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Abstract In the current study, Thematic Mapper

image was compiled along with field and laboratory

investigation results to map the Pliocene clay deposits.

These deposits have high swelling potential; conse-

quently they will have a negative impact on the

urbanization expansion surrounding the flood plain

zone (Low desert zone) in Egypt. Principle Component

and Minimum Noise Fraction techniques with the help

of supervised classification were successful in the

mapping of these deposits. The interpretation shows

that the Pliocene clay deposits occupy most of the

wadis terraces and part of the wadis floors, and

sometimes they covered by Quaternary deposits (1–

5 m of sand and gravel). The physio-chemical charac-

teristics of these deposits indicate that the Pliocene clay

ranges from silty clay to clay with small amounts of

sand. Laboratory analysis (Atterberg limits, saturation

degree, and cation exchange capacity) indicate the

swelling characteristics of the Pliocene clay. Different

classification systems were applied and all reveal the

expansive nature of this soil, which should be taken

into account for future development in the area.

Keywords Remote sensing � Geotechnical

assessment � Mapping � Pliocene clay � Swelling

1 Introduction

Egypt has a rapidly growing population, now exceed-

ing 70 million, concentrated in less than 5% of its land

area. Like other areas, Egypt faces the demand for

new urban communities to support its increasing

population. The low desert zones, located between the

Nile flood plain and the Limestone plateau, are the

more desired areas for these activities. Most of these

areas are occupied by marine Pliocene clay deposits.

Clay deposits are a major geologic hazard and

cause extensive damage world-wide every year. They

pose serious problems to engineering structures such

as pipelines (Azam 2006); roadways and highways

(rutting) (Aiban et al. 1998) especially in areas of

rapid urban growth. Expansive soils owe their

characteristics to the presence of swelling clay

minerals. When wetted, the clay minerals absorb

water molecules and expand. Conversely, when clay

dries shrink, it leaves large voids in the soil. Swelling

clays can control the behavior of virtually any type of

soil if the clay is more than about 5% by weight. Soils

with smectite clay minerals (montmorillonite) exhibit

the most profound swelling properties. Generally, the

swelling is restricted to soils containing clay miner-

als, which are susceptible to uptake water molecules

in their chemical structure (Carter and Bentley 1991).

Different methods have been developed over the

last few years to establishing faster and less expensive

ways of estimating the swelling potential of engi-

neering soils. Such methods have mainly consisted of
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laborious and expensive laboratory tests. However,

new methods for identification of these deposits from

remote sensing as well as simple field and laboratory

observations have recently been the subject of

research. Chabrillat et al. (2002) found it possible to

distinguish between the spectral response of three

indicator clay minerals i.e., smectite, illite, and

kaolinite based on airborne sensor data. However,

access to such high-resolution data is still limited and

study on the applicability of multispectral systems is

still underway. On the other hand, the Landsat

Thematic Mapper (TM) has provided extensive map-

ping capabilities (Goetz and Rowan 1981) and

successes in the estimation of soil constituents such

as organic matter (Ishida and Ando 1999), surface

geologic materials (Bittick et al. 1994) and stages of

iron and clay weathering (Riaza et al. 2000). With

improving spectral resolution of spaceborne hyper-

spectral sensors such as the ASTER (Advanced

Spaceborne Thermal Emission and Reflection Radi-

ometer), the capacity to resolve small spectral features

from remote sensing in the future for such soil

property mapping is becoming a reality.

Current engineering practice for characterization

of these clay deposits involves time-consuming and

expensive standard engineering tests. However, there

are many simple and easy to use tests that will give

good results for determination of the possible swell-

ing hazards. Gill and Reaves (1957) described cation

exchangeable capacity (CEC), saturation paste (SP),

and plasticity index (PI) as some of the most

representative properties in the estimation of swelling

potential. Snethen et al. (1977) evaluated seventeen

swelling indices and concluded that liquid limit (LL)

and plastic index (PI) are the best indicators of

potential swell, while Parker et al. (1977) established

a swell index, and Lambe (1960) indicated that the

plasticity index is superior to other indices. Schafer

and Singer (1976) concluded that clay type rather

than the clay content is more important and Thomas

et al. (2000) described smectite content as critical in

determining the swelling potential level. Karathanasis

and Hajek (1985), in a study of montmorillonitic

soils, found smectite content as the only consistent

soil property that significantly correlated with labo-

ratory measured shrink-swell potential.

