
Evaluation of Soil Swelling and Liquefaction Potential Using a GIS
Software:aCaseStudyofTabriz, Iran

Reza Saberi *, Majid Alinejad , Hadi Nasiri ,

Kamran Sepanloo

1 2 3

1

1

2

3

Nuclear Science and Technology Research Institute (NSTRI), P.O.
Box 113658486, Tehran, Iran

Engineering Research Institute of Natural Hazard,
Shakhespajouh, Isfahan, Iran

Urmia University, Urmia, Iran

Key words: Earthquake, Land hazard, Arc GIS
software, Soil improvement, Plastic index,
Zoning map.

StudyArea: Tabriz, Iran
Coordinates: 38°04'N; 46°18'E

TECHNOSCIENCE ARTICLE

*Corresponding Author:

ISSN- 2348 5191 (Print) & 2348 8980 (Electronic)

Vol. 5(1): 22-27
Year 2018

ambient
SCIENCE

Abstract

Introduction:

Liquefaction is a phenomenon where a saturated soil
which is under severe stresses, completely loses its
strength and stiffness and behaves like a liquid. This stress
could be an outcome of earthquakes or sudden changes in
soil conditions. If the water pore pressure would be high
enough to exceed the ability of soil grains to withstand the
load, then the soil grains would get separated by water and
soil status become like liquated sand. This phenomenon
has been seen more in saturated soils, loose (low-density
or non-compacted soils) and sandy soil. Loose sand tends
to be compacted under these loads, but compacted sand
tends to increase in volume under such conditions (Bengt,
1993). If the soil would be saturated with water; conditions
such as groundwater or soil below the sea level, then the
water f ills the space between the solid particles (pore
space). If a pressure would be applied to the soil, the water
pressure will increase in these spaces. In contrast, water
tends to get out of the pore spaces and flow to where the
pressure would be less (usually water moves up the ground
or upward). However, if this pressure comes fast and big
enough or repeatedly in large numbers (like earthquake

condition or a pressure from the hurricane) so that water
cannot f ind enough time to exit until the next round (next
cycle) then by the result of this pressure, grains from the
soil flowsout. Indeed thecontact between soil grains is the
only way to transmit the weight of the building and its
layers to the lower layers of soil or bedrock at a higher
depth.

However, when soil loses its structure and contacts
between solids then the whole prof ile of soil would not
show any resistance (Abdullah ., 1999). Some
expansive soils are that soils which may encounter a
signif icant increase in volume as a result of the moisture
content changes. The best description of this
phenomenon is the physical and chemical reactions in
between the soil and its environment and the amount of
swelling depends on the severity of the reactions in
between the physical and chemical forcesof attractionand
repulsion (Sridharan & Gurtug, 2004). Changes in
moisture content due to seasonal changes in weather or
some other artif icial factors, alter the mechanical
properties of the soils, especially on the clay soils. The
degree of swelling depends on the activity of the minerals
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Worldwide research on inflation and soil liquefaction is in
nowadays a hot cake . Critical issues on soil liquefaction can
cause irreparable effects to surface and undersurface
installation the results which could be easily realized
through the accidents like, derailment of rail, distortion in
the roads, bend building, damage to the pipelines and an
even close cross-section of the tunnel and reversal
structures. Thus maintaining some specif ic patterns is
always felt necessary to identify such points to avoid these
destructive phenomena, and the structures would remain
safe in coming future from vulnerabilities of hazards. We
aimed this study to forward some guidance to identify and
modif ies regions having critical issues relating to the high
liquefaction. From 50 excavated bores, total standard
influence numbers and the Atterberg limits at different
depth have been calculated. Further, by using of Arc GIS
application, geostatistics analysis tool and by using of
interpolation Kriging method, zoning maps of liquefaction
and critical situation have been estimated. The obtained
results hope to be useful in future plans to decrease the
relevantaccidents.
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of clay soil. Pre-consolidated clays, Quaternary and
Tertiary sedimentary layers, basalt and weathered shales,
are the known components of the expansive soils.
Expansive soil can be found in most partsof the world such
as Argentina, Spain, Australia, America, Iran, Turkey,
Palestine, Canada, and India (Kramer, 1996). In the
Iranian provinces of Khuzestan, Fars, Kerman, Yazd, and
parts of Khorasan, this type of clay exists more than any
otherplaceof theworld (Seed ., 1962).

