Bricks and Brick Masonry
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Composition of Good Brick Earth
Foliowing are the constituenis of wrick earlh

1. Alumina
= ltisihe chief conslituent o! we:y xind of clay. A good brick earth should contain about 20 to 30
pes cent of alumina, s;

+ This conslituent impars plasm:s(; lo earth so thal it can be maoulded, If alumina Is present in
excess, raw bricks shrink awd warp during drying and burning.
2. Silica
« Agoad brick earth should & ?nlam about 5010 80 per cent of sitica. Presence oI this constituent
prevents cracking, sheinking and warping of raw bricks, It thus impans uniform shape to the
bricks. 4
» Excessaf silica destroys the cohesion between particles and bricks became britite,
» Durability of brick dopends on proper proportion of silica.
3. Lime .o
e  Lime not exceeding 5% is desimbie in a good brick earih.
« It should be present in a linely powdered state and nol in lump.
« Lime prevents shrinkage c? raw bricks. Sand alone 15 infusible. But it slightly fuses at kiin
temperature inprasence of firne !
» Excessofline causesthebrjck iomelt and hence, iis shapeis losl. Lumps ol lime ar¢ converled
into quick lime aller bummg and this quicklirne slakes and expands in presence of moisture.
Such an action resulls in splitting af tricks into pieces.
4, Oxidesof lron .
« About 5to 6 per cent is desirable in good brick carth. I helps ime 1o luse sand, LLalsoimparts
red colour 1o biricks.
« Excess of oxide of iron makes the bricks dark blue or blackish.
« I quantily of iron oxide is fess then bricks become yaliovash,

5. Magnesia
A small quaniily of magnesia in brick earth imparls yellow tint (colour} lo bricks and decreases
shrinkage. But excess of magnesia leads to the decay of bricks.
41,1 Harmful Ingredientsin Brick Earth
1. Lime
* [t causes unsoundness in brick il present in excess amounts.
2. lron pyriles '
-« Ifiron pyrites are present in brick earth, bricks get crystallized and disintegraled during burning.
3. Alkalies
= TFhese are mainly in the (orm of soda and potash.

~«  The alkalies setas a flux in the kitn during hummg and Ihey cause bricks to fuse, lwist and
warp.

¢ Asaresult, the bricks get melted and they loose their shape.

* |t1he alkalies remain in bricks lhen bricks will absorb moisture Irom the aimosphere when hey
are used inmasonry.

»  Suchmaislures, when gei evaporaled, lcaves behmd grey or white deposits on the wall surlace,
the appearance of the building as a whole then gals seriousiy hampered.

4. Pebbles

The presence of pebbies or grils of any kind are undesirable in brick earth because thay vill not aliow the
clay lo get mixed uniformiy and thoroughly which will resull in weak and porous bricks.

5. Organlc Matier
Presance of organic matter in brick earth assists in burning. But il such matler is not completely
burnt, bricks becoma perous.
4.1.2 Classification of Brick Earth
The brick earth is classified in the Iollowing three calegaries:

1. Loary, mild or sendy clay 2. Marls, chalky or calcareous clay 3. Plaslic, strong or pure clay

Alumina TR Alumna 10% Aluming %
T4 Sriica &6% Slhca 5% Silica 0%
Limo and magnesia 1% Limo and magnesia 48% Lime and magnesio 6%
Oxids of Iron 1% Oxide af iron % Oxido ol iron B%
Organic matter % Alhales 4<% Organic of matter 2%
Toln! 100% Totat 100% Total N 100%
4.2 Manufacture of Bricks

Four distincl cparations arenvolved: .

1 Preparawan of clay 2. Mouldng

3. Dwying 4. Bumnmng



Preparation of clay

Clay of bricks is prepared in (he following order:

(i}
(0]

(i)
(v

v

Unsoillng: The top layer of soil, about 20 cm in depih, is taken cul and Lhrown away.

Digging: Clay is then dug out from the ground. ltis spread on lhe levellad ground. Height of heaps
al clay is about 60 cm to 120 cm.

Cleaning: Soil should be cleaned ol slones, pebbles, vegelable matter, etc.,

Waeatharing: Clay is then exposed to aimosphere for sollening or mellowing, The period of exposure
varies from few weeks lo full season.

Blending: Clay is made loose and any ingredient 1o be added to il is spread oul a1 its top. Ris
carried aut by taking small porlion of clay every time and by turning it up and down in vertical
direction,

{vi} Tempering : In the process of lempering, clay is brought 1o a proper degree ol hardness and it is

made fil for the next operation of moulding.
Waler in required quanlily is added 1o clay and the whole mass is kneaded or pressed under the
feel of men or caltle. Tempering should be done exhaustivaly 1o oblain homageneous mass of clay
of unitorm consistency. For manufacturing good bricks on alarge scale, tempering is usually done in
a Pug mill. Diameler of pug mill al bollorn is about 80 cm and that at top is about one metre.

Do you know? The process af grinding clay with water and making it plastic is known as pugging.
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Moulding
The clay which is prepared as above is senl for the next operahon of moulding. Two types of moulding
arg hand moulding and machine moulding.

Hand Moulding

(@)

In hand moulding, the bricks are moulded by hand i.e. manually,

1L is adopted where manpower is cheap and is readily available for e manulaclurlng process of
bricks on a small scale.

There are wo lypes of moulds (&) wooden mould (b) steel mould.

Stee! mould is better than wooden mould.

The bricks shrink during drying and burning. Hence the Hand moulding

moulds are (o be made larger' lhan the size of lully burnt |

bricks. [ 1

The moulds are therelore made larger by about 8-12% in G“'"”‘:ﬁ"d."’"""’d Tablo moutded
all direction.

Ground Moulded Bricks

» The ground is lirst made fevel and line sand is sprinkled over it.

« The mouldis dipped in water and placed over the ground.

«  The lump of lempered clay 1 laken and it is dashed in the moukd

< Theclay is pressed or forced in the mould in such a way that it fills all the corners of mould,

o The bricks prepared by dipping mould in waler every ime are knowin as the slope-moulded
tancks.

