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Abstract 
 

Index as well as strength properties are always required for borrow material 
selection, quality control and design of structure which are built with and on 

soil. Traditional methods of testing the soils to determine geotechnical 

properties are quite cumbersome and time consuming. These tests are overly 
relied. In order to minimize time and effort non-destructive are the best suit. 

These are simple and fast when compared to traditional methods of soil 

testing. In this study, ultrasonic pulse velocity is used to estimate index 
properties of soil indirectly. Ultra Sonic Pulse velocity is matched with 

optimum water content, maximum dry unit weight, grain size distribution, 

plasticity characteristics, free swell and shear strength. Calibration curves are 

developed using these test results for establishing relationship between 
conventional test results and ultrasonic pulse velocity results. Thus a quick 

correlation between Ultra sonic pulse Velocity and soil properties is 

established saving cost, effort and time. 
 

Keywords: Calibration curves, Non-destructive, Soils, Dry Unit Weight, 

Ultra-Sonic Pulse Velocity, Shear Strength. 
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1 Introduction 

Soils are inevitably used as construction materials for number of projects 
such as highway pavements, earthen embankments, backfill for retaining 

walls etc. In each project, it is required to find out various soil properties. For 

any project the properties of strength and also stress and strain characteristics 
of the compacted soil are very important. These properties have relationship 

with dry density and with moisture content.  The dry density and moisture 

content upon which the soil is designate to be compacted in the field is in 
general determined all the way through the laboratory proctor compaction 

test. But to substantiate the same also in the field is important. This is usually 

done by directly determining the in-situ unit weight through destructive tests 

such as core cutter method, method of sand replacement etc. Nevertheless, 
these procedures are time taking and frequently stop the progress of the 

construction activities. In order to minimize the time and effort, non-

destructive testing methods are adopted.  

 

2 Literature Survey 
 

Non-destructive testing technologies are evolving and research continues 

to enhance existing method and developing new methods. NDT methods are 

increasingly applied for investigation of concrete structures [1]. In the un-
destructive methods, unit weight and moisture content are interrelated to 

another parameter such as pulse velocity, which can be measured easily with 

instrument [2]. Pulse-velocity tests can be performed with the help of Briaud 
Compactive Device (BCD) in both the laboratory and field (Extracted field 

samples) to determine the dynamic modulus of soils [3]. The outcome of type 

of soil and compaction characteristics on the pulse velocity were analyzed 
[4]. Standard testing methods necessitate quality samples and require weighty 

testing equipment’s. Core samples with appropriate diameter to length ratios 

suggested by the standards may possibly not be acquired from hard gravelly 

soils and soft disintegrated rocks. To come over these problems, some 
analytical models are developed using some easy soil index characteristics, 

such as applied concentrated load, ultrasonic pulse velocity and tests with 

Schmidt hammer, were developed [5]. Furthermore, the regression analysis is 
broadly scattered [6] and regression analysis equations always depends on 

type of rock and amount of weathering [7]. For the indirect estimation of 

UCS, the Schmidt hammer, mostly used, is not appropriate for soft rocks, 
because of its high contact energy instead of rebound [5]. Ultrasonic pulse 

velocity test is a portable and non-destructive procedure for estimation of 

unconfined compressive strength. Though, the ultrasonic pulse-velocity 

values are affected by micro-cracks, surface roughness of rock and 
discontinuity, porosity and moisture content [8]. The Penetrometer, which 

was given by OSHA [9], and is used to predict soil strength and evaluation of 
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stability and safety during trench excavations. Even though it is a convenient 
measuring instrument for providing approximate estimated values of UCS 

quickly and maximum value that can be obtained by the penetrometer is 450 

kPa [10]. The pulse velocity technique is successfully applied to certain soils 
and bituminous mixtures [11]. Pulse velocity provided good criterion for 

comparing materials [12], [13]. In addition, Jones et al. [13] presented an 

excellent survey of dynamic techniques for measuring the properties of 
pavement and sub grade materials, and summarized many of the divergent 

opinions expressed by researchers regarding the problems involved. 

