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Abstract 
 

The Sivaki Dam site located near Sepidar Road, approximately 50 km southwest of Yasuj City was selected for geophysical investiga-

tions. The objective of the study was to detect low velocity zones potentially liable to water infiltration or leakage and to evaluate the 

dynamic properties of subsurface materials. The study applied a combination of shallow seismic refraction profiling and seismic tomog-

raphy methods. The P-wave velocity in most parts obtained from seismic tomography investigation is less than 3km/s. This velocity cor-

responds to the high Lugeon number (> 10), which is the indicator of high permeability of dam foundation. Based on the seismic tomog-

raphy and Lugeon section, at the right abutment, rock mass quality improves towards deeper parts but because of high Lugeon value 

need for grouting at deep levels. According to Iranian-2800, seismic building code the upper layer has average shear velocity values that 

range from 375 m/s to 750 m/s and classified as hard soil and mixtures of sands, gravels and clays. According to the national earthquake 

hazard reduction program (NEHRP) provisions scheme, the Sivaki dam site is preliminarily classified into two site classes (B and C). 
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1. Introduction 

The Sivaki Dam is an earth dam with clay core that is constructed 

on the Sepidar River at the 50km of the Yasuj city. The study area 

is located on the Sisakht 1:100000 map in the latitude 30˚37' and 

longitude 51˚19'. The study area is located between the High Zag-

ros and Zagros Folded Belt. The outcrops in the area are often 

Asmari limestone. The right and left abutment of the dam site are 

cream limestone with the Asmari formation Interlayers. In the 

high altitude of the left abutment contains gypsum, red marl and 

marly limestone of the Gachsaran formation. In the depth of the 

site consists of mainly marl, limestone shale and marly limestone 

of the Pabdeh formation [1]. Bedrock consists of the young trusts 

and alluvial-fans. The main structural features of the area belongs 

to major structures of the Zagros that constructed on the Alpine 

orogeny in the Pliocene and Pleistocene [2]. In reference to the 

calcareous of the dam site and the possibility of karstification of 

the Asmari formation and saving in geotechnical studies, at the 

beginning seismic studies in the right abutment of Sivaki dam site 

by boundary reflection method was conducted in two cross sec-

tions of A-A’ and B-B’ and also seismic tomography method done 

in two boreholes BS5 and BS6. The target of this study is to ob-

tain change of attenuation and velocity of the waves to know sub-

surface structures. Pressure and shear wave velocity were calcu-

lated in the study boreholes and consequent catch geotechnical 

parameters [3], [4]. These parameters have extensive application 

and important in the engineering tasks. Lugeon test is used for 

determination of leakage from the foundation and abutments of 

the dam site [5]. The experiment results can only check the area 

close to borehole. If the joints and discontinuities didn’t cut the 

borehole, the data will not be enough accurate. The seismic to-

mography survey the permeability an extensive area easy and with 

lower cost [6]. Therefore in the early stage, the seismic tomogra-

phy studies in the boreholes is carried out before the extensive 

excavation in the area. In this study, seismic data processing done 

by Geotomo 5.1, Ras24 2.15, Reflexw 5.05 and Surfer 7.0 soft-

wares.  

2. Method of geophysical studies at the site 

2.1. Seismic refraction theory 

Boundary seismic reflection is one of the most common methods 

for geophysical explorations. Low cost, simple application and 

diverse interpretation methods have raised the application of this 

method in the study of sites and other engineered structures [7, 8]. 

In this method, measurements are carried out by creation of seis-

mic wave by artificial energy sources (explosion or mechanical) in 

one point and determination of the arrival time of direct, reflected 

and refracted waves to the layers interface equipped with a series 

of receptors located in a direct line on the land surface (Figure 1).  

 

 
Fig. 1: Transitional Failover Seismic Operations with Wave Routes [9]. 

