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- STRUCTURAL DESIGN

1) Some general puidance on the design
concept of load bearing masonry structures

i5
iy A

given 1n the following paragraphs.

building is basically subjected to two

types of loads, namely:

a)

b}

vertical loads on account of dead loads
of materials used in construction, plus
live loads due to occupancy; and

lateral loads due to wind and seismic
forces. While all walls in general can
take vertical loads, ability of a wall to
take lateral loads depends on its
disposition in relation to the direction of
lateral load. This could be best
explained with the help of an
tHustranon

. the wall 4 has good
resistance against a lateral load, while
wall 8 offers very little resistance to
such load. The lateral loads acting on
the face of a building are transmitted
through floors (which act as horizontal
beams) to cross walls which act as
horizontal beams) to cross walls which
act as shear walls. From cross walls,
loads are transmitted to the foundation.

WALL UNDER
BEHDING

Resistance of brick wall to ake lateral loads
is greater in case of wall A than that in case of
wall M,

+ ABILITY OF A WALL TO TAKE LATERAL
Loaps



i) As a result of !atf:ral load, _in the cross
walls there will be an increase of
compressive stress on the leeward side, and

WIND LOAD ON SHADED
AREA IS RESISTED BY
THE CROSS WALL

STRESS
DIAGRAM
DEAD LOAD
Y
Y
WIND LOAD
x=y
L 2 :+y

COMBINED



decrease of compressive stress on the wind-
ward side. These walls should be designed
for ‘no tension’ and  permissible
compressive stress. It will be of interest to
note that a wall which is carrying greater
vertical loads, will be in a better position to
resist lateral loads than the one which is
lightly loaded in the vertical direction, This
point should be kept in View while
planning the structure so as 10 achieve
gconomy In structural design,

w) A structure should have adequate stability
it the direction of both the pnncipal axes.
The so called ‘cross wall® construction may
not have much lateral resistance in the
longitudinal direction. In multi-storeyed
buildings, it is desirable to adopt “cellular
ar ‘box type’ construction  from
consideration of stability and economy -

Syress PATTERN I8N CROSS WaLL ACTING AS SHEAR WoaLL



ATABLE

UNETABLE

W Y

PLAMN

E-Ifa CHOSS5 WALL CONSTRUCTION-UNSTABLE
N LONGITUDINAL MRECTIDN

hHIuLE

BTABLE

FLAH

CELLULAR 08 BOX TYPE COMSTRLULCTION
STABLE |N BOTH DIRECTIONS

STARILITY OF CRrOss WaLL AnND
CeLLunan (Box Tyee) CoNSTRUCTION

v} Size, shape and location of openings in the
external walls have considerable influence
on stability and magnitude of stresses due
ta lnteral loads, ~ 3

vi) If openings in longitudinal walls arc so
located that portions of these walls act as
flanges to cross walls, the strength of the
cross walls get considerably increased and
structure hecomes much mare stable,

vii} Ordinarily a  lpad-beanng  masonry
structure  is designed  for  permissible
compressive and shear stresses {with no
tension) as a vertical cantilever by accepted
principles of engincenng mechanics. No
moament transfer 1 ullowed lor, at floor to
wall connections and lateral forces are
assumed to be resisted by diaphragm
action of Neor, roof slabs, which acung as
horigontal beams, transmit lateral forces Lo
cross walls in proportion 1o their relative
stiffness (moment of inerta),



TEREE

This wall will not resise laveral lecading as

sucoess(ully as wall 25 W tends @0 act as three
separaie shor lengths rather than one

{

I B A

This wall will tend to sct as one loang portion af

brickwork ond will be more resistamt to iaieral
loacing,

Vikk)

%)

ErFecTt oF DPENINGS ON SHEAR
STRENGTH 0F WALLS

For working out stresses in varous walls,
it 1= Faster to whulate stresses (loor-wise Tor
such walls carrving greater loads.
Computations for vertical loads and lateral
loads are made scparately in the first
instance, and the results from the (two
compulations are superimposed o arrive
il the net value of stresses,

In any particular floor, from practical
considerations, glfhﬂl'ﬂ“:r'., uality of bricks
and mix of moriar s I-]Irxl:.'|;:l the  same
throughout. Also in the vertical direction
change in thickness of walls s made only
at foor levels.



