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Starting from August 2004, Resonance is publishing in the Classroom section, a series
of short articles, ‘Earthquake Tips’, related to earthquakes, their effects on civil
structures, and design and construction of earthquake resistant buildings. The concepts
are clearly explained with sketches and analogies. We hope the Resonance readerswill
benefit from this series of articles.

Earthquake Tips have been brought out by the Department of Civil Engineering, 11T
Kanpur, and sponsored by Building Materials and Technology Promotion Council,
New Delhi, India. These articles are reproduced here with permission from T
Kanpur and BMTPC, New Delhi.
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Figure 1. Sub-units in ma-
sonry building — walls be-
have as discrete units dur-
ing earthquakes.

Learning Earthquake Design and Construction

15. Why is Vertical Reinforcement Required in Masonry
Buildings?

Response of Masonry Walls

Horizontal bands are provided in masonry buildings to improve
their earthquake performance. These bands include plinth band,
lintel band and roof band. Even if horizontal bands are provided,
masonry buildings are weakened by the openings in their walls
(Figure 1). During earthquake shaking, the masonry walls get
grouped into three sub-units, namely spandrel masonry, wall pier
masonry and sill masonry.
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Consider a hipped roof building with r 1
two window openings and one door
opening in a wall (Figure 2a). It has Raof
lintel and plinth bands. Since the roof is e -
ahipped one, aroofband is also provided. g Operming |
When the ground shakes, the inertia
force causes the small-sized masonry

. . : = : : _l'.-a':c.lrl.':.-'
wall piers to disconnect from the B 5} Building Co.,,m“&,r,b Biar
masonry above and below. These
masonry sub-units rock back and forth, / - \_

developing contact only at the opposite Rocking
diagonals (Figure 2b). The rocking of a
masonry pier can crush the masonry at
the corners. Rocking is possible when
masonry piers are slender, and when , P
weight of the structure above is small. Uplifting of SR i
Otherwise, the piers are more likely to ey ) oekig it Ml fars
develop diagonal (X-type) shear / - \
cracking (Figure 2c); this is the most
common failure type in masonry XeCracking

- of fela '
buildings. B

In un-reinforced masonry buildings ]
(Figure 3), the cross-section area of the L
masonry wall reduces at the opening. :
During strong earthquake shaking, the
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(o) X-Craching of Masonry Pers

Figure 2. Earthquake re-

1 Roof sponse of a hipped roof
Earthguake- masonry building —no ver-
induced inerfia___| tical reinforcement is pro-

force

vided in walls.

Sliding

Figure 3. Horizontal slid-
ing at sill level in a ma-
sonry building — no verti-
cal reinforcement.
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building may slide just under the roof,
below the lintel band or at the sill level.
Sometimes, the building may also slide
at the plinth level. The exact location

of sliding depends on num-erous factors
including building weight, the

i
Varlical steal bars anchored
foundafion and roof band

\

bl Vﬂmcal re
(See Figure 3).

(a) Vertical reinforcement causes bending of . .
Masonry plers in place ﬂfrmmng (See FJ.Q'U.I'E' 2], How Vertical Reinforcement HelpS

nforcemc—:-nr ,[:-r&uenrs s.’:dmg in walls

earthquake-induced inertia force, the

B e B B area of openings, and type of doorframes
[

used.

Embedding vertical reinforcement bars
in the edges of the wall piers and
anchoring them in the foundation at
the bottom and in the roof band at the
top (Figure 4), forces the slender

e e masonry piers to undergo bending
........... ! instead of rocking. In wider wall piers,

the vertical bars enhance their cap-
ability to resist horizontal earthquake

Figure4. Vertical reinforce-
ment in masonry walls —
wall behaviouris modified.

forces and delay the X-cracking.
Adequate cross-sectional area of these vertical bars prevents the
bar from yielding in tension. Further, the vertical bars also help
protect the wall from sliding as well as from collapsing in the
weak direction.

Protection of Openings in Walls

Sliding failure mentioned above is rare, even in unconfined
masonry buildings. However, the most common damage,
observed after an earthquake, is diagonal X-cracking of wall
piers, and also inclined cracks at the corners of door and window
openings. When a wall with an opening deforms during
earthquake shaking, the shape of the opening distorts and
becomes more like a rhombus — two opposite corners move away
and the other two come closer. Under this type of deformation,
the corners that come closer develop cracks (Figure 5a). The
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Ld
Earthguake-nduced inarbia force

Craching

(b} No cracks in building with vertical reinforcement

cracks are bigger when the opening sizes are larger. Steel bars
provided in the wall masonry all around the openings restrict
these cracks at the corners (Figure 5b). In summary, lintel and
sill bands above and below openings, and vertical reinforcement
adjacent to vertical edges, provide protection against this type of
damage.
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Figure5.Cracks atcorners
of openings in a masonry
building — reinforcement
around them helps.

Related IITK-BMTPC Earth-
quake Tip:

Tip 5: What are the seismic ef-
fects on structures?

Tip 12: How brick masonry hou-
ses behave during earth-
quakes?

Tip 13: Why masonry buildings
should have simple structural
configuration?

Tip 14: Why horizontal bands
are required in masonry build-
ings?

Suggestions/comments may
be sent to: eqtips@iitk.ac.in.
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Figure 1. Schematic of the
wall section of atraditional
stone house - thick walls
without stones that go
across splitinto 2 vertical
layers.

