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PREFACE

How does mineral quartz or felspar concerns an engineer?
Is this rock suitable as a building material? On many occassions
such querles are raiged by the engineers, architects and the
contractors, Hence, it was considered useful to carry out some
experiments on the building stonesof the country, so that it could
serve as an ald to thoge who wish to have a better understanding

of the rocks used as buildihg materials.

In this treatment an attempt has been made to combine the
knowledge of geology with an engineering outlook, in such a way as
to link up‘ the results obtained in the laboratory with the practical
problems of the building stone industry. The aim has not been
merely a descriptive and fundamental research, but the applied
aspect has always been kept in view. For this reason critical
surveys of present methods of quarrying, testing and evaluatiggaﬂ&

the stones, together with the suggestions as to future lines of

approach, have been given where ever possible,

About six years back when the writer was engaged on the
research programme of the Central Building Research Institute,
Lt. Gen. Harold Williams, Director, suggested that it would be
worth-yhile to choose a topic where some engineering aspects of
geology, particularly applied to the building research in India,
were involved, Naturally, ‘'Building Stones' were the first to
come to the mind of a student of geology. In order to learn more
of the problem so that a significant eontribution could be possible, -
a probe was made into the pages of the available literature. Later,

the study was supported by field surveys of the stone constructions
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and the quarrying activities in the country, Soon, it was
realized that though there are many scattered reports and
Passing notes on the subject, there 1s no comprehensive

account available on the 'Indian Building Stones!, their

use and the methods 6f testing. On the other hana, infor-
mation was available on the building stones of many a countries,
but the 11teratqre was too meagre aboqt the‘Indian resources,
Further, the importance of such a study was appreciated all the
more as the use of ‘Indian Stone' had recentiy received a
revival aslfﬁcing material in India and as an ornamental stone

in the markets of foreign countries.

TN

It will be realized that the bow., .. the tople
under study are very vast, and within the limits of these pages
it 1s very difficult to treat, even briefly, all the ramifica-
ltions of the subject. Hence, by making a somewhat arbitrary
choice, it has been endeavoured to include all that was consi-
dered most useful and could be performed within the available
time and the facilities, |
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THE ENGINEERING APPLICATION OF BUILDING |
AND AGGREGATES IN INDIA

STRACT

Stone is one of the two staple requirements of the
building industry in India. Besides 1ts use as a dimension
stone, it forms a major constituent of concrete, In many
areas of Indla suitable clays for the mamufacture of bricks
are gcarce and the stones being available in plenty have
been fulfilling the need of building constructions. Hovever,
the survey has shown that stone is slowly being priced out
of the market because of its high cost and lack of information
regarding its avallability, uses gnd testing techniques,

It has been obgserved that the reduction in cost is only
possible through proper mechanization of stone quarries. Thig
is an intricate problem peculiar to Indian conditions, as it
involves economic factors, labour conditions and aVaiiability
of the required type of machinery, A drief review of the use
of building stones with the present methods of quarrying has
been given. New methods of quarrying and sawing, as can find
potential utility under Indian conditions, have been proposed.
The rate of productivity of these new methods 1s algo dig-
cussed. A design of a new 'Flag Saw' having special utility
under Indian conditions has been given,

Based on information collected during actual field
survey, an attempt has been made for the first time to cata-
logue the existing building stome quarries of the country
along with the type of rock quarried at gll these places.

: The scanty data available on the physical, chemical and

engineering characteristics of Indlan stones and aggregates,
appear to be the chief reason for the lack of confidence of
efficient use of stone amongst the engineers, contractors,
builders and other users in the country, With a view to
bringing together all these properties for use in the industry,
properties such as true and apparant specific gravity, water
absorption, saturation co-efficient, porosities, pore structures
ete. have been determined and the abplicability discussed after
the mutual relationship of these properties was determined,
Similarly, Engineering properties like compressive strength,
modulus of Rupture and shearing strength have also been deter-
mined both for parallel and perpendicular directions, in the
rift planes, On the bagis of the results g new scheme of
classification of Building Stones according to their toughness
has been suggested.



CHAPTER I.
GENERAL

INTRODUCTION

tstone' and ‘'Brick! are the staple requirements of
the huilding industry in gny country. Concrete now the most
commonly used structural material contains mainly stone in its
composition, It is, thus, only a modified way of using stome
and has the advantage of plastiecity, which can be exploited in
order to meet the modern demand for 'in situ! constructions.
The usefulness of stone as a structural material can be treated
under three heads = a) beauty and ornamentation, b) structures

requiring a very high quality material, and ¢) residences.

Stone has always been regarded a material ‘par excellence!
in 1ts ornamental and aesthetic effects. Thin slabs of stone
sheathe most modern floors and facings of important buildings
and steel sky scrapers (Pl.l Fig. 1&2). B8tone is still pre-
ferred by « architects and property owners because in addition
to imparting beauty to the structures it combines high strength
and durability.

The coneretes are prone to fallure caused by both physi-
cal and chemical reactions. In addition to thwarting these
effects, the dream of the engineer to produce concrete as hard

as rock is yet to be realized.

However, for the ordinary dwellings and other modest
constructions, stone has a serious competitor in bricks and

other newly introduced cement products. But even in brick and



( xvi)

| Dynamic modulus of elasticity has been calculated by
using transverse pulse velocities by sonic and ultra=-sonie
methods, Results have been discussed in the light of the
above mentioned properties. Based on the information so
obtained a method of finding out the !'Grain Direction' in
¢ase of slates has been suggested.

Detalls of the experimental procedures are given along
with the equations used in calculation,

Stones have also been examined petrographically from
the point of view of bullding properties,

It is reglized that the applied engineering properties
and the elements of strength and durability in stone are inti-
mately ¢onnected with most of the physical, chemical and petro-
graphic properties., Curves relating to the salt erystgllization
tests for durability have been given, Flaws which escape detec~
tion in the standard procedures are pointed ocut,

An attempt 1s made to svaluate the mineralogic and
petrographic properties of stone in relation to its physical
and engineering properties, FRactors which are responsible for
the strength development in building stones are discussed from
petrography point of view, This aspect appeared to be partly
neglected or entirely ignored so far.

The decline in the art of stone masonry and the lack of
knowledge about stones, has resulted in some common defesects
in constructions. These defects have been noted for consider-
ation while laying down the specificationsg for stone masonry
works under Indien eonditions.

S8late is an important roofing material in tropical regions
of Indla, but the builders do not seem to possess the technique
of laying slates. Hence, specifications for laying slate roofs
have been suggested. Similarly specifications for stone trusses
have also been proposed, '

Concrete made from Indian rocks and minerals has been
studied and the influence of the petrographic and mineralogie
Properties of these aggregates was noted. Role of minerals
rock textures and structures are discussed from the point of
View of petrography and concrete technology.

Rock aggregates play a very significant role in the
phenomenon of strengths development in concrste and a few
aspects of the same have been discussed in the 1light of g few
experiments, conducted to evaluate the same guantitatively,



PLATE NoJ Fig.l
STONE AS FACING IN AN IMPORTANT BUILDING (LOK SABHA)

PLATE NOcl lg.
STONES SHEATHE STEEL SKY SCRAPERS (NEW DELHI)
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concrete buildings sills, facings, floors, steps, fire places,

warm scotings and base~boards are generally of stone,

In India suitable clays for making bricks are not avallable
in many areas, especially in the vast desert tract of Rajastﬁan
which 15 fast developing into a densly populated industrial state.
In the 20,000 sq. miles area in Deccan covered with black cotton
soill, manufacture of suitable bricks is not possible. On the
other hand, stone is plentiful in all these areas and is, there-
fore, extensively used for monuments as well as for the construc-
tion of dwellings, be they blocks of flats in big towns or resi-
dences in suburbs and villages. In these areas, there has been
over past few years a very real fear that the masonry built in
native stone may be stopped because of the high cost of the stone
itself. Bricks have been supplanting stone and in almost every
town the transition from stone to brick can be seen from the centre

of the city to the outskirts.

With the ever inereasing consumption of coal for steel
and other allied industries the supply of coal for the manufacture
of bricks has been scarce gnd 1s already posing a threat to the
brick industry. The cost of inferior class of bricks even has
gone up enormously., This is bound to revive the use of stone for

building constructions in many areas.

Morsover, at present, there is a tendency amongst archi-
tects to design urban houses with random rubble polygonal stone
walls as a standard fronts (P1.2).
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A new era in the export of 'Indian Building snd Orna-
mental stones! has opened. Granite and various other kinds
of stones are cut and polished and exported to foreign coun=
tries for monumental and memorial purposes. These trends indi-
cate a definite revival of the bullding stone industry in India
(Fig.1). |

Stone when cut and dressed as dimension stone or broken
into aggregate as ¢rushed stone plays a very vital role in the
building activity. Obviously an investigation of its properties
is essential to help a better understanding of and proper uti-
lization of this material. The lack of data on the physlcal,
chemical and engineering properties of Indian building stones
and its knowledge amongst the bullders, engineers and contractors
have forced them to proceed with little knowledge on the effieclent

use of stone.

It i3 now reallized that the enéineering properties of
stones are based on many physical, chemical, petrographical end
other properties so that there is need of a general review and
approach to collect fresh data. The present lack of information
about Ind}an bullding stones and natural aggregates results too
often in the haphazard selection and use of stone elther as a

masonry material or as an aggregate.

Strangely enough, this subject has received little atten-
tion from the engineering geologists of this country. Except from
a few fragmentary reports in the last century published from time
£o time in the records and memolrs of the Geological Survey of

India, there is no comprehensive account on this subject.
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I¢ 1s difficult to trace back the history of previous
workers on Indian building stones with any precision mainly
because the subject has attracted little attantian.even from
ancient times. However, in the 19th century Hardie (1832)l'~

deseribed the stones of Rajasthan for the first time, Later
Middleton (1869)2, Ried (1869)3, Robinson (1863)* and Cowasjii
(1871)° , published reports of their work on the subject of
building stones of certain are&s. |

\\_ {n 1874° ana 18907 there appeared an sccount of the
ing and ornamental stane§ of India-in

of Indis.

distribution of the )
the reco#ds 6f the Geologice
i L

| 4

v
i
¥

reported on certain engineering aspects of the use of bullding

¢+ In 18?58 éills published a note on the %ubiéb

stones.

Descrip%ians of the building stones of various states have been g
given by various authors 6-16 under the treatisze on mineral

resources of those states.

In 1905 tests were carried..outl7 to investigate the
characteristics of the Indian Granites in connection with the
construction of the Bombay Harbour. |

Sineit & Sampat Iyengar (1916}18 and Hallowes (1922)1

described the stones of Mysore and Salsette Island respectively.



In 1931°°

there appeared the first account on the wea-
thering characteristics of Vindhyan Building Stones. In the same
year Sen A M.21 also published an account of the stones of HMHysore
State. |

In 1932-33 Cotter22 determined the specific gravity and
porosity of a few Indian Buillding Stones available in the Indian
Museum gt Calcutta. These stones did not include those exploited
to-day.

Chandok (19:3::'&)2:3 and Holhotra (1942)24 gave an account
of quarrying gectivity at Dharamshala (Punjab) and Makrana
(Rajasthan) respectively.

In his book ‘'Geology of India' Wadla®® devoted a few
pages on the subject of building stones in the Chapter on 'Eco-
nomice Minerals of India'.

In 1948 Council of Scientific & Industrial ResearchZ® pube
lished a note on the availability of bullding stones in India.

Recently Brown and Dey27 in their very informative book
'Indian Mineral Wealth' have devoted one full chapter on the
subject of building stones, their availabiiity and uses.

| It has been realized that the high cost of stone masonry
is mainly due to the price of the stons itself, as available on
site. Cost of stone depends mainly on the method of quarrying
besides freight. Hostly the quarrying in India is done manually.
With the increase in labour charges besides the restrictions im-
posed by labour unions, the use of modern mechanical methods of
quarrying and sawing has become inevitable and the Indian quarry
masters are faced with this acuto problem. aApparantly this is a
difficult but important problem which requires immediate attention
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if stone has to continue as a structural material. Vhat is more
impﬁrtant, is to study the most suitable type of machanization which
can possibly be exploited under the prevailing economiec conditions.
The mechanization adopted in other countries for increasing the pro-
ductivity and reducing the cost is in many ways not suitable for India.
Certain tools wvhich are not manufactured in the country, at presont,
prove more expensive to a quarry master than the manual labour.
Inported diamond saws are extremly costly to be used with the exise
'ting labour conditions. Indlan garnet and other corundum baaring
minerals found in gbundance can bs utilized as cheap abrgsives for
preparing cutting and sawing equipment by using phenol formaldchydo
or other synthetic resins as binders. With this in view a YFLAG SAW®
for cutting slabs of limestone end glates specially suitable for
Indian conditions has been designed,; described and illustrated. The
quarry owner cannot be expected to try all these methods and hence
it would be perhaps best if it is taken over by research organizations.
Hovever, after studying the eurrent practices of quarrying and saving
of building stone in other countries, a fev msthods vhich can find
potential use under Indian conditions have been proposed in Chapter 11,

Chapter III deals with the information regarding the existing
quarries, their location and the type of products they produce. Such
an information has been ingreat demand and therefore, has been pro-
vidod by conducting actdal field survey and partly through quostione
naires issued to varicas state government departments and quarry owners.
liention of any such deposit which is not being worked at present is
purposely avoided so that the whole treatise does not become a mere
directory.

Horeover, for this information, there are oxtensive references

in the rocords and romoirs of the Geological Survey of India and they
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serve to indicate the potential deposits for future exploitations,
In this vork mention has been made cnly of the better known depow
sits vhich are being vorked at present. Deposits which are not
exploited or already agbandoned have not been included. In preo=-
- paring this list, an attempt has been made to follow the new dboun-
- daries of the Indian states for denoting the location of the qua-
rries. '

* Chapter IV deals with the experimental techniques involved
. in the present investigations for evaluating the stone properties,
Petrographic examination reveals the varying nature of the minerg=
logic composition, texture and structure amongst rocks, - This
immodiately raises the thought that these natural materials prosent
a vory complicated varlety and each type of roek has 1ts own pecu-
liarities which should be tested, detected and pointed out. It is
not feasible to evolve testing procedures for each and every type
- of rock seperately, Therefore, even an apparantly exhaustive work
would perhaps leave lacunae on any investigation pertaining to
stones. Hence, only a few important techniques usually followed
have been adopted.

In Chapter ¥ tho phfsieal properties and chemical compo-
sition of 5 fev representative stones have been determined and
discussed. Such a data on Indian buflding stones hag not been re-
corded and it i1s in groat demand at present for use in architecture
and engineering. Bosides its utility as a reference of these pro-
Perties, tho data has also been discussed from the point of view of
- explaining stone behaviour in structures under Indian climates,
Studies have been conducted on the mutual relationsghip of thesge
physical properties.
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Similarly engineering properties have been determined,
recorded and discussed in Chapter VI ., No two pleces of stones
are alike and every piecé‘prepared for test behaved differently.
Obviously, anamolies were constantly observed in the behaviour |
of stone cubes under stress though these were supposed to be
homogeneous and uniform {n structure. Stone cubes cut from the
same block of seemingly compact material and carefully tested
- under the same conditions showed remarkably strange variations
during the crushing trials. Some cubes developed sudden cracks
even at low pressures and got fissured and split into irregular
films, flakes or lumps. In many cases the tension was well dise-
tributed throughout the whole mass of the cube and very high
values were reached before cracks zppeared. Causes of thege
variationsg have been described. \

Based on the physical and engineering properties of stones
a Numerical Scheme of Classification of Building Stones" has been
propogsed, According to this classification stones are devided into
15 classes and each class signifies its own characteristic range
in physiesl and engineering properties. The classification can
be utilized for deciding the cutting rates of rocks depending
upon each ¢lass of stone. Further, the studies have been conducted
on the mutual relationship amongst engineering properties like ecom-
Pressive strength, shearing strength and modulus of rupture,

Chapter VII 'Dynamic Modulus of Elasticity' has been
determined by 'Sonle and Ultrasonic! methods. Results have been
discussed and concordance between the results obtained seperately
by t'Sonic' and 'Ultrasonie'\ has been pointed out. Studies have ,
baen conducted on the relationship between dens;ty, compregsive

strength and the modulus of elastieity. Cause of variations
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depending upon the rock textures have been pointed out.

Observations of 'Ultrasonic pulse velocities in different
directions of a slate have shown variation in two directions, |
depending upon the 'Grain' or 'Cross Fracture'. A method of
detecting the 'Grain' or Cross Fracture' in case of slates has
been.proposed.

Chapter VIII deals with the general petrographic exa=-
mination of the building stones that has been carried out to
evaluate the elementary conditions,an Whieh the strength and ac=
tual Valﬁe of building stone depends. Until these characteristies
have been thoroughly worked out and understood in the light of the
ﬁltimate use of é stone in strueturg, there can be little harmony
or gsatisfaction in the usual methods proposed for the investigations
and trial of stones. It may be mentioned here that it serves no
useful purpose in engineering to describe the pleochroic scheme of
M1nerais or 2V or such other properties which do not bear any rela-
tion to the bullding properties of stones. These ﬂave not been
included. Quantitative estimation of the mineralogical composition
of sandstones have been carried out.

Chapter IX pertains to the petrographic evaluation of the
building stones under Indian conditions. Durability studies in the
light of petrographic featureg has shown that in evaluating the
Qharacteristics of stone in its a&ap£ation as a building materisal,
| attehtion should be drawn to pet?ographic and mineralogic features,
importance of which has been almost entirely neglected hiterto in
this country. A knowledge of these features is essential for framing

the standard methods of tests required for correct assessment of
| different Varietieé of stone in our trying elimate, It has been
observed that the accelerated weathering test2? though useful has
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limitations. Certain falaws in the stone escape detection by these
standard procedures and the same have been pointed out., The ele=-
ments respongible for the durability and strength in case of buil-
ding stones have been dlscussed from the petrography point of view.

A quantitative petrographic method of evaluation of durability has
been suggested. Factors which seem responsible for the development
of strength during seasoning of building stones have been pointed out,

The art of stone magsonry is fast dlsappearing and the beauty,
strength and durability is always lacking in stone~buildings. Al=
though this art depends more on practice and individual attalnments
certain basic principles should be followed in order to reduce the
flaws to a minimum. It would be desirable, if some standard practices
of laying stone mascnry are followed., Some of the defects which
require attention in framing the standards have been mentioned in
Chapter X. | _

Building stone hag been used in India for a variety of
structural purposes in bridges, dams, river training works, as beams
to support eceilings, roofing and flooring ete. In many parts of the
country, long beams are quarried in various sizes for uses in trusses.,
Specifications of the suitable stone trusses have been suggested in
Chapter X, PFurther, slate tiles are best suited for pent roofs in
a tropical climate., Moreover, in and around the slate occurring areas
they are cheaper than A.C, sheets and have an advantage in being
smaller members in thgir periodical replacement in an easier way.
Noise and other havoigb caused by the slate roofg during rain and
hall storms are far less than those by A.C. sheets. Notwithstanding
this we find that A.C, sheets are gradually replacing slates for
roofing purposes. One reason for 1ts replacement is that the correct

method of laying slates is not well lmown to the bullders. Specifie-
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fications of method of laying slates suitable under Indian conditions
has Seen suggested. A geologist's description of a rock or mineral
as granite or felspar is hardly rekoned as an important piece of
information by an engineer unless stress is lzid on the influence of
. thege materials, as an aggregate, in concrete. Perhaps this missing
1ink 1s mach more important to study than the ‘detailed mineralogic
. properties of felspar or any other minersgl fTrom engineering point of
view. | ‘ | o
Chapter XI pertains to the influence of mineralogic and
petrographic properties of rocks as these influence the strength of
: Icomcréte. Studies on concrete prepared from rock forming minerals,
‘like quartz and felspar, have been discussed, so that their actual
rble ip a rock.whgn used as an agg:egate is clear. Bffect of inter-
nal texture and structure.or rock aggregates on conerete has been point
;out._ A distinetipn betveen the 'Soft' and ‘'Wegk' particles have «
been drawn. .

‘ Chemical regetions of aggregates 1n concrete have been cla-
ssified and discussed. Investigations on a few unknown chemical
reaction have been reported and discussed., Average co=efficient of
thermal expansion of rocks on the basis of silica percentage has been
calculated and the fire resistance properties of aggregates has been
discussed briefly.

In last chapter, a quantitative estimation of the influence
of engineering properties, dynamic modulus of elasticity, shape of
aggregates, absorption percentmand surface texture on the strength of

concrete has been done. Results on compression strengtg, tensile =
_ R

strength of concrete sa mems have been discussed in the 1light of

petrographic and mineralogie properties,
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PART I,

BUILDING __STONES
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CHAPTER 1I,
BRLEF HISTORY OF THE USEVOF BUILDING STONES AND

THE DEVELOPMENT OF QUARRYING ACTIVITY IN INDIA

The architecture of India instantly reveals the use of
stone as building material.since historic times. During the
Buddhist era the art of building in stone had already attained
distinction in Indien architectures

Sandstones of Vindﬁyan System, suitable for all types of
building and engineering works, have been used extensively from
Mauryan times. Pillars and great‘manoliths weighing upto 50 tons
polished and inseribed with Emperor Ashoka's ediets were erected
at loecalities often hundreds of miles from their source. The
*Stupa' at Sanchi in M.P. (P1.3) bullt of red sandstone blocks,
is a segment of a sphere which has a diameter of 110 ft. at the
base of the dome, and a height of about 7 ft. Its massive stone
railing of monolithie pillars, 11 ft. high and its four highly
ornate gateways each 34 ft. in height bear elogquent testimony
to the highly skilled art of production, finishing, sculpture,

transport and erection of monuments in Mauryan age.
Vicent Smith writes”s=

"The gkill of the stone-cutter may be sald to
have attained perfection. Gigantic shafts of
hard sandstone, thirty or forty feet in length
were dregsed and proporticned with the utmost
nicety, receiving a polish which no modern
mgson knows how to impart to his material®



STUPA AT SANCHI, BUILT OF SANDSTONE (M,P)




In South India erystalline rocks such as granites,
gnelgses and charnockites have been used from the time of the
pre~historic megaliths onwards. At a later date Dravadiagn Art
began with the Chalukyan period (410-850 A.D)., The rock cut
outs at Mahaballipuram, Convecevaram, Tanjore, Srirangam, Madura,
Rameshwaram and the structures in the guihed eity of Hampi
(Vijayanagar) neer Hopet in Bellary district are all records

of this early use of stone as a econstruction material.

There are fine examples of the use of stone in Jain and
Indo=Aryan Styled which flourished from 8th to 13th Century in
Orissa, Bengal, Rajasthan and Gujerat.

- Examples of architectural capacities of the stone may be
seen in old palaces, forts, memorials, temples, mosques and other
structures of historical impdrtance in Rajasthan, Delhi and Fateh-
pur Sikri (Pl.4 Pig. 142). The Taj of Agra', which is still an
_unsurpassed plece of the art of architecture, is made of white
erystalline marble from Makrana.

To come to more recent times the largest engineering work
of the British Administration in India utilized stone as a cong-
tructfon material (P1.5 Fig. 182)+ The best buildings in New 7
Delhi, Bombay, Madras, Mysore and various other places are all
made of a variety of stones, Toe-day utility follows beauty.

DEVELOPMENT OF THE QUARRYING ACTIVITY

Past Survey « Little is lmown about the stone quarrying before
the Buddhist period. However, it is certaln that the Great
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PLATE No.4 Fig.l

ARCHITECTURAL CAPACITY OF STONE (Amber Palace, Jalpur)

BLAIR No o4 Figa2.

STONE HANDICRAFTS FOR ARCHITECTURAL EFFECTS (AGRA)
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Ashoka (274-237) organized the quarrying of Vindhyan sandstones
near Chunar (U.P) in order to provide a steady supply of stone
for buildings during his reign. The rock cut templed at Bhaja,
Bedsa, Udaigiri, Ajanta, Ellora, Nagarjunakonda and in South
India and elsewhere indicate a great quarrying activity in
ancient India. V. Ba1128 vrites i1~
"Perhaps the most important quarries in India are
those in the Upper Bhanders {the uppermost series
in the Vindhyan system), to the south of Bharatpur
and Rupbas, in Rajputana and Fatehpur Sikri in the
Agra district of the United Provinces, which have
furnished building material since before the commen-

cement of the Christian era to the c¢ities of the
adjoining plains",

Ihe Ain-i-Akbari written by Abul Fazl in 1590, refers to
the red stone which is cut out of the mountains of 'Futtapore!’
and used for building purposes and it also mentions the prices
at whieh the Emperor Akbar permitted both rough and dressed
kinds to be sald.‘

Even to-day hand hewn and machine dressed stones are
largely used in the comstruction of buildings in many quarry
areas of this country. The vast desert tracts of Rajasthan
has no other construction material and consequently the maxi«

mm number of quarries are to be found in this state. Nearly
20,000 sq. miles of area in Deccan is covered with black cotton
goil which is unsatisfactory for brick manufacture. A number

of small scale quarries in these areas have been supplementing
the demand for construction materials. However, the transition
from the use of stone to that of brick is so rapid that the cosﬁ;



PLATE 5, Fig,1
M—-—.‘____.‘

STONE BUILDINGS DURING BRYTIsH RULE
(Central Secretarkte, New Delhi)

Flg.2
PRESENT DAY CONSTRUCTIONS IN STONE

(Suprens Court)
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conscious consumer is prepared to use a poor quality brick in

preference to a more durable material like stone. This has

VInvostigafiqns.conducted in geveral areas, where gtone
is the main construction material, have established that the
economics of'bﬁildtng in stone depends largely on the cost of
stone itself. Almost all building stone in India is quarried
by open cast methods and practically all work is done by nﬁme-
rous small producers who use primitive methods., Three methods
are generally used for breaking the rocks hand tools‘, arilling
accompanied by blasting and setting fire in case of granites,
gneisses, and charnockites. Cutting is done mostly by chisels.
Holes are made along the lines of the intended cut to a depth
eqﬁal fo the thickness of the block to be removed. A scrapper
is used to clear the holes. When the bedding planes are close
enough the blocks are separated straight away using picks and
taking full advantage of the natural joints. Loading and trans-
porting involves removal of the quarriad product froﬁ the quarry
in order to keep the working face clear. The principal stone 1s
carried to the dressing and polishing factory or directly to the
despatech yard., Cranes are only occassionally used to raise the
stone-blocks or the waste. Indeed, thore is little machinery
used‘in the 4industry.

- Most of the quarry centres are not electrified yet and
the meagre machinary used is mostly run by oil engine generators.
Makrana, the great marble trade centre of Indla, has nearly 375

factories and quarries. All of these are run individually by
large oil engine generators.



PLATE 6, Fig.l
MANUAL DRESSING OF STONE USING CHISELS AND HAMMERS
{Dholpur)

L"““"———L

SIZING A PIECE OF SLATE MANUALLY

| (KUND)
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4s the winning technique is crude a large amount of usgeful
stone 1s shattered and about three tons of stone has to be qua-
rried in order to produce one ton of principal stone. Consequen-
tly a high percentage of waste material is produced. This is
ultimately transported to a dumping site by an army of regulsrly
paid labour (Fig.2) | '

Dressinglis mostly donme ménuélly at the quarry, using
ordinary‘chiséls and hémmers (PL.6 Fig} 1%2). PFine dressing
and polishing factories are fow, and their plants old and enti-
quated (P1.7). At most of the quarries polishing is done only
by hand using sand as an abrasive (P1.8 Fig. 182)., Multiblade
saws of iron using ordinary river sand as an abrasive are used
in all the marble cutting and polishing factories at Makrana,
Locally ﬁanuractured low quality carborundum wheels are employed
for cutting and sizing the limestone slabs for flooring (Pl.9)

As regards.the mineral poiicy and investment trends, the
building stone industry, as defined by the Mineral Concession
Rules of 1949, 1s included in ‘'Minor Minerals'. It falls under
the third category according to the Industrial Policy Resolution
of 30th April, 1956, and its development can only take place
_ gradually through the initiative and enterprise of the private
sector., The private sector is nét fully assured of its existence
and there is a great uncertiinty about its future status. Ko
incentive is, therefore, available to develope the stone quarries.
In view of the short term benifits, the private sector can not be
expéctéd to invest héavily in the‘industry without any reservation
of their rights. Theiindustry in India is under~developed St
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as compared to those in other countries and the discriminate
legislative measures enforced by different states consgiderably
retard its growth, The mining legislation, if simplified and
effectively controlled through uniform rules and policy, would
help and guide the producers in bringing down the costs and
unheglthy competition of the quarrying activity in the country.

Problem & Research

From the above description it is evident that the stone
industry in past was highly developed but the'ﬁ%@stian now arises
as to why there has beean no modernization so far in the art of
quarrying and sewing natural buillding stone in India. There are
two main reasons besides various small individual factors.
Firstly, the quarry masters are neither aware of new methods
nor do they have the required incentive and~enterprising spirit,
Secondly, and more important than the former,isthe mechanization
which has been evolved and adopted in western countries cannot
be directly adapted to Indian conditions., In Indis the labour
condition and their problems are quite different. Here the dep-
reclation of a particular tool which at present is not manuface-
tured in India, is well comparable to the cost incurred on an
army of labourers doing the same job. Time is an ignored factor
here at present. Research and field trials are, therefore, needqA
to find new and cheap appliances, though thege may not be of
exceptiocnal efficiency but should be manufactured loeally so that
they can be directly adapted to the quarries both for the benefif

of labourers as well as the gquarry master.



PLATE 8, Fig.1
HAND POLISHING OF STONES (Shahbad,

Hyd.)

PLATE 8, Fig .2,
POLISHING BY HAND USING SAND (KURD)
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Change Over 3

The new methods of quarrying and sawingzg not only
include the use of new excavators and éaws, but also the sum
total of various improvements in the egnipment of the guarries,
alongwith the attached workshops and stock-yards ete, It is
now known that owing to the size and weight of the stame blocks,
handling lifting and ultimately transport contribute largely to
the total cost of production and their improvement should,
therefore, proceed hand in hand with dodernisatiun in quarrying
and sawing techniques. Therefore, improvements mnst‘zit«nd to
the main layout and general establishment of the quarry and
should not be confined to the instruments and equipment alome,

Howavér, new methods involve a change over from hand to
machines. Up-to-date saw frames,planning machines, diamond 8aws,
carborundum saws, poiishers, stone lathes, stone breskers, crue
shing rolls, screens, elevators, electric derrick cranes, hand
derrick cranes, saw plates and sawing shots,diamond tools and
sockets, carbowsaws and polishing rings, masons cutters and
chligsels and various other tungsten carbide tools ete. are the
modern appliances which can be successfully used in various
Operations of quarrying and sawing building stomes. Some of the
appliances which can be tried in Indian econditions are discussed
below, but their potentiality can only be proved if these are

used in India by the quarry owners at varlous places.

A Machine Designed and Developed For Sawing Flags ‘'in situ!

The current practice of quarrying flags from the working
face 1s to make holes by drilling along the intended line of cut



PLATE No.9

CUTTING AND SIZING OF LIMESTONE SLABS FOR FLOORING
(Ramganimandi)
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thean detaching the roeck by lever action using hand picks. In
cage of limestones the slabs are first separated and detached
from the rock bed by lifting them up using hand picks. After
these slabs are obtained in a haphazard size the Intended line
of ¢u$@elicately lald over the whole surface from cne end to

tho other. Two hand chisels are then placed exactly beolow the
line at either ends below the slabs. Finally the man slowly
jumpé over the flag expeeting it to be cut along the;partieular
line, Chances are always fifty percent. In half tho cases flags
and slabs do not follow tho line but breask alang in tho direction

of some(inherent crack,

These methods have got a number of disadvantages. For
example, the rate of production 1g very slowy, thin flags and
slabs camot be cut, flags develope cracks and micro-cracks which
may be exposed only after it is put in ser%ico-and the edges have
to be dressed again either at the quarry or at the site of cons=~
truction which entails double expenditure and an unnccessary ine

crease in the initial cost of the stone itself.

Facing all these difficulties, M/s Assoclated Stone

Industries Limited and /s Kangra Valley State Co. LID. desired

a flag saw to be designed for their use. The proposed saw named
here as "FLAG=SAW® wis functionally like other channelling ma-
chines but differed in principle because instead of a éeries of
drills a cutting circular saw has been uscd. It can be safely
handled by unskilled labourcrs. It is especially suitable for
quarries produeing limestone slabs and slate tiles for flooring
and roofing purposes respectively. Both the wastage and esy=op
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congequently the expenditure in removing that waste is reduced
to minimm.

It is thought futile to give detailed mechanical speciw
ficationg of the whole saw here. Nevertheless a brief account
given below when read In cenjunction with its figure will give
an idea of the whole dovice. Smaller adJustments ean be made
depending upon the individual requirements,

The saw {Fig.3) consists of an eloctrically operated
& B.H.P. motof_and a steel centred carborundum or silicon car=
bide blade. The blade is scréwed to a épindle uhich is directly
cpupied through a shaft and an shock absorber to the motor, The
savw spindle is kept sufficiently long to allow for no impediments

in the clear passage over the stone surface during operations,

The saw assembly unit is mounted on the pedestals with
rising and falling motion fitted through a spindle with roller
bearings and operated upon by a screw at the top attached to a
large diameter hand wheel.

The whole unit described above is a runner being fitted
with ball bearings and placed over two rails of spécial section

to avoid side movement.

A simple and adjustable water feed pump is provided. Thé
water is directed at the proper place at a pressure approximately
60 1bs, per square inch . The correct peripheral speed of the
blade (which is dependent upon the hardness of stone) is maintai-
ned dy employing rims of varying diameter. The range of the grits

of the abrasives used for the preparation of cutting blades vary
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botween 20 to 100. Theseo blades could bo propared at the
quarry itself by mixing the abrasive of the right grit size
with phenol«formadihyde resins and then pressing in hydraulice

oy b

presses. Curing is done at 105° « 110°%C in ovens. v

!

The operation of the *Flag Sav* 4is very simple and
casy. The two rails vhich can be 1ifted by hand are kept
Parallel to the line of the intended cut and the blade lowered
to the roquired depth. The whole unit is then pushed by hand
as the blade cuts through the stone ‘in situ'., After the first
cut, the next cut is made in the reverse direction, thus saving
mich time 4in resetting. Tﬁe vhole operation can be conducted
by two men with an idle time of 2 to 5 minutes between two

operatians.

Helicoidal Wire Sawing plants adapted at many quarries
in foreign countries can be used for cutting virgin marble,
slate or other stones direectly out of the quarry face. It cén
often cut marble upto 6* per hour and limestone 20" per hour and

other stones in proportion to their hardhess.

For operation at the quarry face a hole or holes are made
by hand or by other means avallable., These holes must be large
onough to admit the ‘'Sawing Heads' (Fig. 4) vhich carry feed
and direction pulleys. 'Direction Posts' are placed at inter-
vals of about 150 ft. (the number varying according to the lemgth
of the wire in use) between the sawing heads and the drive and
*Tension Carriage’. Thngeneral layout varies with actual site

conditions but may be arranged as suggested in Fig. 4. (B>
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The ‘'Top Pulley'' on the 'Sawing Head! and both pulleys on
the 'Direction posts' swivel so that the wire strand ean be

gulded in any direction over a wide range.

