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ABSTRACT 
 

This research involves geotechnical and shallow seismic refraction for Almaza area. an taken at a depth 
1 to 20 m to study the physical, chemical, and engineering properties. The investigation results reveal that it's 
average Liquid Limit (LL) 71.9 %, Plastic Limit (PL) 26.2 %, and Plasticity Index (PI) 45.7%.  Compression 
strength ranges from 75 to 162 kg/cm2 with an average118.5 kg/cm2, while free swell are 49%to162% with an 
average 105.5%. Chemical analysis results reveal high content of sulfates and chlorides which enhance the 
corrosion of the concrete foundations. Sulfate 0.185mg/l and chlorides 0.33875 mg/l, which indicate highly to 
moderately aggressive and pH 7.03 that indicate non-aggressive. The shallow seismic refraction technique was 
also used to evaluate the foundation rock properties in the area by recording the first arrival time of seismic 
waves and their interpretation in terms of subsurface geoseismic layers and their physical and dynamic 

properties. The ultimate bearing capacity in the second layer has value ranging between 847.926gm/cm
2
and 

1198.169gm/cm
2
, the allowable bearing capacity in the second layer is between 282.64 gm/cm

2
, to 399.39 

gm/cm
2
 and hence the factor of safety is equal 3. The study indices that these kinds of sediments should be 

reinforced by the traditional means such as piles or other new methods, since the compaction  degree  of  the  
soil  in  the  Social Housing region is semi-compacted  and  must  be  improved  by engineering treatments 
before any construction.  
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Introduction 
 

The present study deals with the Geophysical and the Engineering methods to get information about the 
bed rock foundations and determine the risk zone of the urbanized. Almaza area is situated to the east of Cairo 
and having an area of approximately 556 acres. The study area lies between Latitudes 3000N and 30°08N and 
longitudes 31°20E and 31°28E. It's bounded from the North by Cairo airport, from the south by Cairo Suez 
desert road and Koubry Autostrad from the west (Fig. 1). 

 
Scope of the present study 
 

The main target of the present work is subdivided into two main parts. The first part dealt with the 
geophysical investigations and the second part dealt with the geotechnical properties of the foundation bed.  

 To attain the first part the geophysical investigations dealt with shallow seismic refraction 
survey to evaluate the foundation rock properties by recording the seismic waves as well as, their interpretation 
in terms of subsurface sedimentary structures, the evaluation of quality and geotechnical parameters and 
consequently the material competence.  

 The second part includes the geotechnical properties which including physical and mechanical 
properties of clay stone beds which distributed in the study area and the possibility of some treatment of the 
foundation bed. Accordingly, 117 stratigraphic sections were studied 

 
Geologic setting of almaza area 

 
Generally, the study area is bounded to the north by the rolling plain which extended from Heliopolis, 

northeast of Cairo, to Ismailia on the Suez Canal; and it is bounded to the south by a line of east-west disposed 
escarpment that extend form the town of Tura, south of Cairo to Gebel Ataqa on the Gulf of Suez. Moreover, it 
is built mainly of Eocene and younger sediments, cropping out on the ground surface. 
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Fig 1. Location map of study area. 

Geomorphology:  
 

This area is implicated by three topographic highs located at its southern and eastern parts, 
the highest of them is around G. Abu Shama (578 m), the second is around G. Kahaliya (560 m), 
while the lowest is around G. El-Hamma (527 m). These highs are prograding to the low lands 
westwards (to the west of G. Um Gharabish, 300 m), south-wards (to the south of G. Kharir, 316 m) 
and northwards (to the north of Tell Ruzun, 101 m) through varying geomorphologic steep and 
gentle gradient. 
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Structures: 

 The grater Cairo is characterized by found three main secondary structures as followed: Al-
Ahwani. (1977) 

1) Faults. 2) Unconformities.  3) Joints and fractures. 
1) Faults: In the Agroud area, most of the faults are easily traced within the limestone beds (observed 

faults), however, a few are difficult to trace especially in the sand and clay beds (inferred faults). Fault planes 
are of the normal high angle type and the dip ranges between 65- 85. They show slicken siding, polishing, 
crushing and brecciation. 

