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Executive Engineer,
Radhanagari Dam,
Kolhapur

Subject: pennission to Visit Radhanagari Dam. Kolhapur.

Respected sir"

As per curriculum of punyashlok Ahilyadevi Holkar Solapur University, students of BE civit
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information.
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ABSTRACT 
 

Assessment of in-situ concrete, a major building material in construction has been 
of considerable interest in Construction Industry, mainly for quality control as well 
as to find in-situ strength. The measurement of strength and other performance 
parameters is generally done by normal destructive tests. However load tests or 
core tests are not always possible or practicable. Since last decade, non-
destructive testing (NDT) has been widely accepted throughout the world to 
assess the quality of in-situ concrete. The NDT technique includes Rebound 
hammer, Ultrasonic Pulse Velocity tests, Penetration tests, radiography tests etc. 
However none of these tests can be used independently to yield reliable 
quantitative results.  

Generally combination of a few Non-destructive tests yields results of acceptable 
levels. A number of Correlations between Rebound hammer test and Ultrasonic 
pulse velocity test results have been developed to obtain reliable results. Recently 
a combination of NDT techniques like Rebound hammer, Ultrasonic pulse velocity 
has been used to evaluate the quality of few distressed structures in India, 
successfully to recommend their restoration. Supplementary CTM test results 
confirmed the reliability of the correlation between the different NDT techniques 
used.  

This thesis describes a study carried out to investigate the effects of some factors 
that have significant influence on Rebound Hammer and Ultrasonic Pulse Velocity 
results. Therefore, test cubes were cast and tested for ordinary grades of concrete 
for different curing conditions and age of testing in order to obtain correlations of 
concrete strength with Rebound Hammer and Ultrasonic Pulse Velocity test 
results. Further, adopting the test results a comparison is made between 
destructive and non-destructive testing to predict concrete strength with a 
reasonable accuracy.  

Also we have replaced 30% of fly ash and 2% fibers are added to the concrete and 
same procedure is repeated and results are compared with curing and without 
curing. 

The results are also compared as destructive and non destructive test.                                                                                                                                                                                                                           
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Chapter1 

Introduction 
The main objective of this project is to identify the strength of ordinary concrete 
and concrete using admixture such as combination of fly ash and synthetic fibers. 
For this study available data is clustered. The compressive strength results 
obtained from Destructive and Non Destructive Testing methods are compared. 

General Information  

It is often necessary to test concrete structures after the concrete has hardened 

to determine whether the structure is suitable for its designed use. Ideally, such 

testing should be done without damaging the concrete. The test available for 

testing concrete range from completely non-destructive tests, where there is no 

damage to the concrete, through those where the concrete surface is slightly 

damaged to partially destructive tests, such as core tests and pull-out and pull-off 

tests, where the surface has to be repaired after the test. 

What is mean by NDT? 

 Nondestructive testing (NDT) is the process of inspecting, testing, or evaluating 

materials, components or assemblies for discontinuities, or differences in 

characteristics without destroying the serviceability of the part or system. In other 

words, when the inspection or test is completed the part can still be used. Non-

Destructive Testing (NDT) is a wide group of analysis techniques used in science 

and technology industry to evaluate the properties of a material, component or 

system without causing damage. The term nondestructive inspection (NDI), and 

nondestructive evaluation (NDE) are also commonly used to describe this 

technology. Because NDT does not permanently alter the article being inspected, 

it is a highly valuable technique that can save both money and time in product 

evaluation, troubleshooting, and research. NDT plays a crucial role in everyday life 

and is necessary to assure safety and reliability. Typical examples are found in 

aircraft, spacecraft (shuttle), motor vehicles, pipelines, bridges, trains, power 

stations, refineries, buildings and oil platforms which are all inspected using NDT. 
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NDT is a Quality Assurance management tool which can give impressive results 

when used correctly. It requires an understanding of the various methods 

available, their capabilities and limitations, knowledge of the relevant standards 

and specifications for performing the tests. Materials, products and equipment 

which fail to achieve their design requirements or projected life due to 

undetected defects may require expensive repair or early replacement. Such 

defects may also be the cause of unsafe conditions or catastrophic failure, as well 

as loss of revenue due to unplanned plant shutdown. Non-destructive testing can 

be applied to each stage of an item's construction. The materials and welds can 

be examined using NDT and either accepted, rejected or repaired. 

 NDT techniques can then be used to monitor the integrity of the item or 

structure throughout its design life. Today modern nondestructive tests are used 

in manufacturing, fabrication and in-service inspections to ensure product 

integrity and reliability, to control manufacturing processes, lower production 

costs and to maintain a uniform quality level. During construction, NDT is used to 

ensure the quality of materials and joining processes during the fabrication and 

erection phases, and in-service NDT inspections are used to ensure that the 

products in use continue to have the integrity necessary to ensure their 

usefulness and the safety of the public. 

Applications and Importance of Non-destructive Tests on Concrete 

 Situations in which non-destructive testing is used are presented below: 

 Assessment of the quality of construction like in situ constructions and 
precast units. 

 Evaluate the location and the extent of defects such as honeycombing, 
cracks, voids, and other defects within concrete elements. 

 Ensure the acceptability of materials supplied in case of apparent non-
compliance with the specification. 

 Monitoring strength development of concrete in relation to formwork 
removal, cessation of curing, prestressing, load application, and other 
similar activities. 
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 Confirm or negate any doubts concerning the workmanship involved in 
batching, mixing, placing, compacting, or curing of concrete. 

 Specify the position and condition of steel reinforcements. 

 Increase the level of confidence of smaller number of destructive tests. 

 Evaluate the potential durability of concrete. 

