4. Typical Effects

Physical Damage — Damage occurs to human settlements, buildings, structures and infrastructure,
especially bridges, elevated roads, railways, water towers, water treatment facilities, utility lines, pipelines,
electrical generating facilities and transformer stations. Aftershocks can do much damage to already
weakened structures. Significant secondary effects include fires, dam failures, and landslides, which may
block waterways and also cause flooding. Damage may occur to facilities using or manufacturing dangerous
materials resulting in possible chemical spills. There may be a breakdown of communications facilities.
Destruction of property may have a serious impact on shelter needs, economic production and living
standards of local populations. Depending on the vulnerability of the affected community, large numbers of
people may be homeless in the aftermath of an earthquake.

Casualties — The casualty rate is often high, especially when earthquakes occur in areas:

a) Of high population density, particularly when streets between buildings are narrow and buildings
themselves are not earthquake resistant, and/ the ground is sloping and unstable;

b) Where adobe or dry-stone construction is common with heavy upper floors and roofs.

Casualty rates may be high when quakes occur at night because the preliminary tremors are not felt in sleep
and people are not tuned in to media to receive warnings. In daytime, people are particularly vulnerable if in
unsafe structures such as schools and offices and casualties may be very high. Casualties generally
decrease with distance from the epicenter. As a very rough rule of thumb, there are three times as many
injured survivors as persons killed. The proportion of dead may, however, be higher if there major landslides
and other hazards, such as tsunamis. In areas where houses are of light-weight construction, especially with
wood frames, casualties generally very much lower although fires may spread rapidly causing injuries and
deaths.

Public health — multiple fracture injuries and number of severely and moderately injured is the most
widespread problem, breakdown in sanitary conditions pose a threat and fear of epidemic due to large deaths
The most widespread medical problems are fracture injuries. Other health threats may occur if:

a) There is secondary flooding

b) Water supplies are disrupted and contaminated water is used (although to date no documented significant
outbreaks of water-borne diseases have followed an earthquake); or

c) People are concentrated into high-density relief camps.

Although an earthquake is unlikely to cause any new outbreaks, endemic diseases may become virulent if
control measures break down and unsanitary conditions develop. The psychological consequences of
experiencing an earthquake, including trauma and depression, often last for several months.

Water supply — severe problems due to failure of the water supply and distribution network and storage
reservoirs

Severe problems are likely because:

Piped (municipal) water systems may be seriously damaged or become

Contaminated, especially if sewage systems have also been damaged.

Reservoir dams may be broken.

Open wells may be blocked by debris.

Earthquakes can change levels in the water table with the possible effect of drying up wells and

surface springs.



Transport network — severely affected due to failure of roads and bridges, turns in railway track alignment,
failure of runway

Electricity and Communication — all links affected. Tower collapse, transponders collapse, transformers
collapse

Food Supplies

Food distribution and marketing systems may be disrupted. Irrigation works may be damaged. In areas where
earthquakes give rise to flooding or a tsunami strikes, food stocks and standing crops may be lost. Typically,
however, earthquakes do not reduce the local food supply.

4. Predictability
Although some scientists claim ability to predict earthquakes, the methods are controversial. For example, the
1995 earthquake in Kobe, Japan was not predicted. Accurate and exact predictions of sudden fault
displacements and the resultant earthquakes are still not possible, however mechanical observation systems
make it possible to issue warnings to nearby populations immediately after detection of an earthquake.
Reasonable risk assessments of potential earthquake activity can be made with confidence based upon:
1. Knowledge of seismic zones or areas most at risk, gained through study of historical incidence and
plate tectonics.
2. Monitoring of seismic activity by use of seismographs and other instruments.
3. Use of community-based scientifically sound observations such as elevation and turbidity of water in
wells and recording radon gas escape into well water. (Use of animal behavior as an indicator is
subject to controversy as it is often difficult to interpret.)

5. Indian Earthquakes

The Indian sub-continent is highly prone to multiple natural disasters including earthquakes, which is one of
the most destructive natural hazards with the potentiality of inflicting huge loss to lives and property.
Earthquakes pose a real threat to India with 59% of its geographical area vulnerable to seismic disturbance of
varying intensities including the capital city of the country. Almost the entire Northeast region, Northern Bihar,
Himachal Pradesh, Jammu & Kashmir and some parts of Kutch are in seismic zone V, while the entire
Gangetic plain and some parts of Rajasthan are in seismic zone IV.

India has experienced some of the most intense earthquakes in the world and is also one of the most
earthquake prone countries in the world. Data from 1897-1991 shows that an average of three earthquakes
of magnitude 6.0 or more, occur in India every year and the high degree of seismic vulnerability of the country
poses a real threat to the millions of its people.

