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*A FFTROGRA^HIC yVAT7TA^70IT Off COffCRfll^ AGGHSGATOS

WITH EPTCIAT, RBTOKNCE TO A^ATI AGGREGATE REACTIONS*

IllffllH

fne nistory ox concrete soows tnac since ies earliesc

use tnere nave been xre^uent xailuxes and concrete nas not

always pxoven a satisXaCtory construction material. 4

survey oX Xailuxes ox concrete etructures as made in

dixxerent countries nas snown tnat cnemical reaction

between cement alkalies and certain silicious constituents in

tbe acfcXegate, popularly known as *Alkali-Abrogate Reaction*

is one ox tbe major cause xor deterioration ox concrete

structures, ^ne pnenomena ba© been well studied in ^.S.A.,

Denmark and Australia and a &ood lot ox data nas been

made available xeteardinto tne occurrence and nature oX

reactive a^^re^ates. On uue otber band, insplte oX major

concrete constructions, almost notnint, is known ox tne

vulnerability to an attack by cement alkalies ox tne rocks

or cneir a^^re^ates xrom dixxerent ueoloJLcal xormatlons

in Inaia. lurbner more tbe problem nas not been well*

studied Xrom cbe petrOt,rapbic point ox view even in xorei^a

countries, and only a scanty data is available re^«*rdin&

tne petro^rapnic natuxe oX reactive aggregates.

Witb tbese objoctE in view, tbe present study

deals wltb a detailed investigation and evaluation oX
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common Indian afefere&ates, obtained xrom dixxerent stratla-

gjrapnical oori-aons, as records to tbeir susceptibility to

alkali aggregate reactions employinto tne commonly aoeepced

experimenual procedures like mortar bar expansion studies,

petrograpnic examination and cnemical test. In addition

to tbese, tne petro^rapbic examination ox tbin sections

OX mortars snowing symptoms ox alkali aggregate reactions

nas been made in order to prove more conclusively tbe

idemtixlcatlon and association oX dixxerent reactive

constituents in tne abrogate witb alkali reactions. An

attempt is also made durin0 tne present studies to assess

tne exxect ox alkali ae^re^&ce reactioos on tbe tensile

etxenbtn oX mortars*

A correlation between tbe results obtained wltn

dixxerent test pxocedures used Xor detecting potential

alkali rofc&tlvity ox abrogates, ndB been attempted and

merits ana demerits ox tbese are discussed in li^nt oX tne

petrograpnic Xeatuxes ox tbe aggregates.

"ased on tbe correlation between petrobrapaic

Xeatures oX tbe aggregates and tbeir bebaviour in mortars,

a new scbeme Xor classlxication ox aggregates into six

groups bas been suggested and fefee salient petro&repblo

features ox tbe reactive and non-reactive aggregates

nave been set ouu.
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It is realised tb«*t tbe engineering properties oX

mortars like expansion and cracking due to alkali aggregate

reactions, are intimately related to tne petrograpnic nature

ox tne rock and tbe type and degree ox metamoxpbic deXoxaa-

tion a rock nas undergone* Curves s bo wing mortar bar

expansions bave been plotted Xor all reactive and a Xew

non-reactive aggregates, under dixxerent groups like

uxunitoid rocks, cbarnocicltee, basalts, sandstones ^uart^ltes

and scnistose rocks and discussed in order to make apetro-

0r«pnic evaluation ox tbese rocks.

lased on tne results obtained during tbe cbemical

test, an attempt nas been mane to classix'y tne aggregates

using a standard curve*

Lastly, aXter a oareXul processing ox tbe data

obtained duxln0 tbe studies, a new concept based on tbe

texture! Xeatures and percentage oX silicious constituents

in tbe aggregate, Xor evaluating tbeir reactivity witb

cement alkalies nas been introduced, discussed and

establisbed.
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Since recent times, the problem of alkali aggregate

reactions in Hiatal concrete structures has attracted the

attention of chemists* erglneers and a few geologists ir

developed countries, particularly ir the 9#S« \., Great

Britain, Denmark, Australia and others.

In 1?M0, T.S.stanton first reverted of the phenomena

and stated "The chemical reaction between certain silicious

constituents in the agprebate with cement alkalies, particularly

sodium hydroxide, which are released from the cement during

the erocess of hydration, fivesMse to a swelling tf|rt of

alkali-silica ml complex. The gel imbibes water from the

concrete, increases in volume and as it is confined by the

cement matrix develops pressures *?hich ultimately result !r

expansion and cracking of concrete.n In later years

deterioration of engineering structures like dams and

bridges, due to alkali abnegate reactions has been widely

reported from many countries, where concrete construction

activity is fairly hi ph. Similarly a few instances of this

nature due to alkali aggregate reactions haw been reported

from India also but the uroblem Is not well studied.

Deterioration of concrete, as a result of ehemieal

reaction between the alkalies In cement and mineral

constituents in the agpregate, was first obser^d on a major

scale in the Parkar dam on Colorado rl^er. The dam was

completed iy» 1938. After two years it was noted that

"...... a few already existing cracks in the concrete mass

were enlarging and numerous new cracks were observed to appear
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suddenly which were seen extending rapidly." (Melssner etal 1941).
From the first critical survey covering the extent and

nature of the cracks and a detailed examination of the cores

removed from various portions of deteriorated concrete in the

dam, Melssner etal,(1941) further observed that "..... many
of the air void snaces were completely or partially filled

up with a mushy, clear to opaque white gel, Tt aepeared

at first that the gel was afflicted with a red *eolitie tuff

aggregate and originated by base exchange Tfith the zeolites.

Later such gel deposits were also found on the surface of a

red ron-weolitie rock," According to them the examination

of cores revealed gel deposits associated with andesitlc

rocks not containing any zeolites but silicious minerals like

chalcedony and opal. The concrete for the dam was manufactured

with all the ears and precautions considered necessary for the

production of high quality material. But in spite of all

these, the concrete in the Parkar dam was found to be deteriorating

due to ehemieal reaction between high alkali cement and the

reactive aggregates.

Similar cracks were also observed In the concrete of

the Buck hydroelectric plant built in 1912 (Kamacr and

Carlson, 1941). In this case the coarse aggregate© used were

crushed phyllite and gneiss. According to these authors

the cracks were first reported in 1922, when the phenomenon

of alkali aggregate reaction was not even heard of. Later,

after the collapse of the Parkar dam, the structures were

examined again in 1941 and a detailed study of the deteriorated

concrete revealed that there had been a chemical attack on the

phyllite aggregate and a petrographie examination of the
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aggregate indicated the presence of mieroerystalllne quart*

in the crushed rock.

In the last 25 year©,large scale research has shown

that the problem is of erfcre?*ely complex nature and the

intricate reactions ha^ not yet been fully investigated,

studied and established,

Tretsper (1941) reported deterioration due to alkali

aggregate reactions *md commented "Five concrete oavements

in the vicinity of ftnakane exhibited cracking and stalling

of concrete »tt Ficol (1942) observed that a number of concrete

pavements in California and Nebraska got unserviceable due to

alkali aggregate reactions. Alderman (1944) cited a few

examples from South Australia where the deterioration in

concrete structures was due to the presence of opal grains

In Core re te mass, Mather (1951) concluded that the cracks

in concrete of Tuscaloosa Lock bridge on the Warrior river

In Alabama wtare due to alkali aggregate reaction. Brown (1955)

related the ©Tad ' in a few buildings in Los Angeles Island

area to alkali iggvtftifct reactions. Idem (1962) made

extorsive studies of some of the Important bridge structures

in Jutland, Dermark and reported severe deterioration do©

to alkali aggregate reaction©. Ox©son (1.963) attributed

surface deteriorations to alkali aggregate reactions- in some

of the bridge structures in Georgia. Recently in 1966,

Ingham reported disintegration of oavement surfaces due to

alkali aggregate reaction in ^euth-Westem Ontario, Canada.
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Of the above authors, Alderman (1M4) Cor the first time
expressed that In addition to opalf chalcedony and chert,
highly decomposed felsnar should also be regarded as a mineral
susceptible to alkali aggregate reactions, while Idom (1362)
from Denmark studied the oroblem specifically from the
petrogranhic ooint of view and reported the association of
flint with alkali aggregate reactions.

the aeehanism by which alkali aggregate reaction

causes the expansion and cracking of concrete was first
reported by Hansen (1944), His hypothesis Is based on the
reaction of alkali hydroxides in cement with opaline silica
in the aggregate. He assumed that the reaction product of
alkalies and reactive aggregate exists in the form of an

aqueous alkali silicate, the ions of which are incaoable of
diffusing through the hardened cement paste, which In turn.

acts as a semi-oermeable membrane a«d confines the reaction

product to its sit® of formation. This results in the
development of osmotic pressures of considerable magnitude

and thus tending a disruption of the cement paste, which

ultimately leads to the development of cracks in the concrete

mass. Later this hypothesis of Hansen has been supported by

Mc, Connell (1947), Kalousek (1944) and Parsons and Insley (1948).

However, Jones (1952) observed that osmosis • .does olay a

part", but it functions in exerting pressures only to the

reacting ©articles, uhieh are comnl^tely engulfed in a reactive

fluid and there is no escpae for the alkali silicate gel irto

the surrounding open pores ©f the mortar,

Vivian (1950) believes that opal particles, on reacting

with alkalies, absorb water from the surrounding cement and

the swelling that ensures in the process of gel formation
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produces and exerts pressures, which cause expansion and cracking

of the concrete. Later, Brown (1955), Pike and Hubbard (1958)

and even Idorn (1962) also confirmed this view. Moreover,

Powers and Steinour (1955) believe that swelling nressures are

adequate to disrupt concrete vhieh could also be ©reduced by

gel, if it was of unlimited swelling tyoe. They indicated

that under certain conditions, swelling pressures may bo

similar to Ojsmotle pressures as discussed by Hansen (1944),

while under some oth^r conditions it may act as a directed

pressure produced due to swelling of the reactive particles.

A review of the investigations to date indicates that

the problem has mostly b**m studied from the chemical and

engineering view noirts and the very nature of the rook

aggregate and their ©©tiogfephts characters either have not

been considered at all or have been attended so far to a United

extent only. Thug, these studies have resulted to a broad

conclusion that the rocks containtug reactive minerals like

opal, chalcedony, chert and volcanic gleet— when used with

Portland or high alkali cement produce alkali aggregate

reactions. To fpftarfa these ideas and the phenomena of alkali

reactions, various theories, particularly the "Osmotle pressure

theory1*, the "gel theory* have been put forward by eminent

chemists like Fansen (1944) Vivian (1950) and Powers nv&

Stelnours (1955). Though, ttwse views are highly conflicting,

there is a definite general agreement that the existence of

a reactive mineral in the aggregate Is one of the orlme factors

of deterioration In the concrete masses.
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As a result of large scale construction in recent

times in these countries and the studies on th© aggregates,

a good amount of data is available on aggregates and their

susceptibility tofcalkall aggregate reactions.

On the other hand, inspite of major constructions,

almost nothing is known of the vulnerability to an attack

by cement alkalies of the rocks or their aggregates from

various geological formations in India. Th© alkali contents

of Indian cements vary widey between 0,40 to 1 percent

(Bawa * Jagus-1958). Though the maximum content Is

comparatively lower than in some other countries, still it

has been observed that a few of the recently constructed

engineering structures seem to have failed due to alkali

aggregate reactions.

Pfitrogmnhv and alkali argreratc reaction*

Little work has been done so far on the susceptibility

to alkali aggregate reactions of granites and other

crystalline rock masses including gneisses, chamockites,
quartsites, and ee©n on sandstones, whi$h are considered

physically sound and are frequently used for concrete

mixtures. A« Indicated earlier a few research workers In

H.S.A. and Australia have mentioned that some granites and
quart«ites could also be susceptible to alkali aggregate

reactions but no satisfactory explanations have been

suggested so far. Vfoatever explanations are available, all
attribute the cement alkali aggregate reactions, to the
presence of glassy matter and certain unstable forms of

silica (.e.g. opal, chalcedony etc.) in the volcanic rocks
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and the osmotic pressures which are reported to result in the

formation of gels. However, Miolen* and Brown (1958) remarked

that the petrographie character of a rock could also b© a factor

for the initiation of alkali aggregate reactions. The study of

textures, the mineral constituents of the rocks and the primary

or secondary features oresent in the individual minerals lead to

conclude that the supposed less susceptible and innocuous rocks

are also liable to deleterious reactions. It is also concluded

that a petrographie evaluation can contribute in Importat ways

towards the proper selection of concrete aggregates in a country

like India, irhere rock aggregates obtained from different

stratiagraohleal ho»i*ons and formations are used in engineering

structures with any cement manufactured from limestone of

different (stratigraphlc horizons). In addition to these two

factors the different types of water sometimes with variable

compositions and oH, are also used for the erection of the

concrete masses, which in turn are also exoosed to varied and

extreme climatic conditions.

Prom the oresent studies it would be seen that the cement

alkali aggregate type of reactions could also be due to the

rainerologlc and petrographie features of the rocks in which

the commonly accepted susceptible forms of silica are absent.

This again leads that petrography can find wider and diversified

applications in concrete technology*

X4H T-Tork,s MJJBn BMKMs©4i fcflML
Auden (1950) while discussing the alkali aggregate

reactions in Parkar dam observed H.....so far as is known, no

research has been done on this problem in India, doubtless

because concretes in Important structures have not been subjected
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to swelling and cracking. Over many parts of the north, east

and south India, the aggregates are probably non~re active, but

this supposition may require qualification after research has

been done on concretes found on detailed enquiry to be unsound.

There is, however, occasion for much research to be done on the

basalts of the Deecan traps which contain chalcodonic silica in

th© form of agates, celadonite, palagonlte, glass and zeolites.*

Though not so common, small scale failures due to alkali

aggregate reaction have been observed in a few concrete

structures in South India narticularly sineo the year 1961, In

these cases the rocks used as aggregates are the Khondalites,

Silllmanite gneiss and quart*ites of the Dharwar formations.

Of these, the reaction© with cement have mainly been noted with

the quart*ltes, which were later found to be highly sheared.

Deterioration of concrete structures of the A.C.C,

cement works at Hohri in Pakistan was also reported in I960 by

P.J.Jagus of the Concrete Association of 1 ndia. In this case

th© aggregates used are reported to be from a cherty rock.

In light of the above and a major number of concrete

structures already comol^ted or under construction in the country,

a systematic study of the aggregates and a comparison of the

important Indian rock formations for aggregate manufacture

appear to be of prim© imncrtanee for future development works.

Alas anft PtttoQfa

It is with these in view that the present studies

have been talter up and the rocks used commonly as aggregates in

engineering structures forms the subject matter of this thesis.

In India most of the concrete structures are being

built in areas oth*»r than volcanic regions. In view of the
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same a survey of the imoortant quexries and rock formations have

been made and is reported in the following pages, along with a

discussion on the effects of alkali aggregate reactions observed

on these rocks. On the basis of this study (concerning mainly

textural and other petrograohic features of the aggregates and

their mortars) certain new characteristics have been noted and an

explanation mainly based on petrographie features of the rock
aggregates and the resultant alkali reactions has been attempted.

It would, therefore, not be out of place if it is stated at this
place itself that the conclusions arrived in this thesis are only

based on the netrograohic observations,

India is a vast country with a variety of rock types,

distinct physiographic features and climates and forms three

distinct divisions namely the Peninsular Block, the Indo-gangetle

plain and the Extra peninsular Begion. Geologically, the peninsula is

somewhat a stable land mass or shield structure and Is chiefly

comoosed of orecambrian formations eoraorlsing of various igneous

and aedimentry types, which have been Intensely deformed and

metamorphosed to various degrees. In somejplaeea these formations

are overlain by younger sediments of Paleozoic and Meso*oic tines,

coal bearing Gondwanas, extensive sheets of volcanic lavas (Deecan

trans) and minor Tertiary sediments narticularly along the coasts.

The Indo Conget1c plain, stretching from west to east for

nearly 2000 kilometers lie© in between the Peninsular shield and the

Himalayan chain. It is formed of an enormous pile of pleistocene

and sub-recent to recent sediments capped by a thick alluvium.

The extra peninsular region is mainly composed of huge

thickness of geosynclinal sediments, of Cambrian to Tertiary

oeriods, which have been intricately folded, faulted and deformed

during the Himalayan orogeny.
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Thus the Peninsular region oflndia with abundant hard and

durable Igneous, sodlmentry and metamorohic rocks e.g. granites,

gneisses, qaart*ites,sand stones, ehamockites, basalts etc. are

the major sources for road and building materials and for concrete

aggregates. On the other hand, there is great uaueity of hard

and suitable rock aggregates in a greater part of the region of

the Indo-Gangetic plains and have to deoend largely on the boulders

and gravel deposits, from the river beds, from the Himalayan

region and the other sources of available aggregates.

ftflfli ft MflttM

Samples of aggregates used commonly in the country for

concrete puruoses were either received through P.!,?.D, or have

been collected from several quarries of the different states.

Informations regarding their names and exact localities etc. of

these quarries have been taken as such, but in a few cases the

correct locations of the quarries could not be obtained and hence

are not mentioned. About a hundred samples were received from

the different organisations and another twenty were collected from

important geological formations located near the developing

centres.

Of these, seventy samples of the required physical

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, ehamockites, and quartsltes since

these are the most common types used and are considered

innocuous so far. Incidentally, almost no information or a very

little data is available on the reactivity of these rocks from India.
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Of the seventy sanroles studied for expansion tests,

thiry samples are found to be moderately to highly reactive

and hence are chosen for a detailed petrographie examination.

Of the others, forty samples are comparatively less reactive

out of which ten have been examined petrographically in detail,

Thougli the merits of chemical tests are generally

thought to be of much less importance as comoared to the mortar

bar tests and the oetrograohi© evaluations, still chemical

tests epd-the ©f sixty samples have also been carried out

according to A.S.T.tf* standards,* Further, megascoolc and

mlcroscooic etch tests on thirty samples with alkaline solutions

have been carried out, but the etch tests do not aopear to be

of any us© unless the aggregates contain opal, chert or

chalcedony in abundance.

In addition, petrograohlc examination of mortars

showing symptoms of reactivity and on thos© with non-reactive

characters have been made on the lines of Idorn (1962).

Following Vivian (1950), tensile strengths of mortars

of aggregates showing high mortar bar expansions were

determined. The tensile strengths have been observed at the

age of 28 days and 90 days in each case.

* A.S.T.M. tests are followed during this study for two reasons:

1) This tynet of study on alkali aggregate reactions is being
attempted for the first time in India and the results need
a comparison with the observations made in foreign countries
like U.S.A. Australia etc.

ii) There is only little difference in the experimental procedures
followed in 4.S.T.M. tests and Indian Standards.
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Based on *• laboratory studies and the observations
„eordea, an attest has been made in Raptor Vto classify the
^active a*> non-«a«tlve aggregates from the aifferert
^logical formations of ft** ^rtlea of «» ""***
seem to be considerably changed due to the effects of
^tsmomhlsm. Sometimes even in small areas the properties are
variable in a single art more or less contimous area, a. th.
intensity or grade of metasorphlsm or the local metamomhle
history may tffeet differently the formations In their lateral
extensions. This fast indicates that the selection of
asprerates la an important factor.

Based on the laboratory studies and the data available
in the literature, the following points are discussed under
different chapters of this thesis.

Chapter II fives a tolef review of the orevlous studies
made on the deterioration of concretes due to alkali aggregate
reaction both due to chemical and petrographie behaviour.

Th, chanter also deals with the factors for cedent
aggregate reaotion as applicable to Irdla regarding the rang.
of alkali content In the Indian cements, proportions of raw
materials used In cement manufacture, water for concrete
mixtures and Irtte climatic conditions as they differ from
other countries.

Third chapter summarises the methods generally
adopted for detecting potential alkali reactivity of
aggregates and those adopted in the present study.

Chapter Fourth details the petograohy of the rocks
observed susceptible to alkali reactions (under this
investigation) 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 correlation between

mortar bar tests, chemical tests, briquette tests and

petrography, A classifications of aggregates based on the *

texture of reactive constituent has been attempted.

In chapter sixth, the nature of the reactive

constituents and their bearing on chemical reactivity with

cement alkalies are discussed.

In the end the chauter seventh gives the summary and

conclusions on the studies reoortecl in the above chapters.
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Apart from the nature ©f aggregates, th© factors

which are nartly considered responsible for harmful alkali

aggregate reactions in concrete masses are. i) Alkali

content of the cement 11) Water used in construction and

111) Climatic condition**

Concrete Is a product- of aggregate, cement and water.

It Is therefor© apparent that th® nropertles ©f any of the

concrete masses will depend ©is those three ©ssential

constituents. Hence in addition to th© minerals ©f th©

aggregate, there may b« certain constituents in t&e mixing

waters also which would react with the cement compounds

and thereby affeet the qualities of the past© and the

durability of engineering structures. Of these constituents,

presence of eve* 0.2$ sulphates in th© water may caus©

d©terl©ration of concrete to a considerable extent*

Similarly th© carbonates, more than 0.5$ In th© waters may

be responsible for a degeneration of the concrete mass by

a©«©l©rating ©arbonation of calcium or calcium hydroxide,

fermed during hydration ©f th© portland e©ment* Th© ©ff©ct

of ehl©rides Is similar t© sulphates and is particularly

harmful in rainforced concretes#

Th© mechanism of the sulphate reaction has been

discussed by Bogue etal (1955), who attributed these effects

to two important but general causes, (i) additional products

mew be formed through a direct chemical combination of the

constituents in the cement with ions provided by salt



solutions, renltlng in a larg© volume incrsas© and ©ons«quent

damage to concrete structures, (11) when portlard cement nastes

ar© brought to contact with sulphat© b©aring waters, the later

reacts with the calcium aluraln&t© and/or th© calcium hydroxid©

in the cement past© to form calcium «mlfo*aluralnat©. The later

pmiinomenon is very detrimental f©r th© marin© e©ner©te structures.

Aggregates,- There ar© thro© possible causes ^int make ©©are©

or fin© aggregates chemically deleterious, it may contafc

soluble sulphates life© gypsum and alunite, which are easily

soluble In th© mixing water and t!m© may casus© damage du© t©

sulphate reactions. Secondly, pyrite, if present in apnreciabl©

oji»Btities in th© aggregate, would react with calcium hydroxide

of cement and result In the local disintegration and staining

of eoneret©. Thirdly, certain silicious constituents in the

coarse ;**# fin© aggregates may react with cement alkalies,

and give ris© t© certain swelling tyn© of gels which may b©

r©sponsibl© f©r deterioration and era©kfng in the eoneret©

masses. The nhonomenon is technically termed as "Alkali

aggregate reactions* and has been wid«ly reported from many

developed countries.

It is common knowledge that 'wfch the hydration of th©

Portland cement, Its alkali constituent© are dissolved slowly

and their eomplet© solution Is reportod t© occur within ©n©

to three months tim©, when these alkalies appear as sodium

and potassium hydroxide and are thon free t© attack the active

aggregates present In the concrete mixtures*- During this

pre©*s© other reaction© may also occur, ©f which the attack by

alkalies In eement, on. stlloltms. minerals In the aggregate may

also be caused. Cryntoerystallin© ©r amorphous silica, such as



flint, chert, chalcedony, ©pal, volcanic glas*f palagonite, ar©

the chief minerals which are definitely known as deleterious

constituents to chemical reactivity with cement alkalies, Very

little is known of th© del©t©rlous reactivity of minerals life©

quart* with alkalies in cement.

On© principal damaging aspeet ©f thes© reactions Is th©

t©ndan©y ©f th© nroduet to ©well enormously and sause distress

and cracking in th© concrete mass. The characteristic features

in most of the concrete structures, failing due to alkali

aggregate reactions ar© a raadcei creaking and whitish exudations

observed on the surface of t3i© masses. The rate of deterioration

b© slow or fast depending on tl» d©gree ©f reaction.

Oewenal Theories em Alakali Aaarotrnt© factions

A© noted earlier the phenomenon was first renorted by

Stanton In the year 1940 and from that time many Instances of

failure of pavements, buildings, dams and bridge structures

have been renorted fr©m various parts of U.S.A. To nam© © f©wf

d©terioration of concrete structures in the Parkar dam (1941),

Buck hydroelectric project and the failure of eoneret© pavements

in Nebraska ©re notable. Similar deterioration of concrete in

building structures, bridges etc* has also been r©e©rted from

Denmark, Australia and Canada* As a result of these failure©

involving several million dollars, attention has been paid both

by the chemists and engineers in thes© countries to this problem

and various possible theories mainly based on chemical studies hav©

been advanced*
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Slnee the publication of Starters original findings

in 1940, a ©umber of similarly affected concrete structures

were also studied In detail with regard to the source of

aggregates and alkali contents of the cements used. These

studies have lad to the conclusion that the reactions in most

eases have resulted due to the high alkali cements. As ©

result of these studies, the Bureau of Reclamation U.S.A.,

in 1^40, iamosed a general limit of 0.G0 oereent Wa^O

or a total alkali content in cements to 0.50 percent, in

areas where reactive aggregates are likely to be used in

important concrete structures.

In 1943 studies of Hanna made it clear that a

restriction of the alkali content in the cement was not a

safe measure of avoiding alkali aggregate reaction, since

reactions were observed occurring sometimes even with low

alkali cements. However, cases were also cited where

deterioration in concrete took place ever* after the

low alkali cements, e.g. In bridge structures at Seandia and

Concordia in Kansas State. Similar instances were also

reported from Iowa and Missouri in Central United States.

Studies by Donald Woolf(19S2) also sunoorted these observations.

Kalousek in 1944, based on chemical analyses of gels

found in tfce voids in concretes affected by alkali aggregate

reactions, demonstrated that, with an alkali concentration of

0.2 gram of WagO per litre the composition of the gel was?

0.003 ^agO; s,o Ca 0 « 1.0 SiCg x r2o. But when the alkali

concentration was raised to 20 grams of Fag 0 per litre the

composition of the gel had a ratio of

0.25 Fs^O s 1,0 CaO t 1.0 S102 x Hg 0



H© therefore concluded that higher molar concentration of

*&3p imnarts a swelling characteristics to the gel.

Hansen (1944) in his osmotic pressure theory eonsid©red that the

opaline silica in the reaetive aggregate reacts with alkali

hydroxides (released during the hydration of cement paste) and

forms alkali silicatos. Hansen assumed that th© reaction

product is an aqueous sodium sill©ate and suggested that the

cement paste surrounding the nartieles of the reactive aggregate

sets a© a eesJUpantaalft© membrane through which diffussion of

the alkali solutions awl water In the reaction «on« takes

place with restricted exist of the alkali silicate i.e* the

reaction product, *rom this It Is evld©nt that his th©ory is

entirely based on th© assumption that the reaction product is

an aqueous sodium silicate and sine© it is confined to its site

of formation, it is controlled by the fluid pressures and the

effects of osmotic pressure which Is sufficient to produce

cracking and expansion ©f the concrete.

Me C©nn©l simortcd (1947) the osmosis theory of Hanson

through his laboratory experi.mcnts on sodium silicate solutions

and concluded that the osmotic pressures exerted by the sodium

silioate solutions in eoneret• masses could be as high as

880 Ih/sq* which would easily disrupt «ie concrete. The
tenabillty of this theory warn farther examined by T^rm"**
and Insley (1948), who carried out tests with opal embedded in
a high alkali «*«©*** According to *m th© mineral opal first
•wells and liquifies, due to reaction with cement alkalies ana
th© reaotion product fills the surrounding pores and forms a

aeml-pormeabl© «-*rane * • «* *** dm* ** P*m%t *f*-t
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escape of th© liquid. The osmotic nressures so developed

caus© ultimate ©racking and distress of concretes and mortars.

Vivian (1950), rejected th© Osmotic pressure theory and

explained the reactions with his ttgel theory" and attributed

the expansion of concrete to th© direct swelling in the solid

reactive particles, during taction. Through his experimental

studies he demonstrated that a solid sodium silicate eomnlex

with a tendency to iubib© water Cor cement past© solution) is

capable ef expansion and an increase in volume by about 130

percent. He further explained that as the reaction nroduct Is

confined by a eonearatively rigid ©©went east©. Th© tendency

©f the reaction product to swell excesslvsly, ultimately creates

Internal pressures within th®_ concrete. ^h©n thee© pressures

are of sufficient magnitude and exceed the tensile strength

of the surrounding eem©nt paste, ©reeking and expansion of

concrete would occur. H© also demonstrated that th© reaction

is aecelcrated with the rls© in temperatures in concretes. The

detrimental effects of this reaction in a concrete mass largely

depend on a combination of factors such as (1) availability of

alkali and solution, (11) nature, si*© and distribution of

reaetive constituents and (ill) the temperature of the concrete.

According to Vivian, the penetration of opal bearing rocks by

calcium hydroxide in ttie cement matrix is much less as eoBiear«d

t© the sodium or pottasslum hydroxides due to Its low«r

solubility in water. He further donsidersd that the reaction

of calcium hydroxid© with opalin© silica, would give rise to

calcium silicate, a product, which possesses little pow*r to

absorb watsr and swell. In his opinion 1*© formation of su©h

a reaction nroduet does not seem t© eau»© ©r Irenes*© mortar

expansion.



«*20"»

Lat©r in 1952, from a study of the available data, Jones
concluded that ©smosis does olay a part in ©©using disruption of

concretes du* to alkali aggregate reaotion* However, in hi©

onlnion it functions 1© ©xerting pressure conditions only in

particular cases when the reacting partlel© is comnloteiy ©nclosed
and there is n© ©seap© fbr th© alkali silicate gel into the

surrounding open ©ores of $te mortar*

Verbcek and Oremlieh (1983) emphaei*©d that the reactive

silielous aggregates may five rise in concretes ©lth©r to non-

detrimental ealeium silicates or to detrimental alkali silicates,

depending on the absence or t>res©rc©| restvectively, ©f e©rtaln

concentrations of alkali ions in the cement. "tr their opinion,

all gradations of reaction occur, producing various products and

various offsets* Th© alkali silieat© may appear as solid, gel

or solution but all of those have th© common ability to imbibe

water, increas© in volum© and onus© expansion. In the cas© ©f

the solid or gel products, this property is reflected as a swelling

tendancy and in the case of th© liquid solutions as osmotic

pressure tendancy, but fundamentally they are similar."

Fewer * Steinours (19S5) based on the laboratory data

©f several earlier workers including Kalousek, Hansen, Vivian and

others, discussed the problom of alkali aggragate reactions on th©

principle of ehemieal reactivity and -cut forward the idea of

"safe ard unsafe* alkali aggregate reaction©.

**Ho©t r©aetiv© reeks ar© amorphous ©r contain amorphous

constituents. Th© amorphous constituent may be a condensed g«l ©r

it may b© vitreous. Both the gel and th© vitreous states of silica

ar© eharacteri«©d by discontinuities in structure, Silicon and

©xygen atoms are exposed at all surfaces, and at discontinuities*

The exposed atoms do not have their chomieal v©l«ncies fully
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satisfied within the solid. This leads to ehemieal absorntlom

of water and t© surface reaction with ©austic alkalies by both

silica gel and vitreous silica. Caustic alkali when sufficiently

concentrated breaks silicon-oxygen linkages and thus extends its

range of reaction* The elroumetare©© of the attack may leave th©

solid still on© connected mass, or the action may continue until a

sol is produced, or until a solution remains. The ratio of alkali

to silica in th© produet increases as the attack progresses.