 Locating and/or confirming suspected concrete deterioration due to 
overloading, fire, explosion, fatigue, external or internal chemical attack or 
change, and environmental effects. 

 Monitor long term changes in concrete properties. 

 Determine the extent of concrete variability so as to help in the selection of 
sample locations representative of the quality to be assessed. 

 Obtain information for any suggested changes of use of a structure for 
insurance or for change of ownership. 

 Specify the concrete uniformity, possibly preliminary to core cutting, load 
testing, and other more expensive or disruptive tests 

 

Advantages of NDT 

1. Safety 
Nondestructive testing is conducted to determine whether the component is 

compromised and need to be in repair. The tests are designed to maximize both 

tester and tested products safety. In other words, most tests are completely 

harmless to humans (radiographic testing must be conducted under strict 

settings), and all tests leave tested products completely undamaged. Additionally, 

in industries with volatile or high pressure equipment and machinery, 

nondestructive testing as a preventive measure saves lives. Aim of nondestructive 

testing, when properly implemented and acted upon, is to identify and resolves 

compromises that otherwise would prove disastrous. 

2. Reliability 

When it comes to accurate results, Nondestructive testing is reliable because of 

the variety of available complementary options. Any given piece of equipment or 

machinery can be subjected to number of nondestructive tests, which eliminates 

the risk of oversight or inaccuracy.  
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3. Affordability 

 Different industries have different safety standards, and different types of 

machinery have to be regularly inspected at different intervals. But regardless of 

what has to be inspected, a nondestructive test will always be the most 

affordable option.  

4. Peace of mind  

The fi al e efit of o dest u ti e testi g a  e ha d to ua tif , ut it s the 
most important of all. Knowing the equipment is functioning the way it should 

(and that future accidents can be prevented with simple checkups) adds years to 

the life of a eleague ed a age . A d he  o ke s k o  the e safe, o k 
productivity goes up all around. 

 Methods of NDT 

 1. Rebound Hammer Test 

To assess the quality and strength of site concrete  

2. Ultrasonic Pulse Velocity Test : 

 To assess the quality and strength of site concrete 

 3. Concrete Core Extraction : 

 To assess the In-situ strength of concrete, Making holes in RCC for 
Plumbing / Electrical purpose 

 4. Rebar Location & Cover-meter : 

 Locating Reinforcement in the concrete 

 5. Half-cell potential Test & Resistivity Test : 

 For Corrosion Mapping of reinforcement 

 6. Magnetic particle testing:  

7. Visual Testing: 

 8. Eddy Current Testing 
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What is mean by Destructive test?  

In contrast to NDT, other tests are destructive in nature and are therefore done 
on a limited number of samples ("lot sampling"), rather than on the materials, 
components or assemblies actually being put into service. These destructive tests 
are often used to determine the physical properties of materials such as impact 
resistance, ductility, yield and ultimate tensile strength, fracture toughness and 
fatigue strength, but discontinuities and differences in material characteristics are 
more effectively found by NDT. 

 In destructive testing (or destructive physical analysis, DPA) tests are carried out 
to the specimen's failure, in order to understand a specimen's performance or 
material behavior under different loads. These tests are generally much easier to 
carry out, yield more information, and are easier to interpret than non-
destructive testing. Destructive testing is most suitable, and economic, for objects 
which will be mass-produced, as the cost of destroying a small number of 
specimens is negligible. It is usually not economical to do destructive testing 
where only one or very few items are to be produced (for example, in the case of 
a building). Analyzing and documenting the destructive failure mode is often 
accomplished using a high-speed camera recording continuously (movie-loop) 
until the failure is detected. Detecting the failure can be accomplished using a 
sound detector or stress gauge which produces a signal to trigger the high-speed 
camera. These high-speed cameras have advanced recording modes to capture 
almost any type of destructive failure. After the failure the highspeed camera will 
stop recording. The capture images can be played back in slow motion showing 
precisely what happen before, during and after the destructive event, image by 
image. 

 Objectives  

1. To assess the uniformity of concrete.  

2. To know the concrete quality grading.  

3. To determine the compressive strength of concrete by destructive testing 
method.  

4. To compare the compressive strengths of concrete obtained from Destructive 
and Non-Destructive testing. 
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Methodology  

1. To assess the uniformity of concrete 

 To achieve this objective we have casted six numbers of cubes for curing period 
of 7 days, 28 days and without curing tested for compressive strength using 
rebound hammer test. 

 2. To know the concrete quality grading. 

To achieve this objective we have casted six numbers of cubes for curing period of 
7 days, 28 days and without curing tested for pulse velocity by Ultrasonic pulse 
velocity test and compressive strength is calculated.  

3. To determine the compressive strength of concrete by destructive testing 

method.  

To achieve this objective we have casted six numbers of cubes for curing period of 
7 days, 28 days and without curing tested under compressive testing machine and 
compressive strengths of concrete are calculated. 

 4. To compare the compressive strengths of concrete obtained from Destructive 

and Non-Destructive testing.  

To achieve this objective we have compared results obtained of compressive 
strengths by using rebound hammer test, Ultrasonic pulse velocity test and 
compressive testing machine. 
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Chapter 2 

 Literature Review 
Nondestructive techniques are useful evaluating the condition of structure, by 
performing indirect assessment of concrete properties. These techniques have 
been improved in last few years and the best part is that NDT avoids concrete 
damage for evaluation. Several researchers perform NDT tests to evaluate the 
condition of concrete structures. Methods range from very simple to technical 
depending on the purpose. Several mechanical and physical properties of 
concrete structures can be used to assess the condition and capacity of the 
structures. 

