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ABSTRACT: Srinagar city is the summer capital of Jammu and Kashmir and falls in seismic
zone V. For the liquefaction potential analysis of soils in Srinagar city, seventy three borehole
locations spread across densely populated areas were selected. Factor of safety (FS) at differ-
ent depths was determined using standard penetration test results based empirical procedure
by Boulanger and Idriss (2015). Liquefaction potential index and probability of liquefaction
were also determined. The results indicate shallow strata to be more vulnerable as compared
to deeper layers. Western parts of Srinagar (Qamarwari, Bemina etc.) formerly flood basins
and currently inhabited, show susceptibility towards liquefaction even up to depths of 10
meters. Majority of the areas have high to very high liquefaction potential, except the hills
and the areas lying to north of Dal lake (Illahibagh, Zakura etc.), which show low liquefaction
susceptibility owing to presence of stiff soils.

1 INTRODUCTION

1.1 Liquefaction

Soil liquefaction is the phenomenon of the loss of shear strength of saturated soil due to
dynamic loading like earthquake shaking. Loose to medium dense sands and silts which have
low cohesion, are most susceptible to liquefaction. Soil liquefaction is a major earthquake
hazard as was made apparent by the Niigata and Alaska earthquakes in 1964. The mechanism
and study of liquefaction was brought into major focus after these earthquakes. The hazards
associated with liquefaction are excessive settlements, slope failures, lateral spreading and
sand boils. Large scale damage and destruction in the recent times has been reported due to
severe liquefaction in 2001 Bhuj Earthquake, 2010 Canterbury Earthquake 2011 Japan Earth-
quake, 2016 Kaikura Earthquake, 2017 New Zealand earthquake and most recently, 2018
Indonesia Earthquake.

1.2 Seismotectonic setting of Jammu and Kashmir

Jammu and Kashmir is situated in the Himalayan region, which is one of the most seismically
active regions in the world. The Kashmir valley is a NW-SE oriented, elongated sedimentary
basin spanning over 140km x 60km area, and flanked by Zanskar thrust in the north and Pir
Panjal thrust in the south (Figs 1a, b). Kashmir is an intermountain basin with over 1000m of
Paleo-Pleistocene (older) sediments known as Karewas, overlain by Pleistocene-Holocene
(younger) riverine sediments (Burbank & Johnson, 1982). The whole region is spanned by sig-
nificant fault systems which include Main Boundary Thrust, Main Central Thrust, Himalayan
Frontal Thrust, Main Mantle Thrust, Kashmir Basin Fault and other faults like Balapur Fault,
Balakot Bagh Fault, Gulmarg Fault Zone and Kishtawar Fault. This seismotectonic setting has
made the valley prone to frequent major and minor earthquakes. The valley has an active
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seismic record in both the historic as well as the recent past. The most recent major earthquake
(Mw7.6) that hit the valley on 8th October, 2005, approximately killed 80,000 people.

Srinagar district with central coordinates of 34°5′24″N and 74°47′24″E, is located at the
centre of Kashmir valley and is designated as seismic zone V by IS 1893:2002. It is the summer
capital of Jammu and Kashmir and is one of the most densely populated cities in the state.
Jhelum river flows through the centre of the city. A number of lakes (Dal and Anchar) and
small hills (Hari Parbat, Shankaracharya, Zabarwan Hills) form a part of this region.
Figure 1c shows the extents of the study area along with the water bodies and topography of
the region. The elevation above MSL is around 1600m in Srinagar, however, Hari Parbat rises
to around 1700m and Shankaracharya hill rises to above 1900m.

1.3 Liquefaction case histories in Jammu and Kashmir

Liquefaction has occurred in many regions of Jammu and Kashmir both in recent and historic
past. The 1555 major earthquake in Kashmir caused huge ground failure due to liquefaction
of soil along the banks of river Jhelum (Hough et al., 2009). This in turn led to mass displace-
ment of two towns, Hasainapura and Hosainapora across the river. This feature can be seen
preserved today in the form of tilted tree stumps along the river. Paleoliquefaction features
have been observed during field investigations in the form of sandboils and sand dikes in the
Karewas of Pattan, Pakharpora, Shihanpur, Parigam and Narigund areas of Kashmir (Khan
& Shah, 2016). Liquefaction was also reported during 2005 Kashmir earthquake of Mw 7.6.
Sand blows were reported in Uri and Kupwara towns of Kashmir valley (Bhat et al., 2005).
Lateral spread, ground cracks and sandblows were also reported on the left bank of river
Jhelum, in Shalteng village of Kichama locality in Baramulla (Sahoo et al., 2007). Some pre-
served liquefaction features due to the 2005 Kashmir Earthquake were also observed during a
field investigation (Sana & Nath, 2016). Liquefaction features in the form of sand boils,
ground cracks, fissures in embankments were even observed in Simbal village in Jammu city,
about 240km from the epicenter of the earthquake (Malik et al., 2007).

