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SYNOPSIS : A study on the expansive clays o f El-Kharga City, El-Kharga Oasis in the Western Desert of Egypt is presented. These clays are known to cause 

serious problems in construction, specially in the case of light structures. Damages are observed in numerous fences, walls and reinforced concrete skeletons of 

small rise buildings, sheds o f bus terminals and ground floors o f houses and factories. Most damages occur shortly after use o f structures and surrounding areas, 

normally due to water infiltration into soil. The sources of excess water are due to man use including gardening, leakage from mains and sewers and land 

reclamation. Since it is believed that the in-situ behaviour o f the expansive clays is influenced by their macrofabric, this study deals mainly with determination of the 

predominant macrofabric features o f these clays. Assessment of the nature and geometric characteristics o f these features is presented. The revealed macrofabric, 

demonstrated at four locations, is classified into fissures, joints, beddings, laminations and sand veins. Data concerning the index properties and mineralogy of the 

clays, also brief geological background of the study region are outlined. The orientation and extent o f macrofabric features in the study sites are described. The 

potential influences o f  macrofabric features on the mechanical properties o f expansive clays are discussed. It is claimed that the presence o f macrofabric features 

influences the expansiveness in different modes. Fissures and laminations have great influence on the infiltration rate and depth into the clay. Beddings and sand 

veins form internal boundaries with particular characteristics depending on the configuration and physical characteristics of these macrofabric features.
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IN T R O D U C T IO N

The soil o f El-Kharga Oasis in the Western Desert o f Egypt, is formed 

predominantly o f a variety o f expansive clays. Due to climatic conditions 

characterized by rare rainfall, these clays are practically dry to a considerable 

depth. Development o f cracks in small structures and heave o f ground level 

floors due to domestic use o f water and gardening is not uncommon.

During the past thirty years, development o f El-Kharga City has led to 

expansion in construction. Land reclamation projects resulted in rise and 

fluctuation o f  ground water level. Leakage from water mains and sewers 

caused water infiltration into soil. Consequently, structural problems in 

buildings have become more frequent and serious. The amount of destruction, 

the time elapsed before first signs of damage, and rate of progression of 

damage, varied widely. This may be due to variation of soil type and variation 

of exposure to excess water, which is partly related to soil fabric.

Preliminary investigation of the swelling clays of El-Kharga City revealed that 

they are formed of distinct and strongly developed macrofabric features. Effect 

o f  macrofabric on geotechnical properties o f clays has been given much 

attention in the literature. However, research has been classically concerned 

with the influence o f m acrofabric on strength and com pressibility. 

Expansiveness should also be expected to be influenced by macrofabric 

features (Katti et al, 1984). Knowledge o f the presence of these features, their 

geometric pattern and their effect on soil behaviour may eliminate part of the 

difficulty in adequately predicting the swelling behaviour (Johnson et al, 1973; 

Sobolevsky and Morgachiev, 1987; Radwan and Abdel-Rahman, 1989).

This Paper presents data on various types of macrofabric of El-Kharga City 

expansive clays taken from four sites. The potential influence o f macrofabric 

features on swelling characteristics o f soil and their effect on structures is 

discussed.

G E O L O G IC A L  BA CKGRO UND

El-Kharga City is located within El-Kharga Oasis which forms a depression 

lying with its long axis in nearly north-south direction at a distance o f about 

200 km west of the Nile Valley, Fig. 1. The stratigraphic column of El-Kharga 

Oasis is given in Table 1 (Bebawy, 1969). The horizontal deposits of bedded
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Fig. 1. Location map and structural setting o f El-Kharga

T able I .  Stratigraphic column of El-Kharga Oasis, Western Desert, Egypt

Period Deposits Thickness (m)

Recent to Sand dunes Variable

Pleistocene Spring deposits "

Lacustrine sands and clays "

Calcareous tufa "

Lower Eocene Plateau limestone 115

Esna shale and marls 55

Danian White chalk 60

Ash gray shale 70

Exogyrabeds 30

Campanian Phosphate beds 10

Nubian Purple shales 50

Surface water sandstone 45

Impermeable gray shales 75

Artesian water sandstone 120
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sandstones and clays found in the midest o f El-Kharga depression are 

interpreted as deposits of a pre-historic lake that occupied the depression 

(Awad and Ghobrial, 1965). Formation of swelling clays is attributed to dry 

conditions prevailing at the lime of deposition. Worral (1975) mentioned that 

formation of montmorillonite is aided by an alkaline environment, presence of 

magnesium ions and lack of leaching. These conditions are favourable in 

semi-arid regions such as El-Kharga. The strata forming El-Kharga depression 

are almost horizontal, dipping between 1° to 2° to the west-southwest and to 

the east-northeast directions. The depression, therefore, forms a gentle fold. 

