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ABSTRACT
Ultrasonic pulse velocity (UPV) and rebound hammer (RH) tests are often used for assessing the quality of concrete and
estimation of its compressive strength. Several parameters influence this property of concrete as the type and size of
aggregates, cement content, the implementation of concrete, etc. To account for these factors, both of the two tests are
combined and their measurements are calibrated with the results of mechanical tests on cylindrical specimens cast on
site and on cores taken from the existing structure in work progress at the new-city Massinissa El-Khroub Constantine
in Algeria. In this study; the two tests cited above have been used to determine the concrete quality by applying regression analysis models between compressive strength of in situ concrete on existing structure and the nondestructive tests
values, the combined method is used, equations are derived using statistical analysis (simple and multiple regression) to
estimate compressive strength of concrete on site and the reliability of the technique for prediction of the strength is
discussed for this case study.
Keywords: Nondestructive Testing; Rebound Hammer; Ultrasonic Pulse Velocity; Combined Method;
Compressive Strength; Specimen Samples; Cores; Regression Analysis

1. Introduction
Evaluation of concrete properties is of great interest,
whether to detect altered areasor to control the concrete
quality and estimate its compressive strength [1].
The standard methods used to assess the quality of
concrete in concrete structures on specimens cannot be
considered. The disadvantage is that results are not immediately known, the number of specimens or samples is
insufficient for an economic reason, still does not reflect
the reality of the structure [2].
The main advantage of nondestructive testing method
is to avoid the concrete damage on the performance of
building structural components. Additionally, their usage
is simple and quick. Test results are available on site.
Concrete testing in structures is demanding in which the
cores cannot be drilled, where the use of less expensive
equipments is required [3].
Several nondestructive evaluation methods have been
developed; based on the fact that some physical properties of concrete can be related to the compressive strength
of concrete. The Schmidt rebound hammer (SRH) and
the ultrasonic pulse velocity (UPV) tests, are combined
to develop correlation between hammer/ultrasonic pulse
velocity readings and the compressive strength of the concrete. These non-destructive measurements have proved to
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be an effective tool for inspection of concrete quality concrete.

2. Evaluation of Concrete Structures by
Nondestructive Methods
The nondestructive testing of concrete has a great technical and useful importance. These techniques have been
grown during recent years especially in the case of construction assessment.
All available methods for evaluating in-situ concrete
are limited, their reliability is often questioned, and the
combination of two or more techniques is emerging as an
answer to all these problems [4].
The combination of several techniques of nondestructive testing is often implemented empirically, combining
two techniques most often used to enhance the reliability
of the estimate compressive strength of concrete; the
principle is based on correlations between observed measurements and the desired property [5].
The compressive strength of concrete is usually the
most sought after property. This is leads to the development of a method that combines index rebound hammer
and the ultrasonic pulse velocity UPV [1].
The objective of the combined tests is to evaluate the
compressive strength of concrete in situ; the best approach
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is generally to develop a relationship of correlation between the upv/the index of rebound hammer and the
compressive strength of standardized laboratory specimen, in some cases specimen are not available, then a
number of cores must be taken to establish this relationship [6]. The standardized combined method the most
widely used is SonReb method developed by RILEM [7],
first born and established in Romania then developed in
Australia and in Europe. The improvement in the reliability of the measures is explained by taking into account the contradictory effect of variability factors of some
properties for each of the two techniques (ultrasonic pulse
velocity/rebound hammer).

2.1. Rebound Hammer (RH) Test EN12504-2
The rebound (Schmidt) hammer is one of the oldest and
best known methods. It is usually used in comparing the
concrete in various parts of a structure and indirectly assessing concrete strength. The hammer weighs about 1.8
kg and is suitable for use both in a laboratory and in the
field. The rebound of an elastic mass depends on the
hardness of the surface against which its mass strikes.
The test is described in ASTM C805 and EN125042:2001. The results of rebound hammer are significantly
influenced by several factors [4,6] such as: smoothness
of test surface; size, shape, and rigidity of the specimens;
age of the specimen; surface and internal moisture conditions of the concrete; type of coarse aggregate; type of
cement; carbonation of concrete surface.
According to EN13791:2003 standard rebound hammer
test with calibration by means of cores test may be used
for assessment of in situ concrete strength. In situ strength
can be estimated using a basic relationship with a determined factor for shifting the basic relationship curve to
take into account of the specific concrete and production
procedure [6].

