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ABSTRACT: The use of acoustic waves in researches related to sea water is of most importance among scientists 

recently. Since these waves are the only waves, transmitted in water with lowest attenuation and high speed, they can 

be used in many scientific fields. The main goal of this research is to better understand the physics and mechanisms 

of sound-seabed interaction, including acoustic penetration, propagation, attenuation and scattering in marine 

sediments using a laboratory study approach. Sound backscattering from water sediments at central frequencies 1, 

2.25, 5, 10 and 15 MHz was studied in controlled laboratory conditions. Six kinds of sediments, from very coarse 

sands to fine sands, were degassed, and their surface was flattened. In these conditions, the sediment granular 

structure can be considered as the only controlling mechanism of backscattering. Comparison of frequency 

dependencies of backscatter for the six sediments with different mean grain sizes shows that in which frequencies we 

have the maximum backscattering sensitivity to the sediment mean grain diameter, and frequency-dependent 

attenuation will be shown. 
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INTRODUCTION
1 To protect residents from the action of ocean waves, 

marine structures (such as seawalls, caisson etc.) have 

been widely used. The damage of marine structures 

may arise from two failure modes. The first mode is 

structural failure, caused by the wave forces acting on 

the structures, and The second mode is wave-induced 

seabed instability (such as liquefaction and scour) in 

the vicinity of the structure. Thus, a better 

understanding of the wave bottom boundary is 

particularly important for coastal engineers involved 

in the design of coastal structures. Accomplished 

researches of seabed scattering are largely confined to 

relatively low frequencies, up to 300 kHz (Jackson 

and Richardson, 2007). Still higher frequencies, up to 

a several megahertz, are used in seafloor imagery 

(e.g., in pencil-beam sonars), particularly to observe 

dynamic processes at the seafloor (Ivakin and 

Sessarego, 2007). From the physics of sound-

sediment interaction standpoint, however, interesting 

effects can be anticipated at these high frequencies as 

the wavelength can become comparable with the 

sediment typical grain sizes (Greenlaw et al., 2004). 

Unfortunately, previous observations in this case are 

usually not calibrated and, therefore, do not allow 
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measurements of system independent scattering 

characteristics of the seabed, such as the bottom 

scattering strength. Acoustic observations could be 

affected by the small-scale roughness, the presence of 

gas bubbles in the sediment, and other mechanisms, 

e.g., those related to possible near-surface 

stratification of the sediment (Ivakin, 2005). 

Unfortunately such ambiguities are quite usual for 

experimental studies of sediment acoustics in shallow 

water where the dynamical complexity and 

unpredictability of environmental conditions can be 

so great that even very extensive time- and labor-

consuming environmental measurements may not be 

enough to sufficiently reduce the uncertainty in 

interpretation of acoustic data. In this connection, 

conducting experiments in well-controlled laboratory 

conditions can become a valuable (but much less 

expensive) supplement to the sea experiments 

(Mohseni Arasteh et al., 2009). An important 

advantage of laboratory studies of sediment scattering 

is that they make it possible to simplify the problem 

by reduction of the number of controlling parameters 

and allow observation of the effects of different 

scattering mechanisms separately. For example, the 

sediment can be degassed to eliminate effects of 

micro-bubbles, and its surface can be flattened to 

exclude contributions of the sediment roughness at 
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scales greater than the grain size. In this paper, we 

describe experiments conducted at the water tank 

facility on backscatter from sands. Note that previous 

methods for measuring the bottom scattering strength 

normally used broad band signals that they do not 

have enough sensitivity (Ivakin and Sessarego, 2007). 

 

MATERIALS AND METHODS 

In this research, Six kinds of water-saturated 

sediments with different grain sizes, moderately well 

sorted fine to very coarse sands, were chosen for the 

study. Sediment properties such as the grain size were 

measured by nonacoustical methods. Sediment 

physical properties such as Mean grain 

diameter(mm), porosity, bulk density, sediment and 

water mass densities ratio, void ratio, fractional 

porosity, Attenuation factor, water content and wave 

phase speed to water sound speed for compressional 

wave ratio are measured and shown in Table 1.  

Prior to the experiments, the six kinds of sediments 

were placed in different Plexiglas rectangular boxes 

of the same size with horizontal dimensions 10*10 

cm
2
 and 6 cm in the vertical. (Fig. 1) 

 
Table 1. Sediment physical properties for the six sediment samples 

 

Mean 

grain 

size 

(mm) 

Bulk 

density, ρ 
Porosity, η 

Fractional 

porosity, β 
Void ratio, e 

Water 

content, ω 

sediment 

and water 

mass 

densities 

ratio, aρ 

wave phase 

speed to water 

sound speed for 

compressional 

wave ratio, vp 

Attenuatio

n factor, k 

0.149 2.2 37 0.37 0.37 0.235955 1.389488 1.093073 0.540175 

0.21 1.927273 35.45455 0.354545 0.39 0.204545 1.525975 1.122726 0.510725 

0.297 1.75 36.66667 0.366667 0.44 0.26506 1.721146 1.158053 0.498475 

0.71  44.16667 0.490909 0.54 0.2375 2.230564 1.250251 0.46785 

0.84 1.916667 47.5 0.475 0.57 0.321839 2.271745 1.263856 0.461725 

1.19 1.816667 45 0.45 0.54 0.329268 2.35703 1.292082 0.4566 

 

