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PREFACE

This book is the outcome of my experience gained while dealing with
the manifold aspects of the topics covered both in the teaching as well as in
the practical fields. Its preparation was undertaken to meet the need in the
engineering education and profession which was felt for a general textbook
covering the manufacture. Properties and uses of the most common
materials of engineering construction in a comparatively concise and
thoroughly modern manner.

This book on engineering materials is designed for use as a textbook
to the students pursuing engineering and technical education in the
Engineering Universities. Engineering Colleges, Polytechnic Institutes and
other Technical Institutions, Industrial as well as structural properties and
application of various important locally available engineering materials are
described and hence this book is a unique offer to the students of all
branches of engineering. The practicing engineers, architects and to those
preparing themselves for AM1E (Bangladesh) Examination. The treatment
of various classes of materials follows a general systematic pattern which
has been made uniform throughout so far as has been found practicable. The
consideration of each material is prefaced by and introduction and general
discussion of its applications in manufacture or natural occurrence and
concluded by a discussion of physical and mechanical properties in relation
to its uses.

This book aims at presenting in a simple, concise and lucid form the
best of the most up to-date knowledge concerning materials use in all types
of engineering construction in Bangladesh. Numerous illustrative diagrams,
worked-out examples, tables, charts and graphs have been presented in this
book to enable the requiring no previous knowledge in this field.

The author cannot make pretense of being a specialist in all of fields
which are converted in various chapter of this book. This work is therefore
to a large degree a compilation

of data and opinion from a great many different sources. The author
takes pleasure in acknowledging his great indebt Ness to the large
number fo engineers, architects, government officials and
manufacturers who have privately or by their writings contributes
much to make up this volume. Care has been taken to give accurate
information in this text book; however, in a subject so varied as
engineering Materials, mistakes any occur. | will appreciate having
errors called to my attention. Any suggestion for future improvement
would be graciously welcomed.

The author is deeply grateful to Dr. A. Hasnat, Professor and
Head, Civil Engineering, Department, Bangladesh University of
Engineering and Technology, Dhaka, for his kind encouragement in
writing this book. Thanks are due to Dr. S.H.K. Eusufzal, Dr. A.
Hannan, Al-haj A.F.M. Abdur Rauf, Dr. M. Shajahan, Dr. J.R.
Chowdhury, Dr. A. Salam. Dr. A Habib, Mr. Shamimuzzaman and
Prof. Ali Akber of Civil Engineering Department for their interest,
encouragement and valuable assistance in writing this book. | wish to
express my gratitude to my wife, Saleha for her unfailing inspiration
support and help during writing and in the final preparation of the
book. Finally, sincere appreciation is extended to my family for
allowing me to take so much of their time to write this book.

The author also thanks his publisher for kind co-operation and
help in bringing out this book in time in spite of loss of difficulties.

Dr. M.A. Aziz

B.Sc. Eng. Professor of Civil Engineering
Bangladesh University of Engineering & Technology
Dhaka, Bangladesh.
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CHAPTER-ONE

INTRODUCTION

1.1 General Consideration: Any material which has got application in engineering constructions is termed
engineering material. In all branches of engineering and understanding of the fundamental nature of
engineering, materials is becoming increasingly vital. Not only are requirements for materials for engineering
applications growing more complex, but there are more materials to choose from every day. The engineer can
no longer be satisfied with a superficial knowledge of fees standard properties of a few commonly used
materials. So many variations in properties are available that the engineer must have more basic understanding
of the behavior of materials. This understanding can be developed only through knowledge of the properties of
the materials.

A bridge or a dam or a building or a road is to be built and the choice of materials is up with the engineer. Shall
steel or concrete being selected or are there newer materials that might prove superior? The choice must be
based on several factors; availability of materials, economy, ease of handling and fabrication, strength,
durability and workability.

A civil engineer engaged in the task of planning design and construction of building bridge, dams, roads, water
purification plants, sewage treatment plants, airfields or any other structure, should be thoroughly familiar with
the desired engineering materials and their properties. Every engineering construction (structure) must be
sufficiently strong and
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durable to resist the action of external forces and Internal stresses due to
various types of loads In order to achieve maximum economy. The
engineer must know the strength characteristics of the materials and the
permissible stresses in each case.

A structure must be a harmonious blend of beauty strength utility and
economy. To achieve this, specification for engineering materials must be
laid down. A specification for an engineering material supplies a set of
statements of requirements which the material should conform to in order
to be acceptable for use in structure. In all engineering constructions, it is
Imperative in the interest of the safety and the durability of the structure
that only materials of the acceptable quality and strength be used.
Therefore, the engineer and other related personnel must have to acquaint
themselves thoroughly with the functions and qualities of engineering
materials, because upon the quality of engineering materials, depends the
quality of structures. The quality control of all engineering materials is of
prime importance to improve the quality of engineering Construction as a
whole.

Properties of Engineering material: A duality that define a specific
characteristic of a material is termed as a property. The properties of a
material provide a basis for predicating its behavior under various
conditions. They are the tools of the engineer uses to solve his material
problems. Some of the most important properties of engineering material
are:

A Text Book of Engineering Materials 3

Physical properties: Size, Shape, density, porosity,

structure.
Mechanical properties: Strength, elasticity, plasticity,

stiffness, ductility, malleability, hardness,

brittleness, resilience, creep.
Chemical properties: Corrosion resistance, acidity,

alkalinity, chemical composition.
Thermal Properties: Specific heat, thermal
expansion, conductivity.
Magnetic properties: Permeability, cohesive

force, hysteresis.
Electrical Properties: Conductivity, dielectric

permittivity, dielectric strength.

Fundamentally, the properties of a material depend on the nature of that
particular material alone. Nearly all those, properties listen, however,
are also inseparably tied in with conditions of use environment and the
state of the material. The actual evaluation of a property depends on all
these factors. Mechanical strength, for example, differs for various
forms of loading, and is commonly expressed by such terms as tensile
strength, compressive strength or fatigue strength.

Most properties of engineering materials must be evaluated entirely by
experiment: Certain specific conditions are applied and the
corresponding properties are measured. Experiments for determining
properties of engineering materials are usually called tests. Tests may
provide
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properties for use in design or information on the quality of material. The
procedures are usually standardized because if identical procedures are
always followed, the results of a number of tests may be compared with
some assurance Much of the standardization is done by then the national
organization set up in each country to improve the use or materials in
engineering constructions and also in industries Some of these organizations
are (1) BSI (British Standard Institute); (2) ASTM American Society of
Testing Materials;
(3) AASHO (American Association of State Highway Official), (4) ACI
(American Concert Institute). Each organization gives standard test methods
of all kinds in addition to standard specifications for materials and standard
definitions of terms.

The following are the very important properties of engineering materials, o
0

Strength: It is the property of material that represents its ability to resist
internal forces or stresses. The three basic strengths of a material, the type of
force to which the materials is to be subject, must be known. As for example
the compressive and tensile strength of structural steel are nearly equal,
whereas cast iron can take more compression and it is weak in tension.
Similarly, concrete is very strong in compression but very week in tension.

Stress: Stress is the intensity of internal force developed when an external
force is applied on -an engineering material.
It is denoted by the following expression.

S=—P 1.1
A
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Where S is the stress, P is the external force applied and A is the cross-
sectional area of the surface on which the force P is applied. Stress is
usually expressed is psi (pounds per square inch). There are three types
of stresses (a) compressive stress, b) Tensile stress and (¢) shear stress.
Tensile Stress: This type of stress is induced in an engineering material

when it is subjected to a tensile force.

Compressive Stress: This type of stress is induced in an engineering
material when it is subjected to a compressive force,

Shear Stress: When a part of an engineering material tends to slide over
another portion at a given section, the fibers at the section are side to be
shear.

Shear Load

Shear stress = 1.2
Are under shear

Strain: When load (external force) is applied to a material not only a
stress is induced in the fibers, but the size or the shape of the material is
also changed. Strains are the geometrical deformation of a material due
to application of an external force. In other words, strain is a measure
of the deformation produced by the application of external force. It
should be noted that the value of the strain is not expressed in any

dimensional unit. Strain is denoted by the following expression:

e = 13
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Where e is the strain, X is the extension or shortening of length and L
is the original length.
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Strains are again three types: (a) tensile strain, (b) compressive strain
and (c) shear strain.

Extension of length
Tensile, strain, et =

-- (Fig. 1.1) 1.4
Original length

Shortening of length

Compressive stain= --- (Fig. 1.2) 15

Original length

Shear Strain Shear strain is concerned with the change of shape or
deformation resulting from the shear stress. The element ABCD
shown in the Fig. 1.3 is subjected to shear stress. The rhombus PQRS
is the deformed shape of the entire element ABCD caused by the
shearing stress Ss. The value of shear strain is given by 2a.

@)
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Elasticity: It is a property of a material which allows it to return to its
original shape and size after the load to which it is subjected is released.
This is a very important property of engineering materials. The strain
for a given of load during the unloading process is equal to the strain for
the same value of load during the loading process. A limiting value of
load will be found at which the strain does completely disappear with
the removal of the load. The value of stress corresponding to this load is
called the Elastic Limit. It was discovered by Hooke that if a material
loaded without exceeding the elastic limit, then the deformation
produced is proportional to the load production it, from the expressions
of stress and from Hooke’s law it can be said that stress varies as strain.
This expression will equally apply in tension and compression up to a

stress value at the elastic limit.

Young’s Modules of Elasticity: The physical constant obtained from the
stress-strain ratio is given the name, Young’s Modulus of Elasticity, and

is denoted by the letter E as follows

Stress
E= o 1.6

Strain
Hooke’s elastic law holes also in the case of shear streams and shear
strain but the value of this ratio differ from that obtained in tension and
compression and is termed as the ‘shear modules’ of the given material.

Since the value of
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strain is expressed as a number; the units of E will be as same as
that of stress. It should be noted carefully that “Young’? Modules

has no significance beyond the elastic limit.

Modules of Rigidity: It can be defined as the ratio of the shearing

stress to shearing strain; or

Shearing stress

G= e 1.7
Shearing strain

Where G is the modules of rigidity.

Bulk Modules: This elastic constant expresses the relationship
between the volumetric strain caused by direct forces, it is denoted
by the letter K.

Direct stresses cussing a change in volumes
K= 1.8
Volumetric strain

Poisson’s Ratio: If a direct force acts on a body, it produces direct
strain in the direction of its action and an opposite kind of strain in
every direction of action. This is known as lateral strain while the
strain, in the direction of action of the force is known as
longitudinal strain. The ratio of these two kinds of strain is a
constant and is known as Poisson’s Ratio It is generally denoted by

H.

p=\f(Lateral strain, Longitudinal strain
19

@)

(4)

©®)

(6)

U]

®)

©)
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Plasticity: Plasticity is the opposite property of elasticity. A perfectly
plastic material does not return to its original shape and size when the
load causing deformation is removed. Lead is an example of plastic

material.

Malleability: This property, permits plastic deformation of a material
when subjected to compression. Materials that can be hammered into

thin sheets are malleable materials.

Brittleness: The opposite property of malleability is brittleness. Cast

iron is example of brittle material.

Stiffness: The term stiffness designates the resistance of materials to
deformation in the elastic range. Stiffness of ductile material is

measured by the modules of elasticity.

Ductility: Ductility indicates the ability of a material to deform in the
plastic range without breaking. No accurate measure of ductility exists.
For comparative purposes however, ductility is usually defined by the
percentage elongation of a tensile specimen at fracture for a specified

length.

Toughness: This property matures the ability to absorb to release energy

in the plastic range.

Fatigue: Certain materials are very often subjected to repeat stress. The
term fatigue (fatigue strength) of a material is used to indicate its

strength in resisting repeated stress.

(10) Hardness: The term hardness, when used as a technological property of

materials is primarily associated with the surface,
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an appropriate definition of hardness is the resistance of a material
to permanent deformation of its surface. This deformation may be in

the form of scratching, mechanical wear or cutting.

(11) Resilience: The resilience of a material is its ability to absorb
energy in the elastic range. It is measured by the energy per unit
volume required to stress a material in tension form zero stress to

the proportional limit.
(12) Creep: In many applications engineering materials are required to

sustain steady loads for long periods of time.
e.g. R.C.C (reinforced cement concrete) beams columns etc. Under

such conditions the material may continue to deform until its
usefulness is serially impaired. Such time- dependent deformations
may be almost imperceptible, but over the life time of a material or
structure they can grow large and even result in final fracture

without any increase in load.
Under short-time loading, as in the conventional compression

test, of a material there is an initial deformation that increases

simultaneously with the load. As shown in the static stress-strain
diagram. If under any conditions, deformation continues when the
load is held constant, this additional deformation is termed as
creep. In fact, creep is the time-dependent part of the strain relating

from stress.

1.3 Selection of Engineering Materials: Selection of materials for
engineering applications depends first upon their properties in

relation to intended use. The engineer should he
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alert for new materials that may be developed but he should also keep his

mind receptive to possible new ways of using existing materials.

1.4

The next important considerations are economy and availability.
Preference should always be given to the locally available materials.
Sometimes a material must be selected even though inferior properties,
because the right material is not locally available or too expensive.