The present study was undertaken to assess

mapping and determining the expansive nature of

Pliocene clay in East of Sohag Governorate, Egypt,

using remote sensing data (TM), field, and selected

physicochemical and mineralogical soil properties.

Different types of enhanced images are prepared

using remote sensing and verified using field study.

2 Study Area

The study area is located east of Sohag Governorate,

Egypt, midway between Cairo and Aswan in the low

desert zone. It is situated between latitudes 26�1000000

to 26�4500000 N and longitudes 31�4000000 to

32�1000000 E (Fig. 1). The flood plain of the Nile

Valley is completely utilized, and the population

density is remarkably high; therefore finding new areas

for development is an urgent issue. The desert areas

between the old floodplain and the Eocene limestone

plateau are the most promising areas for such devel-

opment. The Egyptian government gives a very high

priority to promoting and fostering economic develop-

ment of territories outside the Nile valley. Due to the

expected construction problems for the foundation of

structures, sewage, road construction etc, because of

the swell/shrink properties of these soils, there is

urgency in finding a new and fast way to map and

determine the distribution of these clay deposits.

Figure (2) shows the distribution and damage of some

buildings in the area due to Pliocene clays. Special

provisions need to be taken to prevent these hazards in

such constructions and other similar areas, making the

current study even the more important. There are three

areas that have been chosen for the Remote sensing

applications as well as field and laboratory investiga-

tions including El-Kawther, El-Diabat to El-Ahaywa,

and Qasab-Abu Nafokh (Fig. 1).

3 Material and Methods

3.1 Using Remote Sensing

Landsat 7 (Thematic Mapper TM) imagery acquired in

1984 has been used in the current study. The satellite

data were enhanced to facilitate the delineation and

interpretation of different thematic information using

ENVI 4.3. The six none thermal bands (b1, b2, b3, b4,

b5, and b7) with resolution of 30 m were used to

prepare a layer stack map. Several data enhancement

techniques were applied in the analysis, with both
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Univariate and Multivariate statistics used to reduce

redundancies in the data for all the visible and infrared

bands. Minimum Noise Fraction (MNF) and Principal

Component Analysis (PCA) were the enhanced meth-

ods used in the current study. Finally, supervised

classification was applied for these techniques to test

their effectiveness.

Minimum Noise Fraction (MNF) is used to deter-

mine the inherent dimensionality of image data

especially in hyperspectral data, to segregate noise in

the data, and to reduce the computational requirements

for subsequent processing (Boardman and Kruse 1994).

The MNF transform is essentially two cascaded

principal component transformations (Green et al.

1988) where the first transformation based on an

estimated noise covariance matrix decorrelates and

scales the noise in the data. This first step results in

band-to-band correlations. The second step is a stan-

dard Principal Component transformation of the noise-

whitened data. For further spectral processing, the

inherent dimensionality of the data is determined by

examination of the final eigen values and the associated

images. The data can be divided into two parts: one part

associated with large eigen values and coherent eigen

images, and a complimentary part with near unity eigen

values and noise dominated images. By using only the

coherent portions, the noise is separated from the data,

thus improving the spectral processing results.

In Principal Component Analysis (PCA), one can use

either standard or selective analysis, the difference

being that in the former all bands will be used, while in

the later, only certain bands are chosen (Crosta and

Moore 1989). The later is otherwise known as the Crosta

technique or Feature Oriented Principal Components

Selection (FPCS) whose analysis of eigenvector values

allows identification of the principal components that

contain spectral information about specific materials, as

well as the contribution of individual original bands in

relation to the spectral response of the materials of

interest. This technique indicates whether the materials

are represented by bright or dark pixels based on the sign

and magnitude of the eigenvectors.

Both the images that derived from PCA and MNF

techniques have been subjected to the supervised

classification to extract the areas that Pliocene clay is

detected.

