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ABSTRACT: Jaipur (also known as Pink city of India) is the capital city of Rajasthan having the largest demographic dividend in 

the state and tenth in the country. Apart from this, it is one of the major centres of tourism due to its rich cultural heritage. This 

metropolitan city is also the 3
rd

 in the list of ambitious project of smart cities.  Although, most parts of the Jaipur come under 

seismic zone II and III, it cannot be waited for the major earthquake to occur and then subsequent mitigation measures to be 

adopted. Looking at the significance of the city, it is inevitable to have a geotechnical zonation for the city. Shear wave velocity 

profile of the Jaipur city soil has been determined in this study using Multi channel analysis of surface wave (MASW) method. 

One dimensional shear wave velocity models were developed for the Jaipur city. The average shear wave velocities for the top 

30m of soil deposit (VS30av) were estimated for the city. The city is divided into various zones as per NEHRP guidelines based on 

this Vs30av value. 
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1 Introduction 

After the Bhuj earthquake (2001) and other recent 

seismic activities worldwide, urban safety become a 
major challenge to Planners, Administrators, Engineers 

and Architects. As subdividing a country into different 
seismic zones may not gives actual vulnerability of a 

city/region. Therefore, it is necessary to divide a city 
into different zones based on the variation of hazard 

vulnerability. Geotechnical zonation is the process of 

sub-dividing a region into a number of zones based on 
certain geotechnical design parameter. Soil stiffness is 

one of the critical material parameters considered for 
the design of any structure. It is directly related to the 

load carrying capacity of soil under static as well as 
dynamic load. Soil with insufficient stiffness can 

experience a significant reduction in strength during 
earthquake shaking resulting in liquefaction (Popescu 

et al. 2006), a condition responsible for devastating 
damage from earthquakes around the world (Richart et 

al., 1970).  

The seismic vulnerability in urban areas is rapidly 

increasing due to uncontrolled growth. According to a 
conservative estimation, more than 15 million lives 

have been lost and damage worth hundred billion 
dollars has been inflicted in the recorded history 

(Iyengar, 1999) due to earthquakes (Seismic 
microzonation manual, 2001). Urban Safety has gained 

importance in recent years with rapid increase in 
construction activities and growth in urban population 

all over the world. It poses a challenge to planners, 
administrators, engineers and architects due to its 

multidimensional nature, which cover areas from 

structural design, maintenance and rehabilitation to 

disaster mitigation. So, in the recent past apart from 
zonation of a country into different seismic zones, a 

detailed study of seismic vulnerability of different 
major cities of America and Europe has already been 

done. As a part of the national level microzonation 
program, Department of Science and Technology, 

Govt. of India has initiated microzonation of 63 cities 
in India (NDMA, 2011; Bansal and Vandana, 2007; 

Mahajan et al., 2007 and Satyam and Rao, 2009). Some 
of them are finished and some of them are ongoing. A 

summary of seismic microzonations carried out in 
India and state-of-art practices used is presented by 

Sitharam and Anbazhagan (2008). The present research 
is a part of such activity initiated by the author(s) with 

the help from Department of Science and Technology, 
Govt. of India. 

This paper presents a detailed geotechnical zonation of 
Jaipur city. The local site characterization has been 

done in this study using 1- dimensional shear wave 
velocity profile measured using MASW method. At 

first, the whole Jaipur city has been divided into 
various parts using grid lines. Next, the MASW tests 

were performed on accessible locations nearby to the 
pre-decided grid intersection locations. The shear wave 

velocity profiles are constructed based on these 

measured data. The Jaipur city is ultimately subdivided 
into various zones based on NEHRP (National 

Earthquake Hazard Research Programme) guidelines. 

2 Methodology 

Jaipur city is one of the oldest cities in India. It was 

founded in 1727 by Maharaja Jai Singh II, the ruler of 
Amer. According to the census in 2011, the city has a 
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population of 36.5Lakhs which makes it tenth most 

populous city of India. It is developing at a rapid rate 
and in the process a large number of multi-storeyed 

buildings both at private and public sectors are coming 
up within as well as in the outskirt of the city. 

