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Preface to the Third Edition

The book is considerably modified version of the 2000 edition. In third edition of the book
extensive revisions have been made. New materials have been introduced due to the advances
in the technology and progress in industry. The information presented includes characteristics
of the materials in regards to their physical and mechanical properties with emphasis on their
strength and durability qualities. The material presented can be supplemented by the information
from LS. Codes and various product manufacturers.

This edition embodies material changes in the chapters dealing with Cement, Concrete,
Lime and many others. Testing procedures of the materials have been updated for most of the
materials as some of the codes have been revised. Especially, in chapter 3 on Rocks and Stones
the section on testing of Stones has been completely rewritten.

Chapter 8 on Lime has been completely rewritten to make it more reader friendly. Logical
changes in chapter 5 on Cement, chapter 10 on Concrete and chapter 20 on Special Cements
and Cement Concretes have been made. Admixtures for concrete have been placed in chapter
10 and section on Pointing has been removed from chapter 12 on Building Mortars. Many
newer and upcoming more important concretes such as Self compacting Concrete, Bacterial
Concrete have been introduced in chapter 20 on special Cements and Cement Concrete.
Numerous revision of data and substitutions in description have been made not only in these
chapters but in other chapters also. Smart materials and composite materials have been
introduced in chapter 21 on Miscellaneous Materials.

The author will be grateful to the readers for their comments and suggestions for further
improvement of the book.

S.K. Duggal



Preface to the Second Edition

The second edition of this book deals with properties of building materials and techniques for
their manufacturing. Applications of building materials have been presented with emphasis
on engineering and economic approaches for determining the optimum kind of materials, best
suited to specific conditions of service in buildings. This edition provides a thorough and
practical groundwork for students of civil, architecture and construction technology. The
expanded and updated text can also serve as a refresher and reference for practicing civil
engineers, architects, contractors, and other workers who must be aware of new building
materials and techniques.

The building materials industry is in continual development, the range of products is being
expanded, and novel techniques for optimizing production processes are being introduced.
The main purpose of the book is to present a basic course of study with a detailed coverage of
basic theory and practice of the manufacture of building materials. The present edition embodies
material change in the chapters dealing with lime, cement, concrete, and many other minor
revisions.

Since concrete (Chapter 10) is the most widely and extensively used building material, its
production, properties, and testing have been thoroughly revised and discussed in more
details and depth. Chapter 11 on mix design has been introduced to make the used understand
better the manufacture and properties of concrete. Standards laid by Bureau of Indian Standards
have been followed.

Extensive addition in Chapter 20, miscellaneous materials, include elaboration of geotextiles,
new types of cements and concretes—their properties and production processes.

All this was possible due to the suggestions, and comments received form many individuals
and students. I would like to thank all of them. Acknowledgement is also made to New Age
Publishers for publishing the second edition.

S.K. Duggal



Preface to the First Edition

The primary purpose of writing thisbook is to give engineering students up-to-date information
on building materials. The book has been prepared after referring to a number of text books,
references and standards. S.I. units have been used throughout the text as far as possible.

The author has tried to incorporate essential information concerning manufacture /fabrication
of the various building materials; the data covering the more important mechanical and
physical properties, influences of various factors on these properties; the causes of defects,
their prevention and remedies; testing of materials. An attempt has also been made to present
to the reader some of the more general uses and applications of the different materials.

The author gratefully acknowledges the considerable encouragement, splendid help and
valuable suggestions received form his colleagues. Appreciation and thanks are also due to
those students who went through the preliminary and final scripts.

Finally thanks are due to my wife Suman and children Swati and Shashank for their tolerance
during this trying time. Efforts have been made to keep errors to a minimum. However, they
are inevitable. Suggestions are welcomed from all concerned pointing out any oversights.

S.K. Duggal
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PrincipAL PROPERTIES OF BuiLDING MIATERIALS

1.1 INTRODUCTION

Building materials have an important role to play in this modern age of technology. Although
their most important use is in construction activities, no field of engineering is conceivable
without their use. Also, the building materials industry is an important contributor in our
national economy as its output governs both the rate and the quality of construction work.

There are certain general factors which affect the choice of materials for a particular scheme.
Perhaps the most important of these is the climatic background. Obviously, different materials
and forms of construction have developed in different parts of the world as a result of climatic
differences. Another factor is the economic aspect of the choice of materials. The rapid advance
of constructional methods, the increasing introduction of mechanical tools and plants, and
changes in the organisation of the building industry may appreciably influence the choice of
materials.

Due to the great diversity in the usage of buildings and installations and the various
processes of production, a great variety of requirements are placed upon building materials
calling for a very wide range of their properties: strength at low and high temperatures,
resistance to ordinary water and sea water, acids and alkalis etc. Also, materials for interior
decoration of residential and public buildings, gardens and parks, etc. should be, by their very
purpose, pleasant to the eye, durable and strong. Specific properties of building materials
serve as a basis for subdividing them into separate groups. For example, mineral binding
materials are subdivided into air and hydraulic-setting varieties. The principal properties of
building materials predetermine their applications. Only a comprehensive knowledge of the
properties of materials allows a rational choice of materials for specific service conditions.
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The importance of standardisation cannot be over emphasised. It requires the quality of
materials and manufactured items to be not below a specific standard level. However, the
importance of standardisation is not limited to this factor alone, since each revised standard
places higher requirements upon the products than the preceding one, with the effect that the
industry concerned has to keep up with the standards and improved production techniques.
Thus, the industry of building materials gains both in quantity and quality, so that new, more
efficient products are manufactured and the output of conventional materials is increased.

To develop products of greater economic efficiency, it is important to compare the performance
of similar kinds of materials under specific service conditions. Expenditures for running an
installation can be minimised by improving the quality of building materials and products.
Building industry economists are thus required to have a good working knowledge, first, of the
building materials, second, of their optimum applications on the basis of their principal properties,
and, third, of their manufacturing techniques, in order that the buildings and installations may
have optimum engineering, economic performance and efficiency. Having acquired adequate
knowledge, an economist specialising in construction becomes an active participant in the
development of the building industry and the manufacture of building materials.

1.2 PHYSICAL PROPERTIES

Density (p) is the mass of a unit volume of homogeneous material denoted by

_M 3
p=~; g/cm

where M = mass (g)
V = volume (cm?)
Density of some building materials is as follows:

Material Density (g/cm>)
Brick 25-2.8
Granite 2.6-2.9
Portland cement 2.9-3.1
Wood 1.5-1.6
Steel 7.8-7.9

Bulk Density (p,) is the mass of a unit volume of material in its natural state (with pores and
voids) calculated as

pbz “12/‘{[‘ kg/m3

where M = mass of specimen (kg)
V = volume of specimen in its natural state (m°)
Note: Bulk density may be expressed in g/cm?® but this presents some inconveniences, and this is why
it is generally expressed in kg/m>. For example, the bulk density of reinforced cement concrete is
preferably expressed as 2500 kg/m? rather than 2.5 g/cm?®.

For most materials, bulk density is less than density but for liquids and materials like glass
and dense stone materials, these parameters are practically the same. Properties like strength
and heat conductivity are greatly affected by their bulk density. Bulk densities of some of the
building materials are as follows:
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Material Bulk density (kg/m?)
Brick 1600-1800
Granite 2500-2700
Sand 1450-1650
Pine wood 500-600
Steel 7850
Density Index (p,) is the ratio,
_ bulk density
° density
P
p

It indicates the degree to which the volume of a material is filled with solid matter. For
almost all building materials p,, is less than 1.0 because there are no absolutely dense bodies in
nature.

Specific Weight () also known as the unit weight) is the weight per unit volume of material,
Y=pP-8
Where
¥ = specific weight (kN/m?)
p = density of the material (kg/m)
g = gravity (m/s?)

Specific weight can be used in civil engineering to determine the weight of a structure
designed to carry certain loads while remaining intact and remaining within limits regarding
deformation. It is also used in fluid dynamics as a property of the fluid (e.g., the specific weight
of water on Earth is 9.80 kN /m? at 4°C).

The terms specific gravity, and less often specific weight, are also used for relative density.

Specific Gravity (G,) of solid particles of a material is the ratio of weight/mass of a given
volume of solids to the weight/mass of an equal volume of water at 4°C.

G=lto o Ps
Tw  Pw
At4°Cy, =1g/ccor 9.8 kN/m’
True or absolute specific gravity (G,) If both the permeable and impermeable voids are
excluded to determine the true volume of solids, the specific gravity is called true or absolute
specific gravity.
(ps )a

Pw
The absolute specific gravity is not much of practical use.

a

Apparent or mass specific gravity (G,,) If both the permeable and impermeable voids are
included to determine the true volume of solids, the specific gravity is called apparent specific
gravity. It is the ratio of mass density of fine grained material to the mass density of water.
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G =P
Pw
Porosity (n) is the degree to which volume of the material of the material is interspersed with
pores. It is expressed as a ratio of the volume of pores to that of the specimen.

V,

n=-Y
Vv
Porosity is indicative of other major properties of material, such as bulk density, heat
conductivity, durability, etc. Dense materials, which have low porosity, are used for constructions
requiring high mechanical strength on other hand, walls of buildings are commonly built of
materials, featuring considerable porosity.
Following inter relationship exists between void ratio and the porosity.

e
n—= ——

l+e
Void Ratio (e) is defined as the ratio of volume of voids (V) to the volume of solids (V).

$

If an aggregate is poured into a container of any sort it will be observed that not all of the space
within the container is filled. To the vacant spaces between the particles of aggregate the name
voids is applied. Necessarily, the percentage of voids like the specific weight is affected by the
compactness of the aggregate and the amount of moisture which it contains. Generally void
determinations are made on material measured loose.

There are two classes of methods commonly employed for measuring voids, the direct and
the indirect. The most-used direct method consists in determining the volume of liquid, generally
water, which is required to fill the voids in a given quantity of material. Since in poring water
into fine aggregate it is impossible to expel all the air between the particles, the measured voids
are smaller than the actual. It therefore becomes evident that the above direct method should
not be used with fine aggregate unless the test is conducted in a vacuum. By the indirect
method, the solid volume of a known quantity of aggregate is obtained by pouring the material
into a calibrated tank partially filled with water; the difference between the apparent volume
of material and the volume of water displaced equals the voids. If very accurate results are
desired void measurements should be corrected for the porosity of the aggregate and moisture
it contains.

Hygroscopicity is the property of a material to absorb water vapour from air. It is influenced
by air-temperature and relative humidity; pores—their types, number and size, and by the
nature of substance involved.

Water Absorption denotes the ability of the material to absorb and retain water. It is expressed
as percentage in weight or of the volume of dry material:

w, =M 00
M
w=M-M w0

v

where M, = mass of saturated material (g)
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M = mass of dry material (g)
V = volume of material including the pores (mm?)

Water absorption by volume is always less than 100 per cent, whereas that by weight of
porous material may exceed 100 per cent.

The properties of building materials are greatly influenced when saturated. The ratio of
compressive strength of material saturated with water to that in dry state is known as coefficient
of softening and describes the water resistance of materials. For materials like clay which soak
readily it is zero, whereas for materials like glass and metals it is one. Materials with coefficient
of softening less than 0.8 should not be recommended in the situations permanently exposed
to the action of moisture.

Weathering Resistance is the ability of a material to endure alternate wet and dry conditions
for a long period without considerable deformation and loss of mechanical strength.

Water Permeability is the capacity of a material to allow water to penetrate under pressure.
Materials like glass, steel and bitumen are impervious.

Frost Resistance denotes the ability of a water-saturated material to endure repeated freezing
and thawing with considerable decrease of mechanical strength. Under such conditions the
water contained by the pores increases in volume even up to 9 per cent on freezing. Thus the
walls of the pores experience considerable stresses and may even fail.

Heat Conductivity is the ability of a material to conduct heat. It is influenced by nature of
material, its structure, porosity, character of pores and mean temperature at which heat exchange
takes place. Materials with large size pores have high heat conductivity because the air inside
the pores enhances heat transfer. Moist materials have a higher heat conductivity than drier
ones. This property is of major concern for materials used in the walls of heated buildings since
it will affect dwelling houses.

Thermal Capacity is the property of a material to absorb heat described by its specific heat.
Thermal capacity is of concern in the calculation of thermal stability of walls of heated buildings
and heating of a material, e.g. for concrete laying in winter.

Fire Resistance is the ability of a material to resist the action of high temperature without any
appreciable deformation and substantial loss of strength. Fire resistive materials are those
which char, smoulder, and ignite with difficulty when subjected to fire or high temperatures for
long period but continue to burn or smoulder only in the presence of flame, e.g. wood
impregnated with fire proofing chemicals. Non-combustible materials neither smoulder nor
char under the action of temperature. Some of the materials neither crack nor lose shape such
as clay bricks, whereas some others like steel suffer considerable deformation under the action
of high temperature.

Refractoriness denotes the ability of a material to withstand prolonged action of high
temperature without melting or losing shape. Materials resisting prolonged temperatures of
1580°C or more are known as refractory.

High-melting materials can withstand temperature from 1350-1580°C, whereas low-melting
materials withstand temperature below 1350°C.
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Chemical Resistance is the ability of a material to withstand the action of acids, alkalis, sea
water and gases. Natural stone materials, e.g. limestone, marble and dolomite are eroded even
by weak acids, wood has low resistance to acids and alkalis, bitumen disintegrates under the
action of alkali liquors.

Durability is the ability of a material to resist the combined effects of atmospheric and other
factors.

1.3 MECHANICAL PROPERTIES

The important mechanical properties considered for building materials are: strength,
compressive, tensile, bending, impact, hardness, plasticity, elasticity and abrasion resistance.

Strength is the ability of the material to resist failure under the action of stresses caused by
loads, the most common being compression, tension, bending and impact. The importance of
studying the various strengths will be highlighted from the fact that materials such as stones
and concrete have high compressive strength buta low (/5 to '/ 5,) tensile, bending and impact
strengths.

Compressive Strength is found from tests on standard cylinders, prisms and cubes—smaller
for homogeneous materials and larger for less homogeneous ones. Prisms and cylinders have
lower resistance than cubes of the same cross-sectional area, on the other hand prisms with
heights smaller than their sides have greater strength than cubes. This is due to the fact that
when a specimen is compressed the plattens of the compression testing machine within which
the specimen is placed, press tight the bases of the specimen and the resultant friction forces
prevent the expansion of the adjoining faces, while the central lateral parts of the specimen
undergoes transversal expansion. The only force to counteract this expansion is the adhesive
force between the particles of the material. That is why a section away from the press plates
fails early.

The test specimens of metals for tensile strength are round bars or strips and that of binding
materials are of the shape of figure eight.

Bending Strength tests are performed on small bars (beams) supported at their ends and
subjected to one or two concentrated loads which are gradually increased until failure takes
place.

Hardness is the ability of a material to resist penetration by a harder body. Mohs scale is used
to find the hardness of materials. It is a list of ten minerals arranged in the order of increasing
hardness (Section 3.2). Hardness of metals and plastics is found by indentation of a steel ball.

Elasticity is the ability of a material to restore its initial form and dimensions after the load is
removed. Within the limits of elasticity of solid bodies, the deformation is proportional to the
stress. Ratio of unit stress to unit deformation is termed as modulus of elasticity. A large value of
it represents a material with very small deformation.

Plasticity is the ability of a material to change its shape under load without cracking and to
retain this shape after the load is removed. Some of the examples of plastic materials are steel,
copper and hot bitumen.
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1.4 CHARACTERISTIC BEHAVIOUR UNDER STRESS

The common characteristics of building materials under stress are ductility, brittleness, stiffness,
flexibility, toughness, malleability and hardness.

The ductile materials can be drawn out without necking down, the examples being copper
and wrought iron. Brittle materials have little or no plasticity. They fail suddenly without
warning. Cast iron, stone, brick and concrete are comparatively brittle materials having a
considerable amount of plasticity. Stiff materials have a high modulus of elasticity permitting
small deformation for a given load. Flexible materials on the other hand have low modulus of
elasticity and bend considerably without breakdown. Tough materials withstand heavy shocks.
Toughness depends upon strength and flexibility. Malleable materials can be hammered into
sheets without rupture. It depends upon ductility and softness of material. Copper is the most
malleable material. Hard materials resist scratching and denting, for example cast iron and
chrome steel. Materials resistant to abrasion such as manganese are also known as hard
materials.

EXERCISES

. (a) Why is it important to study the properties of building materials?
(b) List and define the physical properties of building materials.

2. (a) What are the factors influencing the choice of a building material?
(b) Why is it important to make standards for building materials?

3. Define the following:

(a) Density (b) Bulk density
(c) Density index (d) Specific weight
(e) Porosity (f) Void ratio
4. Write short notes on the following;:
(a) Refractoriness (b) Heat conductivity

(c) Selection of building materials (d) Fire resistive materials



STRucTURAL CLAY PRODUCTS

2.1 INTRODUCTION

Clay products are one of the most important classes of structural materials. The raw materials
used in their manufacture are clay blended with quartz, sand, chamatte (refractory clay burned
at 1000-1400°C and crushed), slag, sawdust and pulverized coal. Structural clay products or
building ceramics* are basically fabricated by moulding, drying and burning a clay mass.
Higher the bulk specific gravity, the stronger is the clay product. This rule does not hold good
for vitrified products since the specific gravity of clay decreases as vitrification advances.

Bulk specific gravity of clay brick ranges from 1.6 to 2.5.

According to the method of manufacture and structure, bricks, tiles, pipes, terracotta,
earthenwares, stonewares, porcelain, and majolica are well recognized and employed in building

* Polycrystalline materials and products formed by baking natural clays and mineral admixtures at a high
temperature and also by sintering the oxides of various metals and other high melting-point inorganic
substances.
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construction. Clay bricks have pleasing appearance, strength and durability whereas clay tiles
used for light-weight partition walls and floors possess high strength and resistance to fire.
Clay pipes on account of their durability, strength, lightness and cheapness are successfully
used in sewers, drains and conduits.