 
 

Fig. 1. Plexiglas rectangular boxes  

 

The six sediments were stored in containers filled 

with water treated with chlorine to exclude the 

presence of living organisms which might generate 

bubbles. Then these sorted sediments were degassed, 

and their surface was flattened. After such 

preparations, The sediments were transferred (without 

exposure to air) to a large water tank (chlorine treated 

as well) where, in addition, they were sieved and 

agitated to eliminate remaining bubbles. The 

sediment surface was carefully flattened by scraping 

even with the box edges to eliminate roughness at 

scales larger than the sediment grains. Therefore, 

only the sediment granular structure be considered as 

a dominating mechanism (rather than large scale 

roughness and/or gas bubbles) controlling total 

scattering from the sediment. Experiments on 

backscattering from the sediments were conducted 

using transducers acting as both transmitter and 

receiver. Five narrowband transducers with nominal 

center frequencies 1, 2.25, 5, 10 and 15 MHz were 

used. In this research, we used a tank for simulating 

sea bed. This tank should be equipped with a 
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manipulator which is moved by carriage. These units 

carry transducer and other equipments which their 

movements are controlled by a computer. Therefore, 

we can have an ideal flexibility in displacement. (Fig. 

2) 

 

 
 

Fig. 2. pilot of the experiments  

 

Accuracy in horizontal and vertical displacement is 

0.01 mm, and 0.1 degree in angular movement. 

Ultrasonic pulses are generated and applied by each 

transducer separately, and received signals are 

transferred from the ultrasonic detector to a computer. 

These signals are transmitted and received in various 

grazing angles (angle from the horizontal plane), so 

the best grazing angle could be determined by the 

most scattering feedback. To calibrate the equipment, 

the transducer was placed at a known, precise and 

fixed distance from the bottom of the tank and its 

response was used for calibration. Then, the 

transducer was faced toward the sediment’s surface 

and set in a fixed and suitable angle. To provide the 

necessary statistics, a number of horizontal positions 

of the transducer were set automatically with a 

consecutive horizontal shift of 0.01 mm. In order to 

provide the best accuracy during measurements, 

various responds were derived from each sediment 

sample and inaccurate results were eliminated.  

At each position, time series of the echo signal 

scattered from the sediment (at a fixed grazing angle) 

were measured for a number of pings and coherently 

averaged to reduce possible effects of noise. 

 

Maximum Ultrasonic Test Sensitivity Along Beam 

Axis 

The situations are complex because amplitude of the 

test signal varies with the position of near and far 

fields in the test object. The point of maximum 

response along the sound beam axis can be loosely 

described as the end of the near zone. The position of 

this maximum sensitivity point in the ultrasonic beam 

is determined by the diameter of the transducer; its 

effective operating frequency and the velocity of 

sound in the test medium: 

𝑁=𝐷2
𝑓

4𝑉
    Eq. 1 

                                                                    

Where N, D, f, V are transducer distance from 

maximum sensitivity point (inches), transducer 

diameter (inches), operating frequency (hertz) and 

sound velocity (inches per second) respectively. For 

immersion testing, various distance amplitude or area 

amplitude curves can be derived if the beam 

characteristics of the transducer are known and water 

paths are held constant (Hislop, 1969; Krautkramer, 

1969). 

For best sensitivity distance from the transducer to 

the sediments shall be adjusted, so that this distance is 

equal to the near field distance. So near field length 

for each transducer in water was calculated. This not 

only gives the maximum sensitivity, but eliminates 

the effects of constructive and destructive waves that 

could be found in the near field. 

 

Reflection 

Although the seafloor is never perfectly flat and 

homogeneous, it is useful to consider that roughness 

scattering is absent. This idealization is sometimes a 

reasonable assumption to the true situation and, 

allows definition of reflection and transmission 

coefficients appearing in reflection and scattering 

models. For the sediments, the critical angle, 𝜃𝑐𝑟𝑖𝑡 , 

can be calculated from 𝑣𝑝   

𝜃𝑐𝑟𝑖𝑡=𝑐𝑜𝑠
−1(
1

𝑣𝑝
) Eq. 2 

 

Where, 𝜃𝑐𝑟𝑖𝑡 is the critical angle and 𝑣𝑝 is wave phase 

speed to water sound speed for compressional wave. 

