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The seismic refraction tomography (SRT) method, which is environmentally 
compatible was used to evaluate the in situ geotechnical properties of rocks in El 
Alamein, a new city of northwestern Egypt. SRT data were obtained along nine profiles. 
The results of primary wave velocities (Vp), which are 400 to 1000 m/sec for the first 
layer, 700 to 1250 m/sec for the second layer, and 550 to 1150 m/sec for the third layer, 
and secondary wave velocities (Vs), which are 150 to 330 m/sec for the first layer, 230 
to 430 m/sec for the second layer, and 170 to 390 m/sec for the third layer, were 
correlated with the data extracted from nine boreholes drilled within the study area. The 
elastic moduli (kinetic rigidity, modulus, young modulus, and bulk modulus) and the 
geotechnical characteristics like Poisson’s ratio, stress ratio index, concentration index, 
material index, N value, density gradient, and bearing capacity of the foundation 
materials were calculated from the propagation velocities of the different types of 
seismic waves. These elements were combined to determine the most suitable site for 
construction. The area can be categorized based on cohesive layer thickness, soil 
cohesion from geotechnical properties, and proximity to test wells into two regions: (1) 
unfit for construction due to weak soil cohesion caused by seawater intrusion and thin 
buildable layers, (2) suitable for construction at one or two levels, with strong soil 
cohesion, thicker buildable layers, and less noticeable seawater interference. 

 

1. Introduction  

The North Coast of Egypt is a fast-expanding coastal 
region along the Mediterranean Sea. El-Alamein New City 
is located on Egypt's northern shore, some 240 kilometers 
(150 miles) west of Alexandria. It is strategically located 
with a view of the Mediterranean Sea. The North Coast is 
well-known for its beautiful beaches, opulent resorts, and 
affluent holiday spots. It has grown in popularity as a tourist 
attraction for both domestic and foreign visitors, particularly 
during the summer months. 

In the current research, a notable knowledge gap 
exists regarding the comprehensive evaluation of the 
elastic moduli and geotechnical properties of rocks in the 
specific context of the study area. While prior studies may 
have touched upon certain aspects of these properties 
(Qaher et al., 2023), a holistic understanding of the 
interplay between cohesive layers, soil cohesion, and the 
intrusion of seawater in this region remains limited.  
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This study aims to bridge this gap by providing a 
thorough examination of the integration between all these 
critical factors and their implications for construction 
suitability. Various methods have been employed in the 
past to determine the geotechnical properties of rocks. 
These methods include but are not limited to, laboratory 
testing, Cone Penetration Testing (CPT), Standard 
Penetration Testing (SPT), Spectral Analysis of Surface 
Waves (SASW), and Downhole Logging Surface 
Roughness Techniques (Koukis et al., 2007; Samui and 
Sitharam, 2010). These methods offer a promising 
alternative to traditional approaches, especially in areas 
with potential seawater intrusion but they provide limited 
subsurface information (Cosenza et al., 2006; Hubbard, 
2009; Al-Heety et al., 2021). While each of these methods 
has its merits, SRT holds promise in the study due to its 
non-invasive nature, cost-effectiveness, and potential to 
evaluate soil cohesion in the presence of seawater 
intrusion more effectively. The preference for SRT is based 
on its suitability to provide a comprehensive analysis of 
geotechnical properties to better inform construction 
decisions in the study area. 

In the present research, the data obtained from nine 
SRT profiles are used to calculate P-wave (VP) and S-
wave (VS) velocities. The lithological information is also 
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obtained from nine drilled boreholes in the study area on 
the North Coast (Fig. 1). Then for direct information  
regarding the quality of the soil or rock materials, the 
elastic moduli (kinetic  rigidity, modulus, young modulus, 
and bulk modulus), geotechnical parameters (material 
index, Poisson's ratio, concentration index, stress ratio, N 
value, and density gradient), bearing capacities (Ultimate 
and allowable) can be used.   

The primary aim of this investigation is to utilize 
Seismic Refraction Tomography (SRT) as an effective tool 
not only to determine layer velocities and  thicknesses but 
also to conduct engineering assessments and evaluate the 

geotechnical characteristics of rocks and sediments in the 
study area. Based on the analysis of Seismic Refraction 
Tomography (SRT) data and subsequent geotechnical 
assessments, the study anticipates the expected results of 
zonal Classification, construction Suitability, risk mitigation, 
improved Engineering, and enhanced geotechnical 
practices. Generally, this investigation aims to provide a 
robust understanding of the geotechnical characteristics of 
the study area, facilitating informed decisions for 
construction and engineering projects, and ultimately 
contributing to the development of safe, durable, and 
reliable infrastructure in the region. 