Therefore, a prior detailed and accurate knowledge of 
shear wave velocity of the soil profile will help in 

designing the structures to ensure safety and it may 
reduce the project cost as well. The entire Jaipur 

district falls in seismic Zone II and III. In Jaipur, a 
large part of land is covered by thick mantle of soil, 

brown sand, and alluvium. Eastern and northern area is 
occupied by hilly range areas which belong to Aravalli 

range. Geotechnical properties vary stochastically both 
in vertical as well as in horizontal direction. Successful 

geotechnical zonation will require ability of the 

researchers to estimate the soil special variability 
adequately. Therefore, geotechnical zonation will 

always suffer from certain degree of subjectivity. The 
principle, criteria and procedure to be followed for any 

geotechnical zonation has been documented by 
Pavlovic (2006). For the present study also similar 

methodology has been adopted. The step-by-step 
procedure used for zonation of Jaipur city is shown in 

Figure 1. 

The multichannel analysis of surface waves (MASW) 

method (Park et al., 1999; Xia et al., 1999; Miller et al., 
1999) is a non-destructive method for estimating the 

shear wave velocity of the soil profile (Park and Miller, 
2004). MASW method is similar to conventional 

seismic reflections used in the petroleum industry. It 
uses records from multiple receivers (geophones) 

equally spaced along a linear survey line. The seismic 
waves are generated by an impulsive source (like a 

sledgehammer). The waves propagated through soil 
media and are recorded synchronously in various 

geophones. This approach allows recognition of the 
various propagation characteristics of the seismic wave 

field. The dispersion curve and the ellipticity of 
Rayleigh waves are controlled by the soil through 

which the waves are passing. Inverting either of them 
gives the shear wave velocity profile. This profile best 

represents the vertical shear wave velocity structure at 
the middle of the receiver spread used in the analysis. 

This technique has been applied here for Jaipur city to 

determine the 1-D shear wave velocity soil profiles at 
various test locations. 

3 Acquisition and processing of MASW data  

Conducting of MASW test requires a sufficiently large 

open space. In the present study the Jaipur city is 
subdivided into various small parts by grid lines. The 

availability of results at grid location is ideal for 

preparation of any microzonation map. However, in 
Jaipur city open spaces were not available at various 

grid locations. Available open school/collage 

playground nearby to the grid point locations were 
selected to perform MASW tests. MASW tests were 

conducted at 14 different locations distributed 
throughout the Jaipur city. The latitude and longitude 

for the test locations were measured using GPS during 
testing and are shown in Table 1.  

An instrumented 5 kg sledge hammer was hammered 
on a 1 ft. × 1ft. iron plate to produce the seismic waves. 

The spacing of geophones was taken as 1 m and source 
offset was taken as 3 m (Park et al., 2002). The field 

parameters (e.g., spacing of geophone and offset) were 
selected in such a way that required information up to 

desire depth can be obtained. 

The collected data has been processed using the 

Surface Plus (version 8.0) software. The entire process 
of generating the 1-D Vs profile through the MASW 

method involves three steps, i.e. acquisition of a multi- 
channel record captured using the data acquisition 

system, construction of dispersion curves, and 
development of 1D profile of shear wave (Vs) values 

for fifteen-layers earth model using the Surface Plus 
software. The generated 1-D profile shows the 

variation of shear wave velocity of soil media in 
vertical direction.  

4 Site-specific results  

NEHRP and also UBC classification (Uniform 
Building Code, 1997) suggests soil classification based  

Selection of Geotechnical Parameter: shear wave 
velocity (Vs) 

Geotechnical Investigation: MASW 

Selection of test locations: grid points etc. 