Figure 1. (a) Outline of Jammu and Kashmir State. (b) Location of study area within the outline of

Kashmir Valley. (c) Study area, with black points representing borehole data locations and lines repre-

senting selected cross sections.
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The critical seismotectonic setting, frequent seismic activity with chances of occurrence of
large magnitude earthquakes, and the presence of fluvio-lacustrine soils in the region with a
past history of liquefaction, exposes the region to a high seismic hazard and risk. In this
study, an attempt has been made to conduct the liquefaction potential analysis of soils in
Srinagar city.

2 METHODOLOGY

Liquefaction potential of the soils is determined based on factor of safety Fs as in Equation 1,
defined as the ratio of cyclic stress ratio (CSR) which represents the seismic demand on a
soil layer, to the cyclic resistance ratio (CRR) which represents the capacity of soil to resist
liquefaction. CSR is calculated as per Simplified procedure developed by Seed & Idriss (1971).
In this study, CRR is calculated using the empirical method developed by Boulanger &
Idriss (2015).

FS ¼
CRR

CSR
ð1Þ

Liquefaction is said to occur if Fs is less than or equal to 1. In actual practice a limiting
value is chosen based on judgment, to account for the uncertainties involved in the determinis-
tic analysis. If Fs>1.2 the soil is non-liquefiable, if Fs is between 1 and 1.2 the soil is marginally
liquefiable, and if Fs< 1 soil is liquefiable (Ulusay and Kuru, 2003).

To quantify the severity of liquefaction, a parameter proposed by Iwasaki et. al (1982)
known as liquefaction potential index (LI) is calculated as in equation 2.

LI ¼

ð

20

0

F zð ÞW zð Þdz ð2Þ

where W(z) = weighting factor and F(z) = severity factor. Liquefaction potential categories
are determined as per Table 1 (Sonmez, 2003).
Alternatively, a probabilistic assessment of liquefaction potential may be performed to

account for the uncertainties (Juang et al., 2013). The probability of liquefaction PL is given
by the equation:

PL ¼ 1� ’
ln FSð Þ þ 0:13

0:13

� �

ð3Þ

where φ is the normal distribution function. The liquefaction classes based on PL are given
in Table 2 (Chen and Juang, 2000).

Table 1. Liquefaction Potential categories based on

LI (Sonmez, 2003)

Liquefaction Index LI Liquefaction Potential

0 Not Liquefied

0<PL ≤ 2 Low

2 < LI ≤ 5 Moderate

5< LI≤15 High

15<LI Very High

5809



3 STUDY AREA AND DATA COLLECTION

The selected study area lies between 34°0′36″ to 34°10′51.6″ North latitudes and 74°43′48.0″ to
74°52′55.2″ East longitudes. A total of seventy three borelogs at various sites were collected
from two major geotechnical consultancies in the valley. The locations of the sites are marked
within a map of Srinagar city in Figure 1c. The depth to summer water levels in Srinagar
ranges from 1.5 m to 4.00 m bgl, while winter water levels vary from 1.75 to 6.00 m bgl
(CGWB, 2013). This indicates the presence of a shallow water table in the region, which is an
important factor for liquefaction to occur. In this study, water table has been assumed to be
at the ground surface, except in the hilly areas.
Using the data, soil profiles were developed for sections selected along NS and EW direc-

tions up to a depth of 10m, using Groundhog desktop software (Fig. 1c). The cyclic stress
ratio (CSR) was calculated for a maximum acceleration (amax) value of 0.36g and for earth-
quake of magnitude 7.5 Mw. CRR was calculated using the corrected N values at each site.

The factor of safety Fs, liquefaction potential index LI, probability of liquefaction PL were
calculated for each depth at all the sites. These values were then plotted and interpolated in a
GIS platform on a digitized map of Srinagar to develop various maps for the city, using the
QGIS software.

