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Abstract

Objective: The major objective of the proposed work is to determine the
concrete's expected compressive strength by evaluating the consistency of
concrete using Rebound Hammer Test. Further, the determination of the
quality of one component of the concrete relates to the quality of another
component based on the concrete meeting criteria established by the several
standards in the literature. Methods: Laboratory professional's needs to
properly correlate the compressive strength with the observations of rebound
hammer normally called as rebound index. Since test readings are affected by
number of parameters, measurement uncertainty plays vital role in deciding
the output of test. Analytical method as per the guidelines of GUM (Guide to
the Expression of Uncertainty in Measurement) and Monte Carlo simulation
is used for obtaining uncertainty value in measurement of compressive
strength. As per the proposed test procedure total 10 test blocks made up
of concrete are selected for testing. For each block 6 readings are taken
using rebound hammer. The rebound index (RI) obtained in reading is then
converted to compressive strength (CS) value. Findings: The obtained test
results are compared with the simulation values obtained from Monte Carlo
simulation. The results shows that the magnitude of evaluated uncertainty
values are on higher side as compare to simulated uncertainty values. Novelty
and applications: In this paper uncertainty related to compressive strength
measurement using rebound hammer test is evaluated by considering the
effects of various parameters related to instrument, test procedure and test
environment. This obtained uncertainty values provides reliable information
about compressive strength of concrete structures.
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1 Introduction

Measurement of compressive strength of concrete using non-destructive tests such rebound hammer test, faces many challenges
due to large variations in test readings. Laboratory professional’s needs to properly correlate the compressive strength with the
observations of rebound hammer normally called as rebound index. Since test readings are affected by number of parameters,
measurement uncertainty plays vital role in deciding the output of test. The concrete’s compressive strength can be quickly and
easily determined using the rebound hammer test. This non-destructive test was developed by Swiss engineer Ernst Schmidt in
1948. Rebound hammers, feature a mass controlled by a spring that moves along a plunger which is situated inside the cylindrical
container "?) . Overall, the measurement result is merely known as an approximation of the measurand’s value, and it is only
completed after combining the uncertainty with final obtained result. This is because all measurements are subject to the errors,
itis adequately and frequently claimed that a measurement result outcome is only complete if it is accompanied by a quantitative
description of its uncertainty %, Measurement uncertainty also describes how genuinely the true value of the measur and is
known, assuming that no undiscovered systematic errors are impacted by the measurement. In measurement science obtaining
the test results is very straightforward process. Laboratory professionals just need to follow the measurement manual steps to
get the result, while calculating the uncertainty related to these results needs more consideration. Test results accompanied with
uncertainty value provides the reliable value of measurand. The uncertainty evaluation procedure will also need to take into
consideration of a number of variables that have an impact on the measurement result. To measure the uncertainty, all factors
are potentially influenced by the outcome which is considered, such as (repeatability, testing speed, temperature, etc.) >0

In general, commonly a measurement result is influenced by a large number of influence quantities and parameters. While it
is very hard to identify all of them, the most important one can be identified and the size of their impacts are on the measurement
result approximated. Furthermore, it may be mathematically represented in terms of their affect and the measurement outcomes.
In this paper, a technique for determining measurement results in the field of non-destructive testing methods using Rebound
Hammer Test and their related uncertainties are established. This process for determining measurement test uncertainty could
be used in a variety of fields, including metrological measurement. To reduce measurement uncertainty and also to increase the
accuracy of data, the methodology can be implemented for various testing instruments in laboratories 7). In most of the studies
on non-destructive methods propagation of uncertainty is mainly dependent on repeatability of measurement results but it is
needed to focus on all parameters associated with particular measurement process which may contribute in final uncertainty
value. The effects of qualitative factors which contributes in uncertainty are considered largely in case of measuring instrument
but very fewer attention is given on impact of these parameters on test specimen. It is necessary to integrate both the instrument
and test specimen related parameters to get suitable results. Overall, the uncertainty in a rebound hardness test is caused by
both systematic and random influences; although, these can be been evaluated. In specifically, the approach of measurement
uncertainty analysis can be used to determine the size of systematic errors. It is observed that the systematic errors had the
significant impact on the overall measurement value. From a statistical control point of view, the proportion of the inherent
error sources can de been analyzed.

