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Abstract 
South pars gas complex, phase 12 is located in south of Iran, about 17km east of Kangan, Busheher

seismic refraction profiles with refraction method have been taken. Down
boreholes (down-hole) for determining P
determining geological condition of layers. Also points with Schulmberg
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1 Introduction 

The location map of study area is shown in 
satellite picture of the site is presented in Fig
of project which is reclamation from the sea by filling sea 
with soil and rock is shown in Fig (3). Also, some pictures 
of site location are presented in Fig (4). In this study 6 
seismic refraction profiles of P-waves and S
4 Down-hole seismic profiles of P-
velocity and 22 electrical resistivity sounding points with 
Schulmberger-Weener array have been taken. The location 
map of seismic profiles, drilled boreholes and electrical 
resistivity sounding point has been shown in Fig
 
2 Investigation procedures 

Identifying subsurface layers condition and its dynamic 
properties are main factors in dynamic analysis of 
construction. In order to completing geotech
information, seismic testes included refraction and D
hole has been done. In this study 6 refraction seismic 
profiles of P-wave and S-wave and 4 Down
profiles of P-wave and S-wave have been taken. For this 
study following equipment have been used:
(1) Seismograph RAS 24. 
(2) 3-Componenet borehole geophone.  
(3) 6-Geophone borehole streamer (Spacing
(4) Vertical geophones.  
(5) Horizontal geophones.  
(6) Hammer.  
(7) Wooden plank.  
(8) Battery (12volt DC).  
(9) Global Positioning System (GPS).  
(10) Notebook computer.  
(11) Other accessory, cable, reel, wire and etc.
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The location map of study area is shown in Fig (1). The 
satellite picture of the site is presented in Fig (2). The plan 
of project which is reclamation from the sea by filling sea 
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(4). In this study 6 
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South pars gas complex, phase 12 is located in south of Iran, about 17km east of Kangan, Busheher province. In this study 6 
hole seismic profiles have been taken in 4 drilled 

wave velocity and 22 electrical resistivity sounding have been taken for 
Weener array have been taken. 
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Fig. 3: Site plan and location of drilled boreholes

 

Fig. 4: Prepared ground in the sea for offshore structures location

 
3 Theory of Seismic Tests 

Geophysical explorations are used to study tectonics 
characteristic and geology, identified geology layering, 
estimate of dynamic properties of materials, considering of 
behaviour of soil under earthquake. Geophysical meth
divided into two groups. In the first group the physical 
quality natural source is considering. This group include
gravity, magnetic, radiometry and thermometry and seism 
city. The second group included the method that mea
response of non-natural or synthetic source. In this group 
can called seismic refraction, reflection, geoelectric, 
induced polarization and electromagnetic. Seismic methods 
are included refraction, reflection, down hole, cross hole, 
and tomography cross hole. Here we present the theory of 
seismic, refraction and down hole methods. These methods 
are commonly used to determine compression and shear 
wave velocity versus depth. These velocity data are used to 
help assess the seismic response and determin
of a particular site. In a down hole seismic surv
source is placed on the surface near a borehole
geophone is placed at selected depths in the borehole. The 
raw data obtained from a down hole survey are the travel 
times for compression and shear waves from the source to 
the geophones and the distance between the source and 
geophones. Compression waves are generated by striking a 
sledge hammer on steel plate. The steel plate is located at 
short distance from the boring mouth. 
slower than compression waves. Therefore, compression 
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ross hole. Here we present the theory of 
seismic, refraction and down hole methods. These methods 
are commonly used to determine compression and shear 
wave velocity versus depth. These velocity data are used to 
help assess the seismic response and determine stratigraphy 
of a particular site. In a down hole seismic survey a seismic 

on the surface near a borehole and a 
geophone is placed at selected depths in the borehole. The 
raw data obtained from a down hole survey are the travel 

compression and shear waves from the source to 
the geophones and the distance between the source and 
geophones. Compression waves are generated by striking a 
sledge hammer on steel plate. The steel plate is located at 

 Shear waves travel 
slower than compression waves. Therefore, compression 

waves often interfere with shear waves. This interference 
sometimes makes identification of the first shear wave 
arrival difficult. To improve the resol
wave arrival the seismic source is designed to produce a 
signal which contains a large shear wave component and a 
signal enhancement seismograph is used to process the 
received signals from the geophone. The shear wave source 
consists of sledge hammer impacts on alte
beam with steel end plates. The beam is offset a distance of 
five to ten feet from the borehole to minimize direct 
coupling of the seismic energy to the casing.
 