1. Non-Destructive Testing of Concrete: A Review of Methods 

 

J. Helal, M. Sofi, P. Mendis, et. al. [1] This paper reviews the most common non-
destructive testing (NDT) methods of concrete structures as utilized by the 
structural engineering industry. The fundamentals of NDT methods are explored 
in regards to their potential, limitations, inspection techniques and 
interpretations. The factors that influence the success of NDT methods are 
discussed and ways to mediate their influence are recommended. Reference is 
made to standard guidelines for the application and interpretation of the 
discussed NDT methods. NDT of concrete was found to be gaining increasing 
acceptance as a means of evaluating the strength, uniformity, durability and other 
properties of existing concrete structures. Perceptions of NDT inadequacy were 
attributable to lack of understanding construction materials and NDT methods 
themselves. The intent of this paper is to address these concerns by identifying 
and describing the most common successful methods of NDT as applied to 
concrete structures. 
 
2. Reliability of Rebound Hammer Test in Concrete Compressive Strength 

Estimation  

 

Kristine Sanchez, and Nathaniel Tarranza et. al.[2]The reliability of the non-
destructive Schmidt Hammer Test as a means of estimating the compressive 
strength of concrete is investigated by testing three groups of concrete cube 
specimens. The first group was exposed to cycles of alternate drying and wetting 
in brackish water; the second group, to continuous immersion in brackish water; 
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and the third (control) group, to normal room condition. Results show that the 
average Schmidt Hammer Rebound Number (RN) for samples in the first and 
second group is significantly less than that of the third group. These indicate the 
reliability of the Schmidt Hammer Test in predicting the reducing effect of 
exposure to brackish water on the compressive strength of concrete. Moreover, 
results show that in each of the three groups, the average estimated compressive 
strength of concrete based on Schmidt Hammer Test (using the rebound curve 
provided by the manufacturer of the device) underestimates the average actual 
compressive strengths based on direct compression test. Thus, in a quick strength 
and safety assessment of existing concrete structures, the Schmidt Hammer Test 
is fairly reliable in determining whether the further use of the structure would still 
be safe, but may not be so in concluding whether the use is no longer safe. In the 
latter case, the Schmidt Hammer Test should be supplemented by core sampling 
and testing. 
 
3. Review of Nondestructive Testing Methods for Condition Monitoring of 

Concrete Structures. 

 

Sanjeev Kumar Verma and Saleem Akhtar et. al.[3]Nondestructive techniques are 
useful for evaluating the condition of structure, by performing indirect 
assessment of concrete properties. These techniques have been improved in last 
few years and the best part is that NDT avoids concrete damage for evaluation. 
Several researchers perform NDT tests to evaluate the condition of concrete 
structures. Methods range from very simple to technical depending on the 
purpose. 
 

4. Toughness study on fly ash based fiber reinforced concrete  

 

A Sofi,K Swathy and G Srija et. al.[4] The objective of the present investigation is 
to study the toughness of steel fiber-reinforced fly ash concrete based on the 
Japan Society of Civil Engineers (JSCE) approach. Fly ash is also considered as a 
hazardous waste due to the probable                                                                                                                                                                                                                                                          

aching of potentially toxic substances into the surface water, ground water, and 
soil. The ash content of the Indian coal (30% to 50%) contributes to these large 
volumes of fly ash. This paper highlights about the behavior of concrete when fly 
ash and steel fiber are added in concrete. Fiber-reinforced concrete is a concrete 
containing fibrous material which increases its structural integrity. The addition of 
random fibers to concrete considerably improves its structural characteristics 
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such as static flexural strength, impact strength, tensile strength, ductility, and 
flexural toughness (Qian and Stroeven, Cem. Concr. Res. 30:63–68, 2000). Fly ash 
has been used by replacing cement in percentages, and steel fibers are added by 
volume of concrete in different percentages. Grooved type of steel fibers of 
aspect ratio 50 was used in this study. Flexural strength test was carried out for 
the specimens, and its results were highlighted. The toughness factor as 
measured by the JSCE approach is reported, and there is a good correlation 
between the steel fibers added in various percentages such as 1.5%, 2%, and 2.5% 
and the calculated toughness factor. 
 

5. Ultrasonic Pulse Velocity Analysis in Concrete Specimens  

 

Alexandre Lorenzi, Francisco Teston Tisbierek et. al.[5] Concrete is a basic 
material used for the great amount of engineering projects. The concrete 
performance is influenced by some building variables, such as: the water/cement 
ratio, the aggregate type and size, the humidity and the cement type. These 
variables affect directly the compressive strength and make difficult the 
identification of the concrete properties. Focusing on it, the ultrasonic tests allow 
to estimate a correlation between the variables and the compressive strength. 
Once concrete is a heterogeneous material, the interpretation of the relation 
between the strength and the Ultrasonic Pulse Velocity (UPV) becomes complex. 
Aiming to understand how some parameters influence the UPV, this work studied 
different concrete types, with different characteristics, manufactured with 
portland cement and various types of aggregates. The data had been analyzed 
aiming to establish models to understand how the results of UPV are affected by 
variations at concrete conditions. The results show that it is possible to 
understand how the test condition variations affect the UPV outputs. This study 
indicates that UPV gives an important result of decisionmake about the conditions 
of concrete structures. It can be concluded that, by means of UPV, it is possible to 
contribute with the deterioration control and concrete structures quality. 
 

 

 

 



Experimental Analysis of ordinary concrete using destructive and non destructive testing       
 

SVERI’s College of Engineering, Pandharpur Page 16 

 

Chapter 3 
Methods of Destructive and Non-destructive Testing 

Equipments for Non-Destructive Testing of Concrete 

1. Rebound Hammer 

What is Rebound Hammer Test? 