As the grazing angle increases to values larger than 

the critical angle, bottom loss increases owing to 

transmission of an increasing fraction of the incident 

energy into the sediment (Jackso and Richardson, 

2007). The critical grazing angles calculated for 

different samples are shown in Table 2.  
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Table 2. critical grazing angles for the six sediment samples 
 

Mean grain size (mm) critical grazing angle (degree) 

0.149 23.82731 

0.21 27.05369 

0.297 30.30144 

0.71 36.90396 

0.84 37.71859 

1.19 39.31049 

 

Atenuation 

In water, the distance that acoustic energy can 

propagate without attenuation can be hundreds of 

kilometers at the lowest frequencies and a few tens of 

meters at the highest frequencies. As for propagation 

in seafloor sediments, maximum propagation 

distances are much shorter, ranging from hundreds of 

meters at lower frequencies to millimeters at the 

higher frequencies (Jackson and Richardson, 2007; 

Williams et al., 2002).  

 

RESULTS AND DISCUSSION 
The received diagrams shown in Fig. 3 were 

analyzed, and Fourier transfer was used. Since 

attenuation is not equal for each frequency, different 

gains were used for each test.  

In order to make the results taken from each 

frequency, comparable to the others, all responds 

were converted to a fixed gain (in this study, 100 dB) 

by the following equation: 

Gain differences=20log
V2
V1

 Eq. 3 

 

Where V1 represents backscattering amplitude in the 

gain tested and V2 represents backscattering 

amplitude in 100 dB. In Fig. 4, the sediment mean 

grain diameter (mm) dependence of the 

backscattering amplitude in 100 dB is presented in 5 

frequencies,1, 2.25, 5, 10 and 15 MHz, for the six 

sediment samples, very coarse to fine sand, at an 

grazing angle of 23°.  

It demonstrates, in particular, a noticeable difference 

in the scattering strength of the six sediment samples 

at frequencies below 5 MHz. For example, this 

difference at frequency 2.25 MHz and 15 MHz is 

5913 and 1 respectively. This shows that the best 

variation of backscattering and sensitivity due to the 

sediment grain size changes, takes place when using 

frequencies below 5 MHz. Note also that at 

frequencies above 5 MHz the difference is small and, 

therefore, the scattering strength may have too little 

sensitivity to the grain size. Fig. 4 shows that the 

slope of backscattering amplitude decreases when the 

frequency increases. Also Fig. 4 shows that the 

received energy (by the transducer) increases with 

frequency decrease, in other words attenuation is 

directly proportional to the frequency, as mentioned 

in previous sections.  

Fig. 4 shows the backscattering amplitude in 100 dB 

obtained for six sediment samples versus mean grain 

diameter/wave length.  

Sediments grain diameter can be calculated by wave 

length or frequency remotely. We have perceived that 

by rising sediments diameter, the backscattering 

strength will be enhanced, but we should test in the 

proper frequency or wavelength which must be 

comparable with the sediments diameter (Fig. 5). 

 

 

 
Fig. 3. A sample diagram of backscattering strength percent versus distance 



Int. J. Mar. Sci. Eng., 4(1), 1-6, Winter & Spring, 2014 

 

5 

 
 

Fig. 4. The backscattering amplitude in 100 dB obtained for six sediment samples versus mean grain diameter (mm)  

 

 
 

Fig. 5. The backscattering amplitude in 100 dB obtained for six sediment samples versus mean grain diameter/wave length 

 
Finally, for different frequencies, following equations 

(4-8) are recommended. The maximum error of these 

equations is 6.3%. 

 

A100=3298.9ln(d)+13811 For 1 M Hz Eq. 4 

A100=9526.8d
0.3718

 
For 2.25 

MHz 
Eq. 5 

A100=4621d
3
-

10245d
2
+7368.8d+4883.1 

For 5 MHz Eq. 6 

A100=-

8.9243d
2
+16.539d+62.774 

For 10 MHz Eq. 7 

A100=-

55.544d
2
+21.583d+726.86 

For 15 MHz Eq. 8 

Where A100 and d are backscattering amplitude in 100 

dB and sediments mean diameter respectively. 

 

CONCLUSION 

The results are quite similar to the Ivakin and 

Sessarego (2007) results for scattering from water-

saturated granular sediments. The scattering strength 

is unique, system independent, and can be controlled 

only by the sediment parameters. the result is 

practically important, as it provides both prediction 

and inversion capabilities: if the scattering strength is 

measured at one frequency and one grain size, it can 

be predicted at others or inverted with respect to the 
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grain sizes. In this study, we found out that back 

scattering strength has a close and direct relationship 

to grain size and by increasing the grain size, amount 

of back scattered energy increases. In certain 

frequency range, we have the highest sensitivity of 

the scattering strength to the mean grain size of the 

sediments. Using this method we can also investigate 

the grain size without direct access to the seabed. 

Therefore, the scaling effects demonstrated here can 

potentially be used in acoustic sensing of marine 

sediments to remotely estimate their mean grain size. 

Further analysis of these effects might be an 

interesting and promising subject of future theoretical 

and experimental studies.  
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