 

 

Figure 1: A Sketch of Egypt's structural aspects with the study area is shown as a black-framed rectangle (after 
Schlumberger, 1984). 

2. Geologic setting 

The stratigraphic link between Tertiary and Quaternary 
strata and the top surface deposits within the coastal 
region can be seen in Figure (2), which serves as the focus 
of our research (Shukri et al., 1956; Butzer, 1960; Said, 
1962; Atwa, 1979; Said, 1990). The following section 
provides a chronological overview of these stratigraphic 
units, commencing with the earliest: 

I. Pliocene El Hagif Formation: This layer consists of 
fissured limestone at the surface and calcareous 
sandstone at the base (Said, 1990; Yousif et al., 2013). 

II. Pleistocene Kurkar Ridges or Alexandrian 
Formation: Mainly composed of oolitic limestone and is 
characterized by two elongated inland and foreshore ridges 

that run parallel to the coast and are separated by 
longitudinal depressions (Hume and Hughes, 1921; Shukri 
et al., 1956; Butzer, 1960; Hammad, 1966; Shata, 1971). 

III. Holocene Sediments: The Holocene sediments 
encompass a range of deposits as outlined by Abu Risha 
and Sturchio (2018): 

(i) Beach deposits consist of oolitic sand, quartz sand, 
and shell fragments. 

(ii) Aeolian deposits covering oolitic limestone ridges 
along the shore. 

(iii) "Sabkha deposits" refer to the region below sea 
level, which experiences seasonal fluctuations in seawater. 
These deposits predominantly comprise aeolian sand 
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bound together by salts resulting from seasonal water 
evaporation. 

(iv) Alluvial deposits fill the channels of drainage lines 
and elongated depressions between the ridges in the 
coastal plain (Said, 1990; Shaaban, 2004). 

 

 

Figure 2: Geological setting of the study area (after Basheer and Salama 2022). 

 

 

The North Coast of Egypt, which runs along the 
Mediterranean Sea, has a simpler geological structure than 
the rest of Egypt, which is dominated by the Nile Delta and 
the Sinai Peninsula. Faults and folds are geological 
phenomena on the North Coast, but they are not as 
prominent or complicated as in other sections of Egypt. 
Egypt has various fault systems; however, they are less 
prominent near the North Coast than in other areas. These 
faults are the product of tectonic processes that shaped the 
Mediterranean area. The North Coast lies on the border 
between the African Plate and the Eurasian Plate (Saleh et 
al., 2006), which causes some faulting and seismic activity, 
albeit not as strong as in other sections of the nation. 
These faults, which are related to earthquakes and the 
creation of tiny basins and structural highs, can have a 
considerable influence on the region (Iskander, 2013; 
Iskander, 2021). 

The North Coast of Egypt has some fold structures as 
well, albeit they are not as prominent as in other geological 
contexts. When opposed to locations with active mountain-
building processes, fold structures in this region are usually 
soft, wide, and less complicated. In recent geological 
history, the Mediterranean Sea has remained tectonically 

stable, limiting the formation of large-scale folding 
(Elstohey et al., 2023). 

The Nile Delta dumps a large quantity of silt along this 
shoreline, resulting in sandy beaches, dunes, and shallow 
coastal regions. The prevailing sea currents and wind 
patterns frequently impact these deposits. The North Coast 
is undergoing continuing coastal erosion and deposition 
processes because of wave action and longshore drift. 
These processes can shape the shoreline over time and 
help to generate coastal landforms (Dewidar et al., 2010; 
Salem et al., 2013). 

Nine exploratory boreholes have been drilled in the 
study area (Fig. 3). Depending on the data from the 
boreholes, the study area is generally underlain by sandy 
soil with different saturation levels. The surface layer is 
composed of dry beach sand. Its thickness varies from 
16.1 meters as observed in well 3 (near the seacoast) and 
decreases as we move far from the seacoast to 6.89 
meters as observed in well 7. The second layer is 
composed of nearly wet silty sand. Its thickness varies from 
18.44 meters as observed in well 1 (near the seacoast) to 
2.32 meters as observed in well 4. The third layer is 
composed of sand saturated with seawater. Its thickness 
varies from 18.44 meters as observed in well 1 (near the 
seacoast) to 2.32 meters as observed in well 4 (Fig. 4). 
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Figure 3: The location of SRT profiles and boreholes. 

