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DEVELOPMENTS 


Impact Of Surface Texture And Frog Of Bricks 

On Strength Of Brick Masonry 


N.N. Bh ise, R .L. Gupta, Dinesh Chandra, Central Building Research Institute, R oorkee. 

The impact of surface texture of 
hrick on the qu~lity of masonry is often 
discussed but still remains a contro
versiol issue. Similar is the case with 
advontages of a brick having frog over 
a ploin brick. With the advent of 
extrusion machines the use of frogless 
extruded bricks also has increased. In 
spi te of good quality and high consistent 
strengLh the extruded bricks have been, 
sometimes, looked at with a doubt for 
Lhe bonding characteristics, perhaps 
due to their smooth surface and 
fro glessness. Unfortunately, hardly any 
studies are available, throwing light 
on tllese two aspects of the brick and 
their impact on the masonry strength . 
One of the reasons for this (absence of 
decisive data) may be that, as such, 
there is a large variation in the unit 
strength of hand· made burnt clay bricks 
"nd it might be very difficult to produce Fig. 1. Calcium Silicate Bricks With Smooth Textur8. Flough Texture And Frog. 
bricks of identical strength, with and 

Now, with the introduction of experimental studies, therefore,withou· frog, as well as with different 
pressed, autoclaved, calcium silicate conducted to assess the impactofthe~esurface textures, which happens to be 
bricks, it is possible to produce bricks two parameters on the strength of brick a prerequsite for a logical comparison. 
with and without frog, having desired masonry, were specifically based onThe extruded bricks can not be provided 
stre ngth and with · an excellent calcium silicate bricks, produced usingwith frog in the production process in 

consistency in strength. The CBRI process (Fig.I).
vogue . 

Properties Of The 

Bricks Used 


The properties and other sa lient 
features of the bricks used in the 
experimental work were as follows: 

Modular, having a nominal size of 
20 em x 10 em x 10cm produced in 
a rotary press. 
Perfectly shaped, with level faceR, 
square corners and without 
wa rping. 
Having a dimensional tolerance of 
=1 mm. 

Having no emorescenee . 

Having 2C% water absorption on 24 

hours of immersion in water at room 

temperature. 

Having an initial rate of absorption 

of 29 gms . 

Hoving a (wet') average unit 

compressive strength of 101 kg/COl', 
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Fig.2. A Batch Of Prisms Ready For Testing (Height : Widlfl Ratio ts 2). 
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wi Lh II coefTicienL or Tensile Bond Strength 
variaLion of 6.11 . -joint ngninAt Amooth fnco 
Ilnvilll{ RlllooLh sidos und - joint ugainst rough face 
rough top. - joint against frog 

The unit compressiveSalient Features Of strength as well as masonry
Mortar Used prism strength was 

For a brick having a determined in a hydraulically 
strength upto 100 kg/cm'. it operated universal testing 
is customary to use cement machine. 
sand mortar of 1:6 or a The prism size having 
composite mortar of 1:2:9 HlB ratio of 2 was adopted for 
(cement:lime:sand). Using a convenience offabrication and 
standard now table. pre handling (Fig.2). 
sucLion and post-suction flow The shear bond strength 
or these two mortars was and the tensile bond strength 
mensured. The values of the was determined in a smaIJer, 
ratio of "post-suction f10w to manually operated equi pment 
pre-suction now" were attached with a proving ring, 
observed to be 0.4 and 0.7 for for precision in observations. 
1:6 cement-sand mortar and 	 This was essential considering 
1:2:9 for composite mortar 	 the low range of loading 

• respectively. Considering the involved (Fig.3) . 
initinl rate of absorption of 
Lhe brick. which tends to be Discussions 
on higher side, it was decided Unit Strength Of Bricks 
Lo adopt composite mortar And Other Relevant 
(I :2:9), which has un 

Properties
equivalent compressive 

All 	 bricks, with and
strength (36 kg/cm 2 

) as that without frog. were produced
of conventional straight 

with identical materials in,. , 	 cement-sand mortar. and at 
identical proportions and 

e 	 Lhe same time is superior in 
maintaining identitical

k 	 water retentivity, which 
production conditions. Plain 

n 	 imparts a better bonding 
bricks were produced with a 

g 	 4uality. 
rough top. intentionally. A

The mortar joint thickness 
perfect quality control at all

(for 	 bed joints as well as for the II. Prism Strength "(Normal to Bed 
stages imparted a high degree of

perpends) was maintained 10 mm with Joints) 
consistency in the strength of bricks 

a tolerance of +2 mm. Utmost care was Smooth bedding face (Plain 
having an average value of 101 kg/cm'.

taken to control the uniformity injoint bricks) 
The coefficient of variation being 6.11 . 

thickness. especially in the bond-test rough bedding face (Plain 
There is no significant difference in 

specimens, with a view to maintain bricks) 
compressive strength of the brick in 

parallel faces to match with the loading frogged bricks 
pressing direction and that normal to 

gadgets. used during the test. Ill. 	 Prism Strength (Parallel to ned the pressi ng di rection (Table 1). 

