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4 INTRODUCTION :

The masonry buildings are the most commmon type of traditional
construction used for housing purposes, all around the world.
The masonry buildings are constructed in rural, urban and hilly
regions; which have very low geismic resistance.

- The recent earthquakes have shown that the collapse of these

construction is the main causc of destruction. Hence, it is
necessary to increase the seismic resistance of these buildings or
constructions. '

—~ 1n most cases, the resistance can be improved by following simple,

inexpensive principl'cs of good buiiding'-construction.
Thus, the rotrofitting of alrcady constructed buildings 1s also
essential for improving their seismic resistance. . -

UNDAMENTALS OF EARTHQUAKE

59,1 DEFINITION BARTHGUARE

— “The sudden shaking or movement of the ‘earth’s crust caused.
duc to disturbances occurring inside the oarth is known as the

earthquake.”

Whenever the earth is disturbed, vibrations are produced. Thes
vibrations set out in all directions from the place of their origi
, Wherever these vibrations travel, an earthquake 1s gaid to hav

taken place. These vibrations are more intense near their sourc
As the distance increases, these become fechle and slowly die ou
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6.2.2 STR'U{JT?JREQ_ OF BARTH

mag

The interior. of -fhé-_’:é_s.,rth is divided into various zomes, such as
(1) Crust (i) Mantle (iii) Core B

) Crust ¢

The uppermost part of the carth is called as crust. It is solid and

~extends upto 60 km. ingide the earth. Tt mainly consists of rocks
like granite, basalt, etc. The density of the crust varies from 2.5
S to 3.0. ' : ' -
- (iDMantie : o :

¢ Below the crust is mantle, which is divided into two parts, outer

and inner. o
* Theouter mantle extend upto 660 km. and inner mantle upto 2900 km.
* The density of mantle varies from 8.4 to 5.5. This part is in

semi-solid state and the approximate temperature inside the
mantle is 3000°C. : '

{ii1) Core :

The innermost part of the earth is called as core. It is divided
into two parts, outer and inner. It mainly consists of liquid zone.
In composition, it has Nickel and Tron. :

The vuter core extend upto 5200 km. and inner core from 5200
to 6370 km. : -
The density of core varies from 11.0 to 16.0 and the temperaturce
at the inner core is 6000°C.

The boundary between crust and Max_itle 1s called as MOHO,
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— The high temperature and pressure difference between the crust
and the core results in the convection currents (like flow of
water molecules when heated up). These currents result in
circulation of the carth’s mass from crust to core and vice versa.

~ The hot molten lava comes out and cold rock mass goes into the
earth. The flow of material cause the crust and some part of the
Muntle to slide on the outer corce. This sliding of earth’s mass
takes place in different parts of the earth, called as Tectonic

[ .
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- Fig. 6.2 Major Tectonic Plates of earth Rift ‘ _.
— The surface of earth consists of seven major tectonic plates (Fig:- N

6.2) and many small plates. These plates move in different

" directiong and at different speeds. Thus, resulting in rising and
sinking of the continents.

1/‘-\,»’“ -\/,f“ . ‘ / ’ _
| (_/’/f / (:/> Pacific piaﬁet, ' J 1 /CJ

v 2xIn India, the raised batches along the eastern and western coasts
5-'25-“_ "~ and the gubmerged forests of Romhbay arc typical examp1cs of
o plate movements. Some movements of these plates also occur
tangential to the earth’s surfacc and are very slow. These
movements result in the formation of mountains (like Alps and
Himalayas). (Fig. 6.3) '
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3 EARTHOUAKE prg STANT CONSTRUCTION . o o
[G:T.U., May 2011, Nov./Dec. 2011]

R

An Cariinnaia EosTstag sonstreetion shaoyld hove f@_‘iimwﬁﬁg
Froperiios for hotfom, selsmiie perforosngnee -

1)  Good structura] configuration

o

(ii) Latergl strength
(iii) Ductility

(iv) D'efurmabi].ity
() Damageability

CRTE T reim am A
Vs ponf IHuration H

i) Good sip
=~ The size, shape and structural system of building shoulqd be such
that inertia forces transferred to the ground safely,

= An important property of gond structural configuration is jtg
integral action. Anp integral action means the structure aets as
one unit and is able to regigt the earthquake forces m a better
and safer way,

G Dactovsd brensgi b .
~ The earthquake result in large inertia forces. Thus, a good
earthquake resistant building should have enough lateral strength,

80 that it can resist the inertia forces without eollapse.

