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lthough magor pmt of the cost of any bmld
g goes in brwk masonry wmks, the engmeers

out its structural. potentmlzty Therefore,
i hickness of walls are either based on some
b1 Idmg bye-laws or designed by certain thumb
1 resulting in uneconomrcal structure in

Introduction

" The use of brick work dates back to pre-
istoric times, but the engineers and builders
fe not well aware of its structural potentiality.
or to the publication of I. 8. 1905—61' the
ign was based on rules of thumb rather than
rational basis. This produced massive
Ictures which due to their bulk were un-
nomical in multi-storeyed construction. For
the first time, in the above code permissible
sses in brick masonry built with bricks of
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multi-storeyed construction. Indian Standard

Institution is revising the Code on masonry I. S.
1905—61 “Code of Practice for Structural Safety
of Buildings; Masonry Walls” which suggests
to design the walls based on rational approach.
This paper briefly reviews the factors affecting
the strength of masonry and discusses the per-
missible stresses in it as given in the code.
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different strength, mortars of different com-
position and for various slenderness ratio were

~given. It also specified the minimum thickness

of walls in different storeys irrespective of the
strength of brick and mortar. This code
had very little impact on users and has been
referred mainly for the design of walls of longer
lengths or greater heights as met within ware-
houses and '‘industrial buildings, etc., where the
rules of thumb of determining the thicknesses
were not available. The  requirement of
minimum thickness of walls for buildings of two
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to three storeys was, however, followed in
certain parts of the country where good bricks
were available, The minimum thicknesses pro-
vided in the code appeared to be based on
practical consideration rather than strength
requirements. It has been seen for high rise
buildings the minimum thicknesses indicated in
the lower storeys are more than required from
strength consideration even with commonly
available good bricks. Such larger thicknesses,
besides being costly, encroaches into valuable
floor space and hence the use of brick masonry
walls has not been popular for high rise build-
ings. It is mnot understandable why -larger
thicknesses are specified in the lower storeys of
multi-storeyed buildings when such enhanced
thicknesses in no way contribute to the stability
of lesser thick wall above it. As is well-known,
walls are never built for the full height of build-
ing at a stretch, but the same is interrupted at
each floor level. The floor acts as horizontal
diaphram and provide lateral support, thereby,
subdividing the total height of the wall into
storey heights. This fact has been recognised
by the code for the calculation of slenderness
ratio. In building the wall mason has a scope
to align the wall and build to plumb at each
successive storeys. The code has specified the
use of single brick thick wall in the top storey
“of a multi-storeyed building. If the code could
consider the building of a single brick thick
wall at such a great height which is feasible from
practical consideration, larger thicknesses should
not have been specified in the lower storey on
this account. In other words the thicknesses
of the bearing walls shall not be more than one
brick thick irrespective of the number of storeys
from practical considerations. However, larger
thickness than one brick shall be taken from
strength considerations only. Hence the table
for minimum thickness of wall is not required.
This code is now under revision and the table for
minimum thicknesses of walls has been deleted.
It? recommends to design the walls like any
other structural member, and the relevant data
. such as basic stress, reduction factors for
slenderness and eccentricity, additional pet-
missible stress under concentrated load, tensile
and shear stresses and stiffening effect of

pillasters and cross-walls, ete. which: are requ

for the proper design of walls has been furnishe
in it.

During this decade considerable research ha
been carried out in India and abroad which ha
proved that higher stress values than those gtj
pulated in the code! can be permitted, This
fact has been considered in this revision, T
object of this paper is to familiarise the
engineers and builders about the factors
influencing the strength of masonry and the
permissible stresses in it. An accurate predictio
~of the strength of masonry is difficult as factors
affecting it are many. Important fatcors

influencing the strength of masonry are djg
cussed below.

-2.1. Physical Properties of Bricks
The important properties influencing  the
performance are—
(i) Compressive and tensile strength,
(ii) Shape and texture.
(iii) Absorption and suction.