The ‘'Sawing Heads' are made by vertical movements of
the cutting edges from 8 £t, to 12 ft.' They are held upright
by méans of steel~guys and turnbuckles. The ?'Direction Posts!
are supplied with ‘'Wire Rope' and ‘*Turnbuckles', The Come
bined Tension Bogie and 'Tension Carriage' (Pig.4) controls
the tension ags the cutting strand cuts into the stone.,

Abrasive materigl is led into the cut, and the sliding
Pulleys on the ‘'Sawing Heads' are depressed at intervals by
means of the hand chain vheels at the top of the serews. Length
of the cut varies from 10 ft., to 100 £t. The power required is
approximately 10 to 15 B.H.P. but it depends on many circumse
tances. Marble is cut ‘'in situ' at the approximate rate of
about 1* to 5" per hour, which varies with the nature of material
and length of cut. However, by wire saws, waste as shown in fig,
2 1s reduced to minimum. The wire sawing carn also be adapted for
usge in yards for cutting up blocks which are too large to go into

saw=frames.

Pneumatic or eiectric cutters are used in open quarries.
Ordinary pneumatiec drillé can be usged Veﬁtically in the line of
intended cut. Two types of electric cutters of potential utility
in India are described below t=
| (1) Vertical cutter (Fig. 8) with five drills, tipped with

tungsten carbide, turning in alternate diréction and
working semi-automatically. These drills enter the face
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as they zre run by a builtein motor, which is carried
on two threaded cblumns running from the base to the top
of quarry. Starting at the base to a depth of 2.30 My
over the full height of the face, say 3.8m. the cuts are
made one above the other. The 6 h.p. motor gives a rate

of cutting of about § meter square per hour.

(2) A cutter wcrking.horizaptally for cutting slots of a
gimilar depth, but widgr. The bottom cut is 0,14 m,
sufficlently wide to take the rollers for moving the
block, The 8 h.p. engine cuts at about 3% meter square
per hour. | q )

A hydraulie machine is installed to detach the
" blocks away from the bed and a self-propelled trolly to
transport them to the 11ft shaft. This trolly is designed
to move 30 blocks weighing 10-12 metric tons per day
working 8 hours a day. | \

The use of different type of cutters can be made according to the
hardness of the stcnes to be cut+ |
{1) A battery of 9 steel tubes in the line having their teeth
tipped with tungsten ‘carbide, is used specially for hard
" stones. These tubes cut holes 55 mm. in dlameter leaving
the cores intact, and forming a grooved slot in the stone.
These tubes are carried on a wheeled tubular frame and can
bé traversed. Each cut is 0.5 m. high and 2 m. deep.

*1 now scale of hardness for Trocks used as huil&ing stones has
been evolved and deseribed, Further the Indian building stones
have been classified accordingly. See Chapter VIl.
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The motor 4is of 12 h.p. Tubes are fed by water or

compressed air depending upon the hardness of the stone.

(2) Por stone having crushing strength from 50 to 400 kg./
emz, uge is made of a machine (Fig. 8) carrying a drill .
between two circular saws vith ‘tungsten carbide teeths
250 mm. by 80 mm., deep Heshaped cuts are given by this
machine, Between every two cuts the machine leaves a
strip of stone intact, ‘so» thé.t all the materisl from the
gslot 1s not pulverized. The electric motor is of 2.5 h.p
The rate of penetration is from 0.25 m. to 0.35 m. per °
minute. It takes for two men about 8§ minutes to move
the frame while the :i.-dle time between cuts is about 4
minutes.

(3) PFor soft stones with a strength of about 50-120 Kg ./mn2
a machine (Fig. 7) is used carrying three rotating cones
armed with tungsgten cgrbide teeth, forming a 7. This
cuts slots 300 mm. by 70 mm. and 2,20 mm, deep. The tool
runs on a colum, in agny position, horizontal, vertical
or inclined., Depth of penetration varies from 0.5 to 1.0
m. per minute dapending upon the hardness of the stone.

 1dle time between cuts 1s about 4 minutes, and two men
take 5 minutes to move the frame. The electric motor is
of 3 hepe

Bosides those described above, there can be other cutters which
‘ean be adapted in India, for example tw
(1) A pneumatic cutter with g rotating pick cutting in either
A a vertical or horizontal plane.
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(2) An electric cutter (Fig. 8) with a chaln saw working
in s vertical plain, This machine is suitable for open
quarries when a top layer of stone has been removed.
It cuts 20 m. square per day and can be used for unders

grbund working as well.

(3) Cutters with chain (Fig. 9) in vhich the chéin conaists
of a steel cable to which teeth are fixed. The outer
ends of these teeth 4o the cutting while the inner ends
are bifurcated to run.on edges of the central supporting
plate. A series of cuts 1s made, the.cutter traversing

on ralls and cutting vert&eaily downwards.

(4) Cutters with double action (Fig. 10) are useful because
in one operation standard blocks sawn on six faces can
be removed. This type has a horizontal shaft mounted
on a vertical frame. The cutting tool is a cylindrical
milling cutter with tungsten carbide teeth, which cuts
slots on the stone at right angles to the face while a
longitudinal reciprocating movement elears the debris.
The rear cut is made by a eircular saw with tungsten
carbide testh, which can be fitted to the end of the .
milling cutterf In practice two operations are required
to quarry rectangular blocks.

SAWING TECHNIQUE
Mechanisation of gawing technique began with the sawing

of hard stones which are very slow to cut by hand. For example,

1t takes about 60 hours to cut 1 m. square of stone of hardness 13*
*As per French specification No., B 10 - 001
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The sawlng machines are equipped. with a type of wire saw (Fig.1ll)
composed of an endless cable. on whiéh are threaded tungsten earbids
cutters separated by helical springs 0.06 to 0,08 m. long. The
Cable runs on two pulleys of soft metal or wood. The number of:
vire saws can be increased or decreased depending upon the re-

quired type of cuts.

A "Framo Sav™ 1s used for sawing rough blocks which have
been cut from the face. It has got a horizontgl band saw which
makes vertical cuts into the stone. Each band sawv is made up of
three steel rihbons to which are attached small plates carrying
tungsten earbide teeth. These saws cut‘soft stone .at about 1 m.

square per minute and hard stone at gbout 1 m. square per hour.

A vire gsaw having a 2«Strand cable on vhich are threaded
squaie'plaias of éungsten carbide is also backed with mild stesl.,
" These plates are 11 mm, squars with slightly bevelled odges, and
have a round hole in the middlé 80 thét.they do not come in eontact
with the cable. The plates are provide& with a helieal hole so
that they can‘be threaded fcilowtng thegtwist in the cable.

The stones may be sawn dry or wet by an endless cablg which
is driven by a 6 h.p. mbfar at 240 r;?.m‘-an two pulleys., The saw
ﬁssembiy is fed down atrén antématically"determined apeed by a
2 h.p. electric motor. The capacity of the machine to cut 1s 3 m.
by 1} m. The rate:of.cutting of soft stone i1s 0.5 m. per minute

for a 2 m, block 4.es a rate of 1~m.'square per minute.
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ON_BUILDING SITE 3

The primary problem in the reduction of the initial cost
of building in stone, whether of houses or of large government
and industrial buildings, is the cost of stone itself. The
~reduction in the cost of working the stone depends upon the

introduction of new machines and mass production tethniques.,

The mobile type of machines described above are equally
. suitable for large scale bullding on public works sites because
of the comparative oase with which they can be dismantled and
reassemﬁle&{' However, some lighter types of machines have been
designed for sawing stone on the bullding site. The portable
saw shown in Figure 11 welghs only 70 kg. and can be easily
handied by two men. It‘incorpcratas an endless belt with
tungsten carblde teeth, and 1g pushed down on to the stone.
Cutting is at the rate of 0.3 to 0.76 square metres per minute,
according to the hardness of the stone. There 1s a § h.p.

electric motor at one end.

Modifications in the methods described above are required
vhen siliceous stones and igneous rocks are to be cut. This &s
egsgential because these stones are rather coarse grained and the
hardness of the particles varies unlike limestones. For sili-
ceous and igneous rocks it is advisable to use a gaw with a
continuous feed in view of the risk of breakage o} the teetsh
or selzing up on meeting harder material.v For such work the
design of machine should permit adjustment of thryate of feed

according to the nature of the stone.
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W;bh the adoption of the new techniques of quarrying
and sgwing, it 1s hoped that the incregsed production rate
will reduce the price of stone masonry. Building stone which
1svnow considered a lgxgty material, will be produced at pfioes v
vhich will enable. it to compete with the other materials used
for this purpose, particularly in the regions where the brick
making clays are not available 4n plenty. :



CHAPTER '
BUILDING STONE QUERRIES IN_INDIA

India is fairly bountiful in her resources of building

. stones and much is reported fram't;me to time in regard to new 4
discoveries of fine building and ornamental stone in several
localities. Theso reports are based mainly on the outerops of
good guality stone; but for an economic exploitation the material
should be free from sericus flaws and obtainable in large quan=
tities, Further, the subject of availability of building stones
in an area 1s interlocked with the transport facilities in exis-
tence, That 1s the remson vhy the stones used in any area arc
mostly the rock types on which the builder could easily lay his
hands very close to him. Therefore, any attempt to summarize the
/

existence of available resources of building stone in any country :
and specially Indla is an impossible task.

'Building Stones! and 'Road Metals' have always been
Iumped together for the purpose of information and_ﬂata available
on these so far. Therefore to enumerate and list the buillding
stone alone geparately presents a difficult task, However, in
this chapter an attempt has been made to enlist the existing
building stone quarries in India.

Doposits which are reported to be of future importance and
not exploited at present have not been included in the following
tables. The information was collected by actual field survey of
many quarry centres in the country and through questionnaires

issued to quarry owners and state government departments.
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Unfortunately, due to the late recelpt of replies to
questionnaires, in some cases, the names of the operating quarries
have just been included at the last moment and the precise longie
tudes and latitudes could not be indicated. However, to indicate

the location 'Talukas' and 'Districts' have been provided
instead.

ASSAM
The region being affected by severe earthquakes, the stone
structures appear to be easily shaken to pieces. Hence, the use
of building stone is not of considersble importance. However, it

is being worked at various places. The following ére of major
importance in this state.

Loeahioh of Quarries

Locality’ . :vHature of Rock . Remark
Foot of the Khasi: : g The famous ‘Sylhet
Hills from Therria Nummlitie Limestone! (really a
Ghat south of limestone. nisnomer as the chief
Cherrgpunji to quarries are in the
near Chargeon. - ‘ : - Khasi Hills) The beds

vary from 80 to 300 ft.
in thickness in the best
situated localities®-

Valleys of the

Tuzu Tepe rivers Slates \ Locality used in the
in the Naga Hills Naga Villages for
Roofing.

Pable No:1
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The state is richly ondowed with limestones and granites.
‘Number of quarries of small size are distributed throughout the
state. Tho following are of apprecigble size.

Location of Quarries

Locality T Hature of Rock | Remark |

Adilabad Jaluka.

Mallapur, Gunmskurd,

Yapalgnda, Jainath, |
Adavillago, Masbrique Limestone Takes good polish
Adag Yavasiqundi,

Ankunta, Antargaon

Guda Muktinpar,
Rampur,

SIRPUR TALUKA

Kosini | Limestone  Fine crystalline
S : limestone.

ASLEARAD TALUKA ,
Bellampalll Granite Coarse porphyritic
EHANAPUR TALUKA

Rajampet Hamlet of o
Kondur, Moddipad Granite R L2

HMaildardevpalli (P1,10)
Katedhany Yusufguda
" Hakimpety Shaikpet}



PLAYE No .10
GRANITE QUARRY (MAILDARDEVAPALLI) Andhra P.




Upper pallis Kendika
Yellapacture Bandaj
Pogakoni Banda and
Kokatpalli, Bellapur,
Budvel, Laxmigudaj
Mirsafar, Gaganpahad
Shivarampalli, !allapur
Rahmatapur, Uppalkalan
Malkajgiri, Jallapalld.

IEDCHAT, TALURA
Rampalll, Yapral
Khapda; Grampur,
Hedechalj Railpur.,
VICHARABAD TALUK:
Salabatpur
Venkatpur

BOLLAPUR TALUK:
Jatpole Village,
Pontavalli, Marod
Khurdj Goda Basva=
pur$ Kaber Chotte
Pahadj Maroor Kalang
Bekkamj Daghdaj Wele
thurj Laxmipalli

Koppunur
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Granite

-Granito

Granite

Limestone

Limestone

Different shades
takes good polish
and quarried c¢asily
because of joints .
and fissures.

Conrse and fino
varities.

Different shades
depending on the
predominent
felspars.

Crystalline

Fine grainod
linostone of
different shades.



KORANGAL TALUK:
Nandigaon Kalan,
Nihoor, Gandla-

palll Kodangal

HUZURNAGAR TALUK
Baspalodni
Chuitalapalams
: Gandlepahad;
Peedaired
Cillagej Bomatkinta
Dondepad Alampur,
Ra Jhunathpalam,

Jannapad.

MIRYALGNDA TALUK:
FarestnBléék
Vazirabad
Venkatadripalam,
Forest Bleck,
Chintglapalli,

' 8ilkoy, Agha Mathiur
Raimadug g
Ramalbanda

Darzi and Podild
Ialuka

Shaly Material

Iimestone

Limestone

Granite

Granite

Of loecal
importance
. onlye.

Fine grained

w@O-

Roeks of high
ornamental value
but quarries not
developed.

wdO=



BALAND TALUK:
Piduguralla,
Reéntachinta
Dachipalll

Yellandu and
- Manditog in
Warangal Digtt,

Kurnool, Cuddapah

Anantpur, Guntur

Tandur and Kodangal
Taluks (P1.11 Fig.152)

Combum and Markapur
in Kurmool Distt. in
the Venkatgiri Taluk,

Kondavidu Hills
Guntur Distt,

Paldipadu
Tangellamdl
Vernavaran
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Granite

Linmestone

Crystalline
Limestone .
( Archean)

Flaggy impure
arg%liaceous
limestone.

Limegtone
Slabs

Slates

Charnockites

Khondalites
and Gondwana
Saddstones.

adO=

Darkegroy
in colour

They include white,
grey, black and
yollow varioties
sultable both for

. general construction

and decorative work.

'The Cuddapsh Slabg'

Popularly

known as =

'Shahbad = Slabs'

. Famous

Kurnool Slates!

Known to Civil
Engineers as
Blue Granite'.

Mach weathered
gonerally.



PLATE No.ll Fig.l
SHAHBAD LIMESTONE SLAB QUARRIES.
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Kanigiri Porphyritic
gnelss with Used locally
white fels-
pars.
Yerraguntla
They .form excellent
J ammal amaduin flag stone yielding
slabs 1/2 to 4 or §
(Cuddapah Distt) Caleareous inches thick and up
slates. . to 10 to 12 f't, long
Betamcherla . and 4 to 5 £t, wide.
, ' Used on western coast
(Kurnool Distt) for flooring.
Table 3.
BENGAL

The state being mostly in alluvial plains, the availability -
of building stone i1s scarce and there is some difficulty of
gétting even the aggregate for making conerete. On the contrary,
we find that the stone has been used in the construction of
various buildings and the outstanding example is the famous =
'Victoria Memorial' at Caleutta. All most all the important
stone supplies have been met from other states of India. Marble
used in the ‘Victoria Memorial'! and other monumental buildings
was brought from Makrana {Rajasthan) and othér distantly placed

regions of the country.

Location of Quarries

Locallty \ Nature of Rock | Remark
They were such used In ./
Susumia Hill gilcutta Qiar gavingt
t 130N uartzite oors, Quarrlies no
gﬁafél ?Zozmi:t) ¢ worked for stone, let v

for aggregate now,
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Conl fieldn Gondwana Are being used &n,;;;>
_ roegtricted areas of
of Bangal | Sendstone Bengal especially in
the coal fields,
Darjeeling Gneissic The main construction
rocks., material of thege
‘ areas. '
M dnapur : w3 0w 0=
T Table &
BIHAR

The exploitation of the available resources of the
building stones in this state is inter-related with the brick
industry. The suitable brick clays being available at almost
all the places and coal being so abundont in the state, there
are not many building stone quarries in the state which raénire

mention.
Location of Quarries
Locality _ Nature of Rock Remark
" Shahgbad Distts - Vindhyan Sandstones belonging to

Sandstone Kaimir Serles are of good

, _ quality and shades vary
from cream to pink or
light buff,

Kharakpur Hills :
_ Slates of good quality
noar Tamalpur in Slates locally used for floors
and cellings.
the Monghyr Distt.
- Bhitar Dari
- (22041 3 86°11') ' Slates . Little Workings
- in Singhbhum

X

e

Table 4.
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In this state, the quarries have been opened in different

geological formations,

Basalts, sandstones; marbles, phyllites,

quartzites, slates, granltes and gneisses are quarrieqht various

(2212307 :73%391)

Jamlugoda and
Jhalod Slates

Nathukug
(22%6'1 73°935')
in Panch Mahals
Virjiris
(22°b!z73927*)

~ in Rewa Kantha.

Well cleaved
slates and
phyllites.

Hard Gritty
Sandstone of
Infra-trappean
age. ’

"places,
Locatlion of Quarries
Locality . Kature of Rock , " Remarks
Amroldi There are many
Basalt guarries noar
(21936 :71016') about Amreli.
Songir Excellent Sandstones J
o Sandstones of different shade .g/
(22V8% 1739411) and textures. ) /
Notipur (Near Bhil The well known Baroda
van) Marbles of Green,
Harble White, Pink, brown and

Cream coloured variee
ties.

Aravalll 'system of
rocks used locally as
flooring aend roofing
materials.

Extensively used
in the gneient
eity of Champaneer.



Many places in
Kutch Distt:

Dharangadhra
(23%1171%21)

Baoli

(220956 371427'30")

Banda Hill

Virpur
(23°45* 1720511)
Bhulvan

{22%12130"73%391)

Bhandrgls
(22013130 73°%41)

Baroda
(21°%221371%35")
Sandia

(22961 373%41)

Achall
(22°%191¢73%411)

Surajpur

(22%251 30" 17340 1 30"
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Sandstone

Light coloured
conglomeratic
sandstone,

Pine grained
sandstone.

Calcareous

Granites
& .

Gnelsses

Felsites
and acldic
traps.

Siliceous
breceln

Flaggy
quarte
zites.

Slates

From lower portion
of the jurassic
strata’in Kutch,

Upper Jurassic age?

Used for fine carvings
and ornamental objects,

The'wéll knowm in bull-
ding stone of Kathiawar
the Porbander Stone.

Oceurrances at a few
other places. Rocks of
high decoration wvalue.

Suitable for general
eonstruction only.

Hard, red and vhite
slliceous breccia
which can be split
into thick slabs.

Also at other place
near about,

Fair quality for
roof mg .

7
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Sandara These are brecciated
o O s 5 Limestone in structure and suitable
(22741:73Y301) for ornamental work,
Karia Hill
(21%141173%0")
White Used for ornamental
Bardaria Hill near grachytic puipgges iﬁ the
Ta ne: our areas,
Undi (219401:73%3*) P nete €
Pindara | It 13 a fine grained
o ‘ fossiliferous limestone
(22°15¢ :69%191) Limestone of orange yellow ecolour
. . - which become red on ‘
. In Nawanagar o exposure to the weather,
Bardis shelle 'Can be used as a decorative
- o, Limestone = stone also.
(32°121:69951)
Table 3, ‘

JAMMU & KASHMIR

There are no well developed quarries of Building Stones!
in the state, though stone is used in abundance. Siwvalik sand-
stoneé}‘slates and basalts of Panjal Trép are commonly used in
the Jamm Provf%e while in the Kashmir valley bricks and stones
are employed in the construction. Granites and crystalline rocks
found in main Himalayas are quite suitable for high quality cons-
. truction but the quarries have not been developed.

The Panjal Trap mainly of basic composition yield failrly

good materials for construction.

- x



HADRAS

Granites, charnockites, limestones and sandstones are

the main sources of the building stone in the state,

Location of Quarriea

Locallty

| : Nature of Rock :

Remark

Coimbatore and
Nilgiri.

Kadanur Zamindari
Pirambaher Taluk
Coastal Tract of
Madurg~Tinnevelly

Pudukkottal and
Tanjore at several

rlaces.

Chhetinad,
Sivaganga and
Pattukkottal
Taluk

Charmockites
and gneisses.

Limastone

Granite and
Gneisses Ter
tiary, Calecareous
grits and tuffge=
ceousg limestone,

Tertiary sandstone

Laterite

Acidic varieties
of charnockites.

Locally used only

-ﬂo:i-

They are of
different degrees
of hardness.

Different than
those of western
coasts laterite
quarries in being

not so well developed
for regular supply.

Table §.



MADHYA PRADESH

Haterials suitable for building purposes occur in great
Varlety and abundance in the state., Geologically the state is
occupied by Vindhyan sandstones and limestones in the north,
granites and gneisses in the east and south-cast and by Deccan
‘Traps in the wvest,southewest and south. In the heart of the
state, the famous Jabbalpur marble 111 up tho gap. The Vindhyans *
aro capable of ylelding inexhaustible quantities of different
sandstones. 80115 available in tho state are mostly black cotton
type vhich is not sulted for brick manufacture. The availability
of stones in the state for buildings 1S of great consequence.
Small and scattered éuarries throughout the state are meoting the
demand of staple bullding material.

Loeatdon of Opsrxies
L} ' Y
Locality s TNature of rock Bemark
8irghora in chhind-
vara and Paths, White Sandstone Fine grained.
Betul district, :
Pachmarhi Sandstone 'Grey and buff
' ) coloured; coarso
grained.'
Chitrakhan
(22926"176°55*301) Vindhyan
sandstonos
Sajor, Katni, Jukchi
Chandarpur Sandstono
(Raipur Distt) |
Sikosa and " Thinly bedded Dark bluish n
limestone. colour.,

Mahasammnd



Katni Limestone Massive in nature
Damoh Dark coloured
: "~ thin bedded Locally used
impure 1ime- .
stone S

Bhandara, Batihor,

Warasconi and Laterite Localities in
" -+ Chattisgarh plain.
Ramtola Tehsil.

' Balaghat ' Phyllitic Used fairly in the

schistose : neighbouring places,
Rocks
= Table 7.
MAHARASHIRA

Laterite and basalt are the chief building stones in the
state, These are exploited at a number of places for local conge
tructions as brick making clays aré not available and vhereever

the bricks are manufactured, the cost 1s comparable to the blocks

Of Ston‘es .
Location of Quarries
Locality : "fﬂature of Rock; | Remark
Kurla near Bombay Trachytic Known as 'Kurla Trap'. It
Trap is light yellow in colour
but eontains occasion
pyrite, '
Ahemdanggar in Sandstone
Idar State = {Upper Excellent Pree-stone
Gondvana)
Nagpur Viscinity Basalt Deccan Trap.
Khandara
(200181 17903¢) Penganga
(Chanda Distt) Limestone
Bhandara Laterite " Laterite of Chattisgarh region.

P

Table 8.



The state 1s famous for the export of polished granites

and other igneous and metamorphie rocks to foreign countries.

It 1s in this state that the cutting and polishing of hard rocks

is most developed.

Locality

T osaas W —e = N

Nature of Rock : | Remark
Karigatta Hills
. Diorite Chocklate
(Mandya Distt) Porphyry coloured.
Najovala
o Norito
(M¥yson) o
Henamsagar Sandstono Belonging to
, . Kaladgi Serles
(159521 37696")
Raichur Distt.
Anadur (Myson Distt) Felsite
Kodiyala Syenite
(Mandya Distt) PyBphyry.
Banylen Granite Used for the
, Augen eongtruction of
Gneiss 1Mysore Vidhan
Sabhat,
| Haddur Gabbro
Siddalmigapur Pelsite Greenish
porphyry Matrix
SO0 Hypersthinite Rock of a great
54 ornamental value
because of its
peculiar pleasing
'fabric °
Magadi Pink Granite Coarse grained



pLATE NoJ.12
DOLERITE QUARRY (Dodbhallabpur)




Doddaballapur (P1l.12)
(Bangalore Distt)

Bettadabedu
(Mysore Distt)

Sriranjapatva
(Mysore)

Charunudi Hills

Belgaum Distt. (P1,13)

at various places

Khanapur_
(18°38174%341)
South of Belgaum.,

Dharwvar Distt,

RKanwars Distt.

Atholi
(161 175%571)
B Japur Distt.

Parvati
(16%175%1")
Alkopur

(16%28" ;:76%61)
Kaladgs
(16%81175%31")
Brgmi Uguni

(16°341:76032') and
othor placaes

Dolerite

Crystalline
Linestone.

Diorite
Porphyry

Granite
Porphyry

Latorito

Granite
Gnelsges

Hornblendic,
chloritic and
even hematitic
schists of
Dharvar systenm.

Sandstone

Sandstone

Lirastones
of Kaladgi
Scries.

Linestone.

Dark eolourcd.
Fine grained, .

Light pink

White & Pink

It is tho only
gstaple building
‘material here.

>
Scattered quarries /
all over used at o/
Dharwvar, Gada of
and other places.

Yellow and
brovn sond-
stono,

«@GOw

Available in different
colours = pink, pure
ple, green, groy and
black.

Grey, drab and
croam coloured.

Table o,



LATERITE QUARRY ({EBolnaum)

PLATE No.13 Fig,.2
BLOCKS oOPp LATERITE (Belgaum)




ORI SS8A

Rumber of temples of historic importance are seen in this
statc vhore stone has been used in eonstruction. Granite; sand-

stones and latorite are the chief varleties of stones in common

use.
Loecatdon of Ouarrdes
1 ]
Locality i{Nature of Rock , Renark
Eagtern Ghats Granite and Chota Hagpur Facies
‘ gneoisgsic rocks
and Sambalpuyr charnockites, Eagstorn Ghat PFacies
garnetifeorous
gneisses.
Near Cuttack Uppor Gonduona In Buddhist caves of
Sandstones. Kendagiri, it has
withstood the weathering
for soveral centuries.
(At fevw places) Caleilicate ’
‘““ As a capping ovor poor
Coastal Distt. Laterite quality sandstone.
Table 10.
URJA HP

Slate and ornamental marbles of this state are famous
throughout India.

Locality , Mature of Rock Romark
Sardi Glein Runmalitic Fossiliferous
Limestono limestone
Harhaul in the Fangs grn;gantal stone
Handl & Dalta Hills. thite, Black popularly known as
(2803 176081) and Banded "PEPSU MARBLE' in the

Rakandapur (27°59': marbdlo. trade.
76087y T
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Islampur :
(27°551376°6")

Prospect Hill . '
Limestone Compact and Massive

(Simla) |
Dharamshala Slate Soft in nature and
(u.p) mich corumpled in X
quarries,
Nahan ' Sandstone Fairly and locally. V!
KUND (Pl.14 Fig.1&2) Good quality .

- . - blue slates.
(NEAR REWARI)

Table 11.
RAJASTHAN

Rajasthan is endoved with a variety of excellent
building stones. ‘Thislzo0,000 sq., miles of vast desert
tract, a place of importént eivilization centres, has no
other construction material exceptistcne. It 1is the largest
sandstone producing state in the Indian Union and the same
sandstone has'been used widely from centuries up-till to=day.
The famous historical buildings such as the Red Fort at
Delhi, the forts and pahaces at Agra and Fatehpuri, Jaipuf,
Aubor, Udaipur ete. have all been built £rom these sand~
stones. Even to-day, Bharatpur sandstone has found the
largest use in Delhi. The sandstones are obtainable chiefly
from the Vindhyan System of formations wh;ch are Exposed at
Various places., Xrinpura granite, quartzites of Alwar,

slates of Ajabgarh, Makrana marble of Arrawalli formations,



PLATE No,14 Fis,1
SLATE QUARRYING AT KUND -

KUND SLATES IN DESPATCH YARD,
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flexible sandstones and verigated syenites of Kishangarh are
also yielding good quality building stones.

" Locality

:Nature of aoek:

Remark

Sawai Madhopur DAstts
Quarrving Block -
a) Katri

b) Jaggar |
‘ Sandstone
¢) Jhivana

d) Karauli

Quarrying Rlocks =
a) Near Bund.Barcetta
b) Bansi Pgharpur
(26%55* 1770341 )
¢) Rupbas |
(27°01173°38¢)
d) Bayana
(26°56" 177°18")

Sri Meathuro

(289321 1720031)

Barauli Sandstone
(269381 :77%4!)

Bari .(26°39 :77°38")

Basari (26°45'377933!)

Sandstone

<uarries extend over
an grea of 8 miles in
length and about 2 miles

In width. The workable

formation which splits
well in blocks and ’
beams is about 5 to 10 ft,

~ Slabs, chowkas, flooring

tiles. Quairries worked
for last several cen-
turies.

The famous red
stone of Delhi,
Quarried at

several places,
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Kotah Disttz
Quarxying Block =
a) Daran
b) Mendama R
¢) Modak . | : Vindhyen
) ' ’ T sandstone
d) Mokundwara Sandstone of compact
B, ' variety.
 (24%091176%") o
& Kanvar
(24°821 :76°101)
¢) Sukot
£) Modak | The famous 'Kotah
' Stono!. There are
2) Ramganjimandi Limestone of about 100 quarries
(P1.15, Fig. 1&2) Nimbshera , for slabstene in a
0r. i o Om . Stage flat country streching
(24°441375%501) for about eight miles
o . in length.
a) Umarthung .
. (26%413759311)
b) Satra
¢) Dhasnsar -
d) Karsipur It covers nearly
e) Karolidi Sandstone 40 to 50 sq. miles.
£) Jakundia , Beds dip at about 300,
£) ‘Rampuria
h) Deletn
i) Umrd ‘
dadhpur Distts Hearly 1000 small blocks o 4
- ' measuring 200'x100' vhiech A
6 miles due west have been worked for a long
- Sandstones time and are known as
of Jodhpur. 'Fidusar!. The quarrios

have ylelded a large oute
put of roofing slabs and
masonry stone and have been
famous throughout western
Rajasthan. 8izes of roo-
fing slabs vary from 7 ft.



PLATE No.15 Fig,l
LIMESTONE SLABS QUARRIES (Ramganjmandi)

PLATE NOS Pig 2
VINDHYAN SANDSTONE FLAGS IN DESPATCH YARD
(Rarmgan)mandi)




Hagppx Diatt:
Khatu Vindhe
yan
(27974 1749211) . Flag=
' - stone
Makrana Harblo
(P1.16 Fig.l&2)
o (Altera=
(279314174 43") tion of o
“superior &
inferior
beds) _
Bar 1A
Barmsr
o Sandstone
(25%01* 171%5")
Near Mandalgarh Sandstone
Bikaner Distt:
Dulnera
o o Sandstone
(287251:73743)
Jdafpur Diatt s
a) Bhonkri Schigtoso
C ‘ Quartzitos
(26°571176924') (Aravelli
System)
b) Jasrapura
(28%1:75%01)
& Amber

(269591 175°53!)

[

- the area.

to 12 ft. in length and areo
about 1} £t, to 2 ft. wide
and 3" to 6" in thickness,
There are nearly 360 quarries
wvorking at present,

Much used for carving
fine window gereens,

Crystalline Limestonc of Railo-
Sories. Quarries aro located
elose to railvay station. Tho
hill rung almost parallol with
tho railvay line for a distance
of about 12 miles in the Ii{E=-
S8W direction. Nearly 200
quarries are working.

Jurassic or Cretaceous 7

Nearly 15 quarries ﬁoﬁking in

e ———

Extensive numbsr of quarries.

Beamg of G6' to 11' in length,
1' to 12! in width ond about
2" to in thicknoss.

v



PLAZE 10,18 Fin,l
MARBLE QUARRIZS AT I@AﬂAo

PLATE No.16 Fig.2
CRANES HOISTING MARBLE BLOCKS (MAKRANA)
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¢) Toda Raigingh

(26%1175%29")
& Bilaspur V//
(25%27" 175%271) «do= -do= o
. & Tharoll
(25581 175%8")
. . ‘ UJL“I’ S
. . VR
&) Jaipur and Iy
Amagarh., Alwar It accepts lime mortar .-
° Juarte- vell and cen be used in
- (26961' 175 49* zites ©  masonry without a plastor
, ° ' covering., ©Such type of
269501375 51') work is known as 'Darshan
Choza' locally.
o) Kishangarh
Sitara
(260321 174°521) Aravalll Worked by number of / e
Quartzites quarrymsn. o
Sursura, Narwar Marble
and Tonkra (White, pink,  contanation of v/
black, striped, 1}akréha HMarblo range.
green and
spotted)
£) Aluar Disth:
Ghat : Quartzites Locally known as

o ° of Alwar and 'Berla',
(27 28'376°81") Ajaibgarh Series Pamous for vhite
a erystalline texture.
Mandla Mostly Chips.
0
(27 35" 176°55")
Jhiri Marble
(26°501 376°75*) d
Dadampeer
(27°341176%09")




Sajjangarh, Goda,
Amarjor and 6 miles
South of Gogunda.

Madar Bhuana
Devimata
(24%6! s'{3°45'}

RaJhagér
(2541 373%521)

Chirtor Disths .
Chittor
(24%531374%20")
Nimbahero

(224°331 172%241)
Bhena Senthi, Sava,
Khoﬁiﬁ,lﬁawéag.etc.
dadsalmax Dights
Joisalmer

(26%5' 2709551

-t 52 s

Phyllites

Quartzites

Marble pink

HMarble

Limestoe

Yellow shell
limestons'"’y
containing
-fosgils,

Roofipg slabs

Hasonry stones.

Raiglo Series,
Exposed upto Kalakot
to a distance of &
milos having a width
of one milea

Quarries worked
intermittently
on demand,

Roofing and flooring
slabs, masonry stone.
Slabs 10' to 12' are
quarried. The common
slzoes are betwcen

121 x312% yith thicke
ness varying from 1/2"
to 13" and 36"x24" wvith
thickness varying from
13" to 3", FNearly

500 quarries.

Jurassic age. Takes
good polish. Marble
quarries 75 to 80
rmiles from Railvay
Station Phalodi.

Table 18,



UITAR FRADESH

Though the state is rich in brick making clays, but a

number of quarries afe in existence from ancient times, Sand-

~-stones alone are quarried at present,

Lecation of Quarries

Lécality,

Remark

Santiadi Pargana

Nature of Rock
Mirzapur
o o Sandstone Kalmir Seriles
(2591 :82°371)
- Chunar
(25981 3829571)
and other places.
Fatehpur Sikri | Quarries extend
o Sandstone Into the district

Bharatpur of
Rajasthan state.

Table 1%,
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CHAPTER IV,

EXPERI HENTAL TECHNIQUES & EVALUATION OF BUILDING STONE PROPERTIES

It may be stated at the outset that the problem of ascer-

taining the field performance of stone as a structural material,

is peculiarly complicated and difficult as the diversity of its
minoral constituents and factors of genesis have to bo considered
againgt different climatic conditions, Though cement, concrete

and stone, are vgry<closely related construction materials, but

the evaluation of their propertles and testing procedures have

taken different courses. Test procedures and quality control in
cements and concrete are falrly standardized and it 1s now possible
to compare the results obtained by different vorkers under different

conditions of experimentation.