Engineering Materials commonly use In Bangladesh:

The following are the important engineering materials that are
commonly used in Bangladesh; Stones, brick and other structural clay
products, lime, cement, surki and sand, concrete, iron, steel, ferrous
alloys, non-ferrous metals and alloys, timber a timber product,
bamboos, soils, bituminous materials, glass. Plastic, paints, and
varnishes, rubber, etc.

The important features of all the engineering materials with respect to
availability, manufacture, desirable properties standard specifications
and uses in engineering constructions and in industries are discussed
thoroughly in following chapters.

Questions

1 What is an engineering material? Critically examine the importance of

engineering materials in engineering construction Do you think that
paper, water, air and ink can be termed as engineering materials?
Justify your answer
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2. What do you mean by the term “Property of a material? Why it is
very important? Enumerate various properties of engineering
materials.

3 Define the following: Stress, Strain, Elastic limit. Young’s Modules of
Elasticity, Modules of Rigidity Poisson's Ratio, Malleability,
ductility, Fatigue, and Hardness.

4. What are the important considerations that are looked for selecting
engineering materials? Name the engineering materials commonly
used in our country Enumerate the specific uses of any ten of them.

21

2.2
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CHAPTER-TWO

BUILDING STONES

Introduction. A building stone is obtained from the rocks in the earth-
crust. It is a naturally occurring substance. Stone is considered to the
king of engineering materials, and where durability and permanency of
a structure are required. It continues to enjoy its superiority over all
other rival materials of engineering construction. Stones were used in
early days for structural works. Important historic examples of the uses
of stones are the Taj Mahal, Buddhist Temples and Kutub Minar in
India. The Pyramids of Egypt, the remains of Grecian and Roman
structures and many other masses we and beautiful structures found
practically throughout the world. The main censer of extensive use of
stone is that when selected properly. It has less wear and tear and does
not involve much maintenance cost. Therefore, engineers must have
thorough understanding of the characteristic properties of different
types of stones available in their own country to ensure their proper
and most beneficial application leading to the successful design and
construction of structures.

To understand the properties of stones very thoroughly one should
study first the characteristics of stone forming minerals.

Minerals: The problems of civil engineering relate with foundation and
again, foundation relates with rocks and soils. Since the rocks are
nothing but the aggregates of minerals knowledge of minerals is
essential first for civil engineers.

Minerals are naturally occurring substances, having characteristics
internal structures, and of more or less definite
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chemical composition and displaying more or less definite physical
properties. They can be easily identified by the following properties

1. Streak and Color: The color of a mineral is often of assistance in
its identification. Streak is the color of mineral in powdered form.

2. Cleavage and Fracture: The cleavage of a mineral is its capacity to
split more readily in certain directions than in others, due to the
arrangement of the atoms. Fracture of a mineral is the haphazard way
the mineral breaks.

3. Hardness: The hardness of a mineral is measured by its ability to
resist scratching. If a mineral is scratched by a knife, it is softer than
the knife. If a mineral cannot be scratched by a knife, the two are
equal in hardness or the mineral is the harder. If the knife is
scratched by a mineral, the mineral is harder.

4. Luster: Luster is the appearance of a mineral in ordinary light.
5. Structure: Some minerals are granular, for example:

olivine, others are fibrous, crystalline etc.

6. Specific gravity: Specific gravity gives a very good basis

tor identification of minerals.

7. Magnetism: A few minerals are attracted by magnet- of
this mineral; magnetite is the most common example.

8. Association: The association of creation minerals with others is
suggestive for identification of minerals.

Principal Stone forming Minerals: About 200 minerals have been
recognized by the chemists and geologists but a
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few of them have got engineering applications. The following- are the
important rock forming minerals.

1.

Silica. Quartz is pure Silica. It is unaffected by weathering. Its color
may be white, grey, pink, purple or yellowish. Streak is white. No
cleavage, luster is vitreous and the structure is granular. It is hard and
specific gravity is 2.66. It is used in the manufacture of bricks,
ceramics, glass, concrete, mortar, plaster etc.

Feldspars: Contains Silica, Alumina, Potassium, Sodium or Calcium.
Generally, two types:

(a) Potash Feldspars: Also known as orthoclase. It contains Potassium,
Alumina and Silica. Its color is white, reddish, grey or grass. Streak is
white 2 cleavages at 90°, luster is vitreous, granular in structure, very
hard and specific gravity is 2.5 to 1.7. It is used in the manufacture of
porcelain wares, glasses and also for glazing.

(b) Lime-Soda Feldspars: Also known as plagioclase. It contains
Sodium, Calcium Alumina and Silica. Its color is generally white, may
be grey, blush or reddish, Streak is. white 2 cleavage at 90°. Luster is
vitreous, structure is granular or fibrous, very hard, sp. gravity is 2.4 to
2.85. It is used for manufacturing glasses and ceramic products.

Micas: Complex Silicates of Potassium, Alumina, Silica, Magnesium
and Iron. It is generally of two types

(a) Muscovite: Complex silicates of Potash, and Alumina. Its color is
generally white, yellowish or grey Steak is white, luster is vitreous,
structure foliated very weak. One perfect cleavage has sp. Gravity of
3.0. It disintegrates very rapidly; hence a source of weakness is present
in building stones.
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(b) Biotite: It is a complex silicate of Potassium, Magnesium,
Iron and Alumina. Its color is black, one perfect cleavage, luster is
vitreous. Structure is foliated, moderately hard, sp.gr. =3.6

4. Amphibole: Also known as Hornblende. This is a complex silicate of
Sodium, calcium, Magnesium, Iron and Aluminum, with a dark
green to black color.

Streak is pale black, two cleavages at 90°. Luster is vitreous.
Structure is granular and very hard. sp. gr. =3.2

5. Pyroxene: Also known as Augite. It is a complex silicate of calcium,
Magnesium. Iron and Aluminum, It is similar to hornblende, but
slightly harder and heavier. Its color is green; streak is greenish
cleavage 2 at 90°. Luster is vitreous, structure is granular.

6. Olivine: It is composed of Magnesium, Iron and silica.

Yellowish green color, streak is pale green, cleavage is not distinct,
Luster is vitreous, structure is granular, very hard. sp. gr. is. 3.5.

7. Calcite: It is calcium carbonate. It has a color varying from white to
grey. Streak is white. 3 good cleavages, luster is vitreous, structure is
granular. It is not very hard and sp. Gravity is 2.7.
'(:70mbination as calcite viz. CaO and CO0, is liable to ready

The chemical

decomposition. A drop of dilute hydrochloric acid causes effervescence,
liberating CO- from the mineral. But on exposure to atmosphere the
anhydrous CaO absorbs moisture and becomes calcium hydroxide
which further takes up CO; from the atmosphere and forms CaCOs,

8. Dolomite: It is calcium magnesium carbonate. It is harder than
calcite. Color varies from white to grey. Streak is white,

10.

11.

12.

A Text Book of Engineering Materials 17

3 good cleavages, luster is vitreous, structure is crystalline, sp. gr. =
2.86.

Magnetite. It is magnesium carbonate Color is white or grey. Streak is
white. Cleavage is not distinct, luster is vitreous. Structure is granular.
It is a fine grained and compact mineral commonly used for making
refractory materials.

Garoet: It is a complex lime-alumina or magnesia alumina silicate. It is
strong, sp. gravity = 4.00. It also contains manganese and Iron. Its color
is generally green. Streak is pale green: luster is vitreous. Structure is
granular and cleavage is not clear. It is used as an abrasive for sawing
and grinding stones.

Asbestos: This is a fibrous mineral and is composed of silicates of
calcium and magnesium. This also contains iron oxide and alumina, its
color varies from grey, brown to pale black Streak. Streak is pale grey.
It is not very hard. It has a physical property of being separated into
fiber; it is used to manufacture asbestos-sheets, fire resisting and
insulating materials, and asbestos-cement.

Iron Oxide: Three common iron oxides are;

(a) Hematite: It is Fe;Os its color varying from red to brown. Streak is
reddish-brown, well-developed cleavages, luster is metallic, and
structure is granular.

(b) Limonite: It is hydrous iron oxide. Its color is brown, black is
yellow. Streak is yellowish, no cleavage, luster is earthy, structure is
granular or fibrous.

(c) Magnetite: It is FeO, Fes, Os. Its color is black. Streak is black, no
cleavage, luster is metallic and structure is granular.



Building Stones 18

Iron oxides are used for the manufacture of wrought iron and cast
iron.

2.3 Classification of Stones: Geologically stones classified as follows:

1. Igneous Stones: These are extracted from igneous rocks. These
rocks are formed by cooling and solidifying of rock masses from their
molten conditions on and within the earth crust. Building stones
available from these types of rocks are very heavy strong and durable.
Examples are granite, trap and basalt.

2. Sedimentary Stones: These stones are obtained from sedimentary
rocks. These rocks form by hardening the sedimentation under lakes
and seas. These are compacted by pressure and cemented together by
deposition of materials carried by strains. Building stones, a from this
veanety of rocks are not very heavy and strong, common examples
are limestone and sandstone.

3. Metamorphic Stones: These stones are obtained from
metamorphic rocks. Due to high pressure and temperature inside the
earth crusts both igneous and sedimentary rocks are converted into
metamorphic rocks with development of new characteristics. The
stones: which are obtained from this variety of rocks are very strong
and durable. Common examples are marble, quartzite and slate.

2.4. Properties of Building Stones: When stones are selected for use in
structural and building constructions, the following properties are to
be considered:

1. Structure: This relates to the manner in which the particles that

go to form a stone are arranged. Igneous stones possess
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unstratified structure which yields much strength and durability.
Stratified structure is a characteristic feature of sedimentary stones.
This is why sedimentary stones are not strong and durable and also,
they split very easily. Metamorphic stones have foliated structure
which yield much strength and durability like igneous stones

2. Texture: it is the arrangement, size and shape of the constituent
minerals of a stone. Texture of a stone has a direct relation with its
hardness. Stones with crystalline or homogenous texture are close
grained and compact and better suited for resisting the weathering
action of the atmospheric agencies. Good building stones should have
uniformity in texture with compactness. Stones with fine grains are
more durable and better suited for purposes of molding and receiving a
finer polish.

3. Appearance and Color: Stones with uniform colors are found
generally strong and durable. Better architectural aspects of structures
are also produced by using highly colored stones Red and Brown
shades indicate the presence of harmful matters such as oxide of Iron,
loose-earth particles etc. Stones containing higher percentages of iron
should never be used because they are liable to be disfigured from
unsightly rusts and stains formed by the oxidation of Iron under
atmospheric conditions.

4. Porosity: The porosity of a stone is defined as the percentage of
total volume occupied by pore-spaces. Porous stones are always weak.
So, they should never be used in the face-works of buildings because
they get decomposed and disintegrated by rainwater which is
chemically very active.
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5. Absorption: When a stone is kept under water for a couple of
wours, absorbs water. A porous stone will absorb more water when
soaked. Absorption of water by marble stones is only 1% by volume;
hence, it is a very strong stone. On the other hand, the absorption of
water by sands tone is 20% by volume. This indicates that sandstone

is porous and hence very weak. So, absorption is a good property of
stone to see whether it is strong or weak.

6. Strength: Stones are subject to direct compressive loads in
structures. So, their compressive or crushing strength is to be
termined, stone are very strong in compression. Granite stone has a
mpressive strength of 5,000 to 7,000 psi. The texture, specific gravity
1 porosity of a stone greatly affect its compressive strength. It is
iture is even, specific gravity is high and porosity less, the stone is
1sidered to be very strong under compressive forces.

7.Density: The density of a stone is determined by dividing the total
weight of a stone by total volume. A denser stone will have higher
specific gravity which yields higher strength. Densest stones are used
in foundation works whereas light o stones are used in ornamental
works.

8.Toughness: This is the resistance of a stone to impact. This property
is particularly important where the stones are subjected to severe use in
Impact. A good stone should be very tough.

9. Abrasion Resistance: This is the property of a stone to resist
abrasion i.e., wears and tear. The stone that will be used in road
Construction should have very good abrasive resistance.
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10. Permeability: This is this capacity of a stone to transmit a fluid
through it. A porous stone is more permeable and hence very weak. A
good stone should be impermeable in nature.

11. Heat Resistance: Stone is a poor conductor of heat. Heat brings
about rapid destruction of stone -structures by disintegration and
decomposition. Limestones and marbles begin to calcite between a
temperature of 600° to 800° C. and trap stones resist heat from fire very
well, but granites disintegrate very quickly. Sandstones are very good in
resisting heat in short, most of the stones are very good heat- resistant.
12. Electrical Conductivity: Stones are poor conductors of electricity.
When dry, they offer a very high resistance but when wet their
resistance becomes less. In an-electric installation, marbles and Slater
are used because they are non-conductor of electricity. «

13. Seasoning Qualities: Stones contain a higher percentage of moisture
(Quarry sap) when quarried. This makes the stones soft and easier to cut
s0, stones should be roughly dressed just immediate after the quarrying
and final dressing and polishing should be done at the work site. Before
use, the stones must be seasoned to remove moisture by leaving them in
the sun for about six months; otherwise, the stones will disintegrate and
destroy the durability and also the quality of the work.