2 Methodology

The methodology upon which the rebound hammer test is based is that the degree to which an elastic mass bounces back after
striking a concrete surface is directly proportional to the surface’s degree of hardness. Compressive strength of test specimen
is connected with the reading of a rebound hammer. On a standard scale, the rebound value is expressed as a rebound index.
The hammer’s body features a graph from which the compressive strength can be easily determined =12, In case of rebound
hammer test researchers can only apply regression equations that they have obtained from the results of laboratory tests within
the parameters that have been set for that particular implementation. As a result, the accuracy of measuring strength using
the rebound hammer may be lower than anticipated. The coefficient of variation shows a diminishing trend with increasing
mean compressive strength, however there is no such trend detected with increasing mean rebound index. This shows that
the influencing parameters have impact on the coefficient of variation. These influencing parameters are moisture content,
carbonation, surface condition of test specimen, size of test specimen, temperature, etc. Figure 1 shows the primary parts of
rebound hammer are, body (housing), plunger, hammer mass, impact spring and compression spring. The hammer mass is
secured to the plunger rod, and the amount of rebound is determined by use of a rider on guide rod. The rider is connected to
window scale available on the body from which rebound number (index) can be directly read >4,

For the evaluation of measurement uncertainty during estimation of compressive strength using rebound hammer both type
A and type B components of uncertainty are considered as per the GUM approach. These uncertainty components consist of
parameters like repeatability, calibration, moisture content and bias 1>19),
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Fig 1. Rebound hammer parts

2.1 Uncertainty in instrument readings due to repeatability

The type A standard uncertainty (U, ), arising from repeated measurements on the concrete block is determined by equation
(1), 510

c
U =—
r \/ﬁ (1)
Where, ¢ is the standard deviation of compressive strength measurements obtained from rebound index value on concrete
cube n is the number of rebound index measurements made on concrete cube
Therefore with 0 =4.39 and n = 10

4.
U, = 3 1388 N/mm* )

l

Degree of freedom, V, =10—1=9

2.2 Standard uncertainty due standard test anvil used for calibration of instrument

Type B Uncertainty U,,; occurred due to calibration process is calculated by using equation (3) 1)

Deviation in compressive strength
V3

From the calibration report, standard test anvil (GZ11) is used with calibration accuracy of & 2 (2.5%).
Since the average rebound index is 27.65, corresponding variation in reading is 0.69
Therefore Maximum rebound index = 27.65+0.69 = 28.34

Ucar = (3)

Minimum rebound index = 27.65 —0.69 = 26.96

The corresponding compressive strength values for maximum rebound index and minimum rebound index is 25.5 and 24
respectively

Deviation in compressive strength = 25.5—24=1.5N/ mm?

Hence, assuming rectangular distribution, the standard uncertainty due to calibration Uy is,

1.5

= =0.866 N/mm>
7 /

Uca =

Degree of freedom, V) = oo
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2.3 Uncertainty due to moisture content of concrete

A wet surface will give rise to underestimation of the strength of concrete calibrated under dry conditions concrete, this can
be about 20% lower than in an equivalent dry concrete. Since average compressive strength is 24.81 N/mm? 20% lower value,
deviation in compressive strength is 4.96 N/mm?
Hence, assuming rectangular distribution, the standard uncertainty due to moisture content of concrete is,
496

490 2
U, = 7 2.86 N/mm (4)

For type A evaluation considering rectangular distribution, degree of freedom, V,, = e

2.4 Uncertainty due to operator bias

The operator bias obtained from the operator could be taken into consideration. For this systematic uncertainty, bias for operator
can be stated using 4 0.5 limits at 95% confidence level. By using the inverse normal distribution function , ¢! the standard
uncertainty (U,) due to bias can be calculated by using equation (5) ).

_ kK
1+p

-1
o (5)

Where k denotes the value of limits and p is the confidence level, therefore
For type A evaluation considering rectangular distribution, degree of freedom, V), = oo

Uy, = =0.263 N/mm?

(5)

2.5 Combined standard uncertainty

Individual standard uncertainties of repeatability, calibration, moisture content and bias determined by Type A and Type B

assessments needs to be combined together to obtain the final combined standard uncertainty (UC ) as per the equation
(6)(9’13_16).

