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An Earthquake Preparedness Guide

fAarRral & fore arcmifere fAERBT (A ready reckoner for Home Dwellers)...
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1. 3T T BT §?

What is an earthquake?

Past earthquakes in our country brought
home the harsh reality that earthquakes don’t kill
people, unsafe buildings do. About 60% of the land
area of our country is susceptible to damaging
levels of seismic hazard. We can’t avoid future
earthquakes, but preparedness and safe building
construction practices can certainly reduce the
extent of damage and loss. To take necessary
action it is mandatory for every citizen to have
elementary knowledge of what is an earthquake,
forces acting on structures, remedial measures to
be taken for structural safety and knowledge of
what to do before, during and after an earthquake.

This guide will serve as a reference tool to
sensitize citizens about the issues concerning
preparedness measures for an earthquake.
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The surface of earth is
made of several plates
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These plates
move all the time
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Due to this movement of plates the energy stored is

suddenly released when rocks get crushed under
stress and spreads in the form of waves inside the

ground creating earthquakes
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Movement of Plates Building of stress Release of Energy
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At the joint of two interacting plates the rocks get crushed under great stress
causing earthquake waves in all directions.
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What causes damage to the building?
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Each building and site may have different
vulnerability
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Ground shaking generally decreases
as it spreads

.ﬁhaﬁqﬂgﬁ@ﬁww%

Ground shaking increases in soft soil
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Sudden fault movement creates ground shaking
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Imagine a sheet of cloth. By shaking it at one Because of the wave, horizontal force acts on
end, a wave is formed. This is what happens in the building. For this sideways movement the

an earthquake. building has to be specifically designed.
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Normally the weight of the building travels Crack, and in some cases failures, occur if the
vertically down to the ground. All buildings are shape, material and details of the construction
designed for this weight. are not adequate to withstand sideways shaking.
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Different structural systems: a Basic Guide
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Load Bearing Structure Reinforced Concrete (R.C.) Frame structure
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4. [HT B QrerTeT FAT EAT & ?
What Happens during an earthquake?

A. A dEsh H&EHAT
Load bearing Structure
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Mid rise flats
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) The load bearing walls act as a stiff box. The weakest point
Teh HiSTell REELl HJeh in this box is the openings for doors and windows and the
Single Storey residential House junction between the wall and slab.




" Faifaes TR efd 99 Bkl & 59 dEAnd H [Eeneiy
e [1] 9he Bl 8; SSIEX ERT 996 g ofid
& ST =R |

Most serious damage occurs when diagonal cracks
appear in the walls [1] themselves; they should be
checked by an engineer immediately.
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Cracks are most likely to appear at the corner of the
openings diagonally [3], in piers between consecutive
windows [2] placed horizontally.
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The shorter these cracks are, the less damage has
occurred.
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Also check for horizontal cracks between slab and
walls [4]. These are not risky to the basic stability of
the structure.

B. %" I=TAT

Frame Structure
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Open Ground Storey/Buildings on Stilts

9 9o %o HH AT H, TIH ad The RC frame structures where the
% WAl B 9= b W H &A1 A g9 ground storey is left open without any partition
IR (i%r:ng Iqr Sl aﬁ[) iESI B & walls (of either Masonry or, RC) between the
ST B, 9 ci@f Uy I drcll SHIRG AT, ST columns are called Open Ground Storey
o T saRd wednd 21 39 9Hd 3 g8 buildings or, buildings on stilts. In this case it
ARG 9e ©9 O el ol uud oo § is relatively flexible and weak in the ground
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— " ground storey. Thus they move almost together
g TIHT Uh ol Al b ©9 H Teh 9ref i . .
o ne e . X as a single block. As the columns in the open
FA S 1 b G a9 H WH ghd & JIeaay

: storey are not strong enough in resisting
PO b1 Sfe A & o qE w98 sideways shaking from the earthquake, they

].|3|§E| REREH] %r a ﬂ’ﬁ e &I 8 S get severely damaged, subsequently leading
g, URUIHEEY AREEA @8 Sl © | to collapse of the super structure.

