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Preliminary Investjgations on the Physico
chemical Properties of Some Indian Bricks 

L. C. JAIN, A. F. CH{IAPGAR & GUR~AS RAM 

Building Research Un it, C.S.I.R ., Roorkce 

A LARGE variety of bricks are uscd 
in India for building purposes; They 
have distinct ive character istics of 
their own depending Oil the' pro

perties of the clays from which they have 
been made and the methods employed in 
their manufacture. Data on the properties 
and characteristics of the various brick 
types in use in , the country, is not available 

and t hc' present investigation relates to a 
study of some brick types in use. 

Experiment al 

Samples of bricks were obtained from 20 
different local ities (TABLE I) and are 
representative ' of the types manufactured 
from th e clays available in the respective 
localities. 
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2 PH YSICO-CH E M ICAL l'HOI'EKfIES OF INDI AN lIHlCKS 

TABLE I 

SAM PLE. L OCA LlTY HI1!\ ;: TNCi C OLOUR SOUND ST Rtl CTURl::: & H ES I ST ANr.r: TO 
N o. l.· JIAN A cr l .J~ CO"tPOSlTIO~ r--.~, 

lS ri C!';) Brea ki ng Aurasion 

1 j.{upar HCC ( Punja") Well burnt Dull red ~[ctallie E", " n (ill , SCHlI('. Hard Hartl 
ca S~5 th er is 
1;)_ e r or lump 
fonll~ltio n ) , 

2 Amritsar AS ( Punj,,") do clo do do Eve n (Iull'p for do do 
Illatio n a n.d ! iron 
nodul es ) . 

3 
4 
5A 

Jullunclur KL;'[ ( Punjab) <lu 
r,loDelbi ~H:, . 

Roorh e P~IW ( U.p. ) Ullder burnt 

BriC' k rcd 
DIIII, brick r r d 
Yell o wb b r ed 

elo 
do 

DLlIl 

del 
do 

F ~lir 

E ven ( air hol~. ) 
Un e ven ( air hol es ) 
Even 

do 
do 

. do 

do 
do 

rcdillm 
5B Roarkee S]S ( U.l'. ) W ell burnt Corper ~ I e tallic Good E ven (containing do H ard 

o ~ru'-"ff",pur APD <10 Ydlow sl<in do Very good 
mica Rakes) 

E ven do do 
(Dill'" ) lip to 0-5 em., 

iJurr core 
7 Dhanbad SDS ( Uih .. r ) do Dull r cd Dull Goocl Uneven ( ,1ir holes, Eas y 

mica (1nlH: ~, quartz. 
l-.Iedium 

c ry !' t;)I ~ , lumps o f 
Iron n odu lf:s , C3 r

8 Chill s lIr;,h ROSE 
( l!c[\~al ) 

d o Cr;m :-: on red Melallic Fair 
lJ OII;£crou s matLer) 

E ve ll ( air holes) Hard Hard 

o U";""lor" Ilf-IS; Nfl UIIUJ hurnt Dark red Dull do Uneven Easy "Sofl 

10 
(CP.) 

l'itchlllarlli Dr..:. (C.P, \ Ve ll burnt J\dc., brick re d do Good UII('VC!I (nint' 
J,: ra;ns ) 

Very e'"y do 

11 I'iparia (LP.) do Dark or;)tlf;c do Even ( air ho les ) Not ver y 
h;'l.l'(l 

do 

l:.! Itcl~aHIll ( BO IIIIJ:~:r ) Under burnt Y (;lIow ish reel do G ood F ;liriy e ve n (air <10 i'o[cuilllll 
ho)r-s,' iron no 

la I)owla(ISh wa r.: 1I1l 
( ~l ad 'Js ) 

VUl{ do Copper S CLLli
metallic 

fair 
d u l('" 1 

U llt'\'CH (air poe- E:t."y 
kc t ~ nur to hurnt 
s tra\\' , flint, stones , 

Sof t 

H Chep;\llk CS ( ~la<lras) Well uurnl Brick reu (to Good 
ole . ) 

Eve n (flint and 
iro n lI o«ul ('" 1 

Ve ry hard Hard 

1;; Mc llHr ( Mad c ls ) UIl<irc burnt Li g ht chaco - Dnll d o ll\w \"e n (air holes Ve ry eas y Soft 
latn a nd s t OIl <'''» 

10 Vello rc ( ~r"dr") Well hurnt Bro wnis h red S(,[lti
IIH't:llli c 

do 'E \' . ~ n (;\ir ha irs 
a nd ~ t()nrs ) 