Although not specifically directed toward development of testing procedures, 

much work has been reported on wave propagation in soils. The relation 
between pulse velocity and maximum dry density and optimum water content 

was investigated by [14]. Wave velocities in saturated, partially saturated 

(drained), and dry Ottawa sands were studied [15]. Utilizing the concept of 
logarithmic decrement, a study of the transmission and dissipation of wave 

energy in granular soils was made [16], [17]. A study taking into account the 

complex nonlinear and inelastic stress-strain relationship for soils and the 

transmission of impulses through a body has been investigated extensively 
for various geometrical configurations and idealized material properties [18]. 

From the above mentioned literature it is seen that there are: 

 
1. Conventional destructive methods to measure the variation in 

soil properties. 

2. Non-conventional methods such as UPV method to relate 
variation, dynamic moduli and thickness of soils. 

3. A Unique NDT method to find out the variation in denseness 

avoiding many resources, consumed by conventional tests has 

not been evolved. Our present work aims this. 

 

3 Methodology 
 

The soils were obtained from the various regions of Andhra Pradesh 

namely Nellore, Guntur and Vijayawada regions. The collected samples were 
grouped in to sandy silty clay (Coarse grained) and silty clay (Fine grained). 

Soil samples as received are dried from field in an oven.  

Soil samples that are collected from different region were subjected to 
oven drying. The soil samples taken out after 24hours from oven were used 

to determine index properties. Dried soil sample was analysed for grain size 

distribution, plasticity characteristics, free swell and shear strength (Pocket 

penetrometer). The surfaces of the specimen were rounded to allow a better 
transition of the ultrasonic waves. 

Soil properties and compaction characteristics were analysed with Ultra 

sonic velocity (UPV), and comparisons are made among conventional 
compaction graphs (dry unit weight vs. water content). Correlations are also 



 
 

 

 

 
 

 

 
 

 

 

 

 

made between ultrasonic pulse velocity versus (Vs) dry unit weight, 

unconfined compressive strength Vs UPV and correlation between Dynamic 
Young’s Modulus of Elasticity ‘E’ Vs UPV as shown in figure 1. 

UPV is a type of pulse transmission test, which propagates high 

frequency sound waves that ranges frequency from 20 kHz to 1 GHz to 

generate strains of 4%-10%. UPV test is a non-destructive test, which is 
utilized to find the dynamic characteristics of materials capable of 

transmitting waves. The elastic bodies transmits three types of waves such as 

Rayleigh waves, compression or longitudinal waves which is commonly 
known as primary wave (P waves) and transverse or shear waves which is 

called as secondary wave (S-waves).  

The compression waves moves in the similar direction as the direction of 

particle displacement. Rayleigh waves are also called as surface waves, 
which travels on the free surface (outside surface) of the medium. Lastly, the 

shear waves moves orthogonally to the particle displacement direction which 

travels half the speed of Rayleigh and compression waves.  

 
 

Figure 1 Ultra Sonic Pulse Velocity Testing of Soils 

4 Results 
             

  Table 1 Grain Size and Consistency Properties of Coarse Grained Soils. 

 

soil 

properties 

Grain size analysis 

L.L. 

(%) 

P.L. 

(%) 

P.I. 

(%) 

FSI 

(%) 
ISSCS Gravel 

(%) 

Course 

sand 

(%) 

Medium 

sand (%) 

Fine 

sand 

(%) 

Silts 

& 

clay 

(%) 

Soil-1 23.70 8.6 29.4 6.1 32.20 42.2 21.9 20.3 20 SC-CI 

Soil-2 38.2 7 24.4 9.6 20.8 32 16 16 0 SM 

Soil-3 0.2 0.4 18.6 28.4 52.4 15.6 N P - 0 SM 

Soil-4 11.8 19.6 31.8 10.4 26.4 38.70 20.70 18 20 SC-CL 

Soil-5 1.4 9.8 34.6 17 37.2 18.17 N P - 0 SM 

Soil-6 30.2 5.4 29.8 16.2 18.4 30 18 12 10 SM 
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Table 2 Grain Size and Consistency Properties of Fine Grained Cohesive Soils 
 

soil 

properties 

Grain size analysis 

L.L. 

(%) 

P.L. 

(%) 

P.I. 

