
Al-Azhar Bulletin of Science, Section D, Vol. 33, No. 1 (June) 2022, pp.143-163   

http://doi.10.21608/absb.2022.104424.1151   

 

 

Al-Azhar Bulletin of Science: Section D 

 

 
 

Available at Egyptian Knowledge Bank (EKP)               Journal Homepage: https://absb.journals.ekb 

0 

UTILIAZTION OF GEOPHYSICAL AND SEDIMENTOLOGICAL STUDIES IN 

THE ESTIMATION OF THE SUBGRADE SOIL IN BURAYDAH CITY, KINGDOM 

OF SAUDI ARABIA 
 

 

Osama El Shafaey a, *, Ahmed M. Saad b, Sherif M. ElKholy c 

a Saden for Engineering Company, Cairo, Egypt. 
b Geology Department, Faculty of Science, Al Azhar University, Cairo, Egypt. 
c Civil Department, Faculty of Engineering, Al Qassim University, Al Qassim Region, Kingdom of 

Saudi Arabia. 

* Corresponding Author: saden.egy@gmail.com.com 

Received: 17 Nov 2021; Revised: 21 Dec 2021; Accepted: 01 Jan 2022; Published: 01 Jun 2022 

 
 

ABSTRACT 

With the continuous increase in population and economic and vital activities in Saudi Arabia and the entire 

world, there has become a significant increase in the construction activities. So, an appropriate investigation was 

carried out to assess the geotechnical parameters to verify the suitability of Buraydah area for the urban 

extension using shallow seismic refraction technique and sedimentological studies. For this purpose, fifteen 

seismic refraction spread and fifty nine sediment samples conducted in the study area. The sedimentological 

study includes; grain size analysis, to evaluate the textural parameters and statistical measurements to describe 

the depositional pattern of the studied sediments in the area. The statistical parameters include; graphic mean 

size varying from (-1.7ϕ) to (0.44ϕ), the sorting (σI) ranges from (1.3ϕ) to (2.2ϕ), the skewness (Sk) ranges 

from (-0.08ϕ) to (0.97ϕ), and the kurtosis (Kg) ranges between (0.57ϕ) to (2.2ϕ). In addition, this study was 

supported by microscopic analysis. The foundation material indices of shallow seismic refraction technique 

show that the calculated values of Poisson’s ratio that founding within all layers throughout the study area is 

(0.24), the calculated material index values is (0.05) and the estimated concentration index values is (5.2). The 

ultimate bearing capacity values of the surface layer where the values are ranged between 0.09 Kg/cm2 and 136 

Kg/cm2, the second layer ranged from 2.87 Kg/cm2to 185 and the third layer values are ranged between 1.9 

Kg/cm2 and 185 Kg/cm2.  

 

Keywords: Textural parameters; Ultimate bearing capacity; Shallow seismic refraction; Material 

indices; Mesokurtic and Primary wave 

 

1. INTRODUCTION 

Buraydah city is the capital of Al Qassim 

region, which is located at the heart of Saudi 

Arabia, and almost in the center of the Arabian 

Peninsula. Buraydah is located in the central 

eastern part of Al Qassim region, on the edge of 

Wadi Al-Rummah. Buraydah is called the 

capital of dates and having an area of 

approximately 1300Sq.Km. It is defined by the 

following co-ordinates, latitude 26°14'18.16'' 
and 26°24' 21.20'' N and longitude 

43°35'35.56'' and 44°4' 37.52'' E, and the 

elevation ranges from 581 to 706 m above sea 

level (Fig.1). 

 The most important problem in the study 

are is that there are many sandy areas (‘Nafuds’) 

surrounding Buraydah. The Buraydah 

Quadrangle is underlain by Phanerozoic 

sedimentary rocks arranged in a homocline 

sequence of beds. This system determines a 

succession of parallel cuestas, trending north-

northwest and facing west and southwest, 

separated by depressions of varied width 

commonly occupied by eolian deposits (Nafud), 

such deposits cover a substantial area in the 

http://doi/
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eastern part of the Quadrangle (1). The cuestas 

are all cut diagonally from southwest to 

northeast by the Wadi Al-Rummah, which is 

now largely sanded up by Nafud Al Thuwayrat. 

In the Buraydah Quadrangle there are two main 

geomorphologic units represented by dune 

systems and wadi Al-Rummah. The dune 

systems (‘Nafuds’) cover about a third of the 

total area of the quadrangle and contain both 

active and inactive dunes. The main Nafuds e.g 

(Al Thuwayrat, Nafud as Sirr, Nafud 

Ashshuqayyiaqah, Nafud Al Ghamis and Nafud 

at Tarafiyah ) are scattered through along the 

bed of Wadi Al-Rummah. Wadi Al-Rummah is 

one of the Arabian Peninsula's longest river 

valleys, at a length of almost 600 km (370 mi).  

