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= Building Stones
—

(1. INTRODUCTION

S’I‘ONE$ are naturall.y occurring compact, solid and massive materials that make the crust of the
carth. ch}zmcally, the Sl?nes are called rocks. These rocks occur in a great variety. Those rocks that
ssess suitable properties often find use in building construction. Such rocks are specifically termed

as building stones. It follows, therefore, that whereas all building stones are essentially rocks in
nature, all rocks may not be useful as building stones.

Stones have been used in all types of construction since time immemorial. The Pyramids of
Egypts The EiffcllTower, The Temple of Jagannathpuri, the Taj Mahal, the Red Fort, thousands of
grand palaces in different part of the world, the Great China Wall, and hundreds of historical buildings
in cach big country are made of stones. The greatest thing about stones is that they are natural and
do not require to be manufactured. Stones, timber and clay had been the most commonly construction

materials used by the man right from the beginning of the civilization iill the advent of Portland
Cement (and hence concrete) in the early nineteenth century.

There are at least two reasons for decreasing use of stones in building construction in the modern
times:

First : The stones are not available everywhere. In plains, there may not be a rock outcropping
for thousands of square kilometer area at a stretch. Transport of ordinary stones from distant places

may be a very costly affair compared with bricks, cement or concrete that can be all available or made
locally.

Second : Concrete Is a versatile material that can be prepared with any set of desired properties
and that can be used in any conceivable situation in a building: foundations, walls, sills and roofs and

up to many stories height. Multistorey and high-rise buildings with stones ar¢ simply not thought
about these days.

1.2. CLASSIFICATION OF STONES

The building stones are classified in three ways: geologically, chemically and structurally.

] —

A. Geological Classification :

This classification is based on the mode of formation of the rock from which the building stone
is obtained. Three main groups of rocks recognized by the geologists are:

1. Igneous Rocks - 2. Sedimentary rocks 3. Metamorphic rocks

1. IGNEOUS ROCKS (Greek: ignis=fire). All those rocks of the carth that have been formed
by the natural process of cooling and crystallization frotn” originally hot and molten material are
grouped together as Igneous Rocks. They are the most abundant rocks in the crust when considered
depth wise. The hot molten material is believed to form and ‘occur below the earth due to a number
of reasons, It is called magma, Although magma has not been seen directly because of the depths at
which it is formed, it is known to come out frequently in the form of lava from volcanoes in many

1
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’-’;‘ 5 of the world. Lava is, therefor¢, d form of magma and rocks formed from lava gre als

definition, igneous rocks. In facl, igneous roc.ks are further distinguished by geologists into lhrceo' ®

classes on the basis of their depth of formation: 2,
(a) The Plutonic Rocks. These arc formed 'al great depths below the surface, They ey

on the surface by erosion of the overlying secondary rocks with passage of time, Thep°sed

coarsely crystallized, i.c. their component crystals can be casily seen without the help :: are

magnifying glasses. Granites, syenites and gabbros are typical igneous plutonic rocks any

The Volcanic Rocks. These are formed on the surface of the earth from lava comin.

s volcanoes that erupt from time to time. Basalts and trap rocks aregvg:l t

(b)
Ksare so small That they cqp bi

from numecrou
common examples; the constituent minerals of volcanic roc

seen only after magnification under microscopes.
(c) The Hypabyssal Rocks. These are formed at shallower depths, about 2-3 km bejoy, th
ce from magma that could not come out as lava. They show crystals that are pame
y

surfa
coarse and partly fine in size. Rocks known as porphyries belong to this group.

2. SEDIMENTARY ROCKS (sediment= particle). These arc thc most widespread rocks found
covering a great parl of the surface of the carth. The sedimentary rocks are formed from any type of
preexisting rocks by a simple process of their breakdown into smaller particles under the influence
of natural agencics like wind, water and ice and atmospheric gases. The natural processes of rock
disintegration and decay are called weathering and erosion. The sediments produced by naturg
agencies are transported by these very natural agencics to riverbeds, lake basins, seas and oceans
where their deposition takes places for millions of years. Gradually, the particles so deposited are
ressed and compacted under their own load into hard massive rocks, called the secondary rocks,

comp
quite appropriate to call them sedimentary rocks.

Since these are formed from sediments it is
Just like igneous rocks, sedimentary rocks may also be formed in different manners. Three sub-

groups of sedimentary rocks are: Clastic rocks, Chemically formed rocks, and organically formed

rocks.

(a) Clastic Rocks. These are sedimentary rocks formed by deposition and consolidation of
disintegrated sediments and fragments from the previous rocks in suitable river basins, lake
basins and the sea basins etc. They are most widespread and include such types as sandstones,
shales, breccias and conglomerates. Sandstones are made mostly of silica grains fused together
or thoroughly compacted under natural environments. They form very good types of building

stones.
(b) Chemically formed Rocks. Many sedimentary rocks are precipitated from river, lake and

especially from seawater by evaporation etc. Some of the components of previous rocks are
taken in solution durihg the processes of weathering and erosion. The waters may get saturated
with these compounds with passage of time and precipitate them. The huge accumulations of
these precipitates and evaporates ultimately may form rock deposits of considerable importance.

Limestones, gypsum, anhydrite and rock salt are few examples of chemically formed
sedimentary rocks. None of them is used as a building stone.

(¢) Organically formed Sedimentary Rocks. As we know more than 70 percent of the surface
of the earth is covered with water in the form of seas and oceans. Great variety of life exists
in these great water bodies. Many sea animals have their hard parts made up of bones, which
are a mixture of calcium and magnesium carbonates. These parts accumulate at proper places
on the seafloors on the death of these-animals. Gradually huge thickness of such deposits gétS
formed and compacted and consolidated with passage of time. These are the organically
formed sedimentary rocks. The best example of organically formed sedimentary rocks is 8
great variety of limestones, which now form greater part of many mountains of the carth,
including the Himalayas. Such rocks are known to occur even at Mount Everest indicating the
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rise of Himalayas from within the sea. Many massive types of limestones form best Iypc of
building stones.

3. METAMORPHIC ROCKS (meta= change; morph= form). These are originally either igneous
or sedimentary rocks. The process for their change under the influence of increased temperature,
pressure and chemical environment is called metamorphism. When any existing rock gels subjected
to increased temperature or changed stresses and chemically active fluids it undergoes a slow but
definite changes in its original structure and chemical constitution. The new rock so formed is called
a metamorphic rock.

Two well-known examples of metamorphic rocks are marble and slate. Marble is formed in
nature by very gradual (taking million of years) heating of sedimentary rock, limestone (CaCQy), in
its natural environment. The heating effect may be caused by rise of magma-from below in a limestone
area.

Similarly, another sedimentary rock, shale may get so much heated, compressed and chemically
affected under the combined action of temperature, pressure and chemically active fluids that it gets
changed to a metamorphic rock- slate. Slate develops sheet-like structure (called rock cleavage) by
virtue of which it can be separated in to thin, hard and strong sheets.

The nature of change of an original rock into a metamorphic rock depends on following factors:

() The type of agent/s operating (temperature, pressure, fluids elc.)

(if) The duration of operation of the above agents;

(iii) The nature and composition of the original rock.

The most important fundamental fact about metamorphism is that all changes in this process
take place essentially in solid state. In other words, the original rock does not actually reach a
molten stage.

Some very common metamorphic rocks are Marble, Quartzite, Gneiss, Slate and Schist; the first
three rocks form very good building stones in many cascs.

The Geological Classification of Building Stones is summarized in Table 1.1.

TABLE 1.1. Geological Classification of Building Stones (abridged).
GEOLOGICAL CLASSIFICATION

|
l | |

IGNEOUS SEDIMENTARY MI'ZTAM‘0RPIHC
L |
I | I I I _ | | I | |
Volcanic Hypabyssal Plutonic Clastic Organically Chemically Thermal Dynamic Chemically — Dynamo-
Porphyries Mechanically formed formed Changes Changes active fluids — thermal
formed cause changes  changes
*Basalts *Granites *Limstones - *Marbles
Andesites Diorites *Dolomites
Syenite: s ;
YEMIES  sgandstones *Gypsum Flaser Greisen *Gncisses
Shales *Anhydrite Rock *Slates
Grits Phyllites Schists
*Quartzite *Quarlzile

[* used as building stones where available in abundance]

B. Chemical Classification

On the basis of dominant chemical composition, following three main groups of rocks (stoncs)
are commonly recognized:

1. Siliceous Rocks. These rocks have SILICA (SiO,) as the predominant component, that is
more than 50% of the bulk composition of the rock. Some sedimentary and metamorphic rocks are
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4
ofven catively made up of silica. These include varieties of quurlzilcs.l Naturally, they are clagggg
amocg e stroagest ypes of building stones, Some other rocks like granites, sandstones and gneisseg
s oo made vp peadominantly of silica in combined forms. These rocks also form very good building’
SOOPRS.. ‘

2. Calcarcous Rocks. In these rocks, the dominant component is a carbonate, generally of calcjyg,
bt often with magnesium, Most commonly they belong to sedimentary and metamorphic groups of
rocks Limestones, dolomites and marbles are entirely carbonate rocks and all form very good building

stomes.
3 Argillaccous Rocks. They are mostly sedimentary and metamorphic rocks having clay (hydroys

slemizo salicat

watrestworthy as building stones. Shales, Slates and Schists are examples.
TABLE 1.2. Chemical Classifications of Rocks.

SILICEOUS CALCAREOUS ARGILLACEOUS
§i0, >50% COo; > 50% Clays > 50%
Examples: Examples: Examples: )
Granites (Ign.) Limestones (Sed.) Clay stones (Sed.)
Quartzites (Sed/meta.) Dolomites (Sed.) Siltstones (Sed.)
Gneisses (Meta.) Marbles (Meta.) Slates (Meta,) ' J
Meta. = Metamorphic

Ign. = Igneous Sed. = Sedimentary

C. Structural (Physical) Classification

Broadly speaking, in apparent structure, the rocks (stones) may either be found in the form of
undifferentiated masses or they occur in well defined layers or sheets. A third category is of the
foliated rocks. :

1. The Massive or Unstratified Rocks. These occur in huge masses without showing any layered
structure in them. Igneous and many metamorphic rocks and some sedimentary rocks may be seen
occurring as big masses. Granites and quartzites often occur in massive forms. (Fig. [.1a)

(a) ()
Fig. 1.1. (a) Massive and (b) Stratified rocks.

2. The Stratified Rocks. Most sedimentary rocks occur in distinct layers of same or different
colour and composition. Their different layers are also called beds and are 'separatcd by plancs of
wchncs; called bedding planes. As we shall see subsequently, these bedding planes interfere with the
engincering properties of stones in a significant manner. (Fig. 1.1b)

e 3 F,olmlecf R_.ocks. Very often a third group of rocks is distinguished as foliated rocks in which
ere is profuse development of well defined bands of different composition, This is seen in schists

e of K. Na. Ca. Mg. etc.) as the dominant constituent. They are invariably soft apg
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““ld gnﬁis§cs. Sometimes well-defined layers are induced under pressure, as in slates. These are also
called foliated rocks. The foliated rocks do not commonly yield building stones of any good quality.

A Note On Classification of Stones

- It may appear from the above discussion on the classification of the stoncs that the subject is
quite confusing and complex. It is neither, Actually, it is the threefold geological classification that is
of fundamental importance and others are of supporting nature, All students who have read science at
clclpcmary level know that all the rocks that occur in nature are of three main groups: igncous,
scdu?wntary, and metamorphic. So any building stone must belong to one of these three groups. Once
that is known, rest can be established easily whether it is massive or layered and if it is rich in silica
or clay or carbonates. Any stone may thus be easily related to the three classification systems. We take
following three examples:

(i) Granite. It is an igneous rock of massive (Unstratified) type and siliceous composition.
(¢1) Limestone. It is a sedimentary rock, very often stratified and calcareous in nature made up
mostly of calcium carbonate

(¢ir) Slate. It is a metamorphic rock showing foliation (shect structure) and having a clayey
composition.

1.3. SELECTION OF STONES FOR CONSTRUCTION

Three factors are generally considered by an engineer while deciding the use of a stone in the
construction jobs :

First. The type of building and the situation where he wants to use the stone such as :

(i) a residential building or a public utility building, such as for school, departmental office,
community center etc.

(if) commercial building like a cinema hall, shopping complex stadium etc;
(iii) a monumental building such as a temple, mosque, church, fort etc.

Second. The precise location in the building where the stone shall give a preferential benefit in
terms of cost, appearance, and durability such as in foundations, superstructures, arches, columns,
beams, plinths or in flooring, roofing or sills and cantilevers elc.

