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Abstract The Rebound Hammer strength test, being a non-destructive test, has its advantages of preserving integrity of
sample. Besides, the test is relative simple, economical and versatile compared to conventional crushing tests. The method is
widely used for testing concretes manufacturers of such rebound hammers usually provide calibrated curves showing the
relation of compressive strength and rebound number concrete only. But these hammers can conveniently be used to test
stones and bricks also. This paper presents some models for correlation between rebound number and compressive strength of
bricks. 10 different samples of brick were collected from different manufacturers and rebound numbers was taken 20 times
for each brick, 10 times for horizontal hammer position and 10 times for vertical. The samples were then tested in a universal
testing machine to obtain their actual compressive strength. Linear and exponential correlations between average rebound
number and compressive strength were established using least square parabola method. Regression coefficients for the
proposed models were found to vary from 0.87 to 0.96. The proposed linear model for horizontal hammer position was found
to be the better one with a regression coefficient of 0.96 which indicates the acceptability of this model for predicting

compressive strength of bricks.
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1. Introduction

Compressive strength of materials is usually determined
by subjecting them to tests that eventually destroy the
sample. Such tests are the direct ways of determining
strength of materials but require various heavy and
expensive equipment or machines. While they provide the
actual strength of the materials, situations often require the
estimation of strengths while preserving the specimen itself
even if it means the estimated strength is empirical or
approximate. In case of finished products like existing
building structures, maintaining integrity becomes the first
priority which cannot be attained by conventional
destructive tests. Non-destructive tests (NDT) become
necessary in such cases. They are desirable in several cases
because of their relative simplicity, economy, versatility
and preservation of the original samples. In fact the
development of NDT has taken place to such an extent that
it is now considered a powerful method of evaluating
existing engineering structures like buildings, bridges,
pavements or materials like metals, concrete or aggregates.
Since the specimens are not loaded to failure in these
tests, their strengths are estimated by measuring some other
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properties of the material. Therefore the results are
estimations only and do not provide absolute values of
strength. Non-destructive testing methods are used to the
largest extent for assessment of concrete quality built in a
structure. Such testing and assessment procedures are
codified in technical standards, for example, ISO 1920-7,
ASTM C805, ASTM 597, CSN EN 12504-2, nd CSN EN
12504-4 [1]. The rebound hammer test also known as
Schmidt Hammer Test developed by Swiss engineer Ernst
Schmidt in 1948 is one of the oldest, simplest and most
popular non-destructive tests of concrete. The device used
in the test known as Schmidt hammer or rebound hammer,
uses a spring and measures the hardness of concrete surface
using the rebound principle [2]. The rebound hammer test is
codified in ASTM C805 [3] and CSN EN 12504-2 [4].
Acceptability of rebound hammer test is evaluated by
different research works and studies. The research work
carried by Sanchez and Tarranza revealed that in a quick
strength and safety assessment of existing concrete
structures, the Schmidt Hammer Test is fairly reliable [5].
Rubene and Vilnitis performed a series of laboratory tests
and found that the average compressive strength of
reinforced concrete wall obtained by crushing test and
rebound hammer test (horizontal) was 44.29 MPa and 45.00
MPa respectively which shows a fair accuracy in estimation
of strength [6]. Shariati et al. conducted Ultrasonic Pulse
Velocity test and Schmidt Rebound Hammer tests of
concrete and compared the results with corresponding
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crushing strength value. Their research revealed that a
combined method for the two tests is an improvement in the
concrete strength estimation [7]. However, studies have
shown that rebound readings are sensitive to near-surface
properties and influenced by surface smoothness, age of
concrete, moisture content, carbonation, presence of
aggregates, presence of air voids and steel reinforcement,
temperature, and calibration of the rebound hammer [2]. An
important precaution stated by American Concrete Institute
is that, if the specimen is small, any movement under the
impact will lower the rebound readings and in such cases
the specimen has to be fixed or backed up by a heavy mass
(8]

As the rebound hammer test is intended primarily to test
concrete, manufacturers of such rebound hammers supply
the calibration curves correlating rebound number and
compressive strength for concrete only. But many of the
recent research works established that this method can be
used to estimate compressive strength of building stones,
bricks and other hard materials also by establishing
correlations between rebound number and compressive
strength of corresponding material. Rebound hammer test
was performed on lime sand bricks and honeycomb bricks
by Brozovsky to obtain correlation between rebound
number and compressive strength and he concluded the test
method to be usable in practice for lime sand bricks but in
case of honeycomb bricks special considerations need to be
taken into account [9]. Another attempt was made by the
same researcher to assess compressive strength of calcium
silicate bricks using a combination of the rebound hammer
method and ultrasonic pulse method (SonReb) in which he
stated that the combined non-destructive SonReb method
was proved applicable for determination of compressive
strength of calcium silicate bricks at checking tests in a
production plant and for evaluation of bricks built in
existing masonry structures [1]. Applicability of NDT
method for masonry structure was also reviewed by
McCann and Forde [10]. An exponential model for
correlation between rebound number and strength of
different types of stones and bricks proposed by Aliabdo
and Elmoaty was found to have good regression coefficient
0f 0.9384. [11].