Joints) Compressive strength and other 
Tests And Test Set-Ups Plain bricks physical properties of the frogged bricks 
The following tests were conducted - Frogged bricks were identical to those of plain bricks. 

to facilitate the assessment of impact 	 used for experimental work. It is worth 
IV . 	 Shear Bond Strength at

of surface texture of brick and provision 	 mentioning that the initial rate of 
Ze ro Compression

of the frog. on the strength of the 	 absorption was identical, irrespective 
- bed joint against of texture of the surface. It is anmasonry. 

smooth face important observation, as the initial 
I. 	 The Unit Compressive SLrength of - bed joint against rough rate of absorption determines the 

Brick face bonding property, which, in turn. has 
n - frogged brick (frog sizein pressing direction an impact on behaviour of the masonry. 

normal to pressing direction 10cm x 4cm) 
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P r ism Strength -Smoo th 
Bedding Fa ce Vs Rough 
Bedd in g Face (Compre
ssion Normal To Bed 
Joints ) 

The average values ofstress 
a t first crack (31.6, 32.6), as 
well as those at failure (38 .2, 
39.0) ofthe prisms constructed 
with rough bedding face and 
smooth bedding face, indicate 
tha t the difference in surface 
texture of the brick has no 
impact on the prism strength 
(Table ·2). The values at first 
crack as we 11 as those at fail ure 
are almost identical in both 
the cases. The failure 
invariably occurred by tensile 
splilting of bricks, in line of 
perpends. This is a typical 
phenomenon manifested due 
to differential lateral 

1 DEVELOPMENTS 

Table 1: Compressive Strength Of Bricks In 

Pressing Directio n VB That Normal 


To Pressing Direction 


Sp . No . ~t"ee8ing Direction Sp. No. Nonnal to Pres8ing 
Direct 10n 

--- ----- .- --- ._- ---- --- -- . - - -------- ---- ---- - . - -- - ---- -- ---- --- -~ 

POl 102 NDl 103 


P02 1 06 ND2 101 


PO) l OS ND) 9S 


P04 96 ND4 10) 