(%) 

FSI 

(%) 

ISS

CS 
Gravel 

(%) 

Course 

sand (%) 

Medium 

sand (%) 

Fine 

sand 

(%) 

Silts & 

clay 

(%) 

Soil-7 0 0 3 2.2 94 69 31 38 60 CH 

Soil-8 0.8 1 4.6 6.2 87.4 75 33 42 80 CH 

Soil-9 0.4 1 1.4 2 95.2 54.5 26.98 27.52 35 CH 

Soil-10 1.6 0.4 1.4 0.6 96 82 37.76 44.24 70 CH 

Soil-11 0.2 0.6 1.6 2 95.6 70 34 36 65 CH 

Soil-12 0 0.8 2 3.8 93.4 72 32 40 75 CH 

 

4.1 Development of Calibration Curves 

     
Figure 2 Variation of UPV with dry unit weight of matrix soil 

 

    
Figure 3 Variation between UPV with dry unit weight of fine grained soils 

 



 
 

 

 

 
 

 

 
 

 

 

 

 

 

 
Figure 4 Variation between UPV with Unconfined compressive strength of matrix soil 

 

 
Figure 5 Variation between UPV with Unconfined Compressive strength of fine grained soils 

 

Table 3 Table showing Correlation between UPV and Modulus of Elasticity E*(As per 
IS13311: PART-I; 1992) for matrix(C-Ø) soil 

Soil properties Velocity (m/s) E*(MPa) 

Soil-1 

700 5695450 

670 3285265 

570 1777955 

540 2325550 

330 1457962 

290 1329291 

Soil-2 

930 1433250 

910 15310050 

840 11003111 

30 15294 

Soil-3 

800 10686032 

770 9854335 

720 8242250 
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530 4494742 

Soil-4 

1000 17239915 

850 11836725 

410 2445925 

Soil-5 

700 7732509 

690 7573748 

530 4430396 

440 2905658 

30 13591 

Soil-6 

840 8840084 

690 7820147 

30 14637 

 
For all types of matrix soils selected, with the increase in the Ultrasonic 

Pulse Velocity, Young’s Modulus of Elasticity ‘E’ for matrix(C-Ø) soil was 

observed to increase. Dynamic Modulus of Elasticity was calculated based 
on the equation mentioned in 7.4 off IS13311: PART-I; 1992. 

 
Table 4 Table showing Correlation between UPV and Modulus of Elasticity E*(As per 

IS13311: PART-I; 1992) for cohesive soil 

 
Soil properties Velocity(m/s) E*(MPa) 

Soil-7 

520 3296665 

500 3001289 

470 2575098 

330 1334155 

110 100958 

60 41630 

30 9819 

Soil-8 

650 5487990 

590 4515677 

570 4165101 

550 3939532 

330 1307361 

290 966108 

Soil-9 

550 3754751 

500 3054315 

470 2584469 

440 2217433 

200 453396 

110 138178 

Soil-10 

520 3223253 

500 2863421 

440 2240428 

130 1235295 

30 10308 

Soil-11 560 3977669 



 
 

 

 

 
 

 

 
 

 

 

 

 

 

520 3404489 

470 2698793 

140 221332 

110 146289 

Soil-12 

530 3122011 

520 2890604 

430 2033074 

420 1870768 

30 9369 

 

For all types of cohesive soils selected, with the increase in the 

Ultrasonic Pulse Velocity, Modulus of Elasticity ‘E’ for cohesive soils soil 
was observed to increase. Modulus of Elasticity was calculated based on the 

equation mentioned in 7.4 off IS13311: PART-I; 1992. Table 1 represents the 

Grain Size and Consistency Properties of Coarse Grained Soils 
Table 2 represents the Grain Size and Consistency Properties of Fine 

Grained Cohesive Soils.Figure 2 represents the Variation of UPV with dry 

unit weight of matrix soil.Figure 3 represents the Variation between UPV 
with dry unit weight of fine grained soils. Figure 4 represents the Variation 

between UPV with Unconfined compressive strength of matrix soil. Figure 5 

represents the Variation between UPV with Unconfined Compressive 

strength of fine grained soils. Table 3 represents the Table showing 
Correlation between UPV and Modulus of Elasticity E*(As per IS13311: 

PART-I; 1992) for matrix(C-Ø) soil. Table 4 represents the Table showing 

Correlation between UPV and Modulus of Elasticity E*(As per IS13311: 
PART-I; 1992) for cohesive soil 