By keeping in mind that Iran is located in the
earthquake-prone belt of Alpine - Himalayan, it can be
said that earthquakes are the most destructive natural
disasters in this country. The destructive effects of natural
disasters such as earthquakes, f loods, and slope
movements such as avalanches, rock fall, and landslide in
all regions of the world have catastrophic results in the
destruction of human settlements pose. The destructive
effects of natural phenomena in the developing countries
are more vulnerable compared to developed nations. In
the case of soil swelling, it can be said that change in soil
moisture content can change the volume of the soil,
especially those in arid and semi-arid climatic zones
(Williams & Donaldson, 1980). Change of soil volume can
cause damage to the road pavement, rails, and building.
For example, damage caused by soil swelling in America is
about seven billion dollars annually which is nearly the
double of the damages caused by floods, storms, and
earthquakes (Kramer, 1996).

Forsoil swelling and liquefactionassessment, adetailed
report of subsurface explorations and geotechnical
f ield with laboratory tests are required in addition to
the earlier reports. The liquefaction potential
estimation method comprises the following steps:

Estimationof soil resistanceagainst liquefaction.

Estimation of the maximum or equivalent shear stress
cycle by the earthquake which is likely to occur in the
soil.

Potential estimation of liquefaction based on
information about deposits Resistance against the
liquefaction may be calculated based on vitro tests on
intact samples such as cyclic triaxial shear tests and
f ield tests such as SPT (standard penetration test) and
CPT (dynamic penetration test), which are usually in
use today (Youd & Hoose, 1977).

Excellent restructuring of undisturbed samples and
laboratory testing are the most accurate evaluation
process for prediction of periodic resistance of sand.
However, obtaining samples of sand from the aquifer
sediments isanexpensive taskand could be recommended
only for the administrative project. Therefore it is
important to make the process easier and economically
and also it is better to consider a viable alternative for
determining the resistance of sand. During the last three
decades a method called "simplif ied procedure" was
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randomly used to evaluate the potential of soil
liquefaction. It was founded by Seed & Idriss (1971) and
also was corrected over the time according to the
information about the previous earthquakes (Youd &
Idriss, 2001; BSSC, 2003). In this study, the amount of the
maximum ground acceleration was 0.3g (amax = 0.3g).
Based on earthquakes occurred in the region and
regulations for the 2800 earthquake code, it was assumed
that the magnitudeof aprobableearthquake is 7.5 Richter.
In general, the philosophy of soil liquefaction assessment
ispresented in f ivesections (Joyner& Boore, 1981).

Calculationand correctionof standard penetration test
number(Fardis ., 2005)..

Soil mass cyclic shear stress ratio (CSR) (ASCE, 1922)
fllowed by Idriss ( 1999).

Cyclic shear strength of the soil mass and its correction
(CRR) (Burrough, 1986).

Factorof safety (Fs) (BSSC, 2004).

Liquefaction index (PL) (Joyner& Boore, 1981).

There are several ways to evaluate the potential of soil
swelling, but the "Plastic Index" method to evaluate the
potential for swelling gives the better results (Sorochan &
Ryabova, 1988). The relationship between soil plasticity
indexand the indexof swelling is mentioned below:

Earthquake vibrations or dynamic loads cause
liquefaction in loose saturated granular soils the most
important reason for this phenomenon is the occurrence of
delay in drainage procedure and sudden increase in water
pore pressure. The major common methods to deal with
suchsituationareas follow (Bengt, 1993):
• Excavation and replacement of soils susceptible to

liquefaction.
• Drainage.
• Changing the natureof thesoil by injection.
• Densif icationof theavailablesoil.

