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EARTHQUAKE RESISTANT STRUCTURE



EARTHQUAKE 
EFFECTS



Subduction of 
Indo-Australian plate 
into Eurasian plate

Heavily Compressed Rock
Enormous Strain Stored
Suddenly Breaks

EARTHQUAKE IN HIMALAYAS

Suddenly Breaks
Strain Energy Release 
Rapid Shaking of Earth
Seismic Waves: 

usiky esa HkwdEi ds pyrs fcgkj
izHkkfor gksrk gSA



FOCUS / HYPOCENTER
/kjrh ds vanj] tgkW pêku esa
foLQksV ds dkj.k Hkwdai mRiUu
gqvkA

EPICENTER:
Qksdl ds lh/ks mij] /kjrh ds
lrg ij dk HkkSxksfyd LFkyAlrg ij dk HkkSxksfyd LFkyA

MAGNITUDE : Size of Earthquake
Magnitude of Energy Released
Measured using Seismogram

 Richter logarithmic scale : M1 to M10 
 M3 ls de dk HkwdEi ge eglwl ugha djrsA



GROUND VIBRATIONS 
at any location depends on:
• Magnitude of Earthquake

INTENSITY : 
LFky vkd̀fr] lajpukvaksa ,oa ekuo ij HkwdEi >Vdksa ds izHkkoA
MSK-scale I ls XII rd HkwdEi rhozrk n'kkZ;h tkrh gSA
Epicentre {ks= esa vf/kdre rhozrk jgrh gS

tks lHkh fn'kkvksa esa de gksrh tkrh gSA

• Magnitude of Earthquake
• Depth of Focus
• Distance from Epicenter
• Characteristics of Path travelled 

by Seismic Waves
• Soil Strata beneath the Structure

SEISMIC WAVES :
Body Wave, Surface wave



• HkwdEi rjax ds dkj.k tehu dk ry Mksyrk gSA
• lajpuk ds uhao vkSj fupys Hkkx tehu ds lkFk pyrs gSaA
• Inertia ds dkj.k Hkou ds mijh Hkkx vius ewy txg ij jg tkrs gSaA
• mijh Hkkx ij foijhr fn'kk essa inertia force yxrk gSA
• vkSj lajpuk Mksyus yxrk gSA

o lajpuk dh nhokjsa
Inertia forces

OSCILLATION OF STRUCTURE DURING EARTHQUAKE

o lajpuk dh nhokjsa
;k fiyj Nr dks
[khapdj j[krs gSaA

o blls detksj nhokjsa
;k ihyj >qddj
VwV ldrs gSaA

Inertia forces



1934 ds HkwdEi dh rhozrk

nyny x

IX

VIII



eqaxsj esa {kfr {kfrxzLr jsy iqy

1934 ds HkwdEi esaa {kfr

{kfrxzLr jsy&ykbZu jktuxj] e/kqcuh ds {kfrxzLr Hkou

1934 ds HkwdEi esaa {kfr



EARTHQUAKE RESISTANT
DESIGN PHILOSOPHY



Maximum Considered Earthquake (MCE)
 Extreme earthquake event, PGA, Z
 Has very low probability of occurrence
 Must not result in excessive casualties or damages
 2% probability to exceed in 50 years
 Return period 2500 years

MCE & DBE

 Return period 2500 years

Design Basis Earthquake (DBE)
 Moderate earthquake event, Z/2
 Has moderate probability of occurrence
 Must result in moderate and repairable damage
 Must result in very few casualties
 10% probability to exceed in 50 years
 Return period 475 years



STRUCTURE & NON-STYRUCTURAL ELEMENTS

STRUCTURE :
Bears Vertical and 
Horizontal forces and 
transmits the forces 
to the foundation 

NON-STRUCTURE 
ELEMENTS :

Accessories and 
Utilities fixed with 
the structure



• ckjckj vkusokys xkS.k HkwdEi (< DBE) ds nkSjku% 
lajpuk {kfr % ugha
xSj&lajpuk {kfr % U;wu

• ;nk&dnk vkusokys eè;e HkwdEi (= DBE) ds nkSjku% 

EQ RESISTANT DESIGN PHILOSOPHY

lajpuk {kfr % U;wu] ejEefr ;ksX;
xSj&lajpuk {kfr % dkQh] gVkus ;ksX;

• vklk/kkj.k 'kfDr'kkyh HkwdEi ( MCE) ds nkSjku% 
lajpuk {kfr % dkQh]  
ijUrq] lajpuk <+guk ugha pkfg,A



