtained from some of the Important peoclogical
formations of Mdia.

After an initial petrographie examipration, the aggrepates have
been subjected to their potential alkald reactivity, adopting
the xmown standard tests 1like the mortar bar tests, chemical tests,
as has already beenm mentiomed in Chanter IIT, Petrographic
examination of mortars, showing moderate to high expansions was also
carried out and the obgervatiors have beer given in the earlier pages,
On the basis of these and the tensile briquette strengths of mortars
at different periods, a correlation is attempted,

In addition an attempt has been made to eémlato the
petrographic features of the agegregate with the observations in
other tests. It 4s interestins to note that the study has revesled
of a fairly good degree of relationship between the netrorraphic
features of the rock amd the mortar bar expansion results,
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However, this relation is poor as regards the chemical tests are
concerred. The tensile strenpgths of the mortars also show
some correlation with the degree of mortar bar exnansiors, These
factors are discussed below and a classification of the apgregates
studied, based on petrographic foatures and mortar bar expansions
has been attempted,

A) Mortar bar expansion studies: Based on the satisfactory
engimeering properties, mortar bar expansion studies were carried out
on seventy samples of common aggrerates, The techmique ard the
methods followed have already been mentiored on .35 to 45 in
Chapter ITI and the expansion in the mortar bars reported herein
have been recorded at ar interval of 30 days and the fimal reading
after a period of six months, As a result of these studies in the
first instarnce, the agerepates studied are further elassified into
two major groups i.e.(1) Reactive Aggregates- expamsion > 0,060%
(11) Irnocuous or feebly reactive < 0,060%. Furthermore it may
be added that evern the reactive rock a gprepates show a wide range of
expansion between 0.060% to 7,23% and hence on the basis of their
petropgraphic features, these are further subdivided into five grouns
(See Table 8').‘

The rates of expansiors in each of the agerepate grouns are also
represented graphieally in figures 4,5,6,7,8,9.

[} & O » FLe VA LEA s

Group Yo, Wature of Bxpansion Hange of Rock rroup ard

Mortar bar rmmber of rocks.
expansion 2
Y. Extonsively Reactive Kbove O, a)Cherty duartwite-l

b)Sandstores.?

TT, Highly Heactive Between 0,108 a stone
and 0415% b)Charnockites-2
¢)Gramte=1
d)Sehist.1
e)Basalt-2
L) Juartzite-2
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YT Very Heactive Botweon 0.008 1) Granite-1
i and 0,1 2) Granodiorites-2
3)Charrockitos-2
TV, Reactive Between 0,085 &; &rnﬁ%e-f.
ard 0,008 2) Charnoclcites-2.
¥ TWoderately Reactive ~Hetween 0,068 1) Eranite-1,
ard 0,08% 2) quartzitesg-l
3; s‘mstmiu
4) Phyllite-1.
Vi Tess Teactive and Irmocuous Tess than Wary OCher rockss
0.06% studied.

From the study of the table ard the gravhs it has been
possible to explain the phencmenon of alkali-aggrepate reactivity
in the racks:win dotalled examination of the textural characteristics
of the rocks amd the copstituent silica minerals as riven in Chapter IV,
and the mature of reactive constituents, it is evident that in addition
to the reactivity with lower forms of silica such as chert, chal cedony
ete,, the higher forms of silica with strain effaetn“falso capable of
produeing alkali-agerepate reactions. Further it is also moted that
on the basis of the mature and amourt of silica mirerals, present in
an aggregate, a fairly good estimate can be made of the reactive
nature of a rock,

Granitodid rocks (comprising granites, granodiorites,
greisses anrd syenite).

About 20 specimens of ¢ranitold rocks chtaimed £ rom different
Joealities, mostly from Andhra, Mysore, Madras, and a few from Cuj€rat,
Bihar, U.P. and Punjab vere gtudied for mortar bar expansions. As has
already been noted earlier there is some variation in the petrogranhie
characters of these rocks. |

a) Mortar bar expansions studies: In these casesthe mortar
bar expansions vary from 0,021% to 0.11% of the twenty specimens, only
gix show expansions varying between 0.067% to 0.,11% and can be
classified as reactive, Of these, two specimens (To.14 CR,15 CR) ean
be classified under highly veactive group, three specimerns
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(Yo.2CR, 8 CR, 9 GR), unier reactive group and spoeimen (Yo,3CR) >
to moderately reactive proup. The remaining 14 specimens irdicatex
expansions between 0,021 to 0.42 and thms canr be classed as less
reactive and imnocuous aggregate (Ref. Table-92),

Pig.4 (Graph 1) shows the behaviour of the gramitold rocks.
From this it will be seen that ever in the reactive granites, the
rate of expamsion varies. The maximum, of 0.11% is observed with a
highly sheared biotite grarite (Sp.186R) econtalning 40% strongly
urdulatory, fraetured and gramlated quarte. Sp.¥o.l4 GR, with an
expansion of 0,10 which falls under the "highly reactive group",
is also rich in strained and fractured quart=, foming 38% in
mirerological propertions.

The granites (Sp.Fo,20R, 8GR, 9CR) classified under the
reactive rroup show expansions between 0.89 to 0,099 percent contain
35 to 38 per cent moderately urdulose, fractured quartm, with the
argle of nrdulose extimction on 'C' axis varying between 15 to 20
degrees, The guart» is gererally free from grarmlation, Sp,Wo.3 CR
is ar alkali granite with only 25 perecent moderately undulose
quarts, pererally free from fracturing, shows an expansion of 0,067
per cert apd is thus only marginally reactive,

The granites which show lower rate of expansions and thus
cl.ssed as less reactive or immocuous, cortain straired quarts in
regligible quantity. Most of the quarts in these rocks constituting
20 to 40% of the rocks show umform extinction or at times wealk
or broad strain shadows., The quartz in the prelsses ig the '»
recrystallised variety and shows uniform extinetion,

Another feature observed !'v the recctive grarodiorites
(8p.Fo.8CGR, 9CR) 4s that albdbite in these rocks 1s highly sericitived
ard kaolinized, It appears quite probable that the aggregate in
these cages might have contributed to some extent 1in inereasing the
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alkali content of the cement sclution, which may accelerate
the reaction. (The presence of strained quartz is assential).
But no distinct symptoms of reaction are obgerved wlth these

mirerals.

Mortars of eleven specimens of charnockitic rocks from
different localities (S5p.¥Vo,18H to 8 CH) from the Madras region,
Andhra Pradesh (10 CH), and from Bihar (Sp.No.11l CH, 12 CH) have
been studied. As observed in the earlier pages (49 to 56) there
is a fairly wide variation in the petrographic characteristics
of these rocks, ard hence on the basls of their petrographilec
classification i,e, acid, intermediate and basle varleties, the
results obtaired are interesting, though there are not so
spectacular for any of the individual varieties.

The mortar bar

expansions in these rocks vary between 0.010 to 0.12 percent,
Of the eleven specimens, seyen indicate expansions ranging between
0,076 to 0,12 percent., These specimens are founmd to belong to
the acid and intermediate charnockite varietles, Of these, two
of the specimerns (Sp.No.l CH, 10CH) can also be classified under
highly reactive group while the other four specimens (WNos.3 CH,
4 CH, 2 CH, 6 CH) come under bhe reactive group, and a specimen
(No. 5 CH) can be classed as moderately reactive and the remaining
three specimens, showing expansions between 0.0 to 0.39, are
classed as less reactive and immocuous. From a comparision of
the expansions the lowest expansions are observed in the basie
types (Sp.No.1l CH), while the other three 7 CH, 8 CH, 9CH)
belong to thé acld variety.

From Fig,5 (Graph II), it may be pointed out that the rate
of expansion differs fairly widely in the charnoeckites. The
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maximum expansion is observed with an agdd type of rock
(sp.No,1 CH), From the petrographic descriptiom, it eontains
about 80 percent strongly undulatory, intensely fractured and
grarulated quartz (Ref.Table 5), Some of the quartz in the
roek shows mortar structure and contaims small individual gralivs
of quart=, each showing urdulose extinetion amd the intercrystal
suturing, The angle of urdulose extinetion on 'C! axis in the
coarser strained quartz grains varies from 22 to 27 degrees,
irmdicating that the imtensity of strain in the guarts pgrains is
fairly high, Arother sample which shows equally high exparsions
is a garmet gramldte (8p.Po,10 CH). It also cortains a high
proportion of straired quartz and shows similar textural
chargeteristics in quartz grains,

The varieties showing moderate exparsions between 0,080 to
0.088 (8p.¥o,3 CH, 5 CH, 2 CH, 6 CH) contain about 30 to 40
percent straimed fractured quartz, The angle of urdulose
extinction on 'C' axis varies widely betwesn 10 to 24° ard the
quart= exhibits only slicht marginal grarulation, The specimen
(V0,5 CH) shows a comnaratively slower rate of expansion amd
eontains only 30 percemt strained quarts=.

The acid charnockites classified under the less reactive
group contain about 30 to &0 nercent quartr which exhibits weak _
»rd broad strain shadows in a few grains vhile most of the quart=
shovs uniform extinetion, The basic charnockite (Sp,Fo.11 CH)
contain only 12 percent mwstraired quart= (Ref.Table 5).

Mozt of the reactive charmocikites contain a certain nercertage
of straired oligoclase felspar, The charmockites showing high
expansions (Sp,.%o.l CH, 10 CH) exhibit cataclastic features in
blotite, which shows a wavy extinetion, However, these constituent
ir the mortar do mot showv any symptoms of reaction,
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BASALTS |
Seventean specimens of basalt from differemt localities in

Maharashtra, Cujfrat, Madhya Pradesh and a few from Andhra Pradesh
ard Bihar have been studied for mortar bar expansions. Ag stated
in the earlier pages, the petrographic characters of the basalts
studied show only a very slight variation, particularly in the
presence of secordary mirerals like chalcedony, =ecllte, f1114nr up
the ampdular cavities and veins.

Mortar bar cmansion studies:(Ref.Table 11)

The mortar bar oxpansions observed in the basalts studied
vary between 0,031 to 0.14%, Out of the severteen specimens, three
irdicate expansions between 0,007 to 0.14% ard can be classed as
reactive, Out of these three, twe spacimens (Wo,5T,15T) may be
classified as hiphly reactive and the third specimen (¥o.3T), only
as moderately reactive, The remaining 14 specimens, with expansions
vary ‘between 0,031 to 0,039 percent are thus classed as irmocuocus,

From the Tig.@ (Graph TII), 4t could be seen that the maximum
expansion of 0.14 percent has been observed by the porphyritie
olivine basalt (8p.No.5T) with 9f percent chaleedony aml 6%
irterstitial plass. The specifie feature of this chalcedorny is that
it contains inclusionss of tridymite, Amother (8p,.No,15T)
porphyritic basslt contairing 8% chaleedomny, 4 percent interstitial
glass, and traces of opal, also shows high expamsion of 0,12 per cent.
The specimen Y0.3T, indicating expansion of 0.097% contains 7%
palagonite and 8% interstitial primary glass. Particular attertion
has been paid to the zeolitic basalts (Sp.Fo.1T, 2T), tut the
expansions were observed tc be less than 0,039% amd are thus classed
as irmocuous. A |

The large variations in the expansions in the reactive ard
innocuous basalts can thus be aseribed to the presemce of secondary
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mirerals chalcedony ard palagonite or opal in the reactive basalts,
(Sp.5T, 15T). The occurrerce of a fairly good percentage of
palagonite {B8p,Y0,.3T) is also responsible for the reactive tendevey
of basalt,

The 14mited rarge of variation from 0,081 to 0.889% in the
irmocuous basalts can be attributed te the fairly homogenous
petrographic characters of these rocks. Thege are predominantly
sich in labrodorite and pyroxere end other mafie mirarals, but de
rot contain reactive constituents 1like chaleedony or palaponite.

