


































































































































































































































































































































































































































































































































































































Brief Introduction of NIDM

National Institute of
Disaster Management

« NIDM is a Statutory Organization by an Act of Parliament
(DM Act -2005)
¢ Core mandate of the NIDM under the Act:

— Provide assistance in national level policy formulation on disaster
management.

— Formulate and implement comprehensive human resource
development plan on disaster management

— Develop training modules and undertake research and
documentation work on disaster management

— Mainstream disaster management in education

— Network with research and training institutions at national and
international level

Structure of the Institute

Home Minister, Gol }
is the President of the
Institute

™

Vice Chairman - T
NDMA is the President I I 1
of Governing Council
of the Institute

| Adminsuaion Wing |

| ‘Academic Wing | | Logisic s & Support Wing
Directors of all leading

aCademIC, research eo Hazards ~ Division ComputerCentre.
and development —
organizations (lITS, ryero vetorawgeat
IIMS etc.) are the azards  Dwsion |
members of various il
committees of the PV,
! wson o Potcy
et {
Cutting Issues. " & Store Section

What we do at NIDM?

« Training & Training of Trainers
- Face to face
— Online
- Satellite Based
* Research
- Policy Research (Human Resource Development Plan for DRR at national level, CETNA at national level)
« Publications (Journal and Newsletter, Reports, Books)
« International, Regional and National Level Workshops (on emerging issues)
+ Conferences (Organizes IDMC/NPDRR every 2nd Year)
« Consultancy (Assistance to various organizations in activities related to DRR)
« Documentation (disaster events, best practices etc.)
* Programme implementation
— National Programme for Capacity Building of Engineers in Earthquake Risk Management (NPCBEERM)
— National Programme for Capacity Building of Architects in Earthquake Risk Management (NPCBAERM)
- IDRN
- IDKN
+ Regional Cooperation
— Hosts EAS — ERR Centre representing eighteen countries of the Region
— Till recently was hosting SAARC Centre for Disaster Management representing eight countries of the Region

Basic Concepts and Process of DRM

Structure of Presentation

Amir Ali Khan, Ph.D.

National Institute of Disaster Management
(Ministry of Home Affairs, Government of India)

* Causes of increasing number of disasters
» Hazard and vulnerability of India
Disaster definition and types

Principles of DM

DM Practices




To Buildings

Spitak

Mexico

Only skeleton remains

Total collapse

Bottom soft
storey crushed Gujarat

To Bridges

To Pipe works

To Electricity system




To Housing

Imagine that your city has been hit by a massive earth
quake and there is chaos all around.

To Human Settlements

This is an aerial view of the what the executive arm shall see from
ground, standing in one part and try to assess the situation.
The aerial view will be available only the next day.

DISASTERS AND DAMAGES DURING THE
DECADE OF 1990S

Total Number Human Lives Lost

Estimated Damages

Comparison of Great Natural Disaster Events

Comparison of Economic Losses

Decade Events

1950-59 20 Factor
1960-69 27 90s:50s 4.3
1970-79 47 90s:60s 3.2
1980-89 63 90s:70s 1.8
1990-99 86 90s:80s 1.3

Decade Loss

Factor
1950-59  39.6 90s:50s 15.3
1960-69 71.1 905:60s 85
1970-79 127.8 905:70s 47
1980-89 198.6 90s-80s 3.0
1990-99 607.0
in US$bn




Reasons for Large Number of Disasters

2001-02 834 21,269 3,46,878 1.872
2002-03 898 3,729 4,62,700 21
2003-04 1,992 25,393 6,82,209 3.198
2004-05 1,995 12,389 16,03,300 3.253
2005-06 2,698 1,10,997 21,20,012 3.552
2006-07 2,402 4,55,619 19,34,680 7.087
2007-08 3,764 1,19,218 35,27,041 8.513
2008-09 3,405 53,833 16,46,905 3.556
2009-10 1,677 1,28,452 13,569,726 4.713
2010-11 2,310 48,778 13,38,619 4.625
TOTAI 219785 Q 70 877 15022070 42 460 |

* Population Growth

Unplanned /ill - planned Urban Development
« Higher rate of urbanization and urban density
» Development of exposed areas