Refraction surveys are widely used to study 

the water table, engineering purposes of the 

poorly consolidated layers near the ground 

surface, and in determining near-surface 

corrections for deep reflection traces. The 

multichannel analysis of surface wave (MASW) 

has proven its efficiency for fracture 

investigation and near surface geotechnical 

characterization of the ground (2) and (3). The 

results of MASW can reveal valuable 

information on the shear wave velocities, 

Primary wave /shear wave (Vp/Vs) ratio and 

Poisson’s ratio that are important for 

understanding the properties of the rocks 

affected by the fractures.  

In this study, the main application of the 

seismic refraction is to delineate the subsurface 

layering and velocities. Geoseismic cross 

sections are constructed; these sections reflect 

the number of layers penetrated by the seismic 

waves. Also, the type of lithology of each layer 

is determined according to the values of 

velocities of seismic waves through layers and 

the geologic structures, that may affect the 

shallow subsurface section. 

Several studies have been carried out on 

Buraydah city and the area of Qassim region as 

a whole. Many workers among them have 

carried out these studies are; (4);(5); (6); (7);(8); 

(9) and (10). 

The main objective of the present paper is to 

study the geotechnical properties of the 

foundation beds to be suitable for construction 

using a combination of shallow seismic 

refraction technique and sedimentological 

studies. 

2. GEOLOGICAL SETTING OF SITE 

INVESTIGATION 

The stratigraphy and geology of the 

Buraydah Quadrangle were studied by many 

authors such as; (11);(12);(13) and (14). The 

entire Buraydah Quadrangle is underlain by 

Phanerozoic sedimentary rocks of the western 

edge of the sedimentary basin that occupies the 

Arabian Shelf. These sedimentary rocks are 

cropped out and have been assigned to the 

following lithologic Formations of Paleozoic 

and Mesozoic age. Buraydah city lies in khuff 

Formation that is formally defined by (10), was 

amended by (11), more recently, (12) revised 

the type section for formation in the Ad 

Dawadimi Quadrangle and divided it informally 

into Unayzah, Huqayl, Duhaysan, Midhnab and 

Khartam members. The Khuff Formation in the 

Buraydah Quadrangle, with the thickness of  

264 m south of Wadi Al-Rummah and 222 m 

north of Wadi Al-Rummah) crops out in west-

southwest-facing cuestas, such as Safra , 

Unayzah, Jal Khartam, Jal al Watah, in a belt of 

fairly constant width that interrupted by Wadi 

Al-Rummah. Buraydah City lies exactly in the 

Unayzah member of Khuff Formation. The 

Unayzah member lies disconformably on the 

pre Khuff paleosurface and begins a 

conformable succession that continuous to the 

late Triassic Minjur Sandstone. In general, the 

Unayzah Formation is composed of cycles of 

cross-bedded, fine to coarse-grained quartz 

sandstones, siltstone, vary-colored clay stones, 

and thin beds of argillaceous limestone (Fig.2).  

The study area contains abundant faults 

with meter-scale throws. They show the 

following preferential strikes: (1) Northwest in 

the Saq sandstone, and the Qaseem, Zarqa, 

Sarah, Khuff, and Jilh Formations. This fault 

direction is accompanied by east - striking fault 

network. (2) Northeast visible in virtually all 

outcrops. (3) N. 5 E. in the southern part of the 

Quaderangle. These faults, such as the ArRish 

fault, represent the prolongation of the faults 

known in the Al Faydah Quadrangle and display 

throws of several meters in the Khuff 

Formation. 
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3. MATERIALS AND METHODS 

Fifteen seismic refraction compressional (P-

wave) spreads were conducted in the study area 

which have length (120m), number of geophone 

(24), geophone spacing (5m) (Fig. 3). The 

shallow seismic refraction survey was 

conducted along the proposed spreads using a 

seismograph model (Mcseis-170 f, OYO). It is a 

modern engineering refraction and simple 

reflection seismograph system. The used 

seismograph has memory length of 1024 or 

2048 words/ channel. It has a digital recording 

capability, so the seismic signal from each 

geophone can be viewed instantaneously. 

Seismic refraction data were processed 

using Winsism software (version-11), which 

prepared by Geosoft (2009) acquired seismic 

refraction data picked, plot travel time-distance 

curves and analyzed, as well as interpreted with 

applying the generalized reciprocal method 

(GRM Method). A total of fifty nine 

representative sediment samples were collected 

from the different localities of the study area for 

laboratory analysis. Each sample was sieved at 

half phi intervals down to a 27 μm (5 ϕ) sieve 

(15). Subsequently, the sediment was analyzed 

using Gradistat software version 8.0 (16) with 

the grain size classification of Wentworth (17). 