Third. Cost of construction with stones. This will depend on factors of availability of stone in
nearby areas, their extraction, transport and dressing (giving proper shape) before putting them in use.
Some times a desired quality of stone may not be available locally. It may have to be imported from
other states or even from other countries,

It is only after thorough analysis of factors as mentioned above that the engincer will be in a

position to decide about using stone/s in the construction at hand.

1.4. QUALITIES REQUIRED IN STONES

For ensuring a durable, cost-effective and aesthetically appealing construction, the following
properties are decmed desirable in the stones available for selection. -

1. STRENGTH. For ordinary type of stone-houses, any good rock being traditionally used ;or
the same purpose will normally possess sufficient strength to bear usual Ioads..But genc:-nlilzat‘iornuc;:
stone mansions, higher and costly buildings are not desirable at all. For such jobs, the t.ng:,jln::; ey
satisfy himself about all the strength parameters only after thorough testing in accorda
prescribed codes. |

(i) Compressive Strength, It is the main quality of a buildin

load bearing capacity of a stone expressed as the maxim
stone starts breaking”’

g stone and may be defined as “the
um load per unit area at which the
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This property can easily be tested in a civil engineering laboratory on the Unsversal Testing
Machine (U.T.M). Properly selected stone samples ( in cube or cylinder shapes) of specified
dimensions are loaded in the UTM gradually, one by one, till the rupture point. The compressive
strength, Co, of the sample is obtained from simple relationship:

lCo:P/AI

Where, P is load at breaking point, and A is area of the cross section of sample.
The compressive strength of the most commonly used building stones has been found to
range between 280-2800 kg fem®. When these values are compared with those of conventiona|
materials of construction like bricks (A Class; 140 kg,fcmz) and concrete (280 kg/cmz)_
superiority of stones in this count is established quite easily.
(i) Transverse Strength. It is the resistance a stone (or any other material) offers to bending
loads. In the case of building stones it is to be evaluated only when a stone is reguired for
use as a beam or a lintel. This property is commonly determined as Modulus of Rupture “R™.
Method for determination for “R” values is described separately in a later section. It has been
found that R-values for different stones vary between 20-300 kg/cm®.
Shear Strength. Stone of good quality are often used as piers and columns, especially in
monumental buildings. In such situations, the stone is to withstand shearing type of loads.

Hence it must possess sufficient shearing strength. The shearing strength of common building

stones lies between 70-160 kg/cm?'.

In Table 1.4. Strength values of some common building stones are shown:

(ii)

TABLE 1.3. Strength Values of Some Common Building Stones.

S.No. Building Rock Compressive Transverse Shearing

Stone Class . Strength Strength Strength
( kg/cmz) (kg/em’) (kg/cm’)
Igneous 1400-2100 70-200 80-160
35-140 70-120

GRANITES
SANDSTONES Sedimentary 490-1400
LIMESTONES Sedimentary 280-1400 18-175 | - 70-110
MARBLES Metamorphic 700-1260 50-250 70-130
BASALTS Igncous 1400-2800 100-300 80-160

From the above table it is quite obvious that the strength values of stones are not precise values;
rather they fall in a range, which is quite considerable in all cases. This variation (in strength values)

of stones is attributed to at least three factors :
(a) The mineralogical composition of rocks. The same rock (e.g. granite) may not necessanly
have the same composition everywhere. Small variation in the mineral constituents of this
rock from one area may be responsible for its different strength from granite of another area.

VR W

(b) The structural and textural constitution of the same rock may also vary from place to
place. For example coarse-grained compact sand stoncs may show much different strength

values than fine-grained clayey sandstones,
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A. Loading perpendicular, B. Parallel to bedding planes, First case will

show higher strength.
Fig. 1.2

(c) The state of weathering of rocks has profound influence on its strength qualities. Stones
obtained from rock masses exposed on the surface and having suffered considerable weathering
(chemical decomposition and mechanical disintegration) will have far less strength compared
to the same rock buried undernéath a thick soil cover and having a [resh appearance.

(d) The direction of loading. Other things being the same, when a layered rock is loaded parallel
to the bedding planes, it will show lower strength values compared to when it is loaded
perpendicular to the bedding planes. (Fig. 1.2)

2. HARDNESS. Next to strength, the property of hardness of a stone is considered important in
its selection. It is quite different from strength. “Hardness of a stone may be defined as its capacity
to resist scratching or abrasion.” Samples of two building stones, say quartzite and limestone, may
show the same compressive strength (lOQOkg!cmz). Their hardness may be quite different: [7) for
quartzite and [3] for limestones. Other things being the same, the limestone will WEAR OUT easily
compared to quartzite. Similarly limestones can be scratched easily with a knife whereas it is not
possible to make an impression with knife on a granite stone.

The hardness of stones depends on their mineral composition. The significance of this property
(hardness) lies in its resistance to wear and tear during its usc in situations where rubbing action
due to natural agencies (e.g. wind and water) or by artificial causes, such as in flooring slabs etc. is
involved. Stones facing the prevalent sand-laden winds in an arca should be chosen with great care
as soft stone may be worn out more casily and quickly than expected.

Toughness is a property related to both hardness and strength. It is defined as the capacity of a
stone to withstand the impact loads. It is more important a property when the stones are used in
industrial buildings where impact loads are a rule than an exception. Thus stones to be used in
foundations under heavy machines where vibrations may be a common phenomenon may not be only
hard and strong but very tough also. 3

3. WATER ABSORPTION. Building Stones are liable to come in contact with water when used
in foundations and exterior walls. Ideally, they must not absorb moister because water can become
cause of many troubles. This quality of absorption of water is tested as water absorption and may be
defined as ‘quantity of water_ absorbed (in percentage terms by weight) by a stone till saturation 2
Thus absorption value of 10% means that a stone on saturation can hold 10% water by weight. A 10
kg block of stone will be having within its body about 1 litre of water.
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Water absorption is especially significant when a stone is used in foundations in cold climatey
where freezing temperatures are a common phenomenon. In such situations water within the pores
may freeze (and expand up to 10 % by volume) and exert disintegrating stresses. Disintegration of
stones by freezing of water within the pores is called frost action and this process may spoil porous
stones used on outer surfaces or as facing stones of costly buildings unless they are properly protecteq

from rains.
Absorption value of some common building stones after 72 immersion in water is of following
order:
Granite: 0.3 - 1.5 % Sandstone: 5-8%
Limestones: 4 - 10 % Marbles: 0-05%

s 4. APPEARANCE. Stones are available in almost all colours - from milk white to blood red to
pitch black. Naturally, appearance of a stone for use in building becomes an important factor for
selection. Black houses are not constructed. Taj Mahal at Agra was constructed with white marble
although red and green or pink marbles were also available. For Red Fort in Delhi, the red colour
sandstone was used to indicate royalty, although gray sandstones were also available. Aesthetically
light colours are preferred in the exterior of buildings. Appearance has, however, no significance
when the stone is to be used in obscure positions, such as in foundations.

5. WORKABILITY. Stones when obtained from their natural place of occurrence - the outcrops-
are quite irregular masses. They require quite a lot of work on them before they can be converted to
appropriate shapes for use in construction. Shapes required may vary from ordinary rectangular to
square blocks of small sizes, slabs of required dimensions or even as columns of proper roundness
and height.

The process of giving a proper shape, dimensions and surface finish to a raw stone before it is
fit for use in construction is called DRESSING.

It has been observed that all the stones cannot be dressed or worked easily. The cost involved on
dressing per unit block, therefore, also becomes an important factor in selection of stones. Igneous
rocks like basalts, traps and granites, for example are very difficult to dress and polish. This is
because they are very hard and tough. Marbles and limestones, however, are comparatively soft and
can be given any size, shape, finish and polish at comparatively lower costs.

6. DURABILITY. It denotes the period in years for which a stone may stand practically unaltered
after being used in construction. A really durable stone must

(/) withstand loads imposed on it for the entire period of use;

(i) must keep up original appearance even when used in exteriors;

(iif) must resist the effects of heat and cold;

(iv) must not suffer deterioration and decomposition by gases, effluents and vapours from
surrounding industrial towns.

Obviously, durability is a quality of a stone that does not not depend on a single property but
rather on a set of properties already discussed. It may be summarized that a stone will be durable
when: ’

(a) It has quite high strength values for the designed loads in the buildings;

(b) It has a uniform, close packed, dense structure, with very low absorption values;

(¢) Itis made up of very hard and resistant mineral constituents;

(d) It is resistant to chemically reactive gases such as sulphour dioxide, carbon dioxide etc.

1.4.1. A Note on Natural Bed of Stone
As already stated stratified or layered rocks show different strength values when loaded
perpendicular to bedding and parallel to bedding. The compressive strength of the stone is always
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greater in the first case where the stone offers maximum resistance, In the latter case, when load is
applied parallel to the layers (or beds, as they are called geologically), there is tendency to faflure by
-‘l'Pl‘f"‘L! along the bedding planes, The property of natural bedding has to be kept in mind while
placing the stone in a particular location in the building. We take two situations:

IR S N N N

==

T Erreee— p—

I = Incorrect
C
A B C = correct
Fig. 1.3(A,B,C). Forces with respect to natural bed.

® In the walls,. the load acts vertically downwards; hence the stone should be placed with the
natural bed in a horizontal position (1.3A) and not in a parallel position (1.3B).
® In the arches, the load acts transverse (arch action); hence the stone must be placed with the

natural bed vertical or inclined so that it is almost at right angles to direction of resultant
forces (1.3C).

1.5. STANDARD TESTS

When stones are proposed to be used in very big and costly structures, some of very important
properties need to be tested strictly in accordance with the procedures laid down by the authorized
institutions. In our country, Bureau of Indian Standards (BIS) is responsible for issuing such codes on
testing methods and values. We give below outline of some codes prescribed by the BIS for testing
of Building Stones. It is, however, strongly recommended that the practising engineer dealing with
the actual construction work must always consult and follow the standard relevant codes as in
vogue at the time of construction rather than depend on outline of methods and specifications
mentioned here. -

1. TESTS FOR COMPRESSIVE STRENGTH (BIS CODE REF. 1121-1974)

(a) Test Samples. Cubes of 5 cm side or cylinders of 5 cm diameter and of same height. The top
and bottom surfaces shall be made as smooth as possible by polishing.

(b) Test Procedure. The tests shall be carried out on dry as well as on saturated sample.

For saturating, the kamples of proper dimensions shall be immersed in water at 20°-30° C for
72 hours and then tested after removing all moisture by rubbing with dry cloth.

For dry samples, samples of proper shape and size shall be placed in an oven at 105° C for
24 hours and then cooled in a desiccators (and not in open air) to room temperature.

(c) Loading. Each sample shall be loaded individually by placing it over the loading plate of a
UTM (Universal Testing Machine). The load will be increased very gradpally, at a rate ;f
140 kg/cm2 per minute or as prescribed in the code. This process (of loadm_g) is conunu;d t:llatd e
sample breaks, i.e. when first crack appears in it and the sample stops taking any further load.

(d) Calculations. Compressive strength, Co, shall be calculated by using relationship:

. :CO=P/A|

where P = load at failure point; A = cross sectional area of the sample

e
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: ey
The result of cach sample is expressed in kg/lem®, Six swmples should be tested from each ype
of rock and the average value is taken as compressive strength,
2. TEST FOR TRANSVERSE STRENGTH
(a) Test Specimen. A bar of 20 ¢cm length, § em thickness, and 5 ¢cm width which mug be

properly dried and smoothened by polishing.

(b) Procedure. Five to six such samples are prepared from ‘lhﬂ representative rock specimeny
and tested individually. The sample is placed on two Imrlmnlu[ supports given at the enq,
leaving a clear distance of 15 cm between the two supports, It is then loaded transvemh.

and the load is applied gradually. o
(c) Calculations. The load “W" at which the sample starts breaking is noted and used to calcyy,

Modulus of Rupture of the stone using following relationship:
R = 3W/2bd*

where W = load at failure; ! = length of the sample; b = width of the sample and d = thicknes,
of the sample.

10

= Loading

D% %

Fig. 1.4. Experimental Set Up for Transverse Strength Test.

3. TEST FOR WATER ABSORPTION : (Refs. IS -] 125-1974)

(a) Test Sample. Take about | kg samples from representative stones that have been crushed and !
made to pass through IS 20 mm sieve.

(b) Procedure. The sclcclt)cd %nd weighed sample is placed in distilled water in a glass vessel at
room temperature (20°-30°C) for a period of 24 hours. )
Ti!e sample is l_hen taken out, piece-by-piece, surface dried with a damp cloth and the air-
dried by spreading over a damp cloth for ten minutes. The sample is then weighed; let this
weight be W,
The sample is then dried in an oven at 105°C + 10°C for at least 24 hours and then cooled
by placing in a desiccators.'It 15, \veighed again, Let this weight be W,.