14. Facility of Working: Economy in the cost of dressing stones plays a
vital role in engineering constructions by stones. Hard stones are very
difficult to dress and hence very costly, whereas soft stones can be
dressed more economically.
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Important Building Stones available in Bangladesh and Their Uses: The
llowing are the important building stones available in Bangladesh: The
llowing are the important building stones available in Bangladesh.

1. Granite: This is a crystalline variety of igneous rock. It is very
heavy and strong. It weighs 170 Ib. per cu. It. and the sp. gravity is
about 2.7. The crushing strength of good granite is about 1,800 tons
per sg. ft. Granite is used for works requiring great strength and
durability and also for ornamental and monumental works and also for
inscription purposes: It is also used when the stone is subjected to
abrasion like paving blocks, road metals etc. It is comparatively a
costly stone due to high cost involved in its cutting and dressing.

It is in small quantities In Sylhet and Chittagong.

2. Trap: It is an amorphous variety of igneous rock. It is very
strong, hard and durable. It weighs about 175 Ibs. per cu ft and its sp.
gravity is 2.85 and possesses a crushing strength of about 1.000 tons
per sq. ft. This is suitable for ordinary building works road
construction.

Its deposits in Bangladesh are very rare, it is found in traces at

Chhatak in Sylhet and Rangamati in Chittagong.

3. Basalt: It an igneous rock. It is very hard, compact, tough, and
durable. Its sp. gravity is 2.85 and weighs 180 Ibs. per cu ° It is
used as road metal and paving set to resist abrasion. It is
extensively used in foundation of structures and as an aggregate in
concrete works.

It is found in traces in Sylhet.
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4. Sandstone: It is a sedimentary rock. It is a porous stone and exhibits
different shade of colors. Sandstones are easier to work and dress, fts
density is about 150 Ibs. per cult and sp. gravity is 2.3 and its crushing
strength is about 650 ton per sqg. ft. It is extensively used as local
building material.

Sandstones are abundantly found In Bangladesh. They are found at
Cox’s bazar, Saint Martin Island, Sitakundu in Chandranath, and Hill
Range in Chittagong Hill Tracts.

5. Limestone: It is a sedimentary rock. The chief constituent of
limestone’s is calcite (CaCQg). It is not very hard. It is easily affected by
acids to cause effervescence. Lime stone is weak against abrasion. Its
weight is about 165 Ibs. per Cu. ft. and the sp. gravity is 260. Its
crushing strength varies from 300 to 600 tons per sq. ft.

The following are the important varieties of limestone.

(a) Kanker or Argillaceous (Clayey) Limestone: These are found in
nodular from. Their size varies from to 4 Inch and they are composed of
pure compact carbonate of lime Kankar is invariably used as a source of
lime. It serves as a cheap material for railway ballast and road metal. It is
also used as building stones.

(b) Silicus Limestone: They contain higher percentage of silica and
hence suitable for building stones.

(c) Magnesium Limestone or Dolomites: They contain calcium and
magnesium carbonates practically in equal proportions. They are very
heavy and compact. They are used to manufacture refractory bricks.
Limestone are abundantly found in our country. They are found at
Chhatak in Sylhet, Saint Martin Island, Cox’s
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Bazaar. Chittagong Hills Tract and also Khasia. Jaintia and Garu Hills area.

6. Shale: It is a sedimentary stone. Shale is a hardened mud, containing
anhydrous aluminum silicate and small amount of mica and quartz. It is very
strong and durable. Its weight is 1 80 Ibs. per eft, and sp gravity 2.74. Its
crushing strength varies from 600 to 900 tons per sg. ft. It is generally used for
the manufacture of toys and ceramic products.

Shale is found In Sylhet. Mymensingh and Chittagong

7. Gneiss: It is a metamorphic stone and has same composition as granites
but its structure differs due to metamorphic action. This yields good paving
blocks and road-metals. It is a very durable type of stone. It weights 135 Ibs. per
Cu. ft. and its sp gravity is 2.42. Its crushing strength varies from 250 to 450
tons per sqg. ft. It is found in Sylhet (small quantities).

8. Schist: it is a metamorphic stone. It splits very easily This Is due to
greater quantity of mica present in it This is not very strong and durable. This is
suitable for less important works.

Little traces are found to exist in Bangladesh.

9.Laterite: It is a sandy clay stone of metamorphic type It is comparatively a
soft stone. It weighs about 140 Ibs. per cu ft and the sp. gravity is 2.45. It's
crushing strength vanes from 300 to 500 tons per sq ft. It is generally used in
light constructions.

Laterite in fairly large quantities is available in various places of Sylhet district.
These are suitable for use as soiling under metal e roads. The places where
laterite is available In large
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guantities in Sylhet are (a) Madhab Tilla and Bouji Tilla, a few miles
from Jun off the Juri-Fultala Road and Juri- Karimgonj Road, (b) near
Juni-Sheola Road (24 miles) between Dhalcherra and Quaya river and (c)
Amura and Silghat villages about 3 miles from Gopalganj. The deposits
are also found in the districts of Chittagong Hill Tract, Rajshahi,
Dinajpur and Bogra.

10. Quartzite: Siliceous sandstone under the metamorphic action yields
quartzite stones: It is fine grained, dense, strong and very durable. It is
considered to be the strongest type of building stone. But it is very
difficult to work with it because it breaks into irregular shapes and
uneven surface. Its average wt is 185 Ibs. per cu. ft. and sp. Gravity is
3.00. Its crushing strength varies from 1,000 to 1,450 tons per sq ft.
Quartzite’s are quite suitable for retaining walls, revetments and aprons
where dressing is of secondary importance.

It is found In Cox’s Bazaar in Chittagong district.

11. Slate: This is metamorphic product of clay, mudstone and shale’s. It
absorbs less water and gives good abrasion resistance and also gives
ringing sound when stuck with a hammer. It weighs 160 lbs. per Cu. ft.
and sp. gravity is 2.48 and the crushing strength varies from 300 to 650
tons per sqg. ft. It is best used as roofing materials, damp proof course,
steps, and floor tiles and as road metal.

Slate is found in Sylhet and Chittagong.
12. Marbles: When Limestone becomes crystallized under the
influence of high heat and pressure, it is called marble. So, Marble is a
metamorphosed limestone. It is very compact and dense form of
limestone and takes a very fine polish. It is generally white in color and
used especially for decorative
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purposes. It can be easily sawn and resists weathering action very well.
Taj Mahal of Agra in India is one of the famous examples of its use.
Very small deposit in Sylhet and Chittagong.

2.6 Natural Water-Worn Stones: These are mainly five types. Boulder. Shingle.

2.8

Pebble. Gravel, and Conglomerate.

Boulder: This is larger sized, roughly rounded water worn stone. This is
crushed by a crushing machine to have building stones of required sizes.
Shingle: This is larger sized water-worn stone found near sea-shore. This is
crushed to get required sizes of building stones.

Pebbles: These are small sized rounded water-worn stones found in river
beds. They are used directly as building mater.

Gravel: This is a mixture of rounded water-worn pebbles of any stone with
sand and is found in river beds and in alluvial tracts these are also used
directly in road surfacing and as concrete aggregate.

Conglomerate: This is the stone formed when gravel and shingle get
consolidate into stone. The pebbles being bound together by some
cementing materials like clay lime etc. These stones are irregular in shape
with porous granular texture. They are unsuitable for building purposes.
Uses of Different varieties of Stones for Various Engineering Constructions:

Concrete and Foundation: Granite. Quartzite, Trap and

Basalt

Paving of Roads: Granite, Gneiss, Trap and Slate.

Building floors: Sandstone, Granite and Marble.

2.7
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Roofing: Slate.

Rubble Masonry: Granite, Trap, Basalt and Sandstone.
Superstructures: Granite, Trap, Laterite and Quartzite. Arches and

Carvings’: Granite and Marble.
Ballast: Granite, Trap and Quartzite.

Bed-Block: Granite and Quartzite.
Bridges: Granite and Slate.

Dams Construction: Granite and Trap.
Damp-Proof Course: Slate and Granite.
Lintels: Granite.

Marine Structures (Sea-Wall, Light-House, etc): Granite.
Mill Stones and Grinding Stones: Course grained sandstone,

Table-Tops. Steps, Columns and Ornamental Works: Marble.

Quarrying of Building Steps, in Bangladesh: The term “Quarrying” is
generally applied to the art of extracting from the natural bed rocks the
stones of various types as used in general engineering constructions.
The exposed part of such bed-rock where all the works in connection

2

with above is carried out, is termed as “quarry.” The various
operations involved in quarrying are open to the sky. The selection of
site for a quarry often requires preliminary geologic Investigations
about rock-deposit in the locality where a quarry has to be opened.
The suitable location of a quarry depends upon the following

considerations:

I. Awvailability of the desired building stones.
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2. Nearness of the quarry to the existing communications systems such as
roads, water-ways and railways.

3. Auvailability of suitable sites for the location of powder station, crushing
and dressing machinery, labor sheds, etc.

4. In case of quarrying by explosives (Blasting method) the locality of the
quarry should be at, a sufficient distance from the site of building works and

other permanent structures.

5. The storage facilities of the quarried materials to the outside of the
quarry of further conveyance.
2.9 Methods of Quarrying: The methods of quarrying are of two types
depending upon then a true of the rock- deposit and the purpose for which the
stones are required to be used. They are (1) Quarrying by hand tools like
crowbars, axes, etc. and (2) Quarrying by blasting by the help of explosives
such as blasting powder or gun powder, dynamite etc. In either case, quarrying
may be carried out either by manual labor or by the help of machinery or by
both.
2.10 Precaution in Quarrying: The following are the precautions that are to be
adopted in quarrying:
(1) Layout Planning: When the selection of the site for quarry is made,
the, engineer in charge should prepare a complete layout plan of the
various stages of operation involved in quarrying so that with minimum
cost, maximum amount of materials can be quarried.
(2) Stability of a Quarry: The quarrying should be done in such a way that
the structural stability of the rock-side is not at all affected, otherwise,
there is every possibility of dangerous rock-slide.
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(3) Uses of Labor and Machinery: If the quarry is small; the work
should be done manually to minimize cost of quarrying.

If the work is to be carried on a large scale and enough capital Is
available, then mechanical equipment should be used, otherwise, the
project might be a losing concern.

2.11 Various Quarries of Bangladesh: In Bangladesh most of the big quarries
are in Sylhet district. All shingles occur as river wash in the bed of
rivers and streams coming down from hills. The collection is made by
boats. The collection is huge and it is estimated that about 2 to 3 cores
cu. ft of materials can be collected in this district annually. The
following are the names of different quarries in Sylhet district.

1. Lubha Quarry: This quarry is on the stream linking the Khasi Hills
to Surma River. From this quarry, boulders and shingles of inferior
quality are obtained.

2. Plyan or Jafflong Quarry: This very important quarry, both in
respect of quality and quantity. The materials available are very hard
and there is abundant supply of both shingles and boulders. The
location is 35 miles away from Chhatak railway station. This is why the
quarrying is very expensive.

3. Bholagonj Quarry: Largest collection is made nowadays from this
quarry for its convenient location. This is situated on the Noa River and
the site collection is 14 miles from this quarry are very hard, clean and
fairly well-graded. Boulders available are also hard and fairly big sized.
The supply is unlimited.

4. Sheila and Bhowal Quarries: These are comparatively small quarries
located in the beds of streams originating from
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Khasi hillisand falling on the Surma River. The sites of collection are 12 and
11 miles respectively from Chhatak and Sunamgonj. The materials are
collected throughout the whole year. Though the materials are not of best
class, but are quite hard, clean and well grades.

o
5. Sari River Quarry: This is about 6 miles away from Sari bridge In the
23rd mile of Sylhet-Shillong Road. This quarry is Important for its
particularly well-graded hard pebbles of smaller size.
Chittagong District and Chittagong Hill Tracts: Small quantities of sandstone
are quarried at Sitakundu in Chandranath Hill Range for local use.
Considerable quantities of sandstone, shale laterite and limestone are
quarried in Rangamati. Cox’s Bazaar and Sent Martin Island.
Jalpaiguri: Shingles of 1-to-3-inch size occur as river wash in the beds of

rivers Chawal and karatoa. The supply is quite considerable.

Mymensingh District: Shingles are available as river wash in the beds of
Mohadeb and other rivers coming from Garo Hills. The quantity collected
is not abundant and cannot satisfy local needs.

2.12 Name of the quarries in Bangladesh where Important Building Stones are

quarried:

Limestone: Sylhet, Cox’s Bazaar, and St. Martin Island.
Sandstone: Sitakundu, Chittagong Hill Tracts and Cox’s Bazaar.
Granite: Sylhet and Chittagong.

Trap and Basalt: Sylhet.

Laterite: Sylhet and Chittagong Hill Tracts.
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Quartzite: Cox’s Bazaar.

late: Sylhet.

2.13 Chief Requirements of Good Building Stones: The following are the chief

2.14

2.15

requirements of good building stones 1. Strength; 2. Density; 3.
Durability; 4. Facility of working (Dressing and Polishing) 5. Cost.