One method to deal with soil swelling is soil
stabilization with lime which will improve soil
geotechnical properties for a specif ic purpose. The use of
lime improves the strength properties. Reaction with lime
for soil stabilization achieves high strength more than the
reaction of the cement. Use of lime for swelling soil
stabilizationoccurs forthreereasons:
1) Strong calcium ions will be exchanged with sodium

ions in limestoneorclay.
2) Using limesoil, the texture becomesscattered;

Theprescribed formulahas beenused for:

�

�

�

�

�
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Table-1: Relation betweenswelling potential and plasticity index

Plasticity index Swelling Potential
0 to 15 low
15 to 30 medium
30 to 45 high
More than 45 Very high
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3) Swelling soil would bereplaced with lime.
Percentage of lime should be determined by testing,

but it is about 2 to 8 percent. It is worth on useing the lime,
liquid limit and plasticity index with decrease and f inally
plasticcharacteristicswill be improved (Oates, 2008).

: Tabriz is one of the majorcities in Iran and the
capital of East Azerbaijan province. The city is a largest
economic center in the northwestern area of Iran and is
known as administrative, communication, commercial,
political, and cultural center in the northwest of Iran.
Tabriz experiences devastating earthquakes and thus
there is always a probability for another big earthquake in
this region which is the purpose we have to evaluate the
liquefaction and also soil swelling potential in the area of
this city. For this purpose, SPT test data and Atterberg
Limit experiments which were conducted by Padir
company for 50 drilled holes were used. The following
image (Fig.-1) shows the exact location of each borehole.
Table -3, showsthe initial data foreach borehole.

Following the f igure and table, the average number of
SPT (NSPT) in three depth ranges of 0 to 7 meters, 7 to 14
meters and 14 to 20 meters was calculated. The reason for
choosing of the aforementioned values is that the
phenomenon of liquefaction is probably only up to a
maximum depth of 20 meters. In addition, the mean
values of plastic and liquid limits were calculated in depth
range of 0 to 10. According to a previous sentence, the
reason for choosing this value was this fact that soil
swelling isonlyprobablyuptoadepthof 10 meters.

In order to evaluate the potential of soil liquefaction
and swelling, standard penetration test data, liquid limit
and the plastic limit is mandatory. However, using the
available empirical relationships, swelling and
liquefaction potential were calculated and then the same
was compared with the standard values. In this study, the
potential of liquefaction and soil swelling was calculated
through liquefaction index (PL) and swelling index (S).

Studyarea

Methodology:

Figure 1: Location of bore holes around the city
(The map is prepared by Padir. Company).

The calculated values of liquefaction and soil swelling
potential can be seen in Table-4. In order to have a better
understanding of the situation in the drilled boreholes,
the calculated values of swelling and the liquefaction
potential have beencompared withstandardvalues (Table
1 & 2).

For Zoning maps of liquefaction and soil swelling an
introduction to the ArcGIS software and Geostatistical
analyzer tool was employed. ArcGIS is comprehensive
software for design and management of solutions, this
software is based on knowledge of geography. This
software able to perform in-depth analysis, to gain a
greater understanding of their data and make more
informed decisions at high levels. ArcGIS software makes
it simple to conduct a geographical analysis, without the
need for GIS expertise. The most important aspects of this
version (10.2) is that the users of ArcGIS can be a source of
GIS, maps, pictures, location information, and tools, as a
webservice access. Sample points provide height, depth or
have pollution levels. Geostatistical modeling of spatial
analysis can also be used in various applications such as
Spatial Information System. One advantage of the tools
and methods is that the sample points are mostly f itted to
the model surface. In this study, we used ArcGIS software
and the geostatistical analyzer to produce zoning map of
liquefaction and soil swelling potential.(Hengl .,
2004; Johnson & Wichern, 1992).

In the previous part of the research, quantities needed for
liquefaction and soil swelling assessment were provided
(Kramer, 1996). Then, after a brief introduction of the
ArcGIS software and its capabilities in the preparation of
zoning maps, now, it is time to produce the zoning maps.
Kriging interpolation method used for this purpose. At
f irst step of zoning process, all tables and maps has been
introduced by Arc Catalog module. Then in Arc MAP
module maps and tables have been added. Using the Geo-
statistical Analyzer tool and choosing Kriging
interpolation method the liquefaction and soil swelling
zoning maps has been produced. The left side of each map
is also given instructions that can be compared with
standard values (Table 1 & 2). Zoning maps are shown in
Figures 2 to 5.

et al

Liquefaction Hazard and Measures needed

Liquefaction risk is very low and generally do not feel the
need toresearch moreaccurate

Liquefactionrisk is lowand needs moredetailed studies.