Further stone being a natural material, no two pieces are
alike., As a result of these two factors, there is a great deal
of varlation in the test reports for the same type of stone obtained
from the same locality,

Brogdly speaking the kind of _data which an engineer or "7 ©

~
architect degires concerning any building stane is to know : /rjij
y

1) 1Is the stone strong enough for use to which 1t

is to be put ?
Mﬁd <

v 14T 740
v

and colour aftor a service of long period of time ? |~
e e et

Hence, any attempt to design the nev experiments and the test

2) Will the stone retain its strength, structure

procedure should, therefore, be directed to answer the above two

major questions,



TECHNIQUES AND TEST PROCEDURES FOLLOWED

Determination of True and Apparant Specific Gravity

Variocus methods of finding out these two properties have
been suggested but the ane'followed(according to 1.8,3.31 with
a fOv modifications)is briefly deseribed here.

| Haéhed and dried‘specific gravity bottle with stopper was
weighed (W1)¢ 15 grams of stané powder obtained by crushing and
‘ﬁaésipg ﬁhrgﬁgh ﬁ,s..SieVa.No.‘lob and kept gor two hours at 105O
tbjlib°¢ was put into the bottlenand stoppered. It was then re-
velghed (Wo) , The stopper vas then removed and the bottle with
1fs édntenis vas piaced in a vacuum desiccator which was evacuated
to 74 em; vacuum, GO§1ed distiiled vater was added slowly through
'the tap funnél until the‘bottle vas full; Later the pressure
ingide was brought to the atmospheric pressure, The bottle wag
then kept 4n a water bath at room temperature for 30 minutes,

The bottle was wiped from outside and stoppered and re-weighed
(¥3) « The bottle was then emptied, washed and dried. It was

then filled with distilled water, stoppered and weighed (Vy).

Caleculgtiong

Gl = Hz - W}_ |
(Vg = W) - (W3 = )

vhere =

Gy = true specific gravity

[{’5’:’
]

Wt. in grams of bottle with stopper and powder
tl = Wt, in grams of bottle and stopper.

Wty in grams of bottle full of distilled water
at room temperature and stopper.

a
n
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Wy e Wt. in grams of bottle with stopper plus stone
powder plus water to £11l the bottle at room

temperature,

APPARENT SPECIFIC GRAVITY

The test piece was dried at 105° to 110°C for 72 hours,
veighed (Wg) and placed in a vacuum desiccator. The pressure
was reduced to 74 cm. vacuum, Pre-bolled and cooled distilled
vater vas admitted into the vacuum desiccator through the tgp
funnel until the test piece was completely covered. The test
Plece was left overnight in this state. It was then weighed in
water (ws)-, wiped with a damp cloth and then weighed in air ().

Calculations
Gz = ) l""'5
W? - 1‘?]6
where 1
G = apparent specific_gravity.

Wg = Velght of dried flest plece.
Welight of the surface dried test piece,
Wg = Uelght of the test plece in water.

=5
.~
"

DETERMINATION OF POROSITY :

Br
From the above determination, the porosity was then cal- s

culated from the following formla using apparent and true specific

gravity data =

Porosity = gl—-é'_ﬁ?. x 100
{
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32
Microporogity was determined by the microscopic
~examination of thin sections.

DETERMINATION OF WATER ABSORPTION

of the I .5.8330

Six test pieces of 3 cn. cube were prepared from the €a "’

sample. They were dried for 48 hours in an oven at 110° - 115°C.
After cooling the same down to rcom temperature, the test pleces /
were weighed (1)« The dry specimens v.-?_éifg_ comple'feiy;imme:sed in K
water at 200 to 30°C and kept for 24 hours in it, After 24 hours,
the specimen was viped off with a damp ¢loth and the specimen :S:;
weighed (i) .M

Y'“'f‘,) oo
f

The specimens were sgaln returned to the vessel filled

72l
with vater immediately after weighing. The water was heated to

e e

boiling,’,\in_ approximately one hour, and the boiling yas continued p;ﬁ.
~J ¢ for five hours and then allowed to cool to 209 to 300C by natural

I o

,,% »~ loss of heat within a period of 20 hours approximately. Specimens

‘%:\‘u‘ ~ were removed, the surface water wiped off with a damp cloth and
. 8y .

7\ the specimen weighed {(W3). The weights of {each specimen was ¢’

completed within a span of three minutes after its removal from
the tank (P1.16). .

Calculations were made as beloy te
a) Absorption, pex‘cemt by woight,

after 24 hours total immersion =

100 {ip - 1fy)
Wy ‘

b)  Absorption, present by weight,

after 5 hour immorsion in boiling = 200 (¥3 = W1)
wator ) W
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vhere

Wy = Weight in grams, of the dry specimen.

&
it

Welght, in grams of the surface dried
‘gpociren after 24 hour immersion in cold
water. |

W3 = UWeight in grams of the surface dried specimen
o after 6 hour immersion in boliling water.

The average of all the six results obtalned was taken as the

wvater absorption of the particular specimen,

CALCULATION OF SATURATION CO-EFFICIENTS

From‘the-data on absorption percent saturation co-efficient

was determined as t-

K = J2-4
Waa-Wl

vhere K 1s the saturation coefficient

have the same notations ag in the

w&“'-. NE.' 3
P

case of water absorption test.

PETROGRAPHIC EXAMINATION

The rock samples werc oxamined macroscopically and
microscopically for their colour, structure, texture and mineral
constituents., Thin settions of approximately 30 W were pro=-
pared from the fresh samples as well as from those which were
left after salt crystallization tests., Lakeeside '70' was used
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as the impregnating material in case of certain sandstones,
md-stones, phyllites, laterites and other friable rocks. The

material was sometimescoloured by using organic dyes, in order

Wkt o

to study the pores and the pre~structure. L.
, . . e TSR S —— -

The planimetric analysis of materials whenever required
vwas done using the Integrating stéig' with ‘'Panphot Pola-
rizing Microscope'. The gram size measurements were done by

using ‘'Leitz Serew Micrometer EYE PIECE' (P1.17 Fig. 1l & 2),

Surface examination of the specimens (polished and un-
polished) was undertaken by' using the "Ultropak' incident
light illuminator consisting of the housing with fixed ring
mirror oriented at one angle of 459 and interchangeable UO
objectives with vertically adjustable ring condenser. The light
is guided to the specimen by way of the ring mirror through the

annular condenser, which surrounds the objective concentrically.

pemevt?

Detailed examination of apti::?f properties of the minerals
U
and of the cementing medium was done by using ‘Universal Stage

" UT4' (with 4 rotary movements with pair of segments nD = 1.55).

In order to produce a better contrast with associated
minerals coloured lights (Green, Blue, and Yellow) either transe
mitted or incident were used by introducing coloured filters.

METHOD OF TEST FOR DURABILITY

The method briefly described below is more or less on
the lines of 1.5.8.34. Four sample test pieces of 4 cm. cubes

of each rock type were used for conducting the test. The samples



PLATE No,d7 Figed

PLANLITERIC AUALYEIS OF [ASERIALS

PLATE No,17 Fig o2

GRAIN SIZE MEASUREMENTS BY 'PANPHOT!
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vere dried for 72 hours and weighed. They were then suspended
in solution of 147 NapSOs4 10 E;0 (sodium sulphate decahydrate)
with a density of 1.055 grams/ecc, for 4 hours at 27° + 2°C. Then
the pleces were air dried for half an hour and then dried overs
night in an oven at 1050C., Next morming the samples were cooled
- dowm to room temperature for three hours and the cyele of
operations repsated. The test was comtinucd to complote 30 °y°.1?,°f/\‘
The test pleces were welghed after every five cycles and the
change in weight due to disintégratiun noted. The stone pleces
vore examined during tho course of tho test for the development
of cracks and spalling (P1,18 Fig, 1 & 2),

Calculaticn

Ao
Ifw vis the original weight of the speciﬁen and % \2)_’(:3_

the veight of the specimen after completion of 30 cycles of the
test, the change in weight shall be reported as equal to t=

e Sl
T T * 0

DETERMINATION OF COMPRESSIVE STRENGTH

81x tost pleces of the size of BB en 65 x 4 in, x 3 in,
and free from seams or fractures were cut from the sample with

diamond gsaw as per I.8.8.3% (P1.19).

The load bearing surfaces were made £o true, parallel and
perpendicular planes by using carborundum pouder- of various grits
as abrasive material. The dircction of the rift ond the load
bearing surfaces were marked on each specimen., Three samples

vere tosted parallel to and tho cother throe porpendicular to rift



PLATE No.18 Fig.l
STONE SAMPLES BEFORE TEST FOR DURABILITY,

PLATE Egi_l_ 5 G

S8TORE GAMPLES AFTER TBST FOR DURABILITY,
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Plancs. 8pceimzns vere dipped in water kept at 209 to 300C

for 24 hours prior to testing the gpecimens.

Apgaratus H

The machines wore equipped with two steel bearing plates
with hardened faces. One of the plates normally bearing the
upper surface of the specimen was fitted with a spherical ball
the centre of vhich coinecided with the coentral point of the face
in the plate. The other compression plate being plain rigid
bearing blocks, The béaring faéeé vere lapger than the normal
slze of the specimon to vhih the load is applied.

Zast Pracedura 3

The load was applied without shoek and increased conti-
nuously, till the resistance of the specimen ¢o the increasing
load gave way and no greater load could be sustained. The
appearance of the stone and any unusual features in the type of
failure wvg¥enoted (P1.20)

Calewlations.
. Lk
¢ = &

vhere C 4s the compressive strength in 1bs/sq.in,
P 4is the mximm load supported by the spoeimen
Just before failure in pounds.
A 13 the areca of tho boaring surfaces of the specimen
in sq. inches,

DETERMINATIGN OF THE TRANSVERSE STRENGTH

Throe tost piccos of the sizo of 8 x 2 x 2 inchos wore prepared



v raox

PLATE N0.19
PREPARIIG GTONE BAWPLES BT DIAWDND 8A (C,B,R.1)
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(I.S.S.aa) and aceurately measured at the centre section. Each
piece was soaked in water at 200 to 309C for 24 hours, prior to
testing and the wet specimen was tested. Direction of the i'ift

Plane was marked.

Test Procedure

The test pleces were supported on two self aligning bearers
A & B (Fig. 12) each 4 em. in diameter, 15 cms. apart from contre
to centre. Beartr A is supported horizontally an two bearer .
sereys C which carried hardened steel balls D eancentric with the
bearer. 'Bearer B is supported on one such bearer screv end ball.
The load was applied centrally at a uniform rate, through a third
bearer E vhich is also 4 ¢m, in diameter and is placed in midway
between the supports upon the upper surface of the specimen S

and parallel to the supports.

Caleulgticns

R = 3 YL
21)(1§

vhere R

n

transvorse strength in Pounds per sq. in.
W = Central bregking load in Pounds.
. «

b

i

Length of span in inches.

i

average width in inches of the specimén at the
md section, _

| d = average depth in inches of tho specimon at the
mid section,
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PLATE F0.20 Fig.l
A STONE CUBE UNDER TEST FOR COMPRESSION (CBRI)

PLATE No.,20 Fig.2
STONES UNDER TEST FOR WATER ABSORPTION,
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DETERMINATION OF THE SHEAR-STRENGTH

As per I.5.5.37 test pleces in the form of slabs 1} inches
in thicknessy 4 inches in width and 4 inches in length were cut
Parallel and perpendicular to rift planes from the original
samplesg with diamond saw and the load bearing surfaces finished
ibvés héérly truoc and parallel plane as possible by using car=-

borundum powder.

Dutton punching shear device in conjunction with the two
testing machines used for the determination of compressive

strength vas used.

The pieces were carefully centred between the upper and
lower plates of the punching devise so that the measured section
of the specimen was under the plunger. The upper plate was care=-

fully lowered to contact the specimen,

The punching device of tho machine was then centred with
the centre of the spherical bearing block in contaect with the
centre of the top portion of the plunger of the shear device,
The speed of the moving head of the testing machine during the
application of the load was kept very graduél.

g =« B = W |
DY
vhere 8 = sghear strength in Pounds per 88 « inchesg, X
Wg = total, max, load in pounds indicated by

the testing machine.
¥1 = 1initial load in Pounds required to bring

the plunger in contact with tho surface of
tho spocinoen,



“PLATE No.21
SONIC TESTING EQUIPMENT (C,B.R.I)
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D = diameter in inches of tho plunger and’
T = thickness in inches of the specilien,

DETERMINATION OF DYNAMIC MODULUS OF ELASTICITY

The sonic tester designedas for the laboratory deter=-
minationg of the dynamic modulii of elasticity and the logarithmic
decrement of common bullding materials was used. With this ins-
trument resonant frequencies in tho transverse modes of vibration
of the specimens was determined. The f;équency response curve
(amplitude versus frequency) at-ihe resonant frequency was obtained.
The dynamic modulus of elasticity was calculated using equation
(1) given below.

The apparatus shown (P1.21) is mainly an electronic devico,
vhich consists of

a) Driving eircuit

b) Pickup Circuit

¢) Indicating Unit

@) Specimon holder

" The relationship between the dynamic modulus of elasticity ad

the transverse resonant frequency is given by the equation s
2
deci'!(nt) 0ssesoe : (1)
vhere C,sa factor dependmupon the shape and size of the speciman,

mode of vibration, and poissons ratio, and ig given by t=

0,00145 17
bpe3
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where
W = 41ig the weight of the specimen in pounds (1bs)

nt

resonant frequeney in transverse mode of

vibration,

it

length of the specimen in inches

|

'Goeng Correction factor' which depends
on the ratio of radius of gyration and
length of the speciﬁan (K/L)
b = breadth of the speciman in inches.

= thickness in the direction of vibration in inches.
K = radius of gyration for rectangular prismatic
specimen K = /3,464, ”

In the transverse (flexural) mode of vibration two nodal
f_poihts, located at 0.2241, from each end are formed. The centre

. and the rear form as antinbdes. In order to allow a free mode
vjof ﬁibration, tﬁe specimens are supported at the nodal points and
tha‘exciter is iocated at the centre. The arrangement of suppor-
ting and the positions of the execiter and the pick up are illus-
'trated in the_figure;13.. |

The dynamic modulus Ed is calculated for this frequency
'nt' by the equation given above. This method confirms to the
ASTM C215-4TT,

Ultra Sonic Test
Ultra Sonic phase velocities through the specimen are also
‘determined by measuring the time taken to travel from one end to

the other, electronically. The equipment used is shown in P1.22,
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PLATE No,22

ULTRA SONIC TESTING EQUIPMENT (CBRI)
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Circuit arrangements of the ultrasonic apparatus for
transmission method 1s also shown by the schematic diagram given
. below in Fig. 14,

The funetions of the different circults are as follows ¢

The trigger generator produces a negative rectangular
pulse at a repetition frequéncy of 50 pulse/second from the
leading edge of vhich the transmitter, and time marker circuits
are all triggered. The transmitter variable délay unit generator
1s a rectangular pulse vhich can be varied over a range 10 micfo-
seéonds and triggers the transmitter exciter. An ultrasonic
pulse, consisting of a train of longitudinal waves, result from
the shock excitation of a plezoelectric erystal transducer vhich
is coupled to the material under test by a thin film of oil.

A similar piezoelectric transducer is used to receiﬁe the ultra=-
sonic pulse after travelling through the material. The received
signal 1s led through a high grain amplifier to the vertical
deflection plates of a cathode ray tube., The time base sweep
delay and the time marker circuits enable to measure accurately
the time taken by ultrasonic pulse to travel through the known
length of the material. From this data the wave velocity (VL)

of an ultrascnic pulse in the medium is calculated,

The velocity of an ultrasonic pulse in a medium will
depend on the modulusg of elasticity and density of the material
and the relation is given by eguotfosm the following equations

-

VL =/E (1 -s)
€(l +s7) (1 - 2€)
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where
VL 4is the ultrasonic pulse velocity in ft/sec,
E 1s the Modulusg of elasticity in 1b/sq.in,
f is density in 1b/cu.ft.
& is the poisson's ratio,
The above equation holds good for a medium of infinite dimensions,

In a finite solid, the primary or axial waves set up
lateral waves which reflect back from the boundaries and cause
destructive interference with the primary waves and reduce the

velocity of the primery wave, Thus the formula reduces as =

Using this equation the Modulus of elasticity for the stone

specimens have been calculated and the results are given in
?able’ No. 74 and 75, |

CONCRETE AGGREGATE TESTING PROGRAMME

To study the influence of different rock forming minerals
in‘EEp,aggregates and the concrete, tests have been carried out
on Indian minerals and rocks respeet seperately. The following
minerals were used as aggregates % \

1) Quartz (Rose, Senoky, Milky)

2) Flint

3) Quartzite

4) Chert, Chalcedony, opal
5) Magnesite

6) Hematite
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7) Albite

8) Orthoclase

9) Labrodorite
10) Orthoclasge
11) Microcline

The following rock types were used as aggregates to study
their influence on the concrete (Chapter XII).

1) Granite

2) Basalt

3) Sandstone

4) Limsstoﬁe

5) Marble

' 8) Dolerite
7) Phyllite
8) Syenite
9) Gabbro

Samples were crushed and passed B.S. Sieve Nos. 100, 52, 14, 7,
and 3/16 Inj 3/8 in. 3/4 in. size mesh. The graded aggregates

were then prepared.

o The mortar mix was prepared by mixing one volume of
portland cement to four volumes of aggregates. The water cement,
ratio was 70 by weight. Approximately a constant slump as
determined on a standard flow table with a cone 3 inches was
obtained. It has been observed thgt Ghért, Magnesite and
Barite required 0,75, 0,8 and Ep vater/cement ratio to produce
~ the same slump. q
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Six briguets were prepared from each specimen and stored
for 24 hours in the molds in a damp closet., Soms hriéugggg_ N
were also autoclaved at 1500C for 24 hours and broken after
~eoolings Two extra briquets were stored in water andf%ﬁe at

room temperature.

Petrographic examination of the specimen of aggregate
was undertaken by preparing thin gseetion of approximately 30 M
Internai structure, texture and fabric of the specimen were
noted and compard with each other and also with the results of
tests uonducted on concrete cubes 1n each case, Pore charac»

teristics and fissuring vas cbserved in thin section stu&y‘

Hydrated cement - concrete cubes especially prepared
from the reactive pggregates vere examined., Petrographic
examination of deteriorated concrete was also taken by preparing
polished section and examining these by ‘'Ultropak! with a view
to study the alkali aggregate reaction and also to distinguish
other types of break down regulting from other type of cement

aggregate reaction.

Por gtudying the affect of éggregate properties on the
flexural and compressive strength of hardened concrete, briquets
were prepared with 10 different tyﬁes'of goarse aggregaﬁes from
different rock types as given in the table giSeom BB No'ly.
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ZABLE
P TR R _ - .
igggzn : Rock Type : Source in India : - Condition
5 GR Granite ~ ‘Bangalore Crushed
2 BS Basalt Nagpur do
4 Q27T Quartzite DPelhi do
.8 8ST Sandstone Dholpur do
) LM.ST. Limestone Ramg an jmandd - Crushed supply
> MB, ~ Marble Mgkrana Crushed
L Di o Dolerite 9odb§1labpur do
3PE  Phyllite Udatpur o
| sY Syenite Mandya | do
L @B Gabbro Maddar | do

Table No.1l4.

Band was used as fine aggregate in all the concrete
mixes.

Aggregate propertles such as water absorption and specific
gravify'were measured along with the stone testing programme, _

" Angularity was measured by Shergolds method39 according to which
the angularity is measured by the ratio of voids in 3/4 = to 1/2 in.
fraction of the aggregate after compaction, The T"angularity
‘number” 1s the percentage of void less 33.

Flakines index of the aggregate was méasured in accordance
with B.S. 812, It i3 expressed as the total weight of the different

size fractions of the aggregate as a percentage of the total weight
of the sample tested,
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Avaerage crushing value of aggregates was obtained by
subjecting 1/2 in. to 3/8 fraction of coarse aggregate to a
specified compressive load. The weight of aggregate passing

B.S. sieve No. 7 was then expressed“as percentage of the total,

Surface texture of aggregates was determined by the
method used by wright4gi Aggregate particles of 3/4 in gize
were impregnated in a test tube by using Lakeside 70. later,
the thin sectians were prepared by the normal method of pre-
paring rock séctians. Grinding was normally continued to
‘produce a section of about 0.00L inch thick.

Panphot « polarizing microscopey photo relfex housing
was fitted with ground glass screen., A magnification of about
125¥was adjusted by putting 10/0.25 objective and 10X eyeplece,

Later the actual profile was traced by using ‘'Camera Lucida'.

The flexural and compressive strength of concrete were
'algo determined in aecordance with B,S. IBBI? These were
caleulated to the nearest 5 1b/sq.dn,

For compression 4 inch cubes were prepared and the come
Pressive étrength of the specimen was calculated by dividing
the meximm load applied to the specimen during the test by
the cross~gectional area. The results have been given in
chapter No. XIX,

e . W -
I
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CHAPTER V.

PHYSICAL & CHEMICAL PROPERTIES OF
INDIAN BUILDING STONES

2o

In proceeding pages the results of the physieal x
- = o 3
and chemical tests undertaken on Indian Building Stones
have been tabulated and diécﬁssed. ﬁuring past few years
tests have been undertaken by various engineering projects
on these physical properties of a few building stones from
Indian sources, But'these tests related only to those stones
whichhvere anticipafed to be utilized for a particular pro-
| ject, | |

Surprisingly the evaluation of the physical and
chemical properties on Indian Building Stones from the wor-
king quarries has not been attended so far. Data on those
Properties is required for the purposes of eggineering and
architecture. Results presented in the amnexed tgbles have
been carried out to 111 up the gap and in doing so attempt
has also been done to discuss and interpret the results in
a way so that it could be of value to thosew‘gare for a sclien-

tific approach towards these natural materials.
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EHYSICAL PROPERTLIES
A. Specific Gravity & Wt./Cu.ft.
TRk Locality :%%ﬁi‘i%'iﬁ 'Sggggﬁc f ‘*’ﬁ,;’ i‘;;“ )
amber | | gravity. iGravity . )
8ST. Shahbad Distt. (Bihar) 2.673 2.731 170.6
85T, Songir (Gujerat) 2,266 2,658 160.5
r. D glggedes 2sm sew 1w
$ST. Kutch Distt. = 2,171 2,647 157.9
$5T.  Dharangadhra (Gujerat) 2.054 2,654 145,9
SST. Barda H111 . 2,233  2.436 155,8
85T, P&éﬁk?ottai & Tanjore 2,494 2,573 168,3
§ST.  Singhora & Betul (M.P) 2.360  2.512 1641
SST. Panchuarhi (M.P) 2,028 2.7  137.5
SST. Chirakhan (M,P) 2,285 2,401  145.9
8ST. Ahmadnagar (Msharashtra) 2.314  2.647 139.6
SST. Hamamsagar {Mysore) 2,532 2,67 150,1
8ST. Atholi (Mysore) 2,033 2,187 135.6
88T. Near Cuttack (Orissa) 2.045 2,368 142.3
8sT. Nahan (Himachal P.) 2,250 2,415 149.2
8ST. Dholpur Area (Ra)) ‘2,291 '2.'65,1 163.9
SST. Kotsh Avea (Raj.) 2.860)  2.723 171.4
8ST. Jodhpur Area {Raj) 2.451  2.601 159.8
5ST. Bhilvara Ares (Ra}) 2,491 2,702 170.7
SST. Blkaner Area (Raj.) 2,675 2.78 169.9
8sTs Mirzapur Area (U.P) 2.483 2.653 163.5
88T. Patehpur Sikri Area (U.P) 2,528 2,802 159,2
I,_}‘ PR y

Table No,18,

No fi- "’“’(

T e
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Sample ' Macro= ' Micro- | Total !

Index 'Porosity ’Porosity 'Porosity ' Pore Structure
Bumber 'Perc ! Perc ‘Perce e ‘ ,
l SsT. 1.81 .31 2.12 Open outside and closed
_ o _ ~ outside.
2 85T. 11.26 3.86 | 15.12 . Cloged pores.
3 SsT. 1.11 1.51 2,62 Open pores allowed easy
‘ ) ' passage t‘atigues.
4 8ST.  15.28 2.71 17.99 Kot determined,
5 S5ST. 18,72 3.89 22,61 = Open pores allow free entry
_ ‘ exit to solutions,
6 ;.SST. - n.d. n.. 8.33 Not determined
7 ssr, nd. n.d. 3.07 . ~do= ,
B éSTn 3‘95. 2.1 6.086 Open as well as closed type,
9 SsT. 3.28 3.21 8,49 . Open pores allow free
' ' ' Passage for solutions,
0 85T,  nd.'  nud. 4.83 ~do=
1 SST. 8.51 4,07 12 .58 o=
2 887, 3.82 " 1.38° §.20 2 Not determined
3 SST. 3.53 2.21" 5,74 Open as well as cllésed pores
4 85T, 10,55 3,16 13,21 Not determined. |
5 SST . n.d n.d 6.83 Open as well as closed pores
8 SST. 8,05 5.82 °  13.87 Open outside and closed
. ‘ inside.
78St 1a2 0.8 1.08 ~do-
B SST.  6.23 2.7 87 ~do=
B ss:m. ned, nde | 7.82 Not determined
0 88T.  nid.  nd.  1.58 Not determiriod
1 SS‘T_.‘ 3.8 , 2.7 8.41 Open outside and ¢losed inside
2 ST, nde ndd. 2.84 - ~d0=
h “Macro pores = Pores larger than 0,005 mm.
Miero pores = Pores smaller than 0,005 mm.

Table No, 16,



(C) WATER ABSORPTION AND SATURATION COEFFICIENT

Sample 'Water Abscrption Percent by Weight Coefficient

Index ¢
Index |24 hours (Cold) | 5 hours (Botling) | by welgh

18T, 2.5 " 2.94 R

2 86T, .  4.00 . B854 .58

3 88T. . 2,19 . 2.33 94

4 ssT, . 7.8 10,90 .86

5 5ST. 3.2 ' 5.33 .58
6 ss?. = 2.80 ' 4.6 .63

7 85T. . 2.47. . . 2,79 .89

8 58T, . . 3.01. . . 3.81 . .80

9 85T, . 3.92 . 5.33 .58

10.88T. . 4.86, - . 8.1 .59
- 11 ssT. 6.07 10.98 .55

12 sST. / - ou2 ' o .68
138s7., 226 2,66 .88

14887, \  ziEE v, a0 .58

15 ss?, 3.12 " 3.5 .89

16 SST. 4,33 " 5.39 80
17 ssT. 1.05 © 1.5 77

18 ssT. 2.26 ' 3.00 R

19 SsT. 1.50 . 1.63 92

20 . 88T, | 2.86 . 3.45 82

21 8sT. .  1.17 . 3.31 .35

22 SST. . 2.23 ., 3,58 .63

Table No, 17,
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LAIERLIE
Physiecal Properties

A. Specific Gravity and Wt/Cu.ft. in 1bs.

Sémpl'e" ‘Apparant’ True. ! Wt./Cu.rt.

Index ! Locality 'Specific'Specific ' in 1bs,
Number' i Gravity ‘Gravity, '
1 LT, Pattukkottal 1,283 2,396 80,78
) {Madras) '
3 L?. Bolgaum (Mys.) 1.408 3.064 95,37
(Orissa) ,

Table No. 19,

Be Porogity Chgracterigtic

Sample' Macro- 'Micro- ' Total

Index 'porosity'porosity ':Po:os;ty :  Pore=gtructure

umber 'percent ‘Per ' Pe

1 LT. 40.35 6.1 46.45 ~ Most of the pores are .
continuous., Pores are

2 LT, 60,83 3.9 53.92 mostly of very big size.

. It permits flow of
3Lf. 52,7 ' 1.28 . 54,04 . - solutions but not so

4 LT, 49,37 4.14 53,51

easily as its porosity.

C. Water Absorption and $aturation Coefficient

Sample '_Water AbSorotion Percank RV welghl' Saturation.
Index ' 24 hours cold ! & hours boiling , Coefficlent

t

11r, 1436 18,78
2Lr. - 18,87 ‘ 21,05 .

3 LT, 21,68 22,07

4 LT, 16.59 18,35

85
.89

.08
.80

el Yable No. 21

Ner
o

e
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LIME SIORESZ
Physical Properties

A. Specific Gravity and Wt/Cu

Jft. in 1bs

L ~ "Apparent' “True "Wt./Cu.tt.

‘

Sample \ " ' ‘
Index L Locality - : Specific,:speciﬁc : ~ in 1bs,
1 LMS?,  Khasi Eills (Assam) 2,003 2,108 140.1
- 2 LMST, EKumo‘ol, Cuddapah '_ '
‘Anantpur, Guntor . 2,804 2.823 171.8
{The Cuddapgh Slabs)
3 LNS?.  Tandur 2,731  2.7¢  169.2
(Shahbad Slabs)
4 LMST,  Pindara (Gujerat) ' 2.537  2.704 135.7
5 LMST,  Katni (M.P) 2,023 2,105 144,76
6 LMST,  Khandara (MP) = 2,167 2,002 146,83
7 LMST,  Kaladgl (Mysore) ~  ~ 2.640  2.683 168,8
9 LMST,  Ramganjmandd (RaY.) |
10 LMS?,  Chittor (Raj.) 2,568 2.601 167.3
11.LMST,  Jaisalmer (Raj.) 2,005 2.308 119.7

Table No, 23.
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B, POROSITY CHARACTERISTICS

gghple T Macroe | Micro- ! Total "

Index

Number ‘Percent. 'Percent ‘'percent

‘porosity 'porosity 'porosity : Pore Structure

1 LMST,
2 LMST,
3 LMST,
4 TMST,
§ LMST,
~6_EMST3
7 LMST,
8 LMsT,
9 LIST,
10 LMST,
11 LMST,

ﬁ“d [
61

4,97

2.86
n.d.

n.d.

- 1.05

1.02
n.d.

5.33

nd.

06
09

1.61

-89
n.d.
n.d,

«85

07

n,d,

3.78 ..

4.8
.67
1.12
6,58
3,75
117
1.19
1,85
1.09
1.26
9.1

Kot determined
Isolate&
=l 0w
" Open and isolated
gt L |
Not determined
-do=
Open |
Open and isolated
Not determined

Open and a few isolated

EATRA UBrapy UNISERSITY o ROOJMEL,
RKEE,

Table No. 24,

" Aee. §2
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C. WATER ABSORPTION AND SATURATION - COEFFICIENT

Sample L Water D . BY Walght' Saturation
FodeX |24 hourscold ., 5 hours Botling , Co-Sfficienmt
1LM8T, 1,02 13 91
2 LMST, 0,09 " 0,183 .69
3LMST.  0.26 0.9 .89

4 LHST, .87 .08 00

§ LUST,  1.08 1.38 .80
6LMST, 136 1.2 Y
71MST, 020 0.23 .86
sMeT, 102 1.22 | 83

o LMST, | 6as 0417 .88
10 IMST, 0.8 - 0,90 91
11 LNST, 1.25 | 1.75 71

Table No, 25¢
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A, Specific Gravity and Wt/Cu.ft. in 1bs,
Sample ! | " Apparant'True 7 it/Caft.
Index ' Locality ' specific'Specific! in lbs.
LTS e BEAVAEY L ORaVALY L
1 GR.,  Hyd, West Taluka (And) 2.753 2.771  177.8
2 GR.  Guntur (And.) 2,684 2.702°  175.3
3 R,  Bhulvan (Guj.) 2,701 2.723 . 163.5
4 GR,  Coastal Tract of o eny .

IR | 2,501 2,620 © 170.8
5 GR, . Bangalore 2,721 2,78  170.1
6 GR, . Sambalpur - . . . 2,601 . 2,708  173.4

___Table No, 27,

B, Pbrosggz‘ Characteristics

Sample’ "Macro- ' Micro- ' Total '

B, izomly iporenly) podatty | Peresbrutare

1 GR, - .43 21 . . 64 closed
202, .2 4 .66 edom

3GR, - .57 23 .80 " edom

4 GR. © .47 25 72 " mdo=

BGR. © .2 . .08 40 . edo-

8 GR, - 43 12 .56 A few open ms

but mostly closed

Table No,28, |
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Ce Water Abgorption and Saturatiﬁm Coefficient

Sample 7 Water Absorption percent by welght'
Index ' —— | 8aturation

Number '24 hours cold ' 5 hours botling 1 coefficient

te, w0
2 GR, - 07 . 08 87
36R., a2 . .4 | 85
46R,  .08. . 00 - - .88’
5 GR, - .07 .08 ».87:
6OR, . 15 L
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B. POROSITY CHARACTERISTICS

Sample 'Macro- 'Micro- | Total |
Index :poros&ty:porosity:porosity:

1 BS.

2 BS.

1 DL,
1 AT,
1 1T,
2 17,
1 pl.
2 M,

1 NO,

1 GB,
1 &I;
2 GP,
1 CH,

Pore«Structures

a1l
n.d.
12
1.12
.88
n.d.
45
n.d.
12
31
45
1.?4
Jd

21
n.d.
19
«35
«53
n.de.
49
n.,
23
1l
87
1.89
22

.32
«40
31
1.7
1.38
i.11
4
.81
+35
42
1.32
3.63
«32

Closed & Isolated.
Hot determined
Closed and Isolated
Closed but a Tew open
=40~
Not determined.
Closed and Igolated
Not determined
Clogsed and Isolated
«d0=
-do-'A
Closed and open
Closed and Isolated

Table No.q 32 .
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C. WATER ABSORPTION AND SATURATION COEFFICIENT

'gzgg%e‘: "Water Absd:pgian Percent | Saturation
' Numher ! 24 hrs, cold + 5 hrs. boiling: ooefﬁcignt

133, 08 09 Ky
288, 7 07 1.0
1 DL, 06 07 86
1 4T, 14 16 87
1. a2 s 80
2 7, 89 R 2}
1D, . .09 a0 . .90
2pr .08 - .09 . .88
170, - 01 . .08 87
108, - 08 o .08 1.0
1 st, A3 - 18 . .86
‘26, - 106 - 115 SR

1 CH, 06 oo .07-* I -85\

Table No.33

.......
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A. @ecifiq Grravity and Wt/Cuft. in Lbs,

Sample’ 7 Apparant | True  'Wt/Cu.ft.
m; Locality : Specifj.c :specif‘éc: in 1bs,
1CL, Yellandu 4in
Warrangal Distt., 2,853 2.668 179.7
(Andhra) , . | |
2 CL.. Bsttadabidu (Mys)  2.690 2.701 167.8
1 MB,. Motipur (Gujerat) 2,679 2,710 n.d.
2 MB..  Makrana (Raj.) 2,860 2.884  178.2
3 MB,. - Devimata (Raj.) 2,734 2,750 175.0
4 MB.. Nernaul (Punjab)  2.725 2.742  177.6
, " “i;'abia No.35
B. Rorosity Characteristica
§§§§?S§§gﬁty£§§g§&ys p'grqgghy E i’ore«structﬁre
1CL, .13 A48 .56 Closed
2 CL., ..08 W32 40 ~do=-
1M, .51 56 1,07 ~do=~
2 MB, .22 61 .83 ~do=
3 MB. n.d. n.d., ' .58 n.d.
AMB, .,21 Al 8 closed

Table No. 36 -
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Ce Water Absorptiqn & SQEpratiun Coefficient

Sample' Water Absorption Foresnt " Saturation
fiintgrt 28 Brs. cold , b hrs, bolling, coefficlent
1. 08 .09 —
20t ma. | n.d. n.d.
18, .35 . 46 N
2 ma 09 : .10 0
3 . 11 Cas . e
4 ¥B, .08 09 87

Table No. 37.
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A. Sﬁcific Gravity in Wt/Cu,.ft.

