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Introduction 
Chandigarh, presently the Union Territory (UT) and capital city of Punjab and Haryana, is a great 
centre of attraction in the recent times. The City Beautiful, and many parts of Haryana lie in highly 
earthquake prone (Zone IV, IS 1893 - 2002) and have experienced earthquakes of magnitude 6 and 
above since historical times. The seismic hazard studies (www.asc.india.org) in the recent past also 
indicate Chandigarh in the High hazard zone, which is vulnerable to possible future large earthquakes 
in the Central Himalayas. Number of important structures and monuments of this moderately 
populated city could be prone to damage.  One of the most dramatic of damage to engineering 
structures during earthquake has been the phenomenon called liquefaction. This is quite common in 
case of loosely packed sand deposits, silts while subjected to ground vibration. The liquefaction hazard 
assessment and mapping of the major cities is not very much common in India unlike the countries 
like USA, Japan, Australia & New Zealand. These studies would obviously assist in the assessment of 
risks associated with earthquakes. The current paper aims at presenting the liquefaction potential 
assessment of Chandigarh city on the basis of local geology, seismotectonics and geotechnical 
variances. A data of about 200+ bore holes comprising the geotechnical information along with the 
sub-surface geological features from the existing records is discussed. The liquefaction susceptibility 
is evaluated from the results of field tests of high strain levels such as SPT substantiated by laboratory 
tests on soil samples collected from the test sites having high probability of liquefaction. The analysis 
based on Youd et al (2001) incorporating the modifications to simplified procedure by Seed et al 
(1971) is used to arrive at the factors of safety against liquefaction. The liquefaction susceptibility 
levels in different sectors of Chandigarh city with respect to different peak ground motion parameters, 
which can be utilized for preliminary design purposes. This study is being carried out with the 
financial support of Deptt. of Science & Technology, Govt. of India. 

Geology 
Chandigarh is occupied by semi consolidated formations of upper Siwalik system of middle Miocene 
age and is exposed in north eastern fringe. Indo-Gangetic Plain in the rest of the territory is occupied 
by the alluvium of Pleistocene age. The piedmont deposits at the foot of Siwalik Hills are occupied by 
cobble, pebble and boulder, associated with sand, silt and clay. The piedmont deposits are followed by 
alluvial plain comprised of clay, silt and sand. 

Seismcity 
Chandigarh and many parts of Haryana lie in highly earthquake prone Himalayan seismic belt (Zone 
IV, IS 1893 - 2002). The alluvial cover of Indo-Gangetic plain makes even distant earthquakes felt 
here quite strongly. This region often feels deep-seated earthquakes that are centered on the Pakistan-
Afghanistan border and in the Hindukush Mountains in Afghanistan. This region sits atop the Delhi - 
Hardwar ridge, which is a sub-surface ridge, trending NE-SW. There are numerous faults in this 
region and hence are extremely vulnerable to seismic activities. According to the GSHAP (Global 
Seismic Hazard Assessment Program), the UT Chandigarh should expect to have maximum peak 
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ground acceleration (PGA) of 0.08g to 0.32g. The seismic effects in this zone vary from site to site 
depending on the geological, geomorphological and geotechnical conditions. The seismic hazard 
studies in the recent past also indicate Chandigarh in the high hazard zone as shown in Figure. 1. 

Sub-Surface Geology 
The sub-surface features complied based on the borehole data available for chandigarh city reveals, 
such as topsoil comprising clayey material varies in thickness from less than a meter to 10 meters and 
is underlain by beds of clay and kankar, sand and gravel. Along the Sukhna Choe, three prominent 
sand beds occur within a depth of about 100m. The upper sand beds are about 15 m thick and occur 8 
m below land surface. The middle sand bed is about 18m thick and occurs at about depths varying 
from 21 – 38m bgl. The deeper sand bed occurs at depth varying from 39-76m bgl and it is about 27m 
thick. Along the Patiali-ki-Rao nala a single thick sand bed has inter layered clay lenses in northeast 
and southwest directions. The soils in UT Chandigarh are loamy sand at surface and calcareous sandy 
loam in subsurface layers. The hard clay forms pan at depths varying between 20m and 30m. In 
northern parts, the soil is sandy to sandy loam whereas it is loamy to silty loam in southern parts. The 
major fluctuation in Ground water table from deep aquifers is about 6.0m, while it is less than a meter 
in shallow aquifers. A typical geological cross section is shown in Figure. 2. 