 Deteriorating Environmental conditions

Climate Change

Impacts of Climate Change

¢ There is now agreement
among scientists that global
surface mean temperature of
the earth has increased by 1
degree centigrade during last
100 years

e There are varying projections
that temperature would
increase between 2.4 to 4.8
degrees in next 100 years

« Glacial melts shall increase intensity of floods and
flash floods in the short run

« In the long run surface and sub-surface run off shall
deplete affecting food and water security

« Sea level rise shall inundate coastal areas
« Cyclones shall be more frequent and intense

» Extreme and erratic weather events shall increase,
creating more disasters

Impact on public health

| Heat Strokes, Skin Diseases
| Eye Diseases

|Geographic range and incidence
Infectious diseases —_— —_— | of Vector Borne diseases,
| Changed incidence of Diarrhoeal
Diseases

Altered food productivity & —_— Malnutrition , Hunger , Impaired

associated pest and diseases child growth and development

Air quality respiratory illnesses == |2 = T Y 0 ]

Hazard and Vulnerability Profile of
India







Landslides

o INDIA
/ DROUGHT PRONE AREAS
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Multi-hazard Map

LEGENDS

MAP SHOWING MULTI HAZARD ZONES IN INDIA

‘
Andaman & Nicobar is and
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What is DISASTER?

Disaster Definitions!!!!

Disruption

Human Effects

Effects on Social
Structure

Community needs

to normal patterns of life

loss of life, injury, hardship
and adverse effect on health

destruction of or damage to

structures, buildings,
communications & essential
services

emergency shelter, food,
clothing, medical, social
care,. ...




IMPACT: A LARGER PICTURE
Direct losses [

> Human lives Il \\. "

S

» Livestock, other

animals
» Private property Indirect losses

» Municipal infrastructure 3 Export/ import

-

g Tertiary losses
> Power/ > Agricultural output

telecommunications

infrastructure > Industry/ services » Long-term development
output N
> Health/ education > Overall investment
assets » Remittance income climate

» Fall in earning potential » Funds reallocation

due to disability, trauma » Community migration/

» Unemployment relocation

> Health hazards

Definition

An event, natural or man -
made, sudden or g

progressive, which impacts

with such severity that the
affected community has to
respond by taking

exceptional measures!

Types of Disaster

Types of Disaster
Contd...

1. Water and Climate Related Disasters

Floods, Droughts, Cyclones, Tornadoes, Hurricanes,
Cloud burst, Snow Avalanches, Heat & Cold Waves

2. Geological Disasters

Earthquakes, Landslides, Mudflows, Sea Erosion, Dam Bursts &

Dam Failures.

4. Chemical/ Industrial/ Nuclear Disasters

Chemical & Industrial Disasters,Forest Fires, Oil Spill Fires,

Mine Fires & Mine Flooding, Nuclear Disasters

3. Biological Disasters

Biological Disasters, Epidemics, Cattle Epidemics

5. Accident Related Disasters.

Road, Rail and other Transportation accidents including
Waterways(Boat Capsizing), Major Building Collapse, Serial Bomb
Blasts, Festival related Disasters

Disaster Management Cycle

Disaster Management

D
Preparedness % Search & Rescue
=

v ) ﬁ Relief

I Disaster Management
Mitigation Cycle Recovery
Prevention N Rehabilitation

Reconstruction




CHALLENGE OF EARTHQUAKE DISASTER IN INDIA

What about this?

¢ Loss of 100,000 lives due to earthquakes in 100
years.

¢ Loss of 20,000 lives in Kangra earthquake of 1905
« Loss of 14,000 lives in Bhuj earthquake of 2001
* Many more earthquakes ... list is endless!

. But why so much damage ?

