Return Period of 2475 years analysis, for most of the BDPA Factor of Safety is
above 2 for different depth, but for few regions, liquefaction potential has
increased as factor of safety value dipped below 2 or even 1, viz., small scattered
patches in the North of BDPA (for EQ Return Period of 475 years), Uttara and
few small patches in the North of BDPA (for EQ Return Period of 2475 years),
Chakesaini and east of Chakesaini (for EQ Return Period of 2475 years).
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CHAPTER 9

Hazard Index Map
9.1 Generation of Hazard Index (HI) Map

The Analytic Hierarchy Process (AHP) is used to estimate the Hazard Index map
of Bhubaneshwar city. The AHP process is a method for organizing and
analyzing complex decisions (Saaty, 1980). It contains three parts: the ultimate
goal or problem you are trying to solve (here it is used to calculate hazard Index)
using all possible criteria (here individual hazard maps like peak ground
acceleration, liquefaction, Peak frequency (PF), Vs(30), Engineering bedrock
(EBR), peak Amplification (PA) and geology (GG) all of the possible solutions
(AHP process between a pair wise comparisons). AHP provides a rational
framework for a needed decision by quantifying its criteria and alternative
options, and for relating those elements to the overall goal. Stakeholders compare
the importance of criteria, two at a time, through pair-wise comparisons. For
example, do you care about job benefits or having a short commute more, and by
how much more? AHP converts these evaluations into numbers, which can be
compared to all of the possible criteria. This quantifying capability distinguishes
the AHP from other decision-making techniques. In the final step of the process,
numerical priorities are calculated for each of the alternative options. These
numbers represent the most desired solutions, based on all users’” values. The
following (Figure 9.1) shows computational procedures of the seismic hazard
index maps using all the criteria of individual hazard maps with its site-specific
pair wise importance factor and then its normalized factors are first by
comparing pair wise with each hazard parameters and then assigned ranks and
its normalization ranks of each hazard maps.

Here, we used 7 independent variables such as PGA, LQ, PF, Vs(30), EBR, PA
and GG that are compared pair wise. For example, comparison between PGA-
LQ, PGA-AF, PGA-Vs(30), PGA-PA, PGA-EBR, PGA-GG, and vice versa are
done best on the choice between each other. The choices between two quantities
are further decided by putting numerical values 1,3,5,7 and 9 as per the AHP. 1:
represents equally favors, 3; means strong favors, 5: means strongly favors, 7:
means very strongly favors and 9: means extremely strongly favors. Based on
these numerical numbers the two quantities are compared by assigning the
values 1, 3, 5, 7, and 9. Table 9.1 shows the detail assign numerical values
between these 7 hazard parameters (PGA, LQ, PF, Vs (30), EBR, PF, and GG). Left
side parameters are considered more propriety than right side is listed in Table
9.2 and it is prepared a 7 x 7 square matrix where rows and columns values are
tixed based on Table 9.1 based on the criteria that 1 is equally importance and if
the value is located in the right side of 1 then that value will be considered
reciprocal of assigned values and considered less to lesser importance with
respect to right side element. The red numbers are indicating the assign values of
importance between two quantities. For example, looking at top rows, PGA
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scored a “7” times above amplification Factor (AF); “9” above engineering
bedrock (EBR); whereas AF is 1/7thtime above PGA and EBR is 1/9 times above
PGA and so on (Table 9.2). From Table 9.2 in column 9 it shows the importance of
each category in decimal values represents the Eigen vector. The Eigen vector for
PGA is 33.6%, LQ is 33.6%, AF is 12.9%, Vs (30) has 7.7%, EBR has 6.2% and PF

has4.2% and GG has 1.9%.

"

Define the decision problem
and goal

v

Identify and structure decision
criteria and alternatives

Judge the ralative value of ,
the alternatives and each Group Aggregation of
decision criteria Judgements
i
Judge the relative improtance Inconsistency analysis of
of the decision criteria judgments

Calculation of the weights
of the criteria and priorities
of the alternatives

!

Giving Rank and compute
Nomalished Rank
for each criteria

|

Find out the solutions
(Hazard Index Map)

Figure 9.1: Flow chart for computation of Hazard Index Map using Analytic Hierarchy
process (AHP) (after Saaty, 1968)
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To integrate all the hazard maps to prepare a single hazard maps, here we
adopted the Rank normalized process that is first we provided the rank of the
numerical hazard values such that higher the rank is assigned corresponding to
the high seismic vulnerable and higher values (Table 9.3). The Rank is
normalized using the following equation that provides the relative hazard
contribution of hazards using minimum and maximum ranks.