Petrographic analyses of the sedimentary rock 

samples including the detailed description of 

these samples by using microscopic 

examination of the 27 thin sections, for 

identification of their textural, compositional 

classification and diagentic characteristics for 

each rock type. 

4. RESULTS AND DISCUSSION 

4.1. Sedimentological Studies 

The sedimentological studies include grain 

size analysis of coarse grained soil, thin section 

of rock samples. The different sedimentary 

facies forming the sedimentary succession and 

their mutual relationships are to be emphasized. 

The depositional interpretations will be given to 

recognize the evolution of these sediments. 

4.1.1. Statistical Parameters 

Grain size analysis is used for many 

purposes, such as textural, description, 

examining the behavior of sediments during 

transportation and deposition. It is also used to 

interpret the environmental of deposition of 

clastic sediments, and to estimate the subsurface 

sediments (15) and (18). The results of the 

mechanical analysis are tabulated in Table (1) 

and the data are represented by cumulative 

curve (Fig. 4). The statistical parameters were 

calculated according to the formulas of (15), 

and the results are shown in Table (1). It was 

found that, the graphic mean size values from (-

1.7 ) to (0.44 ) with an average of (-0.63 ) 

falling in very coarse sand grade, the majority of 

the examined samples are very coarse sand (48 

samples), while few of them are coarse sand (11 

samples). The values of sorting coefficient (σI) 

range from 1.3  (poorly sorted) to 2.2  (very 

poorly sorted) with an average 1.75  falling in 

the poorly sorted. The majority of the studied 

samples are poorly sorted (45 samples), while 

the few samples are very poorly sorted (14 

samples). The skewness ranges from -0.08  

(near-symmetrical) to 0.97  (strongly fine-

skewed) with an average of (0.45 ) falling in 

the strongly fine-skewed. The kurtosis values 

range from 0.57  (very platykurtic) to 2.2  

(very leptokurtic) with an average 1.39  

proving (leptokurtic). Coarse grained soils or 

granular soils (sand and gravel) which have 

good load bearing capacities and good drainage 

qualities, and their strength and volume change 

characteristics are not significantly affected by 

change in moisture conditions. So this type of 

soil is suitable for direct foundation above them, 

and that from the stand point of engineering 

geology. 

4.1.2. Depositional Environment 

Two scatter diagram plots of statistical 

parameters calculated from grain size 

distributions of sand after (19) and (20) are 

applied in this study to indentify the mode and 

different depositional environment. Friedman 

(19) concluded that a plot between skewness 

and standard deviation is most effective in 

differentiating river and beach sands. By 

applying this relationship for the investigated 

sediments the examined samples lie in the river 

field (Fig. 5). Moiola and Weiser (20) used the 

textural parameters derived by (15) in various 

combinations as environmental indications. 

They found that a plot diagram between (I) 

against (Mz). This diagram shows that, the 
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studied samples are deposited in the river 

environment (Fig.6). 

4.1.3. Petrographical Analysis 

The thin section petrography is one of the 

most practical methods to express specific 

characteristics of the depositional environments. 

To accomplish these study eight thin sections 

were prepared representing the encountered 

lithologies. The petrographical analysis of 

Buraydah City indicated the presence of two 

microfacies types. These microfacies are 

calcareous quartz arenite sandstone type and 

dolomitic lime-mudstone carbonate type.  

Calcareous quartz Arenite: This 

sandstone type is represented by samples 2-3, 7-

4, 21-3, and 32-2. Petrographically, it is 

composed of about 96% quartz grains with 

terraces of microcline and mica grains.  The 

quartz grains are fine-grained, moderately to 

well sorted, angular to sub angular, spherical to 

elongated and close packing fabric. Feldspar 

grains are partially altered into clay minerals. 

These siliciclactic grains are cemented by 

microcrystalline calcite cement (Fig. 7 a, b). In 

sample 32-2 the quartz grains are moderately to 

ill sorted. In addition, few carbonate lithoclastic 

grains can be observed which are composed of 

microcrystalline dolomitic and quartz grains 

(Fig.8 a, b). 

Dolomitic Lime-mudstone: This carbonate 

lithofacies is recorded in samples 1-3, 22-2, 26-

2, and 33-3. Petrographically it is composed of 

cryptocrystalline and microcrystalline calcite 

cements that occasionally dolomitize into 

euhedral (ideotopic) microcrystalline, 

equigranular, planner dolomite crystals. Few 

(less than 3%) silty quartz grains can be noted in 

this microfacies type. Iron oxide stains can be 

detected in this carbonate microfacies (Fig.9 a, 

b). 