The produet i« an alkali silica cornelex. •

On th© basis of th© direct evidence f©r both solid swelling

pressures, and fluid osmotle pressures, they have als© attempted to

reconcile th© conflicting views of Vivian and Hanson. They further

suggest that a solid reaction nroduct may be converted to a liquid

reaction nroduet through a ©ontiruing reaotion with alkalias and by

imbibition of wator, and both thes© phenomena are capable of

nreduoing pressures* However, they conclude, that the most

damaging and distressing reaction products ar© of the solid state,

Plk© etal (1985) observed that the expansive forces

responsible for alkali aggregate reaction are initiated by ion

©xehang© between th© free water and th© sodium in cements, and

on the otfoer hand th© reactive aggregate* to a result of this

the eomoonents necessary for the formation of a hydrated sodium

silioat© eomnlex in greater volume are broui&t about In the

reacting mass* Continued ©veiling of the reaction eroduet ©ay

then b© caused by the ©emotie action of the cement past© and

due t© imbibition of water in eoncr©t©s*

Lat©r in 1963, Pike and Hubbard, using th© interferomatrie

techniques ©©neluding that the (1) eaieium hydrexid© in eement

has an Inhibiting effect on alkali aggrsgate reactions (ii) 0pal

can swell in the absence ©f any cement membran© due to reaction



<*29*»

with sodium hydrpxid©, (ill) Aggregates are more ranidly attacked

in settling cement sludge than in aqueous extracts from th© same

cftment a© the ©H of the sludge is higher than that of the aqueous
extracts•

•?PrtrPfTyMc .Studies on Coraratu Aggram^*"

In 1940 Stanton, while discussing the famous "Bradley
©avement failure" reported that the distress in the concrete

©avements, north of the town of Bradley in California was due to
the chemical interaction between the ©nalin© silica of th© fin©
aggregate* and the cement alkali©©.

He introduced the term "Pessimum ratio" suggesting thereby
that the reaction defends on th© ratio of the nereentage of alkali
in cement t© the nereentage of opal in the aggregate. If the ratio
Is more ©r l©ss than unity©xpansion will not occur. However, in
actual praetie© many difficulties cropped up and it was almost
Impossible to apply th© techniqfu© in natural aggregates as there
ar© many other reactive constituents of differert minerological
characters or of reactivity.

After th© publication of ctanton'e original finding© a
number of similarly affected failur© as in Parkar dam, (1941) Buck
hydroelectric plant (1941) were investigated and report©© by various
worker©. (Melssner, Tuthill ^ ethers). Seen after the ©©llaps©
©f Buck hydroelectric nrojeet to*** Berk> (1941) for the first
time thought of the problem purely from a geological angle. According
to him "Concrete is essentially an artificial rock. Both in its
outer and in its internal form it resembles a eonglomerat©." He
further n©ted, "it's final stages of transformation from a physic©.
oh©«ieal system ef water, cement and aggregate t© a p-trographi©
product of hardened concrete remind one ©f certain well known ©nd
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stag© changes that commonly take plac© in th© forming of igneous

reeks." To th© excess alkalies h© compared these as similar

to th© "Surplus mineraii*©r8 to minerals in natural rock", and

th© attack of alkalies on aggregate© has been described as "A

rover causing progressive disintegration by reacting destructively

with th© aggragat©*"

Weissn©r etal (1941) mad© a detailed petrographie study

of the phyllit© aggregates, considered responsible for the

failure ©f Buck hydroelectric project due to alkali aggregate

reactions and observed that th© phyllit© did not contain any

opal or gel silica but contained certain amount of mlorocrystalline

quart*. Almost simultaneously In 1941 and later in 1942 Tr©mn©r

reported sever© deterioration in concrete pavements and In some

bridges due to alkali aggregate reactions, in th© vicinity of

Spokan© (Washington). A Petrographie examination of th© fin©

aggregates and the rock© revealed of an abundance ©f chert

in fin© aggregate and glass In andesites.

Pareon© and Inslay (1944), on the basis of alkali etoh

tests with strong sodium hydroxid© solutions on different rocks

and minerals, obsorved that only ebert, chalcedony, ©pal and

volcanic glass show noticeable reaction.

Laboratory studies conducted by Carlson ©tal (1944)

indicate that many rock typos are susceptible to alkali aggregate

reaction. Their studies on mortar bar ©xpansion tests revealed

of deleterious expansions with certain andesites, phyllite. slat©,
graywaek©, weathered granite and even a fresh granite. However

n© detailed p©trographio analyses of thes© rocks or the aieroseonle

features have been reported*

Lat©r, Alderman (1946) reported alkali aggregates reactions

in a few concrete structures from South Australia, with opaline rocks
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and remarked that dacomoosed felspar could also b© susceptible

to alkali-aggregate reactions.

In th© Si©rra Hevada region of Southern California

many concrete structures were built using granodi©rite as an

aggregate. In (1946) Chadwlek reported certain surfae©

deteriorations in some of thes© structures. Though for over a

period of twenty year© efforts vara mad© t© determine the

cause of this deterioration thes© did not loading to any elu©*

However, on th© discovery of the phenomenon of alkali-argregate

reaction, thes© structure© were re-examined for evidence of

such a reaction and a f©w probable examples were notieed, though

th© reaetive constituents could not be identified and established.

Deterioration due to alkali-aggregate reaction in som©

of the railroad structures, built during the period 1901 to 1929

in Indiana, Kentucky, Ohio, and Tenesse states (U.n.ft.) have

also b^en reported by Porter and Oilllmore (1982). A concrete

wall, 30 fe©t high and several hundred feet long, built in 1901

for protecting ttie railway ©moanfcment from erosion due to water

in th© stream-bad. showed excessive ©racking, spelling and

popouts. According to th© above authors, the detail©©*

examination indicated conclusively that the deterioration was

caused by alkali aggregate reaction due to chalcedeny particles

in the aggregates chiefly mad© up of quart©it© and ehal©©d©ni©

limestone. Distinct reaction rims of silica gel were also

observed on ©very particl© of chalcedony. Similar Incidences

of reaction with chalcodonic partielas war© not«d in oth©r

structures also, though th© deterioration ©f concrete material

varied from slight to moderate and in a few cases the concr»t©

was found in good condition. .
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.Tones (1983),

has reported a few Instances in Oraat Britain wh©re th© failur©

of concrete structures has been attributed to alkali aggregate

reaction. In Great Britain the first structure, in whieh the

failure was later traced to alkali aggregat© reaction was th©

King city bridg© built in 1919*90 over ttie Salin a* river. Later

another failure was also observed by him in a bridg© ©n Santa

Clara river and the auspectad aggregate wa© found to be a eherty

shal©.

Alkali aggregat© reaction with mctamorphie quart*ita hag

b©«n reported by Brown (1955) in a few walls and bridg© piere

in th© Los Angeles Island area ?«*•*© In thes© eases also

distinct reaction rims were found developed around th© quart*it©

aggregate. Detailed petrographie examination ©f the rook by

Wi©len* (19S&.S?) indicated that It Is made up, mostly, of th*
ecarsaly crystalline, highly stralred, granulated and fractur©©!

quart-. In the abs©ne© of opal, chalcedony, glass or fin©

silielous gels in the rock, the deterioration had been ascribed

to the reactions with this nredominantly strained quart* in the
aggregate.

Svensen (199) reported deterioration due to alkali

aggregat© rsaetion in a major concrete bridge called the

"Canadian BHdg©" in ©astern Canada* In this case, the
aggregates used were the phyllit and sandstone. Her© also

distinct reaction rims were observed with whitish encrustation*

on the aggregate surface and the alkali-silica gel filled the velds.
B©t©rioration due to alkali aggregate reaction ha* been

renorted by Tdorn (1961,^2) in a number of bridge, railmoad and

marine structures in Denmark. Though in some of the coastal

are©* chemical attack by sea water ha* also been regarded a*
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cause of deterioration of concrete masses. In th©*© cases, th©

aggregates associated with th© alkali aggregate reaction th©

chalcodonic flint, which at times contain opaline silica.

Based ©n studies of thin sections, prepared from the deteriorated

mortars and aggregates, he has civon a useful and quick

©etrogranhie method to the study of the problem of alkali

aggregat© reaction and its mechanism.

Concrete distress attributable to ©xpansiv© carbonate racks

in the vicinity of Kingston, Ontario, In Canada have been studied

by Swenson * Oilliot (1961). They observed that the first sign

of the reaction is a rapid expansion of the concrete with

attendant cracking. Cn th© basis of laboratory studies, they
have shown that th© poor performance ©f certain Kingston concretes

could be due to alkali-carbonate reaction particularly where

dolomitle limestones ar© ueed as aggregate. Apetrographie

•xeatination of th© rocks showed that th©y were argillaceous

dolomitle limestones and did not contain any opal or chert.

Almost simultaneously Hadlay (1961), ©bsorwed that although the

great majority of dolomitle aggregates give ©xc©llent service

in concretes, still certain fir© grained argillaceous dolomitle

aggregates may rive ri«© to deleterious effeets though they may

not show any appreciable expansions in mortar bar tosts or th©

reactivity with chemical tests. On th© basis of these results he

has ©atagorl*od such rocks into two groups, 1) locks in which the

carbonate skeleton has sufficient strength to resist the exnansiv©

forces due to dedolomitl^ation. 11) Reactive Hocks or the rocks

with awreeiabXe ©xpanslon i.e. in which for©©* are sufficiently
strong to overcome the restraint imposed by carbonates of the

aggregate. He explained the reaction a*
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Ca Wg (Co^g* 2 HeH a M^Cog* Kg (oH)s 4.CaC©g
where H • fa or K*

Since the ph©nomenon is not explained fully, much remains to be

known of the exact mechanism of these expansion in these roeks.

Very recently in 1961-82. feeble alkali aggregate reaction

with qaartwlte has been reported from certain cement factory

in South India, where the foundations of som© structures built in

193?~39 got deteriorated. Thes© were buUt with a lew alkali

cement (0.38#) and the ©oars© aggregate consisted of rocks Ilk©

khondalite, silllmanlte gneiss and ©uart*lte©, oceurring elos© t©

the works. The deterioration was usually marked with cracks,
corrosion of reinforcement and spalling of the concrete mass. The

laboratory tests showed that th© khondalite and silllmanlte gneiss
are innocuous while the quart*it@ showed expansion upto 0.088*

in six norths* time, indicating deleterious expansions. A

petrographie examination of the quart*it© pieces from eoneret©

masses with reaction rims showed that it is rich in internally

fractured, strongly undulos©, strained and sheared quart*, with
altered felspar and mieroelln© as minor constituents. Th© chemical

tests also indicated of a high silica release. Th© ehemieal

analyse© of water available in th© ar©a shewed that it had O.Sl*

©f ©hlerid© as ft, an3 0.0P5f of sulphates as Sogt *fcfc himem
to be within the specified limits*

Failure due to alkali aggr©gat© reaction accompanied by
pattern cracking in som© of th© bridge structures in Georgia and
Alabama built in 1947-48 have been reported by Oleson (1969)* In
this case the aggregate is a granite used with a high alkali cement
(Alkali content varying from 0.93 to 1*033). However, no detailed
petrographie studies regarding thes® ar© avallabl©*



Hop«r * Sfiin (1960,64) have described deterioration in

some of the eoneret© structures in South Africa aeeempanied by

expansion ami emacklng of concrete. The aggregates used Include

weathered dolerlt© and a sandstone. In thes© eases -no indication

of alkali reaction acocopanied by reaction rims around the

aggregate, or infillings of alkali silica gel in voids have been

reported, while the deterioration has boon attributed t© th©

shrinkage characteristics of th© aggregates. The petrographie

examination of the sandstone further revealed that the rock used

is composed of subangular quart© grains and s®rlciti*ed felspars

set in a matrix of finer materials of Motite, muscovit®, ehlorit©,

©al©it© and *©ollte, while th© weathered dolerite contained

montmorrillonit© in eonsiderabl© quantlti«s*

In 1964, a review of the problem mad© by the Water Way©

Experiment Station, Mississippi, indicated that the petrographie

features ©f the alkali reaetiv© rooks and minerals need a

eonsldarabl© attention and eomoluM that th© constituents of th©

aggregat© as considered to react deleterlously with minor alkalies

of th© portland cement ar©fopal, natural glass, trldymite,

eristobalite and chalcedony. It has also been remarked that the

important eomraon characteristics of all these constituents Is the

prasenc© of therraodynamieally m©ta*tahl© silica.

Ingham * Dunl Kowska (1966), reported disintegration of

concrete pavements due to alkali aggregat© reaction in parts of

Southwestern Ontario, Canada, and the disintegration has be©n

attributed to the use of chert* A petrographie examination of the

cherts indicated essentially the presence of mioro to erypt©erystallin<

quart* and minor amounts of ©aleito and dolomite.



Heview on ray naterlala in cement, marufactum

ffeletarloua Constituents of Canegtgt The term "Alkalies" as used

In the cement industry refers to the oxides of sodium and potassium

which may b© derived from the impurities pr©s©nt in the limestones

©r ©lays us©d in th© manufacture of cement, ,4s has bean noted in

earlier pages the presence of these alkalies even in minor quantities is

generally considered objectionable due to th©ir tendency to react

with th© aggregate and give rls© to silica "gels" which may cause

deterioration and disruption of the concrete mass*

Though there is no direct evidence available in the literature

on th© sourc© of alkali©© in cement it can safely b© assumed that

these may be derived from certain mineral constituents used in

e«m©nt manafaetur© ©,g« th© limestone® or the shales or the clays.

^vy recently Martin and Gibson (19SG) argued that th© most

iiaportant source ©f alkalies in eenent Is ttis felspar in the

limestone, which occurs as an authigenie mineral in som© ©f th©

limestones* Sericite and illlt© also occurs as fin© detrital

grains in the limestones or shales and are considered as source

of alkalies* In addition, coal ash which is sometimes used in

cement manufacture may also contribute towards alkalies in cement*

(A sample of coal ash studied by Antonio** Cement Corporation was

found to contain 10$ alkali© Gibson (1966)* Thus It can b© seen

that the source of alkalies In cement may be from the raw materials

or even from the fuels. Moreover, It can be stated, here that these

additions may b© unavoldabl© even If th© raw materials ar©

petrol©gieally examined and selected* Of cours© such a selection is

not ©asy nor ©©onomleal in the manufacture of ceiaent* According to

L©a (1965) *Tt is doubtful whether • commercial cement has ever
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be©n mad© that did not contain alkalies". i*urth©r it is common

knowledge that the low kiln temperatures In th© manufaetur© ©f

cement may also be responsible for a high alkali content in the

cement since th® felspar or other alkali rich constituent remain

unchanged.

The problem of alkali contents in cements is somewhat serious

In most of the developed countries. In U.S.A. a number of cement

factories war© found to produce high alkali cements ©-*©© upto 1,S0#,

which caused serious danag© to «©m© of th© major eoneret© structures

in V©t©*© However, deterioration due to alkali aggregat© reaction

has also ©eon reported ©van with low alkali cements • (Hanna, 1943),

A systematic study of alkali contents of Indian cements wa©

first made by Jagus and Bawa (1988). As a result of this study th©

problem of alkali aggregate reaotion gathered momentum in this

country. Being the '"parkin ©Imer flam© Photometer" (A.S.T.M*

Standard SPS*49T) analysis wa* conducted, Th© analysed 96 cement

samples from 86 different eement plants. The data s© obtained ar©

very useful and rive a g©mral picture about the alkali content of

Indian ©ements*

The following table rives an idea about the variation of alkali

eontent in cements manufactured and used in India*

mi i

Alkali content p^reent np# of cement factories.
(f»20 ©qulvalent)

1* Below 0.40 6

S* 0.40 to 0.60 f

3* 0,60 to 0.S0 8

4* 0.80 to 1.00 6

S, Above 1,00 pll



Prom the above it is clear that th© mlmtaom and maximum total

alkali content in Indian cements varies between 0*15 to 0*99^* A

comparison of the variations observed in th© alkali contents in th©

Indian cements with those observed in some other countries is

presented below*

India Britain Australia 0*"*&*

0*l8to 0*^0 to
1.00* 1.30<
(Japus and (Jones-*
Bew*»193B) 19S3)

Thus it can be soon that the average alkali content in Indian

©«m©nts is not a© high a* tho*© fjraw Sritian, H.s.A* Australia and Banaark*

Tabl© (2) gives an idea ©f th© chemical composition ©f the llm«*

stones and clays used in som© of the malor ©em©nt factories in India*

On the basis of the above analyses it is observed that only

when the MUealftftml percentage in a limeston© Is legs than 10$,an

addition of clay Is ©ssential on an average of 0.15 ton of clay In

on© ton of cement* This may account for a generally lover alkali

content in th© Indian cements as warn-Mmd to- thos© 0*6• A* wh©r® according

to Martin and 6ib*om (1966) th© limestones used for cement manufacture

are highly argillaceous.

However, it Is unfortunate to note that the analysis of th© clay

©r the ilm«3ton© used In cement manufacture does not renort of th©

alkali content.

0*40 to 0*90 to 0*38 to
1*^8$ 1,50* 1.30#
(Vivian* (Lerotw (Idorn-

1S60) 19?59) 1961)

It's basic function for concrete is to react with cement to form

a binding paste which by penetrating Into th© aggregate brings them lnte

elos© adhesion* Th© amount of water to be added to concrete has to b©

decided ymv? carefully. The water cement ratio varies with th©

cement used, Sometimes too little a Met** results in dry eoneret©

and too much water produces a weak cement past© due t© excess of voids
in the concrete mass*
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1) Owalior Cement Work© 4"»*6- 10.16 Only limestone 1© &
msor, Owalior !?»6

S) Oaha Cement Werfcs
Bwarka, Kathiawar

Sl*« P»8 1P.0 fi*

j 3) Khalari Cedent '-Jerks, 43*7 16*0
%alarl( Bihar)

- S1Q|»S.3
U^0g»39f0

34,6

>

4) 'Cistna Cement vorks, • 2B«3* 11*39 Only limaston© is
Mangalglri, 48.1 used*
Vlfajyaweda

8) c,p,c«ment Works*. 49*6
!**sor©f *ukmhlf

6) LaSSjeri ©ement Work©, 44,3
LaWfieri, Ba|asthan.

f} Cdmbator© Cement War-lay,
M©duraf*3*Bly. 4%7
Madras State*

S) Porbandar oement Work*
Por^andar (f^thiawar) Si*9

7*7 60*0 IS*? 6*6

15*4 Only 1 teeston© I©
used.

i^*a 4t*s seua 11*7

3*2 41*9 16,9
S©nd

$3*$ 16*9

4*7

4*?

9) Shahbad Cement Work*, 47*3 <**9 83*2
Shahbad, (Mysore tat®)

6*9

' ''"(^©©©ndra Cement Work*.
Buralpuag (H»i**) 81*2 6.2 90*4 10.3 4*6

'" * th© ^V|g^,M.P j^s W ~P/*e e^4^Melllfreml^^lHeo,io^eal ^my
of India, Mamoir by H.%Mehta* <w ^

. r w .^
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ftttfilltr gf„ k*slMfcV **» potentially aggressive constituents of

water with respect to eoneret© are th© sulphates, chlorides,
carbonates, bicarbonates of alkali metals ( *© or %} and magr«*i©m.
Many workers like Bogus 0988), Lereh (1966), Mather (1967),
Tremper (1967), workers from U.S.Bureau of fteelamatior (1953).
William Kenning (1966) and other* agre© that any ©f the above

constituents if present in water for concrete purposes, above
©©rtain limits is harmful and may caus© alkali aggregat*
fraction In a eoneret® mas®.

According to Bogu© and Lereh (1965) the sodium and magnesium
sulphates in water react with the cement to giv© ris© to sodium or

magnesium silicate hydrates which swell and caus© ©xpansion of
mortar and concrete*

Mather (1957) observed that th© rate of earbonation of ©ement
paste is accelerated due to a hlgli percentage ©f carbonate and
Mearbonates in mixing water.

It has generally h*»©n argued by most of th© research
w©rk©rs that strongly alkalln© *©a wat©r may caus© alkali

aggregate reactions by releasing sodium or pottaslua ion*.

Chlorid©s in wat©r ar® known t© be harmful as regards their
corroding offset on steel in reinforced conerotes*

It has fcenerally been observed that the water used for
concrete containing mm® than ,06* sulphates or 0*1* chlorides
is likely to b© harmful, and nay cause th® reactions as described
above*

Q.imtrft m• rn^<r> m mm wmmm is***©*©wi
It ha© been obs©rv®d in the xlaboratory studies conducted by

atanton (1941) Vivian (1980) end others that high temperature
accelerates the alkali aggregate reaction*, Thar© is a general



arreement among most of th© research worker© that hot and humid

conditions ar© favourable for th© concrete deterioration.

A r©vlew of the average mean temperatures and rainfall in

India and other ©©entries, like U.c.A., Australia, Denmark and

Treat Britain show that th© mean temperatures recorded In

Indiaare about SO*?. On the other hand tdbe mean temoeratur©©

in f«6**©i Denmark, etc. are about 55*F to 60*?*

Stedies mad© on temneratures in eoneret© pavements in

different parts of th© country by Cohosh and Krtshnamaehari

(1967-»«B) indicate that th© moan surface temperatures in concrete

pavements in India varios from about 190* to 13o*F. as ©cmpar«d

to 70* to 100*!\ in teHsiej Denmark and threat Britain*

This indicates that th© studies on mortars far alkali

aggregat© reactions in India need to be made at 130*F,
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CHAPTER III

jHMBeag** WHUM

A, ymriew of the methods used for testing potential
5553 reactivity of firgremrtflff*

Since the discovery of the phenomenon of alkali aggregate

reaction by Stanton in 1940, many attempts have been made to develop

suitable rapid and reliable tests to determine potential alkali

reactivity of aggregates used for concrete construction, Fone of

these, can yet be said to be entirely satisfactory and some have

shown to be unreliable. The tests generally used can be classified

Into two types as l)Haeid tests 11) Long duration tests.

Under the first category comes i) The petrographie examination

of the aggregate, ii) The chemical test, ill) Etching test. Of

these the petrographie examination is generally though to be much

superior to the chemical test, as it gives the most direct approach

to the determination of reactive constituents in the aggregate. Op

the other hand chemical test is known to have certain disadvantages,

which have been described in the later pages. Etching test Is also

nearly a rough replica of chemical test and is not a reliable on®.

1) Among the long duration tests, mortar bar expansion test ia

supposed to be the most reliable and is generally emnloyed in all

the laboratories for detecting potential alkali reactivity of coarse

and fine aggregates,

ii) Vivian (1950), suggested that measurement of tensile strengths

of mortars of graded aggregates at different periods of curing may

give an idea about the alkali reactivity of an aggregate. It was

thought that the reduction in tensile strengths with wagew may

indicate a deleteriously reactive aggregate* But this test has not yet

been standardised and has not received much attention*
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ill) Scholar and Gibson (1943), suggested a test to detect the

potential alkali reactivity of aggregates, which includes casting

mortars of graded aggregates, subjecting thes© mortars to heating

and cooling cycles, and measuring their linear expansions at the

end of one year. But, It was found that thore is no consistent

relationship between the alkali content of the cement and percentage

of expansion and is thus not considered as a reliable test for

predicting the alkali reactivity of aggregates.

Thus the most common tests that ar© generally adopted for

detecting the potential alkali meactivlty of aggregates are

1) The petrographie examination of aggregates, ID The chemical

test, TII) Mortar bar expansion test.

All these three tests are described in the following pages

and their advantages and disadvantages ar© discussed. All these

three testa are adopted in the present study also. In addition

the Tensile briquette tests have also been made to detect the alkali

reactivity of aggregates. The deteriorated mortars have also been

examined petrographically according to the procedure adopted by

Idorn (1962),

Details of Methods followed during the studyi.

1) Mortar bar testt This includes the measurement of expansions of

mortar bars made with cement and graded aggregates, kept under

humid conditions at constant temperature in tightly covered

containers. This was first proposed by Stanton and is now used

extensively by a large number of laboratories.

Measurement of expansions of moist stored mortar bars is

supposed t© be th© most reliable method ''or determining the

potential alkali reactivity of the aggregates with the cement

used (Plate 1 Flg.l).
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General Procedure of teatt Mortar bar specimens of si*e

lrtxlwxlO" are cast using mould of that si*e, with 1 part of

cement and 3,25 parts of graded aggregate, using enough

water to give a flow of 100 to 115 percent, Th©n after 94

hours of humid storage the length of bars are measured and

the bars are stored In tightly covered metal containers kept

at 100°F or any other temperature decided for the test at

100 percept humidity. In America the practice is 100»F as

the temperature. The reaction can be accelerated by storing

the bars at elevated temperatures. The condition of specimen

storage is important, Th© specimens are not kept in water

but they are kept standing on a wlr® gauge kept 1H above

the water (Plate 2 Fig.l), Most of th© laboratories follow

this procedure, Th© lengths of the bars ar® observed at

regular intervals, Bxpansion of 0,05 percept at the age of

six months are considered deleterious.

In the present study, a) The coarse aggregates are crushed

and sieved to the following gradation por the preparation of

mortars as* followst "PABIE a

Passing Sieve Vo,
(ASTM)

and si"a *Retai
*Sieve

red on
Fo«

' Percent

1. 4(47^0 microns) ! 8 19

2. 8(2380 microns) « 16 i 19

3, 16(1190 microns) I 30 | 19
4, 30(590 microns) I 50 i 10

5. 50(S97 microns)
i

i 100 | 19
6,100(149 microns)

t

, Pan

L> ——

5

b) An ineumbating temperature of 130<*F was maintained

Instead of 100*F, taking into consideration the temperatures



Plate
Fig.i
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Plate 2:

• -z>

Photograph showing effect of six months of humid storage
on three mortar bars made with, different ag«n*erates.
Mortar bar marked no.l is mode with crashed" Delhi

|ouart^ite (found Innoeuous during the studios).
I^^F *?? marked ro.9 is a mortar of highly sheared
TSZzZ ^°lU% ?cMst fms Ea^*3ral (fip.l Sch,.reaetlve).
ebjtteedony from Xhamgaon (Sp,8 T-Highly reaetiv©).
jS+V1?facf •* th0 *®a«tlve mortar s^ow a number of
2S2J"l!J!LllB,d5tlor* ^ne the le»8 ^•etive T?o.lsnows pr©s©ne© of only a few gel exudation.

Photograph of a container used for storing mortar bars.
mm



4t4ap®

for which concrete structures are exposed in som© parts of

the country, Th© temperatures are tried keeping in view th©

difference of climate between other countries and India as

mentioned in second chapter and also to get results about

the chemical reactions at an earlier stag®, c) The alkali

content of the cement was increased to 1.15$ by adding

sodium hydroxide to have a constant alkali content in th©

eemept.d)The minimum limit f©r deleterious reactivity has

been fixed as 0.06 percent (6 months) Instead of 0.05# as

normally adopted, e) The water used for the test is the

standard distilled water.

11) Chemical tests-. (ASTM C.2B9-S7T)

25 grams of crushed aggregate sample, passing 50

ASTM mesh and retained on 100 ASTM mesh is immersed in 25

©,c, of on© normal FaOH (sodium hydroxide 10$ solution)

kept in a stainless steel container. The container is kept

for 24 hours In an over at temperature 80 & 1*0. Then the

solution is cooled and analysed for dissolved silica and

reduction In alkalinity. In general if the ratio of

dissolved silica (Se) and reduction in alkalinity (Re)

expressed as milllmoles per litre exceeds unity then the

aggregate is taken to be reactive (i.e. if Se/Rc is > 1

the aggregate is reactive) according to this test. The

readings are plotted on a standard grafh(Fig,i2).

The same procedure has been adopted In the present

studies.

hi) WnBBHbto wm&m&m
This is a very reliable method for identifying the

presence of reaetiv® constituents with microscopic
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examination of thin rock sections. A quantitative estimate

of th© minerals is also possible (Plate 3 Pigs.l and 2),

Alkali reactivity of a sample of concrete aggregate cen be

determined qualitatively in two general ways by petrographie

examination. By petrographie analysis the presence and

frequency of potentially deleteriously reactive minerals

can be established with any desired accuracy. Similarly,

by petrographie examination, the aggregate can be compared in

detail with other aggregates for which service records or test

data are available. If the necessary background data is

available, comparison of the aggregate with others having

similar mineral composition material, provided, the petrographie

examination and analysis of th© aggregates involved, have

been made carefully. Toxtural characteristics of the aggregate

and the individual minerals in the aggregate are best studied

only through detailed microsconic examination, whieh also

reveals even minute quantity of potentially reactive substances.

Th© importance of petrographie examination of

concrete aggregates has been well stressed by Mlel©ms (1955),

Brown (1965), Mother (1957), Montauni (1966) and others. A

review of the literature as made in the second chapter also

shows that, petrographie examination of the aggregates has

often helped to identify the alkali reactive constituents to

explain the failures of concrete in some major concrete

structures in B.S.A,, Denmark, Australia and Canada,

Petrographie Identification of harmful constituents in an

aggregate, may sometimes be useful for adoping beneflclatlon

procedures which would make acceptable an originally unsuitable

aggregate, It is also useful for th® selection or rejection

of concrete aggregates. But all this requires a close



Plate St Leit*r Research ^etrologlcal Microscope with Leit*
Fig. 1: integrating stage, used for model analysis of aggregate

Flat© Si Leit* "*»*©**©* Petrolorical Miwroaooni -'f
Fig. m Lucid© attaehment.



oo-opcration between petrog^aoher, concrete technologist and

th© engineer. In the present study, not only the general

petrographie characters of aggrerites riven above are paid

attention, but special emphasis has been laid on th© toxtural

characters of th® aggregate and the individual minerals as

occuring In the rock specimens. Careful attention has been

paid to th® strain affects observed in th® silica minerals

Ilk® quart* as well as in felspars and micas. Particular

mention is made of the intergrowth structures Ilk® perthitlc

and myrmekitie ones, which are observed in the rock aggregates.

Alteration of minerals and their end products have also been

given proper attention. Modal composition of th© aggregates

were determined by the Leits integrating stag®. A quantitative

studyof the angle of undulos© extinction observed in th®

quart-? grains, (which is directly related to the intensity of

strain) has beon mad®, using the procedure described ©He

Hills and Corvalan (1964),

Method of study followed for calculating the derrea
•Of yrdulatonr extinction in cuarts. ream with reference
to 'g' axis. (Bllla and Corval.ar pfrn.

I) ^h© grain is set in a position of highest birefringence,

li) The microscope stage is then rotated until th© first

clear evidence of undulatory extinction is obtained.

The reading on the microscope stage is recorded.

This can be said as reading •A*',

iii) The stage is further rotated until it passes through

complete extinction and further, until the undulatory

extinction bands disappear. The reading on the stage

is recorded. This can be taken as reading 'B*.

Difference of readings between A and B, on the microscope
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stage gives the angle of unduiose extinction of the

quart© with reference to *C* axis,

Iv) A number of quart* grains In th® rock ar® thus studied

for the angle of undulos© extinction and the average

recorded,

?v> B^tgpgranhte JBse***s<la*1 af am*^am*ml

A review of experiences of concrete structures, which

failed due to alkali aggregate reactions as made in the previous

chapter indicates that the phenomena associated with thes©

reactions can be studied satisfactorily by making a detailed

petrograuhic examination of deteriorated concretes and mortars.

