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ABSTRACT 

The Non-destructive evaluation of existing structures is a vital part and an active area of research in civil 

engineering industry. Whenever modifications in a structure or its use are proposed the process begins with the 

evaluation of existing condition. Rebound hammer (RH) and ultrasonic pulse velocity (UPV) tests are the two 

readily available and easy-to-perform methods that are widely used in the civil engineering industry. Current 

research work is focused on evaluation of an 8 years old and 30 years old concrete building and comparison of 

strength of two structures. The objective was to gather information to decide about the modification of the 

building, future construction and use. The study concludes that concrete is of good and weak quality and 

building is appropriate for future construction and use. However, the old building very weak quality concrete 

and needs strengthening. Paper also provides a comparison of existing models for the prediction of concrete 

strength based on RH and UPV test data. 

Key words: Non-Destructive Testing (NDT), Schmidt Rebound Hammer (SRH), Ultrasonic Pulse Velocity 

(UPV), compressive strength, future construction. 

1.0 INTRODUCTION 

The major objective of non-destructive testing (NDT) is to assess the condition of structure without affecting its 

performance. NDT methods have seen significant developments during recent decades. However, most of the 

civil engineering programs have not yet incorporated NDT in their concrete education. For instance, in the U.S., 

less than 1 out of 12 civil engineering programs are teaching NDT in their concrete courses. Bray (1993) 

suggested that NDT should be integral part of engineering education. The ultrasonic pulse velocity (UPV) test 

and rebound hammer (RH) tests are commonly used to determine the in-place quality and strength of concrete. 

The combination of these two tests is also referred as Son Reb. SonReb is very advantageous because RH test 

provides surface strength of concrete whereas UPV test reflects the inner properties of concrete. Shariati et al. 

(2011) concluded that RH test provides better prediction of concrete strength as compared to UPV test. 

Researchers have found that combined methods that refer to the use of two or more NDT methods can provide 

better prediction of in-place properties of concrete. Based on SonReb measurements, concrete strength can be 

predicted using three techniques: computational modelling; artificial neural networks and parametric multi-

variable regression models. Several researchers have developed regression models to predict concrete strength 

using UPV and rebound number (RN). Huang et al. (2011) has provided a summary and comparison of these 

models and has also proposed her own model. Current work is focused on establishing the strength and quality 

of concrete of an existing reinforced concrete building. The buildings had three existing stories (including one 

ground floor). These buildings are constructed 8 and 30 years ago. During these years concrete had been 

exposed to severe temperature variations, humidity and rains. After these many years there are a lot of changes 

in the properties and compressive strength. It was then imperative to perform NDT to determine out the existing 

condition of concrete. 

OBJECTIVES 

Assessment of existing structure for rehabilitation planning. Detection of cracks, voids and other imperfections. 

To establish quality of one element with respect to another. To establish homogeneity of concrete. Detection of 

cracks, voids and other imperfections. 

2.0 METHODOLOGY 

Rebound Hammer test is a Non-destructive testing method of concrete which provide a convenient and rapid 

indication of the compressive strength of the concrete. The rebound hammer is also called as Schmidt hammer 
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that consist of a spring-controlled mass that slides on a plunger within a tubular housing. The component parts 

of rebound hammer are shown in the fig.1. 

 
Fig.2.1 component parts of rebound hammer 

The operation of rebound hammer is shown in the fig.2.2. When the plunger of rebound hammer is pressed 

against the surface of concrete, a spring-controlled mass with a constant energy is made to hit concrete surface 

to rebound back. The extent of rebound, which is a measure of surface hardness, is measured on a graduated 

scale. This measured value is designated as Rebound Number (rebound index). 

 

Fig 2.2 Operation of the Rebound Hammer Test 

Objectives of rebound hammer test 

As per the Indian code IS: 13311(2)-1992, the rebound hammer tests have the following objectives: 

 To determine the compressive strength of the concrete by relating the rebound index and the 

compressive strength. 

 To assess the uniformity of the concrete. 

 To assess the quality of the concrete based on the standard specifications.  

 To relate one concrete element with other in terms of quality. 