2.2. Ultrasonic Pulse Velocity (UPV) EN
12504-4(a) Rebound Hardness Test
The method consists of measuring the ultrasonic pulse
velocity through the concrete with a generator and a receiver. The tests can be performed on samples in the laboratory or on-site. Many factors affect the results, the surface and the maturity of concrete, the travel distance of
the wave, the presence of reinforcement, mixture proportion, aggregate type and size, age of concrete, moisture
content, etc., furthermore some factors significantly affecting UPV might have little influence on concrete
strength [8].
The test is described in ASTM C597, EN12504-4:2004,
a critical comparison of several standards from different
countries is given in a review paper by Komlos [9].
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2.3. Core Sampling in Situ EN12504-1
Coring is a direct measure of the in-situ strength of concrete. It is mainly used to provide a calibration of an indirect method and rarely used for determining the rate of
strength gain.
Core sampling is a destructive test which is used to
evaluate the suspicious concrete. At least 3 core samples
should be taken from each area. The height of core cylinder is 2.0 diameters and maximum size of aggregate is
1/4 diameter or less.
Due to unknown effects of reinforcing bars in the samples and also in order to keep the integrity of structure, it
is better to provide bar detection process before coring
and to remove the bars from samples before putting them
in compression machine. Any visual defect of concrete
should be recorded before compression test and should
be applied in analysis [10].

3. Experimental Methodology
In this study data from destructive testing and nondestructive testing are provided by the laboratory—CTC-Constantine (Algeria body control) for monitoring and quality control of structures in work progress.
The objective of this work is to study the reliability of
these nondestructive techniques and identify factors that
affect the interpretation of their results.
The interpretation of results is given through a combination of correlations between nondestructive techniques
and those of mechanical tests.
Correlations between compressive strength at 28-day
specimens (16/32) cast on site for a concrete proportioned to 350 kg/m3 and stored in air and measures of
non-destructive testing in case the hammer and ultrasonic
Correlations between compressive strength of cores
from the concrete structure (Cores with a diameter of 6.5
cm and a height of 13 cm.
All data from both destructive tests and nondestructive
test are resumed in Tables 1 and 2.

4. Combined Method
The reduction of the influence of several factors affecting
rebound hammer test and UPV method could be partially
achieved by using both methods together. A classical
example of this application is the SONREB method, developed mostly by the effort of RILEM Technical Committees 7 NDT and TC-43 CND [7] and widely adopted
in Romania [11]. The relationship between UPV, rebound hammer and concrete compressive strength are
there given in the form of a monogram.
The improvement of the accuracy of the strength prediction according to Facaoaru [11] is achieved by the use
of correction factors taking into account the influence of
cement type, cement content, petrologic aggregate type,
OJCE
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Table 1. Test data for specimens.
Level

Element

Rebound
value N

V (upv)
m/s

28 days compressive
strength (MPa)

GF

Pile

29

3980

34.5

RDC

Pile

30

4100

34.0

RDC

Pile

26

3870

34.0

RDC

Pile

28

3950

36.0

RDC

Beam

30

4180

36.0

RDC

Beam

30

4090

33.0

1stfloor

Pile

22

3730

37.0

1stfloor
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fine aggregate fraction, and aggregate maximum size.
The accuracy of the combination of rebound hammer and
ultrasonic pulse velocity results in improved accuracy in
estimating the compressive strength of concrete.
The interest in using the combined technique is that
the variability of certain properties of concrete produce
opposite effects for each of its components (hammer and
UPV). For example a raise in moisture increases the
value of the ultrasonic pulse velocity but decreases the
value of the rebound hammer.
Several linear and nonlinear multiple correlation equations have been developed (Table 3) and are available in
literature: Tanigawaand et al. 1984; Malothra and Carino,
1991; Qasrawi, 2000; Ariogluand et al. 2001 [12].