» Fine sand or ash may be sprinkled on the inside surlace of mould instead of dipping mould in
waler is known as sand-moulded bricks.

{b} Table Moulded Bricks

¢ The process of moulding these bricks is just similar as hand moulded bricks.
¢ Inihis case the moulder (personnel) slands near a table of size aboul Zm x T m.
* The bricks are moulded on the table and sent for the further process of drying.

= Eificiency of moulder decreases gradually because of standing at the same place for long
duration.

* The cost of moulding is more than the hand moulding.

423 Machine Moulding
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Tha moulding may alse be achieved by machines.

This process is economical when bricks in huge quantity are (o be manulactured at the same spot
in a short time.

Moulding machinss are broadly classified in iwo calegnries viz. Plastic clay machine and Dry clay
machine,

Piastic Clay Machins

« , Such machines conlain a rectangular opening of size equal lo lenglh and wigth of a brick.

» The pugged clayIs placed in the machine and as it comes out through the opening ilis culinto
strips by wires fixed In frames.

¢ As the bricks are cul by wire they are aiso known as the wirg cut bricks.

Dy Clay Mechines

* inthese machines, the sirong clay is first converted inlo powder form.

* A small quaniity of water is then added 1o form a stiff plaslic pasle.

¢ Then pasle is placed in mould and pressed by machine lo lorm hard and well shaped bricks.
¢, These bricks are known as the pressed bricks and they donot practically require drying.

* They can be senl direclly for the process of buming.

o &
You

Know @

The wire cut and pressed bricks have regular shape, sharp edges and comers. They have
smooth external surfaces. They are heavier and sironger than ordinary hand-moulded bricks.
They carry dislincl frogs and exhibit unilorm dense texture.

|

Drying by

Maisture conlent is brougivt down lo 2% for {he burning operation.
The damp bricks, if burnl, are fikely to gel cracked and distorted.
Far drying. bricks are laid longitudinatly in stacks of width equal to two bricks.

A stack consists ol eight or 1en liers. Bricks are {aid along and across the stackin alternate fayers.
All bricks are placed onedge.

The bricks are generally dried by natural proceés,
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«  When bricks are fo be rapidly df}ed ona targe scale then artificiat drying may be adopled.

»  [nsuchacase. the moulded bric) ”'fare allowed lo paz- through special dryers which are in he form
of lunnel> orhat channels or |

= Thelemperalure is usually less lf?ﬂ 120°C and the process of drying of bricks takes about 1-3days
depending upon the temperaumfmamiamed inthe drier. .

I

Burning :

«  Whenihe lemperature of dult reui@t ol about 650°C is aligined, 1ha vrganic matter comained in the
bricks is oxidized and also the wigter ol crystallization i driw‘zrp iiwa\;‘, but heating ol bricks is done
beyond this limit for the fol ovnngbﬂfposes'

@i} ifbricksare cooled after aﬁaiﬁmg the temperature ¢! aboufssa °C, the bricks formed wiill absorb
moisture from the air and getfrehyd aled.

{i} Thereaclions between the n%nerabconsiiluents of clay are achieved at higher termperature and
Ihesereaclionsare necessarybgwe new properties such as strength, hardness and low moisture
absorplion. §

*  When the temperature of about;l 100°C is reached, the particles of two important constiluent of
bﬁcksc!ay. viz, alumina and sand‘fase themselvas together resulting in the increase of strength and

. Healsng s nol desirable and if lhe temperature is raised beyond 1100°C, a great amoun! of fusible
glassy massis ormed and the bricks are said o the vilrilied,

= The buming of bricks is done either in clamps or in kilns,

+  Theclamp isa lemporary siruckire and is used lor small scale procduction of bricks.

* Kilnsare permanent slruciures cind they are adopted to manulaclure bricks on farge scale.

=  Burningimparts ha!dnessandsm?n”gth lo bricks and makes them dense and durable. Bricks should be

burni propedy, I bricks are over bx’imt‘ they will b britle 2n.d hence, break easily. if they are under burnt,

they wili ba soft and hence, cannatcarey loads.

{a} Clemps

« A piece of ground is selected. lis shape in plan is generally rapezoidal. Floar of clamp is

preparedin such a way that émf tedge s slightly in the excavalion and wider edga s raised at
anangle of about 15° from grot!nd level,

« Fuelmay consist of grass, cqw dung, fitter, husks of rice or ground nuls ale. Thicknass of this
layer is about 70 cm lo 80 ¢, Wood or coal dust
may alsobe used as luel.

s Alayer, consisting of 4 or 3 courses of raw bricks,
is then put up. Bricks are laid o edges with small
spaces between them for the circuiation of air.

« Asecond layer of {ue! is then placed and over, it
another layer of law bricks is put up

« Tolalheight cfaclampis about3mio4d m.

= When clamp is completely consiructed, it is
plastered with mud on sidos and top and filled
with earth to prevent the escape of heat.

*;C’ — Bk. Wall w1 mud

Fig. A lypical brick clamp

+ Clampis allowed o burn lor a period of aboul ane (o two months.
« |tis then allowad o coal lor more or less the same period as burning.

423 Advantages of Clamp Burning
1. The burning and coaling of bricks are gradual in clamps. Hence the bricks produced are lough and
swong.
The burning of bricks by clamp provas to be cheap and economical,
Na skilled labour and supervision are required for the construction and operation of clamps,
The clamp is not liable e injury from bigh wind or rain.
There is considerable saving of fuel.

L

42.4 Disadvantages of Clamp Burning
« Bricks are not of regular shapa.
s« llis a very slow process.
« Risnot possible lo regulale fire in a clamp.
»  Quality of bricks is not uniform.

(b} Kling; Akiln is a large oven which is used to burn bricks. The kiins which are used in the manufaciure
of bricks are of the tollowing (wo lypes:
(i) Inlermittent kilns
(i} Continuaus kilns

(i} Inlarmittent kiins: Thesce may be
over ground or underground and they
are classilied in wo types:

(a) Intermitient up-drought kilns
{b) ' Intermittent down-drought
kilns

(a) Intermlttant up-droughl kilns
e These kilns are in the lerm ol
roclangular striscturas with thick
outside walls
« Flues are provided lo cany llames
of hol gases threugh the body of kiln.
« Top course is linished with flal bricks. Other courses are lormad by placing bricks on edge.