2.2 CLAY AND ITS CLASSIFICATIONS

Clay is the most important raw material used for making bricks. It is an earthen mineral mass
or fragmentary rock capable of mixing with water and forming a plastic viscous mass which
has a property of retaining its shape when moulded and dried. When such masses are heated
to redness, they acquire hardness and strength. This is a result of micro-structural changes in
clay and as such is a chemical property. Purest clays consist mainly of kaolinite
(25i0,.A1,0;.2H,0) with small quantities of minerals such as quartz, mica, felspar, calcite,
magnesite, etc. By their origin, clays are subdivided as residual and transported clays. Residual
clays, known as Kaolin or China clay, are formed from the decay of underlying rocks and are
used for making pottery. The transported or sedimentary clays result from the action of
weathering agencies. These are more disperse, contain impurities, and free from large particles
of mother rocks.

On the basis of resistance to high temperatures (more than 1580°C), clays are classified as
refractory, high melting and low melting clays. The refractory clays are highly disperse and
very plastic. These have high content of alumina and low content of impurities, such as Fe,O,
tending to lower the refractoriness. High melting clays have high refractoriness (1350-1580°C)
and contain small amount of impurities such as quartz, felspar, mica, calcium carbonate and
magnesium carbonate. These are used for manufacturing facing bricks, floor tiles, sewer pipes,
etc. Low melting clays have refractoriness less than 1350°C and have varying compositions.
These are used to manufacture bricks, blocks, tiles, etc.

Admixtures are added to clay to improve its properties, if desired. Highly plastic clays
which require mixing water up to 28 per cent, give high drying and burning shrinkage, call for
addition of lean admixtures or non-plastic substances such as quartz sand, chamottee, ash, etc.
Items of lower bulk density and high porosity are obtained by addition of admixture that burn
out. The examples of burning out admixtures are sawdust, coal fines, pulverized coal. etc. Acid
resistance items and facing tiles are manufactured from clay by addition of water-glass or alkalis.

Burning temperature of clay items can be reduced by blending clay with fluxes such as
felspar, iron bearing ores, etc. Plasticity of moulding mass may be increased by adding surfactants
such as sulphite-sodium vinasse (0.1-0.3%).

2.3 PHYSICAL PROPERTIES OF CLAYS

Plasticity, tensile strength, texture, shrinkage, porosity, fusibility and colour after burning are
the physical properties which are the most important in determining the value of clay.
Knowledge of these properties is of more benefit in judging the quality of the raw material than
a chemical analysis.

By plasticity is meant the property which wetted clay has of being permanently deformed
without cracking. The amount of water required by different clays to produce the most plastic
condition varies from 15 to 35 per cent. Although plasticity is the most important physical
property of clay, yet there are no methods of measuring it which are entirely satisfactory. The
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simplest and the most used test is afforded by feeling of the wetted clay with the fingers.
Personal equation necessarily plays a large part in such determination.

Since clay ware is subjected to considerable stress in moulding, handling and drying, a high
tensile strength is desirable. The test is made by determining the stregth of specimens which
have been moulded into briquette form and very carefully dried.

The texture of clay is measured by the fineness of its grains. In rough work the per cent
passing a No. 100 sieve is determined. No numerical limit to the grain size or desired relation
between sizes has been established. Very fine grained clays free from sand are more plastic and
shrink more than those containing coarser material.

Knowledge of shrinkage both in drying and in burning is required in order to produce a
product of required size. Also the amount of shrinkage forms an index of the degree of
burning. The shrinkage in drying is dependent upon pore space within the clay and upon the
amount of mixing water. The addition of sand or ground burnt clay lowers shrinkage, increases
the porosity and facilitates drying. Fire shrinkage is dependent upon the proportion of volatile
elements, upon texture and the way that clay burns.

By porosity of clay is meant the ratio if the volume of pore space to the dry volume. Since
porosity affects the proportion of water required to make clay plastic, it will indirectly influence
air shrinkage. Large pores allow the water to evaporate more easily and consequently permit
a higher rate of drying than do small pores. In as much as the rate at which the clay may be
safely dried is of great importance in manufacturing clay products, the effect of porosity on the
rate of drying should be considered.

The temperature at which clay fuses is determined by the proportion of fluxes, texture,
homogeneity of the material, character of the flame and its mineral constitution. Owing to non-
uniformity in composition, parts of the clay body melt at different rates so that the softening
period extends over a considerable range both of time and temperature. This period is divided
into incipient vitrification and viscous vitrification.

Experiments roughly indicate that the higher the proportion of fluxes the lower the melting
point. Fine textured clays fuse more easily than those of coarser texture and the same mineral
composition. The uniformity of the clay mass determines very largely the influence of various
elements; the carbonate of lime in large lumps may cause popping when present in small
percentages, but when finely ground 15 per cent of it may be allowed in making brick or tile.
Lime combined with silicate of alumina (feldspar) forms a desirable flux. Iron in the ferrous
form, found in carbonates and in magnetite, fuses more easily than when present as ferric iron.
If the kiln atmosphere is insufficiently oxidizing in character during the early stages of burning,
the removal of carbon and sulphur will be prevented until the mass has shrunk to such an
extent as to prevent their expulsion and the oxidation of iron. When this happens, a product
with a discoloured core or swollen body is likely to result.

A determination of the fusibility of a clay is of much importance both in judging of the cost
of burning it and in estimating its refractoriness.

2.4 BRICKS

One of the oldest building material brick continues to be a most popular and leading construction
material because of being cheap, durable and easy to handle and work with. Clay bricks are
used for building-up exterior and interior walls, partitions, piers, footings and other load
bearing structures.
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A brick is rectangular in shape and of size that can be conveniently handled with one hand.
Brick may be made of burnt clay or mixture of sand and lime or of Portland cement concrete.
Clay bricks are commonly used since these are economical and easily available. The length,
width and height of a brick are interrelated as below:

Length of brick = 2 x width of brick + thickness of mortar
Height of brick = width of brick
Size of a standard brick (also known as modular brick) should be 19 x 9 x 9 cmand 19 x 9 x 4 em.
When placed in masonry the 19 x 9 x 9 cm brick with mortar becomes 20 x 10 x 10 cm.
1
However, the bricks available in most part of the country still are 9" x 45 " x 3" and are known

as field bricks. Weight of such a brick is 3.0 kg. An indent called frog, 1-2 cm deep, as shown
in Fig. 2.1, is provided for 9 cm high bricks. The size of frog should be 10 x 4 x 1 cm. The
purpose of providing frog is to form a key for holding the mortar and therefore, the bricks are
laid with frogs on top. Frog is not provided in 4 cm high bricks and extruded bricks.

} 10 1o 25 10to 20

e .
40 f%l e ;T;) ,:?/“}A é . —gTo
be— 100 —»| i <tow"
ca@) 9‘3/4
e 190 o e 190 ———op”

Fig. 2.1 Bricks with Frog
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2.5 CLASSIFICATION OF BRICKS

On Field Practice

Clay bricks are classified as first class, second class, third class and fourth class based on their
physical and mechanical properties.

First Class Bricks

1. These are thoroughly burnt and are of deep red, cherry or copper colour.

2. The surface should be smooth and rectangular, with parallel, sharp and straight edges
and square corners.

These should be free from flaws, cracks and stones.

These should have uniform texture.

No impression should be left on the brick when a scratch is made by a finger nail.

The fractured surface of the brick should not show lumps of lime.

A metallic or ringing sound should come when two bricks are struck against each other.
Water absorption should be 12-15% of its dry weight when immersed in cold water for
24 hours.

O NG W
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9. The crushing strength of the brick should not be less than 10 N/mm?. This limit varies
with different Government organizations around the country.

Uses: First class bricks are recommended for pointing, exposed face work in masonry
structures, flooring and reinforced brick work.

Second Class Bricks are supposed to have the same requirements as the first class ones except
that

1. Small cracks and distortions are permitted.
2. A little higher water absorption of about 16-20% of its dry weight is allowed.
3. The crushing strength should not be less than 7.0 N/mm?.

Uses: Second class bricks are recommended for all important or unimportant hidden masonry
works and centering of reinforced brick and reinforced cement concrete (RCC) structures.

Third Class Bricks are underburnt. They are soft and light-coloured producing a dull sound
when struck against each other. Water absorption is about 25 per cent of dry weight.
Uses : It is used for building temporary structures.

Fourth Class Bricks are overburnt and badly distorted in shape and size and are brittle in
nature.

Uses: The ballast of such bricks is used for foundation and floors in lime concrete and road
metal.

On Strength

The Bureau of Indian Standards (BIS) has classified the bricks on the basis of compressive
strength and is as given in Table 2.1.

Table 2.1 Classification of Bricks based on Compressive Strength {IS: 1077}

Class Average compressive strength not less than (N/mm?)
35 35.0
30 30.0
25 25.0
20 20.0
17.5 17.5
15 15.0
12.5 12.5
10 10.0
7.5 7.5
5 5.0
3.5 3.5

Notes: 1. The burnt clay bricks having compressive strength more than 40.0 N/mm? are known as
heavy duty bricks and are used for heavy duty structures such as bridges, foundations for
industrial buildings, multistory buildings, etc. The water absorption of these bricks is limited
to b per cent.

2. Each class of bricks as specified above is further divided into subclasses A and B based on
tolerances and shape. Subclass-A bricks should have smooth rectangular faces with sharp
comers and uniform colour. Subclass-B bricks may have slightly distorted and round edges.
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Subclass-A Subclass-B
Dimension Tolerance Dimension Tolerance

fem) {mm) fem) {fmm)
Length 380 + 12 380 + 30
Width 180 + 6 180 + 15
Height
(i) 9 cm 180 + 6 180 + 15
{ii) 4 cm 80 + 3 80 + 6

On the Basis of Use

Common Brick is a general multi-purpose unit manufactured economically without special
reference to appearance. These may vary greatly in strength and durability and are used for
filling, backing and in walls where appearance is of no consequence.

Facing Bricks are made primarily with a view to have good appearance, either of colour or
texture or both. These are durable under severe exposure and are used in fronts of building
walls for which a pleasing appearance is desired.

Engineering Bricks are strong, impermeable, smooth, table moulded, hard and conform to
defined limits of absorption and strength. These are used for all load bearing structures.

On the Basis of Finish

Sand-faced Brick has textured surface manufactured by sprinkling sand on the inner surfaces
of the mould.

Rustic Brick has mechanically textured finish, varying in pattern.

On the Basis of Manufacture
Hand-made: These bricks are hand moulded.

Machine-made: Depending upon mechanical arrangement, bricks are known as wire-cut
bricks—bricks cut from clay extruded in a column and cut off into brick sizes by wires; pressed-
bricks—when bricks are manufactured from stiff plastic or semi-dry clay and pressed into
moulds; moulded bricks—when bricks are moulded by machines imitating hand mixing.

On the Basis of Burning

Pale Bricks are underburnt bricks obtained from outer portion of the kiln.

Body Bricks are well burnt bricks occupying central portion of the kiln.

Arch Bricks are overburnt also known as clinker bricks obtained from inner portion of the
kiln.

On the Basis of Types

Solid: Small holes not exceeding 25 per cent of the volume of the brick are permitted; alternatively,
frogs not exceeding 20 per cent of the total volume are permitted.

Perforated: Small holes may exceed 25 per cent of the total volume of the brick.
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Hollow: The total of holes, which need not be small, may exceed 25 per cent of the volume of
the brick.
Cellular: Holes closed at one end exceed 20 per cent of the volume.

Note: Small holes are less than 20 mm or less than 500 mm? in cross section.

2.6 CHARACTERISTICS OF GOOD BRICK

The essential requirements for building bricks are sufficient strength in crushing, regularity in
size, a proper suction rate, and a pleasing appearance when exposed to view.

Size and Shape: The bricks should have uniform size and plane, rectangular surfaces with
parallel sides and sharp straight edges.

Colour: The brick should have a uniform deep red or cherry colour as indicative of uniformity
in chemical composition and thoroughness in the burning of the brick.

Texture and Compactness: The surfaces should not be too smooth to cause slipping of mortar.
The brick should have precompact and uniform texture. A fractured surface should not show
fissures, holes grits or lumps of lime.

Hardness and Soundness: The brick should be so hard that when scratched by a finger nail no
impression is made. When two bricks are struck together, a metallic sound should be produced.

Water Absorption should not exceed 20 per cent of its dry weight when kept immersed in
water for 24 hours.

Crushing Strength should not be less than 10 N/mm?2.

Brick Earth should be free from stones, kankars, organic matter, saltpetre, etc.

2.7 INGREDIENTS OF GOOD BRICK EARTH

For the preparation of bricks, clay or other suitable earth is moulded to the desired shape after
subjecting it to several processes. After drying, it should not shrink and no crack should develop.
The clay used for brick making consists mainly of silica and alumina mixed in such a proportion
that the clay becomes plastic when water is added to it. It also consists of small proportions of
lime, iron, manganese, sulphur, etc. The proportions of various ingredients are as follows:

Silica 50-60%

Alumina 20-30%

Lime 10%

Magnesia <1%

Ferric oxide < 7% Less than 20%
Alkalis < 10%

Carbon dioxide
Sulphur trioxide Very small percentage
Water
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Functions of Various Ingredients

Silica: 1t enables the brick to retain its shape and imparts durability, prevents shrinkage and
warping. Excess of silica makes the brick brittle and weak on burning. A large percentage of
sand or uncombined silica in clay is undesirable. However, it is added to decrease shrinkage in
burning and to increase the refractoriness of low alumina clays.

Alumina absorbs water and renders the clay plastic. If alumina is present in excess of the
specified quantity, it produces cracks in brick on drying. Clays having exceedingly high
alumina content are likely to be very refractory.

Lime normally constitutes less than 10 per cent of clay. Lime in brick clay has the following
effects:

1. Reduces the shrinkage on drying.

Causes silica in clay to melt on burning and thus helps to bind it.

In carbonated form, lime lowers the fusion point.

Excess of lime causes the brick to melt and the brick looses its shape.

Red bricks are obtained on burning at considerably high temperature (more than 800°C)
and buff-burning bricks are made by increasing the lime content.

Gl W

Magnesia rarely exceeding 1 per cent, affects the colour and makes the brick yellow, in
burning; it causes the clay to soften at slower rate than in most case is lime and reduces
warping.

Iron Iron oxide constituting less than 7 per cent of clay, imparts the following properties:

1. Gives red colour on burning when excess of oxygen is available and dark brown or even
black colour when oxygen available is insufficient, however, excess of ferric oxide makes
the brick dark blue.

2. Improves impermeability and durability.

3. Tends to lower the fusion point of the clay, especially if present as ferrous oxide.

4. Gives strength and hardness.

2.8 HARMFUL SUBSTANCES IN BRICK EARTH

Lime: When a desirable amount of lime is present in the clay, it results in good bricks, but if in
excess, it changes the colour of the brick from red to yellow. When lime is present in lumps, it
absorbs moisture, swells and causes disintegration of the bricks. Therefore, lime should be
present in finely divided state and lumps, if any, should be removed in the beginning itself.
Experience has shown, however, that when line particles smaller than 3 mm diameter hydrate
they produce only small pock mark which, provided that there are not many of them, can
usually be ignored. Particles larger than this might, if present in any quantity, cause unsightly
blemishes or even severe cracking.

Pebbles, Gravels, Grits do not allow the clay to be mixed thoroughly and spoil the appearance
of the brick. Bricks with pebbles and gravels may crack while working.

Iron Pyrites tend to oxidise and decompose the brick during burning. The brick may split into
pieces. Pyrites discolourise the bricks.
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Alkalis (Alkaline salts) forming less than 10 per cent of the raw clay, are of great value as fluxes,
especially when combined with silicates of alumina. These are mainly in the form of soda or
potash. However, when present in excess, alkali makes the clay unsuitable for bricks. They
melt the clay on burning and make the bricks unsymmetrical. When bricks come in contact
withmoisture, water is absorbed and the alkalis crystallise. On drying, the moisture evaporates,
leaving behind grey or white powder deposits on the brick which spoil the appearance. This
phenomenon is called efflorescence. Efflorescence should always be dry brushed away before
rendering or plastering a wall; wetting it will carry the salts back into the wall to reappear later.

If bricks become saturated before the work is completed, the probability of subsequent
efflorescence is increased, brick stacks should, therefore be protected from rain at all times.
During laying, the bricks should be moistened only to the extent that is found absolutely
essential to obtain adequate bond between bricks and mortar; newly built brickwork should be
protected from rain.

Organic Matter: On burning green bricks, the organic matter gets charred and leave pores
making the bricks porous; the water absorption is increased and the strength is reduced.

Carbonaceous Materials in the form of bituminous matter or carbon greatly affects the colour
of raw clay. Unless proper precaution is taken to effect complete removal of such matter by
oxidation, the brick is likely to have a black core.

Sulphur is usually found in clay as the sulphate of calcium, magnesium, sodium, potassium or
iron, or as iron sulphide. Generally, the proportion is small. If, however, there is carbon in the
clay and insufficient time is given during burning for proper oxidation of carbon and sulphur,
the latter will cause the formation of a spongy, swollen structure in the brick and the brick will
be decoloured by white blotches.

Water: A large proportion of free water generally causes clay to shrink considerably during
drying, whereas combined water causes shrinkage during burning. The use of water containing
small quantities of magnesium or calcium carbonates, together with a sulphurous fuel often
causes similar effects as those by sulphur.

2.9 MANUFACTURING OF BRICKS

Additives in the Manufacture of Bricks

Certain additives such as fly ash, sandy loam, rice husk ash, basalt stone dust, etc. are often
required not only to modify the shaping, drying and firing behaviour of clay mass, but also to
help conserve agricultural land and utilise waste materials available in large quantities. These
additives should, however, have a desirable level of physical and chemical characteristics so as
to modify the behaviour of clay mass within the optimum range without any adverse effect on
the performance and durability. Some of the basic physio-chemical requirements of conventional
additives are as under:
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Fly Ash: A waste material available in large quantities from thermal power plants can be added
to alluvial, red, black, marine clays, etc. The fly ash contains amorphous glassy material,
mullite, haematite, magnetite, etc. and shows a chemical composition similar to brick earths.
These silicates also help towards strength development in clay bodies on firing, when mixed in
optimum proportion depending on the physio-chemical and plastic properties of soils to be
used for brick making. The proportion of fly ash mixed as an additive to the brick earth should
be optimum to reduce drying shrinkage, check drying losses and to develop strength on firing
without bloating or black coring in fired product. The crystallites present in the fly ash should
comply with the resultant high temperature phases in the finished product.