A. Refraction method 

Seismic refraction surveying is the first major 
geophysical method to be applied in the search for oil 
bearing structures. Recent progress in geophysical 
exploration from computer assisted processing and 
enhancement of the data can assist in resolving complicated 
problems in structural geology and engineering. Re
is a usual method in engineering geophysical exploration. 
Low cost, simple in survey and varity in interpretation of 
this method caused it uses more and more in study of site in 
different engineer size. The refraction method consists of 
measuring the first travel times of compression or shear 
waves generated by an impulsive energy source. The 
energy source is usually a small explosive charge or strike 
hammer. The arrivals of different kinds of seismic waves 
are detected by geophones array and recor
seismograph. By extracting time distance curves from 
seismograms we can calculate seismic parameters of 
section such as wave velocities and thicknesses of layers. 
The process is schematically illustrated in Fig(1
measurements are made at sur
subsurface structure is inferred from interpretation methods 
based on the law of energy propagation. The propagation of 
seismic energy through subsurface layers is described by 
essentially the same rules that govern the propagati
light rays through transparent media. The refraction or 
angular deviation that a light ray or seismic pulse 
undergoes when passing from one material to another 
depends upon the ratio of the transmission velocities of the 
two materials. The fundamenta
refraction of light ray is Snell’s law and this together with 
the phenomenon of “critical incidence” is the physical 
foundation of seismic refraction surveys. Suppose a 

medium with a velocity 1V

higher velocity 2V ( 2V > 1V
incidence is reached almost all of the compression energy is 
transmitted(refracted) into the higher velocity medium
when the critical angle is exceeded
totally reflected and no energy is refract into the high speed 
layer in the refraction equations assume that the subsurface 
layers possess certain characteristics: each layer within a 
stratigraphic sequence is isotropic with re
proportion velocity ray paths water supply are made up of 
straight line segment and each layer has a higher velocity 
than overlying one. These are entirely reasonable 
assumptions and relatively few actual cases will
from these assumptions. In this method produce the seismic 
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the seismic source is designed to produce a 
signal which contains a large shear wave component and a 
signal enhancement seismograph is used to process the 
received signals from the geophone. The shear wave source 
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coupling of the seismic energy to the casing. 

Seismic refraction surveying is the first major 
l method to be applied in the search for oil 

bearing structures. Recent progress in geophysical 
exploration from computer assisted processing and 
enhancement of the data can assist in resolving complicated 
problems in structural geology and engineering. Refraction 
is a usual method in engineering geophysical exploration. 
Low cost, simple in survey and varity in interpretation of 
this method caused it uses more and more in study of site in 
different engineer size. The refraction method consists of 

the first travel times of compression or shear 
waves generated by an impulsive energy source. The 
energy source is usually a small explosive charge or strike 
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seismograph. By extracting time distance curves from 
seismograms we can calculate seismic parameters of 
section such as wave velocities and thicknesses of layers. 
The process is schematically illustrated in Fig(1-1). All 
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subsurface structure is inferred from interpretation methods 
based on the law of energy propagation. The propagation of 
seismic energy through subsurface layers is described by 
essentially the same rules that govern the propagation of 
light rays through transparent media. The refraction or 
angular deviation that a light ray or seismic pulse 
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the phenomenon of “critical incidence” is the physical 
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1 ). Until the critical angle of 

almost all of the compression energy is 
transmitted(refracted) into the higher velocity medium 

the critical angle is exceeded the energy is almost 
totally reflected and no energy is refract into the high speed 
layer in the refraction equations assume that the subsurface 
layers possess certain characteristics: each layer within a 

sequence is isotropic with regard to its 
ray paths water supply are made up of 

straight line segment and each layer has a higher velocity 
than overlying one. These are entirely reasonable 
assumptions and relatively few actual cases will depart 
from these assumptions. In this method produce the seismic 
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wave by synthetic energetically source(explosion, sparker 
or hammer) at a point and received by array of receivers in 
a straight line. With releasing energy to distance from 
source called cross over distance the first wave received 

directly that has velocity 1
V

 and travel time has following 
equation: 

11 V/Xt =
                 

1t  : Direct travel time 
X : Distance between source and receiver

1V
 : Velocity in surface layer 
After this distance waves refract in second layer with 

velocity of sub layer. Equation between time and distance 
for a model included two horizontal layers as follow:    
 

12
1

1

2
2 ;

2
VV

V

CosH

V

X
t >+= θ

 
H1 : Thickness of first layer  

1V
, 2V
 : Velocity in first layer and second layer

θ  : Critical angle 

2t  : Received time of refracted wave 
With plotting of travel time verse distance

of first layer obtained from inverse of slope in first medium 
and the second layer from inverse of slope in second 
medium. 
 