 



1338 International Journal of Engineering & Technology 

 
By release of energy in the earth up to a specific distance, called 

cross-over distance, the first received wave of the receptors is the 

direct wave moving at the speed of v1 whose time of travel can be 

determined as [10], [11]: 

 

t1 = X/V1                                                                                      (1) 

 

T1 is the arrival time of the direct wave and X represents the dis-

tance between the wave source and receiver and V1 is the wave 

velocity in the layer’s surface. From this distance, the first re-

ceived wave is the boundary refracted wave, which moves in the 

second layer with the wave velocity after being reflected by the 

critical angle from the layer one and two interface. If the wave 

propagation velocity increases by increase of depth, the time-

distance equation for these waves in a simple horizontal two-layer 

model will be [12, 13]: 
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                                      (2) 

 

Where, H1 is the first layer thickness (superficial layer), is the 

critical angle, V1 and V2 represent propagation velocities in first 

and second layers, respectively; and t2 is the arrival time of the 

refracted wave. By plotting the two equations in time-distance 

coordinate, it can be seen that wave propagation velocity in first 

medium and second medium can be obtained from the inverse 

slopes of the direct waves and boundary refracted waves, respec-

tively. As natural layers are not always horizontal and direct, and 

they mostly have slope and roughness, for complete coverage 

along the profile, the measurements will be repeated in specific 

intervals and the wave propagation to the earth will be carried out. 

Results of this operation can be obtained by one of the conven-

tional interpretation methods based on the desired accuracy and 

number of layers, velocity and layer thickness beneath each of the 

receivers (geophones) [14]. 

2.2. Theory of intrinsic methods 

2.2.1. Surface to depth method (down-hole) 

In this method, the seismic wave source is on the surface near the 

borehole and the receiver is placed in the borehole scanning the 

entire borehole length. This method is applicable in noisy places 

as the noise will reduce by receiver getting further in depth of the 

borehole, therefore the quality of records will be enhanced (Figure 

2) [15]. 

 

 
Fig. 2: A Sequence of Seismic Operations in Well, Surface to Depth [15]. 

 

2.2.2. Depth to surface method (up-hole) 

In this method, the receiver is on the surface near the borehole and 

the seismic wave source is placed in the borehole scanning the 

entire borehole length. As the receiver is on the surface, it can be 

controlled easier. This control is very difficult and more time-

consuming in inside-well methods.  

 

2.2.3. Vertical seismic profile method (vertical seismic profil-

ing) 

This is similar to down-hole method but the seismic wave source 

will be placed in different distances from the borehole opening 

and the receiver will scan all the borehole depth. By this method, 

the average velocity of layers between the transmitter and receiver 

can be obtained; therefore, the existing layers can be differentiated 

by placing the receiver in different depths [15].  

 

2.2.4. Tomography method depth to depth or between walls 

(cross whole tomography) 

In this method, two boreholes are drilled with a specific distance 

from each other. Then the wave receiver will be placed in one 

borehole and the seismic wave source will be located in the other. 

All these elements simultaneously scan all depths of the borehole 

(Figure 3). As both receiver and source are placed inside the bore-

hole, the seismic wave velocity can be obtained even in low-

thickness layers [15]. This is an efficient method in detection of 

abnormalities such as crushed ventures and holes and can give an 

overall estimation of rock quality.  

Tomography experience with sparker seismic source is a non-

destructive test in which a hydrophone fiber will be placed in one 

borehole and a seismic wave source will be located in another. 

