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Abstract – The aim of the research is to check the strength 

of  concrete for steel fibers and fly ash, pin penetration and 

ultrasonic pulse velocity (UPV) for assessing concrete 

strength, that are widely used in structural field. The NDT 

are compared on basis of sensitivity of measurements and 

scatter of results. The advantage deriving from the steel 

fibers and fly ash as a variable for concrete strength is also 

examined. An extensive series of tests are carried out to 

obtain a correlation of the NDT results with compressive 

strength. Concrete cubes for each two different materials 

which are fly ash and steel fibers, are tested. Tests are 

performed to compare the accuracy between Destructive and 

non-Destructive method in estimating the strength of 

concrete. 
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I. INTRODUCTION 
 

The standard method of determining strength of 

hardened concrete consists of testing concrete cubes in 

compression. The quality of entire concrete of a structure 

cannot be fully assessed by testing a few concrete cubes. 

The results obtained in testing cubes do not always reflect 

the actual strength of concrete in construction. In a whole 

day, concreting work cubes are cast in a few batches, the 

differences (unintentional and intentional) in the 

composition are not uncommon, their compaction and 

their hardening conditions always differ more or less from 

those of the structure. In addition, the number of test cubes 

is generally so small that they can only be considered as 

random tests. Sometimes, in case of failure of cubes, 

doubtful concrete, cracks, deterioration of concrete, etc. It 

becomes necessary to assess the quality and strength of 

concrete of the structure. As far back as early thirties, the 

necessity was felt to develop instruments by which in-situ 

strength of concrete may be obtained. Various non-

destructive methods of testing concrete have been 

developed, which include, Firing method, Skramtayev‟s 

method, Polakov‟s method, Magnitostroy method, Fizdel 

ball hammer, Einbeck pendulum hammer, Ball indentation 

hammer, Rebound hammer, Pull out techniques, Windsor 

probe, Ultrasonic pulse velocity methods, Radioactive and 

nuclear methods, Magnetic and electrical methods. In all 

these methods of tests, due to simplicity, rebound hammer 

test based on surf ace hardness becomes most popular in 

the world for non-destructive testing of in-situ concrete. 

The main aim of this project is to analyze the possible 

benefits of using steel fibres and fly ash as an additive to 

improve properties of concrete using methods NDT and 

standard compressive test relationship. Structures are 

assemblies of load carrying members capable of safely 

transferring the superimposed loads to the foundations. 

Their main and most looked after property is the strength 

of the material that they are made of concrete, as we all 

know, is an integral material used for construction 

purposes. To improve strength of concrete additives like 

steel fibers and fly ash are used which has significant 

benefits. 

1.1 Non Destructive Testing 
Concrete is the most commonly used construction 

material in structures. Determination of compressive 

strength has become the most important concern of 

researchers since its usage and usually regarded as the 

main criteria to judge the quality of concrete. Various 

destructive and non-destructive test (NDT) methods have 

been developed for determining the compressive strength. 

Nevertheless, the destructive methods are expensive and 

time consuming. In addition, cube and cylinder concrete 

specimens prepared in laboratory are not represented in 

situ concrete. Furthermore, getting core specimens from 

structural element reduces the load carrying capacity of 

construction elements. The NDT is a direct method to find 

in situ compressive strength of concrete. 

1.1.1 Ultrasonic pulse velocity method 
The ultrasonic pulse velocity is a stress wave 

propagation method that involves measuring the travel 

time, over a known path length of a pulse of ultrasonic 

waves. The pulses are introduced into the concrete by a 

piezoelectric transducer and a similar transducer acting as 

a receiver. A timing circuit is used to measure the time it 

takes for the pulse to travel from the transmitting to the 

receiving transducers. In 1945, long under- took further 

investigations along these lines and reported on the 

instrument and technique that resulted from their work 

which led to the development of the Soniscope. 