But no systematic methods for such a study were known till

Idorn from Denmark (1960-62), forwarded a sound and systematic

method for petrographie examination of concretes and mortars,

affected due to alkali aggregate reactions. He supplemented

his observations by making an intensive study of concrete

structures, which had actually failed due to alkali reactions.

The method mostly insists on symptoms observed due to

alkali aggregat© reactions, such as a) Pop outs on surface of

mortars b) reaction rims, e) partial dissolution of the minerals

associated with the reaction d) association of gel,filled voids

e) internal fracturing of mineral grains.

Th© observations included aret-

a) Examination of up-prepared (Broken) faces of pieces of mortar,

b) Examination ©f nollshed faces,

c) Examination of thin sections prepared of slices cut out at

selected positions according to previous examination.

For observations of polished faces and broken pieces

of mortar or concrete, a hand lens and a blocular microscope are
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used and for thin section observations, a petrogranhlc microscope

is used.

The technique employed by Idom (1961) for making

thin sections of mortar or concrete is by immersing the slica

of mortar or concrete in araldite, allow it to harden and th©n

make a thin section.

The method involves generally the evidences of chemical

reaction in th® deteriorated concretes or mortars, and the exact

identification of the reactive constituent. The following

observations are to b© made, which indicate alkali aggregate

reactions.

I) Occurrence of pop outs on the surface of concretes

and mortars and reaction rims around the aggregate particles and

at th© contact surfaces between cement and aggregate. It is

emphasised that these rims show a dark appearance in reflected

light while in transmitted lirfit under the microscope, show a

comoaritively high transparency. The occurrence of such

reaction rims is a very clear indication of alkali aggregate

reaction. The reaction rims eonslst of the resultant gel product

which appears as a granular, low birefrlngent material.

II) The reacted particles or fragments may show

fractures filled up with th® gel product,

IH) The cement matrix surrounding the reacted particles

is highly isotropic in nature, and generally shows Isotropic

character in most of th® oortlon of concrete and is sometimes

highly carbonated,

IV) Microfractures, emanating either from the boundary

of the reacted particles or from th© Interior of the reacted

particles or fragments, and extending into the surrounding

cement matrix are observed in the heavily deteriorated mortars

and concretes.
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V) The aggregate itself shows corroded margins,
Indicating partial dissolution due to chemical reaction with the

surrounding cement matrix and at times exhibits pigmented
appearance,

VI) The voids in the cement matrix are generally filled
or lined up with the gel.

In the present study the petrograohic examination of

deteriorated mortars is conducted on similar lines as Idom (1960,62)
Th® deteriorated nortions of mortars were taken from selected

portions of mortar bars used for expansion tests.

The thin sections were prepared by impregnating mortars
with Canada Balsam instead of araldlte as used by Idom (1960,62),
The following method is followed for nronarln© thin sections of
affected mortars.

Sections were cut i«x 1" around the reaction spots
observed in affected mortars. The area shcwlnr the reaction
snots is carefully noted. The pieces were ground op the other

side of the reaction snots to have a thickness of about 4 mm.
The portions of the reaction spot are well preserved. The thick
sections are then boiled in Canada balsam for one hour till they
are well impregnated by Canada balsam and then cooled to room

temperature for 24 hours. The sections were then slightly ground
with carborundum powder till the layer of boiled Canada balsam on
the side of the reaction snot is removed. Th® section is mounted
on the micros!ide with Canada balsam and the other side is ground
in the usual way a ralcrosection is made till the section has
got a thickness of 0.03 mm.

Thus a microscopic netrographie examination of minerals
associated with the reaction (i.e, reaction products) is mad©
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possible. This technique has proved wry useful to know tho
texture! *WHtmnm of MmdU actually observed associated
with the reaction,

v) ***• """s©* ameai asm* mm** ™m east usi,*crushed awreKate of the 9ane pradatl(w mused ^ ^^ ^
•tftt the aaae cedent employed for nortnr tar ^ ^ ^^
of storape are stalls to ^^ ^ ^^ aM ^^ n<| j}

TenaUe strengths were studied at SB dayB apd *, days
wlw the standard anDaratus as ^ployed ln engineering
laboratories (Plate IV ?lg.l),

earn i aaea© or w n* ^.j&aaaa
n mm* tm lea* ThTOph » is aMllable ara ^ -Ti-'|,
»othod ,« I, „«, ^^ „ fleloetirg ^ noteBttaUy
"^ rSaetlTO •"""**" stl11 " «*. «* eertuin dravbacfce
as follows i—

a) It rehires *** nonthat „ ^^ ^
to obtain eoncluelve „,«,,. HoWvept the ^^ oRn
accelerated using Mrtier storap„ t9nperetur<(> ^ ^
above 130»P plB unreliable result,.

b) The method h.s not tan ft* useful to detect
-tall carbonate reacts ^ some re8eareh
H©dley, 1961), ^f

"> Stoiaau^, „ tt „ aTCry ^ ^^ ^ ^^
results within a week but 1* >,«* •»a weex out it has been observed by Meielens
and others (1958) thni- ««•.« 4

' ^at SOme iffl "I materials give high
Sc/Rc values than Beaetlw, »otfi»4 ,^active materials. b) It has bean noted

ZtZ r rrthat there is *wy *•* - —^-
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Plate 4i Photoiranh of tonsil© brictp®tt# strength ffisgNtnrtag.
Shcartnf the hrleuott© of mortar held between two |©w*
of the maehln© ©ml subjected to tension and th© load
at fmllufOf wMeb dir©«tly gives the tensile strength ef
Use ©peciman in ^.T,(p*r scuar© inch).



"•45—

IIT) Petrogranhle examination? It is supposed to be a vary

reliable raethod and it has got the advantage that it can give

quicker results than any other method. Fairly good correlation

has been observed between the results obtained by this method

and mortar bar tests by most of the research workers. In case

of known reactive minerals it has got an advantage that it can

detect even minute quantities of reactive material and large
quantities of reactive material also. But. at the same time,
the alkali content of the cement is equally an important

factor which affects the reaction, and this can be known

only after actually casting the mortar bars and conducting the
mortar bar test. Thus petrographie examination should always

be supported by other methods like mortar bar expansion©.

—————»«•«——m •»»»»»»«.»»»
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bxhoo-upky of common ifdiaf MBBHal ato thsir mortars

In any country, aggregates for concrete constructions

cover almost any rock type-Igneous, sediraentry and raetamorphlc,

since the choice of an aggregate is limited by the rocks

present in the region. The selection of an aggregate, therefore

Involves selection of a material of highest quality against

economic considerations* At the tame time, to make a general

survey and to make a statement on their suitability for

concrete purposes would be considered unwise, particularly due

to the wide manner in which the rock formations differ, insnite

of their being in the close neighbourhood of each other.

This can be achieved through a petrographie examination

of th© important and common rock types in the country along

with their behaviour In mortars or In the concrete masses.

The Importance of petrography in relation to the problem of

alkali aggregate reactions is well known and need not be

stressed further, A review of literature clearly indicates

that the petrographie microscope serves as a useful tool

for studying the evidences of chemical reactions in mortars

or concrete.

With this in view, an attempt has been made to collect

a hundred samples of common rock aggregates us^d for concrete

constructions in India through the State Public Works Departments

and another twenty through field visits. Of these, about

seventy samples, as were found suitable for concrete purposes

through physical tests, (Appendix ) have been further studied

for alkali reactivity. For purposes of description, 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 aggregates belong almost to all th®
Important stratiagraphical horl*ones of the Daccan Shield mass.

ml *

JOCk Tvp© Strnt1 acranh 1cal horlrPP..

Croup I- Granites, Archean and Precambrian
granodlorites, unclassified crystallines.
gneisses, syenites

Archean and unclassified
crystallines of Dharwar group

Group II- Charnockltes

(Acid, Intermediate
and Basic)

Group III- Quart*!tes

Group IV- Phyllltes and
Schists

Group V - Sandstones

Group VI- Basalts

Dharwar and Cuddapah
Formations

Dharwar Formations

tower and Upper Vlndhyans>
Cuddapah,

Siwalik Formations, Tertiary
formations•

Cretaceous to "ocene

(Two samples of limestones from Upper Vindhyan hori-ones
have also been tested but these were found to be innocuous).

In the following pages, the oetrographic characteristics of

the above aggregates are given with special reference to

their properties as may be responsible for the alkali

aggregate reactions. This is followed by the petrogranhle

examination of mortars made with these aggregates, Th©

observations on tbe raicroscoolc phenomena in the mortars

conclusively prove that the alkali aggregate reactions, with

the different aggregates, can be determined through a

netrographic microscope. The texture of the reactive
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constituents as occur in these mortars arc given particular

attention. It should be mentioned here that th© average

mlnerological composition of the reacted fragments in th©

reactive mortars, should not be mistaken for the original

composition of the aggregate, as the mortar slices have

been prepared with great care and special attention,

(Chapter III Experimental Techniques).

At the end the microscopic observations in th©

mortars, which are related to the deterioration arc

discussed briefly for each type of rocks.*

* (The thin section Fo*s. indicate the rook group and
the number of the samnle such as %M m samale Ulo.l
of charnockite group, 1 CHM a sample of mortar of
the charnockite sample ro.i. »M» at the «nd indicates
mortar of that particular samel© GR» Granitoid rock}
3S»Sandston®, TaBasalt or Trap rocks Ph=Phyllitej
SCh«Schist, > Quart*ite).
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RY Q? THE ^GGFjacAr-.S STUPTKD

CHART'OCKITF.S

Charnockltes are found to b© very hard and durable

and may be classified, as one of the best variety of rocks,

for use as an afgrepate for concrete. But some of the

ehamockites have been found to show deleterious expansions

with high alkali cedents in the present studies.

Most of the charnockltes studied, belong to the Acid

group of rocks containing a high proportion of quart* and

felspars. On the basis of the preponderance of plagioclase

and potash felspars, the Acid charnockltes are classified

into two varieties, as mentioned by Tilley (1936), Pltehmuthu

(1953) and Subramaniam (1959). The acid charnockltes with

more plagioclase than the potash felspars are classed

"enderbltes", and those with nredominant potash felspar as

wbikermitesw. Since, th® chemical analysis of these rocks

Is considered to serve no useful purpose on the problem

of alkali aggregate react ions» no chemical analysis of

th® charnockltes was carried out*

InmoTftaTij. .PQjrprraphle, foatiroa .pX
^arrQckl1mfifodi©d

The specimens of chamokites studied and reported

herein, are even grained, massive, and are characterised

by the occurrence of bluish grey qttartw, and greenish

blue felspars. Only a few specimens show the presence of

reddish brown garnet, but the darker colour of the rocks

definitely indicates th© presence of larger amounts of

mafic minerals. Most of the charnockltes are fairly dens®.
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and th® specific gravity varies between 2,?0 and 3,10,

Th© highest specific gravity is indicated by the basic

charnockite from Daltonganl.

Microscopic features!- The ehamockites studied

are generally fre© from alteration, and most of_the mafic

minerals as well as th® felspars are characterised by a

fresh appearance. The rocks show marked textural variations

from equigranular to granoblastic, and porphyroblastie or

xenomorphic types. Hocks from Madras, \charapakkam, Duaka,

(thin section 2 CH, 6 CH, 12 CH.) are ©ten grained and

equigranular, while rocks from Thirukall TCundram, Coonoor,

Tholuder, and Daltonganj are varying from granulitic to

granoblastic, (Thin section 3 CH, 4 CH, H CH.). Th©

porphyroblastie variety from Adony area (thin section 10 CH)

also display a xenomorphic texture. In gome of the rocks,

quart* pivea a strong undulose extinction and peripheral

granulation, and often corrodes the plagioclase, Th©

plagioclase generally exhibits a patchy secondary twinning

and is sometimes antloerthitle. The potash felspar is

primarily mlcroperthltic in most ©f the charnockltes,

Myrmekitie growths are also observed in a few rocks and

occur along the contacts of quart* and the raicroperthlte,

Hypersthene generally occurs as subhedral grains and at times

shows schillerisatlon. Gemset Is generally seen developed

near the borders of quart* and rarely the hypersthene.

Blotit® is usually seen developed along the margins of

plagioclase or sometimes g©rnet. Some of biotite occurs

as bended plates in the interstitial snaees between quart* and

the plagioclase. Magnetite and apatite occur as irregularly
distributed grains throughout the rock. Magnetite also occurs
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as fine disseminations in quart* and felspars, Zircon and
rutile occur as major Inclusions In quart? and rarely
plagioclase, zircon usually occurs as minute rourdod
inclusions, while Inclusion© of rutile are generally needle
shaped.

The minerals making the rocks include *

t ) Quart?, Potash Felspar (MlawiJKJ*8!!?1?!.Microplrthl te) Plagioclase and Orthopyroxenes
(generally Hypersthene) as essential
constituents while the

II ) Varietal include* Garnet. Ciinopyroxenes
(Diopslde and augite) and Biotlte.

Magnetite, zircon, Hutlie, and Apatite occur
in "minor quantities.

The microscopic features of individual minerals are

described as follows s-

1) quarts*- It is invariably present in all samples

of charnockltes but varies from 10 to 44 percent. It occurs

generally as subhedral to anhedral grains, sometimes
exhibiting subsuturod outlines marked by the occurrence of
iron oxide. The grain si-e generally varies from 03 to 2 mm.
The most common inclusions are, *^reon, needlelike rutile
and iron ore. Liquid inclusions ar© rarely observed. At
times, th® quart* contains tiny flakes of chlorite as

inclusions (thin section 10 CH),

In most of the rocks, the mineral is marked by

urdulose extinction due to strain effects but exceptions ar©

not rare (thin section Ve. U CH, 12 CH). Strain effects in
the quart* grains vary widely, and the angle of urdulose
extinction on the *C» axis varies from 10 to 33 degrees.

Some of the strained quart* exhibits fracturing and marginal

granulation.
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rocks as subhedral grains of varying si*e from 0.4 to 0.8 ram.
Augite ie characterised by weak pleochroisra in green and well
developed prismatic cleavages and its extinction angle on
the prismatic cleavages varies between 35 to 38 *, Of the
two (augite and Diopside) the later occurs in minor
quantities, a* subhedral grains of short prismatic habit
and is characterised by high relief,

3) Biotitei- It occurs generally as small irregular
flakes or plates. It is strongly pleochroic in brown with
absorption *» pale brown? f mbrown and g « reddish brown
(X>Y and Z). Alteration to chlorite is rarely observed.
Blotlte generally shows straight extinction, but in
ehamockites from Tholudur and Adoni (thin section Fo.
1 CH and io CH), it shows wavy extinction due to strain.

wmmm iM©©te*i mm tarn mmm mmmmm
1) The Garnet granullte (thin Section Po. io CH) from
the Adonl area (plate 5 Fig.i) exhibits a perphyroblastic
texture, with garnet panphyroblasts in a groundmass of
strained quart* and felspars. The rock contains a high
ft proportion of strongly undulatory, fractured and grarulated
auart..(Plate I Fig.s). Mowt of the ^^ ghowg ^ ^^
'ones of undulatory extinction and the angle of urdulose
extinction on «C» axis varies from 90 to 27 degrees. Some of
the strained quart© shows fractures in the core with a clear
granulated marginal rim. Rarely the fractures are seen filled
with recrystallised quart*. The granulated quart* Umade up
of two or more m+% individual quart* grains In which each
part exhibits an urdulose extinction and show intercrystal
suturing.



2) FelsparsJ- The most common variety of felspar

observed is oligoclas®, whieh varies in composition from

Abg0 An^to Ab?s An2g . Most of the grains are subhedral to
anhedral, varying in si*© from ^.5 to 1 mm., and generally

display a poorly developed albite twinning and patchy secondary

extinction due to strain. Antiperthitic intergrowths are

also observed in a few specimens (thin section Po. 1 CH, 2CH),

The potash felspars range from mlcroperthltes to

microcline perthitos and mlerocllne. Inclusions of needle

like rutile and *ircon are some times observed in the

plagioclase as well as the potash felspar. The potash

felspars are generally subhedral to anhedral varying in

si*e from 0.6 to l.S mm,

3) Orthopyroxonesi- They are fairly common in the

rocks studied and belong to the hypersthene variety.

Hypersthene in these rocks occurs generally as subhedral

grains varying in si*e from 0,35 to 0,8 mm and is weakly

pleochroic in pink, yellow and green. Prismatic cleavage is

conspicuous and th© mineral mostly shows straight to slightly

oblique extinction,

YarMfll KlrerolsH

1) Garnet.- Garnet is commonly observed in most of

the charnockltes studied, except (thin section Po, 4 CH, 11 CH).

Polygonal grains of garnet, characterised by pink brown

colour, high relief and irregular fractures are fairly common

in the ehamockites and anpear to be of alraand'ne variety.

The grain sl*e varies between 0,3 to 0,8 mm,

£)Cilnopyroxen©s. (Auglt® and Dlopslde)* Though

smaller in proportions, these generally oecur In raont of the
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MODAt COMPOSITIOT OF MM MtiffilB AFD TPWOCTIOUS CHAHPOCKITES

Thin r
section•
Fo. •

t

«

locality

T

t

i

I

t

Bock typ© 'Stra
ined
t

t

1 CH Theludur(C.Arcot Dlstt) Acid charnockite 38*
Madras State

(H.R.)

2 CH 15 miles Forth of
Madras City

(R)
3 CH Coonoor-Madras State

(R)

4 CH Thirukalikundaram
Madras State

|1 )

6 CH Acharapakkam Madras
State

(R)

8 CH Famraakal-Madras State
(IFF)

10CH Adorl- (A.P. )
(H.R.)

11CH Daltonganl-Bihar
(IFF)

Hnderbite)

Acid charnockite 30*
(Bnderblte)

Acid charnockite 40*
(Bikermlte)

Intermediate 38*
ehamockite

Acid Charnockite 32%
(Bikermite)

Intermediate If
charnockite

Garnet Granullte 40*

Basic charnockite 12%

H.R. » Highly Reactive
R s Reactive

IFF as Innocucfcis

_»Pota- ' Plag- ' Pyro- 'Garnetw
Jnstra- »sh • ioela- * xeres*

*1red *Fels « se Fo-»
* *par * lsnars1
» t t »

Any other
mafic mineral.

t *

t *

t t

2$ 5« 30* 10? 10* Biotlte- 5*

9* 4' ss* ©*

8?* WB$ 10* 15*

• 25* SO* W0

*?% 24$ 14* IS*

m% is$

2% 18*

6*

20*

30*

14*

2 *

35*

3*

5*

12*

12*

Apatlte-

Biotlte- 5*

Fegligibl©
quantity of
Biotlte

Biotlte-5*

Biotlte-8*

Biotite-3*
Apatlte-3*



Plat© St Photo»i©rograph 80xmagnifloat ion ©hovim* noirohyrohlasti©
It Jwttur© in a mmet pnanulit© free Adonl fs»>b.l'--H)l"

Coan*© p«phyrobla*t of"garnet ar© seen ©nolo*©-'
move* matrix of quart*. The farnet shou© airejhi
lrelua*on® of ©ubengular to suhrounded luert*, laVfc©* ha©
impacted a sieved structure to ttat garnet*

n*

iw

Vft

Plate 5» Photomicrograph 80x mag. of the ^arnet ?»rantlite (-<-*.io CH)
Fig. 2* showing the straineffeets In quart*, which form© a "

predominant constituent of the rook. Undulatorv ©xt*notion
and p©riph©ral granulation is particularly prevalent in
the quart*. Right hand comer of th© photograph s^ows
Intense fracturing *n the quart*. The fracture •
ar© generally s^en to be filled up with laths ofsericite.
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Oligoclase ( Ab^AngQ ) shows patchy secondary
twinning which appears to hav® been produced due to strain.

Frayed outlines are observed in a few grains. Some of the

grains are faactured and the fracture planes are filled up

with brecciated and crushed quart*.

Gamett- It occurs generally as polygonal grains

varying in si^e from 0,6 to 2 mm. Inclusions or small grains

of rounded quart* are conspicuous which impart a sl©v©3

structure to the garnet. Biotlte flakes exhibit strain

effects with ©ant cleavages and wavy extinction. Diopslde

occurs as a minor constituent,

2) Acid charnockite (Erderbite) (thin Section Fo.l CH)

from the Tholudur area exhibits a granoblastio texture and

cataelastic features are observed in most of the quart* and

oligoclase. The rock contains about 40 percent strongly undulose,

fractured quart* and th® angle of undulos® extinction on ,C»

axis varies from 22 to 27°, Mo«t of the quart* is fractured

with the fracture planes running parallel to the undulatory

bands. Some of the strained quart* grains are broken along

the borders and recrystalllsed into small but less strained

fraraents giving rise to a mortar structure (Plate 6 Fig.l).

Antiperthltic intercrowths between oligoclase and

raieroollne Is observed to a minor extent. As in the earlier

types, biotlte flakes show wavy extinction due to strain.

Garnet, hypersthene and augite are th® other important constituents,

3) Charnockite (Intermediate type)(thin Section Fo.4 CH)

from Thrukallkundram shows an even grained granulitlc texture

and contains a fairly high proportion of strongly undulatory

quart*. The other important minerals constituting the rock are



Plat© 5i Photomicrograph 80x mag, of a highly sheared acid
Fig, li charnockit® from Tholudur (Sn.i Ch)f showing latent*

fracturing and granulation of th© quart*, The photofrap».
also shows mleroshearlnr and rounding of crystal borders
in some of the quart*, Th© upper left hand portion of th*
photograph ©how* b©nding ©f biotlte flake© due to strain.

Plate 6i

•ka

jinn
HifflilllBlli

§§§3jp|§|

'%

l|iHHi:

" . Mm •• *'«?.**!

HI
His

Jump

•

Eni

Mtt

;ua



-56-

the oligoclase, microoorthite, aurlt© and biotlte.

4) Acid charnockite (Inderbite) (thin section 2 CH) from

Madras shows an even grained granulitlc texture. Cataclastlc

features are observed only in quart*. Strain shadows are

conspicuous in most of the quart* grains but the intensity of

strain varies widely, A few grains exhibit strong undulos©

extinction and fracturing, while some of the grains exhibit

weak and broad strain shadows. Th© angle of undulos® extinction

varies from 10 t© 20 degrees Cwith reference to «C» axid).

The other Important constituents are the oligoclase,
augite, garret and antip'-»rthit©,

5) The acid charnockite (Bikermite) (thin Section Fo.6 CH)

from Acharapakkam is an even grained rock and exhibits strain

effects in quart* to a moderate scale. The angle of undulos©

extinction on •C* axis varies between 15 to 2offl and quart* is

generally free from granulation. A few grains of quart* are

fractured and the fracture planes ar® filled with laths of

serieite. Microcline perthlte forms the major felspar. Other

important constituents are hypersthene, augite, and garnet

(Plate 6 Fig,2).

6) The acid charnockite (Bikermite) (thin Section Fo,3 CR)

from Coonoor is an even grainA g^anulitie rock and contains a

high proportion of strained quart*. Some of the quart* shows

well separated *ones of undulatory extinction, at time accompanied

by fractures running parallel to the undulatory bands. The

angle of undulose extinction on *C« axis varies from 18 to 24

derreeg. Some of the quart* shows marginal granulation.

Mlerocllne perthlte, oligoclase, hypersthene and garnet are the

other Important constituents of the rock.
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Innocuous Chnrypckjtrf-ff

The charnockite from Dumka (thin Section Po.12 CH) is an

even grained rock and contains a fairly high proportion of

quart*, but the quart* is free from strain effects and exhibits
uniform extinction. Other important minerals constituting the
rock are oligoclase, hypersthene and augite.

The basic charnockite (thin Section Po.ll CH) from DaltonganJ
ia an even grained granulitic rock consisting essentially of
hypersthene and calcic plagioclase (Ab^ An^0 ) and minor amounts
of quart*. The plagioclase is remarkably clear and fresh,
Hypersthene Is characterised by schillegation and show© straight
•xtlnction, Afew grains of augite associated with hypersthene
are faintly pleochroic in green and show an extinction angle
of 38» on prismatic cleavages,

Petrngrgpfty 0e fggfgm

In th© following pages, the features observed in the mortars
made up of crushed charnockite aggregates have been described.
Most of the mortars, which indicated deleterious expansions in
the mortar bar test, show clear symptoms of disruption.
However, some of the significant observations are mentioned her®.

General frktlkWImW

Megascooic characters*. The mortar is made up of gray to
rreenlsh gray coloured crushed fragments of charnockite rock
embedded In a light gray coloured cement matrix. Whitish
exudations are conspicuous on the plain surface ©f the mortar
while the polished sections of mortars exhibit dark coloured
rims around some of the fragments, Afew of the fragments
exhibit slight discolouration around the margins. The mortars



also contain few voids filled up with white to light gray coloured
material. Some of the aggregate pieces with rims, at times show
a whitish ecura on the surface.

Mierosconie characters! The thin section shows fragments
of charnockite rock enclosed in a partially isotropic, carbonated
cementjaatrix. The aggregate cement rati© is roughly 2.25*u
The si*e of the fragments varies between 0,3 to 0.8 mm. The

interstitial space filled with cement matrix rarely exceeds 0.6 mm.

Some minerals such as quart-* and at time oligoclase or pyroxene,
occur as independent grains or fragments (due to crushing of th©

rock to finer sl~es in the preparation of mortars) and sometimes

are associated with other mineral grains. Some of the aggregate

particles exhibit corroded boundaries and reaction sones. In a

few specimens (thin Section Po.l CHM, 4 CHM, 10 CHM) the particles
show cracks emanating from th© margins into the adjoining cement
matrix. The pattern of cracks differs from specimen to specimen.
Microcracks in the cement matrix are also observed in a few
specimens (thin Section Po, 1 CHM, 4 CHM, io CHM, 3 CHM).

The original charnockite aggregates, which are generally
medium to coarse grained, are crushed to smaller sl*es In the
fabrication of mortars. The mineral grains of the original
charnockite rock therefore form discrete constituents, which
has proved very useful m the identification of the alkali reactive
constituents and in differentiating the reactive constituents of
the rock from the non-reactive or less reactive constituents.
The composition of th© mortars varies slightly in different
specimens but shows a common chronological order. The mineral
fragments in the mortars, in the order of their decreasing
predominance are, Strained quart*, Oligoclase (sometimes strained),
Pyroxenes (Hypersthene, Augite, Diopside), and Garnet. Only a
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fe\j fragments of the rock containing two to three of these

minerals are observed. Biotlte generally occurs associated

with other minerals. The ratio of total mineral fragments to

cement varies from 2.25 to 2,60.1.

1) Strained Quart*!- Individual grains of strained quarts

vary in sl*e from 0.3 to 0.5 mm. Most of the strained quart* in

the mortars exhibits highly corroded boundaries, and at times

Is fractured along the boundaries (thin Section Ho.10 CHM). A

few of the grains show slight pigmentation, marked by a faint

reddish colour, probably indicating that some portion of the

nuart* has dissolved (thin Section Fo. 1 CHM, 10 CHM)(PIate 7

Fig.l). The chemical reaction between strained quart* and the

surrounding cement matrix is further indicated by the occurrence

of a thin rim of a low birefringent gel along the peripheries

of most of the quart* grains. The marginal portion of the quart*

is dissolved in a few cases (thin Section Pos. 1 CHM, 2 CHM, 3 CHM,

4 CHM, 10 CHM) and it shows highly irregular outlines which at

times are indistinct due to the deposition of a gel like granular

product along the peripheries (Plate 7 Fig,2).

At times, the gel has slightly lmpregpated the quart*

grains also along its fractured planes (thin Section Fo.l CHM, 10 CHM).

The thickness of the gel layer is found to vary along the different

grains. Around the coarser grains, the layer is less than 20

microns while the thickness of the gel layer is observed to

be of the order of 50 microns when the si^e of the reactive

strained quart* fragments is between 0.2 to 0.3 mm, and thus

appears to be a function of grain si*e (thin Section Fo.l CHM)

(Plate 8, Fig.l). Some of the fragments of strained quart*

exhibit severe dissolution and only relict matches are seen

enveloped in a thick mass of gel (thin Section Fo.l CHM).
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Quart* fragments with feeble undulose extinction do not

show any clear indication of any chemical attack by the

alkalies in the surrounding cement matrix (thin Section

Po, 12 CHM, 8 CHM),

2) Oligoclase: (Abg0 An^) ©liroilase mains show
distinct outlines and rarely exhibit any indications of

chemical reaction with the cement matrix,

3) The mafic constituents of the charnockite rock eg,

th© hyp©rsthene, augite, garnet and diopsid© also do not

exhibit any symptoms of chemical reaction when in contact with

cement,

Mlc,yafrac.1a«eB IP B*Jb**JM»> *« • **** specimens (thin

Section Po, 1 CHM, 4 CHM, 10 CHM) the mortars exhibit a few

distinct cracks emanating from the margins of th® reacted

fragments of strained quart*. The pattern of cracks vary

only slightly and can be classified into two types as follows!-

a) Link Cracks b) Chain Cracks.

a) Link Crackst These cracks are observed to emerge from

th© margins (thin Section Fo,. 1 CHM, 4 CHM, io CHM) of

different reacted fragments of strained quart*. They are seen

extending through the surrounding cement matrix and joining

another reacted grain of strained quart*. The cracks are

generally observed partially to totally filled up with the

gel (thin Section Fo. 1 CHM, 4 CHM, 10 CHM), but empty cracks

may also be present (thin Section 4 CM) (Plate 8 Fig,2),*

The length of the ©racks varies from 0.8 to 0.5 mm,'

*>> Chain CrackH! When a number of link cracks Joint

together they give a chain like pattern of cracks.- Thin

section ( 1 CHM) shows about eight reacted grains of strained

quart* inter-connected in a chain like pattern. The cracks
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Plate 8« Photomicrograph 120x Mag. of a mortar of reactive charno-
lg. It ckite (Sp.Fo, 2CH). showing deposition of a miorogranular

gel material along th® peripherics of ©articles of
strained quart*. Th® wafer* gel has thoroughly impregnated
the surrounding cement matrix. The right hand corner of
the photograph shows that the gel layer is comparatively
thinner in case of coarser particles of reaetiv® quart*.

Plate 8!
Fig. 2i

jj

Photomicrograph 120xMag. (without Fieols) of a mortar of
reactive chameekit© (Sp.4 Ch) showing cracks emanating
from the edges or margins of reactive strained quart* and
Joining arother fragment of reacted quarts,( Link cracks).
Kim corrosion is conspicuously observed 1p all the
reacted quart* fragments. The cracks are lined with
gel material.
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are generally seen starting from the margins of one particle,

passing along the periphery of another particle, and then Joining

the third reacted particle at the margins and as on. These

cracks are partly to wholly filled up with the gel. Thin

sections ( 3 CHM, 2 CHM, 8 CHM) do not show mlcrofracturlng of

the mortar.