The desirable characteristics of fly ash which could be used as an additive to the soil mass
are given in Table 2.2.

Table 2.2 Desirable Characteristics of Fly Ash for Use as
an Admixture with Brick Earths

S.No. Characteristics Desired level
1. Texture Fineness, 200 to
2. Maximum coarse material 300 m?/kg
{+ 1T mm) 0.5%
3. Maximum unburnt carbon
per cent by mass 15%
4., Maximum water soluble
per cent by mass 0.1%

Sandy Loam: Addition of sandy loam is often found effective in controlling the drying behaviour
of highly plastic soil mass containing expanding group of clay minerals. Sandy loam should
preferably have a mechanical composition as specified below. The material should, however,
meet the other requirement as well.

Clay (< 2 micron) 8-10%
Silt (2-20 micron) 30-50%
Sand (> 20 micron) 40-60%

Rice Husk Ash: The ash should preferably have unburnt carbon content in the range of 3-5%
and should be free from extraneous material. It can be used with plastic black red soils showing
excessive shrinkage.

Basalt Stone Dust: Basalt stone occurs underneath the black cotton soil and its dust is a waste
product available in large quantity from basalt stone crushing units. The finer fraction from
basalt stone units is mixed with soil mass to modify the shaping, drying and firing behaviour
of bricks. The dust recommended for use as an additive with brick earth should be fine
(passing 1 mm sieve), free from coarse materials or mica flakes and should be of non-calcitic or
dolomitic origin.

The operations involved in the manufacture of clay bricks are represented diagrammatically
in Fig. 2.2.



18 Building Materials

Preparation of Brick Earth

Unsoiting H Digging HWemhcrmg }—-.l Blending H Tempening
-

Moulding
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Drying

Fig. 2.2 Operations Involved in Manufacturing of Clay Bricks

Preparation of Brick Earth
It consists of the following operations.

Unsoiling: The soil used for making building bricks should be processed so as to be free of
gravel, coarse sand (practical size more than 2 mm), lime and kankar particles, organic matter,
etc. About 20 cm of the top layer of the earth, normally containing stones, pebbles, gravel,
roots, etc., is removed after clearing the trees and vegetation.

Digging: After removing the top layer of the earth, proportions of additives such as fly ash,
sandy loam, rice husk ash, stone dust, etc. should be spread over the plane ground surface
on volume basis. The soil mass is then manually excavated, puddled, watered and left over
for weathering and subsequent processing. The digging operation should be done before
rains.

Weathering: Stones, gravels, pebbles, roots, etc. are removed from the dug earth and the soil
is heaped on level ground in layers of 60-120 cm. The soil is left in heaps and exposed to
weather for at least one month in cases where such weathering is considered necessary for the
soil. This is done to develop homogeneity in the mass of soil, particularly if they are from
different sources, and also to eliminate the impurities which get oxidized. Soluble salts in the
clay would also be eroded by rain to some extent, which otherwise could have caused scumming
at the time of burning of the bricks in the kiln. The soil should be turned over at least twice and
it should be ensured that the entire soil is wet throughout the period of weathering. In order to
keep it wet, water may be sprayed as often as necessary. The plasticity and strength of the clay
are improved by exposing the clay to weather.

Blending: The earth is then mixed with sandy-earth and calcareous-earth in suitable proportions
to modify the composition of soil. Moderate amount of water is mixed so as to obtain the right
consistency for moulding. The mass is then mixed uniformly with spades. Addition of water
to the soil at the dumps is necessary for the easy mixing and workability, but the addition of
water should be controlled in such a way that it may not create a problem in moulding and
drying. Excessive moisture content may effect the size and shape of the finished brick.
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Tempering: Tempering consists of kneading the earth with feet so as to make the mass stiff and
plastics (by plasticity, we mean the property which wet clay has of being permanently deformed
without cracking). It should preferably be carried out by storing the soil in a cool place in layers
of about 30 cm thickness for not less than 36 hours. This will ensure homogeneity in the mass
of clay for subsequent processing. For manufacturing good brick, tempering is done in pug

mills and the operation is called pugging.
Pug mill consists of a conical iron
tube as shown in Fig. 2.3. The mill is
sunk 60 cm into the earth. A vertical
shaft, with a number of horizontal
arms fitted with knives, is provided
at the centre of the tube. This central
shaft is rotated with the help of
bullocks yoked at the end of long
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mill from the top. The knives cut
through the clay and break all the
clods or lump-clays when the shaft
rotates. The thoroughly pugged clay
is then taken out from opening
provided in the side near the bottom.
The yield from a pug mill is about
1500 bricks.

Moulding

It is a process of giving a required shape to
the brick from the prepared brick earth.
Moulding may be carried out by hand or by
machines. The process of moulding of bricks
may be the soft-mud (hand moulding), the
stiff-mud (machine moulding) or the dry-
press process (moulding using maximum 10
per cent water and forming bricks at higher
pressures). Fire-brick is made by the soft mud
process. Roofing, floor and wall tiles are made
by dry-press method. However, the stiff-mud
process is used for making all the structural
clay products.

Hand Moulding: A typical mould is shown in
Fig. 2.4. Hand moulding is further classified
as ground moulding and table moulding.
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Ground Moulding: In this process, the ground is levelled and sand is sprinkled on it. The
moulded bricks are left on the ground for drying. Such bricks do not have frog and the lower
brick surface becomes too rough. To overcome these defects, moulding blocks or boards are
used at the base of the mould. The process consists of shaping in hands a lump of well pugged
earth, slightly more than that of the brick volume. It is then rolled into the sand and with a jerk
it is dashed into the mould. The moulder then gives blows with his fists and presses the earth
properly in the corners of the mould with his

thumb. The surplus clay on the top surface is
removed with a sharp edge metal plate called ——
strike (Fig. 2.5) or with a thin wire stretched
over the mould. After this the mould is given

a gentle slope and is lifted leaving the brick Wire strike Wooden strike
on the ground to dry. Fig. 2.5 Strikes

Notes: (i) This method is adopted when a large and level land is available.

(ii) To prevent the moulded bricks from sticking to the side of the mould, sand is sprinkled on the
inner sides of the mould, or the mould may be dipped in water every time before moulding is
done. The bricks so produced are respectively called sand moulded and slop moulded bricks,
the former being better since they provide sufficient rough surface necessary for achieving a
good bond between bricks and mortar.

Table Moulding: The bricks are moulded on stock boards nailed on the moulding table
(Fig. 2.6). Stock boards have the projection for forming the frog. The process of filling clay in the
mould is the same as explained above. After this, a thin board called pallet is placed over the
mould. The mould containing the brick is then smartly lifted off the stock board and inverted
so that the moulded clay along with the mould rests on the pallet. The mould is then removed
as explained before and the brick is carried to the drying site.

Pugged clay
o /L \; — Moulding table Projection for frog
o N
L—b L- Wire bow

Paliet

| Clot
moulder's
sand

4

Guide rollers

Details at A-A
Fig. 2.6(a} Brick Moulding Table Fig. 2.6(b) Stock Board

Machine Moulding can be done by either of the following processes:

Plastic Method: The pugged, stiffer clay is forced through a rectangular opening of brick size
by means of an auger. Clay comes out of the opening in the form of a bar. The bricks are cut
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from the bar by a frame consisting of several wires at a distance of brick size as shown in Fig.
2.7. This is a quick and economical process.

Wire cutting frame

Clay bar

Fig. 2.7 Plastic Moulding

Dry-press Method: The moist, powdered clay is fed into the mould on a mechanically operated
press, where it is subjected to high pressure and the clay in the mould takes the shape of bricks.
Such pressed bricks are more dense, smooth and uniform than ordinary bricks. These are burnt

carefully as they are likely to crack.

Courses 1,35, elc.

Courses 2,4,6, el

Fig. 2.8 Method of Drying Bricks

Drying

Green bricks contain about 7-30% moisture
depending upon the method of manufacture. The
object of drying is to remove the moistre to control
the shrinkage and save fuel and time during burning.
The drying shrinkage is dependent upon pore spaces
within the clay and the mixing water. The addition
of sand or ground burnt clay reduces shrinkage,
increases porosity and facilities drying. The moisture
content is brought down to about 3 per cent under
exposed conditions within three to four days. Thus,
the strength of the green bricks is increased and the
bricks can be handled safely.

Clay products can be dried in open air driers or in
artificial driers. The artificial driers are of two types,
the hot floor drier and the tunnel drier. In the former,
heat is applied by a furnance placed at one end of the
drier or by exhaust steam from the engine used to
furnish power and is used for fire bricks, clay pipes
and terracotta. Tunnel driers are heated by fuels
underneath, by steam pipes, or by hot air from cooling
kilns. They are more economical than floor driers. In
artificial driers, temperature rarely exceeds 120°C.
The time varies from one to three days. In developing
countries, bricks are normally dried in natural open
air driers (Fig. 2.8). They are stacked on raised ground
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and are protected from bad weather and direct sunlight. A gap of about 1.0 m is left in the
adjacent layers of the stacks so as to allow free movement for the workers.

Burning

The burning of clay may be divided into three main stages.

Dehydration (400-650°CJ: This is also known as water smoking stage. During dehydration,
(1) the water which has been retained in the pores of the clay after drying is driven off and the
clay loses its plasticity, (2) some of the carbonaceous matter is burnt, (3) a portion of sulphur
is distilled from pyrites. (4) hydrous minerals like ferric hydroxide are dehydrated, and (5) the
carbonate minerals are more or less decarbonated. Too rapid heating causes cracking or bursting
of the bricks. On the other hand, if alkali is contained in the clay or sulphur is present in large
amount in the coal, too slow heating of clay produces a scum on the surface of the bricks.

Oxidation Period (650-900°C): During the oxidation period, (1) remainder of carbon is
eliminated and, (2) the ferrous iron is oxidized to the ferric form. The removal of sulphur is
completed only after the carbon has been eliminated. Sulphur on account of its affinity for
oxygen, also holds back the oxidation of iron. Consequently, in order to avoid black or spongy
cores, oxidation must proceed at such a rate which will allow these changes to occur before
the heat becomes sufficient to soften the clay and close its pore. Sand is often added to the
raw clay to produce a more open structure and thus provide escape of gases generated in
burning.

Vitrification—To convert the mass into glass like substance — the temperature ranges from
900-1100°C for low melting clay and 1000-1250°C for high melting clay. Great care is required
in cooling the bricks below the cherry red heat in order to avoid checking and cracking.
Vitrification period may further be divided into (a) incipient vitrification, at which the clay has
softened sufficiently to cause adherence but not enough to close the pores or cause loss of
space—on cooling the material cannot be scratched by the knife; (b) complete vitrification,
more or less well-marked by maximum shrinkage; (c) viscous vitrification, produced by a
further increase in temperature which results in a soft molten mass, a gradual loss in shape, and
a glassy structure after cooling. Generally, clay products are vitrified to the point of viscosity.
However, paving bricks are burnt to the stage of complete vitrification to achieve maximum
hardness as well as toughness.

Burning of bricks is done in a clamp or kiln. A clamp is a temporary structure whereas kiln
is a permanent one.

Burning in Clamp or Pazawah: A typical clamp is shown in Fig. 2.9. The bricks and fuel are
placed in alternate layers. The amount of fuel is reduced successively in the top layers. Each
brick tier consists of 4-5 layers of bricks. Some space is left between bricks for free circulation
of hot gasses. After 30 per cent loading of the clamp, the fuel in the lowest layer is fired and the
remaining loading of bricks and fuel is carried out hurriedly. The top and sides of the clamp are
plastered with mud. Then a coat of cowdung is given, which prevents the escape of heat. The
production of bricks is 2-3 lacs and the process is completed in six months. This process yields
about 60 per cent first class bricks.
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Kiln Burning: The kiln used for burning bricks may be underground, e.g. Bull’s trench kiln or
overground, e.g. Hoffman’s kiln. These may be rectangular, circular or oval in shape. When the
process of burning bricks is continuous, the kiln is known as continuous kiln, e.g. Bull’s trench
and Hoffman’s kilns. On the other hand if the process of burning bricks is discontinuous, the
kiln is known as intermittent kiln.

Intermittent Kiln: The example of this type of an over ground, rectangular kiln is shown in Fig.
2.10. After loading the kiln, it is fired, cooled and unloaded and then the next loading is done.
Since the walls and sides get cooled during reloading and are to be heated again during next
tiring, there is wastage of fuel.
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Fig. 2.9 Clamp or Pazawah Fig. 2.10 Intermittent Kiln

Continuous Kiln: The examples of continuous kiln are Hoffman’s kiln (Fig. 2.11) and Bull’s
trench kiln (Fig. 2.12). In a continuous kiln, bricks are stacked in various chambers wherein the
bricks undergo different treatments at the same time. When the bricks in one of the chambers
is fired, the bricks in the next set of chambers are dried and preheated while bricks in the other
set of chambers are loaded and in the last are cooled.

Note: In the areas where black cotton soil occur, a more elaborate method of processing is followed. The
clay, which may be black or a mixture of black and yellow, is first washed free of the lime kankar
in the ‘GHOL’ tanks. The slurry is then run off to the setting tanks. After 3-4 days when the clay
has settled down, the supernatant water is bucketed off. Opening material like powdered grog of
fine coal ash (passing 2.00 mm sieve), which opens up the texture of clay mass, is then added in
predetermined proportions. This is usually 30 to 40 per cent of the mass of clay. A solution of 0.5
per cent sodium chloride may also be added at this stage to prevent lime bursting. The clay is then
thoroughly mixed with the opening materials added and allowed to dry further for a period of 3-4
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days till the mix attains the correct moulding consistency. Grog is prepared by lightly calcining
lumps of black cotton soil (about 10 to 15 cm dia.) in a clamp at about 700° to 750°C. Coal ash,
fire wood, brambles, etc. may be used as fuel. The fuel and clay lumps are arranged in alternate
layers in the clamp. After calcination the clay is pulverized in a machine, such as disintegrator, a
hammer mill or a pan-mill to a fineness of less than 2.0 mm.
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Fig. 2.11 Hoffman’s Continuous Kiln Fig. 2.12 Bull’s Trench Kiln

2.10 DIFFERENT FORMS OF BRICKS

Some of the common type of bricks, depending upon the places of use, are shown in Fig. 2.13.
Round ended and bull nosed bricks (Fig. 2.13 (a, f)) are used to construct open drains. For door
and window jambs, cant brick, also called splay brick, shown in Fig. 2.13 (b, c), are most
suitable. The double cant brick shown in Fig. 2.13 (c) is used for octagonal pillars. Cornice brick
shown in Fig. 2.13 (d) is used from architectural point of view. Figure 2.13 (e) shows a compass
brick—tapering in both directions along its length—used to construct furnaces. Perforated
brick (Fig. 2.13 (g)) is well burned brick, but is not sound proof. Figure 2.13 (h) shows hollow
bricks. These are about1/3rd the weight of normal bricks and are sound and heat proof, but are
not suitable where concentrated loads are expected. Top most bricks course of parapets is
made with coping bricks shown in Fig. 2.13 (i). These drain off the water from the parapets.
Brick shown in Fig. 2.13 (j) is used at plinth level and for door and window jambs. Split bricks
are shown in Fig. 2.13 (k, 1). When the brick is cut along the length, it is called queen closer and
when cut at one end by half header and half stretcher, it is known as king closer.
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(a) Rounded-ended (b) Cant (c) Double cant

Lo Parapet

—

Cornice
brick

(e) Compass (f) Bull-nosed

(i) Coping
(g) Perforated (h) Hollow

(k) Queen closer (1) King closer

Fig. 2.13 Forms of Bricks
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2.11 TESTING OF BRICKS

About fifty pieces of bricks are taken at random from different parts of the stack to perform
various tests. For the purpose of sampling, a lot should contain maximum of 50,000 bricks. The
number of bricks selected for forming a sample are as per Table 2.3, (IS: 5454). The scale of
sampling for physical characteristics is given in Table 2.4.

Table 2.3. Scale of Sampling and Permissible Number of Defectives for Visual and
Dimensional Characteristics

No. of bricks For characteristics specified for For dimensional
in the lot individual brick characteristics specified for
No. of bricks to Permissible No. of group of 20 bricks—No.
be selected defectives in the sample of bricks to be selected
2001 to 10000 20 1 40
10001 to 35000 32 2 60
35001 to 50000 50 3 80

Note: In case the lot contains 2000 or less bricks, the sampling shall be subject to agreement between
the purchaser and supplier.

Table 2.4. Scale of Sampling for Physical Characteristics

Lot size Sampling size for compressive Permissible Warpage
strength, breaking load, transverse No. of Sample  Permissible No.
strength, bulk density, water defectives for size of defectives
absorption and efflorescence efflorescence
2001 to 10000 5 0 10 0
10001 to 35000 10 0 20 1
35001 to 50000 15 1 30 2

Note: In case the lot contains 2000 or less bricks, the sampling shall be subject to agreement between
the purchaser and supplier.

e

k.

Dimension Test (IS: 1077): 20 pieces out of selected
pieces (Table 2.3) are taken and are laid flatas shown
in Fig. 2.14. The cumulative dimensions of the bricks
should be as discussed in Sec. 25. 0 —e——gr—mpeemem— o=

The tolerances (Section 2.5) on the sizes of bricks f % W
are fixed by giving maximum and minimum [ |
dimensions, noton individual bricksbutonbatches L 1 1 v o
of 20 bricks chosen at random. Measursenent ot widlh

It follows from this method of measurement that
batches are likely to contain, bricks outside the -~ -~ ~~ Q
prescribed limit of tolerance. Such lots should be

rejected to avoid complaints about the variation of b vs v mio 2 o=
Measurement of haight
perpends.

Maasurement of fangth

Fig. 2.14 Measurement of Tolerances of
Common Building Bricks
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Water Absorption Test (IS: 3495 (Part ll)): The existence of minute pores confers marked
capillary properties on brick ceramics. In particular all bricks absorb water by capillary action.
The percentage of water absorption is a very valuable indication of the degree of burning.
Vitrification, in the true sense, corresponds to such a dgree of compactness that the absorption
of the brick is not over 3 per cent after 48 hours of immersion. It has been reported that for
absorption less than 5 per cent danger from frost is negligible.