SAERSIONIS

The sardstone smmples studied mostly belong to the Vindhyans,
(Upper amd lower) Cuddapah (upper amd lover) and the Siwalik Series.
Ten specimers from different 1ocalities of Andhra Pradesh, Madhya
Pradesh, Rajasthan, Uttar Pradesh and Himachal Pradesh were studied,
As has already been indicated in the previous chapters there is a
wide variation in their petrographie characteristics.

wm The mortar bar expanslons
observed ir the sardstomes are piven in Table 12, From this 4t 1s
clear that as in other vocks, there is a variation between 0,022
to 0,25 per cept, Out of the tem specimens, six inlicate expansions
ranging from 0,062 percent to 0425 percent and ean be ¢lassified as
resctive rocks, Two of these sandstomes are extensively reactive
(8p.Y0,455, 6563) while three sp ecimens (¥o,1 88,3 58, 9 88) eam
be classified as highly roactive while 8p.%¥o, 7 S8 could be classed
as moderately reactive, Only, the remaining four specimens show
expangions ranging between 0,022% to 0,034% and thus are irmocucuss

A look at the Fig.f(@raph IV) indicates that the rate of
expansion in the reactive sardstores glso varies widely, which is
quite patural because of their heterogeneocus petrographie
characters.
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A gtudy of the petrographic characte s of these highly amd
extensively reactive samdstores shows that the mimeral chert or miero
to eryptocrystalline quartz 1s a common conmstituemt in these sandstore
In the sandztone sample (Sp.F0.658) indicating the highest expansion
about 20§ ghért is present both as mireral and also as the binding
matrix, It iz further obgserved that the rate of expansion increases
with the chert cortent in the sardstones, which often cccurs as a
detrital constituent. Rocks belongineg to ertensively reaetive group
contain 15 to 20 percent chert, while those claszified under highly
reactive group cortain 8 to 10f chert,

The argillaceous sardstom (Sp.%,788) 4s only marginally
reactive as it is devold of any chert or similar matter. A few of the
sandstones vhich contain a few grains of moderately to stromgly
umlatbrr quarts are #rmocuous.

The irmocuous serdstones are purely quartzose sanistores and
are devold of other low forms of siliea 1.e. are free from chert,

chalcedony or opal,
QUARTZITRS

The Tuartzites studled, are from different localities of
Andhra Pradesh, Mysore, Madras, Bihar, Maharashtra, Haryana and
Delhi areas and beiong te the Dharwvar and Cuddapah systems, As
obgerved in Chapter Iv there is a wide variation in the petrographie
characteristics of these rocks, '

Mortar har expanslon siudies:

The mortar bar expansions vary widely batween 0,020% to 0.28%
of the ten specimens, five indicate expansions varying between 0.076
to 0.28 percent. Ore iz a cherty hematite quartrite (Sp.Y0.29) ard
could be classed under the extensively reactiwe pgroun, Three
specimens (¥0,19,37,47) are highly reactive and only one speeimen
(Yo.97) falls under moderately reactive rroup {Ref.Table 13), Five
Specimens (YWo,51,60,70,8%,107) are irnocuous ard show exparsion
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Fig.8 (Craph V) indicates that the rate of expansion
of quartaites containinrg strongly urdulatery quartz is comnaratively
much lower than the quartzite which certain about 60 pereent
chert, It is algso further observed that the expansion observed
in case of a quartzite containing only 5 percent chert 1s as
high as a deformed quartzite eortaining_about 40 to 80% strongly
undulatory straived and fractured quarte, This supports the
nbservations made during the petrographic studies on mortars that
the chemical yeactivity with cemont alkalies is very much higher
in ease of micro to erypto-crystalline quarts as compared to
the medium to ecarse graired strgirgly undulatory strained
quartz, Thus this shows that the chemical reactivity of silica
mirerals is directly a fumction of internal surface area. Two
quartzites from Vijayawada and Wargund (Sp.Fo,%Q, 4Q) which are
elassified as highly reactive are mostly made up of strongly
undulatory fractured quartz 4n which the deformation lamellae
are conspicuously observed,

Sp.No. 99, elasgified as moderately reactive is also
a deformed quartw=ite and corntains high amount of moderately
urdulose, fractured quarte, The angle of undulose extinction on
the 'C' axis varies between 15 to 20 degrees,

The quart=ites which are classed as less reactive ard
innocuous contain gtraired quarte in regligible amounts.

SCHIST AND PHYLLITES
Only three specimens of Schist as rocks foumd to
satisfy the requisite engireoring properties were studied fr
mortar bar exnansions, Stratiagraphically these belong to the
Dharwar group of rocks, Two specimens are from Mysore and the
third from the Himachal Pradesh. All the three are found to be
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reactive, vhen studied for mortar bar expansions. The three
gpecimens differ widely in netropraphic characters belong to
the following varieties, Ref, Table 14,

1. Chlorite quart=s schist- Sp.Yo,18CH

2, Slaty Phyllite «Sp.Fo. 1 FH,

3. Sericite Phyllite -Sp.Ve., 2 PH,

The maximum expansion of 0.,18% has been observed with
slaty phyllite, vhich is found to cortain 12% micro to erypto
erystalline quartz, The chlorite quart=z schist shows an expansion
of 0,12% ayd 1s fourd to contain about 40% strained gramlated
quartz, vhich exhibits a mortar structure, and also contains a
rmumber of small individual grairs of quartz showing undulose
extinction and extreme intercrystal suturing,

The gericite phyllite (Sp.¥o,2 PH) is marginally reactive
and shows an expansion of-D60 per cent is made up of fine shreds
of sericite, chlorite, admixed with the fire quartz and kaclinite
of the matrix,

From Figs. 10 and 11, it 1s evident that the aggrepates
studied could be classified only on the basis of mortar bar expansior
ard the relative nercentare of reactive silicious constituents
1like stronply undulatory straired quarte, chert, chalecedony,
amd palagonites In case of deformed praritoid rocks, charnoeckites,
quart=zites, the percertage of straived quart= is directly related
to the rate ard amournt of exnansions. It is further noted that
the rate of expansion is comparitively mmch higher with rocks conrtai:
irg chert and chaleedony. The rate of exnansion with basalts
cortalning only palagonite is comparitively much lower that the
one containing chert on chalecedony but is slichtly hiaa.er than
the rocks rieh in straimed quartz, From these grachs 1t can
therefore be interpreted that the rate of expansion with the
alkalil reactive silicious contituents in a decreasing order is as:-
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chert and chaleedony, palagonite, strained quarte,

Purther studies on the behaviour of reactive and ron.reactive
aggregates with high alkali cement have been carried out by
casting mortar briquettes made with different varieties of
agrregates, As in the mortar-bar tests the gradation of the
ageregates, the water cemert ratio, the aggrepate cement ratio,
have been kept the same and these tensile Wriquettes have alse
beer stored under identical econditiors.

The aim of this experimert is to study the emgireering
aspects of the mortars from the highly reactive and nom.reactive
aggregates, and to make a correlation between ihede mortar bar
expansions and their related emgineering behaviour, As will be
gseen later in the following papgesy tne experiment gives further
confirmation to the phenomena of alkali aggrepate reactivity with
straired quart=, chert and chalecedony,

8ix briquettes of mortars were made for each aggropate and
about fifteen agrrepates were studied, The temsile strengths for
sach roek type have boen measured at periods of 28 days amd 90 days,
using the standard tensile brigquette stremeth apparatus as are
used in emgineering laborateries (Ref,Table 18), The table 16
also gives the chanpes in the temsile gtremerths of the mortars
containing reactive as well as non.reactive apgregates alongwith
the mortar expansions.

Bach fipure apairst the tensile strength gives a mean of
the three sets of readings edtained on these briqmth;‘ppparod
from the same type of materiasl,

The experimental results point to the following conclusionss
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1) Mortars with hipgh expansions (more than 0,10 percent)
always show abrormal decrease in the temsile strengths.

The reduction in the tersile strenrths varies between 14% to
20, Though only a broad correlation is observed botween the
mortar expansions and the reduced tensile strengths, still it
can b gseen that 41t is reduced apnreciably in the cases of
mortars containing highly reactive agrregates with ape,

2) Mortars which show moderate exnamsions (between 0.08%
to 0,108), the reduction in the temsile stremgths is between
5% to 8%.

3) Mortars made up of less reactive or non-reactive
argregates (Mortar expansions less tham 0.,08%) gererally show
a gain in the temsile strength upto 58, This indicates that
the alkall aggregate reaction is regligible or ireffective.
These mortars do rot expard abnormally ard their tensile
gstrenrths thus remain unaffected,

Discussion: These reductions in the tensile stengths of
the mortars of reacted aggregate can be explainred with the help
of the petrographie properties of their mortars. As observed
in the earlier chapters, particularly during the petrographie
examination of the highly reacted mortars, it has been noted
that the affected fragments of the strained quartz, chaleedony
or chert particles show eracks emanating from the margins.

The eracks in these mortars rive a useful clue about the
behaviour of the aggrepate in mortars. It i1s also observed
that a large rumber of reactive particles in the agrregate
produce a system of "lirk eracks™ ard "chain eracks" due to
swvelling nature of the reactive particle whiech 1s also a cause
of disruption of the mortar, This probably accournts for the
reduction in tensile strenmpths of these mortars,



CAMERA LUCIDA SKETCH SHOWING MICROSCOPIC
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CAMERA LUCIDA SKETCH SHOWING ALK. AGG. REACTIONS
IN A MORTAR OF CHERTY HEMATITE QUARTZITE.(SP 2QM)
MICROSCOPIC OBSERVATIONS
FIG- 3
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Similar observations have beer made by Vivian in 1050,
According to him the reduction in temsile stremgths of mortars
of alkald reactive apgregates pgive a useful clue to the possibdble
behaviour of the aggrer=te in mortar or concrete and cbout the
future performance of the mortar or conecrete, when used in
engireering structures. The severity of cracking according to
him deperds "On the ymumber of resctive particles in the appregate
and to some extemt to the si-e of the reactive partiecles”.