More than 20 faults were observed and traced from the aerial photographs and checked in the field. 
Three main trends of faults are recorded in the Agroud area. These are: NW-SE (Clysmic or Erythrean) fault 
trend, E-W (Mediterranean or Tethyan) fault trend and NE-SW (Aqaba) fault trend. (Fig. 2) shows geologic map 
of study area. 

 
1. The NW-SE faults (clysmic or Erytherean trend) 
 

Faults of this system trend N (75 to 85) E. the limestone outcrops in the eastern part of the area are 
bounded by 3 parallel step faults, the throw of each not exceed 3 meters. Sixteen faults of this system are 
encountered in the area. (Fig. 3) shows stratigraphic section. 

The NW-SE fault system dominated in the eastern part of the area than in the western. The major fault 
of this system (F1) striking NW-SE, has a throw of about 40 meters to the east and a horizontal displacement of 
about 1800 meters. It brings the Hommath limestone in face with the clay member of the Sadat Formation at the 
northern part of the area. Also the fault (F2) at the middle of the area has a throw of about 
 35 meters and brings the clay of Hagul Formation. Faults of this system affected all the sediments in the area. 
Shukri and El Ayouty (1971) 

 
2. The E-W faults (Mediterranean or Tethyan trends) 

 
Faults of this system strike nearly E-W and dip towards the north with an angle of about 85N. The 

major fault of this system (F3) extends for about 4 kilometers, bordering to the Hommath Formation from the 
north. Three faults belonging to this system are detected in the southern part of the area, these have minor 
effects with a throw in the range of 4 to 6 meters. 

 
3. The NE-SW faults (Aqaba trend) 

 
Faults of this system dominate in the western part of the Agroud area. The major fault of this system 

(F4) the area from the west running nearly parallel to the Geneifa asphaltic road for about 3 km, and shows a 
peculiar bending in its coarse to the east in its northern part. Its downthrown side is to the east with a throw of 
about 40 meters. Four minor faults of this system are also observed in the area. The thickness of the Hommath 
Formation is affected by faults of this trend, which indicates an age contemporaneous with the sedimentation of 
the Middle Miocene sediments. 

 
2) Unconformities: 

 
 Epirogenic movements of slow rate and of regional character are the main cause for the transgressions 

and regressions that occurred in the area and gave rise to truncation of the various stratigraphic units. The 
resulting unconformity surfaces may be summarized in the following, from base to tops, as. 

 
1. The Oligocene Early Miocene unconformity 

 
This unconformity surface is not exposed in the area, since the Oligocene-Miocene content is mostly 

covered by Wadi deposits. It is of the angular type and separates the fluviatile Oligocene sands and gravel with 
silicified wood trunks from the overlying carbonaceous shale of Early Miocene age. 

 
2. The Oligocene Early Miocene unconformity 

 
This unconformity surface is well recorded in the middle and eastern parts of the area under 

consideration. The sandy algal limestone, which makes the base of the Hommath Formation, overlies the 
Scutella bed of friable sand at the top of the Sadat Formation with a 20 cm thick conglomerate bed in between. 
The conglomerate is formed of highly reworked pebbles of limestone, flint and sandstone. Its thickness is 
affected by the roughness of the surface of the scutella sand bed, and may increase in scours to reach 50 cm. this 
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intraformational conglomerate, in addition to the flow phenomena observed on the upper surface of the Sadat 
Formation, give indication that there was a slight break in sedimentation at the end of the Early Miocene time. 
Fig. (3) 

 

Fig 2. Geological map of the study area after geological survey of Egypt et al., (1983). 
 

3. The Middle Miocene-Late Miocene unconformity 
 

This unconformity surface occurs between the sediments of the Hommath and Hagul Formations. 
Gypsiferrous clay overlies the cross-bedded limestone, which constitutes the topmost bed of the Hommath 
Formation, with a surface of angular unconformity. The limestone bed dips with an average of about 30 SE 
while the overlying clay bed shows nearly horizontal bedding. 

 
4. Late Miocene-Quaternary unconformity 

 
This unconformity surface is well recorded in many parts of the area. Gravels, sand and flint granules 

in a clay matrix overlie the sandy clay with calcareous sandstone bands, which constitutes the top of the Hagul 
Formation. The unconformity surface is represented by the contact between the fluviatile sediments of the 
Quaternary time and the deep marine sediments of the Late Miocene time. 
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3) Joints and Fractures: 
 
 The sandy Operculina limestone bed (bed No. 3) in the middle of the Sadat Formation and the chalky 

limestone bed at the base of the Hommath Formation are highly jointed and fractured. They are divided into 
blocks and slides of different sizes. Three main sets of joints are observed. The first set strikes N 60E and is 
nearly vertical.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig 3.Composite stratigraphic section of the study area after saad et al., (2005). 
 