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 that consist of a 
spring controlled mass that slides on a plunger within a tubular housing, 
 
The operation of rebound hammer is shown in the fig.1. 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). A concrete with low strength and low stiffness will absorb more energy to 
yield in a lower rebound value. 
 

Fig. Operation of the rebound hammer 
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Objective of Rebound Hammer Test 

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

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

2. To assess the uniformity of the concrete 

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

4. 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. 

Principle of Rebound Hammer Test 

Rebound hammer test method is based on the principle that the rebound of an 
elastic mass depends on the hardness of the concrete surface against which the 
mass strikes. The operation of the rebound hammer is shown in figure-1. 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. 
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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. 

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

 

Fig. Rebound Hammer Positions for Testing Concrete Structure 
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The impact energy required for the rebound hammer is different for different 

applications. Approximate Impact energy levels are mentioned in the table-1 

below for different applications. 

Impact Energy for Rebound Hammers for Different Applications as per 

IS: 13311(2)-1992 

Sr.No Applications 
Approximate Impact Energy for 

Rebound Hammer in Nm 

1 For Normal Weight Concrete 2.25 

2 
For light weight concrete / For small 
and impact resistive concrete parts 

0.75 

3 
For mass concrete testing Eg: In roads, 
hydraulic structures and pavements 

30.00 

Points to Remember in Rebound Hammer Test 

1. The concrete surface should be smooth, clean and dry. 

2. Ant loose particles should be rubbed off from the concrete surface with a 
grinding wheel or stone, before hammer testing. 

3. Rebound hammer test should not be conducted on rough surfaces as a 
result of incomplete compaction, loss of grout, spelled or tooled concrete 
surface. 

4. The point of impact of rebound hammer on concrete surface should be at 
least 20mm away from edge or shape discontinuity. 

5. Six readings of rebound number is taken at each point of testing and an 
average of value of the readings is taken as rebound index for the 
corresponding point of observation on concrete surface. 
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Correlation between compressive strength of concrete and rebound 

number 

The most suitable method of obtaining the correlation between compressive 
strength of concrete and rebound number is to test the concrete cubes using 
compression testing machine as well as using rebound hammer simultaneously. 
First the rebound number of concrete cube is taken and then the compressive 
strength is tested on compression testing machine. The fixed load required is of 
the order of 7 N/ mm2 when the impact energy of the hammer is about 2.2 Nm. 
 

The load should be increased for calibrating rebound hammers of greater impact 
energy and decreased for calibrating rebound hammers of lesser impact energy. 
The test specimens should be as large a mass as possible in order to minimize the 
size effect on the test result of a full scale structure. 150mm cube specimens are 
preferred for calibrating rebound hammers of lower impact energy (2.2Nm), 
whereas for rebound hammers of higher impact energy, for example 30 Nm, the 
test cubes should not be smaller than 300mm. 
The concrete cube specimens should be kept at room temperature for about 24 
hours after taking it out from the curing pond, before testing it with the rebound 
hammer. To obtain a correlation between rebound numbers and strength of wet 
cured and wet tested cubes, it is necessary to establish a correlation between the 
strength of wet tested cubes and the strength of dry tested cubes on which 
rebound readings are taken. 

A direct correlation between rebound numbers on wet cubes and the strength of 
wet cubes is not recommended. Only the vertical faces of the cubes as cast should 
be tested. At least nine readings should be taken on each of the two vertical faces 
accessible in the compression testing machine when using the rebound hammers. 
The points of impact on the specimen must not be nearer an edge than 20mm 
and should be not less than 20mm from each other. The same points must not be 
impacted more than once. 
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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. 

Fig. Relationship Between Cube Strength and the Rebound Number  

Moreover 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 

Table. Quality of Concrete for different values of rebound number  
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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. 

Advantages and Disadvantages of Rebound Hammer Test 

The advantages of Rebound hammer tests are: 

1. Apparatus is easy to use 

2. Determines uniformity properties of the surface 

3. The equipment used is inexpensive 

4. Used for the rehabilitation of old monuments 

The disadvantages of Rebound Hammer Test 

1. The results obtained is based on a local point 

2. The test results are not directly related to the strength and the deformation 
property of the surface 

3. The probe and spring arrangement will require regular cleaning and 
maintenance 

4. Flaws cannot be detected with accuracy 
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2. Ultrasonic pulse velocity test 

What is Ultrasonic Testing of Concrete for Compressive Strength? 

Ultrasonic testing of concrete or ultrasonic pulse velocity test on concrete is a 
non-destructive test to assess the homogeneity and integrity of concrete. 

With this ultrasonic test on concrete, following can be assessed: 

1. Qualitative assessment of strength of concrete, its gradation in different 
locations of structural members and plotting the same. 

2. Any discontinuity in cross section like cracks, cover concrete delimitation 
etc. 

3. Depth of surface cracks. 

Ultrasonic Testing of Concrete 
Ultrasonic pulse velocity test consists of measuring travel time, T of ultrasonic 

pulse of 50 to 54 kHz, produced by an electro-acoustical transducer, held in contact 

with one surface of the concrete member under test and receiving the same by a 

similar transducer in contact with the surface at the other end. 

With the path length L, (i.e. the distance between the two probes) and time of 

travel T, the pulse velocity (V=L/T) is calculated. 

Higher the elastic modulus, density and integrity of the concrete, higher is the 

pulse velocity. The ultrasonic pulse velocity depends on the density and elastic 

properties of the material being tested. 

The pulse velocity in concrete may be influenced by: 

a. Path length 

b. Lateral dimension of the specimen tested 

c. Presence of reinforcement steel 

d. Moisture content of the concrete 
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Fig. Ultrasonic Pulse Velocity Testing Instrument 

The influence of path length will be negligible provided it is not less than 100mm 
when 20mm size aggregate is used or less than 150mm for 40mm size aggregate. 