Future of th® cement matrix! - The cement matrix Is severely

carbonated and ralerocrystallIn© grains of carbonate substance are

frequently observed in the matrix. These are character!**©! by high

birefringence. Sometimes th© cement matrix adjacent to the reacted

fragments of quart* in th© mortar aopears dark and opaque, probably

due to th® impregnation of the cement matrix by the gel. A few

indistinct mlcrocracks ar® observed in the cement matrix also

(thin lection Fo.3 CHM) but these do not indicate any notable

features. The cement matrix also contains a few voids varying in

diameter from 0.1 to 0.2 mm, filled up with the gel (Plate 9).

Important observation;- The megascopic as well as th©

microscopic observations of th© specimens of mortars studied ar©

remarkable in certain respects, i) The mortar is made up of high

alkali cement and crushed charnockite rock aggregate with a fair

amount of strongly undulatory fractured and granulated quart-.

11) Though, Oligoclase, pyroxene, potash felspar and garnet are

also present, but of all these minerals only strained quart*

show chemical reaction with cement resulting in th® formation of a

gelj which is not only filling in the cracks or voids but sometimes

s©em to be penetrating and embaying the quart* grains. lii)0el

filled cracks emanating from the margins of reacted fragments of

strained quart" are very often inter-connected (thin Section 1 CHM,

4 CKM, 10 CHM), Indicating that the reaction has resulted in the

disruption of mortar which also appear© to be a combined effect of



ffl flKOggi

ml

1

"©£#

&
M

Plata 9i Photomicrograph 400xMag, of a mortar of a highly reaetiv©
charnockite (Sp.Fo. 1 Ch) showing a circular void filled up
with alkali silica gel. Bight hard top corner of the
photograph shows the gel surrounding a quart* grain. The
gel is raicrograrulor in texture and is making ©mbayments
on the peripheral margins of th® reacted quart* grain,
Th® top right hand portion of the photograph shows a gel
filled crack which Is seen Interconnecting the rsaeted
fragment and the circular void as mentioned above, and th©
gel appears to have flowed through this crack to fill up
the void.



the reaction of a number of strained quart* particles with the

cement alkalies.

aman wn?
GTmHtea, Granodlori,1;esT Granitic Gneisses and |MJ>

T© make a study of the granitoid rocks from all over India

will be an uphill task and is beyond the scope of the problem.

But at the same time it may be addedAthe important features

observed in the reactive granitoid rocks do not vary much, as th©

alkali aggregate reactions occur mostly with the silica minerals

and there is no reference in the literature where the reaction

has taken place with felsic, mafic or any other such constituents

nor it has been observed in this study.

Like the charnockltes these rocks are grouped together

for the study, due mainly to th® general and common pctrograchle

features and only slight variation in textural and rainerolorical

properties, Most of the rocks studied under this group from th©

peninsular India belong to the Archean group of roc'rs. It has

been observed, that, being hard, coranaet and massive rocks, having

good resistance to attrition, abrasion, they ar© widely used

as concrete aggregate in Apdhra Pradesh, Mysore, Madras, Kerala

and to a certain ©xtent in Bihar, Orissa, M,P., H.P., Rajasthan

and Oujarat.

In the following pages the petrographie features of

aggregates are described in general and since the studies mainly

concern with cement aggregate reaction, only the important features

of reactive aggregates are brought out.

The granites and granodiorltos studied are found to be

generally hard, pink to grey coloured, medium to coarse grained

massive rocks. They are characterised in the hand specimen by the

occurrence of medium to coarse grained light grey to greyish white,



-63-

quart*, flesh red to dark grey coloured felspar and dark brown
coloured biotlte. Most of the granitic rocks studied grad© from

granodiorite through adamellit® to granite according to £©hansels

classification.

The specific gravity of the rocks studied varies from

2160 to 2,?4,

jmportrmt potTflgHphlc matures of the Granitoid \%WJ IWMjtat

ate^e*ts*»A Ja^MMM
Texturei Most of the granite specimens from Cudur, Hyderabad,

Mellore, Jangaon, Sullurpetta ©tc. exhibit an equigranular
hypidlomorphic fabric, with subhedral quart* and felspar which
in turn Is scattered with small flakes and plates of blotit® and

very irregular grains of magnetite, A few of the granites

(thin Section Fo. 9 OR, 11 OR) from Bangarpet, Tumfcur show a

slightly foliated texture due to sub-parral1©1 biotlte flakes.

The potash felspar in most of the granites is microcline

microperthlte with veins and blebs of albltic plagioclase excolved

in subhedralmlcroclin®. Myrmekit® is occasionally developedAth©

quart* plagioclase contact, Cataclastic effects are predominantly

observed in some of the granites and granodlorites (thin Section

Fo. 2 OR, 3 GR, | OR, 9 OR, 14 6Rf 16 OR) from West Chlttor, m

Dhons, Kandi, Ka*it>ot, Kawali and Bhongir. Most of th® quart*

in these rocks exhibits strew undulos© extinction and at times

corrodes the adjacent plageloclase. Some of th® quart* shows

fracturing and the fracture planes are at times filled up with

laths of serlcite. Sometimes the plagioclase also shows bond

lamellae with rare serciti-^ation in the cor©. A few of the

granites (thin Section Fo. 15 OR) show slightly bent plates of

biotlte, sometimes enclosed between quart* and plagioclase. It

may be worth mentioning here that the rocks showing cataclastic
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effects appeared similar to other granitic rocks in the hand
specimen and showed no external indications of deformation,

though the major microscopic constituents like quart* and

plagioclase exhibit strain effects, sireen mi rutil© are

obs©rv©d to occur ©s minor inclusions In som© of th© quart**

Zircon generally occurs as subrounded to rounded Inclusions

whil® rutil® is needle shaped,

MliPflFQliQFy1

As stated earlier the rocks in this croup include th©

granites, granodlorltes, granite gneisses, and a syenite.

Miner©logically thes© contain %

Essential minerals* Quarts, potash felspars (including orthoclase,
microcline, microelln© perthlte ««tf-mw?aek4«»),
plagleelas© (oligoclase, albite).

Varietal minerals!- Biotlte, and rarely hornblende or augite.

Minor minerals! Magnetite *lrcon, rutile (inclusions).

The nomenclature used in thes® pages of th© different rock

types is based on the relative proportions of essential minerals

and to a lesser extent those of th© varietal minerals.

l) Quart*!- It is th© common mineral present in all the

granites, granitic gneisses and granediorites studied, and varies

from 20 to 45 percent, except in a specimen of syenite (thin

Section Fo. 13 GR) from Kangayara, Madras State, where it is only

10$. Quart* occurs generally as subhedral to anhedral grains,

and sometimes exhibits subsutured outlines malted by the

occurrence of iron oxid®. Generally th® grain sl*e varies from

0,6 to 1,5 mm in_tho medium grained rocks, while in the coarser

varieties th© si*© is from 0.8 to 2.5 mm. The nature of Inclusions

are variable and th© common inclusions constitute the or©

minerals, sometimes no©dl® like rutJ© and rarely *ircon. Liquid
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inclusions are also observed In som© quart* in a few granites

(thin Section 9 OR, 11 GR). Tiny flakes of chlorite and biotlte

are also seen to occur as inclusions, (thin section Fo, 16 GR,

14 OR), Quart* grains, as seen in thin sections in the rocks

studied show a wide variety of textural features but their appearance

generally confirms with the overall texture of the rocks in

which they occur.

In most of the rocks studied quart* is generally free

from fratures and typically shows uniform extinction but

sometimes weak and broad strain shadow effects are also seen

with a variation of undulos© extinction. On *C* axis betwen

4 to 19 degrees, while quart* from some of the granites and

granodiorites is granulated at the margins and (thin Section Fo,

15 GR, 14 OR, 3 OR) shows fracturing in the core with moderate

to strong undulos© extinctions. The intensity of strain in

quart* of these rocks vary widely and the angle of undulos©

extinction with reference to the microscopic axis *C« varies from

15s to 24*, The tertural features in quart* as observed in

thin sections in these rocks are described in detail Is th©ir

description in th© proceeding pages,

2) Felsparsi They form th® most predominant constituent

and vary between 30 to 60$, The most common variety of potash

felspar is microelln® i*hlch occurs as medium to coarse sulhedral

grains of 0,6 to 1.6 ram in si*e, In medium grained varieties, and

from 0,8 to 3 mm in th© coars® grained varieties. Minor inclusion©

of ronatcl quart*, flakes of biotlte and finely divided iron oxide

are sometimes observed, Mo-t of the microelln® exhibits the

characteristic griddiron twinning. Perthitie intergrowth between

microcline and albit® are frequently observed and are of the



©xsolutlon type. Blebs of alblt© are fairly common in most of

the microelln© perthites. Someties mieroclin® Is kaolini*ed

along the margins and rarely In the core. Orthoclas© In

subhedral grains is sometimes observed generally associated

with the microelln©. It shows a characteristic turbid

appearances due to alteration and is generally perthitic,

Carlsbad twinning is sometimes observed. It*s grain sl*e in the

rocks studied varies from 0,6 to 1,2 mm,

Plagioclase! Plagioclase builts hypidioraorphic, generally albite

twinned crystals, many of which are s®rleiti*©d and kaolini*ed

(thin Section Po, 8 GR, 9 OS) and vary iv grain si*© from 0.6 to

1,5 mm. Sometimes the plagioclase is corroded by microelln®,

quart* and biotlte. The larper grains In most or the rocv

consist of albito-oligoclase (Abu. An„Jto ( Ab - An _J.
»0 20 90 10 *

while th© smaller grains are (Ab^g An,,*) in composition.

Most of the plagioclase shows s©ricitl»ation in th© core,

but generally the albltic rims ar© clear. Strain effects

characterl*ed by bending of twin lamellae are observed in a

few specimens (thin Section IS OR, 8 OR, 9 OR). Rarely the

plagioclase occurs as minor inclusions in the coarse subhedral

mlcrocline. Vermicular rayrmefcitic intergrowth between albite

and quart* is observed in a few pranltes and craned*orites.

Biotltei Biotlte forming flakes and tiny plates is a common

constituent in most of the rocks. It may be enclosed and/or

corroded by plagioclase. Sometimes inclusions of Motite are

seen with th® felspar or other minerals, The percentage of

biotlte in the rocks studied varies from 2 to 10&. Most of the

Motite is strongly pleochroic in brown to mQrm Alteration

to chlorite is sometimes cbser^ed. Strain effects characterised
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by wavy extinction in the flakes are observed in a few granites
with cataclastic features (thin Section Po. 1SGR).
Augite! Occurs as an accessory mineral only in a few granites
(thin Section Fo. 20 OR, X7 OR) arrf U generally subhedral. Most
of the augite shows well developed prismatic cleavage and Is
weakly pleochroic in green. The extinction angle on prismatic
cleavages is between 35 and 38 decrees.

Hornblends! It occurs as aminor constituent in a granite
(thin Section Fo.21 GR) from Madhya Pradesh and is strongly
pleochroic in yellows. Extinction angle on prismatic cleavage
is 18 to 20 decrees.

Iron ores. Thes© Include the brown to dark red oxides of iron
and grains of Magnetit®, ,nd ar® widely distribut®d in th® rocks
studied,

m%m*m es^Mi of mm ^^1^ mmmm mm
The blotite granit® (thin Sections Fo,l4 OR) from Chlttor

area contains a high proportion of quart*, which is characterised
by strain effects and often shows well separate *ones of
undulatory extinction. The angle of undulose extinction with
reference to «C» axis varies from 20 to 24 degrees. Fracturing is
conspicuous in most of the grains and the fractures lie parallel to
the undulatory bands. These are sometimes filled with laths of
sericite. Microelln®, occurs as coarse subhedral ^aolinised
grains, and at times is nerthltic. The plagioclase (Ab An )
la marly e.ual in amounts as microelln®, and occurs as 0^°
subhedral grains. It is highly sericlt.ed and sometimes exhibits
natchy secondary twinning due to strain. The rock shows development
of myrmekit© to a minor extent. Biotlte laths occur as chief
accessories.



Another sample of a highly sheared biotlte granite (thin

Section Ho,16 OR) from the Bhongir area also contains strained

quart* as the major constituent, which is often highly sutured,

the outlines of which are marked by the occurrenc® of iron oxid®.

Most of the quart* shows marked undulos® extinction with fractures

in the core and a clear granulated marginal rim, Oligoclase

(AbgQ a*Vjq) occurs as subhedra grains and shows strain effects.

Some of the albite (Ab An ^ ) is fractured and fracture planes
90 10

ar® filled up with laths of serlcite. Biotlte, occurs as an

accessory mineral and is strongly pleochroic in brown and shows

wavy extinction. Th© rock contains mlcrocline perthlte as another

important constituent, while Biotlte, augite and magnetite are the

accessory minerals.

Mlcrocline granite (thin Section Po, 2GR Plate 10 Fig.l)

from Ka*inet contains coarse subhedral mlcrocline as the predominant

constituent, which is fairly altered and at times perthitic.

Cataclastic effects are prominently observed in subhedral to

anhedra(quart*, and are marked by strong undulose extinction and

fracturing. The fracture planes are generally filled up with

laths of serlcite.

An alkali granite (thin Section Fo„ 4GR, Plate 10 Fig,2)

from the Fellore district contains Microelln® perthlte as the

predominant constituent, while strained quart* constitutes about

25 percent of the rock. Most of the quart* exhibit weak and

broa©- strain shadows while a few grains show strong undulose

extinction and fracturing. Vermicular int rgrowths between quart*
and albite (rayrraekite) are also observed ^ Biotlte occurs as an

accessory constituent.

A biotlte granodiorlte (thin Section Po. 9 GR) from Kandl

(Plate 11 Fig.l) contains a high proportion of coarse quart*, of
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Thin
|| Locality
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» Rock type
*

*

i

• On^vt* Potash
fels
pars

* Flag!©-'
• clase '
1 fels-
1 pars

'Biotlte * Other Maflcs

Sectior
Fo.

•StraiTe^ Unstrained'

' : ;
• »

t

t

1

»

2 GR Ka*ipet (A.P.)
(M.R.)

Microelln©
Granite

38# 4% w% -
3%

3 GR Kawall Taluequa (A.P)
(S.R.)

Alkali
Granite

m & mi - m •

4 GR Oudur area (A.P.)
(IFF)

Biotlte
Granite

a% 35* 46% 8* 4$ 3% Augit©

9 GR Kandi (A.P.)
(M.R.)

Biotlte
Oranodlorite

3S% 8% 20% 26* 10* 4% Magnetite

13 GR Kangyam area (Madras)
(TTF)

Quart* cyerite «• rt m% 10* 3%
-

14 GR W.Chittor area (A.P.)
(H.R.)

Biotlte
Granite

38* 2% 35* IB* 7% m

16 GR Bhonpir area (A.P.)
(H.R.)

Biotite
Granite

4Q% 3% 24* 22* B% 3% Augite

19 GR 3hlwarl4Haryana)
(inr)

Tonallte
(C-ranodlorite)

2% 29% 20* 45% 3% 4% Magnetite

20 OR Khmmara (A.P.)
(IF")

Augite
Granite

-
30% 40% 22* — 9% Augite

H.R. a Highly reactive.
S.R. a Slirhtly Reactive,
M.R. a Moderately Reactive.
jrr a Innocuous
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which some grains are characterised by undulose extinction

and fracturing. Most of the quart* exhibits well separated

*on®s of undulatory extinction and shows granulated borders.

A few grains exhibit fracturing In the cor® wit& a granulated

marginal rim. Som© of th© quart* is entirely free from strain

effects and exhibits a normal extinction. Albite (Ab An- )
95 o

^ forms about 30* of the rock and occurs as coarse subhedral grains

and is highly sericiti*ed, A few of the trains show patchy

extinction due to bonding of the twin lamella®.

Microelln® Is generally perthltlc, occurs as coars©

subhedral grains and is slightly altered in the cor® as well

as along th® margins, Biotlte occurs as flakes varying In

length from l to 2 mm and Is strongly pleochroic in brown

and at times is chloriti*ed,

Biotlte granodiorit© (thin section Fo, BfR) from Phone

also shows similar microscopic features as thin section Vo*2 GR,

toaa .fleafiUvo. ar •nnogMgus, apmrataff tfn/ttw granUa. ,cian

Biotlte granit®! From Gudur (thin Section Fo.4 OR) is

a grey coloured holocrystallin® granular rock characterised

essentially by the presence of mlcrocline and quart* with

V biotlte as a minor constituent. The rock Is medium grained

with the grain si*© varying between 0,6 to 0,9 mm, Perthltlc

Intergrowths between microelln® and quart* are observed to a

minor extent. Most of the quart* in the rock is characterised

by uniform extinction, with a few grains exhibiting faint

undulos© ©xtinetlon. Another sample pjf from Fellore also

exhibits similar character (as jfcthln Section Po, 4 OR),

Audita granite $thin Section Fo, 20GR) from Khammam,

contains mlcrocline as the predominant constituent and

contains about 30 percent quart* with normal extinction.
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The other important constituent of the rock is albite (Ah^An^)

which is also free from strain effects. Aurlte occurring as subhedral

prismatic crystals is the only accessory mineral present in the

rock. Tonallte (thin Section Fo, 19 GR) from Bhlwani (Haryana) is

a coarse grained, ^rey coloured porphyrltic rock with coarse

subfc©dral grains of olifoelas© (Ab afiAn ) and quart* embedded
in a medium grained groundmas® of quart* sericitl*ed albite

(Ab_ An )» The phenocrysts of oligoclase vary in sl*e from
90 10

0,9 to 2 nan,, while the phenocrysts of quart* vary in sl*e from 1

to 2,5 mm. Th© rock contains muscovit© in minor quantities, which

generally occurs as Irregular flakes. All th© quart* in the rock

both occurring as phenocrysts and in the groundmass shows uniform

extinction* The albite trains ar© also free from strain effects.

Quart* syenite (thin Section Fo,3 GR) from Kangayam

(Madras State) is a coarse grained, pink coloured massive rock and

exhibits a hoi©crystalline granular fabric, Mlcrocline porthit®,

which occurs as coarse subhedral grains varying in si*e from 1 to

1.5 mm forms th® predominant constituent. Quart* occurs Interstitlally

as subhedral grains varying in si** from 0,5 to 1 mm as a subordinate

constituent. The rock contains biotlte in minor quantities.

Quart* which forms about 10 percent of the rock shows weak and

broad strain shadows.

fttrorraphY ox mortars t,

Megascopic features! The mortars are made up of pink ©o

grey coloured crushed fragments of granitic rocks, embedded in a

light grey coloured cement matrix. The aggregate cement ratio is

roughly 2.25!1 and varies slightly between 2.25 to 2.50!1 and

the sl»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 ofAthe mortar while th® polished
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sections of mortar exhibit sliphtly dark coloured rims around some

of th© rock fragments, a f®w of which also exhibit slight

discolouration around th© margins, Sometimes the mortars are with

few voids which are filled with a white to light grey coloured

material.

Microscopic features!- In thin sections, the fragments of

the rocks are enclosed In a partially isotropic carbonated

matrix. Certain mineral constitu©nts such as quart* and at times

mlcrocline occur as independent grains or fragments (due to

crushing of the rock to finer si*es in the preparation of mortars)

and sometimes associated with other mineral grains.

Some of the aggregate particles show corroded boundaries

and reaction *ones, thus indicating partial dissolution along

th® boundaries due to chemical reaction with th© surrounding cement
matrix,

1) Strained ^uart*i Sometimes quart* occurs as individual

grains and at times is associated with felspar and biotlte.
*— o

Most of the strained ouart* in the mortars exhibits

corroded boundaries and at times shows marginal fracturing

(thin section Fo, 14 GRM, 15 GBM). a few grains are slirhtly
pgimented along the borders. The chemical reaction betwen the

strained quart* and surrounding cement matrix is further indicated

by the deposition of a low birefrlngent granular reaction product

(gel) in the peripheral space between the strained quart' && the
cement matrix, creating a sort of reaction rim (thin Section

PO. 2 GRM, | GBM, 9 GBM, 14 GRM, 15 OHM) (Plate 11 Flg.2).

The thickness of th® rim appears to b© a function of particle si*©
and varies from 20 to 40 microns. Some of the ouarr* fragments,
with a feeble undulose extinction exhibit distinct outlines and
do not show boundary layers of the gel material.
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Plate Hi Photomicrograph 80ac Mag, of mortar of a reactive grant©
(Sp.l4 GSM). The central portion of the photograph very
clearly shows rim corrosion and deposition of a ralcrogranular
gel product all along the peripheries of a coarse frareaent
of undulatory quart*. Similar sympotoms are also soon
with other smaller grains of strained quart* in the mortar,
indicating reaction with the cement matrix.
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2) Felspars, whieh belong to th© microelln©, mlcrocline

perthlte and albite variety are practically unaffected and exhibit

clear outlines.

Microfracture© are not observed in the mortars studied,

ij^ gement matrix appears to be highly carbonated with

patches of isotropic material, particularly around the reacted

fragments of straired quart*. A few voids varying In si*e from

0,1 to 0,2 mm are lined up with the gel material.

Hi ftgflPrtanfr QftBerYaUapg» T**® microscopic features
observed in the deteriorated mortars are remarkable in some

respects, and similar to charnockltes,

1) Boundary corrosion and partial dissolution of strained

quart* and th© deposition of mierogranular gel product along the

embayed borders is observed,

2) Development of gel filled cracks emanating from the

margins ar© rarely observed. With regard to th® similarity of

observations as compared to the charnockltes^ th® mortars ar®

made up of crushed granitic roeks with quart" of felspar as the

predominant constituents. Of all these minerals only strained

quart* in the mortars exhibits chemical reaction with the cement

(alkalies), a feature analogues to th® charnockltes. But at the

same tlm® it is noticeable that in the granitic rocks the

disruption dua to alkali aggregate reaction is comparatively less

than the charnockites. The ehamockites studied, ar® more deformed

than the granitic rooks, and the microscopic features of the

mortars also indicate a comparatively Intense reaction in quarts

of the oharnockitic rocks in which the mortar expansions are also

higher. Thus it can be repeated that the microscopic features

observed in the mortars give a fairly good idea of the degree of

reaction and rate of expansion of mortars.
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B AS ALTS

Basala?ts are commonly used as aggregates for concrete

construction® in western and in ^arts of central India, particularly

in Maharashtra, Gujarat and Madhya Pradesh, vost of the basalts

are fairly hard and durable and are generally found to be innocuous

unless they contain secondary minerals like chalcedony, opal or

altered volcanic glass (palagonlte), A petrographie examination

of thes© rocks reveal that some samples contain glass In in minor

quantity in th© groundmass. Since th® petrography of the Indian

Basalts is fairly known, only the specific features of thos® rocks

found reactive with cement alkalies have been brought out in this

study,

iBnaartaift mmmtm as^MMI of. ^e fraaftl^a, staled.
The basalts studied are hard, fairly dense, dark greenish

grey to black coloured, fire grained massive rocks. The structure

varies from pnophyrltic and vesicular to compact and dense. At

times the vesicular cavities are filled with secondary minerals

like *eolite (Sp.Fo, I T, 2 T)f .quart* or chalcedony (5r, 15 T).

Sometimes the rock is traversed by thin veins of light grey

coloured chalcedonic silica.

The specific gravity varies from 2.89 to 3.36.

Microscopic features! The texture is commonly

prophyritlc with phenocrysts of plagioclase (Ab An ) and augite
40 65

set in an aphinitic groundmass. The matrix is mainly composed of

labrodorlt® (A^gAngg ), augite, iron or® and sometimes
interstitial glass. Occasionally, olivine occurs as phenocrysts

(thin Section PcSt1), A few of the specimens (thin Section Fo,12 T,

13 T, 17 T) show an lntergranular texture. Plagioclase phenocrysts

are twinned on the Albite, Carlsbad and nericline laws and are some

times *oned. Of these, the plagioclase forming th© rroundraass is
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generally twinned on th® albit® or the carlsbad laws, whil® th®

independent phenocrysts are twinned on pyridine types. Pyroxene

inclusions are at times observed in the plagioclase phenocrysts

and sometimes produce th© typical ophitic texture with augite

constituting about 40 t© 45 percent of the rock mass. Augite

sometimes occurs as microphenocrysts hut is generally confined to
the groundmass.

Iron ora occurs as irregular elongated grains, and as
inclusion© In the pyroxene, plagioclase and in the glass.

Primary glass forming 5 to 15* of the rock, is mainly
interstitial. Palagonit® is observed (thin section 3 T) as an

ateration product of the primary glass and varies in colour from

pale to dark brown. Fibrous texture is conspicuous. Chalcedony
is seen to occur as a secondary mineral (thin Section Fo, 1 T, 15T)
filling up the vesicular cavities and as veiniets traversing th© rock,

lan.OXtant features observed Ir, the rewcftywa basalt*

1) Th© olivine basalt (thin Section Fo, 5T) from the Khamgaon
area is prophyritic. Olivine occurs as a major oherocryst, as coarse
polygonal grains varying in si*© from 0,6 to 1.5 mm and is

characteri*ed by marked alteration to iddlngsite, winch has given a
rimmed and criserossed appearance to the mineral Labroftorite

(Ab40Ar65) oecurl^r as phenocrysts is sut&edral to anhedral, exhibits
highly corroded outlines marked by the occurrence of iron oxide
and varies in grain si*e from 0.5 to 1 mm. Augite phenocrysts of

0.5 to 0.8 ami si*© are weakly pleochroic in green and occur as
subhedral grains. The groundmass is composed of mlcrolitos of
labroadorite felspar (Ab^An^) and pyroxene and grains of magnetite.

Interstitial primary glass is observed in minor quantities.
Chalcedony occurs as amygdular fillings (Plate 12 Fig.i) and as veins.
It exhibits the typical fibrous extinction and at times contains
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MODAL CCttPOSlTIOF OF SOME OF THE W, ACTIVE APD IFFOCTTOHSI BASALTS
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t • i
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Plat® 12! ^otcaticrograph BOxMag. of a reactive basalt from Khamgaon
^xg. i t v&p. 5 t) showing a large grain of chalcedony filling up the

amgdule in the basalt. Radiating fibrous structure is
conspicuously observed in the chalcedony. The right haift
corner of the photograph shows minute inclusions of
tridymite occurring as clusters in chalcedony, which also
contains minute Inclusions of pyroxene.

Plate 12i Photomicrograph 80xMag. of a glassy basalt. The centra:
rig. 2i portion of the photograph shows palagonlte, exhibiting a

fibrous structure and occurring interstitlally in a
subophltic groundmass with augite partly enclosing the
plagioclase grains and partly Interstitial between them.
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inclusions of tridymite which occur as minute polygonal grains,

Isotropic in nature. Minute inclusions of granular augite and iron

ore are also observed,

2) Microscopic features observed in basalt (thin Section Fo,l5T)

are similar to (thin Section ^cST) except that the phenocrysts are

mostly labrodorltes fet^isw) and augite. Chalcedony is seen

generally occurring as velvets and is sometimes associated with traces

of opaline silica. Primary glass also occurs interstitlally in

the groundmass in minor quantities.

3) The basalt from BhuJ (thin Section Fo.3T) is fairly similar

to the above described specimens except that a few mierophenocrysts

of olivine are observed in th© groundmass. The glass oceurring in

the groundmass is dovitrified at places, and patches of lieht brown

coloured, low birefrlngent, fibrous, vesicular, palagonlte glass

are conspicuously observed (Plate 12 Fig.2). However, the rock does

not contain any chalcedony or opal,

Petrorrar^hv of mortars

Magascoeic characters! The mortars are made up ©f dark

greenlsh grey coloured fragments of basaltic rock, embedded in a

llpht grey coloured cement matrix. Whitish porcellaneous exudations

are conspicuously observed on the surface of th® mortar after six

months of humid storage. A few of the fragments exhibit dark coloured

reaction rims and whitish scum on th© surface, Th© ratio of aggregate

to cement is about S.SSil, The mortars contain a few voids fillod

up with a light gray coloured material,

Mierosconic characters! In thin section the fragments of

basalt are found embedded in an isotropic but slightly carbonated

cement matrix. The si*« ©f the fragments varies from 0.4 to 0.6 mm

and the interspaces are fillod with cement matrix which rarely ®xceeds

0,4 mm. Most of the aggregate fragments show slight to moderately
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®orrod©d boundaries and reaction *ones and sometimes are with

cracks emanating from the boundaries of the aggregate particles

(thin Section Po, 5 TM,15 TM,3 TM).

Sometimes thes® cracks are linked together, while at times

these are seen either passing along the peripheries of another

fragment or traversing the adjacent aggregat® particles.

As the fragments are made of basaltic rook, the rainerologlcal

composition of the aggregate particles is fairly similar to the

parent rock except that the percentage of interstitial glass in

the groundmass and the amount of secondary minerals vary.

Chalcedony occurs at the margins ©r edges of th© basalt fragments

or sometimes as individual grains. The minerals constituting thes®

fragments in the decreasing order are labrodorlte, pyroxenes

(augite and other elinopyroxeres), magnetite, olivine, interstitial

glass and chalcedony. Devitrif led palagonlte glass is also observed

(thin Section Po.STM). Most of th© aggregate fragments with

interstitial glass show slight fracturing and eorrod©d boundaries

Indicating chemical attack by the surrounding cement matrix,

which may be having alkali in excess (thin Section Fo. 5 TM,15TM,

3 TM). Some of the basalt fragments Indicate preferential

dissolution of the Interstitial glassy material (thin Section Fo.STM),

Chalcedony is sometimes found to ©eeur alone the ©dres or

margins of the basalt fragments or as individual grains and is

doeply corroded. It is seen partially to totally altered to low

birofrlngent gelf and at times occurs as relict grains enclosed

in a mass of gel.

It is observed that though most of the basalt fragments show

slight to moderate boundary corrosion, still they do no exhibit

distinct gel rims. However, the intense opaque character of the

cement matrix around these fragments suggests impregnation of

the matrix by the gel product.
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Augite and labrodorite are rarely seen to occur as

individual mineral grains. These show distinct outlines and do
not exhibit any gel rim, or boundary corrosion and appear to b©
absolutely unaffected by the cement alkalies.

Hlprgfrflctures in the mortarst The mortars exhibit

distinct cracks ©manatinr from the margins of the reacted basalt

aggregat® fragments and heavily reacted particles of chalcedony.
The nature of disruption varies slightly in the ©peeiraens studied.
Usually, the cracks are partly to wholly filled up with the gel
product and vary in length from 0,5 to 0.8am. The nature of th©

cracks may be as (a) link cracks (b) radial cracks.

a)Llnk eraeks! The cracks are seen emanating from th©
margins of th© coarse reacted fragments of basalt. The cracks

ar© further seen extending through th® surrounding cement

matrix which Is isotropic in nature, and then Joining another

reacted fragment of basalt. Sometimes the cracks are seen

passing along the periphery of a reacted basalt fragment (thin
Section Po. 5 TM, 15 TM) (Plate 13 Fig.l).

b) Sometimes two or three cracks are seen emanating from
the particle or veins of chaleodony and give a radial pattern.
Sometimes these emanate from a heavily reacted particle of

chalcedony and are seen to ©xtsnd through the surrounding cement
matrix in different directions. The cracks are generally observed
to form a link with another reacted fragment of basalt or

chalcedony (thin Section Fo.5 TM) (Camera Lucida Skietch Fo,2),
The cracks probably indicate that the reactive particle has
swelled due to th© formation of swelling type of gel along the
borders,

Jfftfare flf cmprfr MfltrlTi The cement matrix in general
exhibits an isotropic nature and is slightly carbonated at places,
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cracks are seen passing alongP^?nlpSeries rfedi.JS©
h^SK ^** **»«*• and at tiLftrave^ing ?hl ^
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fhlch is characterised by the highly birefringent carbonate

patchy substance. Few voids are observed varying in diameter

from 0.2 to 0.4 mm and ar© usually lined with t*ie gel (Plate 13

Fig.2).

iBnortiant, mmWmmmkt Th® megascopic as well as the

microscopic observations in the mortars studied, are striking

in some respects. The mortars are mad© up of high alkali

cement and basalt fragments containing interstitial glass and

chalcedony as secondary mineral. Most of th©se basalt fragments

exhibit distinct symptoms of reaction with the cement matrix.