B. Down-hole method  

This method is commonly used to determine 
compression and shear wave velocity versus depth. These 
velocity data are used to help assess the seismic response 
and determine stratigraphy of a particular site. In a down 
hole seismic survey, a seismic source is
surface near a borehole and two geophones are placed at 
selected depths in the borehole. The raw data obtained from 
a down hole survey are the travel times for compression 
and shear waves from the source to the geophones and the 
distance between the source and geophones. The process is 
schematically illustrated in Fig (1-2). Compression waves 
are generated by striking a sledge hammer on steel plate. 
The steel plate is located at short distance from the boring 
mouth. Shear waves travel slower than compression waves. 
Therefore, compression waves often interfere with shear 
waves. This interference sometimes makes identification of 
the first shear wave arrival difficult. To improve the 
resolution of the shear wave arrival the seismic source is 
designed to produce a signal which contains a large shear 
wave component and a signal enhancement seismograph is 
used to process the received signals from the geophone. 
The shear wave source consists of sledge hammer impacts 
on alternate ends of a wooden beam with steel end plates. 
The beam is coupled to the ground by weighing it down 
with the front tires of the field recording truck. The beam is 
offset a distance of five to ten feet from the borehole to 
minimize direct coupling of the seismic energy to the 
casing. The down hole sensors consist of a three component 
geophone. This assembly contains three sensor elements 
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one vertical and two orthogonal horizontal elements. The 
geophone assemblies at a fixed separation are used so that 
interval velocities can be determined from the same set of 
impulses. This method reduces timing errors caused by 
differences in seismic triggering and variations in source 
impulse characteristics. The data are analyzed by 
determining the interval velocity for each geophone 
placement. Interval velocity is determined by first 
computing the distance from the source to each geophone 
and the difference in arrival times between the upper and 
lower geophones. The interval velocity is computed by 
dividing the difference in distance between the geophones 
by the difference in arrival times.
 

Fig (1-1): Schematic of ray path and time distance curves in r
method

Fig (1-2): Schematic of Down hole test

4 Values of Velocity and 
Different Materials 

Dynamic properties of materials are important in most 
projects. These parameters obtained either from dynamic 
and cyclic tests in geotechnical laboratory or geophysical 
tests. Longitudinal and shear wave velocity are measured 
by geophysical test and densit
geotechnical test. For example the longitudinal and shear 
wave velocity of some type materials are bring in Table(1
1). Relationship between dynamic properties of solid and 

liquid are presented in Table(1
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method 

 

 
Schematic of Down hole test 

 
elocity and Dynamic Property of 

Dynamic properties of materials are important in most 
projects. These parameters obtained either from dynamic 
and cyclic tests in geotechnical laboratory or geophysical 
tests. Longitudinal and shear wave velocity are measured 
by geophysical test and density is measured for by 
geotechnical test. For example the longitudinal and shear 
wave velocity of some type materials are bring in Table(1-
1). Relationship between dynamic properties of solid and 

liquid are presented in Table(1-2). In this table pV  is 



Journal of Environmental Treatment Techniques                                                                                                                       2014, Volume 2, Issue 2, Pages: 36-49 

39 

 

longitudinal velocity, sV  is shear velocity and d is density. 
The main parameter in geotechnical and civil engineering is 
shear modulus.  

 
Table (1-1): Longitudinal, shear velocity and density of 

different materials 

Type of material 
Density 
(gr/cm3) 

Vp 
(m/s) 

Vs 
(m/s) 

Water  1.0  1500  ـــ  

Sand & Gravel  1.5 – 2.0  500 - 1900  300 - 900 

Silt & Clay  1.3 – 1.7 300 - 1900  100 - 500  

Marl  1.3 – 1.7  300 - 1900  100 - 500  

Gypsum  1.8 – 2.2  1700 - 3000  600 - 1500  

Stiff Limestone  2.5 – 2.7  3000 - 6500  1500 - 3500  

Weathered Granite  2.0 – 2.7 1000 - 3000  500 - 1500  

Intact Granite  2.6 – 2.8  3000 - 6000  1500 - 3000  

Slate Rock 2.7  5000 - 7000  3000 - 3800  
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5 Refraction Seismic Results 

For determining P-wave velocity, twelve vertical 
geophones with spacing 4m have been instaled in one line. 
Then by stricken hammer on metal plate at 4 location(4 and 
13m offset from first and last geophone) seismic wave have 
been recorded. For determining S-wave velocity, twelve 
horizontal geophones with spacing 4m have been planted in 
one line. Then by stricken hammer horizontally on two side 
of wooden plank at 4 location (4 and 13m offset from first 
and last geophone) seismic wave have been recorded. The 
location map of refraction seismic profiles are presented in 
Fig (1-3). Also two sample of P-wave seismograph are 
shown in Figs (1-4) and (1-5). Seismic data with software 
has been interpreted and then results have been presented as 
profile. 
 
