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Abstract—Ultrasonic techniques are successfully used for 

the internal assessment of concrete structures for many years. 

Conventionally, the use of ultrasonic was limited to the study of 

velocity of sound through the concrete. The velocity is 

qualitatively linked to the condition of the concrete. This study 

makes use of the ultrasonic signal parameters like velocity, 

amplitude and energy for damage characterization. 150 X 150 

X 150 mm cube specimens were prepared using slag concrete 

with three w/c (0.35, 0.45 and 0.55). Ultrasonic investigation 

was carried out on the cube specimens under gradually applied 

compression step loading of the specimen’s ultimate strength(0 

to 90%). P wave signals were acquired and analyzed using 

various signal processing tools in MATLAB. Elastic modulus of 

concrete was found out and compared. It was found that the 

cumulative energy and amplitude of the signals received get 

affected on loading due to the interior crack formation. The 

acoustoelastic effect was studied and also the amplitude value 

gave information about the three successive stages of internal 

damage. 
 

Keywords—Ultrasonic testing, Signal amplitude, Cumulative 

energy, P wave 

Table 1 Quantities per cubic metre (kg/m3) of concrete 
 

w/c Cement Sand CA Water Super plasticizer 

0.55 309 921 981 170 0.6% of cement 

0.45 378 865 981 170 0.6% of cement 

0.35 485 774 981 170 0.6% of cement 

Cubes were tested under uniaxial compression testing 
machine. Ultrasonic testing was carried out as per ASTM 
C597-16 and IS 13311 (Part 1): 1992. Two opposite faces of 
cube perpendicular to the loading face were chosen for 
positioning the transducers (54 kHz) in direct transmission 
mode. The transducers were then placed over the center of 
the opposite faces. Grease was applied to ensure the contact 
between transducer and the surface. Transducers were fixed 
in position using a rubber band as shown in the Fig.1. 

I. INTRODUCTION 
The testing of hardened concrete plays an important role 

in controlling and confirming the quality of concrete 
structures at site. This was made possible by Non 
Destructive Testing (NDT) methods. NDT has the ability to 
determine the strength and durability of critical construction 
without damaging them. Ultrasonic Pulse Velocity (UPV) 
test is considered to be one of the most attractive and 
effective tool for investigating concrete structures, for 
predicting strength, determining the presence of cracks in 
concrete, thickness of surface layers damaged by chemical 
attack, fire etc. When concrete is subjected to uniaxial 
compressive loading it undergoes a series of successive 
damages. Thus quantification of this degree of damage will 
help to choose the appropriate measure for repair and 
rehabilitation. In the current work, proposed method was 
adopted to utilize UPV readings for determining and 
identifying propagation of cracks in concrete under 
compressive loading. It makes use of UPV testing 
equipment Pundit Lab+ inorder to find a better signal 
parameter that would give more information about the 
internal damage due to compression loading. 

II. EXPERIMENTAL PROGRAMME 

Cube specimen of 150mm3 was prepared. The mix 
design was carried out as per ACI 211.1.91 guidelines. 
Portland slag cement (PSC) of 53 grade was used. The mix 
composition per cubic meter of concrete is presented in 
Table 1 

 
 
 
 
 
 
 

Fig.1 Set up of the uniaxial compression test 

The specimen was loaded at the rate of 1000 N/sec. The 
distance between the centers of the transducers was set to 
150 mm. Initial readings will be taken before loading the 
specimen (i.e. at 0% load). The specimen was then subjected 
to uniaxial compression loading at 10% load increments. The 
ultrasonic signals were captured at each increment of load. 
The Amplitude vs. Time curve was analyzed and energy 
curves were plotted for each load increment. 

A. Signal Processing 

The signals received by the transducer were analyzed 
using various signal processing tools in MATLAB©. A 
typical waveform collected by the transducer is shown in 
Fig.2. 

 

 
Fig.2. Typical waveform received by transducer 
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The cumulative energy of the signal over time was obtained 
using the algorithm which was executed in MATLAB© [8]. 
The amplitude-time data is extracted from Pundit Link 
software. This data will be fed into MATLAB© to calculate 
the squares of amplitude for each signal. Sum of squares of 
amplitude is proportional to energy of the signal. So, the 
amplitude squares are integrated over time to obtain total 
energy of the signal. The cumulative energy curves thus 
obtained was normalized with respect to the total energy of the 
initial signal to arrive at normalized energy curve. 

B. Material Characterization 

Ultrasonic testing was done using P- wave transducers. 
Direct readings were taken. Material characterization was 
done by comparing the elastic property of concrete, which 
was computed by the equation (1). 