On the other hand the mortars with moderate expansiors,
show orily a few cracks and the less feactive mortars do not
show any reaction ror cortain ary microfractures, Thus the
tepsile strongth studies of the mortars appear to fairly predlet
about the degree of reactivity of an ageregate and their behaviour
in mortars,

e et tﬁmxmwmna ,

The test results on the different agrrepates pererally
show that there is a very poor correlation botween the chemical
behviour and the mortar bar tests of the rocks under study,

The results obtaired through chemical tests have been found to
be misleading with certain varieties of agrrepates., It is
further observed that even in the agererates belonging to
certain peolorical formations with very rearly similar
petrogranhic features (such as texture of the rock, texture of
individual miperal prains and mirerolorical comnosition), the
values obtained with the tests d1ffer comsiderably and are highly
misleading as far as their behaviour with cement alkalies are
coneerned,

In the following paragraphs the results of chemical tests

- T . e ™ P 1 L e . ol s B B 2R L et e o s M o n . mie ik e e o e
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15 made with the results obtained with the mortar bar tests,

Craritic Rocks:(Table-9)s TIn most erarites, granodiorites
ard greisses it 4s observed that there is no corsgistert
pelatimmship between the Se/Re Ratio ard their mortar bar
expansions. For example & grarite (Sp.¥o.15 G.R. from Bhongir)
inddiecates a maximum expansion of 0,11% in the mortar bar test but
according to the chemleal beh viour the Se/Re ratio 1s less than
unity (Sc/Re=18/94), Petrogravhieally the rock cortains a high
proportion of straired guarts while the petrogranhie examination
of the mortar also shows clear symptoms of reaction, BSimilar
1nconsistency between mortar bar expansionms and chemical tests
4s slso obgserved in the cese of other granites (as seen from the
table (Sp.¥o. 2 GR, 3 OR, 9 CR, 14 GR) also, On the other hand
a granite greiss (Sp.No,10CR) shows negligible expansion in mortar
bar tests, while unier the chemical tests 4its gives a higher
value 1.0, of the order of 50.6/24, Moreover, 1t is notable that
the mortar (10 CRE) does mot corntain any strained quartz ror it
shows any indication of deterioration.

2) CHARVOCKITES: In the case of charrockites also there
does not sppear any correlation between the mortar bar tests,
and the chemieal tests, For example, the Acid charmocicite,
(Sp.¥o,1 C H) indicating maximum expansion of 0.12 percent in
mortar bar expansion studies, give the value as Sc/RE- 5/16,
urder the chemlecal tests, i.,e. a very low ratio, which has been
found to be least indicative of the behaviour of the rock with
the high alkali cements, The petrographie examination of the
mortar of the rock shows a disruption, due to a distiret reaction
with straired muartr in a specimems with 40% straired fractured
apd graml-ted quartz, Similar irconsistent relatiomship
between the mortar ber tests ard chemical tests is observed.



w117

in other charnoekite type of roeks also (SP.¥o, 2 CH, 3 CH,
4 CH, 5 CH, ete.).

3) BASALTE ¢+ In the case of basalts, the relations
between t he mortar bar tests and the results between the
chemical data is far from satisfactory. Basalts vhich do not
eontain even traces of chalcedony or opal produce high B¢/Re
values in the chemical test (Tadble II) though in mortar bar
test, may show negligible expansions, Petrographically, even
in basalts showing hirh mortar exparsions, and indicating
disruption the correlation is not corsistent, However, out of
the three reactive basalts, a covrelation botween the mortar bar
tests, and chemical test is observed only in one case (Sn.Fo.5 T)
(Table 11).

4) SATDSTOMES: The eorrelation between mortar bar tests
and the chemical tests is somevhat betterm in the case of
samdstones, though there is some inconsisterey, PFor oxample he
sandstone (8P,¥o, 6 88) shows mortar bar exnansion of 0.25
percent and the sandstome (Sp.Fo. 188) pives an expansion of 0.1l
pereent,; btut according to the chemical test the Se/Re ratio is
%1, for (Specimen o, 6 88) and s 2.8 fer (Sp.To,1 83),

The petrographic examination of all the reactive sandstones
shows that chert forms a common constituent. The sandstones
{Sp.Fo.1 88, 988) have a good percertage of claysy material
of firely divided serieite, chlorite ard kaolinite. They also
sontain 8 to 108 chert ard are fourd to be reactive both in
mortar bar expansion test as well as umler the chemical test,

As obgerved in other types of rocks, however there is
some disemepancy in the tegt results, For example sandstore
(Sp.¥o. 2 88) shows negfligible expansion under mortar bar test
mt produces a very high Se/Re ratio of 6,0, This gardstone 18
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purely a quart-wose rock with iron oxide as cementing media and
does mot comtain even traces of chert, oval or chalcedony.

8) QUARTZITE: TIn the case of quartzites, correlation
betweer the mortar bar expansions amd the chemical test is
observed.only in about 28 porcemt cases. (Sp.No,13, 23), while
the reactive quarteite, (Sp.Yo. 39, 9 Q)indicate high to moderate
exparsions, are innocuous mccording to chemical test (Table 13).
On the othor hand some quartmites show negligible mortar bar
expansions and do not contain any chert or straired quarts
(Sp.¥o, § 9, 7 9, 100)are classed as reactive through the
chemical tests,

6) PHYLIITRS AWD SCHISTS: In the two specimens studied
(1 sCH, 1 PH) 4n this class, there 1s some correlation botween
the mortar bar tests, chemical tests and gphe petrogranhy.

In the case of highly reactive phyllite and gehist showing
deleterions aoi'tur exnansion (above 0.10%), the Sc/Re ratio is
higher than unity (Table 13), thus indicating a fairly good
correlation between chemieal test and mortar bar test., The
apgregate also appears roactive according to petrograchic
examination (Chapter IV) and fournd to contain appreciable
anounte of stromgly undulatory quarts (Sp,.VFo.SCH 1) and
mierocrystalline quart= (Ph 1),

The experiments of chemical test points to the following
observations,

It 45 obgerved that ever in the highly reactive granites,
charnockites and quartwites, the silica release (S¢) is rot
alvays rolated to their behaviour with high alkali cement,
Some of the highly reactive charnockites, grarites, dquartzite
show a lower silica release than the non.resctive rocks of the
same grour. It is also observed that the granitie roeks with
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high percertage of sericitired albite, weathered feolspar,
altered micas, chlorite show a high siliea release oven if
they do rot produce mortar expansions, On the other hamd fresh
grarite and charnockites rocks cortaining straired quartr, and
felspars in appreciable quantities show low silieca release.
From this 4t appears that though serieitized felspars, altered
biotite are mot fourd reasctive with cement alkalies still they
irdicate high eilica release under the chemical tests ard the
silica release does pot truly represent; the reactivity of the
rocks In the basalts some of the ferruginous silicates amd
mierolites of labrodorite may be resnomsible for such a pheromena,
Such discrepancies betweer the chemical effects and the mortar
bar exncargions have been nbgeryed by many others workers
ircluding Berton (19856), Mielemw (1958), The avamolous behavicur
of the aggrepate im alkalire solutions has been attrilmted by
them to the presence of certain altered micas, soricite and
earbonates.

Studies made by various other research worlkers of
the U.8 . Bureau of reclamation (1958) have also renorted of
apamolour behavionr of agrrepates urder chemical test.

o e



ip.  Hock type Stratiacranhic Uni “Yature of Percentage ~ Mortar-bar  Reactivity

"0« Loecality Stratia- reactivity of react- expansior according te

graphie ive in six chemical tes

" unit corstituent morkhs (¢) S¢/Re ratio

e 2o A 4, . Ga . 8.

L GR  Mieroeline Cranite Hyderabad Archean Irnocuous The roek cortainrs

A.P.) straired quartz 0,031 21,8 =0.90
in naglig ble 24
- qantity
2 R Microelire Crapite Xawipet " Very Reactive Contairs 33% 0.093 21 =0.65
(A.P.) moderately urdulosg, 32
: Fractured OQuarts
3 GR Alkali Crarite Kawall Tq. * Moderately Contains 259 0.077 B/18 =0.4 4
(Vellore reactive moderately undulose
Distt.)A.P. slirhtly fractured
quart=,
l CR Blotite Crarite Sadur{A.P.) * Innocuocus Cortainrs straired 0.037 -
Patri gndum quartz in regligi-
’ ble quantity. -
> GR Blotite Cramite Karimnagar Irmocuous Most of the gquarts 0,025 =1.15
(A.P.) shows upriform 16
extinetion.

3 CR Biotite greiss Tumkur " Trmocuous Quartz is recryst- 0.024 8. =0.90
(Siddapanga allised gnd shows 20
quarry)dysore uriform extiretior.

State,
' CR Mieroelire Granite TFherulu " Irrocusus Reerystallised roek, 0,075 -
greiss (Cuj .8tate) quarts shows uriform
extircetionr
| GR Biotite Cramodi- Dhore M 25/1 Archean Reactive Cortains 38% Modra- 0,034 26/16 = 1,62

orite

(HQ’U) Peri ar
Beraras Cape Cranrites
Comorin road

tely urdulatory,
fractured quart=
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9 GR Biotite Crarodiorite ¥andl (A.P.) Archear Very 35% Moderately _
M 20/4 Fyderabad Reactive wandulatory fractured 0,098 -
Sholapur Road quartz.
10 GR Biotite Crarite ¥adapapally - Irnocuous Reerystallised rock 0,030 50.6/24=2.1
Creiss M-158 Madras- eortains upatraired
Bombay Road quartz,
11 GR JAupite Cranite Khamnam - Less Containg straired 0,056 18/16= 1.2
- Reactive ouartz ir regligible
CR _ ' Dharva amount
12 Quartzose Creiss ?:“,?g;t ate) » Irnocuous Rperystallised rock 0.027 =
eontair unstraired
i quart»
13 GR Quart= Syenite Kangayam(Sivamalal Archean Irmocuous Coptains reglipgible 0.012 -
) Coimbatore anount of quartw,
tt. Madras State
14 OR Biotite Grarite West Chittor " Highly Contains 33% strongly 0.10 11/24 =0 .4
( Ammaswvamypally reactive undulatory, fractured
Q\ll!'ry) Au . wi
15 CR Biotite Cranite Bhonrir (A.P.) - Hiphly Contains 40% strovely 0.11 12/24=0,75
= : reactive wundulatory quart=,
16 CR Quart=z Creiss Gaya (Bihar) - Irrocuous Contaire mﬂiglble 0,023 10/21= 0.4
straired quart=
17 GR Miecroclire Grarite Jhansi (U.P.) g Irrocuous Cortans ttraimﬂ
CGreiss quartr ir meglirible 0,024 14/25=0 .56
amount .
18 GR Toralite (Xharak quarry) Precambriar " ctmt.aim gp,— straired
Bhiwari, Haryana totaily. 0.021 8/40=0,20



Vature of Torcertage Wortar bar Reackivity

To. reactivity of reasctive expansion aecording °
corstituent irn six chemical
months test Sc/Re
V4
P Gt TR B TS Ca - e o o %51
(Enderbite) M.127, ';:znr erystallines of reactive strongly un-
Trichy perimsular Irdia dulose,fractured,
(South Arcot grarulated
distt.)Madras quarte=,
State,
2 CH Acid Charnockite 15 miles north " Reactive 309 moderately 0.086% 8/1820.44
(Erderbite) of Madras C4 urdulose quart=
(Madras State
3 CH Aeld Charrockite Coonoor,M.9/6 . Reactive 407 strained 0.088% 23/36=0.68
(Bikermite) Ooty Mettue mgrte,
: Palayam road,
Mddras Bta‘ba
4 CH Intermediate Thirukall Tupdran * Reactive 258 0.083% -
Charrockite (Madras State)
§ CH Acid Charmockite Valajabad . nigg %y 38 % straiped 0.076%
(Enderhite) {Patamalal Quarry) ' qm‘rt:. x 7
Madras State
6 CH Aeld Charrmockite Acharapaldcam 32¢ moderately

(Bikermite) (Palipettal Quarry) * Reactive mﬂnlosn,rmtnred 0.080% 16/48=0.33

‘
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7 CH Acid Charroekite Dunmka (Pasabal Arehean  Trmocuous Quartz shows uriform 0,010 7.3/40 - 0,19
quarry) Bihar extinction.
8 CH Intermediate Tammnakkal Urelassified Irroeunous wdo= 7 0,030 2/20 <0.10
Charrockite (Gm%y g?stnnims :;raired qu:gx in
quarry)Madras ingular nor quantity.
State Indg:“
9 CH Acid Charneckite Termipally - ” - 0.030 -
(Madras State)
10 CH Carret grarulite Adomi (A.P.) - Highly 40% strorgly 0.116 -
reactive undulatory fractured
and gramlated
quarte,
11 CH Basic Charnockite Daltongan] Archean Irrocuous Straired quartz in 0,010 -

regligille amourt
only .