Pulse velocity will not be influenced by the shape of the specimen, provided its 
least lateral dimension (i.e. its dimension measured at right angles to the pulse 
path) is not less than the wavelength of the pulse vibrations. 

For pulse of 50Hz frequency, this corresponds to a least lateral dimension of 
about 80mm. the velocity of pulses in steel bar is generally higher than they are in 
concrete. For this reason pulse velocity measurements made in the vicinity of 
reinforcing steel may be high and not representative of the concrete. 

The influence of the reinforcement is generally small if the bars runs in a direction 
at right angles to the pulse path and the quantity of steel is small in relation to the 
path length. The moisture content of the concrete can have a small but significant 
influence on the pulse velocity.In general, the velocity is increased with increased 
moisture content, the influence being more marked for lower quality concrete. 
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Fig. Method of propagating and receiving pulses 

Measurement of pulse velocities at points on a regular grid on the surface of a 
concrete structure provides a reliable method of assessing the homogeneity of 
the concrete. 

The size of the grid chosen will depend on the size of the structure and the 
amount of variability encountered. 

Table. Concrete Quality based on Ultrasonic Pulse Velocity Test 

ULSE VELOCITY CONCRETE QUALITY 

>4.0 km/s Very good to excellent 

3.5 – 4.0 km/s Good to very good, slight porosity may exist 

3.0 – 3.5 km/s Satisfactory but loss of integrity is suspected 

<3.0 km/s Poor and los of integrity exist. 

Above table shows guidelines for qualitative assessment of concrete based on 
UPV test results. 
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Below table shows the guidelines for identification of corrosion prone locations by 
combining the results of pulse velocity and rebound number. 
 
Identification of Corrosion Prone Location based on Pulse Velocity and 

Hammer Readings 

Sr.No. Test Results Interpretations 

1 
High UPV values, high 
rebound number 

Not corrosion prone 

2 
Medium range UPV 
values, low rebound 
numbers 

Surface delimitation, low quality of surface 
concrete, corrosion prone 

3 
Low UPV, high rebound 
numbers 

Not corrosion prone, however to be confirmed 
by chemical tests, carbonation, pH 

4 
Low UPV, low rebound 
numbers 

Corrosion prone, requires chemical and 
electrochemical tests. 

Detection of Defects with Ultrasonic Test on Concrete 

When ultrasonic pulse travelling through concrete meets a concrete-air interface, 
there is a negligible transmission of energy across this interface so that any air 
filled crack or void lying directly between the transducers will obstruct the direct 
beam of ultrasonic when the void has a projected area larger than the area of 
transducer faces. 

The first pulse to arrive at the receiving transducer will have been directed around 
the periphery of the defect and the time will be longer than in similar concrete 
with no defect. 

Estimating the depth of cracks 

 

An estimate of the depth of a crack visible at the surface can be obtained by the 
transit times across the crack for two different arrangements of the transducers 
placed on the surface. 
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One suitable arrangement is one in which the transmitting and receiving 
transducers are placed on opposite sides of the crack and distant from it. Two 
values of X are chosen, one being twice that of the other, and the transmit times 
corresponding to these are measured. 

An equation may be derived by assuming that the plane of the crack is 
perpendicular to the concrete surface and that the concrete in the vicinity of the 
crack is of reasonably uniform quality. It is important that the distance X be 
measured accurately and that very good coupling is developed between the 
transducers and the concrete surface. 

The method is valid provided the crack is not filled with water. 

This ultrasonic test is done as per IS: 13311 (Part 1) – 1992. 

Procedure for Ultrasonic Pulse Velocity 

i) Preparing for use: Befo e s it hi g o  the V  meter, the 
t a sdu e s should e o e ted to the so kets a ked TRAN  
a d  REC . 

ii) The V  ete  a  e ope ated ith eithe : 

 The internal battery, 

 An external battery or 

 The A.C line. 

 

ii) Set reference: A reference bar is provided to check the instrument zero. The 

pulse time for the bar is engraved on it. Apply a smear of grease to the transducer 

fa es efo e pla i g it o  the opposite e ds of the a . Adjust the SET REF  

control until the reference bar transit time is obtained on the instrument read-

out. 

 

iii) Range selection: For maximum accuracy, it is recommended that the 0.1 

microsecond range be selected for path length upto 400mm. 
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iv) Pulse velocity: Having determined the most suitable test points on the 

material to be tested, make careful easu e e t of the path le gth L . Appl  

couplant to the 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 ea  alue of the displa  eadi gs should e taken when the units digit 

hunts between two values. 

v) 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. 

 

 

 

 

 

 

 

 

 

Pulse velocity=(Path length/Travel time) 
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Used destructive test 

1. Compression Testing Machine(CTM) 

The digital compression testing machine is used to determine the compressive 

strength of cube and cylinder (i.e. hardened concrete). 

CTM Machine Set up 

 

Procedure as per IS 516 – Methods of tests for strength of concrete 

1. Keep the specimen to be tested centrally on the clean lower platen so that 
small clearance is left between the upper platen and the top the specimen under 
test. 

2. Close the pressure release valve. 

. Make the digital displa  to ead Ze o   adjusti g the ze o knobs. 

. Put the displa  u it o  Peak Hold  ode to hold the a i u  load eadi g.  

5. Start applying the load at the specified pace rate, which could be maintained by 
adjusting the slow fast knob. 
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6. If the pace rate is on higher side the indicator displays red color and the pace 
rate is on lower side the indicator will display yellow color. 