« 13,000 were Killed in 1934 in Bihar- Nepal in M
8.4 earthquake, again 900 killed in Aug. 1988 in
M 6.6 Quake

¢ Anjar in Kutch was destroyed in 1956 and again
in January 2001

« In case of river flooding - this phenomenon is
more frequent

Developing linkages between Reconstruction
programmes and mitigation efforts

Preparedness Search & Rescue

\j/ \ Relief
L Disaster fanagement
Mitigation (

Prevention

FIRST LEVEL SEISMIC HAZARD MICROZONATION MAP OF NCT, DELHI

LESSONS FROM RECENT DISASTERS

Relationship Between Disasters and Development

* Need of comprehensive pre-disaster planning
e Lack of preparedness at community level

* Severe damage to habitat sector (due to non implementation of
building regulations)

* Lack of proper response mechanism

* Delayed response due to severely damaged infrastructure
facilities

* Not much effective communication facilities

* Lack of proper coordination among stakeholders

« Emergency resources placement at vintage points for
effective relief.

DEVELOPMENT REALM

development
opportunities

development

s 7
- Development Development 0
5 can increase can reduce (7]

Inerabilif il ]
4 wvul ility vulnerability :'
w <
E m
< Disaster can Disaster . .
8 set back can provide ﬂ>'|
= g

DISASTER REALM




Paradigm Shift in Disaster
Management

Paradigm shift all sectors of DM

Disaster Preparedness : Recent Trends

* Focus in the past
Relief
Rehabilitation

e Current Focus
Prevention,
Preparedness,
Response &
Recovery

Multi-hazard approach
Holistic approach in terms of
— all hazards/disasters

— covering all aspects of disaster management -
prevention, mitigation, preparedness, recovery,

rehabilitation and reconstruction - i.e. complete cycle

of disaster management

Reduce Risk... Choice of Option

REDUCTION OF RISK

WARNING: CHOOSE CORRECTLY

INVEST BEFORE N PAY AFTER
; P

We have choice either to

1. invest in risk reduction actions now, before the disaster strikes or

2. wait and pay the high costs of recovery and reconstruction after
the disaster strikes




ARCHITECTS IN SEISMIC DESIGN

PRABHJOT SINGH SUGGA

ASSISTANT PROFESSOR

ARCHITECTURE DEPARTMENT

SCHOOL OF PLANNING AND ARCHITECTURE, NEW DELHI

ARCHITECTS IN SEISMIC DESIG
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Of the 7,516 km long coastline, 58.6 per cent of the landmass is Over 40 million hectares (12 per
close to 5,700 km is prone to prone to earthquakes of cent of land) is prone to floods
cyclones and tsunamis. moderate to very high intensity. and river erosion.

VULNERABILITY PROFILE - INDIA

‘Source: NDMA Website
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ARCHITECTS IN SEISMIC DESIG
ASIA'S DEADLIEST NATURAL DISASTERS

PEOPLE KILLED IN NATURAL DISASTERS IN ASIA SINCE 2004

CHINA
N X g
PAKISTAN HH8044 Ll ittt
INDONESIA. T it ~
b’
[Ty R 'l bt ows ARTHOBAXE
[9.87¢}
it it - ()
manee " e Rooss.
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JAPAN cTcLoNt
o] ]
e osastens)  COST OF NATURAL DISASTERS