5.1 Refraction profile p1 

This profile has been taken entrance of site. P-wave and 
S-wave is velocity sections are shown sequence in Figs (1-
6) and (1-7). With increasing depth density and velocity 
increased. P-wave velocity at Z=101m increases due to 
water velocity. In this profile shear wave velocity is 
variable from 450 to 700m/sec. 
 

 
Fig (1-3): Location map of refraction seismic profiles 

 

 
Fig (1-4): A seismograph of P-wave, offset 4m from first geophone 

 

 
Fig (1-5): A seismograph of P-wave, offset 4m from last geophone 

 
5.2 Refraction profile p2 

This profile has been taken on east branch of site. P-
wave and S-wave is velocity sections are shown sequence 
in Figs (1-8) and (1-9). With increasing depth density and 
velocity increased. P-wave velocity at Z=101.5m increases 
due to water velocity. In this profile shear wave velocity is 
variable from 450 to 700m/sec. 
 
5.3 Refraction profile p3 

This profile has been taken on west branch of site. P-
wave and S-wave is velocity sections are shown sequence 

BH1

BH2

BH3

BH4

s1

s2

s3

s4

s5

s6 s7

s8

s9

s10

s11

s12

s13

s14

s15

s16

s17

s18

s19

s20
s21

s22

615850 615900 615950 616000 616050 616100 616150 616200
3066750

3066800

3066850

3066900

3066950

3067000

p1

p6

p5

p2

p3

p4

Electrical point
Refraction seismic

Down-hole seismic
p



Journal of Environmental Treatment Techniques                                                                                                                       2014, Volume 2, Issue 2, Pages: 36-49 

40 

 

in Figs (1-10) and (1-11). With increasing depth density 
and velocity increased. P-wave velocity at Z=102m 
increases due to water velocity. In this profile shear wave 
velocity is variable from 450 to 700m/sec. 
 
5.4 Refraction profile p4 

This profile has been taken on west branch of site. P-
wave and S-wave is velocity sections are shown sequence 
in Figs (1-12) and (1-13). With increasing depth density 
and velocity increased. P-wave velocity at Z=102m 
increases due to water velocity. In this profile shear wave 
velocity is variable from 400 to 700m/sec. 
 
5.5 Refraction profile p5 

This profile has been taken on main branch of site. P-
wave and S-wave is velocity sections are shown sequence 
in Figs (1-14) and (1-15). With increasing depth density 
and velocity increased. P-wave velocity at Z=102m 
increases due to water velocity. In this profile shear wave 
velocity is variable from 400 to 700m/sec. 
 
5.6 Refraction profile p6 

This profile has been taken on main branch of site. P-
wave and S-wave is velocity sections are shown sequence 
in Figs (1-16) and (1-17). With increasing depth density 
and velocity increased. P-wave velocity at Z=102m 
increases due to water velocity. In this profile shear wave 
velocity is variable from 450 to 730m/sec. 
 

 
Fig (1-6): Iso velocity of compression velocity section in refraction seismic 

profile p1 

 

 
Fig (1-7). Iso velocity of shear velocity section in refraction seismic profile 

p1 

 

 
Fig (1-8): Iso velocity of compression velocity section in refraction seismic 

profile p2 

 

 
Fig (1-9): Iso velocity of shear velocity section in refraction seismic profile 

p2 

 

 
Fig (1-10): Iso velocity of compression velocity section in refraction seismic 

profile p3 

 

 
Fig (1-11): Iso velocity of shear velocity section in refraction seismic profile 

p3 

 

 
Fig (1-12): Iso velocity of compression velocity section in refraction seismic 

profile p4 
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Fig (1-13): Iso velocity of shear velocity section in refraction seismic profile 
p4 

 

Fig (1-14): Iso velocity of compression velocity section in refraction seismic 
profile p5 

 

Fig (1-15): Iso velocity of shear velocity section in refraction seismic profile 
p5 

 

