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Analysing some geotechnical properties of soils
to predict the swelling potential in the left side of
Mosul city using GIS methods
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Abstract ---The use of new technologies and programs in
geotechnical analysis is emphasized in this paper . Soil properties in
the left side of Mosul city (approximate area of 131 km2 ) were
correlated with swelling behavior . The results of tests of more than
300 boreholes in the study area were collected from different
resources . Statistical and geospatial analysis were using geographic
information systems GIS programs . The out-put identified the most
risk areas . Field visits show evidence of swelling effects on some
buildings.
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I. INTRODUCTION

S

OME buildings in the Mosul city Suffer from cracks
related to the presence of problematic soils as expansive
soils [13] as shown in fig. (1).
The geological age of the left side of Mosul city is dated
between lower Miocene and quaternary . The lower Miocene
consists of lower Fares (Fatha) and upper Fares (Injana) . The
quaternary consists of alluvium deposit and river terraces so it
contains sands , clays and gravel which deposited by the river
and the weathering of Injana . The geological map of left side
of Mosul city shown in fig (2) [1].

(b)

(c)
Fig 1. Shows the cracks in districts (17) for the left side of Mosul city
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Fig 2 Geological map of the left side of Mosul city. Numbers
indicate districts.
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Expansive soils are clayey soils which exhibit significant
volume change related to soil moisture variation [6] . The
presence of expansive soils greatly affects the construction
activities in many parts of the world [11] . Foundations
constructed on these clays are subjected to large uplift forces
caused by swelling which induce heave cracking and breaking
of foundations , slabs , and walls [6] .
Many investigations were carried out to analyze the
factors affecting the swelling of clayey soils as initial water
content (Fig. 3)[7] and (Fig. 4)[10] , initial dry density (Fig.
5) [8] , (Fig. 6) [10] liquid limit (table 1) [2,3] , Plasticity
index (table 2) [2,3,9] , Clay content [14] , Passing # 200 [5]
and Swelling index [13] .

TABLE 1 SOIL EXPANSIVITY PREDICTION BY LIQUID LIMIT .

Degree of
expansion
Low
Medium
High
Very high

Water content %
Chen [3]
1498IS [2]
< 30
20 - 35
30 - 40
35 - 50
40 - 60
50 - 70
> 60
70 - 90

TABLE 2 SOIL EXPANSIVITY PREDICTION BY PLASTICITY INDEX .
Plasticity Index %

Degree of
expansion

Holtz and Gibbs[9]

Chen[3]

Low
Medium
High
Very high

< 20
12 - 34
23 - 45
> 32

0 - 15
10 -35
20 -55
> 35

IS
1498[2]
< 12
12 - 23
23 - 32
> 32

In the past, results of soil tests and swelling properties
were documented on point locations and stored in the form of
tables , curves and reports on paper media .
The new spatial techniques of GIS within (ArcGIS 9.3)
can connect among several locations and use the borehole
attributes to perform interpolation and fill gaps.
The aim of this study is to prepare a geotechnical digital
map for soil properties that affect on the swelling potential in
the left side of Mosul city . The studied soil properties include
initial water content, initial dry density, liquid limit, plasticity
index … etc. The prepared maps will help in predicting
swelling soil location of potential swelling and identify most
risk areas.

Initial water content %

Fig. 3 Effect of initial water content on swelling (After El-Sohby
and Rabba, 1981)

II. EXPERIMENTAL WORKS & MATERIALS
This works was performed according to the following
headlines :
1- Collect of borehole test results from various concerned
organizations such as government laboratories , schools,
health centers …etc . Other data were found in research
topics performed in the past .
2- Georeferencing areal photo and city map using GIS
functions .
3- Locating the GPS coordinates of various points and fed
into the GIS program (Fig.7)
4- Preparing the tables of test result in a suitable way is
readable by the GIS software .
5- Spatial and statistical analysis .

Fig. 4 Relation between the vertical swelling pressure and the initial
water content for different initial dry densities (After Burak , 2004).

Fig 5 Relation between the vertical swelling pressure and the initial
water content for different initial dry densities (After Erol, 2004).

Fig 6 Relation between the vertical swelling pressure and the initial
dry density for different initial water content . (After Supaz, 2004)

Fig. 7 Represent the study area and the borehole distribution
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III. RESULTS & DISCUSSION
Various soil properties have been studied carefully in the
study area. Limiting criteria of each have been imposed to
mark the effect on swelling behavior.
According to Chen, Gibbs , IS1498 , Sapaz and Erol.,..etc.
The following criteria to is used:
Accordingly, related plans were fig. (8) shows the case of
liquid limit criteria while figures 9,10,11,12,13 and 14 show
the criteria of plasticity index , initial water content , initial
dry density , clay content , passing # 200 , activity and
swelling index .
On figure (15), the results of actual tests on swelling
potential are shown those more than 4.4 t/m2.
This collection of maps shows diverse location within the
city. Overlay analysis was that satisfies all the above
mentioned criteria. The result can be seen in figures (16-22).
Visual comparison overlay figures (16-22) shows a great
match of the risk areas having higher swelling potential.

Fig. 10 Showing highly expansive soils based on Initial water
content (less than 15%).

V. CONCLUSION
The prepared maps show that higher swelling pressure is
generally located in four zones , (A,B,C,D) . This finding was
obtained by overlay analysis with eight basic soil property
contributors .
The results were comparable with other researchers
conclusions and verified by field visits to sample locations.

Fig. 11 Showing highly expansive soils based on Initial dry density
(greater than 1.56 T/M3).
P

P

Fig. 8 Showing highly expansive soils based on L.L.(larger than 40
%)

Fig. 12 Showing highly expansive soils based on clay content
(greater than 28 %) .

Fig. 9 Showing highly expansive soils based on P.I.(larger than 20 % ) .
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Fig. 16 Overlay swelling pressure greater than 4.4 T/M2 with liquid
limit greater than 40% .

Fig. 13 Showing highly expansive soils based on passing # 200
(greater than 60 %) .

Fig. 17 Overlay swelling pressure greater than 4.4 T/M2 with
plasticity index greater than 20 % .

Fig. 14 Showing highly expansive soils based on swelling index (less
than 0.37).

Fig. 18 Overlay swelling pressure greater than 4.4 T/M2 with initial
water content less than 15 % .

[[

Fig. 15 Swelling pressure larger than 4.4 T/M2 . Numbers indicate
districts .
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Fig. 19 Overlay swelling pressure greater than 4.4 T/M2 with initial
dry density greater than 1.56 T/M3 .

Fig. 22 Overlay swelling pressure greater than 4.4 T/M2 with clay
content greater than 28 % .
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