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Abstract  The recent devolvement in geophysical methods in particular Multi-channel Analysis of Surface Wave 
(MASW) technique is widely used for determining the 1D and 2D shear wave velocity of the subsurface materials. Though 
there are three types of MASW technique, only the data acquisition, data processing and inversion of active MASW 
technique are discussed in this paper. An attempt has been made to measure the shear wave velocities and hence site 
characterization using active MASW technique of the Gandhinagar City for engineering application. The active MASW 
survey consists of 24-channel Geode Seismograph with 24 geophones of 4.5Hz capacity, sledge hammer of 10kg with 
switch, hammer plate, and supporting software is used for the survey of Gandhinagar City. The survey points have been 
selected in such a way that the result represents the soil characteristics of the entire site; here the receivers are placed in 
linear array. Here Surfseis software is used for the data analysis. The Surfseis is designed to generate Vs of either 1D or 2D 
format using a simple three steps procedure: preparation of a Multichannel record, dispersion-curve analysis and inversion. 
The shear wave velocities (Vs) of Gandhinagar City increases with depth from 250 m/s to 450 m/s and the harmonic mean 
(Vs30) of Vs is in the range 250 m/s to 350 m/s up to 30 meter depth. The soil condition of Gandhinagar City is stiff soil 
and can not possess liquefactions. 
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1. Introduction 
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 Kutchch 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. 

The historical Shillong earthquake of magnitude 8.7(Mw) 
was occurred in the year of 1897, 12 June. About 1.600 
people death and various structures are completely damage. 
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Again in the year of 1950, August 15 another earthquake 
of magnitude 8.7 (Mw) was occurred which is known as 
Assam earthquake. About 1,526 people death and many 
structures were totally damaged. These two historical 
earthquakes reached the highest intensity scale X. Therefore 
entered NE states are kept in the seismic zone V.  During 
those historical earthquake people observed that, most of the 
people death due to the collapsing the man made structure.  

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 26th January 
Bhuj Earthquake was the most devastating one which scaled 
very high in terms of loss of life and property. 13,805 human 
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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. 

During the historical earthquakes and recent earthquakes 
people observed that most of the losses and deaths occurred 
due to the man made structures. Therefore people say that 
“Earthquake does not kill the people but man made 
structures kill the people”. Now a day people realized that, to 
minimize the damage and the death we should designed our 
structure according to their dynamic properties and soil 
conditions. Therefore the seismic study of a region becomes 
very important for urban development of a country. Many 
geoscientists are using many seismic methods to study the 
soil characteristics from last decay.  

Multi-channel Analysis of Surface Waves (MASW) is one 
of the techniques to estimate the shear wave velocities (Vs) 
and soil characteristics of a region. To design a perfect 
master plane city, we have to prepare the microzonation map 
of that region according to their soil conditions. In the 
modern world people prepare the MASW technique to 
estimate the shear wave velocities (Vs) and soil 
characteristic of a region. In the MASW technique the data 
acquisition and data processing are very easy and less time 
consuming as compare to the other seismic methods. The 
output of the MASW technique is also good and the survey 
also less expensive as compare to the other seismic method. 
We can analyze the shear wave velocity (Vs) and soil 
characteristics of a region up to 30 meters depth, up to which 
depth the analysis of geological condition of a region is 
necessary of building foundation. Since the technique is easy 
to collect and processing the data, less expensive and good 
output, therefore the study of this technique is very important 
in the modern world.  

Here in this paper the Multi-channel Analysis of Surface 
Waves (MASW) technique and its applications are discussed, 
to estimate the shear wave velocities (Vs) and soil 
characteristics of the Gandhinagar City. In this paper 14 sites 
of the Gandhinagar city are considered for the survey and 
used active source and the Common Midpoint (CMP) 
method as used in the reflection survey for data acquisition. 
Taking these surface waves data from the 14 sites, the shear 
wave velocities (Vs) are estimated and hence harmonic mean 
(Vs30) of Vs is calculated up to 30 meters depth of the 
Gandhinagar city.  The Seismodule Controller software is 
used for data acquisition and SurfSeis software is used for 
data analysis. 

Dynamic behavior of soil has been evaluated from the 
shear wave velocity, which is an important parameter for 
seismic site characterization and determination of shear 
modulus. A dynamic property at low strain level for site soil 
layer has been determined using shear wave velocity from 
MASW technique. The shear wave velocity as obtained from 
the MASW technique has been used to evaluate shear 
modulus for the soil. The seismic site characterization for 
calculating seismic hazard is usually carried out based on the 
near surface shear wave velocity values. The average shear 

wave velocity for the 30m depth of soil is referred to as VS 
30 .The average shear wave velocity of the upper 30m (VS 

30) 
should be computed in accordance with the following 
expression 
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Where hi and Vsi denote the thickness in meter and shear 
wave velocity of the ith  layer, in a total of N, exiting in the 
top 30m.The Vs 

30 was accepted for site classification in the 
USA (NEHRP) by the UBC (Uniform Building Code) in 
1997. To characterize the site the VS 

30 has been calculated 
and mapped. 