Water absorption does not necessarily indicate the behavior of a brick in weathering. Low
absorption (< 7 %) usually indicates a high resistance to damage by freezing, although some
type of bricks of much higher absorption may also be frost resistance. Since expansive force of
water freezing in the pores of a clay product depends upon the proportion of pore space
occupied, the ratio of the absorption after 24 hours submersion to the absorption after boiling
for 5 hours (C,,/B;) appears to be a better criterion of resistance to freezing than the percentage
of absorption.

The durability of a brick may be tested by frost action, i.e., by alternate wetting and drying.
The absorption test has long been considered a measure of durability, although the basis for
this assumption is questionable. The suction rate of the brick at the time it is laid exercises a
mark influence on the mortar bond. Too rapid withdrawal of water from the mortar by the
brick produces a weak bond. The rate at which a brick absorbs water, frequently called its
suction rate, maybe measured by immersing one face of the brick in water. The one minute
water uptake (initial rate of absorprion) is taken as the suction rate. For long periods of
immersion in theis test, the total wieght of water absorbed per unit area,

w = At
where, A is the water absorption coefficient
and t is the time elapsed in the test.

The standard methods of finding the absorption value of the bricks are discussed below.
If absorption by volume is desired it can be obtained by multiplying the weight percentage by
the apparent specific gravity.

24 Hours Immersion Cold Water Test: Dry bricks are put in an oven at a temperature of 105°
to 115°C till these attain constant mass. The weight (W,) of the bricks is recorded after cooling
them to room temperature. The bricks are then immersed in water at a temperature of 27° + 2°C
for 24 hours. The specimens are then taken out of water and wiped with a damp cloth. Three
minutes, thereafter it is weighed again and recorded as W,

W, - W

The water absorption in % = 1 %100

1

The average water absorption shall not be more than 20 per cent by weight upto class 12.5
and 15 per cent by weight for higher classes.

Five Hours Boiling Water Test: The weight of the oven dried bricks (W) is recorded as above.
Then the specimen is immersed in the water and boiled for five hours, followed by cooling
down to 27° + 2°C by natural loss of heat within 16-19 hours. The specimen is taken out of
water and wiped with a damp cloth and the weight is recorded as Wj.

W, - W,

The water absorption in % = 1 %100

1
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Compressive Strength Test (IS: 3495 (Part I)): The crushing affords a basis for comparing the
quality of bricks but is of little value in determining the strength of a masonry wall, since the
latter depends primarily on the strength of mortar. Six bricks are taken for the compressive
strength test althought it may be found that an individual brick varies by 20% or more from the
average, the permissible stresses allowed for load bearing walls take account of this, being
based on an average strength of six bricks. It is, therefore, both unnecessary and uneconomical
to insist that every bricks is above a certain strength. As a criterion of structural strength for
brick, the transverse failure in a wall or pavement is likely to occur on account of improper
bedment. For testing bricks for compressive strength from a sample the two bed faces of bricks
are ground to provide smooth, even and parallel faces. The bricks are then immersed in water
at room temperature for 24 hours. These are then taken out of water and surplus water on the
surfaces is wiped off with cotton or a moist cloth. The frog of the brick is flushed level with
cement mortar and the brick is stored under damp jute bags for 24 hours followed by its
immersion in water at room temperature for three days. The specimen is placed in the
compression testing machine with flat faces horizontal and mortar filled face being upwards.
Load is applied at a uniform rate of 14 N/m? per minute till failure. The maximum load at
failure divided by the average area of bed face gives the compressive strength.

Maximum load at failure (N)

Compressive strength (N/mm?) = 5
Average area of bed faces (mm*)

The average of results shall be reported. The
compressive strength of any individual brick tested in
the sample should not fall below the minimum average
compressive strength specified for the corresponding
class of brick by more than 20 percent.

Warpage Test (1S:3495 (Part 1V): Warpage of the brick
is measured with the help of a flat steel or glass surface
and measuring ruler graduated in 0.5 mm divisions or
wedge of steel 60 x 15 x 15 mm (Fig. 2.15). For warpage
test, the sample consists of 10 bricks from a lot.

Fig. 2.15 Measuring Wedge

Concave Warpage: The flat surface of the brick is placed along the surface to be measured
selecting the location that gives the greatest deviation from straightness. The greatest distance
of brick surface from the edge of straightness is measured by a steel ruler or wedge.

Convex Warpage: The brick is place on the plane surface with the convex surface in contact
with the flat surface and the distances of four corners of brick are measured from the flat
surface. The largest distance is reported as warpage.

The higher of the distance measured in concave and convex warpage tests is reported as
warpage.

Efflorescence Test (IS: 3495 (Part ll)): The ends of the brick are kept in a 150 mm diameter
porcelain or glass dish containing 25 mm depth of water at room temperature (20°-30°C) till
the entire water is absorbed or evaporated. The water is again filled to 25 mm depth in the dish
and allowed to be absorbed by the brick or evaporated. Presence of efflorescence is classified
as below.
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1. Nil — When the deposit of efflorescence is imperceptible.

2. Slight — When the deposit of efflorescence does not cover more than 10 per cent
of the exposed area of the brick.

3. Moderate — When the deposit of efflorescence is more than 10 per cent but less than
50% of the exposed area of the brick.

4. Heavy =~ — When the deposit of efflorescence is more than 50 per cent but the deposits
do not powder or flake away the brick surface.

5. Serious — When the deposits are heavy and powder or flake away the brick surface.

The specifications limit the efflorescence to be not more than moderate (10-50%) up to class
12.5 and not more than slight (< 10 per cent) for higher classes.

2.12 DEFECTS OF BRICKS

Over-burning of Bricks: Bricks should be burned at temperatures at which incipient, complete
and viscous vitrification occur. However, if the bricks are overburnt, a soft molten mass is
produced and the bricks loose their shape. Such bricks are not used for construction works.

Under-burning of Bricks: When bricks are not burnt to cause complete vitrification, the clay is
not softened because of insufficient heat and the pores are not closed. This results in higher
degree of water absorption and less compressive strength. Such bricks are not recommended
for construction works.

Bloating: This defect observed as spongy swollen mass over the surface of burned bricks is
caused due to the presence of excess carbonaceous matter and sulphur in brick-clay.

Black Core: When brick-clay contains bituminous matter or carbon and they are not completely
removed by oxidation, the brick results in black core mainly because of improper burning.

Efflorescence: This defect is caused because of alkalies present in bricks. When bricks come in
contact with moisture, water is absorbed and the alkalis crystalise. On drying grey or white
powder patches appear on the brick surface. This can be minimised by selecting proper clay
materials for brick manufacturing, preventing moisture to come in contact with the masonry,
by providing waterproof coping and by using water repellent materials in mortar and by
providing damp proof course.

Chuffs: The deformation of the shape of bricks caused by the rain water falling on hot bricks
is known as chuffs.

Checks or Cracks: This defect may be because of lumps of lime or excess of water. In case of
the former, when bricks come in contact with water, the absorbed water reacts with lime
nodules causing expansion and a consequent disintegration of bricks, whereas shrinkage and
burning cracks result when excess of water is added during brick manufacturing.

Spots: Iron sulphide, if present in the brick clay, results in dark surface spots on the brick
surfaces. Such bricks though not harmful are unsuitable for exposed masonry work.

Blisters: Broken blisters are generally caused on the surface of sewer pipes and drain tiles due
to air imprisoned during their moulding.



30 Building Materials

Laminations: These are caused by the entrapped air in the voids of clay. Laminations produce
thin lamina on the brick faces which weather out on exposure. Such bricks are weak in
structure.

2.13 HEAVY DUTY BURNT CLAY BRICKS (IS: 2180)

These are similar to burnt clay bricks and of the same size but with high compressive strength.

Classification
Class 400: compressive strength not less than 40.0 N/mm? but less than 45.0 N/mm?
Class 450: compressive strength not less than 45.0 N/mm?.

These are further subdivided as subclasses A and B based on tolerance.

Tolerance
Dimensions (cm) Tolerances (mm)
Subclass A Subclass B
9 +3 + 7
19 +6 + 15

Water absorption: should not be more than 10 per cent after 24 hours immersion in water.
Efflorescence: should be nil.
Bulk density: should be less than 2500 kg/m?>.

2.14 BURNT CLAY PERFORATED BRICKS (IS : 2222)

Perforated Bricks contain cylindrical holes throughout thier thickness, have high compressive
strength and less water absorption. These bricks are light in weight, require less quantity of
clay and drying and burning of these bricks is easy and economical. The direction of perforations
can be vertical or horizontal. These are used in building walls and partitions. The area of
perforations should not exceed 30 to 45% of the area of face. In case of rectangular perforations,
larger dimensions should be parallel to longer side of the brick.

Dimensions

These are available in the following sizes.
(i) 19 x9 x9cm.

(i) 29 x 9 x 9 cm.

Tolerance
Dimensions Tolerances
(cm) (mm)
9 + 4
19 + 7
29 +10
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Perforations

(i) Dimension of perforation parallel to short side should not be more than 20 mm in case of

rectangular projection and 25 mm in case of circular projection.

(ii) Area of each perforation should not exceed 500 mm?.

Compressive strength should not be less than 7.0 N/mm?.
Water absorption should not be more than 15 per cent.
Efflorescence should not be more than slight.

Warpage should not exceed 3 per cent.

2.15 BURNT CLAY PAVING BRICKS (IS : 3583)

The iron content is more than that in the ordinary clay bricks. Excessive iron causes vitrification
of bricks while burning at a low temperature, gives natural glaze to the brick, making it more
resistant to abrasion. Paving bricks can be manufactured from surface clays, impure fire-clays
or shale. However, shales are the best raw material for paving bricks. These are generally
burned in continuous kiln for seven to ten days.

Dimensions: The available sizes are:
(i) 19.5x9.5x9cm
(i) 19.5x95x4cm

Tolerances
Dimensions Tolerances
(cm) (mm)
19.5 + 6
95 + 3
9 + 3
4 +1.5

Compressive strength should not be less than 40.0 N/mm?.

Water absorption should not be more than 5 per cent by weight after immersion for about 24 hours.

2.16 BURNT CLAY SOLING BRICKS (IS : 5779)

These are used for soling of roads.

Dimensions
(i) 19 x9 x9cm
(i) 19x9%x4cm
Tolerances: Overall dimensions of 20 bricks (selected) should be within following limits.

Length 370-388 cm (380 + 8 cm)
Width 176184 cm (18 + 4 cm)
Height
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9 c¢m bricks 176-184 cm
4 c¢m bricks 76-84 cm

Compressive strength should not be less than 5.0 N/mm?.

For

Water Absorption should not be more than 20 per cent by weight after immersion for about 24
hours in cold water.

Efflorescence: Rating should not be more than slight.

2.17 BURNT CLAY HOLLOW BLOCKS (IS : 3952)

Hollow blocks, also known as cellular or cavity blocks, are manufactured from a thoroughly
ground, lump free, well mixed clay mass of medium plasticity to allow moulding. The process
of manufacture is similar to that of stiff-mud bricks. These are used to reduce the dead weight
of the masonry and for exterior as well as partition walls. They also reduce the transmission of
heat, sound and dampness.

Types
Type A — Blocks with both faces keyed for plastering or rendering.

Type B — Blocks with both faces smooth for use without plastering or rendering on either
side.

Type C — Blocks with one face keyed and one face smooth.

Dimensions
Length Breadth Height
(cm) (cm) (cm)
19 19 9
29 9 9
29 14 9
Tolerances
Dimensions (cm) 9 14 19 29
Tolerances (mm) +4 +5 +7 =10

Crushing Strength: Minimum average value should be 3.5 N/ mm?. Strength of individual
block should not fall below the average value by more than 20 per cent.

Water absorption should not be more than 20 per cent.

2.18 BURNT CLAY JALLIS (IS: 7556)

These are normally used for providing a screen on verandah and construction of parapet or
boundary walls. Total void area should not exceed 40 per cent. Keys for bonding with mortar
should be 10 mm wide and 3 mm deep. These are generally hand moulded but superior
qualities can be produced by machines.
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Dimensions

19x19%x10cm,19x19x5em,19x 14 x 10 cm, 19 x 14 x 5 cm,
14x14x10cm, 14 x 14 x5cm, 14 x 9x5cm, 9 x 9 x 5 cm.

Tolerances + 3 per cent.

Breaking load average value should not be less than 1.2 N/mm? width.
Water absorption average value should not exceed 15 per cent.
Efflorescence rating should not be more than slight.

Warpage should not exceed 3 per cent.

2.19 CLAY TILES

Tiles are thin slabs of low melting clays used for various purposes in engineering constructions.
These give a very pleasing appearance and good service properties. Roofing tiles, flooring tiles,
wall tiles and partition tiles are some of the examples. Due to the considerable mass, labour-
consuming manufacture, erection and drainage problems, and appreciable transportation
charges, roofing tiles have lost their importance and are recommended locally. The various
types of roofing tiles in common use are shown in Fig. 2.16. Floor tiles are extensively used in
houses and industrial buildings. These are durable and impervious to water, resist abrasion
well and wash easily. White burning and red burning clays, fire clays and shales are used in
making tiles for floor surfaces. Tiles for surface of walls differ from floor tiles principally in
design in degree of burning. Wall tiles are burned at a comparatively low temperature, glazed,
and fired again in muffle kiln at a still lower temperature.

Continuocus nib Ridge tile

Plain tile
\‘l {under side)

Fig 2.16 (a} Plain Tiling
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Fig. 2.16 (c) Pan Tiles

Fig. 2.16 (b} Hip Tiling

Fig. 2.16 (d) Pan Tiling
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Fig. 2.17 (b} Ceiling Tile

Manufacturing

Tiles are made in the same manner as bricks, but are thinner and lighter, so require greater care.
These are manufactured from a clay mass with or without admixtures of colouring impurities
by moulding and subsequent burning until baked, up to about 1300 °C. The clay should be
highly plastic with lean admixtures and fusing agents to lower the melting point. These are
moulded in machines of the auger or plunger type and are commonly burned in continues
kilns.

Specifications

Flat Terracing Tiles (IS: 2690): The flat terracing tiles may be hand moulded or machine
moulded. Their specifications are given in Table 2.5. Hand moulded tile is marked with symbol
H and the machine moulded tile with symbol M.

Table 2.5 Specifications for Flat Terracing Tiles

Characteristic/Dimensions Hand moulded Machine moulded

Length {mm) 250 to 150 in stages of 25 250 to 150 in stages of 25

Width (mm) 200 to 75 in stages of 25 200 to 100 in stages of 25

Thickness {mm) 25 to 50 in stages of b 20 and 15

Tolerances + 3% + 2% for machine pressed
+ 3% for machine extrudel

Warpage ¥ 2 %of deminsion ¥ 1% of diminsion

Water absorption ¥ 20 % ¥ 15%

Modulus of rupture (N/mm?2) ¥ 1.5 ¥ 2
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Clay Ridge and Ceiling Tiles

The clay ridge and ceiling tiles (Fig. 2.17) are grouped as class AA and also A and should fulfil
the following requirements.
Class AA Class A

1. Maximum water absorption (%) 18 20

2. Minimum breaking strength (kN) 0.015 (average) 0.011 (average)
0.0125 (individual) 0.0095 (individual)

The length of the ridge tile measured from face to face excluding the portion containing the
catch should be 375, 400 and 435 mm with a tolerance of 15 mm. When a ridge tiles is placed
on a horizontal plane (Fig. 2.17 (a)), the triangle formed in elevation by producing the inner
faces of the tile should have a base of 265 mm and height of 100 mm with a tolerance of + 5 mm.
The tiles shold be not less than 100 mm thick throughout.

The ceiling tiles may be of single lug or double lug type as shown in Fig. 2.17(b).

Flooring Tiles

The flooring tiles are of three classes—class 1, class 2 and class 3. These are available in following
sizes.

150 x 150 x 15mm, 150 x 150 x 20mm, 200 x 200 x 20mm
200 x 200 x 25mm, 250 x 250 x 30mm

The average dimensions should not vary by more than + 5 mm and that for a given area and
space the dimensions of individual tile should not vary by more than + 2 %. For thickness these
limits are + 2 mm and + 1 mm respectively.

The characteristics of these tiles are given in Table 2.6.

Table 2.6 Classification of Flooring Tiles

SI. No. Characteristic Requirements for
Class 1 Class 2 Class 3
{i)  Water absorption per cent, Max: 10 19 24
{ii) Flexural strength, kg/cm width, Min:
{a) Average 6 3.5 2.5
(b) Individual 5 3.0 2.0

(iii) Impact, maximum height in mm of
drop of steel ball:

{a) 15 mm thick 25 20 15
{b) 20 mm thick 60 50 40
{c) 25 mm thick 75 65 50
{d) 30 mm thick 80 70 60

Characteristics
A good roofing tile should have the following properties:

1. uniform texture.
2. accurate size and shape.
3. free from defects like flaws, cracks and nonuniform burning.
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4. water absorption (less than 15 per cent).
5. resistant to atmosphere and dampness.
6. durability.

Uses

They are used as roofing material for low cost houses in big cities and also used to give a
pleasing look from architectural point of view.

Testing of Tiles

The burnt, clay roofing tiles must comply with two tests—the transverse strength test and the
water absorption test. The flooring tiles in addition to these tests must also be tested for impact.
Ridge tiles are tested for water absorption and breaking strength.

Transverse Strength Test (IS: 2690) consists of applying the load along the centre line at right
angles to the length of the tile (which has been immersed in water for twenty four hours)
supported on the rounded edges of wood bearers. Six tiles are tested and the average breaking
load should not be less than as specified in the code. The rate of loading is kept uniform and
may vary in the range of 450-550 N/min.

15 WS
bt?

where W = breaking load, S = span in mm (3/4 of tile), and b, t = width and thickness,
respectively.

Flexural strength (N/mm?) =

Water Absorption Test (IS: 2690): Six tiles are dried in oven at 105 + 5°C and cooled at the
room temperature. They are then immersed in water for twenty four hours. Thereafter wiped
dry and weighed.