4.2. Geophysical Studies 

4.2.1. Seismic Refraction Data Interpretation 

Seismic refraction measurements are 

complied principally to study the characteristic 

of subsurface layering. The interpretation of 

seismic refraction data aims to define the 

following: (A) geoseismic cross section and that 

include P-wave velocity, depth and thickness of 

subsurface layers. (B) Parameters resulted from 

equations based on (21);(22);(23) and that 

include the following: (1) Shear wave velocity 

and rock density of subsurface layers and areal 

distribution maps of these parameters within 

each layers, 2) Material indices (N-value, 

Poisson’s ratio, material index, concentration 

index and stress ratio.   

4.2.1.1. Geoseismic Cross Section 

Geoseismic cross sections or depth-velocity 

models are constructed along each spread, 

which interpreted by GRM method. Time-

distance curves and then interpreted depth-

velocity sections of these spreads are shown in 

(Figs. 10 and 11). Tables (2 and 3) shows the 

primary and secondary wave velocities values 

of common rocks and soil materials (24) and 

(25). Igneous and metamorphic rocks typically 

have high velocity values. The velocities of 

these rocks are greatly dependent on the degree 

of fracturing and the percentage of the fractures 

filled with groundwater. Sedimentary rocks, 

which usually are more porous and have higher 

water content, normally have lower velocity 

values than igneous and metamorphic rocks. 

The seismic primary waves velocities 

distribution analysis indicated that, there are 

three different zones ranging between (500 – 

625 m/s), (1300 – 1900 m/s) and (2200 – 3000 

m/s). The obtained results show that the first 

geoseismic layer corresponding to 

unconsolidated wadi sediments while the second 

geoseismic layer is represented by consolidated 

wadi sediments and the third layer reflected that 

fracture sandstone layer. The estimated 

thickness of the first layer varies between 1 m to 

8 m and the second layer ranges between 3.5 to 

42 m Table 4.                                                                            

4.2.1.2. Calculation of foundation material 

indices  

Material indices that determined throughout 

the examination area represented by (N-value, 

Poisson’s ratio, material index, concentration 

index and stress ratio).  Table (5) shows the 

values of N-value throughout the study area 

based on Bowels (26). The calculated values 

that found throughout the first layer ranging 

from (32 to 55) which reflected that dense 

materials founding within this layer, while the 

values within the second and third layers are 

more than (50) means that very dense materials 
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founding within these layers (Fig.12). The 

calculated values of Poisson’s ratio that 

founding within all layers throughout the study 

area is (0.24) and this value according to 

(27);(28);(29) and (22) means that the types of 

materials within the study area are competent 

materials.  

The calculated material index values within 

all layers of the study area is (0.05) and this 

value according to (27);(28) and (29) reflected 

that competent materials founding within the 

study area. The estimated concentration index 

values that founding within all layers 

throughout the examination area is (5.2) and this 

value give an indication about the degree of 

material competent and this indication is 

moderate competent materials according to (30). 

The calculated values of stress ratio that 

founding within all layers of the study area is 

(0.30) and this value give an indication about 

degree of material competent and this indication 

is good competent materials according to (30). 

4.2.1.3. Ultimate Bearing Capacity (Qult) 

The ultimate bearing capacity (Qult) can be 

defined as “the maximum load required for 

shear failure or sand liquefaction”. This capacity 

is controlled by shear strength factor. The 

ultimate bearing capacity for cohessionless soils 

can be calculated by using the standard 

penetration test (SPT) from parry’s formula (31) 

as: 

Qult = 30 N                                    (1) 

 Where "N value" is the resistance to 

penetration by normalized cylindrical bars under 

standard load. The relation between shear wave 

velocity and N-value for sandy and clayey soil 

is given by (32) and (33) as:  

Vs =   89.9    N 0.341                       (2) 

The relation between the ultimate bearing 

capacity and shear wave velocity is given by 

(34) as:  

Qult = 10 2.932 (log Vs-1.45             (3) 

The low ultimate bearing capacity values of 

the surface layer are observed in the southern 

parts of the study area that indicates to low 

ultimate bearing capacity material. The high 

values of this parameter are occupied in the 

northern parts of the study area, which indicate 

the moderate ultimate bearing capacity material.  

The distribution of the ultimate bearing capacity 

in the second layer is shown in (Fig. 13). This 

parameter’s values ranged from 2.87 Kg/cm2 to 

185 Kg/cm2, where the very low values of this 

parameter are observed in the northeastern parts 

of the study area, which may reflect the low 

ultimate bearing capacity materials. The highest 

values of this parameter noted in the 

northwestern.  Figure 13 shows the calculated 

ultimate bearing capacity of the third layer the 

values are generally ranged between 1.9 Kg/cm2 

and 185Kg/cm2. The low values are observed at 

the southeastern part of the study area that 

indicates to very low ultimate bearing capacity 

material. The high values of this parameter are 

occupied around the south and northwestern 

parts of this area.  