E ~) " y ) no 

17 Oot ;IC.1 lllllncl ] R l{ <\0 Chocolale rC l~ ~1('\ ;t1lic Fair U II('\' ~ n ( <lir holr5, H;1 r<..1 do 
( latlr~s ) slon~ . hllrnt s tra w) 

18 Coim b" to rc ( ~bt!r.1S) cl o Dull red Sr ll1j · do Evel\ (air hO,,"5 ) Easy do 
Ill c lallic 

lQ Anantpur ( or,Ldr", ) do Pale chocolate do Good EVl' ll (a ir holes , do d o 
';; l n n c~ ) 

20 Calicu I CTL ( Mad r"s ) do Oright red Metallic Very good Eve n ( a few btlrnt Not very Hard 
iron nodules ) h~rd 

The bricks were tes ted [or the following: 
(i) bulk densi ty; (ii) percellLage porosit y ; 
(iii) compressive strength ; (iv) pressure defi
ciency; (v) permeability; (vi) rate of water 
absorption; and (vii) chemical composition. 

The bulk density of the brick was calcu
lated by cutting out a cube from the brick 
and determining its dimensions and weight. 

The porosity and compress ive strength 
Were determineu according to standards laid 
uown ill lJ.S.S. No, .1257 (1945). The 
porosity was cletern~illed by boiling a brick 
in water for 5 hr. and allowing it to cool 
overnigh t; the difference in weights before 
and after this treatment gave the porosity . 
The compressive strength was determined 
by crushing the brick in a hydraulic press 
between 2 thin pieces of plywood after the 
frogs have · been filled up , and the bricks 
planed by 1 : 11 cement mortar. A study 
of the ra te of absorption of water by bricks 
immersed in water was also made. 

Permcai>ili ty was determined by allowing 
water to pass through the brick uncler a 
known pressure head and measuring the 
amoun t of water passing through it per unit 
time. " 

To determine the pressure deficient.y, 2 
methods were employed. In one metho c.P, 
a piece of brick was waxed round th e sides 
and. sealed in a funnel -shaped apparatus. 
The apparatus was filled with air-free water 
a ne! as evaporatioll took place Oil the free 
and unwaxed surface of the brick, water ill 
the tapering end of the apparatus was drawn 
towards the surface. This caused a rise in 
Uie mercury column of the ma nometer 
attached to the api)aratus. The pressure 
registered by the manometer is a measure 
of the capillary force. This method is s~ow, 
and the testing takes a long time. In the 
second method2 , suction ; just sufficient ·to 
overcome the capilla ry force of the brick, 
is applied as Il1 the method originally used· 
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("n IlIS llla tl,' 
hrlllli betwel' 
Th is I an UI 
I,dun' 1l101l1 

ar ' reSp flll'i l 
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l'oTAi'o"C.r:. TO 

~-"'\ 
T Abra sion 

H a nl 

do 

do 
d o 

Medium
Ho,-u 

do 

Medium 

Hard 

'Suft 

0y do 

i\lcdiU!li 

tnl Hard 

"l' Sort 

do 

do . 

do 

do 

-y Ilard 

v alluwing 
undcr a 

tiring the 
t per unit 

iciCI1<':Y, 2 
meth ocF, 
the sides 

vparatus. 
rc water 

the free 
water ill 

las drawn 
a rise in 

anometer 
pressure 
lI1easure 

1 is slow, 
In the 

icientto 
lie brick, 
lIly used· 

fiJI" til(' dL"lCi"illilldtioll uf press ure defi cicllcy 
III S;ll1d ;111<1 Oiill. T he met hod is ra.pid.and 
Iid ~ 1" '1'11 ;III''I",'d Illr d, ' II ' rlllillill~ tlw lli-I ~ S
!->I II I' IIt-t'll'il'III 'Y 01 11I 'i 'ks also. TIll: valllcs 
"ht.lilll'd Ily U;is mc th od an: invariably higher 
llia ll Ihose ollj;Lillvd by lIw lirst II wtil od, 

nw rcsillts of tI pse t ' sts are given in 
la ll I<' I I. 'I'll" ra te of ;Li lSO l'ptioll of watcr 
is rt' l'll:st'llkd grapllieally ill l'ig. l. 