Reactivity

:p. Roek type Fature of Percertage of Mortar bar
Oa Stratia~ reactivity reactive exnansion aecording te
granvhic Urit constituent inr six chemical tes
months(®)  Sc/Re ratio
17T Zeolitle Basalt Parwal, M 44/7  Cretaceons Irvnocuous To reactive 0.031 11/28 =0,51
Bombay-Poona to Eocene corstituent
Road(Maharashtra) observyed
27T Zeolitie Basat surat {Guje&rat . . " 0.034 E.% =0,756
State) R
3T Classy Basalt 4 (Mile 23 " Very Contains 7% Palago-
-Mardvi Road, Reactive nite & 8% primary  0.097 i%%-o.as
Maharashtra). glass .
47 Basalt Thana- ¥-.19 - Irmocuous Yo Reactive 0.030 7.3/24.0=0.30
Bombay-Agra Road, corstituent
Maharashtra
§T Porphyritic Olivire Khamgaon, " Fighly Contains 9% fibrous 0,189 i%z =1,542
Basalt M.31, Akola Beactive chalcedony with
fhampaon road inclusion of tridy
(Maharashtra) g}h. Primary glass-
| - "Highly Contains 8% 0.12% -
15 T Porphyritic Basalt Gondal Reactive Chaleedony, and 4%

(Cujerat State)

'm glass.
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SAFDSIONES
Sp.  Rock type Stratigraphical Unit Yature of  Pereentage of Mortar bar Reactivity
Yo. Locall Stratia- reactivity roactive expansions gecording to
graphic eonstituents in six chenmical test
monthe(?) Se/Re ratios
1 S8 Lithie Sardstore FKundaghat Siwalik Highly Contains 8% chert 0.11 63/24 «2.89
(Himachal Reactive (microtoerypto-
- Pradesh) erystallire quartz)
2 8S Quart=ose Kota( Rajzsthan) Upper Trnocuoug Yo reactive constituent @34 54/9 -6.00
Sandstore Vindhyanr composed vwholly of
quartz showing uniform
o extinction.
3 8§ (uartzose Durg Lower Highly  Contairs 10% chert, 0.13 32/20 -1.60
Sardstore Madhya Pradesh Virdhyar Reactive
A Coddapah
4 SS Quartwose Bilaspur Extensively Cortains 15% chert. 0.18 g_ - 1.60
gardstore Distt.(Madhya - Reactive '
Pradesh)
§ 85 Quart=ose Bhird, Unper Inrocuous Yo reactive comstituert. 0,033 = =
Sandstore HMadhya Pradesh Vindhyara comnosed vhally of
# uﬂ_st.uiwd quarts=,
6 SS Quartrose Chirthala Kurmool  Extersively Contairs 20% Chert which 0.25 34/16 -2.,125
Sardstone ¥.86/1,Kurncol- formations Reactive forms the binding matrix.
Cudur j (Lower
(A.P.) Vindhyan)
7 88 Arglllaceous Year Kalka S84walik  Moderately Contains highly elayey 0,062 24/18= 1.33
Sandstora ¥ mile on Reactive and argillaceous
Kalke-S4imla Road material consistirg of
(H.P.) fire shreds ol sericlte,

Yaolinite.
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8 88 Quart=ose Barar Unper Irrocuous Yo reactive congtituent
Sandstonre Vindhyan eontains © 0.022 g_-n.‘m
unstralred -
9 88 Lithic Sandstome Palarpur  Tertiary Mighly Contains 8% chert ard 0.13 39/16.2.44
(t?hitr’um reactive matrix is clayey in
m m‘h‘lﬂ-
2 Rajasthan
10 88 Quart=ose Mirepur Upper Irrocuons Yo reactive comstituert 0,022 48743 .1.11
Sandstore Vindhyan contains unstraired

quartz & a miror percent-
ape of clay.



Yatare of " Percontage of  Wortar bar Heactivity

jratin-  Roactivity Reactive expsansions according
graphic unit Constituents. nercert, chemieal te
j - X . ——— e - — ve:
1 @ Quartzite Vi3 Dharvar Highly Strongly urdulose 0.114 25/%4= 1,44
{A.P.) Reactive fractured quart=. About
75 percont,
2 Q Cherty hematite Birmitrapur - Extersively 60% Wiero to ¢ 0.28 244/64= 3.81
quarteite Shimdipga Road emtcilim quﬂi
¥.128/1,(Bihar) (ch
3 9 Quart=ite :rm!atgur (A,P.) Cuddapah g:.ghlgn 5% Hicroito erypto 0.115 33/72 =0.46
.118/6 Tellore- . act re quarte
Bombay Road, : (T“n
4 Q Quartstite R¥zund Tq. Dhervar Fighly Stronrly urdnlose 0.11 -
reactive fractured quarts
wtmm more than
5 Q@ Quartwite Badarpur Aravalli  less Most of the quartw 0.088  44/98=1.89
Delhi State {Delhi system) reasctive shows uniform
A Cuddapah extirction. -
6 7 Quart=ite Favalli Innocuous  Most of the guarts 0.038 -
Bilttjﬂmum (Balhi system) shows uniform
. Cuddapah extinction
7 Q2 Quartzite Baria Dharvar Irnocuour All quartr shows 0.020 ﬁ.’z =1,04
= {Maharashtra) uriform extirctior
8 Q OQuart=ite Tardalur Cuddapah Irmocuous A11 quarte shows 0.073
(Cuddapah DEstt) uriferm extiretion

Ardhra Pradesh
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e} Quarte=ite Walajabad Unelassilied Moderately Cortains more
. (xuv:im quarry) erystalines reactive than 40% 0,076 20/33 =0,.60
Madras State of mgminmlar Moderately
India undulose
fractired
> quart=.
10 Q Tuarteite Turwid Urelassified Most of the 0,000 28.5 =1.78
(Andhra Pradesh) errstallires Trmocuous muarts shows o5
mtmlar uriform

extinction.
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PEXLLIIES AND SCHISTS
e Tock Type hic Ui 1 Percontage of Mortar bar  Reaetivity
Oe Stratiaprasn Rnetiﬂty reactive expansions according to

phie Unit mirerals nercent chemiecal test

1PH SlaPyPhyllites Hubli distt. Dharwar Bxtensively Contains 12% 0.18 42/40 =1,05
ma;e Reactive miero crysta-
a ™
(Ghertg
2 PH Sericite Dalhousie Dharwar Moderately Contains argill-
phylilite (H.P.) reactive aceous material 0.62 38/25 = 1.50

made up of Tire
gshreds of seri-
eite, kaolirite

and chlorite,

1 SCH Chlorite quarts Haliayal Dharwvar Highly Contains about
Schist (Mysore Reactive 50% strongly 0.14 58/55 =1.54

State) urdulatory ard

sheared guart=,
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TABLE 15 » TEFSILE BRIQURTTE STEETOTHS OF HEACTIVE AYD FOW.REACTIVE AGGREGATTS
" - Yre, Texture of Wortar bar ' Toss in lomsile strercth
S$1141e¢ious Constituent. expansion &f mortar ir 3 months.
Io ot movtns
v il - . Ea [ T
2 GR Mierocline Gm:te.miget (A.P.) 0,003 § 260 1blsq" 240 1h/sq"_ Loss in tensile strengt]

4 CR

1CH

contains about 38% straired, Reactive
fractured quarts. :
Tellore

Mierocline Crapite-Swdwe (A.7.).  0,043%

Most of the quart= is free from Less reactive (16,90 kg/em”) (17.680kg/em

strain effects,

Biotite Cramodiorite-Dhore (A.P.), 0.084%
Contains about 35% straired quart=z. Moderately
ve.

Reactl
Aeid Charnockite- V. area Madras g_12¢
State, Cortains sty undu- Highly
latory fractured amd a Reaetive
quartez,

Aeid Charnockite-Coonoor (Mgiras  0.082%
State). Contains straired gquartr Moderately
about 40% Beactive,

10 CH Carret Grarulite-Adoni (A.P). 0.116%

Combairs 40% stromgly uhdulatory Highly
fractured and grarulated quarts - Reactive

(18.30 xp/en?) (1090 kgfem?) 18 7.7%

240 1b/ssq" o 250 1b/89.2 faln in stremeth of 4.1

percernt,

280 1b/sq" 260 1b/s9."_ Loss 1in tersile stronctl
(19.71 kg/en”) (18.30 kpfen®) 1s 7,18,

260 1b/sq." 290 1b/sq.® Loss in strempth.15.3%
(18.30 kp/en®) (15.49 kp/en2)

265 1%/sq," 250 1b/sq." Loss in stremgth =5.7%
(18.66 kg/em”) (17.60 1:;30!!)

240 1b%/2q." 2 200 1b/gq® _ Loss in stremgth =16,64
(16.80 xp/em™)  (14.89 kefem>)
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§ T DBasglt-Ehampao(Mahgrashtra). Contains
interstitial d.a:: in minor quantity = 0.14%¢ 280 1%Wsq.", 220 1b/sq." Loas in tensile
ard abeut 9% amgdular chalcedory Highly (10,71 kg?cua} {15.49 'kg/lmz) strength of mortar of
(chaleedony contains traces of Reactive about 21.,4%
tﬁdmit&).

13 T Basalt-Wirmel Taluqua (AP). Pree from 0,209 860 ib/sq® 200 1%/s5q." Gain in strength of
imratitiﬂ glass or ampdular T nnocuous (18.36 kz) en®) (21.1° kg/em>) about 14.13%,
chalcedony.