In 1951, Whitehurst used this Soniscope to carry out 

some investigations and thus, published a tentative 

classification for using pulse velocity as an indicator of 

quality. This is as shown in the Table below. 

The instrument used in this technique consists of a 

transmitter and a receiver (two probes). The time of travel 

for the wave to pass from the transmitter to the receiver  
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Table 1 : Velocity criterion for concrete quality grading 

S.No. Pulse Velocity by cross 

probing (m/s) 

Concrete quality 

Grading 

1 Above 4500 Excellent 

2 3500-4500 Good 

3 3000-3500 Medium 

4 Below 3000 Doubtful 

 

 
Fig.1. Ultrasonic pulse velocity 

 

when kept opposite to each other is recorded in the 

ultrasonic instrument.This is referred to as the direct 

method. The semi-direct and indirect methods are made 

use of when access to the opposite face of the test 

specimen cannot be achieved. The direct method gives a 

void detect ability of 100% while the in-direct method 

gives an accuracy of 99% percent void detect ability. The 

accuracy of this method has been investigated. Slabs with 

fabricated voids at known location were used. The results 

obtained were then compared with the known location. It 

was observed that depth of void could be detected better 

with an accuracy ranging from 51.81 % from day 3 to 

99.62% at 28day respectively. Its correlation has been 

investigated and it was found that a relationship could be 

established but depending on factors such as curing 

conditions, moisture content etc. 

In the test, the time taken by the pulse to travel through 

concrete is recorded and the velocity calculated as:  V=
𝑙

𝑡
 

Where, V = pulse velocity (m/s), l = length (m), t = time 

(s). 

1.1.2. Rebound Hammer method 
In 1958, Kolek noted that when concrete is struck by a 

hammer, a degree of rebound is an indicator of the 

hardness of the concrete. This was standardized by Ernst 

Schmidt, a Swiss Engineer. In 1948, he developed a 

device for testing concrete based upon the rebound 

principle. This he did by developing a spring loaded 

hammer and devising a method to measure the rebound of 

the hammer. In order to relate this rebound number to 

strength of the concrete, researches have been carried out 

and curves established. A general correlation between 

compressive strength of concrete and the hammer rebound 

number has been reported. Also good correlation between 

the flexural strength of concrete and the hammer rebound 

number has been established. The only known instrument 

to make use of the rebound principle for concrete testing is 

the Schmidt hammer and is suitable for both laboratory 

and field work. Its essential parts are the outer body, the 

hammer, the plunger, the spring and the slide indicator. It 

was constructed and tested extensively at the Swiss 

Federal Materials Testing and Experimental Institute in 

Zurich. Each hammer is furnished with correlation curves 

developed by the manufacturer using standard cube 

specimens. However, the use of these curves is not 

recommended since material testing conditions may not be 

similar to those in erect when the calibration of the 

instrument was performed. 

 
Fig.2. Rebound hammer 

 

The Rebound Hammer test is basically a surface 

hardness test and is used only on concrete where the 

surface has not been carbonated as the results tend to be 

very high and unrealistic on a carbonated surface. Hence it 

should be used for younger concrete than for older one. 

The test can be conducted horizontally, vertically upward 

or downward or at any intermediate angle. Due to different 

effects of gravity on the rebound as the test angle is 

changed, the rebound number will be different for the 

same concrete and require separate calibration or 

correlation charts. 

Due to its simplicity and low cost, the Schmidt rebound 

hammer is by far, the most widely used non destructive 

test device for concrete. While the test appears simple, 

there is no simple relationship between the rebound 

number and strength of concrete. 

Although the rebound hammer provides a quick, 

inexpensive means of checking the uniformity of concrete, 

it has serious limitations that must be recognized and taken 

into account when using the hammer. Estimation of 

strength of concrete by the rebound hammer within an 

accuracy of +15 to +20% may be possible only for 

specimens cast cured and tested under conditions similar 

to those from which the correlation curves are established. 