Sound waves will pass the section and each beam will pass the 

distance in a specific time (Figure 4). If the studies cross section is 

divided into different cells (Figure 5), each beam will pass differ-

ent blocks and at each block it will pass a specific distance. For 

instance in figure 5, MN beam passes different cells and the 

passed distance in ij cell is about SMNij. Generally, following equa-

tion holds between the wave arrival time, its velocity and distance 

in the cells in the path of the wave beam [16]: 

 


ij

mnij

MN
V

S
T

                                                                      (3) 

 
In which, TMN is the time passed by MN beam and Vij represents 

the seismic waves velocity in ij cell. To solve this equation, simu-

lation methods are used. First, a mean velocity is considered for 

all the cells. Then by regression analysis and trial and error tech-

nique, the cells’ velocity will be changed till the minimum RMS is 

achieved. Finally, iso-velocity curves will be plotted by consider-

ing the velocity of each cell to their center. By means of these 

curves, high and low-speed zones can be identified. The regions 

with lower velocities will be considered as crushed, fractured or 

porous zones depending on their shapes. Regions with higher ve-

locities will be attributed to denser and intact rocks. 

 

 
Fig. 3: A Seismic Operation of Tomography between Boreholes [16]. 
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Fig. 4: Seismic Wave Paths in Seismic Tomography [17]. 

 

 
Fig. 5: Cell Division in Seismic Tomography. 

3. The velocity values of various materials and 

dynamic parameters 

In all the construction projects, the elastic moduli of the region 

components will have the necessary insight to the engineers. Wave 

velocity varies in different formations and is the function of type, 

density, porosity, water content and elastic properties of the envi-

ronment in which the wave is released. Approximated values of 

the shear and pressure waves velocity in some components of land 

layers are listed in table 1. These quantities can be calculated by 

density and velocity of the shearing and pressure waves in differ-

ent materials in addition to geotechnical experiments. Therefore, 

to obtain the mentioned parameters in a region, it is necessary to 

consider some profiles for shearing wave velocity (Vs) determina-

tion in addition to measurement of pressure wave velocity (Vp). 

 
Table 1: Approximate Speed of Compression and Shear Waves in Some 

Materials [18], [19].  

Materials Density (gr/cm3) Vp (m/s) Vs (m/s) 

Water 1 1500 - 
Sand & gravel 1.5 - 2 500-1900 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 

Hard lime 2.5 – 2.7 3000-6500 1500-3500 

Weathered granite 2 – 2.7 1000-3000 500-1500 
Healthy granite 2.6 – 2.8 3000-6000 1500-3000 

Silt 2.7 5000-7000 3000-3800 

4. Seismic studies results 

4.1. Seismic study results by border failure at Sivaki site 

 Seismic studies by boundary reflection method was conducted in 

two cross sections of A-A’ and B-B’ whose locations are depicted 

in figure 6. Descriptions of the recorded mappings are also listed 

in table 2. After data processing, first arrival time of each beam 

was derived and the seismic wave’s velocities were calculated by 

tomographic boundary reflection simulation of each cell. Iso-

velocity curves of pressure waves were plotted according to wave 

velocity in each cell. Then cross section of the real layers were 

plotted by interpretation of these curves, as the underground water 

level is more than 20 m in this region, it is possible to plot the iso-

velocity cross section of the shear wave by consideration of pres-

sure to shearing wave ratio of 1/9. 

 

 
Fig. 6: Position of the Boundary Refraction Profiles on Sivaki Site. 

 
Table 2: Description of the Number of Mapped Boundary Refraction 

Profiles on Sivaki Site. 

Number of 
mappings 

Number of 

withdrawal 

lines 

Number of 

shots per 

line 

Number of 
receivers 

Description 

of Opera-

tion 

105 3 5 7 
Cross bor-
der in sec-

tion 1 

392 8 7 7 
Cross bor-
der in sec-

tion 2 

497 Total mapping 

 

A-A’ section is 40 meter long at the distance of 20 m from the 

borehole initiated from 2040 m and continued to 2050 m. Iso-

velocity curves of pressure seismic waves for this cross section 

was plotted (Figure 7, up). Also, shearing waves velocity was 

calculated from pressure waves velocity for A-A’ section (Figure 

7, down). Debris layers and weathered rocks can be observed in 

upper part of this section the thickness of this layer is 3-8 m. In 

central parts and in 15- to 35-m distances at 4- to 20-m depth, a 

relatively intact rockmass can be seen. At distance of 10 m from 

the beginning of the profile at 2030 m, a mass with lower seismic 

wave velocity can be observed which can be attributed to a 

crushed zone, probably a fault. 