. Samplel upparant* Tras T WE/Ga e
Index ' . Locality . g'Specific‘Specific' in 1lbs.
Numbor! R rmm..&m.zm
1 sL. Qainbum ‘
| (Kurnocol Distt.) © 2,784 .‘?96 ' 171.3
Mldhl'a. : . . - :

2 5L.' Yemaguntla (See under liinestoxtmes 2 Lm)
{Cuddapah) - ; -

3 5L, Kharskpur H41l | 2,675 2.702 n.d.
(Biha . = o :

4 SL. Surajpur (Gujarat) 2,755 2,785 1706

5 SL. Dharamshala (H,P) . 2.708 . 2,756 163.3

6 SL. Xund (Punjab) . oate 2,72 171,

Table No. 39,

B. Porogity Characteristics

Sample‘ Macm- T Meoroe T Total ! :
Index pcrosity porosi‘ ,:porosity Pore-gtructure

1 SL ™ ‘024 018 042 Lentiﬁular : pares

: . ‘ - ' ) but closed at
_ ‘ . . both ﬁndSQ

2 ;,SI.-. (See under Limestone's 2 Lm.st) |

3' EL. "QS‘? o& "99 ’ -do"'

48L, .88 .8 1.3 ~do=

5 SL.» 1’.02 079 1;81 “'d.o""

8 sL. 23 52 " W78 o -ao-

Pable No.40,



C. Water Absorption and Saturation Co-efficient

W.% hrs, cold 1 5 Ars, Bolling s ggﬁ%ﬁﬁ@ﬁt
1 8L, .07 .08 87

2 SL. { See under Limestonesv 2 Lm.St)

3 sL. 12 16 .75

T . .46 84

5 st. .52 6L .85

6 sL. .09 .10 .90

Table No,. 41,
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B. POROSITY CHARACTERISTICS.

Sample' Macro- ' Micro- ' Total !
Index 'porosity porosity 'poro sity : Pore Structure
Number'parcent. ' parcent ‘bPercent

1 qze. }.16 42 0.58 Closed but seldom opened.
2 QzT. 12 17 0.29  =do=
3 Q2T n.d.  n.d.  0.37 Not determined.
4 QZ'LE.'.. n.d. . n.d. 0.15 Not determined
1 GN. 27 .59 .86 Closed and open also
2 GN,  n.d. n.d. «81  Not determined
1 PH, i 1.77 . 3,27 5.04 Closed and open also
2 PH. 1.63 2.95 4,58 ~do=
3 PH,  n.d. n.d, 6.12 = Not determined.
1l SC’!H.. .64 1,08 1.61, Closed and'open mostly open
1 KH,  1.01 .59 1.6 Closed and open

e ] Table 44,

c.

Sample N water Absorption Percent by Weight ¥ Saturation

Index : . . : coefficient
1qzr,. .09 a0 ~ 0.
2 QzT. - 407 07 '1.00
3qzr. .08 .07 .85
4 qzT. .08 .09 .87,
1-GN, 1.51 1.63 .02
2 GN, 1.21 1.42 | .85
1 PH. ~ 3.05 4,15 .73
2 PH. 2,89 3.25 . .88
3 PH. 4.15 5.25 .79
1 8CH, 2,73 3.01 .90




.mv.‘

OR eTqeg

80BIL (oBmy)

2440 8%°0 £8°0 T9°0 9T°8T  zg'g R -
sz €'T  zrrg 6" 0 %8'12 169 2663 *mpg 1
T gerg | 3:.% &g [Lal §%°91 ¥e's ST 09 CHE T
'€ mg g 0g*e w51 _mm..m 9%’y 4.%. g
vecns 92°0 2,..,..@ - 4866 zzy ¢
!.ww. uo mmeqm. ow& ” odey .. O3 “ + 2] cm,g _ mo.mw.__m H mmﬁm “ Xopuy
o e ¢ 3 1 - : : N » @H&Eﬁm

- 86 t=



-} 99 3=

DISCUSSION OF RESULTS

Specific Gravity and Wt.ICu./ft. je

Specific gravity of stones is a valuable property.
In accordance with the fundamental principles of our knowledge 9?;2

, ¢
the greater the specific gravity the greater is its strength, P J

The relationship between apparant specific gravity and |
the true specific gravity against weight per cuble foot has mff::ff
been shown in Figg 15 & 18, From the study of these ;urves Amﬁir
1t is clear that apparant specific gravity is more directly o
connected to the weight per cubic foot than the true specific ;o
gravity and this is explained on the basis of the available piau-p’
pore spaces within the sample. The pore space appear to play
an important role and this 1svfu11y accounted for in the deter-
mingtion of apparant specific gravity,.whereas‘there is no repre~
sentation of these spaces in ease of true specific gravity. As
explained in the chapter on experimental techniques, we find ghat
for the determination of apparant specific gravity a test 25533. X
is cut of the rock as it 1s and, therefore, all the voids, alr
spaces, pores, chamnels that were present in the rock are fully
. or partially represented in the test specimens. However, the
case 1s just the opposite in the case of true specific gravity.

Here the rock 1s reduced to powder and the question of pore and
alr spaces representation does not arise. Hence, apparant specific
gravity gives a better ldea of the nature of stone than the true

specific gravity.
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Absogggian and Saturation Goeffieient

Absorption capacity as indicated by Shaffer “° 1s the
amount of water gbserb in 24 hours time. This is directly X
related to the shapéf;;d slze of grains and texture ete, of
the rocks. BSimple immersion in water does not lead to complete
saturation as the water fails to reach all the avallable pores.
This 1s because of the pores which are completely cut off, there
is no access of water in that part of the rock and the entrapped

alr spaces do not get replaced by the water.

Though Birschwald's 32 was mich occupied with the effect
of frost on stomes, but it was he, who convieved the idea of
saturation coefficient as a measure of durability in the stones,
The saturation coefficient 1g a measure to the extent to which
the pores get filled up when the sample is allowed to absord
water for a limited time and under particular conditions of

temperasture and other experimentsl factors,

In order to‘study the relationship and the behaviour of
inherent characteristics, porosity, microporosity and macro-
porosity as defined by Scott Russell?? have been determined
and plotted in a graph agailnst ‘'Saturation - Coefficient! in
Figs. 17, 18 & 19, As is evident from these figures all the
three porosity characteristic§ show no bearing on the saturatia
coeffieient. Howsver, it is certain that the extent to which
the displacement of air by water occurs is not fortutous. The X
saturation coefficient measured under constant conditions 1is
a characteristic property of the material and depends upon the
configuration of the pores. This is because of the fact that
absorption is usually incomplete and the saturstion coefficient
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affords a somewhat crude measure of the pore-structure,

This showsg that an attempt to_qﬁantitgtively evaluate
the pore~s£ructure is definitely_an‘advance towards physical
evaluationvcf the property of a bullding stone, from the point
of view of durability as it is related to the pore-structure
more than other porosity characteristics., An indirect attempt
in this direction has been made by Honey Borne and Harris45 in
which they have based thelr observations on the relationship
between the water content and the difference in pressure that
exigts across the curved air/water interface in the partially

‘saturated material,
Chemical _Analysis @

Although the interpretation of the chemical analysis is
‘imperfect and unsatisfactory, still it has not been thought
advigable to neglect this important aspect in these pages.,

With suitsgble interpretations the chemical data given
here can also be an index of the weathering behaviour of building
stones, Moreover, the phenomena of efflorescence in the building
stones and 1ts relationship with the chemical composition of sto-
nes under the variable conditions of weathering especially so
under tropical climates, 13 of special significance. It can be

seen that almost all the rocks ranging from sand-stongs to X
granites and slates etec. have magnegsium and caleium salts in ok”*

their composition. The presence of these salts and their accue
mulation at the surface is the main cause of efflorescene. :

T
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Evaluation of mineralogical composition along with the
chemical snalysis of roeks 4is essential from the point of view
of the reactivity of aggregates and other controlled conditioms
of econstruction of huge structures like Bhakra Dam in India and étjf

T Pr) o A
other similar structures in other countries as well, -

anglusions :

The following conclusions are drawn on the basis of the
above results and discussioms,

(1) The average physicgl values of Indian Building Stones,

range widely as shown in Table No.47, ibég ﬁ '
(2) The relationship obtained between Apparant Specific \\"w

Gravity and Wt/Cu.ft. as given in Fig.l5 shows that \vi;::
both are approximately direetly proportional to each .
other,

(3) The relationship of true specific gravity with Wt/Cu.ft.,
1s legs than that which exists between apparant specifig
gravity and Wt,/Cu.ft. :‘;i

(4) Saturation coefficient as calculated from absorption
.percentage is not related to mieroporosity, macrOporosity\\K
or the totgl porosity. '

(6) Saturation coefficient is a crude measure of pore struce
ture and more efficient quantitative estimation is requiredi
to be established, i

- (6) Physical properties and chemical properties have no bWM’;;’
A R2E v
relationship and the one does not explain the other 1n-wua¢f
any wvaye

(7) The presence of calcium and magnesium salts in the chemical
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CHAPTER No. VI,

wWhet T

,‘J -

With a view to simplify the use of 'Bullding Stones'
in the engineeiing profession and the trade in this country
an attempt has been made to classify the hardness of rocks
~in a numerical order. Asvstated earlier in the preceeding
chapter, the engineering properties of rocks used as 'Building
Stones’ have also not been determined so far. In order to
establish certain relationships amongst physico-engineering
properties, the compressive strength, the modulus of rupture
and the shearing strengths have been determined seperately
for two different rift directions. Results given are only for
the stones vhich are quarried at present.. Besides the dig=-
cussions and conclusions together with the proposed classi=
fication, it is presumed that the tables will also serve as
a source of useful reference of these properties in case of

Indian Stones.
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SANDSTONES
OMPRESSIVE G
Lbs/8q.in.
_ , .
Thies: (to°the Rhfs Plane! pondienler ! Average. | ‘fencs”
1 sst. 19,022 19,580 19,305
2 gsT. 14,812 15,023 14,917
3 sST. 15,869 15,939 15,903
4 ssT. 12,210 13,084 12,647
5 gST, 4,360 4,501 4,535
6 ssT. 9,875 9,946 9,910
7 SST. 11,047 12,232 12,089 4500
8 ssT. 13,662 13,867 13,764 to
o SST. 4,486 4,693 4,509 19850
10 SsT. 14,800 14,300 15,050
11 S5T. 12,911 13,064 12,987
12 ssT, 13,538 13,765 13,651
13 $8T. 11,976 12,288 12,132
14 85T, 14,768 14,976 7,872
15 SST. 13,656 13,988 13,822
16 §ST. 18,987 19,536 19,261
17 85T, 19,432 19,873 19,602
18 ssT. 18,328 18,939 18,683
19 SsT. 18,575 18,885 18,730
20 §sT. 19,687 20,011 19,849
21 8sT. 16,802 17,088 16,945
22 gsT, 17,270

17,838

17,552

TABLE No, 48
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SHEAR _STRENGTH
Lbs/8q.inch
Sample 'Av. parallel’Average per=~ ' a
Index :to the Rift :pendicular to: Average : Average Range
1 §sT. 2002 2020 2011
2 §5T. 1608 1694 1651
3 55T, 1835 1903 . 1869
4 sST. 1004 1102 1053
5 SST. 568 605 636
6 SSTI - . - | . - |
7 85T. 1125 138 1131
8 §3T. 1265 1303 1297 |
| | 631
9 SST. - . - ‘ - .
to
10 8ST., 1704 1759 1731 |
4404
11 SST& - . - ) -
12 8sT. 610 653 631
13 sS?. 1510 1539 1524
14 sST. 1510 1539 1524
15 85T, 1703 1747 1725
16 55T. 2256 2308, 2282
17 SST. 2507 2686 2641
18 85T, 2700, 2808 , 2756
19 SST. 2184 2225 4404
20 SST, 1905 1984 1944
21 SST. 1242 1302 1270
22 SST. 1860 1903 1881

-

TAELE No. 49,
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TRANSVERSE _STRENGTH

Hodulus of Rupture.

Sample
e L R
er ,

e '
t Strength

Direction of RIfL
*plane in relation
to direction of

Average Range

1 ssT.
2 8sT.
3 ssT.
4 S8T.
5 8sT.
6 SsT,.
7 85T,
8 8sT.
9 ss7t.

10
11
12
13
14
15
16
17
18
19
20
21
22

SST.
SST.
§57.
sst.
SST.
SST.
SsT.
SST.
SST.
SST.
SST.
857,
gsr.

1980
1505
1778
980
- 504
10
1004
1217
n.d
1604
1334
1586
1208
1437
lep8
1986
2304
2475
2080
1838
1022
1788

' bendinz
Pérallel
Parallel
Parallel
Parpendicular
Perpendicular
Parallel

- Parallel
- Perpendicular
n.d.
Perpoendicular
Parallel
Perpendicular
Parallel
Perpendicular
Parallel
Parallel
Parallel
Parallel
Parallel
Parallel
Parallel
Perpendicular

504
to
2475

TABLE No, 50
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LAIERLIE
Compressive Strength
~ Lbs/Sq.in.

Sample'Av. parallel’iv. parallel’ T
Index 'to the Rift 'to the rift ! Average ' Average

ﬁumb.er' Blane . ' Plane. . . ' . Range
1 m‘.u 5896 5880 5388 3500
2 LT, 6047 6068 6057 to
3 L7, 4228 4306 4267 6057
a LT, 3432 3527 3479

TARLE No. 51

Shear Strergj_:_!_z_

Lbs/Sq.inch
Sample XA i)arallel Av, perpendicular K
Index 'to Rif;‘t ' to Rift plane ; Average ;' Average Range
1Lr,° 380 380 - 380
217, 415 405 410 312
3 L1, 405 400 402 to
4 LT. 315 | 310 312 410
TABLE No, &2
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Trangverge Strength
(Lbs/Sq.inch)

Sample’ Thirection of Rift piane '
Index ,Strength,in relation to direetion; Average Range

Number #alue R
1LT, 305 n.de 297
2 1.7, 383 n.d. to
3 LT. 346 ned. 383
4 LT, 297 n.d. -
TABLE No. 53.
LIMESTONES
Compressive Strength
(Lbs/Sq.inch)
Sample’'Av. parailel to0'AvV, perpendi=! 1
Nﬁiﬁr:tfxe giftlee ;cular to the : gverage :Average Range
1 1LMST, 7,825 8,183 8,004 8000
2 LMST., 25,018 25,825 25,421 o
3 LMST, 23,590 24,432 24,011
4 LMST, 10,790 11,254 11,022 25500
5 LMST, 9,250 9,738 9,494
6 LMST., 14,186 14,714 14,450~
7 LMST, 24,050 24,384 24,217
8 LMST. 8,050 8,230 8,140
9 LMST, 24,986 25,754 25,370
10 LMST, 22,679 22,801 122,240
11 LMST. 7,805 7,955 7,925

TAHLE To. 54,
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Shear Strength
(Lbs/sq. inech)

Sample ‘AV. parallel to'Av, perpendicular" "Average .

Index No'the Rift Plans.'to the Rift plane' “7°7°F7 'Range

1 LMST. 957 1,008 .. 957 .

2 LMST. 8,485 - . . 3,515 3,500

3 LMST. 3,068 ., 3,157 3,112

4 LMST, 1,638 . . 1,675 1,655 057
5 LMST, © 1,207 .. . 1,239 1,273

6 IMST. = 2,580 = 2,868 @ 2,724 to
7 LMST, 3,102 3,304 . 3,203 |
8 LMST, 1,150 1,306 1,228 3500
9 LMST, 3,409 3,533 3,471

10 LMST, 3,107 ' 3,205 3,156

11 LMST, 1,176 . - 1,225 1,200

~ TABLE Ro. 55.

Transverse Strength
{Lbs/Sq.inch)

Sample ¥ . "Direction of Rift  °
Index ' Strength Value ‘plane in relation to'Average range

1 LMST, 605 . Parallel.

2 LMST, . 1,904 - Perpendicular 600
3 LMST, 1,738 .~ Perpendicular
4 LMST, . 964 Parallel = to
5 LMsT, . 837 - Perpendicular

1950
6 LMsT, 1,623 - . Parallel .
7 LMST, | 1,688 - Parallel .
8 LMST., | . 788 - Parallel’
9 LMST, 1,932 : - Perpendiculay
10 LMST, 1,806 Perpendicular

11 LMST, BW% ar
Oe .
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GRANITE

Compressive Strength
{Lbs/Sq.inch)

—

SampletAv. Parallel'Av, porpendioT A
Index 'to the Rift 'cular to the ! ! Average ' Average Range

1 GR. 39,953 No rift plane 39,953

27,000
4 GR. 27,810 ~do= 27,810 "
o
5 GR. 48,248 .  wdo- 28,248 :
. 48,300
6 OR. 27,023 ~do= 27,023 u
TABLE Ro. 857,
Shear Strength
{Lbs/Sq.inch)
Sample'Av. paraliel’ -y ) '
Index 'to the Rift 'é"'tg“rpend““l” ' Average 'Average Range
Humber! plane '%0 ©ho HifY plane, !
1 GR, 4224 No rift plane n.d 4224
2 GR, 2045 " , 3948
3 GR., 3876 -on 2876
, 3650
4 GR, 3008 " 3908
: to
5 GR. 4850 b 4850
- 4900
6 GR. 36458 o 3645

TABLE No. 58,
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Transverse Strength

(Lbs/Sq.1nch)

Sample’ ‘ ‘Direction of the rift’ ,verace
Index * Strength value 1Plane in relation to ! aanzg .
Nagbep . . "Directilon of bending ’
1 GR. 3208 | No distinet rift

2 GR. . 30868 Planes v

| Rte - 2400
3 GR. Sample not sufficlent " to
4 GR, 2380 ",

it : 4500
5 GR. 4205 . .

6 GR. Sample not sufficient "

‘PABLE No. 59.

HIﬁE‘_IEEEgﬂﬂnﬂﬁﬂﬂﬁ
mgressive Strength

s/Sq .hlch

Sample'Av. parallel'Av. perpendi-'
Index 'to the rift 'cular to the : Average
Hnmhe2._‘aﬁlana‘.._“ﬁiit_nl&nﬁ ey

BS.
BS.

DI.
NO.
GB,
sY.

3
L

’HNNPHMPNHHWNH
2 g
[ ] L

48,801
38,035
48,250
29,838
31,350
34,280
36,650
42,850
40,400
38,358
45,048

39,876
40,785

No rift plane 48,801

»

n,

" .

=

2 =2 3 3 3 =

l

:Average Range

, 384,035

|
Nt Nt N N

)
)
} .

35,000 to 49,000

Aiens e dast

. o s

31,300 to 35,000

36’ 700 to 48’ 200

General Ranze

14,000 to 49,000

TABLE No.60,
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Shear Strengths
(Lbs/Sq.inch)

‘Sampie'Av. parallel’Av, perpendis' v |
.Index-:ta'the Rift ‘culsr to the ! Average - 1Average Range

-

1 BS. . 4932 No digtinet oo ) . |

| rift planes. ) |
| )+ 3600 to 4950
2 BS. 3&8 _ n. LY Vo ) ;

1 DIlQ - 4864, L ; o i
1 AT! | l o m‘s& n . . i s e Y , R
1 TT. 3356 " - ;‘ -

, : ' 3350 to 3950
2 1T, 3805 " | - ). ‘

1 DI . - 3780 a - W ); ‘

' | )} 3800 to 4300
1 Wo. 4006 " wwm== . (General Range
168, 3086 % eeeee 3000
18¢. . 35 " R to
2 6P, 3608 P e - 5000

TABLE No.6l,
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Transverse Strength

Sample' . .. Y Dtrectinn of the RLTEL ¥ L
Index ‘Strength Value' plane in relatian‘to ' Avarage Range

1 BS. 4738  No distinct rift Planes' 4750 to 3400
2 BS, 3888 S
1DL. 4655 ' n
1 AT, 2009 "
1 17, 054 | : " ) .
- ) 3050 to 3600

e 1T, 3598 " ) I
N 3600 " )

| | | ) 3600 o 4000
2 pI. 3086 | ")
1 No. 3805 " : General Range
1 GB. 3775 | U o 3000
1 s¥. 3622 " » to
2 6P, 3445 " | A800
1 CH, 4200 o o

| TABLE No.63.
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Marbles & Cifxstalune Limestones

Compressive Strength
(Lbs/Sq.inch)

Sampie e Tavn e
Index +AV. parallel to , Av. perpendicular ,

Kupber'the Tift Plane, , to the Rift planre , Average range

10, 25,334 No distinet planes 16,000

2 CL, 24,500 " to
1 MB, 21,040 * 26,000
2 MB. 26,316 "
3 MB, 20,785 "
4 MB, 21,018 "

TABLE No .63,

Shear Strength
(Lbs/Sq.inch)

. T ' ! - 1
ggxggie' Av, parallel to (Av. perpendicular ,

Nuobegtthe rift Plane ito the Rift Plane , :Vorage Range

1 CL, 4558 No distinect Planes 2500
2 cL, 4275 n to
1 MB, 2806 ] 4800
2 MB, 3985 n
3 MB, 2504 "
4 MB, 3375 n

o

TABLE No.64.
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Transverse Strength
(LbS/Sq oinch}

Sample 'girength Direction of Rift Plane |

Index , Value :1n relgtion to Direction: Average Range
1 CL, 4026 No distincet planes 2400
2 CL. 3996 " to
1 mB, 2778 " 4000
3MB, 2498 = = =
4 MB, 3286 "
TABLE Ho.65.

Sample'AV, parallel!Av, perpendi=-' ‘
Index :to the :cular to the : Average : Average Hange

1 6L, 23,675 24,836 = 23,755 19,000
2 s, (See under Limestone 2 Lm,St) to
3 s, 22,356 23,988 23,171 25,000
4 sL. 23,008 "2;;496 23,207

5 8L. 19,937 20,675 | 20,256

6 SL. 23,537 23,858 23,697

TABLE No.66.
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Misc. Metamorphlc Racks

Compressive Strength
(Lbs/per sq.inch

Sample'Av. parallel’ y.perpe LA '
Index ! to the rift) fz £§§p§§§§°§%§§e; Average X §g§§g°
liuober” . Flano. A

No distinct rift

1.QzT, 35,375 " - g
3 QzT. 29,786 n - ; 29041 .
{ , , . . o
4 QzT. 28,975 8 . - )
| B - 35000
1 on, 30,286 34,325 32308 ) -
; ) 30158
2 GN, 27,055 28,067 28011 ) -
1 PH, 3,806 4,508 4202 g
2 PH, 5,275 5,505 5390 ) 8007
3 PH. 8,038 8,406 )
1 scH, 3,537 3,605 3571
KH., 20,856  No distinet plane -
CCL. 15'1&8 “, had

- TABLE No.69,
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. Lbsfbq .1nc§

Sampleﬁv. parallel‘Av, perpendh’
Index :to the Rift :cul_ar to the : Average

1 QzT.
2 qzt.
s q.
4 QZ‘E:.

1 GK.
2 GN.

1 PH,
2 PH,
3 PH,

1 SCH,
1 KH,
1 ¢cL,

5035

4706
4804
5055

3858
3175

250
s
2'86
9.75
2258
1ies

' ‘ "

¢ Average
s Range
No distinet
Plane of
rift n.d.
n - )
| ) - |
" - ) 250
- ) 4597
" - 3 to
" - ) 8000
3906 3882 )
o ) 8591
3425 3300 )
1680 965 ; |
1756 1030 g 27
1508 042 )
1804 1139

TABLE No.,70,
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Transversae Strength
Strength Value
Lbs/Sq.inch,
Sampie ¥ " "Direction Of Rift '
Index ' Strength Value 'Plane in relationto 'Averasge Range
Number * ‘ ‘direction of bending'
o No rift plane
) n.,d.
1 QzT. 4875 "
2 QZT, 4538 " 1500
3Qzr. 4388 L to
B QZTB' . 5006 - | 5100
1 GH. - 35086 Perpendicul ar
2 ON. 2635 Perpendicular
1 PH, 1575 Perpendicular
2 PH, 16_98 Perpendicular
3 PH. . 1507_ Perpendicular
1 SCH, 1872 Perpendicular
| KH. 1986 No distinet plane
1875 No distinet plane

TABLE No.71.
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RISCUSSIONS AND CONCLUSIONS

Comprassive Strongth -

It is well known that the common stones are very strong
and durable building materials., No stone which is likely to
be used in any engineering project will ever fail under the
crushing loads. Further, a small test plece under a testing
machine may fail at a particular load but in actual practice
it is incrushgble. Inspite of these facts, we find that the
most common test carried out for the evaluation of a bullding
stone 1s the ¢rushing strength. This is performed as it gives
certain engineering information which readily acts as a factor
of comparison in the case of stones of different origin and
composition, Since slates are not used as masonry material
for walls ete. the cohpressive strength is not so significant
as much as the modulusg of runture. From these points of view
the relationship of the compressive strength and other engi-
neering as well as physical propertles have been studied and

discussed,

It has been observed during these tests that the ecubes
of the game rock such as Dholpur Sandstone and Bhulvan Granite
having the same size, shape and character of bearing surfaces

4,
failed under different loads. In order to establish this actualggé

T i
caugse of these variations more experiments need to be performed

—— e e e -

in each casge. Howevé}:'in all probabilities the cause of these
variations lies in either of the following :
AN

I(u
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a) Faulby method of quarrying

b) Distribution of mierocracks and incipient
pPlanes of cleavages in stone and their
. relation to load distribution.

¢) The degree of dryness of stone.

" d) Seasoning time., VA A o ynl&wd-zlégw
¢) The degree of‘weatheiing. ' ’ .

Modulus..af Hupture.

As atatéd above, an attempt has been made to ascertain
if there is any relationship between the compressive strength
and modulus of rupture in case of ‘'Indian Buildihg Stones?.,
Graphs have beén plotted (Figs. 20,21 & 22) sepefately for
the two values i.e. along and across the rift planes, From
a study of these graphs there appears to be a close relations
ship between these two properties, but the degree of variation
is quite different from rock to rock. For example, the curve
of relationshlp in case of sandstones is quite different from
that of limestones or granites (Fig; 22 to 22), Hence, no | ‘9
general curve can be drawn and each ;;;iéty ;} rgc'\has to be

referred to its own curve for this relationship,’

Similarly the relationship between c¢
and the shear strength have been ghown ir
In this case also the value for the she

vendicular to the rift planes have be






Ssi' ¥ loeo

F -

g

IFFPFDR B

13

ov

RO DL US

Y PN
v

' -

}

. .

oML SRNGT VMO 0% RS

I'i;LI‘hiiwllllll

|

———r=l

4

COMPREAVE STRBRGTH W by 000"

IR N EEEEEE

' 1
|




T) IN PS5t X loo
— — > »> » »
[>~% B e © - ™~ Are
1 i Py % Py :

— — —
— ~ Fo=
i 2 -4

MoDuILS OF RUPTURE_ (PARALLEL To RIF
=

—
[=]
P

-
[

COMPRESSIVE  STRENGTH Vr. MOQULUS OF RUDTURE

FlG, 2

OIS LA TE
'
i

+

)

e "“"—*(x roo = 1 -

COMPRESSIVE STRENGTH IN 95}

i

BN Sy oy S e ey s Bams S e
s M4 5 6 e 1% b 2 2y 24 g

516 :



el
o
=}
T‘Q
-
=
l |- -~ -
P
.. vo‘ - —
<
=27

. Mobdy

4
4

a

v

" ool X 1r4 ™ .m.pu:u ol YNN3ISY

) 33

14

-

& ¥

R

ol e

i
bl
)

- B S P .m.l‘ -
. ' i ] £
T - PSUSEES & Y- ~F e ~
n s B ks L4 s
- S-SRV S SN S S S e -
- : ﬁ .
- e a e me o -

RENGIW. INLP S

e

i
t
k]
i

'

+

-t

- e - u —_— = -—
= S
; — L i A L b sk
S e e LY SRR B
— ”ﬁ - - g H . w . - n
- (U3 NT] —— e e . e
Z|a _ . - L lel2
PRI WEDY SUSE I e v B e —— e~ . S SO in.‘l.mljlalr!. B
e - H . T -
- H SEE T SO m
{ n PR ) .
= abf - - T T e LR .L!M.N.Imr - A e
= - RN N -
“-B . ! “,Mi N IR i
=—d I - - — po o} e m e e e e T e e e e e e e e et KT L g
=] . ¥ . ¢ e Lo . L} T i
- yc — - e e e lml.c..lllb v e r—— Lo« ‘9 - ¥ ] - - —4- ;.,. s W v w.r‘.lrﬂrthd\sfccx.w\m ..nl. — b ~ —
. A S IR L S b e et NG e s B e
- g s — a.ry..!ll...!i\llxrud;l)ln et ‘Ll.wlf.!i.m..ll — e e e e .wn e St I Yy T e e e
; 4 3 : . . 3 i - 1S . - B
i i - j - - PO S .z“i,,r AR N L . W P T b B
: ! A S T A LN v
- - S e b i bl ol bttt S -Jl.,.m,_xtqtlwfnml.»s..T reT e
- : - : N e O Booarends = em o - i
i : . X : . ' t ._ S HEEAR ' e Do -
LR B | LA 1 r o ¥ 7 ! ! { | A BRI ¥ ¥ - :
. . ) - . . v M i e e ek = Ee . . . e = -
g T 2 e b wm g = 2 wRm oA @ e



=g 124 e
and each type of stone has a curve of its own,.

From the above two relationships it can be safely
concluded that the relationship between the modulus of
rupture and the shearw-gtrength can best be known through

compressive strength and not directly from these curves.

The purpose of any classification ig to place certain
nunbers of a particular family in one group depending upon
their similagiy in s meny aspects as possible. Similarly, .Z;/
an attempt has been made to classify the different ‘Building
Stones' in various classes where each class broadly signifies
the physico~-engineering properties of the stones belonging to
that particular class, |

This is done for the purpose of trade and commerce in
addition to its use in engineering terﬁflogy. For example, 47L
a granite belonging to ‘'Hardness No,12' megns that its
compressive strength 1lies between 36,000 to 40,000 p.s.i,

and wt/m@ft. is in between 175.25 and 176.25,

A similar classifieation which i1s quite unique and
singular in nature so far has been proposed by the French
Standards?® , 1t refers only to caleareous rocks which are
devided into 14 classes on the basis of the relationship between
modulus of rupture and density. However, this does not satisfy
the purpose and as reported by Mr, Demaré4z.a fresh classi=
fication with a different basls is being aétempted in France also.u
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It 1s well known that the chief characteristic for the

utilization of stones is their resistance to failure. PFurther,

e e - e T

1% has also been cbserved that in the trade of building stones

in this country, the quality of a stone, its price, and the

rate at which 1t is likely to be cut and dressed is decided =
by the wt/cq?ft. ‘The higher the wt/cu/ft. the lower the (43;31
cutting rate., Hence, an attempt has been made to establish

a genersgl relationship between the engineering properties and

the physical properties of rocks ow the basis of which a now
scheme of classification is proposed.

*

' It has been concluded that the compressive stremgth gives

ﬁ fair idea about the modulus of rupture and the shearing
strength of a rock, Further, it has also been soen that the
apﬁarant gpecific gravity is closely related to the wt/cufft s

of a rock.

The results of the compresgizg strength of the rocks av;g:
tested and used as *Building Stones' were plotted 4in a graph
along Y-axis against the wt/cufft. The compressive strength
Parallel and perpendicular to the rift planes have been averaged
for the purpose of this clagsification. From the trend of the
Points on graph (Fig. 26) it has boen observed that the points

e——————_y

lic along a curve of the type of a rectangular hyperbola as,%bxjﬁf
shown in figure 26, |

————————

The equation derived for the governing law of variation

of these tvo characteristics is
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. 5 x 10°
195 - W
vhere C = eompregsive strength in p.s.l.

= Welght per cubic foot,

On the basis of the above lav of variation, the rocks have
been claséified in general and are given in tgble No, 72,

From the figure 26 it is ¢lear that as the compressive A
strength 1ncreases the rangé of the Ut/quft. becomes narrow<a{:;>

g/

and narrow t1ll such time when the general curve becomes AT o
. ¢

i e

parallel to the Yeaxis.

w77
i

Though it 1s possible to correlate the otherigngineering

properties like modulus of rupture and shearing strengths with
wt/cuﬁ@t. it has not boen done because the correct assessment <
of properties on the basis of curves obtained by the correlation

of physical properties of each type of rock with other engi-

neering properties, can only be done after the compressive

strength is known,

For example, having lnown the Wt/cugft. it 1s possible *
to get theoritically the compressive strength of a stone appro-
ximately. From the compressive strength the correct agsessment
of other two properties like modulus of rupture, and shearing
strength can only be done by referring to the respective curves X
,(Figx 20 to 25). These respective curves agre different in case /7
of each type of rock,
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Hence, this classification should be treated as a
general classification gnd should not be extended to all

Zather physical and enginsering properties such as modulus;
| AV

of rupture or shearing strengths directly. Such an attempt

fwould obviously mean a declassification.

~ For the gake of simplicity the average ranges of the
gengiheering prbperties in case of the 'Building Stones* i
fhave:been bhiefly:aummarized in the following table on ngxt
page. | |

I P
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CEAPTER VII.

[iII;RLMS&a PROPERTIES OF INDIAN BUILDING STONES M‘\‘”/(
o et Y
'Dynamic ﬁodﬁlus of‘Elasticity’ is an important property
in case of building materials. The conventional mechanical
methods of determining the dynamlc modulus of elasticity does X
not explain the causes of variation in test results obtained /A%ju
in case of similar rock types. The influence and the relatione
ship of the physical, chemical, engineering and the petrographic (.
ehara;;;ristics of the materlals with their modulus of elasticity
could not be studied by these methods., Hence, the use of
'Ultrasonic' and 'Sonic! methods of determining the modulus of
elasticity has been adopted recently48'49' ‘

Ultrasonic Properties.

Ultrasonic waves (waves of a frequency more than about
20,000 cycles) have become of great importance in recent ysars.
Their unique properties have been applied to the industrial
testing, signaling, medicine and rock drilling ete.48’49'

i
The propagation of the mechanical waves in golids in
genera%,has besn studied theoritically for many years. It is
now well known that three types of plane waves can be trange-
mitted by the unbounded medium. In isotropic materials these
are {a) longitudinal wave with particle motion along the directi
of propagation, (b) two shear waves with particles motions per=-
pendicular to the direction of the propasgation, In an aniso=
tropic material these three waves are also propagated but the
particle veloeities are not usually along or at right angles to
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the direction of the propagation so that no wave is striectly

longitudinal or transverse.

Bounded media transmits waves at velocltles which depend
~on the mode of transmission, the frequencies of excitation, the
~ elastic constants and the dimensions of the sample, The fre-
quencies are usually above the audible rangevand therefore this
‘name Ultrasonics has been applied to this field of work 18149
The study pt wave propagatiuﬁ and the interpretation of velocity
that is measured in the media will throw lighf on the mineralogic
petrographic, physical and engineering properties of'rocks used
as building stones. Tho velocities depend not only on the elas=
tic and physica1 eonstants, but élso on grain structure and other
petrographic characteristics of rocks under test.