Fig(1-16). Iso velocity of compression velocity section in 
refraction seismic profile p6

 

Fig (1-17): Iso velocity of shear velocity section in refraction seismic profile 
p6 
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Iso velocity of shear velocity section in refraction seismic profile 

 
Iso velocity of compression velocity section in refraction seismic 

 
Iso velocity of shear velocity section in refraction seismic profile 

 
16). Iso velocity of compression velocity section in 

refraction seismic profile p6 

 
velocity of shear velocity section in refraction seismic profile 

5. Results of Down Hole 
Seismic study with down hole method in 4 boreholes 

BH-1, BH-2, BH-3 and BH
determining of compression velocity, seismic 
source(vertical strike hammer on plate) located about 2.5
from mouth of borehole and receiver(3
all of depth borehole. For determining of shear velocity, 
seismic source(horizontal strike hammer on side of 
plank) located about 3.0m from mouth of 
receiver(3-componenet) swept all of depth borehole. Local 
coordinates of drilled borehole are presented in Table(1
In Figs(1-18) and (1-19) sample seismograph of 
compression and shear wave have been shown.
 
Table (1-3): Coordinate of drilled boreholes that down hole 

seismic test have been done
No. Borehole 
1 BH-1 
2 BH-2 
3 BH-3 
4 BH-4 

 

Fig (1-18): A sample of recorded compression 

Fig (1-19): A sample of recorded shear wave seismograph in BH

 
6.1 Down hole test in BH-1  

Test characteristic of compression and shear wave 
velocity have been obtained by down hole seismic test in 
BH-1 are shown in Table(1
changing seismic velocity some layers physically can be 
distinguished. From 0 to 7m there is man
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Hole Tests 
Seismic study with down hole method in 4 boreholes 

3 and BH-4 has been done. For 
determining of compression velocity, seismic 

mer on plate) located about 2.5m 
from mouth of borehole and receiver(3-componenet) swept 
all of depth borehole. For determining of shear velocity, 
seismic source(horizontal strike hammer on side of wooden 

m from mouth of borehole and 
componenet) swept all of depth borehole. Local 

coordinates of drilled borehole are presented in Table(1-3). 
19) sample seismograph of 

compression and shear wave have been shown. 

Coordinate of drilled boreholes that down hole 
seismic test have been done 

X Y 
616141.6 3066972.0 
615981.6 3066909.0 
615994.5 3066809.6 
616083.6 3066827.1 

 
A sample of recorded compression wave seismograph in BH-1 

 

 
A sample of recorded shear wave seismograph in BH-1 

 
haracteristic of compression and shear wave 

velocity have been obtained by down hole seismic test in 
1 are shown in Table(1-4) and Fig(1-20). Based on 

changing seismic velocity some layers physically can be 
m there is man-made soil such as 
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cobble, boulder and gravel. From 7 to end of borehole there 
is seabed materials such as sand, silt, loam shell and gravel 
that with increasing depth increasing density and velocity. 
Depth of groundwater during test is about 3.5m. In Table(1-
4) Compression velocity(Vp), Shear velocity(Vs), Elastic 
modulus(E), Shear modulus(G), Bulk modulus(K) and 
Possion ratio(ν) are presented. 

 
Table (1-4): Characteristic of compression and shear wave 

velocity accompany with dynamic parameters in BH-1

 
 

 
Fig (1-20): The variation of compression and shear velocity verse depth in 

BH-1 

 
6.2 Down hole test in BH-2  

Characteristic of compression and shear wave velocity 
have been obtained by down hole seismic test in BH-2 are 
shown in Table (1-5) and Fig (1-21). Based on changing 
seismic velocity some layers physically can be 
distinguished. From 0 to 7m there is filler material such as 
cobble, boulder and gravel. From 7 to end of borehole there 
is seabed materials such as sand, silt, loam shell and gravel 
that with increasing depth increasing density and velocity. 
Depth of water during test is about 3.5m. In Table(1-5) 
Compression velocity(Vp), Shear velocity(Vs), Elastic 

modulus(E), Shear modulus(G), Bulk modulus(K) and 
Poisson ratio(ν) are presented. 
 
