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Abstract: This paper presents the study of a two-hundred-year-old, demolded solid clay brick
using the rebound hammer test for the estimation of the compressive strength. During the test, the
location and face type influence on the rebound values are monitored and recorded. In addition, the
calculation of the average rebound value has been modified to encounter the influence of location and
face types. Furthermore, the estimated compressive strength is compared with the normalized mean
compressive strength to check the accuracy of the rebound hammer test if it is within the confidential
limit of ±25%. The result shows that the location and surface types have influence on the rebound
value, which in turn affected the compressive strength.

Keywords: historic building; rebound hammer; rebound value; estimated compressive strength;
normalized mean compressive strength; solid clay brick

1. Introduction

Clay brick elements have been used as a building material since ancient times. Despite
several modifications of the clay brick uses, shape, and manufacture over thousands of years
of constant evolution, the simplicity that made it successful remained. Numerous buildings
built with clay bricks prevailed until the 21st century, which testifies to the strength of
this material along centuries of rainstorms, snow, thaw-freezing cycles, high temperatures,
and human-induced deterioration. Moreover, brick could be easily, inexpensively, and
rapidly handled and produced with a simple manufacturing process. It is based on fired
clay; a raw material available in large quantities all over the Earth. Its wide use proved
that clay brick was an effective construction material that could provide both resistance
to prevalent climatic conditions and insulation from cold and heat. It is known that the
properties of ancient clay brick masonry rely essentially on the properties of the brick units,
which depend on the quality of the raw materials used, together with the manufacturing
process technology. The analysis of clay brick production and final properties are therefore
fundamental. Generally, it is crucial to obtain information on the main physical, chemical
and mechanical properties of clay bricks as well as the characteristics of the raw materials
used and their manufacturing process. Solid clay brick lined with mortar were among the
materials used in the construction of historical buildings. During the renovation of historical
structure, the strength characteristics of masonry material must be known. This can be
investigated either by destructive testing method, or the employment of non-destructive
testing methods.

Destructive testing involves the removal of a sample from the structure and a small test
sample extracted from the masonry (brick cutouts) [1]. When determining the compressive
strength for overall brick, the compression strength of a small masonry test specimen is
multiplied by shape factors [2].
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For non-destructive testing it is necessary to have a calibration relationship between
the parameter from non-destructive testing and real measured compressive strength [3].
One of the most commonly used non-destructive testing methods is the rebound hammer
test (Schmidt hammer test). Originally it was invented for concrete surface hardness
measuring with characteristic curves for specific cube and cylindrical size elements [4]. In
the case of concrete, many test results have already been collected. The effect of different
Schmidt hammers was investigated, and measurement uncertainties were also evaluated
in detail. Eventually, researchers have shown that it can be applicable to the clay brick
masonry [1,3,5–9], but there are much less data available to practicing engineers on its use.
Brozovsky quotes that Rebound hammer test can be used in practice for lime sand bricks
but in the case of honeycomb bricks or hollow block elements special considerations need
to be taken into account to obtain correlation between rebound number and compressive
strength [6]. While the surface area of concrete structures is large and uniform, where
measurement locations can be easily marked, masonry units are relatively small. The size
of the bricks means that only a limited number of measurements can be made on a single
element. There is no general recommendation for the number of measurement points and
their location within the element. If the recommendation for concrete blocks is applied, one
to three points can be measured on a solid clay brick. Based on a specific calibration curve,
the type-N Schmidt rebound hammer test on high quality solid clay brickwork shows
that an estimate of the compressive strength within the confidential limit of ±25% can be
obtained [8].

The rebound hammer provides a quick, inexpensive means of estimation of com-
pressive strength. 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 [1,3–9].

Since clay brick strength depends on the brick properties, the mortar plays a minor
role, and a low detailed and fast estimate of brickwork strength may be deduced from the
bricks only [8]. The study on the effect of the surface polishing, the height, width, and
length of the clay specimens, the type of the sampling (drilled or cut), and the effect of
the production technology using standard (destructive) compressive tests and Schmidt
hammer (non-destructive) tests showed that the behavior of the brick is orthotropic and
the effect of the height of the specimen has the most significant effect on the compressive
strength [9].