' The ultrasonic pulse veloeities in the lomgitudingl mode

of propagation have been determined and are given in table No,74.
SONIC PROPERILES

'Sonic! is the technology of sound as applied to problems
of measurement, control and processihg. It encompasses the analysls
testing, and.prpcessing of materials and products by the use of
mechanical vibration energy. Hence by this teéhnique we can 6ff;¢;‘
measure elastic constants of solids and nonisotropic stresses -
and inhomogenieties can be analyzed. |

The dynamic (éﬁnic) modulus of elasticity is an important
property of a materiagl for building purposes. The apparatus and
the method of study of thig property has been dealt with in chapter
IV, The fundamental resonance frequencies 1& the transverse mode
of vibration and the sonie modﬁlus of elésticity as determined in

case of the Indian rocks are given in table No.75.
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81015 AND CONC

ith a viewv to compare the results of elasticity
obtained by the 'U1t£ason1c' end 'Sonie? ‘msthods, a graph
was plotted (Fig.27), From the relationship obtained it 1s
evident that there ig a close coincidence betwoen the résuits
obtained by these two different techniques, |

However, it has been seen that certain point such as
Ngﬁ 2, 4, 13, 16, 17 and 19 corresponding to Sandstone from v
Mirzapur, Limestone from Ramganjmandi, Basalt from Bhopal,
Marbles from Makrana, Bhaislana and Kishangarh respectively,
do not follow the general trend of the curve. In case of o lims-
gtone from RémgahgmAndi the devigtion may be dué to the flagey
nature of the stone., In such cases the velocity is effected at
the parting surféces. In ease of red sandstone from Chunar vek-t
{point ﬁo.é) the low values of sonic modulus of elasticity exd vkt
are perhaps due to the fact that the samplas were cut perpendi-
cular to the bedding plane and the transverse mpde of vibrations
are bound to givé low values in such cases. lBasalt from Bhopal
(13) was slightly weathered and the plagioclase laths showed
marked alternation of their grain boundaries. The clay minerals
so formed at the boundaries.generally reduce the frequency of
vibration in ease of ultrasonic pulses. HMarbles ?rom Makrana,
Bhaislana and Kishangarh (16, 17 and 19) have randomly distris
buted cleavage directions of Caleite crystals and it appear that
theée differences in cleavage directions han effected the ultra-

gonie¢ wave veiocitieé. On the other hand in cage of transverse
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mode of vibrationsmnd the whole mass not only behaves as one
but perhaps the 1nteriocking of grains helps in giving higher

values.

Further to show the influence of the physidal properties f
like density on~e1as£icity and the ultrasonic pulse velocity,
graphs showing the relationships have been plotted (Fig, 28 and |7
29)Y. From the curves obtained, it is cleér that there is a

-

close relation between these two important properties. Deviation
of points 4, 7, 9, 14, 15; 16 and 18 corresponding to Limestone,
Granite, Syenite, Quartzite; Slate, Marbles respectively, is
indicative of theflifference in the inherent characteristics of
thegse materials., Limestone (4) 1s a very compact and fine

grained rock. As the ultrasonic pulse velocitles travel at a
higher rate in homogenous continuous medla, it is expected that
the velocity in limestone like the ons tﬂggyed here will give .~
higher veloeities. Coarse grained hetrogeneous mass will always
retards the ultrasonic velocities. Similarly Granite from

Andhra Pradesh (7) has showm low frequencies as compared to its
wt/cu.ft, Propagation of waves is effected by the crystal
boundaries also. Agaln In case of sedimentary quartzite from
Bangalore (14), the quartz grains being in optical continuity

with each other makes it a solid homogeneous mass and therefors
has given higher values, Similarly Syemite (9) has acted in

an expected manner,

In case of Slates the position as has been observed
here 1s slightly different. Two different velocities have been
noted in two different direetions. It was observed that the
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mode of vibrationsmmit the whole mass not only bchaves as ane
but perhaps the interiocking of gra;ns helps in giving higher

valuess

Further te show the influence of the physidal properties
like density on'elasiicity and the ultrasonic pulse velocity,
graphs showing the relationships have been plotted (Fig. 28 and
20). From the curves obtained, it is clear that there is a |
¢close relation botween these two important properties. Deviation
of points 4, 7, 9, 14, 15, 16 and 18 correspending to Limestone,
Granite, Syenite, Quartzite, Slate, Marbles respectively; is
indicative of theflifference in the inherent characteristics of
these materials. Limestone (4) is a very compact and fine
grained rock. As the ultrasonic pulge velpelitles trgvel at a
higher rate in homogenous continuous medle, it is expected that

the velocity in limestone like theo ons t"ggged here will give

\

higher velocities. Coarse grained hetrogeneous mass will always
retards the ultrasonic velocities. Similarly Granite from
Andhra Pradesh (7) has shown low frequencies as compared to its
wt/ecu.ft. Propagation of waves is effected by the crystal
boundaries also., Again in case of sedimentary quartzite from
Bangalore (14), the quartz grains being in optical continuity
with each other makes it a solid homogeneous mass and therefore
has given higher values, Similarly Syerite (9) has acted in

an gxpected manner,

In ease of Slates the position as has been observed
here is slightly different. Two different velocities have been
noted in two different directions. It was observed that the
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velocities are higher in ‘Grain' (Fracture) direction than /m
- Con
across 1t, {(See Table No, 76). '

The relationship between sonic modulus of elasticity
and the wt/cu.ft. 1s evident from figure 29, The deviation
of Granite from Andhra Pradesh (7) is perhaps again due %o

its hetrogeneous coarse grained texture,

Lastly to drav a comparison between the physical
properties with engineering propertics a graph showing com-

pressive strengths vs. Elasticity (*ultrasonie) has been plotted. 8
(Fig.30) This indicates a close relationship between the two
Prﬁﬁerties except in case of Limestone from Ramgan)mandi

(4), sandstone from Dholpur (1), Granites from Dodaballabpur
and Andhra and Slate from Kurnool. The probable reasons of
the exceptional behaviour of the ultrasomic velocities, through
thase types of rocks has already been explained in connection
with the discription of fig, 28 agnd 29 given above., The dovie
ation of the points in the graphs givon in figure 27 to 30, -
could partly be explained in response to the effects produced
by other Physico-chemical properties also, but in order to
establish definitely the influence of physico=engineering

and petrographic properties a series of tests on the lines
carried above would be required and shall form an interesting
study. |

1Grain' (Cross Practure) 41g an important property in

case of slates for the purpose of quarrying and laying over the
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roofs., Determination of the direction of ‘Grains' when it ¢
is obscurely shown on the cleavage surface becomes a difficult
task in slates.

During the ultrasonic test two wave velocities were
noted in case of slates as given below in table No. 76.

'Ultrasonic Wave Velocities in Slates’

N aaGa. . Yelocit Bemacks
Slate 5" 20. ft/see.  piomg the
20,830 'Grains!
Slate ar 12.5 13,330 Across the
N ‘ 'Grains!

TABLE Wo.76,

From the above results it 1s obvious that the ultrasonic
waves travel faster in the.gfains,direction. Expecting a simlilar
behaviour in case of heat waves travelling along and across the
‘Grain' the following test has been devised. Conmrd e bV

The slate i1s sawn in a direction parallel to 1its
TN
cleavage and(égg_?ﬁ)the sawn surfaces 1s made exceedingly smooth, ~
This surface is covered with an even and very thin coat of a
mixture of the double iodide of copper and silver in the ratio
of 858 and 157 respectively. A pointed flame is then applied
to the slate opposite the centre of the coated surface. The

bt v — T ——

o
heat changes colour of the coated surface from red to almost ‘f%éx

- -

black and the transition ig exceedingly sharp to note the E:Z:,

L
A

15
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direction along which the changes are more rapid. The
media of application for these pigments should. be aleohol

soluble ureah?OrmadehydéAresiﬁs,'shellac or gums, -ﬂ

The direction along which the colour changes are
more rapid is the direction of the 'Grain' or *Cross

Fracture' 4n case of slates.

The test is proposgd‘as~a fiold method since
‘fﬁltrasenic Method! 1is difficuit and cumbersome at the
'quarries or at bullding sites,

L T L
. - B
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CHAPTER VIII.

Bullding Stones = not only of India, but of any country cover
almost all rock types =~ igneous, sedimentary and metamorphlec.
Obviously to describe the rock types in detail without having

any particular application in viéw, is an endless g{{ggg. In j%qﬁ
this 1ittle space attentiocn has been devotadtenly to describe

a few broad characters to have a better understanding of the
internal composition, texture and structure of the Indlan

Building Stones'., Optical and other detalls of properties of

the constituting minerals have been purposely avoided since

they do not appear to have any importance in this study. The
elassification followed here is according to the Indian standardsso
Rocks have been described in order of their importance as 'Buil.
dipng Stone!, However, within the groups a phranological order v

has heen maintained as far as possible.

1. SEDIMENTARY BOCKS .

Sedimentary formations supply the maximum quantity of
gstones for building purposes, because of the ease with which
these can be quarried, dressed, cut and polished.

SANDSIONES.

A sandstone consists primarily of a framework which is v
the detrital sand fractionfl Voids and pores are the empty spaces
in that framework, Hence the study of a sandstone, therefore, v

centers round on the frame work, its character and make up, nature
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and volume of voids and void filler. The nature and volume of
volds have been studied in Chapter No., V where miero, macro and
total porosities have been described glong with the poare-struce

\
tures. The properties of the frame work, its nature and quan~- |

titative percentages in proportion to the int:agranular detritus v
are illustrated in figure No. 31. From this it Qould be elear,
that all sand-stones used ‘as building materiéla are mainly comJ‘K
posed of quartz grains and the voids are»fillédvintragranular

detritus of varying compositions,

structure and Texture,

Hamamsag ar Sandstone'(IZSST5 is a compact well graded
- sandstone belonging to Kaladgi Series of Cuddapah gystem of
Peninsular Indiaslo ‘ﬁost of the éandstonas used in buildings
are from Shahbad, Dholpur, Kotah, Jodhpur, Bhilwara, Bikaner,
Mirzapur and Fatehpur Sikri area (1 8sT, 16ssT-228ST). They

all belong to.ﬁaimnr and Bhandar Series of the Upper Vindhyans.
| Bhandar sandstones are thick bedded and differ considerably from
Kaimir sandstones., Wide spread ripple markings and frequsggi) gzi;
current beddings indicate shallow water deposition. ' Their fine
and mniform grain size helps in easy dressing and é;rV1ng of
the stone (F1.23 Fig.l). GSandstone from Panchmarhi (9sSST) are | ’*

Lot
coarse, vhite, usually soft sandstone., Beds are seperable from o

one another by layers of white sub-anguler quartz pebbles.
Current bedding is common.Sandstones from Orissas near Cuttack
(14SST) belong to the Athgarh series of the coastal Upper
Gondwanas>®. Sandstones from Songir, Kutch, Dharangadhra and
Ahmadnggar (2 857, 4 8ST, 5 SST and 11 SST) are alsc fine grained
sandstones belonging to the Upper Gondwana agesﬁ: The outerops
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PLATE No,23 Fig,l
PHOTO-MICROGRAPH OF VINDHYAN SANDSTONE SHOWING FINE

UNIFORM GRAINS X 60 Q = Quartz Gralns,

PDATE No.23 Fig.2

GONDHANA SANDSTONE SHOWING GRAINS OF QUARTZITE.

X900 = Q= Quartzite Grains
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are noarly horizontal and the lower beds comprise of soft
vellow sandstoncs with white specks of Kaolinized felspars

and forruginous concretions., These sandstones are generallj
white with pinkish markings and streaks. Grains are loosly
aggregated. Some samples also show a little percentage of
quartzite graing vhich give the sandstones a conglomeratic
appoarance {(P1.23, Fig.2), but the more or less rounded grains
of quartz alvays maintain their 'individuality and the bedding
15 invariably distinet, Current bedding is common and the
beds are traversed bi strings and veins of caleite., They vary
greatly in texture, Sandstone from Barda Hill (6 SST) vhich
is popularly known as ‘Porbander Stone' can be classified
sometines as sandstone and sometimes as limestone depending
upon the percentage of silica and lime in the sample. It
containg remains of the foraminifers. It is usually éandy |
or clayey in nature with porous and golitic structure. Nahan
Sandstone (15 SST) is a hard fine grained, grey purplish brown

sandstone of Tertiary agefg

Mineral Charactexrs.

The great serles of Vindhyan Sandstones from Shahbad,
Dholpur, Kotah Jodhpur, Bhllwara, Bikanor, Mirzapur and Fateh-
-pur Sikri area include sandstones with 705 to 90% or even more
of vPll rounded and excellontly sorted quartz grains (P1.24
Fig.l)., Sandstones from Shahbad, Dholpur, Kotah, Jodhpur,
Bhilvara and Bikaner (1 SST, 16-20 8ST) belonging to the Upper
Bhander Seriaes are less metamorphosed as compared to those
belonging to the Kaimur series i.e. from Mirzapur and Fatehpur
Sikri Area (21 SST, 22 SST). In Kaimur Sandstones the sand
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grains are nearly sll beautifully rounded and coated with a bfoé
JR— . e € o~

cement of secondary silica, Tourmaline is sometimes seen. -~ * -~

byt

Felgpars are abgsent., Under the microscope, the boundaries
between the overgrowths of secondary silica and the original
detrital cores are usually well displayed by thin ™dust rings"
(P1.24 Fig.2).

In the case of sandstones of Upper Gondwana from Dharang-
dhara, Athgarh, Ahmadnagar and Kuteh ete, as deseribed above,
quartz particles are present with Kaolinlzed felspars in varying
amounts, Pinkish markings and streaks of limonite with occasional
ferruginous coneretions are invariably present. 1In certain cases,
such as ngghmarhi Sandstones (95ST) some angular gquartz grains v/
are also seen under the microscope while the very coarse varieties

show some grains which are made of quartzites.

Minergl Chargcter of Cementing Matrix.

The Upper Bhandar Sandstones are generally characterized 3/
by the deep red colour with spots or speeks of white tints., Some-
~times bands of red and white colour are beauzifu11y~gfgggggd. The .
¢olour gouree is invariably iron oxide and as such thege can be o

eailed'ferruginous sandstones (P1,25 Fig.l). The white spots and
bands alternating in these red sandstones which are very popular

in Delhi are reported53 due to the bleaching action of carbonated
waters, Kalmr Sandstones are greysh, yellowish or pinkish and
sometimes speckled with brown or brownish purple patches., In this
case the cementing matrix is ff%%fa clay (P1.25. Fig.2). :zglour v
is due to the various oxides of iron staining secondary minerals

in the matrix, Dendrites of manganese oxide are seen in both cases.,



PLATE No.24 Fig.l

PHOTOMICROGRAPH OF DHOLPUR SANDSTONES SHOWING WELL
ROUNDED AND EXCELLENTLY SORTED QUARTZ GRAINS
X 65 Q = Quartz Grains & I. =

Infragaanular Delritus,

/- &
2

PLATE No.24 o o

PHOTOMICROGRAPH OF SANDSTONE WITH AUTHIGENIC OVER=

GROWTH OF SECONDARY SILICA _QN THE PRIMARY DETRITAL
QUARTZ GRAINS, O = Overgrowth of Silieﬁkx 45
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The Upper Gondwana sandstones the cementing material
isamixture of silica and iron, 8Small veins of calelite are
somotimes seen, Clay also forms an appreciable amount of the
void filler, In case of Nghan Sandstongmgilica and some clay Y
matter forms the cementing material, ‘'Porbander Stone! (8SST)
i3 a ealcareous sandstorne composed largely of foraminiferal
shells and some c¢layey and sandy material.

The relative proportion of cementing material to grains
| can be Judged by Fig. 31, | 4Qn7
LIME" N » Y ' /1-'M :

v
Iimestones rank next to Sandstones in/use for building '.

purposes. These are especially employed for flooring and
facing purposes. Generally there is a wide gi{ffggqce in =
texture and structure of the limestones and the variations el
are easily identified in hand specimegc Occasionally thé :

variations can only be brought out under the microscope., After Hi

the studies of physical, chemical and engineering properties,

it has been obgerved that in the case of limestones petrographic
examination in general does not yleld enough additional infor-
mation to justify a detailed examination,

The fabric of all the Vindhyan Limestones has been briefly
studied. They show an anisotropic crystallographic fabric. In
some sections only a randonly scatterad distribution of calcite
and dolomite crystals has been observed with dimensional (rather

than crystallographic) fabric like other mechanically deposited
materials,
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In limestones colour ranges from pure white to black and
any kind of shade can be expected within them, The variations
in colour are due to the character and amount of impurities
present. The prinecipal colouring agenté éie organic matter and

iron oxide.

Kaladagl limestone (7 Lm.St) occurs in varieties of pink,
purple, green, grey and black and belongs to the Kaladgl series
of the Cuddapah system. Khandsra limestone (6 Lm.St) is composed
of well bedded limestone of fine grains but occasional secondary
silica particles are observed. It varies 4in shades of grey or
buff colours, but is seldoﬁ red. It belongs to Penganga beds of
the Cuddapah System.sg

The famous‘Cuddapah Slabs' (2 LMST) belongg to the Narji v
Stage of Jammalmaduju Series of Vinﬁhunyanshsg ?@gg_are~calcareous

Y
slates, deep red, green, black, grey and white in eolougt- These e

are extremely fine grained, and compact, The non-compact, erystall- -
ine variety is somewhat siliceous in composition, The grey varlety
which 1s crystalline and compact weathers with surfaces resembling
certain corals. Near Kurnool, it rests on gneisses and becomes X

—

cherty and brecciated.

-"Shahbad Slabs" (3 Lm.St) are found generally as flaggy
limestone., The rock is for the most part fine gralned and has a
texture approaching that of lithographic stone. Grey is the pre-
vailing colour but{d§;§;and pink tints are common, Y

Yy

§%§n4 (5 Lm.St.) is a fine grained unfossiliferous limestone
of Vindhyan system. Ramganjmandi Limestone (9 Lm.St) occurs as flag

AR
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stone in thin seams extending over a large area south of
Mukandwara upto Au River in Rajasthan. It belongs to Nimbaghera
stageB% of the gemri Series. The Chittor limestone (10 Lm.St)
1s a fine grained, non-crystalline, generally hard, smooth,
compact variety and the layers are generally only a foot or too
thick, It can bo obtained in all shades of grey, greyish green,
pale bluish with occagional layers of brown, pink and chocolate

browme.

Jaisalmer limestone (11 Lm.St) is a yellow, fine and
uniformly textured Jurassic Limestones. An ;arnamental stone
from Abur (27905': 70937') is a dark red, fogsiliferous limestone
vith yellow shells. It conslsts.of thick_? buff coloured, inter-
stratified bands of siliceous varietties-wi;*gfxv platy form of grains.
(P1. 26, Fig.l). In trade it is called _?.,i/( 'Marblo’.

' PAndara limestone (4Lm.S8t) 1s a fine grained fossiliferous
limestone of orange yellow colour which become red on exposure

to weather,

Khagi Hills Limestone (1 Lm.St.} popularly known as v
'Sylhet Limestone! belong to the Sylhet limestone stage of v
Eocens agessv‘ These are fossiliferous limostones with nummie- 5’.;3.1%,,
lities and are often of very high purity and quality. Wiy f":‘"

. — —— eotyest
LATERITES

Petrographically the subjoct of Laterite is of much con=- s.;/‘,.\(
troversial nature. Depending upon their probable mode of origin

the laterites have been classfied as 'Primary (formed in situ)
56
and secondary (detrital and reconsoclidated) . The primary laterite
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PLATE No,26 Fig,l
. D
SURFACE PHOTOGRAPH OPF JURASSIC LIMEOSTONE WITH

YELLOW SHELLS (NATURAL 8IZE)

PLATE No.26 Fig.2
PHOTOMI CROGRAPH OF PINDARA LIMESTONE x 60
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is a residual weathering product of various types of igneous,

sedimentary and metamorphic rocks. 9
Laterite) from Pattukkottal (1 LT) and Bhandara (2 LT) v

belong to Primary class where as those from Belgaum (3LT) and

coastal districts of Orissa are classified as "Secondary”.,
p_((f R

Perhaps the most obvious faet asbout any type of laterite
is its porous nature. Primary laterites (1LT and 2 LT) are
pisolitic in nature (P1 27, Fig.l). The tortuous tubes are
quite irregular and have no direectional arrangement (91.2? K

M,g2). Sometimes they are vertical and occasionally horizontal.,
The matrix of the mass 1s generally ferruginous, and the tubes
are lined wifh a limonitic glaze and filled with cream coloured,
powdery, aluminous laterite or lithomarge. The surface 1s always
irregular rough and frequency of scoriaceous aspect. In the {ﬁ:”x
detrital varieties from Belgaum and Orissa (3LT and 4 LT), 1t 1s
often possible to distinguish grains of quartz embedded in the
rock, )

The mlicrostructure and textures of amorphous parts of
laterite are exceedingly complicated. It appears they have

some fine grained cellular and micro-crystalline structure.

The microseopic examination of thin sections of 'Laterites’
has falled to reveal any transparent crystalline mineral other
than gibbsite. %he constituents of laterite are possibly in the
form of colloid gels with'variable HoO content (see next chapter
No, 1X). '



o PLATE No.27 Fig.l

rem - ;
{SURFACE PHOTOGRAPH) LATERITE SHOWING PISOLITIC STRUCTURE

' PLATE No.27 Fig.2
PHOTOMI CROGRAPH OF SHOWING LATERITE TUBES ARRANGED IRREGULARLY

—— —

AND HAVING NO DIRECTIONAL ARRANGEMENT
T = Tubes.
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11. IGNEOUS ROCKS

Igneous rocks are used as 'Building Stones' mainly in
South India, where they are exposed in abundance. Their use
is more popular because of the non availability of good quality
sandstone deposits.

Except for the traps, they all belong to Archean System.

Granites

The word ‘'Granites' as commonly used in the stanes‘A

composed of mainly quartz and felgpar with usually some mica,

liv

occasionally hornblenﬁe and rarely augite. The technical pro-
perties of granites ss congidered important from the commercial
point of view, are diffe#rance in colour, structure, texture,

fabric, == coarseness of grain and mineral constituents,

Colour

The colour of granites is determined largely by the colour
of the predominent mineral which in most c¢ases is felspar and in
few cases by the occurence of dark minerals like blotite, horn-
blende and augite, H;;t of the commerclal granites available in
India are quite rich in colour combinations. The usual shades
are vhite, mottled white, light grey, grey, dark grey, black,
Pink and reddish,

Structure

The grain size is very variable. The rocks are some=times
VT Ly i —
giant grained,(Qery§coarse grained, medium grained and fine grained
(P1.28 Pig. 1&2), Most of the individual constituents in all
these granites from Hyderabad, Guntur, Bhulvan, Orissa, Bangalore
and Sambalpur (1GR-63R) can be distinguished megascopically, These



PLATE No.28 Fig.l

SURFACE-PHOTOGRAPH SHOWING COARSE GRAINED GRANITE FROM
DODBALLABPUR (Natural S4ze)

PLATE No.28 Fig.2

SURFACE PHOTOGRAPH SHOWING FINE GRAINED GRANITE FROM

HYDERABAD x 3/4 (Natural Size)
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Granites show no trace of lamination or gneissic structure and
are massive in nature, Master joints which are generally parallel
to the surface are commonly met (P1.29), These joints break tho 7,

granites into flat lenses. Sambalpur Granite (6GR) exhibited an

~——
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obscure rift,

Zoxture | | |
From the ultrasbnis'and‘Sonic studies it appears that

in '‘case of Graniter rock textures play on important role in the
determination of their physical, engineering and elastic propertiés.

Granites from Hyderabad West Taluka (1GR) and Guntur (2GR)
are holoerystalline, gramilar and phanero~crystalline in nature
(P1.30 Fig.1)

Granite from Bulvan (3GR) is hypautomorphic granular in
'texture.

Granites from Madura (4GR) and Bangalore (S5GR) vary in
toxture and are uniform or coarsely porphyritic in nature {P1.30
Fig.2). These variations in grain size sometimes give an appearance
similar 4bm® «® to the Peninsular gneiss.

Sambalpure Granites (6GR) are coarse porphyritic in nature
vith phenoerysts of felspar chiefly orthoclase generally auto-
morphic and twinned, Foliation is rare.

MINERAL CONSTITUENTS

Felgpars = The characteristic felspar of all the granites
is orthoclase. On fresh fractures it has a pearly lusture and

is usually reddish, pinkish or yellowish vhite in colour. Crys-

tals are mostly tabular and the erystal boundaries except against
quartz are perfect. Twimming on carlsbad lav is quite common
(P1l.31 Fig.l) i
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Quartz = MegascoPically as woll as under the microscope quartz)
1s invariably present in all the granites studied heref) It 1is
colourless and fills interestices between other constituents of

the rock., In case of Granite from Bangalore the larger quartz U e
graing exhibit a strain shadow, sweeping across the crystal w::;:;t’
(P1.31 FPig.2)., Quartz in Guntur Granite (2GR) is crushed into -
a sort of mosagic giving a mortar texturec. Inclusions iIn Quartz

are quite common,

Biotito =~ Amongst thgferromagnesiun minerals, biotite is most
common and varies from a few percent to about 258, Under incident
light the biotites are black or brown in colour and by transmitted
l1ight they look brown or green. In Eggmthin basal sections clea-
vage is not seen but vhen at right angles to this directlon,
perfectly well developed (001) cleavages are soen. Pleochroism

1s marked.

Huscovite -~ Next to blotite, muscovite also occurs in these
granites, but 1s never very abundant. It is colourless in thin

sections.

Hornblende = Under microscope brownish green hornblende is

found in Granites from'Hyaerabad, Bangalore and Sambalpur. Tho
erystals are usually prismatic. Cleavage lines (110): (110)
intersecting at 56° approx. are commonly seen,

Accegsory minerals -~ Magnetite, apatite, and zircon are

Present as minor accesgsories,

Alterationg -  Orthoclase is often Kaolinized. Both Kaoline

and Sericite are frequently arranged either along borders or along



PLATE JQ.30 Fizal

PHOTOMI CROGRAPH OF GRANITE FROM GUNTUR X 80

Q@ = Quartz, F = Pelgpar,

PHOTO MICROGRAPH OF GRANITE FROM BANGALORE SHOWING
COARSE PORPHYRITIC VARIETY x 60,
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cloavages. Somatimes all tho crystals are c;oudy. In cage of
Bhulvan and liadurn granites chlorite is seen perhaps as an

alteration product of hornblende.

BASALTS (Amreli & Nagpur)

. Basalts aro deseribed here on the basis of their coms

position. They all belong to Deccan Traps.

Except for minor differences the trap rocks of the basie
type are generally dark grey to black in colour and exhibit a
uniform character. Under thin section the texturqgof the rocks

a?e porphyritic with phencecrysts of_blagioclase get in an apha-
natic groundness (P1.,32 Fig.l) The matrix is mailnly composed
of plagioclase felspers, monoclinic pyroxene, opaque ores and
glassy base in varying amounts., Olivine 1s reﬁresented by its

. pseudomorphs occm'ing sparingly. |

The phenocerysts of plagloclase felspars arﬁéore of?ess
zoned but within the labrodorite range (Absgp Angp-g5g) . These
felspars algo occur in ground mass as minmte laths upto 1 mm,

long and are characterizoed by usual polfzéynthetic twinning .

+

Next to plagiociase, monoclinic pyroxenes rank in abundance
as an essentlal constituent of these rocks. Thoy are mostly
confinced to the ground mass;, but a fev irrcgularly bounded
microphenoerysts are.¥2633?ccasionally. The prismatic cleavages

{
are well developed. ¢

Titaniferous magnetite in the form of plates and grains,
some glass and pseudomorphs after olivine occur ag accessory

constituents, Ilmenite is usually prosent.



PLATE No,3% Fig,l
PHOTOMI CROGRAPH OF FELSPAR IN GRANITE FROM HYDERABAD
X 120 T = TWINNING ON CARI.SBAD LAW,

PHOTOMI CROGRAPH OF GRANITE FROM BANGALORE SHOWING
QUARTZ (Q) EXHIBITING SRAIN SHADOW,
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A tendency to ophitic texture 1s visible with coarse
textures in rocks of the Nagpur area (P1.,32 Mg.2) In grain
size the crystalline portion of the ground mass varies from
microw=crystalline to microlitic. The pyroxene grains are
generally inserted into the plagloclase lathg dbut in places
the latter tend to penctrate the pyroxeme grains. Felspars
are often Kaolinized and the pyroxene 1is chloritized.

Acid Traps (Baroda)

It'is a light cream coloured fine grained rock., The
ground mags is largely fine grained and contains a few big
erystals of quartz and felspar. Felspars include both the
orthoclase and oligloclase measuring upto 8x3 mm, Lamellar
twinning is also present. Subordinate erystals of quartz and
apatite are seen, Pyrite is present in good amount, Ferro-
grancphyric but occasionally arrangement.qf phenocrysts indi-
cato g flow structure. Texture is fineegrained, holoerystalline.
Trachytic Trapg (Bardari Hill and Kurla Trap)

s

| 2hese are light buff and cream coloured rocks with a gine P
flow structure. Porphyritic character is also prominent though
the phenoerysts are small and do not measure more than 8x3 mm.

As compared to the Acidic Traps, these rocks contain less quartz
and no granophyric material.. In thin sections the phenocrysts

of acid oligoclase or nearby pure albite exhibiting character-
istic multiple twinning is commonly seen., The rocks are mainly =
composed of aphanatiec féiépathic material, Acid plagioclase make

up the ground-mass of the rocks. It frequently contains some



PHOTOMICROGRAPH OF BASALT (AMRELI) SHOWING PHENOCRYSTS
(P) OF PLAGIOCLASE SET IN AN APHANATIC FINE

GROUNDMASS (A} X 120,

PHOTOMICROGRAPH OF BASALT (NAGPUR) WITH A TENDENCY

T0 OPHITIC TEXTURE X 250 F = Felspar,
A = Auglte.
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calcite and pyrito. Palagonite fibres having straight extinction

and a moderate birefringence are seen, perhaps as an alteration
product. 4Apatite and opaque mineragls are also present as acce=
ssories (P1033 Figol)o :

DOLERITE (Dodballabpur)

Thisg ig a dark coloured rock similar to the basamlts dos~-
eribed above., It differs in belng more coarse grained and non
amygdaloidal or vesicular. Its mineral composition is the samo
C\— i .

as those of basalts.gM;; is holocfystalline wvith ophitic texture
(P1.33 Fig.2).

DIORITES (liandya ond Srirangpatna)

Diorite from Mandya distriet (1D1) is porphyritic in
nature with hornblende and phencerysts of dull grey felspar ene
bedded in a'chocélate‘eoloured matrix vith epidote. Texture is
holocrystalline. The plagloclase felspars are oligoclase and
andesine oxhibiting polysynthetic twimning on the albite lav,
Hndar the microscope they appear as broad laths, Hornblende is
greenish in éoiout and basgi sections show tjpical hexagonal

formg with angles of approximateiy 600 and 1200 between cleavagzes.

Apatite and zircon occur as 1nclusions. Quartz occurs only as an

accessory nineral besides othor minor accossories like magnetito

and ilmenite, along with sccondary miea, epidote, zolsite, calcite

4

and chloritoiin minor percentages. Hatrix deing light pink,Diorite

from Srirangapatna (ZD&) is a light pink coloured rock. Other

#@. _ , A
characters are almost same as in the cagso of Mandya Diorite.
A .



PLATE No.33 Fig,.l -
£
PHOTOMICROGRAPH OF THACHYTIC TRAP SHOWING SANDINE
PHENOCRYSTS, (S = SANIDINE), A

PHOTOMICROGRAPHS OF DOLERITE FROM DODBALLABPUR SHOWING
PLAGIOCLASE FELSPAR CRYSTALS (P) IN A FINE GRAINED MASS,
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HORLTE

1¢ 15 a dark coloured rock of Xenomorphic granular
texture. The chief minerals are the haéic plagioclase felspars
and the orthorhombic pyroxecne. The usual pale groen pleochroic
augito 1s associated with hypersthens in this rock. Greenish
brown, highly pleochroic hornblende is extremely common. Biotite,
hornblende, olivine)magnetite and quartz are progent as acce=- v
ssorics (P1.34 Pig.l)

}
et

GABBRO  (Maddur, 10B)
It is a dark coloured more or lass coarse grained rock,

Undor microscopo it is holocrystalline, granular in texturo.

A The felspars are mostly labrodorite. Polysynthetic tul~
nning after albite lav is common, Inclusicns are present in tho
form of ilmenite and rutile, Pelspars are often kaolinized.
B?ownish augite occurs in shart, tabular stout prisms. The

Wt
extinetion angle is high and variable giving rise to zonal 7 '

banding., Hour-glass structure is also seen. Blotite is present
as an accessory in the form of irregular flskes, Other accesso-
ries are titaniferous magnetite, limenite, tburmaliha, gorundum,
apatite, and zoisite (P1.34 Fig.2)

SYENITE (Kodiyala, 1ey.)

It 45 a medium grained light grey coloured rock consisting
of the mineralorthoclase, acid plagioclase, felspathoids and some
ferro-magnesian minerals. In texture and many other properties
it 1s similar to granites described above. Quartz is preosent only

as an accessory in some varities, Dark minerals are mainly biotito

and hasnhl el Nm . - ™ -
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CHARNOCKITE (Andhra 1 CH)

They comprise a whole series of rocks ranging in com-
position from acid to ultrabasic, the intermediate (Syeno-dioritic)
type being the most commor, The acid type was c¢alled 'Charnockite’
by Sir Thomas H. Holland after job Charnock, the founder of
Calcutta, vhogse tombstone is made of this rock, Later the name
was extended to cover the whole seriessto Charmockites are falrly
distributed in Peninsgular India,

The rock is bluish grey in colour, compact, massive with
holocrystalline and granitoid in texture, The colour is imparted
by the waxy looking bluish grey quartz, The presence of ortho-
rhombic pyroxene (hypersthene) is an important featurse, Augite,
hornblende and hypersthene are the chief ferromagnesian minerals.
Hypersthene shows marked pleochroism, Augite is titaniferous.
Garnet, zircon, magnetite and ilmenite are present as accessories
(Fig. 35, Fig.2).

III, METAMORPHIC ROCKS

Stones which are grouped as Marbles and Crystalline lime-
stones are made up entirely of tightly knit grains of calecite
rarely dolomite, The crystalline character of these component
grains is obvious sven without the use)microscope., Hence as in
the case of limegtones thin geetion study of these rocks serve

a very little useful purpose,

N ’
S"”‘ '(»‘ '

/



PHOTOMI CROGRAPH OF SYENITE (KODIYALA) SHOWING
ORTHOCLASE FELSPAR X 60 (0 = ORTHOCLASE
FELSPAR)

PHOTOMICROGRAPH OF CHARNOCKITE FROM ANDHRA
(H = Hypersthene) x 60,
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In texture the marbles vary from coarse to fine in grain
and the wvhite varieties are typlcally saccroidal in nature,
Graits are generaglly between 2 mm, to 5 mm. in diameter in case
of Motipur and Devimsla marbles, Bands of various colours and
shades are common (P1.36 Pig, 1&2), Baroda marbles are of ophi-
¢alcite type. Mostly the texture aﬁ%—nﬁx granoblastie, Grains
show twinning) striae parallel to erystals.

For general use the fine grained varieties are preferred
in Indian trade. Marbles are available in any shade extending
from fine milky white to black in colour. The dark streaks in
some white marbles of Makrana and especially that of Narnaul are
due to the local bands of graphitic or organic matter present
in the original limestone, Occasionally dlopside is seen witﬁ
cale, silicates. Pink colour is perhaps due to the limonite
present in the original limestone. The value of the marble

depends upon various surface textures and colour combinatioms,

Limestones from Yellandu (1 CL) and Bettadabedu (2CL) are
erystalline limestones of Archesn ages Marble from Makrana (2MB)
Devimata (3MB) and Narnaul (4MB) belong to Railo Series of the

52
Archean system .

SLATES

Slates are the result of dynamic metamorphism of ordinary
argillaceous sediments., The figsile character is well developed
in all Indian slafes except the one from Cumbum (1SL). The
commercial value of these slates depends piimarily on the exis-
tence of the well developed planes of splitting (P1.37 Fig.l)

Petrographically there i1s not much to?%een in case of slates,



- BLALE No,36 Fig.l
SURFACE PHOTOGRAPH OF MARBLE SHOWING VARIOUS COLOURED

BANDS (PEPSU MARELE) 1/2 Natural Size
NARNAUL

PLATE ‘

SURFACE PHOTOGRAPH Of MARBLE SHOWING PATTERNS
(BARODA MARBLE)
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The colour of the slates 1s perhaps due to the presencecr

organic matter and the iron oxide. In all probabilities they  °©

PR

contain a good amount of finally devided carbonaceous matter
_ v

and iron in the ferrous form.