The second strikes N 45 W with dips trending N (70-85) E. The third set is striking E-W 
and dips 80-85 N. the width of most of the open fractures ranges form 6-15 cm and some are filled 
with gypsiferous clay. Usually, tubes, cavities, and burrows are connected to joints and fractures. 

The top of the Hommath Formation is also highly jointed. Vertical joints of different directions divide 
the thin bedded limestone into platy parts. The clays of the Hagul Formation also have joints which are usually 
filled with gypsum. Fracture planes are stained black and show solution percolation. 

 
4. Geophysical studies 

 
Seismic data acquired by introducing energy inside the earth to create seismic waves, then receiving 

the travel times of the refracted waves at critical positions according to Snells low by a recording instrument 
through array geophones. The Oyo smart seism manufacture by Japan in used. This system contains 24 
detectors.  

A detector is a device to detect minute ground vibration of the earth each detector consists of a coil and 
a magnet, one rigidly attached to the frame and the other suspended from a fixed support by a spring when the 
ground is displaced it causes a relative motion between the coil and the magnet so that an oscillatory voltage is 
generated in the coil. This is proportional to the velocity of the motion. In detecting the direct and refracted 
waves a number of detectors are placed on the ground along a straight line passing through the shot point.  

This system is known as profile shooting which is widely used in most of the shallow seismic 
refraction techniques.  
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In this study used the forward and reversed profiles which consisting of a pair of shot point (SP) which 

surround a common geophone spread. The distance between each two geophones in all profiles is 5 meters and 
the distance between the source and the first geophone is 0.5 meters. Seven seismic profiles are conducted in the 

present study (Fig. 4). The velocity of P-wave is given by the following equation: Vp = 


3/5K

 

where  is the density of the medium, K is the bulk modulus and  is the shear modulus. The S-wave is given by 

the following equation too. Vs =  /  for most of the rock and VP=1.7 VS using S-waves enables calculating 

the dynamic rigidity modulus for the materials of known density. 

 

 

 

 

 

 

 

 

 

Fig.4. Location map of profile sections 

4.1Subsurface cross sections 
 
A Seven Cross Sections reflecting the nature and continuity of the geo-seismic layers in the 

shallow section underneath the studied area. The shallow section could be divided into two geo-
seismic layers with S-wave velocities are ranging from 267 m/sec to 389 m/sec and P-wave 
velocities from 434 m/sec to 661 m/sec for the first layer. Also, seismic wave velocities have been 
calculated for the second layer to range from 664 m/sec to 1354 m/sec for the S-wave and P-wave 
velocities from 1129 m/sec to 2301 m/sec (Table. 1). The large variation in seismic wave velocities 
reflects the variation in the rock type occupied the shallow section in the area. (Fig.5). 

 
4.2Dynamic properties of foundation bed 

The measured P-and S-wave velocities have been used to calculate the dynamic properties 
of the foundation bed including the Poisson's ratio, standard penetration test, bulk modulus, and 
rigidity modulus, allowable and ultimate bearing capacity using a number of empirical relationships. 
These relationships were developed by many authors such as Gardner, 1974 and Imai et al., 
1976.The results of these parameters showed the zones of higher potential damage in the event of an 
earthquake in the study area. 

These results agree with the boreholes data which indicate that the subsurface layer consists 
of clay at the surface, changes laterally to sandy silt, limestone and sandstone at other localities with 
depth and some intercalations of clay and silt at some depths. 
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       Figures (6) and (7) show the distribution of the ultimate and allowable bearing capacity 

of the first and second layers as an example of the dynamic properties. The ultimate bearing capacity 
of the first layer is characterized by values ranging from 835.1 gm/cm2 to 974.6 gm/cm2. In the 
second layer the ultimate bearing capacity has values ranging between 1173.4 gm/cm2 and 1437.8 
gm/cm2.The higher ultimate bearing capacity value at a site indicates a higher material quality at that 
site and vice versa. 