3.2 Field and Laboratory Analysis

A reconnaissance survey was conducted in the

investigated area in order to gain an appreciation of

the broad soil patterns. GPS Navman (±5 m horizon-

tal resolution) was used in the field to accurately

locate soil sampling and mobile GIS was used to

accurate map of these units. Twenty-eight soil sam-

ples were collected from the Pliocene clay deposits

(six samples are collected from the surface and 22

were collected from subsurface). The soil samples

were analyzed in the laboratory to determine miner-

alogical composition from X-ray diffraction (XRD)

Fig. 1 Location map of the

study area
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analyses and swelling potential using standard engi-

neering tests. Samples were first air dried, grounded,

and sieved to remove coarse fragments [2 mm.

Laboratory analyses including particle-size distribu-

tion, cation exchange capacity, atterberg limits, and

clay mineralogy have been conducted. Table (1)

shows the different laboratory analysis of this study.

4 Results

4.1 Using Remote Sensing

Univariate analysis are shown in Table (2), the

results show band 4 has the smallest variance due

to its low contrast and band 5 has the largest variance

Fig. 2 Field photographs

from the study area (a)

Photograph showing the

Pliocene clay in

Construction area; (b)

photograph showing the

distribution of Pliocene clay

in new planning area; (c)

photograph showing cracks

due to Pliocene clay under a

building; and (d and e)

photographs showing

Pliocene clay distribution

(*0.5 m) under urban areas

Table 1 Soil analysis for Pliocene clay including soil property, methods, and reference

Soil property Method Reference

1 Visual inspections Free swell Holtz and Gibbs (1956)

2 Particle size distribution (PSD) Sieve and pipette method Gee and Bauder (1986)

3 Aterberge limites (LL, PL, PI) ASTM method D4318 ASTM (1993)

4 Cation exchangable capacity (CEC) NH4OAc, pH 7 and BaCl2-TEA, pH 8.2 Thomas (1982)

5 Saturation paste (SP) Saturation and oven drying at 105�
6 X-ray diffraction (XRD) Jackson (1975)
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due to the large differences in the spectral response of

the various materials contained in the image. The

correlation matrix (Table 3) represents the multivar-

iate statistics and indicates that bands 1, 2, 3, 5, and 7

are highly correlated, and therefore their information

is redundant. The lowest correlation is obtained for

bands 4 making it the most important in establishing

differences on the basis of spectral information.

Table 4 gives summarized statistics of the MNF

transformation. From the statistics it is obvious that

the first three bands, with large eigen values would

be the most useful to represent the spectral infor-

mation, contained in the images. The first MNF

image consisted of the highest variance and was

interpreted to represent variation in the study area

among the surface materials. The second MNF had

strong negative loading from band 5 and thus was

assigned to information on bare soil. The third MNF

image gave a strong negative loading from band 4

and was assigned to vegetation. Other MNF images

were found to consist of noise and thus were not

considered in the proceeding analysis. Figure (3)

shows the combination of MNF 1, 2, 3 in RGB, they

are clearly marking out the areas of Pliocene clay

with a bright green color. Figure (4) shows the

supervised classification for the MNF image in

which the Pliocene clay areas appear in red color

and the surrounding materials in black.

For the principal component transformation, six of

the seven TM bands (1, 2, 3, 4, 5, and 7) are shown in

Table 5. The first three principal components (PC1,

2, 3) were assumed to consist of information on the

study area. A map composite of PC 1, 2, 3 in RGB,

respectively was thought to map the Pliocene clay as

bright blue color (Fig. 5). On the other hand, Fig. 6

shows the supervised classification for the PCA

image in which the Pliocene clay areas appear in

red color and the surrounding materials in black.