‘The performance of the masonry depends
upon the interaction of brick and. morta:
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'sgnry-st:eng;h increases with the increase in
pressive strength of bricks. The relation-

/ ‘p,between the masonry strength .and com-
pressive strength of bricks is non-linear. Various

s on masonry have shown that the failure of
ckwork subjected to axial ‘compression s
mally by vertical splitting due to horizontal
sion in brick walls Photol. The forma-
1 of these cracks and failure itself are

ibuted to tensile stresses in the bricks, gene-
|

rated by the mortar. The mortar between the
bricks behaves like a pad of rubber which: under-
go a high lateral strain when compressed, forces
the bricks apart and hence the tensile failure
by vertical splitting. This is why the reinforce-
ment embedded horizontally in the mortar bed
joints not only increases the lateral strength of
the wall, but also increases its vertical load carry-
ing capacity. The tensile strength of the brick
is, therefore, important,  Tests® have shown
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that there is a linear correlation between the
strength of brick masonry and the tensile
strength of the brick. Fig. 1, shows the relation-
ship between the strength of masonry and the
tensile compressive strength of the brick, Various

masonry increases with increase in bond betwe
brick and mortar. : 4
Water absorption and suction rate of the |
are other important properties affecting
water tightness and tensile bond between by
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codes give the ultimate or allowable basic
stresses in masonry based on the compressive
strength of bricks and composition of mortar
as no standard method for finding the tensile
strength of the brick has been evolved so far.
The bricks most regular in shape, size and
with plane parallel faces give more masonry
strength.  Bricks with rough surface texture
have more bond with mortar than bricks having

~smooth surface. Strength ' and durability of

and mortar which in turn affect the compressive
and transverse strength of masonry. Maximum
bond strength between mortar and brick is =
obtained with the bricks having suction of 10
to 20 gms./min./200 cm. sq. at the time of
laying!, Therefore, bricks having  greater _
suction rate should be soaked in water to the =
extent to bring the same to this value, On the =
-other hand if the bricks are too wet, these should
be left in the atmosphere to make the surface dr}'.__



‘l 2.. Properties of Mortar

. From the working consideration, the de51rable
perties of the mortars are workability, water
etentivity, good bond, sufficient early st1ffemng,
pressive and tensile strength and durability.
odern mortars usuallyﬂ_conmst_ basically of

using a very st'rong mortar in most of . the brick
work.,

The relat10nsh1p between the complesswe
strength of mortar and masonry cannot be
stated premsely However, the strength of

masonry increases with increase of mortar

ent, lime, _saud;r and, water.. _Wbrkabi]it:};,. strength. In case of low strength bricks where
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- Water retentivity and bond properties are im-
'parted by lime, whereas cement and sand- confer
strength and durability.  Cement lime mixes

S mixes, In. practice the above
'Cannot be fully attained in one mortar com- -
“Position. Further, stlong mortar is not requlred

L forall brick work; as-there is little advantage in - -

requir ements

generally superior to straight lime or cement - -

failure is initiated by failure of bricks, increase

;. :in mortar strength beyond certain limit do not

increase the masonry strength. For brick work
with high strength bricks (beyond 350 kg./cm.2)

the fall in strength of the masonry is much
_.more pronounced as progressively weaker mortar

is used.  Therefore, only suitable mortar as

-given .in table 1 matching with brick strength -



should be-used. ' In' gerieral ‘the moriar ‘shiould
be weaker than brick strength as it gives more
flexibility for the ‘absorption of d:fferentlal
movements i in the brick work :

. TasLE NoJii] e

Suitable mortar mixes for various brick strength

Some times rich mortar is used where early
suﬂenmg is required against lateral loadmgs as
in the case of partition walls.