(c) Caleulations. Water Absorption, or Absorption Value is calculated by the relationship :

Base plate

W -W,
W
4. TEST FOR WEATHERING RESISTANCE (IS Ref. 1125-1974)

(a) Objective. This test determines the resistanc
cold humid temperatures favourable for form

x 100

¢ of stones to deterioration due to exposure 10
ation of ice and salt crystals within their pores.
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St . et c————
() et ““.mh‘-" Cubes oF 5 ¢ sides of cylinders of § i diameter prepated from representative
ocks and given a fine polish at (e ends are used as fest samples
(© st Procedure | o '
(i) Take thiee samples, previously dried in an oven at 105°C 2 S°C for 24 hours and cooled
W0 robm temperature in a desiceator, The sides of the samples are smooth finished. The
so dried samples shall be weighed. Let their dry weight be v,
() N‘L:" test sample shall be freely suspended in water for 24 hours 2t 20°-30°C and then
weighed in that condition, Let this weight be W,.
(i ““f test sample shall be taken out of water and surface dried 2nd weighed in air; fet this
weight be Wy,

(iv) Now,

.cach sample is placed scparately in a dish made of porcelain or glass containing 2
solution of 2 gm powdered gypsum in 25 ml of water.

Q) Thesg three glishcs S0 prepared with the test samples are placed in 2 ventilated oven at

105 °C + 2 "C for 5 hours (or till the evaporation of water of solution).

The dishes containing the samples are now removed from the ovens. They are allowed to

cool naturally to room temperature. This process completes one cycle of treatment
prescribed under the test.

(vi)

(vii) Again, each sample is placed in a fresh dish in 2 new solution of 2gm of gypsem in
25 ml of water and the same process of placing in ventilated oven is repeated.
Thirty such cycles are repeated on all the three samples.
(viii) Thereafter, each sample is first cleaned by a stiff brush to remove superfiuously sticking
gypsum and then immersed in clean water for 24 hours.
(ix) Each sample is taken out from water; surface dried and weighed fourth time and fifth
time:

Fourth time in air (W)
And fifth time (W) in a suspended state in water

(d) Calculations: As a result of 30 cycles of drying in presence of gypsum solution, each
sample is likely to undergo some changes in its absorption and in its volume. The greater

the changes, the lower is their resistance to weathering or, in other words, higher is the
weathering of stones.

The Absorption Values are given as described :

P W
Original Absorption A = E-‘W—“Lxlm
I
. . W, - W,
Final Absorption A, = —W—L.\lm
|

The volumes of the test specimens @
“'\ - “’\
d

Original Volume- V) =
After 24 hours immersion
Final volume nfter 30 cycles(V,) = q

(d = density of water at the tme of vecording)
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5. TESTS FOR DURABILITY OF STONES (Refs: 1S 1126-1976)
This év almost like test 4 except that in this case the solution used is that of sodium sulphay,

decekydrate
f2) Test Samples. Take 3 cubes of 5 cm sides or cylinders of 5cm dia. from the rcpresenlalwe
socks. These shell be dried by placing in an oven for 24 hours at 110” £ 10°C.
by Test Procedure :
(i) The dried test specimens are first weighed in dry condition. Let this weight be W,
They zre then suspended in 2 saturated solution of sodium sulphate decahydrau at
room temperature for a duration of 18 hours.
They are then taken out of the solution, air dried for half an hour and then dried in ap
oven 21 1057 = 5°C for 4 hours.
(fv) The samples are then cooled to room temperature. This completes one cycle of the test,
(v) The zbove process (ii-v) is repeated on the samples as selected at (i) for 30 cycles.
(viy After thirty cycles, each sample is thoroughly washed to remove any sticking sodium
sulphzte, It is then weighed finally. Let this weight be W,.
This may be in any case less than W,. The loss in weight calculated in percentage terms,
zs follows is 2 qualitative measure of durability of lhe stone.

(¢) Caleulations :

(if)

(iif)

Greater the loss in weight, poorer is durability.
1.5, QUARRYING OF STONES
1.5.1. Definition

It is known that stones occur in nature in the form of natural rock masses forming hills or walls

P 4 of valleys, These have to be broken and extracted from those natural outcrops for using in the

| construction, The process of extraction of suitable stones from their natural place of occurrence
for use in construction is called qugéying

Quarrying is different than mining used for extraction of ores for metals in that in mining we go

deep below the surface, the top surface is left in tact, and the ores are extracted from under the earth.

In quarrying, however, the process of extraction starts from the surface.

1.5.2, Selection of Quarry Site

Englneers and contractors have to keep following factors into consideration while deciding about
the location of a quarry site,

(1) Avallability of sound rock. A quarry can be opened up only where a sound rock that can
yield good quality building stones exists in a sufficiently large area. This is essential because quarrying
operations require quite heavy initial investment in men and machinery and these have to be
economically viable,

(Hl) Distunce of aren of construction. Quarrying is commonly a commercial operation. The quarry
should not be Jocated far away from the construction site because that may involve too heavy cost on
transport of stone, At the same time quarry cannot be located within or close to a town.

The quarry site must necessarily be close o a main road so that stones extracted from it can be
transported o any outside places at economical rates,
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(iif) Availability of ‘wa!er and dumping space,
oquipments men and machines are often required. Sufficie
nust be available. Often lot of water is also required for t
when machines are to be used. This must also be avai
storing the broken stone and also for dumping useles
Further, adequate d.rainagc outlets for removing any gr
rains must be provided at the quarry.

1.5.3; Preparatory Steps

Once a site for quarrying of stones has been decided, foll
for starting the operations:

@ Selection of method _for_q“““'}'i'lg- Quarrying can be done manually or with the help of
machines. Mechanized quarrying is the advanced and preferred method for quarrying. The choice will

depend on the siz-e of the quarry, the nature of the rock and the commercial demand of the building
stone to be quarried from the site.

In quarrying operations, large numbcr-of
nt open space at safe distance from quarrying
he workers and even during cutting operations
lable locally. Dumping space is required for
s rock fragments obtained during quarrying.
oundwater or surface waters immediately after

owing preparatory steps become necessary

(if) Preparation of a layout. A scheme for operation process or lay out of the quarry has to be
prepared after selecting the method of quarrying. This should include the face of attack, the progression
of the attack and various stages in which the blocks of rocks are to be removed.

(if)) Removal of the over burden. The upper surface of natural bedrock is quite often covered
with some thickness of soil or weathered rock called overburden. Such overburdens as well as
loosely held rock pieces have to be removed well before the start of quarrying operations.

1.5.4. Methods of Quarrying

Quarrying methods are classified in two main headings: quarrying without blasting and quarrying
by blasting. ;
A. Quarrying Without Blasting. In these methods, skilled persons remove blocks of rocks from

their places of occurrence. They may use hand tools or even light channeling machines, called
channellizers. No explosive material is used for breaking the stones.

The Wedge Method. It consists of digging a few holes at carefully selected places on the rock
surface using chisels and hammers (small scale operations) or hammer drills, in large operations.
Once the holes are ready, a steel wedge, w, is inserted in each hole between two steel strips, called
feathers (f) (Fig.1.5). This (wedging) is done in all the holes drilled in a sequence. Such firmly
inserted wedges are then struck with hammers almost simultaneously. As a result of hammer blows
through this method, cracks may appear along the lines joining the holes in the rock mass. Thereafter
long iron bars are inserted in the holes and the cracks so caused and the blocks of the rocks bound

4 by cracks are bodily pushed out and forward from the quarry slope.
WEDGE

-
-~
-

-
——
-

-
-
-

-_—
-

-
-
-

‘-“'u
-

-
- -
-—— -
-

-
-
-

A 2 4 B
JH.= Horizontal Jointing; JV = Vertical Jointing; H = Hole W= wedge; F = Feathers
Fig. 1.5. Quarrying by Wedging.
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The channeling method of quarrying involves use of
big machines called channellizers. Each‘channcl'hzer is
provided with reciprocating cutting l(mls.i. The chhlncs n:c
power driven. When it is desired to obtain _Iargc sized single
blocks of costly stones like marbles and limestoncs, usc of
channellizers becomes almost essential, The channellizer can
cut a groove of up to 3 m depth, 3 m length and ()f. about 5
cm width or even more. Holes are then drilled honzonl:ﬂlly Fig. 1.6, Quarrying by channeling,

he free side to meet the groove at the back at its base. '
{rF(:? ‘I .6.) Using wedges and sﬁccl bars, the block, (B), is separated from the rock and hoisted away
up to the transporting lorrics or wagons.

Single blocks as big as 30 m long, 3
from soft rocks. . .

B. Quarrying by Blasting. This method involves usc of explosives for breaking swncs' from
very hard rocks like quartzites and sandstones, basalts, traps and non-ornar-nenlal granites, [y
has been observed that quarrying of these type of hard rock becomes very laborious and costly by
other methods.

The basic principle employed in this method is to explode a small quantity of an explosive
at a calculated depth within the body of the rock. The force generated due to the explosion is
sufficient to only create cracks and loosen rock blocks of good size.

Blasting for quarrying for building stones is different in detail from blasting of rocks for road
clearance and other purposes. In the latter case the size of the broken stone is not of the same
consideration as in the case of building stones.

Quarrying by blasting involves a series of systematic operations such as drilling of blast holes,
charging of those holes and firing the shots. _

(a) Drilling of blast holes. A blast hole may be defined as a hole of specified diameter and
depth driven at a predetermined location on the body of rock. It may be driven either manually or
mechanically using suitable type of drills.

The type of the explosive selected for use determines the diameter of the hole. Many explosives
come in standard sized cartridges; hence the diameter of the hole has to be slightly bigger than the
outer diameter of the cartridge to allow easy insertion. When blasting powder is used as an explosive,

the diameter of hole depends upon the quantity of the explosives that is needed to be accommodated
in the shot.

m thick and 1-3 m wide can be quarried by this method

The depth of the bore hole depends on the volume of the rock to'be broken in one shot. When
a large volume of rock is to be loosened in one round, and a number of holes have to be drilled, their
spat.:ing also acquires importance. The breaking capacity or power of explosive is a deciding factor.
A given quantity of any explosive can induce cracks, break open and throw away only :Iimilfd
volurm? of rock from around it on exploding. Naturally when blast holes are located very closely,
;I::z :iwtll sl;am;r the roc]f inllo smaller useless pieces and throw them far away. When the “holes are

ed too far from each other, rev : c i i
cracking not helpful in loosening f}:zerf)glfc;lm::{ ks e S b

Hence, only properly spaced holes,
will loosen the desired quantity of roc
about the spacing of shot holes, the dist

each charged with pre-calculated quantity of explosive
k anlt_l dislocate it in a desired direction. While deciding
i i ance from the free side(s) of the quarry has to be kept into
fl‘:::f 5;?::““:_3 “-hW|:3fl adl:ully charged shot is '?““’e to explode, the thrust ol‘qthe s);mt is directed along
: of shor est distance to the free side of the quarry. This line is called the line of least
resistance. (Fig. 1.7, HA) . calle e
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Fig. 1.7. Spacing of holes and line of least resistance.
If this line happens to be very
" towards the free side of he quarry;
away than desired. This shows its

. long, it may prove ineffective in displacing the broken stones
]f this line is too short, the broken rocks may be thrown farther
) importance in planning the total blasting programme.

(b) Charging of Blast holes. The loading (also called charging) of the blast holes with pre-

dt?lermincq quanti‘lies 'f’f selected type of explosive is to be done with great care and caution. A
slight negligence in this operation may lead to fatal accidents.

Following are important steps for charging :

() Each drilled hole is cleared of all the obstructions,
the help of wooden rods.

(if) Measured quantity of the explosive cartridge or powder is then inserted in small quantity
at a tin.e. Before adding the next batch of explosive, the previously placed quantity is packed
firmly by using wooden tamping rods (remember: metallic rods are never used).

(#if) When blasting powder is used as the explosive, a fuse is also inserted at this stage. In the
case of a cartridge explosive, the primer (a small cartridge containing high explosive to

initiate the charge) is introduced and connected to a safety fuse. The hole is generally fiiled
up to 1/3 or 1/2 of its total length with the explosive.

SAFETY FUSE x

projections and any broken material with

+  +

Fig. 1.8. Stemming of Blast Holes.