Artificial Stones: Strong and durable stones are not always available
easily, cheaply and locally. This is why artificial stones (cast stones or
reconstruction stones) are manufactured now a day. Mirpur Ceramic
Works in Dhaka is now manufacturing artificial stones of various sizes
which are used in different types of engineering constructions. But they
are costlier that natural stones. Artificial stones generally consist of
crushes stones of small size mixed with cement. The usual proportions
adopted are 1 pit of crushed stones o | Inch. The two sizes of stones are
mixed together and added to one part of cement to three parts of mixed
crushed stones with required quantity of water. The stones are cast by
automatic machine or manually by moulds of wood or steel.

The main advantages of artificial stones are (1) It can be easily molded
to suit ornamental works: (2) Its strength can be controlled by
proportioning the ingredients and by using reinforcing steel; and (3) It
can be cast to any desired size and shape.

Important Verities of Artificial Stones:
Mosaic Stones: These consist of grounded marbles (marble chips of any

other suitable stone chips. 1 inch down size). They are used with
cement in the usual ratio of 1.2 for making superior floor surfacing with
usual variety of colors
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and patterns. This type of flooring is generally cast-in-situ but
mosaic slabs or tiles (size 6” x 6) are as quite commonly

used.

Mosaic is also termed as terrazzo in some places. Mosaic flooring is very
popular now- a- days. Mosaic work is also used for decorative and
ornamental purposes.

Ransome Stones: These are prepared by mixing dry sand with a small
guantity of finely grounded chalk or stones in a mortal mill or pug mill and
forced into moulds. A cooled calcium chloride solution is poured over the
blocks and then the blocks are immersed in the boiling solution of the same.
So that, the pores get completely filled up with the solution which makes it
hard. The calcium silicate is formed and the remaining of sodium chloride
solution is washed off. Otherwise, it gives efflorescence. This type of
artificial stone is hard, durable and can resist corrosion. This stone can be
dressed and curved easily. But due to its cost, it no commonly used now a
days.

Victoria Stone: These consist of finely powdered granite or any other
suitable stones, and cement mixed with usual proportion (4:1). The molded
blocks are hardened by the help of sodium silicate solution. This type of
stone is very hard, and durable and generally used in pavements, landings
etc.

Aggregate Stones: (Machine Made) these are manufactured mechanically
from finely grounded stones (stone chips). ‘/* inch down size mixing with
cement and water in definite proportion. Their usual sizes are 1/2, 3/4, 1. Vi
and 2”. They are used in making cement concrete. For special purposes

when high strength and durability are desired.

A Text Book of Engineering Materials 33

Bricks: Theses are made of clay of special variety. The manufacturing
processes, Characteristic and uses of bricks will be discussed
elaborately in the following (chap. 3).

Questions

1. “Stone is considered to be the king of engineering materials”. Critically
examine the statement.

2. What is a building stone? Give the classification of building stones with
their characteristics.

3. Discuss the properties of a good building stone.

4. Name the common natural building stones that are available in
Bangladesh and enumerate their uses.

5. Explain the term “Quarrying” How would you select the exact location
of a quarry. Name the different quarries in Bangladesh and discuss
about the types of stones that are found from these quarries.

7. Give the specific uses of the following stones:

(1) Granite, (b) Marble, (c) Laterite, (dl Quartzite,
(e) Limestone.
8. Write explanatory notes on the following;

(a) Toughness of stone, (b) Artificial stones,

(c) Boulders and conglomerates.

(d) Kankar, (e) Trap,

(a) Plain cement concrete (1: 2:4) and (b) Reinforced cement concrete
(1: 2: 3) with 0.5 percent reinforcement.

Ans. (a) Cement = 21.5 eft. = 17 bags (approx.)
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Sand = 43.0 eft

Brick whoa = 85.5 cut

(b) Cement = 25 cut = 20 bags

Sand = 50 eft

Brick whoa = 75 eft

Steel = 0.5 eft = 245 |b (1 eft steel = 490)
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CHAPTER-THREE
BRICKS

Definition: A brick is an artificial kind of stone made of clay whose
chief characteristics are a plasticity when wet and stone like hardness
after being heated to. high temperature.

Factors that Affect the Quality of Bricks: The following are the factors
on which the quality of bricks depends:

1. Chemical properties of the clay used.

2. Preparation of the clay.

3. Process of drying.
4

Different degrees of burning.

3.3 Constituents of Brick Clay and Their Functions:

A good brick-clay should be such a mixture of pure clay and sand that
when prepared with water, it can easily be moulded and dried without
cracking or warping. It should also contain alumina, (aluminum oxide)
lime, iron oxide add magnesia (magnesium oxide). Chemical analysis
of a good brick-clay should give the following chemical

Silica 55%
Alumina 30%
Iron oxide 8%
Magnesia 5%
Lime 1%
Organic matters 1%
100%

Silica: Silica exists in all clays in a state of chemical
combination with alumina forming silicate of alumina and
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sometimes exists in a free state when it is called flint or sand. The
presence of sand prevents cracking, shrinking, and warping. The higher
the proportion of sand, the more shapely and uniform in texture shall be
the brick. But too much of sand makes the brick brittle and weak.

Alumina (Aluminum Oxide): The is the principal constituent of brick
clay. It imparts plasticity to clay which is very essential for the purpose
of moulding. It also imparts density. But the clay containing too much
alumina should not be used decease bricks will crack and warp buring
brying and becomes very hard under the influence of heat.

Iron Oxide: The presence of iron oxide in clay enhances the impermeable
and durable qualities Iron and lime in small quantities give creamy
colour to bricks the colour of bricks is very much dependent upon the
contents of iron and the colour ranges from light yellow to orange and
red. The colour gradually depend to red and then purple as the iron
content goes up 8%. By adjusting the burning temperature, red colour
due to iron oxide or back colour due to presence of manganese can be
produced Magnesia in presence of iron makes the brick yellow.

Magnesia (Magnesium Oxide): Presence of magnesia in small quantity
decreases shrinkage and gives yellow tint.

Lime. It reduces shrinkage of bricks during drying and enables the silica
to melt in burning and thus binds the particles of brick together. In
excess, however, it will cause the brick to fuse too readily and the shape
will be lost. Lime should be present in a very finely divided state.
Because, if present in the form of lumps it is very injurious to bricks,
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because on buring it becomes quick lime and absorbs moisture causing
disintegration.

Alkalies and Organic Matter: A small quantity of organic matter will assist
burning bricks, Excess in bad, because if it is no completely burnt, the
bricks will be porous. Small quantity of alkalies will lower the fusion point
of clay.

3.4 Harmful constituents of Brick-Clay:

Iron Pyrites: Presence of pyrites cause crystallization and disintegration of
bricks on burning.

Alkalies: They are mainly the chlorides and sulfates of calcium, magnesium,
sodium and potassium. They produce a dark greenish hue on the surface of
bricks on drying. They cause the bricks to fuse, twist, and warp during.
Alkalies in bricks absorb moisture from and on drying cause efflorescence.
Stone Particles: Small particles of stones do not allow the clay to be mixed
thoroughly and uniformly. These are harmful to the uniformity of brick-
texture. These make bricks porous and weak.

Vegetation and Organic Matter: They make the bricks porous and weak
because vegetations and organic matter get burnt during the burning of
bricks leaving small pores in them.

Lime: Lime if present in excess causes the brick to fuse too readily and the
shape is lost. Lime in the form of limestone and kankar nodules is very
harmful and cause serious trouble to Bricks. Because due to high heating,
limestone (CaCO3), is converted into lime (Cao), and carbon-dioxide (COy).

0" contact with water, lime gets hydrated and swells and causes
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the bricks to split and crumble to pieces Limestone in the form of kankar
nodules should not be present because it deteriorates the quality of a good
brick.

3.5 Manufacturing of Bricks: The following are the different steps

manufacturing bricks.

Selection of Brick- Clay: Brick-clay should be free from harmful constituents.
The sedimentary deposits of clay are Bricks generally quite suitable for the
manufacture of bricks. It is necessary that a few sample bricks should be made
first and the suitability of the clay is judged from the product. The proportion of
different constituents of clay could then be adjusted. To manufacture bricks on
a large scale and analysis of the clay constituents is to be made to determine
their best proportions.

Preparation of Brick-Clay: First selection is made where from the brick-clay is
to be excavated and this earth is excavated before the rains and spread out or the
ground for sometimes. This process is termed as weathering and has an
important effect on the plasticity and strength of the clays. The clay should be
kept moist during the period it is weathered. About 100 cu. ft of clay is required
for manufacturing of 1000 nos. of standard bricks. The quality of brick-clay is
to be improved (if there is any deficit of important constituent ingredients) by
adding sand lime, alumina and magnesia. This process is known as blending.
The clay is then cut slashed and well worked with spade and is trodden which
makes it soft. This process is known as tempering. Water is gradually added
when tempering is in progress. The clay is well tempered by kneading it under
feet of men and cattle into a stiff condition and thereby the clay is
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made homogeneous having uniform consistency, so that it may
possess the required plasticity for moulding for large scale
manufacturing of bricks. A pug mill is generally used to temper
the clay shown in fig. 8.1. This consists of a conical vessel of
wrought iron. 5 ft. 6 inch, high, partially (2 ft. 6 inch.) buried
underground. It is provided with a central revolving shaft to
which are attached horizontal blades. To these horizontal
blades, small vertical wedge-shaped steel knives are fixed.
Feeding of clay and water is done through the top. The shaft is
rotated either by bullocks or by mechanical power. When
Tempering is complete, the clay is forced out of an aperture at
the base of the mill.
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FIG. 3.1 PUG MILL

Brick Moulding: Having prepared the brick-clay as described above the
next step is brick moulding. Moulds are rectangular boxes with top or
bottom made of any variety of hard wood, sometimes lined with iron
or brass where
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accurate mouling is needed. The edges are protected with thin strip of iron
to prevent wearing of the mould. Moulds are sometime made of iron or
brass. The mould is generally made for one brick its size being
determined by the dimensions of brick required after buring. It is an usual
practice to make the internal-dimensions of the mould about 1/10 larger
than the size of the burnt bricks to allow for shrinkage on buring. Typical
brick-moulds are shown in Fig. 3.2. Generally, identification marks
(Frogs and Impression) are left on the face of the brick drying the process
of moulding to indicate the name of the manufacture of bricks. This is
done by fitting a fillet or projection on the corresponding face of the
mould, usually on the lower surface.

There are two methods, of moulding: (1) Hand Moulding and (2) Machine
Moulding.

Hand Mouling: It is divided into two methods: (A) Ground Moulding and
(B) Table Moulding. In ground moulding the bricks are made on the

ground usually in wooden

Fig. 3.2
moulds while in case of table moulding, they are made on a table

usually with metal moulds. Table moulded bricks are
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superior to ground moulded bricks because of the regularity of the level
and shape and also because sharp corners are obtained in table moulded
bricks.

The mould is placed either on the ground made smooth and even or on
a table, the tempered brick-clay is rolled up into shape slightly longer
and thicket than the required brick. The rolled-up clay is lifted over
head with both hands and dashed with force into the mould and pressed
by hand very carefully and thoroughly so as to fill the mould
completely. The excess earth on the top of the mould is removed by a
straight edge of wood or steel, known as strike. The usual dimension of
awood or strike is "12 x 2" x /5" and that of a steel strike "12 x 2""x /5"
" A thin piece of wood known as pallet board, little larger than the size
of the mould, is placed on the top of the mould and the mould with the
brick inside is lifted up and put upside down. The mould is then lifted
leaving the wet brick on the pallet.

Before the mould is filled with clay above, it is frequently dipped
during use in water to prevent the clay sticking to the mould. This is
called sloup moulding. Another method to secure some object is to
sprinkle fine sand or ashes over and into the mould. This is called sand
mouding. Sand mouldling is considered to produce cleaner and sharper
bricks.

Machine Moulding: Generally, two types of machines are used namely:
(1) The Plastic Clay Machine; and (2) The Dry Clay Machine. The
plastic clay machine combines the process of crushing, tempering and
moulding. The raw-clay is tipped into a hopper at the top of the

machine.
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The clay passes between crushing rollers and the crushed clay then passes
through a horizontal pugmill. The tempered clay moves on to a mouding
box and is forced from the box by reciprocating piston moved by a rack
and pinion movement, alternately from either end of the box through two
roller dies on to a smooth and greased platform in a continues rectangular
bar. The bar as comes over the platform is cut into bricks by wires
stretched across a frame shown in Fig. 3.3. The distance between the
consecutive wires corresponds to the length of the bricks. The bricks are
called wire-cut bricks as they are cut by wires. In this method, uniform size
and density of bricks are secured.

WIRE CUT BRICK

fig. 3.3

In the dry clay machine, stony clay is first ground to powder and mixed
with a small proportion of water so as to form stiff plastic paste. This
paste is fed through a power-driven press where it is first formed into a
rough clot and then shaped accurately. The bricks made by this process
are very hard and compact.

Brick Drying; Before burning it is necessary to dry the bricks so that they
are sufficiently hard to be. handled and stocked in the burning kiln
without any injury. The moulded
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bricks are dried by being placed on their, edges for sometimes and then
piled in open order in long row and stacks. The length and breadth of
the stacks are generally kept equal. This should be carried on a slightly
raised platform and the surroundings should be carried on a slightly
raised platform and the surroundings should be sanded to keep it dry in
wet weather. To protect the bricks from the rain, they should be
covered with some sort of thatched roof. In Bangladesh brick-moulding
is generally suspended during the monsoons. Brick- drying generally
takes 5 to 12 days depending upon the local climatic conditions. In case
of machine-made bricks, drying is performed by circulating hot air or
gases around the bricks. Great care should be taken in this system of
drying because rapid drying may develop cracks in the bricks.