1. Seismic strengthening
2. Energy absorbing devices, dampers
3. Base isolation technique

SOLUTIONS FOR EARTHQUAKE RESISTANCE 



IMPROVING
EARTHQUAKE EARTHQUAKE 
RESISTANCE



STIFFNESS  OF COLUMN 

STIFFNESS : Force required for unit deflection

COLUMN UNDER HORIZONTAL FORCE

Cantilever
3EI/h3

FRAME
12EI/h3

I =bd3/12

Stiffness is more when 
Larger size of column is 
placed along EQ force P



 LIGHT WEIGHT Particularly roof and upper storeys

 GEOMETRY Simple circular or rectangular Plan

 SYMMETRY In plan & elevation, mass and stiffness

 LOAD PATH Simple & shortest, top to foundation

GENERAL PRINCIPLES

 LATERAL STRENGTH : Sufficient carrying capacity

 INTEGRITY:  Al portions of building tied together

 REDUNDANCY: Extra Structural members
At least 3 columns in a row

 DUCTILITY : Large inelastic deformations without breaking



OTHER ASPECTS

 Projecting parts
 Avoid as for as possible

 Protection of Building contents
 Non structural components
 Architectural elements
 Building services  Building services 

 material properties:
 High strength to weight ratio
 Ductility

 Foundation:  
 On firm and uniform ground



BUILDING 
CONFIGURATION



STABLE - UNSTABLE



GOOD SEISMIC PERFORMANCE
Predominantly bending deformation under Earthquake loads
Less torsion or twisting behavior about vertical axis.

SIMPLE,  COMPACT &  SYMMETRICAL PLAN



OVERALL SIZE : POOR

Too long

Too large in planToo tall



CORNERS AND CURVES : POORCORNERS AND CURVES : POOR



Enlarged top stories Pyramid Elevation

ELEVATION

Enlarged top stories

Problematic
• Problem of stability :

.. High Centre of gravity
.. Heavy overturning moments

• Uneven foundation pressure 
and Foundation tilting

• Avoid in high seismic zone

Ideal shape
• Low center of gravity
• Symmetry



INDIRECT LOAD PATH: POOR

Hanging or Floating Columns



GAP BETWEEN BUILDINGS

Bksdj



IRREGULAR FORM 
AND AND 

CONFIGURATION



TORSION IRREGULARITY 
Eccentricity between centers of 
mass and stiffness increase 
effects of torsion

PLAN   IRREGULARITIES

Heavy Mass

Inertia Force

Rotation



RE-ENTRANT CORNERS

straight load path
L

A A

PLAN   IRREGULARITIES

changed load path
L

A

A

A

20.015.0 
L

A



STIFFNESS IRREGULARITY

Soft Storey

VERTICAL   IRREGULARITIES

ki

ki+1

1 ii kk



VERTICAL   IRREGULARITIES

MASS IRREGULARITY
Heavy mass

Heavy 

Wi

Wi-1

1 5.1  ii WW

Heavy 
mass



VERTICAL 
GEOMETRIC 
IRREGULARITY

A

VERTICAL   IRREGULARITIES

L

A A

L L

A A

LA 1.0LA 125.0LA 25.0



IN-PLANE DISCONTINUITY OF VERTICAL ELEMENTS
Interruption of vertical members, Abrupt changes in 
stiffness ratio

L1
L1

VERTICAL   IRREGULARITIES

L2 L2

12 25.1 LL 



SEISMIC 
SEPARATION JOINTS



B

L>3B
L<3B L<3B L<3B

LONG RECTANGULAR BLOCKS

1 2
3

4

FLOOR WITH LARGE OPENING



CORNERS VERICAL DISCONTINUITY



SEISMIC SAFETY OF
MASONRY BUILDINGSMASONRY BUILDINGS
(Load Bearing Walls)



bZaV tksM+kbZ nhokjksa ij vk/kkfjr edku dh HkwdEi
ls lqj{kk gsrq lcls egRoiw.kZ ;g gS fd lHkh

BOX ACTION

SEISMIC SAFETY OF MASONRY BUILDINGS

ls lqj{kk gsrq lcls egRoiw.kZ ;g gS fd lHkh
nhokjsa lkFk&lkFk dke djsa vkSj edku ,d iw.kZ
ckWDl dh rjg dke djsA



etcwr nhokj rFkk detksj nhokj dk ca/ku

A nhokj etcwr gSA
HkwdEi esa de Mksyrk
gSA

B nhokj detksj gSA

vxj nhokjksa ds chp etcwr tksM+ cuk;k tk; rks] B
nhokj dks HkwdEi esa A nhokj lgkjk ns ldrk gSA

