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Abstract 
Gujarat is the only state in peninsular India having a seismic hazard of great earthquake. Whole of 
Gujarat region has earthquake hazard of different levels from moderate to high  as zones III to V are 
assigned to it in the seismic zoning map of India. After seeing the collapse of over hundred multistory 
buildings at Ahmedabad at a distance of 225 km away from the epicenter of 2001 Bhuj earthquake, for 
the first time in India it was realized that multistory buildings can be damaged by earthquakes at a few 
hundred kilometers away. Hence in Gujarat there is dual hazard in zone III and IV areas, i.e. from 
local earthquakes and distant great earthquakes. The quaternary alluvium thickness varies greatly and 
ground conditions too show great variation. A large number of multistory buildings are being planned 
in the entire state and there are seven active ports, numerous oil installations and innumerable 
chemical factories are dotting the earthquake prone areas. Several earthquakes have shown possibility 
of large-scale liquefaction potential. Proper seismic coefficient needs to be worked out in different 
regions of Gujarat. The Institute of Seismological Research and some other organizations have started 
working on microzonation of the state. Presently some results are available for site response and 
seismic velocities which are summarized. 

Introduction 
In the Seismic Zoning Map of India the Gujarat region is divided into three zones. Kachchh region 
(about 300km x 300km) is assigned zone V where earthquakes of magnitude 8 can be expected. A belt 
of about 60-70km width around this zone covering areas of north Saurashtra and areas bordering 
eastern part of Kachchh are assigned zone IV where intensity VIII can be expected mainly due to 
earthquakes in Kachchh and some local earthquakes along North Kathiawar Fault in Northern 
Saurashtra. Rest of Gujarat lies in zone III where intensity VII can be expected due to moderate local 
earthquakes or strong Kachchh earthquakes. 
The 2001 Mw 7.7 Kachchh earthquake was one of the most destructive earthquake of India, killing 
over 14,000 people.  Severe damage was spread over a radius of 400 km including major cities of 
Ahmedabad, Rajkot, Bhavnagar and Surat located at distances of 400 km. In these cities the 
multistorey buildings collapsed. Site amplification is attributed to be one of the contributory factors. In 
Ahmedabad alone some 130 reinforced concrete frame buildings either collapsed or seriously 
damaged. Ahmedabad and Gandhinagar cities fall within the Cambay sedimentary basin with about 
400 m thick Quarternary sediments. The alluvium mainly consists of alternate layers of fine to coarse 
grained sand, gravel and clay. The alluvium is underlain by more than a-kilometer thick Tertiary 
sediments deposited over Deccan Traps.   
To minimize the loss of life, property damage, social and economic disruption caused by the 
earthquakes, it is essential that reliable estimates of seismic hazard are available. Site response 
(horizontal to vertical component spectral ratio of seismic noise or earthquake signal) and shear-wave 
velocity structure of sub-surface soil is the first step for the evaluation of seismic hazard. Ahmedabad 
and Gandhinagar cities are located on soft sediments of the Sabarmati river basin the soil structure of 
which is prone to amplify seismic signals. Earthquake hazard depends upon site response that differs 



Microzonation 86

considerably over an area depending upon the soil behavior up to 30 m depth.  It can be measured by 
ratio of horizontal to vertical amplitude of seismic noise/earthquake signal and S-wave velocity.  
Some faults in Kachchh are active and can produce great or large earthquakes capable of causing 
damage to buildings in Gandhinagar and some other nearby faults like Cambay and Narmada faults 
have potential for earthquakes that can cause damage to buildings in Gandhinagar. Institute of 
Seismological Research has started microzonation studies in Kachchh, northern Saurashtra and some 
cities in zone III in order to estimate earthquake hazard in Gujarat and suggest means of mitigation of 
earthquake risk. Site-response study in Gandhinagar has been completed. Geological Survey of India, 
NGRI and C-MMACS are also carrying out microzonation study in different areas. Salient features of 
these studies are described here. 