Spaco for ruul

Fig. Inlermittent kin

« Strong lire is mantained for a period of 48 o 60 haurs,

Disadvantages:
{} The quality of bumt bricks is not unilorm, The bricks naar the boltorn are over burni and those
near the top arc under burnt.

{ii) The suply of bricks is not conlinuous.
(iii} There is wastage o! heat as kin is to be cooled down every time afler hurning.



{b) Intermiltent down-drought kilns

4.2.5 BullsTrenchKlin

« Thesekilns are rectangular or circular in shape.

«  They are provided with permanent walls and closed tight rool.

» The working of this kiln is more or less similar to the up-drought kiln.

« Bulitis soarranged in this kiln thal hot gases are carried lhrough venical flues upto the level of
rool and they are then released.

* These hol gases move downward by the chimney drought and in doing so, they burn the bricks.

Advantages:

+ Bricks are evenly burnl. )

» The parlormance of this kiln is beller than that of up-drought Kiln.

s Thareis close control of heal and hence suct kilns are usalul for burning sltuclural clayliles, terra
collaelc.

{ii) Continuous Kilns; These kilns are continuous in oparation. This means thal loading, firing,
coaling and unloading are carried oul simullaneously in'these, There are various types of the
conlinuaus Kiins.

(a) Bull's frenchkiin
(b) Hofiman's kiln
{©)  TunnelKiin o

Chimnoy

Section 1 — Loading

Seclion 2 — Emply G
Section 3 — Unicading
Seclion 4 — Cooling

e i e
-

Section 5— Burning

Section 6 — Heating

This kiln may be of reclangular, circular
or oval shape in plan

It may be lully underground or parlly —r= T
projecling above ground. Outer brick Wﬂ"—j Plan  Flua Holes

This is the most widely used kiln in India
and it gives continuous supply of bricks.
Bricks are arranged in sections. They are arranged in such-a way thal flues are formed. Fuel is
placed in fiues andil is ignited thraugh flue holes atter covering top surface wilh earlh and ashes (o
prevent the escape of heat. Flue holes are proviged in sullicienl number on 1op to inserl fuel when
bumingis in progress.

Fig. Bull's french kin

426 Hoffman'sKiln

This ¥in is construcled over ground and hence, il is sometimes known as flame kiln, Its shape is circular
in plan and itis divided into a number of compartmenis or chambers.

Chimnay
Roof
'g Fuel Holos i o onts e
S AN
s LU IFILY1
2

t~Flua
|
I—
[y | BN o
]

! Fig. Hoftman's Kin

Since it is provided with a permanent reol, the &iln can even function during rainy season.

Figure shows plan and seclion of Ihe Holfman's kiln with 12 chambers. Each chamber is provided with
the following:

1. Amain door for loading and unloading of bricks.

2. Communicating doors which wauld act as llues in open condition,

3. Aradial flue cochi‘ed with a central chimnoy.

4. Fuelholes with covers iqdrop fuel, which may be in the form of powdered coal, into burning chamber.



The main doors are closed by dry brié@c’s and covered with iryd, when reguiced,
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Tablo; Campasison begween Buli's Trench Kit: and Hollman's Kitn
: W

S.No. Hom Bulf's franeh Kin Helfman's kitn
3. | Buming copadily Abwk:}:'iam 17 days. Abeul 40 takhs In 004 Eeason,
2. | Conlinuity ofwodding {1t stops fun 'ﬁnm AWNng MONsoan s I It funciions all tha yoar with o
is not providod vAth o permanent ool permanent of, '
3. | Cosiahuad r@nm%ﬂwmmmmm tuw
4, Drying space T requitas eone spoca. t ike:lmms less spaca,
5. | Iniual cast tow. High,
6. Nabwn 1t s somi-oontnuys in fogse sense. it tontinuous s nature,
7. | Poputaity Moco popalar bacause of less initinl zst | Loss papudar because of high
5. inltial cast.
8. | Qualty ol bricks Porunzagigat good qually becks bs ceaal, Porcontoge of good quality
) : birigles s moro.
9. | Sulabiity whan gomand of tricks fn Suitatile whon domand of bricks
Is ol subztantial. is throughout tha yoar,
Table: Compatison &sm-em Clamp Butning and Kilr Burning
§No.| No.Hem Clampshumning Kiin bumning
1. § Capadity About 20000-100000. Avg. 25000
2, | Costoffua Low asfgrass, cow dung, liter | High becausa coal dustis lo be
may be used. used.
3. | iniliatcost Very low as no struclures are | More as parmanent siruciures ar@
1o be buill. to be cansiructed.
4. | Qualily of bricks The perceniage of good qualily | Percentage of good quality bricks
bricks is sma!l aboul 50%. 1% high about 90%.
S, | Regulation of Gice it is nol possibia to control or Tha fire is under contral throughoul
rogulale fire during Lhe process | the process of buming.
of buming.
6. | Skilled supervision Nol nacossary llvough oulthe | The cantinuous skilled supervision
process of buming. is necossary.
Struciure Tsmpcsﬁly structure. Parmaneat siruclure,
8. | Suilability For small scole. For large scale.
9. | Time of buming It requires aboul 2-8 months, Aclual buming lime is 24 bours ang
and coaling 12 days are required for cooling of
bricks.

4.3 Qualities of Good Bricks

1.

The bricks should be table-moulded, well-burntin kins, copper-colourad, free from gracks and with
sharp and square edges. The colour should be unifonn and bright.

43.1
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9.

The bricks should be uniform in shape and shoud be ol slandard size.
The bricks should give a clear metallic ringing sound when struck with each other.
The bricks when broken of fraclured should show a bright homogeneous and unilorm compact
strugture free lrom voids.
The brick should not absorb waler more than 20 per cent by weight (ar first class bricks and 22 par
cent by weight {or secand class bricks, when soaked in waler al room temperature for a period of
24 haurs.
The bricks should be sulficiently hard. No impression should be lefl on brick surface, when il is
scratched with finger or nail.