 

Source Receiver 
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Fig. 7: Seismic Section A-A, Compression Wave Section (Up), Shear 

Wave Section (Lower). 

 

B-B’ section is 94 meters long recorded at elevation of 2065 to 

2075 m. Iso-velocity curves of pressure seismic waves for this 

cross section was plotted (Figure 8, up). Also, real layers’ cross 

sections were plotted by interpreting the iso-velocity curves (Fig-

ure 8, down). Debris layers and weathered rocks can be observed 

in upper part of this section the thickness of this layer is about 10 

m in southern parts. In central parts of profile, the thickness of 

debris and weathered rocks reduced to lower than 5 m from 30- to 

70-meter distance. In this part, a relatively intact rock can be seen 

in 4-18 m depth. In northern part of the profile and at 70- to 90- 

meter distance from the southern part, the velocity of shearing 

waves was reduced to 375 m/s in 0- to 5-meter distance which can 

be sign of weak sedimentation rocks. 

 

 
Fig. 8: Seismic Section B-B, Compression Wave Section (Up), Shear 

Wave Section (Lower). 

4.2. Seismic study results by tomography method on 

Sivaki site 

At Sivaki dam site, two boreholes were drilled. BS5 was drilled 

with 30-degree incline from the vertical direction and BS6 was 

drilled vertically. Receivers, seismic wave source and the site of 

the dam are shown in figure 9. Details of the recorded mappings in 

each method are listed in table 3. After data processing, the first 

arrival time of each beam was derived and plotted by simulation 

of iso-velocity curves of pressure seismic waves (Figure 10). 

Based on a local scale, the rocks with pressure wave velocity more 

than 3000 m/s are related to resistant and intact lime rocks and 

those with velocity of 2400 to 3000 m/s can be attributed to medi-

um-resistant rocks with cracks. Rocks whose passing velocities 

are lower than 2400 m/s are classified as weak and weathered 

rocks. Ultra-aerated rocks and sand have velocities in the range of 

500-1500 m/s [18, 19]. In central part of A-A’ section (Figure 10), 

from the depth of 5 to 40 m, the variation trend of waves velocity 

revealed the existence of low-resistance rocks. The thickness of 

debris layer varied from 3 to 12 m. the variation trend of seismic 

wave velocities at the north of the profile indicated a fracture. 

 

 
Fig. 9: VSP Separator Sprinkler Location and Sparker and Receivers on 

Sivaki Site. 
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Table 3: Describes the Number of Digits Taken on Sivaki Site 

Number of 

mappings 

Number of re-

ceiver depth 

Number of 

Shots 

Description of Op-

eration  

336 21 16 VSP in BS6 
731 43 17 VSP in BS5 

630 21 30 
Tomography be-

tween BS5-BS6 
1697 Total mapping 

 

 
Fig. 10: Seismic Section A-A, Cross Section Velocity of Condensation 

Wave on Sivaki Site. 

5. Integration of geophysical and geotechnical 

results 

In this study, geotechnical parameters and dynamic properties 

were investigated for near-surface soils (up to 30 meter depth) at 

the right side of Sivaki dam by the help of pressure and shear 

wave’s velocity. Wave velocity differs in different geological 

layers and is a function of type, density, porosity, water content 

and elastic properties of the environment. In construction projects 

such as dam construction, dynamic elastic moduli of the compo-

nents of the site region can provide the engineers with proper in-

sight. Dynamic parameters can be also obtained by use of density 

and wave velocity. The density can be determined from pressure 

waves. Abutments permeability is another important parameter in 

dam construction which can result in water scape or dam destruc-

tion. Permeability test of Lugeon is generally carried out in the 

boreholes and their results will be adapted with the wave velocity 

in the same borehole. Then a local relation can be obtained be-

tween the wave velocity and Lugeon number. Finally, Lugeon 

number could be obtained for the other regions.  