Learning Earthquake Design and Construction

16. How to make Stone Masonry Buildings
Earthquake Resistant?

Behaviour during Past India Earthquakes

Stone has been used in building construction in India since
ancient times since it is durable and locally available. There are
huge numbers of stone buildings in the country, ranging from
rural houses to royal palaces and temples. In a typical rural stone
house, there are thick stone masonry walls (thickness ranges
from 600 to 1200 mm) built using rounded stones from riverbeds
bound with mud mortar. These walls are constructed with
stones placed in a random manner, and hence do not have the
usual layers (or courses) seen in brick walls. These uncoursed
walls have two exterior vertical layers (called wythes) of large
stones, filled in between with loose stone rubble and mud
mortar. A typical uncoursed random (UCR) stone masonry wall is
illustrated in Figure 1. In many cases, these walls support heavy
roofs (for example, timber roof with thick mud overlay).

Laypersons may consider such stone masonry buildings robust
due to the large wall thickness and robust appearance of stone

Varticalhy spli
layar af wall

Half-dressed
oblong stonas

Vertical gaﬂ
Varticaly splt layer

construction. But, these buildings are one of
the most deficient building systems from
earthquake-resistance point of view. The
main deficiencies include excessive wall
thickness, absence of any connection
between the two wythes of the wall, and use
of round stones (instead of shaped ones). Such

dwellings have shown very poor performance
Eﬂfiffj'ﬁm during past earthquakes in India and other
layer countries (e.g., Greece, Iran, Turkey, former
Yugoslavia). In the 1993 Killari (Maha-
rashtra) earthquake alone, over 8,000 people
died, most of them buried under the rubble
of traditional stone masonry dwellings.
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Likewise, a majority of the over 13,800
deaths during 2001 Bhuj (Gujarat) earth-
quake is attributed to the collapse of this
type of construction.

The main patterns of earthquake damage : 4

include: (a) bulging/separation of walls in | (a) Separation of a thick wa

the horizontal direction into two distinct
wythes (Figure 2a), (b) separation of walls at
corners and T-junctions (Figure 2b), (c)
separation of poorly constructed roof from
walls, and eventual collapse of roof, and (d)
disintegration of walls and eventual collapse
of the whole dwelling.

Earthquake Resistant Features

junctions

Low strength stone masonry buildings are

(b} Separalion of unconnected adiac

Erartysl =2 '
Il info two layers
ki

ant walls a

weak against earthquakes, and should be

avoided in high seismic zones. The Indian Standard 1S:13828-
1993 states that inclusion of special earthquake-resistant design
and construction features may raise the earthquake resistance of
these buildings and reduce the loss of life. However, in spite of
the seismic features these buildings may not become totally free
from heavy damage and even collapse in case of a major
earthquake. The contribution of the each of these features is
difficult to quantify, but qualitatively these features have been
observed to improve the performance of stone masonry dwellings
during past earthquakes. These features include:

() Ensure proper wall construction: The wall thickness should
not exceed 450mm. Round stone boulders should not be used in
the construction! Instead, the stones should be shaped using
chisels and hammers. Use of mud mortar should be avoided in
higher seismic zones. Instead, cement-sand mortar should be
1:6 (or richer) and lime-sand mortar 1:3 (or richer) should be
used.

(b) Ensure proper bond in masonry courses: The masonry walls

vy
[

Figure 2. Major concerns
inatraditional stonehouse
—deficienciesinwalls, roof
and in their connections
have been prime causes
for failure.
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Figure 3. Use of “through
stones” or “bond stones”
in stone masonry walls —
vital in preventing the wall
from separating into
wythes.

Figure 4. Horizontal lintel
band is essential in ran-
domrubblestonemasonry
walls — provides integrity
to the dwelling, and holds
the walls together to resist
horizontal earthquake ef-
fects.
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should be built in construction lifts not exceeding 600mm.
Through-stones (each extending over full thickness of wall) or a
pair of overlapping bond-stones (each extending over at least %ths
thickness of wall) must be used at every 600mm along the height
and at a maximum spacing of 1.2m along the length (Figure 3).

(c) Provide horizontal reinforcing elements: The stone masonry
dwellings must have horizontal bands (See IITK-BMTPC

Disconiinuilies in J:'n!;l“
Harizantal hand showid ba avoided
Lirdel Band
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Earthquake Tip 14 for plinth, lintel,
roof and gable bands). These bands can
be constructed out of wood or
reinforced concrete, and chosen based
on economy. It is important to
provide at least one band (either lintel
band or roof band) in stone masonry
construction (Figure 4).

(d) Control on overall dimensions and
heights: The unsupported length of
walls between cross-walls should be
limited to 5m; for longer walls, cross
supports raised from the ground level
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called buttresses should be provided at spacing not more than
4m. The height of each storey should not exceed 3.0m. In
general, stone masonry buildings should not be taller than 2
storeys when built in cement mortar, and 1 storey when built in
lime or mud mortar. The wall should have a thickness of at least
one-sixth its height.

Although, this type of stone masonry construction practice is
deficient with regards to earthquake resistance, its extensive use
is likely to continue due to tradition and low cost. But, to protect
human lives and property in future earthquakes, it is necessary
to follow proper stone masonry construction as described above
(especially features (a) and (b) in seismic zones 11 and higher).
Also, the use of seismic bands is highly recommended (as
described in feature (c) above and in IITK-BMTPC Earthquake
Tip 14).
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Related IITK-BMTPC Eart
quake Tip
Tip 14: Why horizontal ban
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are required in masonry build-

ings?

Suggestions/comments may

be sent to: eqtips@iitk.ac.in.
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