Rebound hammer test method can be used to differentiate the acceptable and questionable parts of the structure 

or to compare two different structures based on strength. 

Working principle  

Rebound hammer test method is based on the principle that the rebound of an elastic mass depends on the 

hardness of the concrete. 

When the plunger of rebound hammer is pressed against the concrete surface, the spring-controlled mass in the 

hammer rebounds. The amount of rebound of the mass depends on the hardness of concrete surface. 

Thus, the hardness of concrete and rebound hammer reading can be correlated with compressive strength of 

concrete. The rebound value is read off along a graduated scale and is designated as the rebound number or 

rebound index. The compressive strength can be read directly from the graph provided on the body of the 

hammer. 

Procedure for Rebound Hammer Test 

 Procedure for rebound hammer test on concrete structure starts with calibration of the rebound 

hammer. For this, the rebound hammer is tested against the test anvil made of steel having Brinell 

hardness number of about 5000 N/mm2. 

 After the rebound hammer is tested for accuracy on the test anvil, the rebound hammer is held at right 

angles to the surface of the concrete structure for taking the readings. The test thus can be conducted 

horizontally on vertical surface and vertically upwards or downwards on horizontal surfaces as shown 

in figure below. 
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 If the rebound hammer is held at intermediate angle, the rebound number will be different for the same 

concrete. 

3.0 Interpretation of Rebound Hammer Test Results 

After obtaining the correlation between compressive strength and rebound number, the strength of structure can 

be assessed. In general, the rebound number increases as the strength increases and is also affected by a number 

of parameters i.e. type of cement, type of aggregate, surface condition and moisture content of the concrete, 

curing and age of concrete, carbonation of concrete surface etc. 

More over the rebound index is indicative of compressive strength of concrete up to a limited depth from the 

surface. The internal cracks, flaws etc. or heterogeneity across the cross section will not be indicated by rebound 

numbers. 

 
Fig.3 :-Relationship between Strength and the Rebound number. 

Table. 3.1:- Quality of concrete for different values of  rebound number 

 
 

ULTRASONIC PULSE VELOCITY 

Place transmitting and receiving Transducers across the Reference Block of 65* Micro Seconds. Do not forget 

to apply suitable couplant, either Oil or Grease, to ensure the maximum contact between Transducers and 

Reference Block interface. Even slight air gap will produce less desirable results. Try to adjust 65+ Micro 

Seconds on Led display with the help of Zero control. As transit time i.e. Ultrasonic vibrations take exactly 65 

Micro Seconds to reach from transmitting Transducer to receiving Transducer. Once the display starts 

exhibiting*65 Micro Seconds, it is understood that the Instrument is dully calibrated. 

 Once the Instrument is calibrated you may proceed on the actual job. The Transducers may be arranged 

on the surface of the specimen to be tested, the transmission be either direct \ indirect or semi-direct. 

Do not forget to apply suitable couplant 

 i.e. Grease, to ensure maximum contact between Transducers and specimen under test. 

 (Normally bar with 65 Micro Seconds is provided how-ever please check marking on bar & adjust time 

accordingly).  

 This test is done to assess the quality of concrete by ultrasonic pulse velocity method as per IS: 13311 

(Part 1) – 1992. The underlying principle of this test is –  
 The method consists of measuring the time of travel of an ultrasonic pulse passing through the concrete 

being tested. Comparatively higher velocity is obtained when concrete quality is good in terms of 

density, uniformity, homogeneity etc. 

Procedure to determine strength of hardened concrete by Ultrasonic Pulse Velocity. 

surfaces of the transducers and press it hard onto the surface of the material. Do not move the transducers while 

a reading is being taken, as this can generate noise signals and errors in measurements. Continue holding the 

transducers onto the surface of the material until a consistent reading appears on the display, which is the time in  

microsecond for the ultrasonic pulse to travel the distance ‘L’. The mean value of the display readings should be 

taken when the units digit 

Journal of Engineering Sciences Vol 13 Issue 07,July/2022, ISSN:0377-9254

www.jespublication.com Page 724



Pulse velocity = (Path length/Travel time) 

Separation of transducer leads: It is advisable to prevent the two transducer leads from coming into close contact 

with each other when the transit time measurements are being taken. If this is not done, the receiver lead might 

pick-up unwanted signals from the transmitter lead and this would result in an incorrect display of the transit 

time. 

