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Abstract

The quality problems encountered in concrete structures appear at different stages of the construction of works, it is for this reason that for
a long time there has been an increased demand for more precise and, at the same time, more flexible methods of concrete quality assessment.
This paper presents some notions concerning the Schmidt rebound hammer test which is one of the non-destructive methods most used for the
recognition of the condition of building structures. This test is quick and easy, it makes it possible to control the quality of the construction and
to indirectly measure the compressive strength of concrete in situ. The rebound hammer calibration procedure was detailed on an example by
presenting the different steps. The influence of several factors affecting the rebound hammer test, whether related to the properties of concrete or
otherwise, was were presented. Indeed, Surface texture, concrete humidity, type of aggregates, cement type and carbonation of the concrete surface
are parameters which strongly influence the results of Schmidt rebound hammer test.
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Introduction

The quality problems encountered in concrete structures ap-
pear at different stages of the construction of works, it is for this
reason that for a long time there has been an increased demand for
more precise and, at the same time, more flexible methods of con-
crete quality assessment. Concrete structures generally perform
fairly well even when exposed to a harsh environment. However,
statistics show that certain difficulties arise during the construc-
tion period for various reasons; the most frequent is an insuffi-
cient resistance of the concrete to compression. Indeed, following
the findings and expert reports carried out on reinforced concrete
structures after natural disasters, it was noted that one of the ma-
jor factors behind the scale of disasters is due to non-compliance
building standards. The quality of the concrete put in place is not
in accordance with that mentioned by laboratory crushing tests.
Control by destructive tests requires the preparation or the taking
of samples and cannot be carried out at 100% or at least on a sig-
nificant sample. In addition, the sample taken is not always repre-
sentative of the concrete of the actual structure. To address these
problems, a range of in situ tests called “non-destructive tests” has
been developed to complement the destructive tests. The non-de
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structive testing of concrete is of great scientific and practical im-
portance. The subject has attracted the growing attention of several
researchers in recent years, particularly the need to characterize
the quality of damaged constructions made of concrete [1-4]. Now-
adays, the most widely used non-destructive test to measure the
surface hardness of concrete is the Schmidt sclerometer (Schmidt
rebound hammer), [5]. Originally developed in 1050 by Swiss engi-
neer Ernest Schmidt and presented to the Swiss federal testing and
experimental Institute of Zurich ; the device will then be developed
by integrating a graduated scale to read the rebound index directly
[6-8], and using a single spring instead of two for simplicity and
convenience [9,10].

The rebound hammer test evaluates the compressive strength
of concrete by the rebound of an elastic mass. Despite the fact that
the Schmidt rebound hammer test is very simple to perform, it has
several disadvantages:

1.  Itis sensitive to local variations in concrete. For example,
if the hammer head is pressed against an aggregate, the rebound
index will be higher than if it is located on a vacuum.
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2. The head of the hammer must always be perpendicular
to the surface of the concrete, which is not easily achievable. In ad-
dition, the position of the hammer relative to the vertical will in-
fluence the rebound index, gravity acting on the movement of the
mass of the hammer.

Introduced and developed by Proceeq SA, founded in 1954;
several hundred thousand copies of the original Schmidt rebound
hammer have been manufactured and used around the world [11].
It I s undoubtedly the most commonly used device for non-de-
structive testing (NDT) to quickly assess the condition of a con-
crete structure. Over the years, its application has extended to rock
tests and hardness tests of paper reels. PROCEQ also manufactures
a wider range of hammers to adapt to virtually all in-situ testing
applications including the original Schmidt hammer type N and L,
recording type NR and LR, digital types ND and LD DIGI- SCHMIDT.
The latest PROCEQ Silver Schmidt model (instrument made in Swit-
zerland) offers unprecedented benefits to users. The new instru-
ment has unrivaled ease of use; easy reading of the rebound index
and higher accuracy, as well as an extended measurement range. A
number of benefits have been incorporated such as automatic cor-

rection of impact direction based readings eliminating the need to
refer to impact direction conversion curves. The robust lightweight
device also allows automatic corrections for carbonation. The data
collection and processing of the test results of this equipment com-
ply with the main industry standards.