Quality of masonry bricks is generally investigated in
field by inspecting their colour, metallic sound by
hammering, surface finishing and T-test [12]. None of these
methods is fairly accurate and the inspection result may
vary man to man. Moreover, none of these field tests
provides an idea about numerical value of brick strength.
Rebound hammer test, on the other hand, can give an
estimated magnitude of compressive strength of brick if a
fair correlation is established between rebound number and
compressive strength of brick. Such correlations will be
valid for that particular type of rebound hammer and it will
as well be influenced by size, shape and characteristics of
brick to be tested. The present study is focused on finding
out a good correlation between rebound number and
compressive strength of conventional bricks locally
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produced in Bangladesh. A standard N-type Schmidt
hammer was used for this purpose. This study is aimed
to establish a better alternative way for estimating
compressive strength of brick that may be used as field test
of brick before new construction as well as for inspecting
existing masonry structure.

2. Materials and Methodologies

Ten samples of local bricks (240 mmx115 mmx70 mm)
were collected from three different brick fields located in the
district of Dinajpur, Bangladesh. The bricks were
manufactured form locally available plastic clay type soil.
Study carried on similar soil revealed that this type of soil
has an average specific gravity of 2.7 with moisture content
43.4% [13]. The samples were marked by numbering them 1
to 10. An N-type classic concrete hammer with impact
energy of 2.207 N-m was used for non-destructive test of
each brick (Figure 1).

Figure 1. N-type rebound hammer

Before test, surfaces to be tested with rebound hammer
were smoothened using the abrasive stone included in the
rebound hammer package (Figure 2).

Figure 2. Surface smoothening with abrasive stone

For each brick sample, total twenty rebound number
readings were taken, ten in horizontal position of hammer
and ten in vertical (downward) position. For each hammer
position average rebound number was calculated. As
rebound number is sensitive to near surface property of
materials and it fluctuates with slight movement of plunger
during test, there is always a possibility of error in average
calculation. For this reason, it is instructed in the user manual
of the hammer to reject the outlier values at or more than five
units from the initial average rebound number [14]. Such
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outlier values were rejected from the list and average
rebound number was calculated again. Each of the sample
bricks was then subjected to crushing test in a digital
universal testing machine (UTM) following test procedure
stated in ASTM C67 [15]. As some of the bricks were
expected to possess low strength, load was applied at a slow
rate of 3 kN/sec during the compressive strength test.
Compressive strength, rebound number for horizontal
hammer position and rebound number for vertical hammer
position for each brick were tabulated. Correlations between
compressive strength and rebound number for each hammer
position were obtained using least square parabola method.
Regression coefficients were calculated to check accuracy of
the correlations.

3. Results and Discussions

Average rebound number is calculated and revised (if
required) rejecting the values with a difference of 5 units or
more from the average. Details of test data and calculation of
average rebound number for both hammer position can be
found in Appendix-A. Compressive strength for each of the
sample was determined by crushing them in a universal
testing machine. Average rebound number for two hammer
positions and corresponding compressive strength is
presented in Table 1. The table shows that compressive
strength increases with increasing rebound number except
for sample no. 3. For this particular sample rebound number
was found to be high comparative to its low compressive
strength. This was considered an experimental error and this
sample was excluded in further calculations.

Table 1. Average Rebound number and compressive strength of sample

Appendix-B.

Table 2. Proposed models for correlation between rebound number and
compressive strength (Horizontal (=) hammer position
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Model Type Equation Coefficient, R?
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Figure 3. Proposed model for horizontal hammer position

Table 3. Proposed models for correlation between rebound number and
compressive strength (Vertical (1) hammer position

bricks
Sample Compressive Rebound Number

No. Strength (MPa) | Horizontal (=) | Vertical (1)
1 15.88 25.34 21.63
2 15.33 25.00 20.23
3 10.57 25.10 24.15
4 15.19 24.60 20.15
5 6.15 16.50 13.67
6 8.30 18.50 16.90
7 13.94 22.30 18.56
8 9.37 19.50 17.10
9 9.52 20.30 17.20
10 14.14 22.60 19.00