The solid clay brick, which is used in historical structures, has been exposed to the
environment for a long time and the manufacturing method is also too old. This has its own
impact on strength and product quality, respectively [7]. To address this issue, accurately,
the rebound hammer test result should be checked against the standard compression test
results to validate the rebound hammer testing.

This research covers the important topic related to the clay brick such as the number of
tests on one face element, the test location, and the need for modification in the calculation
of average rebound value while evaluating the application of the Schmidt rebound hammer
for the estimation of the compressive strength of solid clay brick elements. The aim is to
lay down the foundation for correct calculation and interpretation of rebound value when
determining compressive strength of historical clay brick. With this information, we can
provide the static designer with essential data.

2. Methodology
2.1. Materials

During the renovation of a historical building (part of Buda Castle in Budapest in Hun-
gary), we received an opportunity to investigate the brick element compressive strength
using destructive and nondestructive methods (i.e., standard compression and rebound
hammer test), but due to resource limitations, only eight solid clay bricks older than two
hundred years are collected from the historical site.
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There are no precise data on the bricks (their raw material and/or production) because
of their age. Either no such documentation was made, or these records are no longer
available. Therefore, it is advisable to rely on the available architectural history of other
buildings of a similar period built on a nearby building site. Since the Buda Castle was a
prominent site in the past, we can assume that the fired clay elements for the construction
were carefully planned and, in accordance with the conventions of the time, manufactured
on the building site and that care was taken to ensure the quality of the bricks. Elements of
unsatisfactory quality were not incorporated into, or used for, this building. In the 18th
century, there were several clay mines in Budapest with similar and high-quality clay raw
materials. Quartz sand suitable for making masonry elements was available nearby on
the Danube bank in Budapest (in Kelenföld). The production of the elements was carried
out locally at that time, on a building site of that size. This can be seen in the internal
microstructure of the bricks (Figure 1).
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Figure 1. Internal microstructure of the historical brick.

It is highly inhomogeneous (with a lot of large grains), but steadily in the volume of
the element, indicating manual molding and manual compaction. This is confirmed by the
typical light color. On visual inspection, the firing is also uniform, meaning that it was fired
in a smaller kiln. It is certain that no Hoffmann kiln or clamp kiln was used. In the mid
to late 18th century, several castles were built in the vicinity of Budapest using a similar
method, and some of the original construction documents are available. We performed
stoichiometry on the 18th century samples (that can be seen in Table 1) and as a comparison
we added the stoichiometry of a new brick sample.

Table 1. Stoichiometry results.

Brick from 2018 Brick from ca. 1780

Element
Number

Element
Symbol

Element
Name

Atomic
Conc.

Weight
Conc.

Element
Number

Element
Symbol

Element
Name

Atomic
Conc.

Weight
Conc.

8 O Oxygen 70.38 46.95 8 O Oxygen 75.97 55.52

14 Si Silicon 13.89 16.27 14 Si Silicon 14.46 18.56

35 Br Bromine 4.73 15.77 35 Br Bromine 3.88 14.18

20 Ca Calcium 4.60 7.68 38 Sr Strontium 1.12 4.49

26 Fe Iron 2.15 5.01 19 K Potassium 1.67 2.99

12 Mg Magnesium 2.01 2.03 20 Ca Calcium 1.47 2.70

38 Sr Strontium 1.31 4.78 12 Mg Magnesium 1.42 1.58

19 K Potassium 0.93 1.52

The bricks of the historical building were divided into two groups according to their
size (Table 2). The larger elements had a nominal size of 295 × 145 × 65 mm and the smaller
elements 250 × 120 × 65 mm. The larger bricks have a slightly lower density and slightly
higher water absorption capacity than the smaller bricks (Table 2), but this difference is not
considered significant enough to treat the two types of bricks as separate types.
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Table 2. The original specimen’s physical properties.

Specimen
Dimension [mm] Dry Mass,

md [kg]
Dry Density
ρd [kg/m3]

Wet Mass,
mw [kg]

Water Absorption, % [10]
wm= mw−md

md
×100%L W H

1A 250 120 65 3.243 1663 3.925 21

Average = 20.5
2A 250 120 65 3.187 1634 3.844 21

3A 250 120 65 3.290 1687 3.947 20

4A 250 120 65 3.122 1601 3.758 20

5A 295 145 65 4.142 1490 5.059 22

Average = 21.5
6A 295 145 65 4.199 1540 5.114 22

7A 295 145 65 4.001 1439 4.798 20

8A 295 145 65 4.172 1500 5.076 22

The specimens are cut into smaller dimensions, which is approximately 100 × 120 mm,
by a girder cutting machine before the test is carried out in order to make it fit on the
compression machine plate and this is a suggested size according to the standard EN
772-1 [2]. As a result of this, we have two types of faces on each specimen, one is the
original and the other one is the cut face. The physical properties of these specimens are
found in Tables 2 and 3.