AT | TAAT © 6 59 I 6 g Experience has shown that buildings on
T O & Al a7 839 & SISl ol HIFHAT  stilts do not perform well in earthquakes unless
9 Hoq & [T 9 9 § feogs =&€f a1 the column and beam connections on the
ST ® 99 9% el g Mg sHRG o= ground floor have been specially designed to
MYes 980 Hdl 21 Hw [Aeey MifeRa withstand the shaking load. A few options are
W ¥ ggfo ¥ ~ shown in the figure in the next page.
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Mid-rise framed Structures without open ground storey
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RCC frames bend due to
horizontal forces. This affects
the joints of the columns and
beams. They may crack.
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Mid-rise Frame Structures with projected balcony and with open ground storey
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frame above the
ground floor is

projected from the

columns and

enclosed with walls.
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During the earthquake it is the
columns that carry the upper
part of the building. These
columns are affected the most
during the shaking.
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Tower Block with open ground storey

""""""""" HE bend due to the horizontal force.
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should be checked carefully.
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Inspect your Building
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If you live in @ multistoried building and if
you are not sure it has been designed to resist
earthquake forces, the first step that needs to be
taken is to sensitize your fellow residents and the
neighbourhood about the damages and losses they
may face in an earthquake.

The next step would be to get your building
reviewed for earthquake safety by a competent
and experienced structural engineer.




HEAT SSiMEX @9 8ar 87
Who is a Structural Engineer?

AT ESfifER g8 aAfr B S TE
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A structural engineer is one who is trained
and experienced to understand how buildings are
constructed and how they behave and be able to
recognize weaknesses which may cause them to
collapse in an earthquake event. They will be able
to survey your building and advise you on whether
strengthening is necessary and if so how it can
be done. Structural engineers will be able to
supervise or, get a competent person for
supervision of repair work on your behalf to make
sure that it is done properly. Select a structural
engineer registered with the Local Authority.

R w9 ¥ dETEs bl A S H AN 8

Sequence in which Structural Elements are to be checked’

A. B & WH T TgRA
Corner Columns and beams
e &9 ug oA

Peripheral Columns and beams

B.

F. Ol @ Sfepar

Water tanks

W g fqHSTE 8 S

Infill and partition Walls

G.

C. ST oA (ITeeheil Afed HHYET SHRAN & Q) H. U Tl gadE & &9 H, €34 qur &«
Cantilevered beams (for Balcony covered framed aﬁ—{ il W 9¥ I9 gl & o1aey
buildings) .

S T - S & S ey |

D. : gl RS ] w As a precautionary measure the beams and
Stair walls and columns and lift walls columns as well as their junctions at all levels must
Columns at upper levels.
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Ways to reduce damage to and injury from the contents of your home.

FIT I7 919 H A b
AH Hl A T T=19 2|

Brackets at top or, sides secure
the shelves from toppling off.

grg A1, X RIS 9
AT B G Ahi A FRA
g g9 H HaE H 2

EC

help keep objects from falling p
off open shelves i

Bracket

Spring connected in
between the guardrails for

N

flexibility.
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Metal plastic or, wood ledge barriers prevent objects from sliding off the shelves.

afx oK & S, ) :

X st o ﬁi{{ Plastered
U I AR B . wall
g SRED SUICEUR
Fiew AE T B ar em?é'l ;

- ARk ose
i_l_;i;';lq ® A screw-eye
TERX & HH/ CICIES
R /ador o F 00 O B AT W Lt
[ SATers BhY-311 Al R
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the Picture " CER 2P v A
Picture frames, bulletin Picture frame/ Mirror
boards and mirrors will |
fall during an earthquake
if they are not securely
fastened to the wall. .
L HTERN AlN® &Y

Do screw closed screw-eye
to hang up picture frame/
bulletin boards/ mirrors.

A typical water heater
weighs between 30 to 60 kilograms
when full. A sudden jolt and/or the
rolling motion that accompanies
most earthquakes can cause them
to topple over.

Wrap heavy-gauge metal
bands or nylon strapping 12 times
around the tank. Secure this band
or strapping to the wall with
several 6 mm by 75 mm or longer
lag screws/ expansion bolts with
washers.