The Ultrasonic Pulse Velocity Test

Physical operating principle

The rebound hammer test is intended to measure the surface
hardness of concrete and there is an empirical relationship between
the compressive strength of concrete and the rebound index which
is a code composed of a letter (giving a indication of the quality of
the concrete) and a number (giving indication of the compressive
strength). The hammer has an approximate mass of 1.8 kg and is
suitable for laboratory and site tests. A counterweight controlled
by a spring moves on a plunger in a protective tube (Figure 1), the
mass is projected against the surface of the concrete by the spring
and the rebound distance is measured on an arbitrary scale marked
from 10 to 100 [12,13] (Figure 1).

4 B\
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Figure 1: A cutaway schematic view of the Schmidt rebound hammer.
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The Schmidt rebound hammer, made of a steel hammer com-
pressed by a spring, which, after release, projects a steel percussion
rod in contact with the concrete surface. The speed of movement
of the hammer produced by the spring must be constant and re-
producible. The rebound of the steel hammer relative to the steel
percussion rod or other rebound values must be measured on a
linear scale integral with the frame of the instrument. The surface
on which the test is carried out may be horizontal, vertical, or at
any other angle (Figure 2). A correction must be made to the values
read to take account of the angle of inclination of the strike. The
correction to be made depends on the model of the sclerometer, it
is only necessary that the device is calibrated to the position where
it will be used.

The calibration can be carried out with cylindrical specimens
of 16 x 32 cm, made with the same concrete composition as that of
the structure. According to ASTM-C805, the rebound index depends
directly on the hardness of the surface; the energy absorbed by con-

crete is linked to its compressive strength.

Calibration and interpretation of results

There is a fairly large disagreement between researchers con-
cerning the precision with regard to the evaluation of the com-
pressive strength of concrete from the values of the rebound index
[14,15]. DIN 4240 was the first report published in 1962 concern-
ing the use of the schmidt rebound hammer test and the interpre-
tation of results by proposing correlation curves. Other researchers
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then began to establish correlations between the rebound index
and the compressive strength of concrete and it became obvious
that there is no single relationship linking these two parameters
[16], this which led to the recommendation to establish and devel-

op correlation curves each time using test pieces from the same

concrete composition as that of the structure in question. The re-
bound index is very much influenced by the intrinsic properties of
concrete depending on whether the impact of the test occurs on the
aggregate or on the cement paste.
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Figure 2: corrections made to the index IR recorded by reference to a horizontal strike for Schmidt rebound hammer of type N or NR.
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Figure 3: Chart for determining the resistance as a function of rebound index.
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Thus ASTM 805 requires that a series of 10 measurements
must be made in a limited area around the same point for the same
test. A first correction must be made to take into account the direc-
tion of the impact (horizontal, vertical) and thus be able to call the
curve connecting the rebound index to the compressive strength of
the concrete as shown in Figure 3.

For many countries, the correlation and calibration curves
are based on the 150 x 150 x 300 mm? test specimen crush test.
Another important factor influencing the reading of the rebound
index is the carbonation of the concrete surface; its value can be
50% higher than when you have a normal surface. The correction
factors were proposed by [15] as well as in the Japanese and Chi-
nese guidelines, but their values are very different from each other.
The only effective way to take this effect into account is calibration
and correlation based on crushed carrots extracted from the work
itself. Many other factors are recognized as influencing the rebound
index [17]: the humidity, the texture of the surface, the type of ag-

gregate, so that it is unlikely that the calibration curves provided
and provided by the industrial manufacturers of sclerometers will
be of any use. This is why the standard Pr EN 13791 has chosen a
different approach which proposes a basic curve and recommends
a calibration process. This involves shifting this curve as a function
of the results of the values of the compressive strengths of the cores
from the construction under investigation. Figure 4 shows four cali-
bration curves obtained by research workers in four different coun-
tries [16]. It is important to note that some of the curves deviate
considerably from the curve supplied with the hammer (Figure 4).