The results are affected by factors such as smoothness of 

the test surface, size, shape and rigidity of specimen, age 

of test specimen, surface and internal moisture condition 

of the concrete, type of cement and coarse aggregate, and 

extent of carbonation of concrete surface. 

 

II. MATERIALS AND PROPERTIES 
 

Concrete is currently the most widely used construction 

material as it can be cast to any form and shape at site very 

easily. However, the relative low tensile strength to weight 

ratio and limited ductility of plain cement concrete poses 

major difficulty in its direct applications. To overcome 

these deficiencies, reinforcing of tensile zone with steel 

bars and prestressing of plain cement concrete has been 

invariably used. But all these measures do not improve the 
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post cracking behavior of concrete. In fibre reinforced 

concrete, short discontinuous fibres are added to plain and 

reinforced concrete to improve the post cracking behavior 

and tensile strength to weight ratio 

Steel fibre is widely used fibre. Generally, round fibres 

are used. Different diameters of steel fibre available are 

ranging from 0.25 to 0.75 mm. The steel fibre is likely to 

get rusted and lose some of its strengths. But the 

investigation has shown that the rusting of fibres takes 

place only at the surface. Use of steel fibre makes 

significant improvements in flexural, impact and fatigue 

strength of concrete. It has been extensively used in 

various types of structures, particularly for overlays of 

roads, airfield pavements and bridge decks. Thin shells 

and plates have also been constructed using steel fibres. 

Factors affecting properties of fibre reinforced concrete 

Fibres used in project are of 0.5mm diameter and 30mm 

length. Fibre reinforced concrete is the composite material 

containing fibres in the cement matrix in an orderly 

manner or randomly distributed manner. Its properties 

would obviously, depend upon the efficient transfer of 

stress between matrix and fibres, which is largely 

dependent on the type of fibre, fibre geometry, fibre 

content, orientation and distribution of the fibres, mixing 

and compaction techniques of concrete, and size and shape 

of aggregate. These factors are briefly discussed below: 

Relative fibre matrix stiffness 
The modulus of elasticity of matrix must be much lower 

than that of fibre for efficient stress transfer. High 

modulus fibres such as steel, glass and carbon impart 

strength and stiffness to the composite. Interfacial bond 

between the matrix and the fibres also determined the 

effectiveness of stress transfer, from the matrix to the 

fibre. A good bond is essential for improving tensile 

strength of the composite. The interfacial bond could be 

improved by larger area of contact, improving the 

frictional properties and degree of gripping and by treating 

the steel fibres with sodium hydroxide or acetone. 

Volume of fibres 
The strength of the composite largely depends on the 

quantity of fibres used in it. It has been found that increase 

in the volume of fibres, increases approximately linearly, 

the tensile strength and toughness of the composite. Use of 

higher percentage of fibres is likely to cause segregation 

and harshness of concrete and mortar.  

Aspect ratio of the fibre:- 
Another important factor which influences the 

properties and behavior of the composite is the aspect ratio 

of the fibre. It has been reported that up to aspect ratio of 

75, increase in the aspect ratio increases the ultimate 

strength of the concrete linearly. Beyond 75, relative 

strength and toughness is reduced.   

Table 2: Physical properties of Steel fibers 

S. No. Property Value 

1 Type MS Crimped 

2 S.W.G. 26 

3 Average Diameter 0.46 mm 

4 
Young's Modulus of 

Elasticity 
2.11x 10

5
N/mm

2
 

5 Yield Stress 405.4 N/mm
2
 

6 Ultimate Stress 302.5 N/mm
2
 

 

Workability and compaction of concrete:- 
Incorporation of steel fibre decreases the workability 

considerably. This situation adversely affects the 

consolidation of fresh mix. Even prolonged external 

vibration fails to compact the concrete. The fibre volume 

at which this situation is reached depends on the length 

and diameter of the fiber. 