Pile

27

3890

35.5

st

Pile

26

3850

34.0

d

2 floor

Pile

23

3780

38.5

5. Statistical Analysis

2dfloor

Pile

26

3810

37.5

2dfloor

Pile

26

3800

36.5

3dfloor

Pile

22

3720

35.0

3 floor

Pile

22

3710

37.0

3dfloor

Pile

23

3780

36.0

d

Beam

30

4130

25.5

d

Beam

30

4190

27.0

d

Beam

30

4160

26.5

All research has shown that petrographic property of
aggregates and the composition and means of implementation of concrete significantly influences the values of
the rebound hammer and the ultrasonic pulse velocity. To
overcome erroneous results and improve the reliability of
estimating the compressive strength by nondestructive
testing, it is essential to calibrate the measurements from
the two trials.
The statistical analysis seems to be the solution to interpret the observed data using the results of mechanical
tests on specimens and cores and is needed to calibrate
these tests.
In this study, relationships between the results of mechanical testing of specimens and cores and those from
non-destructive testing (UPV and RH) are established,
the values are plot in graphs, and Matlab is used to extract the curves (regression line), and R2: determination
coefficients are obtained for each regression line.
Simple linear regression is adopted to obtain the correlations below: Figures 1-6.
Resistance RES (dependent variable)-vs-N; hammer
index (independent variable).
Resistance RES (dependent variable)-vs-V; ultrasonic
velocity (independent variable).
Multiple linear regressions is adopted to find correlations
Resistance RES (dependent variable)-vs-Index hammer and ultrasonic velocity (N, V) (independent variables).
In parallel with the statistical analysis; other procedures are needed to analyze the results of correlations;
standards and specifications are developed [4,13] an none
has achieved consensus as hoped.
Tables 4 and 5 summarize regression equations and
the values of determination coefficients for both the correlations made for cylindrical specimen and cores.

1 floor

d

3 floor
3 floor
3 floor

Table 2. Test data for cores.
Level

Element

Rebound
value N

V (upv)
m/s

28 days compressive
strength (MPa)

GF

Pile

26

3860

13.0

RDC

Pile

25

3830

12.5

RDC

Pile

27

3890

14.6

RDC

Pile

28

3920

15.8

RDC

Beam

24

3790

12.7

RDC

Beam

26

3870

13.5

1 floor

Pile

27

3890

9.2

1stfloor

Pile

22

3730

9.6

st

Pile

26

3850

14.7

d

Pile

24

3780

16.5

d

Pile

25

3840

17.6

d

Pile

26

3890

13.0

d

Pile

23

3780

12.5

d

3 floor

Pile

25

3710

12.4

3dfloor

Pile

24

3720

11.8

d

Beam

27

3900

13.0

d

Beam

28

3930

15.2

6. Conclusions and Discussion

d

Beam

28

3940

13.7

Based on this study, it appears that using more than one

st

1 floor
2 floor
2 floor
2 floor
3 floor

3 floor
3 floor
3 floor
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Table 3. Equations of existing relationship used for compressive strength estimation of concrete [12].
Eq. No. Equations Explanations Reference RMSE
Single-variable equations
1

fc = 21.575 × L – 72.276

fc[MPa], L[cm]

NDT Windsor Sys. Inc.(1994)

3.7813

2

fc = 1.2 × 10–5 × V1.7447

fc[MPa], V[km/s]

Kheder 1 (1998)

6.0974

1.2083

3

fc = 0.4030 × R

fc[MPa]

Kheder 2 (1998)

2.1651

4

fc = 36.72 × V – 129.077

fc[MPa], V[km/s]

Quasrawi 1 (2000)

3.6981

5

fc = 1.353 × R – 17.393

fc[MPa]

Quasrawi 1 (2000)

2.8152

6

fc = –5333 + 5385 × L

fc[MPa], L[in]

Malhotra et al.