Schmidt rebound hammer calibration procedure

It is necessary to establish a relationship between the rebound
indices (indirect measurements) and the results of compressive
strength on test specimens or cores (direct tests). The operating
mode presented below is partly defined in standard Pr EN 13791.
The estimation of the compressive strength from the Schmidt re-
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bound hammer is carried out on a calibrated curve established from
the basic curve representative of a large number of test results. The
base curve represents the lower limit curve of the expected test re-

sults. It is combined with a safety correction factor Af determined

during calibration on a specimen.
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Figure 4: Correlation curves obtained by different investigators with a Schmidt rebound hammer Type N-2. Curve by Greene was obtained
with Type N.
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Step 1 : specimen preparation

Preparing (or coring) 9 specimens representative of the con-
crete which is desired to estimate the resistance. The specimens are
tested at different ages.

Step 2 : Determination of the median rebound index and the
compressive strength

Determine for each specimen its value at the Schmidt rebound
hammer and its compressive strength according to the following

methods:

1.
cal specimen or draw four medians over the full height of each side

Draw three generators over the full height of the cylindri-

of the cubic specimen (in the compression test position)

2.

measurement points spaced 30 mm apart, the extreme points in

On each of the generators of the specimen, identify the

front of themselves being at least 30 mm from the two ends of the
test piece. For a 160 x 320 mm cylindrical specimen for example, it
is possible to consider 27 measurement points (Figure 5(a)) ;

3.  Prepare the specimen according to standard NF EN
12390-3;
4.  Maintain the specimen between the two plates of the test-

ing machine under a force of the order of 10KN (Figure 5(b)) ;

5.
hammer at each measurement point and determine the median IR

Take rebound measurements with the Schmidt rebound

value of these measurements

6. Determine the compressive strength of the specimen (fe)
(Figure 5(c))
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Step 3 : Determination of the average difference §fm

Determine the average difference 6fm between the measured

values and the basic curve according to the following methods:

1.
the graph of the base curve;

Transfer the values (I, f) obtained for the 9 specimens to

2.
between the measured value and the basic curve by the following

Calculate for each of the 9 specimens the difference &f
relation (Eq. 1):

of =f —f, (1

Where f_: Compressive strength of the specimen ; f, : Initial val-

ue of the resistance obtained on the base curve

3.
the standard deviation (s).

Calculate the mean value (8f ) of the 9 values of (8f) and

Step 4 : Determination of the safety correction factor Af

Determine the safety correction factor Af (Figure 6) to be ap-
plied to the basic curve to obtain the calibrated curve according to
the following relation (Eq. 2):

AF=3f, —ks (2)

Where 6f : Mean value of the 9 values of the difference &f be-
tween the measured value and the basic curve : s : Standard devi-
ation ; k : Factor established for 9 specimens (k=1.67) (Figure 6).

The low estimate of the compressive strength from the rebound
index is obtained on the calibrated curve. 95% of true compression

Rebound Hammer Method. Cur Trends Civil & Struct

Page 4 of 7


http://dx.doi.org/10.33552/CTCSE.2020.05.000621

Current Trends in Civil & Structural Engineering Volume 5-Issue 5

resistances are greater than the estimated resistances on the cali- obtained during calibration and for a concrete representative of
brated curve with a probability of 75%. The calibrated curve is valid  that used during calibration.

within an interval of # 2 units outside the range of rebound results
e N

Figure 5: Determination of the rebound index IR and the compressive strength fe of the specimen. (a) Preparation of the measuring points, (b)
Measurement of rebound number, (c) compressive strength.