 

5 Dicussions 
 

From the Figure-2 and 3 it was inferred that maximum pulse velocities 

and sample peak dry densities occurred when the moisture content for 
Proctor light compacted soil reaches the optimum. The pulse velocity 

increases with increasing soil dry density until the moisture content becomes 

optimum. It was also found that the velocity increased with increase in 
compaction force. On the whole the velocities progressively increased with 

decreasing moisture content with little exception. Enhance in the pulse 

velocity at smaller moisture percentages is ascribed to the higher density of 

soil sample at smaller moisture contents. The Figure – 2: shows the graph 
between pulse velocity vs dry density for coarse grained soils. The soils 

exhibit proper relationship which can be expressed as an empirical equation 

γd =  - 0.45v² + 3v + 17.4 and Figure -3 shows pulse velocity vs dry 
density for fine grained soils and can be correlated by equation γd = - 

0.45v²+3v+13, where V is expressed in terms of km/s and γd in kN/m3. It 

has been tried to find a relationship between pulse velocity and moisture 

10383 Kudaravalli Sita Rama Prasad et. al. 
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content and the obtained values does not fit into an equation. The pulse 
velocity can also be correlated to compressible strength of soil and also 

measured with penetrometer. The Figure – 4: shows graph between pulse 

velocity and compressive strengths obtained for coarse grained soil. The 
Figure – 5: shows graph between pulse velocity and compressive strengths 

obtained for fine grained soil. These graphs show a linear variation. The 

compressive strength can be correlated with pulse velocity by an empirical 
equation qu = 0.423 V + 24; where V is km/s and qu in kN/m2. 

 

 
6 Conclusion 

 

Ultrasonic pulse velocity is a simple, quick and non-destructive test 
compared to currently available conventional laboratory tests. The studies 

involve testing of soil specimen with pulse velocity and were obtained by the 

method of direct propagation. The soil characteristics examined were 
percentage moisture, the type of soil, compressive strength and dry densities 

of soil. The conclusions given below that are derived from the test results.  

 

i) There exists an empirical relation between dry density and pulse 
velocity 

ii) Different empirical relations are developed for coarse-grained 

soils and also for fine-grained soils. For the coarse-grained soils, 
the relation is expressed as γd = - 0. 45 v² + 3v + 17.4 and for 

fine-grained soils the equation can be written as γd = - 0.45 v² + 

3v + 13; where V is expressed in terms of km /s and γd in kN/m3 
iii) Correlation between water content and pulse velocity was tried 

but could not fit into an equation 

iv) Correlation involving Pulse-velocity and the soil strength 

obtained by penetrometer exist and fit into an equation and is 
expressed as qu = 0.423 V + 24; where V is km/s and quinkN/m2 

 

References 
 
[1] A. B. Nitesh, Y. A. Pritiradhesh, “Engineering characterization of 

clayey soil by ultrasonic Pulse velocity tests”, The International Journal 

of Engineering and Science, Vol. 1805, pp. 21-26, 2017. 

[2] N. Yesiller, J. L. Hanson, M. A. Usmen, “Ultrasonic Assessment of 
Stabilized Soils, pp. 170-181, 2001. 

[3] D. Z. Slavova1, D. M. Weidinger, A. F. Sevi, L. Ge, “Evaluation of 

Compacted Silt Characteristics by Ultrasonic Pulse Velocity Testing, 

Geo Florida Advances in Analysis”, Modeling& Design, pp. 1284-
1293, 2010. 

[4] N. Dipova1, “Nondestructive Testing of Stabilized Soils and Soft Rocks 



 
 

 

 

 
 

 

 
 

 

 

 

 

via Needle Penetration, Vol.  62, no. 2, pp. 539–544, 2018. 

[5] M. R. Wyllie, A. R. Gregory, L.W. Gardner, “Elastic Wave Velocities 
in Heterogeneous and Porous Media”. Geophysics, Vol. 21, no. 1, pp. 

41-70, 1956. 

