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The Indian subcontinent
has experienced 13 great @
events of magnitude
greater than 8.0.

35°

Within India, there are
five such events occurreds
N the past 2001yrs.

10°
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EISMICITY MAP OF THE INDIAN SUB
FOR THE PERIOD 765-2001
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Earthguake Hazard Maps

The early version of earthquake hazard maps were called seismic
zoning maps prepared on the basis of seismotectonic province, the
premise being that earthquakes will repeat asin the past, with similar
magnitudes and impacts.

Thefirst seismic hazard zoning map of India, was brought out in 1956
by Dr. A.N. Tondon. It consisted of 3 zones based on the broad
concept of space-time earthquake statistics and the prevailing
understanding of geotectonics.

1. Least Hazard: Indian shield in the south

2. Most Hazard: Himalayas, Chaman fault region, Indo-
Burma region.

3. Moderate Hazard: The areas between the above two.
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Official Seismic zoning map of India

Bureau ofi Indian Standard (BIS) Is the official agency for publishing
the seismic zoning maps andicedes in India

TThey brought eut several hazard maps consisting of :

VAZORES 1966
5 Z0ones 1970, 1954

The recent seismic zoning map has been revised with only four zones,
Instead of five. Zone Il has been merged to Zone |l andihence Zone Il does net
appear in the new zoning; only: Zenes I, 111, IV and V' do. The Killar area
has been Included in Zone Il and the Beéllary isolated zone has been
removed. The parts of eastern coast area have shown similar hazard to that of
the Killari area, the level of Zone Il has been enhanced to Zone I11 and
connected with Zone |11 of Godawari Graben area.
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SEISMIC ZONING MAP OF INDIA

Before 2002
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Probabilistic Hazard Map

By: Khattri et al., 1984, Tectonophysics
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Fig. 11. The seismic hazard map for India and neighboring areas showing contours of exp d peak lerations in rock in percent g. The exposure period for this map is 50 years.
5YD]=®  The probability of exceedence of the mapped accelerations in 50 years in 10%. The return period of the peak acceleraions is 475 years.




GLOBAL SEISMIC HAZARD ASSESSMENT
PROGRAM (GSHAP)

GLOBAL SEISMIC HAZARD MAP

5 December 2006 Seismic Hazard in Asia




GSHAP in Indian subcontinent,
- 1999, Annali di Geofisica
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GSHAP in Indian subcontinent Contd.....
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A recent study on Attenuation law
Parvez et a., 2001, GJI
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Strong motion arrays and epicenter of recorded events
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Data distribution with distance
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In the strong motion
data analysis, instead 3N
of empirical formulae, é 10
we performed the 5
reduction of the § :
observations toafixed K
distance and N
magnitude using 001
iIndependently defined o
distance and magnitude
trends. 10
S
i

5 December 2006

Gusev's Model

Brune's Model

| | I | L = I | L
E E 3 E
3 S &
s - - L
O A =
= NSt N -
E OISO E EY Ol TN E
3 DO S - IS~ > SOES E
| \93\\u\\\ C J Sse. el e C
- N S S I -
— IoN SIS0 [ 4 \\\ o SIS -
SN SO S SO
~N N ~ ~ ~.
NN X ~, ~ X
- Sl S = RN E
= AN E = N, ~o ~ E
— n‘\ 5&\ - — S, © &\ -
a I C ] s N C
: R \ ~ N N \a L
\\\&\\\ N \\\&\\\\
= N = SN -
3 \is — = \\ N —
= \§\ C 7 NN =
— . = — ~, AN [
— iy [ - \\\\ [
i N o L B DN NS
AN ~ N ~
NN AR
- - — A\Y = ] —
3 —=$% - Joyner & Boore (1981) VNN E E W\ E
| A\ - | \ =
-| =%~ Fukushima & Tanaka (1990) = c . & =
T 2§~ Campbell (1997) Y- 7 v
T T T T T T ‘ T T T T I T TTT ‘ I T TTT
10 100 1000 10 100 1000
1 I I | ‘ | T I | I I | ‘ | T I
K B 1 B
— — —> =
E Sy E E ety E
S = o E
B INTTmm = e S E
SeSO O T 7 = Ol T 7
7 Ny C ] 4 Gy C
T I NN T~ r 7 AN Ao T~ r
RS NN = RO N =
- N \\\ \&\ ~ = - \\\\\ \Q\ - =
3 9\\\ ~ \\‘0\ N E 3 9\\‘\ < \\0\ a2 E
3 Sen S N - 3 3 2 N .
_ A ‘\\\\ ~ [ | SIS ~ |
4 Sel Sy . L i RSN . L
) b i S TS \\\4
~o ~ ~
— EN \\Q\ E = o %\ E
= DRSS E E NN =
3 NN = . NN =
1 N NN L i AN NN C
NN e N
B N - b >N «
\\\ N \\\\ \\
D L \ |
= 7°°¢""" Joyner & Boore (1981) \ NE E AN =
3 | C 3 ) C
~ =%~ Kawashima et. al. (1986) o e ] SO =
A\ \
4 i i ¥
~9~"" Campbell (1997) N N
I I I T T 1T ‘ I T T TT I T TTT ‘ I T TTT
10 100 1000 10 100 1000

Hypaocentral Distance, km

Hypocentral Distance, km



Theplot of peak horizontal
acceleration reduced at 100
km distances ver sus moment
magnitude and the regression

100 km), cm/s?

log,,Amax (R

--—- Linear Fit (TH-6)
——— Linear Fit (TH-5)
—e— F&T
—x—-- AMB

The plot of peak horizontal
acceleration reduced at 100 km
distances ver sus moment magnitude
and theregression after separating in
Eastern and Western parts.