(a) (b)

Finvpa) Fomipa)

1 : Compressive strength of the specimens 1 : Calibrated curve
according to the obtained index rebound 2 : Basic curve
2 : Basic curve

Figure 6: Calibration procedure. (a): Calculation of the difference between measured value and basic curve &f. (b): Establishment of the
calibrated curve from the safety correction factor Af.
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Example of calibration of a Schmidt rebound hammer dian values. By applying Eq. 1 and 2, we find the following values:

Table 1 gives the values of the compressive strength and the 1. The mean value of the 9 values 8f =10.4 MPa
median rebound index produced on 9 concrete specimens. For each
. . 2. The standard deviation s = 2.5 MPa
surface area tested, the IR rebound index retained corresponds to
the median of the individual index values. The index for several con- 3. The safety correction factor Af = 8f -1.67s=6.2 MPa

stituent zones is determined by calculating the average of the me- (Table 1)

Table 1: Values of the compressive strength and the median rebound index.

1 30 17 28 11
2 32 20 29 9
3 34 24 36.5 12.5
4 34 24 25 11
5 35 26 31.5 5.5
6 35 26 38 12
7 36 27 41 14
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8 38 32 40.5 8.5
9 40 34 44 10
The calibrated rebound hammer curve (low estimate of resis- 28 and 42 (Figure 7).
tance from the rebound index) is valid for rebound indices between
s 2\
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L Figure 7: Example of calibration. 1: Calibrated curve; 2: Basic curve. )

Factors Inﬂuencing the Rebound Hammer Test cy of the results. The rebound index is reduced by the roughness of
Despite the fact that the rebound hammer test is simple, quick the surface, researchers like Kolek and Greene [9,12] recommend-
. . . . ed polishing the surfaces before the test.
and inexpensive to check concrete, it has certain drawback and

has certain limits which can considerably affect its reliability. The  Dimension, shape and rigidity of the element to be test-

ed

rebound hammer test is therefore affected by various factors, the

most interesting of which are: . . .
For elements of small dimensions (beam, specimen), any move-
Surface texture ment of the element causes a decrease in the value of the rebound

The texture of the surface is of great importance for the accura- index. To remedy this, the element to be tested must be rigidly

maintained.
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Figure 8: Correlation Effect of gravel from different sources on rebound numbers of concrete cylinders [21].
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Age of the item to be tested Concrete humidity

Zoldners and Victor [18,19] demonstrated that for equal resis-
tances; higher values of the rebound index are obtained for a 7-day-

old concrete than for a 28-day-old concrete.

The degree of saturation of the concrete has a decisive effect
on the value of the rebound index Zoldners and Victor [18,19] have

shown that tests on concrete specimens in a saturated state gave
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values of | rebound index 5 points less than when the test pieces
were tested in a dry state.

Type of aggregates

Klieger et al. [20] Have shown that for equal values of com-
pressive strength, concrete made with crushed aggregates gives re-
bound index values of 7 points lower than for concrete made with

natural aggregates.

Figure 8 shows a study made for 4 different types of aggregates
for the manufacture of test tubes for the sclerometer test (rebound
hammer).

Cement type

According to [16], concrete made with aluminous cement has a
value of compressive strength 100% higher compared to concrete
made with ordinary cement, which necessarily leads to high values
of the index of rebound.

Carbonation of the concrete surface

The carbonation surface seriously affects the rebound hammer
tests. In old concrete, the thickness of the carbonation surface can
reach a few millimetres; in this case the values of the rebound index

can be 50% higher than for a concrete surface without carbonation.

Conclusion

The evaluation of the compressive strength of concrete in situ
by means of non-destructive testing using the rebound hammer
test is an effective means to ensure effective compaction and good
cure with a better indication of the concrete finish. Indeed, it is pos-
sible to save time on the speed of execution of the total construc-
tion program since the precise evaluation of the resistance allows
a ‘turn-around’ of the formwork which will allow increasing the
speed, reducing the cost of construction and improve quality. The
rebound hammer test is simple, quick and inexpensive to check the
quality of concrete, but it has certain drawback and limits which
can considerably affect its reliability. The use of the rebound ham-
mer only allows an estimate of the strength of the concrete or its
regularity. Nevertheless, in the context of factory production moni-
toring, the measurement of the rebound index remains a good indi-
cator, when it is the subject of a satisfactory correlation. The results
of the rebound hammer test are influenced by factors such as the
Surface texture, concrete humidity, type of aggregates, cement type
and carbonation of the concrete.
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