Brick Brurning: When drying is complete, the bricks are burnt for the
following purposes:

1. To impart hardness and strength to bricks.

2. To increase the density of bricks to make them less absorbent to
water and thereby increasing durability.

Great care and skill are required in burning bricks because under burnt
bricks are soft and useless. Well burnt bricks are hard, strong, compact
and durable. Overburnt bricks will vitrify and hence not sound.

During drying, free water contained in the clay gets removed due to
evaporation but the water which incorporated with the clay in the form
of water of crystallization is removed only when the bricks are burnt.
Bricks are burnt in clamps or kilns where the temperature is raised to
about 2100 F. At a temperature of about 1200°F, the organic master
present in the bricks is oxidized and disappears. When the temperature
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raised to about 2100°F, certain chemical changes take place in its
constituent minerals, giving new properties to the bricks. Particles of
alumina and sand bind themselves together and that increases the density
and strength of the bricks. Fusible glass in small quantity is produced by
burning of alumina and sand grains. But when heated beyond 2100°F, the
fusible glass is formed in a much greater quantity and the bricks are said to
be vitrified. Vitrification softens the bricks are said to be vitrified.
Vitrification softens the bricks and they begin to lose their shape. Therefore,
vitrification must be controlled so as to be just sufficient to impart the
required density' and strength. Bricks are burnt in clamps (Pazawha) or in
kilns.

Clamp or Pazawah Burning: In clamps, bricks and fuels (grass, cow dung,
wood-chips, rice-husks, jute-sticks etc.) are placed in alternate layers, shown
in Fig. 3.4 and the whole male mass is plastered over with mud on the
external surface.
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The clamps are formed on the sloping ground measuring about 30" x
40'. "The height is generally 8' to 12". In the first course, a layer of fuel
is laid about 2".6" thick. Bricks are laid in alternate layers. The upper
surface is kept sloping at an angle of about 30° in the direction of its
length. The clamp is fired from below. During burning the violent
outburst of flames is noticed and earth is thrown on to suppress it.
When fireing is completed, the clamp is left to bum itself out
thoroughly and completely. The burning of bricks by this method is
very slow. In a large of bricks can be burnt in about month. In this
method, bricks are not uniformly burnt. Nowadays, this method, has
become obsolete and is used in rural areas where the quantity required
is small and the quality also not of a high standard.

Kiln Burning: Kiln burning is preferred when bricks are required to be
manufactured in large quantities. The kiln consists of a regular walled
structure with proper arrangements for healing and the bricks are
arranged in regular stacks. A good kiln should supply the maximum
number of well burnt high class brick with less consumption of fuels
(powdered coals). There are various types of kilns, the most common
ones that are generally used in our country' have been shown in Fig 3.5
and Fig 3.6.

Hoffman's Kiln: It is circular in plan and consists of an annular chamber
by brick partitions with small opening into twelve or more
compartment each of which is connected by a flue to a central chimney.
Each compartment is also provided with a door-opening outward for
loading and unloading bricks. When the compartments are in use, the
doorway is closed by dry bricks and sand, and the joints are closed by
mud filling. Holes are provided on the top of each compartment, and
through these holes, fuel (powdered coal) is dropped.
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Fig. 3.5

At any particular time, each compartment of the kiln has a specific
function to perform. In Fig. 3.5, compartment no. 1 is being filled up with
unburnt bricks, compartment no. 2 contains burnt bricks which have
cooled and are being unloaded, compartments nos. 3 and 4 contain bricks
already burnt that are being cooled down, compartment nos. 5 and 6
contain bricks which are being supplied with, fuels and compartment no’s
7 and 8 contain bricks which are being dried and preheated. Due to
continuity in operation form the loading of the new bricks, this type of kiln
is also termed as continuous kiln. The kiln, shown in Fig. 3.5 has got 8
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compartments. Depending upon the output desired, continues kiln may
have 12, 16 or 20 compartments’

Generally cool air enters through the open door of the compartment nos.
1 and 2, passes through the cooling compartment nos. 3 and 4 them
enters into a heated condition in the burning compartment nos. 5 and 6
and finally the hot flue gases enter compartment no’s, 7 to 8.

In a moderately sized kiln, each compartment, if made about 36 ft. long,
15 ft. mean width an 8 ft. high, will hold 25,000 bricks and
8x25.000=2,00,000 bricks may, therefore, be burnt in 12 days. Such a
kiln will, therefore, bum approximately 60 lakhs of bricks annually.

ADVANTAGES AND DISADVANTAGES OF HOFFMAN'S KILN:

Advantages: (1) Economy of fuel; (2) Uniform burning of bricks, (3)
Regulation of heat, (4) Preheating of unburnt bricks (5) Higher
percentage of good bricks (6) Regularity of supply (7) No smoke as the
combustion of the fuel is.

Disadvantages: Only one that is the high initial cost of - construction.
Trench or Tunnel Kiln: This type of kiln is continuous in operation,
consists of a tunnel of generally 200 ft. long 18 to 24 ft. wide and 6 to 8
ft. deep, rectangular, circular or oval in plan. Of course, the length of the
kiln depends upon the site available and the number of bricks to be
manufactured. The most common shape of the kiln is an oval one with
semicircular ends to save space, but in this case irregularity of boring

bricks result as firing approaches or leaves the
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semicircular ends. A typical oval shaped kiln with semicircular ends is
shown in Fig. 3.6. Uniformity in burning o is generally results in a circular
section and the second best in the rectangular section.

CHIMNEY CHIMNEY
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Fig: 3.6

It is made in a trench excavated below ground and lined with masonry
walls. A number of openings are built around the outer walls. A number
of openings are built around the outer wall of the kiln and movable iron
chimneys are placed over the opening (generally 2’ 6” x 1 x 7”°) at about
12 ft. apart and the coal pits lie between them. These chimney openings
are connected to the trench by two arched opening for draught.
Sometimes, permanent, chimneys are built over these openings but for
economy, movable chimneys on four wheels can be used by easily
moving them along the kiln. In some cases, chimney, openings are
provided in the inner wall as
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well but in others, chimneys are placed over the arranged bricks in the kiln
and in the case no hole is to be provided in the walls. Dampers or iron
plates are placed by the side of these openings. The space between two
dampers in the trench is called a section. Each section of a trench 18 ft.
wide contains 10.000 bricks which require 58 cu ft. of coal of burn.
Roughly. 6 mounds (692 Ibs.) of coal are required per 1000 bricks. The fig.
3.6 shows an oval trench kiln in which loading drying, burning, cooling and
unloading take place in two stages. Two chimneys and two batches of
workers are required for its operation. The arrows on the plan indicated the
direction of movement of chimneys. One section is loaded first, and then
covered with earth on top to prevent the escape of heat. When one section
is being burnt, its hot gases pass on to the next section to warm up the
bricks already slacked in the second section before passing out through the
chimneys. When first section is burnt and the fire has advanced to the next,
all the flue holes of the first are closed and it is allowed to cool down
gradually. When fire has advanced through a number of sections from one
side, the first section cools sufficiently and is unloaded and reloaded with
dry raw bricks which in their turn are warmed up first with the hot gases of
the last section and then burnt up by the advancing fire going round the
kiln. Thus, the kiln works continuously admitting loading, drying, burning,
cooling and unloading to go on simultaneously in different sections. The
average output of this type of kiln is as follows;

1st class bricks 60%
2nsd class bricks 15 %
3rd class bricks 10%
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Jhama bats 5%
Bricks bat 5%

The smallest size kiln of 20 chambers of sections 18' x j? with one
chimney will turn out about. 10,000 bricks daily large size kiln of 24 to 40
chambers worked by two chimneys will be much economical to operate
and also cheaper in construction.

A trench kiln generally takes 36 to 40 hours for burning and 10 to 12 days
for cooling.

In Bangladesh, most of the brick manufactures prefer this type of brick
burning because of the following reasons: (1) Economy in construction;
(2) Net affected by wind and moderate rain as it is constructed below
ground level and covered with earth on top: (3) Short period of burning:
(4) Better quality of bricks.

3.6 Characteristics of Good Bricks:

1. Bricks should be uniform in colour, size and shape.

2. They should be sound and compact.

3. They should be free from cracks and other flaws such as air bubbles;
stone nodules etc.

4. They should not absorb more than 1/5 of their own wt. of water
when immerged in water for 24hours (15 to 20% dry wt.,).

5. The compressive strength of bricks should be in the range of 5,000
to 8,000 psi.

6. The percentage of soluble salts (sulphates of calcium, magnesium,
sodium and potassium) should not exceed
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2.5% in burnt bricks, because the presence of excess soluble salts
causes efflorescence.
7. They should be neither overburnt or under burnt.
8. They weight should be generally 6 Ibs. per brick and the weight per
cu ft should not be less than 125 Ibs.

9. They should have low thermal conductivity as it is desirable than
the buildings built of them should be cool in summer and warm in
winter.

10. They should be non-inflammable and incombustible.

11. Bricks should not change in volume when wetted.

3.7 Field Tests of Bricks: The following are the test that are generally
performed in the field to determine the quality of good bricks:

1. Take a brick and try to make mark on the surface by nil. If you can
make it. it is not, a good brick, if not. it is very hard and compact.

2. Take a brick and strike it with a hammer. If it gives clear
ringing or metallic sound, it is a good brick, if not a bad one.

3. Take two bricks and form atee (T) and drop from a height m
of 6 ft on a more or less solid surface. If they break, they are not
good bricks. If they remain unbroken, they are good bricks.

3.8 Size of Bricks: In Bangladesh, according to P.W.D. specification, each
brick should measure 9%/, x 9 ¥/," x 23/, This is the standard size of bricks
in our country. There are other sized bricks also. But this size is most
economical. Because when bricks are put in any construction with the size
becomes 10 "x 5" x 3" (approximately). The size of
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walls which are constructed by bricks in our country 3", 5", 10", 15", 20". 25”
and 30" So 'his size of bricks 21 used safely Without any breakage. Hence, this
standard size is most economical in engineering constructions in our 9%," x 9
5" x 2814 country.

3.9 Classification of Bricks: The following is the classification of bricks by PWD

in our country.

1.

First Class Bricks: They should be of uniform size; and colour,
thoroughly and evenly burnt. They should ring clearly when struck.
With a hammer or another brick. They should be well shaped with
even surfaces and without cracks, rain spots or flaws of any kind. They
should not absorb more than one sixth of their weight of water when
wet in water for 24 hours.

Second Class Bricks: These bricks must possess the hardness and
colour of first-class bricks but are slightly irregular in shape: size or
rough on the surface.

Third Class Bricks: These are bricks which are not sufficiently well-
burnt sufficiently and of uniform shape and size for use in unimportant
constructions.

First Class Bats: These are broken bricks of the same quality as first

and second-class bricks.

Second Class Bats: These are broken bricks of the same quality as third-

class bricks.
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« Picked Jhama Bricks: These bricks are uniformly vitrified
throughout, but must be of good shape heavy and of selected
quality. They must not be spongy.

7. Jhama Bricks: These are well- burnt bricks but not quite

so well-shaped as picked jhama bricks. They must not be spongy
and must be free from cinders and projecting lumes and of fairly
good shape.

8. Jhama Bats: These are broken bricks of the classes picked
jhama and jhama bricks.

3.10 Special Bricks: Bricks are usually made rectangular but they are also
made in various special forms to meet the different situation where they
are used also to suit to the taste of the users. Such bricks are called
purpose-made bricks and are more costly than ordinary bricks. These
are:
(1) Perforated bricks used in building walls: (2) Hollow bricks
used in hollow walls in building; (3) Checkered bricks, used in
bricks masonry; (4) Stable bricks (with grooved Pannels); (5)
Plinth bricks, (6) Jam bricks-bricks chamfered and rounded to the
desired shape at one corner; (7) Klinker (paving brick) for internal
flooring. In addition to these, there are other varieties of special
bricks. They are mainly used for decorative and ornamental
purposes.

The Mirpur Ceramic works in Dhaka manufactures various types of

special bricks. A few special bricks are shown in Fig.

3.7
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Fig- 3.7

3.11 Uses of Bricks:
1. Construction of walls of any size.
2. Construction of floors.
3. Construction of arches and cornices.
4

Making khoa (broken bricks of required size) to use as an aggregate
in concrete.

5. Manufacture of surki (powdered bricks) to be used in lime piaster
and lime concrete.
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3.13 Brick Works: The following are the different types of brick works:

1. First Class Brick-work: This consists of first-class bricks in lime or
cement mortar. All the material required should be of first-class
quality.

2. Second Class Brick-work: This consist of second-class bricks laid
in lime or cement mortar.

3. Third Class Brick-work: This consists of third-class bricks
in mud mortar.
For 100 cft, of brickworks 1200 no’s, bricks and 45 cft, of mortar
are required 830 bricks will make 100 eft, of khoa for concrete.
Questions
1. Discuss the factors that are to be considered in selecting raw materials
for manufacturing good bricks.
2. Name the factors that affect the quality of good bricks. Give the
constituents of a good brick clay and state their functions.