POS 10 0 NDS S8 


P06 9_ ND6 
 108 

ND7 98 


P08 10 4 NDS 


P07 111 

. · 99 

106P09 92 ND9 

PD1 0 108 NDl0 93 

~~~~~;~ - - - -- - - -- - ~~; - - -- -- --- -- -- -- -- - - ---- --- -- -- - - -~;: ; -- - ---- 

·1 

and that parallel to the bed 
Joints. 

When the compression is 
parallel to the bedjoints both 
in the pl a in-brick prisms and 
frogged-brick prisms, the 
first crack occurred yertically 
by opening out the bed joint. 
No splitting or crushing of 
masonry unit was observed 
in this case . The average 
stress val ue at the first crack 
in pl a in-brick prism was 21.8 
kg/cm' and that in frogged
brick prism was 24 .9 kg/em' 
(Ta ble3), thus the latter 
bearing 15% extra stress . 
However, the fail UTe stresses 
in both the cases (i.e. the 
plain brick specimens and 
frogged -brick specimens) 
wereob s e r v e d to be 
practically the same, the 
average values being 41.5 kg/ 

d e form a ti on be twee n masonry LC:::o, e:.:. /j.:.:c:,:i.:.::.:t:.....::.o::..'...;v..:a::..r::.: t..: _ 6__ ___ _ ____ _ ----' Cm 2 and 39 .3 :.: ,.:. en i a::.: t o::..n __ . 1_1 -'-- kg/ cm 2 

unit and the bed mortar, 
causing tensile stresses in the masonry 
units, resulting into their splitting. 
Average "Prism strength to unit 
strength" ratio observed was aboutO .40. 

Prism Strength - Plain Bricks Vs 
hogged Bricks (Compression 
Normal To Bed Joints) 

The average value a t the fir s t crack 
for the prism with plain bricks was 
observed to b e about 32 kg/cm' and 
that for frogged brick masonry was 
42.4 kg/cm', indicating a clear 
superiority in the strength of prisms 
with fragged bricks. This trend was 
see n in the values offailure stresses as 
well. The average failure stresses for 
the plain-brick.pristD...and the frogged 
brick prism were about 39 kg/cm and 
54 .6 kg/cm2 respectively (Table 2). Thus 
the presence of frog gave an additional 
40% strength over the plain brick 
masonry. This rise in strength could be 
attributed to othe r esistance, offered 
by the frog, to differential lateral 
deformation between brick and the bed 
mortar, thus delaying the tens ile 
splitting of the brick. The splitting of 
the brick in this case occurs near the 
face of the prism and not in the centre 
in line of perpends, unlike plain~brick. 
masonry prism. 

Prism Strength - Plain Bricks Vs 
Frogged Bricks (Compression 

Parallel To Bed Joints) 
There is a distinct difference in the 

behaviour of the prism subjected to 
compression, normal to the bed joints 

respectively (Table 3) . Average "Prism 
Strength to Uni t Strength" ratio 
observed was 0.40.. 

In other words , when the 
... 11 I to tl compressIOn IS actmg para e Ie 

bed joints (in plain of the wal!) the 
frogged brick does not show significant 

Table 2: Prism Strength (Compression Normal To Bed Joints) 

Smooth Surface 

.... -_ .. -_ .. --- -_ .. -

Sp. Stress Stress 
No. at at 

first failure 
crack 
kg/cm2 kg / cm2 

Sl 33 . 2 41 . 5 

S2 2 2. 2 31.5 

S 3 33.2 40.4 

S4 36. -0 41. !> 

S5 31.0 36.0 

S6 33.7 38 . 8 

Rough Surface E'rogged Bri cks 

Sp. 
No. 

- _.. -_ .. -
R1 

R2 

R3 

R4 

R5 


R6 


Stress Stress 
at at 
first failure 
crack 
kg / cm2 kg/cm2 
--- -----------~-

32.7 37.7 

27-,7 31.6 

30. 5 39.3 

33.8 38 . 2 

38.8 50.4 

32.1 37.1 

Sp . 
No. 

Stress 
at 

------_ . 
Strp.ss 
at 

first fal.lure 
crack 
kg/cm2 kg /cm2 

-- - ~ ----------------

F1 44.3 52 . 6 

F2 · 44 .3 57.6 

F3 41.5 52.6 

F4 · 44 . 3 60.4 

F5 40 . 4 52.6 

F6 39.9 52 . 0 

----_ ..... .. --- -_ ........ ---_ .. -_ .... -_ .... -_ .. - - - _.... .. ...... --- --- ------- -- -----
54.6Ave- 31.6 38 . 2 Ave; 32.639.0 Ave- 42.4 

ra e rage . rage 
__ ~ ____ _______ ~ - ---- __ -- --- ----------. --------------- ----------- -1 

Prism Strength 0 . 39 . 0 . 540.38 
Unit Strength 
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shear resistance was about 3.3 kg/cm·. Table 3: Prism S tength (Compression Parallel To Bed Joints) 
Overall, it could be concluded that the ----------------,---- -------------------------- ------------------  masonry with frogged bricks ofTen an 
extra 30% shear strength a s compared 

Sp. Stre•• at Stresll at Sp. StreslI at Stress at 

Plain Brick. Proggec1 Briekl 

to that with plain bricks . This value 
No. pirltlCraek pailu5e No. P1rllt Crack Failu~e may vary wi th the sl l e of the frog. lkg/em kg/em kg/em kg/em 

It is a known fact that the shear 
strength of masonry bed-joint varies 

P1 16.6 40.' P1 27.7 45 . 7 witil the dead loed above It . More the 
dead load above the joint, more is its

P2 19 .3 43_ 2 P2 24.9 34 .6 
shear strength. Thus the increased 


P3 24.9 44.3 P3 22.1 38.2 
 normal stress influences the behaviour 
of brick-mortar In terface . The 

P4 27.7 36.0 P4 25.5 37.3 Australian code provides values from 

PS ZS.S 43.7 PS 24.9 40.8 lkg/cm'to 5 kg/em' for masonry having 