{iin) Phedii iy
=+ The ductility i the property of g material, which enable it to
~undergo Jargy slongation bofore breaking. _ .

y
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—~ “The matcrials generally used for the construction are masonry,
concrete and steel. The masonry and concrete are hrittle, while
steel is ductile. _ ' '

— A good earthquake resistant building should have enough ductility.
This can be done by the addition of ductile material, such as wood
in earthen construction and steel bars in masonry and concrete
construction. -

{ivy Deformability

- The deformahility refers to the ability of a structure to undergo
large deformations without collapse. The ductility is the inherent
property of a material, while the deformability pertains to the
structure. '

=+ The dbforma}jﬂity of a struc_ture'can be increased by making
regular, well proportioned structure; which is tied properiy.

~ (ood deformability of a structure is also necessarily to make it
~ earthquake resistant. For example, Even when ductile material 1s
- present in the building components, such as beams and walls, the
" building may fail if the components are not well proportioned and
tied together properly. -

{v) Damageability ;

= The damageability refers to the ability of a structure to undergo
substantial damage without partial or total collapse. This will-
result in sufficient warning to the people before collapse; thus

_ resulting in less loss of lives. : :

‘= The gond damageability can be achieved by providing several
© supports to important structural components, such as beams ete.
and avoiding eentral columns or walls supporting large portions
of building. ' o o

Only for Reference ... www.civilpddc2013.weebly.com Page 5 of 25


www.civilpddc2013.weebly.com

Corstruction of mmmm é?@v‘;fwmm‘ rza“m{:fmg 6.7

6.4 IMNDIAK STANDARD: f‘MT‘EH 16 FOR EART H&‘i}ﬁ KE RESISTANT
o DESIGN OF i‘é”ﬁ’“?{ﬁ&’ﬁ‘ﬁ:ﬁﬁ&:

~ The tollowim, hldum Standards may be used for gmdance uf.
_ earthqualce l‘osmtant co11<;tmct10n of buﬂdmg :

1%1(; ._ ISNg_?dG an e Tltle of code

01 | 1983 N Ldrthqudke Recﬂatant Deugn of Structures '
(Part-1105) | (5" Revision) :

02' | 4326 - 1993 Barthquake resistant design and construction of
' B buildings — code of practice’ [2d Revision]

03 13287 1993 Improving earthquake re51stance of earthen |
: G buildings — Guidelines o

04 13828 — 3993 | Tmproving earthquake resistance of low St-rength. .
S | masonry buildings — Guidelines

05 13920 - 1993 | Ductile detailing of Remf‘orced_ concrete
o o structures suhbjected to seismic forces [Code of
practice]

08 13985 - 1993 | Repair and seismic strengthening of buildings
| 1Guidelines) : L t

6.8 ZONING OF BARTHOUAKE AL PER ININAN ETENDARDS -

-+ Seismic Departmcnt of India has divided entlrc country in five
Zones according to possibility of ealthquake -

= According to that “ZONE NO.”, the possibility of earthquake can

' he 1dent1ﬁed E‘Elblly ' '

s AR —
_ I%:; | Zone No. g Posmblhty of earthquake
1 Zome-1 | No Risk |
|2 | Zome-2 _._.._.Mjg,..“._....Y.‘EETXM;_‘.‘.?fo__-RiSk _______
‘(__.;'_L_.., Zone-3 | Moderate Risk
\\\\\ Zone-4 ; High Risk
5| Zones ' Very High Risk N
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A BEFFECT OF Eﬁﬁ%&%?‘i’%i?&%%? G ﬁi’:“ﬁ% O BUILDNGS
: {G.T.U,, May 2011]
~+ }uarthquake causes shalking of the gmund The structurcs or huﬂdmg
" “resting on the ground will be subjected to motmn on basc.
Thus, the base of the structure or building moves hut the building or
structure has a tendency to stay in its original position due to inertia.
= The structure can be supposed to be acted upon by a force, called
inertia force (which resists the changp of the state of the structure).
- For example, in-a building whose roof is supported on columns, £
Fig. 6.4(a) and the columns are fixed to the foundation (base),
when the ground moves the foundation alongwith the columns
tries to move the roof. But roof has a tendency to stay back, hence
~ Inertia force equal to mass of the raof times acceleration acts on the
_ roof in the direction opposite tn the ground motion, Fig. 6.4(a).
= During carthquake motion, the columns of the building are
-subjected to displacement. But they also have a tendency to
come back to the straight position (original' position). Thus,
restoring forces, which depends upon the qtlff‘ness of the columnq
~and the displacement(x) are developed (F, = K'x). These act alo
- opposite to the dircction of motion. It is cloar that if the columns -
are stiffer than the restoring forces are more.
Every structure possess some damping, which depends upon 1’&.
materials connections and components, etec.
Thus, the damping forces equal to Cx (C = damping coefficient
and % is the velocity of ground motion) arc developed which also
act opposite to the direction of motion.
Thus, the summation of forces acting on the building is -
Fm—mx—ka + Kx : %
which is same as equation for dynamic equlhbrlum Thus, the
equation of motion (dynamic cquilbrinm) is applicable to hmldmgb
under carthquake motion also. Here, Fy, is the dynamic force due
to earthquake inertia iorLe motion.
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Fig. 6.4 Inertia Force
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T