 

 
 

 
Fig.5.Time-distance curve (A) of profiles (4) of compressional waves Vp and depth-distance curve (B). 

 

Table 1. Distribution of seismic wave velocities along the profiles at Almaza. 
Profile No. Velocity  (m/sec) for  1st layer Velocity  (m/sec) for 2nd 

layer 
Expected type of Lithology 

 

P-wave S-wave P-wave S-wave 
1 454 267 1887 1110 Weathered sandy silt, silt clay. 
2 485 285 1731 1018 Fill; sandy silt, silt clay, sand stone 
3 457 269 2301 1354 Fill; sandy silt, silt clay, sand stone 
4 642 378 1207 710 Fill; sandy silt, silt clay. 
5 661 389 1129 664 Fill; sandy silt, silt clay 

6 512 301 1781 1048 Fill; sandy silt, silt clay. 
7 525 309 1700 1000 Fill; sandy silt, silt clay, sand stone 

 
 

B 

A 
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Fig. 6.Ultimate bearing capacity distribution map of the surface layer (A) & the bed rock (B). 
 
 

 
gm/cm² 

 
gm/cm² 

Fig. 7. Allowable bearing capacity distribution map of the surface layer   (A) & the bed rock (B) 
 

5. Geotechnical Study 
 

            Geotechnical study includes the physical and engineering properties of the rocks and soils, as 
well as their effects on the construction stability. This study aims the providing an alternative solutions for the 
excepted concerned problems of these soils and rocks. Fig.(8) shows a geotechnical section. 
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Fig. 8. Shows a geotechnical section. 

5.1 Physical and engineering properties of the rocks 
 
     The mechanical properties were determined in the laboratory using the universal testing 

machine. The axial load was applied uniformly its cross-section at a constant rate. The axial 
deformation of the specimens and the gradual increase in load (until failure) are recorded on the 
output chart. The lateral deformation was also measured for some samples by fixing two mechanical 
dial gauges perpendicular to the samples axis on both sides of the core specimen. The data obtained 
on the output chart are shown in tables 2 and 3. Generally the rock quality designation parameter 
(R.Q.D) is described as very poor. Folk, (1962) 

 

5.2. Atterberg limits and consistency of fine soil 
 
      Atterberg limits are the boundaries between four states of soil. The term consistency of 

soil means the relative ease which soil can be deformed; this term used for fine grained soil and is 
related to a large extent to the water content. The soil passes through various states of consistency, 
these states are liquid, plastic, semisolid and solid. ASTM (1994).  
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5.2.1 Liquid Limit (L.L) 
 

The liquid limit is the water content corresponding to a limit between liquid and plastic 
states of consistency. The liquid limit may be considered as a tool reflects the type and amount of 
clay minerals. The results of the liquid limit of studied samples are given in (Table 4). Distribution of 
liquid limit shows an irregular increases center, decreases in north and eastern parts (Fig. 9 ). 

 
5.2.2 Plastic Limit (P.L.) 
 

 The plastic limit for the part of soil passing from sieve No.(425mm) of studied samples are 
determined by laboratory test. It is depends on the type and amount of clay fraction in soil. The 
results of the plastic limit are given in table 4. Distribution of liquid limit shows an irregular 
increases center, decreases in north and eastern parts (Fig. 10). 

 
5.2.3 Plasticity Index (P.I.) 

 
The plasticity index values of the tested soils are shown in table 5. The distribution of the 

plasticity index as shown in (Fig.10) reveals that the center zone and south of the area has higher 
values, while lower values are recorded at east and north part. 

 
Table 2. Mechanical properties of the studied samples. 

Sample No R.Q.D. % Description Sample No R.Q.D. % Description 

N9 18 Very poor N49 10 Very poor 
N11 10 Very poor N52 10 Very poor 
N12 10 Very poor N53 18 Very poor 

N16 10 Very poor N62 16 Very poor 
N18 14 Very poor N63 18 Very poor 
N21 14 Very poor N68 13 Very poor 

M11 14 Very poor N46 18 Very poor 
M12 11 Very poor N47 18 Very poor 
M26 19 Very poor N48 13 Very poor 
M27 10 Very poor N50 12 Very poor 

M28 11 Very poor N54 10 Very poor 
M29 12 Very poor N55 10 Very poor 
M30 10 Very poor N57 18 Very poor 
M37 12 Very poor N58 11 Very poor 
M39 13 Very poor N59 19 Very poor 
M5 13 Very poor N64 16 Very poor 

M15 13 Very poor N66 15 Very poor 
M17 12 Very poor N71 12 Very poor 

M18 11 Very poor W2 13 Very poor 
M31 17 Very poor W3 14 Very poor 
N25 10 Very poor    

Table 3.Mechanical   properties of the studied samples. 