(iv) The hole is then properly stemmed. By stemming is understood filling and packing the
remaining length of the blast hole with an inert and non-combustible material like powdered
rock, sand and /or clay. This is also done in installments. Each installment of the stemming
material placed in the hole is first thoroughly compacted with the help of wooden tamp.ing
rods and spatula before placing the next installment. The main object of the stemming
process is to prevent the escape of the gases produced on ignition through the hole
without doing any breaking job.
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i i beginning of stemmine
16 fuse (for firing) in the . Min
—_— the safety 1u : . . . .
(v) Iis also custory - pr;ltt a thin rod is kept inserted In ‘ge hlf:allb dIE::rsl: gis“;e SICmm'.n ;thh"
In another nrrangcml: tl;e completion of stemming a!’ 53. Y ) nserted jp it pf‘!. 5
This rod is rcmmfcd a in repeated layers alternating with cxplos;ye layers. Thisb&:; |
temming is done mholes where large quantities of explosives are requireg

(vi) Sometimes S

almost essential with deeper . n
ie. 1.8 A&B). : : | g
used. (Fig. 1 8Slmt It is the final step 1N the process of blasting. It involves ignitig :

(c) Firing of the help of a safety fuse or by electric detonaggy,

i ith the
explosive filled up In the charged hole Wi

R B

A A SAFETY FUSE
WIRE

CARTRIDGE
FILAMENT
EXPLOSIVE

AN ELECTRIC DETONATOR

Fig. 1.9. (A) A Safety Fuse (B) An Electric Detonator.

A safety fuse is essentially a thin strain of gunpowder properly wrapped in a cotton thread,
When ignited, it burns from one end to the other end of the thread at a fixed speed, generally taking
100 to 130 seconds per meter. One end of such a fuse length is connected to the blasting cap of the
primer cartridge (already placed in the blast hole along with the charge). The other free end of the
fuse trails behind at the surface outside the shot. It is this free end that is ignited by the firing man
who has only that much time available to him as the fuse length will take the fire to the shot.
(Fig. 1.9A)

In electric detonation, an electric detonator is used. It is a specially designed metallic cap, which
contains a small quantity of highly sensitive charge filled in it. Over the charge hangs a copper
filament through which an Eeleclric current can be conveyed. When all the arrangements are declared
final and safe, the current is switched on from a control panel located quite away from the shots

Thi's ignites the small explosive in the detonator, which gives a powerful spark thereby igniling the
main charge in the blast hole.

1.6. BLASTING EXPLOSIVES

1.6.1. Definition

A_n qxplosive is essentially a chemical co
upon igniting changes instantaneously tq a g-a

in its volume accompanied with eneratio : burst
within the body of a rock, large v%lumes o?fof lot of energy and heat. When an explosive 18

: orceful gases are . 1 in all dire
with great pressure They esca g ¢ produced that travel in
. ’ pe to the at Gen . : ol even
blowing away the rocks along their passage. mosphere after creating cracks and fractures and

: , . y (hal
mpound in solid or semi-solid (jelly like) stat¢ lh:c
seous state. This change involves tremendous incre?
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Explosives are broadly classified
The high explosives are further divid
Table 1.4

I I.’rimal'i; EF;']PIOS‘WGS- These include a number of such explosives which have very high
sensitivity sO ‘“h[ €y explode very quickly even from g very feeble spark. Hence they can be used
only for igniting the main charge. Examples are lead azide, mercuric fluminate and diazodinitrophenol.

intf) two main groups: Primary Explosives and High Explosives.
ed into Blasting Explosives and Military Explosives as shown In

TABLE 1.4, Classification of Explosives.

Explosives
Primary or Initiating High E;llosives
Blasting Explosives Military Explosives
Blasling Powder Dynamites Cordite Liquid Oxygen

2. High Explosives. These form a group of explosives that require a definite amount of heat
(temperature) or shock for exploding. This heat or shock is generally provided by exploding a
primary explosive placed in close contact with the high explosive. Two types of high explosives are:
Military Explosives and Blasting Explosives:

(a) Military Explosives. These are very powerful explosives comprising mostly mixtures of

nitrated compounds. A few well-known examples often used in military operations are: T.N.T.
(Trinitrotoluene), PETN (Penta-erthrio-tetra-trinitrotoluene) and CYCLONITE (Cyclo-
trimethylene-trinitramine). _

(b) Blasting Explosives. These are group of explosives which are specifically used for blasting

of rocks in quarrying and road making operations. They range in composition from simple
mixtures of nitrates to complex compounds. They come in solid, semi-solid and even liquid
(oxygen) state. At present there is a wide range of blasting explosives available with varying
degrees of blasting power and which can be used with ease in both dry as well as wet

environments. Following is only brief mention of important characteristics of some most
: commonly used blasting explosives.

(/) Blasting powder. It is usually a mechanical mixture of sodium nitrate or potassium
nitrate with large proportions of sulphur and charcoal. It has been the most commonly
used blasting explosives for many centuries. It is well suited for soft rocks and especially
in small scale quarrying operations. The usual composition of blasting powder is: nitrate :
70-75%; sulphur: 10-15% and charcoal: 10-15%.

In quarrying, [1 kg)] of blasting powder of above composition can loosen and displace
about [4 cubic meters] of rocks from a soft rock.

(if) Dynamite. Alfred Nobel of Sweden invented dynamite in 1860. (It is the same Alfred
Nobel who instituted the so famous and prestigious Nobel Prize). Straight dynamite is
a patented mixture of nitroglycerine (75%) and non-explosive material like sandy earth,

charcoal or calcium carbonate. The whole material makes a jelly-like paste and is
supplied in the form of cartridges of different strength.
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18 ‘wvention of dynamite, this explosive has been improved in many ways, S
Since the inve o
) " different strengths are : - . , i
types of .dlflt.l't,l.ll :,,ffe l’Thcsc have, besides mlroglyccr{nc, _“O'}‘exPIOSlve materig)g .
(a) nglg’:én?i:;a25'4b per cent. Similarly, 60% dynamite signifies a type
the ex

having g
i ine % inert material.

itroglycerine and 40 . : N

l gehﬁi?: Dynamite. These contain ammonium mlra!e as an additiona] essentjg)
i component besides nitroglycerine and the inert materials,

(i) Cordite. It is a patented name for a combination of nitro

glycerine and nitro cellulose, T,
explosive bursts with smokeless gases and is especially

useful for underwater blasting,
(iv) Blasting gelatin. It is a dynamite in which nitro cellulose is added in Proportion greater

thian 8% to the nitroglycerine, which increases its blasting power considerably,
~(¥) Gun cotton. It is prepared by saturating clean cotton in a mi'xture of sulE:l]uric acid and
nitric acid. Sticks are made from (he saturated cotton while in wet condition.
(vi) Liquid oxygen. Oxygen in liquid g explosive in mining
and quarrying operations in many

1.6.3. Handling of Explosive

Explosives are always to be treated
caution during their storage,
(@) Transportation of Explosive,
manufacture to angther place,
(i) explosives are properly p
(i) they have been thorougﬁl .
(ii)) no other inflammable material has been placed in the same wagon or lorry in which
explosives are placed; )
(iv) no blasting caps or detonators are placed in the same wagon.
(b) Storage : §

form has been used as a blastin
countries.

as very dangerous materials. They need great care and
transport to place of use and att

he time of use in quarrying operations.

Before transportation of explosive from the place of
it must be ensured that:

Y tested for their stability and sensitivity;

-~ Compartments,
(iv) entry (o the ¢

: - g acciden®

! xplosive stores must be totally restricted and regulated to avol
asls, o -

(c) Use (Charging ang Firing) . ' S

() explosives sho ) ”Im

uld be always useg under the strict sup

(iv) the charged holeg shoulq Nevep ¢
rods should pe used for sycy, J

(v) no attempt should b made tg f
fingers must pe used;

(vi) the length of the safety fus
lo escape 1o a gpfe distance

Scanned by CamScanner



BUILDING STONES
p— 19
(vii) the safety fuse should be ignited afte i i
i g only after getting a clear signal from the blasting
() After Fiving. Many a times a charge m: i
! arge may fail to explode. It is called a misfi i
often become the cnuse of fatal accidents. Following precautions are ncccssa:y“i.:.tll::'[sls:;:f
(i) No hasty ulur-mpw should be made to find the cause of a misfire. Let a good deal ot.'
time pass belore m.:luanlly approaching the missed shot to investigate the cause It ma
actually not be a missed shot; it may be a delayed shot. - :
(i) The misfired charge must never be drilled again for charging afresh. In fact a second
\/ blast hole should be made at a safe distance (at least 1 m) from the missed shot.

1.7. DRESSING OF STONES
e

1.7.1. Definition

By dressing ol st
roughly broken stone as obtained from the quarry. This i
in some cases using both the methods.

ones is meant the process of giving a proper size, shape and finish to the
s done either manually or mechanically or

1.7.2. Objects
uarries are very rough and irregular in shape. Besides, they may

Stones as obtained from the q
be too bulky to be used in construction. Hence various objectives of dressing are:
(a) To reduce the size of blocks to easily portable units. This is often done at the quarry
itself because transport of big blocks may become a costly affair.
(b) To give a proper shape to the stone. We can use stones in foundations as blocks, in walls
as small units, in floors as slabs and in columns as rounded or square pillars.. Each situation

requires a proper shape that has to be given under the process of dressing.

(c) To obtain an appealing finish. Stones always come in rough and rugged forms. For use in
building construction in walls and exteriors, they have to be given an aesthetically appealing

finish. A stone house has its own distinction, beauty and individuality in a concrete jungle.

Dressing

f stones can be done
ork wonders on suita
cellent finish and

1.7.3. Methods of Stone
As said earlier, dressing ©
Manually, skilled workmen can W

and abrasives. Not only they can give ex

engraving that can withstand for centuries.
Mechanically, special saw-fitted machines can c

rocks. These are called rock cutters. The grinding an

discs with abrasives capable enough to give polish an

hardest of stoncs.
The Tradition

(a) Pitched Dressing.
skilful usc of hamm

both manually or mechanically. -
ble type of stones with chisels, hammers
polish but also may do carving and

ut slabs, blocks and any other shape from rough
d polishing machines are fitted with wheels or
d fine finish to any desired degree even on the

applied in manual dressing are described in outline as below :
In this method, only the edges of a block of stone are made level with the
ers. The surface is left in original cut. (Fig. 1.10 A)
It is that of dressing in which edges as well as faces are reduce to an
It has a pitted appcarance on the surface. (Fig. 1.10 B)
is method straight grooves are made with the help of a chisel at all the
four edges. Thf: supcrllm.)us sllonc from _l_h_c_ ce'?'er-islil'émov'ed-b}f“Chi_selsL,Chisel. ted
stones are specially used in plinths and qu'ljers of the fb’lii_ldi ng: (Fig. 1:10 C')' e omied
(d) Rough Tooling. The edges are first mudqﬁfﬁﬁi‘é_:h' Iln chlscland ham iy f :
of grooves of variable width are developed averil y‘ﬁ}fi{:eof he stone mer. Then a series

al Dressing Methods

(b)) Hammer Dressing.
even regular surfaces.

(c) Chisel Drafting. In th
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(¢) Punched Dressing. It is done on the stones that have already been rough-tooled. A series of

parallel ridges are made on the stone surface using hammer and chisel. It is also called
furrowed finish.

() Close Picked Fine Tooling. This is an extreme type of dressin

g in which almost every type
of projecting irregularity is removed from all the four sides o

f a stone. Its surface is given
fine finish and an appealing look. (Fig 1.10 D)
- . | LCER] [ Rt [P [P
v = | LCERTT [CE] TRt P
b
- | RS [ EER T [T
- [l o e
v | LESTY [ERt TR P .
A c D
. Fig. 1.10. Types of Dressing.
A = Pitched Dressing; :

B = Hammer Dressing; C = Chisel Dressing;
(g) Boasted Finish. It is a ver

D = Fine Tooling
covered with

1.7.4. Tools Used in the Dressing of Stones
In manual dressing, a variety of s

tones are used to obtaj : .
and chisels descrve special mention, Some. of | obtain a desired finish. Among them hammers
Fig. 1.11.

he common hammers and chisels are shown in the

<ok

MASONS HAMMER

POINTED CHISEL

5t CLuB WMER
Fig. 111 Types of Hammers ang i
1.8. SOME COMMON BUILDING STONES

1.8.1. GRANITE

It is a coarse to medium grained Igneous Rock made up Qﬁiﬁnll_lll.iy"_af fel s
quartz minerals. It may also contain some accessory minerals lik?--mlc#»'ﬁnrnbieﬁ&'g rth
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Granites are 'g'e'nf:rally light coloured and often spotted -
popertis s 5 gl s 1 e, S e
mirror-like finish on polishing, Thesepﬁ::;m}glo?i?frs and have a ca.Pacily to take very fine, B);assy.
around stoves in cold countries. ’ er, poor fire resistance and should be avoided
Indi:)?rfu;l:t::el:j::d,; (l;l?:agolt( zlr:a(iz:( inexl:jaustiblc deposits of granites confined mostly in Peninsular
locally in some places in K'ashmir andal-;iir:nai:a;.acjzsl:?e Himalayen regians; gragiics 4% Touid

1.8.2. Basalt

'Ilfhls a volcanic type of Igneous Rock that is formed from cooling of lava coming out of volcanoes.
: ;3 basalts, also called Traps, show great variation in their mineral composition. Their essential
minerals are the felspars and ferromagnesian components like hornblende and augite.
Basalts are dark coloured, fine-textured crystalline rocks. They sometimes show cavities and
developed during cooling process because of escape of gases.