NR = X — Xpin

Xiax ~ Xin

Where, NR is the normalized rank, x is variable rank, Xmin, and Xmax are minimum

and maximum ranks.

Normalized Rank (NR) is estimated for each observed variable (PGA, LQ, PA,
PF, Vs (30), GG, EBR) shown in Table 9.3. Figure 9.2 (2% probability of
exceedance of ground motion in 50 years) and 9.4 (2% probability of exceedance
of ground motion in 50 years) show a GIS based Hazard Index map generated
using the product sum of AHP and Normalized Rank associated for all hazard at
each site.

Figure 9.3, Hazard Index (HI) map for 10% Probability of Exceedance of Ground
Motion in 50 years is demarcated into broadly three zones that are represented
by Low hazard of HI <0.2(green shaded area), Moderate hazard of HI varies
between 0.2 to 0.4, (orange area) and high Hazard of HI indicated the value of
greater than 0.4(red area). Broadly 4% of total area is represented green as low
hazard zone, 87% of total area is falling under Moderate hazard(yellow) and rest
8% of total area is falling under high hazard(red) (Figures 9.2, and 9.3). Similarly,
the surface level Hazard Index (HI) map is prepared for 2% probability of
exceedance of ground motion in 50 years condition (Figure 9.4) represented by
three type of zone that is Low, Moderate and High hazard zones(Figure 9.5). Low
hazard for 2% probability of exceedance of ground motion in 50 years condition
is slightly more than 10% Probability of Exceedance of Ground Motion in 50
Years condition in the proportion area in three hazard zones. The area ratio for
the low, moderate and high hazards in the 2% probability of exceedance of

ground motion in 50 years is 4 : 85 : 11 details are shown in Figure 9.5.
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Table 9.1: Pair-wise comparison between Peak ground acceleration (PGA), Liquefaction (LQ), Amplification factor (AF), depth of engineering
bedrock (EBR), average velocity of shear waves up to 30m (Vs (30)), 1st mode peak frequency (PF), geology and geomorphology (GG) using
AHP (Saatey 1980)

Criteria Exftremely S‘tfr‘:)rr}l’g Strongly | Strong | Equal | Strong | Strongly S\t/rfr}:g Extremely Criteria
avors favors favors | favors | Favor | Favors | favors favors favors
PGA 9 7 5 3 1 3 5 7 9 PGA
PGA 9 7 5 3 1 3 5 7 9 LQ
PGA 9 7 5 3 1 3 5 7 9 AF
PGA 9 7 5 3 1 3 5 7 9 EBR
PGA 9 7 5 3 1 3 5 7 9 Vs(30)
PGA 9 7 5 3 1 3 5 7 9 PF
PGA 9 7 5 3 1 3 5 7 9 GG
LQ 9 7 5 3 1 3 5 7 9 PGA
LQ 9 7 5 3 1 3 5 7 9 LQ
LQ 9 7 5 3 1 3 5 7 9 AF
LQ 9 7 5 3 1 3 5 7 9 EBR
LQ 9 7 5 3 1 3 5 7 9 Vs(30)
LQ 9 7 5 3 1 3 5 7 9 PF
LQ 9 7 5 3 1 3 5 7 9 GG
AF 9 7 5 3 1 3 5 7 9 PGA
AF 9 7 5 3 1 3 5 7 9 LQ
AF 9 7 5 3 1 3 5 7 9 AF
AF 9 7 5 3 1 3 5 7 9 EBR
AF 9 7 5 3 1 3 5 7 9 Vs(30)
AF 9 7 5 3 1 3 5 7 9 PF
AF 9 7 5 3 1 3 5 7 9 GG
EBR 9 7 5 3 1 3 5 7 9 PGA
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Table 9.2: Demonstration of the estimation of normalized weight function for the hazard
parameters

Goal | PGA | LQ | AF | EBR | V5(30) | PF | GG | Normalized over all priority
PGA 1 1 7 9 9 9 9 0.336

