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Abstract. The properties and compressive strength of hardened concrete are examined by destructive and
non-destructive testing methods. There was no direct relationship between non-destructive testing results
for existing concrete structures. This article describes the comparison between rebound and compression
hammer tests of hardened concrete. It also describes the comparison of strength and cube compressive
strength as well as the comparison of modulus of elasticity according to different standards.Destructive and
non-destructive techniques were used in an experimental programme on various concrete mixtures,
including M20, M25, and M30. A comprehensive technique was used for evaluating the compressive
strength properties of concrete grades M20, M25, and M30, using both destructive and non-destructive
testing methods. The impact strength, maximum load, Schmidt hammer, and uniaxial compression test
findings have been also reviewed within the examination. The study's primary purpose was to clarify the
connections between specific evaluations technique and actual grades. Similarly, those connections were
subjected to an in-depth validation technique using previously advanced formulation from previous research,
which produced precious statistics about the assessment of concrete strength. These findings increase our
understanding of concrete's behaviour and provide essential path for destiny packages inside the engineering
and construction industries, enabling properly-informed decision-making in those domains.

Keywords-: Compression machining, concrete grade, Impact strength test, Schmidt Hammer test,
and Properties of Concrete Material

1 Introduction

The conventional or traditional techniques use to calculate the estimate compressive strength of cubes made up
of concrete by calculating the mechanical properties of concrete after it has been hardened. Before exploring the concrete
as a building material to the estimated loads, it becomes essential to evaluate its compressive strength. Testing included
destructive and non-destructive testing methodologies that can be used to accomplish this [1, 2]. Although destructive
testing (DT) encourages the cast test specimen to break, non-destructive testing method, also known as NDT, approaches
that allow interpretation regardless of putting the concrete sample in risk. Because they are inexpensive and easy to use,
rebound (Schmitz) hammers are among the most widely used tools to evaluate the concrete strength during non-
destructive testing procedures which can also described as NDT procedures. Results from NDT are obtained far faster
than from destructive procedures [3]. Although the compressive values acquired by NDT, specifically the rebound
hammer test, are regarded as more of an estimate than a precise measurement, they have the benefit of being quickly
assessed without harming the concrete surfaced measures compressive strength; destructive testing (DT) does not have a
proven association with compressive strength, despite its frequent use. Many NDT methods have been developed,
including as pull-out methods and the economical Windsor probe (Schmitz) hammer. NDT methods yield results more
quickly than destructive approaches, but they are still considered approximations. [4] Nonetheless, a study employing the
Schmidt rebound hammer along with measuring compressive strength by DT and NDT discovered a comparison.This
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thorough analysis explores the disparate approaches to identify the ccompressive strength of concrete and emphasizes
the rebound hammer's crucial function. Concrete cubes of 150 mm by means of 10 mm by 100 mm have been made
efficiently, and their compressive strengths for 20 to 30 N/mm?. For compressive strength specimens were recovered after
seven, fourteen, and twenty-eight days of curing, enabling an intensive and thorough investigation. A striking result from
the Minitab 15 regression analysis became that there was a direct linear relationship between rebound range and
compressive strength [5]. This final results highlights the relationship among those variables and demonstrates the value
of the rebounded hammer as tool for assessing the compressive-strength of concrete. This outcomes elucidates the
connection between these variables and gives pertinent information for practical testing and optimum assessment
techniques.the 2 degree of correlation coefficients, which grade from 91.6% to 97.9%, demonstrates a strong and nearly
ideal relationship [6]. This result displaying that the usefulness of the rebound hammer as a tool for figuring out the
compressive power of concrete and offers crucial data for structural evaluation and concrete quality manipulate. The
considerable average residual error percentages of 1.78%, 1.29%, and 1.32% recorded for the suggested models at 7, 14,
and 28 days, respectively, show the models' great applicability. When integrating ultrasonic testing, calibration against
mechanical tests is required. The test which is also known as ultrasound based pulse-velocity-test and Rebound Hammer
(RH) tests are crucial instruments for assessing the quality of concrete. Numerous issues with NDT procedures have been
revealed by the Schmidt Hammer and Ultrasonic NDT test calibrations that comply with Turkish Standards and might be
fixed with the right calibration [7]. Schmidt hammer and ultrasonic pulse velocity were described as two critical non-
deleterious testing methods for determining concrete power whilst retaining structural integrity. Towards Iran's Behbahan
Cement Factory, a distintive equation is changed with help of a combination of techniques which is provided in this paper.
It also labels how to examine structural performance in seismic zones, emphasising how vital the relationship is among
NDT and DT [8]. The SonRe Method is a reliable method for figuring out the rebound hammer method and the connection
among ultrasonic pulse velocity and compressive strength, has been furnished in this article. Several interesting
conclusions have been drawn about the link between compressive strengths and NDT values using the Schmidt rebound
hammer and ultrasonic pulse velocity [9]. The study demonstrates the effectiveness of the rebound number approach in
predicting concrete strength under specific conditions and advocates for the adoption of a combined strategy to boost
reliability. Crucial details regarding the assessment of concrete strength are disclosed when the strength calibration curves
generated are compared to the body of current literature. Study revealed that the produced geopolymer concrete showed
better properties over normal concrete for strength of structure. It become essential vital to analyze numerous stresses
prompted in such coatings, especially residual stress [10]. The cement composite properties along with the properties
related to durability together with absorption of water, test of permeability i.e; rapid chloride permeability test, also the
ultrasonic pulse velocity oncuring period of seven and twenty-eight days respectively Mould filling is associated with
cube formation, filling of mould, cold shut, shrinkages, and other casting defects. The importance of finding a
compressive-strength of composites are fabricated by way of hot press compression moulding method [11].