direct compressive stresses from 0 kg/ 

P6 - - P6 -  em" to 24 kg/cm'; however, these values 
are for masonry in 1:1:6 mortar.Averag6 21.8 u.s Average 24 . 9 39.3 

---------------------.---------~---------~----------------------
Tensile Bond Strength - S mooth 

Prien Strength Face Vs Rough Face Agalost0.41 0.39 

Unjt Strength 
 Bed Joint . 

The results indicated that 
ad' antage over the plain the values of tensile bondTable 4: Shear Bond Strength At
bllcks. strength with 8mooth surfaceZero Compression 

texture (1.25 kg/cml) and -~ -_ .. _.. -.......... .. .............. ;ii~~~ - 9~~;;~"" (k~i~li " "" " """ " "" -... --- ...... _..
Shear Bond Stren g th  those with rough surface 
Sm ooth Face Vs Roug h texture (1.16 kg/cml) were Sp . ••d Joint Sp. Bed .Joint Sp . Sid Joint 

No . Agalnlt No . Agllnlt NO. Aglinlt rrog practically identicaI<table 5). Face Against Bed Joint 9mooth 'ace Rough Face 

(Zero Compression) 
 Th us the surface texture of 

The average fa ilure BSl Lll SRl SPl1.<4 ] .0 the masonry unit had no 
impact on the' tensile bond stress in case of smooth facEl BS] 1. 66 SR] 1. S) SP] 1 . 1] 


strength.
and that in case of rough as) 1. 42 SR) 1. )) SF) 1. 81 


face against the bed joint is 9St 

1 , 5 6 SR . 1 . ~l SF< 1. .. Te~sile Bond Strength practically Identical (1.4 kg/ 
1.36 SR5 1 . ]0 SPS 1.98cm') indicating the surface BBS Plain Bricks Va Frogged 

texture of masonry unit has ~~~ __ .. __ _ _ ____SR6 _ __ __ __ . ______ SP6 _____ . _. _ . _. _ ..1. ]5 loU __ ... .. . _ _____ _ _ ___ _ _ Bricks 

no impact on the shear bond Avna"o 1 . H 1 . B l. " 
 The values observed for 
strength of the bed joint ---- ----------- ---------- ------ ----- ------- - -----._.-- ... -----.- -

(Table 4). It confirms the fact that, it is 
mainly the absorption characteristic of 
a masonry unit ·that governs the 
bonding quality at brick mortar 
interface. 

Shear Bond Strength - Plain 
Brick 'Vs Frogged Brick 
(Zero Compression) 

It was observed that the presence of 
frog in a brick enhances the shear 
strength of the bed joints . An average 
value of 1.84 kg/em' was obtained for 
the specimens with a frog of lOcm x 
4 cm having a depth of 2 cm (Table 4) 
that means about 131 kg force was 
res is ted by the frog area of 40 cm'. In 
other words contribution of the frog in 
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Table 1'1: Tensile Bond Strength 

.. ........ '............................................. -................... -----............. -.......... ..... ---.. ... -.... .. -.. 

Sp. Joint Against Sp . Joint Against Sp . Join t Against 
No. Smooth Face No. Rough Face N6. Prog_________________________________________ 4 ___ _ _______ ____ __ .. ___ _ 

TSl 1 . 10 TR1 1 . 59 TFl 1. 74 

TS2 1.10 TR2 1.25 TF2 1.01 

TS3 1. 77 TR3 1. 01 TF3 1. 51 
'. 

TS4 1. 30 TR4 1. 01 TP4 1.16 

TS5 0.98 TR5 1.18 TI'5 1 . 39 

TS6 - TR6 0.92 TP6 -
-- ----------------- .. ---------------- - .. .. ----------- ~--- - - ----- --~ 
Average 1 . 25 1.16 1 . 36 
---------------------- -- ----------------- - ----.------------ ~ ----

43 
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pilli n bricks (average of 1.2) anti frogged 
bricks (1.36) indicate that prcscnce of 
frog hos a nominal impact on the tenHilc 
bond giving an additional 13% strength. 
The numerical value of this additional 
strength may seem to be insignificimt 
but it does indicate the superiority of 
frog~('d brick over a ·plain brick in this 
HSppct as well. 

I t. may be mentioned here that the 
Ma s onry Code (lS:1905-1987 ) 
recommends a permissible tensile 
~lress value of 0.7 kg/em' across the 
hedjoints for a brick·strength of 100 kg/ 
cm' and M 1 grade mortAr, whereaR the 
val ue becomes 0.5·kg/cm 2 for [) mnBonry 
constructed with 7.5 kg/cm' brick in M2 
grade mortar. • 

Conclusions 
With the production of calcium 

silicate bricks using CBRI Technology 
it was possible to conduct studies to 
assess the impact of surface texture 
and provision offrog, on the strength of 
masonry. It was ob~orved that the 
variation of surface texture of the unit 
does not change the compressive 
strength of the masonry. It is so because 
the efficiency of the bond is governed 
by the absorption characteristics of the 
masonry unit and hot the surface 
texture. 

It is observed that provision of a 
frog has definite advantage over the 
plain brick as the compressive strength 
or the prism with frogged brick is 
distinctly higher than that of plain 

... 

Extra Thick Stress 
relieved heavy 
duty body. 
Built with Advanced 
Internalional 

Technology. 
Most Powerful & 
Siurdy . 
Most reasonable cost 
Available in all sizes 
wilh dillerenl 
Capacily 

bricks . It if; "Iso found that the shear 
bond str l' .. ~~ t h of masonry with frogged 
bricks i~ tJ igher than that of plain 
bricks. 
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