The occurrence of distinct, long, gel filled cracks, emanating

from the margins of the reacted fragments of basalt, indicate

disruption of th® mortar due to the swelling of th® reacted

fragments, Especially the occurrence of peripheral cracks along

son© of the fragments indicates shrinkage of the fragments after

th© reaction. The ©©eurreneo and nature of »*©1 filled cracks

emanating from the particles thus throw a good 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. Occurrence of a number of cracks ©manating from particles

of chalcedony, which is seen altered to a gel product, also

Indicate the swelling nature of the gel and confirm th® observations

made by Vivian (1^50), Brow*- (1955) and others, that th® disruption

of mortar du© to alkali aggregate reactions is a sequence of

swelling of th© reacted fragments. The observations of mortars

made during the study are also of similar nature.

(SffTRAL UBRW WlvkSITY OF ROOmb
ROORKEE.
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SATDSTOW58

Sandstone, if hard and durable are also commonly used as
building stones as well as eoneret® aggregates. Such sandstones
are found to occur in mo^t of the older geological formations

in India and are widely used for concrete constructions. The

sandstones studied here belong to the Vindhyan*, (uoper and low©r

Vindhyanes) Cuddapah, Tertiary and Siwallk formations. In th©
following pages th© sandstone aggregates studied, are described
in general and their important features specially regarding the
cementing matrix and at times the detrital minerals, of the

alkali reactive sandstones have been brought out, as well as those

of innocuous characters also have been dealt with.

**mm»fcAT*. patrftPT-rmhic features of the Sardgtopep ?tmU*fl

The sandstones studied ar® found to be generally hard,

compact, fine to medium grained rocks. The colour of thes©
sandstones varies from pink, grey, dark grey t© buff and most of

th© rocks are characterised in th© hand specimen by the predominance

of fine to medium grained quart*, sometimes coated with a thin

film of Iron oxid©.

The specific gravity of these sandstones varies from S.S5

to 2,85,

Miera*conic featur©©!

Texturei Most of the sandstones exhibit a moderate to

excellently sorted, well cemented, granular fabric except (thin

Section Fo,l SS and 7 SS) which are poorly sorted. The average

grain* si*© of qu©rt* in sandstones varies from 0,4 to 1.2 mm.

Klnerology* Subangular to subrounded quart* Is th©

predominant constituent and the percentage of quart* varies from

50 to 85"^. The cementing matrix is either silicious, clayey or

of ferruginous material, Th© detrital '^mineral grains observed

are the chert, serlcite, mlcrocline, tourmaline, chlorite and albite,



ImPOrtatt features of the alkali roactlv© aandster>ea

(1) Quart*ose sandstone (thin Section Pb,6 SS) from Chinthala

Kuraool formations lower Vindhyan*(A.P,) (Plate 14 Fig.l) Is a

raodei'ately sorted, well c®m®nt«d rock and contains subangular to

subrounded quart* varying in grain si*e from 0.5 to 1.2 mm as the

predominant constituent. Some of the quart* shows a faint undulose

extinction. The rock contains about 20 percent chert which also

forms the binding matrix. Chert occurs Interstitlally set in a

radiate fashion around th® subangular to subrounded quart* grains.

Tiny inclusions of flaky chlorite ar© common in the chert and have

Imparted a light green colour to the cementing matrix. Chlorite

also occurs individual flakes or is associated with th© binding

matrix. Subhedral to anhedral magnetite is irregularly distributed

throughout the rock.

(2) Sandstone (thin Section *©.9SS) from Palamnur, Hajasthan
(Tertiary formation* (Plate 14 Fig.2) is a moderately sorted* well
c®ment©d rock and consists of subangolar to subrounded quart*t
varying in si*© from 0.8 to 1 mm,, enveloped in a ferruginous

elay«y matrix composed of highly d©eompos©d and kaolimed felspar,
serlcite, chlorite and iron ore. Suhfound®d to rounded grains of

detrital chert (micro to cryptocrystalline quart?) are also

observed associated with th© cementing matrix and form 8* of
the roekmass,

(3) ?uart*ose Sandstone (thin Section Fo. 4 SS) from Burg
Dlstt. (M.P.) is an ©quigranular, moderately sorted, well cemented
rock and contains subrounded quart* varying in si*© from OS to 1.2
mm, cemented by authigenic quart* intergrowths which is

characterised by the stippled borders marked by the occurrence of
iron oxide around most of the grains.

Some of the individual quart* grains, show a faint undulos©
extinction. Detrital chert (raicrocrystalllne quart*) whieh
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constitutes about 10 of th® rock and microelln® grains subrounded

in shape and 0.2mm in si*© constituting about 2*, are seen occurring

intergtitially, filling up th© por® spaces in between some of the

quart* grains.

(4) 2uart*ose Sandstone (thin Section Fo. 3 SS) from Durg

Distt (M.p.) is a moderately sorted, well interlocked rock and

contains subangular to subrounded grains of quart* varying in

si*e from 0.8 to 1.5 mm. Th® grains show well marked boundaries

coated with iron oxld©. Some of th© quart* also show strong

undulos© extinction. Detrital subrounded chert grains of varying

ei*e from 0.8 t© 1 mm constitute about 15* of the rock. Chlorite

and serieitl*ed albite ar® also seen occurring as det©rital

constituents.

(5) Lithic Sandstone (thin section Po. 1 SS Plate 15 Fig.l)

from Kundagha|r (P.P.) belonging to Siwallk series is a poorly
sorted but fairly well cemented rock. Subangular to subrounded

grains of quarts constitute only 90* of the rock, while th©

fragments of sericlt© phyllit© constitute 20* and detrital chert

constitutes 10^ of the rock. These, along with minor tourmaline

are embedded in a ferruginous clayey matrix, which is made up

of fine shreds of serlcite, chlorite and kaollnitic clay.

Quart* grains vary in si*© from 0.2 t© 0.6 mm and some of these

exhiMt faint undulose extinction. Lenticular fragments of

serfcite phyllit© varying in lenrth from 0,4 to 0*6mm exhibit

slight foliation and consist of fine shreds of serlcite and a

few tiny flakes of kaolinite and chlorite admixed with fine

quart*, Detrlfcal chert is highly ferruginous in nature and

occurs as subrrourded grains varying in si*© from 0,4 to 0,6 mm,

Th© detrital tourmalin® is strongly pleochroic in brown and varies

in si*e from 0,2 to 0,3 mm»
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6) Siwalik Sandstone (thin Section Po. TSn) from Kalka (P.P.)

is a highly argillaceous, poorly sorted sandstone and consists of

subangular to rounded, quart* grains, varying in sis© from 0.2

to 0.5 mm, embedded in a highly argillaceous matrix consisting

predominantly of fine shrods of serlcite, kaolinlte and irregular

grains of magnetite.

InnQCHTUg ^BPilffifrQnejj,

Sandstones (thin Section Fo.2 SS) from Kota belonging to

upper Vindhyan series) is a moderately sorted rock and consists

of subangular to subrounded grains of quart* varying in si*© from

0.4 to 0.G mm coated with iron oxide at the margins, which also

forms the binding matrix.

Petropra-hv of mortarst The sandstones studied vary fairly

widely in their petrographie characters. Hence the mortars containing

the crushed fragments of these sandstone, which exhibit significant

symptoms of reaction, are described separately and categorised asi-

1) Mortars made up of crushed fragments of qu©rt*oss

aand8tonee (thin Section Po. 3 SSM, 6 HK| 4 SP.M).

2) Mortars made up of crushed fragments of lithie sandstones

(thin Section 1 SSM, 0 SSM),

group 1 (thin Section Fo. 3 CHM. 6 SSMt 4 Sg!')

Megascopic charactemi The mortar is mad© up of light grey

to dark grey coloured fragments of sandstones enclosed in a light

grey coloured cement matrix. The aggregat®! cement ratio is 2.28! 1,

The polished surfaces of the mortar show whitish exudations, whil©

the broken pieces a* well as the polished sections show dork

coloured reaction rims (Plate Fo.l^ Fig.2) around som© of the

aggregate particles. Th© mortar also contains a fe* voids filled

up with white coloured material.
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Microscopic characters! The thin section of th® mortar shows

fragments of disaggregated sandstone (thin Section Po, 3SSM, 6 SSM)

enclosed in an isotropic but slightly carbonated cement matrix.

The si*e of th© fragments varies from 0.2 to 0.5 mm. The

interstitial space filled with cement matrix is less than 0,6 mm,

in width, Mo-t of the quart* particles of the sandstones appear

to have been disaggregated due to (a) crushing of the rock into

finer si*es, while preparing the specimens for th® mortars (©)

Th® crushed fragments are further disintegrated due to the partial

to total dissolution of th© binding silicious matrix (which is

often eherty ), due to chemical reaction probably with cement

alkalies,

Th® mortars also exhibit distinct cracks emanating from som©

of th© deeply corroded fragments (thin section *o, 6 SSM), The

average mlnerological composition of the aggregate particles in

the order of decreasing predominances is as follows! coarse quart*,

chert, chlorite. The percentage of quart* in the mortars studied

varies from 70 to 90*, Some of the quart* exhibits feeble

urdulose extinction. Chert constitutes about 5 to 10* of the

mortars. Chlorite forms about 1 to 2* and occurs as tiny flakes.

The coarse quart* fragments in the mortar vary in si*e from

0,2 to 0,5 mm. Chert has been heavily reacted and dissolved to

give rise to a low birefrlngent gel. A few grains also show

narrow gel rims,(thin Section Pb, 3 SSM, 6 SSM), and most of the

aggregate particles of chert occur as relict prains enclosed in a

•ass of g©l which is well dispersed in the surrounding cement

matrix. At times a complete alteration of chert particles to a

low blrofringont gel product is conspicuously observed.

Microfractures in th® raortan The mortar shows a few

distinct cracks emerging from the deeply eorroded particles of
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chert (Micro to eryptocrystalline quart*), into the surrounding

cement matrix and joining another reacted fragment of chert. The

cracks are generally long, narrow and gel filled. The length of

the cracks is found to vary between 0,6 to 1 mm. The phenomena is

conspicuously observed in (thin section Fo, OS), The cement

matrix adjacent to these cracks exhibits a few distinct

microeracks which are also filled up with gel,

grq»p | mm saTgstairca (thin fr^tton l WU a "TO
The megascopic as well as the general microscopic features

ar® similar to the mortars of sandstone described previously.

Only the specific features Regarding th© mineral composition,

microfractures are given belowi-

The mlnerological composition of th© aggregat© particles

in the mortar Is asi

a) Coarse aggregate fragments containing quart*, serlcite,

kaollnitlc clay and minor amounts of detrital chert to a total of

60*.

b| Individual mineral grains of slightly undulatory

strained quart*, at times associated with highly decomposed

and kaolini*®d felspar-85*,

e) Individual mineral grain of non-undulatory unstrained

quart* -5*

d) Individual fragments of chert, sometimes associated

with kaolini^ed and decomposed fels par— 10*,

a) Coarse aggregate fragments! The grain sire of the coarse

fragments of sandstone varies from 0,5 to 0,7 mo. Some of which

contain minor amounts of chert and show slight fracturing due to

chemical reaction between the chert and the surrounding cement

matrix. The fractures are seen to be filled up with narrow

seems of isotropic cement matrix. Farrow reaction rims are also
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developed along the boundaries of these fragments with cert and are

absent or indistinct with the fragments devoid of chert.

b) The individual mineral grains of undulatory_quart*, vary In
si*e from 0.2 to 0.4 mm but show only faint reaction *ones aid the
reaction appears to be a weak one.

e) Quart* grains showing uniform extinction do not exhibit any
•ymptoms of chemical reaction with the surrounding cement matrix.

_ d) Cherti An examination of the cert particles (0.3 to 0.5 mm
In al*o) shows tfoat the boundaries are severely corroded, or dissolved
and are extensively fractured in most of the grains. The corrosion

rims seem to have been Intense along the boundaries. Chemical

reaction of the chert particles with the cement matrix appears to
have resulted in the production of a gel which is predominantly
isotropic and has thoroughly permeated the cement matrix also
(Plat© 16 Fig. l).

Microfractures fr tho nortflr

The mortar exhibits a few distinct cracks emerging from th©
chert fragments. The cracks are distinctly ©bserved in thin section
1 SSM, Three cracks are seen emerging, from a sin»^e particle of
chert, in different directions (Plat® 16 Flg.2). At t«meS the cracks
are seen traversing through the adjacent grains of sericit*©d and

kaolinl«ed felspar, and extend through the cement matrix to form *
link with another reacted fragment,

Fature of the cement matrix! The cement matrix in general is
isotropic, but slightly carbonated and at places shows patches of

microcrystalline moderately blrefringent carbonat® substance, A f©w
voids varying in diameter from 0,1 to 0.2itn are also observed
lined up with th® gel.

Important observations! The microscopic observations in the

mortars studied are notable in some respects. The disruption of the
mortar due to chemical reaction between cement alkalies and the
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fragments of sandstone is clearly exhibited. Th® Presence of
distinct, long gel filled cracks originating from the boundaries
of the deeply altered chert indicate disruption of the mortar
due to swelling force imparted by th® eel. The evidences
observed in the thin sections indierte that the disruption
of the mortar is caused by th© swelling pressur® excerted
by reactive particles. As observed in thin section Fo, IMf,
it is quite possible that the occurrence of a fairly large
amount of kaolin**ed and sericiti*©d felsears, associated
with chert nlofit have accelerated th© reaction by releasing
the alkalies and thus increasing tts® alkali content of
©ement matrix*

Quart*ites are fairly hard and durable rocks and a r©
widely us©d for concrete construction all over the country.
The auart*ite argregates described her® b©long to th® Dharwar
and Cuddapah formations. The aggragates studied are described
to ^neral and Important features of some quart*ites observed
susceptible to alkali aggregat® reactions through the mortar
bar tests have been brought out, Petrographie features of
the less reactive and innocuous quart-it©s are also given
it! brief.

Th. 4Utt.it*. MM«i aro foum to bo hard, connaot,
ftne to ra9aiu» anJ eoar„ rMmt aasslve rocfcs> ^ coiour
varies vidoly. The ,«**» fro. |1(„|| „,„ „ ^^ ^
ir colour, „hil. the TOart»ite9 from Dolhl, (5 „ HUaJaW
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m D.ari .how ~ t« •*• ** col- **** »***« ^lsh
•Ml. (NMM tm Proaattur (31) 1. flesh red .nd the fir.
gained eherty hematite quart.lte fr. Birmitranur is reddish
p., aue to th- oeeurrerc* of hematite i, «««» quantities.
An important feature observed ir most of the .uart.lt". is a
t.rd.ney to break through th. fv.ctur. surfaces ara around the
individual rrsir, and most of them break with sharo an^ar
,ape„. the specific gravity of the quart.Hes varies from
S.S8 to 3.90.

Microscopic features. Most of the quart.ites dismay
an .qulsranular GranoWLa.tie fabric (thir Sootier To. 39,59,8 Q)
except those (thir Section M, 49. *l) from vijawsda, ^alajabrf
and ^arjurd which exhibit hls-hly suturea outlires marked by the
occurrence of iron oxid. Ml aouear to have beer hiphly fused
aurlrr the metemomhlc processes. Most of the quart* in thes.
quart.ites also show, .tronr urdulose extinction and at times
aseries of veil developed defomatlon lamellae. Or the other
h^d the qu.rt.it. from Delhi, Dadrl, Prodattur t«U Sootier
3!}, M| 89) rtws aurlform extirctlon. Biotlte, garrot and
magnetite occur as illusions ir two quart.ites fr« Delhi
and Dadrl (thir Seetlor 89,89). The .part.ite fros Prodattur

> contains omly 5 percept ehert while th. quart.it. fre. Birmitrspur
i« rich ir micro to eryetoerystalHr. quart, coated with a
thick flls. of hematite which also acts as eemeptit* media.

Tm?„rt,,T<t fen^lf"- "f alWH -PfKltftm IIWPt'iUM.
1) Aquart.lte (thir Sectior l»o,19) from Vlyajrsda (A.P.)

is ahighly deformed rock ard consists of predcnlrently fused
quart, grain*, whieh show sutured outlines marked by the
occurrence of iron oxide. In quart, grains, cataclastic effects
with conspicuous features are common. The rrains vary ir si*.
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f rem 1 to 2.5 ram along the longer axis. Afew grains of th®
strained quart* also show fractures in the cor© with slight
marginal granulation.

Most of th® quart* shows well separatod *onea of undulatory
extinction and the angle of undulose extinction with reference to j
the •«' axis varies from 18« to 24*. In addition, deformation
lamellae ar- well observed in some grains and there appear to

^ develop a series of narrow lens shaped lamellae. These maintain
a regular arrangement except when these are displaced by microfractures
At times where th- **«. are with intense fracturing, the deformation
lamella© are further broken down into smaller fragments of strained
quart*. Sometimes the fracture planes are seen filled up with
fin© shreds and laths of serlcite and rarely with recrystallised
quart* ,

Th© only accessory mineral is magnetite and is sparingly
distributed,

Quart*ite (thin Section Po. «} from Wala|abad, Madras State
Is a deformed quart.lte in wh!ch th© grains are highly sutured.
Like the earlier rock from VljayawadaA cataclastic effects ar©
predominantly marked fa ftl ej» ^^ ^^ ^ m ^^ ^
urdulose extinction on W Axis varies from li to «.. Sometimes

y the strained quart* is fractured with planes running oarrallel
to the ,ones of undulatory extinction. Afew grain* exhibit
mm lamella© which are lens shaped and anpear to pinch out
before reaching the edge of the grain fWkkUm Mfr- ).

Augite and Motite occur as accessory minerals in th®
rock.

Quart*ite (thin Section Fo.3Q) <Plate 17 Flgtl) fpoffl
Prodattur <A^>. te r0ck ^^ §^^ ^^ ^ ^
of the quart, grains are rounded t© subrounded with well marked
boundaries coated with iron oxide, which in tam forms the



cementing material. Detrital chert, or cryptocrystalline quart*

occurs as fin® subrounded grains with thick coating of iron

oxid® and forms about 5% of the rock.

4) Cherty hematite quart*ite (thin Section Ko.21) from

Birmitrapur area (Bihar State) is essentially made up of well

interlocked grains of wlero to cryptocrystalline quart*.

(Si*e of individual quart* grain is 80-40 microns). Some of

this microcrystalline quart*, exhibits wavy irregular extinction.

The rock is traversed by a few veins of fibrous quarts,

Afew anhedralgrains of coarse quart* varying from 0,1

to 0,3 mm in si*e and characterised by wavy extinction occur as

irregular pate' es in the groundmass of micro to cryptocrystalline
quart*. Hematite generally occurs as fine disslmirated grains and as

a cement throughout the rock and sometimes as subhedral grains.

Iftaff isswtlfcl find Innocuous Quart^tes

the quart*ite from Delhi is a bluish grey coloured,
coarse grained rock and shows brownish tinged patches due to

surface alteration of iron oxid«s. The only predominant mineral as

identified in the hand specimen is quart* which exhibits a

characteristic vitreous lusture. The rock is fairly hard and

Is hiehiy resistant to abrasion. The specific gravity is 5.68,
under the microscope the rock typically displays a mosic or

slightly sutured fabric. Most of the quart* occurs surfcedral

to anhedral grains with minute inclusions of garnet and iron ore

and sometimes muscovite and fin® needles of rutil®. Th® grain
si-© varies from 0.8 to 1.8 mm. Most of the quart* shows well

raark®d boundaries coat©d with iron oxide which also acts as a

| cementing material. The quart* shows uniform extinction except a
few grains which show weak and broad strain shadows.
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In the quart*!to (thin Section Fo.8 Q) from Tandalur (A.P.)

quart* occurs as angular to subangular grains varying in sl*e

from 0,85 to 0,40 mm. The grains are marked with a thick coating

of iron oxide which also forms the cementing material. All the

quart* is charaeteri*ed by uniform extinction.

Petrography of mortars* As mentioned in the earlier pages

th© quartsites studied vary in their texture and mlnerological

composition. Therefor© the mortars containing the different

varieties of quart*ite and showing symptoms of reaction are

described separately and are categorised as

1) Mortars with cherty quart*it© (thin Section 2 ($!)

2) Mortars with crushed fragements of Deformed Quart*ites

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

Microscopic features*- The thin section contains frafoments

of chertyhematite quart*ite (Microcrystalline *iartz-60#, coarse
quart*-10<, Hematite-30$) enclosed in an isotropic carbonated

cement matrix, Th© ratio of the aggregate to cement matrix Is

roughly 2,5*1. The sl-e of th© fragments varies from 0,3

to 0,6 ram and the interspace filled with cement rarely exceeds 0,^mm,

Most of the aggregate fragments exhibit deeply corroded

outlines and reaction *ones and at times show cracks emanating

from margins. Extensive prestation of a low birefringent gel

product is well observed all along the boundaries of the fragments

and in the surrounding eeraont matrix, A few of the fragments which

ar© smaller than 0.4 mm are totally dissolved due to th® chemical

attack by cement alkalies and occur as relict trains engulfed in a
thick mass of gel.

The above observations indicate that 1) The chemical attack

by cement matrix is progressive from the borders of the reactive
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particles. Marginal fracturing of the reacted particles probably

indicates an intensive reaction. Extensive precipitation of

the gel along the boundaries Indicates a partial transformation

of microcrystalline quart* to a gel rim. 2) The particle si*©

of the reaetlwe particles also is important and the reaction is

more in th® particles of fin© sl*©s,

lUcrpfracture.a jy ,th® Mortara!

In the thin sections (2 OM) studied, thro® distinct cracks

could be located. These cracks are seen emanating from the

boundaries of the reacted fragments of chertyquart*ite, and

are filled up with a low birefrlngent gel product. The cracks

are generally long and narrow and vary in length from 0,5 to

0,8 mm and at times traverse through som© of the heavily reacted

and weakened particles and Join another reacted fragment

forming a link b®tw®©n th® two, A few fragments of cherty

quart*it®, which are partially to totally dissolved, give ris®

to a g®l product causing disruption of the mortar (Plate 17

Fig.8).

Mature of the cement matrixt The cement matrix is highly

carbonated but exhibits an intense optqu* character around and

near the reacted fragments indicating extensive precipitation

of the resultant gel wroduct in the cement matrix. A few

gel filled voids varying in diameter from 0,1 to 0.8 mm are also

observed.

Some important observations I Th® reaction of the cherty

quart*it® with th® cement matrix has destroyed parts of the

fragments of chertyquart*it© and has caused weakening of the

structure of the rock fragments as well as the mortar. The

occurrence of long cracks filled with gel at times are seen

cutting through the whole section and indicate a total weakening
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Plate I7i
Fig. 2. Photomicrograph (ISOxMag.) (without tficols) of a mortar of

S 5«»*1*%Jf»'t*it. (Sp.Fo.2 QM) showing a long
S^SLE1 fille?„crack emanating from a coarse fragment
?eacKd ?r5^t^it%pasSirf ^ the Periphery of other?^«-2 * S? rt5» traversing a few reacteS and weakened
to'Sorter y CaUSl"? *te**H*« *** weakeningo?

Plate 17!

^SraT^ti^ frOT *****,
chert showLrZaIZ ? he 2hotopranh shows a grain of
small fragment tf^iJ^P^^8**11™ ***»«». Another
^^/o^tPtphotog?a'hlS ^ ^ lr th* «* *** ^



of th© mortar due to the reaction.

Groups- Highly to moderately deformed quart*ites

(thin Section #o, 1QM, 4 QMt 9 OM).

Megascopic features! The mortar show* whitish exudations

of! th® surface and contains voids filled up with a whit© coloured

gel like material. The aggregat© fragments exhibit indistinct

reaction rims.

Microscopic features! The thin section contains fragments

of quart*ite enclosed In a slightly carbonated cement matrix.

The aggregate cement ratio is roughly 3,5s1, The si*e of the

fragments varies from 0,2 to 0.6 mm. The rock fragments sometimes

exhibit highly corroded boundaries and reaction *ones. Cracks

emanating from the margins of the aggregate particles ar®

sometimes observed.

Minerologys Th© mortars are made up of crushed monomineralic,

deformed quart*ite, and obviously the most predominant constituent

is the strongly undulatory fractured and slightly granulated

quarts, Weedle like rutU© occurs as common Inclusions in th©

quart* particles._ As mentioned above most of th® particles

of strained quart* show boundary corrosion and slightly

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 reaetiv© quart* creating a sort of

reaction rim. The gel has permeated th® surrounding cement

matrix (Plat® 18 Fig.l).

Microfractures in the mortars| The mortar exhibits a

few indistinct cracks emanating from the margins of reacted

fragments of strained quart* (thin ection *o.l $4, 9 3M) into

th© surrounding cement matrix. The cracks are partially filled
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up with a low blrefringent gel and rarely exceed 0,3 mm in

length. The cement matrix is highly carbonated and raiero-

crystallin© grains of carbonate substance are frequently

observed, characteri*ed by high, birefringence. The cement

matrix also contains a few voids varying in diameter from

0.1 to 0.8 mm lined up with the gel. It contains a few patches

of isotropic material, as a result of the Impregnation of the gel.

The microscopic observations are similar to those observed

in the deformed charnockltes and granites where strongly

undulatory strained and fractured quart* shows a chemical

reaction with the high alkali cement,

mama An? rzLri

The phyllltes and schists due to their fissible nature

are rarely used for concrete constructions in India, However,

a few samples of comparatively hard variety belonging to the

Dharwar formations have been obtained from the Mysore state

and studied for alkali reactivity. For comparison a sample

of phyllite from Hiraachal Pradesh has also been studied.

Phylllte and schists from the Dharwar formations of

the Mysore area is fairly hard, fin© grained, dark colourd,

foliated rocks. Sometimes the rock is traversed by veins of

calcite. The specific gravity varies within very narrow rang©

from 2,75 to 2,78,

Microscopic featuresi As th® rocks studied vary widely

as regards their textural features and the mlnerological composition,

they have been described separately,

(Thin Section Fc,l SCH) chlorite quart* schist from

HAliyal- Mysore State (Highly reactive),,
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Textures The rock exhibits a porphyroblastie texture

(Pl,t© 18 Fig,2). Porphyroblasts of quart* and sometimes

chlorite occur in a medium to fin® grained groundmass of quart*,

chlorite, serlciti*ed albite, biotlte, serlcite and iron ore.

The rock is traversed by veins of ealcit© whieh is well

eharacteri*ed by high hirefringe nee ard twinning,

Mlnerologys The minerals constituting the rock in an

order of decreasing predominance are as f ollowss

Quart*, chlorite, ealcit®, s©rleltl-*ed felspar, biotlte,

muscovite«

1) Quart** It constitutes about 50$ of the rock and

occurs as porphyroblasts, a* well as a constituent of the

groundmass and occurs as subhedral t© anhedral grains. The

lenticular porphyroblasts sometimes arc generally marked by

the occurrence of Iron oxide at the margins, and vary In si*©

from 0,6 to 2 mm in length. Inclusions of *ireon, need!®

like rutile and iron or® are conspicuously observed In quart*.

Most of th® quart* exhibits strong undulose extinction

and sometimes the marginal granulation along certain grains

is not rare, while some grains ar® brecelated into much smaller

particles which als© show an undulose extinction and mortar

structure,

2) Chlorites It forms about 20$ of the rock and generally

occurs as a part of the groundmass as tiny flakes, arranged

parallel. The si~e varies from 0.1 to 0,2 mm in length, and

sometimes as porphyroblasts varying in si*© from 0,4 to 0,8 mm.

Most of the chlorite is strongly pleochroic in green and exhibits

straight extinction,

3) Calcitei It forms about 8$ of th© rock mass, and occurs

as subhedral to anhedral grains in the groundmass or as veins
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traversing the rock, Cataclastic effects are observed in

a few grains marked by slight displacement of the twin lamellae,

•) Serieiti*ed albitet (AbgoAn^s- It occurs as a

minor constituent in the groundmass and varies In si*© from

0,2 to 0,4mm.

5) Biotit© occurs as flakes associated with chlorite

in the matrix and is strongly pleochroic from brown to green,

6) Muscovite occurs as flakes in the groundmass,

(thin section Fo. 1 PH)-Slaty phyllitc-Hubll-Mysor© State
(Highly reactive).

Texture and minerologys The rock exhibits a schistose

fabric showing sub parallel layers of flaky chlorite, biotit©,

sericiti^ed felspar and medium te fine grained sutffcedral to

anhedral quart*. Iron oxide is widely distributed throughout

the rock and occurs as coarse clusters, lenticular dusty

patches and fine disseminations In the matrix.

The rook contains a few fragments of chert (micro to

cryptocrystallin® quart*) irregularly distributed and varying

in si*© from 0.8 to 0.66 ram. It constitutes about 12 porcent

of th© rock mass.

(Thin Section Fo. 2PH) Serlcite phyllit® from Dalhousle

(H.P,) (marginally reactive) is a highly argillac®ous phyllit®

containing fine flakes of chlorite, tiny shrods of serlcite

and fin® quart* and kaolinlt®. The rock is ferruginous and

contains iron oxide occuring as coars© clusters and fine

disseminations, in an argillaceous matrix,

mmlmmm Pf Mef lettitt
Chlorite Mart* Schist -1 SCHH

Megascopic features s The mortar Is made up of grenish grey

coloured fragments of chlorite quart* schist embedded in a

grey coloured ceraont matrix, ^h© ratio of aggregate to cement
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ls 2,5s1, and the si*© ©f aggregate fragments varies from

0,4 to 0,88 mm. Whitish porcellaneous exudations are

conspicuous on the polished surface of the mortar after six

months of humid storage, Th© broken surface® of mortar exhibit

dark coloured reaction rims around the fragments. Few of th©

fragments exhibit slight discolouration to lighter shades.

Microscopic featuress The thin section shows fragments

of chlorite quart* schist embedded in a partially isotropic

carbonated cement matrix. Some of the minerals in the rock

fragments occur as independent grains due to crushing to finer

si*©s in the fabrication of mortars. Some of the aggregate

particles exhibit slight to highly corroded outlines and

reaction *ones. A few of th© aggregate particles also shew

cracks emanating from th® margins into the adjoining cement

matrix.