Table 3. The specimen’s dimensions after cut.

Specimen
Dimension [mm]

Specimen
Dimension [mm]

L W H L W H

1A 124.2 102.4 78.7 5A 142.0 102.8 78.5

2A 123.4 101.5 81.95 6A 137.1 102.5 83.3

3A 119.2 103.7 79.9 7A 144.9 103.7 82.1

4A 124.0 101.8 75.6 8A 141.5 102.6 68.9

The scanning electron microscope (SEM) images show that the internal structure of
the tested historic brick elements (Figure 2) is similar to the modern bricks (Figure 3), a
new small solid brick produced in a tunnel kiln in 2018 and stored outside since then).
The chemical composition is also similar: clay and quartz sand. There is no sign of using
limestone as an additive material.
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Figure 3. SEM image of a modern brick.

2.2. Testing Methods

The most suitable method of obtaining the correlation between compressive strength
of brick and rebound value is to test the brick using compression testing machine as well as
using rebound hammer simultaneously. First, the rebound value of brick is taken and then
the compressive strength is tested on compression testing machine. The apparatus used for
the estimation of compressive strength are N-type original Schmidt Rebound Hammer and
the standard compression testing machine.

Rebound hammer test method is based on the principle that the rebound of an elastic
mass depends on the hardness of the brick surface against which the mass strikes. When the
plunger of rebound hammer is pressed against the brick surface, the spring-controlled mass
in the hammer rebounds. The amount of rebound of the mass depends on the hardness
of brick surface [4]. Thus, the hardness of brick and rebound hammer reading can be
correlated with compressive strength of concrete. The rebound value is read off along a
graduated scale and is designated as the rebound value or rebound index. The correlation
between rebound value and compressive strength is established based on the characteristic
curve (Figure 4) developed for 150 mm cube size concrete with modification to fit the clay
brick properties.
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After reading of compressive strength from Figure 4 using the average rebound value,
the calculation of compressive strength of the solid clay brick is carried out by the following
empirical equation.

fckBirck (in MPa) =

(
fckcube

[
kg/cm2]× 9.81

102

)(
Volumebirck

[
mm3]

1503

)

Procedure for rebound hammer test on solid clay brick element starts with calibration
of the rebound hammer. For this, the rebound hammer is tested against a test anvil made of
steel having Brinell hardness number of about 5000 MPa [11]. After the rebound hammer
is tested for accuracy on the test anvil, the rebound hammer is held at right angles to the
surface of the concrete structure for taking the readings. The test thus can be conducted
horizontally on a vertical surface and vertically upwards or downwards on horizontal
surfaces. The points of impact on the specimen must not be nearer an edge than 20 mm and
should be not less than 20 mm from each other. The same points must not be impacted more
than once [12]. In this investigation, the rebound hammer test was conducted horizontally
on all (four) vertical sides’ surfaces of the specimen, at the middle face, right, and left edges
of all as shown in Figure 5. Before the rebound hammer test, each specimen is placed in a
compression testing machine (FORMTEST ALPHA 3-3000) and a load of 10% to 15% of the
estimated compressive strength [13] is applied that is sufficient to stop the specimen from
moving during the rebound test.
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Figure 5. Location of rebound hammer test.

The results of the rebound hammer test are arranged as follows:

(a) from all locations of the specimen on original and cut faces,
(b) from all locations of the specimen on original face only,
(c) from all locations of the specimen on cut face only,
(d) from middle face of the specimen on original and cut faces,
(e) from middle face of the specimen on original face only,
(f) from middle face of the specimen on cut face only.

For the results obtained from all locations, the average rebound number is calculated
by excluding the largest and smallest rebound values [2], but in the case of the middle face,
the average rebound hammer is taken as the mean of the results.