In the span of last 15 years, India has experienced six earthquakes of moderate intensity. Although moderate
in intensity, these earthquakes caused considerably high degree of losses to human life and property, which
highlights the vulnerability of the population and infrastructure to earthquakes and the inadequacy of
preparedness measures in the country. The Lattur earthquake of 1993 and the Bhuj earthquake of 2001
which caused extensive damage to lives and properties further highlighted the need to focus upon long-term
seismic mitigation and preparedness in order to reduce the human and economic losses due to earthquakes.
However, the September 1993 earthquake that struck Maharashtra State in Central West India that claimed
nearly 12,000 lives, was not a particularly strong event, but caused such devastation because of other factors.
Another earthquake also struck Central India in May 1997, but fortunately not on such a devastating scale.



The 26" January Bhuj Earthquake was the most devastating one which scaled very high in terms of loss of
life and property. 13,805 human lives were lost, and over 1,67,000 persons were injured in the earthquake.
This earthquake is the first major earthquake to hit an urban area of India in the last 50 yrs.

Great Earthquakes in India

Strong and damaging earthquakes have been felt in all parts of the Indian Sub-continent. The most
seismically active areas are those in the northern regions of the sub-continent and in the Andaman and
Nicobar Islands. This is where the Indian plate is thrusting (diving below) under the Eurasian plate. In the
Andaman & Nicobar Islands, the Indian plate subducts (dives) beneath the Burmese. Micro-plate.

The deadliest earthquake in Indian history so far has been the M7.8 Kangra earthquake in Himachal Pradesh
in 1905, which left 19,700 people dead. If was often believed that Kolkata was destroyed in an earthquake in
1737, that left 3,00,000 dead.

The largest earthquake recorded was an earthquake in Arunachal Pradesh in 1950. It had a magnitude of 8.6
(Mw) and was the 6th largest earthquake in the world, in the 20th century.The most widely felt earthquake in
India to date, has been the M7.6 Bhuj earthquake in 2001. Shaking was experienced as far away as Chennai
in the south, Shillong in the east, Quetta in the west and Kashmir in the north. After the Kangra earthquake,
this is the next earthquake to have caused heavy casualties. More than 13,000 people were killed in Gujarat.

The peninsula area was generally though to be "seismically safe". But recent large earthquakes in this area,
have proven this statement wrong. Apart from the M 6.2 Khilari (1993) and M6.6 Koyna (1967) earthquakes,
several damaging shocks have hit this region, in historical and ancient times.

Earthquake Risk in the Himalayas

Earthquakes are a great threat to environmental stability and life in the Himalayan region as almost the entire
region is prone to high seismic activity. The region has been hit by earthquakes of varying intensities in the
past and similar threats remain imminent. The Himalayas were formed by a head on collision of the Indian
and Eurasian plates, and the Indian plate continues to push the Asian plate northward at the rate of about 2
cm per year. This means that in every 100 years India moves 200 cm north against the Asian plate, and this
colliding force builds up pressure continually for several years and is released in the form of earthquakes.
Four great earthquakes of Himalaya i.e., Assam earthquake of 1897, Kangra earthquake of 1905, Nepal-Bihar
earthquake of 1934 and Assam earthquake of 1950 rocked the Himalayan Kingdom of Nepal whose
magnitude exceeds 8.0 Richter scale. The earthquake of 1833 with magnitude 7.8 occurring at a distance of
50kms NE of Kathmandu also affected the Kathmandu Valley. In the last few decades, the major amongst
them are the Kinnaur earthquake of 1975, Dharchula earthquake of 1980 and the Uttarkashi earthquake of
1991, which resulted in tremendous loss of life and property.

Himalayan Seismicity

Plate tectonics studies reveal that the Himalayan mountain ranges were formed when Indo-Australian plate
collided with the Eurasian plate. The Indian subcontinent, once part of the supercontinent called
Gondwanaland, which consisted also of present-day Africa and Antartica, broke away about 100 million years
ago and crawled northwards across the Tethys Sea before ramming into Asia. Figure 10 shows the plate
tectonics of the Hmalayas.

Figure 10: The Himalayan Plate Tectonics



Around 45ma, during the
Eocene, India collided EURASIANFPLATE
with Eurasia; this was the
end result of India's
northward migration
caused by the subduction
of the Tethyan Ocean
beneath the Eurasian
Plate. The Indian plate
slid under the Asian
landmass. Its upper layers
peeled and thrust upward,
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this motion (17.52 2mm.yr-1) is accommodated by the Himalayan thrust system meaning that the Kingdom
of Nepal is shortening by about 2cm.yr-1.

The seismic zoning map of India shows that the entire Himalayan region lies in Zone IV and V, which
correspond to MMI of VIII and >IX respectively. Seismic studies show that great earthquakes (M>8) tend to
recur in cycles of 200 — 300 years along the length of the Himalayas.

