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Abstract 
 
In this investigation nondestructive and semi-destructive test of concrete were carried out and results were 
compared with representative cylinder strength to establish a relationship among them. Two developed 
equations had made a relationship in between compressive strength and ultrasonic pulse velocity and R-squared 
values of those straight and exponential equations are 0.8689 and 0.8013 respectively. In comparison with 
compressive strength of cylinder, core strength of concrete showed more closed approximated than NDT 
strength calculated by using previously developed equations. Final analysis depicted that core strength of 
concrete decreased about 15.75% than cylinder strength where NDT prediction gave most fluctuating strength 
and those amounts were 1%-20% and 6%-30% respectively.     
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1 Introduction 
 
Estimation of mechanical properties of concrete can be carried out by several methods; destructive and non-
destructive methods. Crushing of samples is usually denoted as destructive test. Rebound hammer test and 
ultrasonic device are used in field to perform non-destructive tests. A number of non-destructive tests are 
commonly performed for concrete members to determine field strength and quality of the concrete. Some of 
these tests are very useful in assessing the damage to RCC structures subjected to over loading, aging, corrosion, 
chemical attack, etc. To check a level of structural safety, durability and performance of the infrastructure an 
efficient system for early and regular structural assessment is urgently require. Innovative NDT methods can be 
used for the assessment of existing structures but are still not established for regular inspections. The purpose of 
establishing standard procedures for nondestructive testing (NDT) of concrete structures is to quantify the 
quality of material properties of in-situ concrete without intrusively examining the material properties. There are 
many NDT techniques that are currently using for research purpose so that standard NDT procedure can be 
establish. In this investigation rebound hammer and ultrasonic pulse velocity were used to perform NDT of 
concrete. 

In 1984, Ernst Schmidt, a Swiss engineer, developed a device for testing concrete based on the rebound 
principle (Malhotra and Carino, 2004).  In this case, the new device was an outgrowth of the Scleroscope test (In 
Greek the ‘sklero’ means hard) which involves measuring the rebound height of a diamond tipped hammer, or 
mass that is dropped from a fixed height above the test surface. As noted by Kolek (1958), when concrete is 
struck by a hammer, the degree of rebound is an indicator of the hardness of the concrete. Schmidt standardized 
the hammer blow by developing a spring-loaded hammer and devised a method to measure the rebound of the 
hammer. Several different models of the device were built (Greene, 1954). 

Ultrasonic pulse velocity method is a stress wave propagation method based on measuring travel time, over a 
known path length, of a pulse of ultrasonic compressional waves (stress waves associated with normal stress). 
The pulses are introduced into the concrete by a piezoelectric transducer, and a similar transducer acts as 
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receiver to monitor the surface vibration caused by the arrival of the pulse. The development of a field 
instrument to measure the pulse velocity occurred nearly simultaneously in Canada and in England (Whitehurst, 
1967). These developments were outgrowths of earlier successful work by the U.S. Army Corps of Engineers to 
measure the speed of a mechanical stress pulse through concrete. The Army Corps of Engineers approach 
involved attaching two receivers to the concrete surface. A horizontal hammer blow was applied in line with the 
receivers, and a specially designed electronic interval timer measured the time for the pulse to travel from the 
first to the second receiver. The major purpose of this technique was to calculate the in-place modulus of 
elasticity. 
 
2 Experimental Techniques 
 
Two nondestructive test (NDT) equipment known as Ultrasonic Pulse Velocity and Rebound Hammer were 
used. Electric core cutting machine was used to evaluate concrete core strength from the CC slab. Sequential 
working principle of Schmidt Rebound hammer and Ultrasonic Pulse velocity machine were followed to 
evaluate the investigation.    
 
2.1 Testing Process Performed in Laboratory 

 Nine cylinders having dia. of 4” and height 8” and three concrete slabs having dimension of 
2.5’×2.5’×0.5’were fabricated. 

 Cylinder strength test of concrete were done at the age of 28 days. 
 On the same day of cylinder testing, NDT (Rebound Hammer and UPV) & core cutting were also 

performed for CC slabs. 
 The following NDT equations (CONTROLS manual, 2013) were used to predict concrete strength:  

                      RILEM-NDT4 (1993); (Mpa) = ] 

                      Di Leo & Pascale (1994);  (Mpa) = [   ] 

                      Gasparik (1992);  (Mpa) = [   ] 
The procedure of core sample collection process which is given below: 

   Core samples were cut when concrete got enough strong so that removal of sample would not disturb 
the bond of mortar and coarse aggregate. A typical core cutting process is shown in Figure 1.  

 

                      
 

Figure 1. Sample Core cutting. 
 

 Coarse aggregate particles should be firmly embedded in the mortar of collect core cutting samples. 
Figure 2 Shows core samples after core cutting. 

 

                                        
 

                                   Figure 2. Different types of core samples. 
 

Figure 3. Use of water jet 
during core cutting 
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 During core cutting embedded reinforced sections were avoided. 
 Drilling machine was placed perpendicular to the surface and no section was selected closed to the edge 

and joint reinforcement position of CC slab. 
 A continuous jet of water was allowed to pass through the bottom of core cutter so that it could help to 

maintain normal temperature during cutting of core sections (Figure 3).  
 Core cutting machine was bolted with slab during drilling of the slab. Otherwise it would damage the 

core sample.    
  