 Table (1-5): Characteristic of compression and shear wave 

velocity accompany with dynamic parameters in BH-2 

 

 
Fig (1-21): The variation of compression and shear velocity verse depth in 

BH-2 

 
6.3 Down hole test in BH-3 

Characteristic of compression and shear wave velocity 
have been obtained by down hole seismic test in BH-3 are 
shown in Table(1-6) and Fig (1-22). Based on changing 
seismic velocity some layers physically can be 
distinguished. From 0 to 7m there is filler material such as 
cobble, boulder and gravel. From 7 to end of borehole there 
is seabed materials such as sand, silt, loam shell and gravel 
that with increasing depth increasing density and velocity. 
Depth of groundwater during test is about 1m. In Table(1-
6) Compression velocity(Vp), Shear velocity(Vs), Elastic 
modulus(E), Shear modulus(G), Bulk modulus(K) and 
Poisson ratio(ν) are presented. 
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Table (1-6): Characteristic of compression and shear wave 
velocity accompany with dynamic parameters in BH-3 

 
 

 
Fig (1-22): The variation of compression and shear velocity verse depth in 

BH-3 

 
6.4 Down hole test in BH-4 

Characteristic of compression and shear wave velocity 
have been obtained by down hole seismic test in BH-4 are 
shown in Table (1-7) and Fig (1-23). Based on changing 
seismic velocity some layers physically can be 
distinguished. From 0 to 5.5m there is filler material such 
as cobble, boulder and gravel. From 5.5 to end of borehole 
there is seabed materials such as sand, silt, loam shell and 
gravel that with increasing depth increasing density and 
velocity. Depth of groundwater during test is about 1m. In 
Table (1-7) Compression velocity (Vp), Shear velocity 
(Vs), Elastic modulus (E), Shear modulus (G), Bulk 
modulus (K) and Poisson ratio (ν) are presented. 
 
 
 
 

Table(1-7). Characteristic of compression and shear wave 
velocity accompany with dynamic parameters in BH-4 

 
 

 
Fig (1-23): The variation of compression and shear velocity verse depth in 

BH-4 

 
7 Conclusions 

Geoseismic tests with two methods of refraction and 
down hole has been performed in this study. The refraction 
method has the limitation of blind zone in this study. 
Because seabed has lower velocity in comparison with the 
upper man-made soil, seabed layer could not be 
recognizable by refraction method. Therefore we suggest 
the refraction method only for surface material. Besides, 
the down hole seismic test has not this limitation therefore 
down hole seismic has been selected for site classification. 
The dynamic properties that have been presented in Tables  
(1-4) to (1-7) are based on assumption that material is 
elastic, isotropic and homogenous. These assumptions are 
suitable only for intact rock rather than other materials as 
boulder, gravel and sand. There are two code building: 
Iranian code building No. 2800 Table (1-8) and NEHRP 
(National Earthquake Hazard Reduction Pogrom) Table (1-
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9). In these codes Vs (30) means shear w
depth of 30m and is obtained by the following equation:

∑

∑

=

==
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T
V
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1
)30(

 
Which Ti is thickness of layer I and 
velocity. Based on results that obtained in this study, site is 
classified as type II of Iranian code building and "C" type 
of  NEHRP code Table (1-10). 

 

Table (1-8): Soil profile classification(Iranian Code, 
Standard No. 2800)

 
Table (1-9): Soil profile classification

 
 

Table (1-10): Classification of site based on the downhole 
tests results 

 
The downhole geo-seismic test results reveal

shear wave velocity within the surface fill layer is higher 
than its counterpart in sandy layer of the natural surface. 
The depth of the fill varies between 5 and 8m
to the fact that the compressive wave velocity
about 1500 to 1600m/s, it might be higher than the velocity 
in the soil material, thus the calculated modules are higher 
than the dry materials' modules. Moreover the calculated 
modules by the geo-physical methods gain a value of 
several times higher than the modules of laboratory 
dynamic/cyclic test results, because the strain limit within 
the geo-physical methods are much smaller than the strain 
limits in laboratory tests.   
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(30) means shear wave velocity to the 
following equation: 

Which Ti is thickness of layer I and Vsi is shear wave 
velocity. Based on results that obtained in this study, site is 
classified as type II of Iranian code building and "C" type 

Soil profile classification(Iranian Code, 
Standard No. 2800) 

 

Soil profile classification (NEHRP) 

Classification of site based on the downhole 

 

results reveal that the 
shear wave velocity within the surface fill layer is higher 
than its counterpart in sandy layer of the natural surface. 

ll varies between 5 and 8m. With respect 
wave velocity of water is 

m/s, it might be higher than the velocity 
in the soil material, thus the calculated modules are higher 
than the dry materials' modules. Moreover the calculated 

physical methods gain a value of 
several times higher than the modules of laboratory 
dynamic/cyclic test results, because the strain limit within 

physical methods are much smaller than the strain 

Fig (1-24): The used seismograph, ABEM RAS 24 

Fig (1-25): A photo of used electrical resistivity device

Fig (1-26): Equipments used in electrical resistivity tests

Fig (1-27): A picture of the used geophones in seismic tests
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The used seismograph, ABEM RAS 24 apparatus 

