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Abstract. Concrete's compressive strength can be tested in a laboratory
before construction begins. Since concrete is a natural material and cannot
be destroyed, it is not possible to determine its compressive strength through
destructive testing. Rebound hammers are typically used in the field to
evaluate the structural elements' ability to withstand hardened concrete. As
part of the current study, a comparison was made between concrete's
compressive strength measured by destructive testing and its surface
hardness measured by rebound hammering. Tests were conducted on
laboratory-made concrete cubes in this study to determine destructive and
non-destructive behavior. Minitab software was used for regression analysis.
Schmidt rebound hammer tests, a type of nondestructive testing (NDT),
were shown to have very strong relationships with concrete destructive
compression tests. Schmidt rebound hammers are commonly used to
measure the surface hardness of concrete, since the hammer rebound number
and concrete strength are theoretically correlated. Utilising a Schmidt
hammer, it was applied. Standard concrete cubes with crushing strengths
between 20 and 30 MPa were created using various mix proportions. Using
regression analysis, destructive and non-destructive values are correlated.
The linear regression equation is well suited for obtaining the compressive
strength using rebound value by using linear regression equation.
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1 Introduction

The most used building material for constructions is concrete. Since its use, the determination
of compressive strength has emerged as the primary area of interest for researchers, and it is
widely accepted as the primary criterion for evaluating the quality of concrete [1-2]. Since it
is simple to use, portable, inexpensive, and non-destructive, this index test is frequently used
to assess concrete strength equipment. One tool used to assess the rebound is a hammer [3-
4]. Tt is a hardness test since its foundation is the notion that the surface hardness of an elastic
mass determines how well it can rebound back [5-8]. The purpose of these tests is to regulate
the amount of concrete produced and to quickly detect building deteriorations caused by
under-service loads [9]. However, the damaging techniques are costly and require a lot of
time [10-12]. Furthermore, in situ concrete is not represented by cube and cylinder concrete
examples made in a lab. Moreover, the load-bearing capacity of building elements is
decreased when core specimens are obtained from structural elements [13-16]. Non-
destructive testing can, in fact, be used on both newly constructed and pre-existing structures.
For new construction, quality control is the primary application, whereas non-destructive
testing is utilised to assess the structural integrity of existing structures [17-21]. Common
concrete cubes are subjected to non-destructive testing with a Schmidt hammer and
destructive testing with a compression testing machine in this experimental inquiry [22].
Typical concrete cubes were made with a range of mix proportions, resulting in crushing
strengths of 20 to 30 MPa. Non-destructive tests like the Schmidt Hammer test are common
today due to technological advances [23]. This index test is commonly used to test equipment
to find the strength of concrete since it is easy to use, portable, affordable, and non-
destructive. A hammer is used to evaluate the rebound. The test is referred to as a hardness
test since it is predicated on the notion that an elastic mass's ability to rebound back depends
on the surface hardness [24]. Concrete's strength is correlated with the amount of energy it
absorbs. The rebound hammer test appears straightforward, but it actually entails intricate
impact issues and the related stress-wave propagation [25-28]. In advance of testing, the
concrete surface needs to be properly selected and prepped. The hammer then needs to be
pressed against the test surface with a certain amount of energy applied [29-32]. The plunger
must be allowed to strike perpendicular to the surface since the hammer's inclination angle
influences the outcomes. After impact, each tested area should have at least ten readings
taken in order to record the rebound number [33]. Although the hardness and strength of
concrete do not uniquely correlate, given specimens can be used to derive experimental data
associations [34]. The components that affect the concrete surface, such as temperature,
carbonation, surface preparation, and kind of surface finish, determine this relationship. The
type of hammer, inclination, mix ratios, and aggregate form all affect the final result [35]. It
is necessary to stay away from areas with high porosity, rough texture, scaling, or
honeycombing. Rebound number is affected by carbonation and aggregate type affects
rebound number and, in turn, projected strength. Previous study on the connection between
NDT and concrete strengths was primarily limited to laboratory-made specimens.