Sample   No Compressive strength (Kg/cm2) Rock type 

M8 87 Medium weak 

M11 138 Medium hard 
M16 162 Medium hard 

M18 113 Medium weak 

M21 151 Medium hard 

M25 100 Medium weak 

M29 75 Medium weak 

M35 125 Medium hard 

N1 138 Medium hard 

N12 124 Medium weak 

N16 99 Medium weak 
N22 151 Medium hard 
N25 92 Medium weak 

 

5.3 Degree of Aggressive for Soil: 
 
The chemical analysis, in its simplest sense, is mainly used to determine the degree of aggressive of 

soils. By determine the organic, sulphate and chloride salts content. The water extraction method can be used for 
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the sulphate, chloride, and pH values. These values are occasionally required to confirm the degree of 
aggressive for soil. 

Table 4.  Atterberg limit of the studied clay stone samples. 
Sample (No.) Liquid Limit (L.L.) Plastic limit (P.L.) Sample (No.) Liquid Limit (L.L.) Plastic limit (P.L.) 

M1 49 20 N26 51 20 
M5 44 18 N27 70 24 
M11 81 28 N28 89 31 
M12 55 20 N29 84 31 
M14 88 30 N31 80 24 
M15 83 28 N33 85 30 
M18 69 24 N34 70 27 
M21 91 32 N36 79 30 
M24 77 29 N37 81 30 

M28 69 25 N39 89 31 

M31 84 30 N41 91 33 
M33 80 28 N43 80 28 
M34 76 28 N45 69 21 
M37 88 31 N46 41 17 

M40 92 32 N49 81 30 
N2 53 20 N52 44 20 
N6 58 22 N54 78 29 

N8 66 26 N61 44 18 

N10 53 21 N63 85 30 
N14 60 24 N69 86 31 
N16 64 24 N72 82 28 
N20 53 21 W1 89 33 
N24 59 23 W2 72 24 
N25 66 27    

 

  

Fig 9. Liquid limit distribution map. Fig 10. Plastic limit distribution map. 
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Table 5. Plasticity index of the studied samples. 

Sample ( No.) Plasticity index ( % ) Sample ( No.) Plasticity index ( %) Sample ( No.) Plasticity index ( %) 
M1 29 N6 36 N37 51 

M5 26 N8 40 N39 58 
M11 53 N10 32 N41 58 
M12 35 N14 36 N43 52 
M14 58 N16 40 N45 48 
M15 55 N20 32 N46 24 
M18 45 N24 36 N49 51 
M21 59 N25 39 N52 24 
M24 48 N26 31 N54 49 
M28 44 N27 46 N61 26 
M31 54 N28 58 N63 55 
M33 52 N29 53 N69 55 
M34 48 N31 56 N72 54 
M37 57 N33 55 W1 56 
M40 60 N34 43 W2 48 
N2 33 N36 49   

 

 

Fig 11. Plasticity index distribution map 
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Table 6. Guiding values for some aggressive elements and factors  determining aggressive degrees of the soil in the Almaza.

Sample No. SO3 NaCl PH Type of soil 

M1 0.22 0.4 6.95 Clay 
M9 0.18 0.37 7.00 Sand 

M23 0.19 0.35 7.10 Silty clay 
M36 0.24 0.4 7.00 Clay 
N47 0.15 0.31 7.00 Sandstone 
N56 0.2 0.35 6.90 Clay 
N72 0.21 0.37 6.90 Sandstone 
N2 0.09 0.16 7.35 Silty clay 
N7 0.11 0.22 7.25 Silty clay 

N14 0.09 0.19 7.35 Silty clay 
N21 0.08 0.14 7.40 Silty clay 
N24 0.08 0.19 7.35 Silty clay 
N30 0.11 0.18 7.20 Silty clay 
N39 0.12 0.21 7.20 Silty clay 
W1 0.16 0.33 7.15 Silty clay 

 
 

A-chart 


 
Fig. 12. Classification of fine-grained soil (after Casagrand, 1948)  

M:Silt      C:Clay      O:Organic            H: high Plasticity index      L: low Plasticity index         

 

From the laboratory tests, the liquid limit and the plastic limit of the tested samples were measured and 
then the value of the plasticity index was calculated. By plotting the values of the liquid limit and the plasticity 
index of the tested samples in the A-line chart, fig.(12), all these samples lied in the zone of CH (Clay with high 
plasticity). 