Faults are also present (Bebawy, 1969) and located as shown in Fig. 1.

M A C R O FA B R IC  FEA TU RES

The term macrofabric refers to the shape, arrangement and size o f  solid 

particles and associated voids that can be visualized by the naked eye or hand 

lense. In this research work macrofabric is classified into fissures, joints, 

beddings, laminations and sand veins. The following definitions apply :

1) Fissures, are defined as small fractures existing in the clay, but not 

crossing the bed or horizon within the bed (Fookes, 1965).

2) Joints, are those fractures intersecting beddings and extending through 

successive layers of clay, probably of different genesis.

3) Beddings, are planes largely extending horizontally or near horizontally, 

separating different types of clay and commonly covered by silt and sand.

4) L am ina tions, are silty or sandy partings, approximately parallel to 

beddings.

5) Sand veins, are widely opened cracks filled with sand and extending 

downwards intersecting beddings.

M ETH O D S O F M A CRO FA B RIC STUDY

The method of macrofabric study is determined according to type of 

macrofabric. Generally, field measurements are taken for those features which 

are susceptible to disturbance when soil material is removed from the ground 

and transported to laboratory. Block samples are taken where disturbance is 

not critical. The following methods are used herein :

1) Fissures: Block samples nearly 300 x 300 x 200 mm were dug out. 

Measurements and observations were carried out in the laboratory using 

the apparatus described by Radwan (1977). Measurements of fissure 

orientation and spacing were taken for 50 to 100 fissure planes. Data were 

analysed using personal computer with output in the form of polar 

intensity diagram.

2) Joints: They commonly extend vertically or near vertically to distances of 

0.5 to 1.5 m. Therefore, joint survey was carried out in the field in 

exposed cuts. Measurements of orientation were taken using compass and 

clinometer; spacing was measured using measuring tape. Due to relatively 

large size of joints and regularity o f their orientation, a relatively small 

number of 20 readings were considered a sufficient representative.

3) Beddings: They usually extended several meters; soil mass was easily split 

along them. M easurements were taken in the field using compass, 

clinometer and measuring tape. Beddings were nearly parallel, therefore, 

limited measurements of orientation were needed. Average spacing was 

obtained from about 20 readings.

4) Laminations: They were nearly parallel to beddings with relatively smaller 

extent. M easurements o f lamination spacing were carried out in the 

laboratory from block samples.

5) Sand veins: They usually extended from ground surface to depths o f 1 to 2 

m. Measurements o f sand veins depth and thickness were carried out in 

the field.

IN D EX  P R O P E R T IE S  O F T H E  IN V ESTIG A TED  CLAYS

Table 2 presents average results o f tests carried out on samples o f  the 

investigated clays. These results conform with those obtained by Abo-Dahab 

(1973). Tests on scrapings from the stained fissures and jo in ts gave 

approximately the same results compared with those of intact material. Results 

o f  clay mineralogical analysis are given in Table 3.

Table 2. Index properties o f studied soils

Site
Depth

m
Gs WL

(%) ( fe

-2|i

(%)

Free swell 

(%)

Province Build.(a) 0.75 2.74 58 28 55 100

Province Build.(b) 1.75 2.74 47 21 55 70

Geol. Survey Build. 1.5 2.73 46 20 38 100

Bus Terminus 1.0 2.7 44 22 64 70

Islamic InstiL Build. 0.5 2.66 55 24 53 80

Table 3. Clay mineral composition of studied soils

Site Montmorill . Kaolinite Olite Vermiculite Others

Province Build.(a) 21.22 31.17 11.76 6.64 29.21

Islamic InstiL Build. 27.81 33.20 12.64 3.76 22.59

D E SC R IP T IO N  O F  M A C R O FA B R IC  AT T H E  STUDY SITES

1) Province Building Site: At the area behind the Province building, pits were 

readily dug to supply the Ground Water Works at land reclamation areas 

of El-Kharga City with the clayey material used in well drilling operations. 