[6] R. Ulusay, “The ISRM suggested methods for rock characterization, 

testing and monitoring, 2015 
[7] D. E. Sheeran, “A Laboratory and Field Investigation of the Pulse 

Velocity Technique Applied to Compacted Soils. MS Thesis, Dept. of 

Civil Engineering, North western Univ., Evanston, Ill, 1967. 
[8] T. Topal, “Problems faced in the applications of the point load index 

test”, Geological Engineering Journal, Vol. 24, no. 1, pp. 73–86, 2010. 

[9] J. R. Hall, F. E. Richard, “Dissipation of Elastic Wave Energy in 

Granular Soils”, ASCE, Vol. 89, no. 6, pp. 27-56, 1963. 
[10] J. Richart, J. R. Hall, “Study of the Propagation and Dissipation of 

"Elastic" Wave Energy in Granular Soils”, Report by the University of 

Florida to the U. S, 1962. 
[11] E. E. McCoy, “A Resonant Vibration Technique for Laboratory 

Determination of Shear Wave Velocity”, ASTM, Materials Research 

and Standards, Vol. 6, no. 5, pp. 238-241, 1965. 
[12] R. Jones, A. C. Whiffin, “Survey of Dynamic Methods of Testing 

Roads and Runways”, HRB Bull, Vol. 277, pp. 1-7, 1960. 

[13] J. Leslie, “Pulse Techniques Applied to Dynamic Testing”, Proc. 

ASTM, Vol. 50, pp. 1314-1323, 1951. 
[14] B. G. Long, H. J. Kurtz, T. A. Sandenaw, “An Instrument and a 

Technique for Field Determination of the Modulus of Elasticity and 

Flexural Strength of Concrete (Pavements)”, ACI, Vol. 41, pp. 217-231, 
1945. 

[15] W. Heierli, “Inelastic Wave Propagation in Soil Columns”, ASCE, Vol. 

88, no. 6, pp. 33-64, 1962. 
[16] B. O. Hardin, F. E. Richart, “Elastic Wave Velocities in Granular 

Soils”, Jour. Soil Mech. and Found. Div., Proc. ASCE, Vol. 89, pp. 33-

65, 1962. 

[17] J. Read, R. L. Thornton, “A rational approach to the point load tests”, 
Proceedings of the Australian–New Zealand Geomech Conference, Vol. 

1, pp. 35–39, 1965 

[18] R. Jones, “Measurements and Interpretation of Surface Vibrations on 
Soil and Roads”, HRB Bull, Vol. 277, pp. 8-29, 1960. 

 

 
 

10385 Kudaravalli Sita Rama Prasad et. al. 

 



 
 

 

 

 
 

 

 
 

 

 

Biographies 
 
 

 
Kudaravalli Sita Rama Prasad
V.R.Siddhartha Engineering College, Vijayawada, Andhra Pradesh in 1983.I 
worked as Teaching Assistant from 1986 to 1988 in K.L.College of Engineering, 
Vaddeswaram, Guntur district. I did my M.E Water Resources En
Devi Ahilya University, Indore, Madya Pradesh from 1988 to 1990. I have 
worked as lecturer in V.R.Siddhartha Engineering College, Vijayawada, Andhra 
Pradesh from September 1990 to 1998. Worked as Senior lecturer at VRSEC 
from October 1998 to February 2004.Worked as Associate professor at VRSEC 
from March 2004 to 31
2012 to till date. I have Published 11 research papers in various National and 
International Journals. I have participated in several
workshops. I have organized 4 workshops in Water Resources Engineering.
 
 

 
Tummala Sri Rambabu
Engineering, Ananthapur (1975), M Tech from Indian Institute of Technology, 
Kharagpur (1979), Ph D from JNTU, Kakinada (2019) in the topic solid wastes 
to reduce swell potential of expansive soils. Has varied expe
construction field such as development of Gated communities and high rise 
building and also has rich experience in teaching in various positions. Presently 
working as Associate Professor, V R Siddhartha Engineering College, Kanuru, 
Vijayawada. His Fields of Interest: Expansive soils, Ground Improvement, water 
resource engineering and concrete technology.
 