5.1. The relationship between the compressive and shear 

wave velocity 

Due to difference of pressure wave with shear waves, they would 

be differently affected by elastic properties of the rock. Therefore, 

if they can be simultaneously investigated in a single rock sample, 

valuable information could be obtained. Due to difficulties in col-

lecting data of shearing seismic wave, their information can be 

derived from the information concerning pressure waves. Vp/Vs 

ratio of each region can be obtained from the empirical equations 

(between pressure and shearing waves. It is better to calculate 

these equations for each region individually. Vp/Vs ratio is one of 

the important dynamic parameter. Numerous empirical equations 

have been presented for this ratio; among which Domenico equa-

tion (1984) can be mentioned which presented a curve for lime 

rock (Figure 11). In this study, empirical curves was employed 

according to the layers condition and geotechnical tests (Figure 

12). Maximum velocity of pressure wave for dense lime layers is 

about 3000 m/s which will result in minimum Vp/Vs ratio (about 

1.8). For weak alluvial layers, this velocity is about 350 m/s which 

will give rise to maximum Vp/Vs ratio (about 2.1) [20], [21]. Re-

garding these findings, iso-velocity cross section of shear wave 

was plotted in Sivaki dam site (Figure 13). Shear wave velocity is 

important and dynamic parameters can be obtained by that. In 

classification of land layers according to shear wave’s average 

velocity up to the depth of 30 m, the building design regulation of 

Iran called regulation 2800 and national earthquake hazard reduc-

tion program [22] were used (Table 4). Average velocity of shear-

ing wave in debris is about 375-750 m/s; the alluvial thickness of 

the region is less than 30 m. therefore, the studied site can be clas-

sified as the type I based on regulation 2800. In the studied site, 

the shearing wave’s velocity rarely exceeded 1500 m/s up to the 

depth of 30 m (of exceeding of pressure wave from 2600 m/s); 

hence, there is no ultra-hard rock in the dam site. Based on 

NEHRP regulation, the studied region can be classified as rank B 

(rock). 

 

 
Fig. 11: Relationship between Density and Poisson’s Ratio and Compres-

sion Wavelength Vp/vs in Limestone and Sandstone Rock [23]. 

 

 
Fig. 12: The Relationship between Compression Wave and Ratio Com-

pressive and Shear Wave Speed in This Study. 
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Fig. 13: Seismic Section A-A, the Shear Wave Velocity Map on Sivaki 
Site. 

 
Table 4: Classification of Sites in Terms of Soil and Stone [22]. 

Category 
Average of shear wave velocity 

higher than 100 FT (30 m) 

Standard 

penetration 
speed 

Stone and 

soil catego-
ry 

A 5000ft/sec(>1500m/sec) 
Not appli-

cable 
Hard rock 

B 
2500 تا   5000ft/sec (760  1500تا 
m/sec) 

Not appli-
cable 

Rock 

C 
 760 تا 2500ft/sec (360تا  1200
m/sec) 

>50 

High-

density soil 
and soft 

rock 

D 
 360تا  1200ft/sec (180تا  600
m/sec) 

 Hard soil 50تا  15

E <600ft/sec (<180 m/sec) <15 Soft soil 

F 
Soil susceptible to seizure 
failure, including soil with high 

plastics and fluidity 

Not appli-

cable 

A specific 
category 

that requir-

ing ge-
otechnical 

evaluation 

5.2. The relationship between density and condensation 

velocity 

By increase of density, by assuming constant layer type, the veloc-

ity of pressure wave will also increase. The maximum velocity of 

pressure wave is 3000 m/s for lime layers for which maximum 

density of 2.5 g/cm3 was considered. For weak alluvial layers, the 

pressure wave velocity is 350 m/s for which the minimum density 

of 1.7 g/cm3 was considered [19, 24]. The relationship between 

the pressure wave velocity and applied density is depicted in fig-

ure 14. By following formula, the density can be calculated ac-

cording to the velocity of pressure wave, in following equation, if 

density is denoted by ρ (in g/cm3) and pressure wave velocity (vp) 

is in m/s, the value of a will be considered 0.31 [25, 26]. 