Closed screw-eye

| 75 mm

s

)

g

e e Jiosom— f6mm
Lag Screw/ CIRIES

Expansion Bolt Washer
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Secure your equipment/ computer in the work place

AR U ISlfEae, HYeX AR WIRAT
Sl A aRgY e, Gl Al auT
TSI &% HUT @I Bl € | 3 axgsli @ g aife
9 g9 & AR e T8 | T8 A GLEedsh
eI Y & SR GREm S9N 3@ & g
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Elastic Strap

CESCIRTIC CREED

Ledge barrier

Heavy objects such as televisions,
computers and stereos are usually placed on top
of cabinets, bookcases and tables. Fasten these
items so they will not slide off during an
earthquake. Such simple structural measures are
vital to maintain safety during an earthquake.

Mk (Eem &)
JUHIT YT SHU/
FEraepra . ge)

Mounds (treaded/glued on
wall and the equipment

(Rubber knob)

AT IYHOT B A B T
Tie down attachment of radio equipment

I B 9T ISAT IYHLOT FT ST 8l ST
TIAT Bhl SISlT I Tr=e
Detachable light chain attachment of radio

ST 9T 0 Sl Bl GRIR Sel

Secure your water tank

gh U [ 9

Hook and loop material

equipment to the wall

999 Jgh
Connecting
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THAT Bl FRE & gRie et

Secure the flower pots from falling off

10
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Elements secured to avoid damage

gy $W H GHEAT @@ G| gEh

Elements likely to cause damage

. 31geft THTET DT YGEIPEOT He
Strengthen/Retrofit your building
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Galvanised welded
steel wire mesh
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Horizontal Seismic Belts just above the lintels of Door and Window opening

e BT & Ik H Afas g2l
Horizontal belts just below the roof
SRl & HAT )X @Sl fEem J gHdE ued (L ud T SeRE)

Vertical Seismic Belts at wall junctions (L & T junctions)

AT AR fEsfRdl & =R R gaa9 & &9 § S&ER dived ®id ar Sl g
gHdE g2t

Seismic belt around doors and windows containing galvanised welded steel wire mesh as

reinforcement

Seismic belts around the gable wall

I X H gpdg A M & Fw=H

STEPS TO LAY THE SEISMIC BELTS IN YOUR HOUSE

ST Ugel H ASE & AJAR WEX Bl ErA |
STEP *® Remove plaster in the height of the belt.
T S & 79 & 12 - 15 H.H1. & e 9% Gras Ml |
STEP *® Rake out mortar joints to 12 - 15 mm depth.
0T . gde Hl 9% HA JAT I 9= A AT B |
STEP * Clean the surface and wet it with water.
AL qre Hiie H1 g el ol 39 e dife et w1 12 . "er user &
[ ]
STEP T | JEARTT FoRT F e AT FH TqAe H GRS A |
Apply neat cement slurry and thereafter apply the first coat of 12 mm thickness cement mortar.
Roughen the surface of the plaster before initial hardening.
SR ST WX H TeAl TET YEIT FHoRA & X J 8l ad T 300 fF.5. #i
[ ]
STEP T 9x 150 fy.oft. st et & |ren Sl bl amed |
Fix the mesh with 150 mm long nails at about 300 mm apart while the first coat of plaster is in
its initial hardening stage.
g1 . 16 .41, AeE & @R & gEA & RAm |
[ ]
STEP Apply second coat of plaster of 16 mm thickness.

e B Wy
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8. yHU F UFd T fFHAT WNQ?

What to do BEFORE an earthquake?