 
 

Kudaravalli Sita Rama Prasad have completed B.Tech Civil Engineering in 
V.R.Siddhartha Engineering College, Vijayawada, Andhra Pradesh in 1983.I 
worked as Teaching Assistant from 1986 to 1988 in K.L.College of Engineering, 
Vaddeswaram, Guntur district. I did my M.E Water Resources Engineering in 
Devi Ahilya University, Indore, Madya Pradesh from 1988 to 1990. I have 
worked as lecturer in V.R.Siddhartha Engineering College, Vijayawada, Andhra 
Pradesh from September 1990 to 1998. Worked as Senior lecturer at VRSEC 

ebruary 2004.Worked as Associate professor at VRSEC 
from March 2004 to 31-08-2012.Working as professor at VRSEC from 01-09
2012 to till date. I have Published 11 research papers in various National and 
International Journals. I have participated in several seminars, conferences and 
workshops. I have organized 4 workshops in Water Resources Engineering. 

Tummala Sri Rambabu has completed B Tech from JNTU college of 
Engineering, Ananthapur (1975), M Tech from Indian Institute of Technology, 
Kharagpur (1979), Ph D from JNTU, Kakinada (2019) in the topic solid wastes 
to reduce swell potential of expansive soils. Has varied experience in the 
construction field such as development of Gated communities and high rise 
building and also has rich experience in teaching in various positions. Presently 
working as Associate Professor, V R Siddhartha Engineering College, Kanuru, 

. His Fields of Interest: Expansive soils, Ground Improvement, water 
resource engineering and concrete technology. 

have completed B.Tech Civil Engineering in 
V.R.Siddhartha Engineering College, Vijayawada, Andhra Pradesh in 1983.I 
worked as Teaching Assistant from 1986 to 1988 in K.L.College of Engineering, 

gineering in 
Devi Ahilya University, Indore, Madya Pradesh from 1988 to 1990. I have 
worked as lecturer in V.R.Siddhartha Engineering College, Vijayawada, Andhra 
Pradesh from September 1990 to 1998. Worked as Senior lecturer at VRSEC 

ebruary 2004.Worked as Associate professor at VRSEC 
09-

2012 to till date. I have Published 11 research papers in various National and 
seminars, conferences and 

has completed B Tech from JNTU college of 
Engineering, Ananthapur (1975), M Tech from Indian Institute of Technology, 
Kharagpur (1979), Ph D from JNTU, Kakinada (2019) in the topic solid wastes 

rience in the 
construction field such as development of Gated communities and high rise 
building and also has rich experience in teaching in various positions. Presently 
working as Associate Professor, V R Siddhartha Engineering College, Kanuru, 

. His Fields of Interest: Expansive soils, Ground Improvement, water 

 
 

Evaluation of Soil Characteristics of Compacted Soils using Ultra Sonic Pulse 

Velocity 10386 



 
 

 

 

 
 

 

 

 

 
Sanagala Neelima has completed B.Tech in Civil Engineering from Hindu 
college Engineering &Technology, JNTUK
Engineering from Velagapudi  Ramakrishna Siddhartha Engineering College, 
Vijayawada. Her Fields of Interest: Expansive soils, Ground Improvement.

 

has completed B.Tech in Civil Engineering from Hindu 
college Engineering &Technology, JNTUK, Guntur, M.Tech in geotechnical 
Engineering from Velagapudi  Ramakrishna Siddhartha Engineering College, 
Vijayawada. Her Fields of Interest: Expansive soils, Ground Improvement. 

 
 
 
 
 
 
 

 

has completed B.Tech in Civil Engineering from Hindu 
, Guntur, M.Tech in geotechnical 

Engineering from Velagapudi  Ramakrishna Siddhartha Engineering College, 

10387 Kudaravalli Sita Rama Prasad et. al. 


	1Professor, Velagapudi Ramakrishna Siddhartha Engineering College, Kanuru, Vijayawada, Andhra Pradesh, India. E-mail:ksr466@yahoo.co.in.
	2Associate Professor, Velagapudi Ramakrishna Siddhartha Engineering College, Kanuru, Vijayawada, Andhra Pradesh, India.
	E-mail- srirambabutummala19@gmail.com.
	3Intern, Velagapudi Ramakrishna Siddhartha Engineering College, Kanuru, Vijayawada, Andhra Pradesh, India.  E-mail: neelimasanagala@gmail.com.
	1 Introduction
	2 Literature Survey
	3 Methodology
	5 Dicussions
	6 Conclusion