3. What are the harmful constituents of brick clay?

Explain why they are termed harmful?

4. Name the different steps in the manufacturing process of bricks.

5. Discuss the principal aspects of burning bricks.

(@) Draw the plan in oval and elevation of a teach kiln.

Explain also its working principle.

(b) If a daily production of 3 lacs of bricks is required, what should be
size of the kiln? What will be the amount of ¢ dust that will be required

per day?
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What is the standard size of bricks in our country? Do you think that the
existing size is economical? Justify your answer.

Give the characteristics of good bricks. What is the test that are carried out
in the field to determine the quality of good bricks?

Supply the classification of bricks with proper specification.
10. Write explanatory notes on the following:
(a) Pug Mill, (b) Machine moulding (c) Brick drying
(d) Pazawah (e) Hoffman's kiln (f) Brick works.

11. What is the function of special bricks? Give neat (sketches of the different
types of special bricks that are commonly used in Bangladesh.

4.2
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CHAPTER-FOUR

TILES

Tiles
4.1Introductory: Tiles are than slabs made of clay burnt in kiln. They

are used for flooring, walling and drainage purposes. Tiles require more
care in manufacture than bricks, as from their greater delicacy they are
more liable to deformation. The clay should be much stronger than that
used for bricks. The manufacturing process is same as that of bricks.
Classification: The following are the various types of tiles according to
the purpose they serve:

1. Roofing Tiles: There are various types of roofing tiles of which
plain tiles, pot tiles and pan tiles are most common in use.

Plain Tiles: They are handmade tiles from clay. They are glazed to
prevent the absorption of water. They are provided with two small
projections beneath the top edge to facilitate fixing against roof battens
(Fig. 4. 1).

Pot tiles: They are made by hand on a potter's wheel. They are hollow,
half round and tapering in shape. The length varies from 10" to 12" on
and the diameter is generally kept 6" on one side and 5" on the other
side. The thickness is generally /8'. On the wheel, the tile is first made
into a tapering tube just before taking the tile off the wheel the potter
makes two vertical cuts, one at each end of the diameter. These cuts are

intended to assist in easily the tube into two pot tiles after the tube has
been burnt (Fig.4.2).
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Fig. 4.1 PLAIN TILE FIC. 4.2 POT TILE

Pan Tiles: Pan tile is similar to the pot tile. In shape and differs from it
only in being shorter, heavier and less curved and having equal width at
both ends. They are first moulded flat, then curved and are provided with
a small projection beneath their top edge which rests against horizontal
battens and prevents the tile from sliding down the slope of the roof (Fig.
4.0).

Flat Tiles: They vary in size from 6"X6"X /5" to 8"X8" X /" « The larger
variety called paving tile is used on floors while tiles. Fig. 4.4 shows a
typical flat tile.

Ridge Tiles: This is meant to serve a specific purpose in roofing shown in
fig. 4. 5.

Fig:43PANTILES  Fig: 44 FLATTILE  Fig: 45RIDGE TILE
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Concrete Tiles: They are made in various shapes and shades from L3 (1
part cement and 3 parts sand) cement mortar with powdered coloring
ingredient. They are used very commonly in the form of precast thin
slabs.

3. Flooring Tiles: The size of the flooring tiles varies from 6" square up
to 12" square and the thickness ranges from /," to 3" they are made
exactly like flat tiles. They may be of concrete or mosaic.

4. Wall Tiles: The size is generally 6"X6"X*/,". They are mainly used in
bathrooms and latrines.

5. Drain Tiles: They are used for drainage purposes. They are
manufactured circular. V or (U shaped and in lengths of 2 to 4 ft each.
The clay should be of best variety, perfectly homogeneous and of
uniform semi-stiff consistency to admit of hollow moulding.

6. Sewer or Water Pipes: They are made from highly silicious clays
contain about 75% of silica and 22% alumina.

4.3 Characteristics Of Good Tiles: The tiles should be of regular desired

shape and size, free from twist, cracks, flaws and bends. They should be
of well burnt and of uniform colour. They should be compact, hard and
sound.

4.4 Glazing of tiles And Its Purposes: The surface of tiles is sometimes

glazed for the protection of the surface from the action of the
atmospheric destroying agents and sometimes for beautiful appearance.
A glaze is a mixture of glass forming materials of special compositions
like lead silicate, titanium, zirconium oxides etc. They are ground to a
very fine powder and give colorless glazes, other metallic oxides such as
iron oxide for red and brown, iron oxide with tittle time for cream and
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yellow, copper oxide for green, cobalt oxide for blue colour etc. The process of
applying the glaze on tiles is known as glazing.

The glazing is applied to the surface of clay-wares for improving the
appearance, for producing decorative effect of 'the desired colors and design,
for making them nonabsorbent, for imparting durability, for protecting them
from the destroying effects of atmospheric agents. In case of sewers, glazing is
applied to save them from the corrosive action of sewage and sewage gases
and also to provide smooth surface.

Questions:
1. What is a tile? Discuss the different types of tiles with neat
sketches wherever possible.
2. Give the characteristics of good tiles. Name the different uses of tiles.

3. What is glazing? Explain its functions over tiles.

5.1

5.2

5.3
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CHAPTER-FIVE

REFRACTORIES AND OTHER_CERAMICS

Definition: Refractories are constructional materials which must perform
their duties at high temperature. Hence, they must have a high fusion
point. The clay which is used for manufacturing refractories and
refractory linings is called fire clay. This type of clay can resist high
temperature without melting or becoming soft.

Uses of Refractories: They are used in building works for setting stones in
ovens and fire places. They are used for the manufacture of fire bricks
and chimney posts. They are also used as lining of sand melting furnace
of glass factor}' and iron-ores melting furnaces in steel plant. Fire bricks
are used for the construction of boilers, combustion chambers and
chimney flues.

Composition of Fire Clays: Fire clay should contain a higher percentage
of silica and alumina and very small quantity of lime and magnesia, iron
oxide and alkalies. Silica (SiO;) becomes soft at about 2800°F and
finally fuses and becomes a glassy substance at about 3200°F. It melts
around 3300°F. Due to this high softening and melting point, it is,
therefore, used as a principal material in the manufacture of refractories
and fire bricks. Alumina (A1,0s) has still higher softening and fusion
temperature. It melts at about J800°F. It is, therefore, used in
Combination with silica to manufacture refractories to resist high heat
and temperature. But the presence of time magnesia, iron oxide and
alkalies act like fluxes to lower the softening and fusion point and
temperature. So, silica and alumina are nondetrimental and
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Lime, magnesia, iron oxide and alkalies are termed as detrimental in
fire clay. The following chart show the approximate compositions of
fire clays depending upon the
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basic open-hearth steel furnaces and copper melting furnaces. They can
resist a high temperature of 2000°C.

(c) Ganister Bricks: They manufactured from the silicious variety of
ganister rock containing 85% of silica and 10% clay with an addition of 2%

spe_cial use. 60 to 96 percent
Silica

Alumina 210 36

Lime, magnesia, iron

oxide and alkalies 2t05

45  Manufacture of Refractory Bricks: Fire bricks are manufactured
from fire-clay and the different steps in the manufacturing process
such as digging, weathering, tempering and moulding of fire bricks
are same as those of ordinary bricks but the burning is generally
carried out in a superior type of kiln under carefully graduated
temperature control.

Varieties of Refractory Bricks: There are mainly three varieties of
refractory bricks, namely: (1) Acid Refractories; (2) Basic
Refractories and (3) Neutral Refractories.

(1) Acid Refractories: Following are the different types of acid
refractories:

(@) Ordinary Fine Bricks: These are made of ordinary natural fire
clay with a mixture of crushed flin clay and sand. They provide very
good type of acid refractory lining to furnaces. They can resist a high
temperature of 1600°C.

(b) Silica Bricks: They contain 95% of silica and are manufactured
from sandstones or quartzite with an addition O to O of lime to act as
a binding material and flux. Silica bricks are quite suitable for acid
lining of furnaces such as manufacture of glass and also for the walls

and arches of

of lime. They are very hard, compact and rigid at a high temperature of
2100°C.

@

©)

Basic Refractories: The following are the different varieties of basic
refractory bricks.

(@) Magnesia Bricks: They are manufactured from fire clay containing
85% of magnesium oxide, 3 to 5% iron oxide and the balance lime and
alumina. They can resist a higher temperature of 1800 to 2100°C. They
are used for basic lining of furnaces.

(b) Dolomite Bricks: They are manufactured from fire clay containing
higher percentage of dolomite. They are cheap substitutes for magnesia
bricks in furnace lining. They are weaker refractories but can be made
stronger by the use of serpentine. They can resist a temperature of
1400° to 1600°C.

(c) Bauxite Bricks: They are manufactured from fire clay containing
86% of bauxite. They can resist a higher temperature of 1600°C.
Neutral Refractories: They are used for separating the acid and basic
linings of furnaces to prevent them reacting together. The following are
the different varieties:

Chromite Bricks: They are made from fire clay containing 50% of
chrome iron ore, 30% iron oxide (Ferrous oxide) and 20% bauxite with

little silica. They can resist a higher temperature 2000°C.
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Carborundum: This is a special type of natural refractory bricks. It is made
from fire clay containing higher percentage of silicon carbide. It is used in
electric furnace. It can resist a high temperature of 1900°C.

Properties of Good Refractories:

1. They must resist stress developed at high temperature in furnace walls

and arches.

They must preserve their rigidity at high temperature.

3. Irreversible volume change should not occur at furnace temperature,

because shrinkage leads to opening of joints and results in a leaky
furnace.

4. They must resist the tendency to crack and spit off fragments when
exposed to sudden change of temperature.

5. They must not easily form fusible products with slags.

6. They must not be acted upon by furnace gases.

7. They should weigh about 150 Ibs. per cu. ft.

8. They should take a compressive strength of about 20.000 to 30,000
Ibs. per sg. inch.

9. They should not absorb more than 6% of water by wt. when kept in
water for 24 hrs.

5.7 Laying of Fire Bricks: Fire bricks are laid by a mortar of fire clay but not

in lime or cement mortal. Generally, 1.5 to 2 eft of fire clay mortar is
required for laying 100 nos of fire « bricks of the standard ordinary bricks
size.

8 Terracotta. This is a special type of earthen-ware. It is used as a

substitute for stone in the ornamental parts of buildings

0)
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such as cornices bases and capital of pillars and other ornamental works.
A good terracotta clay should contain 73% of silica, 10% alumina. 3%
iron oxides 1% lime. 7% organic matter. 0.3% alkalies. 0.2% magnesia
and 5.5% water.

Terracotta is manufactured in the same way as ordinary bricks are made.
It should not show any sign of shrinkage and should be hard, compact
and impervious to water. Usually, terracotta blocks are 12' to 20' long. 6
to 15 high and 4.5 to 9” thick on the bed. They can be given any desired
colour by the help of some coloring ingredients. The main advantages of
terracotta are that it is very strong, hard and durable.

Terracotta which is burnt twice in the kiln is called ’Faince', It is stronger
and harder ordinary terracotta and hence, durable.

5.9 Earthenware’s: They are made from ordinary clay, similar to that used

for bricks, and is burnt at a comparatively low temperature. Earthenware’s

are very weak and porous. They comprise the bulk of most pottery and table
wares like toys, ash toys, flower vases etc. They are always given a glaze to
look beautiful.

5.10 Stoneware: This is employed when chemical resistance and
impermeability are required. It is largely used in sanitary wares
(Basins, sewer pipes, glazed tiles for bath and latrines) and is chemical
engineering. This is manufactured from the clay containing 76% of
silica, 214% alumina and very small quantity of other ingredients. It is
always glazed.
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5.11Porcelain: This is a whiteware which is so highly vitrified that it is
. . o ] . . CHAPTER-SIX
translucent in sections. This is manufactured from kaolin, a special variety LIME
of clay containing high percentage of silica and alumina. It is used for
variety of purposes such as tableware, insulators, electric furnaces, resistor L ) ) ]
6.1 Introductory: Lime is a more or less impure calcium oxide (CaO) and

tubes, reactor chambers, crockeries. . L . .
obtained by the alcination (heating of shells corals, limestones, kankar

5.12Porous Ware: This is a light-weight cellular clay product used for sound and other substances. Composed of almost pure or impure calcium

proofing and thermal insulations. carbonate (CaCOs). Lime acts as a binding or cementing material in

engineering constructions.

Exercise 6.2 Uses of Limes: Lime is used for the following purposes.

1. What are refractories? Enumerate their engineering application. 1. White washing.

2. What is fire clay? Explain its constituents and point the importance of

Lime punning.
each.

2

3. Making mortar (Lime mortar and surki mortar).
3. Give the properties of good refractories.
4

Making concrete (lime concrete).
5. Manufacturing cement.
6.3 Technical Terms: To understand the manufacturing process of lime, the
following technical terms are to be understood thoroughly.
Calcination: This is the heating of limestone to redness (1500°C) in air.
Quick Lime or Caustic lime: This is the lime immediately, after
calcination of limestone.
Slaking: When water is poured on quick lime it gives rise to heat due to
certain chemical reactions and this process is termed as slacked or
hydration.

