29/03/2012

•CANNOT stop the geologic processes
•CANNOT stop the population growth/expansion

By
Dr Devesh Walia

•Therefore, we must try to reduce (mitigate)
the hazards through:

deveshwa@gmail.com

-9436163641



The Earth’s population is increasing





more people living in hazard-prone areas
populations are becoming hyper-concentrated
consumption of resources
examples:
 today there are 6 billion people on Earth ( ~ 50% live in
cities)
 by 2025, there will be ~8 billion people (~ 66% in cities)
of these cities, 40% are coastal

prone to severe storm and tsunami damage
and a large majority lie in areas subject to other geohazards
(for example volcanoes and earthquakes)

•scientific study
•population education
•changes in engineering/building practices
•management plans and hazard response scenarios



To help mitigate the hazard we need to know:



Frequency vs. Magnitude

◦ F: how often a seismic event occurs in a certain
region
◦ M: how powerful (amount of energy released) an
event is
 for example, high M hazards happen with low F, but are

much more destructive



Scope

◦ S: area affected by a hazard
 local: landslides, floods, earthquakes, fire …
 regional: tsunamis, volcanoes, larger earthquakes, cyclones
…
 global: large volcanoes, global warming, meteorite impacts
…
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Disasters are not totally discrete events. Their possibility of
occurrence, time, place and severity of the strike can be reasonably
and in some cases accurately predicted by technological and

Disasters always arise from some
disequilibrium between hazards in the
environment and the vulnerabilities of
human communities.
In the 21st century natural and complex
disasters caused a dramatic increase in
the demand for emergency medical care.

Why is Disaster Management
Important to Us?

scientific advances. It has been established there is a definite
pattern in their occurrences and hence we can to some extent
reduce the impact of damage though we cannot reduce the extent
of damage itself.

Disaster is a
crisis situation
that far exceeds
the capabilities
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57% of the land area is prone to Earthquakes



12% to Floods



8% to Cyclones



70% of the cultivable land is prone to drought

85% of the land area is vulnerable to number
of natural hazards




22 states are prone to multi hazards.

SEISMICITY MAP
Seismicity of India (1505 to
March,2010) (M>5.0)

DATE

1819 JUN 16

LOCATION

MAGNITUDE

Lat (Deg.N)

Lat (Deg.E)

23.6

68.6

KUTCH,GUJARAT

8.0

EPICENTRE

1869 JAN 10

25

93

NEAR CACHAR, ASSAM

7.5

1885 MAY 30

34.1

74.6

SOPOR, J&K

7.0

1897 JUN 12

26

91

SHILLONG PLATEAU

8.7

1905 APR 04

32.3

76.3

KANGRA, H.P

8.0

1918 JUL 08

24.5

91.0

SRIMANGAL, ASSAM

7.6

1930 JUL 02

25.8

90.2

DHUBRI, ASSAM

7.1

1934 JAN 15

26.6

86.8

BIHAR-NEPALBORDER

8.3

1941 JUN 26

12.4

92.5

ANDAMAN ISLANDS

8.1

1943 OCT 23

26.8

94.0

ASSAM

7.2

1950 AUG 15

28.5

96.7

ARUNACHAL PRADESH-CHINA BORDER

8.5

1956 JUL 21

23.3

70.0

ANJAR, GUJARAT

7.0

1967 DEC 10

17.37

73.75

KOYNA, MAHARASHTRA

6.5

1975 JAN 19

32.38

78.49

KINNAUR, HP

6.2

1988 AUG 06

25.13

95.15

MANIPUR-MYANMAR BORDER

6.6

1988 AUG 21

26.72

86.63

BIHAR-NEPAL BORDER

6.4

1991 OCT 20

30.75

78.86

UTTARKASHI, UP HILLS

6.6

1993 SEP 30

18.07

76.62

LATUR-OSMANABAD, MAHARASHTRA

6.3

1997 MAY 22

23.08

80.06

JABALPUR,MP

6.0

1999 MAR 29

30.41

79.42

CHAMOLI DIST, UP

6.8

2001 JAN 26

23.40

70.28

BHUJ , GUJARAT

7.7

2004 DEC 26

03.34

96.13

OFF WEST COAST OF SUMATRA

9.3

2005 OCT 08

34.49

73.15

PAKISTAN

7.6

2011 SEPT 07

28.38

77.12

Delhi NCR

4.2

2011 SEPT 18

27.723

88.064

Sikkim

6.9
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Normal
Thrust

Strike-Slip

Building of stress stores the energy that is
released suddenly as the rocks "break",
resulting in an earthquake.
All earthquakes are generated in the crust or
the upper mantle.
Most earthquakes take place in response to
motion along a fault.