" The bricks shautd not break into pieces whon dropped flat on hard ground Irom a height of about
onemetre. .
The hricks should have low thermal conductivity and ihey should be sound proof.
The bricks, when soakad in water lor 24 hours, should not show deposils ol white salls when allowed
to dry in shade. :

10, Nobrick should have the crushing sirength (2ss Ihen 5.50 Nfmm?2,

Strength of Bricks
Faglors Allecling the Strength of Bricks:

NOO o N

Composilion f brick earlh.

Preparation of clay and blending ol ingredienis.

Nature of moulding adopted.

Care laken in drying and siacking of raw or green bricks.
Type of kiln used including type of {uel and ils feeding.
Burning and cooling processes.

Care taken in unloading.

Do you know? Tha average crushing sirength and tensite strength of hand moulded bricks are 60000 kiyjm?

and 2000 kN/m? raspectively. The shearing strength of bricks is aboul one-tenth of the crushing strength.

4.4
1.

Tests for Bricks
Absorption

e

A brick is taken and it is weighed dry. It is lhen immersed in water [or a penod of 16 hours.
Then weigh again and the difference in weights should nol, in any case, exceed

(ay 20 per conl oi weight ol dry brick for lirst class bricks.

{b) 22.5 por cent lor second class bricks.

{c} 25 pet cen:for third class hricks.

Crushing Strength

NMinimum crushing stresgtn for fitst etass bricks ,# 10 Mmm? and for secand class bricks < 7.5 Wimm?,

Hardness

°

: -
In this test. a scrateh is made on brick surlace wilh the help of a linger ar nail. i noirmprassion s left
. on he suttace. brick is treated lo be sullicently hard
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4.4.2

Prasence of Soluble Salts
« Soluble salls, if present in bricks, will cause effiorescence on the surlace of bricks.

+ llisimmorsedinwale: for 24 hours. Itis then laken oul and allowed lo dry in shade. Absence ol grey
or white depasits on ils surface indicales absence of soluble salls. :

.l ihe while deposils cover about 10% surlace, the efflorescence is said to ba slight.

*  When white deposil cover about 50% ol surlace then it is said 1o be moderale.

*  ligrey orwhile daposits are found on more than 50% of surface, Ihe elflorescence becomes heavy
and il is Irealed as serious.

Shape and Size

¢ lis shape should be lruly rectangular with sharp edges,

*  20bricks are mndomly selected of slandard size (19 x 9 % 9 cm). For good qualily bricks, the resulls
should bo within the following permissible limils:

Length - 368 cmio 392cm
Widlh - 174 ¢mio 186 cm
Haight - 17410 188 em

Soundnesg

¢ Inihis 1esl, two bricks are 1aken and lhey are siruck wilh each ather.

»  Bricks should nol break and a clear ringing sound should be produced,

Structure

v lishould be homogeneous, compact and Iree rom any dalecls such as holes. lumps. elc.

= High duly tireclays can resist lemperature range of 1482°C to 1648°C: medium duty fireclays can
resist lemperatura range of 1315°C to 1482°C and low duly fireclays can resist temperature up lo
870°C only.

Classification of Bricks
The bricks can broadly be divided inio two caleqorias:

Unburnt Bricks

The unburnt or sun dried bricks are dried with Ihe help of heal received fram the sun aller the process of

moulding. These bricks can only be used in the construction of emporary and cheap siruclures, Such bricks
should not be used al places exposed to heavy rains.
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Burnt Bricks

These are classilied into lour categories:

Firsl Class 8ricks

»  Thesc bricks are table-moulded and of standard shape ana incy are bumt in kilns,
* Thesurlaces anq edges of the bricks arc sharp, square, smooth and siraight.

«  Firsi class bricks Nave all qualities ol good bricks,

» These pricks arc used far superior work of permanent nalure

{in

(i)

(i)
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Second Class Bricks

»  These bricks are ground moulded and they are burnt in kilns.

¢  The surface of these bricks is some what rough and shape is also slighlly inegular.

» These bricks are commonly used al places where brick work is to be provided with a coat of pi§mer,

Third Class Bricks

* These are ground moulded and they are burnt in clamps.

= These bricks are nol hard and they have rough surface with irregular and dislorled edges.
«  These bricks give dull sound when struck together.

* Theyare used for unimportant and lemporary slructures.

Fourth Class Bricks

+  These are over burni bricks with imegular shape and dark colour. These bricks are used as aggregate
for concrate in foundations, floars, roads, eic. because of the facl thal the over burnt bricks have a
compac! slruclure and hence they are sometimes found 1c ba sironger than even the first class
bricks.

Colours of Bricks

The colours of bricks, as obtained inits nalural course of manulaclure, depend on the loliowing factors:
Degree of drynsss achieved belore burning.

Natural colour of clay and its chemical composition.

Nature of sand used inmoulding operalion.

Qualily of luel used in burning operation.

Quaniity of air admitted to the kiln during burning.

Temperature at which bricks are burnt.

Size and Weight of Bricks

In India:

s Standard size of bricksis 1I9cmx 9emx 9em.

« Nominal size (with mortar) is 20 cm % 10 x {0cm,

« The commonly adopted nominal size of raditional bricks is 23cmx 11.4cmx 7.6cm.

« Il is found that the weight of 1 m® of brick earth is aboutl 1800 kg. Hence the average weight of a
brick is about 3 to 3.50 kg.