8.6 (B) GENESGL ?&QN{TWEES FOR EARTHOUAKE AESISTANT
- BULDINGS @ GV May 2011, Nov./Dec. 2011, May/June 2012, Jan.2013]

~The varionw ‘peints/priveiples considered, whila plonning
earthguule-rosistans uildings o

8.8.1 Lightnons -

= Thus, a building should be as light as possible, especially the
roofs and upper storeys.

6.6.% Plan of huilding : |  [G.T.U., May/dune 2012]
= The behaviour of 3 building during earthquake depends on its
shipe, size and geometry. .
- A good building plan can result in less damage during earthquake.
{a) Symemootry

= -The building as a whole or its various blocks should he kept
- Symmetrical about both the axis. '

= The asymmetrical buildings are subjected to twist or torsion
during earthquakes. 'This twist make different portions at the
same floor level to move horizontally by different amounts,

-~ This eauscs more damage. This damage can be minimized by
planning symmetrieal buildings as shown in fig. B8.5.

o) Bimpliciior and Regularizy _ .
= The building should have a simple rectangular plan, _ i
= It is seen that simple shapes hchave better during the earthquake i

thau complex shapes like L, T, E, U and T, etc. (Fig. 6.6)

- = Also, scparation of a large building into smaller blocks can lead.
~to symmetry and regularity. (Fig. 6.7)

(e} Sloe of iho b reidmy o _
~The length of the building should not he more than threc times
its width.
< If longer lengths are needed, two separate blocks with separation
should be provided. (Fig. 6.7)

f 25
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5.8.38 @p‘;?“’iinﬁg m ‘Wf—giiq 1

The following are the gmdehnes on the size and pomt,mn of opemngs
i walls Lo .

@

- (i)

(iii)

(iv)

The distance of an opening.from the inside corner of the
adjacent perpendicular edge wall (bs) is limited.

The total length of openings should not. exceed a certain :
" percentage of the span of the wall (distance between conbecutlve
cross walls). -

There are lmutq on the rdtlo of total length of openings to the |
length of ‘the wall [(b; + by + bs) /1y or (bg + b?) ! 15]

The width of the pier between two adjaccnt openmgs (b.;) should
not be less than a minimum leue '

The vertical distance between two vpenings one abm«e the other
(hg) should not be ]eqs than a minimum value.
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Lonsirsction of it

6:.11.

g(by) is limited.. The specific
low
gs in bearing walls

(v} The wi
~ limita: a

Sr, | . .
No. | Position ol Oy

fqr B uilding category

"?;4ﬁ@p--qJ,Dm@@,

1. | Distance by f
of outgice “w

| 2ero mm | 230 mum 450 mm

the ratio

(bl + bg +- h_tj) i (bﬁ + hr;)

7, or I shall not
exceed o _
. “(a) one-storeyed building _ 0.60 050 | 050
() two-storeyed building ] 050 | 04s 0.42
(e} 3 or 4 storeyed building 1 042 | 037 | 0.33

3. ! Pier width hetwoen consecutive _ oo
' opening by, minimum : 340 mm | 450 mm| 560 mm

4. [ Vertical distance between two
: openings cne ahbove the other

Dy, minimum ' 600 mm 600 mm 600 mm J
£ | i t .{J
‘ﬁ_jﬁp__ﬁ_.._.m._i! —_— .‘hf o . ’ '}
7 I - 7
Z] P %’@ [
1) T . /// -
4 e ‘ | v
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.. . : s
7 ’ b f 5 b % . . ba H. b- h ,/
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1. Dogy 2. Window 3. Venitalar 4, Cross wall

Fig. 8.8 Dimensions of Openings
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— Thesc bars must be laid in CM (1:3) w11:h a minimum cover of
10 mm. Fig. 6.10. '-

S-Bmimd

]

f“' | 1.20-1.50m

t

53

3

]
1.20-1.50m

S .