B nhokj detksj gSA
HkwdEi esa T;knk Mksyrk
gSA



nhokjksa dh yEckbZ

HkwdEi esa yEck nhokj 
eqM+ ldrk gSA



m¡pk nhokj 

iryk nhokj HkwdEi esa iyV
ldrk gSA

nhokjksa dh eksVkbZ ,oa m¡pkbZ

m¡pk nhokj 
HkwdEi esa iyV
ldrk gSA



fyaVy cSaM

flYy cSaM
vkj-lh-lh- Nr

HORIZONTAL BANDS IN FLAT ROOF BUILDINGS

fyaVy cSaM

dqlhZ cSaM

flYy cSaM



lHkh nhokjksa ij] ,d gh ysoy ij vkj-lh-lh- cSaM cuk,aA

Nr cSaM % 
flQZ <yok¡ Nr 
okys edku es

fyaVy cSaM % 
lHkh Hkouksa esaQ'kZ cSaM % 

frdksuk cSaM % 
frdksuh nhokj ij

HORIZONTAL BANDS IN SLOPED ROOF BUILDINGS

lHkh Hkouksa esa

dqlhZ cSaM % 
lHkh Hkouksa esa

flYy cSaM % 
flQZ Hkwdai
tksu V esa

Q'kZ cSaM % 
vkj-lh-lh- Nr esa

ughaA 'ks"k lHkh 
izdkj ds Q'kZ esaA



600 feeh- 600 feeh-

600
feeh-

REINFORCEMENT  IN  HORIZONTAL RC BANDS



bZV ik;ksa
dk >qduk

VETICAL  REINFORCEMENT  IN  WALLS

dejksa ds lHkh dksuksa ij rFkk njoktksa @ f[kM+fd;ksa ds 
ik[kksa esa] NM+ [kM+k djsaA blls HkwdEi ds nkSjku nhokjksa

esa njkj iMus dh lEHkouk de gks tkrh gSA

uhao ,oa Nr cSaM esa
[kM+k NM+ dk ca/ku HkwdEiu dh fn'kk



nhokj ds lHkh dksuksa ij bZaV tksM+kbZ esa [kkyh ikWdsV cuk,aA
ikWdsV esa NM+ [kM+k djds daØhV <+kysaaA

[kM+k NM+ dks uhso ls 'kq: djuk gSA

[kM+k NM+ dks vafre Nr dh <+ykbZ ds vanj 500 feyhehVj eksM+ nsaA

VETICAL  REINFORCEMENT  IN  WALLS



cM+h f[kM+fd;ksa ds dkj.k njkj ,oa mlls lqj{kk ds mik;

tM+Ro cy

njkj fyaVy cSaM
NM+

flYy cSaM

tM+Ro cy

HkwdEi ds nkSjku f[kM+dh ds dkj.k
nhokj esa njkjsa iM+rh gSaA f[kM+dh cM+h
gS rks njkj Hkh cM+h gksxhA

fyaVy cSaM] flYy cSaM ,oa
f[kM+fd;ksa ds ik[kksa esa [kM+k NM+ 

njkj cuus ls jksdrk gSA

HkwdEiu dh fn'kk HkwdEiu dh fn'kk





SEISMIC STRENGTHENING OF WALLS

HkwdEi
tksu

Ekdku dh 
vf/kdre
mWpkbZ

bZaV tksM+kbZ elkyk
dk vuqikr

{kSfrt HkwdEijks/kh
vkj-lh-lh- cSaM

nhokj ds dksuksa ,oa fdukjksa ij [kM+s
LVhy ds NM+

V
rhu eafty
¼12 ehVj ls flesaV%ckyw & 1%4

dqjlh cSaM
fyaVsy cSaM
flYy cSaM

dejksa ds lHkh dksuksa ij rFkk
,d ehVj ls cM+s njoktksa ,oaV ¼12 ehVj ls

de½
flesaV%ckyw & 1%4

flYy cSaM
Nr cSaM

,d ehVj ls cM+s njoktksa ,oa
f[kM+fd;ksa ds nksuksa rjQ

IV
pkj eafty
¼15 ehVj ls

de½
flesaV%ckyw & 1%4

dqjlh cSaM
fyaVsy cSaM
Nr cSaM

dejksa ds lHkh dksuksa ij rFkk
1-5 ehVj cM+s ls }kjksaa ds nksuksa rjQ

III
pkj eafty
¼15 ehVj ls

de½
flesaV%ckyw & 1%6

dqjlh cSaM
fyaVsy cSaM
Nr cSaM

nks eafty ls mWps edku ds dejksa ds
lHkh dksuksa ij



SEISMIC SAFETY OF
RCC FRAMED BUILDINGS



GOOD  STRUCTURAL  FRAMING

• Square Grids with Square columns
• Beams Concentric to columns
• No Abrupt Changes in Columns sizes



RELATIVE STRENGTH OF BEAM & COLUMN



ADEQUATE BEAM - COLUMN SIZES

Column

Beam

Structural member sizes usually depend on
- Moments / Shear considerations
- Deflection (Stiffness consideration)