2.2 UPV Testing Process 

Procedure of Ultrasonic pulse velocity (UPV) test which was performed in the laboratory is given below: 
Probe was placed at different positions to measure traveling time of ultrasonic pulse between transmitting 
transducer and receiving transducer (Figure 4). 
 

                                                                                         
 

 
Figure 4: UPV test (a) Slab, (b) Cylinder and (c) Core. 

 
 Figure 5 shows CONTROLS of ultrasonic pulse analyzer display. The pulse pattern and pulse travel time 

were shown in display. Pulse travel time was displayed as in micro-second. 
 
 

 

 

 

 

Figure 5. Ultrasonic pulse Analyzer display. 

2.3 Rebound Hammer Testing Process 

To perform rebound hammer test in slab, the slab was divided into 12 numbers of grids and tested every single 
number of grids.  Hammering was placed at perpendicular to surface of the slab. Figure 6 is depicting rebound 
hammer testing process over slab. 

 

                                   

Figure 6: Rebound Hammer Test  
 

                a                                                  b                                                  c 
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2.4 Compressive Strength Test 

Generally, design engineer specifies the strengths of concrete and batch test of concrete must be attained this 
specified strength. Compression tests were conducted to determine the compressive strength of concrete (Figure 
7) by following ASTM C39 rules. 

                                  

Figure 7. Compressive Strength test performance and failure pattern. 
 
3 ALL Test Results 
 
After analyzing all sample specimens final result is depicting at Table -1. Crushing strength of concrete 
varied from 4 Mpa to16 Mpa. The strength determined by combined equations by using values of 
Rebound Hammer Index and Ultrasonic Pulse Velocity were closed approxiation of cylinder strength 
of concrete.   

Table 1. Test results of concrete at 28 days of age. 

15.67 3.97 14.19 3.6

15.304 15.33 3.84 28 3.66 15.04 21.21 20.04 13.62 13.64 3.56

15.02 3.7 13.1 3.53

14.8 3.89 12.6 3.55

14.76 14.27 3.82 22 3.29 8.134 12.67 12.19 12.3 12.03 3.36

13.25 3.74 11.2 3.1

5.62 2.88 3.93 3.08

4.58 4.77 2.86 14 2.94 3.22 5.96 5.63 3.89 3.79 3.01

4.1 2.83 3.56 2.95

Cylinder CC Slab Core

Combined NDT equation

Di Leo & 
Pascale

Gasparik

Average 
Strength (Mpa)

UPV 
(Km/s)

UPV 
(Km/s)

Strength 
(Mpa)

Average 
Strength (Mpa)

Strength 
(Mpa)

RILEM-
NDT

UPV 
(Km/s)

Rebound 
Index

 
 

3.1 Relation between NDT, SDT and Cylinder Crushing Strength 

Based on Table 1, Figure 8 shows the variation among cylinder strength, core strength and NDT results.  The 
NDT results that are shown in Figure 8 and 9 were obtained by using Di Leo & Pascal and RILEM-NDT4 
equations respectively. Figure 9 represents the comparison among the crushing strength of cylinder, core and 
strength predicted by RILEM-NDT4 equation. 
 
 
  

 
 
 
 
 
 
 
 
 

Figure 8. Concrete Strength with NDT result 
(Di Leo & Pascale equation). 

Figure 9. Concrete Strength with NDT Result 
(RILEM-NDT4 equation). 
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Combined NDT equation is used to approximate prediction of concrete strength and integrity. Figure 10 shows 
the relation among cylinder strength, core strength and strength prediction by Gasparik equation. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

                        Figure 10. Concrete Strength with NDT Result (Gasparik equation). 
 
3.2  Graphical Representation 
 
Figure 11 shows the relationship in between Concrete compressive strength and Ultrasonic pulse velocity. From 
linear relation of the two parameters, an equation was developed in excel graph paper which is Y=11.20X-27.49 
and its R-squared value is 0.868.  
An exponential relationship in between concrete strength and ultrasonic pulse velocity is shown in Figure 12. 
The R-squared value of exponential graph is 0.801 where the developed equation is f’c = 0.105e1.3168v.Those 
derived equations can further used for prediction of concrete strength.  
      

 
 
 
 
 
 
 
 
      

 
 
 
 
 
 
Figure 13 shows a relationship in between core strength and cylinder strength. It has been observed that core 
strength and cylinder strength shows almost a linear relation. The R-Squared value is found 0.9917 from graph. 
The core strength of concrete is closely accurate with respect to cylinder strength.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13. Relation between core strength and cylinder strength. 

Figure 11. Ultrasonic Pulse velocity vs 
Concrete Strength (Straight Line). 

Figure 12.  Ultrasonic Pulse Velocity vs 
Concrete Strength (Exponential Line). 
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 4. Conclusions 

This study mainly focuses Non-destructive and semi destructive test of concrete and their relation and prediction 
with comparision with 28 days of concrete cylinder strength. To these endeavors, an investigation was 
conducted The followings conclusions were found after completing laboratory research: 
 

1. The cylinder strength of casted concrete varied from 4 to 16 Mpa. 
2. Concrete compressive strength was reducing when W/C ratio was increasing. 
3.  Core cutting strength was accurately approximating the 28 days cylinder strength of concrete. 
4. The cylinder strength and core strength differed with NDT prediction by an amount of 1%-20% and 6%-

30% respectively. 
5. Linear equation of prediction concrete strength was given more closed approximate result in comparison 

with exponential equation of NDT test. 
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