The soil was brown to yellowish brown, highly fissured to the excavated 

depth o f  1.75 m. A t ground surface weathering effects were well 

identified. A considerable number of fissures was stained with reddish 

brown material. Fissures were very close and the soil was generally 

formed of small prisms of varying dimensions (10 to 30 ram). Fig. 2 

shows the orientation data which clearly demonstrats the presence of well 

developed fissure sets. Joints and beddings were not identified. It is 

generally assumed that such intensive Assuring resulted from periodical 

changes in moisture conditions. Depositional environment and local or 

regional tectonics can also to contributing factors to the development of 

these fissures.
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Fig. 2. Fissure orientation at the Province building site

2) Geological Survey Building Site: Macrofabric study was carried out in 

open pits 1 to 2 m deep. The soil strata consisted o f 0.5 m thick sand 

followed by 0.75 m thick light gray soil underlaid by daik gray soil. Sand 

veins were found to be the most striking macrofabric feature present They 

were intruding into the strata at angles varying between 30‘ and 90 ' with 

the horizontal. At ground surface they were 100 to 300 mm wide, and 

they generally narrowed with depth. The sand filling the veins was dense 

with an estimated relative density o f 70 - 80 %. The soil strata were also
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cut by vertical to near vertical joints developed in three main sets striking at 

0 ,4 0  and 200 degrees. The spacing between joints was 100 to 150 mm. 

These joints cut across the sand veins indicating lhal they were developed 

after sand veins were formed. It is also suggested that sand veins were 

originally wide cracks, perhaps resulting from tectonics, then filled with 

wind transported sand. Consequently, this sand was periodically 

compacted by swelling pressure exerted by the surrounding clay. Fissures 

were also evident at this site. However, due to the relatively rough texture 

o f the strata and friability o f obtained block samples, orientation 

measurements could not be taken to a statistically sufficient number. 

However, from visual inspection the fissures seemed to have preferred 

orientations.

3) Bus Terminus Site: Macrofabric study was carried out in an old trench 1 m 

deep. Soil was light brown with frequent dark brown stains. Fissures and 

joints were clearly identified. Measurements showed lhal the fissures lend 

to be oriented in two vertical sets with strikes 20° and 330°, and a 

relatively weakly developed near horizontal set. Joints were found mainly 

in two near vertical sets, sympathetic with fissures, cut by a secondary 

near horizontal set. The origin of the fissures and joints can be related lo 

several factors including weathering, desiccation, lectonism and slress 

relief (Fookes and Denness, 1966).

4) Islamic Institute Building Site: Construction was started at this site by 

digging out the soil to a depth o f 2.5 m. During this process the site 

engineer noticed that the type of existing soil was extraordinary and 

recommended that the site should be abandoned. The unusual feature 

observed was the presence of a very well developed system of joints, 

beddings, laminations and Fissures in all the soil strata. Below 0.25 m 

thick top sand, there existed 1 to 1.5 m of light gray clay underlaid by dark 

gray clay extending down to the end o f excavation. In the top clay layer 

joints were mainly oriented in two sets. The first was vertical and the 

second was dipping about 65". These joints were spaced at about 200 to 

300 mm; their surfaces were stained by yellow coloured material. Joints 

cut across beddings which were regularly dipping at 20’ and spaced at 

nearly 100 to l5 0  mm apart. Beddings were also stained by the same 

m aterial found on the surfaces o f joints. By studying block samples 

bounded by beddings and joints, fissure data were collected. It was found 

that fissures have a weak tendency for being oriented vertically in two sets. 

However, random fissures were numerous. It was also noticed that the 

clay between beddings is laminated. Laminations were parallel to beddings 

and were not frequently stained. Spacing between laminations ranged from

1 to 3 mm. The underlying clay was highly fissured at random. A few 

joints 1 to 2 m apart dipping conjugately at 30" were also observed. The 

two layers of clay in this site were evidently formed in two different 

epochs. Joints in the top layer are post bedding formations and fissures 

could have been caused by any combination of the factors mentioned 

above.

