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of the important factors comributing towards low seismic efficency of
described below |
¢ The walls, which are the

1. Failure of connection between walls
buildings must be tied together properly like 4 box 10 ensure good seimie g

2, Absence of proper honding betwesn perpendicular walls t the J
interlocking of brick courses at the corner junctions should be ensured,

3\/f‘7§' size of openings : The sizes of door and window openings fust be
o increase the resistance of wall to seismic shocks,
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walls (greater length) and too tall walls (more heighr) are vulnerable to
e m fo thickness and height to thickness ratio of walls must be according
" ~ Poor tensile strength of bricks, which is the major construction
£ behaviour of masonry walls depends upon the relative strength of bricks
MPOTIant to note that both masoary and concrete can carry compressive loads
S I femmon s very PU'-'} d recommended bricks and specified
ke h‘.m in the construction of masonry buildings situated in a particular
Br seismic zone map)}
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; sction of non-structural components in the building like parapets,
& “‘11 - - , - . r - * » . ] v
‘T projections etc. :!\T}w collapse of these llmpr\::a[kllx ted ngn.-smzuural
B ake is one of the major cause of loss of lives) The loss of lives could

e

stn sting lesser number of such clements and that 106 by giving proper design
proper anchoring etc.

- asyme plans of masonry buildings : The rectangular buildings suffer
Ethauakes as compared to irregular buildings. An irregular building may
§ that lacks symmetry and has discontinuity in mass and geometry. h‘ may
fion of large mass at one place attracts large horizontal or torsional forces
® So a building must be designed by adopting appropriate structural

rall distribution of mass.
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2.3. MODE OF FAILURE OF MASONRY BUILDINGS

It is not always possible to replace or rebuilt the majqrily ?f eart_hf]udt;kes: .
due to economic or other considerations. The only solution is to retrofit’ the
buildings so that they become safe for future use. Retrofitting” _"f " aj;mf’mn s,
defined as improving the strength and structural capacity of seismically defic f?
adopting suitable means for its possible future use to withstand safely the effects of

For adopting suitable retrofitting methods, it is important to study the fail”
traditional masonry structures. It has been observed by proper survey that modes of

masonry buildings resulted by seismic activity is generally common, although thﬁ'.
technique of construction is different in different regions.

2.4. COMMON MODES OF FAILURE

The most common modes of failur
given below

¢ of masonry buildings subjected to seismic motion

1. Out of plane failure 2

3. Diaphragm failure

5. Non-structural components failure
2.41. OUT-OF PLANE FAILURE

(It is one of the most common modes of failur
that the walls, which are the main sub-units in masonry structures behave as discrete or independent
units during earthquakes.

In-plane failure
4. Connection failure

The out-of-plane failure is the type of failure in which structural walls situated perpendicular
to the ground seismic motion are subjected to out-of-plane bending causing development of vertical
cracks or fissures at the corners and at the centre

/

of wallsf) These walls are termed as flexural
walls.*. )

/ P g V Diaphragm

distribution of lateral forces
depending upon rigidity)

(
R Ty

. Shear wall
b~ (resists |ateral forces)
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auses of out-of-plan
1.1, Cavses 9 e failure : The
inforved rraditional masonry structures are givT: ill;e::::m of out-of-plane failure of walls

[hadequate or improper joining of verti
1cal walls with the
roof structure,

y Poor and limited tensile strength of maso '
nry units and mortar. The co
. MMon masonry

units used in the country are burp :
qone blocks ete. t and unburnt bricks, solid and hollow blocks and

y [Construction of long span diaphra '
B (O ot erc) IR phragms (horizontal resisting elements such as roof slab
and m§ 1zontal diaphragms result in out of plane failure due 1o

excessive horizontal flex The increase |
. ase in flexural stres
parts followed by collapse’ of building stress leads to ruputre of component

2.4.1.2. Characterization of out-of-plane failure : The out-of- Ros 55 4 :
™ ving the following developenents, e out-of-plane failure is characterised

(i) . Formation of vertical cracks in the corner and in the middle of the walls
() - Formation of cracks at the lintel level,

jii) . Formation of cracks at the roof level. -

i) - Rupture of exterior walls.

(v) « Ejection of masonry units from the walls.