Dixie Valley-Fairview Peaks, Nevada earthquake
December 16, 1954
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1906 San Francisco Earthquake

Earthquakes are one of the most destructive of
natural hazards.
The impact of the event is most traumatic
because it affects large area, occurs all on a
sudden and unpredictable.
They can cause large scale loss of life and
property and disrupts essential services such
as
water
supply,
sewerage
systems,
communication and power, transport etc.
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• Earthquake hazard on an average kills the
highest number of people per year
(> 1 million during the past century)
• commonly strikes without warning
• no time for evacuation
• not a predictable trend to earthquake numbers,
magnitude or location
 1000's of large earthquakes every year
 ~ 20 are > M7.0 and these account for 90% of the energy
released and 80% of all the fatalities

Earthquake forecasting is necessary to undertake
disaster preparedness measures, reducing the damage
from the earthquakes. This requires that the accuracy of
forecasting be known, but, contrary to common belief, a
timely prediction of low accuracy may be very useful.

 Magnitude

7.7 - 8.3
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Biggest earthquake
in 40 years!
Magnitude 9.2
150 km off the
west of Northern
Sumatra
Generated a
disastrous tsunami
in 12 countries

The earthquake occurred at a convergent
tectonic plate boundary (subduction zone)
An estimated 1,600 km of faultline slipped
about 15 m!
The earthquake released 20 x 1017 Joules of
energy
◦ Equivalent to:

 47,50,00,000 kg of TNT
 23,000 Hiroshima atomic bombs!
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What is an Earthquake?
Earthquakes cause shaking of the
ground; maximum damage occurs in
a few seconds suddenly like lightning
from thunderstorms.
They not only destroy villages, towns
and cities but the aftermath leads to
destabilize the economic and social
structure of the nation.

Magnitude Approximate
Number
(Richter
Maximum
Per Year
Scale)
Intensity
1
2,900,000
2
II
360,000
3
49,000
4
III
6,200
5
VI
800
6
VII
120
7
X
18
8
XII
1
9
Decades apart

Approx. energy
release (Kg of
TNT equivalents)
20
600
20,000
60,000
20,000,000
60,000,000
20 billion
60 billion
20 trillion

 Magnitude

◦ More energy released
 Distance

◦ Shaking decays with
distance
 Local

soils







Volcanic eruption
Contraction of the earth
Folding and faulting
Isostatic equilibrium
Tectonic Movement

◦ amplify the shaking
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Seismic energy is usually caused by the
brittle failure (fracturing) of rocks under
accumulated stress.

Figure showing the
distribution of earthquakes
around the globe



due to movement along tectonic plate
boundaries

Main types of plate boundaries
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Tectonic plates
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Earthquake Cycle
Shimazaki and Nakata, 1980

An earthquake starts as an episode of rupture and
discontinuous displacement in a certain part of a fault
system, which becomes an earthquake source. These
episodes alternate with slower deformations in the “stickslip” sequences.

Three stages of creep

Nucleation zone (focal) and
stress filling area

Precursors of strain origin: hydro geochemical, electromagnetic, acoustic,
ionospheric etc.

Earthquakes nucleation: There is compelling evidence that
strong earthquakes nucleate within the nodes, or more
precisely, within certain specific nodes that can be recognized
by geological and geomorphologic criteria (Gelfand et al.
1976).

I–attenuation stage, II–steady state, III–acceleration (avalanche) stage
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Some body waves travel up from the
earthquake hypocenter (focus) and spread
towards the surface where they cause the
Earth's surface to vibrate.
This vibration generates surface waves which
travel within the upper few kilometers of the
Earth's crust.
Slowest of all seismic waves.
Surface waves only travel through solids



Rayleigh waves: interaction P and S)





A wave can be described as a disturbance
that travels through a medium (with velocity
c) from one location to another location







Body waves
◦ P-Waves

 Primary, Compressional, Longitudinal

◦ S-Wave

 Secondary, Shear, Transverse



Surface waves
◦ Love wave

 Similar to S-waves

◦ Rayleigh wave

 “Surface ripples”

Shaking
direction

Wave
directio
n
Shaking
direction

P-wave

S-wave
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Magnitude ≈ Watt

Size of an earthquake


We all are aware that crackers during Diwali
produce mild to very loud sound depending
upon how powerful the gun powder (explosive
material) has been filled. Similar is the case
with the earthquakes. The larger is the
size(energy) of an earthquake, the more will be
damage. The size of an earthquake can be
measured in two types of scales called the
seismic intensity and magnitude.