2B

Shape of Bricks:
{i) Bulinosa Brick o ‘
« A brick moulded dvith a rounded angle is termed as a bullnose. it is
 usedlora rOU“lGEF quoin.
* A connection which is formed when a wall 1akes a turn is known as
quoin.
{ii} Channel Bricks
* These bricks are moulded to the shape of a gutier or & channel and
they are very alien glazed. -
¢ These bricks are used lo lunction as drain,

v%

Fig. Bulinose Brick
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{ik} Coping bricks ;

- ) £ Chamfone Hall-round -
» Thase bricks are made 1o suit the thickness of wails Beick 19;:‘“ Smg‘:d?a *
onwhich coping is lo be providid, ! I l
= Such bricks lake varipus forms such a3 chamtered . /7 e
hall-round or saddle-back. J I\\ i [
{iv} Cownase Bricks ¢
« A brick moulded with a double bulthose on and is J ] l
known as cownose. | .
{v) Curved Seclor Bricks i L |
* These bricks are in the form of gurved sector and hey v = *

areused in the construction offcircular brick masonry
pillars, brick chimnoys sic.
» The petforation may be circu@. square, reclanguiar or any ather regular shape in‘cross-seclion,
= The walet absorplion after imersion for 24 hours inwater should nal exceed 15% Ly water.
» Compressive strength of perférated bricks should nol be less than 7 Nfmm?2 on gross arca.

Flg. Buck Copings

Wall thigkness
2025mm

(vl) Hollow Bricks
« These are also known as cafliilar or cavily bricks. Such bricks
have vaall thickness of about aémm 1025 mm. They are prapared
from special horogeneous ctay Trey arelfight in weightaboul  —%
one third the weight of the ordinary bricks of the same size, These
bricks can be laid almost abogt four times s fast as the ordinary
bricks and thus the use of such bricks leads to speedy
construction. They also reduce the iransmission of heat, sound
and dampness. They are vsed in the construction of brick

Fig. Hotiow Brick

pattitioning.
{vli) Paving bricks ‘
= These bricks are prepared from clay conlaining a higher ») Ov W)
percentage of iron. Excess iron vilrifies the bricks at a low >0 00 <><
temperature. Such bricks resisl beiier abrasive acton of Iraffic. XA

Paving bricks may be plain or checkered.

{viii)Perforaled Bricks

« Periorated bricks are used in the construction of brick panels for
lightweight structures and multi-storeyed ramed struciures,
{

« The perlorated bricks are used in the consm..télion of brick
paneis for lightwaigitt structures and mwlli-storoyed framed
struclures. i

«  The campressive strengtivol perforated bricks should not
be less than 7 Nfmm? on gross area.

o &

Know S

Fig. Petforated Enck
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Fire-Clay

«  Constiluents of a good fire-clay are afurnina and sifica. The percentages of alumina varies lrom 2510
35 and that ol silica from 75 ta 65. In any case, mpuriues such as lime, magnesia, iron oxide and
alkalies should not exceed 5 per cent,

« Depending uponihe fire resisling capacity, zeclays are classilied into the following three categories:
1. High duty lireclays
2. Medium duty lireclays
3. Lowduly fireclays.

Fire Bricks

«  These are made from fire clay. The process of manutacture is same as Ihat of ordinary clay bricks.

= The burning and cooling ol fire bricks are done gradually.

¢ These bricks are usualiy while of yellowish whitg in calour.

= The weighlof a lire bricks is aboul 30-35 N, '

»  Thofire bricks can resist high temperature without sollening or melting.

s These bricks are used for Iinings of intetior surface of lurnaces, chimneys, Kiln, ovens. fire places
ele.

»  The compressive strength of these brricks varies from 200-220 Nfmm?.

+  The percentage of waler absarplion lor these bricks varies from 5-10%.

= Following are lhe three varizlies of fire bricks:

{i) Acldic Bricks
« These bricks are used for acidic lining.
« FoNowing are the types of acidic bricks.
(a) Ordinary firabricks: These bricks are prepared from nalural lire-clay and thoy provide a
good matenal for acidic relractary lining.
(o) Silica bricks: These bricks cantain a very high percentage of silica lo the exient of about 85
10 97%. A small quantity of lime. about } lo 2% is added_\‘towork as binding matenal. These
bricks are moulded under pressure and burntat high temperature. Silica bricks can wilbsiand
ahigh temperalure up to aboul 2000°C.
(i) Baslc Bricks
= These bricks are used for basic lining and basic refraclory materials are used in the rnanulfaciure
of such bricks, )
« Magnesia bricks arc prepared from ime and magnesia rocks. Dolomite may also be adopled lor
the manulacture of these bricks.
{iil) Neutral Bricks
» These bricks are used for neutral lining.
e Following are the lypes of neulral bricks:
{a) Chromile Bricks: These bricks ore prepared from a mixlure of chromie, 1fon vie, ferrous
oxide, bauxite and :silica. Such bricks are unallected by acidic or basic achons.
(b) High Alumina Bricks: These bricks contain a high percentage of alumina and they arc
found (o be more ineri (o sfags.



4.7

Brick Masonry

1.

Stratchar: A slretcher s the longer face of the

brick {i.. 19 cm x 3 cm) as seen in the efevalion Quoln »

of lhe wall. A course of bricks in which all the % — Perpond o

bricks are Taid as stralchars or? tacing is known 1 )~

as a strelcher course or slretching course. T 1- 7 mﬂﬂﬂd

Haader: A headeris the shorter face of the brick [~ || | ]

{i.e. 9 cm x 9 ¢m) as seen in the elevation of the = | . . ]

wall. A course of bricks in which all the bricks are S [ I |

taid as headers on the facing is known as header (&= [ M! - ‘T‘"’ﬂ _IJ

course or heading course. /lm IH"‘ F"I'; I |
, ]

Lap: Lap is the horizontal d1ste_mce between the ayn ) —

vertical joinis of successive brick courses. Pl - Courso

Perpend: A perpend is animaginary vertical fine
which includes the verlical joinl separaling wo
adjoining bricks.

Bed: Bed is the lower surfaca (19 ¢m x 9 cm) of the brick when laid fiat.

Closar: ltisa pénion of a brick with the cul made longiludinally, and ilused to close up bond al the
end of the course, A closer helps in preventing the joints of successive courses (higher or lower)to
come in 3 vertical line. Closers may be of varlous types as dafined helow.

Fig. Elevarion of a Brick Wall

.

{b) Queen-Closor (Haif)

{0} Full Brick

(o) Bavolled Closer

{d} King Closcr

<lim

.

‘
. 1
meeld

A

.

(g) Halt Bat

{h) Three Cuortor Bat

{1) Bovelied Bat

-

Fij Various Forms of Brick Portions

7,

10.