{w) . Formation of horizotnal cracks along the facade (Front of a building).

a vertical cracks in the corner and/or T walls
b Horizontal cracks along the facade

¢ Partial collapse of an exterior wall

d Cracks at lintel and top of slender piers

@ Cracks at the level of the roof

f Masonry ejection

2. IN-PLANE FAILURE ndia is also one of
Iplane failure walls in traditionally built constructions QR %
| ure of structural as compared 0 out-of-plane failure.

1odes of failure but is quiet less common
: motion are
"84 type of failure in which structural walls situated parallel o carthquake

JUed 1 hending and shear forces causing development of horizontal s

Walls are termed as shear walls)(See )

LY .';"V,:- LSy gy 4 ,:fihﬁ"'.';;‘:{-';‘. A b
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2.4.2.1. Causes of In-plane failure : The main causes of in-plane failure
(1) Excessive bending (if) Excessive shear g
(1) Repeated load reversal

2.4.2.2. Characterisation of In-plane failure : ln-plgnc !‘ailure in - structurg
unreinforced masonry structures is characterised by the following features shown in fj

(@) Vertical cracks above the openings.
(b) Diagonal cracks or shear cracks on parapets

(¢) _Diagonal shear cracks in doors and window lintels. The diagonal cracking is g
“as X-Cracking (Fig. 2.5 (). )

(d) Diagonal cracks in wall portion situated between openings. It 1s termed as
“ masonry’ '

(¢) ~ Crushing of wall corners.
() Horizontal bending cracks on top and bottom of wall pier masonry.
(g). Vertical cracks near wall junctions.

()  Spalling of material at floor beam level.
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Fig. 2.5 (a)
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First foor daphrag™

Fig. 2.6
L. disnhraom failure is a type of failure in which it losses its capability of good shez
By the ::i "It mav be understood that diaphragm failure only leads to shear failure ¢
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masonry walls, resulting from excessive diaphragm flexibility.} Damage at the corners of
is generally observed in the absence of no shear transfer connection. Diaphragm fa
case does not mean that it will lose its gravity load carrying capacity. In properly
and anchored buildings, the problem of diaphragm failure remains non existent, Thig
failure can be prevented by adequantely anchoring the diaphragm with the reaction wal

of shear bolts.

2.4_.4 CONNECTION FAILURE

‘During earthquake, seismic inertia forces are generated in all elements of the building, 1
ineﬁial forces are initially delivered to the horizontal diaphragms such as floor slab. These |,
forces are further distributed by the floor slab to the vertical elements like walls
which in wrn transfer the forces to the foundations. Ultimately the lateral inertia force ,
transferred to the soil system lying below the foundations. &'

. Inertia forces ;

SFFFIIPT
ﬁ/ _ Floorsiab | zZ

Walls
and/or columns

n traditionally built constructions, walls gel-nmn % SR
ected to floor slabs. . y ade of |

connection failure refers o “Inadequat gt
wrragms and vertical components ag'ﬂle W' W’@ﬂ’

anack of seismic ground motion®.
T e of GRS Wicaﬂyjcharacneﬁm by

()  Formation of diagonal cracks on | "' 3R
(in Collapse of corner zZones. s g
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1y built constructions are |

jmrwed size and number of wal) openlnpl

_‘_I;mdgquntcly strengthened openings near the edges of masonry Wl"’-..

(:I‘mufﬁcicm connection of floors with the external walls. i g
* (Due 1o relative small thickness of walls and use of britfle material like masonry.
ON-STRUCTURAL COMPONENTS FAILURE

e components of building which are not designed and detailed by structural engineer like
her load bearing elements (columns, beams, slabs etc.) are termed as non-structural
pents. The non-structural components include !

parapet walls (i) Partition walls -

j Mumty. (iv) Water tanks -
) Cornices. (vi) Canopies.—
) Stair case (viif) Projections €ic.

rhe above mentioned non-structural components are damaged generally when subjected 10
ke forces because these are not structurally safe and are also not a part of initial building
| Some of the non-structural components like partition walls, projections and water tanks
are often added after the initial building design is approved.

2.4.5.1 Causes of failure of non-structural components : Some of the important Causes
aiture of non-structural components are given below : ‘

.:') ‘Improper and inadequate design to resist lateral foycg/
| i;;)/ 'Poor connection with the main structural cle:m:nts)1 .

\(iii) (Non-bracing or poor restraining of these structural elements
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