UC= \JUR+UZ,+ U2+ U} =3309 N/mm? (6)

2.6 Expanded uncertainty

The value of the compressive strength is generally thought to lie somewhere in a range surrounding the test result. Expanded
uncertainty in rebound hammer test is the form of uncertainty developed to fulfil this criterion. The process of estimation
of expanded uncertainty (U) starts with utilizing the separate uncertainty and degrees of freedom values of repeatability,
calibration, moisture content and bias for the calculation of effective degrees of freedom (V, ) using equation (7) [(16),

Vers

vct
= =78.33~ 80
Ui’f‘ + UC4111 % + U71? (7)

v, Vcal Vin Vb

From Student-t distribution table at 95% level of confidence for effective degree of freedomV, s = 80, coverage factor K = 1.99
The expanded uncertainty (U) is obtained with the help of combined uncertainty (UC) and coverage factor (K) as per the
equation (8)

U=K x UC =6.586 N/mm* (8)

3 Result and Discussion

Before starting the testing rebound hammer is calibrated with the help of test anvil which is made up of high BHN hard steel
and test specimen surface is properly polished with grinding stone. As shown in Figure 2 hammer is vertically pressed against
the test surface and plunger is released. Instrument remains in locking position at this stage.

After locking rebound hammer is separated from the surface of test specimen and rebound index reading is noted from the
scale available on the body of hammer as shown in Figure 3. The obtained rebound index value is converted into compressive
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strength value by using the standard graph provided on the body of hammer (14-19), This process is repeated for number of
locations on the test surface.

As per the above mentioned test procedure total 10 test blocks made up of concrete are selected for testing. For each block
6 readings are taken using rebound hammer. The rebound index (RI) obtained in reading is then converted to compressive
strength (CS) value. Table 1 shows the observations of rebound hammer test on all 10 test specimens.

In Monte Carlo Simulation, the final combined uncertainty and expanded uncertainty in rebound hammer test was obtained
from repeatability, calibration, moisture content of concrete and bias. In this simulation process a set of total 10000 random
numbers is generated for these parameters and finally standard deviation of all 10000 values obtained by using equation (9)

Y (Xi — Xang )

O = 1052 N /mm? ©)

o(u)=

https://www.indjst.org/ 2564


https://www.indjst.org/

Awachat et al. / Indian Journal of Science and Technology 2023;16(32):2560-2567

Table 1. Observations of rebound hammer test

Test Observation No 1 2 3 4 5 6
Block No
) RI 21 26 23 22 25 24
CS (N/mm? ) 15.5 22 18 17 21 19.5
5 RI 30 29 38 35 28 29
CS (N/mm?) 28 27 415 36 255 27
3 RI 30 26 28 31 30 27
CS (N/mm?) 28 22 25.5 30 28 24
. RI 28 28 27 28 31 27
CS (N/mm?) 255 25.5 24 255 30 24
s RI 24 26 30 26 28 32
CS (N/mm?) 19.5 22 28 22 25.5 32
. RI 24 23 26 21 24 23
CS (N/mm?) 19.5 18 22 15.5 19.5 15.5
; RI 29 36 24 30 32 27
CS (N/mm?) 27 38 19.5 28 32 24
o RI 32 27 28 31 26 31
CS (N/mm?) 32 24 25.5 30 22 30
9 RI 22 26 24 23 23 27
CS (N/mm?) 17 22 19.5 18 18 24
10 RI 28 32 34 26 28 35
CS (N/mm?) 255 32 35 22 255 36

Where,X i, are the absolute values obtained in simulation

Xavg is the average of absolute values which is 1.591

N is the Total number of absolute values i.e.10000

Considering 95% confidence level the final expanded uncertainty is appears to be 3.483 N/mm? (14.04%) by neglecting the
5% values from the set of 10000 values as shown in Figure 5.