SREE

MmN
[t ey

THE HUMAN ASPECT

e NOMA Vst ARCHITECTS IN SEISMIC DESIG

 No_|Name of Event car_FatctAres atalities
1 [Uttarakhand Floods | 2013 [uttarakhand, Himachal Pradesh, Nepal [57000 deaths,
2 [sikim Earthquake | 2011 North Eastern India with epicenter near Nepal ~ [Most recent disaster
[Border and sikkim
3 |cloudburst 2010 |Leh, Ladakh in J&K 200 deaths
4 [orought 2009 252 Districts in 10 States
5 [Floods 2009 |Andhra Pradesh, Karnataka, Orissa, Kerala, Delhi 300 people died
[Maharashtra
6 [kosi Floods 2008 [North Bihar [527 deats, 19,303 vestock perished, 2,23,000 houses damaged, 3.3 |
Imillion persons affected -
7 [cyclone Nisha 2008 [Tamil Nadu l204 deaths =
8 |Maharashtra Floods | 2005 [Maharashtra State 1094 deaths, 167 injured, 54 missing =]
T
9 [kashmir 2005 |Mostly Pakistan, Partially Kashmir 1400 deaths in Kashmir (86,000 deaths i total) "
10 [Tsunami 2004 [Coastline of Tamil Nadu, Kerala, Andhra Pradesh{10,749 deaths, 5,640 persons missing, 2.79 millon people affected, 1
[Pondicherry and Andaman and Nicobar Islands [hectares of crops damaged, 300,000 fisher folk lost their livelihood |
dia o
11 |Gujarat Earthquake | 2001 [Rapar, Bhuj, Bhachau, Anjar, Ahmedabad and  [13,805 deaths, 6.3 millon people affected o
urat in Gujarat State o
12 [Orissa super Cyclone | 1999 [orissa Jover 10,000 deaths >
13 [cyclone 1996 [Andhra Pradesh 1,000 people died, 5,80,000 housed destroyed, Rs. 20.26 bilion esumg
ldamage =)
0|
14 |Latur Earthquake | 1993 [Latur, Marathwada region of Maharashtra (7,928 people died, 30,000 injured <
15 [cyclone 1990 |Andhra Pradesh /967 people died, 435,000 acres of land affected o)
16 [prought 1987 [15 States. 500 million people affected g
17 [cyclone 1977 |andhra Pradesh 10,000 deaths, hundreds of thousands homeless, 40,000 cattle deaths e
=Y
18 [orought 1972 |Large part of the country 200 million people affected >
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ARCHITECTS IN SEISMIC DESIG

CAUSES OF EARTHQUAKES : PLATE TECTONICS

e ——Thrust Fault

A=

SEISMIC SCIENCE




ARCHITECTS IN SEISMIC DESIG

SHOCKWAVES AND SOIL CONDITIONS

P WAVES ARE THE FASTEST AND

({( ({ﬂf’ { r{{{{ { mfﬁmy{ ’ FIRST TO ARRIVE

S WAVES ARRIVE AFTER P WAVES

l’f{( i i ’mrm/(({(m BACK AND FOURTH o

: PERPENDICULAR TO DIRECTION OF
Phe popagation isceion of seismic weves ITS TRAVEL

WITHOUT VERTICAL DISPLACEMENT

mm«mmm RAYLEIGH WAVE HAS VERTICAL

DISPLACEMENT
Soil liquefaction prerpayrt]
damaging structures.

o 0arTh a1 s S s 0 ot (resur Croatod by oariuakes. V/‘

Geound urtcn
Samect
——"

Farcn fram an earirquake
g Chuats a1
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SEISMIC SCIENCE

ARCHITECTS IN SEISMIC DESIG
FACTORS AFFECTING SEISMIC FORCES

BUILDING MASS

« The common building material used in most of
the regions around the world is brick, stone and
concrete, which are heavy adding to inertia.

NATURAL PERIOD AND RESONANCE
« Period is natural vibration of object once given

push.
« Itis the function of height and stiffness in a
building. "
« Ground also vibrates varying from 0.4 sec (hard) i |
to 1.5 sec (soft ). Therefore earthquake shaking is
less on hard and more on soft ground. S Sron

Natural period per story of building is 0.10 sec
(thumb rule)

If the ground and building period match for 4-15
story structures, it will result in resonance and

damage
DAMPING
* Making the building vibrations inefficient so that
it returns to its starting positions quickly
« It depends on connections, structural elements Ductility in metals.
N . Source: Seismic Conscious Architecture: An
and construction materials. evaluation tool for Architects

BUILIDING BEHAVIOR IN EARTHQUAKES

FACTORS RESISTING SEISMIC FORCES

STRENGTH AND STIFFNESS

The superstructure of every building requires
sufficient strength to resist the bending
moments and shear forces caused by seismic
forces, and foundation system capable of
preventing overturning and sliding.

Stiffness is material property also depending
on shape and size of elements. More stiff ! =]
materials have less deflection.

Taller buildings are flexible while shorter
buildings are stiff.

Evaluation of relative rigidity is necessary part
of seismic analysis.

TORS\ON
Twist or torsion makes different portion of
same floor move horizontally by different :&'I‘ég‘"‘a‘ swinging in different storyed
amounts. Source: Seismic Conscious Archiecture: An

In a building, where geometric plan coincides evakation tool for Archiects
with center of mass, equilibrium is maintained 3

in earthquake.