LQ 1 1 7 9 9 9 9 0.336

AF 1/7 11/7 ] 1 5 5 7 7 0.129

EBR | 1/9 |1/9|1/5]| 1 3 5 7 0.077
Vs30)| 1/9 |1/9|1/5] 1/3 1 5 7 0.062

PF 1/9 11/9|1/711/5 ] 1/5 1 7 0.042

GG | 1/9 |1/9|1/7 | 1/7 | 1/7 |1/7| 1 0.019

Table 9. 3: Ranks and normalized ranks for the different hazard parameters

Type of Hazards Assigned ranges Normalized Rank Normalized
Weight Rank

Peak ground 0.105 - 0.138 1 0
acceleration (PGA) in 0138-0172 0.336 5 025
& 0.172 - 0.206 3 05
0.206 - 0.240 4 0.75

0.240 - 0.274 5 1

Liquefaction (LQ) <1 0.336 3 1
1-2 2 0.5

>2 1 0

Peak amplification <05 0.129 1 0
factor (PA) 05 to 07 2 0.2
07 to 10 3 0.4
10to 12 4 0.6
12 to 15 5 0.8

>15 6 1

Engineering bedrock <20 0.077 1 0
depth (EBR) in m 20-40 5 05

>40 3 1

Average shear wave 760 - 1500 0.062 1 0
velocity up to 30m 360 - 760 5 05

(Vs(30)) m/s <360 3 1

Peak Frequency (PF) 1102 0.042 1 0
in Hz 2to4 2 0.2
4to6 3 0.4
6to8 4 0.6
8to 10 5 0.8

>10 6 I

Geology and Sandstone, shale 0.019 1 0
Geomorphology Laterite/ lateritic soil 2 0.33
(GG) Compact clay with 0.67

caliche nodules 3
Sand, silt & gravel 4 1
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Figure 9.2: Hazard Index map of Bhubaneswar Development Plan Area under 10% Probability of Exceedance of Ground Motion in 50 years
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Hazard Index (HI) values range from 0.089 to 0.881 for Bhubaneshwar
Development Plan Area (BDPA) for 10% probability of Exceedance of Ground
Motion in 50 years analysis. Spatial variability of hazard Index values depicts
that Seismic vulnerability of BDPA is low for most of the area (HI < 0.3).
Moderate (HI between 0.3 to 0.5) to High (HI > 0.5) risk zones lies in the Eastern
part of the BDPA along the course of Kuakhal River. Similar trends are noticed
for 2% probability of Exceedance of Ground Motion in 50 years analysis where
HI values vary from 0.101 to 0.745. Spatial variability of hazard Index values
depicts that Seismic vulnerability of BDPA is low for most of the area (HI < 0.3).
Moderate (HI between 0.3 to 0.5) to High (HI > 0.5) risk zones lies in the eastern
part of the BDPA along the course of Kuakhal River.
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CHAPTER 10

Salient Observations

Seismic Hazard Microzonation was carried out for the Bhubaneswar city for a
sprawl over an area of 420km?. The area is falling broadly the entire Municipal
Corporation of Bhubaneswar (MCB) city and its surroundings. The detail
Seismological, Geotechnical, Geophysical and Geological surveys were
conducted to delineate the hazard at the surface level of Bhubaneswar city. The
site-specific seismic hazard parameters such as peak ground acceleration (PGA),
Spectral acceleration (Sa) at different period, predominant frequency (PF), peak
amplification (PA) and the liquefaction potential (LP) etc. are estimated at the
surface level. To compute the surface level ground motion, it followed two steps,
tirstly the probabilistic seismic hazard analysis at the rock level and then the
based rock ground motion is considered as the input ground motion below the
surface and transfer this ground motion at the surface level by using the transfer
function which is depending upon the subsurface layer velocity, density, shear
modulus, damping, stress, strain and the propagation characteristic of shear
wave from bottom to the surface level using multiple reflection theory.

Vs=78.84N0-358

This is an empirical relationship between the shear wave velocity(m/s) and the
Standard Penetration Test (SPT-N) is obtained for all soil type using the data
obtained through Multichannel Analysis of Surface wave (MASW) and Down
Hole Test (DHT) and the SPT-N Blow counts. This empirical relationship is also
compared with the similar work done by other researchers for different
countries. This empirical relationship is further used for estimation of layer wise
Vs for the other boreholes where DHT and MASW data are not available.