Slates from Kharakpur Hill (3SL), Surajpur (4SL) and
Dharamshala (5SL) are generally red or purple in colour, This
colour in slate may be due to the ferlc form of 1r6n. Slate
from Dharamshala is not\g superior type and the cleavages3though (
well developed, are not ;egular. Kund 3lates (6SL) are the best
varieties available in Northern India+ They are sonorous and are
dark in colour, The dark colour after years of exposure develogﬁfk
uneven patches of rust colour, This 1s perhaps due to oxidi%atioh
off?errous(rorm of iron into fefifc form. Slates from Kharakpur

and Dharamshala are clayey in naturs,

QUARTZITES

Quartzites from Alwar (1Qzt) Jhiri (3Qzt) and Delhi

~>

(4Qzt) belong to Alwar Series gf‘guddgpay gygﬁeﬁsg, They are
pale in colour, though more or 1essfstreaked and mottled with
brdwn-andired tints according to the amount of iron oxide
coating over the grains. They are vitreous in nature and break
with sub-conchoidal fracture and sharp splindtery edges. In
thin sections the quartz is usually highly recrystallised and is

seen to form a mosalc of interlocking allotriomorphic crystals.

No signs of original rounded grains of quartz or of any secondary
growth around them are seen. Detrital fragments of muscovite and
tourmaline are common. Biotite, Il¢imite and pyrite are seen in
thin sections (P1.37. Fig.2).



PHOTOMICROGRAPH OF SLATE SHOWI'NG PLANES OF SPLITTING
(KUND SLATE) x 60 ., D = Direction of Splitting.

PHOTOMICROGRAPH OF QUARTZITE SHOWING HIGHLY RECRYS-

TALLIZED STRUCTURE WITH MOSAIC OF INTERLOCKING®
CRYSTALS x 80, oow 27°
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.
Quartzites from Kishangarh (2Qzt) are less vitreous,

less compact in texture, darker in colour and more argillaceous

than those deseribed above., It consists mainly of quartz in a %y??
| closely inter-crystalline moégz;. Hematite 1s seen usually in
small grains., Mascovite, biotite and tourmaline occugﬁ/as detri- v
tal materials, Calcite 1is sometimes seen between the quartz
graing, Perhaps due to their greater impurity they weather more
easily than those from Alwars.

GNELSSES (Darjeeling and Sambalpur)

These vary from fine grained to modertely coarse varities,
Augen structures are gome times observed. In thin sections,
Darjeeling Gneiss appear to be a mlcaceous rock containing mus-
covite and biotite. Horblende, garnet and tourmaline are also
present, Garnstiferous gneigs from Sambalpur (2GN) is a fine
grained grey gneiss of porphyritic variety. (P1.38 Fig.l)

PHYLLITES (1PH-3PH)
Phyllites from Jambughoda (1PH) and Goda (3PH) are closely ’

laminated corrugated phyllites belonging to the Aravalli systemﬁz-
They have retained traces of bedding and have well developed
white quartz lenticles and veins, Phyllite from Balaghat (2PH)

is highly micaceous in nature. All these phyllites under thin
sections are so fine that grains are hardly distinguishable,
(P1.38 Fig.2)



T PHYLLITE (x40)

PHOTOMI CROGRAPH OF BALAGHA
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HORN, CHLORITIC SCHIST

It is a tough dark greenish grey rock, It varies fro@ X

v

qggygg;@g”gggg”grainaQMngxgggggf In hand specimen it shows
foliated sttucture accentuated by banding with coarse grained |
pPyroxene layers. The fine grained type shows a high degree |
of schistogity. Under the microscope the rock is made uplaf
largely bluish green to yellowish green hornblende and some |
chlorite flakes., Granular quartz, moderately basic plagloclase
in lath shaped crystals and some white mica as an alteration
product of felspar are seen, Titahiferous iron ore is more or

less completely'altered'to leucoxene, (P1,39 Fig.l). Some
fissures are commonly seen and on the sidasw%hese fissures or
faults mineral surfaces appear to have taken a little polish -

because of sliding.

KHONDALIIE
In hand specimen the rock is greyish to reddish in colour, /..
It 41g foliated and exhibits numerous reddish brown garnets in a fr ..

very much crushed ground-mgss of the graing of quartz penetrated
by sillimanite needles. Calcite, biotite, rutile and graphite
are present as accessorles. Orthoclase shows perthitic streaks
(P1.39 Fig,2). |

The rogk is very prone to decomposition especially under
tropical conditions and fresh specimen are extremely difficult <
to obtain, |

gy, Ty, grp



»

PHOTOMICROGRAPH OF HORN, CHLORITE SCHIST x 60,

)

PHOTOMICROGRAPH OF KHONDALITE SHOWING RADIATING
SILLIMANITE CRYSTALS (8) x 80.
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CHAPTER IX,

PETROGRAPHIC EVALUATION OF DURABILITY AND THE PHENOMENA OF
STRENGTH DEVELOPMENT IN BUILDING STONES

A

57 n§8

Much work has been done by Merrill ', Anderson” , Baniessg
Fox6°, Laurieel, Schafferse, and many othersea'67 on:the weather-

ing and durability studies of natural building stones, Various
accelerated weathering tests have been recommended as the criteria
for assessing the field performance from the point of view of dura-
bility. Recently some of these tests have been adopted in India

ag standard proceduresas-ﬁg for the determination of the durability

of stones,

With a view to evaluate thé efficiacy of these standard ’9
methods, and to see the influence and relatlonshilp between the
physical and engineering properties on one hand and the petro=-
graphic properties of rocks on the other, stones have been tested
for durability. The results have been plotted and the durability
curves are obtalned as shown in Figs. 32 to 35, From the study of
these curves it is observed that during the performance of the
test as given on page 59, certain stones such as sandstones from
Dholpur, Mirzapur, Jodhpur, limestones from Chittor and XKhonda-
lities from Andhra though possess better physical and engineering
properties than many other stones such as Dharangadha sandstones, v
Simla and Jalsalmer limestones etc., falled earlier./\ Further, it
has been observed that inspite of the great decrease in weight in
case of various stones, cracks did not appear throughout the 30
etycles, where a ¢ycle means dipping a dired stone sample in 14%
HapSo4 ;0 HpO solution for 4 hrs, and then drying it at 105°C A P
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in an oven for 12 hrs. {details given on page 59). On the other
hand the Mirzapur sandstones and Khondalites did not decrease
much in weight, but failed only after 20 and 15 cycles respectively,

v,

Obviocusly the increase or decrease in weight of stones appears /
e

to give no indication of their durability’and, therefore, it
becomes difficult to judge the comparative durability of those
stohes which survive all the 30 cypiesg The prpsent studies were
under taken for elucldating those p#aperties of stones which
though important from durability and strength point of view in

a stone, remain undeftected duringlthe étandard'tgst for dura=
bility, | |

In addition to the above facts, the behaviour of weather-
ing of a stone mgy be different for different mnatural weathering
agencies: Since these tests give only the action of salt‘drysw
tallization on weathering , it appears that they have limited
scope of application, In order to have s better understanding
of the factors of durability under different conditions and the
phenomeng of strength development in case of stones, an insight
into the various aspects of their petrographlic and physico=
engineering properties seem essentiagl.

PETROGRAPHIC FACTORS OF EVALUATION
Petrographically a stone may be defined as =
P=f (msyschy0yDescsessss) vesnsens (1)
wvhere "pt" ;s th;—;efining 1ndex_expressed as a function of "f®
of the mineral composition "m", grain size "s", graln shape
“sh", grain orientétiog. "0"* and graln packing 'p" and so on,
Since these function decidé the constitution of a stone, these
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chemical and engineering behaviour of stones and‘the subsequent
changes brought about during the process of weathering. Accor-
ding to ?ettiﬁohn?o The. original porosity of a rock is affected
by (a) ﬁnitorm1t§ of grain size (b) shape of.grains, (c? method
-cf-deposition and packing of ;ediments, (4) ¢ompactian.during
and after deposition. On this basis if ™ for weathering
perfbrmance is substituted in place of "pe for a particular
speeimgn, the durgbility can be expressed petrographically as

a dependent variable in a miltiple regression equation vhere
X,'X§,~X@ ssesees Xy are the independent petrographic variables

as stated above, i.e.
W= f (X1, XZ’ X3 *essnnne Xn) _ sevanaes (ii}

Prom the Ultrasonic and Sonic tests (Page 135 to 139) it appears

that the physical and engineering properties of stanes are ulti-
mately the functions of thelr mineralegic and petrographic pro-
perties, Regarding chemical composition, it is well known that
the quantitative estimation of minerals gives a better 1dea of
the same. Hence an attempt to ev¥aluate the aurability of rocks
on the lines suggested in equation (11) mey form an advantageous

bagis.

Thooritically, the strength of a stone, as dopendent 4
upon the coherence of 1ts particles might be taken to imply
1dentical resistance to overy disintegration forece. On com=- ‘
parison of khe durability curves (Fig, 32 to 35) and the general
toughness curve of rocks (Fig.ze) it is obvious that there is no
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definite parallelism between the structural strength and the
durability of a rock., Though the compressive strength, modulus
of rupture, shearing strength or modulus of elasticlty may reach
thousands of pounds per sq. inch yet it gives no idea of dura=-
bility. Unfortunately the term ‘durability' as defined by
Scheffer?l and others72'73 is limited to the reaction of the
chemical and weathering agencies on stone. However;"burability
is a relative term and can only be defined here in rélation to
the place, climate, and other conditions existing in the field,
Hence ‘Durability' of a Building Stone' can be defined as

"A Characterigtic property of a stone with regard to its wear
and tear in obedience to various physiéo-chemical, atmospheric
and engineering forces prevalent under.g,ﬁarticuléf field cone
dition®, Thus different principles'of dﬁrabiiity Apply to the

stones of each class depending upon the seryice conditions of a

particular stone,

While considering the actual elements of strength such
as compressive stfength or shearing strength of a stone, it ia
evident that these properties are dependent on its constituent
minerals and their arrangement. It is of consequence whether
these consist of brittle, cracked quartz or of varieties of
tough felspar with some tendency to fift, or fibrous hornblende
or tenacious augite, or of calcite or dolomite with easy cleavage.
In the trap rocks of India} such as Basalt from Nagpur, this
Particular property can be connected with that of the predominant
mineral constituents e.g. the toughness of augite and inter-
locking laths of felspars. The resistance of the dolomite lime=-
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stones is attributed sometimes to the strength of the mineral
dolomite74, Hovever, to confirm this it requires actual deter=~
mination of compressive strength and other praperties of the
common rock forming minerals which mske up the building stome,
During the course of these investigations, examples of permanent
flexure and deformation in many ancient constructions (Lodi Tomb'
at New Delhi and Nawab's palace at Bhopal) such as the sagging
of stone beams and slabs after long suspension with partil
- support, and the flexure of hewn blocks of marble at Makrana
in guarry yards and mantles in ancient buildings have been
noticed, According to Hoﬁkins75 under a predominant pressure /9%/
in one direction, a rock which is rapidiy deformed may pass be-
yond its elastic 1imit and become ruptured, but under conditicns

of less rapid deformation, it mey simply tend to flow, This

slov phenomené leading to permanent flexures show hew’important 5
is the element of time in the deformation of rocks, and that,
given f sufficient time, a stress below the ultimate strength v
may surpass the elastie 1imt and result in flowage, which is
very important from durability point of view, With a view to
agcertain the actual foundations on vhich these methods of trial
and tests for durability and strength should rest and the chief
factors on which the strength of s stone depends can be broadly
classified into four classes 1=

A, Interlockment or granular arrengement

B, Coherence (Cementation and Molecular cohesion)

Cy Tension or Strain

A, INTERLOCKMENT « Three types of consolldation of mineral 4
grains may be distinguished within a rock,.
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I. Irregular Aggregation - In this ¢lass the grains of

gedimentary stonos occur simply heaped together in a haphazard 9
mass and are composed of fossils, grains or pebbles 80 irregularly
disposed that each lles in mere contact with its neighbour,
touching»at but fovw points, with numerous unfilled intervening
cavities, largely unsupported, for example, in the sandstones

from Dharangadhra, Nathkua, Kuteh, Ahzmdnagﬁr, Cuttack, Mirzapur °
and Dholpur Sandstones. In consequence cf;this\irregular dig~ ‘
posal of grains, stones of this class are 1ikely to enclose an
abundance of small or large cavities (Pl. éo(§§§£§y resulting
in porous and cellular’éexture, inferioprity of compactness and

low compressive resistance. Some times the loose textures nmay

be offset in the direction of both compressive strength and
resistance to weathering due to the presence of a strong cement,
lining the cavities in the form of calcite, quartz or orystalline
variety of iron oxide. In such cases; even a porous rock may

Pogsess great durability, by virtue of its insoluble character.

Example of this kind is fiund in some Nagpur sandstones (not
tested here) vhere the cavities are lined with a cryptocrystalline
mags of silica coloured with 1imomite,n? Bhen properly inter
connected the énclosed air cavities favour some times more general
distribution of sgalts of erystallization throughout the stone which
pProtects 1t from disruption, and the stone though weak, passes

through many.cycles_qf weathering.

I1. Parallel Sorting =~ In sedimentary stones this position
of grains sometimes results simply from their platy form, guch as
in Jalsalmer linmestone, It may also be derived from partial sor-
ting and rearrangement by wind as in the case of sand-stone from
Songir GREZEy CRWEY, ERlsevhore it may dbe the consoquence of



PHOTOMI CROGRAPH OF GONDWANA SANDSTONE WITH UNSORTED
IRREGULARLY DISPOSED GRAINS (G) X 90,
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sorting of sandgrains during deposit umder water 0. In the
erystalline stones, whose grains have emerged from a stage of
piasticity or fusion, a simlar parallel disposal has been
commonly produced by ingtense pressure. This is often represented
in the gneissose rocks structure (P1.38 Fig.l), In such cases
the stone is weak and less durgble in the direetion of parallel
sorting.

111, Dovetslling or Interpemetration

It has been observed that in case of Gondwana Sand
stones, the mineral grains are loosly aggregated but the vhole
mass 1s sometimes traversed by strings and veins of caleite
{p.142 ), Similarly in case of Gneisses the presence of elon-
gated crystals of hornblende and tourmsline (P,158, PL,.3B) and
in case of horn, chloritic séhist'thé lath shaped erystals of
felspars (P.159 P1.39) have been noted. These minerals have
settled down into parallel position along the bedding plane of
the sedimentary rocks and along the direction of foliation in
case of the metamorphic rocks. These elongated forms of minerals
act as a reinforcement in these rocks in which they got enbedded;
and the phenomena of strength development can be compared to that
of an addition of straw in wet mud to improve the strength of a
sun dried brick. The extent of the influence of such minerals
as elements of strength, appears to be proportional to their number
and heightened by the associated obliteration of cavities and
consolidation, 1In such cases the position of stability or strength
of a stone is anly in the direction of the bedding plane. If stones
are placed along the direction of rift planes, the general para=-

llelism of its grains and their arrangement become a source of
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weakness, due to the tendency of ready ¢leavage so imported. This
in general is conformed by the values of enginesring properties
obtained along and across the directions of rift planes. (Table 48
to 73), The parallelism of mica-scales, which may exert a strong
binding action in horizontal position, becomes a principal cause of
the well known destruction of blocks of micaceous -~ sandstones by

weathering, when erected on edge in ‘'ashler’',

These features are still more prominently displayed in the
¢lose interlocking of crystals in the crystalline stones such as

the marbles, dolomites, traps, granites and gneisses.

B.  COHERENCE

Besides the strength developed by the interlockment of
mineral grains of stones, two modes of coherence, (i) cementation

~and (2) molecular cohesion,*prevail in building stones,

99

mentary nature. Iron oxides, clay and gilt are among the feeblest

- This 4is mainly present in the stone of sedi-

cements except when uniformtly 4iffused in minute filmg gmong closely
abutting grains = a condition in wﬁich even a feeble cement becomes
tenacious. Such cements are generally heaped together in the larger
cavities (P1,41) and, to a large extent, abgent or scanty among the
Tiner interstices whore alone its binding power could de effective.
In case of Dharangadhra and other Upper Gondwana gandstones the low
strengths are only indicative of the poor cementing pover of 'Kao~
1imitic clays.

It hag been observed in many cases of the Gondwana Sande
stones that the lack of cementing power of the true clays is alded
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by the invisibily diffused content of lime=-carbonate and not due
to the visible Kaoline and iron oxides in the interstitial cement.
During the course of these investigations on !'Somnath' temple
repairs from'Uppef Gondwana Sandstones, it has been observed
that the lime-carbonate dissolves out by weathering, the cemen-
ting clay softens, the stone becomes pulverulent and finally
disintegrates into losse sandy mass. It has been observed by
Julien’® that the ferruginous elays, amorghous granular iron

.and the manganese oxides, are better cementing materials in case
of sedimentary stones, ihe strahgth of these cements is due to
their occurrence in crystélline fofm or as fibrous films and crus-
ts of magnetite,;hematite; and Iimonite etec., Such sandstones

- with crystalline cement are not gommbg'gmgng'Ipdian Building Stones

From the results in engineering properties (Tadle 48 to
75) it appears that out of all cements the most powerful is
!Silica', which in the form of compact erypto crystalline mass
binds together a large part of the otherwise loosely pulverulent
sandstones of Cuddapah#Vindhyan Systems, into solid ortho-quart-
zitas., From the poinf of strength and durability, these cements
form the most satisfactory building stones as available in plenty
in thig country. Such stones ére useful for acid proof or alkall

proof constructions.

Even in granites and other crystalline rocks there is a i
good reason to suppose that some cement is often partly concerned :
in their strength, One‘evidence of this 1s the effervescene cause%‘
by application of an acid in some speeimens, sometimes accampaniedj

by loss of ccherence and strength. Such a phenomena has been |

observed in the case of Kighangarh Quartzites and schists from

|
|
i
|
i
|
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Dharvhr and Khondalites. This testifies to the diffusion of
lime, magnesia and iron earbonate through the interstices

and in forms rarely detected by microscopic examination.

(2)“ Molegular Cohegion =~ In crystalline stones coherence
is greatly increased by another physical force, the molecular
cohesion vhich exists between surfaces of all solids pressed
into intimate contact (91.28). In‘conseéhenae of the tremendous
force involved in capillary adhesion, such surfaces may cohere so
strongly that on application of gsufficlent pressure for detach~

ment, the very surface themselves may be torn away. This cohesion )

e T -

- pE————

is reinforced to a small extent, about 16 pounds to the square
ingch by atmogpherie pressurs. Aiblodk of erystalline gtone com=-
| prises an innumerable quantity of miﬁute-p1anes in close adherence.
It has been observed that the increase in compresgsive strength
generally accompanies the increansing fineness éf grains, for
instance in granites from Andhra and Bangalore vhere compressive
strengths smo 39, 953 and 48, 248 p.s.i. have been obtained. Such
high values are produced not only by more iﬁtimate interlockment
of grains, but by physical force of capillary adhesion.

The marbles and crystalline limestones exhibit the same
aggrogation of tangent planes and correspondingly high compressive
strength, It has been observed that in thin section of marbles
(P1.42 Fig. 1&2) there is no evidence of interlockment and least
possible cementation, yet theywhaxavoftan shﬂﬂﬂ high compressive v
strength which in c¢ase of yellandu orystalline limestone and
Makrans Marbles reached 25,834 and 26,316 pounds to the square
inch respectivelyQ Even in sedimentary stones, the gsame increase

of gtrength with multiplication of contact planes is often indi-



PHOTOMICROGRAPH OF MAKRANA MARBLE SHOWING NO INTERa
LOCKMENT OF GRAINS x 120,

PHOTOMICROGRAPH OF FINE GRAINED MAKRANA MARBLE SHOWING
TIGHTLY KNIT CRYSTALS x 80,
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cated, especlially in the more finely crystalline forms of limo=-
stones from Kurnool and Shghbad, compact sandstones of Vindhyans

and quartzites from Alwar,

In argillaceous varieties of limestone from Pindara
(Gujerat) tho compressive strength 1s 10,790'p.é.1., but the
absorption of moisture by tho cl ay and tﬁe oxidation of its iron
protoxide produce a softening, cracking and disiﬁtegration, hag=-
tenecd by alternation of soaking aﬁd drying, as a rogult of wﬁich
a Pailure occurod only after the completion of 10 cycles (Fig.33)

On the basls of petrographic examination of Igneous and °
metamorphie rocks it appoars that there 1s always a certain amount
of balance of stross or straln smong the mineral components of
stone, Any disturbance of this by increoase, loss, expansion
contraction or & obsmes by any changey tend to injlure the
tenapcity coherence and permanence of. the aggregate of minorals
in a building stone, As a result of these studies the strains
in a rock may be classified as =~ (1) Strains by crystalli=-
zation, (2) Strains by Substerrainean stresses and (3) Strains

due to changes in temperature.

(1) Stroins by Crystallisation -

. Tho microphotozraph of an ordinary building stone, such
as that of grainites (P1,28 to 30) unveils clearly a strugglo
of growth among its crystal components i.e. quartg, orthoeclase,
alibite and hornblende ete.,. It seems that all are thrusting
and straining together for development within the original
Plastic mass or magma, probably from its own centre of pressuro,

uantil the process of consolidation and rigidity came to an ond.
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This mitual conflict 1s shown by the total absence of minerals
which have perfected their erystsl faces in these rocks. Further
" all minerals lie interlocked and jammed together with rough and
irregular outlines. At the ¥ bounding planes between the
1ndiv1duals,~evidence of mtual pressure or stress gnd consequent
strain aﬁe found in case of igneous rocks. Under the microscope
ample centres shoving the survival of these still active stress
are commonly seen (P1l,.,43 Fig.i)

In Vindhyan sandstones which possess a crystalline silica
cement, the grains\appear to have been wedged apart by a strong
force (Pl.,43 Fig,2), éuring the process of erystallization of
the interstitial cement, In such cases vhore the minerals are
under tension oﬁ straing the vhole structure of the stone rapidly
begins to fall, on the application of some sudden tensile or com=

pressive strain, and effects the durability.

(2)

In consequence of the uplifting pnd folding the rocks have
been everywhere left in a state of strain, A bending of strata
would tend to cause tension near the convex surface of a £old'’

As a result of this, cracks radiating apparantly from points of
concentrated pressure and rifts indiecating slightly opened cleavage
Planes are common featuros in the field. Broken crystals of quartz
and felspar squeozed down into cye shapod or lenticular flakes
giving rise to "augen structures® (Pl.44 Fig.l) testify to the
heavy strain under which they have been pressed. |

According to Barus?® 4in the case of metals, the energy
applied in the straining has beon in large part stored up in per-



PHOTOMICROGRAPH OF SYENITE FROM KODIYALA FELSPAR CRYSTALS
UNDER STRAIN § = Strain shadow x 80,

p B .

PHOTOMICROGRAPH OF VINDHYAN SANDSTIONE SHOWING QUARTZ
GRAINS WEDGSED APART WITII SILICA CEMENT
(S. Cem.) x 120,
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nonent tonsilo steoss or "potentlaliszod®, e.g2. to tho amount

of 50§ in "glass hord" stool, strainod to tho point of rupture,
407 in brasasy 253 in copper. This shows that in strained
minerals energy is also probably potentialized. It is due to
this phenomenzla that in the sedimentary strata of gentle flexures /Dv'
and those near the surfaces 1.e. relieved by erosion from their '
original superincumbent load, that the quarrymen search for most
easily énd satisfactory working of building stones for ems=-
truction; It 1é in these they find evidences of unsatlisfied
stress which helps them in quarrying the deposits., Such cases
are found more in the quarries of compressed granites and cha=-
rrnockiTES @ and erumpled gnelsses and limestones belonging to
the basement complex of India. From Ultrasonic and Sonic deter-
minations it has been observed that thesc materials possess &
higher modulus of elasticity (Chapter VII) than tho arenaceous
or argillaceous sediments. In such rocks under the microscope
the minerals display “strain shadows® (Pl.,44 Figz.2) vhich are
significant of the active stress yet remaining and the same may
be pertinent to engineers. Regarding the survival in still
active form, of a part of the enormousg force of compiessicn
whieh has beoen exerted, the quarry masters have full proof in
symptoms of strain e=d still rémaining in the strata stong vhich
thoy are working, especially in £ granites énd other crystalline
and massive rocks, |

(3)

By changes of temperature caused by the vicissitudes of
elimate it is evident that great variagtions of tension must be
generated in masses of bullding stonos. Thesc changos take place

not only between its suporficial and doeper layers, but are more
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variant between its component mineral grains due to the difference
in amoun( of expansion, !'Sugaring' or granulation which i1s the
main cauge of the weathering of marble in the Indian Building
results from the differential thermal expansion of tightly knit
crystals of calcite (page 155). This is a process by which inter-
erystalline bond is brdken.

The latter forces in conjunetion with the forces due to
'Tension or strain, as discussed above, play a very significant
role in the weathering behaviour of stones In Indlan buildings
and this factor needs full appreciation in any test framed for
the purpose of durability.

D. RIGIDITY

During the course of experiments on engineering properties
it was observed that certain stones like charnockites ylelded
under compression suddenly like a mass of glass at a particular
pressure, This property in case of roeks is perhaps due to the
rigidity or in other words due to the lack of plastic deformation
capacity. This is of great 1mportanée from the durability and
strength point of vieu, where stones are subjected to groat pree-
ssures in engincering projects. Any plastic deformation of a
rock ig bound to disturd tho completenoss of orisinal intorlockment
and comontation, leading to permanent disruption. Besidos the
disturbances in mutual interlockment even the mutual bonds between

]

the individual mineral grains get losson and ultimately effect the <7
durability. There are mainly two enugas &® plastic faetors wvhich
can be considered here from the durability point of viev especially

vhen a stone is subjected ¢o groat compressive forecos.



ws 174 t~

{1) Cleavage and Gliding planes, (2) Sliding surfaces,

(1) Cleavaze and Glidding planes

N Coarsely crystalline marbles from Makrana, Motipur
(Gujerat) and Devimata (Rajasthan) in which the individual
grains are sometimes 2 mm. to 5 mm. in diaﬁptér have generally
given low compressive strengths ascompared to other variotics.
The grains show (P1,42 Fig, 142) twinning striae parallel to
the crystal, The gliding of the molecules em@r of one plane

over another produces weaknsss in the grains,

All easlly cleavable and frequently twinned minerals such
as felspars, hornblende, caleite ete,, from this point of view,
are possible sources of wegknesgs, in proportion to thelr abun=-
dance in any building stone, So is the case 4n tho granites
with the twinning which is equivalent to gliding planes, in tri-
clinie felspars,

(2) glading Surfaces = The immumerable open figsures and
¢1ifts, often with smooth polished surfaces, occur not onmly
vwithin the rock mass (P1;45 Fig.l) but between the grains of
stone subfected to great pressures (Pl.45 Fig.Z). The well
Imovn forms, like fissures, faults, and slikensides etc, have
also been observed to a small degree dy the enormous distribution
of microscopie polished surfaces, and smgll microscopic faults
(P1.45), This structure developes é grave source of weakness in
‘building stones, and therefore concerns the architect, engineer
and builder seriously, This justifies tho necessity of tests

and precautions yet needed to guard against the danger of tgi; X

concealed characteristics of the structure of stone.

—e



PHOTOGRAPH OF CHIRAKHAN SANDSTONE SHOWING OPEN
FISSURE X 60,

HLAIE Houas Mg 0,

FEOTOMICROGRAPH OF GRANT L PORPHYRY (MYSORE) SHOWING FI SSURES
(F) FAULTS, (F.F) POLISHED SURFACES (P) ON
MICROSCOPIC SCALE 120,
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SEASONING OR LATE DEVELOPMENT OF STRENGTH IR BUILDIRG STONES

It has been observed that some stones, soon after they
are cut and dressed after extraction from the quarry face and
removed to despateh yard or even during transportgtion to the
sites of construction or market, quickly harden and davelop? v
better strength, This phenomena of strength development on
exposure and drying out of quarry sap or natural interstitial
Juice of a building stone so peculiar end common in laterite A
blocks cut and dressed at western coast of India, is not yet
fully understood, However, such facts indicgte that the grains
of even a crystalline bullding stone owe their mtual coherence,
and the roek its strength, in part to cementation by films of
solid matter deposited in the interstices from infiltration

solutions or quarrysap.

It 1s not known with certainty as to vhat is the nature
of this inportant liquid - often the very life dlood of the |
building stone, However, on conjecture it appears (with high
prebaﬁilityo to be due to the deposited films of lime, magnesia,
iron and nq@&ese carbonates and iron and manganese Oxides, which |
are commen. Iime sulphate and silicates of soda, potash, lime,
maggnesia and other bases and even dissolved colloid silicie acid,
erystallizing as quartz or in the amorphous form of chalcodony
or hyalite, also generally serve as a factor in the phenomena

of cementation in due course.

6 o gy W



_ Sufpriéﬁgly, mach work has been done only on the IV“ﬁY

weathering characteristics and the methods of testing building, .-
stones., As a matter of fact, this requires less attention ’
gince most of the stoneé are superior to all other structural

materials, Besldes the durability of stones, the life of a stone
. r-"—"’"—-_-‘ -

building is equally dependent upon the method of masonry. Hence,
the subject of ‘Stone Masonry! s ne less important, but it has
remained a neglected chapter, and there is no standard published .
method on the subject so far. In the following few paragraphs

an agttempt has been made to initiate the problems on this subject
by just recording a few experiences and observations gained during
the survey and investigations in connection with the present work.
Further, specification of constructing stone. trusses and the

method of laying slate roofs in India have been proposed.,

There are definite evidences in history to show that the
art of !Stone Masonry' in Indla is perhaps as old as the civi-
lization itself. Ruins of the buildings of ‘'Ancient India' are
the protected monuments of the great 'Stone Mason's Art', which
existed in the remote past. From the time of Ashok to the 'Moghul v

Period' we find master-pleces of the art in stone masonry., !Taj'
the finest of buildings, the_g&pgwoﬁ_man hag conceived, stand to- -
day as a witness of the unsurpassed é;one mason's art. Unfor-
tunately the technique was only a matter of individual experience

gained through ages and passed on from person to person, The
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tales are still prevelant that the hands of the builders of
'TAJ' were amputed to avoid duplication, Consequently, the 9
art died with the experts.

The present day position is very disappointing. There
is a great deterioration in the standard of stone workmanship

and even the common defects are not properly cared for, Buil. v

ding contractors have had less and 1ass experience in stone
construction and are, therefore, less willing to undertake it,

;especially because they are not able to find the masons.

No doubt, the correect choice of a stone and the know=

is a 1ittle beyand the-domain of a stone mason.  Moreover, it

is purely a matter of individual taste based on the tradition]'ﬂj:‘

of a particular place. For example, in Delhi no other stone l tave-!

finds so good a choliece as the red and buff coloured Vindhyan

sandstone, However, the mason on site mist bde able to reject
0

—

or select}the right piece for a parﬁicular plége in the struc-
ture. , o | -

Regarding the development of local structural designs
much does not depend upon g stone mason, but the requirements
and the availability of s?one from local resources has a pro-
found influence over it, In areasvwhere stone alone is avai~
lable (1like Rajasthan and Black Cotton Soil areas of India)
stone has been used for residential purposes. This gave a form
of structure satisfactory in use and amenity which varied from
locality to locality, depending upon the availability of stone.
Some of the local forms of construction so &QVelopéd'are given
below.
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STRUCTURAL FORMS - In the external wall facings !Stone’

is used in three min forms = (1) as rubble in a solid wall,
(11) as rock faced cour ses in the outer’ Skin of a cavity wall,
and (411) as ashlar 1n the outer skin of a cavity wall. Illus-
trations cf various forms of walling, usually defined by local
custom are given in F‘Lgures 36 & 3‘?. |

In Ashlar walliﬁg, the method of econstruction has been
bréadly the same as for Rubble walling, except that the fac1ng |

stone were of rectangular blocks sawn to shape.

" As pointed out earlier, the art of stone masonry in
India is gradually dwindling down, In abgence of any standard
specifiéations-of the methods of construction, number of common
defects have been noted and the same are mentioned beloﬁ with a
~ view to be-of help: . - to those who lay down the standard methods
in future. "

(1) Most of the masons to=day have little idea of
natural bedding planes in s#ones and inadvers
tently place them in a face bedded position,

The stone should never be placed face bedded

(the bed lying parallel to the face of the wall)
but should be 1ald on its natural bed except in
cornices, copings and string conises where Joint
bedding with the bed parallel to the vertical

Joints is some times prefergble, It 1s well to
obgerve this rule in laying most kinds of sand~-

stones and for limee-stones in which seams of good
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limsstoné alternate with thin seams of clay. It
is less important for stones of more uniform stre
ucture llke Granites and Basalts.

Fqce‘hedding more often results in scaling
(P1.47 Fig.l) though necesgsarily it may not always
be gign of face bedding aléne. Scaling can also
occur when the stone is lald on its natural beds

(P1.47 Fig.2) but chances are no doubt scarce.

(2) Thresholds and steps are subject to considerable
trarfic§ and abuse during construction and should ~
always be completed only in the finlshing stages
of the building.,

(3) Choice of proper c¢olour combination of stones is
a great factor which requires serious attention. @

For example, 'Kotah Stone' flooring tiles have

various shades available with them and wvarious 4

colour schemes have been used at various important
' places in India, but the desired effect is achieved
only ai a few places.
The art of plaeing these stone tiles in
combinations with mosaic jointings add to the
grandeur. {(P1.48).

(4) Preparation of mortar for jointing and pointing
‘requires great care. Colour and texture should

harmonise with that of stone.



FACE DEDDING OF STONE RESULT 1IN SCALING(S)
(RED FORT, DELHI)

ELALE No.47 Fig.2

SCALING SOMETIMES RTSULTS WHEN STONE IS LAID ON
NATURAL BED (RED FORT, DELHI)
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Mortar for Rubble masonry should be more plastic
than for Ashlar or Brickwork, W/C ratio should
be carefully adjusted depending upon the type of
masonry and the nature of stone.

(56) Stone facings are often spolled by mortar dropbings
or by cement slurry, which 1s difficult to remove
later on {Pl.49 Fig.l)

{6) Because of poor mortar solutions often leach out’ L
Lt

and the difference in colour disfigure the face / )
of the stone {Pl.49 Fig.2).

(?) 1In coarse Ashlar where stone is roughly dressed,
cavities in joints are often left unfilled by
mortar, (P1.50 Fig.l)

(8) Where !Stone' sills are used in place of pre=-
cast sills, they should not be go0lidly bedded in
the first instance., It is advisable to have the
bed joints open t111l the jJambs have been completed
which will avoid the risk of cracking due to sett-
lement of jJjambs., The bearing of sills and lintels
should be somewhat longer than brick work, pre-
ferably less than the thickness of the wall and
supported in full stones,

{(? Sliding joints betwegn stone masonry wall and
R.C+.C. roofs need to be more efficient than in
brick walls. A seperating layer properly laid
would generally suffice in most cases. It should,

however, be continuous at all points of contact
to provide effective seperation.
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{10) Projecting horns for fixing doors and windows
generally work loose in stone rubbel work. Instead,

s P

rust-regsistant metal clamps may be utilized.