The average mirerolorlcal composition of the aggregate

particles in the mortar is given belows

1) Aggregat© particles made up of
predominantly porphyroblasts of
strained quart* In matrix of chlorite,
fin© quart*, ealcit®, sericiti*ed
felspar, biotlte, rauseovlte and
magnetite. „ y^f

2) Individual particles of medium
grained strained quart*. m •$&$

3) Individual fragments of granulated
sua***- m y&

4) Sericitl^ed felspar m %$

1) Most of the aggregate particles containing strained

quart* in abundance^ show boundary corrosion and slight

"racturing. The fragments vary in si*© from 0.4 to 0.6 mm,

2) Corroded margins are conspicuously observed In most of

th© strained quart* occurinp as individual grains and varying



Plate 19s
Fig. is
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Photomicrograph (400xMag.) of a mortar of reactive schist
[Sp.l Schm) from Haliyal showing an ©lliptlcal void in
th® mortar. The void is lined up with the gel product
formed due to reactions between the surrounding rock
particles of strained quart*. All th© reacted particles
show deposition of a mlerogranule gel material along
their margins. The gel has sometimes Impregnated the
reacted particles as seen in the lower right hand corner
of the photograph*
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T.h© ayorgPff m1r©rotoKiQal composition of artrrerate
aartjcles in, tfti® BMaag

1) Quart* - 25jf
(unsatrained)

2) Quart-* Chert (Microcrystalline quart*, disseminated with
of

Iron oxide and contains minor inclusions/Chlorite -35£

S) Sericiti*ad Albit© -20#

4) Chlorite .isjl

5) Calcite m4$

1)jhiart*! It generally occurs associated with chlorite,
soriciti-ed albite and sometimes as individual grains varying
in si*© from 0.2 to 0,4 mm. To reaction symptoms are observed
with quart* of the unstrained typ®,

2) Cherty (Microcrystalline TUart*). It generally occurs
in the matrix with ©the* minerals like the unstrained quart*,
sericiti*ed albite, calcite,. ehloriSe and iron ore. Sometimes
individual Particles of microcrystalline quart* are observed
scattered in the cement matrix. The fragments af clatv

phyllito mm -ontain abundant microerystallino quart*
exhibit intense fracturing and impregnation of the cement
matrix through thes® fractures, indicating that the alkali
reactive constituent in th© fragment has been subjected t©
a chemical attack by th© surrounding cement matrix. The
fractures are generally seen emanating from th® microcrystalline
quart* occurtng in the fragments of slaty phyllito and ar©
seen to be filled up with an isotropic gel raatrial (Plate
Ko.3.0 ***** Reaction rims are observed all alonf the fragments
indicating chemical reaction with the cement. The aggregate
fragments containing mierocrystalline quart* generally show
intense fracturing and sometimes the fractures are seen to
extend further in the surrounding cement matrix.



Plate 20s Photomicrograph (12fctfag) of ****** *** "J^ statenhyllite (Sp. Fo 1 Sch) from Ifubli Dlstt.. MysoreJ>J*™
containing chert (microcrystalline ^f*\>- ^J.J«*rg.
««*£w ng the Tihotopraph shows two circular voids in tnemSrta? Partl^ly fil^d and lined up with th® mlcrograrular
gel material. J©1 fiU©d cracks ar© seen grating in
different direction from th© boundary P«rt*on ©fth© voids,
probably indicating swelling *^™?**l^hra*^r'ckThe two voids are * seen interconnected through acracfc
which is^lso gel filled. The left hard corner oftte
photograph shows a heavily r^actod fragment of pWLi««
showing two g©l filled cracks. "jn^JP *™* ft^r?*points along the margins of the fragment and Joining a
void which is partially filled «p with th® gel material.
The left hand upper corner of the photograph also shows
gel filled cracks emanating from a fragment of P1^1*?®*
The bottom portion of the photograph shows a few scattered
heavily reacted particles of chert. A,.A««On thtwhole th© mortar exhibits distinct signs of pattern
cracking and disruption.
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Microcrystalline quart*, which occurs as scatter*!

grains in the cement matrix exhibits sever® corrosion and

disintegration, ill generally occurs as relict patches

surrounded by amass of gel (indicating sever© chemical

attack by the surrounding cement matrix). Most of the

Individual grains of raiorocrystalline quart* have been

totally dissolved riving rise to -el ^rodncts whieh are well

dispersed in th© adloinirg cement matrix, in cracks and voids,

3) Serictti-ed albite is generally observed in the

larger fra#nents of th® phyllit® rock. It is free from

chemical reactivity with the cedent. Chlorite and calcite

also do not exhibit any symptoms of reaction and ore thus

free from chemical attack.
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CHAPTER, f

MBCHAPXCAL.BBHAVIOPR OF MORTAR AFP THBTR C0RR5L VITOr. 1/TTH PBTROTflAPHY
(Tables and graphs given at the end)

Earlier workers have established that rock aggregates containing
opal, chalcedony, volcanic glass and chert are susceptible to attack

by alkalies in cement and cause expansion and cracking of mortars
and concrete masses. But very little is known about the behaviour
of the rocks like the granites, charnockltes, quartsites,phyllites,
schists ©tc. which ar© regarded free from the lower forms of silica j
e.g. opal, chert, chalcedony ©tc. In India most of the rock

aggregates used for concrete constructions belong to the above

varieties. Incldently no appreciable systematic study on Indian
aggregates has yet be®n made on the ceraont-alkali reactivity.
In th© following f©w pages an evaluation of th® alkali reactivity
on Indian aggregates has been attempted. As mentioned earlier the
samples studied are obtained from some of the Important geological
formations of India.

After an initial petrographie examination, the aggregates have
been subjected to their potential alkali reactivity, adopting
the known standard tests like the mortar bar tests, chemical tests,
as has already been mentioned in Chapter III, Petrographie
examination of mortars, showing moderate to high expansions was also
carried out and the observations have been 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 correlate the
petrographie features of the aggregate with the observations in
other tests. It is interesting to note that th© study has revealed
of a fairly good degree of relationship between the petrorraphlc
features of the rock and the mortar bar expansion results.
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However, this relation is poor as regards the chemical tests are

concerned. The tensil® strengths of the mortars also show

some correlation with the degree of mortar bar expansion©. These

factors ar© discussed below and a classification of the aggregates

studied, based on petrographie features and mortar bar expansions

has been attempted,

A) Mortar bar expansion studiess Based on the satisfactory

engineering properties, mortar bar expansion studies were carried cut

on seventy samples of common aggrerates. The technique and th©

methods followed have already been mentioned on pp.35 to 45 in

Chapter III and the expansion in the mortar bars reported her©ln

have been recorded at ar interval of 30 days and the final reading

after a period of six months. As a result of these studies in the

first instance, th© aggregates studied are further classified into

two major groups i.e.(i) Reaetiv® Aggregates- expansion > 0.06o£

(ii) Innocuous or feebly reactive < 0.060#. Furthermore it may
be added that even the reactive rock a ggrerites show a wide range of

expansion between 0,060$ to n,28# and hence on th© basis of their

petrographie features, these are further subdivided into five groups
(See Table 8).

The rates of expansions In each of the aggregate groups ar© also

represented graphically in figures 4,5,6,7,8,9#

TABI£ ft
Slasslf loot ion of arrre rftt©4*t»d lod

Group Fo. nature of Expansion Hangs of Rock rroup and—
Mortar bar number of rocks.
expansion

I. Kxtenslvely Reaetive XpevS^^ a)Uherty 1uart*lte-l '
b)s andstones-2

K Highly Reactive Between O,log a)Sndston©l^
and 0,15$ b)Charnockites-2

c)Oranite-l
d)Schist-l
e)Basait-2
n liiart»ite_P



— J.O"***

TO. Very^acilve Between O.wl '̂i^od"iorites-2
ana o.iu* 3)Charrockltes-2

between 0,08^ 1 Ww ;TC ^active and 0.09^ 2) Charnockltes-2.

V. Moderately ©WT STS^ 8) »^i-l
ard 0-t' 3) Sandstone-1

4) Phylllte-1.

i1 [1....", "anr niS"r ^^a.«. tea. feactiv* w» ImoeuOu. ^J"^"" Sw.

Fro. the study of the t.ti. art the *ra»hs it ha. been
„osslbl. to explain the ph.nom.non of alkali-a^re rate reactivity
1* th. wtej-ft- dialled •«.I1. mof the textural eharaoteriatic.
of the rook, arf the constituent rtlM. »lnerals a. river ir Chapter TV,
art the nature of reaetiv. oor.tita.nte, it 1. evident that in addition
to the reaotivity with loaer form, of silica sueh Mohert, chalcedony
etc., the hleher form, of .Hie with .train effeet.%1.0 capable of
produeirf alJtali.aKrr.rate reaction.. Further it la al.o noted that
on the basis of the nature art amour* of .ilica MhH) nresont in
an asrrerat., « fairly rood estimate can be Bade of the reactive
nature of a rock.

11 ml li iili <p@£Wm#mmi*m
About SO seed-ens of granitoid rocks obtained MM different

loelities, mostly from Arthra, Hyoro, Madras, art a fev MM »»**l
Bihar, f.P. art Punjab vera .tudl»d for mortar bar exoanslow. A. ha.
already been noted earlier there is some variation in the petrogranhle
characters of thes* rocks.

a) nrrforwft^lnm atudloai In these cas©Uhe m©rtar
bar expansions vary from %•*«* to 0.11* of th® twenty specimens, only
six show expansions varying between 0.067* to 0.11* and can be
classlfisd as reactive. Of these, two sp©cim®ns (fo.14 08,15 CR) can
be classified under highly reactive group, three specimens
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(Fo,20R, 8 OR, 9 GR)? under reactive group and specim*r (Wo.30R)>

to moderately reactive group. The remaining 14 specimens Indicate*

expansions between 0.021 to 0.42 and thus can be classed as less

reactive and innocuous aggregate (Ref. Table-9),

Fig,4 (Graph 1) shows th® behaviour of th© granitoid rocks.

From this it will be s©en that even In the reactive granites, the

rate of expansion varies. Th® maximum, of 0.11* Is observed with a

highly sheared biotlte granite (Sp.lSGR) containing 40* strongly

undulatory, fractured and granulated quart*. Sp.tto.14 GR, with an

expansion of 0,10* which falls under the "highly reactive group",

is also rich in strained and fractured quart*, forming 38* in

mlnerological proportions.

The granites (Sp,Fo.2GR, 8GR, 9GR) classified under the

reactive group show expansions between 0,89 to 0,099 percent contain

35 to 38 per cent moderately urdulose, fractured quart*!, with th©

angle of undulose extinction on *C» axis varying between 15 to 20

degrees. The quart* Is generally free from granulation, Sp.Wo.3 GR

is an alkali granite with only 25 percent moderately undulose

quart*, generally free from fracturing, shows an expansion of 0.067

per cent and is thus only marginally reactive.

The granites whieh show lower rate of expansions and thus

classed as less reactive ©r innocuous, contain strained quart* in

negligible quantity. Mo*t of th© quart* in these rocks constituting

20 to 40* of the rocks show uniform extinction or at times weak

or broad strain shadows. The quart* in the gneisses is the f

recrystallised variety and shows uniform extinction.

Another feature observed ?n th® reactive granodlorites

(Sp.Fo.8GR, 90R) is that albit© in thes® rocks Is highly s®ricitl*ed

and kaolinl*ed. It appears quite probable that the aggregate in

these cases might have contributed to some extent in increasing the
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alkall content of the cement solution, which may accelerate

the reaction. (The presence of strained quart* is essential).

But no distinct symptoms of reaction are observed with these

minerals.

CHAHKOflglfSa f ACID. IFTBRMEPIiflB. AFP BASIC CHARFOCgl^S)

Mortars of eleven specimens of charnockitic rocks from

different localities (Sp.Fo.lflH to 8 CH) from the Madras region,

Andhra Pradesh (10 CH), and from Bihar (Sp.Fo.ll CH, 12 CH) have

been studied. As observed in the earlier pages (49 to 56) there

is a fairly wide variation in the petrographie characteristics

of these rocks, and hence on the basis of their petrographie

classification I.e. acid, intermediate and basic varieties, the

results obtained are interesting, though there are not so

spectacular for any of the Individual varieties.

Mortar bar emanate studies? [Jfcfc yable 10). The mortar bar

expansions In these rocks vary between 0.010 to 0.12 percent.

Of the eleven specimens, seven indicate expansions ranging between

0.076 to 0.12 percent. These specimens are found to belong to

the acid and intermediate charnockite varieties. Of these, two

of the specimens (Sp.Ko.l CH, 10CH) can also be classified under

highly reactive group while the other four specimens (Fos.3 CH,

4 CH, 2 CH, 6 CH) come under the reactive group, and a specimen

(Fo. 5 CH) can be classed as moderately reactive and the remaining

three specimens, showing expansions between 0.S8&0 to 0.39, are

classed as less reaetiv© and innocuous. Prom a comparision of

the expansions the lowest expansions are observed in the basic

types (Sp.Fo.ll CH), while the other three 7 CH, 8 CH, 9CH)

belong to the acid variety.

Prom Pig.5 (Graph II), it may be pointed out that the rate

of expansion differs fairly widely in the charnockltes. The
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maximum expansion is observed with an a*4d type of rock

(sp.Fo.l CH), Prom the petrographie description, it contains

about €0 percent strongly undulatory, intensely fractured and

granulated quart* (Ref,Table 5), Some of the quart* in the

rock shows mortar structure and contains small individual grains

of quart*, ©ach showing undulose extinction and the intercrystal

suturing. Th© angle ©f undulos© ©xt1 notion on »C» axis in the

coarser strained quart* grains varies from 22 to 27 degrees,

indicating that the intensity of strain in the quart* grains is

fairly high. Another sample which shows equally high expansions

is a garnet granulate (8p,Fo,10 CH). It also contains a high

proportion of strained quarts and shows similar textural

characteristics in quart* grains.

The varieties showing moderate expansions between 0,080 to

0.088 (8p,Fo,3 CH, 5 CHf 2 CHf 8.CH) contain about 30 to 40

percent strained fractured quart*. The angle of undulos©

extinction on •C axis varies widely between 10 to 24« and the

quart* exhibits only slight marginal granulation. The specimen

(Fo.5 CH) shows a comraratively slower rat® of expansion and

contains only 30 percent strained quart*.

The acid ehamockites classified under the less reaetiv®

group contain about 30 to #0 percent quart* which exhibits weak _

^rd broad strain shadows in a few grains while most of the quart*

shows uniform extinction. The basic charnockite (Sp.Fo.ll CH)

contain only 12 percent ©©strained quart* (Ref.Table 5).

Most of th® reaetive ehamockites contain a certain percentage

of strained oligocla*©:* felspar. The ehamockites showing high

expansions (Sp.lfo.l CH, 10 CH) exhibit cataclastic features in

biotlte, which shows a wavy extinction. However, these constituent!

in the mortar do not show any symptoms of reaction.
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B,ASALTS

Seventeen specimens of basalt from different localities in

Maharashtra, Gujtrat, Madhya Pradesh and a few from Andhra Pradesh

and Bihar have been studied for mortar bar expansions. As stated

in th© ©arller pages, the petrographie characters of the basalts

studied show only a very slight variation, particularly in tke

presence of secondary minorals like chalcedony, *©olite, filling up

the amgdular cavities and veins.

tmm frnr fflmfflffllon wjmmrtmM** id
The mortar bar expansions observed in the basalts studied

vary between 0.031 to 0,14#, Out of the seventeen specimens, three

indicate expansions between 0.097 to 0.14$ and can. be classed as

reactive. Out of these throe, two specimens (Fo,5T,l5T) may b©

classified as highly reactive and th© third specimen (Fo.3T), only

as moderately reactive. The remaining 14 specimens, with expansions

varyT*between 0.031 to 0.039 porcont are thus classed as innocuous.

Prom th© Fig.e (Graph III), It could be soon that the maximum

expansion of 0.14 percent has been observed by the porphyrltlc

olivine basalt (Sp.Fo.ST) with 9$ percent chalcedony and 6%

interstitial glass. The specific feature of this chalcedony is that

It contains inclusions•? of tridymite. Another (Sn.Fo.15T)

porphyrltlc basalt containing 8$ chalcedony, 4 percent interstitial

glass, and traces of opal, also shows high expansion of 0.12 per cent.

The specimen Fo.3T, indicating expansion of 0.097$ contains 7%

palagonlte and 8$ interstitial primary glass. Particular attention

has been paid to the *eolitie basalts (Sp.Fo.lT, 2T), but the

expansions were observed tc be less than 0,03935 and are thus classed

as innocuous.

Th© large variations in the expansions in the reactive and

innocuous basalts can thus be ascribed to the presence of secondary



minerals chalcedony and palagonlte or opal in the reactive basalts.

(Sp.ST, 1ST). The occurrence of a fairly good percentage of
palagonlte (Sp.Fo,3T) is also responsible for th© reactive tendency

of basalt.

The limited rang© of variation from 0.081 to 0M®% in th©

innocuous basalts can be attributed to the fairly homogenous

petrographie characters of these rocks. Thes© are predominantly
rich in labrodorifc© and pyroxene and other mafic minarals, but do
rot contain reactive constituents like chalcedony or palagonlte.

The sandstone s*»el©s studied mostly belong to the Vindhyans,

(Upper and lower) Cuddapah (upper and lower) and the Ifctfftlfc Series.
T«n specimens from different localities of Andhra Pradesh, Madhya
Pradesh, Rajasthan, Attar Pradesh and Hlwachal Pradesh were studied.
As has already be©n indicated in the previous chanters there is a
wide variation in their petrographie characteristics.

mtm ^y m**mm mm*** *>»mortar bar **^slowi
observed in the sandstones are given in Table 12. Prom this it is
clear that as in other rocks, there is a variation between 0.022
to 0,85 per cent. Out of the ton specimens, six indicate expansions
ranging from 0.062 percent to 0.25 percent and can b® classified as
reactive rocks. Two of these sandstones are extensively reactive
(Sp.Fo.455, 653) while three so ecimens (Fo.l SS,3 Mg 9 ft*) can
b© classified as highly reactive while Sp.r0. 7 H could be classed
as moderately reactive. Only, the remaining four so-clmens show
expansions ranging between 0.022* to 0.034,* and thus are innocuous.

Alook at the Flg.*(»raph IV) indicates that the rate of
expansion in the reactive sandstones also varies widely, which is
quite natural because of their heterogeneous petrographie

characters.
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A study of the petrographie characters of these highly and

extensively reactive sandstones show© that the mineral chert or micro

to cryptocrystallin® quart* is a common constituent in these sandstones.

In the sandstone sampl© (Sp,Fo,6SS) indicating the highest expansion

about 20# eh©rt is present both as mineral and also as th© binding

matrix. It Is further observed that the rat® of expansion increases

with the chert content in the sandstones, which often occurs as a

detrital constituent. Rocks belonging t© e*t©«sively reaetive group

contain 15 to 20 percent chert, while thos® classified under highly

reaetive group contain 8 to 10^ ehert.

The argillaceous sandstone (S©.1%,7S8) is only marginally

reactive as it Is devoid of any chert or similar matter, A few of th©

sandstones which contain a few grains of moderately to strongly

undulatory quart* are innocuous.

The innocuous sandstones are purely quart*os® sandstones and

are devoid of other low forms of silica I.e. are free from chert,

chalcedony or opal,

mmoM
The Quart»ltes studied, are from different localities of

Andhra Pradesh, Mysore, Madras, Bihar, Maharashtra, Haryana and

Delhi areas and belong to the Dharwar and Cuddapah systems. As

observed in Chapter lv there is a wide variation in the petrographie

characteristics of these reeks.

Mortar bar ospanftlqp, •©©stfjil

Th© mortar bar expansions vary widely between 0,020$ to 0,28£

of the ten specimens, five indicate expansions varying between 0,076

to 0,28 percent. On© is a cherty hematite quart"it© (Sp.Fo,2Q) and

could be classed under the extensively reactive group. Three

specimens (Fo,lQ,3Q,4Q) are highly reactive and only one specimen

(Fo,91) falls under moderately reactive -roup (Ref .Table 13). Five

Specimens (Fa.5^,6Q,7Qt8Q»10$) are innocuous and show oxparslon

©•tier. 0*<J86 to *.'vw* r"**weent.
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Plg.8 (Graph fj Indicates that the rate of expansion

of quartaites containing strongly undulatory quart* is comparatively
much lower than the quart^ite which contain about 60 percent

chert. It is also further observed that the expansion observed

in case of a quart*ite containing only 5 percent ehert Is as

high as a deformed quart*ite eontainlng_ahout 40 to 80% strongly
undulatory strained and fractured quart*. This supports th©

observations made during the petrographie studies on mortars that

the chemical reactivity with cement alkalies.Is very much higher

in case of micro to crypto-crystalline quart* as compared to

th© medium to coarse grained stralngly undulatory strained

quart*. Tteus this shows that the chemical reactivity of silica

minerals is directly a function of internal surface area. Two

quart*ites from Vi$ayawada and Fargund (Sp.Fo.lQ, 4Q) which are

classified as highly reactive are mostly made up of strongly

undulatory fractured quart* in whieh the deformation lamellae

are conspicuously observed,

Sp,Fo, 9Q, classified as moderately reactive is also

a deformed quart*It© and contains high amount of moderately

undulose, fractured quart*. The angle of undulose extinction on

> the *C* axis varies between IS to 20 degrees.

The quart*ltes which ar© classed as less reactive and

innocuous contain strained quart* In negligible amounts,

acHisT m qpgaai

Only three specimens of Schist as rocks found to

satisfy the requisite engineering properties were studied for

> mortar bar expansions, Stratiagraphically thes© belong to th©

Dharwar group of rocks. Two specimens are from Mysore and the

third from the Htmaehal Pradesh. All the thr«e are found to be
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reactive, when studied for mortar bar expansions. The three

specimens differ widely In petrographie characters belong to

the following varieties, Ref, Table 14,

1, Chlorite quart* schist- Sp.Fo.l£CH

2* Slaty Phyllite -So.Fo. 1 PH.

3. Serlcite Phyllite -Sp.Fo. 8 PH.

The maximum expansion of 0.18$ has boon observed with

slaty phyllite, which is found to contain 12# micro to crypto

crystalline quart*. The chlorite quart* schist shows an expansion

of 0.12$ and is found to contain about 40$ strained granulated

quart*, which exhibits a mortar structure, and also contains a

number of small individual grains of quart* showing undulos©

extinction and extreme intercrystal suturing.

The serlcite phyllite (Sp.Fo.2 PH) is marginally reactive

and shows an expansion of»<S160 per cent is made up of fine shreds

of serlcite, chlorite, admixed with the fin® quart* and kaolinite

of the matrix.

Prom Pigs. 10 and 11, It is evident that the aggregates

studied could be classified only on the basis of mortar bar expansions

and the relative percentage of reaetive silicious constituents

like strongly undulatory strained quart*, chert, chalcedony,

and palagonlte. In case of deformed rraritoid rocks, charnockltes,

quart*ites, the percentage of strained quart* is directly related

to the rate and amount of expansions. It is further noted that

the rat® of expansion is eomparitlvely much higher with rocks contain

ing chert and chalcedony. The rate of expansion with basalts

containing only palagonlte Is eomparitlvely much lower that the

on© containing chert on chalcedony but is slightly higher than

the rocks rich in strained quart*. Prom these graphs it can

therefore b© interpreted that the rate of expansion with the

alkali reaetive silicious contltuents in a decreasing order is as;-
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chert and chalcedony* palagonlte, strained quart*.

Studies on tensile Briquette s.tre,r/:ths of aortaxg
containing reactive and nonreaetlVff..Ag.rTQ.ga.tft

Further studies on the behaviour of reaetiv© and non-reactive

aggregates with high alkali cement have been carried out by

casting mortar briquettes mad© with different varieties of

aggregates. A* in th® mortar-bar tests th® gradation of the

aggregates, th® water cement ratio, th© aggregat® cement ratio,

have been kept th® earn® and thos® tensile briquettes have also

been stored under identical conditions*

The aim of this experiment is to study the engineering

aspects of the mortars from th© highly reactive and nou-reactive

aggrefates, and to make a correlation between *fc«d» mortar bar

expansions and their related engineering behaviour. As will b©

s«©n later in the following pag©sf The experiment gives further

confirmation to th® phenomena of alkali aggregate reactivity with

strained quart*, chert and chalcedony.

Six briquettes ©f mortars were mad© for each aggregate and

about fifteen agmegates were studied, Th© tensile strengths for

•aeh rook typ© have be®n measured at periods of 28 days and 90 days,

using th® standard tensile briquette strength apparatus as are

used in engineering laboratories (Ref.Tabl® 15), The table 16

also gives the changes in the tensile strenpths of the mortars

containing reactive as well as non-reactive aggregates alongwlth

th© mortar expansions.

laeh figure against the tensile strength gives a mean of

th© thre® sets of readings obtained on thes® briquette© prepared

from the same type of material.

The experimental results point to the following conclusions.
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' 1) Mortars with high expansions (more than 0,10 percent)

always show abnormal decrease in the tensile strengths.

The reduction in the tensile strengths varies between 14$ to

22*. Though only a broad correlation is observed between the

mortar expansions and th© reduced tensile strengths, still it

can be seen th t it is reduced appreciably In the cases of

mortars containing highly reactive aggregates with ag©«
f .

2) Mortars which show moderate expansions (between O.OSf

to 0.10$), the reduction in the tensile strengths 1® between

5% to 8#,

3) Mortars made up of less reactive or non-reactive

aggregates (Mortar expansions less than 0.08$) generally show

a gain in the tensile strength unto 8%, This indicates that

the alkali aggregate reaction is negligible or Ineffective.

These mortars do not expand abnormally and their tensile

strengths thus remain unaffected.

Discussiont Thes© reductions in the tensile stengths of

th© mortars of reacted aggregate can be explained 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 quart*, chalcedony

or chert particles show ©racks emanating from the margins.

The crack® In these mortars rive a useful clue about the

beh viour of th© aggrepate in mortars. It is also observed

that a large number of reactive particles in the aggregate

produce a system of "link cracks'* and "chain cracks" due to

swelling nature of the reactive particle which is also a cause

of disruption of the mortar. This probably accounts for th©

reduction in tensil© strengths of these mortars.



CAMERA LUCIDA SKETCH SHOWING MICROSCOPIC

PHENOMENA IN A DETERIORATED MORTAR OF REACTIVE

BASALT (SP. 5TM) DUE TO ALK AGG- REACTION-
FIG. 2
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CAMERA LUCIDA SKETCH SHOWING ALK. AGG- REACTIONS

IN A MORTAR OF CHERTY HEMATITE QUARTZITE.(SR 2aM)
MICROSCOPIC OBSERVATIONS

FIG-3
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Cernenfmatrix \ ••'.
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indication particat dissolution due to chemical
reacting with cementmatrixpnd marginal fracturing

Reacted fragment
ofcherty opartyte

— Cementmatr

Pigmented and partially
dissolved borders.

Granuler get material forming
rims around the fragment
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Slmilar observations have been made by Vivian in 1950.

According to him th© reduction in tensile strengths of mortars

of alkali reactive aggregates give a useful clue to the possible

behaviour of the aggregate in mortar or concrete and about the

future performance of the mortar or concrete, when used in

engineering structures. The severity of cracking according to

him depends "On the number of reactive particles in the aggregate

T and to some extent to the si*© of the reactive partlclos".

On the other hand the mortars with moderate expansions,

show only a few cracks and the less #eactive mortars do not

show any reaction nor contain any microfractures. Thus the

tensile strength studies of th® mortars appear to fairly predict

about the degree of reactivity of an aggregate and their behaviour

in mortars.

timnQX) of potmifa.ami ^smitY qf ,vTn,g"atgg
Chenical tents ard their correlations with mortar bar.
ta flrff Petrographie gharac,t©rlat|ca.

The test results on the different aggregates generally

show that there is a very poor correlation between th© chenical

behviour and th® mortar bar tests of the rocks under study.

The results obtained through chemical tests have been found to

* be mislead!*,- with crt.lt, varieties of ar-rerata,. It Is

further observed that even In the aggregates belonging to

certain geological formations with very nearly similar

petrographie features (such as texture of the rock, texture of

individual mineral grains and ralnerolorieal composition}, the

values obtained with the tests differ considerably and are highly

misleading as far as their behaviour with cement alkalies are

concerned.

In th© following paragraphs Me) results of chemical tests

with each group of rocks are discussed and a comparison
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is made with the results obtained with the mortar bar tests.
Granitic Rocksi (Tahle-9)t In most granites, granodiorites

and gneiss * * obserwed that there is no consistent
relationship between the Se/He Ratio and their mortar bar
expansions. For example a granite (8n.Uo.l3 O.R. from Bhongir)
indicates a maximum expansion of 0.11* *n th® mortar bar test but
according to the chemical beh viour th© Sc/Be ratio is less than
unity (Sc/Re«18/a4>. Petrographieally the rock contains a high
proportion of strained quart* while th© petrograohl© examination
of th© mortar also shows clear symptoms of reaction. Similar
inconsistency between mortar bar expansions and chemical tests
is also observed in the case of other granites (as seen from the
table (Sp.Fo. 2 OR, 3 OR, 9 OR, 14 OR) also. On the other hard
a granite gneiss (8p.Ho.100R) shows negligible expansion In mortar
bar tests, while under th® chemical tests its gives a higher
value I.e. of the order of 50.6/34. Moreover, it is notable that
the mortar (10 ORH) does not contain any strained quart* nor it

shows any Indication of deterioration.

2) dlARrOCKITES. In the case of charnockltes also there

does not appear any correlation between the mortar bar tests,
and the chemical tests. For example, the Acid charnockite,

(Sp.Ho.l CH) indicating maximum expansion of 0,12 percent in
mortar bar expansion studies, give th® value as Sc/R6- 5/16,
under the chemical 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 expiration of the
mortar of the rock shows a disruption, due to a distinct reaction

with strained quart* In a specimens with 40$ strained fractured

and granul ted quart*. Similar inconsistent relationship

between the mortar bar tests and chemical tests Is observed..
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in other charnockite type of rocks also (SP.Fo. 2 CH, 3 CH,

4 CH, 5 CH, etc.).

3) BASALT? . In th© case ©f basalts, th® relations

between th© mortar bar tests and the results between the

chemical data Is far from satisfactory. Basalts which do not

contain even traces of chalcedony or opal produce high Sc/Rc

values in the cherical test (Table II) though in mortar bar

test, may show negligible expansions. Petrograohically, even

in basalts showing high mortar expansions, and indicating

disruption th® correlation is not consistent. However, out of

the three reactive basalts, a correlation between the mortar bar

tests, and chemical test is observed only in on© case (Sp.Fo,5 T)

(Table 11),

4) SAHDSTOffSSi The correlation between mortar bar tests

and the chemical tests is somewhat better©- in the case of

sandstones, though there is some inconsistency. For example the

sandstone (SP,Ho, 6 SS) shows mortar bar expansion of 0.28

percent and the sandstone (Sp.Fo, ISS) gives an expansion of 0.11

pereent, but according to the chemical test the Sc/Rc ratio is

2,1. for (Specimen lb. r> ss) and is 2,8 f«r (Sp.fb.l SS).

Th® petrographie examination of all the reactive sandstones

shows that chert forms a common constituent. The sandstones

(Sp.fo.i SS, 9SS) have a good percentage of clayey material

of finely divided serlcite, chlorite and kaollnite. They also

contain 3 to !0# chert and are found to b® reactive both in

mortar bar expansion test as well as under the chemical test.