4.2 Field and Laboratory Analysis

From the visual inspections of the most analysis and

clay deposits in the field, it was noticed that the color

of the Pliocene clay deposits range from greenish grey

to dark brown (chocolate clay). Moreover, the soils in

the field are typically desiccated as soon as they are

exposed to the sun, with smooth sliding surfaces. One

of the more simple procedures, the free swell test

(Holtz and Gibbs 1956), was applied. The free swell is

determined by comparing the initial volume with the

final volume of the clay sample. Generally, soils

having free swell values greater than 100% are

considered hazardous, while soils with free swell

values below 50% probably do not exhibit appreciable

volume changes. However, Dawson (1953) reported

that several Texas clays with free swell values of

about 50% showed extensive expansion. The free

swell analysis of Pliocene clay ranges from 69.7 to

74.1% with an average of 71.5% which indicates

expansive characteristics. In the field, expansive clay

soils can be easily recognized in the dry season by the

deep cracks in roughly polygonal patterns. The value

Table 2 Univariate analysis on the six bands of the Thematic

Mapper image

Min Max Mean S.D. Variance

Band 1 86 254 159.27 34.02 1157.36

Band 2 32 169 88.43 25.83 667.18

Band 3 29 254 127.19 46.6 2171.56

Band 4 14 218 118.09 24.31 590.97

Band 5 11 254 200.44 69.53 4834.42

Band 7 3 236 115.74 48.23 2326.13

Table 3 Correlation matrix of the six Thematic Mapper bands

Band 1 Band 2 Band 3 Band 4 Band 5 Band 7

Band 1 1 0.99 0.98 0.83 0.94 0.95

Band 2 0.99 1 0.99 0.85 0.95 0.96

Band 3 0.98 0.99 1 0.83 0.96 0.97

Band 4 0.83 0.85 0.83 1 0.8 0.79

Band 5 0.94 0.95 0.96 0.80 1 0.98

Band 7 0.95 0.96 0.97 0.79 0.98 1

Table 4 Statistics of the Minimum Noise Fraction transfor-

mation images

Min Max S.D. Eigen value

Band 1 -14.0 29.2 11.9 143.7

Band 2 -21.1 51.6 4.2 17.9

Band 3 -17.7 21.3 3.2 10.5

Band 4 -13.8 30.7 2.6 7.0

Band 5 -17.3 38.9 2.1 4.5

Band 7 -15.9 10.1 1.3 1.7
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ranges of different tests are shown in Table 6 and they

will be discussed in the following parts.

Other types of tests done in the laboratory included

plasticity characteristics and volume change behav-

ior, which are directly related to the amount of

colloidal particles (\1 lm) in soils (Anderson et al.

1973; Nelson and Miller 1992). The Particle Size

Distribution (PSD) of the obtained samples was

analyzed by sieving and sedimentation (Gee and

Bauder 1986; Head 1992). The results indicate that

the soil is composed of 30–72% clay, 55–25% silt,

and 3–15% sand.

Atterberg limits (liquid limit, plastic limit, and

plasticity index) were measured using Casagrande’s

liquid device (ASTM method D4318) (American

Society for Testing and Materials 1993). The prop-

erties of plastic clays are a function of the

electrochemical behavior of the clay minerals (Carter

and Bentley 1991). The results show that the liquid

limit ranges from 44 to 62% and the plastic limit from

25.9 to 37.5%. The plastic index for the Pliocene clay

samples ranges from 13.5 to 36.1%.

The cation exchange capacity (CEC) is used to

estimate the shrink-swell potential, in addition to other

engineering properties of a soil. Cation exchange

capacity is the quantity of exchangeable cations needed

to balance the negative charge on the surface of clay

particles and is usually expressed in milli-equivalents

per 100 g (meq/100 g) of dry clay. A method proposed

by Thomas (1982) was used to determine CEC in this

study. CEC is related to the amount and type of clay

present in a soil. As clay content and swelling clays

increase in a soil, the CEC and shrink-swell potential

also increases. High CEC values indicate a high surface

activity. The results of 28 samples collected from the

Pliocene clay in the study area show that the CEC

ranges from 27 to 128 meq/100 g. On the other hand,

the Cation exchange activity CEAc was determined

Fig. 3 Color composite of

the Minimum Noise

Fraction 1, 2, and 3 in RGB

respectively for the study

area in which the Pliocene

clay appear in light green

(a) image showing the

whole area; (b) image

showing El- Kawther area;

(c) image showing

El-Diabat–El-Ahaywa area;

and (d) image showing

Qasab–Abu Nafokh area.

The field mapping is shown

in black lines for images b,

c, and d
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according to the following equation obtained from

Pearring (1963) and Holt (1969).

CEAc ¼ CEC=clay content

The results of CEAc show that the values are

ranging from 0.8 to 1.15.

For the X-ray diffraction analysis, part of the clay

sample is separated after being pretreated according

to the procedure described by Jackson (1975). The

clay samples are X-rayed after being Ca-saturated at

25�C, Ca-saturated and glycolated, and K-saturated

at 25�C. Identification of the clay minerals was

carried out following the guidelines provided by

Black (1965), MacEwan (1980), Carroll (1970), and

Weed (1977). The results are given in Table 7 and

Fig. 7.