Another consequence of poor workability is non 

uniform distribution of the fibres. Generally, the 

workability and the compaction standard of the mix is 

improved through increased water/cement ratio or by the 

use of some kind of water reducing admixtures. 

Mixing:- 
Mixing of fibre reinforced concrete needs careful 

conditions to avoid balling of fibres, segregation, and in 

general the difficulty of mixing the materials uniformly. 

Increase in the aspect ratio, volume percentage and size 

and quantity of coarse aggregate intensify the difficulties 

and balling tendencies. Steel fibre content in excess of 2 

per cent by volume and aspect ratio of more than 100 are 

difficult to mix. It is important that the fibres are dispersed 

uniformly throughout the mix; this can be done by the 

addition of fibres before the water is added. When mixing 

in the laboratory mixer, introducing the fibres through a 

wire basket will help in even distribution of fibres. 

Applications:- 
Fibre reinforced concrete is increasingly used on 

account of the advantages of increased static and dynamic 

tensile strength, energy absorbing characteristics and 

better fatigue strength. The uniform dispersion of fibres 

throughout the concrete provides isotropic properties not 

common to conventionally reinforced concrete. Fibre 

reinforced concrete has been tried on overlays of airfield, 

road pavements, industrial floorings, bridge decks, canal 

lining, explosive resistant structures, refractory linings etc 

3.5.5 Geometry of the steel fibre used: 

 
Fig.3. Geometry of steel fibre used 

 

Mild steel crimped fibers of 26 SWG (average diameters 

0.46 mm) were used. The aspect ratio of fiber was kept as 

80. The physical properties of fibers are given in Table 

above. 
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III. METHODOLOGY 
 

3.1 Concrete Mix Design  
According to the Indian Standard Guidelines 

Mix design for 1m3 of M20 grade concrete used 

Dry volume =52% more of wet volume 

=
𝟓𝟐

𝟏𝟎𝟎
× 1 + 1 = 1.52 m3 

Volume of cement =
𝟓𝟐

𝟏+𝟏.𝟓+𝟑
× 1= 0.27 m3        

Number of bags =
𝟎.𝟐𝟕

𝟎.𝟎𝟑𝟓
  =7.71≈ 8 bags 

Volume of sand =
𝟓𝟐

𝟏+𝟏.𝟓+𝟑
× 1.5 =0.41m3 

Volume of coarse aggregate =
𝟓𝟐

𝟏+𝟏.𝟓+𝟑
× 3 =0.82m3 

For 1 cube specimen 

Volume of one cube =0.15 x 0.15 x 0.15 = 

 3.375x10-3m3. 

Cement = 3.375 x 10-3x400 kg/m3 =1.35 Kg. 

Fine aggregate = 1.35x 1.5 =2.025 Kg. 

Coarse aggregate = 1.35x 3 =4.05 kg. 

(Taking water cement ratio = 0.48) 

Water =1.35 x 0.48 = 0.648 Kg. 

For steel fiber reinforcement  

Weight of fiber used = 2% of total weight of concrete. 

For 30% replacement of cement by Fly ash  

Weight of Fly ash = 30% of total weight of cement used. 

3.2 Casting of Specimen:-  
M-20 Concrete mix was used with 20 mm coarse 

aggregate. The Concrete Mix Design was carried out 

based on Indian Standard Guidelines. The relation 

between various constituents arrived at was 1:1.5:3 

respectively by weight and water cement ratio of 0.48.  

 
Fig.4. Concrete mixing 

 

The percentage fly ash used was 30%, which replace 

equal amount of cement from mix by weight for one 

separate batch. 

Effectiveness of fibers in the concrete is related among 

other factors to the 'aspect-ratio' and volume percentages 

of the fibers, size, gradation, quality of the coarse 

aggregate and water cement ratio. For uniform mixing and 

to prevent the 'balling' the aspect ratio of round wires was 

kept as 80. Volume fraction of steel fibers was taken as 

2% for another separate batch as beyond that these were 

difficult to mix. The mild steel crimped wires were cut in 

lengths of 30 mm to have aspect ratios of 80.  