Love waves

Intensity ≈ Illumination

The record of earthquakes is
called a seismogram It
enables us to identify
different type of seismic
waves and size, place and
time of an earthquake
The times at which they
arrive at different stations
can be carefully read,
because it is recorded
from an accurate clock
(GPS) .



2 ways of measuring strength of an
earthquake:
 Magnitude: amount of energy released - "Small
earthquakes make small waves, big earthquakes
make big waves"
 Intensity: amount of damage, reaction of people

13

29/03/2012

Bigger Faults Make Bigger Earthquakes
1000

Based on:

◦ Observations of damaged structures
◦ Presence of secondary effects
◦ Degree to which quake was felt by individuals



Easy to determine in urban area, difficult in
rural area

Kilometers



100

10

1
5.5

Intensity

Description

1.0-3.0

I

I. Not felt except by a very few under especially favorable conditions.

3.0 - 3.9

II - III

II. Felt only by a few persons at rest, especially on upper floors of buildings.
III. Felt quite noticeably by persons indoors, especially on upper floors of buildings.
Many people do not recognize it as an earthquake. Standing motor cars may rock
slightly. Vibrations similar to the passing of a truck. Duration estimated.

4.0 - 4.9

IV - V

IV. Felt indoors by many, outdoors by few during the day. At night, some awakened.
Dishes, windows, doors disturbed; walls make cracking sound. Sensation like heavy truck
striking building. Standing motor cars rocked noticeably.
V. Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable
objects overturned. Pendulum clocks may stop.

5.0 - 5.9

VI - VII

VI. Felt by all, many frightened. Some heavy furniture moved; a few instances of
fallen plaster. Damage slight.
VII. Damage negligible in buildings of good design and construction; slight to moderate
in well-built ordinary structures; considerable damage in poorly built or badly designed
structures; some chimneys broken.

6.0 - 6.9

7.0 and
higher

VII - IX

VIII or
higher

VIII. Damage slight in specially designed structures; considerable damage in ordinary
substantial buildings with partial collapse. Damage great in poorly built structures. Fall
of chimneys, factory stacks, columns, monuments, walls. Heavy furniture overturned.
IX. Damage considerable in specially designed structures; well-designed frame
structures thrown out of plumb. Damage great in substantial buildings, with partial
collapse. Buildings shifted off foundations.
X. Some well-built wooden structures destroyed; most masonry and frame structures
destroyed with foundations. Rails bent.
XI. Few, if any (masonry) structures remain standing. Bridges destroyed. Rails bent
greatly.
XII. Damage total. Lines of sight and level are distorted. Objects thrown into the air.

6.5
7
Magnitude

7.5
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Bigger Earthquakes Last a Longer Time

100

Seconds

Mercalli Intensity and Richter Magnitude
Magnitude

6

10

1
5.5

6

6.5

7

7.5

8

Magnitude
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Is there such a thing as
“Earthquake Weather”???

Direct effects of earthquakes
 Ground failures (or instabilities due to ground

failures)

 Surface faulting or fault rupture
 Vibration of soil (or effects of seismic waves)
 Ground cracking
 Liquefaction
Causes most damage!
 Ground lurching
 Differential settlement
 Lateral spreading
 Landslide

 Vibrations transmitted from the ground to the

structure

Earthquake Effects - Ground Shaking

Damaging effects of earthquakes
 Direct effects
 Ground failures or instabilities due to ground failures
 Vibrations transmitted from the ground to the structure
 Indirect effects
 Consequential phenomena

Loma Prieta, CA 1989
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Earthquake Effects - Ground Shaking

All Saints Church before 1897 earthquake

All Saints Church destroyed by 1897 earthquake

Kobe, Japan 1995

Raj Bhavan before the 1897 Earthquake

Ground failures
 Surface faulting
 Ground displacement
 Ground cracking
 Ground lurching

Raj Bhavan destroyed in 1897 earthquake
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Earthquake Effects - Surface faulting

Landers, CA 1992

Surface faulting

Normal fault. Scarp near Beni Rached. 1980 El Asnam
Earthquake, Algeria

Surface faulting

Bent rails of the railroad between
Guatemala City and Puerto
Barrios caused by the 1976
Guatemala Earthquake

Landshift

Imperial Valley, California, Earthquake
October 15, 1979
Photo Credit:
Magnitude 6.5
University of Colorado
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Landshift