2.2128

fc[MPa], V[km/s]

Bellander (1979)

2.2128

Multi-variable equations
7

3

c = –25.568 + 0.000635 × R + 8.397V
4

8

fc = –24.668 + 1.427×R + 0.0294V

fc[MPa], V[km/s]

Meynink et al. (1979)

7.0654

9

fc = 0745 × R + 0.951 × V – 0.544

fc[MPa], V[m/s]

Tanigawa et al.

2. 1000

2

Postacioglu

(1985)

3.7617

2

Arioglu et al. (1991)

2.9205

2

fc[kg/cm ], V[km/s]

Arioglu et al. (1994)

4.2305

10
11

fc = [R/(18.6 + 0.019 × R + 0.515 × V)]
0.019×R+ 0515V

11 fc = 18.6 × e

–5.890

fc[kg/cm ], V[km/s]
fc[kg/cm ], V[km/s]

12

fc  103.119 logR 3  V 4

13

fc = –39.570 + 1.532 × R + 5.0.614 × V

fc[kg/cm2], V[km/s]

Raymar et al. (1996)

7.5910

14

fc = 0.00153 × (R3 × V4)0.611

fc[kg/cm2], V[km/s]

Arioglu et al. (1996)

11.1623

Kheder 3 (1998)

2.1375

15

0.4254

fc = 0.0158 × V

×R

1.1171

2

fc[kg/cm ], V[km/s]

Figure 1. Correlation: compressive strength-rebound number (cylindrical specimens).

Figure 3. Correlation: compressive strength-rebound number and ultrasonic pulse velocity (cylindrical specimens).

Figure 2. Correlation: compressive strength-ultrasonic pulse
velocity (cylindrical specimens).

Figure 4. Correlation: compressive strength-rebound number (cores).
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Figure 5. Correlation: compressive strength-ultrasonic pulse
velocity (cores).

Figure 6. Correlation: compressive strength-rebound number and ultrasonic pulse velocity (cores).
Table 4. Regressions equations forcylindrical specimens.
Equations of régression and coefficient of determination
compressive strength (fc-MPa) cylindrical specimen
Rebound hammer
fc = –0.7708N + 54.6389
sclerométre N

R2 = 0.3983

UPV

fc = –0.0162V + 97.54095

R2 = 0.5213

Combined
method

fc = 0.5752V – 0.0261N + 121.2976 R2 = 0.5452

ET

It will also be noted that correlations between destructive
testing and non-destructive techniques in our study provide more meaningful results for the specimens cast and
stored under the same conditions as the concrete structure than taken cores.
The analysis for cores gives correlations that are not
really satisfactory, this is explained by the fact that:
The quality and means of implementation of concrete
which are often inadequate, in terms of social housing
programs often attributed to small companies without major resources.
The sampling areas of taking cores are not really representative of concrete, since most often taken at random,
because hardly feasible.
The core drilling way and conditions can affect the integrity of the cores.
Nevertheless these combined non-destructive methods
can inform us about the quality of concrete and it will be
better for a good quality-control monitoring of concrete;
to establish correlations between mechanical tests on
specimens cast and stored in same conditions as the concrete structure rather than using cores that are very difficult to achieve less representative and more expensive to
obtain.
In general, the combined method appears more appropriate to conditions on-site measurements, very convenient, fast and with a reasonable cost. Once the correlations are established between the compressive strength
values of samples derived from mechanical tests and
measurements from non-destructive techniques (the rebound hammer and ultrasonic pulse velocity); the prediction of concrete strength value appears more reliable.
The practical use of this technique is gaining recognition on a large scale; it provides contracting authorities
with accurate and objective information for monitoring
quality-control of concrete construction.
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