2 Methodology

2.1 Materials Used and Their Properties

Natural river Sand that complies with zone II standards and regular portland cement that fulfilled IS: 279-2015
specifications were the materials used in this investigation [12-15]. In addition, the expriment used locally accessible
coarse aggregate, which crushed siliceous stone, with a utmost size of 20 mm The aforementioned materials were
meticulously chosen to garantie compliance with established quality requirements and to Preserve uniformity in the
experimental configuration, hence augmentent the validity and reliability of the research outcomes.

Cement: - Ordinary Portland Cement (OPC) is commonly used cement implemented in this study. For the purposes of
the current experimental inquiry, Ordinary Portland Cement grade 43—which meets with : IS: 279-2015 standards—was
used [16,17]. In this study, the cement of choice for experimentation is the widely employed Ordinary Portland cement
(OPCQ). This type of cement is renowned for its versatility in construction application.

Fine aggregate:- The bulk density as well as specific gravity of the fine aggregate used in this investigation are 1791
kg/m3 and 2.65, respectively. Noted the range that falls between 2.4 and 2.7 is acceptable for fine aggregate as specified.
This supports the study's findings that the fine aggregate used is appropriate for use in concrete applications because it is
within the specified acceptable range.

Coarse Aggregate:-An aggregate crushing value (ACV) of 21.29% and aggregate impact value (AIV) of 15.40% were
found during examinations of the coarse aggregate. Notably, both of these values are below the highest acceptable limits
outlined in IS-383. As such, the study's coarse aggregate is considered appropriate for usage in concrete applications.
Water:- There are several uses for water in concrete. In addition to serving as a lubricant for coarse and fine aggregates,
it reacts chemically with cement to produce the binding paste that keeps the aggregates together [18-20]. Water is also
necessary for the concrete to cure once it has been cast into the forms, which speeds up the hydration process and ensures
appropriate strength growth.

3 Material Investigation

The experimental protocol comprises three distinct stages:
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In first step, tests were conducted on the elements of the materials used to establish concrete mixture, and the results were
recorded. With the material test results obtained were for the Design of concrete mix for grades M20 , M25 and M35 was
then developed [21-22]. The relative amounts of coarse and fine aggregates were finely adjusted in the second phase of
the mix to ensure that all concrete parameters—including those acquired from slump flow and Vee tests—were fully
satisfied.The third step involved examining the relation between destructive and non-destructive testing for concrete in 3,
14 and 28 days.