Simulated expanded uncertainty in rebound hammer test

95% Confidence Level

Expanded Uncertainty
[¥5]

359

717
1075
1433
1791
2149
2507
2865
3223
3581
3939
4297
4655
5013
5371
5729
6087
6445
6803
7161
7519
7877
8235
8593
8951
9309
9667

Fig 5. Expanded uncertainty in rebound hammer test using MCM

Figure 6 shows the four major components (Repeatability, Calibration, Moisture and Bias) comparison and oobservations
of rebound hammer test for both simulated and evaluated uncertainties. It is observed that moisture content have highest
impact in overall uncertainty with the uncertainty value of 1.422 and 2.86 for simulation and evaluation process respectively. In
evaluation process after moisture content repeatability of readings, calibration of instrument and operator bias contributes
with the uncertainty value of 1.388, 0.866 and 0.263 respectively. Whereas in simulation process repeatability of readings,
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calibration of instrument and operator bias contributes with the uncertainty value of 0.896, 0.432 and 0.131 respectively. As per
the above results the percentage wise contribution of moisture, repeatability, calibration and bias for both situations simulated
and evaluated, it is observed that each parameter contributes in same manner for both the situations. Figure 7 shows that
moisture content of test specimen contributes around 53.19 % followed by repeatability, calibration and bias with 25.81%,
16.11% and 4.89% respectively in overall uncertainty value of compressive strength.
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Fig 6. Comparison of Simulated and evaluated parameters inrebound hammer test
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Fig 7. Parameter wise impact in overall uncertainty in rebound hammer test

4 Conclusion

For the evaluation of compressive strength of concrete using rebound hammer test, the expanded uncertainty associated with
the test result is 26.55 % at 95% level of confidence with coverage factor K = 1.99 hence, compressive strength of concrete
cubeCS = 24.81 + 6.586 N/mm?. Test results of rebound hammer test which is normally used for onsite inspections are
mostly affected by environmental conditions such as moisture content of test site. Hence based on the above results laboratory
professional can concentrate on the parameters which mostly affect the result and produces the large variations. The properly
calculated uncertainty values provides controlled test results which helps to provide reliable information for predicting life of
concrete structures.

Acknowledgement

We sincerely thank the management of G H Raisoni University Amravati and Material Testing Laboratory Staffs of Constech
Engineers, Maharashtra, India for providing the financial and research support for completing this work smoothly.

https://www.indjst.org/ 2566


https://www.indjst.org/

Awachat et al. / Indian Journal of Science and Technology 2023;16(32):2560-2567

References

1

W )
= ~ ~

'S
=

6

=

7

3
= —

\O
~

10)

11

~

12

~

13

=

14)
15)

16)

Mengistu GM, Gyurké Z, Nemes R. The Influence of the Rebound Hammer Test Location on the Estimation of Compressive Strength of a Historical Solid
Clay Brick. Solids. 2023;4(1):71-86. Available from: https://doi.org/10.3390/s0lids4010005.

Awachat P, Dakre V, Charkha P, Vundela SR. Performance Evaluation of Uncertainty in Measurement for Dynamic Young’s Modules of Elasticity. Indian
Journal Of Science And Technology. 2023;16(25):1833-1842. Available from: https://doi.org/10.17485/1JST/v16i25.1016.

Brencich A, Bovolenta R, Ghiggi V, Pera D, Redaelli P. Rebound Hammer Test: An Investigation into Its Reliability in Applications on Concrete Structures.
Advances in Materials Science and Engineering. 2020;2020:1-11. Available from: https://www.hindawi.com/journals/amse/2020/6450183/.

Awachat P, Dakre, Vinayak, Shankar A. Comparative Analysis of Measurement Uncertainty in Cubic Concrete Compression Testing. 2022. Available
from: https://iopscience.iop.org/article/10.1149/10701.19001ecst/pdf.

Hemraj R, Kumavat, Narayan R, Chandak, Ishwar T, Patil. Factors influencing the performance of rebound hammer used for non-destructive testing of
concrete members: A review.. 2021. Available from: https://doi.org/10.1016/j.cscm.2021.e00491.

Kostic S, Miljojkovic ], Simunovic G, Vukelic D, Tadic B. Uncertainty in the determination of elastic modulus by tensile testing. 2022. Available from:
https://doi.org/10.1016/j.jestch.2021.05.002.

Awachat P, Dakre V. Analysis of various parameters responsible for measurement uncertainty in charpy impact testing. American Institute of Physics
Conference Series. 2021;2417. Available from: https://aip.scitation.org/doi/10.1063/5.0072681.