 

 

Figure 4: Drilled Boreholes. 
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3. Methodology 

3.1. SRT data acquisition 

 

In the methodology employed for this study, a 
controlled seismic source was employed to emit seismic 
waves, which subsequently propagated into the Earth's 
subsurface. Within the subsurface, some of these waves 
underwent either reflection or refraction at geological 
interfaces before returning to the Earth's surface. These 
returning waves induced ground motion, which was 
meticulously recorded by strategically placed geophones at 
the surface. The primary purpose of this recording was to 
precisely measure the arrival times of the waves at varying 
distances from the seismic source. Subsequently, the 
collected travel time data underwent mathematical 
transformations to derive depth values. This transformation 
process enabled the systematic mapping of the distribution 
of subsurface geological interfaces (Dobrin, 1976; Kearey 
et al., 2002). It is noteworthy that, in the refraction method 
utilized, only the initial arrivals of the seismic waves were 
recorded, primarily represented by either direct or refracted 
rays (Sharma, 1997). 

To conduct the survey, a specialized equipment called 
"Geometrics, Smartseis" was employed. The survey was 
conducted using the in-line spread configuration. In this 
configuration, the geophone array was positioned on the 
ground, following an uninterrupted horizontal path that 
traversed the shot point. Additionally, three different shot 
point locations, including Normal, middle, and reverse 
orientations, were employed along each of the nine 
profiles. These profiles were directed in a northwest-to-
southeast orientation, parallel to the Mediterranean Sea 
(Fig. 3). 

 

3.2. Interpretation of SRT data 

The result of shallow seismic refraction measurements 
was compared with drilled boreholes in the study area in 
terms of the number of layers, thickness, and lithology. 
SRT data and drilled boreholes demonstrate the existence 
of three layers in the study area. The velocities of both P-
wave and S-wave of these layers are calculated and given 
in Table (1). 

 

Table 1: P-and S-wave velocities of dry, silty, and saturated sand. 

 

Layers 
Vp 

(meters/second) 
Vs 

(meters/second) 

The top layer (Dry sand) 400 to 1000 150 to 330 

The second layer (nearly wet silty sand) 700 to 1250 230 to 430 

The third layer (Saturated sand) 550 to1150 170 to 390 

 

3.3. Elastic moduli 

Measuring the in-situ elastic dynamic modulus can be 
a challenging and costly endeavor. Therefore, researchers 
and fieldwork experts have sought alternative methods to 
calculate these moduli with less cost and greater efficiency. 
In this study, various relationships will be used to calculate 
the elastic moduli using seismic wave velocities and the 
density of the material, providing a more practical and 
economical approach (D’Andrea et. al., 1965; Potter and 
Fottinek, 1997; AL-Zubedi, 2020). After that, contour maps 
have been generated for multiple layers to illustrate the 
distribution of elastic moduli across the area under 
investigation. 

3.3.1. Kinetic Shear Modulus (μ) 

Kinetic Shear Modulus is defined as the ratio between 
shear stress and shear strain (Dobrin, 1976). Ideal liquids 
and gases can't be subjected to shear stress; accordingly, 
this modulus equals zero (µ=0). It is an important 
engineering characteristic of sediments or soils. This 
modulus value is easily calculated from shear wave 
velocity (Vs) with the help of the bulk density (ρ) (Toksöz et 
al., 1976; Khalil and Hanafy, 2016) as follows: 

           (1) 

The shear strength increases with increasing effective 
pressure (Hamilton, 1971; Sharma, 1997). In an 
engineering study, porosity and water saturation are 
important factors affecting rigidity (Hardin and Dmevich, 
1972). They observed that the decrease in this modulus is 
a product of higher porosities whereby the effect of water 
saturation is small. Biot (1956) and Kuster and Toksoz 
(1974) found that this modulus remains constant or 
increases only slightly as the rock is saturated with fluid.  

3.3.2. Kinetic Young’s Modulus (E) 

Kinetic Young’s Modulus is specified as the ratio of 
normal stress to normal strain (Dobrin, 1976).  It can be 
obtained from the law of Imai (1975) based on shear 
modulus (μ) and Poisson’s ratio (σ) in this manner: 

           (2) 

Young’s modulus generally behaves as a bulk modulus 
i.e., it also depends on the variations in porosity, fluid 
saturation, and pressure (Salem, 1990). Rahmouni et al. 
(2017) concluded that slow increase of elastic moduli up to 
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80 % of saturation and for great overload by liquid, both the 
bulk modulus and Young's modulus quickly rise. 