Arching Action

i) Arching in masonry is a well known
phenomenon by which part of the load
over an opening in the wall gets transferred
to the sides of the opening. For good
arching action masonry units should have
good shear strength and these should be
laid in proper masonry bond using a good
quality mortar. Further, portions of the
wall on both sides of the opening should be
long enough to serve as
effective abutments for the arched masonry
above the opening since horizontal thrust
for the arch is to be provided by the shear
resistance of the masonry at the springing
level on both sides of the opening. If an
opening is too close to the end of a wall,
shear stress in masonry at springing level
of imaginary arch may be excessive and
thus no advantage can be taken of arching
in masonry for design of lintels.



To work out approximate stress In
masonry in various stretches, 1t 1s assumed

that:

a) load from the lintel gets uniformly
distributed over the supports,

b) masonry and floor loads above the
triangle PRQ get uniformly distributed
over the stretches of masonry CD and
EF at the soffit level of the lintel, CD
and EF being limited in length to L/2
and over the stretches GH and JK at the
floor level, limited in length to L or
L—H

2
- height of top of the opening from the
floor level.

whichever is less, H being the

In case some other opening occurs
between the lintel and horizontal plane 25
cm above the apex R of the triangle,



111)

arching action gets interrupted because of
inadequate depth of masonry above the
triangle to function as an effective arching
ring. Also if there is some other load
between the lintel and horizontal plane 25
cm above the apex R of the triangle,
loading on the lintel gets affected.

In case of buildings of conventional design
with openings of moderate size which are
reasonably concentric, some authorities on
masonry recommend a simphfied approach
for design. In simphfied appruach stress In

masonry at plinth level is assumed to be
uniformly distributed in different stretches
of masonry, taking loadings in each stretch
as indicated without making
any deduction in weight of masonry for the
openings. It is assumed that the extra
stresses obtained in masonry by making no
deduction for openings, compensates more
or less for concentrations of stresses due to
openings.



EXTRA FLOOR LOAD
ON STRETCH CD AND GH

EXTRA MASONRY LOAD
_ON STRETCH CD AND GH

LSt

" i TTE TR -.".ll_ _'I-._ as L o= T
SO g e e Wt o S R, TR »

MASONRY LOAD

'I | \nu LINTEL
pall N

P — 1‘*—‘;\
C r._[f[; 3 '-E_v_i 3{ )
/el L uzJ

/ EFFECTIVE \
. SPAN }
/ \

\ FLOOR
Gf x M I x K B LEVEL

L+ H _ :
x= L or g whichever is less,

U ARCHING AcCTION IN Masowry



Lintels

1) Lintels over openings are designed taking
into consideration arching action In
masonry where feasible as explained
earlier. It is a common practice to assume
that length of walls on both sides of an
opening should beat least half the effective
span of the opening for transfer of load to
sides by arch action. In case it is less, lintel
should be designed for full load over the
opening regardless of the height uf the
floor slab

FLOOR LOAD ON LINTEL
YHAEGHH? LOAD ON LINTEL

Y I
L ._*-'.'l.

C(EFFECTIVE
SPAN]

FLOOR

Effective Load when

L
Ll‘i;



i) When location and size of opening 1s such

that arching action can take place, lintel 15
designed for the load of masonry included
in the equilateral tnangle over the lintel

- In case floor ar roof
stab falls within & part of the triangle in
guestion or the triangle s within the
influence of a concentrated load or some

other opening occurs within a part of the
triangle, loading on the lintel

= M ASONRY LOAD
OGN LINTEL

Ly L. L2

{EFFECTIVE
SPan |

O N

FLOOR

Effective Load when L; and

La ?3: [./2 and Floor' Rool Slab does not
Intercepi the Egquilateral [riangle Ower

the Lintel

i) When stretches of wall on sides are equal

to or greater than [/2 and eguilateral
triangle above the hintel 15 intercepted by
the floor roof slab, the lintel s designed
for load of masonry contained in the
equilateral triangle plus load from the fleor
faihng, within the triangle

i) When stretches of wall on the sides of the

v)

Wi}

opening are equal to or greater than £ 2
with the equilateral tnangle over the lintel
intercepted by floor slab and another
opening comes within the horizontal plane
25 ¢m above the apex of the triangle. linicl
is 10 be designed for loads