The engineering bedrock depth is obtained after extrapolating the shallow depth
(~30m) shear wave velocity to the depth where shear wave velocity (Vs)
attending a value of 760m/s. In Bhubaneshwar city the engineering bedrock
depth is varying from 2m to 86m. The western part of the city has comparatively
less alluvial thickness and the maximum thickness is reaching up to ~86m in the
eastern periphery where few drainage rivers are meeting in the eastern part. The
average shear wave velocity up to 30 m ie, Vs (30) obtained in the
Bhubaneshwar city is varying between 190m/s to 1090m/s. The low Vs (30) is
obtained in the thick alluvium deposited sites like eastern part of the city and
whereas a relatively higher Vs (30) is obtained in the western part of the city. The
high Vs (30) values i.e., >760m/s are further interrelated and compared with the
local geology and geomorphology of Bhubaneswar city and it is noticed that the
hard and the compact rocks are found in the shallow-depth in between ~2-8m
depth in the western part of the city. Based on these Vs (30) data, the sites are
classified and categorized as A, B, C, and D types as per National Earthquake
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Hazard Reduction Program (NEHRP) of United States of America (USA)-2003.
Most of the sites in Bhubaneshwar city are falling under B, C and D types sites.

Based on the SPT and UDS samples, the detail soil laboratory analysis (grain size
analysis, plasticity, liquid limit, plastic index, direct shear test, tri-axial test,
resonant column test, cyclic tri-axial test etc.) were carried out and classified the
soil types like CH, CL,CLMH,ML,MI, SM,SM-SC, GM etc. for about more than
1200 samples and few samples of advanced tests are also estimated the strain
variable parameters like shear modulus, soil damping and stress-strain curve
and liquefaction potential, internal angle of failure (Phi) and the cohesion
coefficient(C) etc. For example, the clean sand provided C=0.0 and internal
friction angle is varying from 15° to 300. However other types of samples (except
sand) the coefficient of cohesion is varying between 0.5 to 17.0kPa and internal
frictional angle is varying from 59 to 320 across the Bhubaneswar city.

Acceleration time series at the EBR is generated at 126 sites for a total duration of
40.96s at 5% damping, the PGA at the rock level is varied between 0.08g to 0.13g
for 10% probability of Exceedance of Ground Motion in 50 years. and 0.1g to
0.16g for 2% probability of Exceedance of Ground Motion in 50 years. These
input ground motions are used to estimate the site-specific soil response analysis
at the surface level using state of the art soil response analysis software
(DYNEQ). The surface level peak ground acceleration (PGA), response spectra,
amplification factor and factor of safety are estimated for both 10% probability of
Exceedance of Ground Motion in 50 years and 2% probability of Exceedance of
Ground Motion in 50 years.The surface PGA varies between 0.112g to 0.156g for
Design based earthquake (DBE, 10% probability of Exceedance of Ground
Motion in 50 years) of maximum moment magnitude 6.5 and PGA varies
between 0.135g to 0.224g for Maximum Credible Earthquake (MCE, 2%
probability of Exceedance of Ground Motion in 50 years.). These values have
found to be comparatively higher than the ones estimated from BIS 2016 (figure
10.1 & figure 10.2). A list of PGA values and the spectral acceleration (Sa) at four
different periods (0.2s, 0.5s, 1.0s and 2.0s) are also given in tables of Annexure V.
These data are useful for earthquake resistance design structures to meet the
sustainable development goal by preparing smart city infrastructures and
earthquake resilience structures at Bhubaneswar city.

Liquefaction (LQ) hazard map are prepared using the factor of safety (FS)
parameter. The range of FS is lies in between the depth such as 0-3m, 3-6m 6-9m
and 9-12m. The factor of safety less than 1.0 indicates that the area is highly
potential for soil liquefaction with probability of liquefaction of chances greater
than 75%. The probability of chance of liquefaction is 50% if the factor of safety
(FS) is lies in between 1.0 to 2.0. Here moderate or marginal liquefaction may
occur. Whereas the factor of safety greater than 2.0 indicates that there are no
chances of liquefaction, here the probability of liquefaction potential is less than
23%. List of site-specific Factor of safety and the probability of liquefaction is
listed in the Annexure VI. Maps generated are annexed in Annexure VII.
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Normalised Design Spectra V/S BIS 2016 specira for MCE (2475 years)
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Figure 10.1: Comparison between Normalized design spectra and BIS based spectra (2%
probability of Exceedance of Ground Motion in 50 years.)