Kumar NSMR, Barkavi T, Natarajan C. Structural health monitoring: detection of concrete flaws using ultrasonic pulse velocity. Journal of Building
Pathology and Rehabilitation. 2018;3(1). Available from: https://doi.org/10.1007/s41024-018-0036-2.

Santoso A, Widodo S, Maarif E Prediction of Lighweight Concrete Panel Homogeneity by Ultrasonic Pulse Velocity (UPV). Proceedings of the International
Conference on Technology and Vocational Teachers (ICTVT 2017). 2017;102:1-7. Available from: https://doi.org/10.2991/ictvt-17.2017.1.

Tutmez B.  Controlling systematic errors in rock testing by measurement uncertainty analysis.  Journal of Engineering Management and
Competitiveness. 2018;8(1):47-53. Available from: https://www.researchgate.net/publication/326397040_Controlling_systematic_errors_in_rock_
testing_by_measurement_uncertainty_analysis.

Hack PDS, Caten CST. Measurement Uncertainty: Literature Review and Research Trends. IEEE Transactions on Instrumentation and Measurement.
2012;61(8):2116-2124. Available from: https://doi.org/10.1109/TIM.2012.2193694.

Ramalingam S, Rajendran S, Viswanathan M, Duraisamy V. Effect of antioxidant additives on oxides of nitrogen (NOx) emission reduction from annona
biodiesel operated diesel engine. Advanced Biofuels. 2019;p. 247-263. Available from: https://doi.org/10.1016/B978-0-08-102791-2.00010-6.

Richetta M, Varone A. A Focus on Dynamic Modulus: Effects of External and Internal Morphological Features. Metals. 2020;11(1):40-40. Available from:
https://doi.org/10.3390/met11010040.

Mezouar H, Dlimi L, Salih A. Evaluation of the measurement uncertainty of the stiffness modulus: test case of indirect tensile on cylindrical specimens.
International Journal of Metrology and Quality Engineering. 2021;12(8):1-9. Available from: https://doi.org/10.1051/ijmqe/2021006.

Voit K, Zeman O, Gappmaier P, Wriessnig K, Adamcova R. Influence of Measurement Uncertainty in the Determination of Selected Rock Parameters—A
Realistic Approach. Materials. 2023;16(8):3045. Available from: https://doi.org/10.3390/ma16083045.

Odimegwu TC, Kaish ABMA, Zakaria I, Abood MM, Jamil M, Ngozi KOO. Nondestructive Determination of Strength of Concrete Incorporating
Industrial Wastes as Partial Replacement for Fine Aggregate. Sensors. 2021;21(24):8256. Available from: https://doi.org10.3390/521248256.

https://www.indjst.org/ 2567


https://doi.org/10.3390/solids4010005
https://doi.org/10.17485/IJST/v16i25.1016
https://www.hindawi.com/journals/amse/2020/6450183/
https://iopscience.iop.org/article/10.1149/10701.19001ecst/pdf
https://doi.org/10.1016/j.cscm.2021.e00491
https://doi.org/10.1016/j.jestch.2021.05.002
https://aip.scitation.org/doi/10.1063/5.0072681
https://doi.org/10.1007/s41024-018-0036-2
https://doi.org/10.2991/ictvt-17.2017.1
https://www.researchgate.net/publication/326397040_Controlling_systematic_errors_in_rock_testing_by_measurement_uncertainty_analysis
https://www.researchgate.net/publication/326397040_Controlling_systematic_errors_in_rock_testing_by_measurement_uncertainty_analysis
https://doi.org/10.1109/TIM.2012.2193694
https://doi.org/10.1016/B978-0-08-102791-2.00010-6
https://doi.org/10.3390/met11010040
https://doi.org/10.1051/ijmqe/2021006
https://doi.org/10.3390/ma16083045
https://doi.org10.3390/s21248256
https://www.indjst.org/

	Introduction
	Methodology
	2.1 Uncertainty in instrument readings due to repeatability
	2.2 Standard uncertainty due standard test anvil used for calibration of instrument
	2.3 Uncertainty due to moisture content of concrete
	2.4 Uncertainty due to operator bias
	2.5 Combined standard uncertainty
	2.6 Expanded uncertainty

	Result and Discussion
	Conclusion
	Acknowledgement