 
5.4 Swelling Potential of Clays 

 
5.4.1 Free swell test 

The values of the free swelling of the studied samples are given in Table 7 and range 
between 49 to 162% with average 105.5%. The spatial distribution of the values of the free swelling 
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test shown in (figure 11) and indicates that the claystone encountered at the center and east zones has 
much more swelling than the clay stone in the west and southern parts.   

Table 7. .Free swell of the studied samples. 
Sample (No.) Free swell (%) Activity( %) Sample (No.) Free swell (%) Activity( %) 

M1 88 0.29 N31 150 0.56 
M5 61 0.26 N33 162 0.55 
M11 96 0.53 N34 101 0.43 
M12 54 0.35 N35 80 --- 
M14 104 0.58 N36 140 0.49 
M15 111 0.55 N37 133 0.51 
M18 93 0.45 N39 161 0.58 
M21 141 0.59 N41 150 0.58 
M24 121 0.48 N43 119 0.52 
M28 94 0.44 N45 91 0.48 
M31 122 0.54 N46 49 0.24 
N2 87 0.33 N49 119 0.51 
N6 81 0.36 N52 58 0.24 

N10 99 0.32 N54 122 0.49 
N16 97 0.4 N57 119 --- 
N24 77 0.36 N63 151 0.55 
N25 70 0.39 N69 140 0.55 
N26 60 0.31 N72 138 0.54 
N27 111 0.46 W1 129 0.56 
N28 146 0.58 W3 133 0.48 
N29 131 0.53    

 

 
 
Fig 13. Free swell distribution map. 
 

Conclusion  
The present works have been carried out to study the geophysical and engineering properties about the 

bed rock foundations and to locate the risk zones with some possible treatments to soils in the area of Almaza 
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Seismic refraction survey carried out at Almaza area, The average of The ultimate bearing capacity in the first 
layer is ranging from 835.1 to 974.6 gm/cm2 and from 1173.4 to 1437.8 gm/cm2 for the second layer. The 
allowable bearing capacity in the first layer is ranging from 278.4 to 324.9 gm/cm2 and from 391.1 to 479.3 
gm/cm2 in the second layer.Engineering studies on samples which collected from different sites in the study area 
reveal that, the average of is R.Q.D. (14.5) and the average compressive strength  is (118.5) kg/cm2.The physical 
properties of soil samples reveal that, The Atterberg limit shows that, the clay stones have high limit (71.9%) 
compared to their relatively low plastic limit (26.2%). 

This indicates that the high range of plasticity of samples has plasticity index (45.7%). The clay has 
high free swelling (105.5%). The result of the swelling pressure test proved that the swelling pressure decreased 
gradually after the treatment of expansive soil by adding the some materials (lime, sand and silt) in different 
percentages. The chemical analysis of different collected samples reveals that, the average of SO3 is (0.185) 
mg/1 by weight and average Cl content is (0.3387) mg/1. 

   
Recommendations 

    Based on the theories of the applied soil mechanics, the soil in Almaza area can be classified into: 
sandstone, Claystone, silty sand and silty clay. 

All these types mentioned above are not allowed to direct foundation because of their high swelling 
properties, which have dangerous effects on the buildings that are founded there. Moreover, large vertical and 
horizontal soil variations are expected to occur in these types of soils. If it is necessary to use this type of soil for 
building, this soil should be replaced by a soil of clean sand taken from another spots to be distributed under the 
foundation. This replacement layer should not be less than 1.5 m thick. The replacement soil should be divided 
into six (6) layers of 25 cm and compacted well. It is also recommend to create green and open play grounds on 
this type of soil. If it is needed to build on it, villas and small housings can be constructed.       
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