Normalised Design Spectra V/S BIS 2016 spectra for DBE (475 years)

* [ "BIS_Rocky_Hard_Soil.oUt' using 1:2 s "BH26nds.out —— 'BH62nds.out
39 [\ 'BIS_Medium_Stiff_Soil.out’ using 1:2 s 'BH27nds.out 'BH63nds.out
38 ey 'BIS_Soft_Soil.out’ using 1:2 'BH28nds.out 'BH64nds.out
37 \ 'BHO1nds.out 'BH28nds.out! 'BH65nds.out’ ——
38 'BH03nds.aut' 'BH31nds.out’ 'BHG6nds.out’ ——
B 'BHO4nds.out 'BH33nds.out 'BH67nds.out’ ——
3:3 'BHO6Nds. out’ 'BH34nds.out' 'BH68nds.out’ ——
B "BHO7nds.out —— 'BH36nds.out —— BH6ONds.out’ ——
31 'BHO8Nds.out —— 'BH38nds.out —— 'BH70nds.out
3 'BHO9Nds.out —— 'BH41nds.out 'BH71nds.out
29 'BH11nds.out 'BH42nds.out 'BH72nds.out
28 'BH12nds.out 'BH43nds.out 'BH74nds.out’ ——
2.7 'BH13nds.out! 'BH44nds.out! 'BH75nds.out’ ——
5 %g 'BH14nds.out 'BH46nds.out 'BH76nds.out’ ——
g 5 'BH15nds.out 'BH48nds.out 'BH77nds.out’ ——
£ 2:3 'BH16nds.out’ 'BHS51nds.out’ 'BH78nds.out’ ——
5 'BH17nds.out’ 'BH52nds.out’ 'BH79nds.out’
i "BH18nds.out —— 'BHS4nds.out 'BH80Nds.out
= 'BH19nds.out 'BHS5nds.out 'BH81nds.out
T 'BH20nds.out 'BHS6nds.out 'BH82nds.out’ ——
g 'BH21nds.out 'BH57nds.out —— 'BH8ands.out’ ——
& ~ 'BH22nds.out 'BHSBnds.out 'BH84nds.out
— 'BH23nds.out 'BHSnds.out 'BH8Snds.out
N 'BH24nds.out! 'BH60nds.out

'BH25nds.out! 'BHE1nds.out!

PooEooooe mEmmmmmEE NN
RO ROaUmbrbfobsne Umion i

Period (Sec)

Figure 10.2: Comparison between Normalized design spectra and BIS based spectra
(10% probability of exceedance of ground motion in 50 years)

10.1 Conclusions and Recommendations

Seismic microzonation study of Bhubaneshwar city, which fall under the seismic
zone 111, is, conducted under the project of seismic microzonation of 30 cities in
India by National Centre for Seismology, Ministry of Earth sciences, Government
of India.

1) Seismic microzonation of 30 Indian Cities are selected based on the
population density of more than half million and falling under seismic zone
III, IV and V.

2) Seismic microzonation of Bhubaneshwar city is conducted on 1:25,000scale of
Survey of India Toposheet map comprising a total surface area of 420 km? of
Bhubaneshwar city to unveil the degree of seismic hazard and risk associated
in the city.
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3)

First a preliminary hazard analysis is conducted based on the seismic
instrumental data more commonly known as the noise survey in a close grid
size 500m x 500m which provided site specific variation of the peak
amplification ratio and predominant frequency (Hz) for each site and based
on these data two hazard maps of Peak amplification and predominant
frequency are generated using GIS. Relatively high frequency contents and
low amplification are observed which directly indicating the complex
geological and geomorphic formation terrain and indicating weathered
basaltic and hard formation. These erroneous values are further confirmed
through near surface geotechnical and geophysical investigations.

Near surface geological and geomorphic attributes are identified from few
selected sites after the correlation between field SPT data and soil laboratory
data yielding by geotechnical drilling, dynamic cone penetration test and
average shear wave velocity by geophysical methods. Based on shear wave
velocity and SPT N values an empirical relation between SPT (N) and Shear
waves is obtained first time for the Bhubaneshwar city soils. This empirical
relationship is an important parameter for this city which could be used for
direct estimation of shear wave velocity where the parameters of N values are
readily available.

A thin soft soil followed by weathered rock and hard rock from the surface
are identified based on both Down hole seismic test (DHT), Multichannel
Analysis of Surface Waves (MASW) and samples collected through Standard
Penetration Test (SPT). Further compact rock is confirmed through core
drilling (RQD>75%).