. Regression
Model Type Equation Coefficient R?
Linear fo = 1.46Np — 14.67 0.90
Exponential f. = 0.914¢0138Nk 0.87
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Linear and exponential models for the correlation between
rebound number and strength were established using
least-square parabola method. The summery of the proposed
models for horizontal hammer position is presented in Table
2 and corresponding graphical presentation is showed in
Figure 3. For vertical hammer position summary of models
and their graphical presentation is showed in Table 3 and
Figure 4 respectively. Details of calculation can be found in

5 T T T
15 17 19 21

Compressive strength (MPa)

Rebound number (horizontal hammer
position)

Figure 4. Proposed model for vertical hammer position
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The regression coefficient (R2) values were found to be
better in case of linear correlations than exponential ones for
both hammer positions. Besides this, linear correlations are
simple and easy to handle and therefore, the proposed linear
model is recommended for practical use. Moreover, the
models found to hold better for horizontal hammer position
than vertical and hence, if possible, it is recommended to use
the hammer in horizontal position. In summary, to get a
better estimation of compressive strength of brick using
rebound hammer, the hammer should be used in horizontal
position and the proposed linear correlation should be used.

4. Conclusions

Rebound hammer is a handy and portable device and its
operation is simple. Rebound hammer method, therefore, can
be a suitable and convenient way for field identification of
bricks and estimating their compressive strength. But this
method does not give true value of strength and hence its

Appendix-A
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application should be limited for inspection purpose only.
The correlations presented in this paper are recommended
for testing the conventional local bricks (240 mm X
115mm X 70 mm) manufactured in Bangladesh. For
special bricks like perforated bricks, hollow bricks and other
variants as well as for the bricks with different dimensions,
similar study should be carried out to establish proper
correlations.
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Rebound number for horizontal (—) hammer position

Sample No. Observed Rebound Number (RN) Average RN Revised Av?rage RN rejecting the
1 2 3 4 5 6 7 8 9 10 distant values
1 23 25 27 19" 24 26 27 26 23 27 24.70 25.34
2 27 | 22 | 26 24 24 | 23 | 27 | 23 | 27 | 27 25.00 25.00
3 25 | 24 | 26 24 28 | 24 | 26 | 26 | 22 | 26 25.10 25.10
4 24 27 22 25 22 24 26 27 26 23 24.60 24.60
5 14 15 15 14 16 20 19 15 20 17 16.50 16.50
6 20 | 18 16 21 20 16 | 20 | 17 18 19 18.50 18.50
7 22 23 22 22 25 26 22 18 23 20 22.30 22.30
8 16 15 22 19 23 22 15 21 22 20 19.50 19.50
9 18 | 20 | 19 22 23 | 20 | 20 | 24 19 18 20.30 20.30
10 22 21 22 18 25 26 24 20 28 20 22.60 22.60

* Neglected in revised average calculation.

Rebound number for Vertical ({) hammer position

Sample Observed Rebound Number (RN) Average | Revised Average RN rejecting the
No. 1 2 3 4 5 6 7 8 9 10 RN distant values
1 17 | 28 | 14| 19 | 24 | 24 | 25 | 21 | 21 22 21.50 21.63
2 21 20 18 | 22 | 28 | 23 | 16 | 17 | 21 24 21.00 20.23
3 16" | 27 | 26 | 22 | 26 | 28" | 22 | 27 | 16 19 22.90 24.15
4 19 | 147 | 22 18 | 32" | 327 | 17 | 23 | 21 21 21.90 20.15
5 15 15 10 | 14 | 12 19 | 10 | 11| 17 | 22° 14.50 13.67
6 18 17 18 | 16 | 15 18 | 15 | 14 | 18 20 16.90 16.90
7 21 17 | 20 | 18 | 26" | 16 | 21 | 15 | 17 22 19.30 18.56
8 18 19 15 | 18 | 17 18 | 16 | 18 | 16 16 17.10 17.10
9 21 15 18 | 15 13 18 | 17 | 18 | 18 19 17.20 17.20
10 20 | 20 19 | 17 | 15 | 23 | 16 | 20 | 21 19 19.00 19.00

* Neglected in revised average calculation.
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Calculation for linear correlation and regression coefficient (horizontal (=) hammer position)