If center of mass and center of resistance are
not coinciding, then earthquake will generate
eccentric forces on building

BUILIDING BEHAVIOR IN EARTHQUAKES

+ Unequal vertical members like columns or Building one side open on Ground Story.
walls with smaller openings on one or two ;52“;2iingﬁﬂ:::t:mmm -
sides or no wall on other, tend to twist. evaluation tool for Architects.

-_large gverhead tank: i placed can

20-Jul-18
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SEISMIC FORCES

FORCE = MASS X ACCELERATION

[%]

FORCE is Inertia force generated by Seismic forces [Th]

MASS is that of building |

ACCELERATION is provided by earthquake g

THEREFORE: [¢]

I

LIGHTER THE BUILDING |:> LESSER THE INERTIA |:> LESSER THE DAMAGE E

EVEN THOUGH MOVEMENTS ARE HORIZONTAL IN BOTH WIND AND INERTIA FORCES, THEY 5
ARE DIFFERENT SINCE

=2

1. INERTIA FORCE ACTS ON ALL THE ELEMENTS OF THE BUILDING oz

2. WINDACTS ONLY VERTICAL SURFACE o

>

Inerti Forces <

. I

|

[--]

= Z|

- — =)

= a

o =

ARCHITECTS IN SEISMIC DESIG
FACTORS AFFECTING SEISMIC FORCES

RESPONSE SPECTRUM

+ Natural period depends on Building weight,
height and structural system

« Damping depends on material and detailing of
seismic resistant structure

« Response spectrum is simple way of
understanding response of building due to
natural period of vibration and damping during
seismic activity.

* Modeled through computer.

DUCTILITY
+ Like natural period of vibration, it also
influences the magnitude of accelerations and =/ - . Yy

seismic forces a building is designed for by
dissipating energy.

It is a property of certain materials like steel to
fail only after a considerable inelastic
deformation.

Degree of ductility of material in a structure can
reduce the effect of seismic forces by 1/6' of
an equivalent non-ductile structure. .
Structural elements in a building can be

designed to have different ductility. For

instance, in, column vs beam, column needs to

be more ductile, since its failure has an overall
effectthan beam.

[%]
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FACTORS RESISTING SEISMIC FORCES

FORCE PATH

+ AForce path describes how forces within a
structure are resisted by certain elements and
transferred to others. It is route we visualize
forces taking as they travel from the applied
forces to foundation to ground beneath.

It is metaphorical and conceptual way to
explain architects the expected structural
behavior and role of various structure system.

ARCHITECT’'S ROLE

TRAD\T\ONAL BUILDINGS

Traditional buildings have a much larger
structural footprint which is not possible in
modern world

Taj mahal has structural footprint of 50% while
modern buildings have it less than 2%

MODERN STUDIES AND ARCHITECT'S
CONTRIBUTION

+ Modern studies on seismic forces started post
1906 San Francisco and 1908 in Italy.

After 1971 San Francisco earthquake, role of
Architect was highlighted.

Architect on many factors designs form and

some of these form have seismically better
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PERFORMANCE LEVEL AND SEISMIC CODES

CODES
National Building code of India specifies the
bare minimum earthquake safety standards for
building that every building must meet.
Meeting these standards in most cases makes RO )
building life-safe.
In many cases, building may not be usable LB )
after calamity even if minimum codes are met. —
So the design should ensure its usability even LI} (] ﬂ
after calamity (really important) —
This would increase the cost and may not be
feasible to make all the buildings quake
resistant but the architect has to make a
judgment call depending upon the importance
and building type.
Thus five performance level can be defined for
architect’s decision making:

« Fully operational
Operational
Life Safe
Near Collapse Life Safe
Collapse

Fully operational Operational

Lt

Near Collapse

Performace levels
Source: Seismic Conscious Architecture: An
evaluation tool for Architecs -