7. If the pace rate is exactly equal to set rate then the indicator will display green 
color. 

8. As soon as sample fails, release the pressure slowly by opening valve. 

9. The digital display will be holding the maximum load reading at which sample 
has failed. Note down the pattern of failure and calculate the compressive 
strength in N/mm2 or kg/cm2. 
  

10. Pace rate for 15 cm cube is 5.15 kN/s. 

11. Before starting another test, clean the lower platen and bring the digital 
displa  to Ze o  positio   dep essi g the Reset  s it h. 
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Chapter 4 

Experimental work 
Material used 

Cement 

Table. Physical Properties of cement 

Sr. No Properties Chart results 

1 Specific gravity 3.11 

2 Fineness 2.00% 

3 Normal Consistency 33.00% 

4 Initial setting time 34 minutes 

 

Fine Aggregates 

 Locally available river sand, passing through 4.75mm sieve and retained on 150 
micron and free from impurities is used for the work. The tests were conducted as 
per IS 2386-1975 and result of sieve analysis and physical properties of fine 
aggregates are shown below 

 

Table. Physical Properties of Fine Aggregate 

         

 

Sr no Property Chart results 

1 Specific gravity 2.416 

2 Water absorption 2.04% 

3 Bulk density 1720 Kg/m3 



Experimental Analysis of ordinary concrete using destructive and non destructive testing       
 

SVERI’s College of Engineering, Pandharpur Page 32 

 

Table.  Sieve Analysis Results of Fine Aggregates 

Sr no IS Sieve Size Cumulative % passing 

1 10mm 100 

2 4.75mm 97 

3 2.36mm 92.4 

4 1.18mm 69.2 

5 600 micron 39.8 

6 300 micron 3.4 

7 150 micron 0.02 

8 Pan 0 

 

Coarse aggregate 

Crushed stone of 20mm down size and 12.5mm were used in this present work. 
The sieve analysis result and physical properties of coarse aggregate of 20mm 
down and 12.5mm size are shown in following tables.                                                                              

Table. Physical Properties of Coarse Aggregate 

 

Table. Sieve Analysis Results of Coarse Aggregate 

 

 

Size of aggregate 20 mm 12.5 mm 
specific gravity 2.773 2.8 
water absorption 1.50% 2.53 
bulk density 1570 kg/m3 

1562 kg/m3
 

Sr.No IS Sieve size Cumulative % passing 

20mm 12.5mm 

1 40mm 100 100 

2 20mm 61.62 100 

3 12.5mm 3.04 96.7 

4 10mm 1.02 88.89 

5 4.75mm 0.01 2.03 

6 Pan 0 0 
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Mix design  
Using the physical properties of cement, fine aggregate and coarse aggregate 
concrete mix was designed for M- 20 grade concrete. The concrete mix is 
designed as per IS 10262:2009 for the M-20 Grade of concrete for two different 
water-cement ratios such as 0.55 and 0.53.The mix proportions are presented in 
following table.                            
 

Table. Mix proportions 

Sr no w/c ratio Cement  FA CA 

1 0.53 361.67 378.78 1150.83 

2 0.55 348.32 689.42 1149.79 

 

Casting 

 Six numbers of cubes of size 150*150*150 were casted which are tested by 
Rebound hammer test, Ultrasonic pulse velocity test and by Compression testing 
machine for getting compressive strength of concrete. 
 
Curing  

The casted concrete cubes demoded after 24 hours. Out of which two are kept in 
water tank for 7 days, two for 28 days and 2 are tested for 7 days without curing. 

 
Fly ash  

Fly ash can be used as prime material in many cement-based products, such as 

poured concrete, concrete block, and brick. One of the most 

common uses of fly ash is in Portland cement concrete pavement or PCC 

pavement. 

 

Nylon fibers 

The nylon fiber is used in variety of applications owing to its high strength, 
resilience and durability but their disposals pose a serious threat in environment. 
The use of nylon fiber in concrete hence gives good alternative to the disposal 
and fibers in turn impart useful characteristics to concrete. In present study, 
various proportions of nylon fiber are added in concrete and its effect on 
workability, compressive strength and tensile strength is reported. 
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Compressive Strength of Concrete -Cube Test, 

Procedure, Results 

Compressive strength of concrete cube test provides an idea about all the 
characteristics of concrete. By this single test one judge that whether Concreting 
has been done properly or not. Concrete compressive strength for general 
construction varies from 15 MPa (2200 psi) to 30 MPa (4400 psi) and higher in 
commercial and industrial structures. 

Compressive strength of concrete depends on many factors such as water-cement 
ratio, cement strength, quality of concrete material, and quality control during 
production of concrete etc. 

Test for compressive strength is carried out either on cube or cylinder. Various 
standard codes recommend concrete cylinder or concrete cube as the standard 
specimen for the test. American Society for Testing Materials ASTM C39/C39M 
provides Standard Test Method for Compressive Strength of Cylindrical Concrete 
Specimens. 

Compressive Strength Definition 

Compressive strength is the ability of material or structure to carry the loads on 
its surface without any crack or deflection. A material under compression tends to 
reduce the size, while in tension, size elongates. 

 

Compressive Strength Formula 

Compressive strength formula for any material is the load applied at the point of 
failure to the cross-section area of the face on which load was applied. 

 

 

 

 

Compressive Strength = Load / Cross-sectional Area 

 

https://theconstructor.org/concrete/compressive-strength-test-on-concrete-cylinders/2234/
https://theconstructor.org/concrete/compressive-strength-test-on-concrete-cylinders/2234/
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Procedure: Compressive Strength Test of Concrete Cubes 

For cube test two types of specimens either cubes of 15cm X 15cm X 15cm or 
10cm X 10cm x 10cm depending upon the size of aggregate are used. For most of 
the works cubical moulds of size 15cm x 15cm x 15cm are commonly used. 