1.

12.
13,

14,

15,

16.

17.

18.
19.

Queen-closer: Il is a portion of a brick cbiained by culling a brick lengthwise inlo two partions
Fig. (b). Thus, a queen-closer is a brick which is half as wide as the Tull brick. Thisisalso known as
queen-closer-hall. :

Whan a queen-closer is broken into two pieces, it is known as queen-closer-quarter. Such acloser is
{hus a brick piece which is ong-guarter of Ine brick size Fig. {¢}).

King closer: itis the portion of a brick which is so cut that the width of one of its end is hall that of
a full brick, while the widih al the other end is equal to the full width {Flg. d). It is thus obtained by
cutting the Iriangular piece between (he cenire of ong end and the cantre of the other (adjacent) side.
It has hall-header and hall-strelcher lace.

Beveled closer: It is a special form of a king closer in which the whole fength of the brick {i.e.
siretcher face) is beveled in such a way thal half width is maintained at one end and full width is
mainlaingd at the other end (Fig. o).

Mired closer: It is a portion of a brick whose one end is cut splayed or mitred for full width, The
angle of splay may vary from 45° 1o 60°. Thus, one longer {ace of the mitred closer is of fulllength of
{he brick whila the other longer face is smaller in fength (Fig. ).

Bat: It is the portion of the brick ‘cul across the widih. Thus, a bat is smaller in length than the full
brick. I the lenglh of the bat is equal 1o half tha length of the original brick, it is known as hall bat
{Fig. §). A Ihree-quanter-hal {Fig. h) is the one having ils length equal o three-quarters of the lengih
of a flull brick. if a bal has ils width beveled, it is known is beveled bat {Fig. i}

Arris: It is the edge of 3 brick.

Bull nose: Il is g special moulded brick with one edge rounded {single bull nose)or with wo edges
rounded {double bull nose), These are used incopings or in such positions where rounded corners
are preferred (o sharp arises. :

Splays: These are special moulded bricks which are oflen used 1o form plinth. Splay swetcher
{plinth stretcher) and splay header (plinth header) are shown respeclivaly.

Dogleg or angle: Itis also a special form of moulded bricks which are used 1o ensurs satistaclory
bond af quains which are at an angle other than right angle. The angle and lengths of the faces
forming the dogleg vary according to requirements Thase are prelerred (o mifred closer.

Quoin: It is a corner or the external angle on the face side ol a wall. Generally, quoins are at right
angles. Bulin some cases, they may be at angles greater than 90° also.

Frog or kick: Alrogis anindentationin the face of a brick to form a key for holding the moriar. When
(rogis only on one face, that brick is laid with that face on the lop. Somelimes, frogs are provided on
both the faces. Howgver, no frogs are provided in wire-cut bricks. A pressed bricks has two frogs
(asarule)anda pe;nd-made brick has only one frog.

Racking back: It is the termination of a wall in a stepped fashion.

Toothing: i1 is the lermination of the wall in such a fashion thal each alternate course at the end
projecls. in ordor 1o provide adequate bond if the wall is continued horizontally at a later stage.



4.8 Bonds in Brick-Work
481 EnglishBond
s, In

This bond consists of alternale courses;f heagers and sireic s
this arrangement, vertical joints in the h:far coursas comeovar each

i

othsr and the vertical joints in the sirefpher courses are 2lsa in the
same vertical line. For breaking of verfical joints In the successive

courses it is essential to place queen e?nser, oiter the first header if’ 115 Brick wall

each header course. The fallowing add!iana! points should te notedl ' e Enaish Bond

in English bond construction: o ig. Englis:

1. A header course should never slah wilh a queen closer as it é liabie 1o get disp!acgd from this
position. '

2. Inthe streicher course, the siroichess siould have a minimum lap of 1140 of their fength over the
headers. i

- s L 3
3. Inwalls having thickness equal to?\ odd number of hatt brick, L.e., 1 3 rick thick wall:s or2 2 brick
thick walls and soon, the same cotirse v il show sireteness onone face and headers on the other.

482 FlemishBond !
In this amangement of bonding bi ¢wotk, each course |
consisis of altamale headers and strefghers. The altarnate
headers of each course ara centered dver 1 strelchers in
the course below. Every allernate coursg starls withaheadlar
atthe corner. For breaking the vertical jolnts in the successive
courses, closers are inserted in allermaie courses nexttothe
quoin header. inwalls having thicknessgqual 1o odd number
of halt bricks, bats are essentially use{lc achigve the bond.
Flemish bond is further divided into tvio dilferent types viz,
Single Flemish bangd and Double Flemigh bond. 112 Bk wall

483 DoubleFlemishBond Fig. Flemish Bond

in this system of bonding brick work, eéch course presents the same appearance bolh ﬁn the irgnt and
back elevations, Every course consists of hedders and stretchers faid alternalely. This type of bond ns'best
suited from considrations of economy and appearance. ltenables the one brick wall to have flush-and uniform
faces on both the sides.

4.9 Comparative Merits and Demerits of English and Flemish Bond

1. Forwalls thicker than 1% brick. Eréi;lish hond is sitonger than Flemish bond.

2. Femishband renders the appcarénce o! the face work more atiractive and pleasing.

3. Flemish bond is slightly ecommiba& as a number of bals can be used. This renders the use of
broken bricks possible, but renuires mora morlar {ar additional joints.

4. Treadogtion ol Flemish bond requires good warkmanship and careful supgrvision. Thusextra altention
is necessary takeep the verlical joints in alternate courses ont abave the other.

4.10 OtherTypes of Bonds

« (i} Stretcher Bond: In this arrange.rrent of bonding, all the bricks
are laid as slretchars, The averlap, which is usually of half brick,
is oblained by commencing each allernate course with a hall
brick bat. Siretching bond is used for hali bricks veall only.