After the rebound hammer test, the standard compression test was performed on each
specimen as per EN 772-1:2011 + A1:2015 [2]. A thin compensating layer of a cement mortar
is provided at the top and the bottom of the specimen to ensure that the load distribution
faces of the specimens are flat and parallel to one another and at right angles to the main
axis of the specimen. When the specimen is put into the testing machine, the mortar used
for this purpose shall achieve at least the same strength as the mortar in the masonry at the
time the masonry is tested. The load applied gradually without shock and continuously at
the rate of 0.15 MPa/s for the estimated compressive strength between 11 MPa and 20 MPa
till the specimen fails [2]. The failure mode (EN 12309-3:2014) of the brick element is taken
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into account when the results are given. If the brick is unsatisfactory, the test specimen
is disregarded.

The compressive strength of masonry perpendicular to the bed joints is derived from
the strength of small masonry specimens, tested to destruction. The materials, construction
and bonding pattern are required to correspond to those used in practice. In the experiment,
the specimens are loaded uniformly in compression. The maximum load (Fmax) achieved is
recorded. The compressive strength of masonry is calculated to the nearest 0.1 MPa using
the following formula:

fck, i =
Fi, max

Ai

Ai is the loaded cross-section of an individual masonry specimen.
In the case where tests have been carried out on specimens cut from whole units, the

normalized strength derived from the test results for cut specimens is that which applies to
the whole units from which they were cut. In order to obtain the normalized compressive
strength, fb, the compressive strength of masonry units is multiplied by a shape factor (δ),
given in Annex A of EN 772-1 [2], wherein the width and height should be determined in
accordance with EN 772-16 [14]. The purpose of this test is to validate the rebound hammer
test results and check if it is within the confidence limit of ±25% [12].

3. Results and Discussion
3.1. Rebound Hammer Test

The rebound hammer test was carried out on each specimen at the middle face, right,
and left edges and the results are recorded in Table 4. Note that, at the face where it is
damaged, the test was omitted for that point to avoid a misleading result.

Table 4. The rebound value at test locations.

Specimen
Rebound Hammer Values Tested Surface

TypeMiddle Face Right Edge Left Edge

1A

39 26 26 Cut face

40 30 37 Original face

40 34 25 Cut face

42 40 32 Original face

2A

37 25 23 Cut face

42 43 26 Original face

46 30 32 Cut face

34 28 35 Original face

3A

33 26 27 Cut face

40 32 30 Original face

46 33 30 Cut face

44 33 33 Original face

4A

36 31 36 Cut face

48 34 31 Original face

39 37 36 Cut face

42 29 36 Original face

5A

38 30 25 Cut face

38 42 34 Original face

42 33 35 Cut face

40 38 34 Original face
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Table 4. Cont.

Specimen
Rebound Hammer Values Tested Surface

TypeMiddle Face Right Edge Left Edge

6A

42 30 - Cut face

40 32 28 Original face

40 28 26 Cut face

40 33 25 Original face

7A

42 27 - Cut face

38 36 32 Original face

42 37 33 Cut face

39 - - Original face

8A

34 30 26 Cut face

41 42 34 Original face

40 33 31 Cut face

42 39 40 Original face

The average rebound value for each specimen based on the location and face types is
summarized in Table 5.

Table 5. Average rebound hammer values.

Specimen

Average Rebound Value [R]

Original and Cut Faces Original Face Only Cut Face Only

All Points (a) Middle Points (d) All Points (b) Middle Points (e) All Points (c) Middle Points (f)

1A 34 40 37 41 31 40

2A 33 40 35 38 31 42

3A 34 41 35 42 31 40

4A 36 41 36 45 36 38

5A 36 40 39 39 34 40

6A 33 41 31 40 33 41

7A 36 40 37 39 35 42

8A 36 39 40 42 32 37

The average rebound value obtained from all locations varies with face types except
in specimen 4A (Figure 6).

In addition, the rebound value calculated from the cut face is less than that of the
original face, except at specimen 6A (Figure 6), and one of the possible reasons to have
lower results when compared to the original face is surface damage during cutting of the
specimen at the microstructure level.

In the case of average rebound value obtained from middle points, the influence of face
type is not significant due to the closeness of the results except for specimen 4A (Figure 7).

In general, the rebound value obtained from middle point is high except for specimen
8A in the case of (b). The correlation between rebound value, which is obtained from middle
point regardless of face types and case (b), and the compressive strength is established
based on the characteristic curve and empirical equation outlined in Section 2.2 (Table 6).
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Table 6. Estimated compressive strength from rebound hammer test.