Basalts, like granites, possess very high strength values. T
However, their high hardness makes them difficult stones o dress.
s and traps arc perhaps the most common rocks 0
han four hundred thousand square km arca of southern I
basaltic composition.

pores

hey are quite resistant to weathering.

f India. The so called

In occurrence, basalt
ndia including

Deccan Traps covering more {
Maharashtra and Gujarat are made of lava flows of

1.8.3. LIMESTONES
e textured sedime
d formations and also
y contain good propor

areous composition and of organic origin.
made up of calcium carbonate,

tion of magnesium carbonate. Another rock, Dolomite,

which is predominantly made up of magnesium carbonate has same propertics as limestones. Both
of these rock often occur close by in nature. Limestone is however, more common and. important.
Limestones occur in great variety of colours: from pure white chalk, through grey to grayish
black massive limestones. The colour of limestone depends on its composition, especially the type of

impurities-!hal arc present finely dispersed throughout the carbonate matrix.
All limestones are NOT useful as puilding stones. Some varieties, for instance, the argillaceous

. es are praclicall)' unfit because of their poor strength values. The dense, compact and massive
hm‘t:sltlogl s make ¢ xcellent puilding stones and many. buildings made of them have withstood
varicties, '

the test of time.
The use of

ntary rocks of cale

Limestones are fin
They occur in stratifie as masses. They are

although some yarieties ma

s facing stone in industrial towns where emanations
( chemically with the limestone and destroy its look and durability.

(ones of building grade in Andhra Pradesh, Delhi State, Madhya
hal Pradesh and Jammu and Kashmir. In many

f Portland cement.

[imestoncs should be avoided a

from industrics are likely to interac

i > i limes
India has huge deposits of ( i
Pradc';h Uutaranchal, Uuar Pradesh, Rajasthan, Himac

states limestones are also extracted for use in manufacture o

1.8.4. Marble

Marble js a me
limestone th

caleite (calcium

iamorphic rock of granular texture andlcalcarcous composition. It is formed in
rough the process of_m_clamorphwm. The cssential mineral in marble is
rccryslalliscd carbonate: CaCQJ).

In texture, marble is a fine-grained rock with a uniform granular (sugar-like) texture. These textures
are developed due 10 heat acting on limestone in nature at the time of its conversion. o marble es
Marble oceurs in a variety of colours from pure whi \ c.

white, red, pink
¢ marble depends on the type of impuritics fincly dispe '-d‘E , green Lo dense black. The colour
: persed through the rock during the formation

nature from

stage.
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A good quality marble generally satisfies all the requisite properties of a:' glq.oo'(Ti'I1 bunl:;:gsu?‘::;,
They are quite strong, uniform in texture, least porous and take excellent polish. They e
both as ornamental stones and for general construction. ; _

Occurrence. India has got fairly widespread deposits of marbles of good qua_llty. Prescnltly. they
are exploited at different places in the state of Rajasthan at Jodhpur, Jiflpl.ll‘ and Ajmer. Marbles from
Makrana in Jodhpur are of pink and white colour while those of A]'mcl: are of green and yell({w
shades. Marbles of quite good quality are also available in Baramulla district of Jammu and Kashmir.

1.8.5. Sandstones -~

Definition. Sandstones are sedimentary rocks, siliceous in composition, mostly stratified in structure
and showing texture variable from coarse to medium to fine grained.

Composition. The essential mineral of all the sandstones is Quartz (SiO,). Among the accessory
mincrals, mica, felspars and some dark minerals are sometimes present. In cemented varieties of
sandstones, the cementing material may be siliceous, ferruginous, calcareous or clayey in nature. And,

this property of (cementing material) is most important in defining the suitability or otherwise of a
sandstone in building construction.

Texture. Sandstones
fine grained.

show a variety of texture ranging from coarse-grained, medium grained to

Colour. Sandstones occur in many colours: white,

Building Properties. Man
in colour

grey, pink, red, maroon and dark.

y sandstones, especially those with siliceous cementing material, light
and fine-grained in texture are excellent building materials.

Occurrence. India is bestowed with huge rese
states of Madhya Pradesh, Uttar Pradesh, Oriss
Sandstones of Madhya Pradesh th
described as

rves of really good quality sandstones spread in the
a, Bihar and Jammu and Kashmir. The Vindhyan

. hat are spread over five lakh Square kilometers have been often
most eminently suitable for building and architectural work. '

1.8.6. Gneisses

A Geniss ( pronounced as nees) is geologically a metamorphic rock. It is generally
on position and foliated or banded in Structure. In most Cases, gneisses resemble closely
10 granites from which they are commonly derived by the process of metamorphism

Composition. Gneisses show wide variation in mineral composit

composition of the original
have been for,
med by

ion depending upon the
formed from granites have, mineral compositi
ition,

metamorphism. Gneisses
as the parent rock. Felspar,
” sure in bands or folia.
banded or foliated structures in which cnsé llgli:;f:i?u: r;i:‘::me'y o ine P ks. They often show
are separated from bands of granular minerals like felspa: aied o ‘.ﬁs““c' bands, which
prominently makes the gneiss useless as a building stone, s Foliation when developed

Building Properties, When coarsely cr i
building stones as granites. These are varieties that
minerals that are often used in construction in are
varicties are better avoided,

ioht i + gneisses are as good
are light in 8ppearance, free from mica and Iflack
il oecurrence. Dark coloured and foliated
Indian Occurrence, In India, gneisses of cxc’el!enl'buildi g o
southern states like Andhra Pradesh, Karnataka, Tamil Nadu a

and Bihar.
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1.8.7. Laterite

Definition. It is a sedimentary rock i

D . Atisa ; composed mostly of oxides of alumini i i

& exides ol i, y minium with varying amounts
‘k'-l‘exture mlml Structure. The rock is formed from chemical decomposition of alkaline igneous

rocks by leaching of some components. This results in spongy structure and porous texture.

N " : :

. Bl.lllldll.'lg I r.opertms. l'!"hc laterites are light to dark red in colour depending upon the quantity of

iron cr.mlc in their composition. They are poor in compressive strength, which varies from 20-30 kg/cm”.

Laterites are used only in ordinary construction and mostly as road metals rather that building stone.

‘ Indian Occurrence. Laterites are found in Maharashtra, Madhya Pradesh, Bihar, Orissa, and also

in some southern states like Andhra Pradesh, Madras and Kerala.

1.8.8. Slate .=>

Definition. It is a metamorphic rock with
siliceous in composition.

Texture and Structure. Slate is a very fine text
be identified clearly even under microscope.

The most typical property of slate is its cleavage st
thin and smooth surfaced layers. This slaty cleavage makes it cheap roo

construction.

Building Properties. Slate shows great variation in its building properties, which dfapend on the
thickness of individual layers from slate mass and the colour of the rock. The rock is pract:ca_lly
impervious and hence very suitable as roofing stone. Thick-layered slates have good compressive

strength and find use as sills and for pavements inside and outside palatial buildings.

1.9 DETERIORATION AND PRESERVATION OF S;TQNES
- - / . ‘ !
L ESRN A i
rials usedb in construction, deteriorate with time. Some untiesirablc .
to develop in them after years of their exposure to natural agencies like wind, water :
Appearance gets deﬁniteljf affected. Strength qualities may not be easily affected ;

he durability and safety of the building Ew,. "

a distinct foliated (Cleavage) structure. It is commonly

ured rock, so much so that its constituents cannot

F Y
B
I
|

ructure by virtue of which it can be split into
fing material in ordinary

1.9.1. Definition

7 Stones, like all other mate

changes arc likely
and temperaturc.

with time, but when they do, 1
rioration

hysical or chemical or bot
the frost action,

1.9.2. Causes of Dete
These may be either p
Physical Causes. Among these,

of winds may be quite significant. -
(i) Frost Action. In cold humid climates,

h in nature. :
the temperature effects and the rubbing action

porous stones may absorb moisture from the atmosphere
quite casily. When this hf:p[;cns in. winters, water within the pores freczes and expands ex:.:rlin-g
tensilc stresses from within. This na'lurall slow and slead)f procc‘ss:-callcd I‘rost. action is
repeated winter after winter. Frost action is capablf: of cgusmg sglnltmg and spalling on the
surface of a stone, The stone may start disintegrating chip by chip and year after year, from
surface inwards. :

(ii) Temperaturc Changes. Stones like all other materials expand on heating and contract on
cooling. Their co-efficient of expansion, is of course negligible when considered on short-
cerm basis. But when considered for many scores of years and cspecially when stones are
made of different minerals having different expansion and contraction coefficients some minor
sresses do develop within the stone exposed to heating action of the sun. The surface of
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insigni i inning. The effect deserves
stone starts getting affected, apparently 1n51gmﬁcan-lly in lhchbeg;?cnrlir;g- Ao
due consideration when stones are used in arid regions on the ¢

icles i . These
(iif) Wind Action. Strong winds rich in sand and dust parucle_s act as virtual s:ti,ﬁa::iﬁoihgzl
N arc capable of polishing the stones when they have a unlrorm lcxr:urgnzl;s o Eon g
when the stones are made up of mineral conslilucms'nf dl.ffzfrcnl'r;;‘ ad_Oi;‘ing r.mrd -
get polished more and may be gradually removed causing pitting. ot aJI o A e
may also fall apart on losing the grip. Hence a process of slow physic g
on the surface of the stone exposed to wind action.

Wind action is a powerful scrubbing process in areas of strong winds lying on the borders
of deserts.

Chemical Causes, The atmospheric moisture and some of the atmospheric gases a_nd vapoulr(s
cmanating from industries are quite harmful for many types of stones exposed to their direct attack.
A few examples may illustrate this type of slow deterioration of stones:

(i) Water Vapours. Water on chemical co
carbonic acid. This acid has mild corro

and eat up the strongest rock granite by i
1o following reaction :

mbination with atmospheric carbon dioxide makes
sive action on some stones. Thus it can slowly attack
1s action on the felspar mineral of the stone according

ZKAlSi:.\OB + CO: + 2H20 = Alzsizos + K'_,COS + 4Si02
Orthoclase Carbon dioxide Walter Clay K. carbon Silica

The clay formed in this reaction from orthoclase
removed from the rock with passage of time leavin
(ii) Limestone and marble are both composed
where SO, vapours are emanated from ma

is a very soft mineral and gels easily
g behind pits on the surface,

of calcium carbonate (CaCO0,). In industrial towns
ny industrial chimne
s acid. This acid reacts

act on the stone surface, 1
atmosphere, which will no

W 193, Preservation

It is quite possible to protect the stone from quick ‘deterioration b
following three methods:

(1) Careful Selection. While selectj
weathering resistance of the stone can b
in old buildings. I a stone has shown
in a similar manner when used in b
selected for use in similar sity

t be there because .

Y adopting onc or more of the

00 much d
vilding constr

g ould prefer use of
sandstones and quartzites instead.