3.1 Tested Destructively (DT) using a Compression Machine:

The conventional or traditional techniques applied to calculate the compressive strength of cubes made up of concrete by
calculating the mechanical properties of concrete after it has been hardened. Before exploring the concrete as a building
material to the estimated loads it becomes essential to evaluate its compressive strength [23]. To examine the properties
and compressive strength of hardened concrete destructive methods are used.  Destructive testing (DT)
using compression machine were used to concrete sample' for compressive strength. After the curing process, these
specimens were compressed at 14 and 28 days, with grades of 20 N/mm? ,25 N/mm? and 30 N/mm?. The exacting testing
process allowed for an assessment of the concrete's Strength at différent curing times and grades.

3.2 Rebound Hammer Non-destructive testing:

Non-destructive testing (NDT) is obtained far faster than from destructive procedures. Although the compressive values
acquired by NDT specifically the rebound hammer test are regarded as more of an estimate than a precise measurement,
they have the benefit of being quickly assessed without harming the concrete surfaced measures compressive strength
Rebound (Schmitz) hammer changed into the maximum important Non-destructive trying out (NDT method for the
concrete's compressive strength [24-26]. This technique relied onto the concept that a rebound of elastic mass has been
decided by means of the surface hardness. This technique makes it safe to submit the specimens for an assessment of the
concrete's compressive electricity, which presents essential details about the material's structural integrity.

3.3 Procedure of Compressive Strength Test of Concrete Cubes

In the study, concrete of grades M-20, M-25, and M-30 was prepared following the mix design specifications outlined in
IS : 10262. The mixing process was conducted using a concrete mixer, and cubes measuring 150 mm % 150 mm x 150
mm were cast for testing [27]. After one day the specimens were demoulded and were kept in a curing tank filled with
water, where they underwent a curing process for durations of 3, 14, and 28 days. To assess the compressive strength of
the concrete, two testing methods were employed : Destructive Testing (DT) and Non-Destructive Testing (NDT). The
DT was performed using a compression machine in compliance with IS : 516 specifications, directly measuring the
concrete's strength under compression. The NDT, on the other hand, utilized a rebound hammer (Schmitz hammer) to
estimate the compressive strength of the concrete in a less invasive manner. For every grade of concrete (M-20, M-25,
and M-30), specimens were tested after curing periods of 14 and 28 days to determine their strength characteristics through
both testing methodologies [28].

4 Results and Discussion

The findings of concrete’s compressive strength are the foremost purpose of this experiment which includes the utilization
of several sorts of assessing techniques, along with destructive and non-destructive procedures. The compressive strength
and other characteristics of hardened concrete are examined using Destructive and NDT techniques. The outcomes of
non-destructive testing did not directly correlate with the concrete structures that were already in place.This test will
attention on three different grades of concrete: M20, M25 and M30. The treatment examples for these grades range from
14 to 28 days. Destructive and non-destructive techniques for testing on concrete at 14 and 28 days of age also are meant
to be in comparison as a part of this paper.

Table 1: Results of 14 days of testing on M20, M25 and M30 grade concrete for destructive and non-destructive

Non-
Grade Test No Destructive Destructive

M20 1 17.34 18.2
M20 2 18.92 19.1
M20 3 17.4 17.9
M20 4 17.8 18.2
M20 5 18.4 18.9
M25 1 21.54 22.4
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M25 2 22.4 22.9
M25 3 21.5 22.2
M25 4 22.9 23.4
M25 5 22.8 23.6
M30 1 253 27.4
M30 2 26.2 28.1
M30 3 26.4 28.3
M30 4 26.7 27.4
M30 5 26.9 27.5

The strength of several grades of concrete mixes (M20, M25, and M30) is displayed presented in Table 1 using both
destructive and non-destructive methods. For Grade M20, the non-destructive approach produced somewhat higher values
between 17.9 and 19.1, while the destructive method produced values between 17.34 and 18.92. The destructive method
produced values for Grade M25 that ranged from 21.5 to 22.9, while the non-destructive method produced values that
were somewhat higher, between 22.2 and 23.6. The destructive method produced results for the highest grade, M30,
ranging from 25.3 to 26.9. In contrast, the non-destructive method produced much higher numbers.