Fig. 4 Supervised

classification applied on the

Minimum Noise Fraction

image (a) the Minimum

Noise Fraction for the study

area; (b) image showing

El- Kawther area; (c) image

showing El-Diabat–El-

Ahaywa area; and (d) image

showing Qasab–Abu

Nafokh area. The Pliocene

clay appears in red where

the unclassified areas

appear in black. Field

mapping is shown in white

lines for images b, c, and d.

Table 5 Principal component analysis of the study area

Band 1 Band 2 Band 3 Band 4 Band 5 Band 7 Eigen

value (%)

PC 1 0.31 0.23 0.43 0.19 0.64 0.45 96.38

PC 2 0.0.31 0.25 0.31 0.66 -0.49 -0.23 2.01

PC 3 0.0.35 0.22 0.4 -0.70 -0.38 0.10 1.2

PC 4 0.0.51 0.0.6 -0.18 -0.14 0.39 -0.72 0.25

PC 5 0.0.59 -0.09 -0.62 0.08 -0.17 0.45 0.1

PC 7 0.23 -0.90 0.35 0.04 -0.02 -0.01 0.01
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5 Discussion

The uses of Landsat TM images for soil mapping has

always been hindered by vegetation cover (Ruiz-

armenta and Prol-ledesma 1998) and complex meth-

ods are required to remove the vegetation influence.

However, in this study we use Landsat image of 1984

at which time there was limited development in the

area. The results of this study demonstrate different

methods can be used for mapping the Pliocene clay.

Improvements on these separations were made by the

application of different statistical analysis methods to

decorrelate the image bands and enhance the spectral

response. The higher order principal components

retained most spectral features typical of clay miner-

als i.e. the anomalous high reflectance and absorption

of band 5 and 7 respectively that are distinctive of

hydroxide bearing minerals and was evident in the

bare soil areas. This confirms the phenomenon as

important for swelling soils mapping from remote

sensing imagery, thus providing another use of

spaceborne sensors in the identification and mapping

of soil physical properties. The results show the

potential application of TM data by using PCA and

MNF techniques with the help of supervised classi-

fication method in mapping the Pliocene clay based

on spectral and spatial analysis.

The remotely sensed results were verified by filed

mapping using GPS. However, the spatial agreement

of the produced maps with real field maps shows

validated in a few spots by checking (Figs. 4 and 6).

This represents a short as a validating tool in terms of

surface distribution of the Pliocene clays related to

field mapping. The reason for that is because in some

areas the Pliocene clay deposits are covered by gravel

and sand deposits with a thickness ranges from 1 to

5 m. These gravel and sand deposits hide the detection

of these clay deposits by using remote sensing data.

Fig. 5 Color composite of

the Principle Component

Analysis 1, 2, and 3 in RGB

respectively for the study

area in which the Pliocene

clay appear in light blue (a)

image showing the whole

area; (b) image showing El-

Kawther area; (c) image

showing El-Diabat–El-

Ahaywa area; and (d) image

showing Qasab–Abu

Nafokh area. The field

mapping is shown in white

lines for images b, c, and d.
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However, the results show that there is a good

agreement of using remote sensing data to map the

Pliocene clay deposits appeared on surface.

Achieving a satisfactory classification of expan-

sive soils requires knowledge of the geotechnical

parameters that characterize swelling. The literature

contains a considerable number of empirical tech-

niques for assessing the swelling potential of soils.

Some authors consider that this potential can be

linked to a single parameter (Snethen 1980). Other

authors think that at least three parameters are

necessary in order to evaluate the swelling potential

of soils such as Holtz and Gibbs (1956). Swell

indicators are soil properties, such as clay content,

clay type, and the various physicochemical properties

that directly or indirectly contribute to swelling

tendencies. Swell potential refers to the definition

of low, moderate, high, and very high classes

according to different authors.