If the area is of strong win(.!s and located close 10 deserts, we should sgleey on.ly ﬂﬁe ie;(ﬁud
stones having uniform composition and good hardness, ©.2. quartzites insieaq A
(ii) Caveful Construction. While constructing a stone e 08

. stone house, in’ pary o complete, a set of
precautions can increase the life and beauty of the building to a considerable extent: Such 'a's:-.."_{.
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(a) Stones of proper size and shape should only be used with a mortar of matchi :
that no open spaces are left for moisture and gases to seep or get in. MEID By o
®) gtlril:g(i%::i::. stone should be left projecting out as it may act as a gathering place for water
(c) Use of dil‘ll'cre.nt stones in alternate layers or even in the same layer should be avoided
Homogeneity in the stone construction is considered a better policy. ’
(d) Only well s_casoncd stones be used in constructions. When stratified, their bedding plancs
should be given proper consideration while piacing them in load bcar'ing posilions.& P
(uid) z}pplicatinn of Preservatives. When a stone has alrcady been used and there is a risk of its
deterioration because of the environmental conditions, a preventive measure may be taken by applying
some well known preservative on it.
A preservative is an emulsion of an oil or a paint or a solution which when applied on a stone
(or any other such matcrial) protects it from the direct attack of some deteriorating agency.
A really cffective preservative must be
easily applicable,
easily penetrating,
unleachable and above all,
® cconomical.
Further, the preservative must not change the natural appearance of the stonc (unless it is desired
to be changed) and produce odd smell.
A large number or preservatives are available for preventing
following are mentioned for reference only.
(i) Linseed Oil. It is used both in cold a

appearance of a stone to a darker shade.
(D) Paraffin. It is commonly used in the dissolved form in naptha. It also interferes with the

original colour of the stone.
(iii) Coal Tar. It is a cheap and effective preservative excepl that it changes the look of the stonc.
(iv) Baryta Solution. It is simply a solution of barium hydroxide .and ha§ been found resistant
against sulphate salt attacks on the stonc surface. It reacts with calcium sulphate forming
barium sulphate, which is more stable and protects the surface of the stone from further

deterioration. _ / _
(v) Paints. When stone deterioration has spoiled the appearance of a stone to a considerable

extent, best course would be to cover it with a paint. It will stop further deterioration and also

improve the look. |~

1.10. ARTIFICIAL STONE _.
Definition. It is 2 stone-like mass made by mixing together crushed stone pieces with cement

and water in the presence of colouring pigments. 3

Types. Artificial stong¢, in the broadest sens¢ of the term, may be best called a type of cement
concrete. This can be made i various shapes and in differcnt composition. The components of
artificial stones are decided by the engineer and pre-mixed in fixed proportions with cement and
water. After thorough mixing, the paste is filled in proper moulds and allowed to set in, Therealter
they are removed and placed on plain protected surface for curing and hardening.

Grooves, cavities and hollows can be provided in the stone as desired at the moulding stage.

. Terrazzo and Mosai_c Tilcs are simple and common varietics of artificial stones. In Terrazzo, it
is marble in the form of chips that is the main material used with the cement mix for making the
stone,

the deterioration ol stones. The

nd boiled form. Boiled linsced oil will change the
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In the case of Tiles, it is the top surface of the normal cement concrete in which marble
are spread uniformly during the casting process.

chips
Uses. Artificial stones have the general properties and appcaranc::1 of lnalurafl t;loi:eislo some
extent. These have the advantage that these can be cast and cured at the place of the

e and in
any desired shape. Moreover, these stones often can be given any desired polish. For these reasons
artificial stonces are used in buildings to gives decorative looks.

o F L TR R Y

7

TYPICAL QUESTIONS

I A e ] NG N e

(A) ESSAY TYPES

1. (a) What are building stones ?
(b) How are they classified ?
(¢) Describe briefly geological classification of buildin

building stones

g stone (rocks). Give examples of two
2. (a) Are all rocks s

falling in each geological group of rocks.

uitable for use in building construction ?
(b) Discuss in some detail some maj

it can be selected for use in bu
() Give examples from rocks with respect to the properties discussed in (b).
3. Give the geological and structural classification of the following stones in
arble, sandstone, granite, slate, gneiss, dolomite, quartzite, limestone.,
4. (a) Explain the following tests as performed on a building
become absolutely necessary :
l. Transverse strength test;

2. Resistance to Wweathering;

3. Durability test,
(b) What are the relevant IS codes for each of the aboye tests:
5. (@) Givea comparative amount of the various methods used for ¢
STONES”, '

“QUARRYING OF BUILDING

or properties that will have to be tested in a rock before
ilding construction,

a tabular form :

stone. Why and when these tests

(b) Why the same method is not suitable for quallrying of al
6. What do you understang by DRESSING OF '
of stones and how {

1 the tybcs of stones ?
STONES? What
hey are achieved ?
dressing of stones.

¥ TN are the main objects in dressing
Explain, with suitable sketches, important methods of

! ation of marble of Ta
Is this statement correct ? If

\j Mahal due to the Mathura Refinery”.
0, how ? If not, why 9 - s :
(B) OBJECTIVE TYPE A
Tick the right answer

1. Stones are not as commonly used in building construction ‘i iowhs;:ﬁip-g - a;‘brici:'s Naie:
(/) They are common (i) They ﬁm bd!ily" AR D SN B A 0
(ifi) They do not have good properties (iv) None ’O_f"-lhé".ibb"\'.'b'.:_"‘f_‘:3-': St
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2. Sfoncs behave best to the compressive load when they are placed with their natural bedding:
(1) Parallel to the load. (ii) Perpendicular to the load. )
(#i1) Oblique to the load. (iv) None of the above.
3. Quarrying of stones is the process of :
(9) Giving a suitable shape to the stone.
(if) Applying a coat of a chemical to save it from deterioration.
(¢ir) Breaking it from its natural outcrop.
(iv) None of the above.
4. The strength of a stone depends on
(i) Chemical composition. (ii) Degree of packing of constitucnts.
(iii) Structure of the rock. (iv) All of the above.
(v) None of the above.
5. The strength of a type of rock (e.g. Granite)
(i) Is the same for all the samples obtained from anywhere in the world.
(if) Varies from place to p[lace, even if two samples have same composition, texture and
structure.
(iif) Lies within a range.
(iv) None of the above.

6. Place the stones given on the left side to their classes given on the right:
(i) Granite A. IGNEOUS

(if) Diorite
(iii) Marble
(iv) Quartzite
(v) Sandstone
(vi) Limestone
(vii) Porphry
(viii) Laterite
(ix) Slate
) Dolomite
7. Formation of Igneous Rocks pre-
(i) Molten material below the surface of the earth.
(ii) A river/lake/sca basin.
(iif) Pre-existing rocks and conditions 0
(iv) Nonc of the above.
ANSWERS: 1. (ii); 2. (ii); 3. (iif); 4, (iv);
6. A = [(D, (i) (vi); B = [(iv),
RELEVANT IS CODES ON BUILDING St #5*

A. METHODS OF TESTS FOR
(i) Compressive strength
(ii) Transverse Strength
(iii) Tensile Strength
(iv) Shear Strength

B. SEDIMENTARY

C. METAMORPHIC

supposes existence of;

f heat pressure and chenic.lly active fluids.

5. (iii); 7 (I).
) (v{).-.(w'if)]: C = [(ii". (iv), (ix)]

- 1S: 1121 (Part 1) 1974
(IS 1121 (Part I 1974 oo

IS 1020 (PantI) 1974
IS 120 (Part IV) 1974

Nt
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i"-'" T:.—JL Q‘..:\:.‘ Cr—i‘!‘\ IS: l|—~-1974
(vi) Apparest b_-x:u::g Gravity. Water absorption and porosity IS: 1124-1974
(vez) Weatherimg Reststamce IS: 1125-1974
(vii5) Durability IS: 1126-1974
(&) Resismace to wear by abrasion IS: 1706-1972

(x) Permeability IS: 4348-1973
(xf) Towghzess IS: 5218-1969

E. RECOMMENDATIONS FOR

(£) Dimensions and workability of natural Building

Stones IS: 1127-1970
(&) Dressing of natural Building Stones

IS: 1129-1972

(éf) Physical properiies of MARBLE IS: 1130-1969
() Limestone Slabs and Tiles IS: 1128-1974
(v) Packing and stacking of slabs IS: 8348-1977

(vi) Quarrving of stones for construction purposes IS: 8381-1977
(vify Mazintenance and preservation of stones in Buildings IS: 8759-1977

[Note: Most of these codes stand reaffirmed in 1993 and 1998]

Qaa
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Clay Products

2.1. CLAYS

Clay is a naturally occurring material that is found almost everywhere on the surface of the

earth making the soil cover or the soft ground. It is so widespread in its occlyrrence that in common
language it is often referred to as earth.

In its origin, clay is a secondary material formed in nature by chemical decomposition, mechanical

disintegration and reconstitution of rock particles by natural agencies such as wind, water, ice and
atmosphere.

Mineralogically, pure clay may be composed of one or more minerals of Clay Group such as

Kaolinite, Montmorillonite, Illite, Vermiculite and Allophane etc. Kaolinite is the most important

mineral component of common clays. It is formed from all rocks containing felspar mineral as per
following rcaction:

2KAISi,0;  + 2H,0+CO, = ALSi,0, (OH), +K,CO, + 4 SiO,

(Felspar Orthoclase + Carbonic acid = Kaolinite

+ DPot.Carbonate + Silica Colloids)

Clays occur universally. Man has used them since ancient times for making earthenware of great
variety.

2.2, CLASSIFICATION OF CLAYS

Clays are classified in two ways: genesis or their mode of formation and their dominant
characteristics.

2.2.1. Genetically Speaking
All clays fall in two groups:
® The Residual Clays and
® The Transported Clays.

The Residual Clays. The Residual Group of Clays includes all varieties of clays that are found
covering the rocks from which they are formed by natural processes. Such clays are pure in their
chemical composition that is related broadly to the parent rock. China Clay is the best example of
residual clays.

The Transported Clays. These are the most common clays spread on the earth. They are formed
by the disintegration and decomposition of the pre-existing rocks by the natural agencies followed
by the removal and transport of broken pieces to far off places where they are finally deposited.
Hence any such deposit of transported clay will have all the particles transported from many different

places and different source materials. The transported clays are, therefore, quite heterogeneous in
mineralogical and chemical composition.

The transported clays are sometimes further distinguished into glacial clays, marine clays, alluvial

sclays and lacustarine clays when glaciers, seas, rivers and lakes respectively have played dominant

roles in their formation.

29
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2.2.2. On the basis of their dominant characteristics, clays arc grouped into four groups: China J
Clay, Fire Clay, Vitrifying Clays and Brick Clays. ;_.
(/) China Clay. Itis the purest type of clay containing

or kaolin- AlzsiJOS(OH),‘. It is considered high-grade clay
crockery and other porcelain ware.

(i) Fire Clays. They are also called refractory cl sid .
alumina in very high proportions. These clays have the characteristic of withstanding very

high temperatures without suffering any deformation of shape given Eo them at the time of
moulding. They are mainly used in the manufacture of _rcfraclory.brlcks that are of grea
importance in many metallurgical, mechanical and chemical opcr:.]llons. .

(iii) Vitrifying Clays. These clays are rich in fluxing compounds lik.c iron OKIC!GS and carbonates
of calcium and magnesium. They are easily fusible, i.e. cannot withstand high temperatures,
On heating to high temperatures, (above 1100°C) the fluxes get softened and fon.n glass-like
material that acts as a strong bonding agent between the other clay particles. This results in
the formation of a smooth surfaced hard-burnt clay product.
The vitrifying clays, called hard-burning clays, are specially used for the manufacture of
facing bricks, flooring tiles, sewer pipes, and other similar ornamental and dense clay products,

(iv) The Brick Clays. These are low-grade clays used most for the manufacture of building
bricks and similar clay products. Brick clays are rich in silica, alumina, oxides of iron,
calcium, magnesium and organic matter. It is the mutual proportion of these components
that defines their suitability or otherwise for making good quality bricks for building
construction. As mentioned earlier, the oxides of iron, calcium and magnesium act as fluxes
that fuse easily at brick-making temperatures and bind the alumina and silica particles
thoroughly givihg the brick desired properties of cohesion and strength.

PART A : BRICKS

very high peraentage of mineral Kaolinite
gnd is used for the manufacture of

ays and contain, besides Kaolinite, silica ang

2.3. INTRODUCTION

Building Bricks may be defined as “Structural units of rectangular shape and convenient size
that are made from suitable types of clays by different processes involving moulding, drying and
burning.”

It is now established that even in remote ancient civilizations bricks were the common material
of construction. It is believed that it was in Egypt that sun dried bricks were used some 6000 years
ago. Excavation of prehistoric sites in our country has revealed that bricks were used abundantly in
the Indus Valley Civilization at Mohen-jo-daro and Harrapa.

Even at present, brick is the most basic and favoured material for common construction throughout
the world. This may be attributed to a number of factors:

1. Availability of Clays. Clays suitable for making bricks are available almost universally. Hence
brick making can be adopted anywhere in the world. This is not true either for stones or for concrete
that are the materials which compete with clays.

2. Construction Methods. Brick making and brick masonry have become traditional human
activities almost in all parts of the world right from village level to towns and cities. This is not the-
case with stones where experienced hands are less easily available. With concrete, only experienced
and qualified persons can handle the construction work. '

_ 3. Size, Shape and Handling. Bricks are made in ready- to-use sizes and shapes. This affords
very convenient handling and use. For stones, however, some minimum dressing is absolutely essential.

In the case of concrete, an elaborate formwork and shuttering are basic requirements. Moreovef,

transporting and lying of concrete also requires great care, caution and expertise. '
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4. Cost. Bricks as also brickwork are cheaper compared to stone maso
with concrete in most cases. This is because of the factors mentioned under
shape and construction methods -

2.4. MANUFACTURE OF BRICKS

The process of manufacture of bricks is carried out in a num!)cr of sta iy e
sequential process, that is, next stage is reached only when the pnjewous'slagc has been cc‘:mp.!: i
all respects. No jumping over or omission of a particular stage is possible. Each stage has its
significance in the process. These stages are listed below.