Fig. 6.10 Dowel bars at corners and T-junction all sill jevel of windows

5;.6 4.2 Vertical reinforcement

The vertical reinforcement is also prowded in Walls tu xmprove the
seismic resistance of buﬂdmgs

. Various points to be considered. are as follows S

D)

G

(i)
Qv
| (v)

_ ',(Ivi_).

Vertical steel at corners and junctions of walls, whlch are upfo
345 mm (1% brick) thick shall be. p10v1ded B

For walls thicker than 345 ram, the area of bars can be
increased proportionately. The amount of vertical steel depends
upon number of qtnreys and Ldtegory of bmldmg '

The Vertlcal remfnrcement should be properly embedded in the
plmth masonry dnd rnnf slab or rouf band

The vertlca] remforcement Qhou]d pass thmugh the lmtel bcmds
and floor level in all stmeyq . :

Vertical reinforcement for window and door openings should
start from foundation of floor and upto lintel band

T he typlcal dctaﬂs of pruwdmg atEEI m br1ck mdsonry bulldmgsl '

‘are shown in fig. 6. ll
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Fig. 6.11 Vertical bars in Masonry Walls

= The traditional materials used for repair are mud, lime, cement,
sand, brick, stone and steel. : o
— Wood, bamboo, casuarina posts are used for supports and braces. -

L

Cement or lime is combined with sand and water to prepare th'e

- mortar. : o

—+ Various types of cement with properties: such as shrinkage .
compensation, low heat cvolution and sulphate resistance are .
preferred for specific repair applications. ' o

— Steel is used in the form of bolts, threaded rods, angles, channels '
and prestressing strands. S

G} Orout s |
= Grout is o mixture of water, ccment and optional materials like

sand, water redueing admixtures, expansion agents and pozzolans.
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—+ The water to’ cement ratio is around 0.5. Fine sand is used to
avoid segregation. . '
— The desirable properties of grout are as follows :
~ Fluidity |
_ Minimum segregation
— Low shrinkage
_ Adequate strength after hardening
_ Good bond with the substrate '
- No detrimental compound
— Durable
{(it) Epoxy Resins
~ Epoxy resins are used for the following purposes :
— To bond plastic conercte to a hardened concrete surface.
— Ta bond two rigid materials
— For patch work
- For z{pplying a coating over concrete surface to give colour,
resistanee to penetration of water and chemicals and resistance
to abrasion. '

—+ Hpoxy resigns are excellent binding agents. The low viscosity
resins can be injected into small cracks. The higher viscosity
resins are used as coating and for. filling larger openings or
holes. _ ' '

(iil) Epoxy Mortar : _

"= The cpoxy mortar i3 made using epoxy resin, sand, cement and |
water. o

~ The rcsin is added as an additional binder. It has high

- compressive strength, high tensile strength and low modulus of
clasticity. R
= The polymer particles join and form chain link reinforcement, :
_ _increasing the tensile strength of the mortar. : '
- = There is greater plasticity and reduction in shrinkage stress.
Gv) Quick Seotting Cement Moriars : ' o .
= . There are' -'.'paten'ted morfars” generally having two ¢omponents :
and are sold in a pre-packed state: . o Coa
= They are classified as follows : 7=
-~ Unmeodified cementitious :
_ Polymer or Epoxy resin based -
~— Polymer modified - '
’ ~ Cement / pozzolé'nic modified
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Construciion of &

YPsUNi. cement mortar have hmlted

= Cement| :
and- are intended for arch1tectural-

of. inortars is given in Tablc below :
§. ﬁf‘ mﬂrtar :

.\..u.,.-m_..,..._.

