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Abstract 
Ultrasonic non-destructive testing is applied in numerous ways to assess the condition of concrete in structures. The 

applications range from determination of setting characteristics to studying damaged concrete. This paper deals with 

application of ultrasonic methods on early age concrete to track the strength development in concrete. In this 

investigation, ultrasonic through-transmission signals were analyzed for their amplitude, and pulse velocity. When 

concrete changes from the fresh, fluid state to hardened, solid state, changes in the amplitude of the ultrasonic signal 

passed through the concrete specimen can be observed. Amplitude values are an indication of total energy passing 

through the test specimen, from which one can derive energy curves. As the concrete hardens, the amount of energy 

transmitted through concrete increases and this change is related to strength development in concrete. The 

methodology was applied in this investigation to a number of different concretes, with mineral and chemical 

admixtures. 
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1. Introduction 
 

Many non-destructive testing (NDT) methods find application in the construction industry. 

Intense research in this field has led to improved NDT equipment versions, which make data 

collection quicker and easier. By the proper analysis of the results from these NDT techniques, it 

is possible even to predict important material parameters of concrete structures, rather than 

limiting it to a tool for quality check. 

 

Normally, ultrasonic method is applied to concrete in the through-transmission mode. As of now, 

only ultrasonic pulse velocity method is used for concrete related studies. Travel time of the 

transmitted signal is measured, and knowing the path length, pulse velocity is calculated. This 

pulse velocity is used to get an idea about quality of the structure [1]. Through-transmission 

method is believed to be most reliable, but one of the drawbacks of this method is that access 

from the opposite sides of the structure is needed. But modifications are now available which 

enables one to keep the transducers at different positions based on the access to the structure [2]. 

This enables the application of ultrasonic method on structures like dams, where access from 

opposite sides is not possible. Various ultrasonic methods based on the position of transducers 

are shown in Figure 1. 

 

Even though there are examples of extensive use of ultrasonic pulse velocity method in concrete 

studies, research shows that pulse velocity itself is not sufficient to give a clear picture about the 

properties of concrete. Other ultrasonic parameters such as amplitude of the signal are also 

important in analyzing the concrete properties. 
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Figure 1. Ultrasonic methods based on the positions of transducers 

 

2. Background 

 

A wide range of applications of ultrasonic methods on concrete is available, ranging from 

estimation of parameters such as strength, dynamic modulus, durability studies, and 

measurement of surface crack depth, to even hydration studies of concrete. Initially research was 

concentrated on application of ultrasonic method for the quality analysis of concrete. Numerous 

standards are also available on this aspect [1, 3]. Later its application was extended to the 

durability and damage studies of concrete. But these studies showed that pulse velocity itself was 

not sufficient to get a clear picture of intensity of damage as it was insensitive to microcracks [4]. 

Rather, amplitude and attenuation of ultrasonic signal can be effectively used for damage studies 

as these parameters are sensitive to microcracks [5].  

 

Investigations by Tharmaratnam and Tan have shown that ultrasonic pulse attenuation can be 

effectively used as a parameter to check the quality of the material [6]. Results from this study 

showed that pulse attenuation correlated well with compressive strength. Ultrasonic method can 

also be an effective tool to monitor hydration process of cementitious materials. Two alternative 

criteria were suggested by Lee et al. to describe the setting process based on the ultrasonic pulse 

velocity curve, which seemed to better reflect the microstructural changes than the method of 

penetration resistance because of the consistent tendency [7]. Lee et al. [7] suggested that the 

instant when ultrasonic pulse velocity begins to develop and the instant when the pulse velocity 

rate is maximum are better representation of hydration process, than the setting times obtained 

using conventional methods.  

 

Ultrasonic methods allow continuous monitoring of setting process of cement based materials, 

which is important to determine the formwork removal time. Change of ultrasonic behavior with 

time is sensitive to the differences in setting behavior of mixtures, according to Robeyst et al. 

[8]. The time at which the cement particles get connected by the hydration products corresponds 

with the inflection point of velocity curve. At this age, a reaction degree of approximately 7.5% 

is reached, which is consistent with the prediction of initial setting. Beside the change of pulse 

velocity with time, the frequency spectra and wave energy transmission are useful parameters to 

monitor the setting behavior of cement based materials [9, 10]. Ultrasonic measurements can be 

connected even to changes of fundamental microstructural parameters such as degree of cement 

hydration, solid percolation and the formation of hydration products [11].  

 



3. Materials used and mix proportion 

 

Ordinary Portland Cement (53 grade) conforming to IS 12269 [12] was used for all the mixes, 

throughout the study. Locally available coarse and fine aggregates were used for the study. Fine 

aggregate was of fineness modulus 2.6 and specific gravity 2.63, and coarse aggregate was of 

maximum size 10 mm and specific gravity 2.81. Limestone powder, fly ash and silica fume with 

replacement dosage of 10%, 20% and 10%, respectively, by mass of cement, were used as 

mineral admixtures. Polycarboxylic ether based superplasticizer (SP) was used in this 

investigation. Saturation dosage of SP was found to be 0.30% by mass of cement at a water-to-

cement ratio (w/c) of 0.35. Three dosages below saturation dosage - 0.15%, 0.20% and 0.25% - 

were chosen for this study. For all mixes without SP, a cementitious content of 420 kg/m
3
, w/c of 

0.45, and coarse to fine aggregate ratio of 60:40 were used. A w/c of 0.35 was chosen for SP 

added mixes. 