EHIT I1& T (Always remember):

EAN
e
“qpy § & e TGR/Q IARGI H HIOT AR W TG Bt 217

“Earthquakes don’t kill people, unsafe buildings do.”

g &0 %
HHM &1 HEtoT
HA T Gl
gogar A Fmtor
ysfad STyl STg

Be sure that the proper
structural design and

Am

gafed e f=rEmE engineering practices are g&l"li q ol § CRARS

Reinforced brick Masonry followed while Cracks being developed

JrE Y@ P o i 9 -

Three Points to remember:

1. HAYT HHM B FHOT A GHI GARAT B 6 TE A0 H@ET & g fessa fean
T B 98 39 6 Ul 3ARG &I ARG "M g (BIS) & dfearett am
freiftd At & orgeq fesmes wd fwfer fear w2

While building your house make sure it is designed for your safety. See that
your building is designed and built as per the norms laid by the BIS codes.

g qFe g (BIS) 7 F=fafaa gwdm d@fedetl & @ fHar @
(Bureau of Indian Standards (BIS) has published the following seismic
codes):

constructing a house. over the openings

AT &
SECEIRENE G
FH GHIHA HA;
iy SEss ' al
g IHIvT/
IgIIET HA

Evaluate the structural
soundness of buildings;
strengthen/ retrofit if
necessary.

eg.ag.: 1893 (wwr I), 2002, &¥==redi & y&u ufadgs fesmsa 29
ARME "M% AM9ES  (Uigai dE6eer) [IS: 1893 (Part I), 2002, Indian
Standard Criteria for Earthquake Resistant Design of Structures (5% Revision)]

Criteria for Earthquake Resistant

June 2002

IS 1893 (Part 1):2002

Indian Standard

Design of Structures
Part 1 General Provisions and Buildings
(Fifth revision)

Bureau of Indian Standards

oME.qq.: 4326, 1993, gwu sfodes feomed wd waw FWiT 87 AT gy g g7 7 @Sl
9% wEusia diear (fada d@wheon) [1IS: 4326, 1993, Indian Standard % feoeT @rgEe FrTET

Code of Practice for Earthquake Resistant Design and Construction of
Buildings (2" Revision)]

The Bureau of Indian Standards
smg.uy.: 13827, 1993, gt &t sAwAl & 99 dfadwwar § ga® g has laid down code of practice for

IR qFe [Seneyr [IS: 13827, 1993, Indian Standard Guidelines for design criteria of structures.

Improving Earthquake Resistance of Earthen Buildings]

E.ug.: 13828, 1993, =1 amed FMRE gARGT & gFHd  AUgshdr § gaR 8 9RGE J\ew Renesr [IS:
13828, 1993, Indian Standard Guidelines for Improving Earthquake Resistance of Low strength Masonry Buildings]

eE.ag.: 13920, 1993, i 9@ UWIfEd Jafd ®oble Gl & I Fdl [GERel 8 WRAE AE SIS
Hfear [IS: 13920, 1993, Indian Standard Code of Practice for Ductile Detailing of Reinforced Concrete

Structures Subjected to Seismic Forces]

emg.ag.: 13935, 1993, =i & Avad Ud YHRUT GISIHOT 2 ARG A fRemrEer
[IS: 13935, 1993, Indian Standard Guidelines for Repair and Seismic Strengthening of Buildings]

2. T A BRI FRF/HRIT J IE W € Al ST GIET H ded a9 M & g HE i |

If you are living in a house/flat, work to improve its safety.

3. gfe o9 & & [T Hig TWE @ISl @ & Al ATl GRem Eisl =ned |

If you are looking for a place to stay, you should look for safety.

Lomsnt AL
L i L dah i o) e ) S
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9. sThT B drerer T fhaT ee?

What to do DURING an earthquake?

qbu

o SN

§_=b:f[Cover]
%6
S & e B9 Sd, IR 39 UHhe o i
fheeiehy eMId X &l ST | U & & 8l

%Eﬁ' [Drop]
% AR el 9 A S, R Hotgd

b

_-5:

&

UhSI [Hold]

During earthquakes, drop to the floor, take cover un-
der a sturdy desk or table, and hold on to it so that it
doesn’t move away from you. Wait there until the

shaking stops.

dh Tdiell &Y |

e,

TR AT Rl g HASIT

TR |31 &I gfte ¥

)

gag # ¥ Haﬁéreﬁ NIERRC]
griea T q areY e |
If you are inside an old weak
structure, take the fastest and
safest way out.

A AR | T a
FE T W
If you are in a
structurally sound
building, stay there.