Interpretation of Results 

The quality of concrete in terms of uniformity, incidence or absence of internal flaws, cracks and segregation, 

etc, indicative of the level of workmanship employed, can thus be assessed using the guidelines given below, 

which have been evolved for characterizing the quality of concrete in structures in terms of the ultrasonic pulse 

velocity. 

Table.2 :- Quality of concrete for different values of ultra-sonic pulse velocity 

Pluse Velocity 

(km/second) 

Concrete Quality 

(Grading) 

Above 4.5 Excellent 

3.5-4.5 Good 

3.0-3.5 Medium  

Below 3.0 Doubtful 

 

As such the estimation of strength of concrete by rebound hammer method cannot be held to be very accurate 

and probable accuracy of prediction of concrete strength in a structure is ± 25 percent. If the relationship 

between rebound index and compressive strength can be found by tests on core samples obtained from the 

structure or standard specimens made with the same concrete materials and mix proportion, then the accuracy of 

results and confidence thereon gets greatly increased. 

4.0 RESULTS & CALCULATIONS 

Table 4.1 Calculation &results of rebound hammer test 

S.NO @ Top Avg 

Re No 

@ Middle Avg 

Re No 

@Bottom 

Avg Re No 

Total Avg Re No 

& Compressive 

Strength 

Avg 

Compressive 

Strength H 

1 21.22 18.77 18.55 19.51 

10 N/mm
2 

1 

2 23 22 15.77 20.26 

10 N/mm
2
 

1 

3 25 28.77 21 24.92 

17 N/mm
2
 

 

4 32.22 28.0 25.11 28.44 

22 N/mm
2
 

 

5 28 27.66 29.88 28.51 

21 N/mm
2
 

 

6 30.66 27.55 32.00 30.07 

25 N/mm
2
 

 

7 25.88 20.66 24.66 23.73 

15 N/mm
2
 

 

8 22 21 20.44 21.15 

11 N/mm
2
 

 

9 30.44 29.44 28.44 29.44 

23 N/mm
2
 

 

10 29.77 33.66 34.55 32.66 

29 N/mm
2
 

 

11 29.77 26.55 30.77 28.47 

22 N/mm
2
 

 

12 25.88 24.66 33.66 28.07 

21N/mm
2
 

 

13 28.11 27.88 26.44 27.48  
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20 N/mm
2
 

14 26.22 22.33 26.33 24.96 

17 N/mm
2
 

 

15 29.88 25 38.11 31 

26 N/mm
2
 

 

16 25.11 29.22 26.22 26.85 

20 N/mm
2
 

 

17 28.33 30.44 36.11 31.63 

27 N/mm
2
 

 

18 26.3 27.44 26.77 26.85 

20 N/mm
2
 

 

 

Table 4.2: Calculation & result of ultra-sonic pulse velocity test by direct method 

S.No Travel Time Path Length Pulse Velocity 

(Km/Second) 

1 212 350 1.650 

2 180 350 1.944 

3 199 350 1.758 

4 176 350 1.988 

5 198 350 1.767 

6 170 350 2.058 

7 173 350 2.023 

8 172 350 2.034 

9 210 350 1.666 

10 226 350 1.548 

11 190 350 1.842 

12 164 350 2.134 

13 165 350 2.121 

14 162 350 2.160 

15 158 350 2.215 

16 171 350 2.046 

17 124 230 1.854 

18 96 230 2.395 

 

Table 4.3: Calculation & result of result of ultra-sonic pulse velocity test by semi-direct method 

S. No Travel Time Path length Pulse velocity 

(km/second) 

1 107 162.6 1.519 

2 103 163.3 1.588 

 

Journal of Engineering Sciences Vol 13 Issue 07,July/2022, ISSN:0377-9254

www.jespublication.com Page 726



 