{11) Double scafolding is prescribed but rarely used in

practicej instead put logs are inserted at random
forming a source of weakness, It is advisable to
designate positions for put logs and use adequate
transverse bond stones above the put logs to permit
easy withdrawl. The back filling of put log holes
may consist of stone chips (1" to 2") to ensure pro-

per filling and adequate bond for plaster.

(12) Except in the case of stones intended for use as
flagging lintels etc., very little attention is
usuglly paid to the transverse strength of the stone.
As may be seen in the walls of many buildings the
stone, in actual construction fails under transgverse

« strains, Theoqgtieally, a building should be so
designed as never to subject its wall material to
anything but a direct compressive strain. However,
in practice, the case—lé very different. Owing to
bad masonry work, transverse strains do frequently
o¢eur, and their effect is shown by vertieal cracks

in the poorer or wesgker stones of the walls,

DIFFICULTIES IN STONE MASONRY
Besides various defects which get incorporated in a stone
bullding due to bad masonry, there are some difficulties which

require serious attention,
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(1) The trap rock besides its dark colour and great

toughness thero is a tendency to break on blasting '
into masses whose size and shape render them unfit

for use as dimension stone. This problem concerns

an advance in quarrying techniques. Q”F“¢""

r— ———

The factors which render the traps generally
unserviceable for certain structural purposes are of
advantage for others. They arce largely used as pavinz
blocks and in the form of crushed stones as road metal,
railway ballast and concreto aggregate. For all theso
purposes darkness is no disadvantage, while dénsity,

strength and toughness are of direct service,

(2) In Dececan trap areas of India, marble clips are very -/
costly because of the huge freight incurred on them in
bringing from Makrana (Rajasthan). In order to solve 7
this difficulty, cxperimonts have boon conducted during
this vork vhere 'Black Trap! wvwas reduced to chips and
the ‘terraze tiles' made. On polishing the tiles it
has been seen that the ’'Trap Chips' tgke equally a
good polish as compared to marble chips (P1.50 Fig.2)
Hence trap chips can be successfully utilized in place
of marble ones.

(3 Production of uniform size stones 1s costly, hence the

difficulty of laying remains unsolved as compared to
the bricks.

(4) The thinner walls do not call for substantisl founda-

tions as the heavier stone walls.,
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(5) Problem of preparation of stones suitable for
building in thin outer leaf is a difficult and

costly process: -,

{6) In all cases and partienlarly in the Rubble walled
house, the high cost of window, doors and other stone

dressings is an important factor.

During the field survey in comnection with the present work,

it vas realized that stone beams of all kindg are plentiful

in India and very useful trusses can be made from them, Hence

a design of trusses where stone beams can be utilized, has been
gsdggested. ISimllarlyy slate roofs are quite common in India,

but every roof is made in g different style and haphazard way.

- This reduces the_véry 1ife of a slate roof besides the frequent
maintenance expenditure and trouble. lthh this in view a correct
method of laying slate roof under Indian Conditions have also &

been proposed here,

Stone beams upto a span of 20 ft. can be used with faciiity,‘/

. The rafters consist of stone beams 12 to § inches thick, placed

3 feet apart. (Fig.38 & 39). An iron rod rums through holes
Pieé;d in the end, and serves as a kind of ridge rod to keép

them in position, Stone wall plates, shaped as shown in figure,
keep the feet of rafters in their places, and are tied together

at intervals by iron tieerods, The roof covering may consist
either of a double layer of slabs breaking Joint and terraced

over, or of a single layer terraced and then covered with tiles,
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Under the Indian conditions of extreme c¢limates slate
roofs are best suited. In northern India slates of Ajabgarh
serles quarried at Xund near Rewarl have been ussd widely for

roofing purposes.

The slates selected for Pent-Roofs should be perfectly
flat, properly squared and well dressed in firm sizes and not
liable to fracture when holed, These should be tough, hard,
sonorous, free from falws or cracks, non absorbent, uneffected
by atmospheric acids. The presence of moderate elasticity in
these slates prevents derangement on roof by high wind, snow storms

or the monkeys.

§;§gg - At present slates are cut to fixed slzes and called

by special names, as ‘Duchess' (24" x 12") ‘'Lady' (20"x10")
"Countess" (16”x 8%) ete. They vary from one fourth inch and
upwards in thickness. Smell slates suit small roofs, pimmacles,
turrets and curved portions. Usually the slates used are in
20"x10" and 24"x12" sizes.

Pitcheg, lapg and Gauge =~ The angle at which a slate roof should
be 1aid varies with the height, being one-fifth of the span to
one-third, The best form under Indian conditions is one third

or having an inclination of roof to horizon = 33°degrees 43 v
sinutesy but this may be increased to 45“, where it is intended

to show up the roof from a distance. Lap should not be less

than 3%, In a slate of 20"x10" size and the nall put in at one

inch from the edge the "lap" being A" the ‘teansat fa ta



The above refers to slates nalled at the edge; the better
course but one vhich is seldom adopted is to put the nails v
in or near the centre, then the 'gauge' 1is equal to half
the difference between the "lap"™ and the full length of the
slates, thus in the above case the "gauge" would be &=
20 - a 7
2= ¥ -n
To know the "gauge® 1s of great importance, as it fixes the

distance apart at which the battens carrying the slates should
be placed.

Bailing = As regards nailing the slates, the best method

1s to nail these in the centre.’ It is preferable especially

in large slates, as from the position of nails the wind acts
upon the slates with a leverage of only about half their length.
Moreover the slating so laid is easier to repair or for replace-
ment} the only objection being that the nasil is put In the second
slate, and the breskage of the top slate exposes the nail head;
vhere as in nailing on the upper edge, the first or lowest slate
i1s nailed, and it would require two layers of slate to be broken
- before their nail head would be exposed. BSlates, however, seldom
break unless disturbed by wind.

Placing - Having got the size of "lap" and "gauge" fixed,
the slates should be drawn or marked on the slope, and the posi=-

tion of the holes fixedj then have a template made according to
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which the holes are drilled. This is done best by a proper
Wglating tool™ but can also be done by an ordinary steel punch,.
All slates should be laid with the smooth side down, and the .
bevel edges turned up, except the first row at the bottom of

the slope where the two bevels of the slates meet at the lower
edge (Figffglﬁ_ihe first row has to be of a length different £ “f
from other rows, and is equal to "gauge"™ , plus "lap" and

it must also be tilted up with a "tiltiné piece“ of wood so

as to make the rest of the pleces sit flat on one another,

~ Great care should be taken in making the horizontal
edges of the slates prefectly straight, so as to have the
vertical joints also in a line intersecting the slates below

exactly in the centre,

1t may be observed from figures 41 & 42 that at the
"lap" the nail just clears the edge of the lowest slate, and
that at this point there are always three layers of slates one
over another. For economy slate roofing is often made with no
Planking underneath; but simply on bottoms as in figures 41 & X
43, when the space between battens is equal to the gauge of
the slate. |

Boofing Folt = In the plainsy owing to the heat, p%fﬂg%qg A
may be ng below the slates to act as a non-conductorj and
further to keep out both heat and rain, it is best to put down

a layer of tarred felt. 1In laying slates over planking and felt,
the purlins underneath may be 3 to 4 ft. apart, and thus save
timber, while 1ight battens would have to be nailed over the
felt, at a distance apart of the "gange", as in figure 42,
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Slates can be used on iron roofs trusses euqually -

—iim?

well as on the wooden types. (Fig.43), and would form a far

coocler and better roof for the plains than corrugated iren

sheets,
Hipg and Ridees =~ The ridging and the hip Joints of slate
roofing should be covered with sheet iron or sine roll, as in

.- -

Flgures 44 & 45, and the ridging may be finished off with a
cresting and painted black or slate colour, The best practice
is to form a cement concrete roll (ratio 1:2:4) about 3" 4n

dlameter on an apex formed by the edge of the slate..

Dipg and Valleys = 1In dips and valleys slates must be cut
obliquely to fit the angles, and the depression in the valley
muist be covered with a layer of sheet lead or galvanised sheet

under the slates to carry off the rain water.

Flaghing -  Where vertical walls abput against the roof or
chimneys go through the roof, "flashing®™ the joints or inter=
sections with sheet lead has to be carried out, The method of
flaghing the intersections is to be have two sheets of lead
overlap one over the other as in Fig. 46,'and each place requires
1ts own detalled pattern of carrying this out, the prineipal
being the same. |

A
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Slates can be used on iron roofs trusses eugually v

——ar?

well as on the wooden types. (Fig.43), and would form a far
cooler and hetter roof for the plains than corrugated iron

5h89t8.

Hipg and Ridres = The ridging snd the hip joints of slate
roofing should be covered with sheet iron or‘gigg.roll, as in
Figures 44 & 45, and the ridging may be finished off with a
ecresting and painted black or slate colour, The best practice
is to form a cement conerete roil (ratio 1:2:4) gbout 3" in

‘diameter on an apex formed by the edge of the slate..

Dips and Valleys = In dips end valleys slates must be cut
obliquely to fit the angles, and the depression in the valley
mist be covered with a layer of sheet lead or galvanised sheet

under the slates to carry off the rain water.

Flaghing = Where‘fertieal walls ab#ut'against the roof or
chimneys go through the roof, "flashing™ the jJoints or inter=~
sectlions with sheet lead has to be earried out. The method of
flashing the intersections is to&be have two sheets of lead
overlap one over the other as in Fig. 46, and each plate requires
its own detalled pattern of carrying this out, the principal
being the same.
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PART II.

ROCK _ AGGREGATES
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SEAPTER XI.

1NFLUENCE OF PETROGRAPHIC AND ALOGT :
ON_AGGREGATE FOR QUALITY CONTROL OF CONCRETE

Rock itself 1s a natural concrete and when mixed in the
form of aggregate with cement paste forms nore than 2/3 of
artificial concrete, This suggests that any satisfactory
understanding of concrete requires some insight into the pro=-

perties of rocks used as aggregata.

Until recently the engineer considered all'aggregates as
inert materials and-employad the one dn which he could lay his
hands readily and economically. 8ince the recent past, the o8
position ig changed and ths quality control in concrete has

come into prominence, particularly in the large and heavy en-
gineering constructions, Ih such a eontrol the first factor

is the quality of aggregate. The chief factors of variations

in the aggregate are the mineralogic and the petrographic pro=-
perties of mother‘rocksfahﬂ these produce concretes with wide
difference in strength and qurability, From this it is, there-
fore, evident that the first question the engineer puts is

"How will this rock act as an aggregate?™ Is it physically and
chemically sound? And such other questioqg_confronﬁfdthe J;H
engineer before he finglly decides in favour of a particular -

aggregate,

On the other hand the properties of rocks and minerals
for conerete mixtures appear to be different from those generslly
familiar to the geologists and petrographers -~ i.e., the crushing
. strength, toughness etc. which are the reflections of the textures
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grain sige, structure and mode of formation of rocks. Fronm

thig 1t seems that the evaluation of certain petrographice

features of the rocks is an essential aspect, Few rocks are
excellent on all counts, though many relatively poor in quality

in certaln respects may be strong in others. Rocks with poor

énd better factors are to be balanced against each other and .
assessed accordingly. It 1s_th§s aspects of the rocks and their
descriptions that are dgai;'in this chapter, QLKJ”;V

During his studies on the geochemiétry of rackﬁ)CIarke79 v
made a statistical estimation of some 700 igneous rock types
and that led to the following rough estimation of their mean
mineralogic composition.

. Quartz - 12,0%
Pelspars = 59,5%
Feromagne- ( Hornblende)

minerals. ( Pyroxenes )
: Mica - 3.8%

Acc, Minerals 7.9%

With a view to find out the influence of the above rock forming
minerals on the ultiﬁate strength of concrete, briquettes of
concrete were made with various minerals as aggregate in 134
ratio by volume {p.B7%68). Before testing the briquettes were

stored in dampness for 48 hours, and soms stored for 24 hours .~

e

and these autoclaved at 150°C for 24 hours. Results of tests
on strengths have bsen given 1na§§;Hfdii§Q£ﬁg table No, 77. 37
 Tensile strengths in p.s.i. of coﬁérete briquettes made with
various rock forming minerals (li4 by volume).

(Table on Page 190)
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‘ ‘ TStored in'Stored in damp- ¥
Name of Mineral 'dampness 'ness for 24 hrs.' In water
ffor 48 ‘'Autoclaved at : 6 months

‘hours. '1509 24 hrg,

Quartz (Si0n) | 84 820 340
Chert (510,) %m0 | 560
Flint (s10p) 90 70 425
Quartzite (810z) 86 735 400
‘Microeline (xhsx;goa) 85 104 | 450
Albite (Ab) - 3 18 438
Nansi0g ‘ | |
Orthoclase (Abg Amy) €0 210 430
Anorthoolase 80 150 320
(¥a, K) Al 51050g "

Labrodorite (Ab, An) - 108 220 a5
Hematite (Fer0j) - - 110 205 835
Magnesite (MgCo3) | 125 575 - 685

-‘fable No .77 »

From the results given 1n‘Table No,7?, it can be seen that the
quartz which is the most common rock forminé minergl and occurs in
a crystalline form gave concrete having a tensile strength of nearly
340 p.s.i. after six months of water curing. Briquettes sutoclaved
at 1509C for 24 hours gave 520 p.s.i. nearly. On the other hand,
other forms of silica whicﬁinclude f1int, chert and chalcedony give
much higher strengths than quartz under different conditions of curing.

This is perhaps attributable to a higher percentage of free silica
bonds in the latter varieties.
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Felspars include a group of minerals occuring in most
igneous rocks as orthoclase, microcline, albite and the plagio-
clase felspars of the sodalime (albite =« amorthite) series,

If has been observed from the fesults glven in table 77 that |

the gstrength of concrete in which felspars alone have been used

is high and sometimes mofe‘than the concrete made with quartz,

It 1s interesting to note from the results (Table 77) that (en ;%
steam curihé the strength of concreté'aade from felspars has been
generally ieduced.og steam curing. It has been observed that the
higher thé percentage of alkalies in a felspar the lesser the
strength obtained by autoeclaving the concyebei . Purther, 1t% X
has also been noted that the effect of ‘'Potassium ions' is

greater thaﬁ J‘Sodinm iong', on the strength reduction of concrete v

on antoclaving.

From the point of view of a concrete engineer, another
important point is that the amount snd the mode of distribution
of the decomposed product in a rock should be minimam, According
to Knightae the best quality igneous rocks for concrete should Q
not have a decomposition percentage of more than 15%. Significant
factor gbout felapars isg that they have a strong tendency to occur
in g decomposed state in rocks., Obviously the degree of decom-
Position and its distribution within the felspar=crystal must
influence the strength of the aggregate in which they occur,
Regarding the distribution of weathered portions, sometimes the
centre portion of the felspar erystals is cloudy and the border
is clear (Pl.51 Fig.l). Such a weathering is commonly met in
Bhulvan granites. This is 1likely to cause less significant
lowering of strength in concrete than border decomposition or

eloudiness which is evenly distributed throughout the whole mass



PLATE No,S51 g :
PHOTOMICROGRAPH OF FELSPAR CRYSTAL SHOWING WEATHERED
PORTIOR IX CANTRE W = Weathored Portion X 120,

PLATE No 281 Fig,.2
PHOTOMICROGRAPH OF PELSPAR SHOWING CLOUDINRSS EVENLY

TR AT Wl o v -
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out of the ferromagnesigg'mtnerals including the amphi- o
boles, pyroxenes and the micas, the amphiboles are tough minerals
and tend to offer this toughness on rocks, such as Bangalore
Graniteg, in vhich they form an appreciable part, except when
these are badly decomposed, Like amphiboles, fresh pyroxenes
also tend to confer toughness ow rocks partly by virtue of their
toughness and partly owing to their mode of crystallization which
gives good structural strength to the rock and this has been
observed in case of Deccan trap basalts and dolerites (Page 151
& 153), Mca due to its soft and flaky nature 4is supposed to be
a harmful impurity vhen present in large quantities. It is
congidered detrimental to the strength and durability of the
conerete. The smooth surface of mieca allows only a poor bond
for the cement paste. As stated by Knighﬁao mineral olivine
is not harmful to the strength of the aggregates except when it
exists to such an extent that it mgkes up almost the whole rock,
in wvhich case the rock behaves brittle, Accessory minerals like
apatite, zircon, rutile, sphene ete, of the igneous rocks 4o not

affect the concrete making properties of rocks in which they are

fOund-
PERCENTAGE OF MINERALS IN ROCKS FOR AGGREGATE

According to Knight81 while discussing the importance of
different minerals from the quantitative point of view in concrete
Massesy gave that the best results 1n’hard~wear1ng concretes are
obtained by having nearly 25% quartz, 65% felspars andfﬁieas not

more than 10%’ For such a eonerete, augite and hornblende, because

of their brittle nature, should preferabley be absent or bes present
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in very small amounts, Further he concluded that the most
satisfactory igneous rock for use 4in concrete should have a

mineralogie composition az follows te

Quarti - 25%
Falépaf ' - 40%
Augite or Hornblende 20%
Mica -« 10% or legs
Other minerals - 5%

GRAIN SIZE

The average grain size that has been_found‘best by Knightaz
for quality aggregate and for the most abundant mineral such as
felspar and quartz is about 0.8 mm,, the upper 1limit being 2.3 mn
and the iower 0.4 mm, If the upper limit 1s exceeded the aggreo=
gate possesses high attrition and low 1mpabt values, whilst Af a
finer grain size, averaging less than 0.4 mn, is used, the rock
though hard ‘is brittle.,

HARDNESS .
here
It has been observed/that according to Moh's minera~

logical scalega hardness is designated by values ranging from

1 to 10, based upon the comparative ease with vhich the minerals
are scratched., This does not give an idea of the amount of ale
,tération of weathering which a particular mineral grain has under
gone, Such as, a fresh felspar has a hardness of the order of
'Six' according to the Moh's scale and is quite strong from
aggregate point qf view. On weathering the szame minéral grain
become soft and weak., Similarly a soft mineragls like calcité etc,
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may also weather and produce weak particles., Hence, a digtinetion
can be made here bstween ‘'WEAK PARTICLES' gnd 'SOFT PARTICLES!
A weak particle is produced as a decomposed product of either a
hard or a soft minersl, whereas a soft particle is that which
yields to abrasion and attrition. Hovever, from the point of
view of an abrasion resistant concrete both ‘'Weak' and 'Soft!
particles in an aggregate should be minimum, On the other hand,
sdft mineral particles are not necessarily harmful in a high tene
sile strength concrete, provided they afford good bond and mole-

eular cochesion,

INTERNAL TEXTURE AND STRUCTURE,

| The internal texture oriéinates by the solidification of

the megma in case of ignsous rocks, by the éementation or congo=
1idation in sedimentary deposits and by recrystallization in meta=-
morphic rocks, In coarse granites where the mineral quartz lies
in contact with the relatively smooth surfaces of the early formed
erystals of felspars and amphidoles (P1.52 Fig.l} low strength
can be expected, Less siliceous crystalline igneous rocks such

as gabbro and diabases are composed of crystals which have formed
more or less simltaneously gnd consequently the boundaries are
well interlocked (P1.,52 Fig.2). In such case strength in an aggre-
gate 1s supposed to be appreeiable, The Granopyrie texture which
is a result of the simltaneous crystallisation of quartz and felse
Parg indicate a strong key between the two minerals and 1s obviously
a great advantage for making 4t a high quality aggregate. Ophitic
texture of dolerites where large erystals of sugite enclose felspar
1ath§§, account for a good aggregate making property. The value of



PLATE No.52 Fig.l

PHOTOMI CROGRAPH OF COARSE GRAINITE SHOWING MINERAL
QUARTZ IN CONTACT WITH SMOOTH SURFACE OF FELSPAR,
(S = Smooth Surface).

PHOTOMI CROGRAPH OF GABBRO SHOWING INTERLOCKED BOUNDARIES
X 60,




this texture is greatest when felspar laths, in considerable
number, penetrate the adjacent augite crystals so that the inter-
locking is perfect. As can be observed from the results given
in table No., 7?7 erystalline quartz has given lower values as
compared to other forms of silica like Flint and chert etc.
Voleanic rocks like rhyolites, tuffs ete. usually contain some
natural glass. This besides making the whole mass more brittle
affords a very poor bond between the cement and the aggregate.
Obviously the molecular cohesion as a source of strength develope
ment (P, 167).4s not fully developed between cement particles and
the aggregates particles.

In sedimentary rocks, particularly in the quartzose vari& -
“ties the interlocking of the constituent mineral particles can
~only depend on the shape of the graing, Grains may be angular,
subangular, rounded or sutured (P1,53) ., The nature of the
cementing méterial in pedimentary focks is also of great impor-
tance, Ferrugenous, micaceous or chloritic cements such ag found
in Upper Bhander and Gondwana Sandstones indicate a low quality
material (P.167)., |

In the metamorphic rocks the nature and quality of the *
aggregate is dependent on the nature of the original composition
of the rock from which these are derived under conditions of high
temperature, high pressure, and high shearing stresses. Quartzites
from Alwar or Delhi formedunder dynamothermal conditions developed
a granular texture and a m ssive Internagl structure, qharacterized
by great strength and toughness. This is due to the firmly knit
and well interlocked grain boundaries (P.157), Rocks formed under

dmamc metamcl'ﬁhi am dﬁvﬂ‘l ﬂ“b *h& WAWE AN A s on B e e o - - - -
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foliated structures such as in slates, phyllites, schists and
gneisses (P1,37, 38, 39), Such rocks are made up essentially of
zones containing Qreinted flaky or prismétic mnerals and bedding
Planes due to which they break easily along these structural planes.
These rocks are so poor that it is not even‘worth submittiﬁg them

to tests usually carried out on aggregates,

Further, the shape of the broken aggregate which is impor-
.tant from the workability and compaction point of view of concrete,
is closely dependent upon the inteznal texture and structure of

the pareﬁt rock. Spacing of natural partings and cleavages in

the rocks play a profound influence on the final shape of a broken
aggregate, Sometimes rocks contain planesg ¢f parting or jointing
which are formed in response to the stresses during the trang-
formation or due to the internal petrographic structures of the
rocks, As a conseguence schists, slates and shales produce flaggy
forms (P1,54 Fig,l) wﬁareas pebbles of granites, marble and quart-
zite are usually equi-dimensional (P1.54 Fig.2). Similarly quartz
with no ready cleavage ylelds equidimensional sand grains. The two
¢legvages of felspars cause development of tabular and rectlilinear
forms. Pine grained massive rocks such as many cherts and quarte
zites produce an aggregate that is hard, with many shell like chips.

ELASTICITY AND STRENGTH. |

La Rue®4 who carried out tests on the modulus of elasticity
of aggregates and their effect on conerete, concluded that the
aggregates produce a decided effect on the elastic properties of
concrete., Stone having a high modulus of elgsticity developing
correspondingly higher module in the concrete than stone having



PLATE No,54 Fig,l

SURFACE PHOTOGRAPH OF SLATE PEBBLES SHOWING
FLAGGY FORMS,

PLATE Ilo,54 Fig,2

SURFACE PHOTOGRAPH OF MARELE PEBELES SHOWING
EQUI-DIMENSIONAL SIZE,
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lover moduld. Further the significance of elasticity and
strength of the coarse aggregates can be judged from the fact
that 1t ogcupies a volume of approx. 43% in conerete. Results
of compressive strengths and dynamie modulus of elasticity of
Indian rocks are given in chapter VI and VII,

ROCES AND THEIR CHEMICAL STABILITY IN CONCRETE,

I% has been customary to consider the aggregate as an
inert material in concrete., However, it is not always the case
and certaln aggregates are either chemically unstable or react

with cement when incorporated in concrete,

The chemical resctions may be beneficial or deleterious
depending upon the nature of the reactions. The reactions that
increase the bond between the aggregate and the matrix are
beneficial, while those that cause abnormal expansion and consee
quent map cracking are deleteribus. There ;s.no suitable direct
test to evaluate the beneficial reactions, hencg thegse are not
mentioned here. From the point of view of chemlcal reactivity

the rocks are classified into two groups

1, Chemical Reactions Independent of Cement,
2+ Chemical Reactions Between a Cement component

and some M;neral in the Rock Aggregate,

In the above mentioned classification some over-lapping is ungvoi-
dable since certain minerals may possess more than one harmful
property.
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CHEMICAL REACTIONS INDEPENDENT OF CEMENT

(1) Oxidation, hydration and carbomation.

In warm and humid climate, so common in India, these
processes lead to popouts and surface staining of conerete.
Minerals such as pyrite and marcasite undergo o;idation and
hydration to form dilute sulphuric acid and hydrated iron odixes.
Such minerals are not revealed by the standard tests and can be
identified only through petrographic methods. Tho pncent mage
nesia, in aggregates sometimes becom? carbonated with large ine ,%,G

creaso in volume,

(2) Soluble Minorals and Clay fractions.

Few minergls are sufficiently soluble and their presence
in the wvator content of the cement paste éffects the quality of
concrete through salt reaction with a cement component or by

changing the compositibn of the paste solution itself.

Gypsum and certain clay fractions like Kaoline in Upper
Gondwana sandstones and in some other sedimentaries are the most
common impurities. The soluble constituents may be leached out

leaving a porous mass behind,

CHEMICAL REACTIONS WITH CEMENT,

The chemical reactivity in general and the cement aggregate
reactlvity in particular, have become synonyms and are called as the
alknlieaggregate reaction by many concrete engineers., The reaction
betveen the alkali present in cement, and the reactive constituents

in rock agzgregates is one of tho most important reaction out of
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other known harmful chemical reactions, involving aggregate in

concrete; such as 'Base Exchange Capaclty of certain minerals.

(1) Base Exchange.

Aceording to Swenson and ehalygs

cortain Zeolite minerals
and adsorptive clays are subject to base oxchange by adsorption
of certain cation from solution and simultaneous release of other
cationg, For example; a diorite rock contalning-é zeoclite will
adsorp calcium ions from the cement paste solution and replaces
Na o;fkions originally present in these rocks, Consequently the
composition of the solution permeating the cemsnt paste is changed
and affects the setting and hardening of the conerete. The re-
sulting increase in the alkali content 4in the paste solution
appears to be one of the causes of excessive efflorescence, By
tho increase in alkali content in the paste,reaction with alkall-

reactive rock aggregates, may alsoc be pronmoted.

(2) Alkall Aggregate reaction in Concrete.

Beginning with the work by Stanton®® in 1940 and followed
by that of a number of other 1nvest1gator987 ko 979 a good deal
of information 1s already available on the subject both on the
thooretical as well as practical aspects. A number of methods
of testsgB’QQ for potential alkall - recactive aggrogates have

been evolved,

The mechanism by which the chemieal reaction between parti-
cles of aggregate and alkalies of cement agre converted into ex-

pansion of tho mortar or conerete has been 1ntefpreted in many
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waysloo. As a result of early studies, Stanton;°1 tp 103
suggested that the expansion resulted from attack of ‘alkalles
upon rocks eontalning magnasium‘carbbnate, but later obserw
vations by othersl®4 to 109 ingicated the disrupti?e effeets
to be at least spatiglly relaﬁed to secondary alkalie silica

gel produced by the chemical reactions between cement alkalies
and contaln siliceous aggregates, Hangenl10 guggested that the
expansion and deterioration are effected by osmotic pressures
within these gels.

In.India the conerete efa has started only very recently.
Regarding fallures, in conerete, they do take place but it is
very difficult to attribute them to a definite cause, because the
concrete making specifications are not followed strictly and there
is a great variation in the mix. designs and the cement compo=
sition etc. Under these ciroumstances, $o agsign the cause of a
failure becomes rather difficult. However, examples of the fallure
of great important struetures in U.K., U.S.4, and other Overseas

countries have helped to glarm the enginsersvaf this country also.

To study the phenomsqg_of alkali-aggregate reaction in /A
laboratory, experiments vere conducted during the present study.
Opal and Chalcedony were used as aggregates with high alkall
cement (P.69) and the cubes were prepared and kept in water for
six months, Later on these cubeg wers examined under reflected
light by the help of *Ultropek', The formation of silica gels
could be detected at several places (P1,55).

It 15 well known that almost all silicates and silica
minerals react with the alkalies present in the portland cement,



<QEL IR ALKALL AGGREG ATE
REACTION X 120,

THE FORMATION OF SILICA
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but the greater number of other minerals react only to an in
significant extent. For example, felspars, pyroxenes, amphiboles,
zeolites, micas, quartz and other~rock'form1ng minerals cause
ingignificant expansion., Opal is considered the most highly
reactive material. Similarly cryptocrystalline and glassy vol-
canic rocks mist be considered highly reactive when used with
high alkalicements. Basalts are to be considered imnocuous under
ordinary ccndiﬁions. The rocks and minefals which have been found
to be deleteriously reactive with high alkali cements are given
in the following tables No. 78 and 79.

ALKALT AGGREGATE . REACTIVE MINERALS

Name ' Composition "Crystallina Charagcter
Opal 810 nga» . Amorphous
Chalcedony 5102 Crigto-crystalline

. Filbrous “
Tridymite 5109 - Crystalline.
TABLE 78,

ALKALT AGGREGATE . REACTIVE ROCKS

ﬂama ! Reactive Constitﬁents
Sedimentary Rocks
Opaline Cherts Opal
Chalcedony cherts 'Chalcedony
B8iliceous limestones Chalcedony and/or Opsl
- Rhyolites and rhyolite tuffs Volcanic Silica
Dacite = Dacite tuffs Volcanic Glass, devitrified

glass.,
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Andesite = andesite tuffs  Tridymite
Phyllites | y Hydromica ?
TABLE 79,
J f//—_-‘“ ) T e - '
\4.FEQ_UNKNOUN \CHEMI CAL REACTIONS BETWEEN ROCK AGGREGATES & CEMENT
S , . ‘

~—— —
R S

. The study of physicoechemical phenomens of hydration of
cements and of the setting aﬁd hrdening of concrete is still
incomplete, Vérious analytical methods including petrographiec
and metallographic microscopy, Xeray diffraction methods and
more regently electron microscopy have been applied to problems
of éement hydration., Still the chemical reactivity'of rocks and
minerals used as an aggregate 1s not fully nnderstood and recently
number of examples have come to light where the actual cause of
the reactions involved have not yét been establighed, A few impore

tant ingtances have been quoted below 3 ““/

(1)  In December 1957 an interesting example was brought to
the notice when Swensonlll ' found a Cenadain reactive aggregate
of dolomitic limestone which remained undetected by ASTM tests.
This was a case of an unusual cement aggregate reaction for which
the standard tests were neither effective nor prqud of any help,

In the words of Swenson 't
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‘"Petrographic examination of specimens of both
laboratory and field concretes which had expanded
excessively revealed unmistaksble evidence of
cement-aggregate reaction involving the erushed

1imestone particles, may of which exhibited darkened n/ -
reaction rims., The exat¢t nature of the reaction
and the constituents actually responsible were not
detected. The absence of significant amounts of gel
deposits was considered significant. Petrographie
examination of the dolomitic limestone revealed that
that the constituent could be regarded as not normlly
reactive with high alkali cements, Physically this
material was considered satisfactory®,

(2) A case of excessive shrinkage of natural stone and sand
sggregates has been reported for the first time by Stutterheim!12
Iﬁ.igééjat Grraft Relnet in South Africa alcommercial building
whiech had just been ccmpletéd, developed some cracks and the
trouble started with strong room doors. Shortly after those
eracks were observed in beams, slabs and columns, as well as in
brick panels, The eracking was first evident on the first floor
of the building, but later spread to the ground floor and base=
ment, Similar incidents were later on noticed in a college hostel
at Graaff. The beams which spanned 30 ft, had saggered by about fﬁ#}
1% inches at the mid span. The openingslég some placeg became

3/4 inch wide, | |

On examination it was found that the Graaff Reinet aggre=~
gates contained no reactive silica, and therefore expansion due
to alkali-aggregate reaction proved false in this case, Exa=
mination of concrete failed to reveal the presence of sulphates
also in sufficient quantities to have any significant effect on
the materisl. Aceording to $ttutteiheim, the critical consi-
deration of the symptoms of fallures led to the conclusion that
they could not all be explained on the basis of an expansion,
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8ince volume change was so obviously a Catuge of the trouble,
the possibility that shrinkage was the root cause was studied
and it was deducted that this could provide an explanation of

all features observed.

It vas observed that during moist curing, shrinkage of
concrete, where these aggregates were used, was from 2 to § times

| as gréat as that of normal eoncrete, Alr drying of conerete

brbught aboﬁt sloy increase in shrinkage and on oven drying,

it ;éd to excessively large shrinkages, occasionally exceeding

0.1% (vhich is about 10 times that for normsl concretes of these

mix designs) , o |

With a viev to examine the'aggregaté and to find out if
such rocks are present in India, the two specimens from "Junie
cipal Quarry', ‘'Adendorp Quarry' of Africa vere obtained and
‘thin sections of these rocks vere studied under the microscope.
 The stones are composed of quartz snd felspar grains cemented
together in a mierocrystalline micaceous matrix. Though the
matrix could not be resolved further even uﬂaer a magnification
of‘about 1400 timgs, it apﬁears that some clay minerals arse
present, because the whole stone has a md stone tyre of gppear-
ance (P1.56) X~ray analysis confirmed tho above idea and showed
the prosence of Kaolin, sericite,illite and montmorillionite.

8ince it was d(ase of excessive shrinkage of the rock as
reoported by Stutterheiﬂ:'the shrinkage percentages have been obe
tained by ﬁnep§r1ng stone bars of 6"x2%x2% gize and subjecting
them to cycles of wetting under distilled water and drying in
o oven at 105°C. As can be seen from the table No.80 given %

belwr n nrorranaive infnranes anAd Aanwanas hea haan rhaantad [



CPLATE No.56
M

PHOTOMI CROGRAPH OF MUDSTONE FROM AFRICA X 40, Ve
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KSHRINKAQE PERCENT OF ROCK AGGREGATES FROM SOUTH AFRICA.
~ _

- /\ T A\\&
o A_T p— - - _‘_[l ’
- "Parallel to ‘*At right angles
Specimen . 'bedding plane ' to bedding
Graaft Relnet B
Municipal 0.036 0.085
Adendorp 0.021 0.79

TABLE NO.SO

However, the experiments are too meagre and still a
ﬁncertainty as to vhether a clay mineral in the roek is resge
ponsible for observed shrinkage or there is any other factor,
requires a detailed examination of the problem.

FIRE RESISTANCE PROPERTIES OF ROCK AGGREGATES

It has been obgerved that all concrete do not behave
alike when subjected to intense thm heat and the differences
in their behaviour are largelfkttributable to the aggregates
used. Purther, it is concluded by Golditeack® ® that the coarse
aggrogates piay'the most vital role in the regsistance of con-
¢rete to fire. Some aggregates produce serious spalling others

none,

The most important properties of mineral constituents
of aggregates for fire resistance is the thermal co-sfficient
of expansion, Griffith'l4 has shown that the thermal co-
efficient of expansion of silioa bearing rocks is directly



=3 200 g

dependent upon the percentage of silica and the table ﬁo,BI %
has been compiled from his data.