5. CONCLUSIONS  

This study is combining of the 

sedimentological and geophysical studies to 

evaluate the subsurface soil in Buraydah city. 

The gathered information will be useful in the 

management and development of the area under 

study. The statistical parameters include; 

graphic mean size, sorting, skewness and 

kurtosis, indicating the studied sediments 

varying from coarse to very coarse grade sand. 

The fluctuation between poorly sorted to very 

poorly sorted, and from near symmetrical to fine 

skewed under very platykurtic to very 

leptokurtic. From the relationships between the 

statistical parameters, the textural characteristics 

strongly suggest that river conditions were most 

probably the dominating factors controlling the 

transportation and accumulation of the 

investigated sediments. Shallow seismic 

refraction parameters indicate that the 

foundation materials are dense to very dense, 

moderate to good competent materials based on 

the results of the foundation indices. The low 

ultimate bearing capacity values of the second 

layer are observed in the northeastern parts of 

the study area, which may reflect the low 

ultimate bearing capacity materials, while the 

highest values noted in the northwestern parts. 

The low values of the third layer are observed in 

the southeastern part of the study area, while the 

high values of this parameter are occupied 

around the south and northwestern parts of this 

area.  
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Fig. (1).  Location map of Buraydah City. 
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Fig. (2). Geological map of Buraydah quadrangle after (14). 
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Fig. (3). Location map of seismic refraction spreads of the study area 
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Fig. (4). Cumulative curves (phi)of the some studied samples. 
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Fig. (5). Plot of inclusive graphic standard deviation (σI) versus inclusive graphic skeweness (SK) of 

the sieved samples on diagram of (19) 

 

 
Fig. (6). Plotting of  mean size (MZ) versus standard deviation (σI) relation of the analyzed samples 

on diagram of (20) 

 
 b a Sample No. 2-

3 

 

Fig. (7).  Microphotographs showing quartz  arenite sandstone type. Some feldspars grains are 

partially altered to clay matrix (arrows). a) PPL; b) ordinary light. Bare scale = 250µm 
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 b a Sample No. 32-

2 

 

Fig. (8).  Microphotograph showing quartz arenite sandstone type. Some microcrystalline dolomitic 

grains are observed (arrows).a) PPL; b) ordinary light. Bare scale = 250µm 

 b a Sample No. 26-2 

 

Fig. (9).  Microphotograph showing dolomitic Lime-mudstone (silty quartz grains and terraces of 

iron oxides). a) PPL; b) ordinary light. Bare scale = 250µm 

 
A 

B 

 
Fig. (10). T–D curve and  geoseismic cross section along spread No. (3) in the spot area (A) Time-

Distance  curve of (P- waves) (B) Interpreted geoseismic cross section by GRM. 
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A 

B 

 
Fig. (11). T–D curve and  geoseismic cross section along spread No. (11) in the spot area (A) Time-

Distance  curve of (P- waves) (B) Interpreted geoseismic cross section by GRM. 
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Second 

Layer 

Third Layer 

 

Fig. (12). A map illustrates the distribution of the N- value in the second and third layers.   
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Fig. (13). A map illustrates the ultimate bearing capacity in the second and third layers.   
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Table 1. Statistical parameters of the grain size distribution of the studied samples 

Sample 

No. 
Texture Parameters 

Mz Description σI Description SK Description KG Description 

1-1 -0.62 V.C.S. 1.6 P.So. 0.14 F.Sk. 2.2 V.L.Ku. 

1-2 -0.55 V.C.S. 1.8 P.So. 0.17 F.Sk. 1.5 V.L.Ku 

2-1 -0.37 V.C.S. 1.8 P So. 0.18 F.Sk. 1.2 L.Ku. 

2-2 -0.06 V.C.S. 1.7 P.So. 0.29 F.Sk. 1.3 L.Ku. 

4-1 0.16 C.S. 1.5 P.So. 0.32 S.F.Sk. 1.4 L.Ku. 

4-2 -0.17 V.C.S. 1.8 P.So. 0.12 F.Sk. 1.5 V.L.Ku. 

5-1 -0.33 V.C.S. 1.6 P.So. -0.08 N.Sym. 1.2 L.Ku. 

5-2 0.22 C.S. 1.7 P.So. 0.31 S.F.Sk. 1.6 V.L.Ku. 

6-1 0.06 C.S. 1.3 P.So. 0.47 S.F.Sk. 1.7 V. L.Ku. 

6-2 -0.12 V.C.S. 1.6 P.So. 0.37 S.F.Sk. 1.9 V.L.Ku. 

7-1 -0.66 V.C.S. 1.9 P.So. 0.13 F.Sk. 1.1 M.Ku. 