Table 2: The outcomes of compressive-strength of DT & NDT on different days for different grades M20, M25 and
M30 at time-period of 28 days

Grade Test No Destructive Non-Destructive
M20 1 20.2 21.1
M20 2 20.4 22.5
M20 3 20.93 21.3
M20 4 20.94 22.3
M20 5 22.75 23.05
M25 1 235 26.1
M25 2 24.4 27.4
M25 3 24.8 27.8
M25 4 253 27.2
M25 5 26.1 28.4
M30 1 314 324
M30 2 30.2 32.8
M30 3 31.4 342
M30 4 31.8 34.8
M30 5 32.7 36.2

Table 2 shows the outcomes of destructive and non-destructive concrete strength tests conducted on three distinct grades
(M20, M25, and M30). In every grade, the non-destructive approach consistently yields stronger results than the
destructive strategy. The destructive strength range for M20 is 20.2 to 22.75, whereas the non-destructive strength is from
21.1 to 23.05. M25 displays a range that is non-destructive, from 26.1 to 28.4, and harmful, from 23.5 to 26.1. The
strongest grade, M30, is the highest and shows the most significant strengths, demonstrating the variation in testing
techniques and compressive strength variations among the different grades of concrete.
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Fig. 1: DT and NDT on M20, M25 and M30 grade concrete for 14 Days

As seen in Fig. 1 an evaluation that eliminates structural damage has been determined by utilising both destructive and
nondestructive testing methods to evaluate the different grades of concrete and determine the maximum value. This
outcome is contrasted with the findings of destructive testing, which involves subjecting tangible samples to stress until
they fracture in order to thoroughly examine the characteristics and resilience of the material. Maximum value for M30
grade at 14 days old in non-destructive testing as compared to destructive testing.

35
E 30
Z 25
< 20
on
E 15
ZIT
2
.g 5
g 0
g
(o}
O

Compression Machine Test (D. T) _
Compression Machine Test (D. T) _
Compression Machine Test (D. T) _

NDT Schmidt Hammer Test (N.D.T)
NDT Schmidt Hammer Test (N.D.T)
NDT Schmidt Hammer Test (N.D.T)

M 20 M 25 M 30
DT/NDT on different concrete grade

Fig. 2: DT and NDT findings on M20, M25, and M30 grade concrete for 28 days
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Fig. 2 illustrates the destructive and non-destructive testing techniques that are incorporated in compressive strength
evaluations that can be applied to this purpose. NDT, is an alternative to DT, even though DT promotes the test specimen
to shatter. This outcome is contrasted with the findings of DT which involves subjecting actual samples to stress until
they fracture in order to thoroughly analyse the characteristics and resilience of the substance. Maximum value for M30
grade at age 28 days in NDT as opposed to DT.

5 Conclusion

Destructive and non-destructive techniques were used in an experimental programme on various concrete mixtures,
including M20, M25 and M30. A comprehensive technique is considered to examine the compressive strength properties
of concrete grades M20, M25, and M30 using both destructive and non-destructive testing methods. The study's
conclusions show that destructive and non-destructive testing methods significantly differ in how concrete's compressive
strength is evaluated at different curing durations. Specifically, after 14 and 28 days, non-destructive testing provides
higher compressive strength results than the destructive method.

a. Destructive and non-destructive tests are used to assess the properties and compressive strength of hardened concrete.
Comparison of rebound hammer and compressive strength tests on various concrete mixtures.

b. Determine concrete’s compressive strength while utilizing a range of testing techniques such as destructive and non-
destructive approaches on various concrete grades comprises of M20, M25, and M30 at various ages between 14 and
28 days.

c. Another goal is to compare results of destructive and non-destructive testing for concrete that is done within these
specified time periods 14 and 28 days.

d. The comparison's results demonstrate the dynamic nature of concrete compressive strength by showing numbers that
continuously improve over time. Remarkably, the M30 grade constantly shows more strengths than the M20 and
M25 grade. Notably, the NDT rebound hammer test regularly produces values that are marginally higher than those
obtained by the compression machine test.
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