2 Methodology

The purpose of this study was to develop basic correlations that on-site engineers utilised.
The materials used to make the samples were regular Portland cement, crushed hard
limestone, and aggregate from nearby natural sources. The Schmidt hammer rebound
strength was measured in the laboratory using 15 x 15 x 15-cm standard cube specimens
made of different concrete compositions. We prepared 30 concrete cubes with crushing
strengths ranging from 20 to 30 MPa for testing. After the 28-day casting period, ten hammer
strikes were evenly dispersed on each specimen's two opposing sides—that is, the sides that
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had been lying sideways during the concreting process—in compliance with IS. Based on the
average of the ten Schmidt hammer rebound readings, a Schmidt hammer rebound number
was calculated. The Schmidt Hammer test was first performed with the cubes positioned
horizontally to test the opposing cube surfaces positioned vertically, and then with the cubes
positioned horizontally to test the opposite cube surfaces positioned horizontally. Lastly, with
a typical compression machine, the identical cubes underwent destructive testing to
determine their crushing strengths. The cube specimen is inside the testing apparatus.
Organizations all over the world utilize Minitab, a statistical and procedure enhancement
programming tool, for analysing information in order to lower costs and enhance quality.
Quality engineers, researchers in statistics, and Six Sigma practitioners use the Minitab
program tools to assist address real-world problems. Minitab is an effective tool for
visualizing, analysing, and using data to solve difficult problems. It provides trustworthy
statistical techniques for pattern recognition, trend identification, and relationship discovery.
Minitab, which is accessible on conventional-computers and cloud platforms, boosts
efficiency and teamwork by giving users access to statistics and analysis of information from
any location, opening up countless possibilities.

Engineers can use regression evaluation to estimate compressive strength on distinctive types
of concrete grades, which enables them to plan structures that can help expected loads and
make properly-knowledgeable judgements. Using regression analysis, it is easy to predict or
estimate the dependent variable's value for those who know what the explanatory factors are.
Regression analysis offers a quantitative method for making decisions based on empirical
data. By depending on statistical models and evidence, it helps in lowering subjective
judgement and biases. This data-driven strategy encourages well-informed decision making
and improves the quality and dependability of engineering assessments.

3 Procedure of Regression Analysis

Regression models of various kinds were employed in this work to ascertain the association
between destructive and non-destructive variables. The complete process flow chart is
displayed in Fig. 1. The first data for the learning process is gathered and stored in the data
storage or ingestion section. Generally speaking, the data may be in both structured and
unstructured formats. These records can be gathered from streaming APIs and distributed
cloud-stored web logs of companies.

Data Regression Regression

> Transformation === Training ﬂ Testing

Data Collection

Predicting of Model
FutreData == Evaluation

Fig. 1: Flowchart of the Regression Process

The two fundamental forms of regression are simple linear regression and multiple linear
regression, which are used for more complex data and analyses. Compared to simple linear
regression, multiple linear regression uses more than one independent variable in order to
explain or predict the dependent variable's outcome (while keeping all others constant). An
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analysis is conducted after collecting relevant data from several sources and analyzing the
information. Data transformation, on the other hand, is the process of cleaning and formatting
the data, which includes tasks such as the handling of missing values, normalizing the data,
and possibly creating new features of the data. Using the prepared data, a regression model
is trained using Regression Training. In order to assess the accuracy and reliability of the
model, it undergoes Regression Testing and Model Evaluation. Predicting Future Data
involves applying the model to new, similar datasets in order to make predictions.

4 Results and Discussion

The goal of this study for on-site engineers was to find basic relationships. The samples were
created using Portland cement, crushed limestone, and aggregate from nearby natural
sources. The Schmidt hammer rebound strength was measured in the lab using sample cubes
(15 x 15 x 15 cm) construct with different concrete compositions. Thirty concrete cubes with
crushing strengths between twenty and thirty MPa were ready for testing. a connection
between rebound number and compression strength. A 28-day-old concrete cube that
underwent DT and NDT is displayed. Therefore, the compressive strength value increases
with the rebound number. These are the results for the different mixtures M20, M-25, and
M-30 after 28 days in terms of linear, quadratic, and cubic relationships for compressive
strength and rebound number. The results are shown below.