Specimen

Correlation between Rebound Value and Compressive Strength

Original and Cut Faces Original Face Only Cut Face Only

Middle Points (d) All Points (b) Middle Points (e) Middle Points (f)

R fckBirck [MPa] R fckBirck [MPa] R fckBirck [MPa] R fckBirck [MPa]

1A 40 12.7 37 11.1 41 13.1 40 12.7

2A 40 13.0 35 10.1 38 11.8 42 14.0

3A 41 12.9 35 9.8 42 13.5 40 12.6

4A 41 12.5 36 10.0 45 14.7 38 11.0

5A 40 14.6 39 13.9 39 13.9 40 14.6

6A 41 15.3 31 9.4 40 14.9 41 15.3

7A 40 15.7 37 13.6 39 15.0 42 16.8

8A 39 12.2 40 12.7 42 13.7 37 11.0
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3.2. Standard Compression Test

All eight specimens passed satisfactorily the standard compression test (Figure 8) and
their results are found in Table 7.
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Table 7. Standard compression test results.

Specimen
Dimension [mm]

Shape Factor, δ Compressive
Strength, fc [MPa]

Normalized Mean Compressive Strength,
fb [MPa] fb = δfcW H

1A 124.2 78.7 0.861 15.5 13.3

2A 123.4 81.95 0.876 15.4 13.5

3A 119.2 79.9 0.876 17.3 15.2

4A 124 75.6 0.847 16.7 14.2

5A 142 78.5 0.824 17.3 14.2

6A 137.1 83.3 0.854 18.8 16.0

7A 144.9 82.1 0.834 24.5 20.4

8A 141.5 68.9 0.784 16.3 12.8

The compressive strength of masonry units has been converted to the nominalized
mean compressive strength of an equivalent 100 mm cube masonry unit according to EN
772-1 [2] after obtaining the compressive strength from the standard compression test. For
calculation simplicity, the length has been taken as 100 mm long approximately for all
specimens while considering the rest dimension as width and height to obtain nominalized
mean strength.

3.3. Comparative Study of the Test Results

After rebound hammer and standard compression tests are conducted for the same
specimen, the next step is to compare their results with each other and to facilitate this, the
test results are summarized in Table 8.

The estimated compressive strength from all points of the original face (b) is the least
convergent to the normalized mean compressive strength, see Figure 9.
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Table 8. Summary of the compressive strength results.

Specimen

Estimated Compressive Strength [MPa] Normalized Mean
Compressive

Strength [MPa]
Original and Cut Faces Original Face Only Cut Face Only

Middle Points (d) All Points (b) Middle Points (e) Middle Points (f)

1A 12.7 11.1 13.1 12.7 13.3

2A 13.0 10.1 11.8 14.0 13.5

3A 12.9 9.8 13.5 12.6 15.2

4A 12.5 10.0 14.7 11.0 14.2

5A 14.6 13.9 13.9 14.6 14.2

6A 15.3 9.4 14.9 15.3 16.0

7A 15.7 13.6 15.0 16.8 20.4

8A 12.2 12.7 13.7 11.0 12.8
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Figure 9. Multiple compressive values by specimen.

The relationship between estimated compressive strength for middle points with
itself and normalized mean compressive strength are established according to their linear
correlation coefficients (R2), which are found in Figures 10 and 11.

Figure 10 shows that the estimated compressive strength obtained from case (d) is
much closer to case (f) than case (e). This leads to the rejection of the estimated compressive
strength obtained from case (e).

Figure 11 shows that the compressive strength obtained from case (d) is the closest
one to the normalized mean compressive strength.
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Figure 10. Relationship between estimated compressive strength from middle points. (A) The cor-
relation of compressive strength at middle points (d) and (e); (B) The correlation of compressive 
strength at middle points (d) and (f). 
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Figure 10. Relationship between estimated compressive strength from middle points. (A) The
correlation of compressive strength at middle points (d) and (e); (B) The correlation of compressive
strength at middle points (d) and (f).
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Figure 11. Estimated versus normalized mean compressive strength. (A) Compressive strength at 
middle points (d); (B) Compressive strength at middle points (f). 