15 T Basalt-Condal{Cujarat State).Contains 0,11 ¥ 200 1Wsq." 250 1b/sq.” Loss ir tensile
interstitial glass in miror ty Highly (20.41 kg/en®) (17, th of 12.9%.
and amgéular chalcedony abazgu; - Reactive i VE7.80 k”ﬂg) rength of ook

1 88 Lithie: Sardstore~- Kurdaghat'H.P.) 0.11% 240 1Wsq" 200 1eq." Loss of about 16.6%
Containe 8% chert amd predemipartly  Hiphly (16,90 kp/cn®) (14,89 kp/em®) in temsile strempth,
clay. Reactive

6 S rtzose sandstore.Chinthaia(Ar). 0.25% 260 1b/37" 210 19/s0." Loss in gtrongth of

ontains chert, vhich also forms Extemsively (18.30 kg/em=) (14.928 kg/en®) about .
the eemerting mat . Reactive

1 q Quartwite-Vijayawada (A.P.), 0.114% 200 1b/ag,"” 160 1b/sq." 20,0% loss ir strenctl
Contains predomiramtly stronrly Highl (14,39 chua) (11.26 kg/em?)
urdulatory fractured gquart=, Reactive,

2 q Hematite Juart=ite, 0.20% 270 1bs/g0.". %30 Lbafsg."s 14.2 % loss in streng
Birmit -Bihar. Containg more than Extersively (19.01 kr/ em2) (16.20 kp/em™)

60% miero to erypé crystalline quarts. Reaetive
3q ;l}artniﬁng’rodatgz “;3’; Cortains  0,115% (m 1by-3;;) 220 1b/sn ;' 21.4% loss in strenetl
' ' rystallire quartes, H1 12 k :
tmmm eryp mmrti“ +79 ke/ (15.49 xp/em™)

8§ @ Quart® ite-Delhi, Free from Straired 0.058% 240 1b/sq." 260 1b/8q." Gain in strength of 3,

quarts, Less (16.90 kg}m’) (12.30 kg’m’)

Reactive
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FIG-5 SHOWING MORTAR BAR

EXPANSIONS WITH CHARNOCKITES
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FIG.6 SHOWING MORTAR BAR EXPANSIONS

WITH BASALTS (GRAPH-II)
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A review of the earlier works on alkali aggregate
reactions in foreigr ecountries has revealed that the lower
forms of silica viz. opal, chaleedony, chert, volcaric glass,
ard tridymite are rnot only associated with the reactions tut
are considered as the prime-reasons for the same. However,
the present study thoupgh 1imited in mature indicates that
thn‘alkali reactivity in ecertain Irdian ageregates, (apart
from the roeks comtaining the above reactive constituents)
may be ecaused in a rumber of seemingly irmocuous rocks like
grarites, charnockites, quartsites ard schists also, It
has been obgserved that this reaetivity in these rocks may be
due to the higher forms/silica i.e. the straire& quarte,

These rocks are commonly used as concrete agpregates in

India. In this chapter an attempt has been made to classify
the reactive corstituents in these rocks oecurring in the
various peological formations of India. The optiecal properties
in silica minerals have been observed to vary widely and appear
to be related to the lattice dofaeta, vhich make them
susceptible to chemical resctivity with cement alkalles,

Based on the mieroscopie observations on the affected
mortars, their expansions ete., the presemt study also attemnts
to Mscuss the mechanism of alkall argregate reactions with
the silica minerals.

In the following table the silica minerals, their
occurrence and the gemneral textural features in the roeks*
under study, are given,
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ZABLE 1S

e T SRSt 0eeE e T e Yo
- o Winerel e otk wtnifed  shulfed,

1) OQuarts a) Medium to coarse graired In granitold rocks,
Quart=, showing Uriform charnockites, quart-
Extinctior. !1“9, Mhi.stlg

b) Mediui to coarse graived phyllites ard sand-
guart= showing slight
urdulose extinetion, gtores,
(anple of undulose
axtinction on 'C' axis
leps than 5°,

¢) Medium to coarse graired
gsometimes fractured qnu-"::,
ghowing moderate urdulose
extirction (Angle of
urdulose extiretion above
Be but less than 20°).

d) Medium to coarse graired,
fractured quartw, showing
trong undulose extinetion,
nnflo on 'C' axis above
20" )« A

@) Crarulated quart= showing
mortar structure,

f) Reerystallised quartz,

e

2) C hert Miero to crypto-erystallire  In quarte=iles

quarte=, phyllite and sand-
gtone,
3) Chalcedony Fibrous and feathery As ampdular £111ings

gstrueture, Fibrous extiretion and velins in
conspicuous, low birefrinpence basalts.

4) Opal Tsotronic, low refreactive In traces in &
irdex of about 1,44 to 1.47 basalt,

8) Tridymite Pgeudohexaporal grains In traces, as
characterized by low bire- inclusions in
frirpence and low relief. chaleedony 4ir a

m—-——
6) Volcaric glass Pibrous extivetion, slightly Interstitially in
vescicular texture, low the grouhd mass of
Sdrefringence,. m&
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Y.  EIGHER FOWMS OF STLICA
| QUARTZ

As indicated in the Table 16 above, on the basis of the
extinctions quartz cam be classified ast

Unstraired, Straired, Gramlated Straired,quarte, ete,

4) Medium to coarse graired quart= with umiferm extirctiont- |
This is observed mostly 4n the sandstomes and less reactive
and irnocuous grarites, gramodiorites, syemite, gnoisses, charmoeldtes
and quartzites. In these rocks, the mireral quartz ususlly occursx
as subhedral grains varying in si-e from 0.5 to 1.8 mm ard
sometimes contains inclusions of iron ore and rarely chlorite and
biotite, Zircor and needle like irclusions of rutile are
generally observed in quartz, Gererally the extimction is uniform
ard the graims are free from fracturirg. The percentape of this
type of quartz in the rocks studied varies from 5§ to 80 percent.
As obgerved earlier on pp. 59,60 ,72, 87,this quarts does
mot show any indications of reaction with cement alkalies in
the mortars., Most the grains show sharp and distinet outlines
ard symptoms of reactions are negligible if not nil, and thus
can be classed as irmocuous,

11) Quarte with slight undulose extinetiom: This is predominant
ir all the reactive sandstones, and less reactive pranites,
charrockites, greisses and quartzites, The mineral generally
occurs as subhedral grains, almost in all rock types amd exhibits
weak and broad strain shadows., The angle of undulose extinction
is gererally between 2°-5° and never exeeeding 10°,

This variety of quart= is gererally free from fracturing, aml
does not show any reaction with coment as deseribed in the Chhpber IV



111) Mo st- This type is common in all the

reactive granites, charrockites, quart=ites, schist and rarely
in the sandstores ard varies betweem 25% to 808, The quart» grains
are from suthedral to an hedral amd varving in si-e from 0.6 to 2 mm,
The common inmclusioms ave iron ore and sometimes moedlike rutile
ard pirk garnet or =ircon, The mimeral generallyshous an urdulose
extirction ard the anple of extinction varies between 10 to 20°,
Sometimes the graims are fractured apd the fracture planes are
filled with laths of sericite,

Most of the cuartw grains show symptoms of chemieal reaction
with cement alkalies in the mortars, DBut orly a very thin film
of gel 1s seen deposited along the periphery of the reactive quarts
particles, Very rarely the cracks emamating from the boundaries
of the grain cause only a slight @isruption of the mortars, and
thus appear to be only moderately reactive,

Ag reported onm p.p. 106,106 (Chapter-V) the expansion of
mortars made up with crushed rocks rich in this type of moderately
undulose quarts vary between 0.62%to 0,90%.

This 1s the most abundant form of quartz in the highly
reactive granites, charnoekites, aquartsites amnd the sample of
gchist.(Sp.Vo,1 CH, 10 CH, 1§ CR, 14 OR, 13, 99, 18CH), In these
eagses the grain sire varies betweer 0,7 to 2,5 mm, and the inclugilons
are very gimilar to thoge present in the other varieties of quarts
and inelude, iron ore, wircon ard rutile. This type of cuarts
gererally shows a peripheral prarulation and most of the prains
show well separated =ores of uniulatory extiretion with an angle
varying from 20° to 27°, In a few speeimens, narticularly in
quart=ite (1 Q, 9 Q) deformation lamellae are also ohserved in a

S S . Gk R sl L B o T o W o aa o can Ui TRaks o sl e ol
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ard appear to pich ocut before reaching the margin of the grain

(as deseribed in Chanter IV P, 57,583,643, 90), In most of the rocks
the quarts is often fractured am? exhibite differert pattorns

of freeturivg, which can bo elassified as

a) frocture in the core with s clear prarulated marginal »im

b) fractures rumnirg parvallel to the urdulatory bands

¢) fractures rurming seross the undulatory danmis, The fracture
plares in these guarts are somotimes filled up with laths of
gericite and raroly with btreceiated graive,  _

Yher oxamine! petropranhically the quarte in mortars show
distinet symptoms of chemiesl resction with the coment alkalles
(as deseribed in Chapter YV), The mimeral in the mortars shows
bourdary corrosion and margival fracturing, with a clear rim of
a lov birefringent gel product aleme the peripheries, Worcover
some of the smaller graims of gtreived quart=, show a strong
reaction with coment alkalies ard are seen eveloped in a thiek
mass of ml,

Another rotable feature 4s the ocourrence of gel filled
grats, sometimes seor emamating from the doundaries of the
hirhly reactive quarte, Most of these reacted partieles are seen
irtoreormected throupgh these eracks, The oceurrence of such
eracks assoelated with straimed quarts indicate a swolling of the
particles due to resction with ecement alkalles,

The roeks rich 1n this variety of quarts show high mortar
expardions varying betweenm 0,10 to© 0,14 percent (soo $P.105,107,111),

¥) Oramlated straived quartw: This variety is observed only
in the highly reactive grarites, charroelkites and a schist
(ep. Yo, 15CR, 1CF, 10 OH, 1 SCH ) and comstitutos about 10 %o 15
pereent of tho total quarts graims in these roeks, Cemerally each

- . e e
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in vhich each part exhidits an undulose extinetion and show
extreme intererystal suturing, The quart» is very of'ten associated
with eoarse graired and stronpgly undulose quarts,

Thils quarts shows distirct symptoms of chemical reaction with
ecement alkalies in the mortar bar test, The rocks with about 10
to 15f grarulated quartz gererally show high mortar expansions
varying between 0.11 to 0,14 pereent, ,

vi) Reerystallised guartz: This varieoty is doveloped prominently
in the less reactive ard immocuous apggregates apd to a very minoer
extent in a few reactive pranites amd the quart=zites. The
recrystallised granites, greisses and migmetirzed rocks show regligidle
exnansions in mortars, A

Etraired (Undulatory) quart=i- In metamorphic processes
like deformation and reerystallisation development of urdulatory
(straired) quart=z is & common feature,Fairbairm (1941), Ingerson
and Tuttle (19458), Turrer (1948) Christie and Raleigh (1957), ’
Carter etal (1964) have noted that undulatory extinction in quarts
is a common feature of the metamorrhosed rocks where plastie
&.fnmtian due to dyramie pressure is predeminamt. All the
above authors observe that this urdulatery quartz is common in
deformed rocks but not in the recrystallised types. According
to them recrystallisation would gererally tend to form a rew
strain free quarts vhich will ret show urdulatory extinetion unless
it 1s again subjected to deformation nrocesses,