3.3.3. Kinetic Bulk Modulus (K) 

Kinetic Bulk Modulus is also known as incompressibility 
and is calculated by dividing the stress by the proportionate 
change in volume or it depicts the volume change of 
components exposed to all forces as compressive and 
decompression resistances. The use of the following 
equation, we can calculate the different values of this 
modulus for the three layers based on Young’s modulus 
(E) and Poisson’s ratio (σ) (Abd Elrahman, 1989; Mott et 
al., 2008): 

   (3) 

Geertsma (1961) pointed out that rock compressibility 
(inverse of the bulk modulus) is a function of the porosity, 
grain size distribution, composition of cementing material, 
type of sediments, and effective stress. He concluded that 
lower compressibility or high bulk modulus corresponds to 
higher confining pressures and, consequently, to lower 
porosities. This modulus is highly affected by water 
saturation (Biot, 1956; Nur and Simons, 1969; Kuster and 
Toksoz, 1974). Gregory (1976) concluded that the elastic 
moduli decrease as porosity increases.  

3.4. Geotechnical parameters 

Shallow seismic refraction is an efficient method for 
quickly identifying the geotechnical parameters in 
engineering and construction projects (Almalki et al., 2011; 
Khalil and Hanafy, 2016; Khorshid, 2016; Abudeif et al., 
2017; Adewoyin et al., 2017; Shebl et al., 2019; Momoh et 
al., 2020; Ghanem et al., 2021). The ground's soil is the 
only building material with more changeable engineering 
and physical characteristics that vary both laterally and 
vertically (Bowles, 1982). Some of the shallow parameters 
were estimated and integrated to assess the competence 
and suitability of the subsurface layers for building and to 
choose the most appropriate zone for construction. 

3.4.1. Poisson’s Ratio (σ) 

Poisson’s ratio is important in the elastic field. It has no 
unity and represents the change in the geometric shape of 
the material. It is defined as “the ratio of lateral contraction 
strain for each unit breadth divided by longitudinal 
extension strain for each unit length” when the affected 
stress lies within the limits of elasticity (Sheriff, 1991). This 
ratio approaches zero for very hard indurate rocks (for 
example in granite σ ≈ 0.05), while in fine sediments with 
weak cohesion, this ratio increases to 0.49, and if it equals 
0.5, rocks behave like fluids (Salem, 1990; Telford et al., 
1990; Gretener, 2003) so the less competent material is, 
the higher the values of Poisson’s ratio are, and vice 
versa (Telford et al., 1990). The next equation is applied to 
determine the values of this ratio in relationship with P-
wave (Vp) and S-wave (Vs) velocities (Sjogren, 1984; 
Telford et al., 1990): 

  (4) 

3.4.2. N-value 

N-value is referred to as the resistance to penetration 
or the number of blows required to penetrate the soil by 
normalized cylindrical bars under a standard load and 
carried out on-site . High-competent materials have high 
penetration resistance or high N which means it is hard to 
penetrate it and vice versa. For sand, clay, silt, or other 
known types of soil/sediment, shear wave data may also 
be mathematically transformed to N-values for use in 
calculating bearing capacities (Othman, 2005). Using the 
modified Imai’s (1975) equation to calculate the N-values 
by Stumpel et al. (1984): 

    (5) 

According to Bowles (1984), the values for cohesive 
soil are arranged as follows: below 4 (very soft sediments), 
4-6 (soft materials), 7-15 (medium dense), 16-25 (stiff), and 
above 25 (hard rock). For cohesionless soil: 0-10 (loose), 
11-30 (medium), 31-50 (dense), and above 50 (very 
dense). 

3.4.3. Material Index (Mi) 

Material Index is one of the most essential 
characteristics that may be derived based on the seismic 
refraction survey results. It clarifies the foundation-related 
material quality and serves as a gauge for a material's 
degree of hardness or competence (Abd Elrahman, 1989). 
According to Abd Elrahman (1989), this index can be 
obtained by: 

     (6) 

This index is influenced by the minerals of the rock or 
soil as well as the physical environment to which it is 
exposed which affects the wave velocity by influencing the 
level of consolidation, fracturing, jointing, and the existence 
or nonexistence of liquids in pore spaces (Das, 1994). In 
general, according to Abd Elrahman (1989), this index 
ranges from +1 for highly competent or very hard indurated 
material to -1 for low competent or soft material. Rocks are 
classified in terms of hardness into four main groups for 
building and construction purposes (Birch, 1966; Gassman, 
1973; Tatham, 1982; Sheriff and Geldart, 1986). This 
classification is very important in the field of civil 
engineering to determine the type of foundations for 
buildings. Large buildings need solid rocks to support their 
foundations (Al-Heety, 2014; AL-Zubedi, 2020). 