Figure 11 shows that the compressive strength obtained from case (d) is the closest 
one to the normalized mean compressive strength. 
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Figure 11. Estimated versus normalized mean compressive strength. (A) Compressive strength at
middle points (d); (B) Compressive strength at middle points (f).

According to EN 12504-2 [12], it is unlikely that 95% confidence limits on the estimation
of the strength of normal concrete in situ will be better than ±25% under ideal conditions.
So, the percentage error of the estimation rises from the rebound hammer test for all and
middle points on the specimen face is calculated to check whether it satisfies this condition,
and the results are summarized in Table 9.

The one that deviates most from the confidential limit by far is the estimated compres-
sive strength from all points (b). The rest of the points are graphically depicted each other
to identify their relationship as shown in Figure 12.
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Table 9. Error in estimation of compressive strength.

Specimen

Error in Estimation of Compressive Strength [%]

Original and Cut Faces Original Face Only Cut Face Only

Middle Point (d) All Points (b) Middle Points (e) Middle Points (f)

1A −5 −17 −2 −5

2A −3 −25 −12 4

3A −15 −36 −11 −17

4A −12 −29 4 −22

5A 2 −2 −2 2

6A −5 −41 −7 −5

7A −23 −33 −27 −17

8A −7 −1 7 −14Solids 2023, 4, FOR PEER REVIEW 14 
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Figure 11. Error in compressive strength estimation. (A) Closeness of estimation error between 
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Figure 12. Error in compressive strength estimation. (A) Closeness of estimation error between
middle points (d) and (f); (B) Closeness of estimation error between middle points (d) and (e).
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The error introduced during the estimation of compressive strength has uniformity in
the case of (d) and (f), but not in the case of (e).

Overall, the results show that an accurate estimation of the compressive strength can
be achieved by taking the rebound hammer test at middle points of the specimen regardless
of the face types.

4. Conclusions

The following conclusions are drawn from this study:

• The average rebound value obtained from all locations varies with face type except in
specimen 4A.

• The rebound value from cut face is lesser than original face value except at specimen 6A.
• In the case of average rebound value obtained from middle points, the influence of

face type is not significant due to the closeness of the results except for specimen 4A.
• The estimated compressive strength from all points of original face is the least conver-

gent to the normalized mean compressive strength.
• The compressive strength obtained from case (d) is the closest one to the normalized

mean compressive strength.
• The estimation error of compressive strength at the middle face is within and around

the confidence limits of ±25%.
• An accurate estimation of the compressive strength can be achieved by taking the

rebound hammer test at the middle points of the specimen regardless of the face type.
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8. Brencich, A.; Lątka, D.; Matysek, P.; Orban, Z.; Sterpi, E. Compressive strength of solid clay brickwork of masonry bridges:

Estimate through Schmidt Hammer tests. Constr. Build. Mater. 2021, 306, 124494. [CrossRef]
9. Fódi, A. Effects influencing the compressive strength of a solid fired clay brick. Period. Polytech. Civ. Eng. 2014, 55, 117–128.

[CrossRef]
10. EN 771-1:2011; Specification for Masonry Units—Part 1: Clay Masonry Units. European Committee for Standardization: Brussels,

Belgium, 2011.
11. Proceq. Original Schmidt Manual of Concrete Test Hammer N/NR—L/LR; Proceq: Zürich, Switzerland, 2002.
12. EN 12504-2:2012; Testing Concrete in Structures—Part 2: Non-Destructive Testing—Determination of Rebound Number. European

Committee for Standardization: Brussels, Belgium, 2012.

http://doi.org/10.1016/j.aej.2012.05.004
http://doi.org/10.1080/15583058.2018.1436204
http://doi.org/10.1016/j.conbuildmat.2021.124494
http://doi.org/10.3311/pp.ci.2011-2.04


Solids 2023, 4 86

13. BS EN 13791:2019; Assessment of In-Situ Compressive Strength in Structures and Precast Concrete Components. European
Committee for Standardization: Brussels, Belgium, 2019.

14. EN 772-16:2011; Methods of Test for Masonry Units—Part 16: Determination of Dimensions. European Committee for Standard-
ization: Brussels, Belgium, 2011.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


	Introduction 
	Methodology 
	Materials 
	Testing Methods 

	Results and Discussion 
	Rebound Hammer Test 
	Standard Compression Test 
	Comparative Study of the Test Results 

	Conclusions 
	References