 
This concrete is poured in the mould and tempered properly so as not to have any 
voids. After 24 hours these moulds are removed and test specimens are put in 
water for curing. The top surface of these specimens should be made even and 
smooth. This is done by putting cement paste and spreading smoothly on whole 
area of specimen. 

These specimens are tested by compression testing machine after 7 days curing 
or 28 days curing. Load should be applied gradually at the rate of 140 kg/cm2 per 
minute till the Specimens fails. Load at the failure divided by area of specimen 
gives the compressive strength of concrete. 

Following are the procedure for testing Compressive strength 

 of Concrete Cubes 
 

Apparatus for Concrete Cube Test 

Compression testing machine 

Preparation of Concrete Cube Specimen 

The proportion and material for making these test specimens are from the same 
concrete used in the field. 



Experimental Analysis of ordinary concrete using destructive and non destructive testing       
 

SVERI’s College of Engineering, Pandharpur Page 36 

 

Specimen 

6 cubes of 15 cm size Mix. M15 or above 

Mixing of Concrete for Cube Test 

Mix the concrete either by hand or in a laboratory batch mixer 

Hand Mixing 

Mix the cement and fine aggregate on a water tight none-absorbent platform 
until the mixture is thoroughly blended and is of uniform color 

1. Add the coarse aggregate and mix with cement and fine aggregate until the 
coarse aggregate is uniformly distributed throughout the batch 

2. Add water and mix it until the concrete appears to be homogeneous and of 
the desired consistency 

 

 
 

Sampling of Cubes for Test 

1. Clean the mounds and apply oil 

2. Fill the concrete in the molds in layers approximately 5 cm thick 

3. Compact each layer with not less than 35 strokes per layer using a tamping 
rod (steel bar 16mm diameter and 60cm long, bullet pointed at lower end) 

4. Level the top surface and smoothen it with a trowel 
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Curing of Cubes 

The test specimens are stored in moist air for 24 hours and after this period the 
specimens are marked and removed from the molds and kept submerged in clear 
fresh water until taken out prior to test. 

Precautions for Tests 

The water for curing should be tested every 7 days and the temperature of water 
must be at 27+-2oC. 

Procedure for Concrete Cube Test 

1. Remove the specimen from water after specified curing time and wipe out 
excess water from the surface. 

2. Take the dimension of the specimen to the nearest 0.2m 

3. Clean the bearing surface of the testing machine 

4. Place the specimen in the machine in such a manner that the load shall be 
applied to the opposite sides of the cube cast. 

5. Align the specimen centrally on the base plate of the machine. 

6. Rotate the movable portion gently by hand so that it touches the top 
surface of the specimen. 

7. Apply the load gradually without shock and continuously at the rate of 140 
kg/cm2/minute till the specimen fails 

8. Record the maximum load and note any unusual features in the type of 
failure. 

Note: 

Minimum three specimens should be tested at each selected age. If strength of 
any specimen varies by more than 15 percent of average strength, results of such 
specimen should be rejected. Average of three specimens gives the crushing 
strength of concrete. The strength requirements of concrete. 

Calculations of Compressive Strength 

Size of the cube =15cmx15cmx15cm 

Area of the specimen (calculated from the mean size of the specimen )=225 cm2 
Characteristic compressive strength(f ck)at 7 days = 

Expected maximum load =fck x area x f.s 
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Ra ge to e sele ted is ………………….. 

Similar calculation should be done for 28 day compressive strength 

Ma i u  load applied =……….to es = ………….N 

Compressive strength = (Load in N/ Area in mm2)=……………N/ 2 
=……………………….N/ 2 
 

Reports of Cube Test 

1. Identification mark 

2. Date of test 

3. Age of specimen 

4. Curing conditions, including date of manufacture of specimen 

5. Appearance of fractured faces of concrete and the type of fracture if they 
are unusual 

 

Results of Concrete Cube Test 

Average o p essi e st e gth of the o ete u e = ………….N/ 2 (at 7 days) 
A e age o p essi e st e gth of the o ete u e =………. N/ 2 (at 21 days) 
A e age o p essi e st e gth of the o ete u e =………. N/ 2 (at 28 days) 
 
Table. Compressive Strength of Concrete at Various Ages 

The strength of concrete increases with age. Table shows the strength of concrete 
at different ages in comparison with the strength at 28 days after casting. 

Age Strength percent 

1 day 16% 

3 days 40% 

7 days 65% 

14 days 90% 

28 days 99% 
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Table. Compressive Strength of Different Grades of Concrete at 7 and 28  

days Grade 

of Concrete 

Minimum compressive 

strength N/mm2 at 7 

days 

Specified characteristic 

compressive strength (N/mm2) at 

28 days 

M15 10 15 

M20 13.5 20 

M25 17 25 

M30 20 30 

M35 23.5 35 

M40 27 40 

M45 30 45 
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Chapter 5 

Result and discussion 
Readings are as given below… 

 For M20 grade µ=0.2 

 

For M20 grade µ=0.5 
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For M25 grade µ=0.2 

 

For M25 grade µ=0.5 
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For M30 µ=0.2 

 

For M30 µ=0.5 
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Compression Testing Machine (CTM)

 

CTM 7 day with curing 

 

CTM 7 day without curing 
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CTM 21day with curing  

 

CTM 21day without curing  
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CTM 28day with curing 
 

 

CTM 28day without curing  
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Rebound hammer 7 day with curing 

Rebound hammer 7 day with curing  

 

Rebound hammer 7 day without curing  
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Rebound hammer 21day with curing 

 