But, the sizes important for
- Beam - column joint design
- Reinforcement anchorage
- Confinement of joints
- Reduce reinforcement congestion



WEAK STRONG

COLUMN ORIENTATION IN BOTH DIRECTION

STRONG STRONG

Minimum column size 300 mm



TIE BEAMS TO CONNECT FOUNDATIONS



HEAVY WATER TANKS ON THE ROOF



SOFT  GROUND STOREY

VERTICAL SPLIT BETWEEN TWO BLOCKS (BHUJ 2001)



Hkw&eafty ij [kqyk ikfdZx okys Hkou
mijh eaftyksa ij Hkjs x;s nhokjksa ds dkj.k] mijh
eaftyksa dh vis{kk] Hkweafty ij stiffness esa Hkkjh deh
jgrh gSA blds pyrs] HkwdEi ds nkSjku mijh eaftysa ,d
lkFk nksyu djrs gSa] vkSj Hkweafty ds ihyj esa vR;f/kd
fopyu gksrk gS] blls Hkou ds /kjk'kk;h gksus dh izcy
lEHkkouk cuh jgrh gSA

SOFT GROUND STOREY



is the capacity to undergo large inelastic deformations

without significant loss of strength or stiffness
(often withstanding many cycles without fracture / collapse).

DUCTILITY of a structure, or its members



RCC 
FRAME



DIMENSION OF HOOK FOR LATERAL TIES

Straight Length of HOOK = 6d
IS 13920 -1993 Cl. 6.3.1 



ANCHORAGE OF BEAM BARS INTO EXTERIOR COLUMN

Ld ≈ 50 d



BEAM BARS THROUGH COLUMN

IS 13920-1993 Cl. 6.2.5

In the internal joint, both face bars of the beam shall 
be taken continuously through the column.



 Good quality water, sand and aggregates
 Designed quantity of cement in the mix
 Proper mixing of all the ingredients
 Control on water cement ratio
 Appropriate sampling and testing of materials
 Well maintained Results of tests for inspection

GOOD QUALITY OF RCC CONSTRUCTION

 Well maintained Results of tests for inspection
 Proper placement of steel
 Control on the cover to steel
 Adequate compaction of concrete by vibrators
 Supervision of all RCC operations
 Adequate curing
 Inspection while striking of the form work.



SEISMIC SAFETY 
OF BRIDGES



SEISMIC EFFECTS ON BRIDGES



Deck displacement Rotation of skewed superstructure

SEISMIC EFFECTS ON BRIDGES

Deck displacement Rotation of skewed superstructure

Movement  or Pounding of Deck Expansion Joint failure



SEISMIC EFFECTS ON BRIDGES

Bearing failure Shear failure of of substructure Bearing failure

Abutment slumping Foundation Failure



SEISMIC EFFECTS ON BRIDGES

Soil liquefaction



AVOID

Cantilever spans PCC and Masonry Piers 
in Seismic zone IV and V

Metallic Rocker-Roller bearings 
in Seismic zone IV and V

Plate Type Piers 

in Seismic zone IV and V



ADOPT

Integral continuous superstructure

Small skews and curvature 
in superstructure Lighter superstructure



Multiple column 
substructure

Bearings with high 
damping characteristics

ADOPT

substructure damping characteristics

Expansion gaps to cater 
for seismic movement

Foundation to add to 
flexibility to the system



SEISMIC 
RETROFITTING



RAPID 
EVALUATION

'kh?kzrk ls lajpuk dh 
vlqjf{krrk dh igpku

VULNERABILITY ASSESSMENT and    
SEISMIC RETROFITTING 

VULNERABILITY ASSESSMENT and    
SEISMIC RETROFITTING 

DETAILED 
EVALUATION

Material Test, 
Analysis

DAMAGE 
G4, G5

DAMAGE 
G4, G5

Seismic Retrofitting 
HkwdEi ds nf̀"Vdks.k ls lqn<̀+hdj.k

vlqjf{krrk dh igpku

Safe for MCE 
Seismically 

Safe for MCE 

DAMAGE G1, G2
Restoration
DAMAGE G1, G2
Restoration

DAMAGE

G3

DAMAGE

G3
Cost 

permits
Cost 

permits Other 
Options



IS: 456 - 2000 PCC & RCC

IS : 1893 (P1) EQ resistant design of structures

IS : 1893 (P3) Bridges and Retaining Walls

IS : 4326 EQ resistant Masonry buildings

CODES FOR SEISMIC SAFETY

Buildings and Bridges

IS : 4326 EQ resistant Masonry buildings

IS : 13920 Ductile detailing of RCC structures

IS : 13935  RVS &  Retrofitting of Masonry buildings

IS : 15988  Evaluation & Retrofitting of RC buildings

IRC 6 Bridge Loadings

IRC SP 114 Seismic Design of Road Bridges