IN F L U E N C E  O F  M A C R O FA B R IC  ON EXPA NSIVENESS

The different types o f  macrofabric described above can affect swelling 

characteristics o f clay in different ways. Fissures are known to be weakness 

planes within an intact clay mass. Therefore, it is reasonable to assume that the 

presence o f fissures will reduce the potential swelling pressure. Mohamed 

(1978) found that swelling pressure resulting from an incremental increase in 

m oisture content in undisturbed samples containing fissures showed 

consecutive reduction in intermediate and final values. Komomik (1969) 

related the difference in behaviour between undisturbed and remolded samples 

to the presence o f minute fissures causing partial dissipation of the swelling 

forces. But, fissures increase the effective depth exposed to variation of 

moisture. Therefore, although fissures cause stress relief, they invite water to 

infiltrate soil. The combined effect of fissures depends on several factors 

including their intensity, width and geometrical pattern with respect to the 

unfavourable mode of deformation.

The effect of joints on swelling characteristics is expected to be similar to that 

o f fissures, taking into consideration that joints are usually developed in more 

regular patterns. Beddings similar to fissures and joints, can be considered as

weakness planes. Therefore, slips along beddings should affect the magnitude 

o f soil swelling pressure. Because beddings are usually associated with sill and 

sand partings, permeability of the clay strata is evidently affected by their 

presence and their frequency.

Laminations are also known lo have great influence on soil permeability. The 

permeability of a swelling clay is a main factor controlling its characteristics. 

Wooltorton (1950) found that the greatest damage in buildings occurred where 

soil permeability was highest. This finding was also analysed by Donaldson 

(1969) who suggested that differential movements are more likely lo occur in 

highly permeable swelling soils. Gromko (1974) commented that a soil of 

smaller swelling potential and higher permeability can experience in-situ swell 

higher than that o f a soil o f higher swelling potential and lower permeability. 

Hassan (1990) pointed out that laminations caused rapid infilleration of water 

in soil, hence the resulting heave occurred faster than anticipated by laboratory 

tests on undisturbed samples.

Sand veins may affect soil swelling characteristics in two opposite ways. The 

first concerns permeability of the strata which is obviously increased by the 

presence o f these highly permeable drains extending from ground surface to 

considerable depth. These drains result in quick moisture migration through the 

soil and consequently higher swell. However, because these sand veins are 

widely open, they may act as lateral cushions dividing the expansive portion of 

the strata. These cushions may cause partial relief of the swelling pressure. 

Therefore, presence o f sand veins may result in either an increase or decrease 

of swell, depending on moisture conditions, extent and compactness of filling 

sand.

C A SE STUDY

At a site nearby the Province Building, a one-floor reinforced concrete skeleton 

building was constructed. The foundation was formed of isolated reinforced 

concrete footings connected with underground beams. After completion of 

construction, minor cracks started to appear. One month after use o f building, 

these cracks widened noticeably and new cracks appeared, Fig. 3. The pattern

Fig. 3. Cracks in building due to soil heave

o f cracks indicated that they were caused by unfavourable heave o f the 

underlying soil. The widening o f cracks was monitored by dial gauges. Fig. 4 

shows that after 1 to 2 months, the propagation of damages nearly ended. This 

must be due to presence o f fissures in soil causing rapid infiltration o f water.

Time - month

Fig. 4. Observed magnitude and rate o f progression o f cracking
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The measured widths o f cracks indicates high differential swell potential. 

Applying the method o f  analysis suggested by Mansour (1990), and using 

typical data for soil on the assumption lhal it is formed of intact clay, the 

infiltration depth in 6 months will be about I m. The predicted differential heave 

in 2 months will not excced 25 mm, which should yield damages lesser than 

observed. The difference bcween calculated and observed behaviour can be 

minimized, if soil parameters are obtained from measurements on representative 

soil samples which include the soil macrofabric.

It is worthwhile mentioning that problems associated with building on swelling 

clay in El-Kharga and other regions in Egypt are nowadays solved by providing 

sand cushion underneath the foundation. The thickness and extent o f sand 

cushion, and characteristics o f sand material are still under investigation 

(Kassem. 1990).

C O N C L U S IO N S

The expansive clays o f El-Kharga City include a variety o f  macrofabric 

features. These features are possibly related either to structural geology of the 

region, which is characterized by a fold and a number o f faults, or to 

continuously acting weathering processes.

Beside Assuring, which is a common feature in all the investigated clays, joints, 

beddings, laminations and sand veins are clearly identified.

Attention is drawn lo the potential influence of different macrofabric features on 

swelling characteristics of expansive clays. Quantitative assessment o f this 

influence is called for in order that realistic prediction of in-situ performance of 

swelling clays can be achieved.
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