When any other load s coming between
the lintel and horizontal plane 25 cm above
the apex of the equilateral triangle over the
]mlel the latier is designed for the loads -

It may be clanfied that in fact load coming
on a lintel is indeterminate and the above
suggestions for the design of lintels are
based on empincal rules derived from



OPEMNING

h 2250 mm

FLOOR LDAL
0N LINTEL

% LINTEL

o

¢ ¢

/

/ ;

1 L EN
FECTI PanI

f I[EFECTIVE 5 ;

/) L

v [/
Ly DHL??%

Effective Load when Ly, and [ =

£2, and Equilateral Triangle Owver the
Lintel s Intercepied by Floor Slab Abowve
with ng Other Opening to Intercept Arch

WELD

Action

expenence and gencral prninciples of
CREINCETITE.

Economy in the design of lintels may be
elfegied by taking advantage of composiic
activn  hetween lintel and the masonry
whove it. For this purpose centering of the
lintel should not be removed tll both
masonry (up to 25 cm above the apex of
cyuilaieral triangle above the liniel) and
RCC of the lintel have gained sufficient
strength 5o a5 1o be able to bear siresses in
the composite beam having masonry in
compressive fone and ROC lintel in the
tensilke rone. ' o

: singhe brickwidth walls for
vertical loads are stronger than multiple
brick width walls as can be readily seen
from the test sesults reproduced below

HWiall Wall Relarive
{eavparrede ticn Thickness  Strength
cm {in)
[y i2) (1)
Single
brick-widih 127 (%) 1 .40
-tdas- 152 (6} (30
=dlia= | TB-254 (180

(7110}



(1 (2) (3

Multiple 25.4-38.1 0
brick-width {10-15) e

Iheoretical explanation for the abave
hehaviour of masonry is that presence of
vertical joints, which have a much lower
lateral tensile  strength,  reduces  the
compressive stress of masonry under axial
loading. Thus greater is the frequency of
vertical joints, lesser is the comp,essive
strcngth of masonry., Thus a 2023 em
thick  brick wall {one brick-length) s
weaker than a 10/115 em brick wall of
:magll: brick-width because of presence of
vertical joints in both the directions in the
former. ~
Compressive Strength of Masonry, which
is based on British Standard?, ‘may be
E.u-sumerj to hold good for one brick-
ngth or thicker walls and thus in case of
hall-brick load bearing walls some increase
Llr! H-il!'iliﬂ stress may be permitied

» Permissible Stresses
A Permissible Compressive Siress

Ntress reduction factor

When a wall or column is subjected 10 an axial
plus an eccentric load " resultant

eccentricity of loading (7 may pe worked out as
Tollows:

W= W, + W,
Taking moments sbout AR,
We= W, X0+ We
. Wie
P W, + W
5.4.1.2 Area reduction facior

1] Provision of Area reduction [actor m-this
Code was originally similar to that in 1970
version of British Standand Code CP 1112,
When the Code was revised in 1980, upper
hmit of *small area” was reduced from 0.3
to 0.2 m’ based on the provision in BS
5628 Pari 1 : 19789,



W, = axial load,

W7 = cooontrse load g distance '’ from centre linc,
W = resullant load at distance '#° from cenire kine,
§ = resubiani ccoentricily.

ResunTant ECCENTRICITY

il) Area reduction factor due 1o "small area” of
a member i5 based on the concept that
there is statistically greater probability of
failure of a small section due to sub-
standard units as compared to a large
element.

e . | he reason
for this seems to be that factor of
safety/load factors inherent in a Code
should be enough to cover the v;ﬂnl_mg-:my
m:ntmn:d above for rhug Provision.

s - limits for smallness of
area in this context are taken (.13 and (.10
m?, respectively. ~

Shape reduction factor

Shape modification factor is based on the general
principke that lesser the number of hornizontal
joints in masonry, greater its strength or load
currying capacity. It has, however, been found
from experimental studies that for units stronger
thun 15 N/mm?, extent of joints in masonry does
not have any significamt effect on strength nl
masonry because of use of the comparatively high
strength mortar that normally goes with high-
strength units.