Site Amplification Study of Ahmedabad 
The Geological Survey of India has carried out site-response study by microtremor observations on 
short-period seismographs at over hundred sites.  Using Nakamura technique of spectral ratios (H/V) 
they obtained amplification of 2-5. They have also determined shear wave velocity using engineering 
seismographs. They have plotted a contour map of site amplification and shear-wave velocity of top 
layer. As expected low-velocity areas give high amplification. However, the locations of the collapsed 
multistory buildings due to 2001 earthquake do not coincide with the zones of low velocity-high 
amplification. 
Site amplification and shear wave-velocity has been estimated at numerous sites by using a 
microtremor array recorder by Imtiyaz Parvez of C-MMACS.  He has obtained similar results. He has 
found the fundamental frequency around 0.6 Hz, indicating about 300-350 m thickness of quaternary 
alluvium using the formula, f = Vs/4H. There is 2-5 times amplification at the frequency range of 0.4 - 
0.8 Hz. This frequency range will match with the fundamental frequency of 20 story buildings or so. 
Hence high-rise buildings of 20 story and above need to be properly designed. 

Microzonation of Gandhinagar  
The site response study was carried out by ISR for Gandhinagar, the capitol town of Gujarat located 
about 30 km north of Ahmedabad. The town has multistorey buildings and several such buildings are 
being constructed/ planned. The area lies in zone III where earthquakes of magnitude 6 can be 
expected which can damage single or multistory buildings. There is also danger to multistory 
buildings from great earthquakes in Kachchh region due to ongoing seismic activity.  Gandhinagar is 
at a distance of over 200 km from Kachchh. At this distance Lg waves get amplified. The 
amplification depends upon shear-wave velocity of sub-soil. Once the detail shear-wave structure is 
known it can be modeled for site effects and liquefaction. Microzonation of Gandhinagar is to be done 
after assessing site response, basin effect and liquefaction potential.  
Site response can be determined by recording of seismic noise and earthquake signal. Surveys will be 
done at different sites to measure shear velocity to more than 30 m depth. Site response will be 
estimated by horizontal to vertical amplitude ratio of measured signals. It is proposed to measure site 
response at numerous sites in and around Gandhinagar by observation of spectral amplitude ratio of 
horizontal to vertical component of seismic noise/earthquake signal. Generalized Inverse Technique 
will be used if some earthquake is recorded on a few stations. If some earthquake is recorded on hard 
rock as well as on alluvium, site amplification can be worked out using coda-wave and Standard 
Spectral Ratio (SSR) techniques.   Shear-wave velocity structure of sub-soil will be measured to a 
depth of 30 m and more. Different types of instruments will be used for the survey, like 
microearthquake recorder and engineering seismograph for the S-wave velocity while the broadband 
seismographs, accelerographs and microtremor array recorder for soil-amplification. 
So far the sites response has been estimated at about 50 sites in Gandhinagar by using Broadband 
Seismographs and Strong Motion Accelerographs.  The results give fundamental frequency around 0.6 
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Hz, indicating about 300-350 m thickness of quaternary alluvium using the formula, f = Vs/4H. No 
amplification is seen in the frequency range of 1-6 Hz indicating that 2-10 story buildings can be 
constructed with the existing seismic safety factor norms. Amplification of 2 has been observed in the 
frequency range of 7-8 Hz waves that may affect single storey buildings. Well-built single story 
buildings may not be affected by local moderate earthquakes or strong Kachchh earthquakes.   
Amplification of 2 has been observed in the frequency range of 0.4-1 Hz also which may be due to 
amplification caused by the entire column of quaternary basin. This frequency range will match with 
the fundamental frequency of 20 story buildings or so. Hence, the high-rise buildings of 20 stories and 
above need to be properly designed. Soil testing has been done with seven boreholes. Top 1m is silt 
below which is fine to coarse grained sand. The soil is found to have good bearing capacity. It is 
inferred that soil does not posses liquefaction potential as water table is 80m even near Sabarmati river 
basin. Engineering seismograph has been operated in different sectors of Gandhinagar and shear wave 
velocity estimates have been obtained for use in microzonation. Shear-wave velocity depth profiles 
show a velocity of about 250m/sec near the surface to about 400m/sec at 25m depth. 
The Ahmedabad – Gandhinagar area lies on the Eastern Cambay Fault. In historic times it has shown 
one earthquake of magnitude about 6 and five other smaller shocks. Hence, this fault is only 
moderately active. The return period of strong shocks along this fault is being estimated. The 
probabilistic and deterministic hazard maps will be prepared. The soil characteristics will be estimated 
after compiling all the existing data with different organizations and carrying out tests at critical sites. 