W, - W,
Absorption in % = —2—1x100
W;

where, W, and W, are the respective weights of dry and the immersed specimens.

Impact Test (IS: 1478): The apparatus for the impact test consists of an upright stand fixed
to a heavy base. A steel ball 35 mm in diameter and 170 g in weight is held in jaws of a clamp
fixed to the stand. Three specimen tiles are oven dried at a temperature of 100-110°C till they
attain a constant weight and then allowed to cool at room temperature. The tile is placed
horizontally with its face upwards over a 25 mm thick rubber sheet which in turn is placed over
a rigid horizontal surface. The tile is so adjusted that the ball when released falls vertically on
the centre of the tile. The steel ball is first released from a height of 75 mm. Then the height of
release is raised in steps of 75 mm until the test specimen fractures. The maximum height of
release of the test ball is reported.

Breaking Strength Test (IS: 1464): A sample of six tiles is used for the test. The tiles are
soaked in water for 24 hours. The two longitudinal edges of the ridge tiles are kept, in the
normal position, over two strips of 25 mm thick rubber sheet placed on the table of the
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testing machine. A 75 x 100 x 300 mm block is placed over the ridge of the tile and a load of
2.7 kN/min is applied on the block. The breaking load of individual tile is noted. It is divided by
the length of tile. The results are reported in N/mm.

2.20 FIRE-CLAY OR REFRACTORY CLAY

Fire-clay is a term, loosely applied, to include those sedimentary or residual clays which vitrify
at a very high temperature and which, when so burnt, possess great resistance to heat.
These are pure hydrated silicates of alumina and contain a large proportion of silica 55-75%,
alumina 20-35%, iron oxide 2-5% with about 1 per cent of lime, magnesia and alkalis. The
greater the percentage of alumina, the more refractory the clay will be. Fire clays are capable of
resisting very high temperatures up to 1700°C without melting or softening and resist spalling.
The presence of a small percentage of lime and magnesia and alkalis help to melt the clay
particles more firmly, whereas a large percentage of lime and magnesia tend to melt the clay at
low temperatures. Iron oxide or other alkalis reduce refractory qualities of fire clay. The fire
clay is used for manufacturing fire bricks used in furnance linings, hollow tiles, and crucibles.

2.21 FIRE-CLAY BRICKS OR REFRACTORY BRICKS

Fire-clay bricks are made from fire-clay. The process of manufacturing is as of an ordinary
brick, burnt at very high temperatures in special kilns (Hoffman’s kiln). The raw materials
used for the manufacture of fire bricks consist of flint clay and grog (burnt fire clay) as non-
plastic materials and soft fire clay as plastic material. Fire clay mortar is used to clay rerfractory
bricks.

Properties

1. The colour is whitish yellow or light brown.
2. The water absorption of fire-clay bricks varies from 4-10%
3. The minimum average compressive strength of the bricks should be 3.5 N/mm?.

Uses These are used for lining blast furnances, ovens, kilns, boilers and chimneys.
The principal varieties of fire-clay bricks are as follows:

Acid Refractory Bricks consist of silica bricks (95-97% silica and 1-2% lime) and ganister bricks
(ganister—a hard coloured sand stone containing 10 per cent clay and 2 per cent of lime), used
in lining furnaces having siliceous and acidic slag, steel industry and coke oven. The softening
temperature ranges from 1700° to 1800°C. Silica bricks are hard and also possess good
refractoriness under load. But they have tendency to spall during rapid temperature change
therefore, these can not be used for lining of furnaces which have to be cooled and reheated
frequently.

Basic Refractory Bricks consist of magnesia bricks (magnesia minimum 85 per cent, calcium
oxide maximum 25 per cent and silica maximum 5.5 per cent) and bauxite bricks (minimum 85
per cent aluminium oxide and maximum 20 per cent clay). These are highly resistant to
corrosion and are used for lining furnances having basic slag. Due to high thermal expansion
and consequent poor resistance to spalling the use of these bricks is retricted to copper metallurgy
and basic open hearth.
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Neutral Refractory Bricks consist of chromite bricks (50 per cent chrome and iron ore containing
30 per cent iron oxide and bauxite containing 15 per cent aluminium and 5 per cent silica),
chrome magnesite bricks (Cr,O; 18 per cent, MgO 30 per cent), spinel and forsterite bricks. The
neutral refractory bricks are suitable at places where acidic and basic linings are to be separated,
e.g. for lining copper reverberatory furnance.

2.22 TERRACOTTA

It is an Italian word, Terra means clay and Cotta means burnt. Terracotta is refractory clay
product and is used in ornamental parts of buildings. The clay used for its manufacture should
be of superior quality and should have sufficient iron and alkaline matters. By varying iron
oxide in clay, desired colour can be obtained. The clay is mixed with powdered glasses, pottery
and sand ground to fine powder and pugged several times till it gets uniform and soft for
moulding. Terracotta is impervious, hard and cheap. When properly made the material weathers
well and becuse of its glazed surface can be cleaned easily. The product is burnt in special kilns
(Muffle furnance).

Preparation of Clay: The clay is mixed thoroughly with water in a tub. Powdered pottery, glass
and white sand are added to it in sufficient proportions. It is then intimately mixed with
spades. The intimate mix is then placed in wooden boxes with joints. This allows the surplus
water to drain off. Thereafter the mix is passed several times through pug mills.

Moulding and Drying: Special porous moulds are made of Plaster of Paris or of zinc. The
pugged clay is pressed into moulds. The dried articles are taken out of the moulds after a few
days and then dried slowly.

Burning: Terracotta is burned with care to get uniform colour in muffle furnance between 1100~

1200°C.
Composition
Dry clay 50-60% Ground glass 8-10%
Crushed pottery 20% Clean white sand 10-20%
Uses

1. Hollow blocks of terracotta are used for masonry.

2. Cornices and arches.

3. Statuettes.

4. Ornamental works.

5. Being fire proof, terracotta is most suitable as casing for steel columns and beams.
6. Porous terracotta is used for sound insulation.

Classification: Terracotta is of two types, the porous and the polished (Faience).

Porous Terracotta: It is manufactured by mixing sawdust or finely fragmented cork in the clay
and has the following characteristics.

1. Light weight.
2. Resistant to weathering action.
3. Fire resistant.
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4. Can be nailed and sawn to various shapes.
5. Sound proof.
6. Poor strength—used only for ornamental works.

Polished Terracotta is highly glazed architectural terracotta with relatively coarse body. These
are made from refractory clays with addition of quartz sand and fusing agents such as chalk.The
polished terracotta is also called terracotta twice burnt. The 1st burning is called biscutting and
is done at 650°C. Then, this product is coaled with glazed solution which imparts texture and
colour. Thereafter it is dried and fired at 1200°C. The material

1. is hard, strong and durable.

can be given different colours.

is leak proof (water absorption < 12 per cent) and can be easily cleaned.
is resistant to chemical action.

is resistant to weathering action of atmosphere.

is fire proof.

AN S A

2.23 PORCELAIN

A high grade ceramic ware having white colour, zero water absorption and glazed surface
which can be soft or hard, consists of finely dispersed clay, kaolin, quartz and felspar, baked at
high temperature and covered with a coloured or transparent glaze. The glazing material is
applied before firing. At high temperatures, the felspar particles fuse and bind the other
constituents into a hard, dense, and vitreous mass. High temperature ensures non-porosity
and a better product. Because of white colour, it is also called whiteware which is of two types:

Soft Porcelain is made from white clay to which flint is added.

Hard Porcelain is made form china clay or kaolin with quartz and felspar are added as filler.

Composition
China clay 50-60%
Ordinary clay 5%
Whiting < 1%
Felspar 20%
Characteristics

1. Low (zero) water absorption.
2. Hard and glazed.

3. Good refractory material.

4. Good electric insulator.

Uses: Porcelain is used for manufacturing sanitary wares, containers and crucibles, reactor
chambers and electric insulators.

Note: A special type of porcelain known as Ziron Porcelain is used in automobile industry. Its composition
is as follows:
Iron 60%
Clay 15-30%
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2.24 STONEWARE

Ahard ceramic material resembling porcelain with a different colour, usually grey or brownish
is made from refractory clay mixed with crushed pottery, stones and sand burned at high
temperatures and cooled slowly. The clay used for making stoneware consists of about 75 per
cent silica and 25 per cent alumina. Iron oxide is added to give colour.

Characteristics

1. Hard, compact, strong and durable material.

2. Gives ringing sound when struck.

3. Glazed stoneware becomes resistant to chemical and weathering action.
4. Gives good finish and appearance.

Uses

1. Light sanitary wares, e.g. wash basins, water closets, etc.
2. Drain pipes and fittings.

3. Road paving materials.

4. Flooring tiles and wall tiles in toilets and kitchens.

2.25 EARTHENWARE

These are made by burning the ordinary clay at low temperature and cooling slowly. To check
shrinkage, sand and crushed pottery are mixed with clay. This also increases the toughness,
hardness and strength of the ware.

Characteristics

1. Soft, porous and weak.
2. Glazed earthenware becomes resistant to weathering action.

Uses: Earthenware is used for manufacturing drain pipes, lavatory fittings and light weight
partition walls.

2.26 MAJOLICA

It is Italian earthenware coated with an opaque white enamel, ornamented with metallic
colour. It is manufactured from low-heat clays to which up to 20 per cent calcium carbonate is
added in the form of chalk. Majolica has a microporous texture.

Uses: It is used in doorways, window casings, and facing tiles.

2.27 GLAZING

Bricks, tiles, earthenwares and stonewares are glazed by an impervious film to protect the
surface from chemical attack and other weathering agencies. The different types of glazing in
use are as to follow.

Transparent Glazing

There are many methods for imparting transparent glazing, but salt glazing is most commonly
used, since this makes the items impermeable. It consists of throwing sodium chloride in the
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kiln when burning is at peak (1200°-1300°C). The heat of the kiln volatises the salt, which
enters into the pores of the burning item and combines with the silica in clay to make soda
silicate. The soda silicate so formed combines with alumina, lime and iron in the clay to form
a permanent thin, transparent surface coating.

Lead Glazing

Clay items are burned thoroughly and then dipped in a solution of lead oxide and tin oxide.
The particles of lead and tin adhere to the surface of clay items. After this, the articles are
returned in potter’s kiln where these adhered particles melt and form a thin transparent layer
on the outer surface. This method of glazing is used for items of inferior clay which cannot
withstand high temperature required for salt glazing.

Opaque Glazing

This is also known as enamelling. Borax, kaolin, chalk and colouring matter is fired with total
or a part of felspar, flint, and lead oxide. The resulting molten glass is poured into water to give
shattered frit. The frit is then ground with remaining materials and water and is made of the
consistency of cream known as slip. Fully burnt earthenwares known as biscuits are dipped in
the slip. The biscuits absorb water and form thin layer of glaze on the surfaces. After drying the
products, these are once again fired to a lower temperature so as to fuse the glaze.

2.28 APPLICATION OF CLAY PRODUCTS

Universal availability of raw materials, comparative simplicity of manufacture and excellent
durability of ceramic materials have put them in the forefront among other constructional
materials. The high strength and durability of clay products underlie their wide use in the
various elements of buildings, such as walls, wall and floor facing materials, lining materials
for chemical industry apparatus, chimney, light porous aggregates for roofing, and sewer
pipes. The various applications of clay products in the building industry are as follows.

1. Wall materials. The examples are common clay brick, perforated clay brick, porous and
perforated stiff-mud brick, hollow clay dry-press brick. Perforated plastic moulded ceramic
stones and light weight building brick. Clay brick accounts for half of the total output of
wall materials. Structural properties of hollow clay products and low heat losses through
air-filled voids (particularly at subzero temperatures) provide great possibilities for
reducing the thickness and the weight of exterior walls. Ceramic facing tiles remain the
chief finishing material for sanitary and many other purposes and are still in great use for
external facing of buildings.

2. Brickfor special purposes. The example are curved clay brick, stones for sewage installations
(underground sewer pipes) brick for road surface (clinker).

3. Hollow clay products for floors. The examples are stones for close-ribbed floors (prefabricated
or monolithic), stones for reinforced ceramic beams, sub flooring stones (fillers between
beams).

4. Facade decoration. The examples are glazed or non-glazed varieties subdivided in to
facing brick and ceramic stones, floor ceramics, small-size ceramic tiles, ceramic plates
for facades and window-sill drip stones.
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5. Clay products for interior decoration. The examples are tiles for facing walls, built-in parts,
large floor tiles and mosaic floor tiles.

6. Roof materials. The examples are common clay roof tiles for covering slopes of roofs, ridge
tiles for covering ridges and ribs, valley tiles for covering valleys, end tiles ("halves" and
“jambs") for closing row of tiles, special tiles.

7. Acid-resistant lining items. The examples are common acid-resistant brick, acid-resistant
and heat-and-acid-resistant ceramic shaped tiles for special purposes, ceramic acid-
resistant pipes and companion shapes.

8. Sanitary clay items. Sanitary ware items are manufactured mainly form white-burning
refractory clay, kaolins, quartz and feldspar. There are three groups of sanitary ceramics:
faience, semi-porcelain and porcelain, which differ in degree of caking and, as a
consequence, in porosity. Items from faience have a porous shell, and items from porcelain,
a solid shell, while those from semi-porcelain are of intermediate densities. The various
degrees of caking of faience, porcelain and semi-porcelain, made of the same raw materials,
are due to the latter's different proportions in the working mass.

Solid faience is used mainly to manufacture toilet bowls, wash basins, toilet tanks and
bath tubs. Items are glazed, since unglazed faience is water permeable. Semi-porcelain
items feature excellent hygienic and mechanical properties being intermediate between
those of faience and porcelain. Porcelain outer shell is impervious to water and gases and
possesses high mechanical strength and resistance to heat and chemical agent. Porcelain
is used to manufacture insulators for power transmission lines, chemical laboratory
vessels, etc.

9. Aggregate for concrete. Creamiste (manufactured from low-heat clay), a light weight porous
material forms excellent aggregate for light weight concrete.

EXERCISES

1. (a) What are the requirements of soil suitable for burning bricks?
(b) How can good bricks be made from black cotton soil?
(c) What are the substances which harm the qualities of good bricks, in their manufacture
and as finished product.
2. (a) Enumerate the chief characteristics of clay as material used for manufacture of bricks.
Describe its behaviour under varying climatic conditions.
(b) Describe the qualities of first class building bricks and indicate how are they influenced
by the
(1) nature of clay used
(2) process of manufacture
(3) manner of firing
3. (a) What are the properties of first class bricks?
(b) Describe how bricks are classified?
(c) What are the constituents of good brick-earth?
4. (a) Describe the common defects in bricks.
(b) What are the factors to be considered while selecting a site for the manufacture of
bricks?
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(a) What constituents render brick-earth unsuitable for manufacturing bricks?
(b) How does excess of each of the constituents of brick-earth affect the quality of bricks?
Differentiate between

(a) Perforated and hollow bricks.

(b) Acid refractory and basic refractory bricks.

(¢) Over-burnt and under-burnt bricks.

(d) Earthenware and stoneware.

(e) Slop-moulded and sand-moulded bricks.

(a) Describe the tests performed to check the quality of bricks.

(b) What do you understand by glazing ? How is it done?

Write short notes on:

(a) Clay Jallis (b) Defects in bricks
(c) Clamp burning of bricks (d) Glazing
(e) Efflorescence (f) Heavy duty bricks

(a) What is a frog? State its importance in clay bricks.

(b) What are the characteristics of good bricks?

Describe briefly the tests to which bricks may be put before using them for engineering
purposes.

What is efflorescence in bricks? What are its causes and remedies?

(a) What are fire clays? State there constituents and importance.

(b) Describe the process of manufacturing clay tiles.

Write short notes on:

(@) Refractory bricks (b) Earthenware

() Majolica (d) Over-burnt bricks.
(e) Ceiling tiles (f) Testing of tiles
Sketch and state the uses of;

(a) Coping brick (b) Bull nose brick

{¢) Perforated brick (d) Cornice brick

(e) Hollow brick (f) Queen closer
Write short notes on:

(a) Paving bricks (b) Roofing tiles

(¢) Terracotta (d) Faience

(e) Porcelain (f) Warpage test of bricks
(g) Majolica (h) Testing of tiles

OBJecTIVE TYPE QUESTIONS

1. Consider the following statements:

A good soil for making bricks should contain

(1) about 30% alumina

(2) about 10% lime nodules

(3) a small quantity of iron oxides

(4) about 15% magnesia

Of these statements

(a) 1 and 2 are correct (b) 1 and 3 are corect

{c) 1,3 and 4 are correct (d) 2,3 and 4 are correct
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. If Lis the length and B the width of the brick and t the thickness of mortar, the relation

between these is

(a) L=2B (b) L=B+t

() L=B+2t (d) L=2B+t
. The weight of a standard brick should be

(a) 1000 g (b) 1500 g

(c) 2500 g (d) 3000 g

. Frog is provided in

(i) 9 cm high bricks only
(if) 4 cm high bricks only
(iii) extruded bricks only

Of the above
(a) only (i) is correct (b) only (ii) is correct
(¢) (i) and (iii) are correct (d) (i), (ii) and (iii) are correct

The most important purpose of frog in a brick is to

(a) emboss manufacturer's name

(b) reduce the weight of brick

(c) form keyed joint between brick and mortar

(d) improve insulation by providing "hollows'

Consider the following statements :

(1) About 25% of alumina in brick earth imparts the plasticity necessary for moulding
bricks into required shape

(2) Ironpyrite present in brick earth preserves the form of the bricks at high temperatures.

(3) Presence of weeds in brick earth makes the bricks unsound.

Which of these statements are correct?