2.8. Workmanship : :
Workmanship has considerable influence on
the strength of masonry.  Poor workmanship
may seriously impair the strength of brick work

< Brlckstrength M ortar mix by vol. App._,com- and may reduce it to as low as 60 per cent,
1. ressive WOr in 1 < i
no. Designa- Kgfcm2 Cement Lime Sand pstrength Gocr.d W(zrlsmanshlp I jEbe statt‘:d a3 ﬁlhpg the
tion of mortar vertical joints fully, unfurrowing horizontal
(28 days) beds, making joints thin, soaking bricks properly
Kg/em?2, and building to true plumb. To obtain the
1 Low .. 105 1 2 9 34 %0 full advantage of the brick masonry, the work.
2 m.‘;ﬂig“t?: orald 1 ! 6 300350 . manship should be good. '
; 210350 i 11,'112 ‘;i 182%t° 130 2.4. Slenderness Ratio
: st}r{elggth gfn?i f S‘é‘ove The strength of masonry decreases as the
above ; slenderness ratio increases. The reduction in
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gtrength for an increase in slenderness ratio is
more severe when weak mortar and weak bricks
are used (Fig. 2). The loss of strength is-caused
“elastic -instability and limitations in ‘work-
nship. Members when subjected to axial com-
ressive load, buckles, making the load eccentric
hich leads to an early failure. In case of
eccentric loads, buckling effect is more pro-
ounced. In slender piers, the buckling due
o accidental eccentricity of loading, lack of
traightness, etc. is more critical than in walls.
Restraint provided, both along the height or
ngth by slabs, cross-walls or pillasters, etc.
reduces the buckling and increases the ultimate
ailure load. This effect is considered in deter-
ining the effective length, height or thickness
or calculating the slenderness ratio. .

2.5, Eccentricity of Loading

Moment developed due to eccentric load tend
deflect the masonry laterally, which further
increases the eccentricity, Due to non-uniform
stress distribution on the section the strength is
duced. Further the brick masonry has a low
nsile strength. Where the eccentric loading
evelops tensile stress beyond its limit, the part
¢ ,_‘t‘he section will fail reducing the effective ax_-eai
 of section which further reduces the strength of
asonry.

.6. Bond in Brickwork

. It has been seen that variation in the strength
. of walls, built in different bonds i.c., English,
. Flemish, etc. is not significant. Howevers, it
has been established that axially loaded single
caf walls (half brick thick walls) are stronger
- than bonded walls, other factors ' i.e. brick
| strength, workmanship and slenderness ratio
being equal.
3. Permissible Stresses
The influence - of various parameters on the
' strength of masonry has been described in the
receding paras. But the object of the designer

| 18 to know the permissible stresses in walls in
compression, tension and shear and.is discussed

1. Compressive Sh'eﬁgth

~ The appropriate ratio of stfengtlplof masonry
%0 brick varies from slightly less than half:to one

fitth. The former is found-for ‘low “strength
bricks (105 kg./cm.2) used with strong mortar and
the latter-is for high strength bricks (850 kg. /cm2,
and above) wused-with weak mortar. However,
when appropriaté mortar is used this ratio varies
from 0.4 to 0.3. The former ‘being - for low
strength bricks. and :the latter for high strength
bricks.; The code :allows. the -permissible  stress
in masonry with variable factor of safety which
ranges from 5 to 10 for slenderness ratio of from
6 to 24, as given in Table no. 2:
TABLE No. 2

Tejgar dal Load -Factors

E o 1§ 5

Serial  Crushing s

below : ; ‘ . %

trength of b;-ici;s 7 : Fora slendern.essv
no. kgjemi2 """ - - ratio of
' ~ 6orless 24 B
1. 30andabove 5 10

02 sl L 20‘—30- ) SMiRIseS: T 12

rom

Notes— (1) Linear interpolatiot is permitted:

(2) Load factor of line 1-may be taken when the
tests on the twelve bricks or blocks show th-t on
one brick or. block has a strength of less than