Slaked Lime: The substance left slaking of quick lime is called slaked

lime or hydrate of lime.
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Setting (Hardening): When lime is mixed with water to form a paste it
hardens and this process is called setting or hardening of lime.

Hydraulicity: This is the property of the lime for setting under water.

6.4 Constituents of Limestones: Limestones exist in nature either as pure or

impure calcium carbonate. The following are the main constituents:

Calcium oxide: This is the principal constituent of limestone. It acts as
a binder.

Clay: Clay in small quantity retards slaking and in large proportion
arrests slaking. It causes setting of lime and renders it insoluble in
water. It should, therefore, be proportioned properly with the remaining
constituents. Generally, 5 to 10% of clay presence in limestone is
recommended because with this the lime will make excellent mortar.

Silica and Alumina: They impart hydraulicity in lime.

Magnesium Carbonate: It slakes lime more slowly, evolves less heat,
expands less, set more slowly but finally gains greater strength.

Alkalies and Metallic oxides: They impart hydraulicity in lime.
Sulphates: Small quantity of sulphates retards the slaking action and
increases the rapidity of setting.

Iron Pyrites: Presence of iron pyrites is highly objectionable as they
reduce the strength of lime.
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6.5 Classification of Limes: These are mainly three types of limes. They are:

(1) Fat lime. (2) Hydraulic lime and (3) Natural cement.

(1) Fat Lime: This also known as High Calcium Lime. This is a purer type of

lime and is so called because it swells two to three times it volume when

slakes. Fat lime is obtained by calcination of nearly pure limestone, chalk

and sea shells. It is nearly white and free from other substance to produce

any major effect upon either the staking or setting action. It does not set

under water but dissolves.

Fat lime is generally used for finishing coat in plastering, white washing

and lime punning.

(2)Hydraulic Lime: It possesses the property of setting and hardening under

water. This is obtained from kankar or clayer limestone. It is hot white

because It contains impurities of clay and magnesium carbonate.

©)

This is used for masonry in foundations and for thick walls. It is also
used for mortar for masonry work in superstructure of buildings and
plastering.

Natural Cements: These are hydraulic binding material almost similar to
hydraulic limestone but containing a higher percentage of clayey matter
(40%). These natural stones are the complication the products exhibit a
high value of hydraulicity.

The following table (TABLES 6.1) shows the composite ions of

limestones for producing different varies of limes.
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Table 6/1 Composition of Limestone for Different Type of Limes

Principal
Ingredient: Percentage composition Quality of Limestone
Fat Lime Hydraulic Natural Cement
Lime

Calcium oxide 96 45 to 65 30to 35
Magnesium oxide 1to2 3010 40 10to 15
Aluminum oxide Little or Nil 2t05 510 10
Silica 2 20 to 30 20to 35
Iron oxide Little or Nil 2t05 about 5
Others Impurities Little or Nil 1105 upto 2

6.6 Tests on Limestones: For the manufacture of lime and cement, engineers are to

carry out some tests on limestones, the tests are discussed below:

1. Physical Tests: The sample of limestone showing a slightly

earthy surface indicates the presence of clay and will be x suitable for

producing hydraulic lime. White colour indicates a pure limestone.

2. Chemical Test: The following are the different chemical tests that are

generally performed on limestone.

(a) Heat Test: Weigh a piece to dry limestone. Heat it to redness in an open

fire for about six hours. Since the bond
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between calcium oxide and carbon dioxide in limestone is very weak the
following reaction will take place:

Limestone + Heat = Lime + Carbon-dioxide
(CaC0g) (Ca0) (COy).

Allow the product to cool and weight again. From the loss of weight, the
amount of calcium carbonate in the specimen can be determine. For
every loss in weight of 44 parts, there is 56 parts of lime by weight. This
is adopted if the sample does not contain magnesium carbonate. Clayey
and silicious impurities required higher temperature to drive out carbon
dioxide and this indicates the extent to which the lime is hydraulic.
Example: An one pound sample of limestone was heated in a lime-kiln
at a temperature of 1500°C. After heating the sample weighed 0.325 Ibs.
Calculate percentage of quick lime that will be available from this

sample.

Solution:
Loss of wt due, to heating = 1,00 - 0.825 = 0.675 Ibs.

Percentage of quick lime = (0.675x 56) / 44)) x 100= 86%

Slaking Test: Quick lime is an anhydrous product of
calcination or heating. When water is added to it, the
following reaction takes place.

Quick Lime + Water = Hydrated Lime (6.2)

(CaO) (H20) [Ca(OHal)]

During the process of hydration, heat is given out the energy
thus liberated is often enough to split it and to make it crumble
to powder. A vigorous slacking indicates high
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calcium content in the sample i.e., fat lime, while with hydraulic
limes, the slacking action is very slow.

Again, sufficient water is added and if the sample sets under water, it
is hydraulic lime, if not, fat lime.

From this test, it is possible to determine whether or not a particular
sample of limestone will yield ft lime or hydraulic lime.

(b) Acid Test: This test is carried out for two purposes which are
discussed below:

(i) To determine the presence of calcium carbonate in a given sample
of limestone: Dilute hydrochloric acid is added to the specimen. This
will cause effervescence with the liberation of carbon dioxide and
formation of calcium chloride. The reaction is as follows:

Hydrochloric Calcium

Limestone x Acid= Chloride + Carbon - dioxide + H20

(CaCOs) (2HC1) (CaCly) + CO.+H20)

Effervescence will be vigor if the presence of calcium carbonate
Content of the sample is very high and thereby the residue will be
less. If the effervescence is not vigorous, calcium carbonate content
is less and the residue will be more.

(i) To determine the rough composition of limestones: Powder a
sample of limestone and dry it gently to remove moisture, weight its
Let the weight be W gms put the powdered sample in a number and

add dilute hydrochloric
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acid gradually. Stir and sand hydrochloric acid until effervescence
ceases. Strain the content through filter paper. Carefully dry the
residue on the filter paper and weight it. Let the wt. be Wigms. Then
(W-W,) will be the weight of calcium carbonate in the sample. To
separate the clay from sand in the residue, stir up the residue with
water, the sand being heavier will settle at the bottom, while the clay

particles will be in suspension. Decant the water.

Dry the sand and weigh it. Let the wt. be W> gms. Then (W1-W5) will
be the wt. of the clay.

Example: The initial wt. of a sample of powder limestone is 445.45
gms and the wt. of the dried resiue on filter paper is 120.23 gms. The
residue after decantation and drying weighed 68.42 grams. Calculate
the percentage of carbonate sand and clay present in the sample of

limestone.

Solution: Here W = 445.45 gms. W1 = 120.23 gms. W, =
68.42 gms. Wt. of calcium carbonate=W-Wj=445.45-
120.23=325.22 gms. Percentage of calcium carbonate

325.22
445.45

x 100 = 73%

Clay =120.23 - 68.42 =5 1.81. gms
Percentage of clay = (325.22/445.45) x 100= 73%

Percentage of sand = 100 -(73+12) = 15%
hemical Analysis: of Limestones: It is very rare that the engineers are
called upon to carry our detailed chemical that the engineers are called

upon to carry out detailed chemical
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test on limestones but the selection of limestones will not be proper if

the following important things are not known to the engineers. By
detailed and routine chemical tests, the correct values of five
principal components of limestone (calcium oxide, magnesia,
alumina, silica, and iron oxides) must be known to determine the

following:
Hydraulic Index or Ratio =

Silica + Alumina + Oxides of Iron

Lime + Magnesia

It may be noted from the above equation that there is a possibility of
getting the same ratio though the percentage of the ingredients
change in themselves. This indicates that two different samples will
have the same value of the ratio.

Cementation Index =

2.8 Silica +1.1 Alumina + 0.7 Oxides of Iron

Lime +1.4 Magnesia.

The hydraulicity of limestone is always expressed on the basis of
hydraulic index and cementation index. The following table 6.2
shows the hydraulic values of different types.,
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Table 6.2
Hydraulic Values of Different Type of Hydraulic Limes
Quality of Lime Hydraulic Index Cementation
Feebly Hydraulic Lime 0.1t00.2 0.2t00.4
Moderately Hydraulic Lime 0.2t00.3 0.410 0.6
Eminently Hydraulic Lime 0.3t0 0.4 0.6to1l
Example: The chemical analysis of a sample of limestone gave the
following results.
Calcium oxide =70%
Silica =.20%
Alumina = 6%
Magnesia =1.5%
Iron Oxides =2.5%
Determine the hydraulic index and cementation index and
also write what type of hydraulic lime it is?
20-6 +2.5 285
Solution: Hydraulic Index = — -------=--------—- = — 0.399
) 70+ 15 715
28X20+11x6+0.7x25
Cementation Index = OTTAXTE
64.35
e =0.892
72.10

This is eminently hydraulic lime.
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Manufacture of limes: The principal stages involved in the
manufacture of lime are: (1) Pre-heating (2) Calcination or Burning

and (3) Hydration or Slaking.

Pre-Heating: Limestones are heated in a closed container to remove
moisture present in them. This is generally done at temperature of
about 600° F.
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Fig: 6.1 MODERN CONTINUOUS LIME KILN

Calcination or Burning: Limestone is burnt in clamps or in kiln and
the process of burning is called the calcination of lime. Kiln
burning is generally adopted in every country because it economies
the fuel. Fuel used for calcination is generally coal, coal ashes or
firewood. There are various types
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of lime Kilns, the most widely used one has been shown in Fig 6.1.
Due to its continuity in operation, this is known as continues kiln Fig
6.1 shows that the central section of the kiln is widened out to form the
zone of calcination so as to accommodate the hot gases of combustion
and to establish a continuous draught. The kiln is provided with a
lining of fire clay plaster. This is built partly below the ground level
and a loading plant form is provided at the mouth of the kiln to
facilitate the dropping of feed. As the level of the material at the top of
the kiln sinks, the feed consisting of limestones or kankar with coal is
put at the mouth. An iron grating is provided at the bottom with holes
to draw the calcined particles. The top of the grating could be racked
to admit and easy fall of calcined particles. The burnt limestones
(Quick lime) are collected for further treatment of slaking or
hydration.

At the temperature of about 1500°F, limestone dissociates into calcium
oxide (lime) and carbon-dioxide. Limestone should not be heated more
that 1600°F, because at higher temperature of about 2200°F. a series
of complicated reaction will take place and these reactions are not
desirable to have a good variety of time.

Hydration or Slaking: After calcination, the next step is hydration or
slaking. After hydration, lime powder is obtained. Hydration of lime is
accompanied hy (1) chemical combination of calcium oxide with
water to form calcium hydroxide or hydrated lime (2) evolution of
heat energy and (3) increase in volume.
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Jualities of good lime:

1. It should be free from ashes, under burnt particles and
other impurities.

2. It must pass through Sieve No. 64.

ssting of lime. The following are the tests that are generally carried
out to determine the strength of lime.

Adhesive Strength Test: Prepare a past of freshly burnt lime and
standard and in the proportion 1:3 with requisite amount of water.
Two standard sized bricks are placed flat in a cross fashion one
over the other with a joint of '/, thick by the prepared mortar. The
two jointed bricks should be kept wet with the help of gunny bag
for 24 hours and then they are kept immersed in water for 7 days.
The two cemented bricks are then testes. The force (pull) required
to separated them at the joint should not be less than 30 psi.

Tensile Strength Test: A lime mortar of ratio 1 :3 is prepared and a briquette
of the shape shown in Fig.7.7 is made and kept under water for 7 days. The
section central neck of the briquette is /,-inch square. This is in the machine
for tensile strength of lime. This should less than 45 psi after 7 days and 90

psi after 28 days.

Compressive Strength Test: With the help of same mortar of 1'3 ratio. 2"cubes
are made shown in Fig. 7:8 and are kept for 7 days in water. The cubes are
then tested for compressive strength by machines. The compressive strength

should not be less than 200 psi after 7 and 450 psi after 28 days.
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4. Soundness Test: The- lime is mixed with the necessary quantity of water

to form a paste. The paste is made into a small ball, 1" diameter by
hand, and then allowed to set under a wet cloth for 24 hours.
Thereafter, it is exposed to steam for 6 hours. At the end of this period
the ball should not show any sign of cracking or warping.

Questions
Discuss the different Constients of limestones.
What are the different types of limes? Give their properties.

Name and discuss the tests are generally carried out to determine the
quality of limestones.

A sample of limestone weighing 1 Ib was heated in a lime kiln at a
temperature of 1500°C. After heating, the sample weighed 0.254 Ibs.
Calculate the percentage of quick lime that will be available from the
sample. Ans. 95%

The initial wt. of a sample of powdered limestone is 330.50 gms and
the wt. of the dried residue on the filter paper is 100, 25 gms. The
residue after decantation and drying weighed 60.50 gms. Calculate the
percentage of calcium carbonate, sand and clay present in the sample
of limestone.

Ans. calcium carbonate = 69.6%

clay 12% sand = 18.4%
Explain hydraulic index and cementation index. The chemical analysis
of a sample limestone gave the following results.

Calcium oxide 72 %

Silica 18°/o
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Alumina 5 %
Magnesia 15 %
Iron oxides 35 %

Determine the hydraulic index and cementation index and speak
what type to hydraulic lime it is.