- . . Increase in permissible compressive
siresses  allowed for eccenrric wvertical andfor
kateral loads under certain conditions

1) Eccentric vertical load (vertical load plus
lateral lead in case of free standing walls)
on  masonry causes bending stress in
addition 1o axial stress, It has been found
that masonry can take 15 percemt greater
compressive  stress, when it is due 1o
bending than when it is due to pure axial
load, beeasuse maximum stress in case of
bending occurs at the extreme fibres and
then it gets reduced linearly while in axial
COmpression, stress s more or less uniform
throughout the section. For simfiler reasons
permissible eompressive stress in concrets
for beams 15 greater than that in columns
subjected to vertical loads. 7 "

i} When loading on & masonry element has
some eccentricity, the Code lays down the
design approach for vanous ranges of
eccentricily ratios mamely (a) eccentricity

ratio of :’!J'i or less; (b) eccentricity ratio
. ol
cmd:ng% but not excesding B and {c)

eccentricity ratio exceeding EE Basis of the

design approach is explained below {see
also Fig. E-24).

a) Eccentricity ratio ol ﬁ or less—

Refering to Fig. E-2EB, W is total
vertical load per unit of wall with
resultant ecceniricity ¢, ¢ is thickness of
wall, fi and f; are the stresses at the two
faces of the wall and [, is Permissible
compressive stress for axial loading.

W M
fi==+=
ST T

W M
I:*] =

Substituting valuwes of A4, M and Z
W =&
A Ll B i’(: + ";—'*’)

fimm=t

i i I

W_WExe _w, _er
A

"= TTF
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STRESS

1‘l

on |~

| vsel
e= /24 E'f:r'iz
f:lﬂ“'-?’.rn = TW
(79
128, %3 1-—:]
< FL )6 ——IE{Li] ;
f;'liﬁf. 2
W, 8
S0
_ 13541
6F
| +—

W = permissible load per unit length of wall
fi = permisaible compressive Niress of masonry.
7 = resultant eccentricity ol loading.

; = thickness of wall

VARIATION IN STREsS DISTRIBUTION WITH CHANGE N
ECcpNTRICITY OF LOADING



L

: cilh s Ul |
for eccentricity rotio = — . amd
since — 18 equal to axial compressive
!

stres [,

= Tw[' + 1} = |25 [

Ik

I '{{l = !}=u.?5 I

4

As we allow 25 percent additional
eompressive stress in case of eccentric
loading. it follows that maximum
compressive stress (f5) for eccentricity

ratio up to i!:i_ does not gxceed axial

compressive stress by more than I3
percent which is permitted by the code.

Ierefore for eccentricity ratio of it-i or

less, 11 is not necessary 0 compute and
add bending stress to the axial siress.
The designer is expected (o work out
only axial compressive siress for the
purpose of design and see that i does
not excecd Permissible compressive
stress for axial load.

o Design load, W =1 |
Eccentricity mtio exceeding o but not

exceeding éuw Fig. E-28C and E-28D)

We 2 6

I3 |
for eccentricity ratio — (substituting in
the above eguations},

Bending stress =

W oW 2W
I=—-|--_:=_--.-...-
J i ) )

W W_
STl

Thus on one [0 COMPressive sLICss geLs
doubled and on the other face it is fully
nullified by tensile stress and there is no
tension in the cross section. For loading

. i ; A
with eccentricity ratio between 7 and t_‘ru H
we have to limit the maximum stress f,
to 1L.25 )

_&=E(1+E€ = L2535
[} !

o Design Load,
125
W= P

l_l.._-



1 .
¢y Eccemtricity ratio exceeding 5 (see Fig.

E-28E)—We had seen from (b) above
that when eccentricity ratio reaches the

i ,
valone E.' BITESS IS Zero on one face: when
this ratio exceeds lﬁthﬁm will be tension

on one face rendering ineffective a pan
of the section of the masonry and stress
distribution in this case would thus be
as shown in Fig. E-28E. Average
COmpressive stress:

pw BB A
' - 2
Since f; has to be limited to 125 f;
125 K&
fi=—

The design load W in this case will be
equal to average compressive stress
multiplied by length ab of the stress
triangle abe. Since for egulibrium, the
load must pass through the centroid of
the stress triangle abe and the load is at

i .
a distance of 5 Flrom the compressive

and ah = 3(

Thus design load, W = averape stress
* ah

x
— !E-.u‘i = ] [f - E’}

2
From the above equalion we can sce
that theoretically design load W is zero
when ¢= /2. However {rom practical
considerations 7 should be limited 1o
13,

ik}

i It scems noccssary (o add that
in case some tension is likely to develop in
masonry because of eccentnicaty  of
concentrated loads, the bed blocks should
be suitably reinforced and these should be
long enough 50 as to prevent tepsile cracks
in masonry due to eccentricity of loading.