Motagua, Guatemala
February 4, 1976
Magnitude 7.5

Landslide

Photo Credit: U.S.
Geological Survey

Landshift

Government Hill School, March 27, 1964
Anchorage, Alaska
Magnitude 9.2

El Salvador
January 13, 2001
Magnitude 7.6

Photo Credit: USGS

Earthquake Effects - Landslides

Source: National Geophysical Data Center

Photo Credit:
NOAA/NGDC

Turnnagin Heights,Alaska,1964
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Landslide

Landslide

Puget Sound, Washington
May 2, 1996
Magnitude 5.3

Photo Credit: USGS

Landslide

Seattle, Washington
April 29, 1965
Magnitude 6.5

Alaska Earthquake
March 27, 1964
Magnitude 9.2

Photo Credit: U.S.
Geological Survey,
Menlo Park, CA

Vibration of soil: Liquefaction

Photo Credit: University of
California, Berkeley

Displacement and tilting of
houses due to soil liquefaction in
the Turnagain Height area of
Anchorage during the 1964
Alaska Earthquake
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Vibration of soil: Liquefaction

Indirect effects of earthquakes,
consequential phenomena
 Tsunamis
 Seiches
 Floods
 Fires

Tilting of apartment buildings at Kawagishi-Cho, Niigata, produced
by liquefaction of the soil during the 1964 Niigata Earthquake

Vibration of soil: differential
settlement
One-story masonry house in a main
housing development in the town of
Caucete, damaged due to differential
settlement caused by liquefaction in
the 1977 Caucete Earthquake,
Argentina

Indirect effects:
Tsunamis
 Near-shore or undersea earthquake

causing sudden (vertical)
movement of the seafloor
 As wave approaches shallow water,
it slows down, but energy remains
constant, causing waves to increase
in height (up to 30 m.)
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Resulting tsunami

Indirect effect: fire (2)
Fire in central Kobe

Alaska Earthquake
March 28, 1964
Whittier, Alaska
Magnitude 9.2

Large fires following
strong earthquakes
have long been
considered to be
capable of producing
losses comparable to
those resulting from
the shaking
17 January 1995,
Kobe Earthquake

Photo credit: U.S. Geological Survey

Indirect effects: flooding caused by
regional subsidence
 Izmit (Kocaeli) Turkey Earthquake, August 17, 1999

Vibrations transmitted from the
ground to the structure
 Torsion
 Soft storey
 Pounding
 Short column
 Resonance - Soft ground effects
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Torsion

Soft storey

 Irregular layout or wrong distribution of weights can create
large torsional stresses, resulting in damage and/or failure

Soft storey: stiffer structural
elements which are present in the
upper stories are missing at the
ground floor - Gujarat earthquake,
26 Jan 2001

Plan view

Torsion
Lack of torsional
resistance in the columns
at the periphery of the
building
Armenia, Colombia
25 January 1999, Quindío
earthquake, Colombia
M 6.2

Soft storey
The ground floors of many buildings in
Turkey are open spaces reserved for
stores and show rooms, with
insufficient numbers of columns to
support the upper floors – Duzce, Izmit
earthquake, 17 August 1999, Turkey
(MW 7.5)
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Short column

Pounding
 Impact damage
 Asymmetry

28 February 2001, Mw 6.8 Nisqually,
Washington Earthquake

Pounding

Armenia, Colombia
25 January 1999, Quindío
earthquake, Colombia
M 6.2

Short column

Balcony and inserted brick
wall cause short column
failure, in combination with
bad detailing (lateral
reinforcement) Armenia, Colombia
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Detailing

Masonry

Insufficient transverse
reinforcement to
prevent buckling of the vertical
reinforcement

 Insufficient cohesion of the

masonry walls due to weak
mortar or the absence of mortar

Unsufficient lateral
reinforcement, bad concrete
quality, discontinuity

Resonance, soft ground effect
 Soft soil overlying bedrock almost always amplify

ground shaking
 Given specific ground conditions and sufficient

duration of the quake, resonance can occur, resulting
in even larger amplifications
 If a structure has a natural frequency similar to the
characteristic site period of the soil, very large damage
or total collapse may occur
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Vibrations transmitted from ground
to building or structure
 To analyse this hazard we have to be able to answer the

following questions:

Wave behaviour: reflection (1)
 Fixed end reflection, òr

from less dense to dense medium

 How do seismic waves shake the ground?

 Inversion of reflected pulse

 How does this affect buildings and structures?