: lype of mortar g _ Propertles [ :

. (“wcs a fau' surface
* Good water proofing

. ReSJStS acids andJ_
_gases

. I Polymer Dlﬂdlfled
) cementitious mortay

_ Surfa(,t. cawues
“and honey ~combed

ngh]y _ adhesxve_

. Water proof and,
thlxotmpm mortax

anti- cdrbonatlon

' cuncrete ﬁmsh
. Gond resistance to
_ _ pollution
Powdery Surface | A two 'cbmponen * Binds powdery |
: surface StabIIlZPI‘ . surface

’ * Evens out absarp- l
} tmn charactenstu,s i

r«ﬁl—“ ["—h]':I_on structu—r;l_‘___; No shr in k; ngie Eaﬂ:]ly apphed

/ I cracks _ E polymer filler i elastic compound
x ' J' Eases - gt low

f g - _ _
g ! . i . ’ temperatm ‘eg
! T _,L_-_._____..____..__.n_._..___,__. —— e}
i 5. Mmur voids of f Rap-id curmg‘ o ngh strength

f-{ _ ?gé’mx‘matfogwe | polymer modified | s Can pe compacted
# . mm x

! cementitiols mortar in layers ) '
mm x 50 mm | _ |

] e I e S e
6

MaIOT voids of | Heavy © duty!e Can be applied upto‘f
approximate size | thi'xntropic fiber| 100 m thick without
200 mm x 20 reinforced polymer| - sag !

protection

—— T e

Self cleanmg

| Sl dening

[’ % 150 mm Mo difie dfe Easy to mould
N -] . Z2mentations mortar e
I Othm* lmm : ’ Resin rich Water ! e Hjhg]y remstant to
7. ¢ Surfage g based co-polymer, ! diffusion
e
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R Surface ¢ Water based co-} » Resistant to fungal ]
barrier . polymer. . attack i
N ‘.
9. ]“':-’;Eﬁding"-a'gé'nt Mf’oly'mier mndlﬁedi . ngh penetratmn
cementations surface* into porous concrete
i= ' { impregnate . creating enhanced
L adhesion ;
10 Protection of steel Two component! « Hivh penetratmn ‘
: reinforccment ! system of cemen-i 4 Raact chemically to
o ‘Etatmns powder and: generate passivity

. polymer. of steel

— Shotcrete is a method in which compressed air forces mortar or
conerete through a nozzle to be sprayed on a surface of building
component such as a wall, at a high velocity. The materials used
in shotcrete are generally same as those used for conventional
concrete. The reinforcement provided is welded wire fabric or
deformed bars tacked on the existing surface.

—~ Shotcrete is applied using either wet or dry process. The wet mix
_ consists of cement and aggregate premixed with water and pump
_ pushes the mixture through the hose and a nozzle. Compressed air

is used at the nozzie to increase the velocity of application.

In the dry mix prnccss compressed air propels premixed mortar
and damp aggregate and at the nozzle end, water is added
through a separate hdse. The dry mix and water are projected
‘on to the surface through a sccond hose.

In most cases, shoterete can be applied in a single application
- for the required thickness. It is a versatile technigue as it can
also be applied to curved or irregular surfaces. Its strength after
application and its good physical Lharactermtlcs make it 1dea1
for sirengthening weak members :

c{viy Micgo-conereto ? C
- = Based on hydraulic bmderq these ready-made formulations are .

tailored to produce concrete, which is flowable and free of :
shrinkage. They are dpphed in complicated locatmnb and in thm'
sections such as concrete jackets. : -

(vii) Fibre-rsinfvrced concvete }
~ Fibre-reinforeed concrete has better tensile strength as com_pared- E
to conventional concrete. They alse have improved ductility

(energy absorption capacity} and durability. They are bemg
increasingly used for structural strengthening.
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€ carried out fyr patching up Superficial defeets
and doing finishes, sq that the functioning of buﬂding is resumed

= Repair does not mean to improye the structura] 'strength of the
hui]ding. .

~ The repair wory consists of following measureg -
{1) Patching up the defects in plaster,
{ii) Replastering of wall. _ o
(ifi) Repairing doors ang windows, réplacement of glass panes.

(V]l) Rélayillg damageq flooring,

] ;.(V___iii.)_R(;.!pa,iring roofing sheets o tiles, ete.