As observed in other types of rocks, however there is

some dJswsopancy in the test results, For example sandstone

(Sp.Fo, 2 SB) shows negligible expansion under mortar bar test

but produces a very high Sc/Rc ratio of 6.0, This sandstone is



purely a quart*ose rock with iron oxide as cementing media and

does not contain even traces ©f ehert, oeal or chalcedony.

8) ^TART'IT7:: In the case of quartettes, correlation

between th® mortar bar ®xp nsions and th® chemical test Is

observed only in about 25 percent cases. (Sp.Fo.ll, 2%), ^hile

the reactive quart*ite. (Sp.Fo. 3Q, 9 ^indicate higi to moderate

expansions, ar® Innocuous according to chemical test (Table 13).

On th® oth~r hand som© quart*ites show negligible mortar bar

expansions and do not contain any chert or strained quart*

(Sp.Fo. 5 |j 7 Q, 10Q)are classed as reactive through the

chemical tests,

6) PHTLrITF:s AFD SCHIBTSs In the two specimens studied

(1 SCH, l PH) in this class, there is some correlation between

the mortar bar tests, chemical tests and fjhe petrography.

In the case of highly reactive phyllit® and schist showing

deleterious mortar expansion (above 0.10$), the Sc/Rc ratio is

higher than unity (Table 13), thus indicating a fairly good

correlation between chemical test and mortar bar test. Th©

aggregat© also appears reactive according to petrographie

examination (Chapter 17) and found to contain appreciable

amounts of strongly undulatory quart* (Sp.Fo.SCH 1) and

microcrystalline quart* (Ph 1).

The experiments of chemical test points to the following

observations.

It is observed that even in th® highly reactive granites,

ehamockites and quart*ites, the silica release (Sc) is not

always related to their behaviour with high alkali cement.

Some of the highly reactive charnockltes, granites, quart*ite

show a lower silica release than the non-reactive rocks of th©

same group. It is also observed that the granitic rocks with
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high percentage of fl©rlcltl*©d albite, weathered felspar,

altered micas, chlorite show a high s 11lea release even If

they do not produce mortar expansions. On the other hard fresh

granite and charnockltes ro^ks containing strained quart*, and

felspars in appreciable quantities show lew silica release.

From this It appears that though serieiti*ed felspars, altered

biotlte are not found reactive with cement alkalies still they

indicate high silica release under th© chemical tests and the

silica release does not truly represent, th© reactivity of the

rock. In the basalts some of the ferruginous silicates and

microlites of labrodorit® may be r©sponsible for such a phenomena.

Such discrepancies between the chemical effects and the mortar

bar expansions have been observed by many others workers

including Benton (1988), !li©l©n* (199B), The anamolous behnviour

of the aggregate in alkaline solutions has been attributed by

them to the presenee of certain altered micas, serlcite and

carbonate©.

Studies made by various other research workers of

the H.S,Bureau of reclamation (19S8) have also reported of

anamolour behaviour of aggregates under chemical test.
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:i*TV5 l.f-iJTA <1f»*a I

Locality

A

Stratia-
graphie
unit

J.

1 GR Hicroelin© Oranite Hyderabad Archean
(A.P.)

2 OR Hlcroeline Oranite Ka*ipet
(A.P.)

3 GR Alkali Granite

4 GR Bi©tite Granite

5 GR Biotlte Granite

6 GR Biotlte gneiss

Kawali Tq. »
(Fellore
Distt.)A.P.

^udur(A.^.) »
Patrlgmdum

Karlmnagar *
(A.P.)

Turakur *
(Slddaganga
quarry)Hysore
State,

7 OR Hlcroeline Granite Kherulu "
gneiss (Guj.State)

8 OR Biotlte Granodl-
orite

Dhene M 28/1 Archean,
(M.S.) Peninsular

Benaras Cape C-ranlt^s
Comorln road

Fature of

reactivity

A

Innocuous

Percentage
of reaet
ive

constituent

£©.

The rock contain©
strained quart*
in negligible
quantity

Mortar-bar
expansion
in six
months fjh

0.031

Very Reactive Contains 38$ 0.093
moderately undulos©,
Fractured Quart*

Moderately
reactive

Innocuous

Innocuous

Innocuous

Innocuous

Reactive

Contains 28% 0.077
moderately undulos©
slightly fractured
quart*.

Contains strained 0.037
quart* in negligi
ble quantity.

Most ©f the quart* 0.028
show© uniform
extinction.

Quart* is recryst- 0.024
alllsed srd shows
uniform extinction.

Recrystallised rock, 0.028
quart* shows uniform
extinction

Contains 38% Hod ra
taly undulatory^
fractured quart•

0.084

inactivity

according tc
chemical tea
SeVRe ratio

&u

21.6 «0.90
H

J2L *0.68
32

8/18 «0.4 4

13-6 al.lS
16

12L =0.90
20

26/16 =s i#62
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Ll mSHH 3. J&A. xz SI 21 JL
9 GB Biotlte Oranodiorit© Kandi (A.P.)

M 20/4 Hyderabad
Sholapur Tload

Archean Very
Reactive

35^ Moderately
undulatory fractured
quart*.

0.098 •

10 GR Biotlte Oranite
Gneiss

Madanapally
M-1S8/1, Madras-
Bombay Road

s Innocuous Recrystallised rock
contains unstrained
quart*.

0.030 50.6/24«2.1

11 OR Augite Granite Khammam i» I^ss
Reactive

Contains strained
quart* in negligible

0.056 18/16. 1.2

12 GR Quart*ose Gneiss Bangarpet
(Mysore State)

Dharwar Innocuous
amount

Reerystallisod rock
contain unstrained

0*027 ©i

13 GR Quart* Syenite

14 GR Biotlte Granite

IS GR Biotlte Cranlte

16 GR Quart* Gneiss

17 GR Mlcrocline Oranite
Gneiss

18 GR Tonalite

Kangayam(Slwamalai Archean
fuarry) Coimbatore
istt. Madras State

West CMttor •
(AsBaswamypally
quarry) A.P.

Bhonrlr (A.P.) *

Gaya (Bihar) *

Jhansi (H.P.) *

(l&arak quarry) Preeambrian
Bhlwani, Haryana

Innocuous

Highly
reactive

HI Phly
reactive

Innocuous

Innocuous

quart*
Contains negligible 0.012
amount of quart*.

Contains 38% strongly 0.10
undulatory, fractured
quart*.

Contains 40% strongly 0.11
undulatory quart-.

Contains negligible 0.023
strained quart*.

Contain? strained
quart* in negligible 0*024
amount.

Contains un - stralred
quart* totally. 0.021

11/24 «0.41

18/24-0.78

10/23» 0*4

14/25-0.36

8/40*0*20



Sp.
Fo.

HWh.

TypT

•La.
Acid Chamoeklt©
(Inderbite)

2 CH Aeid
(Bnderblte)

3 CH Acid Charnockite
(Bikermite)

4 CH Intermediate
Charnockite

8 CH Acid Charnockite
(FnderMte)

6 CH Aeid Charnockite
(Bikermite)

—-

— L«5jp. r

flftwroegr-?

Stratiarranhie Ur^
locality Stratiagra

phic unit

Mm
Tholudur
M-127, Te^Ur
Trlehy road
(South Arcot
distt.)Hadras
Stats.

15 miles north
of Madras City
(Madras State)

Coonoor.M-9/6
Ooty Mettu©
Palayam road,
Majdras State

Unclassified ngniy
crystallines of reactive
penimsular India

Thirukall ^©ndram *
(Madras State)

Walal abad *
(Patamalal Quarry)
Madras State

Acharapakkam
(Palipettai Quarry)

i

Mature of1 Percentage
reactivity of reactive

constituent

Wortar bar Reactivity
expansion according I
In six chemical
months test Sc/Rc

ratio

Highfe Contains 40 %
strongly un
dulose, fractured,
granulated
ouart*.

0.12$
JU

5/16 «0.31

3o% moderately
undulose quart*

Reactive 46$ strained
quart*.

Reactive 35£

12s
Rea 38 % strained

quart*.

0.0881. 8/»»0*44

0.088£ 23/36*0*68

0.083# *

0*075^

32$ moderately
Reactive undulos©,fractured 0.0805* 16/48ss0.33

quart".
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4. "87 "67
1

77 T.

7 CH Aeid Charnockite Donka (Pasabal Archean Innocuous Quart* shows uniform 0.010 7.3/40 - 0.19
quarry) Bihar extinction.

8 CH Intermediate
Charnockite

Fammakkal
(Ooolipally
quarry)Madras
State

TFrclassifled Innocuous
crystallines
of peninsular
India

—do—
strained quart* in
minor quantity.

9 CH Aeid Charnockite Tennipally
(Madras State)

N i it

10 CH Garnet granullte Adond (A.P.) M Higay
reaetive

40$ strongly
undulatory f racturei
and granulated
quart-.

11 CH
•—*•—*• Daltonganj \vcnean

^T m. miri nti aT%,* A
innocuous Strained quart* in

negligible amount
only 12#*

0.039 2/"0 -0.10

0.030

0.116

0.010
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Sp.
Fo.

Rock type

1 T zeolitle Basalt

2 f Politic Basat

3 T Glassy Basalt

4 T Basalt

htfratflar?ar-7h.lc nftt
Locality Stratia-

rranhic Unit

Panwal, H 44/7 Cretaceowi
Borabay-Poona to Eocene
Road (Maharashtra)

Surat (Gujarat *
State)

BhuJ (Mile 23
Bhu|-Handvi Road,

Maharashtra)•

Thana- K-19
Bombay-Agra Road,
Maharashtra

8 T Porphyritle Ollvin© Khamgaon,
Basalt K-31, Akola

Khamgaon road
(Maharashtra)

IS T Porphyritle Basalt Gondal
(Gujarat State)

r

Fature of
reactivity

Percentage of Mortar bar
reactive expansion
constituent in six

months(^)

Reactivity
according tc
chemical te*
Sc/Rc ratio

Innocuous ?*© reactive
constituent
observed

0.031 11/28 -0.81

0.034 36.3 »0.7S6
48.0

Very Contains 7% Palago-
Reactlve nlte & 9% primary 0.097

glass
*0.68

Innoeuous Wo Reactive
constituent

0.030 7.3/24.0=0.30

Highly Contains 9% fibrous
Reactive chalcedony with

inclusion of tridy
mite. Primary glass
ed.

Highly Contains 8$
Reactive Chalcedony, and 4%

jfclmary glass.

0.12$

1S4.2
100
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xcts iz sW.-cr.-r-v.;
"—'

Sp. Reek typ© s^-.ratirranhlcal Hnlt
ro Locality Stratia-

graphic

1 SS Lithle Sandstone Kundaghat
(Himachal
Pradesh)

SiwalUc

2 SS O.tiartwos©
Sandstone

3 SS Quart*ose
Sandstone

4 SS Quart*os®
iandstone

Kota(Rajasthan) Upper
Vlndhyan

Burg Lower
Madhya Pradeah Vlndhyan

Cuddapah

Bllaspur
Bistt. (Madhya
Pradesh)

Fatur® of
reactivity

Perecntag® of
reactive
constituents

Mortar bar
exnansions

in six
months(^)

Highly Contains 9% chert
Reaetiv® (alerotecryoto-

erystallln® quart*)

Innocuous Fo reactive constituent
composed wholly of
quart* showing uniform
extinction.

Highly
Reactive

Contains !0!f chert.

Hxtensively Contains 18% ehert.
Reactive

o.n

.<&34

0.13

0.18

8 8S Quart*ose
Sandstone

Bhlnd, upper Inn©cuous
Hadhya Pradosh Vlndhyana

Ho reaetiv® constituent. 0*083
composed Whc^ly of
unstrained quart*.

8 SS Quart*ose
8andstone

7 SS Argillaceous
Sandstone

Chlnthala ^arrool Extensively Contain© 20$ Chert which 0.28
M.86/l,TCumool- formation© Reaetive forms the binding matrix.

(Lower
Ivi .»w X., NHJT1

Gudur Road
(A.P.) Vindhyan)

Foar Kalka Siwallk
i mile on
Kalke.-Simla Road

(H.P.)

Moderately Contains highly clayey 0.062
Reactive and argillaceous

material consisting of
fine shreds of serlcite,
Xaollnlt©.

Beactivlty
according to
chemical test
Sc/Rc ratios

68/24 -.2.89

84/9 -6.00

32/20 -1.60

m - i.6o
22

34/16 -2.128

24/18= 1.33
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8 SS Quart*ose
Sandstone

•' '• •

9 SS Lithic Sandstone

10 SS Quart*ose
Sandstone
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1

Sagar

•• (h

Hpper
Virdhyan

Palanpur Tertiary
(Chitrasani
Quarry)
Rajasthan

Hir*pur upper

Vindhyan

JL &

Innocuous Ho reactive constituent
contains totally" 0,052 J26_»0*79
unstrained quart*. 33

Highly
reaetive

Innocuous

Contains 9% chert and
matrix is clayey in
nature.

0.13 39/16-2.44

ro reactive constituent 0.022 48/43 -1.11
contains unstrained
quart* & a minor percent
age of clay.
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-i«TWm^ro«i rm*n»

Locality

-2j uu

re

Stratla- Reactivity
graphic unit

-£*.

1

Percentage ©f1
Reactive
Constituents.

JL

— •"

Mortar bar Reactivity
exp^niions according
nercent. chemical te

So/fls ratio
?* 8,

1 Q Quartsite Vijayawada
(A.P.)

Dharwar Highly Strongly urdules© 0.114
Reactive fractured quart*. About

75 percent.

28/24* 1,44

244/64« 3.812 Q Cherty hematite Blrraitraour
quart*lt© Shlmdiga Road

M.128Af(Bihar)

Sxtenslvely 00# Micro to crypto
crystalline quart©
(chert)

3 Q 3uart*ite

4 Q Quartstlt©

8 Q fctartwit©

« Q Quart*ite

7 Q Quart*lta

8 Q Quart*ite

Prodattur (A.P.) Cuddapah
M.118/6 Fellore-f,
Bombay Road.

Highly
Reaetiv©

TWstgund Tq.

Badarpur
Delhi State

Dadrl (Gurgaon
Bistt.JHaryana

Bar!a
(Haharashtra)

Fandalur
(Cuddapah Dittt)
Andhra Pradash

Dharwar Highly
reaetiv©

Aravalli less
(Delhi system) reaetiv©
Cuddapah

Favalli In
(Delhi system)

Cuddapah

Dharwar

Cuddapah

Innocuour

Innocuous

8% Micro to crypto
crystalline quart*
(chert)

Strongly undulose
fractured quart*
constitutes more
60$,

Most of the quart©
shows uniform
extinction.

Most of the quart*
shows uniform
extinction

All quart* shows
uniform extinction

All quart* shows
uniform extinction

0.23

0.118 33/72 »0.4S

0*11 •

0*08B 44/24b1.89

0*038 -

0.020 26-7 »1.04
i<r

0.023



JL

9 Q Quart*ite

10 Q ©uart*lte
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Walajabad
("Covolkud quarry)
Madras State

Tu*wid
(Andhra ^radesh)

J2j —Ju

Unclassified Moderately
crystalines reactive
of peninsular
India

Unclassified
cr-stallines Innocuous
of peninsular
India.

Jm

Contains mor^

than 40$
Moderately
urdulose
fractured
quart*.

Most of th©

quart* shows
uniform
extinction.

H

0*076 20/33 »0.60

0*039 38^8 «1.78
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PHYLLI^ S. AFP SCHISTS

JpT
Fo.

SMLH

Rock Type Strati ian-apMc TMfr L
Locality Stretlama*" Reactivity

phic Unit

Fature of Percentage of Mortar bar
reactive expansions
minerals percent

1PH SlafyPhyllltes

2 PH Serlcite
phyllite

——

Hubli distt,
(Mysore
State).

Dalhousle
(H.P.)

1 SCH Chlorite quart* Haliayal
Schist (Mysore

State)

Dliarwar "Extensively Contains I2jf
Reactive micro crysta

lline quart*
(Chert)

Dharwar

Moderately
reactive

Highly
Reactive

Contains argill
aceous material
made up of fine
shreds of serl
cite, kaolinite
and ehlorlte.

Contains about
50^ strongly
undulatory and
sheared quart-.

0.13

0.62

0.14

Reactivity
according to
chemical test
sr/R®, ratio,—

42/40 kI.05

38/25 • 1.50

88/85 -1.54
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VPMttM PRTOTTTE BTtSKtTUB OF RHCTTV8 AFD FOP-BEACxTVB AGGSBOAT'S

Locality, Rock type, Texture of Mortar bar
Silieious Constituent. eagenslen

percent
in six months

U*. «ii\>JLni

2 GR Hicroelin© Granite-Re*-ipet (A.P.) 0.093 %
contains about 38$ strained, Reactive
fractured quart*. __.

Fellore
4 GR Microelln© r-rarite-fteiee (A,^.). 0.043*

Most of the quart* is free from Less reactive (16.90 kg/ctrO
strain effects.

8 GR Biotit® Granodiorlte-Dhon® (A.-.); 0.084^
Contains about 35^ strained quart*. Moderately

Reactive.

1 CH Aeid Charnockite- ?eppur area Madras o.!2#
State. Contains 40* strongly undu- Hirhlv
latory fractured and granulated Raaetlve
quart*,

3 CH Acid Charnoekite-Coonoor (Madras 0.088£
State). Contains strained quart* Moderately
about 40$ S©active.

10 CH Garret Granullte-Aden! (A.P). 0*116#
Contains 40$ strongly modulatory, Highly
fractured and granulated quart* Beactlv©

arfix? lwrlgwW^rrjjaL t»o©s in
28 days 3 months ©* mortar in 3 months.

JL -ill

260 lb/sq* - 240 lh/sq8_ Loss in ten-lie ©trer,gtl
(18.30 kg/cm2) (V-.90 kg/era2) *s 7-7*

240 Ib/ssq* #>

230 lb/sq*
(19.71 kg/cm")

tSSftft USX*™** * M
260 lb/sq.w Loss in tensile stren^t]

(13.30 kg/cm2) is 7.1*.

250 lh/se.* 220 lb/sq.* Loss In strength-15.3*
(18*30 kg/ear*) (15.49 kg/cm2)

265 lb/sq."o
(18.66 kg/cm-)

240 lb/sq." *
(16,80 kg/cuT)

250 lb/sq.* Less in strength »5.7£
(17.60 kg/cm2)

200 lb/sq* LoGS it! strength »16.6^
(14*89 kg/cm2)
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Wh. Hfnfc

Basalt-KhaEgaoCKaharashtra)» Centair©
interstitial glass in miner quantity 0.1d5?
and about 9% amgdular chalcedony Highly
(chaleedony contains traces of Reactive
tridymite).

Besalt-Hirmal Taluqua (AP). "roe from 0,*0*
interstitial glass or amgfolar Innocuous
chalcedony.

Basalt-Go*dal(Gujarat State•) .Contains O.H %
interstitial glass in minor ouantlty Highly
and amgdular chalcedony about 3*. Reactive

Lithlcj Sandstone- Kurdaghat'H.P.)
Contains 9% chert and eradoninantly
clay.

Quart*ose sandstone .Chinthala(AP).
Contains 20% chert, which also forms
the cementing matrix.

Quart*lte-vi2ayamaa ( up. }#
Contains predominantly strongly
undulatory fractured qusrt*.

Cherty Hematite 3uart*lte, 0.20*
Birnltrapur-Bihar. Contains more than Extensively
90% micro to crypt* crystalline quart*. Reactive

Quart*ite-Prodattur (A.P.). Contains 0.118^
8% micro to cryptocrystalline quart*. Highly
(chert) Reactive

Quart* ite-Delhi. Free from Strained 0.058*
quart*. L®ss

Reaetive

0.11*
Highly
Reactive

0.25*
Extensively
Reaetive

0.114*
Highly
Reaetive.

280 lb/so*" 220 lb/so." «
(19.71 kg/cn2) (15.49 tag/tsar)

260 lb/sqs
(18.30 kfl/ cm2)

290 lh/sn.**
(20.41 kg/cm2) (17.6O kg/cm2)

240 lb/sqH m 200 lb/sq."
(16,90 kg/cm2* (14.89 kg/emz)

260 lb/sq" m 210 lb/so."
(18.30 kg/cm2) (14.98 kg/ess2)

200 lb/sq,* WO lb/sq.»
(14.89 kg/cm2) (11.26 kgfem2)

270 Ibs/sn." 230 lhs/sq.%
(19*01 kg/ era2) (16.20 kg/em*5)

230 lbg/sq." 220 lb/so."
(19.79 kg/cm2) (15.49 kg/em2)

240 lb/so." 260 lb/sq."
(16.90 kr/em2) (18.30 kg/em2)

300 lb/so." 7,(21.12 kg/em*)

Hi lb/so.*.

Loss in tonsil®
strength of mortar of
about 21,4*

Gain in strength of
about 14.13*.

Loss in tonsil©
strength of 13.9*.

Loss ©f about 16.6*
in tensile strength.

Loss In strength of
about 19*.

20.0* loss in etrengtl

14.2 * loss in strong!

21,4* loss in strengtl

Gain in strength of 8,
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FIG. 9 SHOWING MORTAR BAR EXPANSIONS

__ WITH PHYLLITESAND SCHIST

(GRAPH H)

2 3 4 5

AGE IN MONTHS



FIG. 12 GRAPHICAL ILLUSTRATION OF DIVISION BETWEEN
INNOCUOUS AREACTIVE AGGREGATES BY CHEMICAL
TEST ASTM C-289-57T
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CHAPTER 3QL

qnW^AW) OTIER_AI.T.T^D SILICA ffrffiUVj ATff TflBIft

A review of the earlier works on alkali agpregat©

reactions In foreign countries has revealed that the lower

forms of silica vis. opal, chalcedoiry, chert, volcanic glass,

awl tridymite are not only associated with the reactions hut

are considered as the prime-reasons for the same. However,

the present study though limited in nature indicates that

the alkali reactivity in certain Indian agrregates, (apart

from the rocks contairing the above reactive constituents)

may he caused In a numher of seemingly innocuous rocks like

grarltes, charnockltes, quartwites and schists also. It

has been observed that this reactivity in these rocks may b©

due to the higher formers11ica i.e. the strain©* quart*•

These rocks are commonly used as cowsrete aggregates in

India. In this chapter an attempt has been made to classify

the reactive constituents in these rocks occurring in the

various geological formations of India. Th© optical properties

in silica minerals have been observed to vary widely and appear

to be related to the lattice defects, which make them

susceptible to chemical reactivity with cement alkalies.

Based on the mlerosconic observations on the affected

mortars, their expansions etc., th© nresent study also attempts

to discuss the mechanism of alkali aggregate reactions with

the silica minerals.

In the following table the silica minerals, their

occurrence and thes general textural features in the rock©*

under study, are given.



Fo. Silica Mineral

1) Quart*

2) C hert

3) Chalcedony

4) Opal

8) Tridymite

—

6) Volcanic glass

—135>«»

ABLB 16

Textural characters
in the rooks studied

Oecurrorc© ir the rocks
studied.

a) Medium to coarse jjmftntl

Quart*, showing Uniform

Extinction*

b) Medium to coarse grained
quart* showing slight
undulose extinction,
(angle of undulose
extinction on *C» axis
less than 8».

In granitoid rocks,

charnockltes, quart-

*ites, schists,

phyllites and sand

stones.

c) Medium to coarse grained,"
sometimes fractured quart*,
showing moderate undulose
extinction (Angle of
undulose extinction ahov©
5* but less than ISO*).

d) Median to coarse grained,
fractured quart*, showing
strong undulose extinction.
(Angle on *C axis abov©
30*).

e) Granulated quart* showing
mortar structure.

f) Becrystallls©^ quart**

Micro to crypto-crystalline
quart*.

In quart*ites
phyllite and sand
stone.

Fibrous and feathery As gnygdular fillings
structure. Fibrous extinction and veins in
conspicuous, low birefringence basalts.

tsotronic, low r©freactive
index ©f about 1.44 to 1,4?

Pseud©hexagonal grains
characterised by low bire
fringence and low relief.

Fibrous extinction, slightly
vescieular texture, low

In traces in a
basalt.

Ir traces, as
inclusions in
chalcedony in a
i.M&SntM»WiitVi ii •

Interstitlally in
the ground mass of
.frafifiUa*
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At indicated in the Table 16 above, on the basis of the

extinctions quart* can be classified ast

Unstrained, Strained, Granulated Strained,,quart*, etc.

i) Medium to coarse grained quart* with uniform extlnctlont-

This is observed mostly In the sandstones and less reactive

and innocuous granites, granodiorltes, syenite, gneisses, charnockltes

and quart*ites. In thes© rocks, the mineral quart* usually occurtx

as subhedral grains varying in si-e from 0.5 to 1.8 mm and

sometimes contains inclusions of iron or© and rarely chlorite and

biotlte. Sircon and needle like Inclusions of rutile are

generally observed in quarts;• Generally the extinction is uniform

an3 the gralne are free from fracturing. The percentage ©f this

type of quart* in the rocks studied varies from 5 to 80 percent.

As observed earlier on pp» 99t60 ,72, 87,this quart* doe©

not show any indications of reaction with cement alkalies in

the mortars. Most the grain© show isharp and distinct outlines

and symptoms of reaction© are negligible if not nil, and thus

can be classed as imocuous.

11) cjuart* with slight undulos© extinction! This is predominant

In all the reactive sandstones, and less reaetiv© rranites,

charnockltes, gneisses and quart*ites# Th© mineral generally

©ccurs as subhedral grains, almost in all rock tynes and exhibits

weak and broad strain shadows. The angle of undulos© extinction

is generally between ^-S® and never exceeding 10*.

This variety of quart* is generally free from fracturing, and

do©s not show any reaction with eeraenfc as described In the Cfcfcpter IV.
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iii) mmWmXJmmm oa*rt*t- This type is common in all th©
reactive granites, charnockltes, quart*ites, schist and rarely

in the sandstones and varies between W$ to 30$. The quart* grains

are from suttoedral t© an hedral anrl varying in si-c from 0.6 to 2 am.

The common inclusions are Iron ore and sometimes needlik© rutile

and ©ink garnet or zircon* The min«ral generally shows an undtilose

extinction and the angle of ©xtinction varies between 10 to 20*.

Sometimes the grains ar© fractured and the fracture nlanes are

filled with laths of sericit©.

Most of the quart* grains show symptoms of chemical reaction

with cement alkalies in th© mortars. But only a very thin film

of g©l is seen deposited along th© periphery of th© reactive quart*

particles. Very rarely the cracks emanating from the boundaries

©f the grain cause only a slight disruption of th© mortars, and

tha© appear to b© only moderately reactive.

As reported on p.p. 106,106 (Chapter-V) the expansion of

mortars mad© up with crashed rocks rich in this tyne of moderately

undulos© quart* vary between 0.62#to 0.90#.

iv) Medium to coarse grained strcnrly und^ftt©l*Y fractured, qu.artf.1,,

This is the most abundant form of quart* in the highly

reactive granites, charnockltes, quart^ites and the samel© of

schist.(Sp.ro.l CH, 10 CH, IS OR, 14 OR, 1Q, 9Q, 18CH). In thes©

eases the grain si*e varies between 0.7 to 2.5 mm, and the Inclusions

ar© very similar to those present in the other varieties of quart*

and include, iron or©, *lreon and rutH©. This type of quart*

generally shows a peripheral granulation and most of th© grains

show woll separated *ones of undulatory extinction with ar angle

varying from 20* to 27®. In a few specimen©, particularly in

quart*!te (1 Q, 9 Q) deformation lamellae are also observed in ©

majority of the quart*- grains. The lamella© ar© generally l«ns shaped
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and appear to pich oat before reaching the margin of th© grain

(©• described in Chanter IV r, «r%&$t**!f 90). In most ©f th© rocks

th© quart* is ©ft©n fractured and exhibits different pattern©

©f fr&etvrlngf anion ©an h© ©lasslfiad as

©) fractar© In th© ear© with a clear granulated marginal rim

b) fractures running ©anallal to th© undulatory band©

c) fractures running ©cross the undulatory bands. Th© fractar©

planes in thes© quart* are sometimes filled u© with laths of

serlcite and rarely with breeolated grains,

tBMn ©xealnad petrorraphiemlly th© quart* in mortars ©bow

distinct syaptoms of ehemiaal reaction with th© cement alkalies

(as described in Chapter TV), Th© mineral in th© mortars shows

boundary ©orroaion anfi narfimal fracturing, with a dear rim of

a low birofringant gal product along th© peripheries, Moroovor

sen© of th© smaller grains of attained quart*, show a ©tronf

reaction with ©©s«iit alkalios and ar© scan ov»lop«d in a thiok

mas* of gel*

Another notable feature is the ©ceurrenc© of ffel fillod

eracvs, somstiws seen ©nanatlng from th© boandariea of th©

hlfhly reaotiv© quart** Heat of thes© reacted ©articlas or© §»«ii

interconnected throaflh thaae ©racks* J*he ©eoarrane© of sueh

cracks associated with strained quart* inflioate a «a©lll»£ of %©

particles du© a© reaotion with ©ement alkalies,

Th© rocks rich in this variety ©f quart* show hiffo mortar

expansions varyinf between 0*10 t© 0*14 percent (see fqs*10Sf107flll)«

f) Oranulated strained quart*t This variety is observed only

in th© highly reactive granites* chamookitss and a ©©hist

(•©.*>• 1501, 1CH, 10 m% l $CK ) and eon&tifsutes about 10 to 18

por©«nt of the total quart* grains in thes© roeks* Oenoraily ©aeh

quart* grain is node a© of two or more small Individual grains,
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in which each part exhibits an undulose extinction and show

extreme intercrystal suturing. The quart* is very often associated

trith coarse grained and strongly undtaos© quart-.

This quart* shows distinct symptoms of ©hemical reaction with

©ement alkalies in the mortar bar test, Th© rocks with about 10

to 18% granulated quart* generally show high mortar expansions

varying between 0.11 t© 0.14 percent.

vi) Recrystalllsed quart** This variety is developed prominently

in the less reactive and innocuous aggregates and to a very minor

extent In a fev reactive granites and the quart*itos. Th©

recrystalllsed granites, gneiss©© and m§gmati*ed rocks show negligible

expansions in mortars.

Strained (Undulatory) quart*t- In rastamorphic processes

like d©formation_and roerystallisatlon development of undulatory

(strained) quart* Is a common feature,F&irbaim (1941), Ingerson

and Tuttle (1945), Turner (1948) Christi© and Raleigh (1957),

Carter etal (1964) have noted that undulatory extinction in quart*

is a common feature of the taetamorr>h©8©d rocks where plastic

deformation due to dynamic pressure Is predominant. All the

above authors observe that this undulatory quart* is common in

d©f©rated rocks but not in the recrystalllsed types* According

to them recrystallisation would generally tend to form a new

strain free quart* which will not show undulatory extinction unless

it is again subjected to deformation processes*

Very little work has been reported about the Imperfections

in quart* grains and their deformation structures du© to metamorphie

nnooesses. However, Cottrell (1949), Ouinnier (1952), Read and

Shoekley (1952) observed that if a crystal is deformed plastically

it would contain a large rramber of dislocation *©n©s% As a result
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©f th© •xi ray studies of quart* from various sources Bell (1953)

noticed that wLauen photorranhs of quart* from certain rocks show

asterlsm while in some others splitting of spots takes place

instead of well defined and sharp reflections as may be ©xoeeted

from a relatively perfect crystal. Further studies by Bailey etal

(1958) not only c onflrmed th© observations of Bell, but also

demonstrated that the 'Laue* patterns of deformed quart* crystals

depends on erystallographic orientation. Th© appearance of such

lau© patterns changes with the Intensity of deformation In a

specimen. They also observed that there la a fair degree of

correlation between 'Lane1 patterns and the degree of undulatory

extinction- exhibited by th© quart* grains. In specimens with

strong undulatory extinction in quart*, accompanied by fracturing

and marginal granulation, the quart* produced •Laue* patterns which

are both greatly elongated and ©how polygonl*ed asterlsm streaks.