Collapse

Ly
BUILIDING BEHAVIOR IN EARTHQUAKES

ARCHITECTS IN SEISMIC DESIG
HORIZONTAL CONFIGURATION

HORIZONTAL SIZE

+ Refers to floor plan geometry of a building as |
well as structural layout in plan or simply put, it / /
refers to the length of the building. | ¥

A short height and a long building can be 1
N\ / oz )
= ; N

detrimental during earthquake as building
simply refuses to behave like one unit during

earthquake <

« Increase in length increase stresses in a floor D e / ) g
working as horizontal distribution diaphragm in i N Y
transverse direction. Popr— Pr—

Additions are made in form of shear walls or
frames to reduce size of diaphragm

S\MPLE FORMS, COMPLEX FORMS

Historically, buildings had simple and
symmetric plans. Modern Buildings may not
follow the same.

A simple form in the plan is one that if you take
any two points in plan and connect them with
straight line, if line falls within building is called
simple plan. If the line falls outside building it
may be called complex plan.

Some authors have called simple forms as
square, circle, rectangle, etc, where as complex
plans are alphabetical in shape T,L,C,X, etc

~
. Separation joinis make complex plans inlo

BUILIDING BEHAVIOR IN EARTHQUAKES

HORIZONTAL CONFIGURATION

VARIATION IN PERIMETER STRENGHT AND -
STIFFNESS —3 .

« Even though a building may be regular and —
symmetrical, it might be unfit for seismic -~
purposes due to its perimeter design. -
In case there is wide variation around in -«
strength and stiffness around perimeter, the

center of mass does not coincide with center of g mmeric core

resistance and torsion forces tend to rotate the ~ Source: Seismic Conscious Architecture: An
building. evalition t0ol for Architects
Buildings like Fire Stations, store fronts, with

wide open fronts.

Various strategies like using strong moment

frames or increasing the stiffness of weaker Shear Wall in both principle ! I g ed
directi
CcolYBERPBREPAYEL mMETRY Soue: Somic Consoous 4
«  Along with overall shape of the building, the rcphecure: An evaluaton tool for
location of all significant resisting elements —t—

becomes important in assessing symmetry of b
building configuration. ]

+ The location of core is with respect to overall o
symmetry is critical as asymmetric cores —
greatly increase torsion.

« The term false symmetry is used to describe
buildings that ‘superficially appear to be
simple, regular and symmetric in configuration  ShearWall locations r
but structurally asymmetric because of e Conoaous Architectre: A1 g
location of their resisting elements. R Sheor wall

BUILIDING BEHAVIOR IN EARTHQUAKES

20-Jul-18
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ROLE OF BUILDING CONFIGURATION IN SEISMIC
DESIGN

Building configuration implies architectural
form of the building
Confnguratlon is used to describe

the building shape and size,

+ the size and location of structural

elements
the nature and size of non - structural
elements that may affect structural
performance.
Architectural form has major implications on
building performance under seismic activity
As building is composed of different parts,
each part receives forces, horizontally and
vertically from the adjoining parts via joints.

‘General Definition of Configuration "
ic Conscious Architecture: An Size and shape
evaluation tool for Architects

Nature, size and location of
Nature, size and significant nonstructural
location of all elements
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ARCHITECTS IN SEISMIC DESIG
HORIZONTAL CONFIGURATION

PROPORTION _\_
« For building reactions during earthquake, the '

proportions of a building play a greater role
than the absolute size of the building.

For taller buildings, “slenderness ratio” (height

to depth) is measure of its relative proportion. \\ /

Greater the ratio, less safe is the building.

Generally, slenderness ratio of 4 takes care of '
design.

For buildings in plan, “aspect ratio” is
important. Generally similar to height
consideration, longer forms are undesirable.

SYMMETRY
+ Symmetry refers to geometric property of

[%]
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Center of mass and center of resistance are ./~ 1
coincident in symmetrical plan.

Generally, symmetrical plans behave better
than non-symmetrical plans during earthquake L g L R u

since asymmetrical plans since: Spmerca 8 xternggen: rzat
bt o St

+ Asymmetrical plans tend to produce
eccentricity and torsion T ‘ |
+ Lead to stress concentration l




ARCHITECTS IN SEIS

VIOR IN EARTHQUAKES
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HORIZONTAL CONFIGURATION

RE-ENTRANT CORNER CONFIGURATION

« The corners of the buildings tend to develop
their own seismic problems

+ Outside corners of a building get more corner
stress due to orthogonal effect during
earthquake.