(a) Tand 2 (b) 1and 3

(¢c) 2and 3 (d) 1,2and 3

Water absorption for I* class bricks should not be more than

(@) 12% (b) 15%

(c) 20% (d) 25%

For hidden masonry works the bricks used should be

(a) Ist Class (b) IInd Class

(¢) HlIrd Class (d) for any of the above
. For centring of R.C.C. structures the bricks used should be

(a) Ist Class (b) IInd Class

(¢) HIrd Class (d) IVth Class

Match List-I (Constituents of bricks) with List-II (Corresponding influence) and select the
correct answer using the codes given below the lists :

List-1 List-IT
(Constituents of bricks) (Corresponding influence)
A. Alumina 1. Colour of brick
B. Silica 2. Plasticity recovery for

moulding
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C. Magnesia 3. Reacts with silica during
burning and causes particles
to unite together and
development of strength

D. Limestone 4. Preserves the form of brick
at high temperature and
prevents shrinkage

Codes :
@A B C D A B C D
2 1 4 3 3 4 1 2
(0A B C D A B C D
2 4 1 3 3 1 4 2
The IS classification of bricks is based on
(i) compressive strength
(ii) water absorption
(iii) dimensional tolerance
Of the above
(@) only (i) is correct (b) (i) and (ii) are correct
(¢) (i) and (iii) are correct (d) (i), (i1) and (iii) are correct
Which of the following constituent in earth gives plasticity to mould bricks in suitable
shape?
(a) Silica (b) Lime
(¢) Alumina (d) Magnesia
The raw bricks shrink during drying and warp during burning because of

(a) less lime in brick earth

(b) less silica and excess magnesia in brick earth
(c) excess of alumina and silica in brick earth
(d) alkalis in brick earth

The moulded bricks are dried before burning to an approximate moisture content of

(@) 3% (b) 6%

(c) 10% (d) 20%

In the process of brick manufacturing the pug mill is used in which of the following
operation?

(a) Weathering (b) Blending

(c) Tempering (d) Burning

Consider the following statements :

For the manufacture of good quality bricks it is essential to

(1) use areverberatory kiln

(2) blend the soil with clay or sand as deemed appropriate

(3) knead the soil in a ghani

(4) temper the soil in a pug mill

Of these statements

(a) 1 and 3 are correct (b) 2 and 4 are correct
(¢) 1,3 and 4 are correct (d) 2,3 and 4 are correct
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17.

18.

19.

20.

21.

22,

23.

Bricks are burnt at a temperature range of
(a) 500°to 700° C (b) 700° to 900° C
(c) 900° to 1200° C (d) 1200°to 1500°C

Match List-I with List-II and select the correct answer using the codes given below the
lists :

List-1 List-1T

(Ingredients) (%)

(A) Silica (1) 50 - 60%

(B) Lime (2) 20-30%

(C) Alumina (3) 10%

(D) Alkalis 4) <10%

Codes :

@A B C D b)A B C D
1 2 3 4 1 3 2 4

©@A B C D b)A B C D
1 2 4 3 2 1 4 3

Match List-I with List-II and select the correct answer using the codes given below the
lists :

List-1 List-II
(Ingredients) (Property)
A. Silica 1. imparts durability, prevents
shrinkage

B. Alumina 2. softens clay
C. Lime 3. renders clay plastic
D. Ferric Oxide 4. lowers fusing point

Codes :

@A B C D A B C D
1 3 2 4 1 4 2 3

@A B C D A B C D
1 3 4 2 4 3 1 2

Excess of silica makes brick

(a) brittle on burning (b) to melt on burning

(c) to crack on drying (d) towarp

Which of the following is harmful in the clay used for making bricks?

(a) Iron oxide (b) Iron pyrite

(c) Alkali (d) Magnesia

When carbonaceous materials in the form of bituminous matter of carbon are present in
the clay, the bricks will

(a) be spongy (b) have black core

(c) be porus (d) have cracks

Swollen structure and white blotches will be found in bricks when
(a) carbon (b) bituminous matter
(c) organic matter (d) sulphur

is present in clay used for making bricks.
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Consider the following properties

1. Strength development during firing

2. Drying shrinkage

3. Shaping
When flyash is used as an additive with clay in brick manufacturing the improved
properties are

(a) 1only (b) 2 only

{c) Tand 2 (d) 1Tand 3

Consider the following stages in the manufacturing of bricks :
1. Weathering 2. Moulding
3. Tempering

The correct sequence of these stages in the manufacturing of the bricks, is

(@ 1,2,3 (b) 2,3,1

(©) 1,3,2 d 3,21

Consider the following operations of preparation of brick earth
1. Digging 2. Weatherig
3. Tempering 4. Blending

5. Unsoiling
The correct sequence of these operations are

(@ 51,2,4,3 (b) 5,1,3,2,4
() 1,5,2,4,3 d) 51,423
In some brick masonry walls, patches of whitish crystals were found on the exposed

surfaces, also chipping and spalling of bricks took place from the same walls. Which
among the following are the causes of these defects?

1. Settlement of foundation 2. Over-loading of the walls
3. Sulphate attack 4. Efflorescence

Codes :

(a) Tand 2 (b) 2and 3

(c) 2and 4 (d) 3and 4

Efflorescence of bricks is due to

(a) soluble salts present in clay for making bricks

(b) high porosity of bricks

(c) high silt content in brick earth

(d) excessive burning of bricks

What is efflorescence ?

(a) Formation of white patches on the brick surface due to insoluble salts in the brick clay.
(b) Swelling of brick due to presence of carbonaceous matter and gass
(c) Deformation of brick due to exposure to rain

(d) Impurities in the brick clay which show after burning

Consider the following with regards to burning of clay bricks.

The clay loses its plasticity

Carbonate minerals are decarbonated

Some of the carbonaceous matter is burnt

Clay mass is converted into glass like substance

Ferrous iron is oxidized to ferric form

AN S
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32.

33.

34.

35.

36.

37.

38.

39.

40.
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The changes that occur during dehydration period are :

(@ 1,3,5 (b) 1,2,4

(© 1,23 d) 2,45

When the deposits of efflorescence is more than 10 per cent but less than 50 per cent of the
exposed areas of brick, the presence of efflorescence is classified as

(a) slight (b) moderate

(c) heavy (d) serious

A good brick when immersed in water bath for 24 hours, should not absorb water more
than
(a) 20% of its dry weight (b) 15 % of its saturated weight
(c) 10% of its saturated weight (d) 20% of its saturated weight
Crushed pottery is used in the manufacture of
(a) fire bricks (b) stone bricks
(c) terracotta (d) clay tiles
Match List I with List I and select the correct answer used the codes given below the lists:
List -1 List - I
A. Acid Brick 1. Made from Quartzite
B. Silica Brick 2. Made from magnesite
C. Basic Brick 3. Made from fire clay
D. Neutral Brick 4. Made from chromite
Codes :
@A B C D A B C D
31 2 4 3 2 1 4
oA B C D A B C D
4 1 2 3 1 2 3 4
The compressive strength of burnt clay bricks as per IS 1077 is
(a) 100 kg/ cm? (b) 150 kg/ cm?
(c) 100 - 150 kg/cm? (d) 35-350 kg/cm?

The deformation of the shape of bricks caused by the rain water falling on the hot bricks
is known as

(a) spots (b) checks

(¢) chuffs (d) blisters

The defect in clay products because of imprisoned air during their moulding is known as
(a) blister (b) lamination

(¢) cracks (d) spots

Basic refractory bricks consist of

(a) silica bricks (b) ganister bricks

(c) magnesia bricks (d) chromite bricks

In steel industry the bricks used for lining furnances should be

(a) acid refractory (b) basic refractory

(c) neutral refractory (d) heavy duty

Terracotta is burned in

(a) pug mill (b) reverberatory furnance

(c) muffle furnance (d) puddling furnance
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Glazing of clay product is achieved by throwing sodium chloride in kiln at a temperature
of

(a) 600 -800°C (b) 700 ~1000° C

(c) 900 - 1100°C (d) 1200 -1300° C

The bricks which are extensively used for basic refractories in furnaces are
(a) chrome bricks (b) sillimanite bricks

(c) magnesite bricks (d) fosterite bricks

Which one of the following procedure is applied to determine the soundness of bricks?

(a) Immersing the bricks under water for 16 hrs and determining the quantity of water
absorbed by the brick

(b) Immersing the brick under water for 24 hrs and determining its expansion using Le
Chatelier apparatus

(c) Taking two bricks, hitting one against the other and observing whether they break or
not and the type of sound produced while hitting

(d) Scratching the brick by finger nail and noting whether any impression is made or not

The number of bricks required per cubic meter of brick masonry is

(a) 400 (b) 450

(c) 500 (d) 550

Answers Table

@ 2 3.(d) 4@ 50 6 ® 70 8® 9 (b 10
11.
21.
31.
A1.

(© 12.(0) 13.(0) 14. (@ 15 () 16. (b) 17. () 18. (b) 19. (¢) 20. (a)
®) 22. (b) 23. (d) 24. (&) 25.(c) 26. () 27. (d) 28 (a) 29. (a) 30. (c)
(®) 32.(a) 33. () 34 () 35 (d) 36. () 37. (b) 38 (c) 39. (a) 40. (c)
d) 42. () 43. (@) 44. (0



Rocks AND STONES

3.1 INTRODUCTION

The history of mankind is supposed to have begun with the stone age marked by the use of
implements and weapons made of stone. Prior to that, the difference between animals and
homosapiens was largely physical. But once human beings started using stones, the world of
both changed entirely.

Stone has been defined as the natural, hard substance formed from minerals and earth
material which are present in rocks. Rock may be defined as the portion of the earth’s crust
having no definite shape and structure. Almost all rocks have a definite chemical composition
and are made up of minerals and organic matter. Some of the rock-forming minerals are quartz,
felspar, mica, dolomite, etc. The various types of rocks from which building stones are usually
derived are granite, basalt, trap, marble, slate, sandstone and limestone.

Use of stone in building construction is traditional in the places where it is produced,
although even there its high cost imposes limitations on its use. The conditions which govern
the selection of stone for structural purposes are cost, fashion, ornamental value and durability.

Stone has been used in the construction of most of the important structures since prehistoric
age. Most of the forts world over, the Taj Mahal of India, the famous pyramids of Egypt and the
great wall of China are but a few examples. Stone has also been extensively used in almost all
the elements of building structures, as load carrying units as well as for enhancing the beauty
and elegance of the structure. As building material stone has gradually lost importance with
the advent of cement and steel. Secondly, the strength of the structural elements built with
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stones cannot be rationally analysed. Other major factors in overshadowing its use are the
difficulties in its transportation and dressing which consume a lot of time resulting in slow
pace of construction.

3.2 ROCK-FORMING MINERALS

Being aggregations of minerals, the properties of rocks are dependent upon the character of
these constituents, identified by their physical properties such as hardness, cleavage, streak,
colour, lustre, specific gravity and shape of crystals.

Some minerals feature great strength, hardness and resistance to chemical attack (quartz);
others have poor strength and readily soak in water (gypsum); some minerals display a great
tendency to cleavage and split readily along one or several directions (mica), thus decreasing
the strength of the rock they make up. Some of the important properties of minerals are as follows:

Hardness is probably the most important property for rapid determination of minerals. It is
measured by scratching the mineral with a series of substances of known variation in hardness
using the following scale of Mohs:

Talc, easily scratched with the thumb-nail:

Gypsum, scratched by the thumb-nail:

Calcite, not scratched by thumb-nail but easily cut by knife:
Fluorite, can be cut by knife with greater difficulty than calcite:
Apatite, can be cut only with difficulty by knife:

Orthoclase, can be cut with knife with great difficulty on thin edges:
Quartz, not scratched by steel, scratches glass:

Topaz:

Sapphire:

Diamond: 10
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If, for example, a given substance is scratched by fluorite and not by calcite its hardness is
between 3 and 4.

Cleavage is the measure of the capability of some minerals to split along certain planes parallel
to the crystal faces. The various types of cleavage seen in the minerals are Basal, Prismatic,
Cubic, Rhombohedral and Octahedral.

Streak is the colour of the mineral in powder-form. For some minerals, their colour is seen to
be entirely different from that of their powder, which makes streak a useful property in the
identification of ore-minerals. Streak can be readily observed by scratching it on a streak plate
made of unglazed porcelain or roughened glass.

Colour is a valuable characteristic of metallic minerals, butless reliable for non-metallic minerals.

Lustre is shine on the surface of a mineral and its appearance under reflected light is classified
as vitreous (glassy), greasy, pearly, resinous, dull, silky and metallic.

Crystal: The crystal form is of importance when a mineral has had the opportunity to develop
its natural shape. This is not the normal condition in rock structure.

The most common mineral constituents of building stones together with their chemical
composition and important physical properties are listed in Table 3.1.



Table 3.1 Chemical Composition and Physical Properties

Mineral Chemical Hardness Specific Streak Colour Lusture Cleavage Durability
Composition {Mohs scale) Gravity

1. Quartz Silicon dioxide 7 2.60-2.64 Colourless, Vitreous No cleavage Soluble in
(Si0,) white to grey, {Perfect) hydrofluoric

sometimes acid, weathers
brown to black well

2. Felspar Alumino silicates 2.50-2.60 White Straight
with potash splitting
{orthoclase)

Example —
K,0.Al,0,.6Si0,
6 Deep to Vitreous to Less durable
whitish pink pearly than quartz
Alumino Silicates 2.60-2.80 Grey to Oblique
with soda white splitting
{plagioclase) materials
Examples—
NazO.AI203.6Si02
Ca0.Al,05.2Si0,

3. Mica Silicates of alumina 2.70-3.00 Colourless or Vitreous to Can be split Does not
with hydrogen grey to brown pearly along one weather
{hydrous alumino transparent plane into well
silicate) and potash very thin
{Muscovite) tough plates
KAl, (AlSiz0,4) (OH),

2-3 Colourless
Silicates of alumina 2.80-3.10 to grey Brown to Vitreous to No cleavage Does not
with hydrogen black pearly weather
{hydrous alumino opaque well
silicates) iron and
magnesia (Biotite)
K (Mg, Fe);
(AISiz044) (OH),

4. Amphibole Silicate of iron, 2.9-3.5 Dark green to Vitreous Weathers
lime, magnesia black Perfect on fairly well
or alumina two planes
{Hornblende) 124°, but do Weathers
(Ca-Na),_s not seperate poorly

(Mg, Fe, Al)g Sig
(SiAl), O,, (OH),

and flake like
mica

(Contd)
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Table 3.1 (Contd)
Mineral Chemical Hardness Specific Streak Colour Lusture Cleavage Durability
Composition {Mohs scale) Gravity
5-6 Uncoloured
Silicates of lime 2.90-3.20 grey or
and magnesia brown White to grey Vitreous
(Tremolite) to silky
CaMg;Sig0,,(0H),
5. Pyroxene Silicates of lime,
alumina, magnesia 5-6 3.20-3.60 Green to Good on two Weathers
and iron (Augite) black planes 93° fairly well
X,Si,04 apart
6. Olivine Silicate of iron
and magnesia
(Mg, Fe), SiO, 6 3.20-3.60 No Greenish Vitreous Indistinct Weathers
streak poorly
7. Chlorates Aluminium
silicates with
iron and magnesia 2-3 2.65-2.95 White to Greenish Vitreous to No cleavage
(Mg, Fe, Al)g green pearly
(Al, Si), O4q (OH)g
8. Garnet Silicates of iron 6-8 3.6-4.3 No Red Viterous Poor Renders stone
and alumina streak difficult to
X3Y, (Si0y)3 dress and
polish
9. Serpentine Hydrous silicate 4.00 2.30-2.60 White Greenish Greasy Soluble in
of magnesia hydrochioric
Mg;Si, 05 (OH), acid and
weathers
poorly
10. Talc Hydrous silicate 1.0 2.70-2.80 White to green  Pearly Splits into thin  Weathering
of magnesia brittie plates results in
Mg;Si, 0,4 (OH), serpentine
11. Calcite Calcium carbonate 3 2.70 No White when Vitreous Perfect in three Efferversces in
CaCO, streak pure directions dilute cold
hydrochloric
acid, not
durable
(Contd)
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Table 3.1 (Contd)
Mineral Chemical Hardness Specific Streak Colour Lusture Cleavage Durability
Composition {Mohs scale) Gravity
12. Dolomite Calcium magnesium 3-4 2.85 Pink and Vitreous, Perfect Effervesces in
carbonate white to pearly hot dilute
MgCO0;.CaCO;4 hydrochloric
acid, not very
durable
13. Gypsum Hydrous calcium 2 2.30-2.40 White Colouriess Vitreous, Perfect in one  Soluble in
sulphate white pearly or plane hydrochloric
CaS0,.2H,0 silky acid and
slighly
in water
14. Limonite  Hydrous sesquioxide 5-6 3.60-4.00 Yeliowish  Yellow to Dull No cleavage
of iron brown dark soluble in
hydrochioric
acid
15. Magnetite Ferrous and Feric 5-7 4.40-5.20 Black Black Metallic Indistinct Slowly soluble
oxide of iron in hydrochloric
Fe;0, acid
16. Pyrite Iron disulphide 6-7 4.90-5.20 Green to Brassy Metallic no cleavage Oxidises
FeS, black yellow readily when
exposed to

weather

sjeuajepy buipying 94
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3.3 CLASSIFICATION OF ROCKS

The rocks may be classified on the basis of their geological formation, physical characteristics
and chemical composition as shown in Fig. 3.1.

Rocks
l l
Geological Physical Chemical
H ] l 4
oo 1 ! , b l l

Igneous Sedimentary Metamorphic  Stratified Unstratified Foliated  Argillaceous Sillicious Calcarious

Fig. 3.1 Classification of Rocks

Based on Geological Formation

This classification is based upon the mode of the formation. The rock cycle is shown in Fig. 3.2.
On the basis of geological classification, rocks are classified as igneous, sedimentary and
metamorphic.
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Fig. 3.2 The Rock Cycle
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Igneous Rocks also known as primary, unstratified or eruptive rocks are of volcanic origin and
are formed as a result of solidification of molten mass lying below or above the earth’s surface.
The inner layers of the earth are at a very high temperature causing the masses of silicates to
melt. This molten mass called magma is forced up as volcanic eruptions and spreads over the
surface of earth where it solidifies forming basalt and trap. These are known as effusive rocks.
If the magma solidifies below the earth’s surface itself, the solid crystalline rock is termed as
deep-seated plutonic rock. The examples are granite, syenite, diorite and gabbro. If the magma
solidifies at a relatively shallow depth, the resultant rock possesses a finely grained crystalline
structure—and is termed as hypabyssal. Dolerite is such a rock. The principal constituents of
magma are quartz, mica and felspar. The texture of the rock is greatly influenced by the rate of

cooling of the magma. The classification of igneous rocks on the basis of silica content is as in
Table 3.2.