Table 1.  Site classification scheme defined in NEHRP Provision (1998) 
and Uniform Building Code (UBC) (1997) 

Class 
Vs30(m/Sec) average Shear 
wave velocity in the upper 

30m at the site 
Description 

A >1500 Hard rock 
B 760-1500 Rock 

C 360-760 Very dense soil and     
soft rock 

D 180-360 Stiff soil 
E <180 Soft soil 

2. Study Region 
Gandhinagar lies 72037ʹʹ30ʹE to 72041ʹʹ15ʹE longitude and 

23009ʹʹ45ʹ N to 23015ʹʹ00ʹN latitude and lies on banks of the 
Sabarmati River, Gandhinagar is known as second planed 
city in India after Chandigarh. Gandhinagar is divided in 30 
sectors, whose total area is 57 square kilometres and total 
population is 1, 32,000, which is the capital of Gujarat, west 
central India. Major tourist attraction of Gandhinagar is the 
famous Akshardham temple, other attraction are Children 
Park, Sarita Udyan, Indroda Park and Capital Complex. The 
major places in Gandhinagar are Info City, Suman Tower etc. 
The satellite image of the Gandhinagar City is shown in the 
following Figure 1. The city Gandhinagar is situated in 
tectonically controlled, 50km wide Cambay Basin, which is 
characterized by two north-south trending faults named as 
East Cambay Fault (lying close to Gandhinagar) and West 
Cambay Fault. Some small earthquakes in the historical past 
are listed to have felt at Ahmedabad that might have occurred 
along East Cambay fault or even as far way as Kachchh. The 
West Cambay fault is relatively more active. A maximum 
magnitude of 6 can be assigned along these faults. The basin 
is fill up with huge thickness of Tertiary and Quaternary 
sediments constituting alluvial plains of Mainland Gujarat. 
Thickness of Quaternary sediments within the basin is 
changing from 250-400m. Thickness of these sediments 
subsurface of Gandhinagar City is expected to be around 
250m. The sediments are mainly Aeolian origin. The detail 
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soil classification of Gandhinagar city is given in the Table 2. 
Lithological logs divulge the presence of alternating 
argillaceous and aranaceous layers near surface, which 
mainly consists of loose sand and slit distinguished by 
calcrete lenses. Thickness of loose sand is varying from 3-10 
m whereas calcreate are 1-2m thick.Though, terrain is 
significantly flat slight undulations in the area away from 
Sabarmati River are result of Aeolian active whereas ravines 
in proximity to river bank are result of distinctive river 
dynamics. 

 
Figure 1.  Satellite image of the Gandhinagar City. 

3. Data Acquisition 
Data was acquired at 14 sites in Gandhinagar area as 

shown in the following Figure 3, Gujarat, India using 
standard CMP roll along technique to achieve a continuous 
shot gather. At each location 24 shots were taken at 2m shot 
interval along the profile. For every shot 24 channel data has 
been recorded (Figure 2). Vertical staked three impact of 
10kg hammer on a square plate was used as a source. 
Seismodule Controller Software (SCS) of Geometrics Inc., 
USA was used to acquire the data. Twenty four single 4.5 Hz 
geophones spaced 2m apart along the profile line responded 
to frequency from 5-60 Hz in a 24 channel seismic shot 
gather. At all the location 2m geophone interval with 2m 
near offset was used. Acquisition parameters geometry of 
MASW was selected to optimize the image of subsurface 
layers. Depth of interest was 30m below ground level. 

The complete profile picture of the survey is shown in 
figure 4 and the acquisition parameters used for the MASW 
survey are shown in the Table. 5. The source to nearest 
receiver offset at 2m and source to farthest receiver offset 
was 48m.This recording geometry provided the optimum 
spread and characteristics for examining subsurface layers 
up to 30m. The locations of the MASW survey of 
Gandhingar are shown in the Figure 3. 

Table 2.  Classification of Soil of Gandhinagar city 

Period Epoch Lithology Thickness 

Quaternary 

Holocene Sand slit clays and 
gravels 80-100m 

Pliocene 
Yellow and grey clays, 
coarse sand, gravel and 

kankar 
300m 

Tertiary 

Pliocene Clay stone, sandstone 
and conglomerate 200m 

Miocene 
Ferruginous sandstone, 
conglomerate and grey 

clay 
400m 

Oligocene 
Grey shale, sandy shale 

and argillaceous 
sandstone 

~600m 

Eocene Black shale, 
carbonaceous shale 430m 

Paleocene 
Volcanic 

conglomerates, Deccan 
trap basalt 

+1000m 

 
Figure 2.  A twenty four channel shot gather 

 
Figure 3.  The locations of the Engineering Seismograph survey for 
MASW technique 
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Figure 4.  Layout of the MASW survey profile in at Gandhinagar city 

4. Data Analysis and Result 
The shear wave velocities (Vs) are calculated by 

dispersion analysis of surface wave ie Rayleigh waves using 
SurfSeis software. The shear wave velocities (Vs) can be 
calculated from the rayleigh wave velocities by the relation, 

shear wave velocity = 
10
9  × [Rayleigh wave velocity]. 