 Reflected pulse:




Same velocity (same medium)
Same wavelength (frequency)
Smaller amplitude

Wave boundary behaviour

Wave behaviour: reflection (2)

 When a wave reaches the end of a medium its

 Free end reflection, òr

behaviour can be described in terms of:

From dense to less dense medium:
 No inversion

 Reflection



Fixed end reflection
Free end reflection

 Transmission
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Wave behaviour: transmission and
reflection (1)
 From dense to less dense medium:
 Reflected wave





No inversion
Same velocity
Same frequency
Lower amplitude

 Transmitted wave:




Smaller velocity
Larger wavelength
Same frequency

Wave behaviour: transmission and
reflection (2)
 From less dense to dense medium:
 Reflected wave





Inversion
Same velocity
Same frequency
Lower amplitude

 Transmitted wave




Higher velocity
Smaller wavelength
Same frequency

Natural frequency of buildings
 Buildings tend to have lower

natural frequencies when they are:
 Either heavier (more mass)
 Or more flexible (that is less stiff).

 One of the main things that affect

the stiffness of a building is its
height.
 Taller buildings tend to be more

flexible, so they tend to have lower
natural frequencies compared to
shorter buildings.

Examples of natural frequencies of
buildings
Type of object or structure
One-story buildings
3-4 story buildings
Tall buildings
High-rise buildings

Natural frequency (Hz)
10
2
0.5 – 1.0
0.17

26

29/03/2012

(Partial) Resonance
 Buildings have a high probability to achieve (partial)

resonance, when:
 The natural frequency of the ground motion coincides

with the natural frequency of the structure
 Resonance will cause:
 Increase in swing of the structure
 Given sufficient duration, amplification of ground
motion can result in damage or destruction

Inelastic attenuation
 Earthquakes: seismic waves with broad range of

frequencies
 Inelastic behaviour of rocks cause high frequencies to
be damped out
 The farther a seismic wave travels, the less high
frequencies it contains: anelastic attenuation

Building resonance and seismic hazard
 Height determines resonance frequency:
 Low buildings: high resonance frequencies (large

wavelengths)

 Tall buildings: low resonance frequencies (short

wavelengths)

 In terms of seismic hazard:
 Low-rise buildings are susceptible to damage from

high-frequency seismic waves from relatively near
earthquakes and/or shallow depth
 High-rise buildings are at risk due to low-frequency
seismic waves, which may have originated at much
greater distance and/or large depth

1D ground response analysis
 Inclined seismic rays are reflected to a near-vertical

direction, because of decrease in velocities of surface
deposits
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“EARTHQUAKES DO NOT KILL THE
PEOPLE; BUILDINGS DO”

Seismic risk analysis
 Macro seismic hazard analysis
 Deterministic seismic hazard analysis (DSHA)
 Probabilistic seismic hazard analysis (PSHA)

It is therefore important to
understand earthquakes and
construct suitable houses to
withstand impact of earthquake

 Micro seismic hazard analysis
 Soft ground effects analysis
 Liquefaction analysis

 Vulnerability and risk analysis
 Building vulnerability, vulnerability curves
 RADIUS, HAZUS approach

Macro seismic hazard analysis
 Deterministic seismic hazard analysis (DSHA)
 Use a single scenario
 Select a single magnitude, M
 Select a single distance, R
 Assume effects due to M, R

Ground motion
parameters

 Probabilistic seismic hazard analysis (PSHA)
 Assumes many scenarios
 Consider all magnitudes
 Consider all distances
 Consider all effects

Ground motion
parameters
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Deterministic seismic hazard
analysis (DSHA)

3D Cross Section across
the Himalayan Collision zone

 Earliest approach taken to seismic hazard analysis
 Originated in nuclear power industry applications
 Still used for some significant structures
 Nuclear power plants
 Large dams
 Large bridges
 Hazardous waste containment facilities

Micro seismic hazard analysis
 Site effects
 Soft ground effects
 Liquefaction
 Topographic effect
 Methods for estimating site effects:
 Soft ground effects:



Numerical method: 1D response analysis (Shake)
Nakamura’s or H/V method

 Liquefaction analysis
 “Simplified procedure” by Seed and Idriss
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General Precautions for Building Houses
•Build your house away from tall trees
•Make house away from river, coast, dams and hills
•Avoid house on soft ground if possible or consult structural engineer
•Don’t make long balcony
•Use one part cement & six parts sand
•Make only a few windows & doors

•Design of tall buildings is a specialized work. The whole building is
designed like a box
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