The first group, in which the values lie, is the group in 
which the material index value ranges between -1 to -0.5 
and includes recent sediments of rivers, winds, and 
volcanic ash, where these deposits are characterized by 
being of little to no hardness. The value of the Poisson's 
ratio for these deposits ranges between 0.36 to 0.5. Some 
types of these sediments that have a Poisson's ratio of 0.5 
behave like a liquid when exposed to high pressure, which 
makes them unsuitable from an engineering point of view. 
This group reflects incompetent to slightly competent 
materials. The second group is the group in which the 
material index value ranges between -0.5 to 0, and it 
represents rocks and sediments of medium hardness and 
high porosity, such as river deposits, and carbonate rocks 
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that contain cracks, fractures, and caves. These rocks and 
sediments are characterized by the value of the Poisson's 
ratio ranges between 0.35 to 0.26. This group reflects fairly 
to moderately competent materials. The third group is the 
group in which material index value ranges between 0 to 
0.5, and it represents non-porous rocks of high hardness, 
such as carbonate rocks, and some types of metamorphic 
and igneous rocks. These rocks are characterized by the 
value of Poisson's ratio between 0.16 to 0.25. This group 
reflects competent materials. The fourth group is the group 
in which the material index value ranges between 0.5 to +1, 
and it represents non-porous rocks of very high hardness, 
such as sandy rocks, metamorphic rocks, and igneous 
rocks. The value of Poisson's ratio ranges from 0.15 to 0. 
This group reflects very highly competent materials (AL-
Zubedi, 2020). 

3.4.4. Concentration Index (Ci) 

This index is also called the competence index and 
referred to as the level of expertise for foundation and 
additional civil engineering applications. The value of Ci at 
shallow depths is confined between 3 to 6. It is greater than 
6 for hard rocks and the value of Ci of the soft and non-
hardened sediments that behave like the behavior of 
liquids when exposed to pressure is 3. This index is 
inversely related to stress ratio and there is a direct relation 
between this index, material index, N value, and rock 
hardness (Abd Elrahman, 1991). The following equation is 
used to calculate this index (Bowles, 1982): 

     (7) 

Abd Elrahman (1991) defines this index in 
terms of P- and S-wave velocities (VP and VS): 

   (8) 

3.4.5. Stress Ratio Index (Si) 

Stress Ratio Index (Si) is defined as the ratio between 
the horizontal stress as a result of the pore-filling fluids and 
vertical stress at a certain depth (Hunt, 1986). This ratio 
decreases as overburden pressure or depth increases. 
Bowles (1982) noted that this ratio is low for coarser soils 
and high for finer soils and it increases as depth or 
overburden pressure decreases. This index ranges from 
0.25 to 0.70 as the small values indicate hard, low porosity, 
and more competent materials and vice versa. This ratio 
and Poisson's ratio exhibit the same behavior as it 
increases for the high-water content less hard materials 
(Al-Fahdawi, 2000).  

A sensitive scale that divides soils into soft, fairly 
compacted, moderately compacted, and compacted 
categories can be introduced using the stress ratio (Abd 
Elrahman, 1989). Bowles (1982) and Thomsen (1986) 
described a relationship to calculate this index as follows: 

  (9) 

Other relations are expressed by Abd Elrahman (1991) to 
calculate this ratio: 

      (10) 

3.4.6. Density Gradient (Di) 

The physical process by which sediments are 
converted from their original condition to a gradually denser 
condition as an outcome of their weight or tectonic 
movements is referred to as compaction (Cordier, 1985). 
This gradient links to the level value of consolidation or 
settlement that will occur and is defined according to 
Stumpel et al. (1984): 

     (11) 

When a slight change in pressure on soil decreases 
the porosity and increases the density from the initial state, 
this means that the soil is soft, and the result of this 
gradient is high. Alternatively, minimum values of density 
gradient can be predictable in hardened rock. 

3.5. Foundation Bearing capacities 

It is the capacity of the rock, soil, or foundation material 
to securely bear loads without shear (Terzaghi, 1943) and 
a gauge for the structural stability of the soil (Lowrie, 2007).  