Once the shear wave velocities (Vs) are calculated, then we 
can calculate the harmonic mean of shear wave velocities 
(Vs30). Once the Vs30 is calculated then we can characterizes 
the soil conditions of the region up to 30 meter depth The 
shear wave velocities (Vs) of different sectors/ location of 
the Gandhinagar city with corresponding RMS error are 
shown in the following [Figure 5 (a) to 5(n)]. The values of 
Vs30 of different sectors/ location of the Gandhi agar city are 
given in the Table 3. 

 
Figure 5(a).  The shear wave velocities (Vs) with corresponding RMS 
error of sector – 2 

 
Figure 5(b).  The shear wave velocities (Vs) with corresponding RMS 
error of sector – 3 

 
Figure 5(c).  The shear wave velocities (Vs) with corresponding RMS 
error of sector – 5 

 
Figure 5(d).  The shear wave velocities (Vs) with corresponding RMS 
error of sector – 7 
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Figure 5(e).  The shear wave velocities (Vs) with corresponding RMS 
error of sector – 12 

 
Figure 5(f).  The shear wave velocities (Vs) with corresponding RMS 
error of sector – 13 

 
Figure 5(g).  The shear wave velocities (Vs) with corresponding RMS 
error of sector – 14 

 
Figure 5(h).  The shear wave velocities (Vs) with corresponding RMS 
error of sector – 15 

 
Figure 5(i).  The shear wave velocities (Vs) with corresponding RMS error 
of sector – 20 

 
Figure 5(j).  The shear wave velocities (Vs) with corresponding RMS 
error of sector – 26 
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Figure 5(k).  The shear wave velocities (Vs) with corresponding RMS 
error of sector – 27 

 
Figure 5(l).  The shear wave velocities (Vs) with corresponding RMS error 
of sector – 28 

 
Figure 5(m).  The shear wave velocities (Vs) with corresponding RMS 
error of Petro P 

 
Figure 5(n).  The shear wave velocities (Vs) with corresponding RMS 
error of ISR campus 

The Vs of the sector-2 increases from 204 m/sec to 446 
m/sec with depth, the Vs of the sector-3 increases from 
222m/sec to 470 m/sec with depth, the Vs of the sector-5 
increases from 222 m/sec to 431 m/sec with depth, the Vs of 
the sector-7 increases from 280 m/sec to 451 m/sec with 
depth, the Vs of the sector-12 increases from 281 m/sec to 
546 m/sec with depth, the Vs of the sector-13 increases from 
280 m/sec to 451 m/sec with depth, the Vs of the sector-14 
increases from 239 m/sec to 457 m/sec with depth, the Vs of 
the sector-15 increases from 271 m/sec to 440 m/sec with 
depth, the Vs of the sector-20 increases from 234 m/sec to 
391 m/s with depth, the Vs of the sector-26 increases from 
246 m/sec to 422 m/sec with depth, the Vs of the sector-27 
increases from 211 m/sec to 581 m/sec with depth, the Vs of 
the sector-28 increases from 243 m/sec to 493 m/sec with 
depth, the Vs of the Petrol P increases from 210 m/sec to 390 
m/sec with depth and the Vs of the ISR new campus  
increases from 206 m/sec to 561 m/sec with depth. The 
Seismic Hazard Zoning of Gandhinagar Based on Vs30 up to 
30 meter depth is shown in the Figure 6. 

 
Figure 6.  Seismic Hazard Zoning of Gandhinagar Based on Vs30 up to 30 
meter depth 
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Table 3.  Values of Vs30 corresponding to their sectors /Sites of 
Gandhinagar city. 

Sectors / Site Vs30 in m/s 
Sector-2 261 
Sector-3 323 
Sector-5 341 
Sector-7 344 

Sector-12 449 
Sector-13 393 
Sector-14 341 
Sector-15 350 
Sector-20 261 
Sector-26 393 
Sector-27 417 
Sector-28 374 
Petrol P. 318 

ISR_New campus 321 

5. Conclusions  
The Vs30 of the Gandhinagar city is found in the range 250 

to 350 m/sec broadly and two patches are found that more 
than 350 to 450 m/sec velocity. In Gandhinagar there is a 1 
meter thick silt top layer below which fine to coarse grained 
sand layer exist. It is inferred that soil does not possess 
liquefaction potential as water table is 80 meter depth even 
near the Sabarmathi river basin. From mechanical property 
test it is inferred that Gandhinagar area has good bearing 
capacity soil. The MASW technique is a fast economical and 
useful in defining the microzonation which is essential and 
seismic mitigation. 
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