(1} Header Bond: in this type of bonding, all tha bricks are laid as
headers on the faces. The overlap, which is usually of hall the
width of the brick is oblained by introducing a three-quarter bal
in each allernate course at quoins. This bond permils beller
alignment and as such itis used for walls curved on plan. This
bond is chiefly used for footings in foundations for beter
lransverse distribulion of load. :

(i} Garden Walt Bond: This type of bond is suitably adopted for
one brick thick wall which may acl as a garden wal ora bbundary
veall,

(iv} Facing Bond: This atrrangement of bricks is adopled for thick
vralls, wherethe facing and backing are desired to be construcled
with bricks of different thickness. This bond consists of header
and siretcher courses so arranged thal one hoader course comes
aller several sirelcher courses. ‘ )
Haking Bong: Thisis another type of bond in brick work in which
the bonding bricks are laid al any angle olher than zero or ninety
degrees. This arrangement helps to increase the {ongitudinal
stabilily of Ihick walls built in English bond.

{vi) Diagonal Beng: This bond is best suited lor walls which are
210 4 brick thick. This bond is usually intraduced al every fiith
or seventh course alang Lhe height of the wall. I this bond, the
bricks are placed end 1o end in such a viay that extreme corners
ol the series remain in conlacl with the stretchers.

{vii) Dutch bond: This bond is a modification of Ihe old English

{v

—
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Fig. Hoader 8end

cross bond and consists of alternate courses of headers and sirelchers.

Slenderness Ratlo (1)
»  Max () of Ipad bearing wall shall be

Na, of | Maximum Stenderneas
Sloroys Ratlo 2}
Comant Morar Lime Konar
Uptp 2 27 30
>2 2 12

. . ) ) h L
ienderness ratio (S} is (he mimniunm of F';E‘ or 7

wvhere k= stflening coellicient, h = offective (hickness.
L = eflective length, 1 = clfactive thicknass

Fig. Eccentricity of loading



4.10.1 Eccentrlcity of Loading ;
When a wall of Ihickness 'f', carrying axial load ‘W, and eccenlric load '#,' al eccentricily ‘€', per unit
length of wall. The resullant load Wil have an eccentricily § which can be found by (aking momanls around lho

cenlroid of the seclion,

we = W0+ W,xa

= Wl 075 12

& = equivalenl eccenlricily 0.4 1.2
z o 15 .16
7= eccenlricily ratio | 2030 ag

4.102 ShapeFactor
« Tansite stress in Masonry: For mortar not weaker than a 1:1:6, cement : lime : sand mix or
equivalent, the permissible lensile siress in bending shall not exceed 1 kgfem?.
«  Parmissible shear etress: For a martar not weaker than 1 : 1: 6 mix, the permissible shear siress
shall be taken as 1.5 kgfcm?,
« Dispersion of concentrated loag:

lw

|
1145- .[ w iu‘-['
< Je "l o< J_ 2,

Fig. Dispersion of Concontraled foad

+  Asper!S code, dispersal angle of 30° is more appropriale since brick strength of bricks in India is
rather low, resulling in less arching and greater load on lintels.

Tablo: Mix proportion and strength of commonly used morlars for masonry

s No. Minlmum cemproesion slrength Werar ype
hq}cm' mm’
'
T 109 W H,
2a) 75 15 :] M,
2L [ B
3o 50 s —] H,
Mo il 3 .
An » a i
"o b 2 By
ot 20 H J
P ogja) 7 ar 'I L
bost) A i 07 .
W 4 as L

Table: Effectiva Height of Wall (Nationai Building Code of Incia, SP-7: 1870}

S.No. ) Condition of Support . Effactiva Holght (M)
1. | Adoqualolateral support and partal rotals attop and boliom, For nxample, whota
tha floor (or roaf) has & ditoctlon of 6pan al #ight angles to the wall, 50 that the reaction lo tha 075 H
loag qr m:;nﬂ'a rgg! i _ww.Hnd_'hy thewalls; or wherg the conczate foors have a bearing on
Span.
2, | Adoquale lateral supporl and portia! retatianad rostraint a1 edher tog or bollom-and faloral
resiraint a1 gther ond. For examplo, fully braced construction which 1f ilsel odogqualely 085H
supporied and Incorporates: (a) timber floors immadialoly bolow o above o olnforood
concretefloor, and (b b inforced tioor or thetike,
3. sequala faleral support ol top ond U Noors (or roofs) hava a direchion
p.-:mlre!vﬂuuh?wnil,mpa?dhnllun,nrddannlbemmit of‘ My b ) ﬂ‘ ak ols%a:
{isal{adeq tysipp riad andwhichinconp ool | limbar upper slomy foors. 100 H
4. zd!:f:at? Ialz:l iwfph:nlow w:amatlh ratational rostraint of bottom and no lateral suppor o
nal restralnd al tha lop (wheso tha wall has ao lateral da; P 150
o] maim i hawd}( S support ai lap construction nol fully H
!
§. | Froestanding non loodboasing b 200K
Table; Effective Longti of Walfs
5.No, Condlllen of Suppert Effoctive Helght (H)
T | Vi ong sl of e e Pt ot 1 (i avor 1 e cao( Do supponiny e8L
0 or averish
o ovona Sighth g s less) from the Teco of tha supporting
2. | Whora tho wall is supporied by o bullorass or cross wadl oy continuous
bulteruss or cress val supparis & tha othor ead, 1 one ond and i oL
3. | Whoretho wallls supported nteach ond by a butirazs or acrosywall, 1.0L
4. | Whorethowallls freo atona oadand supported by o bulliess or ross wallaitha otharood. 15L

?-_ Objective Brain Teasers

Q.1 Afirst class brick when immersed in cold water

for 24 hours should not absorh water more than

(a) 15% (b) 20%
©) 22% d) 25%

Q.2 Crushing strength of a first class brick should

not be less than t
{a) 3.5N/mm? ] 7.0 Nfmm?
{c} 10.5N/mm? [(e}] 14.0 Nfmm?