Table 3.2 Classification of Igneous Rocks

Type % of Silica Example
Acid Rocks 70-80 Granite, rhyolite
Intermediate rocks 60-70 Syenite, andesite
Basic rocks 45-60 Gabbro and some varieties
of dolerite
Ultra-basic rocks 30-45 Peridotite and some varieties

of basalt and dolerite

Notes: (i) When magma cools rapidly, its mass expands under the pressure of intensively evolving gases.
Subsequent rapid cooling of swollen lumps of magma gives rise to glassy porous rock known
as pumice used as aggregate for light weight concrete, as heat insulating material and as an
active mineral admixture to lime and cements.

(ii) During volcanic eruptions, ashes and sands are mixed with molten lava to form tuff lava.
Cemented tuff lava is called volcanic tuff. Tuffs have a glassy structure due to rapid cooling and
are used as aggregate for light weight concrete and mortar, and as an active admixture to air-
setting lime or cement.

Sedimentary Rocks are also known as aqueous or stratified rocks. The various weathering
agencies, e.g. rain, sun, air, frost, etc. break up the surface of earth. Rain water carries down
these broken pieces to the rivers. As the rivers descend down to the plains, the velocity
decreases gradually and the sediments (disintegrated rock pieces, sand, silt, clay, debris, etc.)
in the water settle. Due to the seasonal variation, sedimentation takes place in layers. With
time, the sediments get consolidated in horizontal beds due to the pressure exerted by overlying
material.

The properties of the sedimentary rocks vary considerably depending upon the nature of the
sediment and type of bond between the sediment and grains. Usually, the rocks are well
stratified and show well defined bedding planes. The rocks are soft and can be easily split up
along the bedding as well as normal planes. The examples of sedimentary rocks resulting from
the precipitation of salts in drying water basin (chemical deposits) are gypsum, anhydrite,
magnesite, dolomite, lime tufas. Sedimentary rocks resulting from the accumulation of plant or
animal remains (organogenous rocks) are limestone, shale, chalk, diatomite and tripoli. The
examples of rocks resulting from the deterioration of massive magmatic or sedimentary rocks
(fragmental rocks) are sandstone, sand, gravel, carbonate conglomerate and breccia.
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Metamorphic Rocks are formed from igneous or sedimentary rocks as a result of the action of
the earth movements, temperature changes, liquid pressures, etc. The resultant mass may have
a foliated structure, e.g. slate, gneiss, schist and phyallite or non-foliated structure, e.g. marble,
quartzite and serpentine. Examples of transformation of some of the rocks to metamorphic
rocks are given in Table 3.3.

Table 3.3 Examples of Transformation of Rocks

S.No. Original rock Metamorphic rock
1. Granite Gneiss
2. Syenite Gneiss
3. Sandstone Quartzite
4. Limestone Marble, Schist
b. Marl Marble
6. Shale Slate, schist, phyallite
7. Mudstone Slate
8. Dolomite Marble
9. Dolerite, basalt Schist
10. Felsite, tuff Schist, slate
11. Conglomerate Gneiss, schist

Based on Physical Characteristics
The rocks may be classified as stratified, unstratified and foliated.

Stratified Rocks show distinct layers along which the rocks can be split. The examples are
sandstone, limestone, shale, slate, marble, etc.

Unstratified Rocks do not show any stratification and cannot be easily split into thin layers.
The examples of such rocks are granite, basalt, trap, etc.

Foliated Rocks have a tendency to split up only in a definite direction. Most of the metamorphic
rocks have a foliated structure, except for quartzite and marble which have granulose structure.

Based on Chemical Characteristics

The rocks may be classified as argillaceous, silicious and calcarious.

Argillaceous: The principal constituent is clay (Al,O;). The rocks are hard and brittle, e.g. slate,
laterite, etc.

Silicious: The principal constituent is silica (5iO,), i.e. sand. The rocks are very hard and
durable, e.g. granite, basalt, trap, quartzite, gneiss, syenite, etc.

Calcarious: The principal constituent is lime, e.g. limestone, marble, dolomite, etc.

3.4 QUARRYING OF STONES

The only operation involved in the production of natural stone is the quarrying process. The
open part of the natural rock from which useful stone is obtained is known as quarry. While
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selecting a quarry site, the points to be borne in mind are availability of sufficient quantity of
the stone of desired quality, proper transportation facilities, cheap local labour, problems
associated with drainage of rain water, location of important and permanent structures in the
vicinity and site for dumping refuse.

Stone Quarrying Tools

Some of the quarrying tools shown in Fig. 3.3 are wedge, pin, hammer, dipper or scraping
spoon, tamping bar, priming needle, jumper, borer, claying iron, crow bar.
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(a) Wedge {e) Drill {i) Jumper

{b) Pin (f) Dipper (j) Crow bar

{c) Hammer {g) Tamping bar {k) Chisel pointed wedge
(d) Ratchet boring machine (h) Priming needle () Claying iron

Fig. 3.3 Tools for Quarrying Stones

Methods of Quarrying

Rocks suitable for the manufacture of stone materials are called useful minerals and the operations
involved in obtaining minerals are called mining. In the process of mining, voids formed are
called excavations, and the mined deposits are the quarries. The purpose of quarrying is to
obtain stones for various engineering purposes. A knowledge of various quarrying methods is
essential but does not make one very much more competent to choose or specify a stone for
building work. Depending upon the nature and surface of rocks and the purpose for which
stones are needed, quarrying is done by excavating, wedging, heating or blasting.



Excavating: Stones buried in earth or under loose
overburden are excavated with pick axes, crow bars,
chisels, hammers, etc.

Wedging: This method of quarrying is suitable for
costly, soft and stratified rocks such as sandstone,
limestone, laterite, marble and slate.

About 10-15 cm deep holes, at around 10 cm
spacing, are made vertically in the rock. Steel pins
and wedges or plugs (conical wedges) and feathers
(flat wedges) as shown in Fig. 3.4 are inserted in
them. The latter arrangement of plugs and feather
is better. These plugs are then struck simultaneously
with sledge hammer. The rock slab splits along the
lines of least resistance through holes. In case of
soft rocks, dry wooden pegs are hammered in the
holes and water is poured over them. The pegs
being wet swell and exert pressure causing the rocks
to crack along the line of holes. Then, the wedges
are placed on the plane of cleavage (the joint of two
layers) on the exposed face of rock and are
hammered. The slab is completely detached and
taken out with the help of crow bars and rollers. In
this method, the wastage is minimum and the slabs
of required size and shape can be quarried.

Heating is most suitable for quarrying small, thin
and regular blocks of stones from rocks, such as
granite and gneiss. A heap of fuel is piled and fired
on the surface of rock in small area. The two
consecutive layers of the rock separate because of
uneven expansion of the two layers. The loosened
rock portions are broken into pieces of desired size
and are removed with the help of pick-axes and
crow-bars. Stone blocks so obtained are very
suitable for coarse rubble masonry. Sometimes,
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Fig. 3.4 AQuarrying by Wedging

intermediate layers are to be separated from the top and bottom layers. In such a case, the
intermediate layer is heated electrically and the expansion separates it from the other two.

Blasting: Explosives such as blasting powder, blasting cotton, dynamite and cordite are used.
The operations involved are boring, charging, tamping and firing.

Boring: Holes are drilled or bored in the rock to be dislodged. For vertical holes, jumper is used
whereas for inclined or horizontal holes, boring bars are used. One person holds the jumper
exactly in the place where hole is to be made. The other person strikes it up and down and
rotates it simultaneously. Water is poured in the hole regularly during the operation to soften
the rock and facilitate drilling. The muddy paste generated in the process is removed from
holes by scrapping. For hard rocks, machine drilling is employed instead of hand drilling.



62 Building Materials

Charging The holes are dried completely and the required amount of charge is placed in the
holes. For drying the holes, rag is tied in the scrapper and is moved in the hole from where it
absorbs the moisture, if any. In case it is found that water is oozing into the hole, water-
tightness is ensured inside the hole.

Tamping: After placing the charge in the hole, a greased priming needle, projecting a little
outside the hole, is placed in the hole which is then filled up with damp clay or stone dust in
layers tamped sufficiently with a braccd tamping rod. The priming needle should be kept on
rotating while tamping is going on. This is done so that the needle remains loose in the hole.
The priming needle is then taken out and 60 to 75 per cent of space created by withdrawal of
needle is filled with gun powder. A Bickford fuse, a small rope of cotton coated with tar, is
placed just touching the needle. The other end of the fuse is kept of sufficient length so that the
person igniting it can move away to a safe place. Blasting powder and cordite are ignited by
means of a fuse, whereas gun cotton and dynamite are exploded by detonation.

Notes: (i) Detonation is achieved with detonators. These are copper tubes about 5 mm in diameter and
25 mm long containing 5 to 20 grains of fulminate of mercury. These can be exploded by an
ordinary fuse or by an electric current. An electric detonator is shown in Fig. 3.5.
(i) Tamping should be done very carefully otherwise the explosive fires back in the hole, since the
line of least resistance (LLR) is the shortest distance (Fig. 3.6) from the explosive in the hole
to the nearest rock face, fissure, crack, fault or plane of cleavage.
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Fig. 3.5 Electrical Detonator Fig. 3.6 Tamped and Charged Blast Hole

Precautions in Blasting: Accidents may take place during blasting. Following are some of the
points which should be taken note of:

1. Blasting should not be carried out in late evening or early morning hours. The blasting
hours should be made public and a siren should warn the workmen and nearby public
timely to retire to a safe distance.

The danger zone, an area of about 200 m radius, should be marked with red flags.

3. First aid should be available.

™
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4. The number of charges fired, the number of charges exploded and the misfires should be
recorded.

Explosives should be stored and handled carefully.

Detonators and explosives should not be kept together.

Cartridges should be handled with rubber or polythene gloves.

A maximum of 10 bore holes are exploded at a time and that also successively and not
simultaneously.

NSO

Explosives Used in Quarrying: The composition and characteristics of the various blasting-
powders and their suitability are given in Table 3.4.

Storage of Explosives: The explosives should be stored in a magazine (a special type of
building) which should be away from residential areas, petrol depots, etc. The magazine
should have ventilators at high levels and should have concealed wiring. It should be protected
from lightning. Smoke or fire should not be allowed in the nearby area. Explosives should be
protected from extreme heat or cold and also from moisture. They should be handled carefully
and gently. The magazine should be surrounded by barbed wire and the entry should be
restricted.

Quantity of Explosive Required: The quantity of explosive required depends upon several
factors such as strength of explosive; method of blasting; number of bore holes—their size,
position, etc. and the type and mass of rock to be dislodged. It is very difficult to incorporate
all the factors in an expression and obtain the exact amount of explosive required. A rough
estimate can be made by:

12
A= 5008
where A = quantity of gunpowder or dynamite (g)

L = length of line of least resistance ()

3.5 NATURAL BED OF STONE

Itis the original bed, plane or position occupied by a stone during its formation in a sedimentary
rock. The stones should be so placed that the load line is at right angles to the natural bed. In
the case of metamorphic rocks, the plane of foliation or the plane of cleavage is assumed to be
its natural bed. It is very difficult to trace the natural bed in the case of igneous rocks and the
natural bed is not given due attention. The right placement of stones with regard to the load
line is shown in Fig. 3.7 for a few cases.

3.6 SEASONING OF STONE

A freshly cut stone carries some natural moisture known as quarry sap making it soft and
workable. The quarry sap is a mineral solution and reacts chemically with the mineral
constituents when the stone is exposed to atmosphere after quarrying. The stone becomes
harder and compact. The process takes about 6 to 12 months for complete seasoning. When the
quarry sap evaporates, it leaves a crystalline film on the faces of the stone and makes them
weather resistant. The dressing before seasoning improves the weather resistance. As such, the
dressing, carving and and moulding, etc. should be done as early after quarrying as possible.




Table 3.4 Composition and Characteristic of Explosives

S.No. Types of explosive Composition Characteristics Suitability

1.  Blasting power or Saltpetre 65% 1. It has great lifting power but has . In quarrying

gun powder Sulphur 15% a little shattering effect. large blocks.
Charcoal 20% 2. It is easily ignited.
3. It is cheap.
2. Blasting cotton or It is cotton saturated 1. When dry, it is highly inflammable. . Used where
gun cotton with nitric acid. 2. It can detonate by a shock demolitions are
or even by sun light. required.
3. It has good shattering effect
but no lifting power.

3. Dynamite It is 75 per cent nitro- 1. It is sensitive to friction and shock. . In small bore holes.
glycerine absorbed in 2. It is the most shattering and . In small quarries
25 per cent sandy earth powerful explosive. . In damp situations,
or solids. 3. It is unsuitable in cold climates. small bore holes.

4. Specific gravity 1.4.

4. Cordite It is gelatenized combination 1. It is smokeless explosive . Under water.
of nitroglycerine and and produces powerful gases.
nitrocellulose. 2. It is similar to dynamite.

5. Gelatine dynamite It is 80 per cent of 1. It is tough, rubber textured explosive. . In deep wells
blasting gelatine with 2. It is the most powerful . Underground works
nitrate of potash and nitroglycerine explosive. . In wet conditions
wood pulp. 3. Very high water resistance.

4. High plasticity.
5. Specific gravity 1.5.

6. Gelignite It is 65 per cent of blasting 1. It is a powerful explosive. . Under water
gelatine and 35 per cent of 2. It can be handied more
absorbing powder. conveniently than dynamite.

7. Lithofracteor Nitroglycerine 33% 1. Similar to dynamite but has . In tunnels
Nitrate of baryata 16% less power.

Sulphur 26%
Kieselguhr 22%
Charcoal 3%
8. Rock-a-Rock Potassium chorate 79% 1. High water resistance. . Most effective under

Nitrobenzol 21%

water

sjeuaieyy buipyng 9
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Incorrect

incotrect

NONNY

Fig. 3.7 Position of Natural Bed of Stones in Structures

3.7 DRESSING OF STONE

A quarried stone has rough surfaces, which are dressed to obtain a definite and regular shape.
Dressing of stones is done immediately after quarrying and before seasoning to achieve less
weight for transportation. Dressing of stone provides pleasing appearance, proper bedding with
good mortar joints, special shapes for arches, copings, pillars, etc. The various types of dressed
stones are shown in Fig. 3.8.
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(a) Stroked (d) Sparrow picked (g) Combed
(b) Punched (e) Tooled (h) Vermiculated
(c}) Rock faced (f) Sawn (i) Reticulated

Fig. 3.8 Dressed Stone Surfaces

Stone Dressing Tools

The dressing tools are shown in Fig. 3.9. They are wedge, pitching tool, boaster, scabbing
hammer, mash hammer, separated pick, punch, scabbing pick, crow bar, axe punch, dressing
knife, splitting chisel.

3.8 USES OF STONES

Use of stone as building
material depends upon the
nature of the work, type of the
structural element in which it
is to be used and its quality,
availability and transportation
cost. For structural purpose,
granite, gneiss, trap, sandstone,
limestone, marble, quartzite
and slate are most useful.

On the basis of the method
of manufacture, items and
materials from natural stones

are classified as Sawn— {a) Mash hammer {e) Spalling hammer (i) Punch chisel
obtained either from massive (b) Face hammer {f) Scabbling hammer {j) Crow chisel
{c) Mason’s hammer (g) Drafting chisel {k) Soft stone chisel

rocks by stone-cutting and
stone-splitting machines (large
stones) or from semi-product Fig. 3.9 Tools for Cutting and Dressing Stones

{d) Mallet {h) Point chisel {) Plane chisel
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blocks by appropriate working (facing slabs, windows sill slabs, etc.); Split—obtained by
splitting and finishing blocks (curb stones, paving blocks, etc.); Roughly split—manufactured by
oriented splitting of blocks (bedded stone); Fractured—produced by blasting rocks and separating
finer sizes (quarry stone); Crushed—produced by crushing and screening (crushed stone, artificial
sand) and; Ground—obtained by grinding rocks (ground mineral powder, stone powder).

Foundation and Wall Items: Quarry, split and sawn stones from rocks are used to erect the
substructure of buildings. Piece stones sawn and split from limestone, sandstone, dolomite and
volcanic tuff are used for walls, piers, abutments, etc.

Facing and Architectural Items: Facing slabs and stones, stairs and landings, parapets, etc. are
made of slabs sawn or split from semi-finished product blocks with glossy, dull, ground, sawn,
pointed, fluted or rock finish. Facing slabs of granite, gabbro, basalt, marble, breccia, limestone,
sandstone and volcanic tuff are generally used.

Building Items: Elements of stairs, landings, parapets and guard rails are manufactured from
granite, marble, limestone, tuff, etc. Pedestal slabs and stones for farming doorways, cornices
and window-sill slabs are made from the same material as the facing slabs.

Road Construction Items: Curb stones—intended to separate roadways from sidewalks; Paving
blocks—used for pavements; Cobble stone—used to reinforce slopes of earth works and banks
of water basins; Crushed stone—a mixture of jagged stone fragments (< 70 mm); Gravel—loose
agglomeration of rock fragments ( 70 mm) and Sand-—loose mass of mineral and rock particles
(0.14-5 mm) obtained from natural stone are used in road construction.

Underground Structures and Bridges are built of slabs and stones from igneous and sedimentary
rocks. Tunnels and above-water elements of bridges are built of granite, diorite, gabbro and
basalt. Face stones and facing slabs for tunnels and bridges are given rock face, grooved or
fluted finishes.

Heat and Chemically Resistant Items are manufactured from non-weathered rocks. For high
temperature working conditions, they are made from chromite, basalt, andesite and tuffs.
Building elements are protected against acid (except hydrofluoric acid and fluosilicic acids) by
using slabs made of granite, syenite, and silicious stones. Limestones, dolomites, marble and
magnesite show excellent resistance against alkalis. When high temperature and chemical
attack is expected, crushed stone and sand for concrete and mortar are used.

3.9 CHARACTERISTICS OF GOOD BUILDING STONE
A good building stone should have the following qualities.

Appearance: For face work it should have fine, compact texture; light-coloured stone is preferred
as dark colours are likely to fade out in due course of time.