Journal of Civil Engineering Research 2017, 7(3): 99-104

. Regression
Compressive Rebound , Calculate.d , , coefficient,
Sample No. Strength, f, Number, Ng N f, strength using (fe-f) (fe-fom) (. — f)?
(MPa) Nr correlation, f R? =222 7
(e — fom)?
1 15.88 25.34 642.12 402.40 16.13 0.06 15.21
2 15.33 25.00 625.00 383.25 15.74 0.17 11.22
4 15.19 24.60 605.16 373.67 15.28 0.01 10.30
5 6.15 16.50 272.25 101.48 6.05 0.01 33.99
6 8.30 18.50 342.25 153.55 8.33 0.00 13.54
7 13.94 22.30 497.29 310.86 12.66 1.63 3.84 0.96
8 9.37 19.50 380.25 182.72 9.47 0.01 6.81
9 9.52 20.30 412.09 193.26 10.38 0.74 6.05
10 14.14 22.60 510.76 319.56 13.00 1.29 4.67
>= 107.82 194.64 4287.17 2420.75 393 105.64
Proposed Correlation by least square parabola method: f, = 1.14N, — 12.76
Calculation for exponential correlation and regression coefficient (horizontal (=) hammer position)
Compressive - Calculated Regfr: S-Simtl
Sﬁple Strength, f, NIJ:;E):;H; 1Y7 Ng’ NrY strength using (fc-f)2 (fc-fcm)2 coe ICIeE ’ 2
' (MPa) o n(t) correlation, f R? = 2=
X(fe — fom)?
1 15.88 25.34 2.77 642.12 70.07 17.01 1.27 15.21
2 15.33 25.00 2.73 625.00 68.25 16.40 1.14 11.22
4 15.19 24.60 2.72 605.16 66.93 15.71 0.27 10.30
5 6.15 16.50 1.82 272.25 29.97 6.60 0.21 33.99
6 8.30 18.50 2.12 342.25 39.15 8.18 0.01 13.54
7 13.94 22.30 2.63 497.29 58.76 12.28 2.74 3.84 092
8 9.37 19.50 224 380.25 43.63 9.10 0.07 6.81
9 9.52 20.30 2.25 412.09 45.74 9.92 0.16 6.05
10 14.14 22.60 2.65 510.76 59.87 12.68 2.12 4.67
y= 107.82 194.64 21.92  4287.17  482.36 7.99 105.64
Proposed Correlation by least square parabola method: f, = 1.13¢%107¥#
Calculation for linear correlation and regression coefficient (vertical ({) hammer position)
Compressive Calculated Reggssion
Sig:)ple Strength, f; lezlt;)oel:nli Ni? Nefe strength using (f-1)? (fefem)’ Coez (l;left})z
’ (MPa) >R correlation, f R2 =220 77
X(fe — fom)?
1 15.88 21.63 467.86 343.48 16.91 1.06 15.21
2 1533 20.23 409.25 310.13 14.87 0.22 11.22
4 15.19 20.15 406.02 306.08 14.75 0.19 10.30
5 6.15 13.67 186.87 84.07 5.29 0.74 33.99
6 8.30 16.90 285.61 140.27 10.00 2.90 13.54
7 13.94 18.56 344.47 258.73 12.43 2.29 3.84 090
8 9.37 17.10 292.41 160.23 10.30 0.86 6.81
9 9.52 17.20 295.84 163.74 10.44 0.85 6.05
10 14.14 19.00 361.00 268.66 13.07 1.14 4.67
>= 107.82 164.44 3049.33 2035.39 10.26 105.64

Proposed Correlation by least square parabola method: f, = 1.46N, — 14.67
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Calculation for exponential correlation and regression coefficient (vertical (I) hammer position)

Compressive Rebound Calculated Regression coefficient,
Sample = 2 strength 5 2 2
Strength, f; Number, Nr N:Y . (f-0) (fe-fom) XA
Ne. (MPa) N In(f) using R =s——;
‘ correlation, f X(fe = fem)
1 15.88 21.63 2.77 21.63 467.86 59.81 18.08 4.86
2 15.33 20.23 2.73 20.23 409.25 55.22 14.91 0.18
4 15.19 20.15 2.72 20.15 406.02 54.82 14.74 0.20
5 6.15 13.67 1.82 13.67 186.87 24.83 6.03 0.01
6 8.30 16.90 2.12 16.90 285.61 35.76 9.41 1.24 0.87
7 13.94 18.56 2.63 18.56 344.47 48.90 11.84 4.42 '
8 9.37 17.10 2.24 17.10 292.41 38.26 9.68 0.09
9 9.52 17.20 2.25 17.20 295.84 38.76 9.81 0.09
10 14.14 19.00 2.65 19.00 361.00 50.33 12.58 243
y= 107.82 164.44 21.92 164.44 3049.33 406.70 13.52

Proposed Correlation by least square parabola method: f, = 0.914¢%138Nx
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