3.5.1. Ultimate bearing capacity (Qult) 

It is described as the highest-limit load necessary to 
fracture or break it (Abd Elrahman et al., 1992). When 
designing engineering constructions, the quantity (Qult) is 
calculated because if the generated load is higher than soil 
capacity, distortion and creep of the layers occur, which 
leads to engineering problems such as settlement (Bowles, 
1984). The ultimate bearing capacity of the cohesionless 
soils using the SPT can be evaluated by Parry’s (1977) 
formula as: 

      (12) 

3.5.2. Allowable bearing capacity (Qa) 

When all pertinent factors are considered that ensure 
sufficient safety against soil mass rupture, it is described as 
the maximum pressure that may be acceptable on 
foundation soil (Abd Elrahman et al., 1992). It is 
determined by dividing the ultimate capacity values (Qult) by 
a safety factor (FS) that equals two when the soil is 
cohesionless and equals three when the soil is cohesive, 
according to Parry (1977): 

     (13) 

The safety factor (FS) equals 2 when the soil is 
cohesionless and equals 3 when the soil is a cohesive 
material.   

 

4. Results and discussion 

4.1. Layer velocities and thicknesses 

4.1.1. Primary wave velocities (Vp) 

The horizontal distribution of P-wave velocity for all 
layers is shown in Figure (5). The maximum values are in 
the southwestern part of the dry sand (top) and the silty 
sand (second) layers and in the northwestern, western, and 
southwestern parts of the third layer of the study area. 
These values decrease gradually toward the northeastern 
part of all layers, the eastern part of the first and third 
layers, and the southeastern part of the third layer. 
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Figure 5: Vp distribution for (a) top (b) second (c) third layers. 
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4.1.2. Secondary wave velocities (Vs) 

The horizontal distribution of S-wave velocity for all 
layers is shown in Figure (6). The maximum values are in 
the southwestern part of all layers, and the northwestern 
and western parts of the third layer. These values decrease 
gradually toward the northeastern part of all layers, the 
eastern part of the top and third layers, and the 
southeastern part of the third layer. 

4.1.3. Layer thickness 

The maximum thickness is observed in the 
southwestern part of the dry sand (top) layer (Fig. 7a) and 
the northwestern side of the silty sand (second) layer (Fig. 
7b). These values decrease toward the northeast, east, 
and southeast directions of the top layer and the northeast 
direction of the silty sand (second) layer. 

4.2. Elastic moduli 

4.2.1. Kinetic Shear Modulus (μ) 

The distribution of the shear modulus values for all 
layers is shown in Figure (8). The lowest values for the 
three layers are observed in the southwestern, western, 
and northwestern parts and steadily increase into the 
northeastern, eastern, and southeastern parts of the study 
area. 

4.2.2. Kinetic Young’s Modulus (E) 

The Young’s modulus values of the dry sand (Fig. 9a) 
are lower than that of nearly wet silty sand (Fig. 9b) and the 
sand saturated with seawater (Fig. 9c) has the highest 
values. In other words, with an increase in the saturation 
level of the layers from dry sand to nearly wet silty sand to 
saturated sand,  the values of Young’s modulus increase in 
the same sense as Gregory (1976) and Rahmouni et al. 
(2017). The low values for the three layers are detected in 
the southwestern, western, and northwestern sides of the 
investigated region, and increase gradually to the middle of 
the study area until reach their maximum values in the 
northeastern, eastern, and southeastern sides.  

4.2.3. Kinetic Bulk Modulus (K) 

The distribution of bulk modulus values for the first dry 
sand (Fig. 10a), second nearly wet silty sand (Fig. 10b), 
and third saturated sand (Fig. 10c) layers. The minimum 
values of this modulus for the three layers are observed in 
the northwestern, western, and southwestern parts of the 
investigated region. The lowermost values are in the 
northwestern corner. These values increase gradually 
toward the northeast, east, and southeast directions. The 
maximum values are observed in the southeastern corner 
of the study area. 

4.3. Geotechnical Parameters 

4.3.1. Poisson’s Ratio (σ) 

The distribution of this ratio for the three layers is 
shown in Figure (11). In general, the three layers show 
slight changes that are almost constant and nearly have 

high values of about 0.43 to 0.44 that reflect the low 
competent materials with a very low bearing capacity 
(Salem, 1990; Telford et al., 1990; Gretener, 2003; AL-
Zubedi, 2020). The highest values are observed in the 
southwestern parts for all layers and in the western part of 
the third layer and decrease gradually toward the 
northeastern parts of all layers and in the eastern and 
southeastern parts of the third layer. 