Table 1: Results Of relation between DT and NDT Test of M20 Grade Concrete for 28 Days

Compression NDT Schmidt Correlated
Type Machine Test (D. Hammer Test Values DT =
T (N.D.T) 20.77 +0.016 NDT
20 20.78 19.7846 21.01828339
20 22.7822222 21.2543 21.3285897
20 22.2488889 20.7644 21.22515426
20 21.6222222 19.6213 20.98380491
20 21.3377778 23.7038 21.84576688
20 20.6355556 26.8065 22.50085797
20 20.8755556 17.1718 20.46662774
20 19.9333333 20.2745 21.12171883
20 20.8755556 17.1718 20.46662774
20 19.9333333 20.2745 21.12171883
Average 21.09 20.67 21.20

Table 1 displays the correlation between two test types' findings for M20 grade concrete
samples at 28 days. The Compression Machine Test and the Non-Destructive Test (NDT)
with a Schmidt Hammer (D.T.) A Compression Machine Test measures the concrete strength
directly, whereas a Schmidt Hammer Test measures concrete strength indirectly based on
rebound values. As you can see in the table, each row represents a set of concrete samples
that were tested using both testing methods. This table shows each test type's values, as well
as the correlated values obtained using the equation "DT = 20.77 + 0.016 NDT", which
establishes a relationship between the two tests. According to the table, the average values
for each test type are 21.09 for the Compression Machine Test and 20.67 for the Schmidt
Hammer Test. 21.20 is the average of the correlated values.
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Table 2: Results Of relation among DT and NDT test of M25 Grade Concrete for 28 Days

Compression NDT Schmidt Correlated Values
Type Machine Test Hammer Test DT =22.42 +
(D.T) (N.D.T) 0.170 NDT
25 27.56 26.8065 26.9771
25 27.2711111 27.0927 27.0257
25 26.3688889 22.6 26.2623
25 27.1688889 25.5203 26.7584
25 24.8133333 25.2139 26.7063
25 28.6133333 24.99 26.6683
25 27.6755556 26.99 27.0083
25 24.68 26.2 26.874
25 26.7022222 25.6634 26.78277
25 27.1244444 26.1533 26.8660
Average 26.797 25.721 26.91

Research of the relationship between two types of tests performed on M25 grade concrete
samples at the 28-day. In the Table 2 below, it is shown how the compression machine test
(D.T.) and non-destructive test (NDT) with a Schmidt Hammer performed. Compression
device checks measure the concrete's compressive strength directly, whereas Schmidt
Hammer tests measure its rebound strength not directly. Every row of the table represents a
set of concrete samples tested with both techniques. We offer the values for each type of test,
along with the correlations among the outcomes of the 2 tests within the form of the equation
"DT =22.42 + 0.172 NDT", which establishes a courting among the 2 test results.

Table 3: This study analyzed the correlation between DT and NDT checks performed on concrete of
M30 grade over a 28-day period

Compression NDT Schmidt Correlated Values
Type Machine Test (D. Hammer Test DT =24.13 +
T) in N/mm? (N.D.T) 0.217 NDT
30 30.7688889 31.7055 31.0100
30 30.3244444 29.4193 30.5139
30 31.3466667 28.4395 30.2993
30 29.88 27.99 30.2038
30 29.8933333 28.2 30.249
30 32.0577778 32.522 31.18727
30 33.6355556 30.2358 30.6911
30 34.0133333 29.4193 30.5139
30 30.8133333 33.5018 31.3998
30 31.0355556 30.8469 27.8237
Average 31.373 30.22 31.98

Table 3 presents the findings of a study analyzing the relationship between two types of tests
performed on M30 grade concrete samples at the 28-day mark. The Non-destructive test
(NDT) with a Schmidt Hammer and the Compression machine test (D.T). Whilst the Schmidt
Hammer test offers an indirect measurement based on rebound readings, the Compression
machine test determines the concrete's compressive strength directly. Every row in the table
represents a set of concrete samples tested the use of each technique. The values recorded for
every test type, alongside the correlated values received using the equation "DT = 24.13 +
0.217 NDT," which establishes a relationship between the two check results, are provided.
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Concrete Grade M20

213
21.2
21.1

21
20.9
20.8
20.7
20.6
20.5
20.4

Compressive strength (N/mm?)