“* 75 per cent of the mean value of the sample,

Apparently load factor of 10 for slender walls
appears to be on the higher side. - It is seen from
the test, results of the strength of walls having
different . slenderness ratio  (Fig. 3) that the
scatter in the ultimate strength of slender walls
is much more than in relatively stiff walls. The
scatter .is due mainly to variability of the
materials, to variation of technique between
brick layers _(workmanship) and to a lesser
extent, to variation in test arrangement. The
effect of these factors is more pronounced with
the increase of slenderness ratio. In fact the
code allows ' the ‘permissible stresses with load
factors ranging from 4 to 7 for stiff walls and for
7 to 14 for very - slender wall with an average
value of 5 and 10 respectively which beside other
factors, covers the- workmanship factor also.
Therefore, 'if good: workmanship is ensured
higher stresses in masonry can be allowed even
after maintaining a factor-of safety of 5. .



3.2. Tensile Strength

Resistance to tensile stress. in masonry_ is’ du_e
to tensile bond between bricks and mortar and
increases with the increase in strength of mortar
provided it is workable. Also the tensile resis-
tance parallel to bed joint is twice to the tensile
resistance normal to bed joints, Code of Prac-
tice allows in both directions, the same value of
tensile stress and makes no distinction in mortar
except that thé mortar should not be wéaker than
1:1:6 (Cement Lime : Sand). The value of
1 kg./cm.2 provided in the code is very much on
the conservative side, as the tensile resistance
of brick masonry is much more. This is evident

from the allowable tensile and shear stress values

given in SCPI' Code Table 3"

3198 Shem‘ Str’e’ngth

Masomy walls are qu1te often subjected to
racking (lateral), loads which produces shear
stress. Shear resistance of brick work is due to
shear bond between brick and mortar- and
increases with the increase of :.

1. Shear bond between brick an_cl mortar.

9. Pre Compressive stress in the masonry
due to vertical dead load.

The shear bond increases with the roughness of
the brick texture and with the increase of-water
contents in the mortar. The bond is also ine
creased with the addition of certain proportmn
6f lime ini miortai and the optimuni ratio of lime
to cement between 1 4 and' 1 develops maximum
bondf,  Shear resistance’ ‘increases  linearly
with increase in vertical compression up to a limit
where there is a breakdown of bond betwéen the
pbrick and mortar. This is indicated in Fig. No.
4, which also shows the perm1551ble shear stress in
brickwork as per code?. It is seen from this
that the code allows a maximum shear stress of
2 Kg./cm.2 only which is unnecessarily low when

* the masonry is under high compression. Propo-
sed design shear stress value i§ also shown in the
figure based on the work of Sri Smha on 1/6 scale
model brick wotk testss. ;

I‘ABLE. No. 3

Allawable stresses in tensmn in flexure and shear in
- non-reinforced brick masonry as per SCPI Gode,

—_—

Mortar " Allowable st } i
Cement : Lime ! Sand — A 11 Fg[cmz !
Tension in flexure
Normal to Parallel to  Shear
bed bed e
joints joints
1:1/4:3 e
: or -
1:1/2:48 - pin 2911140 5 L35
1':1:6 J JHQ EILY 4 2.8
e, : SEIEEEEEEdY

3.4. Slenderness Ratio

The increase in slenderness ratio leads to.an
early failure due to buckling. The code of ;Sfac.
tice considers this  effect and provides a table
pf stress reduction factors for various slenderness
ratios. From economic considerations, it limits
the slenderness ratio values as 24 for walls in
dwellings of not more than two storeys and 18
for all other structures. But it has been seen
that the walls restrained by concrete slabs rarely
fails" by buckling.” The present limit of 18 for
load bearing walls is, therefore, conservative, In
such cases a value of at least 24"is more realisti¢.
Canadian code? and the code recommended by
SCPI® specifies the limit of 30.

Des:gn

Because of limitation of space, the actual demgﬂ
of brick masonry walls based on Code of Prac
tice? is not included in this papéer. The same
with a few worked out examples and’ design aids
shall be presented in a separate paper.
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