7-2 -0.50 V.C.S. 1.8 P.So. 0.21 F.Sk. 1.5 V.L.Ku. 

7-3 -0.72 V.C.S. 1.6 P.So. 0.42 S.F.Sk. 0.62 V.L.Ku. 

8-1 -1.7 V.C.S. 1.6 P.So. 0.97 S.F.Sk. 0.77 P.Ku. 

8-2 -0.73 V.C.S. 2.1 V.P.So 0.17 F.Sk. 0.84 P.Ku. 

8-3 -0.71 V.C.S. 1.9 P.So. 0.25 F.Sk. 0.63 V.P.Ku. 

9-1 -0.65 V.C.S. 1.9 P.So. 0.15 F.Sk. 1.1 M.Ku. 

9-2 -0.91 V.C.S. 1.7 P.So. 0.44 S.F.Sk. 0.57 V.P.Ku. 

10-1 -0.16 V.C.S. 2.1 V.P.So. 0.01 N.Sym. 1.1 M.Ku. 

11-1 -0.02 V.C.S. 2.1 V.P.So. 0.13 F.Sk. 0.87 P.Ku. 

11-2 -0.47 V.C.S. 2.1 V.P.So. 0.34 S.F.Sk. 1.0 M.Ku. 

12-1 -0.62 V.C.S. 1.9 P.So. 0.40 S.F.Sk. 0.65 V.P.Ku. 

12-2 -0.79 V.C.S. 1.8 P.So. 0.28 F.Sk. 0.63 V.P.Ku. 

13-1 -0.40 V.C.S. 1.9 P.So. 0.11 F.Sk. 1.2 L.Ku. 

13-2 -1.1 V.C.S. 1.7 P.So. 0.32 S.F.Sk. 0.81 P.Ku. 

14-1 0.44 C.S. 1.6 P.So. 0.32 S.F.Sk. 1.3 L.Ku. 

14-2 0.36 C.S. 1.5 P.So. 0.10 F.Sk. 1.5 V.L.Ku. 

15-1 -0.02 V.C.S. 2.0 V.P.So. -0.03 N.Sym. 1.1 M.Ku. 

15-3 -0.47 V.C.S. 2.0 V.P.So. 0.21 F.Sk. 0.83 P.Ku. 

16-1 0.01 C.S. 1.9 P.So. 0.03 N.Sym. 1.2 L.Ku. 

17-1 -0.23 V.C.S. 2.0 V.P.So. 0.12 F.Sk. 1.1 M.Ku. 

17-2 -0.09 V.C.S. 2.0 V.P.So. 0. 02 N.Sym. 1.1 M.Ku. 

18-1 -0.12 V.C.S. 1.6 P.So. 0.26 F.Sk. 1.4 L.Ku. 

18-2 -0.22 V.C.S. 1.8 P.So. 0.23 F.Sk. 1.2 L.Ku. 

18-3 -0.48 V.C.S. 2.2 V.P.So. 0.15 F.Sk. 0.76 P.Ku. 

19-1 -0.28 V.C.S. 1.5 P.So. 0.23 F.Sk. 2.0 V.L.Ku. 

19-2 -0.28 V.C.S. 1.8 P.So. 0.04 N.Sym. 1.4 L.Ku. 

20-1 -0.03 V.C.S. 1.8 P.So. 0.14 F.Sk. 1.1 M.Ku. 

20-2 0.11 V.C.S. 1.6 P.So. 0.25 F.Sk. 1.1 M.Ku. 

21-1 -0.22 V.C.S. 1.9 P.So. 0.08 N.Sym. 1.2 L.Ku. 

21-2 -0.13 V.C.S. 2.0 V.P.So. -0.02 N.Sym. 1.2 L.Ku. 

24-1 -0.25 V.C.S. 1.9 P.So. 0.05 N.Sym. 1.1 M.Ku. 

25-1 -0.72 V.C.S. 1.9 P.So. -0.02 N.Sym. 1.1 L.Ku. 

28-1 -1.1 V.C.S. 1.7 P.So. 0.28 F.Sk. 0.83 P.Ku. 

28-2 0.09 C.S. 1.7 P.So. 0.16 F.Sk. 1.1 M.Ku. 

30-1 -0.44 V.C.S. 1.9 P.So. 0.15 F.Sk. 0.94 M.Ku. 

30-2 -0.18 V.C.S. 1.9 P.So. -0.03 N.Sym. 1.1 M.Ku. 

31-1 -0.61 V.C.S. 1.9 P.So. 0.19 F.Sk. 0.98 M.Ku. 

31-2 -0.40 V.C.S. 2.0 V.P.So. 0.09 N.Sym. 0.92 M.Ku. 

32-1 -0.19 V.C.S. 2.1 V.P.So. 0.12 F.Sk. 0.83 P.Ku. 