4.3.2. N value 

For the top layer (Fig. 12a), these values range from 
4.57 in the northern, northeastern, eastern, and 
southeastern corners to 4.87 in the southwestern, western, 
and northwestern corners of the studied area that reflect 
soft loose soil (Bowels, 1984). For the silty sand (second) 
layer (Fig. 12b), the N-values vary from 44.61 in the 
northern, northeastern, eastern, and southeastern corners 
to 46.36 in the southwestern, western, and northwestern 
corners which, according to Bowles (1984), reflects hard 
and dense competent soil.  For the saturated sand (third) 
layer (Fig. 12c), these values range between 44.6 and 75.4 
which, according to Bowles (1984), reflect the lateral 
change from hard dense competent soil in the 
northeastern, eastern, and southeastern corners to very 
hard dense soil in the southwestern, western, and 
northwestern corners. 

4.3.3. Material Index (Mi) 

The change is very small (-0.74 to -0.75), and it is 
almost constant. The low values of the material index for 
the three layers exist in the southwestern, western, and 
northwestern parts and increase with very small values in 
the northeastern, eastern, and southeastern parts of the 
study area. The material index values reach their maximum 
in the northeastern corner of the study area for the three 
layers, the eastern part of the top layer, and the 
southeastern corner of the third layer (Figs. 13 a-c). 
Generally, most of the region has very low values that 
reflect, according to AL-Zubedi (2020), slightly competent 
materials. 

4.3.4. Concentration Index (Ci) 

In general, the concentration index values in the study 
area are very close and small about 3.29 because the 
entire area is composed of a sand component with a 
different water saturation and the slight differences due to 
the overlapping of other materials like clay and silt, a 
variation in the size of the sand grains, or an increase in 
the perpendicular load on the lower layers (Basu et al. 
2008; Shipton and Coop, 2015; Gupta and Basu 2017; 
Basheer and Salama, 2022). The low values are detected 
in the southwestern, western, and northwestern parts of the 
investigated region and increase gradually to the middle 
part until reaching maximum values in the east, and the 
northeastern portions of the investigated region (Fig. 14), 
this indicates a less competent material.   
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Figure 6: Vs distribution for (a) top (b) second (c) third layers. 
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Figure 7: Thickness of (a) top (b) second layers 
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Figure 8: Shear Modulus (μ) distribution for (a) top (b) second (c) third layers. 
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Figure 9: Young’s Modulus (E) distribution for (a) top (b) second (c) third layers. 
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Figure 10: Bulk Modulus (K) distribution for (a) top (b) second (c) third layers 
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Figure 11: σ distribution for (a) top (b) second (c) third layers. 
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Figure 12: N-value distribution for (a) top (b) second (c) third layers. 
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Figure 13: Mi distribution for (a) top (b) second (c) third layers. 
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Figure 14: Ci distribution for (a) top (b) second (c) third layers. 
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4.3.5. Stress Ratio Index (Si) 

In general, the stress ratio index values in the study 
area are very close and high about 0.77 due to the sandy 
nature of the three layers in the study area and the slight 
differences are due to the difference in depth and the 
overlaying vertical load on the various layers (Massarsch et 
al., 2021; Stapelfeldt et al., 2021; Basheer and Salama, 
2022). The low values are observed in the northeastern 
corners of the three layers and the eastern and 
southeastern edges of the third layer in the study area. 
These values gradually increase toward the southwest, 
west, and northwest directions reaching the maximum 
values in the southwestern part (Fig. 15). The three layers 
indicate a less competent material. 

4.3.6. Density Gradient (Di) 

The relatively low values for the three layers (figs. 16 a-
c) observed in the southwestern, western, and 
northwestern parts of the investigated region indicate more 
competent materials. High values are observed in the 
northeastern, eastern, and southeastern corners of the 
investigated region that reflect less competent materials.  

4.4. Foundation bearing capacities 

4.4.1. Ultimate bearing capacity (Qult) 

The top layer has the lowest ultimate bearing capacity 
range from 137 to 146 KPa (Fig. 17a). The second layer 
has a middle ultimate bearing capacity range from 
1338.3967 to 1390.8718 KPa (Fig. 17b). The third layer 
has the highest ultimate bearing capacity ranges from 1338 
to 2262 KPa (Fig. 17c). In general, the lowest values are 
observed in northeastern parts of the surface and second 
layers while observed in the northeastern, eastern, and 
southeastern parts of the third layer. These values increase 
toward southwest, west, and northwest reflecting the 
presence of the high ultimate bearing capacity materials. 