Structure: A broken stone should not be dull in appearance and should have uniform texture
free from cavities, cracks, and patches of loose or soft material. Stratifications should not be
visible to naked eye.

Strength: A stone should be strong and durable to withstand the disintegrating action of
weather. Compressive strength of building stones in practice range between 60 to 200 N/mm?.
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Weight: It is an indication of the porosity and density. For stability of structures such as dams.
retaining walls, etc. heavier stones are reauired, whereas for arches, vaults, domes, etc. light
stones may be the choice.

Hardness: This property is important for floors, pavements, aprons of bridges, etc. The hardness
is determined by the Mohs scale (Section 3.2).

Toughness: The measure of impact that a stone can withstand is defined as toughness. The
stone used should be tough when vibratory or moving loads are anticipated.

Porosity and Absorption: Porosity depends on the mineral constituents, cooling time and
structural formation. A porous stone disintegrates as the absorbed rain water freezes, expands,
and causes cracking. Permissible water absorption for some of the stones is given in Table 3.5.

Table 3.5 24-Hours Water Absorption of Stones by Volume

S.No. Types of Stone Water absorption (% not greater than)
1. Sandstone 10
2. Limestone 10
3. Granite 1
4. Trap 6
5. Shale 10
6. Gneiss 1
7. Slate 1
8. Quartzite 3

Seasoning: The stone should be well seasoned.

Weathering: The resistance of stone against the wear and tear due to natural agencies should
be high.

Workability: Stone should be workable so that cutting, dressing and bringing it out in the
required shape and size may not be uneconomical.

Fire Resistance: Stones should be free from calcium corbonate, oxides of iron, and minerals
having different coefficients of thermal expansion. Igneous rock show marked disintegration
principally because of quartz which disintegrates into small particles at a temperature of about
575°C. Limestone, however, can withstand a little higher temperature; i.e. up to 800°C after
which they disintegrate.

Specific Gravity: The specific gravity of most of the stones lies between 2.3 to 2.5.

Thermal Movement: Thermal movements alone are usually not trouble-some. However, joints
in coping and parapets open-out inletting the rain water causing trouble. Marble slabs show a
distinct distortion when subjected to heat. An exposure of one side of marble slab to heat may cause
that side to expand and the slab warps. On cooling, the slab does not go back to its original shape.

3.10 TESTING OF STONES

Building stones are available in large quantity in various parts of the country and to choose and
utilize them for their satisfactory performance, it is necessary to test the stone for its strength
properties, durability and quality.
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Durability Test

Some of the tests to check the durability of stone are as follows. Of these tests, the crystallization
test is prescribed by Bureau of Indian Standards. The durability (soundness) test is performed
to find out the capacity of stone to resist disintegration and decomposition.

Smith Test: Break off the freshly quarried stone chippings to about the size of a rupee coin and
put them in a glass of clean water, one-third full. If the water becomes slightly cloudy, the stone
is good and durable. If water becomes dirty, it indicates that the stone contains too much of
earthy and mineral matter.

Brard’s Test — for frost resistance — Few small pieces of freshly quarried stone are immersed
inboiling solution of sulphate of soda (Glauber’s salt) and are weighed. These are then removed
and kept suspended for few days and weighed again. The loss in weight indicates the probable
effect of frost.

Acid Test — to check weather resistance — confirms the power of stones to withstand the
atmospheric conditions. 100 g of stone chips are kept in a 5 per cent solution of H,5SO, or HCI
for 3 days. Then the chips are taken out and dried. The sharp and firm corners and edges are
indication of sound stone. This test is used to test the cementing material of sand stone.

Crystallisation Test (IS 1126): Three test pieces of 50 mm diameter and 50 mm height are
dried for 24 hours and are weighed (W,). The specimens are suspended in 14 per cent sodium
sulphate solution (density 1.055 kg/m?) for 16 to 18 hours at room temperature (20° to 30°C).
The specimens are then taken out of the solution and kept in air for 4 hours. They are then oven
dried at a temperature of 105° + 5°C for 24 hours and then cooled at room temperature. This
process is repeated for 30 cycles. The specimens are weighed (W,) and the difference in weight
is found. This test is repeated thirty times and the loss in weight after every five cycles is
obtained. The change in weight indicates the degree of decay of stone. Durability should be
expressed in percentage as change in the weight. The average of three test results should be
reported as durability value.

W, -W,

Ch i ight =
ange in weig W,

where W, is the original weight of the specimen and W, is the weight of the specimen after 30
cycles of the test.

Crushing Test

Compressive Strength Test (IS: 1121 (Part I}) Samples of stone weighing at least 25 kg each
of the unweathered spcimen should be obtained from quarry. To test stone for compressive
strength, specimen pieces in the form of cubes or cylinders are made from samples of rock. The
lateral dimension or diameter of test piece should not be less than 50 mm and the ratio of height
to diameter or lateral dimension should be 1:1. A minimum of three specimen pieces are tested
in each saturated and dry conditions. Separate tests should be made for the specimen when the
load to parallel to the rift and perpendicular to the rift. In all twelve test pieces should be used.

The specimen pieces of diameter or lateral dimension 50 mm are immersed in water at 20 to
30°C for 72 hours and are tested in saturated condition. The specimen pieces are also tested in



70 Building Materials

dry condition by drying them in an oven at 105 + 5°C for 24 hours and then cooled in a
desiccator to 20-30°C. These are tested in universal testing machine. The load is applied gently
at a rate of 14 N/mm? per minute until the resistance of the specimen piece to the increasing
load breaks down and no greater load is sustained.

The compressive strength of the specimen piece is the maximum load in Newtons supported
by it before failure occurs divided by the area of the bearing face of the specimen in mm?. The
average of the three results in each condition separately should be taken for the purpose of
reporting the compressive strength of the sample.

When the ratio of height to diameter or lateral dimension differs from unity by 25 per cent
or more, the compressive strength is calculated by the following expression.

C
C.= —
0.778 +0.222 (Zj
where  C_= compressive strength of standard specimen piece
C, = compressive strength of the specimen having a height greater than the diameter

or lateral dimension
b = diameter or lateral dimension
h = height
The crushing strength of stones varies in the range of 15-100 N/mm?

Transverse Strength Test (IS: 1121 (Part ll)): To test stone for transverse strength, specimen
pieces are made in the form of blocks 200 x 50 x 50 mm. These are tested in saturated and dry
conditions similar to as explained in the compressive strength test. Test apparatus used for
testing is shown in Fig. 3.10. Each specimen piece is supported upon two self-aligning bearers

Specimen I-K P
z 200x50x50 mm Enlarged delail of bearer ‘A"
p-Y
]
B i SPR—— B 14
A i A‘“ "N
s s ;
‘ ,ﬁ, L
- so»-isol’/ HH ‘éf
Enlarged detail of bearor '8' section YY

Fig. 3.10 Arrangement for Transverse Strength Test of Stones
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A and B, 40 mm in diameter, the distance between centres of bearers being 150 mm. Bearer A
is supported horizontally on two bearer screws C, which carry hardened steel balls D. Bearer
B is supported on one such bearer screw and ball. The load is then applied centrally on the
specimen piece at a uniform rate of 2 kIN/min through a third bearer E, also 40 mm in diameter,
placed midway between the supports upon the upper surface of the specimen S and parallel to
the supports.

The transverse strength of the specimen is given by

3WL
o 2bd®
where  R= transverse strength in N/mm?
W = central breaking load in N
L = length of span in mm
b = average width in mm of the test piece at the mid section
d = average depth in mm of the test piece at the mid section
The average of the three results (separately for saturated and dry condition) should be taken
for the purpose of determining transverse strength of sample. Any specimen giving result as
much as 15 per cent below the average value should be examined for defects.

Tensile Strength Test (IS: 1121 (Part ill))

Three cylindrical test pieces of diameter not less than 50 mm and the ratio of diameter to height
1:2 are used to determine the tensile strength of the stone in each saturated (kept in water for
3 days at 20 to 30°C) and dry condition (dried in an oven at 105 + 5°C for 24 hours and cooled
at room temperature). The general arrangement for testing tensile strength of stone is shown
in Fig. 3.11. Each test piece to be tested is sandwiched in between two steel plates of width 25
mm, thickness 10 mm and length equal to the length of test piece. The load is applied without
shock and increased continuously at a uniform rate until the specimen splits and no greater
load is sustained. The maximum load applied to the specimen is recorded.

Load Upper Load
"~ | |
1 ]
Test piece
Steel plate
50 min.

ane/ !: T ‘HJE)T T >
plate

Fig. 3.11 General Arrangement for Testing Tensile Strength of Building Stone

_ _ 2W
Split tensile strength, S= T4
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where
S = split tensile strength (N/mm?)
W = applied load (N)
d = diameter of specimen (mm), and
L = length of specimen (mm)

The average of three results separately for each condition should be reported as split tensile
strength of the sample. In case any test piece gives a value of as much as 15 per cent below the
average, it should be examined for defects and if found defective the test piece should be rejected.

Shear Strength Test (IS: 1121 (Part 1V))

The test is carried out either in Jhonson shear tool (Fig. 3.12) or Dutton punching shear device
(Fig. 3.13). Three test pieces are used for conducting the test in each of the saturated and dry
condition.

Test piece for use in Jhonson shear tool should be bars 50 x 50 mm in section and not less
than 100 mm in length and that for use with the Dutton punching shear device should be slabs
30 mm in thickness, 100 mm in width and not less than 100 mm in length.
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Fig. 3.12 Detail of Modified Johnson Shear Tool
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Using Jhonson Shear Tool

The test piece is carefully centred in the shear tool and the bolts drawn up tightly. The tool is
then centred in the testing machine with the centre of the spherical block in contact with the
centre of the top portion of the plunger of the shear tool. The speed of the moving head of the
testing machine during load application should not be more than 1 mm/min. During the test,
the beam of the testing machine should be kept constantly in floating position. The shear
strength of test piece is calculated by

W
2A
where
S = Shear strength (N/mm?)
W = total maximum load (N)
A = area of the centre cross-section of test piece (mm?)
The average of all the three results separately for each condition is calculated and taken as
the shear strength of the test piece.

Using Dutton Punching Shear Device

Centre lines are laid over one surface of the slab. Thickness of the slab is measured at three
points approximately equidistant around the circumference of a 50 mm circle centred on the
intersection of the two center lines. The test piece is centred in the punching device keeping it
under the plunger. The punching device is then centred in the testing machine with the centre
of the spherical bearing block in contact 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 load application
should not be more than 1 mm/min. During the test, the beam of the testing machine should
be kept constantly in floating position. The shear strength of the test piece is calculated by

o We-W,
DT
where
S = Shear strength (N/mm?)
W, = total maximum load (N)
W; = initial load (N) required to bring the plunger in contact with the surface of specimen
D = diameter (mm) of the plunger
T = thickness (mm) of the specimen
The average of all the three results separately for each condition is calculated and taken as
shear strength of the test piece.

Absorption Test (IS: 1124)

The selected test pieces of stone are crushed or broken and the material passing 20 mm IS Sieve
and retained on 10 mm IS Sieve is used for the test. The test piece weighing about 1 kg is
washed to remove particles of dust and immersed in distilled water in a glass vessel at room
temperature 20 to 30° C for 24 hours. Soon after immersion and again at the end of soaking
period, entrapped air is removed by gentle agitation achieved by rapid clock-wise and anti-
clock-wise rotation of the vessel. The vessel is then emptied and the test piece allowed to drain.
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The test piece is then placed on a dry cloth and gently surface dried with the cloth. It is
transferred to a second dry cloth when the first one removes no further moisture. The test piece
is spread out not more than one stone deep on the second cloth and left exposed to atmosphere
away from direct sunlight or any other source of heat for not less than 10 minutes untill it
appears to be completely surface dry. The sample is then weighed (B).

The sample is then carefully introduced in a 1000 ml capacity measuring cylinder and
distilled water is poured by means of 100 ml capacity measuring cylinder while taking care to
remove entrapped air, untill the level of water in the larger cylinder reaches 1000 ml mark. The
quantity of water thus added is recorded in ml or expressed in gram weight (C).

The water in the larger cylinder is drained and the sample is carefully taken out and dried
in an oven at 100 to 110°C for not less than 24 hours. It is then cooled in a desiccators to room
temperature and weighed (A). The room temperature during the test is recorded.

Apparent specific gravity = 500 -C

x 100

Water absorption =

Apparent Porosity = % x 100

The true porosity shall be calculated from the following formula:

True specific gravity — Apparent specific gravity

True Porosity =
Y True Specific gravity

Where
A = Weight of oven-dry test piece (g)
B = Weight of saturated surface-dry test piece (g)
C = Quantity of water added in 1000 ml jar containing the test piece (g)

Hardness: This test is performed by scratching a stone with knife on Mohs scale.

Toughness: This test is performed by breaking the stone with a hammer. Toughness is indicated
by resistance to hammering.

3.11 DETERIORATION OF STONES

The various natural agents such as rain, heat, etc. and chemicals deteriorate the stones with time.

Rain

Rain water acts both physically and chemically on stones. The physical action is due to the
erosive and transportation powers and the latter due to the decomposition, oxidation and
hydration of the minerals present in the stones.

Physical Action: Alternate wetting by rain and drying by sun causes internal stresses in the
stones and consequent disintegration.

Chemical Action: In industrial areas the acidic rain water reacts with the constituents of stones
leading to its deterioration.
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Decomposition: The disintegration of alkaline silicate of alumina in stones is mainly because
of the action of chemically active water. The hydrated silicate and the carbonate forms of the
alkaline materials are very soluble in water and are removed in solution leaving behind a
hydrated silicate of alumina (Kaolinite). The decomposition of felspar is represented as
K,Al,0;.6H,0 + CO, + nH,0 = K,CO, + Al,0,.25i0,.2H,0 + 4Si0,.nH,O
(Orthoclase) (Alkaline carbonate) (Kaolinite) (Hydrated silicate)

Oxidation and Hydration: Rock containing iron compounds in the forms of peroxide, sulphide
and carbonate are oxidised and hydrated when acted upon by aciduated rain water. As an
example the peroxide—FeQ is converted into ferric oxide—Fe,O; which combines with water
to form FeO.nH,O. This chemical change is accompanied by an increase in volume and results
in a physical change manifested by the liberation of the neighbouring minerals composing the
rocks. As another example iron sulphide and siderite readily oxidize to limonite and liberates
sulphur, which combines with water and oxygen to form sulphuric acid and finally to sulphates.

Frost

In cold places frost pierces the pores of the stones where it freezes, expands and creates cracks.

Wind

Since wind carries dust particles, the abrasion caused by these deteriorates the stones.

Temperature Changes

Expansion and contraction due to frequent temperature changes cause stone to deteriorate
especially if a rock is composed of several minerals with different coefficients of linear expansion.

Vegetable Growth

Roots of trees and weeds that grow in the masonry joints keep the stones damp and also secrete
organic and acidic matters which cause the stones to deteriorate. Dust particles of organic or
nonorganic origin may also settle on the surface and penetrate into the pores of stones. When
these come in contact with moisture or rain water, bacteriological process starts and the
resultant micro-organism producing acids attack stones which cause decay.

Mutual Decay

When different types of stones are used together mutual decay takes place. For example when
sandstone is used under limestone, the chemicals brought down from limestone by rain water
to the sandstone will deteriorate it.

Chemical Agents

Smokes, fumes, acids and acid fumes present in the atmosphere deteriorate the stones. Stones
containing CaCO;, MgCO,; are affected badly.

Lichens

These destroy limestone but act as protective coats for other stones. Molluses gradually weaken
and ultimately destroy the stone by making a series of parallel vertical holes in limestones and
sandstones.
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3.12 DURABILITY OF STONES

Quarrying and cutting have a great bearing on the weathering properties of stones. Stone from
top ledges of limestone, granite and slate and from the exposed faces of the rock bed is likely
tobe less hard and durable. Highly absorbent stone should not be quarried in freezing weather
since the rock is likely to split. The method of blasting and cutting also influences the strength
of the stone and its resistance to freezing and temperature changes. Small, uniformly distributed
charge of blasting powder has alesser weakening effect than large concentrations of explosives.
A porous stone is less durable than a dense stone, since the former is less resistant to freezing.
Also, rocks with tortuous pores and tubes are more apt to be injured by freezing than those of
equal porosity having straight pores and tubes. Repeated hammering in cutting is likely to
injure the stone. Polished stone is more enduring than rough surfaced work, since the rain
slides off the former more easily. Stones from stratified rocks should be placed along the
natural bed in order to secure maximum weathering resistance. Pyrite, magnetite and iron
carbonate oxidize in weathering and cause discolouration of the stone in which they are present.
Since oxidation is accompanied by a change in volume, the surrounding structure is weakened.

3.13 PRESERVATION OF STONES

Preservation of stone is essential to prevent its decay. Different types of stones require different
treatments. But in general stones should be made dry with the help of blow lamp and then a
coating of paraffin, linseed oil, light paint, etc. is applied over the surface. This makes a
protective coating over the stone. However, this treatment is periodic and not permanent.
When treatment is done with the linseed oil, it is boiled and applied in three coats over the
stone. Thereafter, a coat of dilute ammonia in warm water is applied.

The structure to be preserved should be maintained by washing stones frequently with
water and steam so that dirt and salts deposited are removed from time to time. However, the
best way is to apply preservatives. Stones are washed with thin solution of silicate of soda or
potash. Then, on drying a solution of CaCl, is applied over it. These two solutions called
Szerelmy’s liquid, combine to form silicate of lime which fills the pores in stones. The common
salt formed in this process is washed afterwards. The silicate of lime forms an insoluble film
which helps to protect the stones.

Sometimes lead paint is also used to preserve the stones, but the natural colour of the stone
is spoilt. Painting stone with coal tar also helps in the preservation but it spoils the beauty of
the stone. Use of chemicals should be avoided as far as possible, especially the caustic alkalis.
Although cleaning is easy with chemicals, there is the risk of introducing salts which may
subsequently cause damage to the stone.

In industrial towns, stones are preserved by application of solution of baryta, Ba(OH), —
Barium hydrate. The sulphur dioxide present in acid reacts on the calcium contents of stones
to form calcium sulphate. Soot and dust present in the atmosphere adhere t