32-2 -0.72 V.C.S. 1.9 P.So. 0.32 S.F.Sk. 0.65 V.P.Ku. 

33-1 -0.47 V.C.S. 1.9 P.So. 0.09 N.Sym. 0.97 M.Ku. 

33-2 -0.15 V.C.S. 1.9 P.So. 0.09 N.Sym. 1.1 M.Ku. 

34-1 -0.19 V.C.S. 1.9 P.So. 0.08 N.Sym. 1.1 M.Ku. 

34-2 -0.15 V.C.S. 2.0 V.P.So. 0.15 F.Sk. 1.2 L.Ku. 

35-1 -0.57 V.C.S. 1.9 P.So. 0.21 F.Sk. 0.74 P.Ku. 

37-1 -0.65 V.C.S. 1.9 P.So. 0.49 S.F.Sk. 0.60 V.P.Ku. 

37-2 -0.33 V.C.S. 2.1 V.P.So. 0.02 N.Sym. 1.1 M.Ku. 

38-1 -0.09 V.C.S. 2.1 V.P.So. 0.01 N.Sym. 0.91 M.Ku. 

V.C.S. Very coarse sand N.Sym. Near Symmetrical L.Ku. Leptokurtic 

C.S. Coares Sand F.Sk. Fine Skewed P.Ku. Platykurtic 

P.So. Poorly Sorted S.F.Sk. Strongly Fine Skewed M.Ku. Mesokurtic 

V.P.So. Very Poorly Sorted M.Ku. Mesokurtic V.L.Ku. Very Leptokurtic 

    V.P.Ku. Very Platykurtic 
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Table 2. P-waves velocities of common rock types, (after 25 and 26). 

P-wave Velocity (m/s) Material 

300 – 900 Weathered layer 

250 – 600 Soil 

1100 – 2500 Clay 

200 – 1000 Unsaturated sand 

800 – 2200 Saturated sand 

400 – 500 Unsaturated sand and gravel 

500 – 1500 Saturated sand and gravel 

1400 – 4300 Sandstone 

5900 – 6100 Limestone 

4100 Anhydrite 

2100 – 3400 Shale 

1400 – 1600 Water 

331.5 Air 

5000 – 6000 Granite 

4780 Granodiorite 

5780 Diorite 

6450 Gabbro 

5400 – 6400 Basalt 

 

 

Table 3. Seismic velocities of earth materials. 

S-wave Velocity (m/s) P-wave Velocity (m/s) Material 

 332 Air 

1400 - 1500 Water 

1300 - 1400 Petroleum 

3500 6100 Steel 

2000 3600 Concrete 

2800 - 3000 5500 - 5900 Granite 

3200 6400 Basalt 

700 - 2800 1400 - 4300 Sandstone 

2800 - 3000 5900 - 6100 Limestone 

80 - 400 200 - 1000 Sand(Unsaturated) 

320 - 880 800 - 2200 Sand (Saturated) 

400 - 1000 1000 - 2500 Clay 
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Table  4.  Average values of primary wave velocities, thicknesses, shear wave velocities and rock 

densities of subsurface layers throughout the study area. 

Spread 

No. 

Primary wave 

velocities (m/s) 

Thicknesses 

(m) 

Shear wave velocities (m/s) Rock densities 

(g/cc) 

Vp1 Vp2 Vp3 T1 T2 Vs1 Vs2 Vs3 ρ1 ρ2 ρ3 

1 525 1600 3000 1.0 9.0 308.824 941.176 1764.706 1.75 1.83 2.42 

2 500 1700 2200 1.5 25.0 294.118 1000 1294.118 1.71 1.92 2.51 

3 623 1800 2900 1.0 6.0 366.471 1058.82 1705.882 1.73 1.85 2.62 

4 550 1900 2400 1.5 27.0 323.529 1117.65 1411.765 1.69 1.79 2.35 

5 600 2000 2300 1.0 6.0 352.941 1176.47 1352.941 1.72 1.89 2.55 

6 570 2100 2800 1.25 15.0 335.294 1235.29 1647.059 1.79 1.92 2.68 

7 560 2200 1500 3.0 36.0 329.412 1294.12 882.3529 1.77 1.85 2.66 

8 250 2300 ---- 8.0 35.0 147.059 1352.94 1588.235 1.82 2.44 2.66 

9 500 2400 1400 1.0 11.0 294.118 1411.76 823.5294 1.74 1.84 2.42 

10 600 2500 1600 1.0 11.0 352.941 1470.59 941.1765 1.68 1.79 2.39 

11 570 2600 ----- 3.0 42.0 335.294 1529.41 882.3529 1.82 2.48 2.64 

12 2500 2700 3000 2.0 8.0 1470.59 1588.24 1764.706 1.7 1.92 2.64 

13 2700 2800 2900 1.0 5.0 1588.24 1647.06 1705.882 1.72 1.89 2.58 

14 530 2900 1800 1.0 13.0 311.765 1705.88 1058.824 1.68 1.78 2.52 

15 550 3000 1900 1.5 3.5 323.529 1764.71 1117.647 1.71 1.83 2.68 

 