=100 km), crm/s?

log,,Amax (R

Theplot of peak horizontal
acceleration reduced at 100 km
distances and at Mw=7.0 using
Fukushima and Tanaka, 1990
ver sus moment magnitude and
theregression
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Finally we divided the data
into two geographical groups
eastern and western sub-
regions based on the residual
variance and attenuation law
is established using spectral
energy propagation/random
function approach of Gusev
(1983).

The important outcome of
this study is the presence
of unusually high levels of
epicentral amplitudes for
eastern sub-region which is
almost three times that of
western region.

(A)

East(Parvez etal,, 2001) <.

------- West(Parvez et al., 2001) Ty ""'\*\_
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— East(Parvez et al., 2001)
West(Parvez et al., 2001)
West(Present Study)
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Similar trend was seen for HypocentlDiancs km

peak Vel ocity attenuation
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Campbell (1997)

East Himalaya (Parvez et al., 2001)
West Himalaya (Parvez et al., 2001)
West Himalaya (Present Study)
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Comparison of 1,4, (Intensity at 100 km) of Indian
earthquakes and other seismogenic zone of the world.
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1.

Deterministic Seismic Hazard in I ndia and

Adjacent Areas
Parvez et al., 2003, GJI

Instead of using extremely dense set of recording instruments and then
waiting for strong earthquakes to occur in likely focal regions to
measure ground motion, it is wise to go for realistic modelling of ground
motion with the available geological, geophysical, seismological and
seismotectonic data applying modern theories for the forward and the
Inverse problems using available high memories and fast computers.

. A complete database of predicted strong motion histories for
all sites and possible focal mechanisms can be constructed.
This database can then, naturally, updated continuously by
comparison with incoming new experimental data
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Thelnput Parameters used for deter ministic Hazard

SEISMOGENIC SOURCE ZONE

STRUCTURAL MODEL
(Vp1 Vs1 Qp1 st p)

FAULT PLANE SOLUTION

EARTHQUAKE CATALOGUE
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General
Geolegical
andl Trectoenic
map of the

Indian
Subcontinent
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40 Selsmogenic
Zones drawn on
the basi's of
clustering of
events, geology:

and tectonics

¥4 Strike Slip Faulting
" Thrust Faulting

O Normal Faulting
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The seismicity map
obtained from the
earthguake catalogue
has been smoothed into
agrid cell of 0.2°x0.2°
(lat. and leng.) by
applying a centered
Smoething windew.
After the smooething of
salsmicity, only the
sour ees falling within the
Selsmogenic zones are
taken inte account for
the computation of
synthetic selsmograms.
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The boundaries of
regional structural
polygons that
Separate areas
characterized by
different
lithepsheric
properties. Each
polygon Is
descrilbed by the
number of flat
layerswith
thickness, density,
P- and S-wave
velocities and
corresponding Q
values at the
pedrock level.
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The average
lithospheric
structuresfor the
regional structural
polygons shewn In
the previeusside.
Density in g cmr®,

P- and S-wave
velocitiesin km s,
and the
corresponding
guality factor are
shown for the fir st
100 km of depth.
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Structure No. 2

Structure No.3

Structure N0 5

Structure No 6
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Thefinal hazard
map snewing the

peak velocity,
(VMIAX)
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TThefinal hazard
map snewing the
peak displacement
(DMIAX)
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Comparison and

validation of the synthetic

signals with the observed

strong motion amplitudes
in three earthquakes of
Himalayan region

100.0

80 120

East Himalayas Events
(1) August 6, 1988, Mw=7.2, H=91 km

(2) May 18, 1987, Mw=6.2, H=50 km

: [ ]
* o0

® Observed peak acc. at 1 Hz

e Computed peak acc. at 1 Hz
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Microzonation and Site Specific Ground
Motion Modelling

Site-specific ground motion modelling for microzonation studies is still under
progressin India. Few studies are already underway towards the microzonation of
Delhi, Sikkim Himaayas, Jabapur, Guwahati etc. But, still many more
megacities and urban areas which are under seismic threats need to be addressed
for site-effect studies.

There are few research work being done in this direction

1. Nath et al., 2000. Sikkim Himlayas

2. Parvez et al., 2002, 2004, 2006  Delhi

3. Mukhopadhyay et al., 2002 Delhi
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Site-specific ground motion modelling in Delhi

Parvez et a., 2002, 2004
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GEOLOGICAL MAP OF DELHI AREA

Geological Map
of Delhi andithe

WO Cross- g e
sections NS and
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SCHIST BANDS
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Sub-surface
structural
parameters
used for the
study. The

prefiles are
taken from
lyengar
(2000).
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Schematic representation of the
hybrid technigue

1-D Model

Receivers

2-D Model ; J\r
| 1 01
[T T N
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Modal summation synthetic
seismogramsasinput to 2-D
finite difference modelling.
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Vertical Radial Transverse
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The amplification
and freguency.
plotted together
aleng|the EW

proefile fior all the

three components.
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|nfluence of source distance on site-effects

Parvez et a., 2006, Curr. Sc.
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Comparison of
Spectiall r:atios of
Simuliated and

ohserved records

a three sitesin
Delhi.
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The bedrock level ground motion smulated in Delhi city using a scenario
earthquake in central Himalaya using extended sour ce; the parametric

tests by changing the strike-receiver angle.
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Peak values ~ strike receiver angle
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