 

4. Investigation methodology 

 

Commercially available portable ultrasonic non-destructive digital indicating tester (PUNDIT) 

was used for the study. Transducers with frequency 54 KHz were used to transmit and receive 

the pulse through the specimen. To collect the amplitude data of the signal, an oscilloscope was 

used and the signal was processed using DS Wave oscilloscope software. A wooden cube mould 

with inner dimension 15 cm was used to make the concrete specimen to be tested. Four holes 

were made at the center of four faces of the mould so that the transducers could be held at fixed 

position tightly. Inner faces of the mould were covered with a very thin plastic sheet that acted as 

a separation between fresh concrete. Air gaps between the plastic sheet and concrete were 

avoided by proper table vibration after pouring concrete into the mould. A clamping device was 

also used to keep the transducers in position at a constant pressure. The clamping device was 

made up of steel, which could have led to chances of error in the results (by providing an 

alternative route for the ultrasonic signal). In order to avoid this error, the clamping device was 

separated from the transducers using a rubber padding, which acted as an insulator. Details are 

shown in Figure 2(a) and (b).  

 

 

 
Figure 2(a). Schematic representation of clamping set up. 



 
Figure 2(b).Clamping set up 

 

Ultrasonic tests on 150 mm cubes were started at fresh state itself after mixing and continued 

until 28 days after mixing. Pulse travel time through the specimen and amplitude data were 

collected during the test period. From these values, pulse velocity and total energy of signal 

passing through the specimen were calculated. Experimental set up for this ultrasonic study is 

shown in Figure 3. 

 

 
Figure 3. Experimental set up 
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Pulse velocity is calculated using the travel time of pulse and total energy is calculated from the 

amplitude data collected using oscilloscope [13]. Algorithm to calculate total energy value from 

amplitude-time data is given in Figure 4. 

 

 

 

 

 

 

 

Figure 4. Algorithm to derive energy curve from amplitude 

 

5. Results and discussion 

 

Ultrasonic signal travel time and amplitude data were collected at different ages of concrete 

specimens up to 28 days. Velocity change of mineral admixture mixes with time is given in 

Figure 5. During initial ages, the rate of change of velocity was high and during later ages, it was 

less, just as in the case of compressive strength. 

 

 
Figure 5. Velocity change of plain and mineral admixture based mixes with time 
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Many models are available nowadays in order to predict the compressive strength of concrete 

from its pulse velocity value. Among these models, Qasrawi’s model is found to be simple, 

quick, reliable and most importantly, it is very easy to use on site [14]. This model relates 

compressive strength and pulse velocity as: 

 

                                                     077.129.72.36  USPVS                                                       (1) 

 

where, S is the compressive strength in MPa and USPV is the ultrasonic pulse velocity in km/s.  

 

Knowing the pulse velocity value, one can calculate the compressive strength from the above 

equation or from a compressive strength - pulse velocity chart. In this investigation, this model 

was used for the prediction of compressive strength of concrete from pulse velocity. Qasrawi’s 

model was found to be an effective tool to predict compressive strengths greater than 25 MPa, 

from pulse velocity. 

 

Other than pulse velocity, efficiency of the concept of total energy was investigated in this study. 

As in the case of compressive strength and pulse velocity, rate of change of total energy was also 

high during initial ages, and later it was low. Change of total energy with time is shown in Figure 

6. By looking at compressive strength - velocity graph (Figure 7) and total energy - velocity 

graph (Figure 8), it is clear that both type of curves have the same sort of trend, which shows that 

total energy could be a good indicator of compressive strength. The plots for all mixes with 

chemical admixtures also show similar trends. 

 

 
Figure 6. Change of total energy with time for plain and mineral admixture based mixes 

 



 
Figure 7. Compressive strength-velocity curves of plain and mineral admixture based mixes 

 

 

 
Figure 8. Total energy-velocity curves of plain and mineral admixture based mixes 

 

From compressive strength - total energy curves, it is seen that compressive strength and total 

energy show almost linear relation up to 3 days. After that the rate of development of total 

energy is somewhat higher as compared to compressive strength (Figure 9) So, in order to derive 

an accurate relation between these two parameters, it would be better to divide the data into two 

i.e. up to 3 days and after 3 days, and derive separate relations for these data points so that the 

slope change beyond 3 days is taken into account (Figure 10 and Figure 11). 

 



 
Figure 9. Compressive strength-total energy curves for plain and mineral admixture based mixes 

 

Thus, two separate relations between compressive strength and total energy are derived, one for 

concrete aged up to 3 days (Figure 10), which is: 

 

                                                      TE).1069754.1(CS
6                                                       (2) 

 

where, CS is the compressive strength in MPa and TE is the total energy in mV
2
. Beyond 3 days 

(Figure 11), the derived relation is: 

 

                                              095.19TE).1012265.8(CS
7                                                  (3) 

 

From the results it can be seen that the ultrasonic energy is a good indicator of the development 

of early age strength, while the pulse velocity is able to reflect only strengths greater than 25 

MPa. This would make the use of ultrasonic methods invaluable in determining the rate of 

evolution of strength of concrete at early ages, and provide a tool to determine the time for 

formwork removal, stressing of strands etc. 

 



 
Figure 10. Compressive strength-total energy relation up to 3 days 

 

 

 
Figure 11. Compressive strength-total energy relation beyond 3 days 

 

6. Conclusions 

 

Strength development monitoring of different concrete mixes using ultrasonic method is 

described in this paper. Conventional ultrasonic methods for concrete primarily deal with the 

analysis of the pulse velocity. However, results from this study clearly show that velocity need 

not be the best indicator of strength development. The analysis of the entire ultrasonic signal, 



rather than just the time of flight, can give useful details that can help in characterizing the early 

age strength development of concrete. In this study, the amplitude of the ultrasonic transmitted 

pulse, as well as the transmitted energy, were able to present a clearer picture of the rate of 

change of strength in concrete, as compared to the pulse velocity value. 
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