 

 
A photo of used electrical resistivity device 

 

 
Equipments used in electrical resistivity tests 

 

 
A picture of the used geophones in seismic tests 
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Fig (1-28): A picture of the used down hole geophones

 

Fig(1-29). A sample of graphs obtained from the tests
 
8 Introduction 

In this study 22 electrical resistivity sounding with 
maximum current source length 100m have been taken. 
Equipments that have been used in this field work are as 
following: 
-Resistivity meter. 
-Battery (12volt DC). 
-Global Positioning System(GPS). 
-Notebook computer. 
-Stainless steel electrode. 
-Bras electrode. 
-Multimeter. 
-Other accessory, cable, render, wire and etc.
 
8.1 Theory of electrical resistivity test 

In this method the current source causes a direct current 
i to flow through the earth, entering at electrode C1, and 
leaving from electrode C2. The potential difference will be 
measured between P1 and P2 electrodes. The lines of 
current that flow through the earth are 3
distribution can be computed theoretically although it may 
be quite complicated, especially for complex geology. The 
lines of flow current are always perpendicular to surface 
along which the potential is constant, the later being 
referred to as equipotential. The relationship is illustrated 
by the cross section in Fig(2-1). The potential difference(or 
voltage) impressed across electrodes C1 and C2 is 
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A picture of the used down hole geophones 

 
29). A sample of graphs obtained from the tests 

In this study 22 electrical resistivity sounding with 
m have been taken. 

Equipments that have been used in this field work are as 

Other accessory, cable, render, wire and etc. 

current source causes a direct current 
i to flow through the earth, entering at electrode C1, and 
leaving from electrode C2. The potential difference will be 
measured between P1 and P2 electrodes. The lines of 
current that flow through the earth are 3-D. Their 
distribution can be computed theoretically although it may 
be quite complicated, especially for complex geology. The 
lines of flow current are always perpendicular to surface 
along which the potential is constant, the later being 

tential. The relationship is illustrated 
1). The potential difference(or 

voltage) impressed across electrodes C1 and C2 is 

distributed along the space between them. In a 
homogeneous medium, the potential with respect to C1 
along a vertical plane cutting the surface at midway 
between C1 and C2, will be half as great as its value at C2. 
The apparent resistivity can be calculated by:
ρa = K.∆V / I 

Where K is geometrical factor and depends on relative 
distance between current and p
relationship between the apparent resistivity and real 
resistivity is a complex relation. To determine the true 
subsurface resistivity, an inversion of the measured 
apparent resistivity values using a computer program must 
be carried out. The measured apparent resistivity values are 
normally plotted on a log
 

Fig (2-1): Schematic of geoelectric resistivity method

 
8.2 Values of electrical resistivity of different materials 

Electrical resistivity of rock
minerals. The important factors in electrical special 
resistivity are fellowmen: 
-The volume of profuse and fracture
-The relation between profuse and tracks
-The volume of profuse that filled with water  
-Conductivity of water exists in rock
-Type of mineral 

Therefore special electrical resistivity of layers 
depended on geology condition. Special electrical 
resistivity some materials are presented in Table(2
 
Table (2-1): Special electrical resistivity of some materials

 
8.3 Electrical resistivity results 

In this study 22 sounding point along 6 profile(line or 
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distributed along the space between them. In a 
homogeneous medium, the potential with respect to C1 

ng a vertical plane cutting the surface at midway 
between C1 and C2, will be half as great as its value at C2. 
The apparent resistivity can be calculated by: 

Where K is geometrical factor and depends on relative 
distance between current and potential electrodes. The 
relationship between the apparent resistivity and real 
resistivity is a complex relation. To determine the true 
subsurface resistivity, an inversion of the measured 
apparent resistivity values using a computer program must 

ed out. The measured apparent resistivity values are 
normally plotted on a log-log chart. 
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length current 200m have been taken. The coordinate of 
sounding points are presented in Table (2-2). The location 
maps of these points are shown in Fig (2-2). 