Figure. 1 Seismic Hazard of Chandigarh (www. asc.india.org) 

Figure 2 Sub-surface geological features along NW-SE (CGWB 2002) 
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Geotechnical Information  
The borehole data of about 200+ locations collected from various sources, it is understood that the soil 
exploration work has been taken up only for housing purpose in Chandigarh. Most of the bore hole 
data is available only upto 7m- 10m depths. From this limited information, it is noticed that the soils in 
the top few meters are mostly clayey to clayey silt followed by sands/ silty sands in most of the sectors. 
However, the borehole data from a few sectors indicated poorly graded and fine sands with low SPT – 
N values showing signs of susceptibility to liquefaction in case of a major earthquake. The ground 
water level has also been observed to be nearer to surface in the Western side (Mohali) and varied to 
significant depths on the Eastern side. The depth of hard strata also encountered at shallow depths on 
the NW side and increased towards SE side.  
The detailed geotechnical investigation comprising of 25 nos. of boreholes upto depths of 25m (or 
refusal), Standard Penetration tests in each borehole at an interval of 1.5m, Collection of Undisturbed/ 
Disturbed samples for laboratory testing, Dynamic cone penetration tests, Static cone penetration tests, 
Cyclic plate load tests have been conducted. The analysis for assessment of liquefaction potential has 
been carried out based on Youd et al (2001). The borehole locations are shown in Figure 3. The soil 
properties of a typical borehole compiled is shown in Table 1. 

 

 • Existing borehole locations •  Location newly drilled borehole 
Figure. 3 : Location of Boreholes 
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Table 1 Soil characteristics of a typical borehole  

Sector – 48 
ESL to 1.2 m ML (Firm silt) 
1.2 to 3.0 m CI (Stiff clay) 
3.0 to 4.5 m CL (Firm clay) 
4.5 to 5.1 m SM (Compact sand) 
5.1 to 6.0 m CL (Stiff clay) 
6.0 to 6.5 m SM (Compact sand) 
6.5 to 9.45 m M(NP)(Compact silt) 
9.45 to 10.5 m CI (Stiff clay) 
10.5 to 11.5m SM (Compact sand) 
11.5 to 12.2m CI (Stiff clay) 
12.2to 14.0m CL (Very Stiff clay) 
14.0 to 15.0 m  CL (Very Stiff clay) 
15.0 to 17.2 m SM (Compact Sand) 
17.2 to 20.1 m M(NP) (Compact silt) 
20.1 to 25.0 m CI (Hard clay) 

 
The analysis of the borehole data shows that  the strata in general comprises of clayey silt soils in the 
top layers followed by sandy silt to silty sands at depths in most of the sectors. In northern parts, the 
soil is sandy to sandy loam whereas it is loamy to silty loam in southern parts. The down stream 
direction of Sukhna Choe, clay percentage varies from 30 to 62% while sand percentage varies from 
38 to 70% in various bore logs. The clay and sand percentage varies from 31 to 88, and 12 to 69 
respectively, in various boreholes. A few sectors (6,12,25,27,30,36,37,42,43,52,54 and 63) clearly 
indicated significant amounts of Non-plastic silts and fine sands with low SPT-N values and high 
water table conditions, which are susceptible to liquefaction in case of a major earthquake. The sub-
surface water level exists at shallow depths towards western side of the city and at deeper levels 
towards the eastern side. However, ground water fluctuation is less than a meter from shallow aquifer 
data and about a maximum of 6.0 m from Deep aquifer data (May 1991 to May 2001). The hard/ stiff 
strata are found to encounter at shallow depths on the NW direction and the depths increased towards 
the SE direction. 