Liquefaction hazard is moderate, recommended
researchand corrective methodsare necessary.

High liquefaction hazard and it is important to do more
detailed studies and appropriate methods should be
adopted.

Results:

Table-2: Classif ication of liquefaction potential

PL

0

0 to 5

5 to 15

>15
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Table-3: Characteristics of all boreholes

Bore PL LL
Hole

PL: Plastic limit ; LL: Liquid limit;

L atitude L ongitude NSPT NSPT NSPT
(0-7) (7-14) (14-20)

NSPT: average number of
standard penetration test

BH1 610995 4215346 12 20 22 43 31
BH2 615103 4216043 14 35 80 41 17
BH3 614066 4217176 106 110 100 39 18
BH4 611586 4217437 18 28 65 45 22
BH5 621296 4212480 31 70 100 63 33
BH6 620495 4214579 14 15 45 49 27
BH7 617807 4215510 55 140 100 69 37
BH8 618664 4213798 40 50 75 26 13
BH9 617860 4211419 30 75 90 57 35
BH10 615414 4211862 33 78 110 32 17
BH11 611134 4211996 120 79 78 41 17
BH12 605708 4210801 38 59 100 27 17
BH13 604292 4211896 18 28 30 34 14
BH14 607250 4214257 33 19 25 57 32
BH15 607944 4216088 12 22 28 52 19
BH16 612830 4212566 33 40 45 47 29
BH17 608956 4217210 7 24 70 43 20
BH18 607807 4219815 34 40 45 43 31
BH19 611133 4219337 30 47 84 63 34
BH20 610973 4223664 24 80 85 25 14
BH21 615087 4218880 30 75 90 42 25
BH22 603079 4225402 30 27 40 33 17
BH23 600932 4226131 90 130 120 37 14
BH24 604276 4224252 130 130 140 39 17
BH25 606360 4221618 35 70 125 52 29
BH26 624211 4210817 31 68 70 54 31
BH27 621951 4209130 25 27 36 39 28
BH28 623252 4208456 11 15 19 47 29
BH29 624974 4208403 21 28 38 43 26
BH30 626999 4210057 15 27 41 52 39
NB1 628291 4211465 18 18 17 43 29
NB2 622694 4211095 26 28 77 38 29
NB3 619885 4211095 48 79 75 44 30
NB4 620290 4210861 61 76 97 62 30
NB5 616378 4213110 28 41 77 32 21
NB6 615370 4214078 43 42 54 52 29
NB7 615040 4215349 30 45 60 51 28
NB8 619090 4213534 32 55 82 29 19
NB9 613115 4214872 16 34 68 51 31
NB10 612589 4216256 24 39 55 30 19.5
NB11 610431 4214087 17 32 45 24 20
NB12 616383 4216520 45 76 45 27 20
NB13 608464 4216735 45 76 87 31 20
NB14 613128 4214022 16 19 48 31 19
NB15 605836 4218700 45 72 81 45 24
Nb16 609327 4213268 40 109 125 39 21
NB17 609334 4218821 29 40 47 35 25
NB18 605487 4220484 96 158 100 41 30
NB19 601337 4224231 22 40 45 25 19.8
NB20 603389 4225386 37 46 51 26 18

Kriging

Prediction Map
[Sheet2S_Features].[PL0-7]
Filled Contours

Prediction Map
[Sheet2S_Features].[PL0-7]
Filled Contours

Prediction Map
[Sheet2S_Features].[PLc7-14]
Filled Contours

Prediction Map
[Sheet2S_Features].[PLc7-14]
Filled Contours

Kriging_5

Prediction Map
[Sheet2S_Features].[PLc14-20]
Filled Contours

Prediction Map
[Sheet2S_Features].[PLc14-20]
Filled Contours

Kriging_3

Figure-2: zoning map of soil swelling

Figure-3: zoning map of liquefaction in the depth rang of 0-7 meters

Figure-4: zoning map of liquefaction in the depth rang of 7-14 meters

Figure-5: zoning map of liquefaction in the depth rang of 14-20 meters
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Discussion:
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