4 RESULTS AND DISCUSSION

The soil profile developed along NS is shown in Figure 2. As is evident, Rangpur, Badamwari
and Noorbagh areas have silty clay soil; and Rawalpora has clayey silt. Silt is present in a
large area over Gulabbagh, Kralpora and Habbakadal. Habbakadal also has silty sand at
deeper depth. The soil profile developed along EW is shown in Figure 3. HMT and surround-
ing areas have predominantly silty clay. Bemina, Qamarwari and Shaheedgunj have silty clay
and clayey silts. In Batwara, towards the eastern side of the city, silt and silty sand are pre-
dominant. Hence, from both the profiles, it is clear that the central portion of the city has
mostly clayey silts and silty sands.
The liquefaction hazard maps at depths 2m, 4m, 6m, 8m and 10m were developed for the

city based on SPT N value (Figs 4–6). The layers of topography and water bodies are superim-
posed on the maps. At 2m depth, FS is quite low in the entire region, except in some areas
which have quite high FS values, especially towards the north-eastern part of the study area
and in the hills (Fig. 4a).
The liquefaction hazard map suggests that the soils are liquefiable, especially in areas along

the length of river Jhelum. In the north-east, the regions towards the north of the Dal Lake,
the soils are non-liquefiable due to the presence of predominantly clayey soils. The hills are
safe against liquefaction due to deep water table and presence of mountainous soils.
A similar trend is observed at 4m depth (Fig. 4b), with non-liquefiable soils in north-east

and western areas, due to the presence of clayey and silty clay soils, as is also evident from the
east-west (EW) soil profiles. At depths 6m, 8m and 10m, it is evident that the FS is higher as
compared to shallow depths, i.e. the factor of safety is increasing with depth. This is due to
the fact that liquefaction potential generally decreases with depth due to an increase in the
overburden stress (Figs 5a, b, 6a).

Table 2. Liquefaction classes based on PL (Chen and Juang, 2000)

Class Probability of Liquefaction Class Description

5 PL>0.85 Almost certain that it will liquefy

4 0.65<PL ≤0.85 Very likely to liquefy

3 0.35<PL≤0.65 Liquefaction and no liquefaction are equally likely

2 0.15<PL≤0.35 Unlikely to liquefy

1 PL≤0.15 Almost certain that it will not liquefy
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However, the soils in the central portion of the study region are liquefiable and marginally
liquefiable even at deeper depths, due to the presence of clayey silt, silt and silty sand in this
area, as can be clearly seen in the soil profiles.

Figure 2. Soil profile along East West (EW) section of Srinagar.

Figure 3. Soil profile along North South (NS) section.

Figure 4. (a) Liquefaction hazard map of Srinagar at 2m (b) Liquefaction hazard map of Srinagar at 4m
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The parameter LI at each depth is summed up for each borehole, and plotted to get the lique-
faction potential index map of the study area as shown in Figure 6b. The severity of liquefaction
is low to moderate in areas around Rangpur, Illahibagh, Hafiz bagh, Gulabbagh, and Batapora;
Badamwari and Rainawari in the north-eastern part; HMT in the west, where clay and silty
clays are predominant; and in the hills. All other regions in the study area show high to very
high severity of liquefaction, especially the central portion around Batwara, Bemina, Qamar-
wari, Nowshera, KarannagarBakura, Nowgam, Chanapora, Safakadal, Eidgah, Bemina, Hab-
bakadal, Khanyar and Hyderpora, where clayey silts, silts and silty sands are present.
A similar trend is deduced from the probability of liquefaction (PL) maps (Figs 7a, b, 8), at

all the depths considered i.e. 2m, 4m and 6m. The soils in the north-eastern region, are either
not liquefiable or less likely to liquefy; and all the other areas are either very likely or almost
certain to liquefy, that means show high probability of liquefaction.

Figure 5. (a) Liquefaction hazard map of Srinagar at 6m (b) Liquefaction hazard map of Srinagar at 8m

Figure 6. (a) Liquefaction hazard map of Srinagar at 10m (b) Liquefaction potential index map of Srinagar
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5 CONCLUSION

In this study, liquefaction potential analysis was conducted for the Srinagar city of Jammu
and Kashmir. Borehole data of seventy three sites was collected from geotechnical consultan-
cies to perform a detailed liquefaction analysis of the soils. The standard penetration test
results based empirical method developed by Boulanger & Idriss (2015) was used.
The results of this study indicate that all the layers up to 10m depth are susceptible to lique-

faction in the central portion of the study region. Areas in the north-east and the hilly areas

Figure 7. (a) Probability of liquefaction map at 2m (b) Probability of liquefaction map at 4m

Figure 8. Probability of liquefaction map of Srinagar at 6m
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are safe against liquefaction. In other areas, shallow layers are susceptible and deeper layers
are safe. This is clearly deduced from the maps showing FS, PL and LI values over the whole
region. Srinagar lies in seismic zone V and is prone to high seismic risk. The results of this
study suggest that many areas in this city are susceptible to liquefaction. This signifies the
importance of liquefaction potential analysis of the soil and the consideration of liquefaction
hazard in Srinagar before construction of important structures. Hence, these results may fur-
ther be used for the future development and the land use planning of the city.
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