Discussion 

SIJlIW of the accepted characteristics of a 
goud IJrick arc th at it should be of a good 
sklj1i' , hard to scratch, have a metallic ring 
dt ' II struck, alld be free from foreign matter. 
It was, huwn'cr, not iced that rnost of the 
brick s tudied co ntained stones and carboni
(em us matter. -'UlCse 'inclusions weaken the 
hond betweell the differen t brick particles. 
Ihis can k a vo ided by sieving the clay 
bt;fo!'l' lIlouldillg. The lumps in the brick 
an ~ r~s p()lI s ibk for low compression strength 
v.d ll l! ' C\'l'n th'lugh the bricks were guod in 
f1tlll'r respec ts , 

:\ stlldy of l'olnpr 's ' ive strengtll s of bricks 
(TABLE IJ ) shows t hat 5 samples have a 
\'allll~ of 1,()(J(J-2,O[)() Ib./S(I. ill. while 7 others 
h .1VL' a strength of 500-750 lb ./sq . in., and 
the rcs t lwlow 500 Ib.fsq. in., the lowest being 
157 lh.h'l' ill. for a sample from Pachmarhi 

(C.P .), Mus t uf til e bricks tested arc wea k, 
l~X CCjlt th ose made from the al luvial soils of 
II,w I Ild,, -( ; ;II II~I'1 i, ' trar't" C()II;;idcrillg til!' 
ilnporLllllT (If bricks a.s IJllilcling lIIa t l~rial , 

it is ilnportallt to s lnc\y the mechanism by 
witit'll ;L' Ill'il'].: d(,liv('s ils strength and III 
devise methods by mealls of which bricks of 
high cornprcssivc strength can b(~ ohtailll:(l 
11'0111 dillcrCllt types of Indian soils. 

The ml'chanical strength of a brick depends 
UpOIl: (i) the internal resis tance of the 
particles consti tutillg the brick; and (ii) the ' 
bond provided by the vitrification of the clay, 
The hig lier the tlri'ng temperature , the better 
is the vitrification allll, hence, the stronger 
is the bonel. SDiis arc made up of particles 
of different s izes , Particles grea ter than 
0,02 mm. diam. are classified as sand, those 
be tween 0·02 rnm. and 0,002 mm. as silt, 
and (hose less tllall 0·002 mm . as clay. It 
is the sand fractioll that provides the greatest 
intern a l resistance. Consequently, a certain 
percen ta!;c of sand is essential for getting 
strong bricks. Th e chemical co mposition 
of the bricks ( T A IlLE 111 ) shows that bricks 
wllose strength is between 1,000-2,000 lb./sq. 
in. COil tail I 70-HO per ce n t of sil ica. H owever, 
tllere arc samples cOlltaining silica within the 
above range but a re still wea k. Thus, 
samples from Piparia, IVlcttur and 13handara 
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4- PHYSICO-CIIEMICAL PROPERTIES Of INDIAN BRICKS 

TABLE I 1 

SI\ ~II > LE ACTUAL !lUI.K POROSITV, CO ..rr'RI~ S~ I VE I NCREASE AnSORPTION PRE SSU RE OEFICIr::N CV P E RM EA· 
No. DI·::-': S lTY IJISS ITY 0:;.-;' 01' \\IT. s "r u.EN(;TII I N wr. ON 01" W .\ TEn r----~-" 8 1 LI 'I' v 

Ol; Hill el\; UF lun C I( 0['- S .\~IPLE Ib.,S ' I· In. SOA KI NG IN IN I IIR. ; EV<1r Or,ltion Suction X 10" 

l'OW J)I ':R gUL/C.C. WAII-. R f<OR ~6 0 1- W .' "I ER method, m e thod, 

glll.Je.c. ~~ HR. AII ~O tWI .' O em, of eil l. of 


% [N ~~ HR . water water .. LOO~ 
1 2'~;:' 1 · Ii." .3_, -8 17YZ Hi-8 ~I:!' 2 O:17 
2 '1.' ,,7 1 H :Ii- .l llUC. H-U ~U '3 4UG 
:J ~-n ) -87 ;::\- () 1142 So:; !It- ~ 46U 
~ i- 61i 1 -77 :1:\· 7 1003 12- 8 !)~ - I) ~U6 3~9 1-90 

~A '2- G6 1 ,tF, :17· G n ;; 1 lU ' 4 UII - 7 I H::! 1)'12 

GJJ ~ · SH 1 · H :\:; - 1 ] 7~fi IG· .J ~D'U 24U 1· 80 

o 2· ;)-l 1 3:J 47 ' . 40l 31- 8 !l ·I-K 37l O' !Ii 18 0 
7 2'40 1 · ~8 :1r,O 4:.!r, 17 -U !l2 - 3 tJS 123 8-80 
o ~. ;):2 1 71 :I:!'I) U!lI IfJ ' H Hi · ~ ·IH:I 871 U' Gf)