Al
x -r.

e o9 Rt M 8/ &
aoiers B O gemdya sfe
ARG ¥ 98 Mod I |
(REIGEE-UC K E L el
Té B | geaked ad 9
ifegees arex e |
If you are near an exit,
leave the building as soon
as possible. Do not rush to

the exit point. Get out
calmly in an orderly manner.

EIERCIEEEE - T
& E a1 ot Rl S
ARG § /ST Hiotd 9%
AiopE € a1 a8l 5= ® |
FSASIU 7El; iy W e

STATF HIRATS Y |

If you are not near an exit

or, you are situated in high-
rise building/ upstairs

stay inside. Do not
panic;stay calm and take
necessary action.

X 1z

IR AT UBTS! Hl TSl S ared =g aa9d qssh Bl A
9 O gEEed eN U T@En 7 2 S IR B% A |

FRE & == 9 g7 8 o | When driving a vehicle pull to
If you are on a steep hillside, the side of the road and stop.

move away in case of
landslides and falling rocks.

foToe /Telidey 9anT [el &1 |
Do not use elevators.

fosTett &6 @rg+l, @4, dan,
T /AT g e Ar gee
P HAEAT & G T
FEISAT ¥ g B S|
Move away from power lines,
posts, walls, false ceiling,

parapet, falling flower pots and
other elements that may fall or,

, g B
SE3 qg%ﬁ & fom &t
ZEIHT Y |
After the shaking stops, take
the staircase to reach open
space

|

FHiEhR ATl SHTIAT
q 3T 8 S|
Stay away from

buildings with glass
panes.

, R e

collapse.

aﬁwa‘rwgﬁﬁ/ﬁé@aﬁaﬁwm
1 BT TEN BT |

Do not attempt to cross bridges/flyovers,
which may have been damaged.
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10. 3T & §Tc FoT fHaT ong?

What to do AFTER an earthquake?

IR
FA A wd T FA GG FET D SE-gE %
Checklist of DO’s and DON'Ts
B A B " U " YT Sueiiaar e o S
DO’s Take your earthquake survival kit with you.
"SI @ I i e S ST QAT &8l " T STl Tl SR SRH & e el
SIRCERERIESECES AT GG AMHA BT =AM |

Check for fire and, if any, have it controlled.

" gl JAT eIl Wl STIEl ARl i S
FI 5 FHel FE TRET O TE e B
Check your water and electrical lines for
defects.

" I "gedr SEer | g9 & WY e
BU = A, STedicl Ud Seeeiie
A Bl AR HY |

Clean up household chemical spills, toxic and

flammable materials to avoid any chain of
unwanted events.

" gl 9 Fe a ASAT & SIRT AR
G ud e g e |
Gather information and necessary instructions
from battery operated radio

" HrEsieh YRE Ueladrdl @l ure e |
Obey Public safety precautions.

" SR AYS AU FUAT "X WMl AT
e B 1t @9 gy 8 od
6 eta wel o W@ T
Leave a message stating where you are going

if you must evacuate your residence.

It should contain all necessary items for your
protection and comfort.

Tl B Arg
DON'Ts

3TMEh &9 9 &fced ARGl | 9asr sl
FL| T B TS HCH T FARC B ST
gfcr &1 Fhcl ® Tl FESIY GXEFl 8
el & |

Don't enter partially damaged buildings. Strong
aftershocks can cause further damage to the
buildings and weak structures may collapse.

el dom aal Hl BiF & & g
STYAT SR SEIH A&l Y, had
Fifepcar Femdr & T wI &1 |

Don't use your telephone to call relatives and
friends, call only for medical help.

afered &s § ga-fi & fg St
gafedl dres /R SEIA T8l Y | =0
Uq ed FHEl b [T SAESEl e dSHhi
HI IFIHAT Bl S |

Don't use your two-wheeler/car to drive around
the areas of damage. Rescue and relief
operations need the road for mobility.

S T SAUH FARA @ G ST € H RA SQ, T AT Q@ A @ Y, 9 T

Until your building is declared safe, or, repairs have been complete:

I RRUR @ @ gf awe @ g R

Do not fill the overhead tank completely.