. Type. of Rock s :ﬁgegﬁgimgihgigigifgg: Percent\§3§iggf'
it ﬁ -

Cherts, qartzitos & 04
Sandstones o 54 84
Granitoid rocks 43 88
Slates 44 61
Andesites 36 58
Gabbros, basaltsg :

diabasges : 3L 51

(tCalculated from analysis by J.F. Kempll5)
TABLE No, 81

It is important to note that an aggrogate to be used
in conerete should have a lov thermal coefficient of expansion,
50 that the surface spalling is reduced to a minimum, The trap
rocks for example andesites, dqleritegkdiabases, basalts and ,/
the limostones and dolomites with soms exceptions, have a oy
thermal coefficlent, The coarse grained igneous rocks have

somevhat higher coefficient of oxpansion.

. An entirely erroneous idea is prevelent that limestone .
are poor aggregate for fire protection. Experiments have shown
that limestones are eoxceptionally good aggregates for this
purpose, They not only generally have low thermal expansion

but, vhen subjected to intense heat, their surface calcincs
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to a porous, burnt lime which has got a high heat insulating

value and, therefore, greater resistance to the penstration

of heat to the interior of the concrete mass,

. CONCLUSIONS

‘Besides the role of various mineralogic and petrographie

properties of minerals and rocks in eonerete, the following

- conclusion afa derived from the experiments conducted in this

connection 1

1

2)

3)

4)
5)

6)

Conerete where quartz alone has been used as an
aggregate, has shown 10wer'$trength values than that
of felspars {Table 77).

Other forms of silica minerals like flint and chert
give conerotes of higher strength as compared to
quartz, {Table 77).

Strength of conerote where felspars have been usged,
gets reduced an autoclaving and the effect of 'K' &7/
‘Hat iOhS. (Table 77); /R ?/

tons is more than
L A

‘Yoak Particles! are to be differontiated from
'Soft Particles'.

As a consequence of the natural cleavages in rocks,

the shape of aggregates is greatly effected,

Perhaps certain ¢lay minerals are responsible in
causing excessive shrinkage in rocks of sedimentary

naturc, This causes ultimate fallure in concrete.
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: y L
In case ofz-two South African Sandstones shrinkage o
.. percentage- ranged from ,021 to 0,79, (Table 80},

A Sl 2 w0
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CHAPTER XII.

ROLE OF COARSE ROCK AGGREGATES IN DEVELOPMENT OF
TRENGTH IN CONCRETE

As already stated (P.197), coarse aggregate in concrete
occupies a volume of approximately 43 percent of the concrete
mass. Obviously, aggregates produce a geggggg effect on the A
strength of concrete and the influence of its mineralogic and
peyrographic properties has already been dlscussed in the pre-

ceeding chapter.,

wrighflle has shoyn that a certain crushed rock aggre-

gate gave concrete of higher tensile strength than a rounded
gravel aggregate. Simlilar effects were noted by wWright and
McCubbi$117 in regard to compressive strength, The surface
texture, shape, strength, elastic properties and water absor-
ption capacity of the aggregates have all been suggesteall8-127
as ﬁossible causes of varlations in the strength of concrete of
the same mix proportions. 1In thig chapter an attempt has been
made to evaluate quantitatively the influence of the following

factors on the strength development of conerete.

1) Engineering properties of aggregates in concrete

2) Dynamic Modulus of Elasticity of the rock aggregates
3) 5Shgpe of aggregates

4) Absorption Percent

5) Surface Texture
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In order to study the influence o#labove mentioned faotors:”h

concrete specimens were prepared with 10 different aggregates of
rocks from different sources and econditions as given in Table
No. 14, The fine aggregate in all concrete mixes was standard

'Annore' sands Each of the 10 coarse rock aggregates was used

in preparing concrete of three mix designs as shown in Table
No. 82 given below., Further details of experimental prgéﬁcednre X
have been given in Chapter 1V, (Experimental Techniques),

( ZE THREE MIXES USED FOR THF TEST

" - 'Cement = Rock Aggregate’ﬁhter - Cement ratio
x ‘ratio by Weight, by weight
11 1s8 0,60
I11 | 1110 0.85
TABLE No,.82

The tensilé and compressive strength were tested in
accordance with B.S; 18811%B by preparing concrete beams
4 inch-square and 20 inch long., Beams were tested at 7, 28 and 91
days respectively and the results are given in Table No. 83, 84
and 88,

Mortar beams were also made with the same mix proportion
ag given in Table No, 82 and the tenasile and compressive strengths
determined accordingly. Results given in Table No, 86 are the

-

average of tests as three beams, - A

« —
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DISCUSSIONS OF RESULTS

Strength of Concrete

It has already been pointed out and discussed'in the
preceeding chapter that the petrographic and mineralogic factors
have a profound effect on the strength of the hardened concrete,
Table No. 87 shows the variation in the strengths of conerete of
the same mixed proportions, Prom this it will be observed that
the concrete with the same mixed proportions may have different
tensile and compressive strengths, depending upon the type of
aggrggate used in the mix, /

For the same praportiéns (Mix, I, IT & III) and at
the saﬁe age the maximum range in the tensile and compressive
strength has been 43 and 27 percent respectively (Table Ko.87)
Therefore, the effects of different aggregates on compressive
‘strength were not as great as on the tensile strangth_(Table
No.87), Nevertheless, it has been possible to obtain an increase
of 2405 p.s.i. and 280 p.s.i. respectively 1n‘the compressive and
tensile strengths after 91 days., It has been obtained by using
a selected aggregate in Mix I and the difference noted is appre=-
ciable,

Aggregate Stremgth in Concrete

 awd
On comparing the results given in Tables No. 83, 84,/ 85

no general relationship could be established between the crushing
strength and the tensile strength of the aggregate on one hand
and the compressive strength and the tensile strength of concrete

on the other, However, the aggregates made from rocks possessing
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low tensile and compregsive strength, This 1nd1eatgnthat ‘Ayf
possibly the effect of strength of aggregates on concrete

strength is more pronounced igAease of weak rocgc In other 5%/ 6/
words, according to the Engineering Classification of Building
Stones (Fig.26) given on page 124, it can be stated that lesser

the toughness number greater the influence of stone on concrete

strength,

Further, from the results of Table No, 86 and 87 it 1ig
observed that the tensile strength of the mortar is generally
higher than the tensile strength of the concrete. This indicates
that the upper limit of the tensile strength of cchcrete is set
by the strength of the mortar,

However, 1nxcase of comr essive strength, the position t“/
13 just the opposite and the compressive strength of the mortar

is usually low (Table Ko0.86) than the compressive strength of et
concrete, Thfs indicates that the mechanical interlocking of the ‘
_ coarse aggregates, and the surface adhesion as explained on page
169 contributes to the nltimate strength of conecrete when subjected

to compressive loads,

Dynamic Modulus of Elasticity of Aggregate and the
Strength of Concrete,

The correlation coefficient for dynamic modulus of elas-
ticity of the aggregate (Table No.83) and the tensile strength
of concrete (Table No.84) show a mitual relationéhip. On the other
hand no coefficients could be correlated in case of compressive

strength of concrete. The indications are, therefore, that the
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modulus of elasticity has an offect on the strength of concrete.
Modulus of elasticity as determined in case of a few more rocks,
by sonic and ultrasonic methods are given in Tables No.74 and
15,

SMmofgy%w&”

. As stated by Kaplanlzg - gsometimes there is a relationship
between the flskiness index and the angularity no, of aggregate
and the concrete strength. - According to him these two proper-
ties of aggregates are measures of shape.

cdfrelation éoafficiénfs f&fvflakiness and conerete
strengths were calculated and 1t was found that in the case of
tensile strength the coefficlents were significant for Mix 1
at Qiéays and Mix II at 28 and 91 days, Coeffiecients for com-
pressive strengths have not been significant. '

As can be seen from Table No., 83 and Tabls No. 84 there
13 a correlation between the coefficlent of angularity and
tensile strength for Mix. II at 91 days, while for compressive
strength correlation was found for Mix I at 28 days and Mix III
at 7 days. This suggests that the shape of the aggregate has
an effeet on the tensile and the compressive strength of cone

crote,

Absorption Percent of Agzregates and the strength of concrete

In all the experiments performed there hoes not appear
to be any relationship between the water absorption capaclty
of the sggregates (Tnble No.83) and the tensile or compressive
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strength of the concrete mixes at cithor 7, 28 or 91 dayse.

From Table No, 83 it can be seen that the variation in the

vater absorption capacitlies of aggregates used in these, ine
vestigations are oy between .8,§B 1,0 only. This does not éVmﬁ/
cause effective change in the W/C ratio and consequently in

the strength of the concrete. However, it 1s felt that the

stones like Upper Gondwana Sandstones which are highly porou%& %/
vhen used mt 4in dry cbnditionhmay have great effect on the %/
effective W/C ratio and finally on the strength of concrete, .

SURFACE TEXTURE OF ROCK AGGREGATE & THE STRENGTH OF CONCRETE

On comparing the surface texture of aggregates (Table 83)
and the tensile and compressive étrength‘of‘nixl concrete at
28 days and 91 days a significant correlation was found, We
find there is a general correlation vhich exists between con-'
crete strength and the surfgce texture_of rock aggregates, except
in case of Dolerite from Bangalore w@ere concrote strength made
with 1t were lov. Obviously these results indicate that the
surface texture of the aggregate has gn effect on both the teh—

sile and compresgsive strength of concrete,

CONCLUSIONS

(1) The strength of concrete of the sams mix proportions
is effected by the differencés in coarse aggregates. It
has been observed that depending on the aggregate, |
differences of 43 and 27 percent in tensile and compre-

gsive strength of conerete were obtained,

(2) shape, surface toxture and modulus of elasticity
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of aggregate effect the tensile and compressive strength
of concrete. The effect becomes more pronocunced when
the concrete strength is greater. The elasticity of

the pggregate has been in ggneral_thé most important
single factor affecting tensile strenmgth, Surface tex=
ture is the most 1mp$rtant factor affecting compressive
strength. |

(3) The upper 1imit to the tensile gtrength of the

concrete was set by the strength of the mortar.

(4) The presence of coarse aggregates with higher
angularity no, and rough texture contributes to the
ultimate compressive strength of the conerete.

(5) In these investigations, differences in the water
absorptive capacities of the aggregates used were too
small to have a significant effect on the strength of
concrete; 1t may be that more porous aggregates like
Upper Gondwana Sandstones, when used dry will affect i

conerete strength;
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CBAPTER XIII,

SUMMARY

It is surprising to note that the subject of ‘Indian
Building Stones, though important from many points of view,
has received!little attention so far., Mich information is
available on the bullding stones of other countries but the
literature is meagre about Indian resources. The lack of in-
formation about Indian Building Stones and natural aggregates
results too often in the haphazard selection and use of stone
elther as a masonry mgterial or as an aggregate for concrete.
The influence of the mineralogic and petrographic properties
of rocks for quality control of concrete is extremly important

from the point of view of engineering structures.

Chapter 11 stresses the need of mechanization of stone
quarries in India. To=day most of the stone quarrying is dons
manually. Three tons of stone has to be quarried in order to
produce one ton of principal finished product. Dressing is also
done manually at the quarry using ordinary chisels and hammers,
Polishing factories mostly comprise a row of labourers, polishing
stone by using ordinary river sand as an abrasive. Quarry masters
are not familiar with the now methods and their ef{zgacy. Use of «
up~to~date saw frames, plaming machines, diamond saws, carbo-
rundum saws, polishers, polishing rings and various other modern
carbide tools which are used in other countries may not find
application under Indian conditions. Obviously the type of )

R

. modernigation and mechanization is a great problem. From this
point of view a ‘'FLAG=SAW' which is especially suitable for the
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Indian quarries producing limestone slabs and flooring or
roofing tiles has been dgsigneg, It consists of an electri-
cally operated 5 B.H.P, motor and a steel centred carborundum
or silican carbide dise for cutting. ‘The dise 1s screved to

a long spindle which is directly coupled through a shaft, so
.that 1t cuts-the stone surface without any impediments. The
whole assembly is mounted on the pedestals with rising and
falling motion, Water 1s directed by a feed pump at a pressure
of 60 1lbs. per sq. in., Cutting discs are manufgetured by using
cheap abrasives such as garnet or corundum of the ggit'varying
between 20 to 100 and aprlying phenol formaldehyde resins as
binders. The whégé operation of cutting a flag can be conducted
by two men with an idle time of 2 to 5 minutes between two

A

operations.

Further, out of the new methods of gquarrying and sawing
used in other countries, a few which can find potential'utility
rin India have been proposed. Wire sawing plaqzi_can be used $;&
for cutting virgin deposits directly out of the quarry face,
Eflcap cut marble and limesgtone upto-eﬁ/hour and 10" /hour res-
pectively. The general layout is very simple and consists of
'Sawing Heads', Direction Pulleys', Direction Posts, Tension
¢arriage, wire rope and turnwbzicﬁs. Out of pne¢umatic or
electric cutters and saws for open quarries the following are
suggestedt

1) Vertical cutter with five drills and turning in
alternate direction and working semi-gutomatically.

2) A cutter working horizontally for cutting siots of
similar depth.
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| 3)v Fdr ﬁard stones, a battery of 9 steel tubes tipped

| ‘with abrasive,

' 4) A machine carrying a drill between two circular saws,

| with tungsten carbide teeth, 250 mmw x 80 mm, deep,
H-shaped cuts are glven“ | ,
8) A machine carrying ehree rotattng cones armed with

tungsten carbide teeth formlng T.

6) An electric cutter.

N Cutters‘with chain |

'8) Cuttors with double action.

'9) The‘ﬁire sawing ﬁa&hiﬁés.

With the productivity of these new methods, it is hoped that the %
production will increase effectively, and the price of 'Stone! i X
' ’ . ¢
will come down to competitive rates.

L e

‘It has been realized that the information regarding the
existing building stone qnarries, their location and the type of A

stone they quarry is not available. The 1nformatian as colleetéﬁ?"
by field survey of many quarrying centres of the country and also
through questionnaires issued to quarry owners and the stgté

- government departments has been tabulated in Chapter III.

The Assaﬁ being affected by earthquakes dbuilding stone
quarries are not meny in the state. The Andhra Pradesh is richly
endoved with limestones and granites: Number of small scale
quarries aie distributed throughout the state; *Cuddapah Slabs'
‘Shahbad Slabs', Kurnool Slates, and *'Blue Granites', are the
famous varieties available here. Bengal being mbstly alluvial,
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the aVailability of building stones i1s scarce, However, quartzites,
Gondwana sandstcnesz(geneissic rocks are quarried at a few places.
In Bihar brick industry is fully developed and this has retarded

the growth of building stone quarfies\in'this state. In the state
of Gujerat, quarries have been opened in different geological for-
mations. Basalts, sand#tbnes, marbles, phyllites, guartzites,
slates, granites, and gneisses are quarried at various placed.
'Porbander Stone' is the famous variety used in this state,
Granites, charnockites, limestones and sandstones are the main “;}”&M
s_ﬂx_rﬁg( of the building stor;xe; in the state of Médx:-'gs\.‘ Madhyaf\ ”/
Pradesh 1s occupied by Vindhyan sandstones and limestones in the \ 6@

north, granites and gneisses in the east and southeeast and by

Deccan traps in the west, south-west and south. In(the Maharashtra

laterite and basalts are the chief building stonesg and are exe
Ploited gt a number of places, 'Kurla Trap' 4is well known here.
/éhe Mysore State is famous for the export of polished granites

and other igneous and metamorphic rocks as building stones.
Varietyroffecks are quarried,aﬁhnumber'of’plaees. In the state 'fi/
of Orissa; granites, sandstone, and laterite are the chief varie=
ties, Slates and tﬁe famous ornamental marble, popularly known

as 'Pepsu Marble' are quarried ‘in the:state of Punjab and Hima-
chal Pradesh, The Rajasthan is endowed éith a variety of excellent

building stones. It 1s the largest bullding stone producing

'{é}ate in the Indian Union. Sandstones, marble, quartzites, X

Phyllites, and limestones of innumerable varieties are quarried
a?ﬁpumber of places. Famous red sandstone of Delhi i, 'Kotah Stone' ﬂ/
'Pidusar’, 'Black Bhaislang', 'Berla’, !Darshan Cheza',

- 'Harfi Haboor', 'Makrana Marble' and Jaisalmer Marble are the

popular varieties, In the state of Uttar Pradesh, Mirzapur and
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Chunar sandstone quarries are perhaps the oldest well organizeid /é:
quarries. 1?Che,pter IV deals with the experimental techniques T
followed for this work. The problem of ascertaining the field

perfarmance ot stone as a constructional material us very com-
plieated and difficult, because of 1its varying mneralogical
v:omposition and tgxtures have to/-\considere& against different ‘(n/
elimatic conditions. Testing of building stanes hava taken 7
' divergent courses, though eertain test procedures are now fairly
standarized. The true and apparant specifie gravity, porosity,
'water absorption and saturation coefficients are determined b
according to Indian standards. Petrographic “examination 15 a
specialized branch of study and number of petrographid methods
and cal-culati»ons for the'measuremen{; of 'rock propérties are
available, Use is made of _‘.Lake 8ide' 70, as an impregnating
materi‘.al 4in case of friable rocks. Salt crystallization inside
the pores of a stone ig suppmsed to be the cause of disintegration
" of stones. A method of test for durability wherc 14% of NapSO4
10 B0 with a density of 1.055 gm/ce, 1s prepared and t’he stone

samples are suspended in it for 4 hrs. at 270 & 2%c, | Then the

samples are dried at 1059C mmrnight. This completes,bne eyole

and such 30 cycles are to Se completed for the durability test.
The change in weight is recorded as 3’?..1"12_." 100, where W1 and

, Wy

W2 are the weight of the specimen before and after each eycle.

Compressive strength is determined according to Indian Standard
" and the formla used 48 C = E- where C 1s the compressive

strength in 1lbs/sq.in., and P 1s the maximum load sustained by the

specimen, Determinations of modulus of rupture is per I.3.5.

e
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No. 1;21 and the formila used is R = «§~—— vhere R is the

WL
2 ba®
.modulus of rupture in 1b/sq.in, W 1s the central breaking load
in pound, L is the length of span in inches, b and 4 are the
averagé w1dth and depth of the specimen at mid section. Simi-
-larly 'Shear strength is calculated as 5 = H;ﬂ%# s where Wg
is the total, maximum load in pounds, Wl 13 the ;nitial load
in pounds required to bring the plunger in conctaet with the
surface, D is dlameter in inches of the plunger and T is thick-

-negs of the gpecimen,

Determination of the 'Dynamic Modulus of Elasticity!

wag done by 'Sonie' and ‘Ultrasonic' methods, With Sonic (~~vvi

osr—

tester resoﬁant frequeneies in the transverse mode of vibration
of the specimen was determined. The frequency response curve
at the resonant frequency was obtained. Ths dynamic modulus of
elasticify was calculated using equation Ed = CW (nt)z when

C = .;Q%fg_lﬂ T 1s the Goen'

are the length broadth and thickness of the specimen. Ultra-

s correction factor and L,b,t

sonic phase velocities through the gpecimen are also determined
by measuring the time taken by a wave to travel from one end %o
the other, electronically., The relation of the ‘'Ultrasonict
Pulse in g medium will depend on the modulus of elasticity and
density of the stone and the relation is gi&en by

) ? mie; (61:26)'
where VL is the ultrasonic pulse velocity, E 1s the modulus of
elastieity,\Q is the density and & 418 the poisson's ratio.
In a finite medium the formula reduces to VL = \/ﬁﬁ-

F -

A
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Chapter V pertains to physieal properties like apparant
specific gravity, true spécific gravity, Wt/Cu.ft., microporosity,
macroporosity, total porosit&, porefstruetufes and saturation'
coeffielent together with the Chemical @omposit;an of‘Iﬁdian
Building Stones. From the study of the apparent'specific gravity
true specific gravity and Wt/cu.ft.,-it appears that the apparant
specific gravity is more direetly connected to the Wt/Cu.ft, than
the true spe&ific gravity. Thig is due to the présence of pore
spaces within the sample which play an important role for evae-

" luating a stone. Hence, the apparant specific gravity is more
significant than true specific gravity in case of .natural building

stones.

Absorption capacity of rocks depends upon the shape and
gize of gfains, and the texture. Simplé, immersion in water does
not lead to complete saturation as the water falls to reach those
pores which arc completely cut off and there is no access of water
to that part of stone so that the replacement of the entrapped air
i3 incomplete, Studies on the properties like saturation co=
efficient and microporosity, macroporosity and porosity stéemes,
indicate ho relationship in case of stones. The séturation,gf'cca
efficient measured under constant conditions i1s a characteristic
property of the stone and besides other factors, depends upon the
configuration of the pores. However, absorption affords a crude
measure of pore-structure and 1f'hag been realized that an attempt
to evaluate the poreustructuf; quantitatively shall be a definite

advance towards durability studies inucase of natural building
stones,
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The phenomenon of efflorescence in case of bullding
stones and its relationship with the chemical composition of
stones under the variable conditions of weather such as that of
‘tropical countries, is of special significance. From the studles
>bn the chemical analysis of building stones given'in Chapter V
1£ has heen observed that slmost all rocks ranging from sand-
stones to granites and slates ete. §ave magnesium and calefium
salts in their composition. These salts on weathering, get
accumilated at the surface cfvétone és afflorescence causing

disruption.

In Chapteﬂ@éngineering Propertles like compresgsive
strength, modulus of rupture and shearing strength of Indian
Building Stones have been discussed. During the test it was
obgerved that the cubes of the same rock, 'having the same size
shape and character of bearing surfaces failed under different
loads., The cause of these variations 4in strength lies in

a) Faulty method of quarrying

b} Distribution of microweracks and incipient plane

of cleavages in stone and their distribution in
relation to loads.

¢) The degrea of dryness in a stone,

d) Seasoning time.

e) The degree of Weathering.

With a view to ascertaining tho relationship, tho compressive

" strength and the modulus of rupture, have been studied., There
1s a significant relafidnship between those tvo engineering
properties, though the degree of wvariation is different in case

of different rock types. Consequently no general relationship
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could be observed. Similarly, the relationship between com-
pressive strength and the shearing strength has been studied
and discussed both for the values of the shears parallel as
well as pendicular to the rift planes, Each type of rock has
a curve of its own for this relationship., On the basis of the
above relationships, it can be generalized that fhe compressive
strength of a stone gives a falr ;ndication of the other two
engineering properties.

In order to simplify:the use of 'Building Stonesg' in |
the engineering field and also for the purpose of trade in
order to decide the cutting rates a new scheme of classification
of ‘'Building Stones' under Indian conditions has been‘proposed.
Regarding the basis of classification, it has been established
that on one hand wt/Cu.ft. gives a fair indication of the regd.
physical properties in case of buildings stones and on the
other hand compressive strength bears close relationship to the
other engineering properties. Hence, a physico-engineering
relationship has been obtained in the form of a general curve. -

The equation derived for the above relationship 4s =
5

C = whire C is the compressive strength in

1956 - W Pes.dl. and W 1s the Wt/Cu.ft.

On the basls of the above law of variation, as derived
from the present studies, the rocks have been classified into
18 classes. In this classification each number indicates a
particular class of rocks possessing similar physica1~as well
as engineering properties of stones. Further the claésifieation
and the general equation can be utilized to obtain theoretically
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tho approximate compressive strength of a stone or wt/cu.ft., if
one is known., From compressive strength other ongineering proper-
%ies can always be ascertained by refering to the respective
curves for those rolationships, Since, these respective curves
are different in case of each type of rock, the classification
should be troated in a rostricted way as suggested and should

not be extended to all other physical and engineering propertiag
directly. Such an attempt would mean de—classifiqation.

Chapter VII reports the Dynamic Modulus of Elasticity
in case af building stones of iﬁdia, as determined by ‘Sonic!
and 'Ultrasonic' methods. The‘rQSglts,obﬁaine& by these two
methods show close concordance except in a few cases where the
inherent defects have been pointed out. These defects cause either
- reduction or increase in the propagation of thé-ﬁulse velocities. |
Parting surfaces in case of flag stones, bedding planes, eleaﬁages
and their disposition seriously effect the values. Similarly
the relationship'between'dynam;c modulug of elasticity and density
has been established. Heref also, the deviation of the pointg from
the general curve are inﬁicativa of sgmslunknown, unexpected
inherent differences in the composition, taxtu#e or structure of
the rocks. Pulse velocities are higher‘in case éf fine;grained
compact rocks, whereas coarse grained heterogenous gtones mass always
retards the pulse velocities. Crystal boundaries between two
minerals also effect the propagation of the wavos. Compressive
strength as related to Ultrasonic elésticity has been discussed,
This indicates a close relationéhip between the two properties.
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On the basis of the ultrasonic pulse velocitles, a
method has been proposed for the determination of the ‘'Grain'
(Cross fracture) in case of slates, Ultrasonic waves travel
faster in the direction of 'Graim*.‘ Tﬁe behaviour being same
in éase of heat waves also, a test is devi?ed where a coating‘
of a mhxture of the double iodide of copper and silver in the

"ratio ofissﬁ-and 18% reaspectively is 1aild over the slate surface.
“ Slate is theg, heated fr@m the'apposite side by a pointed flame
in the contre, The diréctian, slong which ealdur changes are

more rapid is the direation of t@rain' or cross fracture.

In Chapter IX, the influence of the physical, engineering
and petrographic properties on the durability of building stonegwmfer7
durability curves have been studied. It has been noted that
certain properties of stones though important from durability
and strength point of view in é stone remaing undetected during
the standard test for aurability. Obviously in order to have a
better understanding of those factors of durability under different
. conditions and also to study the phenomena of strength development
in case of stones, an ingight into the various agpects of their
petrographic chAracteristics have been studied. It has been obser-
ved that the physical and engineering properties of stones are
ultimately the functions of their mineralogic and petrographic
properties, On this basis, the durability of a rock can be ex-
Pressed petrographically as a dependent variable in a multiple
regression equation such asy W = £ {Xy, X, X3 = X4) vhere W
stands for durability expressed as a funetion 'f* of the inde-
pendent petrographic variables (X3, X5 eees 34’ determined quan=
titatively, such ags grain size, grain packing and uniformity of
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surface texture etc, as the case may be.

Theoretically, the strength of a stone, as dependent
upon the coherence of its particles might be taken to imply
identical resistance to evety disintegration force, On com=
parison of the results of durability studies and the '"Numerical
Classificatiah of Rocks', it has been obsgerved that there is no
definite parallelism between the structural strength and the
durability of a rock, Though the compressive strength, modulus
of rupture, sheafing strength or modulus of elasticity may reach
thousands bf pounds per square‘inch, bet it givesg no idea of
durability or actual strength of a stone which enables it to

stand against the vararious climates of India.

The term, "Durability® sgo far has been confined for
the chemlical reactions resulting in the disintegration of stone
due to salt deposition within the pores and micro-pores. The
term is defined here as "A Characteristic property of a stone
with regard to 1ts wear and tear in obedience to various physico-
chemical, atmsopherie and engineering forces, prevalent under
a particular field condition®,

The actual foundations on which the method of trials and
tests for durability and strength in stones should rest, have

been broadly classified into four classes =

A+ Interlockment or gramlar arrangement
B, Coherence
€y Tension or Strain

D, Rigidaty.
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Three types. of interlockment or. granular arrangement
have been distinguished - (i) 4rregular aggregation,
(11) parallel sorting, (111) devetalling or interpenetration.
Begides the strength developed by the interlockment of mineral
grains of stones, two modes of coherence =« (1) ceﬁenﬁation'and
(11) molecular cohesion, prevail in building stones. Cemen=
tation ig mainly present‘in gtones of sedimentary nature. Fronm
the petrographic studlies of sandstones and its comparison with
engineering propertiés, it appears that silica cement is the most
powerful out of all natural cements, This, in the form of compact
cryptoerystalline mass binds together a large part of the other-
wise loosely pulverulent sandstones of Vindhyan system, into solid
orthoquartzites, In erystalline stones strenéth is mainly due
to another physical force, tho molecular cohesion vhich exists
betwvoen surfaces of mineral éressed into intimate contact. In
consequences of the tremondous force involved in molecular and
capilllary adhesion surfaces cohere very strongly as seen in case
of marbles and erystalline limestones. They exhibit the sams
gggregation of tangent planes and eorrespondingly to high come
prdssive strengths.

Regarding tension or strain, the petrographic examination
of igneous and metamorphic rocks, it appears that there is always
a certain amount of balance of stress and strain among the mineral
components of a stone., Any disturbance of this by incrcase, 1loss
expansion orﬂcantraction, tend to injure the tenacity, coherence
and permanen&e of the aggregates of minerals in a building stone.
These tensiaﬁ or strains may be produced due o (é) erystallization

forces of minerals, (b) subterranean forces, (c¢) changes in temw



temperature which results in ‘'Sugaring' of marble.

Rigidity or in other words, the lack of plastic defor-
matian eapacityisof great ;mportance from the durability and
strength point of view when the stones are subjected to great
pressures in large engineering projects., Cleavages and the
sliding surfaces are the two main factors causing such plastice
doformationg in case of bullding stones.

Seasoning of stones, resulting in the development of
strength is attributed to the hardening of the deposited films
of lime, magnesia, 1ron,cérbonates and oxides. Lime sulphate,
silicate of soda, potash, lime magnesia and other bases and even
dissolved collold silic acid - crystalizing as quartz or in the
amorphous form of chalcedony or hyaliie, also generally serve as

factors in the phenomena of cementation during seasoning of stones.

Chapter X describes the defects and difficulties of M
stone masonry in India. As 1llustrated the stone is used in ox-
ternal wall facings in three main forms in India (1) as rubble
in a solid wall (i1) as rock faced courses in the outer skin
of a cavity wall, (111) as ashler in the outer skin of a cavity
wvall. In ghsence of stanciard specification of the methods of
congtructiony; number of common defeects such as plaecing of the
stone in a face bedded position, construction of threshclds and
steps in the carly stages of construction, improper choice of
colour combinations, poor mortar for jointings and polntings,
por;ar dropping over finished surface, cavities in joints of
coarse ashler, insertion of logs at random and loose projecting

of horns for doors and windows have been noted.
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Studles on the proper utilization of stones, have shown
experimentally that the chips_made from *'Black Traps' for terazzo
t1iles and mosaic flooring take good polish and are quite comparable
to the marble chips, if not‘superio:. Similafly sfone beams of all
kinds are plentiful in India and very useful trusses can be made
from them, A design of gtone trusses haé been suggested where
stone beams uptoaspan ef 20 ft, can be ﬁsed, ‘Raf'ters consist of
beams 12 to 5 inches thick, placed 3 ft. Tap'art (Fig. 38 & 39).
Slate roofs are quite common in India but eVery‘:ooffis made in a
different st?le and haphazard way,. This reduces the 1ife of a
slate roof besides the heavy maintenance expenditure and trouble,

With this in viev sgpecifications for the correct method of laying
| slate roofs under Indian conditions have been proposed. The pds&-
tion of ''Pitches, 'Laps and Gauge', Nailing, 'Placing’, Roofing
Felt', ‘'Ridges', 'Dips and Valleys! énd 'Fléshing‘ methods |
have boen mentioned and illustratoed. R

As digcussed in Chapter XI, the influence of the petro=
graphic and the mineralogié properties of rock aggregates for
quality control of concrete is an important factor. Concrete
briquettes were made with ﬁarious rock férming minerals in l:4
ratio by volume and the properties of such concretes were studied,
Quartz gave a concrete having a tensile strength of noarly 340
P.s.1, on autoclaving at 1500C for 24 hours. Other forms of silica
which inelude flint, chert and chalcedony give much higher strengths
than quartz. This is attributable to more free bonds being avai-
lable on the surface of cryptoarystalline varieties,

Strength of concrete in which felgpars alone have been used

1s higher than that of quartz, but it is interesting to note that
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on stream curing the stremgth of concrete made from felspars,
get reduced. Higher the percentage of alkalles in a felspar,
the lesser the strength obtained by autoelaving., Further, it
has been noted that the effect of 'K' dons is greater than
'Ra' ions. Ferromagnesium minerals such as amphiboles and
pyroxenes are tough minerals aﬁd tend té confer the game tqugh~
nesswrock“aggreg:tes.' Mica due to its soft and flaky nature is
supposed to be a harmful'impurity'wheh prosent in large quanti«
tles, The most satisfactory mineralogical composition of a rock
1s, vhere, quaréz forms 26%, felspar 40, Augite and Hornblende
| 20%‘and Mieg less than 108 of the whole mass. Grain size should

" be between 2.3 mn. gnd 0.4 mm.

A distinction has been drawn betveen 'SOPT' and 'WEAK!
particles in econcrete aggregates. Softness, as defined by Moh's,
designates yleld to abrasion, whersas the weak particles are the
product of decomposition either of soft or ﬁar& mnerals. Both
soft and wegk particles should be at minimm, though soft particles

sometimes offer a good bond and molecular eohesion,

In coarse granites where mineral quartz 1ies in contact
with the relatively smooth.sﬁrfacas of the early"fofmad erystals
of felspar and amphiboles low strength in an aggreéate 18 expected.
. The granophyric texture indicates a strong key. Ophitie texture
1s an advantage for making high quality rock aggregate. In sedi-
mentary rocks angular, subangular and sutured grains add to the st--
strength. In metamorphic rocks the nature and quality of the
aggregate.ia dependent on the nature of the original composition

of the rocks and the degree of metamorphism, According to Rau
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rocks having a high modulus of elasticity develope correspondingly
higher module in concrete. Modulus of elasticity of a few Indian
rocks has been determined.

Rocks have been classified 1ﬁto'tﬁo groups depending
upon their chemical stability in concrete
A+ Reactivity independent of cement,
B, Reactivity between a cement component and mineral
constiéuent of an aggregate.. | |

Oxidation, ‘'Hydration, *'Carbonationt gand 'Soluble Minerals and
¢lay fractions fall within the first category, whereas 'Base
Exchange! and alkall-aggregate reaction in concrete fall in the

second type.

It has been noted that certain clay minerals are respon-
sible for causing excessive shrinkage in rocks of sedimentary nature.
This causes ultimate fallure in concrete. In case of two stones

tested, gave shrinkage percentage from .021 to 0,79,

Fire rosistance properties of aggregates have been briefly
dealt with., Average co~efficient of thermal expanéion of mocks on
the basis of gilica percentage has been caleculated and discussed.

Chapter XII deals with the role of coarse aggregates in
the development of strength in conereto, the importante of which
¢an be Judged from the fact that it occupies a volum2z of approxie
mately 438 of the concrete mass. On quantitative estimation of
the influence of the mineralogic and petrographic factors on con=
erete strength, it has been observed that differences of 43 and
27 percent in tensile and compressive strength of concrete rese

pectively can be obtained,
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Shape, surface texture and modulus of elasticity effect
the tensile énd compressive strength of concerete, Tensile
strength 13 affected mostly by the change in modulus of elasge
ticity, whereas compressiVe strength is affected by the surface
texture. The upper limit of the tensile strength of the concrete
is set by the mortar strength The presence of coarse aggregates
with higher angularity number and rough texture contributes pro=-
portionately to the ultimate eompressive strength of the concrete,
Wator absorptive capacities of the rocks in these experiments
ranged only between .8 to 140, This doss not cause.any éffective
variation in W/C ratio and consequently the conerete ig also not
effected., Hovever, Upper Gondwana Sandstones vhen used in dry
condition will change the W/C ratio vhich will definitely refleect
back on the strongth of tho conecrete ultimately.

T
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