2- ;-,6 
!l I -7::! :iz '~ 471) 12- !I 87 ' ~ 171:! 579 U' OS 

10 '1.·37 l·n» :HI -U 1;'")7 \:;-:1 03 , :) 3U 173 3 · 30 

11 :!. 4-! 1· 7:!. ~\J' U (H!) 12-2 !)(1 -a 115 35ti 1-;;0 

l~ 2'(jH l'li~ :JU·7 7:1\1 111·2 \)~ ' 5 513 

) :\ 2· ~4 1 · 47 H-O [)~2 2 :1' 0 H_>· 8 ti~ 3 -20 

14 2·50 l'~O :!!I ' U :3;)8 1:3-4 HI- (i 07 443 2 · 35 

1 f) 2- 5!l 1- -,(I :J:J-!) Ii!) 13 ' 4 H!I-2 GO 167 ~'OU 
 1"" 
If. 2 ' (jO 1-72 3:1·8 ;-' 8~ 1\·3 !):j . , 7!) 348 240 
17 2· Hl l ' (;7 40-0 !iF) 18-1 111'7 30 80 15·00 
111 2';)4 1 · [l7 :Jii ' U !'",l:, 1~'5 - Dr;· 7 17G 
) !) 2'~:1 1 '!)R :\.r;·o :I;-)H 1G · 5 !IO- 7 143 14Q O 
2U :l. f, t) 1 O~ :3G · G 027 18·8 117 ' U lUG 705 'i-

TABLE III 

5 ,:n, SIUe,\ SI": SQ: "I OX IO!:S LII'\II: MhGNF S IA Al.KALI ~"T.TS SULPHATE Loss ON 
10lDONo. SiO, H,O, C"O ~Ig() AS N~CI & K CI AS so, IGNITION a: 

1 77-37 ] f), riO 2' ~(' 1'00 :l·38 ()-0:3 0 ·28 w 
~ 

2 7~ '8 G 10'U2 1·7:; (1 - 74 3 42 U-IU U· 2:) 

:J 7;J'4G 10-80 3-U2 U- 0:1 1 -Hl 0·05 0·25 
 en
4 70-01 1;;-U7 214 1· 7U }-50 0-01 ()'21 
5 'il' 7:-) ~ :!' ,13 2- 01 1 · 1 G 1-U:-, 0-()3 0-20 .J,ooo 
Ii fol'~3 JI.I-!)!) ~4'71 1) -4U 2 -UIJ ()'Ot 2'13 ~ HO ' ~)4 U,' GO 1· 10 O' 4l :J -Hli 1)-0:' 0·29 I t> U!I- 4'1. ~:t· tili :J'r,~ I·Gl ~ ':!! I 0'U4 U'43 

\I 71- UD ~2 ' 3l l'W) 1 -2fl u··n (1,01 1'!J5 
 ~ 1U 03·70 27·33 1--1" 1 · '1.:1 I·ilO I) -Ul 3 ·83 \.IIII 79 · 0\) 15-(;0 1· U4 2· ;-,7 I-51 IJ· 01 0 ·80 

l~ 71·70 '1.1- U" :Jl1 (I . 74 O' f,U (I-lI2 O' UO a: BOO 
1:3 (Ju·nu 24-0\ :J -ii-l 1 ' 7U 1 -21 003 0 ' 40 

14 IO'f)~ 12·7lJ 2-00 U-01 331 n05 0·31 
 tii 
J!) 7~':H In·n:> ~ ' H 1- :J4 1 ~O O-U2 0- 40 

lU flU' GD 2!1'1I1 1.i·11l 0-:'0 a -7U OU2 O· OG 

17 ;)~. \) l :!U -4~ :,'HO 2-:10 1-2:> 11 -117 0 -23 

18 03 · 2~ ~!l'21 fl· \17 11·71 ~-U7 \)03 0'44 
 too 1\) 73-KU 18-0S a-70 lI'H :J - \)U U'OO 0'38 

20 !;;)' 3i 30 ' 80 2'~~ O'!II) U- 81 U- 01 :l'15 


contain 79 per cent, 72 per cent and 71 per 
TABLE IVcent silica respectively, yet they are weak. "'00 

This may be due to the fact that the firing SAi'lII'LE l\lECII,\NICAL TOTAL AcTtvr:: IHACTIV 
No. CQMl'OS(TiON 5II..I(',\ SILICA SILICAtemperature for these bricks was low or the 

,--- --'------, CONTENT % %soil cannot give good bricks at the tem Coar.s.e Fine % 
fraction fractionperatures attainable 1I1 the ordinary brick (sand) (silt & 

200 

% clay)kiln. Results of the mechanical analysis 

1I1 Piparia and Bhandara bricks IS derived 20 17 83 65 38 T hus, for th( 
from the coarser fraction, while lI1 the case the finer fr; 

of the soil from which bricks are made are 
given lI1 Table IV.3 Though the analysis 2 