Microzonation Study in Kachchh region 
Microzonation in Gandhidham – Anjar - Kandla area: Microzonation of Gandhidham –Anjar area is 
being carried out by Oyo International. The program of work includes drilling of about 200 boreholes 
for determining soil strength, amplification and velocity. Some of the boreholes are to 200m depth but 
most others are to 30m depth.  The liquefaction potential will also be worked out using borehole data. 
The paleoseismolgical investigations are being carried out along Katrol Hill Fault and Kachchh 
Mainland Fault for estimation of return period. The catalog of earthquakes has been prepared for 
estimating return period and maximum probable earthquake. ISR is carrying out site response study by 
microtremor observations on broadband seismographs.  The (H/V) spectral ratio will give site 
amplification. Observations will be carried out for one day each at 100 sites. The data will give 
thickness of quaternary alluvium/soil. 

Site amplification in the epicentral zone of the 2001 Mw 7.7 Bhuj Earthquake (in Kachchh 
Mainland and Wagad Uplift Areas), using H/V spectral ratios of aftershocks:  

NGRI has estimated the site response in the aftershock zone of 2001 Bhuj Mw 7.7 earthquake by the 
single station H/V spectral ratio method using 454 aftershocks (Mw 2.5-4.7) recorded at twelve 3-
component digital strong motion and eight 3-component digital seismograph sites. The mean 
amplification factor obtained for soft sediment sites (Quaternary/Tertiary) varies from 0.75-6.03 times 
for 1-3 Hz and 0.49-3.27 times for 3-10 Hz. The mean amplification factors obtained for hard 
sediment sites (hard Jurassic/Mesozoic sediments) range from 0.32-3.24 times for 1-3 Hz and 0.37-
2.18 times for 3-10 Hz. At Chopadwa, Vadawa, Khavda, Vondh, Adhoi, Jawaharnagar and Gadhada, 
the upper bound of the larger mean amplification factors for 1-3 Hz are estimated to be of the order of 
3.13-6.03. While, the upper bound of the higher mean amplification factors at 3- 10 Hz are estimated 
to be of the order of 2.00-3.27 at Tapar, Chopadwa, Adhoi, Jawaharnagar, Gandhidham and 
Khengarpar.  
Site response maps for 1-3 Hz and 3-10 Hz frequency ranges have been prepared for the area 
extending from 23-23.85oN and 69.65-70.85oE. The 1-3 Hz map delineates two distinct zones of 
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maximum site amplification (> 3 times): one lying in the NW quadrant of the study area covering 
Jawaharnagar, Khavda and Gadadha and the other in the SE quadrant of the study area with a peak of 
6.03 at Chopadwa covering an area of 70 km x 50 km. While the 3-10 Hz map shows more than 2 
times site amplification value over the whole study area except NE quadrant, two patches in the 
southwest corner covering Bhuj and Anjar, and one patch at the center covering Vondh, Manfara and 
Sikara. The zones for large site amplification values (~3 times) are found at Tapar, Chopadwa, Adhoi 
and Chobari. The estimated site response estimates for Quaternary/Tertiary sediments show a good 
correlation with the site response values estimated at 1 Hz for the (Bay mud, alluvium) of San 
Francisco bay, USA and (Quaternary, Holocene) sediments of California, USA. However, our 
estimates do not show good correlation with the site response values estimated for Kanto and Tokyo, 
Japan. 
ISR has determined site response at ten sites using broadband seismograph data of several aftershocks. 
Amplification of 1-2 has been obtained. NGRI using generalized inversion method and reference hard 
rock site gave maximum site amplification of 1.8 at 1-5 HZ and 2.2 at 5-10Hz. 
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