The classification quoted by Chen (1988), defines

the swelling potential as a function of the liquid limit

as follows: Low when LL = 20–35, moderate when a

Fig. 6 Supervised

classification applied on the

Principle Component

Analysis image (a) the

Principle Component

Analysis for the study area;

(b) image showing El-

Kawther area; (c) image

showing El-Diabat–El-

Ahaywa area; and (d) image

showing Qasab–Abu

Nafokh area. The Pliocene

clay appears in red where

the unclassified areas

appear in black. Field

mapping is shown in white

lines for images b, c, and d.

Table 6 Physio-chemical and engineering characteristics of

the Pliocene clay in the study area

Property Minimum Maximum Average

SP % 53.5 72.7 63.6

CEC 26.71 128 54.77

LL % 44 62 50.05

PL % 25.9 37.5 30.73

PI % 13.5 36.1 22.33

Clay% 30 72 52.75

Free swell % 69.7 74.14 71.47

AC 0.409 0.722 0.501

CEAc 0.8 1.15 1.05

SPP 1.35 1.62 1.47
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LL = 35–50, and high when LL = 50–70. The liquid

limit of the Pliocene clay ranges from 44 to 62, and,

hence, indicates that the swelling potential for the soil

is ranging between moderate and high. Seed et al.

(1962) proposed a classification which relates the

swelling potential (SP) to the plasticity index.

The swelling potential is defined as the percentage

swelling of a clay sample that has been compacted to

the optimum proctor water content and subjected to a

load of 7 kPa. It can be correlated to the PI by

following the empirical relationship:

SP ¼ 1:10^ �5ð ÞPI^ 2:24ð Þ

This classification is as follows: low when PI = 0–10

or SP% = 0–1.5, moderate when PI = 10–20 or

SP = 1.5–5, and high when PI = 20–35 or

SP% = 5–25. The plasticity index of the Pliocene

clay ranges from 13.5 to 36.1, so that the swelling

potential for the Pliocene clay is between moderate to

very high.

Based on Holt (1969), Parker (1977), and Ham-

berg (1985), various classification methods have been

proposed over the years by different researchers. The

swelling potential is considered to be a function of

the saturation paste and mineralogy, and the classi-

fication is as follows: low when SP \30 which

indicates that kaolinite [50%, moderate when

SP = 30–45 which indicates that illite [25%, and

high if SP [45 which indicates that smectite [50%.

The saturation paste of the Pliocene clay of the study

area ranges from 53.5 to 72.7, which indicates a high

swelling potential. This also complies that the smec-

tite mineral constitutes more than 50% of the clay

fraction, which is considered by the XRD analysis that

indicated a dominant of smectite in the clay deposits.

Skempton (1953), Pearring (1963), and Holt (1969)

proposed a method of using clay content to normalize

the plastic index and CEC to obtain Activity (Ac) and

cation exchange activity (CEAc) respectively. A clas-

sification technique has been established by McKeen

and Hamberg (1981) and Hamberg (1985), and mod-

ified to include the clay mineral type by Nelson and

Miler (1992) to classify soils into swelling potential

groups and dominated clay mineral type. The soils are

classified into three swelling potential classes based on

classification criteria as shown in Table 8. The criteria

are a result of normalizing measured properties with the

clay content giving a relative measure of the clay

influence on the various properties.

The results of the Pliocene clay indicate that the

activity is ranging from 0.41 to 0.72 which indicates

moderate to high swelling potential; the cation

Table 7 The calculated peak height and peak area of the different clay minerals

Sample Peak height (%) Peak area (%)

No. Smectite Kaolinite Chlorite Illite Smectite Kaolinite Chlorite Illite

7 88.5 9.3 1 1.2 74.8 21.7 2.8 0.8

25 79.8 18 1.5 0.8 61.1 34.7 2.9 1.2

Fig. 7 Shows X-ray

diffraction for two Pliocene

clay samples
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activity ranges between 0.8 and 1.15 which indicates

that the clay has a high swelling potential, and the

normalized saturation paste (NSP) ranges between

1.35 and 1.62, indicating that the clay has a moderate

to high swelling potential.

Another method to evaluate the hazard degree of

Pliocene clay uses a swelling potential rating system,

consisting of three stages according to different levels

of risk. The third index can be used as a fast

reconnaissance field index and the first as a detailed

site characterization where the preliminary results

show the need for a follow up. The three levels are

summarized in Table 5 and the following equations

(Table 9).