Permissible Temsile Srress

tensile
siress up to 0.1 N/mm? and 0.07 N/mm? in the
masonry of boundry/ compound walls is
permitted when mortar used ‘in masonry is of M|
and M2 grade respectively or better. This
relexation has been made to effect economy in the



design of the boundry/compound walls _Sinn:
there is not much risk to life and property in the
event of failure of such walls.

. Permissible Shear Stress

In 1969 wersion of the Code, prm'islun for
Permissible value of shear stress

was 0.15 Nimm® (1.5
kg cm?) for walls built in mortar not leaner than
| : 1:6 cement : lime : sapd mortar.

. value ol Permissible shear stress was
suitably modified and was related to amount of
preloading, subjpect to a maximum of 0.5 N/ mm?
pnd minimum of 0.1 MN/mm?,

If there s tension in any part of a section of
masonry, that part is likely to be cracked and thus
cannot be dcptndl:l:l upon for I‘ESIS[th any shear
furce. The clause is based on this consideration.
This situation is likely 1o occur in masonry
clements subjected to bending,

[Design Thickness, Cross Section

Wally and Columns Subjecied 1o Vervical
Lovaiel

I Saficd wally

Brick work is penerally ﬁnlshud by clth:r pointing
or plastering and with that in view, it is necessary
v rake the joints while the mortar is green, in
cuse of plaster work raking is intended to provide
key for bending the plaster with the background.

, 2k, However in case ol
design of masonry based on permissible tensile
sticss (as for example design of a free standing
wiall), if walls are plasiered over ([ plaster of normal
thickness i.e. 12 to 15 mm) with mortar of same
grade as used in masonry or M2 grade—
whichever is stronger or are {lush pointed with
mortar of M1 grade or stronger, raking may be
igmored,

Halls and Columns Mainly Subgected o
Loteral Loads

2. Free standing walls

i} 1980 version of the Code provided for
design of a free-standing wall as a gravity
structure that is, without placing reliance
on the flexural moment of resistance of the
wall due to tensile strength of masonry. It
was scen that this approach to design
resulted in fairly thick walls and maximum
height of an unplastered 23 cm thick wall
{one-brick thick of conventional size) could
be only about 086 m while it has been a



i)

ni}

common practice since long to buld such
walls to heights much greater than 0.66 m,

From a study of practices
being tollowed in some other countries in
this regand, it 15 evident thal, for design of
free-standing walls, it is appropriate to
take into consideration flexural moment of
resistance of masonry according to the
grade of mortar vsed for the masonry,

Method of working out thickness of [ree-
standing walls by taking advantage of
flexural moment of resistance of the wall

o
would be seen that self-weight of a tree
standing wall reduces tensile stress in
masonry caused by lateral load that is,
wind pressure. Thus heavier the masonry
units, lesser is the design thickness of wall
for a particolar height. It is, therefore,
advantagecous to build compound walls in
stone masonry in place of brick masonry
when stone is readily available and
thickness has 1o be greater than one brick,
Also it should be kept in view that use of
hght=-weight  wnits  such a2 hollow
bricks blocks in free-standing walls has
obvious structural disadvantage,

As a general rule, a straight compound
wall of uniform thickness is not
ceonomical except for low heights or in
arcas of low wind pressure. Therefore,
when cither height is appreciable or wind
pressure is high, economy in the cost of the
wall could be achieved by staggering, 7ig-
rapging or by plm'-'irling duphragm walls.

i . It can be
seen that for wind pressure of 750 N/ mé,
maximum height of a 23 em thick brick
wall using grade M1 mortar can be [.5 m
[or a straight wall, 3.2 m. for a staggered
wall and 40 m for a diaphragm wall,
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