Ans. Hydraulic index = 0,36
Cementation index = 0.787
Hydraulic lime.
7. Explain the importance of lime as a material of construction.

8. What are the characteristics of good lime? Name the tests that are
generally performed to determine the strength of lime.

9. Write explanatory’ notes on the following:
(a) Hydration, (b) Calcination, (c) Natural cements

(c) Quick lime, (e) Setting of lime, (f) Hydraulicity.

10. Draw the section of a limes Kkiln for manufacturing lime and explain
its working principle. 1

11. Give the specification of good limes.
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CHAPTER-SEVEN

CEMENT

7.1 Introductory: Cement is a cementing or binding material used in

engineering construction. It is manufactured from calcareous substance

(compounds of calcium and magnesium) and is similar in many respects

to the strongly hydraulic limes but possessing far greater hydraulic
properties. Cement differs from lime in many respects. Cement is very
useful and superior to lime under the following conditions and

requirements.

1.

2
3.
4

For construction of structures in wet places and under water.
Where great strength and durability of structures are required.
Where mortar or plaster has to set quick and attain its strength.

Where hard surface is required for the protection of exposed
surfaces of structures against the destructive agents of the
weather and certain organic or inorganic chemicals.

For water tightness of structures.
For decorative ornamental and pointing works.

There are two classes of cements: Natural Cement and Artificial

Cement.

Natural Cement: This is manufactural by boring and crushing to

powder natural stones containing 25 to 40 percent of clay, the

remainder being the carbonate of lime, sometimes mixed with

carbonate of magnesia. It is brown in
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. . . . Table 7.1 Mineral Constituents of Portland Cement
colour and sets very quickly when mixed with water. It is not so

strong as the artificial cement. The best vanity of natural cement Constituents Oxide

is known as 'Roman cement' in England. Romans first used Composition |Abbre-Range of viation
powdered calcined limestone as binding materials in construction percent composition
works. Roman cement is not used in Bangladesh. This type of

cement was first obtained by Joseph Parker in England by 1. Tricalcium silicate SCa0.510 | G5 45-55
calcining nodules of argillaceous limestone in 1824. 2. Dicalcium silicate 2Ca0,Si0; | C.S 20-30
Avrtificial Cement: The best variety of artificial cement is known as 3. Ti calcium Aluminate HCROAL, CaA 9-13

ordinary Portland due to its resemblance in colour and quality to )
4. Tetra calcium

Portland stone, which was first found and quarried in Dorset in Aluminoferrite | CAAE 8-20
Europe. This is also known as 'Normal Setting Cement'. In most of _ ACa0, AlOs
the engineering works Portland cement is used. In this chapter, - Calcium sulphate Fe203' CaS0s 2-6
composition, properties and the manufacturing processes of 6. Other compounds - 2.8
Portland cement will be dealt with. Also, the different varieties of
cement and their properties and uses will be discussed briefly.
7.2 Composition of Portland Cement: Raw materials used for Table: 7.2 Acid and Alkaline Constituents
manufacturing of Portland Cement are: ) .
Constituents Range of percentage Composition
1) Calcareous materials which are the compounds of calcium and . .
@) ) ) ] P ) ) - 1. Calcium Oxide Ca0o 60-67
magnesium and (2) Argillaceous materials which are mainly silica,
alumina and oxides of iron. 2. Magnesium Oxide MgO 0.1-4.0
Limestones are the common calcareous materials and clay and 3 Silica Si0, 17-25
shale are the common calcareous materials and clay and shale are
the common argillaceous materials. 4. Alumina Al0s 3-8
Constituents of Portland cement are mainly two types (1) Mineral 5. Iron Oxide Fe;°3 0.5-6
constituents and (2) Acid and Alkaline constituents. s03 1-3
6. Sulphur Trioxide
7. Potassium Oxide KaD 031
8. Sodium Oxide Na20 0.4-1.3
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Cement
10. Loss on ignition 1.8-2
11. Insoluble residue 0.3-0.5

Two terms used in Table 7.2 require explanation. The insoluble
residue, determined by treating with hydrochronic aid is a measure
of adulteration of cement, largely arising from impurities in
gypsum (calcium sulphate, GaSO 4 H20). The insoluble residue
should not exceed 1.5 percent of the weight of cement.

The loss on ignition shows the extent of carbonation and hydration
free lime and free magnesia due to the exposure of cement to the
atmosphere. The maximum permissible loss on ignition (at
1,000°C) is 3 percent

7.3 Functions of Various Ingredients of Cement:

1. Lime (Calcium Oxide, CaO): Lime plays a very important role on the
quality of cement because it forms about 63 percent of cement. To
form the required silicates and a luminated of calcium, a sufficient
quantity of lime must be present. A deficiency in lime reduces the
strength of cement and causes it to set quickly. On the other hand,
and excess will make cement unsound and cause it to expand and
disintegrate.

2. Silica (SiO2): Sufficient quantity of silica should be present
in cement to dicalcium and tricalcium silicate. Silica imparts
strength to cement and usually present to the extent of about
30 percent cement.

3. Alumina (Aluminum Oxide, A1:03): It imparts quick
setting property to cement, Clinkering temperature is lowered
by the presence of requisite quantity of a alumina. But an
excess of alumina weakens the cement.
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4. Magnesia (Magnesium Oxide, MgO): Magnesia should not be present
more than 2 percent in cement. An excess is harmful and will reduce
the strength of the cement.

5. Iron oxide (Fe203): It imparts colour to cement. It acts as a flux. At a
very high temperature it enters into chemical reaction with calcium
and aluminum to form tricalcium aluminoferrite. This new compound
imparts hardness and strength to cement.

6. Calcium sulphate (CaSO4): This is present in cement in the form of
gypsum (CaS0O4 2H,0). It shows down or retards the setting action of
cement.

7. Sulphur Trioxide (SOs): It should not be present more than 2 percent in
cement. An excess causes cement to become unsound.

8. Alkalies: These should not be present more than | percent in cement,
because excess alkaline matter causes efflorescence.

7.4 Manufacture of Cement: There are generally two processes adopted for
manufacturing cement in Bangladesh namely, (1) Wet process and (2)
Dry process.

Wet process: The manufacture of cement by this process is divided
into three stages: (1) Preparation of cement slurry, (2) To obtain
cement clinkers, and (3) To prepare cement.

In the first stage, the raw materials (calcareous materials - limestone
kankar, marl, chalk, etc. can argillaceous material clay containing
requisite among of silica, alumina, magnesia and oxides of iron) are
mixed together. Generally, 3 volumes of calcareous materials are

mixed with 1 volume of
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argillaceous materials. After mixing the materials arc crushed in a
crushing machine.

The crushed materials are put into a wash will where they are
finely grounded with addition of requisite quantity of water. The
quantity of water used in the wet process is round about 45 percent.
The grinding of the materials in the wash mill should be such that
about 80 to 85 percent should pass through No. 200 sieve. The
mixture now exists a complete homogeneous condition of
suspension in water. Such an intimate mixture is termed as slurry.
This slurry is sufficiently liquid to pass through pipes and to admit
of being handled by pumps. 'The slurry is then pumped into

correcting silos where it is corrected for its composition.

In the second stage 2 the slurry is fed into a rotary kiln (See Fig-
7.1) at the top. A rotary kiln is a long-inclined steel cylinder lined
with refractories. It is inclined about 1/2" to a foot and is about 8 to
12 ft in diameter and 200 to 400 ft in length. The fuel to be used for
the purpose may be either coal, oil or gas. If coal is to be used, it
should be in thoroughly grounded form. The coal dust is blown in
the rotary kiln under pressure from the lower end together with
sufficient among of air to be utilized during the progress of
combustion. The kiln revolves at a speed of about 2-3 revolution per
minute (RPM), depending upon the nature of the material and the
time taken by the material to reach the lower end of kiln In the first

few feet length of the kiln, a system of
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thick iron handing chains is provided. The slurry dries and peels off in
the form of fakes and drops down at the bottom of the kiln. This
section of the kiln is termed as drying zone and has a temperature of

about 400 to 600°F to remove water from the slurry.

NG
COAL pusT—{ CLINKER [CALCINATIO DRY!
J ZONE ZONE ZONE

SUPPCRI

>y
g [ aased

Fig. 7.1 Rotary kiln

In the next section, termed as calcination zone, takes place at a
temperature range of 1200 to 1600 °F and the entire moisture from the
flakes are removed. The flakes gradually slide down to the third and
last section, termed as clinkering zone.

In the clinkering zone. The temperature ranges from 1600 to 3000°F.
In this zone, the calcareous and argillaceous materials enter into
chemical real actions to from the cement compounds of silicates,
aluminates and ferrites. These compounds come out as vitrified glassy
nodules of varying sizes from 3/8 to 1/4" down wards. These re-termed
as clinkers. The hot clinkers have to be cooled and
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stored before grinding them into cement. Cooling cylinders are
mounted on the lower end of the rotary kiln into which the hot
clinkers fall and are cooled. The cooled clinkers drop down from
the lower end of the cooling cylinders and collects into a pit from
which they are conveyed by means of a belt conveyor to the
clinker storage compartment.

Dry Process: The calculated proportion of both calcareous and
argillaceous materials are grounded and mixed in dry state. The
finely ground mixture is then fed into the rotary kiln to prepare
cement clinker, as in the wet process.

In manufacturing Portland cement, the wet process is commonly
employee. A typical flow diagram based on wet process of Manu
faction cement is shown in Fig. 7.2.

CALCAREOUS ARGILLACEOUS |
y
MATERIALS MATERIALS
r
GRINDING .
GRINDING
MIXING “J
--------- 1
WET GRINDING <«— WATER
SLURRY
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Fig. 7.2

Storing of cement: Cement should be stored in a dry place and on a
raised platform and should be protected against wind and rain.
Because cement has better affinity for water and will readily absorb
moisture from the atmosphere or from damp contact surfaces. As far
as possible, long period of storage should be avoided because long
storage reduces the strength of cement.

Properties of Cement: The most important properties of cement are:
(1) Hydration. (2) Setting; (3) Fineness, (4) Soundness, and (5)
Strength.

Hydration of Cement: The term 'Hydration' is applied to all reactions
of cement to water. All the cement constituent compounds are in an

hydrous (dry) state. As soon as water is added to Portland cement,

chemical reactions start
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simultaneously between them. The different constituent compounds
have different rates of hydration. Tricalcium aluminate (CsA) and
tetra calcium alumina ferrite (C4AF) react instantaneously with
water and are the first to hydrate. Tricalcium silicate (C3S), the most
important constituent compound is next to hydrate and within a
week a substantial part of it reacts with water. It is mainly
responsible for imparting strength to cement in early days.
Dicalcium silicate (C,S) is the slowest constituent compound to
hydrate and the process continuous for several days. This
constituent compound is responsible for the progressive strength of
cement.

The process of hydration is essentially the formation of minute
crystals of calcium and gels from the solution of cement and water
and continues for a long period. The hydration of different
constituent compounds (Pure compounds) of Portland cement is
illustrated as follows: For tricalcium silicate (CsS):
2C3S+6H,0------->C5S; H,0+3Ca (OH); (7.1)
(Calcium silicate (lime)

(hydrate)

For dicalcium silicate (C.S):

2C3S+6H:0)..... -» €3S; H,0+Ca (OH),

(Calcium  silicate  (lime) hydrate)

(7.2)

The reaction of true C,A with water is very violent and leads to
immediate stiffening of the paste, known as flash setting. To
prevent this form happening, gypsum (CaSO4 2H20) is
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added to cement clinker during grinding. Gypsum and C3A react to
form insoluble calcium sulpho-aluminate (which does not hydrate)
but eventually a tricalcium aluminate hydrate is formed

C3A+6H.0 —>3CA. 3C3aS0s. 3H4.0 >C3A.H20 (7.3)

(Tricalcium  sulph-(Tricalcium aluminate hydrate) aluminate
hydrate)
This has in general a retarding action on the starting of initial setting
of the cement after the water is added and gypsum also retards the
hydration of tricalcium silicate. For tricalcium a alumino-territe
(C4AF). Gypsum reacts not only with CsA; with C,AF it forms
calcium sulpho-ferrite as well as calcium sulpho-aluminate and its
ressnee may accelerate the hydration of the silicates. The amount of
gypsum added to the cement clinker has to be very carefully watched:;
in particular an excess of gypsum leads to an expansion and
consequent disruption of the set cement paste and also the initial
setting time is much delayed. The amount of gypsum added to cement
clinker is usually expressed as the weight of SOs; present; this is
limited to a maximum of 2.5 per cent when the CsA content is not
more than 7 per cent and to 3 per cent when the amount of Cs:A
exceeds 7 per cent but not more than 10 per cent.

The progress of hydration of cement can be determined by different
means, such as the measurement of: (a) the amount of Ca (OH): in the
paste; (b) the heat evolved by hydration; (c) the specific gravity of the
paste; (d) the amount of chemically combined water; (e) the amount

of chemically
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combined water; (f) the amount of unhydrated cement present
(using x-ray quantitive analysis); (g) also indirectly from the
strength of the hydrated paste. Unfortunately, the application of
these methods to commercial cements is by no means simple.

The rates of hydration of various cement constituent co