Level 1 ¼ Acþ CEAcþ NSPþ LEP

Level 2 ¼ Acþ CEAcþ NSP

Level 3 ¼ NSP

According to this classification level 2 and 3 can

be used for the evaluation of Pliocene clay. Level 3

shows that the SSP is ranging from 1.35 to 1.62

which indicates that the Pliocene clay has a high

rating of swelling potential. For level 2 the sum of

these parameters are in range of 2.97–3.18, which

more than 2.6, and indicates that the Pliocene clay

has a high rating of swelling potential.

Several, treatment procedures are available for

stabilizing expansive soils (Nelson and Miller 1992).

Removal of expansive soil and replacement with a

non-expansive material is a common method of

reducing shrink-swell risk. If the expansive soil or

stratum is thin, then the entire layer can be removed.

However, frequently the soil or stratum extends to a

depth too great to remove economically. Pre-wetting a

site to increase the moisture content can eliminate an

expansive soil problem if the high moisture content

can be maintained. Soils with low hydraulic conduc-

tivity may take years to pre-wet and conversely soils

with high hydraulic conductivity may never suffi-

ciently wet. Lime stabilization has been used

extensively in highway projects. The addition of lime

creates several stabilizing reactions. The solubility of

silica is increased in a higher pH environment and

silica becomes available as a cementing agent. The

lime also provides a divalent cation that can form

Casilicates and Ca–Al hydrates that increase soil

strength. The presence of organics, sulfates, and some

iron compounds can inhibit lime stabilization reac-

tions. Fly ash (product of coal combustion) has also

been used instead of lime as a stabilizing agent; the

reduction is attributed to bonding of soil particles to

the fly ash resulting in flocculation (Ferguson 1993).

6 Conclusion

Expansive soils cause billions of dollars of damage to

homes and property all over the world each year.

Damage can be avoided or mitigated if the soil shrink

and swell properties are known before construction.

Predicting shrink-swell potential accurately requires

both the knowledge of which soil properties influence

shrinking and swelling and the magnitude of these

parameters. In the study different types of techniques

were used to evaluate the Pliocene clay characteris-

tics and distributions in the area. The techniques

include: (1) remote sensing and GIS to delineate the

distribution of the Pliocene clay deposits; (2) field

reconnaissance using mobile GIS to collect sample

locations, as well as field mapping and verification;

and (3) laboratory analysis to determine the physio-

chemical characteristics to estimate the swelling

potential.

This study has established that using different

image enhanced techniques such as MNF and PCA

Table 8 Normalized

physiochemical parameters

and modified clay mineral

type allocation (after

Nelson and Miller 1992)

Activity (Ac) Cation activity (CEAC) NSP Swelling potential Clay mineral

[0.6 [0.5 [1.5 High Smectite [50%

0.4–0.6 0.4–0.5 1–1.5 Moderate Illite [25%

\0.4 \0.4 \1 Low Kaolinite [50%

Table 9 The classification based on the swelling potential

rating system

Level 1 Level 2 Level 3 Rating Mineralogy

[2.69 [2.6 [1.0 High Smectite

1.75–2.69 1.7–2.6 0.5–1.0 Moderate Illite mixed layer

\1.75 \1.7 \0.5 Low Kaolinite
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with the help of supervised classification were useful

in establishing differences between different deposits

and detect the Pliocene clay deposits. The remote

sensed data was improved further by using of the field

and laboratory verification. This was concluded to

show the imagery potential in characterizing the soils

physicochemical properties, thus providing a tool for

establishing the soil properties at a wider scale.

The laboratory analysis indicates that the Pliocene

clay in the study area has expansive characteristics.

The physiochemical characteristics were used to

detect the clay behavior included Atterberg limits,

XRD, grain size distribution, saturation paste, free

swelling, and visual inspection.

Also, several indices were employed for classifi-

cation, as liquid limit, plastic limit, plasticity index,

CEC, cation activities, clay contents, XRD, activities,

saturation paste, and free swelling. All classification

methods indicate that the Pliocene clay has a moderate

to high swelling potential. The most trustworthy

method, i.e., the expansive soil rating system to assess

shrink-swell potential, also indicates that the Pliocene

clay has a moderate to high swelling potential. These

findings should be taken into account for future

development in the Sohag region, Egypt.
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