Very little work “as been reported about the imperfections
in quart=s grains ard their deformation structures due to metamorphie
rPocesses, However, Cottrell (1949), Cuinnier (1952), Read and
Shoelley (1962) observed that if a erystal is deformed plastically
it would comntain a large vumber of disleocation mones, As a result
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of the 'x' ray studies of quart» from various sources Bell (1953)
noticed that "Laue" photorraphs of quart» from certain rocks show
asterism while in some others splitting of spots takes place
instead of well defired and gharp reflections as may be expectod
from a relatively perfect crystal. PFurther studies by Balley etal
(1988) rot only confirmed the observatioms of Bell, ut also
demonstrated that the 'Laue' patterns of deformed quartz crystals
depends or erystallographie erientation, The appearance of such
laue patterns changes with the intensity of defommation in a
speeimen, They also observed that there is a falir degree of
correlation between 'Lane’ patterns and the degree of undulatory
extinretion. exhibited by the quartw grairs, In specimens with
strong unhulatory extinction in quartz, aceompanied by fracturing
ard marginal gramlation, the quarts produced 'Laue' patterns which
are both greatly elongated and chow polyponized asterism streaks.
On the other hard according to Balley etal the quart? grains with
uniform extinetion or very slight urdulatory extiretion give shamp
'laune' patterms, After a careful gtudy of a mmber of 'x' ray
patterns Bailey et.al (1958) corcluded "The optical features
ard the detalls of 'x' ray pattorrs may be explaived amd
correlated by a theory involving dislocations and polyponization
in quart=, vhereby the bent crystal is transformed into a mmber
of elorngate, relatively perfect crystallites inclired to each
other at small angles and separated by regions of atomie misfit.
Undulatory extirction can thus be explained as an optiecal
expression of the results of bemd gliding and polyponi=ation",
They further argued thet as the deformation of quarte increases
in intensity the extinetion bamis bom‘ regular, narrow and more
pronounced, This character is thought to be a corsequence 4_:': the
greater concentration of the upit ecell dislocetionss
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Bomel etal (1055) 4n their morumental paper estimate that the
unstraired matural quartz has a demsity of stable dislocationms of
approximately 10° dynos per em”. They arpued that straimed quarts
will have hirher dislocation densities, Carter etal (1966) have
established, and ig now widely aceepted that quart= may deform ir,
a duetile marmer 1ike a metal., Thus the disloeation theory applied
to metals by cottrell (1949), Read and Shoekley (1952) can be
applied to quarts also. -

Carlie awml Janleson (1964) subjected quart= erystals to a
pressure of 600 kilobars and then examiined these under X.rays
and indicated of a splitting of spots, On the basis of Xeray
patterns they concluded that a preat many dislocations in quaris
are due to high pressures indicating a disordering of the quarts
strueture, e

Selubility of Quartz: Baperiments corducted by Fredriclson
ard Cox (1954) on the solubility of quart= at elevated temperatures
(300 to 5009C) and pressures (300 kilo bars) have showm that
solubility of quartz is due to the dissolution of cement binding
the quarts grains, It was argued that this cament may be a
straired some, On further experiments at 360°C ~nd 3 kilo bar
pressures, in(1955) they concluded that quart= has & pronounced
mosaic structre. The smallest mosaie units are tiny rods
aPproximately 0.,0009 mm, in diameter ard 0,000 to 0,05 mm in
length, Thus the solubility of quarts was dfiributed to the
mecharical loosening of the rods (forming the erystal) so as to
produce a relatively large surface area, easily attacked by
solvents.

‘ d_Ck _ On the basis of
published literature it is common kmowledpe that the chemical and
vhysiecal behaviour of solids are influenced by processes likely to
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introduce strain erergy, which 4s a manifestation of defects, amd
the molecular dislocations, Foldham (1949) found that straired
crystals of amonium mitrate spneared to grov relatively faster
in a solution than the umstrained omes, indicating a greater
chemical reactivity of ammonium nritrate with the solution due to
strain, Similar observations has also been recorded by Buekley(1951)
on Cadmium iodide ervstals. Frank (1951) has reported similar
obgervations on silicon earbide crystals ard obgerves that "growth"
of a erystal in a solution is effected by the mmber of disloeated
wores existing 4n a erystal and 1t should bde possille to promote
growth of crystals which have ceased to grow by mechanieanlly
deforming them,"

In (1965) Bush and Williamson reported that mechanieally
straired synthetie crystals of magresium oxide, in contract to
the unstrained erystals produce preater amounts of Foresterite
anl proteerstatite due to solid state reactions with quart=
eristobalite mixtures at 1200-.1400°C, While discussing the
pheromora, they are of the opimior that the erhanced swfface
energy of strained magnesium oxide might have regulted in greater
chemical reactivity,

From the above eorclusions, derived by different workers
1like Bailey (1968), Bomel (1955), Fredrickson (1958), it can
therefore be said that straired quarts, characterized by urdulatory
extinction, 1s more reactive towards cement alkalles than the
unstrained quarts, btecause of the presence of large mumber of
dislocated =ores of silica. The weakening of the silican-oxypgen-bord
due to straln also is an important factor, which makes it conducive
to chemical reactivity with cement alkaliss, The deformation of
quart® in the rockes rot only irduces strain erverpgy ut as & result
of shearipg could involve peretrative intergramlar movement, the



=141l=

repeated remewal of surfaces of cortact and the inerease of
specific surface by rrain sire reduction, This could also be a
eanse for a greater reactivity of straired quarte, besides the _
large mmber of dislocation zores present in the strairved quart=.

As has been observed (p,105,107, Ch.V) during the
studies, the mortar bar expansions for agrrerates of pranites,
charnockites quarteites (Sp. Yo. 1 CH, 10 CH, 15 GR 19, 99) with
sheared and pramilated quart- are slirhtly hirher as compared to
the roeks contairipg moderately urdulose quarte,

Observatiors of Fdiham (1949), Buekley (1951),Frank
(1951), Bush and Villiamson (1965) also indicate of greater
chemieal reactivity in deformed and straired erystals, which
has been aseribed to the presemce of dislocations, and erhanced
surface erergy.

Arother important factor which 1s considered to have
contributed for a greater reactivity of straired guartz is the
pragence of fractures, These fractures are helpful for an easy
peretration of eement alkall, solutions into the quartz lattice.
According to Ghristie ard Raleigh (1959) the fracture plames in
gtraired quarts may be considered as plares of discortimuity in
the erystals. According to @hristie ard Raleiph (1959)"the
most obvious and common irdication of post-erystalline deformation
in quart® is the appearanrce of urdulose oxtinetion in wrores sub.
parallel to (0001). Wher the strain is slicht the variation’ in
extinetion is contimious over a grain; but when i ‘
intence the grain is divided inte distiret -ores bounded by sharp
gurfaces of discontimity., These boundaries are rnot distirctly

planer and their oriertation carmot be measured with a 'U' stage,
indicating that they are rot ratioral erystallographiec plancs but
rather eurved or irregular gurfaces! Thus the nresence of
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fractures can also be the ceuse of rreater reactivity of straired
quart=, Mielens ard Browr (1955) also observed that a quartwite
rock with abundant straired, fractured and gramulated quarts
poascted with cement alkalles and produced a gel, Similar
observations have also been made with a sheared quartsite
aggrepate which showed alkall ageregate reaction, in a structure
in South India (1961).

Thus 4t can be said that the textural characteristies
in martz as interpreted above are directly related to its
chemical reactivity with cement alkalies. A stromply undulatery,
fractured and rrarulated quartes in a roek whether grarite, charro-

ekite, quartzite in appreeiable quantity may be harmful,

1T. Low forms of Silica 4
a) Miero to Cryptoerystalline Quarte (Chert)y Chert is

essertially a micro to eryptocrastallire quartz according to
many workers like Polk and Weaver (1952) Jomes (1952) ete.
During the present studies chert has been fourd in reactive
gardstores from Chinthala, (Kurrool formations of Lower Vindhyan),
Durg and Bilaspur, Palampur (Terdiary) and Fundaghat (Sivalik),
in vhich the mineral occurs either as a detrital corstituent
or as a cementing media, Two martwites (Sy. Yo. 2 Q, 40) from
Birmitrapur (Dharvar), ard Prodattur (Upper Cuddapah) also are
found to eontain Chert ard are highly reactive, A reactive
phyllite also contains microto eryptogrystallire quartz, Thus,
it 4= observed mostly in the sedimentary ard a few metasedimentry
roeks, It 1s obgerved that if a rock cortains even 5% chert it
shows a high mortar bar expanrsion.

As discussed on ppe 109,110 the percentapge of mortar
bar exparsior has been found to be gererally related to the
navreeartace o chort in the rockkr arrrersate. Tn most anecimens.
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studied chert is pererally found to be dissimivated ard is coated with
1von oxide ard at times contaims miver inclusions of chlorite (Sv.
Yo. 688 Sandstone from Chinthala).

» Tt has been observed that most of the chert is heavily
roacted with cement alkalies ard exhibits deep corrosion and
dissolution, Sometimes the chert fragments are seen to occur as
pelict grains engulfed in a thick mass of gel. The boundary =zore

of the deteriorasted chert fragmemts is gererally characterimed by
an irtense opacity of the cement matrix, The intemse chemical
reaetion of chert particles with cement aslkalies in the surrounding
matrix pives rise to a low birefringent, gel product, At times

due to its high chemieal reastivity the chert particles are totally
altered to a gel., The reacted fragments show long narrow eracks
emarating from the boundaries, These cracks &Fe geverally filled
up with the gel material, The eracks sre gererally igfis appear

as 1) Link Cracks 2) Peripheral cracks (as deseribed on p.p.85,86,87
Chapter IV). Lirk cracks can be described as those whieh
irterconrect two reacted fragments of chert and are commonly rel
fi1led. Their occurrence in the mortar indicates swelling of the
reacted fragments of chert, The peripheral eracks indicate shrinkage
of the chert fragoments due to reaction with eement alkalles,

The high chemical reactivity of chert with cement alkalies
may b aseribed to its large irtermal surface area, and poor
erystallinity, The tramsitiomal strueture which interlocks a wmmber
of grains of micro to eryptocrystallire quarte in chert 1s a stralred
region ard thus contains a large mmber of dislocated mores which
make it corducive to chemical reactivity as discussed in the previous
pages,
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b) Chaleedony: It 1s foundi to occur as in the reactive basalts
fron Thamgaon and Gondal (Sp.Vo, ST, 15T) as JMedular fillings ard velr

Mierogcopic features:- The grain of chalcedony occurring as
amgdular filling vary in si=e from 0.5 to 0.8 mm and are generally
eolourless with impurities of irer ore., Pibrous extirction is
consplcuous and the length of the fibers vary with si-e of the grain,
which is about 0,3 to 0.5 mm, In a hirhly reactive basalt from
Khampaon (Sn,¥o, 5T) chalcedony is fourd to cortaln inclusions of
tridymite, which occurre as preddchexaporal grains characterized
by low birefringence. The percentape of chaleedory in the basalts
studied vardies between 8 to 10f,
¢) Basaltic glass:s The reactive basalts were found to contain minor
amount of interstitial glass in the grourdmass, However, a basalt
from Bhuj (Sn.Vo, 37) eortains about 10 perecent palapgonite,
characterized by phle brown colour ard vesicular nature,

As deseribed irn Chapter IV most of the fragments show
corroded bourdaries and reaction »ones, Partial dissolution of the
groundmass 1s indicated in the basalt contalring palagonite,
Chaleedony, which many times oceurs as individual fragments shows
deeply corroded bourdaries and is seen enclosed in a mass of gel,
Arother important feature is the occurrerce of gel filled eracks
emarating from the mimeral partiecles amd sometimes from the margins
of basalt fragments. As degeribed earlier the occurrence of the
peripheral cracks ard lirnk cracks indicate the gwelling of the
reactive partiecles, as are confired by the cement matrix and cause
mierofracturirg of the mortar.