 
Table (2-2): Coordinate of electrical resistivity sounding 

points 

 
 

 
Fig (2-2): Location of electrical resistivity sounding points 

 
8.3.1 Profile A-A’ 

This section included 6 soundage S1, S2, S3, S4, S5 
and S6 with Schulmberger array and max current 
length(AB) 200m located on main branch. Apparent 
resistivity or row data are shown in Fig(2-3). The 
true(interpreted) section has been shown in Fig(2-4). We 
can see soundage S1 and S2 has low resistivity than others 
since sea water inject rock material. Some parts such as S4, 
S5 and S6 the width of filler material more than other parts 
therefore this area has more resistivity. In this section 
soundage S6 has more thickness layer with resistivity more 
than 10ohm.m, which it seems by increasing distance from 
cost material is become finer. 
 
 

8.3.2. Profile B-B’ 
This profile is included 6 soundage S7, S8, S9, S10, 

S11 and S12 with Schulmberger array and maximum 
current length 200m located on main branch. Apparent 
resistivity or raw data are shown in Fig (2-5). The real 
profile(interpreted) has been shown in Fig (2-6). We can 
see soundage S11 has low resistivity than others, since sea 
water is penetrated to soil layers and soil type is fine 
grained. Some parts such as S7, S8 and S9 the thickness of 
man-made soil is more than other parts, therefore this area 
has more resistivity. In this profile soundage S7 has more 
thickness layer with resistivity more than 10ohm.m, that it 
seems by increasing distance from cost material is become 
finer.    
 
8.3.3 Profile C-C’ 

This profile is included 4 soundage S13, S14, S15, and 
S4 with Schulmberger array and maximum current length 
200 m. Apparent resistivity or raw data are shown in Fig(2-
7). The real profile has been shown in Fig(2-8). We can see 
soundage S13 and S14 has low resistivity than others since 
sea water is penetrated to soil layers. Some parts such as S4 
the thickness of man-made soil is more than other parts, 
therefore this area has more resistivity. 
 
8.3.4. Profile D-D’ 

This profile is included 4 soundages S18, S17, S16 and 
S3 with Schulmberger array and maximum current length 
200m. Apparent resistivity or raw data are shown in Fig(2-
9). The real profile has been shown in Fig(2-10). We can 
see soundage S18 and S17 has low resistivity than others 
since sea water is penetrated to soil layers. Some parts such 
as S3 the thickness of man-made soil is more than other 
parts, therefore this area has more resistivity. 
 

 
Fig (2-3): Pseudo-section A-A'(raw data) 
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Fig (2-4): Real profile A-A'(interpreted) 

 

 
Fig (2-5): Pseudo-section B-B'(raw data) 

 

 
Fig (2-6): Real profile B-B' (interpreted) 

 

 
Fig (2-7): Pseudo-section C-C'(raw data) 

 

 
Fig (2-8): Real profile C-C'(interpreted) 

 

 
Fig (2-9): Pseudo-section D-D' (raw data) 

 
8.3.5 Profile E-E’ 

This profile is included 3 soundages S9, S22 and S21 
with Schulmberger array and maximum current length 
200m. Apparent resistivity or raw data are shown in Fig(2-
11). The real profile has been shown in Fig(2-12). We can 
see soundage S9 and S22 has low resistivity than others due 
to sea water is penetrated to soil layers. Some parts such as 
S21 the thickness of man-made soil is more than other 
parts, therefore this area has more resistivity. 
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8.3.6. Profile F-F’ 
This profile included 3 soundage S10, S19 and S20 

with Schulmberger array and maximum current length 
200m. Apparent resistivity or raw data are shown in Fig(2-
13). The real profile has been shown in Fig(2-14). We can 
see soundage S19 and S20 has low resistivity than others 
since sea water is penetrated to soil layers and maybe finer 
material. Some parts such as S20 the thickness of man-
made soil more than other parts, therefore this area has 
more resistivity.    

 

 
Fig (2-10): Real profile D-D'(interpreted) 

 
9. Conclusions 

It can be inferred from the derived results of the 
geophysical investigations that the electrical resistivity at 
the 'fill' zone (which has higher extents of pores) is less 
than the other zones. Within the natural surface layers, the 
electrical resistivity value varies between 1 to 500ohm.m. 
The higher amounts of resistant is a sign of existence of the 
granular layers, while the lower amounts stand for the 
existence of fines. The electrical resistance gains its lowest 
value at the location of soundages S22, S21, S20, S19, and 
S1. Therefore, specific consideration shall be staged at the 
latter locations.   

 
Fig (2-11): Pseudo-section E-E' (raw data) 

 

 
Fig (2-12): Real profile E-E'(interpreted) 

 

 
Fig (2-13): Pseudo-section F-F'(raw data) 

 

 
Fig(2-14). Real profile F-F'(interpreted) 
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