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Abstract - Testing of ultrasonic pulse velocity (UPV) is one of the most popular and actual non-destructive techniques used 
in the estimation of the concrete properties in structures. In research, an approach has been proposed for the evaluation of 
relationship between concrete compressive strength, UPV, and density values. The present study is performed by using the 
experimental data obtained from testing many casted concrete cores mixing with different % of silica fumes added on it. The 
presented approach enables to find practically concrete strengths in the reinforced concrete structures using silica fumes as 
an recycling admixture, Thus researchers can easily evaluate the compressive strength of concrete specimens by using UPV 
values. The method can be used in conditions including too many numbers of the structures and examinations to be done in 
restricted time duration. This method also contributes to a remarkable reduction of the computational time without any 
significant loss of accuracy. Statistic measures are used to evaluate the performance of the models. The comparison of the 
results clearly shows that this approach can be used effectively to predict the compressive strength of concrete by using UPV 
and density data. In addition, it can be used as a non-destructive procedure for health monitoring of structural elements. 
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I. INTRODUCTION 
 
The subject of using non-destructive testing (NDT) 
methods has received growing attention during recent 
years; especially during the rising need for quality 
characterization of damaged constructions made of 
concrete.  
 
Among the several available destructive and non-
destructive methods of evaluating compressive 
strength of concrete structures, Ultra-Sonic Pulse 
Velocity is the most popular technique. Although, 
this nondestructive test is relatively easy and quick to 
perform, the analysis and interpretation of the test 
data are not easy.  
 
Therefore, it is required to develop a correlation 
between results of this techniques and actual strength 
of concrete structures before evaluating the strength 
of real structures. 
 
Proverbio and Venturi (2005)Evaluated the 
reliability of rebound hammer test and UPV test on 
concrete of different composition and strength.  
 
Pascale et al. (2003)Carried out an experimental 
program involving both destructive and non 
destructive methods applied to different concrete 
mixtures, with cube strength varying from 30 to 
150MPa, to define a relation between strength and 
parameters. Tests performed are: pulse velocity, 
rebound hammer, pull-out, and probe penetration, 
micro-coring and combined methods.  
 
Almir and Protasio  (2000)Used NDT methods to 
determine the compressive strength of concrete, 

relationship between the measured mechanical or 
physical properties and the strength, also presented 
the validity of pull off, pin penetration, and UPV for 
assessing the concrete strength.  
 
II. OBJECTIVES OF THE STUDY 
 
Objectives of the present work are summarized as 
following – 
 
1. To study about non-destructive testing (U.P.V.) 

methods for evaluating the compressive strength 
of concrete. 

2. To summarize the advantages of recycling waste 
silica fumes and its settlement in construction 
market. 

3. To propose a method for determining the 
compressive strength of concrete by measuring 
UPV and density of concrete. 

4. To propose a correlation between UPV and 
compressive strength of concrete. 

 
III. METHODOLOGY 
 
This chapter includes a brief description of the 
materials that have been used and the experimental 
tests carried out according to the research plan to 
observe the development of concrete strength during 
time to compare it with Ultrasonic Pulse Velocity 
(UPV) change.  
 
Several concrete cubes with different mix proportions 
have been prepared to perform the present study. 
following is the Flow chart of present study 
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Fig:1 UPV testing of different concrete cubes 

 
RESULTS AND CONCLUSIONS 
 

 

 

Fig: 2 test values 
Relation between UPV, Density and Crushing 
strength 
For obtaining a relation between Crushing strength 
‘Cs’ and UPV ‘V’ in Km/sec and Density ‘D’ in 
Kg/m3,  MATLAB software has been applied. 
Surface fitting tool of MATLAB is used to obtain the 
relation between these three parameters. Following 
surface plots are obtained in this analysis  

 
Fig. 3 – Surface plot Cs vs V and D 

 
Fig. 3 presents a surface plot to obtain the value of Cs 
on the basis of UPV and Density of concrete. 
Following eqn. 1 presents the relation between theses 
parameters – 
 
Cs (V,D) = p00 + p10*V + p01*D + p20*V^2 + 
p11*V*D + p02*D^2 
     Coefficients (with 95% confidence bounds): 
 p00 =        488 
 p10 =      -178.2   

p01 =      -84.88          
p20 =       13.15          
p11 =       24.69        
p02 =      -1.673   
 

Cs (V,D) = 488  -178.2  *V  -84.88*D + 13.15*V2 + 
24.69*V*D  -1.673  *D2   ..eqn. (1) 
 
CONCLUSION 
 
1. This study indicates the ability of the MATLAB 

surface fitting tool as a good technique for model the 
concrete compressive strength-UPV and density 
relationship.  

2. The model performs sufficiently in the estimation of 
concrete compressive strength showing silica fumes 
addition upto certain limit is increasing strength than 
it gradually decreases.  

3. Analyzing the results obtained at the end of the study 
has shown that by using UPV and density data, and 
MATLAB, is a suitable method to estimate the 
compressive strength of concrete specimens.  

4. The prediction made using proposed model shows a 
high degree of consistency with experimentally 
evaluated compressive strength of concrete 
specimens used. Thus, the present study suggests an 
alternative approach of compressive strength 
assessment against destructive testing methods.  
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5. In this research, next to the UPV parameter to 
estimate the compressive strength, density parameter 
has also been taken into consideration. When the 
density, which can be easily determined, has been 
taken into account, it has been useful for more 
accurate prediction of concrete strength.  
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