It has been alse observed that the basalts wnhinim_chaleodm
show a comnaraitively higher rate of exparsion, than the basalts with
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more roactive than palagomite. The basalt from Gondal (8p.Fo,15T)
which contains traces of opal also shov a fairly high rate of
expansion,

Tt has beon observed that basalts, with the absomce of
palagenite, chalecedony, opal, and tridymite show nepligible
mortar expansions.

ovort. dhblsedonv. onal and Tridvmite; Considerable work has
been dome by difforent vorkers onm the naturdj of these minerals
ard the exture of these minerals has been variougly interpreted as:-
1) Sosman (1927), Dormay (1933) eonsider that chalcedory cortain
opal as an essential corstituent. '

—

11) Povlk avd Veaver (1959) divide the mieroforms of artz irto
a) mieroerystallire quarts made up of interlocking grains of quart»
erystallites get in a random oriertation,

b) Chaleedonic quarts econsisting of radiating or shoaf-1ike tundles
of fibers.'X' -ray studies contucted by Folk amd VWeaver on
chalecedony showed that chalcedorny essentially consists of
miecrocrystalline cquarte,

114)Réman and Jayraman (1985)conducted 'Xiray studies on chert,
chalcedony and opal and heve shown that chert amd chalcedory
comsist sssentially of quart» while opal is essentially a
mieroerystallire aggrefate of d1sordered cristobalite,

iv) Jores (1952) has roticed that ehe:-t essertially consists of
quarts crystallites, He considers chert as a straired form of
quarts.

v) White (1955) observed that onal rarely exists in mature aboye 100°C

ard that at higher temneratures it erystallines to chert or chaleedony
ard concluded that "The low thermodynamic stabllity of opal probably
accounts for its rarve occcurrerce in the older sédimenmts,

vi) According to Florke (1957 ) tridymite iz essentially a
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vii) White amd Corwin (1961) have opired that chert consists
egsentially of quartes crystallites which are somewhat misorierted
and interlocked together by a straired transitional structure,

They have also supported th) view that opal 4s made up of disordered
Cristobalite, According to them the large ard variable water
content in opal 4s primarily a corsequence of extreme small particle
sive or large internal surface area, Similar observations have
been made by Carr and Fyfe (1961).

Thus these gtudies discard the presence of opal in chaleedony
and chert apd have shown that all these mirerals congist essentislly
of miercerystallire quartz, Pelte (1956) has made a detailed
studies of the properties of chaleedory and its reactivity with
sodiun hydroxide, The chaleedony studied by him showed a strong
reaction with godium hydroxide Y-ray study of the original spocimen
failed to indicate even traces of opals The fibrous extinction in
chalcedony according to Pelto is an effeet of strain.: He comnared
the blaxial character of chalecedony with that observed in strained
metamorrhic quartz and observed "It is well krown that quarts
subjected to mechanical stregs becomes blaxiul., Probably the
simplest explamation of the eptieni properties of chaleedony,
other than the refractive index is that they are strain induced”.
Later acecording to him "Chalcedony comsists of quarts erystallites
somevhat misoriented from fiber to fiber than within fibers,
Differences in orientation of fibers are rommally adjusted by means
of a tramsitional structure. The fiber interface 1s marked by a set
of dislocations". He has thus attriduted the resetivity of chalcedony
with alkaline solutions due to the presence of large mumber of
dislocated =ores in the mineral caused by the weakening of the silicor-
oxyger bord due te strain,
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Thus the Oft repeated, explained ard attrimted by
chemical reactivity of chert, chaleedony, by the chemists can be
aseribed %o their micro.crystalline texture amd therefore a
large intermal surfaee arca, Tn addition, the presence of a
large rmumber of dislocation »ores in these mirerals are responsible
"or their chemical reactivity with cement alkaldes. The chemieal
reactivity of volcanic glagses could algo be due to the disturbed
atomle structure and due to strain in the silican-oxypen bonds,
formed as a regult of rapid eooling. The reactivity of Opal and
tridymite can also be said to be due to poor eystallirity and
disturbed lattice structure with large interral surface arca, anrd
most of the straired forms of silica would react with cement
alkalies though they may mot containm ary opal,
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Electron mierogravh (8370x Mag) of chertym quartzite
(Sps 20)., The ragped and denticular outlivres observed im

the mireral indicate poorerystallinity., The apgrogate 1s
highly reactive with cement allralies,

Eleetron micrograph (3370mMag.) of a martzose sandstone

from Xota. The mineral graime exhibit straight, sharp
and digtiret outlires imdicating well developed

erystallinity. The apgregate is fourd to be

immocuous
towvards reaction with cement alkal ies. 5




Plate 22: Electron mierogranh (8370x Mag.) of an alkald silica pel.
The rourdness of the grairs indicate an amorphous nature.
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CEAPIER VI

\ SHMARY AND _COFCLUSIONS

The phenomenon of alkali agere pate reactions in cement concrete
first became known in the year 1940, vhen the deterioration of some of
the conerete structures in Califorria (U.S.A.) was attributed by
Stanton to the chemical reactions between cement alkalies and certain
silicious constituents in the agpgrerate, The pmblﬁ has been well
studied 1in most of the developed countries, while almost nothing is
¥nown on the wvulperability due to the attack of cement alkalies,
in this eountry., With this in view, the present studies have been
carried out and an evaluation of Indian agrrepates has been attempted,

A review of the work of different authors, as given in the
second Chapter leads to the important corelusions thati-

a) Deterioration of corerete structures, in addition to sulphate
attack, also takes place due to chemlcal interaection between cement
ai¥alies, as released during the hydration of cement apd certain
silicious comstituents like opal, chalcedory, chert and volcanric glass
in the apgregate,

b) Deterioration is more prevalent when the pereentare of
alkalies in cement is high 4i.e, 0.6% or more, thourh a fow cases with
lower alkali content are also known. From this, it appears that it
is therefore mot possible to fix the maximum and the minimm safe
alkald comtent in cement in conerete masses, so as to prevent against
this typre of deterioration in comcrete structures,

e¢) Two important mechanisms namely the "Osmotie Pressure
theory"(Hanser-1944) and the "Gel theory” (Vivian-1950) have been
advanced to explain the disruption of comncrete due to alkali agerepate
reactions, The first is based on the assumption that, the reaction
product (alkali silica gel) exists in the form of acqueons sodium
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silicate causing eracks due to osmotie pressures in the ¢ onerete
masses, 'whi& the-"gel theory" explains the disruption of coneretes
due to the swelling pature of the reaction product and comsequent
pressures in concretes, .

d) However, it appears that the problem has not been well
studied from the point of view of mimerals in the agpregate, their
textures, though such reactions and the resultant failures have been
reported on the use of rocks Rike glassy rhyolites, andesites, 1.e,
voleanic types, a few opaline samdstones and rarely even with massive
quartzites and granites, Orly a few investigators, namely Browm (1955),
Mieler= (1958) end Ydorn (1961) have paid some attention to the
petropraphic characters of the roeks, their mortars ard the concretes,

As repards the Indian agrrepates, mostly the appregates used are
prepared from the plutonic and metamornhic types ard orily rarely from
the sedimentry or metasedimentry rocks,

Since the resultant conecrete mass is also a product similar to
the roeks, the problem of ascertaining the potential shemiecal reactivity
in agrerepates 1s fairly complicated, Therefore the commonly acceptable
mortar bar expansion tests for comcrete testinmg at different periods
along vith the petrographiec examiration of the appregates, ard the
affected mortars have been adopted. In later Chapters, on the basis of
these studies, fairly good relations with the petrographic nature
of the roek amd the textural characteristies of the reactive constituent
ard the behaviour of agrreépates with eement allkalies have been
egtablished.

Chapter IV described the petrography of appregates and their
mortars, from the important construction centres in India, The
agrregates studied for potential alkall reactivity belong to a L%
mmber of widely separated localities and stratiagraphical hqrizoms,.
Most of the agrrerates are foumd to be hard amd durable and satisfy
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the requisite engineering properties for concrete purposes tut their
compressive str&gths-m variable from 845 to 3380 kpg/em2 and the
shear strenrths between 140 to 220 ke/em2, As established by other
earlier workers, these variations in the empireering behaviour of rocks
may be due to the variations in their textural amd minerclogical
characteristies,

The common rock aggregates have been elassified into six major
varjetlas as 1) Oraritold rocks- including various biotite ard mierocline
granites, grarodiorites amd gneisses, syenites. 11) Charrockites-agid,
basic and intermediate types. 111) Basalts, iv) Sandstones v)Quartwzites,
including metamorphic muartwites and metased imentry quart=zites, vi)Phyllite
ard schist,

Or the basis of their reactive ard ron-reactive mature both
types may be fourd in the same peslorical horivors, The reactive
character of the rock geems to be corsiderably chanped due to a higher
percertape of silicious minerals and the effects of metamorphism on thesge,
It 1s observed that the Archean amd pre-cambrian pranites, charnoekites,
quarteites ete. with distirct cataclastic effects in quarts ard sometimes
in the plagioelase or biotite ete. are susCeptible to alkali apgrregate
reactions, Similarly in the volearie flows of the same reglions, basalts
with or without ampdules and rodules of chaleedony, palagonite, opal or
tridymite, or absolutely massive amd holohyalire types emld%ﬂutiw
or non-reactive, The sandstones and quartzites with chert, either ag a
cementing material or as a detrital corstituent are highly reactive. _On
the other hand those varietics mot eontaining chert or straired muarts
are innocuous. The sandstores of the upper Vindhyans are gererally
free of chert and are irmocuous, while those of the lurnool formations
cortain chert and are deleteriously reactive with eement alkalies,

Metasedimentry quartzites and phyllites of Dharvar formations with chert
are highly reactive,
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The most imnortant eriteria vhich may be of imnortamce with
respect to the” ooourrema of reactive ard non reactive argrefates in
engireering ntmc'hm are the 1) Litholorieal composition 1i) CGrade of
metamorphism 111) Hydrothermal reactions and iv) the rature of origiral
sediments, |

On the bagis of the netrographic examiration of the deteriorated
mortars it 1s observed that the disruption is due to a pel formation
around or in the vieinity of silicious congtituemts in the aprrepates
@.g. 1) Strorply undulatory (straired) quarts,ii) Miero to eryptoerystallin
quartw,(ehort) 111) Chalecedony ,iv) Veoleanic glass) v}ﬂpdl-'ﬁ) Tridymite.

The reaction progresses from the outer margirs of the reacted
particles and is indicated by a) Bomrdary corrosion and embayments
b) Deposition of a low birefrinpert grarular gel produet along the
periphery of the reactive partieles or disseminated in the surrounding
cement matrix ddertified by patches of isotropic material ¢) Cracks of
varying length (0.3 to 0.7 mm,) and wholly or partially filled with the
gel are seer emanmating from the boundaries of the reacted partieles,
About four types of eracks wers identified during the study 1) Link
ecracks, 11) Marginal or peripheral eracks 1ii) Chain eracks,iv) Radial
Cracks. The reacted fragments in the mortar are generally seen
inter-corrected through ore or more tyne of these cracks. The occurrence
of gel 1= a result of the chemical reaction between the reactive siliclous
constituents ard the cement alkalies, Of these the peripheral or margiral
eractks arourd a reacted grain may be due to shrinkage, while the eracks
emapating from the bourdaries (Link cracks, radial eracks) are caused due
to the swelling of the reactive particles confired in the cement matrix.
Fevertheless the total dissolution of a cherty, chalecedorie or opalire
particles into a rel, filling the slender elongated eracks in the
surrounding cement matrix, indicates that the gel product has an
excessive tendancy to swell. ‘
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Tt eap therefore be stated that the disruption of mortars due to
alkall agerer reaction is coused by the swelling action of both the
roacted particles and the reaetion product,

In Chapter V, a correlation between the petrographie characters of
the agerepates and the engimeering behaviour of their mortars is
attempted, As a result of this study, it 1s roted that rocks of
jdentical characters (mepascopic) are found to differ considerably in their
expansion characteristics in the mortars, indlecating that if an aperegate
is to be studied for alkali reactivity, its petrographic mature must also
be studied, through microscopic examimation, It is further noted that
even if an aggropate possesses remarkahly good engireering properties, it
may be highly reactive towards cemenrt alkalies,and hence there does rot
exist any relation between their enginreering properties and their
chemical reactivity with cements.