Figurell: Himalayan uplift
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Datasheet of Earthquakes in India (1819-2001)

A number of significant earthquakes occurred in and around India over the past century some of these
occurred in populated and urbanized areas and hence caused great damage. Many went unnoticed, as they
occurred deep under the Earth’'s surface or in relatively un-inhabited places. Some of the damaging and
recent earthquakes are listed in Table 3. Most earthquakes occur along the Himalayan plate boundary (these
are inter-plate earthquakes), but a number of earthquakes have also occurred in the peninsular region (these
are intra-plate earthquakes). Four Great earthquakes (M>8) occurred in a span of 53 years from 1897 to
1950; the January 2001 Bhuj earthquake (M7.7) is almost as large. Each of these caused disasters, but also
allowed us to learn about earthquakes and to advance earthquake engineering. For instance, 1819 Cutch
Earthquake produced an unprecedented ~3m high uplift of the ground over 100km (called Allah Bund). The
1897 Assam Earthquake caused severe damage up to 500km radial distances; the type of damage sustained
led to improvements in the intensity scale from I-X to I-XIl. Extensive liquefaction of the ground took place
over a length of 300km (called the Slump Belt) during 1934 Bihar-Nepal earthquake in which many buildings
and structures went afloat.

Figure: Plot of Earthquakes (M>=5.0) from IMD catalogue for the period from 1800 to Sept, 2001.
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Table 3: Earthquakes in India with Magnitude >6 (1819-2001)

EPICENTRE

Lat(Deg N)

Long(Deg E)

LOCATION

MAGNITUDE
M >6

1819 JUN 16 23.6 68.6 KUTCH,GUJARAT
1869 JAN 10 25 93 NEAR CACHAR, ASSAM 7.5
1885 MAY 30 34.1 746 SOPOR, J&K 7.0
1897 JUN 12 26 91 SHILLONGPLATEAU _
1905 APR 04 32.3 76.3 KANGRA, H.P
1918 JUL 08 24.5 91.0 SRIMANGAL, ASSAM 7.6
1930 JUL 02 25.8 90.2 DHUBRI, ASSAM 71
1934JAN 15 26.6 86.8 BIHAR-NEPALBORDER
1941 JUN 26 12.4 925 ANDAMAN ISLANDS
1943 OCT 23 26.8 94.0 ASSAM
1950 AUG 15 28.5 96.7 ARUNACHAL PRADESH-CHINA BORDER
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 CHAMOLIDIST, UP 6.8
2001 JAN 26 23.40 70.28 BHUJ , GUJARAT 6.9
Earthquake Zones in India

The varying geology at different locations in the country implies that the likelihood of damaging earthquakes
taking place at different locations is different. Thus, a seismic zone map is required so that buildings and other
structures located in different regions can be designed to withstand different level of ground shaking. The
current zone map divides India into four zones — I, Ill, IV and V. Parts of Himalayan boundary in the north

and northeast, and the Kachchh area in the west are classified as zone V ( See figure 13 and Table 4) .
Figure 12: History of Seismic Zone Map of India: 1962, 1966, 1970



Figure 13: Recent Map indicating Earthquakes Zones in India (IS 1893 — 2002)
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The seismic zone maps are revised from time to time as more understanding is gained on the geology, the
seismotectonics and the seismic activity in the country (see Figure 12). For instance, the Koyna earthquake of
1967 occurred in an area classified in zone | as per map of 1966. The 1970 version of code upgraded the
area around Koyna to zone IV. The Killari (Latur) earthquake of 1993 occurred in zone | (now in Zone IIl). The
new zone map places this area in zone Ill. The new zone map will now have only four seismic zones — I, I,
IV and V. The areas falling in seismic zone | in the current map are merged with those of seismic zone II.
Also, the seismic zone map in the peninsular region is being modified. Madras will come under seismic zone
Il as against zone Il currently. The national Seismic Zone Map presents a large scale view of the seismic
zones in the country. Local variations in soil type and geology cannot be represented at that scale. Therefore,
for important projects, such as a major dam or a nuclear power plant, the seismic hazard is evaluated
specifically for that site. Also, for the purposes of urban planning, metropolitan areas are microzoned. Seismic
microzonation accounts for local variations in geology, local soil profile, etc.



Table 4: Region falling in various zones of the country

Zone Damage risk and | Region
Intensity

Zone V (Earthquake Very high | The entire North-east, including all the seven sister states, the
damage risk zone - | Kutch district, parts of Himachal and Jammu & Kashmir, and the
areas may expect | Andaman and Nicobar islands. These areas may experience
intensity maximum  of
MSK IX or more)

Zone IV (Earthquake High | Parts of the Northern belt starting from Jammu and Kashmir to
damage risk zone - | Himachal Pradesh. Also including Delhi and parts of Haryana.
areas may expect | The Koyna region of Maharashtra is also in this zone.
intensity maximum  of
MSK VIII)

Zone I (Earthquake Moderate | A large part of the country stretching from the North including
damage risk zone - | some parts of Rajasthan to the South through the Konkan coast,
areas may expect | and also the Eastern parts of the country.
intensity maximum  of
MSK VII)

Zone Il (Earthquake Low | These two zones are contiguous, covering parts of Karnataka,
damage risk zone - | Andhra Pradesh, Orissa, Madhya Pradesh, and Rajasthan, known

areas may experience
intensity MSK VI)

as low risk earthquake zones.