Table 4.4 Calculation & result of ultra-sonic pulse velocity test by indirect method 

S. No Travel time Path length Pulse velocity (km/second) 

1 295 600 2.033 

2 467 900 1.927 

3 284 600 2.112 

4 297 600 2.020 

5 307 600 1.954 

6 288 600 2.083 

7 296 600 2.027 

8 291 600 2.061 

9 312 600 1.923 

10 307 600 1.954 

11 304 600 1.973 

12 298 600 2.013 

13 289 600 2.076 

14 311 600 1.929 

15 306 600 1.960 

16 276 600 2.173 

17 350 600 1.714 

18 355 600 1.690 

 

Table 4.5: Block D Calculation & Result of Ultra Sonic Pulse Velocity Test by Direct Method 

S. No Travel 

time 

Path length Pulse velocity 

(km/second) 

1 87.8 260 2.961 

2 89.8 260 2.895 

3 85.2 260 3.051 

4 84.9 260 3.062 

5 83.7 260 3.106 

6 85.6 260 3.037 

7 129.8 400 3.081 

8 127.6 400 3.134 
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9 123.4 400 3.241 

10 124.8 400 3.205 

11 125.6 400 3.184 

12 128.7 400 3.108 

 

Table 4.6 : Calculation & result of ultra-sonic pulse velocity test by indirect method 

COLUMN 

NO 

TRVEL 

TIME 

PATH 

LENGTH 

PULSE 

VELOCITY 

(km/second) 

1 327.2 1200 3.667 

2 321.1 1200 3.737 

3 328.2 1200 3.656 

4 323.9 1200 3.704 

5 257.9 900 3.489 

6 260.1 900 3.460 

7 256.2 900 3.512 

8 263.2 900 3.419 

9 261.8 900 3.437 

10 259.7 900 3.465 

 

CONCLUSION 

 Non-destructive tests are performed at Aurora’s Technological & Research Institute college (C -

BLOCK and D-BLOCK) which are 30 years old and 8 years old respectively.  

 The average rebound no of block c is found to be 26.88 where its compressive strength equals to 20 

N/mm
2
. The average pulse velocity of block C is found to be 1.955 km/sec. The average pulse velocity 

of block D is 3.088 km/sec. 

 Based on test observations, strength parameters have been predicted using the Rebound hammer and 

Ultrasonic pulse velocity tests. In the test results, it can be concluded that the strength and quality of 

concrete is doubtful in block C which is 30 years old and the fair in block D which is 8 years old. 

 According to the UPV test results and the compressive strengths of different columns of the block C 

found to be very low and block D found to be fair. The block C structure has been exposed to severe 

weather for several years (i.e., 30 years) hence the concrete lost its good shape and the structure cannot 

be put to service in future, hence the columns should be strengthened either by steel or concrete 

jacketing; or fibre reinforced polymer (FRP) wrapping, whichever is found suitable. The strength of 

block D is good so can be serviced without carrying any concrete strengthening works. 

 Rebound hammer determines uniformity properties of the surface the equipment used is inexpensive 

used for the rehabilitation of old monuments. Concrete testing equipment that uses ultrasonic pulses 

provides faster and more accurate result.  

 Ultrasonic pulse velocity and Rebound hammer tests may help save money and time at the same time. 

The tests can be conducted without causing any destruction or damages to the concrete element. 

 The UPV and RH tests are the best, simple, easy, reliable methods of non-destructive tests done on 

reinforced cement concrete to know the strength and quality of concrete without destroying the shape 
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or altering properties of the concrete.so we suggest every engineer to carry out these NDT tests to 

know the strength and flaws of the concrete of already existing structures. 

 The combination of both methods is the best and most reliable procedure to determine the compressive 

strength of concrete structures. 

 It is a fast, inexpensive and easy to perform method using a light and portable test equipment. We can 

conclude that the UPV test is used for determining the strength of concrete by passing pulse of ultra-

sonic through concrete. Higher velocities indicate good quality and continuity of the material while the 

slower may indicate concrete with may cracks or voids. 

 we recommend this to be performed on the structures to determine the compressive strength and 

durability of structure. 
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