Final Geotechnical Zonation: 1-D shear wave 

velocity profile 

Design Recommendations 

Selection of city for geotechnical zonation & 

study of adjacent seismological conditions 

Figure 1: Geotechnical zoning Methodology adopted 

for Jaipur City in this study 
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Table 1: Shear wave velocity of top 30 m column of the soil for Jaipur City 

Lat. Long. Loc. Shear wave velocity of top 30 m soil column Site 

Class Test 1 Test 2 Test 3 Test 4 Test 5 Average  

26.83 75.79 L1 359.5 333.6 333.8 - - 342.3 D 

26.88 75.81 L2 364.3 260.2 409.3 502.3 313.6 369.9 D 

26.88 75.81 L3 354.8 398.3 248.1 362.5 249.3 322.6 D 

26.91 75.82 L4 369.0 276.2 323.6 426.3 - 348.8 C 

26.90 75.80 L5 442.4 403.6 341.6 384.7 - 393.0 C 

26.87 75.81 L6 456.2 471.0 367.1 335.7 - 432.5 C 

26.90 75.86 L7 535.9 414.2 554.2 - - 501.4 C 

26.92 75.85 L8 233.4 319.5 376.5 - - 309.8 D 

26.97 75.85 L9 472.1 402.1 - - - 437.1 C 

26.91 75.79 L10 389.7 257.9 251.3 275.1 - 293.5 D 

26.94 75.80 L11 371.0 460.5 301.7 293.1 - 356.5 D 

26.94 75.83 L12 368.6 435.6 465.3 388.3 - 414.4 C 

26.93 75.78 L13 442.2 417.3 477.9 422.4 - 439.9 C 

26.90 75.83 L14 225.1 258.5 226.4 - - 236.6 D 

on average shear wave velocity (Kanli et. al, 2006). 
The VS30 has been calculated for Jaipur city by 

calculating Vs at every 2m interval along depth. In the 
northern part of the Jaipur city is having mostly hilly 

terrain. In this area, a place near Jalmahal MASW tests 
was conducted and the average shear wave velocity 

(Vs30) was obtained as high as 554.2 m/s. From the 
shear wave velocity profile (Shown in Figure 2) it is 

evident that in the top 3m depth there is soil deposit 
beyond which there were rocks present which is also in 

agreement with the visual observation during testing. 

The minimum average 1-D shear wave velocity (VS30) 

for any location in Jaipur city was obtained as 225.1 
m/s, which was measured at Sethi Nagar area (Shown 

in Table 1). Low shear wave velocity indicates low 

stiffness of soil in the area. It also shows larger depth 
(beyond 30m) for the loose soil deposit. The average 1-

D shear wave velocities at various locations are shown 
in Table 1. The sub-soil classification has been carried 

out for local site effect evaluation based on average 
shear wave velocity of 30m depth of sites using 

NEHRP (BSSC, 2003) and UBC guidelines. Based on 
this criteria it has been observed that most of the part of 

the Jaipur city is falling under site class C (360 < VS30 
< 760m/s) and site class D (180 < VS30 < 360m/s). The 

1-D zonation map based on VS30 value for Jaipur city 
has been calculated and presented here in Figure 3. The 

zonation map is constructed here based on the average 
shear wave velocity value presented in Table 1. From 

the results it has been observed that the outer part of 
the city is having hard soil and the central part of the 

city is having loose soil. 

5 Conclusion  

This study presents a detailed work of geotechnical 

zonation of Jaipur city. The whole study has been 
performed in two steps. Firstly, the whole Jaipur city 

has been divided into various parts using grid lines. 
Next, the MASW tests have been performed on 

Figure 2: Shear wave velocity profile at Jalmahal, Jaipur. 
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accessible locations nearby to the pre-decided grid 

intersection locations. The city is ultimately subdivided 
into various sub-zones based on NEHRP guidelines. 

From the study it has been concluded that: 

� The site class of the studied area is classified based 

on NEHRP guidelines as either site class C or site 
class D. 

� Top 15m of all studied area (except 1 location) is 
having average shear wave velocity less than 

360m/s. 
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