On the other hand according to Bailey etal the quart* grains with

uniform ©xtlnctlon or very slight undulatory extinction give sharp

•laue* patterns. After a careful study of a number of *x» ray

patterns Bailey et.al (1988) concluded "Th© optical features

and the details of »x* ray patterns may b© explained and

correlated by a theory Involving dislocations and polygon!*ation

in quart*, whereby the bent crystal is transformed into a number

of ©longate, relatively oerfect crystallites inclined to each

other at small angles and generated by regions of atomic misfit.

Undulatory extinction can thus be explained as an optical

expression of the results of bend gliding and polygonl*ationw.

They further argued that as th© deformation of quart* increases

in Intensity the extinction banis become regular, narrow and more

pronounced. This character is thought to be a consequence of the

greater concentration of the unit cell dislocations*
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Bomel etal (1955) in their monumental naper estimate that the

unstrained natural quart* has a density of stable dislocations of

approximately IO3 dynes mv cm-. They argued that strained quart*
will have higher dislocation densities. Carter etal (1966) have

established, and is now widely accepted that quart* may deform ir

a ductile manner like a metal. Thus the dislocation theory applied

to metals by eottrell (1949), Read and Shoekley (1952) can be

applied to quart* also,

Carll© and Janlason (1964) subjected quart* crystals to a

pressure of 600 kilobars and then examllned these under X-rays

and Indicated of a splitting of spots, ©n the basis of X-ray

patterns they concluded that a great many dislocations in quart*

are due to hi#i pressures indicating a disordering of the quart*

structure,

Solubility of Quart*i Experiments conducted by Fredrickson

and Cox (1954) on the solubility of quart* at elevated temperatures

(300 to 500#C) and pressures (300 kilo bars) have shown that

solubility of quart* is due to the dissolution of cement binding

th© quart* grains. It was argued that this cement may be a

strained *one. On further exnerijnents at 360*C nd 3 kilo bar

pressures, in(1955) they concluded that quart* has a pronounced

mosaic structre, Th© smallest mosaic units ar© tiny rods

approximately 0,0009 mm, in diameter and 0.009 to 0.05 ram In

length. Thus the solubility of quart* was attributed to the

mechanical loosening of the rods (forming th© crystal) so as to

nroduce a relatively large surface area, easily attacked by

solvents,

Irffirejaed, Chemical reaa+tftyfoy ,duo, to m*M °" the basis of

published literature it is ©onmon knowledge that th© chemical and

physical behaviour of solids ar© influenced by processes likely to
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introduce strain energy, which is a manifestation of defects, and

the molecular dislocations. Foldhara (1949) found that strained

crystals of ammonium nitrate ©npeared to grow relatively faster

in a solution than th© unstrained ones, Indicating a greater

chemical reactivity of ammonium nitrate with the solution due to

strain. Similar observations has also been recorded by BucklejK 1951)

on Cadmium iodide crystals. Frank (1951) has reported similar

observations cm silicon carbide crystals and observes that '•growth11

of a crystal In a solution is affected by the number of dislocated

*ones existing in a crystal and It should be possible to promote

growth of crystals which have ceased to grow by mechanically

deforming them,1'

In (196S) Bash and Williamson reported that mechanically

strained synthetic crystals of magnesium oxide, in contract to

the unstrained crystals nrodue© greater amounts of Poresterit©

and protoenstatite due to solid state reactions with quart*

erlstobalite mixtures at 1200-1400»C, while discussing th©

chenomona, they are of the opinion that the enhanced stafface

energy of strained magnesium oxide might have resulted in greater

chemical reactivity.

From the above conclusions, derived by different workers

like Bailey (1958), Bomel (1955), Fredrickson (1955), it can

therefor© be said that strained quart*, characterl*©d by undulatory

extinction, Is more reactive towards cement alkalies than the

unstrained quart?, because of the presence of large number of

dislocated *ones ©f silica. The w©ak©nlng of th© slliean-oxygen-bond

due to strain also is an Important factor, whieh makes it conducive

to chemical reactivity with cement alkalies. The Reformation of

quart* in the rocks not only Induces strain energy but as a result

of shearing could involve ©©votrativ© intergrarular movement, the
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repeated renewal of surfaces of eortaet and the increase of
seeciflc surface by main si-© reduction. This could also be a

cause for a greater reactivity of straired quart*, besides th© m
large number of dislocation *ones ©resent in the strained quart*.

As has been observed (p.105,107, Ch.V) durlrr the

Studies, th© mortar bar expansions for agprepat^s of granites,
ehamockites quart'ites (Sp.Fo. 1 CH, 10 CH, 15 M 1Q, 9Q) with
sheared and granulated quart* are slifhtly hirher as coraoared to

th© rocks containing moderately undulose quart*.

Observations of Follham (1949), Buckley (1951),Frank

(1951), Bush and Williamson (1965^ also indicate of greater
chemical reactivity In deformed and strained crystals, which

has been ascribed to th© presence of dislocations, and enhanced

surface energy.

Another important factor whieh is considered to have

contributed for a rreater reactivity of strained quart* Is the

presence of fractures. These fractures are helpful for an easy

penetration of cement alkali, solutions Into the quart* lattice.

According to Christie and Raleirh (1959) th© fracture planes in

strained quart* may be considered as planes of discontinuity in

the crystals. According to Shrlstle and Raleiph (1959)"the

most obvious and common Indication of post*crystalline deformation

in quart* is the anpearance of undulos© extinction in *ones sub-

parallel to (0001). When the strain is slipht th© variation; In

extinction is continuous over a grain, but when the strain Is more

intenee th© grain is divided Into distinct *ones bounded by sharp

surfaces of discontinuity. These boundaries are not distinctly

planer and their orientation cannot be measured with a •U1 stage,

Indicating that thoy are not rational erystallograohic planQs but

rather curved or irregular surfaces? Thus th© nresence of



fractures can also be th© cause of rreater reactivity of strained

quart*. Mielen* and Brown (1955) also observed that a quart*ite

rock with abundant strained, fractured and granulated quart*

reacted with cement alkalies and produced a gel* Similar

observations have also been made with a sheared quart*?te

aggrepat© which showed alkali aggregat© reaction, in a structure

in South India (1961),

f" Thus it can be said that the textural characteristics

in qiart* as interpreted above are directly related to its

chemical reactivity with cement alkalies, A strongly undulatory,

fractured and rranulated quart* in a rock whether granite, charno

ckite, quart*lte In appreciable quantity may be harmful,

II, fay forms tf 9111C1

a) Micro to Cryptocrystalline Quart* (Chert)% Chert is

•ssentlally a micro to cryptocrastallin© quart* according to

nany workers Ilk© Folk and Weaver (1952) Jones (1952) etc.

During the present studies chert has been found in reaetiv©

sandstones from Chinthala, (Kurnool formations of Lower Vindhyan),

Burg and Bilasnur, Palanpur (Terttlary) and Kundarhat (^»iwalik),

in which th© mineral occurs either as a detrital corstituent

> or as a cementing media. Two (ttPfcftttH (Sfl. *o* 2 Q, 4q) from

Biraitranur (Dharwar), and Prodattur (wppar Cuddapah) also are

found to contain Chert and are highly reactive, A reactive

phyllite als© contains microto eryptoorystallin© quart*. Thus*

it is observed mostly in th© sedimentary ard a few metasedlmentry

rocks. It is observed that if a rook contains even 8% chert it

show© a high mortar bar ©xnanslon.
i

As discussed on pp^ 109,110 the nercentag© ©f mortar

bar expansion has been found to be generally related to the

percentage of chert In the rock agnrepate. In most specimens,
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studied chert is generally found to be disslminated and Is coated with

iron oxide and at times contains minor inclusions of chlorite (Sn.

Fo. 6SS Sandstone from Chinthala).

Mrtai of fthert wtth amaama^ attaMnag
It has been observed that most of th© ehert is heavily

reacted with cement alkalies and exhibits deep corrosion and

dissolution. Sometimes the chert fragments are seen to occur a©

relict grains engulfed in a thick mass of gel. The boundary *one

of the deteriorated chert fragments Is generally character!*ed by

an intense oeacity of the cement matrix. The intense chemical

reaction of chert ^articles with cement alkalies In the surrounding.

matrix gives ris© to a low hire fringent, gel nroduct. At times

du© to Its high chemical reactivity the chert particles are totally

altered to a gel. The reacted fragments show long narrow cracks

emanating from the boundaries. These cracks MM generally filled

up with th© gel material. The cracks saw generally L$$& appear

as 1) Link Cracks 2) Peripheral cracks (as described on n.p.85,86,87

Chapter IV), Link cracks can be described as thos© which

interconnect two reacted frapjents of chert and are commonly rel

filled. Their occurrence in the mortar Indicates swelling of th©

reacted fragments of ehert. The peripheral cracks Indicate shrinkage

of the chert fragements due to reaction with cement alkalies.

Th© high ehemieal reactivity of chert with cement alkalies

may be ascribed to its large internal surface area, and poor

crystallinlty. The transitional structure which Interlocks a number

of prains of micro to cryptocrystalline quart* in chert is a strained

region and thus contains a large number of dislocated »ones which

make it conducive to chemical reactivity as discussed In the previous

pages.
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b) Chalcedonyi It is found* t© occur as in the reaetiv© basalts

from Khamgaon and dondal (S->.Fo. 5T, 1ST) as ;Sfedular fillings and veins.
Microsconic features j - The grain of chalcedony occurring as

amgdular filling vary in si*© from 0.5 to 0^ bub and are generally

colourless with impurities of iron or®. Fibrous extinction is

conspicuous and the length of the fibers vary with si*e of the grain,

which is about 0.3 to 0.5 mm. In a hiphly reactive basalt from

Khamgaon (Sn.Bb. 5T) chalcedony is found to contain Inclusions of

tridymite, which ©ccurrs as prefld ©hexagonal f*rains eharacteri*ed

by low birefringence. The percentage of chalcedony in the basalts

studied varies between 8 to 10$.

c) Basaltic glasss The reactive basalts were found to contain minor

amount of interstitial glass In the proundmass. However, a basalt

from BhuJ (Sn.Fo, 3T) contains about 10 percent palagonlte,

eharacteri*ed by pmle brown colour and vesicular nature,

ffetolp^r of bflsalVa MsaamaaaVal civileeflppv ana. wxX*mm In Ml mVvm
Aa described in Chanter IV most of the fragments shm

corroded boundaries and reaction *ones. Partial dissolution of th©

groundmass is Indicated in the basalt containing palagonlte.

Chalcedony, whieh many times occurs as individual frajp©nts shows

deeply corroded boundaries and is seen enclosed In a mass of gel.

Another Important feature is the occurrence of gel filled cracks

emanating from the mineral ^articles and sometimes from the margins

of basalt fragments. As described earlier the occurrence of the

peripheral clacks and link cracks indicate the swelling of the

reactive particles, as are confined by the cement matrix and caus©

mlcrofractaring of th© mortar.

It has been also observed that the basalts containing chalcedony

show a comriaraitively higher rate of expansion, than the basalts with

palagonlte. This indicates that chalcedony is probably
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more reactive than palagonlte. The basalt from Gondal (Sp.Fo.l5T)
which contains traces of ooal also show a fairly high rate of

expansion.

It has been observed that basalts, with th© absence of

©alagpnite, chalcedony, opal, and trldymit© show negligible

mortar expansions.

mm ^mmtmrn 1 •©• mUmlm. Considerable work has
f" been dons by different workers on the nature^ ©f thes© minerals

and the exture of thes© minerals has been variously interpreted asi-
1) Sosman (19^7), Domay (19a9) consider that chalcedony contains
opal as an ©ssential constituent.

ii) Ferlk ard Weaver (1063) divide the microforms of quart* into
a) microcrystallin© quart* made up of interlocking grains of quart*
crystallites s©t in a random ©rlentation.
b) Chaicedonic quart* consisting of radiating or sh©a$-llk© bundles
©f fibers.1^-ray studies conducted by folk and Weaver on

chalcedony showed that chalcedony essentially consists of

microcrystalline qtiart*,

ilDBiman and Jayraman (1956)conducted «Xirsy studies on chert,
chalcedony and opal and have shown that chert and chalcedony

) consist essentially of quart* while opal is essentially a

microcrystalline aggregate of disordered cristoballte.
iv) *on©s (1962) has noticed that chert essentially consists of
quart* crystallites. He considers chert as a strained form of
quart** •

v) White (1955) observed that onal rarely exists in nature above 100»C
and that at higher temperatures it crystalli*es to chert or chalcedony
and concluded that "The low thermodynamic stability of opal probably
accounts for its rare occurrence in the older sediments'1* .

vl) According to Florke (1957 ) tridymit© Is essentially a

«Wi*s**#»Ynr**»,n irw* form ©f silica.



-146»

vii) Wh^t© and Corwin (1^1) have opined that chert consists
i

essentially of quart* crystallites which are somewhat misoriented

and interlocked together by a strained transitional structure.

Th«y have also supported th > view that opal is mad© up of disordered

Cristoballte. According to them the large and variable water

content in opal is primarily a consequence of extreme small narticle

si*© or large internal surface area. Similar observations have

f been made by Cam and Fyfe (1961).

Thus these studies discard the presence of opal in chalcedony

and chert and have shown that all these minerals consist essentially

of nlerocrystalline quart*. Pelt© (1956) has made a detailed

studies of the properties of chalcedony and its reactivity \#ith

sodium hydroxide. The chalcedony studied by him showed a strong

reaction with sodium hydroxide X-ray study of the original sr>eeim©n

failed to indicate even traces of opal* The fibrous extinction in

chalcedony according to Rslto is an effect of strain. He comriared

the biaxial character of chalcedony with that observed in strained

ra©tam©rnhlc quart* and observed "It is well known that quart*

subjected to mechanical stress becomes biaxial. Probably the

stoniest explanation ©f the optical properties of chalcedony,

other than the refractive index is that they are strain induced"•

Later according to him "Chalcedony consists of quart* crystallites

somawhat mlsorientod from fiber to fiber than within filers.

Differences in orientation of fibers ar© normally adjusted by means

of a transitional structure. Th© fiber interface Is marked by a set

of dislocations**• H© has thus attributed the re ctlvity of chalcedony

with alkaline solutions due to the presence of larg© number of

dislocated *on©s In the mineral caused by the weakening of the silicon-

oxygen bond due to strain.
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Thus the Oft repeated, ©xnlained and attributed by

chemical reactivity of chert, chalcedony, by the chemists can be

ascribed to their micro-crystalline texture and therefore a

large internal, surface ar©a*_ In addition, the presence of a

larg© number of dislocation *ones in these minerals are responsible

for their chemical reactivity with cement alkalies. The chemical

reactivity of volcanic glasses could also be due to the disturbed

atomic structure and due to strain In the slllean-oxygen bonds,
formed as a result of ranid cooling. The reactivity of Opal and

tridymite can also be said to be due to poor eystallinity and

disturbed lattice structure with large Internal surface area, and

most of the strained forms of silica would react with cement

alkalies though they may not contain any opal.



Plate 21, Electron mierograoh (8370x Mag) of ehertyaS miart*ite
*ig* It (Sp. 2Q), The ragged and denticular outlines observed in

the mineral indicate poorcrystallinity. The aggregate is
highly reactive with cement alkalies.

Rf* 2o! ^leet3<7 B*ej?graph (8370aMag,) of a luartros© sandston©
*B* si from Lota. The mineral grains exhibit straight, sham

and distinct outlines indicating well developed
J22!L^2rttZ: ^ fpregate is found to b© innocuous
towards reaction with cement alkalies.
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The phenomenon of alkali aggregate reactions in cement concrete

first became known in the year 1940, when the deterioration of some of

the concrete structures In California (tT.S.A.) was attributed by

Stanton to the chemical reactions between cement alkalies and certain

silicious constituents in the aggregate. The problem has been well

studied in most of the developed countries, while almost nothing is

known on the vulnerability due to the attack of cement alkalies,

in this country. With this in view, the present studies have been

carried out and an evaluation of Indian aggregates has been attempted.

A review of the work of different authors, as given in the

second Chapter leads to the important conclusions thatt-

a) Deterioration of concrete structures, in addition to sulphate

attack, also takes place due to chemical Interaction between cement

aUtalies, as releasee! during the hydration of cement and certain

silicious constituents like opal, chalcedony, ehert and volcanic glass

in the apgregate.

b) Deterioration is more prevalent when the percentage of

y alkalies in cement is high i.e. 0.6$ ©r more, though a few cases with

lower alkali content ar© also known. From this, it anpears that It

is therefor© not possible to fix the maximum and the minimum safe

alkali content in cement In concrete masses, so as to prevent against

this type of deterioration in concrete structures,

c) Two Important mechanisms namely the "Osmotic Pressure

theoryrt(Hansen-1944) and the "Gel theory" (Vlvian-1950) have been

advanced to explain the disruption of concrete due to alkali aggregate

reactions. The first is based on th© assumption that, the reaction

product (alkali silica gel) exists in the form of acquoous sodium
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silicate causing cracks due to osmotle pressures in the c oncrete

masses, whii« thft-"gel theory" explains the disruption of concretes
due to the swelling nature of the reaction product and consequent

pressures in concretes.

d) However, it anpears that th© problem has not been well

studied from the point of view of minerals In the aggregate, their

textures, though such reactions and the resultant failures have b©sn

reported on the us© of rocks Ilk© glassy rhyolltes, andesites, i.e.

volcanic types, a few opaline sandstones and rarely ev©n with massive

quartsltes and granites. Only a few investigators, namely Brown (1955),

Mielen* (1953) end Idom (1961) have paid some attention to the

petrographie characters of the rocks, their mortars and th© concretes.

As regards the Indian aggregates, mostly th© aggregates used are

prepared from th© plutonlc and motamornhlc types and only rarely from

the sedlmentry ©r metasedlmentry rocks.

Since the resultant concrete mas® is also a product similar to

the rocks, the problem of ascertaining the potential ahemlcal reactivity

in aggregates is fairly complicated. Therefor© the commonly acceptable

mortar bar expansion tests for concrete testing at different periods

along with the petrographie examination of the aggregates, and the

affected mortars have b©en adopted. In later Chapters, on the basis of

these studies, fairly good relations with the petrographie nature

of the rock and th© textural characteristics of th© reactive constituent

and the behaviour of aggregates with cement alkalies have been

established.

Chapter IV described the petrography of aggregates and their

mortars, from the Important construction centos In India. The

aggregates studied for potential alkali reactivity belong to a

number of widely separated localities and stratiagraphical horizons.

Most of the aggregates are found to be hard and durable and satisfy
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the requisite engineering properties for concrete purposes but their

coranressive straths- are variable from 845 to 3380 kg/cm3 and th©

shear strsn^hs between 140 to 220 kg/em2. As established by other

earlier workers, these variations in the engineering behaviour of rocks

may be due to the variations In their textural and mlnerological

characteristics.

% ^ke common rock aggregates have been classified into six maior

varieties as i) Granitoid rocks- Including various biotlte and mlcrocline

granites, granodiorltes and gneisses, syenites, il) Charnockites-aeid,
basic and Intermediate tyoes. ill) Basalts, lv) Sandstones v)Quart*it©s,
Including motamorphlc quart*ites and metasedlmentry quart*ltes, vi)PhylHte
and schist.

On the basis of their reaetive and non-reaetlve nature both

types may be found in the same geological hori*ons. The reactive

character of th© rock se©ns to be considerably changed due to a higher

percentage of silicious minerals and the effects of metamorohlsm on these.

It is observed that the Archean and pre-eambrian granites, charnockltes,
quart*ltes etc. with distinct cataclastic effoots in quart* and sometimes

In the plagioclase or biotlte etc. are susceptible to alkali agrr©gate

reactions. Similarly in the volcanic flows of the same regions, basalts
y with or without amgdules and nodules of chalcedony, palagonlte, opal or

tridymite, or absolutely massive and hoi©hyaline tynes eould^reactive
or non-reactive. The sandstones and quart*ltes with chert, either as a

cementing material or as a detrital constituent are hlgjhly reaetive. On

the other hand those varieties not containing chert or strained quart*
are innocuous. The sandstones of the unper Vlndhyans are generally
free of chert and are innocuous, while those of the kurnool formations
contain chert and are deleteriously reactive with cement alkalies.

Metasedlmentry quart*itos and ^hyllites of Dharwar formations with* chert
are highly reactive.
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The most Important criteria which may be of importance with

respect to the .occurrence of reactive and non reactive aggregates in
\

engineering structure are the 1) Llthologlcal coranosition ii) Grade of

metamorphism 111) Hydrothermal reactions and iv) the nature of original

sediments.

On the basis of the netrogranhlc examination of the deteriorated

mortars it is observed that the dl amotion is due to a gel formation

t around or In th© %'ielnity of silicious constituents In the aggregates

e.g. 1) Strongly undulatory (strained) quarts, 11) Micro to cryptocrystall ire

quart*?(chert) ill) Chalcedony ,iv) Volcanic glass^ v)0palfvl) Tridymite.
The reaction ©rogressei from the outer margins of the reacted

particles and Is indicated by a) Boundary corrosion and embayments

b) Deposition of a low blrefringent granular gel product along th©

periphery of the reactive particles or disseminated in the surrounding

cement matrix Identified by patches of isotronic material c) Cracks of

varying length (0.3 to 0.7 mm.) and wholly or oartially filled with the

gel are seen emanating from the boundaries of the reacted particles.

About four types of cracks were identified during th© study 1) Link

cracks, 11) Marginal or peripheral cracks^iii) Chain cracks,!') Radial

Cracks. The reacted fragments In the mortar are generally seen

inter-connected through on© or more tyue of these cracks, Th© occurrence

of gel is a result of the chemical reaction between th© reactive silicious

constituents and the cement alkalies. Of thes© the peripheral or marginal

cracks around a reacted grain nay be due to shrinkage, while the cracks

emanating from the boundaries (Link cracks, radial cracks) are caused due

to the swelling of the reactive particles confined In the cement matrix.

Fevertheiess the total dissolution of a cherty, chaicedonic or opaline

particles Into a 'el, filling the slender elongated cracks In the

surrounding cement matrix, indicates that the gel product has an

excessive tendency to swell.

>
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It can therefore be stated that th© disruption of mortars due to

alkali aggregate reaction is caused by th© swelling action of both the
reacted ^articles and the reaction nroduct.

In Chapter V, a correlation between the petrographie characters of

th© aggregates and the engineering behaviour of their mortars is

attempted. As a result of this study, it is noted that rocks of

identical characters (megascopic) are found to differ considerably in their

t expansion characteristics in th© mortars, Indicating that if an aggregate
is to be studied for alkali reactivity, its petrogranhle nature must also

be studied, through microscooic examination. It is further noted that
even If an aggregate possesses remarkably good engineering properties, it

may be highly reactive towards cement alkalies,and henc© there does not

exist any relation between their engineering orenerties and their

chemical reactivity with cements.

It is obs©rved that i) in the eases of granites, charnockltes,

quart*ites and schist, the mortars showing expansions more than 0.10*
are rich in highly fractured, strongly undulos© or highly granulated

quart* and sometimes deformed felspars. In mortars with expansions more

than 0,10$ th© angle of undulose extinction in quart* varies between

18 to 27* (on *C» axis) while In rocks with mortar expansions between

O.OS to 0.10 this angle is between 10" to 20*. On the other hand rocks

with unstrained or recrystalllsed quart* show negligible mortar

expansions. Thus it can be inferred that the alkali reactivity is

directly related to the percentage of straining effects in quart*. As a

result of this a_rock with 40$ or more undulatory or fractured and

granulatod quart* may b© highly susceptible to alkali reactions, A rock

with 30 to 404 strained, fractured quart* is moderately susceptible,

while a rock with less than 30# strained quart* is marginally reactive.

Similarly rocks having less than 20# strained quart* are less reactive or

innocuous, followed by those devoid of strained quart* which are totally

innocuous.
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Of the charnockltes, the basic tynes ean generally be considered as

Innocuous alonV with the recrystalllsed granites or gneisses.

Most basalts from Deecan plateau are free from reactive constituents

and hence are innocuous. However, only a few basalts from Gujgrat and

Maharashtra with chalcedony, opal or tridymite, or palagonlte show

deleterious mortar expansions, Palagonlte glass In th© basalts may also

b© considered as highly reactive form of a silica* Of the basalts those

* containing oven 4 to 8% primary glass along with 8 to 10$ chalcedony are

highly reactive. In the Indian basalts opal or tridymite are generally

rare, but it may be stressed her© that the presence of thes© two well

known alkali reactive constituents even in minor amounts may pro*e very

harmful in the aggregates.

There seems a broad correlation between th© mortar bar expansions

and the tensile strengths. The tensile strength ©f mortar decreases

with the age in case of reactive aggregates. This property can be

used as a supplementry test in the evaluation of the alkali reactivity of

aggregates.

Ir Chanter VI, th© chemical reactivity of strained quart* and the

other silica minerals are discussed, as a result of these discussions

it is concluded that th© undulatory extinction in strained quart* indicates

that there ar© a set ©f dislocations or islands of atomic misfit, which

give rise to possible planes of weak enerpy and thus help a great©r

reactivity of strained quart* with cement alkalies. On the other hand,

the unstrained quart* is fully bonded with sllicon-oxygen bonds and there

is no possibility of weak energy planes and thus remains Innocuous in

contrast to the strained quart*.

The chemical reactivity of chalcedony, chert,opal and volcanic glass

can also be considered due to dlstrubed atomic structure.

The problem of alkali aggregate reaction, thus needs to be

reviewed from th- point of view of textural characteristics in the



•154-

rocks and the lattice displacements In th© silica minerals indicated

by the micro\o crypto crystalline structure and the undulatory
extinction in quart*.

Thus it can be said that the netrographlc studies and examination

of concrete aggregates have decidedly got an advantage as compared to

other methods, that It Is fairly reliable and gives th© quickest

results.

The present study had been somewhat limited In nature and

further studies would be useful to explore the alkali reactivity

of such minerals like chert, palagonlte and strained quart*.
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specimen; *ock type ,' J Locality — 'Longitudes and'
i - , • Latitudes.

Quart*ite "VljayawadaCA.P,) i^« o£»' n, 80ft 15* fi'

quart*ite. H,123/1 (Bihar)

1uart*ite Prodattur M113/6 14*44»rs W«3R« S
Fellore Bombay Road (A.P.) ' *

$iart«ite Delhi (Badarnur quarry) 28*44* Hj 77*10* B.
Quart*ite Dadrl (Gurgaon Distt.) 29* 5«lFs75*8» P,

Haryana. '

3uart*ite Fandalur (Cuddapah Distt) 14*19«F; 78*44* E.
(A.P.)

Acid Charnockite Tholudur M-127, Veppur-Triehy 12*44* Ft 79*04'E.
Road(South Arcot Distt)
Madras State).

Acid Charnockite 15 Mile Ifcrth of Madras State 13*06»H$ 80*14* E.
Acid Charnockite Coonoor; K9/6, OOty Mettupala- 11*14*F? 76*42*1.

yam Road, Madras State.

Acid Charnockite Dumka(Pasabal quarry) 87»21*F; 24*18^.
Bihar State)

ChaSSStf ^SltatT1^117 Wf7) *^*m%
(^\ll^lite)mWi Dlstt-(A-P' I •*•*» 77*13. E.

rSSJS111" ,2^T^fd WMMWl 17*26*F$ 78*27»E.Granite. (Malakpet quarry).

Granite!^ K**lpet 38*0*Ff 79*23»F.

gJanlte1^ °UdW Tq* (patrtpxnSan quarry) 14*26*F; 79*15* S.
Biotlte Granite Karlmnagar (A.P.) 18*26»F; 79*10»£.
Biotlte gneiss £amko* (Siddaganga quarry) 13*26*Ft 76*52*13.

M.5 from Tumkur on Fatlonal
Highway Fo.^, Mysore State.

Biotit© Grano- Dhone. M.25/1, 15*42 »Fi 7q»*m«v
diorito. Benaras-Cane Comorln Road? ? W** B*

(A.P.)

Kandi-i

M. 20/4, Hyderabad-Sh olaour
Road, (A.P. )t

diorite.Cr^ar0," 1^tt^>iBa5lS!??^q«.arr3r) _ 17*28«Fj 35*12' B.



\

Specimen
Fumber

13 GR

14 GR

15 GR

16 GR

17 GR

10
1 Ph

2 Ph

1 Seh

ISS

2 SS

6 SS

7 SS

3 T

6 T

15 T

(11)

1 Rock typ© • Locality
• t

i »
Biotlte granite Madanapally. M1 158/1
gneiss. * Madras-Bombay Road (A.P.)

Syenite Kangayam (Sivamalal quarry) 11*44* Ff 75*22*1.
Coimbator© Distt .Madras
State.

Biotit© granit© West Chlttor Distt. 13*07*F; 79*05* S.
(Annaswarjr Palll >uarry)( A.P.)

Quart*ose gneiss Bangarpet Tq.Mysore State 13*07* F$ 78*15* B,

Hlotite gneiss DarJeellng.W.Bengal

$iart*-magnetlte Oaya Diitt.(Homba quarry)
gneiss

Slaty Phyllite Hubli-Distt.(Mysore State)
Serlcite phyllite Dalhou*le (H.P.)

Chlorite quirt* Haliyal Tq.(Mysore State)
schist

Llthic sand- Kundahat (H.P.)
stone.

Quart*os© sand- Kota Distt.(Raiasthan )
stone*

Quart*os© sand- Chinthala,M, 86/1.
stono. Huraool Gudur Road (A.P.)

Argillaceous 1 Fear Kalka.on Kalfca
Sandstone. Simla Road- H.P.

Zaolltic Basalt Panwel Tq. M 44/7
Borabay-Poona Road,
Maharashtra,

Glassy Basalt

Basalt with
chalcedony.

Bhuj Tq, M.23/0
Bhuj Mandwl Road
Gujarat Stat©,

Khamgaon Tq.,Distt. Akola
M 31/3 Akola Khamgaon Road
Maharashtra,

•Longitudes and
•Latitudes.

Il'l3*28*1^ 78*23*1!,

27*01*F$ 88*12«E,

24*48*Fj 8S*0S«E,

15*13»F$ 78*09*E.
32*28 *F; 76*1* E,

15*24*F; 70*03*",.

31*7* W; 77*2* E.

28*12«Fj 75*36* E.

15*45*F| 78*6* E.

30*50*ir? 77*04 *F.

19«12»Fi 73*5* E.

23*15»F| 69*42*E.

00*44* n. 77*3* E,

Basalt with
chalcedony.

Gondal- 4 miles from Gondal S2«03*Fj 70*55* S„
on Fational Highway Fo. 8 B
Gujarat State,
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