4.4.2. Allowable bearing capacity (Qa) 

The surface layer in the study area has the lowest 
allowable capacity values range from 45.7 to 48.7 KPa 
(Fig. 18a). The second layer has a middle allowable 
bearing capacity range from 446 to 463.6 KPa (Fig. 18b). 
The third layer has the highest allowable bearing capacity 
that ranges from 446 to 754 KPa (Fig. 18c). For the three 
layers, the minimum values are detected in northeastern 
parts of surface and second layers while observed in the 
northeastern, eastern, and southeastern parts of the third 
layer. These values increase gradually to the center part 
until reaching the greatest values in the southwestern, 
western, and northwestern parts that reflect the highest 
allowable bearing capacity materials. 

As a combined result of the above, based on the 
results of this work and other previous geotechnical works 
(Almalki et al., 2011; Khalil and Hanafy, 2016; Khorshid, 
2016; Abudeif et al., 2017; Adewoyin et al., 2017; Shebl et 
al., 2019; Momoh et al., 2020; Ghanem et al., 2021; 
Basheer and Salama, 2022), It can be found that there is a 

direct relation between the concentration index, material 
index, and N value for being low for low competent material 
and increase as it becomes more competent. Inversely, the 
stress ratio, Poisson’s ratio, and density gradient values 
are high for low competent material and decrease as it 
becomes more competent. In other words, the greater 
values of bearing capacity materials are related to zones 
having a high material index, high concentration index, high 
N value, low stress ratio, low Poisson’s ratio, and low-
density gradient and vice versa (Fig. 19). 

Using and integrating the calculated geotechnical 
parameters, the study area has a relatively low material 
index (about -0.7), high Poisson’s ratio (about 0.43), low 
concentration index (about 3.3), and high stress ratio 
(about 0.7). The N value increase from northeastern, 
eastern, and southeastern corners to southwest, west, and 
northwest direction, and inversely the density gradient 
increases from southwestern, western, and northwestern 
corners to northeast, east, and southeast direction. The 
entire region is considered a low competent area suitable 
for a light building and the northwestern, western, and 
southwestern region is slightly more competent (First 
region) and less affected by seawater intrusion than the 
northeastern, eastern, and southeastern region (Second 
region) (Fig. 20). 

Conclusion 

This study employed Seismic Refraction Tomography 
as the primary investigative tool. SRT is a valuable method 
in engineering investigations for assessing the 
geotechnical characteristics of rock and sediment 
formations. The procedure involves seismic wave 
emission, interaction with geological interfaces, wave 
reception by geophones placed at the Earth's surface, and 
analysis of arrival times to convert these travel times into 
depth values. A comparative study includes comparing the 
variation between different measured wave speeds, 
considering the effect of depth, and the lithological 
sequence of rocks taken from wells drilled and distributed 
in the study area. Finally, the study area was classified for 
construction purposes based on the derived geotechnical 
properties. 

The results show that the area can be divided, based 
on the thickness of the cohesive layers, the amount of soil 
cohesion derived from the geotechnical properties, and 
compared to the test wells distributed in the area under 
investigation, into two regions. The first region is unsuitable 
for construction due to the weak soil cohesion resulting 
from the intrusion of seawater into the soil particles. It also 
features a limited thickness of the layer suitable for 
building. On the other hand, soil cohesion is good in the 
second region and there is a considerable layer thickness 
suitable for construction. Additionally, the interference of 
seawater is relatively minimal or not uncatchable there. 
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Figure 15: Si distribution for (a) top (b) second (c) third layers. 
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Figure 16: Di distribution for (a) top (b) second (c) third layers. 
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Figure 17: Qult distribution for (a) top (b) second (c) third layers. 
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Figure 18: Qa distribution for (a) top (b) second (c) third layers. 
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Figure 19: Competence scale based on geotechnical parameters. 

 

Figure 20: Division of the area for construction purposes. 

 

In a more comprehensive and brief sense, this study's 
zonal classification based on SRT data serves as a crucial 
tool for engineers and geotechnical experts, facilitating 
sound decision-making, risk management, and the 
development of robust foundation engineering designs in 
the construction industry. It ultimately contributes to safer 
and more reliable engineering practices. 
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