 

ρ = aVp0.25                                                                                  (4) 
 

a = 0.31 m/s                                                                                  (5) 

 

 
Fig. 14: The Relationship between Compression Wavelength and Density 

Used in This Study. 

5.3. Relationship between the velocity of compression 

waves and permeability 

So far, numerous studies have addressed the relationship between 

permeability and seismic wave velocities in the rock. Barton 

(2006) studied hard rocks and showed that increase of pressure 

wave velocity will decrease the Lugeon number. In porous rocky 

mass, crushed pores will increase permeability and decrease the 

seismic velocity. Studies have revealed the inverse relationship of 

pressure wave and Lugeon number [28]. In Barton equation, a 

relationship was presented between Lugeon number and pressure 

wave in hard rocks: 

 

L=10(3.5-VP)                                                                               (6) 

 

Where, L is Lugeon number and Vp represents the velocity of 

pressure wave. Based on Houlsby (1990) studies, Lugeon numbers 

higher than 5 show potential of leakage in the site and that need to 

be sealed [30]. In Sivaki dam site, first the relationship between 

the velocity of pressure wave and Lugeon number was plotted 

(Figure 15). Then, iso- Lugeon section of A-A’ was plotted by 

means of the obtained equations and software (Figure 16). Maxi-

mum velocity of pressure wave in the site was 3000 m/s corre-

sponding to a region with Lugeon number of 10. In a very small 

region of the site, Lugeon numbers less than 10 were observed 

which are marked by yellow color. In central part of A-A’ section, 

Lugeon number started from 120 in alluvium and reached to 25 at 

the depth of 40 m. In deeper regions, Lugeon number varied from 

25 to 10. Seismic studies showed that rock quality increased with 

increase of depth but the Lugeon number was more than 10 show-

ing the risk of water leakage even in deeper parts. Therefore seal-

ing is needed even in deep parts. Results of new studies of Lugeon 

test for determination of leakage from the foundation and abut-

ments of Sivaki dam site are in good agreement with Lugeon 

numbers obtained from tomographic seismic methods. 

 

 
Fig. 15: The Relationship between Condensation Wave Speed and Lugeon 
on Sivaki Site. 
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Fig. 16: The Section of the Lugeon Value of Sivaki Site. 

5.4. Determine the dynamic parameters used on the site 

Geophysical methods are used for assessment of the engineering 

properties of the rocks. These properties include Young’s modu-

lus, shear modulus, Bulk modulus and Poisson coefficient which 

are called elastic constants of the rock. Rock density can be also 

estimated by seismic velocities. To determine elastic constants, it 

is required to measure the velocities of pressure and shearing 

wave. Dynamic parameters can be calculated by estimation of 

density, pressure and shearing wave velocities. These moduli are 

for very small strains. For larger strain values, other tests such as 

cyclic three-axis method, resonance column, pressure-meter and 

planar loading should be employed. Results of seismic tests can be 

compared with the other tests’ results. The relationship between 

the dynamic parameters, velocity of pressure wave, shearing wave 

and density can be calculated by following equations [31 34] 
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In above equations, the velocity of pressure and shearing waves 

are represented by Vp and Vs, respectively. Density is shown by ρ 

and Poisson ration was denoted by υ. Poisson ratio is approxi-

mately equal to 0.15-0.25 for igneous rocks, 0.16-0.35 for sedi-

mentation rocks and 0.1-0.49 for soil. Elasticity modulus (young), 

shear modulus and bulk modulus maps were plotted for Sivaki 

dam site (Figures 17-19). Elastic modulus depends on the velocity 

of pressure and shearing waves, since the pressure wave velocity 

depends on humidity percentage and water content of the rock. 