1. Selection of suitable type of clay (brick earth);
2. Preparation and Tempering of Mud;
3. Moulding of brick units;
4. Drying of moulded bricks;
5. Loading of the dried bricks in kilns;
6. Firing or Burning of dried bricks;
" 7. Cooling of the Units;
8. Unloading of the kiln.

STAGE 1 : SELECTION OF SUITABLE BRICK EARTH

Good type of bricks cannot be made from every type of clay. A suitable brick earth should have
he following composition in the desired proportions:

1. Alumina (20-30%). All clays are chemically hydrous aluminium silicates. The alumina content

is responsible for giving the plastic character to the clays in wet conditions. When alumina is higher

) $han 30%, or so, the brick will become more plastic and also shrink more on drying. This may
QO flevelop cracks in the moulded bricks on drying. But if the alumina is present in lesser than 20%, the
" Elay may be difficult to mould to proper shapes. Hence by experience it has been found that the above
~Jbercentage of alumina (20-30%) gives it desired qualities of plasticity and resistance against shrinkage
_ton drying.

2. Silica (50-60%). Silica is present in many clays in two forms: as a constituent of clay minerals
nd also as free silica in the form of sand or quartz. When present in ideal proportions, i.e. 50-60 %,
silica imparts the qualities of hardness and strength to the brick. It is also responsible for resistance
=gainst shrinkage and durability of the brick to weather. However, when the proportions of silica are
=—cxceptionally high in the clays, they will not be mouldable easily. Such bricks, when burnt would be -
' } quite brittle and porous. Moreover, they may not burn easily. :

3. Iron Oxides (4-6%). This oxide acts as a flux, i.e. it lowers down the softening temperature
—of silica and other clay components during firing. Further, the iron oxide imparts the very characteristic
ed colour to the burnt bricks. : : :

The excess of the iron oxide makes the bricks too soft during the burning stage; they suffer
'deformation in shape and size. Further, the burnt brick may acquire a darker shade that may not be
: & appealing at all. A deficiency of iron oxide in the clays may make their burning difficult and also
SR give them a yellowish appearance. o

nry and construction
availability, size and

ges. It is essentially a

o

- 4. Lime (4-6%). This component makes, like iron oxides, burning and hardening of the bricks
. ¢=quicker with following two riders:
[

-

(@) It should not be more than 4%, because in that case may result in excessive softening of the
clays on heating;

(b) 'It must be present only in finely powdered and thoroughly dispersed form. Otherwise when
lime is present as nodules it may give rise to slaking when the brick comes in contact with
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32 _ .o a harmful reaction and may cause slow disintegy,y:
isture after its use. Slaking 1s 2 " g
mois ¢ "‘

bricks.
Magnesia, which is inv
percentage proportion that shou .
The Undesired Components: Brick ¢

et

with lime, has similar effects. Hence g i ‘...}

- iated . :
analla(liybzszf;;:"i dered while deciding about the quality of (. ol

lays should be ideally free from follgy,;

RE hagy
: ides and Sulphates. _ :
components: Lime Nodules, Organic Ifd:tter;nSl:]:zh::Z:er bumi::g o b S i ¥ Mﬁ
9 'llz‘i];:s L:v?;iel:\?c:utzeﬂi?se::nincihe burnt bricks these are likely to cause diSi“ltg; a:; % ;_{
. \ . y
ricks by their slaking action. -

(i) '[ItI:ebO:ganii Matter. Roots of grasses, leaves and olhe; vet;gt?tib:jea :E:trtfi:; will Producs '
on burning within the body of the brick. It may make the :I(t:) il appea{a“*aa{ ; .
porous in nature, Both are harmful effects. Hence any vcgetabic present in af,, g
in the brick earth should be removed at the preparation slag-e. .

(iii) Sulphides and Sulphates. Iron sulphide in the form of pynle-and alkall_ues.in the f
potash and soda are often present in some clays. 'The effect of iron sulphide is thay it
disintegration of the brick during burning stage itself. -

(iv) The alKali salts act as fluxes during burning and creating additional softer}ing, Some Off"&n :
may be present in the burnt bricks. When such bricks are used. the alk:%lles absorh Moisng,
from the atmosphere and form solutions within the body of such a brick. On ey o
these solutions form white patches or encrustation which disfigure the brick Surface. T
effect is called efflorescence and is quite unpleasant to see in a brick building.

Summarizing, the ideal composition of a good clay for making bricks should be withi, thee
limits:

L

4
: ‘.-_
2

%.

o

Clay : 20-30% Silica : 50-60%
CaO + Mgo . 4-5% Iron Oxides : 4-6%

The Clays should be free from alkalies, organic matter and lime nodules.

2.4.1. Field Tests For Brick Earth

When the manufacture of bricks is to be taken on a large and continuous scale, it is always
advisable to go for thorough survey of deposits of clays. Such a survey should include mapping the
area where these deposits are available for considerable depth, analysis of their chemical compasitin
and testing the engineering properties of the test specimens made from such earth. Such a survey will
assure the total quantity of the brick earth and also the quality of the clay vis-a-vis bricks. ‘

In India brick making Is as yet mostly a small-scale industry. Elaborate chemical analysis
laboratory testing of engineering properties and quantity surveys may be both costly and time consumiag
beyond the reach of small-scale manufacturer. Hence, for most small brick making units, followitg

four simpl_e field tests are often considered enough for determination of suitability or otherwise o
clay deposits for brick making,

(i) 'I:est for the: Fonsistency of Soil. Small sized balls are made from the soils by mixing it Wit
;l:}l:mp;lﬂte quantities of sand and water. These balls are allowed to air-dry under a shaded place
en the : : : ~
any oras :s .are completely dry, each ball is observed minutely for its shape, size, and appearance

Obviously,
deformation or cracks in them, If so

. the balls made out of it will not show 31\}!
me shrinkage effects are observed, we may vary the muie

s and check them for cracks, These nay 0
» by varying these proportions, a right proportion
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if negative results are obtained in all the trials, it
making bricks,

found for making good quality bricks, However,
simply means the brick clay is not suitable for

(it) Test for Moulding Properties. This test is usually performed on the soils that have passed
the consistency test. The soil is first thoroughly kneaded after adding some more water for preparing
a homogencous mud. Thin threads, about 3-4 mm thick, arc made by rolling between the palms of
two hands _from small amount of the mud paste. The length of such threads will be indicative of the
good plastic nature of the soil. The longer and thinner the threads, the soil is of good plasticity. In
non-plastic type ol clays, threads break quickly on rolling.

Test bricks are made from such a paste and allowed to dry.
if the corners, edges and surface shape remain intact even aft

(iii) Test v determine Deformation on Burning,

ratio of fluxes in the clays. Test bricks are made from th
test bricks are air-dried. These

The Clay is described as satisfactory
er drying.
This test helps in finding out approximate
e mud prepared as in the first two cases. The
are burnt in a potter’s kiln for three to five days and then cooled in air.
The clays are of satisfactory quality when such bricks show

(/) typical red colour,

(i) have maintained their dimensions
(éif) have burnt uniformly. '

On the other hand, if the burnt bricks show defects like warping of the surfaces, twisting at

edges or corners and swelling at places, the brick clay is considered defective and unsuitable for
making good bricks.

at corners and edges and

(iv) Strength Tests. These tests are made on the brick samples made from the clays that have
already passed the first three tests. The field test involves dropping the properly burnt bricks, one by
one, from a height of 2-3 meters on hard dry ground below. Good quality bricks should easily
withstand this shock without breaking. Poor quality bricks break easily on falling from such heights.
When more reliable information about the strength qualities is required, samples of properly made
and burnt bricks are tested for strength values in a civil engineering laboratory.

2.5. STAGE 2: PREPARATION OF MUD
2.5.1. Winning

The process of obtaining brick earth from its natural deposit is often called winning. The brick
carth deposit is first cleared off from vegetation, pebbles and other organic matter. Manual digging
or mechanical excavation methods are used to obtain dry soil or brick earth. Such clay is spread on
even ground for seasoning i.e. exposed to atmosphere for good time. It is at this stage that the earth
is further cleaned off any pebbles, stones, lime nodules and visible organic matter. If needed, any
additional quantity of sand and lime are also thoroughly mixed with the soil.

The seasoned clay is then ready for making mud by mixing with adequate quantities of water as
described below.

2.5.2. Tempering

It is the process of converting the brick earth to mud of proper consistency by thoroughly
mixing with desired quantities of water. It is done either by manual labour or with the help of a
mechanical device called pug mill. ~ :

In manual tempering, the clay is spread on a platform and thoroughly kneaded under feet of

either men or cattle. Water is added gradually in small quantities till desired homogeneity and plasticity
are obtained.

Pug Mill Tempering. The process is sometimes called pugging and is achieved by a mechanical
device called Pug Mill. A simple pug mill consists of a steel cylinder covered at the top and having
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a hole at or near the bottom. It is 2-3 m in height, o part being below the ground. The top diameter
of the pug mill is slightly bigger (1m) than the diameter at the base (0.7 m).

e Va ARM FOR POWER

t—m ||

IRON TUBE

ARM

SHAFT
KNIVE
GROUND

PIVOT

Fig. 2.1. The Pug Mill.

The most important part of a pug mill is a central vertical shaft pivoted at the base, which can be
rotated with the help of a long arm through animal or motor power. The central shaft is attached with
horizontal blades each carrying some knives (Fig. 2.1).

Seasoned clay and water are added from an opening provided at the top. Once the required
quantity of clay and water are fed into the pug mill, the shaft is made to rotate. This action provides
the churning effect to the clay-water mixture that is converted after some time into mud of desired
plasticity and consistency. The mud is then taken out from the hole at the base and new charge is
filled.

© 2.6. STAGE 3: MOULDING OF BRICKS.

Moulding is the process of making green bricks of proper shape and size from tﬁoroughly tempered
clay. There are two main methods of moulding: Hand moulding and machine moulding.

2.6.1. Hand Moulding

This is the process of moulding of bricks from the tempered mud using skilled manpower. In
India, even today, the most common method for brick manufacture is hand moulding. In hand moulding,
the quality of tempered clay is invariably kept soft, so that it can be given the desired shapes quite
casily. The mud contains more water (18-25% by weight) than what is used when machine moulding
process is used. It is for this reason that this method is sometimes referred as Soft Mud Process. -
Bricks are shaped from such a soft mud by. hand either on a specially prepared ground (called ground
moulding) or on specially designed tables (called table moulding). -

Tools. The essential tools used in the hand moulding process are: a brick mould: cutting wire or
edge, wooden plates and a stock board. i

The Mould is made of wood or steel. Its inside dimensions are kept slightly bigger than the
desired dimensions of the finished brick. This is done because the bricks on drying are liable to shrink
in size. The mould may be a single unit or a multiple unit type.

The Stock Board, also called moulding block, is a small wooden board with a raised ce"“'a!.
projection carrying the identification marks (frog) of the manufacturer. ‘
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The Pallets are thin wooden plates used for handling the green bricks from the moulding boards
to the drying field.
The Strike, made of wood or metal, has its one edge quite thin to slash surplus mud from the top

of the moulded brick while it is in the mould. Sometimes a thin wire strung in a wooden block for
holding is used for the same purpose, it is called cutting wire.

2.6.2. Ground Moulding

This is the most common method of moulding bricks in our country. In this process a stretch of

land is first [_k‘“"’“c‘l- levelled and cleaned. It is often made smooth by mud plastering. Some sand is
sprinkled umformly over it to make it non-sticky.

There are '3 variations of ground moulding:

(a) For makmg ordinary bricks. The mould is either first dipped in water or some . sand is
sprinkled on its inside surface. The first method is often called slop moulding and the second as the
sand moulding. This step is necessary to avoid sticking of the green mud to the inner sides of the
mould. Then the mould is placed on the ground at desired spot. A lump of mud is dashed into the
mould by hand. Care is taken to see that the mud reaches to the sides and corners of the mould. This
is where the skill of the workman is involved. Any surplus mud is then removed by using the strike

or the cutting wire. The mould is then lifted up with a jerk, leaving behind the moulded brick on the
ground below.