Care was taken for prevention of fiber balls. Required 

proportion of coarse aggregate, Fine Aggregate and 

Cement were mixed with trowels and spade until a 

homogeneous mix was obtained. The fibers were 

weighted; half of the fibers were sprinkled by hand from 

the top by one person while the other person kept mixing 

them in the dry mix. Then water was slowly added and 

mixture was thoroughly mixed. The remaining fibers were 

again sprinkled and same process was repeated. 

 
Fig.5. Cube Casting and Table Vibration Technique 

 

The mould (150mm x 150mm x 150mm) was cast in 3 

layers. Table vibrator was used for compaction. It was 

most suitable, as the fibers tend to align themselves in the 

plane perpendicular to the direction of vibration. This 

gives random planar orientation. The top surface of the 

specimen was smoothened with help of wooden float. the 

cubes were allowed to dry for one day, after de-moulding 

the specimen were placed in the curing tank for a period of 

7 and 28 days. 

 
Fig.6. Curing Of Concrete Cubes 

 

4.3 Testing 
After the completion of curing period non destructive 

test was carried out on cube specimens, which were 

rebound hammer test and ultra sonic pulse velocity test. 

The NDT tests were followed by destructive test by testing 

that same cube specimen in compressive testing machine. 

The results were then be tabulated and various graphs 

are plotted showing the relationship of different parameter 

of concrete according to additive used. 

 

IV. CONCLUSION 
 

1) Based on the test results, mathematical model was 

developed using graphical methods to quantify the effect 

of Fly ash and steel fiber content on interrelationship 

between compressive strength, dynamic modulus of 

elasticity and ultrasonic pulse velocity of concrete. 

2) The mathematical model developed can predict cube 

strength at 7 and 28 days for addition of 2% steel fibers 

and for 30% replacement of cement by fly Ash. 

3) The proposed modals found to be having good 

accuracy in estimating 7 and 28 days compressive strength 

and were 100% of the estimated value which are within 

±2.5% of the actual values. 
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4) Addition of steel fiber enhances compressive strength 

at 7 and 28 days also dynamic modulus of elasticity 

however enhancement depends on percentage of fibres 

used and also the diameter of the fiber used. 

5) From the correlation for above mix designs, estimates 

of in-situ strength can be attained if the correlation 

between the compressive strength and NDT measurements 

for the same kind of concrete is established. 

6) Stiffness of nearly all the cube was increase due to Fly 

ash and steel fibers addition in concrete mix.  

7) Post cracking strength of all the cubes were increased 

significantly. 

8) Analysis of the results shows that there is no 

significant difference exist between the set of results 

obtained from both method can be used in estimating in-

situ strength. 

9) The complimentary use of two NDT inspection 

method „Rebound hammer‟ and „ultrasonic pulse velocity 

method‟ shows promising result as to reliability and 

applicability.  

10) The primary aim of fibre reinforcement to minimize 

the probability of failure to an acceptable low value. 

11) Silica fumes are a great binding material thus silica 

fume increases the ultimate strength of concrete. 

12) Fibres can be used in concrete to control the plastic 

shrinkage cracking and drying shrinkage cracking. 

 

Concluding Remarks 
Although efforts are continuing to improve non-

destructive testing methods and the tests themselves are 

not difficult to perform, test data are not always easy to 

interpret because concrete is a most complex material. The 

tests must not, therefore, be regarded as a substitute for 

standard compression tests. What they do provide are data 

on actual structures that would not be possible with 

standard tests; and they should be valuable during winter 

concreting for ensuring safety and determining time for 

the possible early removal of forms. They are excellent, 

also, for determining relative strengths of concrete in 

different parts of the same structure. If used properly they 

can provide a very important link in the chain of testing 

and evaluating concrete and concrete structures. 
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