Water table has a key role for seismic hazard assessment which measure the
depth dependent confining pressure and estimated pore water pressure are
useful parameters for estimation of soil liquefaction and factor of safety. In
this study the water table depth of Bhubaneshwar city is verified by drilling
through this project and the data collected from the other agencies like state
and central ground water broad authorities. A wide variation of water table
(WT) are found from 2m to over 100m across the city. Minimum Water Table
is noted at north east to the city and maximum depth is found in the Central
East of the city. These WT data are used for estimation of effective confining
pressure for correcting N value for a subsurface soil lay and cyclic resistance
ratio under which the soil layer is placed under certain overburden pressure.
Probabilistic seismic hazard analysis for (a) 10% probability of exceedance of
ground motion in 50 years for an earthquake of return period of 475 years and
(b) 2% probability of exceedance of ground motion for an earthquake of
return period of 2475years are estimated at the surface level.

The engineering bedrock depth is varying from 2m to 86m whose average
shear wave velocities are varies between 350m/s to Vs.760m/s, respectively
using geophysical methods.

Surface Peak ground acceleration (PGA) varies from 0.081-0.171g at 10%
probability of ground motion and the surface PGA varies from 0.111 to 0.267g
based on 2% probability of exceedance at 50 years. These surfaces PGA are
compared with the seismic zone factor for Bhubaneshwar city. These results
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showed some higher side of PGA value compared to existing seismic Zone
factor map of IS 1893, this may be possible because of influence of subsurface
soil and its physical behavior included in this analysis. These data along with
the earthquake response spectra will be useful for the different Stakeholder
for city planning and preparedness of earthquake resistance design structures,
development of infrastructures in the Bhubaneshwar city by proper planning
of land use and land covered.

10) Liquefaction hazard analysis also conducted for the Bhubaneshwar city, and a
GIS based Map of soil liquefaction is generated based on the factor of safety.
Results shows that liquefaction characteristic were noticed to some extent
near the North-East part of the Bhubaneshwar city for earthquake return
period of T=475year, also, moderate liquefaction characteristic were noticed
for T=2475 years too.

11)Overall, the multiparametric GIS based seismic hazard maps of
Bhubaneshwar city will be useful for smart city planning against natural
disaster due to earthquakes to meet the sustainable development goals under
the Sendai Frame Work of sustainable development goals.

12)In this project site-specific surface level hazard parameters are estimated
based on the earthquake load only, however, wind load is also an important
factor for coastal areas that need to be considered before the construction of
high-rise structures in these areas.

13) Broadly seven levels of GIS-based seismic microzonation maps (PGA, factor
of Safety, amplification ratio, predominant frequency, engineering bedrock
depth, average shear wave velocity, Geology, and geomorphology) based on
the geotechnical and geophysical data generated through this project and
some other reliable data sources (SOI, GSI, and literature).

14) Factors of safety of less than one unit are confirmed liquefaction sites are
estimated after considering the worst-case water table depth (zero m).

15) Users may directly apply these seismic hazard parameters for structural
design purposes, ensuring that they align with the specific interests and
requirements of the site. However, for important or critical structures in the
same area, it is highly recommended to consult the National Centre for
Seismology (NCS), Ministry of Earth Sciences (MoES), beyond the standard
consideration of a 2% or 10% probability of exceedance within a 50-year
period to ensure that the designs incorporate the most comprehensive and
up-to-date seismic data and safety measures, thereby enhancing the resilience
and safety of critical infrastructure.

10.2 Use of Microzonation Maps

Seismic microzoning maps are crucial tools in earthquake risk assessment and
urban planning. The microzoning maps, such as special variation of predominant
frequency (PF), Peak Amplification (PA), Peak ground acceleration (PGA),
Spectral acceleration (SA), liquefaction (LQ), shear wave velocity (Vs), Ground
water Table, are classify area based on their susceptibility to seismic hazards,
considering factors like soil composition, geological structure, and ground
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shaking potential. By integrating these seismic microzonation maps helps in
policy making and construction practices, cities can reduce earthquake damage
and enhance resilience. Here are some key uses:

1. Urban planning and zoning- Helps in designing infrastructure by identifying
areas with higher seismic risks and recommending appropriate construction
techniques etc.

2. Building code implementation- assists in enforcing seismic resistant building
codes tailored to local ground conditions etc.

3. Public awareness and safety-educates communities about local seismic hazards
and necessary precautions etc.

4. Insurance and Risk Assessment- helps insurance companies assess earthquake
risk levels for properties and set appropriate premium etc.

5. Infrastructure developments- Guides the safe construction of critical structures
like bridges, dams, schools, hospitals, etc. in less hazardous zones.

6. Disaster Risk Reduction- supports emergency response planning by
pinpointing zones prone to liquefaction, landslides and amplification of seismic

waves.

7. Post - earthquake Recovery- Aids in reconstruction planning by identifying
safe for rebuilding.
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