The calculated elastic modulus will be more than elastic moduli 

calculated for dry layers. The map does not show iso-Young mod-

ulus in A-A’ section (Figure 17) in contrary to shear and bulk 

moduli and in general, it shows less similarity with the maps of 

pressure and shearing waves maps in Sivaki dam site. Shear mod-

ulus depends on the velocity of shearing wave and density. As the 

shearing velocity is not the function of humidity and water content 

of the rock, therefore, the calculated modulus is more applicable. 

Iso-shear modulus map of A-A’ (Figure 18) showed good agree-

ment with iso-shearing velocity map in dam site. The rock ob-

served in southern part of A-A’ in iso-shearing velocity map can 

be also observed in iso-shear modulus map as well. Similar to 

elastic modulus, bulk modulus also depends on the velocity of 

pressure wave, shearing wave and density. As the pressure wave 

velocity is the function of humidity and water content of the rock, 

the calculated bulk modulus will be higher than the dry layers. The 

iso-bulk modulus map of A-A’ (Figure 19) showed good agree-

ment with the maps of shearing and pressure velocities in dam 

site. The rock in the southern part of A-A’ and in the northern 

parts of the section showed higher velocities in pressure and shear-

ing velocities maps. These rocks could be also observed in bulk 

modulus map. 

 

 
Fig. 17: The Elasticity Modulus Map of Sivaki Site. 

 

 
Fig. 18: The Shear Modulus Map of Sivaki Site. 
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Fig. 19: The Balk Modulus Map of Sivaki Site. 

6. Conclusion 

In this study the seismic refraction profiling and seismic tomogra-

phy methods applied to determine the characterize Sivaki dam site 

and distinguish the fracture zones, alteration and weathering rocks 

to evaluation injection and estimation of soil dynamic properties 

in near to surface. The results of seismic refraction method in the 

A-A’ profile show in the upper part, there is the layer of debris 

and weathered rocks about 3 to 8 m. In central parts at 4- to 20-m 

depth, a relatively robust rockmass can be seen. The data of seis-

mic refraction method in the B-B’ profile indicated the debris 

layers and weathered rocks be observed in upper part of this sec-

tion, the thickness of this layer is about 10 m in southern parts. In 

central parts of profile, the thickness of debris and weathered 

rocks reduced to lower than 5 m, in this part, a relatively robust 

rock can be seen in 4-18 m depth. Geotechnical parameters and 

dynamic properties were investigated for near-surface soils (up to 

30 meter depth) at the right side of Sivaki dam by the help of pres-

sure and shear wave’s velocity. The shallow seismic refraction 

profile have given acceptable information of pressure and shear 

wave velocities and characteristics of the near surface layers in the 

dam site. The surface alluvial layers covered the limestone bed-

rock. Maximum velocity of pressure wave in the site was 3000 

m/s corresponding to a region with Lugeon number of 10. In a 

very small region of the site, Lugeon numbers less than 10 were 

observed. Results of new studies of Lugeon test for determination 

of leakage from the foundation and abutments of Sivaki dam site 

are in good agreement with Lugeon numbers obtained from tomo-

graphic seismic methods. Seismic studies showed that rock quality 

increased with increase of depth but the Lugeon number was more 

than 10 showing the risk of water leakage even in deeper parts. 

Based on NEHRP regulation, the Sivaki dam site is preliminarily 

classified into two site classes B and C. The map does not show 

iso-Young modulus in A-A’ section in contrary to shear and bulk 

moduli and in general, it shows less similarity with the maps of 

pressure and shearing waves maps in Sivaki dam site. 
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