Y FROG PROJECTION

HANDLE

MOULD
~QUTLINE-

STOCK
BOARD

Fig. 2. 2 A. Smglc Bnck A "

Muliple Brick Mould; C. Stock Board with Frog; D. Cutting W
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: speats the above process again apg

next place and repeats ( nd

¥ ;:‘::If:::lr‘::ullltll‘l’dlng I\'?ﬂ-l]lrl:c bricks at a place. The face of the brick :
58 |

i - and without any identification mark.
L “"”“‘:‘; " I::Ilnulr'::nl: r'{ll‘::ﬁ:lis achieved by using a st(_Jck b'our’d _and r:::;c';(sc;f’l;tz ;l(?ck |
(/) Moulding h.r:t "r:;-u:tl projection carrying the lrad.c mark (ldt.:nuﬁg.:lum:j matky of mom:; ck
board s PT(:\-*?;‘:L‘:::{:' |l,‘,uul.d is placed on the stock board (instead of g‘rounﬁ‘)ﬂzn e ed
::ﬂ:‘:;l::il unﬂ“ ;rick is then token away using two pallets to the drying 4 i

pallets and stock board are used is called pallet moulding.

~ 7 't moulder then keeps th
e ‘q';'al'n shifting the moulding pro¢

2.6.3. Frog . . §
A frog is an identification mark (c.g. PQR-ABC, XYZ, made on a brick) during the mouldmg

stage with the help of a stock board. This mark is left in a depressed arca ?fl10—2()st;r;1u!creu:1rlcd hlf
corresponding projection on the stock board on one side of the brick. It serves two u purposes:
(@) The name of the manufacturer of the brick is casily found and he can be known for the
quality of the brick,
(b) During use, the frog-faced side is placed upwards. It accommodates some extra mortar. Hence
a key action results forming a bond of greater strength between the upper and the lower brick
in the construction work. -

2.6.4. Table Moulding

It is also a varicty of hand moulding method. In this process, the skilled worker - the moulder

carries out all the moulding operations on a specially designed table of suitable dimensions. Such g

table is large enough to accommodate all the materials required in the hand moulding, namely: a stock
board, moulds, cutting edge, buckets for water and sand and tempered mud.

The process is similar to pallet moulding on ground. The moulder places the stock board in front
of him, sprinkles some sand on the inside surfaces of the mould, places it on the board, dashes a lump
of mud into it, presses it thoroughly and skillfully and cuts away any surplus mud with the strike or
the cutting edge. Thereafter he places a pallet over the mould and turns it over. The moulded brick is
thereby transferred to the pallet, which is carried away by a helper standin :
repeated for each brick.

BOWL

CUTTING
WIRE

BRICK ON
PALLET

Fig, 2.3, Table Moulding,

s s ' ittt -
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Although initial cost is slightly higher in table moulding ‘compared 10 ground moulding. i s often
considered more efficient and economical in (he long run as production is better in quality and
quantity.

2.6.5. Machine Moulding

Machine moulding is the essential process in all Mechanized Brick Making Plants. It 3s buth

cheaper in the Iong_cr run and gives bricks of uniform quality. There are two chief methods of machine
moulding: first, Stiff Mud Method and second, Dry Press method.,

(a) Stiff Mud Process. In this method, (he thoroughly cleaned brick clay is mixed with only =
small quantity of water (8-12% by vol.) during tempering in pug mills so that it is quite stiff in
consistency. This stifl mix is then made to pass out under pressure from a moulding machine.

Two versions of machines used in Stiff Mud process are shown in Fig 2.4 and 2.5

The First Type, called the worm gear moulding machine consists of

(i) a feeding chamber provided with a worm gear to apply pressure;

(if) a hopper at the top to receive the clay mix from the pug. mill;

(iii) a fixed die provided at the front narrow end:

(iv) a conveyor belt on a set of rollers;

(v) cutting wire device adjusted in front of the die.

The operation steps on the machine consist of

(a) feeding the properly mixed stiff mud into the chamber through the hopper;

(b) forcing forward the mud charge using the worm gear.

BRICK EARTH WIRES
HOPPER COLUMN
DI E\ CUT BRICKS
WORM GEAR | R 01 00N
ya /\ \
4 7 =N

Fig. 2.4. Worm Gear Type Moulding Machine.

The pressed mud comes out through the die in the form of a continuous rectangular ribbon
having the height and width of the bricks. This ribbon gets cut into brick-lengths by pressing down
the cutting wire device when the conveyor belt is under the device. The cut out bricks are then carried
forward on the conveyor belt and taken away for drying. The lengths can be cut edge-wise or side-
wise depending on the die.

This machine can mould 1000-2000 units per hour or even more d
capacity of machine.

epending upon the designed

The second type of machine is a Vacuum Press. Its salient features are:

(1) A cylindrical Shell or body (B);

(i) A Screw Device (lo push the mud) (BS);

(iit) A partition P, which is thoroughly perforated for breakin
passing through it under pressure from behind; TR Bl L

(iv) The Vacuum Chamber, VC, in which vacuum of dcsircd__ﬁlidret"(ﬁf“ﬁo-wffﬁl of Hp)
obtainable through exhaustion pipe, EP, (for de -airing the mix); e

(v) The Crusher C in the vacuum chamber; : -

¢t mi i i rains ke

Scanned by CamScanner




4

CIVIL ENGINEERING MATERIE.

(vi) The Chamber Screws, Cs. to push the clay down:
(vit) A dic. D, for giving the required shape to the clay;
A sealing head, SH, for stopping any air from entering the chamber.

EP
P
EZ'/* FEED
/
[ fE—— - vC
B—F /
BS 5\ /\\ 2
/4 \\ J—C
—=1] | 7
A IR
4 7
p 4 cs
/ %
L .
4
4 /] '
E A .-——-—D
’f
; ?M
74— sH

Fig. 2.5. A Vacuum Press for brick moulding (see text).

Operation. The feed of properly mixed clay is supplied to the chamber from the pug mill. It js
then pushed into the vacuum chamber with the help of body screws through the perforated screen,
This mass is de-aired and crushed by operating crusher C. Thereafter it is made to pass through the
die by operating the crushing screws. It comes out from the die in the form of a continuous ribbon
that has the width and thickness dimensions of a brick. The brick lengths are then cut from this ribbon
by using knives or wires.

The main advantage of this type of vacuum-machine is that de-airing of clay before pressing
through the die results in bricks that are denser and hence stronger. Their porosity is very low and
hence such bricks are quite resistant to water absorption.

Dry Press process. It is yet another common method for moulding bricks in mechanized brick
making plants. In this method only a very small quantity of water is added to finely crushed and
thoroughly cleaned batch of clay so that the resulting mix is almost dry, at best damp. Such damp
clay is fed through hoppers to special brick moulds. Each mould is placed under a plunger and
pressure applied to the tune of 50-150kg/cm? through hydraulic presses. Such a pressure is sufficient
enough to convert the loose damp clay mass into a dense, very compact brick unit, which is then

removed from the mould. Such bricks are aptly called PRESSED BRICKS rather than moulded
bricks. Moreover, they have perfect shapes on all the sides, edges and corners.

2.7. STAGE IV. DRYING OF BRICKS

After moulding (or pressin n bri
g), the green bricks h
for at least three reasons; : el

F:irstly,'to make the green
the kilns for burning, Secondly,

dried before burning. This is essential

bricks strong enough to bear rough handling during stacking etc. iﬁ

ghtway broughy l‘;’ ;':LO‘:_IIOS? of moi_slure from the bricks at a slow rate. If the green
isi e 's:v °lf b“"""‘_gi the loss of moisture will be fast enough to
BRapip recuiuel during burning stage. This is simple to explain; a

quire more fuel to burn completely than a brick containing
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Drying of green moulded bricks ls_achieved either by natural methods or by artificial methods. In
the natural methods, there are two distinct stages involved in the drying process @

pre Stacking Stage. The moulded bricks are laid sidewise and flat wise for 2-3days in turn in

hat they become hard enough to handle for stacking in heaps (Fig. 2.6).

the drying fields so t
e layer

Stacking Stage. In I!lis stage, the hardened bricks are arranged in well-made layers, on
r, in a cautious manner by the skilled workers. Stacking is done in specially prepared

ds. Each stack may be about 100 cm wide, 10 brick layers high and as long as the
n layers

above anothe

drying groun :
round allows. Enough space 1s left between the individual bricks in a stack and also betwee

for free circulation of air around each brick. This is a very essential aspect of stacking for ensuring
proper drying. Further, the stacks are properly protected from direct sun, rain and strong winds. -

Air-drying by stacking method may take 4-10 days depending upon the season and place of
drying. Air-dried bricks still retain 2-4% moisture in them. :

NN, - el

———-_-_—————.--—-.———.-.——-—-

pppnannt

et

Fig. 2.6. Drying in air.

Sun Dried Bricks : Adobe
The Sun-dried bricks are also called adobe. At many places in
construction material even during the present times. It is establ
enough load in small construction provided they are sheltered prop
The Artificial Drying. This method becomes essential in mechanized brick making units. It is
only by this method that the drying of bricks can be ensured throughout the year independent of
weather conditions. Artificial Drying may be achieved either in specially designed chambers or

the world, these are the poor man’s
ished that these bricks can sustain
erly from continuous rains.

tunnels.
In the Chamber Drying, bricks are arranged in stacks within specially designed drying chambers

keeping sufficient spaces for free circulation of hot air around them. Hot air under controlled conditions
of temperature and humidity is made to circulate through these stacks for 2-4 days or more. The
dried bricks are then taken out and next batch of green bricks is stacked in layers within the chamber

In the Tunnel Drying, bricks are stacked on mobile cars that are made to travel on rails withi
a specially designed drying tunnel. The tunnel is divided into compartments and each car loade
with green bricks is made to stay in a particular compartment for pre-fixed duration. The cars con
out from the other end of the tunnel one by one:. This process may take 2-3 days for a car load '

bricks to dry to desired extent.

2.8. STAGE V. BURNING OF BRICKS

2.8.1. Need

Burning of dried bricks i
such as sufficient strength, hardness,
three chemical changes are known o la

dehydration, oxidation and vitrification. _
Dehydration. It means complete removal of water from the pores of the bricks. It is compl

at the temperature range of 425-765°C. Bricks heated at this temperature lose all the free water
also to a good extent the water of crystallization from its components.

s absolutely essential to develop in them the desired building proper’
durability and resistance to decay and disintegration. At I
ke place in the brick- earth during the burning proc
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For thesc reasons, Clan i i
s sons, 1p Burning remains even
il : i g now a co P ini i
type of bricks in many parts of the country. e
Disadvantages :
i) Burning icks 1 i : ' '
(i) purm :\.}:)cfrfar:c:::i Cliqn[ot un:f%rm, some bricks, especially from the lower regions, get over
- s s from s )T regi i
iguncup 108 middle and upper regions of the clamp may remain under burnt.
; 1(.:n, is no possibility to regulate heat in the clamp once it starts burning;
(iif) Qu:lc a 'conmdcrahlc-quantily of bricks get damaged due to crumbling and falling when the
intervening layers of fuel get burnt.

(iv) Time required for burning is too long.

B. Brick Kilns

Many types of permanent structure
may be divided into two broad groups depending upon the
kilns and the continuous Kilns.

(a) The Intermittent Kilns arc thosc
only after a definite interval of time after these
kilns is intermittent and not continuous.

(b) The Continuous Kilns. These are brick kilns from w
bricks almost continuously. This is because they consist of a nun
these chambers arc s0 controlled that at any given (ime. when one chamber is in the loading process,

a third chamber in the preheating stage, a fourth

another chamber may be in the burning stage, .
chamber in the cooling stage and a fifth chamber in the unloading or supply stage. The operations
are shifted from chamber to chamber in such a way that at any lime onc chamber is available for

ity of kilns in the

unloading. The continuous kilns arc becoming morc popular although mgjnn _
countryside are still of intermittent type. We shall describe onc Lype of intermittent and three types of

continuous kilns.
1. THEALLAHABAD KILN

It is a common type of intermitt
has four permancnt walls. It may be

over ground. | £l UES

are termed as kilns. Kilns

s are used for burning bricks. They
ion: The intermittent

ir principle of construct

1 the burnt bricks can be made available

types from whicl
k supply from such

arc put on fire. That is, the bric

hich it is possible to get the supply of
1ber of chambers. Operations in

y rectangular in shape and

¢ kiln. In construction, it is generall
tly underground and partly

en
y underground or par

constructed totall

N &§ NN D NN
= H] HH T HH HF |~ G=GATE
§ a ' A | L F=FLUE
1 1 M B=BRICK

7R

] _

Flg.!&”"“ of a Typical Intermittent Kiln,

SNl

1
goh S
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Kiln Floor Ready for Loading. Partition doors are also seen.

Kiln from a distance

e

Dampers for control of flame circulation Stacking of Bricks-Note spacing for heat circulation
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Shake Free & Sapwood-Heartwood Demarcation

Heart Shakes & Star Shakes
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