Liquefaction Assessment and Analysis  
Number of case histories of liquefaction induced ground deformation and their effects on constructed 
facilities have been well brought out in State of art reports by Hamada and O’Rourke (1992), Dobry 
(1994) and O’Rourke and Pease (1995). Numerical techniques to evaluate liquefaction and large 
ground deformation have also been attempted by a few investigators in the recent times. Rao (2001, 
2004, 2005 and 2006) and Nath (2006) evaluated liquefaction potential for Delhi through exhaustive 
studies based on extensive field SPT data and shear wave velocity survey using different models. 
The ‘simplified procedure’ based on SPT as proposed by Seed and Idriss (1971) has become a 
standard practice in North America and much of the world. However, the procedures have been 
updated in a workshop sponsored by National Council for Earthquake Engineering Research (NCEER) 
and convened by Youd and Idriss (1996). The proceedings of the suggested modifications to 
‘simplified procedure’ have been well brought out in Youd et al (2001). The same has been used for 
assessment of liquefaction potential in the present study.  
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Results and Discussions  
The factor of safety against liquefaction has been assessed using Youd et al (2001) approach 
considering the soil conditions in each borehole at different depths. The ranges of factor of safety, i.e. 
minimum to maximum in each borehole of each sector are estimated. These factors of safety (FS) 
values are initially estimated assuming a peak ground acceleration (PGA), i.e., amax/g = 0.08; the 
additional borehole data from the areas surrounding the city are also analyzed for liquefaction 
susceptibility. For this study, a unique value of PGA = 0.08g has been assumed. The actual PGA is to 
be estimated based on earthquake sources and attenuation relationships. However, for the sake of 
completeness of the analysis, the PGA values as proposed by GSHAP for Chandigarh city in the range 
of 0.08 to 0.32 g have been considered. Accordingly, the factor of safety against liquefaction has been 
assessed and the range of minimum values is compiled. Figure. 4 represents the variation of F.S. for 
different PGA values in a typical cross-section across the sectors.  

It is understood that the factor of safety against liquefaction is in the range of 0.19 to 4.96 subjected to 
an earthquake with PGA of 0.08g and factor of safety values reduced linearly with the increase in 
PGAs. For general understanding, the susceptibility level can be related to factor of safety as per the 
following Table 2 as proposed by Sitaram et al (2005). 

Table 2 Susceptibility Index of Liquefaction Hazard  
Factor of safety range Severity Index 

<1 High 
1 to 2 Moderate 
2 to 3 Low 

>3 Nil 
Non Liquefiable (NL) Nil 

In view of the above table, the susceptibility level of Liquefaction Hazard in different sectors for a 
PGA of 0.08g could be broadly outlined in the Table 3 below : 

Figure 4 Minimum Factor of Safety in the Sectors (56,54,52,63 & 48) 
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Table 3 Broad Outline of Susceptibility Level in Different Sectors 
Susceptibility Level  Sector No. 
High 6,10,12,51 & 51A 
Moderate 22C,25,27,32,35C,36A,37D,38,39,41,43,46 &56 
Low  1,7,8,14,17,17A,20C,21A,33B,33G,35A,38W,40B,42,42B,4

4B,45,48,52 & 63 
Nil 9,11,15B,16,19B,25,30,31,31G,37A & 54 

Concluding Remarks 
The analysis for liquefaction potential assessment has been carried out purely based on the 
Geology, Sub-surface Geology, Seismic History and Geotechnical Characteristics collected and a 
few detailed geotechnical investigations conducted during the period of the study.  A few sectors 
(6,12,25,27,30,36,37,42,43,52,54 and 63) indicated significant amounts of Non-plastic silts and 
fine sands with low SPT-N values and high water table conditions, which are susceptible to 
liquefaction in case of a major earthquake. The analysis based on Youd et al. (2001) approach is 
fairly good enough to assess the Liquefaction potential. However, since this approach considers 
only the one-dimensional characterization of soil, for mapping of the Liquefaction hazard of any 
sector/city/large areas, it is desirable to extend the analysis using some of the state-of-art 
approaches like MASW technique. The Liquefaction hazard susceptibility levels of different 
sectors of Chandigarh as studied provide a preliminary and broad outline only. Further study is in 
progress to verify the findings and to arrive at the hazard maps of the Chandigarh.  
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