For 0.55 concrete the wave velocity is increased for 0- 
10% of the ultimate load, this is due to acoustoelastic effect 
[4] 

For 20-60% of the ultimate load the velocity almost 
remains same. Here there is a balance between the 
acoustoelastic effect which increases the velocity and the 
damage which decreases it. During this phase further 
macrocracks appear in the concrete. 

For loading beyond 60% of the ultimate load the whole 
cube is subjected to severe damage. This results in a fast 
decrease in wave velocity which dominates acoustoelastic 
effect until the complete failure of the specimen. For 
concretes of water content 0.35 and 0.45 similar trends were 
shown. 

Variation of amplitude with load level 

Elastic modulus, 𝐸 = (𝑉𝑃)2𝜌
 (1+𝜐)(1−2𝜐)

 
1−𝜐 

(1) 
Wave velocity is sensitive to both the applied load and 

damage. Thus we can look into the amplitude of the wave 
Where, 𝑉𝑃- P wave velocity, 𝜌 - density of concrete, 𝜐- 

Poisson’s ratio 

III. RESULTS AND DISCUSSION 

A. Material Characterization of Concrete 

Direct readings were taken in each set of concrete cubes and 
their elastic property, Young’s modulus was found out using 
ultrasonic P wave velocity, Table 2. Poisson’s ratio of 
concrete was obtained from Punditlink software by inputting 
both P wave and S wave velocity and is in the range of 0.34 to 
0.36. 

which is known to be sensitive to damage. The amplitude of 
the pulse was measured on the first peak for each curve. The 
variation of the amplitude with the loading level is presented 
in Fig.4. 

Table 2. Elastic property of concrete 
 

Concrete P Wave Velocity 
(Vp) m/s 

S Wave Velocity 
(Vs) m/s E (GPa) 

0.55 PSC 4934 2206 30.96 
0.45 PSC 4747 2214 32.09 
0.35 PSC 4777 2226 32.72 

From the table above it is seen that the Young’s modulus 
of concrete increases as the water content in concrete 
decreases. This is due to the dense character of concrete with 
decrease in water content. 

B. UPV Test on Concrete Cube Under Uniaxial Compression 

Variation of Pulse Velocity with Load 

The pulse velocity will be varied on application of load due 
to acoustoelastic effect. The acoustoelastic effect states that 
the wave velocity changes as a function of the stress applied 
to the material. The results of the variation of the velocity of 
the pulse, expressed as a fraction of the velocity in the 
undamaged condition, are presented in Fig.3. Here ‘V’ is the 
velocity of corresponding load percentage and ‘V0’is the 
velocity at 0% loading. 

 
Fig.4 Variation of amplitude under loading 

It is seen that the amplitude gets reduced on increase of 
load percentage. From Fig.4 we can understand that 
amplitude is a better indicator of damage occurring in 
concrete even if it is in a micro level which couldn’t be 
inferred through visual inspection. 

Fig.5 shows the variation of amplitude with loading. The 
amplitude value chosen was the first peak value. ‘A’ is the 
amplitude value of corresponding load percentage and ‘A0’is 
the amplitude value at 0% loading. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3 Variation of velocity for 0.55 PSC Concrete 

Fig.5 Variation of amplitude for 0.55 PSC Concrete 

At the initial stages of loading up to 20% of the ultimate 
load the value remains almost constant as the structure is 
undamaged. Between 20-40% there shows a slight drop in 
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the value which is due to the onset of cracking. This shows 
the reliability of ultrasonic waves to detect the initiation of 
cracking before it appears in a macro level. Beyond 60% of 
loading the decrease of amplitude is faster until failure 
where the relative amplitude reaches zero value. Due to the 
formation of multiple cracks in the concrete the waves are 
getting attenuated and scattered at the voids and the wave 
amplitude at the receiver is getting completely diminished. 

Energy Curve 

Cumulative energy of the signal was calculated and 
normalised energy curves were plotted. It was seen that as 
the load percentage increases the normalised energy 
decreases. The reduction in energy of output signal with 
each load increment is attributed to the propagation of  
cracks within the specimen. Presence of cracks will increase 
wave absorption and scattering of the signal. This is 
reflected in the energy of the signal. 

IV. CONCLUSIONS 

1. Analysis of ultrasonic signals in addition to ultrasonic 
pulse velocity values showed greater sensitivity to 
internal damage. 

2. The acoustoelastic effect has an impact on transmitted 
wave at high level of loading. Thus velocity cannot be 
considered as a better indicator of damage. 

3. The amplitude and energy of the transmitted wave can be 
used as a better parameter to characterize the internal 
damage. 
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