Table 5. N-Value of subsurface layers throughout the study area           

Spread No 

 

N-value 

N1 N2 N3 

1 37.29949089 979.360159 6187.748782 

2 32.32691022 1169.912542 2491.851703 

3 61.61348273 1383.406557 5602.165919 

4 42.75140288 1621.098293 3216.170668 

5 55.17816642 1884.239133 2838.804932 

6 47.47233504 2174.076022 5054.33453 

7 45.07114327 2491.851703 810.4883232 

8 4.234267451 2838.804932 4543.039198 

9 32.32691022 3216.170668 662.0306128 

10 55.17816642 3625.180254 979.360159 

11 47.47233504 4067.061573 810.4883232 

12 36.25180254 4543.039198 6187.748782 

13 45. 3039198 5054.33453 5602.165919 

14 38.35084574 5602.165919 1383.406557 

15 42.75140288 6187.748782 1621.098293 
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استخدام الدراسات الرسوبية والجيوفيزيقية في  

تقييم التربة تحت السطحية لمدينة بريدة, المملكة  

 العربية السعودية 
 .’ شريف م  (2)سعد  .’  احمد م  (1)الشافعى اسامه 

 (3)الخولى  

جمهوريووس ر ووة  –القوولةة   -دووس هندلبشووة س دوول   لجيولوووج  . 1

  العةبيس    

 -جلرعووس اهرةووة   – )بنووي    ليووس العلووو  -  الجيولوجيوول قسوو  . 2

 جمهوريس ر ة العةبيس

جلرعوس الق وي    – ليس الهنددوس    –ريكلنيكل التةبس واهدلدلت    قس   .  3

 المملكس العةبيس السعو يس –
   

 الملخص 

قت ل يس  لأنشطس اهالسكل  واستمة  في عد   رع الزيل   الم

أجمع,   والعلل   السعو يس  العةبيس  المملكس  في  والحيويس 

ت    لذلك  البنلء.  أنشطس  في  ريل    بية   ةنلك  أصبحت 

الجيوتقنيس  المعلرلات  لتقيي   المنلدب  الفحص  إجةاء 

للتحقق ر  رلائمس رنطقس بةيد  للتودع العمةاني بلدتخدا  

اهنكسلر   الضح تقنيس  والدرادالزلزالي  الةدوبل  يس. لت 

لهذا الغةض, ت  إجةاء خمسس عشة قطلع انكسلرا رلزاليل 

رنطقس   في  الةوادب  ر   عينس  وخمسي   تسعس  وتجميع 

الحجمي  تتشالدرادس.   التحليل  الةدوبيس علي   الدرادس  مل 

التة يبيس والقيلدلت الإح لئيس  المعلرلات  لتقيي   للحبيبلت 

. وقد  رادسرنطقس الدي للةوادب في  لوصف النمط التةديب

حج   لت   رتودط  أ    علي  الإح لئيس  المعلرلات 

 ، ورعلرل   0.44ϕ  إل  )1.7ϕ-)  الحبيبلت  يتةاوح ر   

 , ورعلرل اهنحةاف  2.2ϕإلي )1.3ϕ)   ر  )σIالفةر )

(Sk( ر     -0.08ϕ( إلي    0.97ϕ  التفةطح و رجس   , 

(Kg(  0.57  رϕ( 2.2  إليϕ  .   ت    إل  ذلك ،بللإضلفس

ا ةذه  بل ع   المجهةي.لدرادس  رؤشةات    لتحليل  توضح 

رل   الأدلس بلدتخدا  تقنيس اهنكسلر الزلزالي الضحلس أ   

في   الطبقلت  جميع  بوادو   اخل  لنسبس  المحسوبس  القي  

الدرادس ةي ) الموا  )0.24رنطقس   , 0.05 ، وقي  رؤشة 

يضل علي أ   وقد  لت النتلئج أ    .5.2وقي  رؤشة التة يز )

القي قدر   الق    تتةاوح  تحمل  السطحيس  للطبقس  وى 

)   Kg/cm 20.09ر ) الطبقس   Kg/cm 2136إلي  أرل   ،

( ر   فتتةاوح  )   Kg/cm 22.87الثلنيس   185إل  
2Kg/cm   ( بي   الثللثس  الطبقس  قي    1.9وتةاوحت 
2Kg/cm  ( 2185إلي Kg/cm.   

 