‘It is observed that 1) in the cases of grarites, charnockites,
quartzites and schist, the mortars showing exnansions more than 0.10%
are rich in highly fractured, strongly urdulose or highly grarulated
quarts and sometimes deformed felspars, 1In mortars with expansions more
than 0,108 the angle of urdulose extinetion in quartz varies between
18 to 27 (op 'C' axis) while in rocks with mortar expansions between
0,068 to 0.10 this angle is betweer 10° to 20°, Or the other hand rocks
with unstrained or reerystallised quarts show megligible mortar
expansions, Thus it can be inferred that the glkali reactivity is
directly related to the percemtage of straining effects in quartz. Asa
result of this a_rock with 40% or more undulatory or fractured and
grarulated quartz may be hiphly susceptidle to alkall reactions, A roeck
with 30 to 407 straired, fractured quart= is moderately susceptible,
while a roek with less than 30% straired quart: is marginally reactive,
Similarly rocks having less than 20% straired quart» are less reactive or
innocuous, followed by those devoid of strained quart= vhich ake totally

irrocuous,
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Of the charnoclkites, the basiec types can gemerally be considered as
1rmocuons dor\wit!}_ the recrystallised granites or greisses,

Most basalts from Deccan plateau are froe from reactive constituents
aml hence are irmocuous. However, only a few basalts from Guj€rat and
Maharashtra with chalcedony, opal ér tridymite, or palagonite show
deleterions mortar expansions. Palagonite glass in the basalts may also
be comsidered as highly reactive form of a silica, Of €he basalts those
containing even 4 to 5% primary glass along with 8 to 10§ chaleedony are
highly reactive, In the Indian basalte opal or tridymite are ponerally
rare, but 1t may be stressed here that the pregence of these two well
known alkali reactive constituerts ever in mimor amounts may prome very
harmful in the agrregates.

There seems a broad correlation between the mortar bar expansions
ard the tensile strengthe, The tensile strength of mortar decreases
with the age in case of reactive agpregates., This property can be
used as a supplementry test in the evaluation of the alkalil meactivity of
apgrerates, s

Ir Chapter VI, the chemical reactivity of strained quartz and the
other silica mirerals are discussed, As a result of these discugsions
1t 1s concluded that the updulatery extinetion in straired gquarts indicates
that there are a set of dislocations or islands of atomic misfit, which
glve rise to possible planes of weak erergy and thus help a greater
reactivity of strained quart= with cement alkalles. On the other hand,
the unstraired quartr iz fully bonded with silicon-oxygen bomds and there
is ro possibility of weak emergy plares and thus remains innocuons in
contrast to the straived quarte,

The chemical reactivity of chaleedony, chert,opal and volearic glass
can also be comsidered due to distrubed atomic structure,

The problem of alkali apgrerate reaction, thus needs to be
reviewed from the point of view of textural characteristies in ths
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rocks and the lattice displacements in the silieca mirerals indicated
by the uiero\o erypto erystallire strueture and the urdulatory
extimetion in quart=,

Thus it ¢an be said that the petrographic studies ard examination
of comcrete agerepgates have decidedly got an advantage as compared to
other methods, that 1t is fairly reliable and gives the quickest
results. ‘

The present study had beer somevhat limited in nature and
further studies would be useful to explore the alkall reactivity
of such minerals 1ike chert, palagonite and straired quarts.,
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Specimen' Hock type . ¥ Locallly i T Longitudes amd
ramber - ; ' Latitudes.
109 Tuart=ite " VijayavadalA.P.) ~ 16° 2B' ¥, 80° 15" §
29 Cherty Hematite Bimmitra Shimdiga road 22e32' ¥; 84°26' B,
quarteite, M,128/1 (Bihar)
39 Juartz=ite Prodattur ¥ 118/6 14°44'Y; Wo®m' E,
I Fellore Bombay Road (A.P.)
- Mmart»ite Delhi (Badarpur quarry) 23544' Wy 77010! E,
6 Q Quart=ite Dadri (Curgaon Distt,) 20° 5'W;75°8' ©
;- Haryara,
8 Q Quartzite l!'nndtm(:r (C‘t)ﬁdapah Disgtt) 14°12'YF; 73e84' E,
AP, _
1 Ch Acid Charmockite Tholudur M-127, Veppur-Trichy 12544! Ty 79°04'E,

Road(South Areot Distt)
Madras 3tlt’.) o

2 Ch Acid Charmockite 15 Mile Torth of Madras State 13006' Wy 80°14' E,
3 Ch Acld Charrockite Coonoor; M9/6, 00ty Mettupala- 11014°'Y; 76042'E,
T yam Road, Madras State,
7 Ch Acid Charnockite Dumka(Pasabal quarry) 87021'N; 24e18R,
Bihar State)
8 Ch Intermediate Fammakhal (Goolinally quarry) 12044, 7028'R,
Charnoekite Mgdras State
10 Ch Garnet grarulite Adont Distt,.(A.P.) 15048'N; 77013' E,
(Acid Charroclkite)
1 OR Mieroecline Hyderabad City(A.P.) 17026'W; 78e27'E,
CGranite, (Malakpot quarry).
2 CR Mierocline Kazipet 18°0'Y; 790mIE,
. Crarite, _
4303 Mierocline Gudur Tq. (Pytripurdam quarry) 14°26'Y; 79215 B,
granite
5 GR Biotite Grarite Kurimrapar (A.P.) 18°26'N; 70°10'E,
6 CR Biotite greiss Tumlcur (8iddapanpa ﬁuam) 13°26'F; 76°82'R,
M.5 from Tomkur or Fational

Highway Yo.4, Mysore State,

3 CR Biotite Craro- Dhore, ¥,25/1 15°42'%; 70e34'E,
diorite, ?zmpr?n-cane 6mar1n Road
9 GR Biotite Crano. Kardi-(Bardal ruda quarry) 17028'M 7Be12! E,
~ diorite. M.20/4 Hydsnbad-shulnwr
Rﬂad, ZA&P. )!



(11)

Specimen ' Rock e ' Loecality | ‘I.ongituaei and
ﬂgnber- , - : :Latlbudes.
]
10 on Biotite ‘g’rmﬂi mﬂi&pﬂm / » 3 B,
greiss, ° ~ Madras-Bombay Road (A.P.)
13 GR Syerite Kangayam (Sivamalail quarry) 11°44' Wy 78°022'E,
Coimbatore Distt.Madras
State, — '
4 OR Biotite rite West Chittor Distt. 13%07'F; 79°05' E.
" o — (Aynaswamg Palli uarry)(A.P.)
15 OR Muartzose greiss Banpgarpet Tq.Mysore State 13007+ W3 78015' E.
16 GR  Biotite greiss Darjeeling.W.Benpal 27001'1; 88012'E,
17 GR Marts-magretite Gaya Digtt,(Homba muarry) 2404317y 85°02'E,
gneiss
0
1 Ph Slaty Phyllite Huhli-Distt.(Mysore Btate) 15°13'W; 75°09'E,
2 Ph Serieite phyllite Dalhouzie (H.P.) 32+28'W; 76°1' E,
1 Seh Chlorite quartz Haliyal Tq.{Mysore Sthte) 15°94'N; 78°03'E,
schist
1 68 Lithiec sard- FKundahat (H.P.) 31°7'N; 77e2! E,
stones
2 88 Quartzose sand- Kota Distt.(Rajasthan ) 25012' Ny 75036' E,
store., ‘
6 88 Quartzose sand- Chimthala.M, 86/1. 15°45'Y; 786" E,
stone. Kurnool Cudur Road (A.P.)
7 88 Argillaceous £ Tear Kalka.on Kalka 3()"50""77'0&*'!.
Sardstone, S4mla Road- H.P.
17T Zeolitie Basalt Parwel Tq. M 44/7 19912'W; 7305' ®,
Bombay-Poona Road,
Maharashtra,
ar Glassy Basalt m Tq. M.23/0 23°15'V; 69°42'E,
Mandwi Road
Cujarat State,
§T Basalt with ﬂl;;}mm Tq.yDistt, Akola D44ty 7793 E,
chalcedory, M 3 Akola Khampaonr Road
% Maharashtra,
s T Basalt with Gordal- 4 miles from Gondal 22°03'F; 70°55! &,
chakcedory, on Watioral Highway Yo, 8 B

Cujarat State,



m Tooe ard &nﬂ“ ~orsressive Bhearing Wodulus of 'LOs Angies  ‘Agerepate impact .
arca

ter 'Strengt 'at Mlasticity 'abrasion value' wvalue.

iy 'abmltim'(lrd'uﬂg ‘(kepfen”) ' ‘yoar %%' .' ﬂ

13, Basalt from 1.12 2250 200.0 3000 10.3 17.0
Gordal :

14, Basalt from 2,80 2716 195.00 - 14.8 16,00
Faldurg.

15, Sandstone from 0.82 1140 105,00 1240 17. 50 15.34
Kota(Rajasthan)

16. Sardstore from  1.10 1100 98.50 1050 90,30 ‘11.10
Palamnur(Rajasthan) :

no Sandstore from 1.40 858 74,20 220 31.50 9.30
Kalka (H.P.)e

18, Sardstone from 1.20 1110 82,50 1100 18,30 -

19. Quart=ite from 0.38 1800 125,00 4450 23,20 12,40
Dadri(Haryara).

20. rteite from D.42 1680 112,50 4220 22,15 11.43

1jayawada.

Wala.jl.htﬂ.
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mﬁnm A.P.)

Crarodiorite~-Kand1

P,

Biotite Cranrite
wiﬂgimw area

Mieroelire grarite

Kazipet ( A.P.)

Biotite grarite
Madarpalli,
Biotite grarite
Bhonglr,

Aeid charrocicite
from Madras.

Aeid charroekite
from Veppur area.

Aeid charrockite
(rileiri hills)
Cooroor area
Madras State,

?uic Bﬁ:mekjita
ron ongan
area(Bihar),

Aeid charrockite
Pallawvaram,Madras
State.

Basalt from
Xhampao Tq,
Maharashtra.

0.43

0.37

0.40

0.38

0.4

0.34
0420

0.32

0.40

0.43

1.00

' ab.mmn'cwﬁu‘

Wodulus of 'Bos anfles

h'Igm gate Implj
‘value.

‘value wearfif) '

0Btre 'tlutiﬁﬁy ‘abrasion
1“"
808 B0

22186 238 2850 22.8
2100 220 2800 2,0
2200 232 2750 B.4
2440 235 - 21,2
2320 215.4 - 23.50
2210 - 2850 18,30
2420 28 3000 16.1
2340 219.5 2810 17.20
2450 208 .30 2200 18.3
2100 o 2150 21.3
2000,20 212.5 3780 9.5

i e

14,

15.5
15,0
16.0
16.50

16,

15,

14 .42
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