« If wall deflects in certain plane during
earthquake, it is at corner that it interacts with
other wall which may be in another plane
increasing stress.

+ Itis common characteristic of buildings with
plans in a shape of L,T,U, H or combination of
shapes.

« Two approaches can used to counteract this:

+ Separate the building in a way that can
fully resist vertical and lateral forces on
their individual configuration without

POUND\I?G“_"di"Q The joints should be properly

+ In thedRRIAPRY uildings being too close to
each ?,'(PEM’I H‘féﬁ&%’ﬂgﬁfo pound during
shaking of ground.

« Separation gaps between buildings is the
solution.

Various shapes of Re-entrant Corner
Configuration

Source: Seismic Conscious Architecture: An
evaluation tool for Architects

Pounding

Source: Seismic Conscious Architecture: An

evaluation tool for Architects

ARCHITECTS IN SEISMIC DESIG

HORIZONTAL CONFIGURATION

STRUCTURAL PLAN DENSITY
« Earthquake forces are generally greatest at the
ground floor.
« External wall opening ratio of more than 40%
can cause severe damage.
« Average nominal shear stress
+ Building above ground is floor area times
weight factor, a base shear coefficient is
chosen and the plan area of first story
walls and columns is summated.
« Undamaged concrete buildings were found to
have either a wall area index of more than 30
cm/m2 and shear stress of less than 12 kg/cm2 4

SHEAR WALL AND FRAME INTERSECTION

« If opening are provided in shear walls, it must
be designed to resist lateral forces or it behave
like a frame.

BUILIDING BEHAVIOR IN EARTHQUAKES

ARCHITECTS IN SEISMIC DESIG

VERTICAL CONFIGURATION

HEIGHT
« During an earthquake, the period of the
building increases with height of the building.
Tall buildings with large height to base size
ratio have more horizontal shaking of its floors
Historically, 5-10 story buildings have suffered
maximum damage as compared to 20 story or
above buildings. This is due to heavy
investment in quake resistant design.
+ Wind forces in tall buildings can be more than
quake forces.

SOFT STORY

+ ASoftstory is present in ‘Open ground story
buildings’ or Building on Stilts. It is also known
as weak story. Generally it is on ground floor
but can on on any other floor

It is allow for large horizontal movements
during causing damage to building as other
story move as block. This is called ‘Inverted
Pendulum Phenomenon’

« Itis adequate in strength but not in stiffness.
During 2001 Gujarat Earthquake, in Ahmedabad
alone, more than 100 reinforced concrete
buildings collapsed due to presence of soft
story.

Soft story and building deviation
Source: Seismic Conscious Architecture: An
evaluation tool for Architecis
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UNAUTHORIZED DELHI- LAL DORA
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VERTICAL CONFIGURATION
SHORT COLUMNS

MA!

In Buildings with different column heights, for
instance on hills, shorter columns suffer more
damage during earthquake than longer
columns.

This is due to lateral forces on stiffer short
columns that it may not counteract and thus
fail. This is called ‘Short Column effect’

SS ECCENTRICTY

For a good seismic performance, it must have
even load distribution system. Mass
eccentricities can case torsion and failure of
structure

Water tanks are like inverted pendulum where
all the lateral and vertical resistances come to
single member.

VERTICAL SETBACK CONFIGURATION

It refers to one or more abrupt reduction of
floor size within the building height. They are
complex elevations.

The problem created by them lies in abrupt
change of strength and stiffness at the point of
setback, or the notch. As the forces develop in
different level, they need to be brought down
along the height to the ground by shortest
path. Any discontinuity or deviation results in
poor performance.
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The tall column vs short column
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ORIGINAL FLAT DESIGN
MODIFIED FLAT DESIGN
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SECOND FLOOR

DDA FLAT — DUPLEX TYPE

FIRST FLOOR

WHAT HAPPENS TO A DDA FLAT IN DELHI
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