2. SA¥diEl 9 AOHT A8 B | ad GYEHT S9IMEY Hl e § A3d $id [ S| =nel |

Do not carry out haphazard repairs. Repairs should be done only under the supervision of a structural

engineer.

3. Wh TNl /AN TFERA SOIMER & AN & [ SAfiRed steid |8l @ |
Do not put additional supports without the guidance of an experienced/qualified structural engineer.

4.  fdq%e U=l &7 S Td gHOE A BT ST a6 [aide s&aura [el e |

Do not use the lift until it has been checked and certified by the lift company.

Frape W L AL
L i L dah i o) e ) S
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11. 8 FegTIgol a=r

Some Important Facts

JHUl H AT AT G99 81 2 | STHRATe! HI el A AT Ie bl Tef |

Prediction of earthquakes is not possible. Do not listen to or, spread rumours.

qE H Hed T FH STLUHT TG | A F1E B Teh ATEH I Fel o & A Fi-9R Fur
RIS

Expect aftershocks. Aftershocks are normally less intense and gradually die out.

qEl Bl @ g2 & [ SRl gEeihol I1 Igihede AMEE ®9 § fRan ST =nfe |
TSI Tk, [OATsar oY HREv=fa dfead 3w § AN 2 |

Long term strengthening or, retrofitting must be done to avoid future failures. The technology, expertise
and the codes of practice for this exist in the country.

S 9T &F H gHy ufqigsd Fededl @ ARET ard BEE ERal & [T 4-6% AR
gafed ®shic ARGl (49 8 HiStan) & g 59 6% B8R |

The extra cost of earthquake resistant features in severe earthquake zone for masonry buildings shall be
4-6 % and for R.C. buildings (4-8 storeys) would be 5-6 %.

g THRAT H 9y faiees e & AR drd % B9 H 9”9 H 969 & g e
el B TS THRAT b Gefedw ol H 2 F 3 I[AT AfHh AN ST |

Retrofitting of buildings not initially designed for earthquake will cost 2 to 3 times as much as the extra cost
of the earthquake resistant features in the new buildings.

H’?ﬁf [References] :

1. MST 9% T IR B - U AdHIF A HiX G gaad, A3 9.8, oreHeEs

Going Back to Your Home - An Earthquake Primer for City Dwellers, CEPT Ahmedabad

2. HIRAT A%< g - disedsh SHITHLT Tihe

Public Information Toolkit - Marikina Safety Program

Intensities* of Earthquakes in each Zone

This zone is susceptible to earthquakes that can be felt by all and may frighten people
enough to run outdoors. Dishes and glassware break, books fall down, heavy furniture II
gets moved. Few instances of fallen plaster and some damage to buildings may also be
observed. (Intensity: I to VI)

In Zone III, earthquakes of higher intensity may be felt. Earthquakes that frightens
everyone, making it difficult for people to stand. Even people in moving vehicles may feel III
such quakes. Structures/buildings of good design and construction suffer slight damage,

while poorly designed /built ones suffer considerable damages. (Intensity: VII)

This zone is susceptible to strong earthquakes, which create panic all over, moving even
heavy furniture. Such earthquakes could cause moderate damage in well designed/built
structures/buildings, while poorly built structures suffer great damages. Other effects
could be landslides on steep slopes, cracks in ground up to widths of a few centimetres

and water in lakes could become turbid. (Intensity: VIII)

This is the maximum risk zone in the country and is susceptible to great earthquakes.
Quakes that can cause total panic and considerable damage to life and property.
Considerable damages happen even in specially designed structures. Great damage in
buildings with partial or total collapse. Railway tracks bend and roadways get damaged;
ground cracks to widths of several cm, underground pipes break, landslides, rockfalls and
mud flows occur, large waves in water. Where intensities exceed XI, total destruction may
be caused with changes in landscape that could even change the courses of rivers.
(Intensity: IX and above)

*Intensity is here considered a classification of the severity of the ground shaking on the basis of observed effects in a limited area and

is measured in the MSK Scale ranging from I to XII
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