Rebound hammer 21day without curing 
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Rebound hammer 28 day with curing 

 

Rebound hammer 28 day without curing 
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Ultrasonic pulse velocity 

7 days ultrasonic pulse velocity µ=0.2 with curing  

 

7 days ultrasonic pulse velocity µ=0.2 without curing  
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21 days ultrasonic pulse velocity µ=0.2 with curing  

 

21 days ultrasonic pulse velocity µ=0.2 without curing  
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28 days ultrasonic pulse velocity µ=0.2 with curing  

 

28 days ultrasonic pulse velocity µ=0.2 without curing  
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7 days ultrasonic pulse velocity µ=0.5 with curing  

 

7 days ultrasonic pulse velocity µ=0.5 without curing  
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21days ultrasonic pulse velocity µ=0.5 with curing  

 

21days ultrasonic pulse velocity µ=0.5 without curing  
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28days ultrasonic pulse velocity µ=0.5 with curing 

 

28days ultrasonic pulse velocity µ=0.5 without curing 

 



Experimental Analysis of ordinary concrete using destructive and non destructive testing       
 

SVERI’s College of Engineering, Pandharpur Page 55 

 

Chapter 6 

Conclusion 
From the experimental study, we can derive the following conclusions: 

1. The readings of UPV increases with age but the change is very small, reason                      

behind 

             it is that the density of the concrete remains same with the increase in age,         

so UPV 

            alone cannot be used to find out the compressive strength. 

2. From results, we firstly confirmed that there exists an exponential 

relationship between the compressive strength fck of the concrete cube and 

the longitudinal speed of propagation of ultrasound in them, v. The 

equations obtained from exponential regression for all grades of concrete 

can be used to determine the concrete strengths of the concrete mix 

proportions. 
 

3. This study proposed a useful mathematical linear relationship that helps the 

researchers to anticipate confidently the compressive strength of standard 

concrete cubes, by measuring the ultrasonic pulse velocity with ultrasonic 

pulse velocity test. The mathematical expression is applicable for a wide 

range of normal concrete strengths. 

 

4. Because of hardness of concrete increases with age, the readings of rebound 

hammer increases. We can directly determine the approximate value of 

compressive strength from the rebound number. But the compressive 

strength obtained from rebound hammer is less in case of M20 grade 

concrete and higher in M25 and M30 grades as compared to UPV strength 

after 28 days of curing. 

 

5. Dependency on just NDT methods (Rebound Hammer Test or Ultrasonic 

Pulse    Velocity Test) to calculate compressive strength of in-situ concrete 

wills not good results, so we have tested the cubes in CTM to increase the 

accuracy. And it results that the CTM strength is somewhat less in M20 but 

it is higher in M25 and M30 as compared with NDT tests at age of 28 days. 
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References 
[ ] M. Colo o a d R. Feli etti, Ne  NDT te h i ues fo  the assess e t of fi e-
da aged o ete st u tu es,  Fi e Safet  Jou al, ol. , o. -7, pp. 461–472, 
2007.  

[ ] B. Ho s a d M. T hoket h Ke i , No -destructive testing techniques for the 
fo e si  e gi ee i g i estigatio  of ei fo ed o ete uildi gs,  Fo e si  
Science International, vol. 167, no. 2-3, pp. 167–172, 2007. 

[ ] K. L. Re s, T. J. Wipf, a d F. W. Klai e , Re ie  of o dest u ti e e aluatio  
techniques of civil infrast u tu e,  Jou al of Pe fo a e of Co st u ted 
Facilities, vol. 11, no. 4, pp. 152– 160, 1997.  

[ ] M. K. Li  a d H. Cao, Co i i g ultiple NDT ethods to i p o e testi g 
effe ti e ess,  Co st u tio  a d Buildi g Mate ials, ol. , pp. –1315, 2013.  

[ ] P. Sha  a d A. Xu, Assess e t of the dete io atio  of o ete i  NPP- 
auses, effe ts a d i estigatio  ethods,  NDT.Net, ol. , o. , . 

[ ] D. M. M Ca  a d M. C. Fo de, Re ie  of NDT ethods i  the assess e t of 
concrete and masonry structu es,  NDT a d E I te atio al, ol. , o. , pp. –
84, 2001.  

[ ] D. B e sse, G. Kl sz, X. De o e t, C. Si iei , a d J. F. Lataste, ´ Ho  to o i e 
several non-destructive techniques for a better assessment of concrete 
st u tu es,  Ce e t a d Co ete Research, vol. 38, no. 6, pp. 783–793, 2008. 

[8]Akashi, T., & Amasaki, S. (1984). Study of the Stress Waves in the Plunger of a 
Rebound Hammer at the Time of Impact. Detroit: American Concrete Insitute.   

[9]Bickley, J. (1982). The Variability of Pullout Tests and In-Place Concrete 
Strength. Concrete International, ACI, Vol.4, No. 4 , 44-51. 

[10] CONCRETO: Ensino, Pesquisa e Realizações. Organização: G. C. Isaia. São 
Paulo: IBRACON, 2005. pp 1109. 

[11] COMITÉ EURO-INTERNATIONAL DU BÉTON. CEB-FIP Model Code 1990. 
London: Thomas Telford, 1993. 

[ ] ASNT, I t odu tio  to No dest u ti e Testi g . The A e i a  So iet  fo  
Nondestructive Testing. http://www.asnt.org/, 2006.  



Experimental Analysis of ordinary concrete using destructive and non destructive testing       
 

SVERI’s College of Engineering, Pandharpur Page 57 

 

Appendix 

                                              

 

Moulds are 
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concreate 

During 

making of 

concrreate 
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Using 

ultrasonic 

pulse 

velocity test 

Curing of 
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