(ix) .m?dt}l‘;m‘atin;:; work, i.e. white washing, coloyp washing, pointing,
ele,

Page 16 of 25
www.civilpddc2013.weebly.com
Only for Reference ...


www.civilpddc2013.weebly.com

8,20 ' , Autvancad Constroclion Techaology

g.'.‘é'

Bestoraiion @

=+ The purpose of the restoration ig to carryout structural repairs
for restoring the lost strength of structural elements.

- The restoration work consist of following measures :
(i) Removal of portion of cracked masonry walls, plers etc.
(ii} Rebuilding of removed portion with m:h non-shrinking mortar.

(i) Providing réinforcing wire mesh on both ‘faces of cracked
wall.

(iv) Injecting neat cement slurry or epoxy material in cracks in
walls, columns, beams, etc.

Batrofitiing ;

= Retrofitting is the seismic strengthening carried out to upgrade
the seismic resistancc of a damaged building. :

- The rctrofitting work consist following measures :

W Upgrading seismic resistance of existing building
(i1} Madification of existing roof .
(iii) Strengthening of floor D ' :
(iv) Modification of plan

(v) Strengthening of wall with provision of horizontal and
vertical seismic band as per IS 4326.

(vi). Adding section of beam or column using jacketing or casing.
- (vii) Adding shear walls, adding diagonal bracmgs
(¥iii} Strengthemng of fmmdatlon if pnqmble

6.8 METHODS OF REPAIRING AND BETROFIGATION OF -

EARTHQUAKE DAMAGED STF%U{,TUQE

RBepairs of Minoer avd medium oracks :

. = For the repair of minor and medium cracks (0. 50 mm to 5 mm)
the technique to restore the original tensile qtrength of the:
cracked element is by pressure m_]ectmn by epoxy. (Flg 6.12(h))

FProvedurs ;

- The external surfaces are. cleaned of non- qtructural mauterials
and plastic injection ports are placed along the surface of the
cracks on both the sides of the member and are secured in place
with an epoxy sealant. The ¢entre to centre spacing of these
ports may be apprommate]y equa] to the thlckness of the element

. (wall or beam) : - : : :
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Consiruction of £

v.ta;’iq}ﬁy ré'é'iil;-_ls' mjectcd o
Jowest part of the crack,
of the crack, in case it is

1_1_;1__i;e'rial,"'th'roughuut th:e depth and width of the

membis, .
- Thig téal}]'ljm'que';'ié':h'ppropriate for all types of structural elements
-like beams, columns, walls and flogr units in masonry as well as -

concrete structures,

2. Repairs of Major cracks and erushed concrete :
= For cracks wider than about 5 mm or for regions in which the
concrete or musonry has crushed, a treatment other than injection
15 indicated, :

Procedure ; . -
(i) The loose material is removed and replaced with any of the I
materials, such as cement mortar, guick setting cement,
expansive vement mortar, ete. (Fig. 6.12(c)) £

(ii) Where found necessary, additional shear or flexural
reinforcement is provided in the region of repairs. This
reinforcement could be covered by mortar to give further
strength as well as protection to the reinforcement. (Fig. 6.12(d))

(iii) In areas of very severe damage, replacement of the member or -
portion of member can he carried out, ' .

-~ (iv) In the case of damage te walls and floor diaphragms, steel
mesh could be provided on the outside of the surface and
nailed or bholted to the wall. Then it may be covered: with
plaster or micro-concrete. (Fig. 6.12(e)) '

2
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Fig. 6.12(a) Cracking in bearing walls due to bend.ing.and shear

1, Plaster remover]
2. Cracks ssaled
- after cleaning

- 3. Crout ports
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Fig. 6.12(b) Grout-or Epoxy injection in cracké
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Fig. 6.12(c) Streng'thening of - Fig. Grout or epoxy
Existing Mmasonry injection in cracks

Fly, 6.12(e} Cement mortar

and Wire mesh in cracks
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Fig. 6.12(f) Connection of cracked walls at Corners and Junctions

Fig: 6.12[9) Rebuilding part of wall
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- When the cracks may appear at the corners or T-junctions and
scparation of cross-wall may occur, the following steps must be
taken to restore the building :

Progedure 1 (Fig, 8.12(50)

“ The plaster from and around the crack is removed and the
cracked masonry is exposed. )

= The V-shape groove is cut _a'Iung the cracks on both the sides of
the wall. ' '

= Then the grouting nipple of plastic or aluminium of 12 mm
diameter and 30 to 40 mm long are fixed in the V-shaped groove
at 150 to 200 mm spacing.