Q.3 The main function of alumina in brick eanth is

(a) o impar plasticity

(b) tomake the brick duiable

{c) toprevent shrinkage

() tomake the brick impeimeable

Q4

as

Qe

The percentage of alumina in a good brick earth
lies between
{8 510 10%
{c} S01060%

b) 201030%
{d} 701080%

Excess ol alumina inbrick earth makes the brick
{a) impomesble

{p) brittle and weak

{t) tolose cohesion

{d) 1o crack andwarp on drying

The process of mixing clay, water and ather
ingredients 1o make brick is known as

{a) kneading {b) moulding

{c) pugging {d) drying



Q.7 Number of bricks required ior one cubm melre

of brick masonry is
{a} 400 {b} 450
{c) 500 {d) 550
Q.8 The Irog of the brick in a brick masonry is
generallykepton
{a) boltomlace (b} loplace
{c} shorterside (d) longerside

Q9 Themostimportant purpase of frogina brickis 1o
(a) emboss manulaclurer's name
(&) reducethe weighfofbrick
{c} formheyed joim belween brick and miortar
{d) improveinsulation by providing ‘hoflows’

Q.10 King closers are refated lo
{3} doorsandwindows
{b) king post truss
{c} queen postlruss
{d) brickmasonry

Q.11 The appraximate proporfion of dry cement mortar
requirect for brickwork is
(a) 60% (o} 45%
{c) 30% (d) 10%

Q.12For flatly laid single brick soling, what is the
number of bricks required of nominal size 20cm
x 10cm x 10cm, with 1.2 emwide cement mattar
all around and with atiowing up lo 1% waslage

for 10 m? area?
{a) 400 (b} 410 .
{c) 425 {d} 440

Q.13 Whatis the number of traditional bricks required

for 10m? of brickwork wilh standiard thicknéss of
cement moriar {3 : 316 1 : 5, as Iha case may

bej?
(a) 4750 {b} 4850
{c) 4950 {d} 5050

Q.14 Modular bricks are of nominal size 20 x 10 x
10.cm and 20% of Ihe volume 15 lost in mortar
between joints. Then what is the number of
modular bricks required per cubic meter of
brickwork ?

{a} 520 (b} 500
{c} 485 oy 470

Q.15 Consider the foflowing slatements:
Maximum slenderness ralio of load-bearing

maaseney walls fer 4 dweliing having more than |

two storeys shall nol exceed

1. 12, il lime mar laris used.

2. 1 7’. il cement-ime morar 1: 2 9 s used.
3. <, il cemanl mortar 1 : 6is used.

Wni uh o these statements are correct?

(@) tand2 oqﬂy (b} 2and 3only

€} 12nda only 1 (d) 1,2and3

Q.16 Brick. mascmy wa.ls and columns of a building
ate o be proleciad trom earthquake. The
earthuake proofing is done by providing
(8) crosswalls '

{b} less openings

(e) under-reamed piles

(d} astee! band atcorners above windows below
celling

Q.17 An arrangement for temporarily supporting a
struclure from benaath for safety, is known as

{a) jacking (D) underpianing

{c) sa.zppoﬂing, {d) hauling
LSRN T hnswers L) o
1. by 2. (c) 3.{ay 4. S5.(d
6. () 7.(c) '8.() 8.(c) 10.(d)
1. (e) 12.(e) 13.(c) 14.{d) 15.(d)
16. (d) 17.{B)

R Minfs EiSotutton "~ "

1. {¢)

For 1 votume of brick work, the brigks required

are 500. Therefore mortar needed
=1-500x019x009x09=023m

Add 15% exira for frog hilling, brick bonding and

waslzge.

Volume of wel mortar =023 x 1,15 = 0,265 m?

1 m? of wet martar = 1.25 m® of dry morlar

-, 0.2685 m* wel martar = 0.33 m” of dry morlar

Dry moriar as a percentage of brick work

= Q.?xwo-as '

14.

15,

(e)

Thoughitis giventhat 1.2 cmmde cement morlar
is provided all arcund the brick but considering
1.2 cm tolal width of cement mortar on opposite
faces of brick. So number of bricks required for
10m? area,

10x10*
N=212x112)

Also it s given thal 1% wastage is allowed, So
no. of bricks required
N =Nx10
=421.16x1.01
2425 bricks
So option (¢) is cotrect.
But as per queslion is should be

10x10%
22.4x124

=421.16 bricks

N =101 =364 tricks

(d)

Naminal size of modular bm:ks
=20cmx 10em = 10ecm

Actual size of modular brick
=19cmx 3cmx dem

Korlar required tor 1 m? brickwork

- 1—[———1—-vx 0.49 x0.0Qx0,0Q)
0.2x0.140.1

=1-0.7695 = 0,2305 m*

Vowume of mortar tost between joints = 20%

-~ Volume of setmortar

= 2
0.2305 + 0.2305 x — 100 =0.2766 m

Actual vorume of bricks = 1 - 0.2766
= 07234 m?

.~ Number of medular bricks

B 0.7234

T 0.19x0.09%x0.00

)

For a wall, tha slendemess ratio shall be the
clzctive height divided by the effeclive thickness
and stifening co-elficient (K,) or the elfective

= 470

16

17.

length divided by Ihe effective thickness.
whichever i 1ess.

i ! . .
Thus, 8= ~— or ~ whichever is less. In case
2K,

of aload bearing wall, slenderness ratio shall not
exceed the values given in Table below.

Table: Maximum Slenderncss rato
for a load bearing wall

No. of Storlas Maximum Slondemess Ratlo

Using Porttand Cement Using
or Porland Pozzolana fimo
Coment in Morlae modr
(1) {2) (3)
Not pxreeding 2 27 an
Exceeding 2 27 12

(d)

To resist earthquake loads

(i} shearvall may be provided

(i) a harizontal runner called band may be
providad for bringing the walls together. They
may be roof band, linte! band, gable band or
plinth band depending upon the level atwhich
il s used.

(b)
The placing af new foundation balow and existing
foundaltion of the process of srengthening Lthe
existing foundalion is known as \he underpinning
of foundations. The struclure is held well
supported ina secured manner and Ihe foolings
are relicved from lhe load. Somelimes the
structures are to be temporanly supparted. This
is achieved by an arrangement called shoring. It
Is ngcessary 1o support the super-structure when
large openings are required to be macle in 1the
main walls. There are three dilierent types of
shores :
{1) Raking shores
(i) Flying shores
(i} Dead shores
All these types of shares support the structure
from sida

F 111