1 

adoes not represent the results on actual soil 
· 4 

samples from which the bricks under test G 

were made, yet it gIves a fairly good idea G 
7 

ot the sand content of the soils from which H 
\l

these bricks were obtained. It is seen that 10 
11the sand content of Piparia and Bhandara )2 

soils are as high as 61 per cent and 50 'per 13 
14 

cent while those of Delhi and Jullundur are If. 
10only 26 per cent and 33 per cent respectively. J7 
It>This clearly indicates that the bulk of silica 11) 

% 
77 
7G 
7(1 43 33 a 
80 :.4 20 o 
72 27 45 
61 4~ 3 
SO 3~ 4fi 
Oil 21 41l 
71 21 GO 
04 27 37 
7\1 18 01 o f Delhi ami n 
70 fradion. SiJ 

oil 7U 30 34 
7'l. supposed to 

iiri OU 4() 14 surface expo70 - ['3 2\1 2-i 
" GG 18 - 45,03 t he silica del 
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POINTS ENCLOSED IN CIRCLES :HAVE T HEm TOTAL 

SIll C/\ r, 0 N IE N T L [S S iT HAN 70 % 
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FIG. 2 

of Delhi and Jullundur, it is from the finer while that from the coarser fraction is termed 
fraction. Silica from the fmer fraction is inactll'e silica. Active silica helps in the 
supposc!.i to be more active due to a greater vitrifIcation of the brick, while inactive 
surface exposed for chemical reaction than silica provides greater internal frictional 
t he silica derived from the coarser hact ion. resistance than the active ~ilica. It seems 
Thus, for the present discussion, silica from that (FIG. 2) there is a definite ratio of 
the fll1cr fraction is termed active silica, active to inactive silica (between 1 and 3 ) 
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RATIO 'OF 

at which a 
s trength is 
correct, then 

brick of 
obtained. 

samples 

high compress ive 
If this vic\>" is 

from Muzaffarpur, 
Vellore and Calicut should improve in 
s trength by an admixture with a certain 
quantity, of coarse scLrld , while those from 
Bhanctara, P achmarhi, Piparia and Coimba
tore should improve by an addition of hne 
sand. It may be poin ted out here th u t these 
results are' not conclusive, but provide 
guidance for further work Oll the subj ect. 

. If the compress ive strength of the bricks 
arc plotted against the rat io of silica to 
ses.quioxide contents of the bricks ( FI G . 3 ), 
the graphs obtained are a series of parabolas 
11 0. ving their foci lying on the same vertical 
axis and having the same value of the para

0·000256 

2 4 

TOTAL SILICA TO SESQUIOXIOe::-

FIG. 3 

Xl 

x7 

s 6 

meter p ill th e cC]uat ion (x-h }2 =4P(y-k ), 
( II, Il) being th e vertex of the parabola. 
Tllis SilOWS that there is only one definile 
ratio of s ilica to sesq uio xide contents whicll 
gives tlte max imum strength. It is not yet 
clear what factor or factors a re responsible 
for this resul t. Probably firing tempera \ure 
is one of tlw fa ctors;· . .' 

Water absorption a nd sa turatioll coe ffi- ' 
cients of ,l brick sample are usch}l gu ides 
ill gauging the durability of a brick. 
The water absorption values of the brick 
samples are given in Table II. The ra tes 
of absorption of wa ter are about the 
same in all bricks. It is· found that they 
absorb the major part in th e first 2 minutes 
and the rea.fter it is sio-w . In this respect, 
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t 1tl~ 2+-hr. a bsorplio ll tes t, as .described ill 
U.S.S. No. 1257 (19+5,), can be llsefllily 
sllCJrl ,' IH'd I() I Itr. pl'J'i()ti ;lS tI\(~ iJrid;:s 
;LiJsorIJ, ill 1I1l' jirsl hOIlI', lJ2 I)('i' ('('lit of t 11(' 
\\' a tl: r ahsorlled in 2+ hr. period. A ~reat 
de ll of time can be saved if this kst is 
modifie( I for the'1 hr. period. The 5-hr. 
boiling les t can also he similarly shortened 
;lS it is f0 1lnd that boiling for 1 hr: suffices to 
bring about the same absorption as boiling 
for 5 hr. cloes within 1 per crnt error. 

The subject of pressure deficiency has been 
cliscussed in detail in a previolls pa pcr4. 
H.esults of pressure clchl'icncy' (T..\J3LE 11 ) 
show that weaker bricks hav e smaller 
pressurc deficiencies. 
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