e
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6.25

= The ¢ moang of Compressed air throyg,
nippla L

= Then _nl_::}ﬂ'wii:h the polyster sand mortar of
propi Ehe frcey of the wall,

~+ The
mugsag

njected from upper level nippjes. The water
Howards bottom level nipple,
it Blurry consisting proportion L:1 (1 part nop

wenl, 1 part water) is injected from lowegt level nipple
PNEE out from pext higher leve] nipple. |

= then

= The galvanised weld mesh of 14 gauge (2.03 mp, dia) and 25 mm :
X 26 mm mesh 15 provided over 5 length of 590 to 600 mm op !
each side of crack both inside ang outside of Yoom in a depth of i
300 mm at window sill ang 900 mm height from floor Jeye] o

= The mesh Is fixed with wall using clamp.

= Then the meshed - aren g plastored with Ferrocement _ sand
mortar of 1:3, Covering megh by minimym 12 mm thickness,

E’w%iq:?:«ﬁf.hﬁrlzs L portion of wall s
g3

If some portion of Random rubble stone masonry walls hgg been
damaged during an earthquake ang the wallg get separated and

Bet bulged: thep this portion of wall ig '8mantled and ney

= When AIY portion of waj] require rebuilding, the roof resting on
such wy]] should be Properly supporteqd firsg, '

= The new portion of wa]) must be constructed using rich cement
sand maortar (1:1),

Stren gihening | E-ﬂﬁi‘{ffﬁﬂf%‘i'ﬁ@sm} of Sedoforned CHRErele members ;
[G.Tu., May 2011}
(1) Columps :

= The retrofitting of deficient column jg essential to ayeiq collapge
of Storey, '

= The columns are retrofitted to Increase their lexura] and sheay
strongths, to Increase the deformation tapacity near the beam-
column joints and to strengthen the regions of faulty Spacing of
longitudinal pg rs,

= The congrope ,_iuck'r:ting Involveg additional layer of concrete,
longitaning) bars and closely spaced ties.
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The longitudinal bars of 12 mm diameter as specified by the
engineer and -the tics of 8 mm diameter at 20 mm centre to
centre spacing may be provided and thickness of jacket may be
100 mm on all the four sides, as shown in fig. 6.12(h).

Fig. 6.12(h) Casing of concrete column

[G.T.U., May 2011]

The beams are retrofitted to increase their positive flexural
strength, shear strength and the deformation capacity near the
beam-column joints. (Fig. 6.12(i)

The strengthening involves the placcment of longitudinal bars
and closely spaced stirrups.

A reinforced conerete beam can.be encased as shown in fig. 6.12(1)a).
For holding the stirrups, the holes are drilled through the slab.

Alternatively, it can be jacketed as shown in fig. 6.12(i) {(b) and
fig. 6.12(i)c), where in holes will nced to be drilled through web
of existing béam for the new stirrups. Desired quantity of
longitudinal and transverse steel bars may be added in each
case, as specified by the engineer.
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Explain the general principles for earthquake resistant buildings
with drawings and latest bye-laws. [G.T.U., May 2011)

Describe the guidelines for the size and position of openings in walls,
for various categories of building, giving sketch; as per IS : 4328-
1993, 1S : 13828-1993. :

Explain the provision of horizontal rain forcement (canals) in mMasonry
structures, as per 18 : 4326, giving detailed sketch.

Explain the provision of vertical reinforcement in measonry structures,
as per [S 4326, giving detailed sketch.

Explain the selection of materinls and proportion of wmortar for
earthquake prone struectures.

Explain the difference botweon Repair, Restoration and Retrofitting.

Describe ihe methads of repaiving and rodrofication of carthquake
damaged skruehives,

galke roaistant construction for
[G.TV, Nov/Doc, 2p

Deseribe varions progsey
better scismic puriingg
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228 seivaneed Donddruciion Teolmology
%,  What are the cffects of seismic forces on buildings? What points do
you consider while planning of earthquake resistant buildings?

[G.T.U., May 2011, Nov./Dec. 2011]
i4. What are the suggestive construction methods/measures for

improvement of (i) Masonry walls {(ii) R.C.C. columns and beams of
buildings against the earthquake? [G.T.U., May 2011, Nov./Dec. 2011]

Discuss planning (shape ) of earthquake resistant building.
[G.T-U., May/June 2012}

g G
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