Compression Machine Test NDT Schmidt Hammer Test Correlated Values DT = 20.77
(.7 (N.D.T) +0.016 NDT

Correlation between DT and NDT for M20

Fig. 2: Correlation between Destructive and Non — Destructive methods for concrete grade M20

Fig. 2 shows the average values of each test type, with the Compression Machine Test
averaging 21.09 and the Schmidt Hammer Test averaging 20.67. Correlation values average
21.20. In context of the similarity of correlated values for the Compression Machine Test and
Schmidt Hammer Test, these findings suggest a correlation. Using Schmidt Hammer rebound
values as an estimate of compressive strength, the equation provides further support for this
correlation. A method such as this provides engineers and construction professionals with an
alternative method for assessing concrete strength when direct testing is not possible.

Concrete Grade M25

27
26.8
26.6
26.4
26.2

26
25.8
25.6
25.4
25.2

25

Compressive strength (N/mm?)

(CMT) (D.T) (SHT) (N.D.T) Correlated Values DT =
22.42 +0.170 NDT

Correlation between DT and NDT for M25

Fig. 3: Concrete grade M25 destructive and non-destructive testing comparison

Fig. 3 compares the results obtained from two different methods of testing M25 grade
concrete samples at the 28-day mark, a Compression Machine Test (D.T) and a Non-
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Destructive Test (NDT) using a Schmidt Hammer. In terms of the average value, the
Compression Machine Test averaged 26.797 and the Schmidt Hammer Test averaged 25.721,
which was the average value for each test type. There is an average correlation of 26.91.
Results from the Compression Machine Test tend to be higher than those from the NDT
Schmidt Hammer Test. It is notable, however, that the correlated values are closely aligned
with both test methods.

Concrete Grade M30

325
32
315
31
30.5
30
29.5
29

Compressive strength (N/mm?)

(CMT) (D. T) (SHT) (N.D.T) Correlated Values DT =
24.13 +0.217 NDT

Correlation between DT and NDT for M30

Fig. 4: Non-destructive and destructive methods for analyzing concrete grade M30

Fig. 4 given above compares two types of tests, namely, destructive testing and non-
destructive testing. During 28 days of curing, the strength of concrete samples of grade M30
was determined by compressive strength tests for the samples. The results of the Compression
Machine Test and NDT Schmidt Hammer Test are shown in the figure, connected by
correlated values dating from the formula DT = 24.13 + 0.217 NDT. As can be seen here,
assuming the correlation between the Schmidt Hammer Test and Compression Machine Test
was followed, then the NDT Schmidt Hammer Test and Compression Machine Test are good
for reliable results of compressive strength.

5 Conclusion

A correlation was attempted between concrete compressive strength obtained by destructive
test and concrete surface hardness obtained by rebound hammer each concrete cube used in
this study was manufactured in a laboratory and subjected to both destructive and non-
destructive tests. An analysis of regression was performed using the Minitab software.
Destructive compression testing of concrete and non-destructive testing (NDT), or Schmidt
rebound hammer, were shown to have a straightforward relationship. The compressive
strength can be obtained using a correlation curve by measuring the bound number using a
rebound hammer. It is important to remember, however, that the material qualities and testing
circumstances could have an impact on the results found. For this purpose, formulas and local
correlation curves have been created to produce compression strength values that are more
reliable.

*  Comparative Analysis of Compression Machine Test and Non-Destructive Test for M20,

M25 and M30Grade Concrete.
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*  The average values for each test type, with the Compression Machine Test averaging at
21.09 and the Schmidt Hammer Test averaging at 20.67 and the correlated values
average at 21.20 for M20.

*  The average values, with the Compression Machine Test averaging at 26.797 and the
Schmidt Hammer Test averaging at 25.721 and the correlated values average at 26.91
for M25.

*  The Compression Machine Test averaging at 31.373 and the Schmidt Hammer Test
averaging at 30.22 and the correlated values average at 31.98 for M30.

»  Using Schmidt Hammer rebound values as a basis for estimating compressive strength,
compression machine test results and NDT Schmidt Hammer test results can be
correlated accurately.
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