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Sound absorption of a road surface is considered one of the most important parameters influencing tire–
road noise levels, especially for surfacings with high air voids content. In a recent study, a sound pressure
(P)–particle velocity (U) measurement probe was introduced for investigating this property on road sur-
face samples in the laboratory. The device can be applied in situ, thus no reverberant room or impedance
tube is required in the test. Measurements were carried out on different types of road surface samples as
well as on road sections. Samples considered include cores drilled from road sections, laboratory pro-
duced slabs, and a poro-elastic road surface. The influence of the distance between the probe and the test-
ing surface, the influence of sample size, and the testing positions are investigated. To improve the
reliability and accuracy of experiments on cores, a test platform was manufactured. According to the
analysis of the test results, the in situ technology proved to provide reliable sound absorption results
for road surface samples. Requirements are given for the application of this method in road engineering.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

On a porous asphalt road surface, sound energy can be partly
absorbed due to the porosity [1,2]. The horn effect and the sound
wave reflection in the propagation path are attenuated in this
way [3,4]. Thus sound absorption of a road surface is considered
as one of the most important parameters influencing the tire–road
noise levels, especially for pavements with higher air-void con-
tents. Existing studies show that sound absorption is effective for
tire–road noise reduction in the frequency range between 800 Hz
and 1600 Hz on porous asphalt layers [5].

The measurement of sound absorption of road surface samples
is important for the development of noise reducing pavement sur-
faces. Furthermore, a field test is essential for examining the sound
absorption in situ. Different approaches have been developed for
measuring absorption coefficients of road surfaces either in situ
or on cores in the laboratory. Generally, the measurement result
is the sound absorption as a function of the frequency. Two stan-
dard measurement methods are the impedance tube and the
Extended Surface Method (ESM) according to ISO 10534-1 and
ISO 13472-1, respectively [6,7]. The tube method is also used reg-
ularly for absorption measurements in the field. The equipment
and procedure are equal to the impedance tube method stated in
ISO 10534-1, except that one end of the tube is open and sealed
onto the surface to be tested. In addition, a mobile system, known
as MIRIAD (Mobile Inspection of Road surfaces: In-situ Absorption
Determination), was developed by TRL to enable tests with traffic
[8].

For impedance tube tests, the upper frequency fu is limited to
frequencies where only plane waves can propagate in the imped-
ance tube. This frequency fu is proportional to the inverse of the
tube diameter: fu < 0.586c0/d, where c0 is the speed of sound (m/
s), and d is the diameter (m). With regards to ESM and MIRIAD
tests, sound absorption can be collected on a much wider fre-
quency range. But they can only be carried out on a road surface
in practice.

In road engineering, laboratory measurements are important
for investigating the performance of road surface material proper-
ties. The specimens can be produced in the laboratory or extracted
from a real road surface. A test method suitable for both the labo-
ratory and in situ test is preferred for research on road surface.

In this study, the PU in situ Surface Impedance Setup has been
evaluated. The setup involves a P–U probe containing a sound pres-
sure (P) and particle velocity sensor (U) [9,10]. The device can be
used for non-destructive tests on road surfaces as well as on sam-
ples in the laboratory. Higher frequencies (up to 10 kHz or
20 kHz) can be assessed that with impedance tubes. The device is
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lightweight, handheld, and the measurement can be done in a few
seconds.

In earlier studies, the surface impedance method was applied to
test the road surface impedance in a laboratory as well as outdoors
on field road surfaces. In in situ measurements on porous asphalt,
high sound absorption coefficients were measured around 1 kHz
[11]. For field measurements, the setup was mounted behind a
driving car and it was possible to measure the surface acoustic
impedance in the 300 Hz–10 kHz bandwidth, at a speed up to
40 km/h. Above that speed the sensor signals were affected by
wind and the vibration caused by the road surface [11,12]. Cur-
rently, the development of an improved system for higher speeds
is being contemplated.

As the PU technology is rather new, there is no standard for
using the setup on a road surface. Therefore, this study aims at a
better understanding of the use of the impedance setup, and devel-
oping methods for testing the sound absorption of a road surface
with the device. Measurements were carried out on different types
of road surfaces in various conditions, including in situ pavements,
cores, and slabs. The influence of measurement distance and sam-
ple size was investigated, and requirements are proposed for using
the device in road engineering tests. The achievements from the
research might be important for standardization and applying
the P–U technology for field and laboratory tests.
2. Measurement method and materials

2.1. Measurement method

The schematics and an image of the setup are shown in Fig. 1.
During the test, the loudspeaker emits a continuous sound signal.
Sound pressure (P) and acoustical particle velocity (U) are mea-
sured simultaneously by the P–U probe at the same position
[13]. A piston-on-a-sphere loudspeaker is used as the sound
source. The data acquisition module consists of two recording
channels and one amplified loudspeaker output. Details about
the device and the measurement errors of this method are
described in [14].

The free field acoustical impedance Zff (the impedance without
a sample being present) is calculated by:

Zff ¼
Pðhs � hpÞ
Uðhs � hpÞ

¼
iq0c0k Q

4pðhs�hpÞ e
�ikðhs�hpÞ

Q
4p

ikðhs�hpÞþ1

ðhs�hpÞ2
e�ikðhs�hpÞ

¼ ikðhs � hpÞ
ikðhs � hpÞ þ 1

q0c0

ð1Þ

with Q – sound strength from the source, m3/s; k – the wavenum-
ber, m�1; hs – distance from the point source to the sample,
Fig. 1. Surface impedance set
m; hp – distance from the probe to the sample, m; q0 – the density
of air; c0 – speed of sound in air.

There are different mathematical models for calculating the
acoustic impedance, such as the plane wave model, the mirror
source model, the Q-term model, and the Boundary Element
Method (BEM) model [14–17]. Existing studies showed that similar
results are obtained with the less involved mirror source model
and more complicated models, but the mirror source model is
rather robust [14,18]. Therefore, the mirror source model is used
in this research. When the probe–surface distance is small, or
when the sound source is assumed far away, the mirror source
model approximates the plane wave model.

With the ratio of measured impedance Zsample with sample and
the free field impedance, reflection coefficient Rp can be derived:

Rp ¼
Zsample

Zff
� 1

Zsample

Zff

hs�hp

hsþhp

� �
ikðhsþhpÞþ1
ikðhs�hpÞþ1

� �
þ 1

hs þ hp

hs � hp
eik2hp ð2Þ

Then, sound absorption coefficient a is calculated by:

a ¼ 1� jRpj2 ð3Þ

Reflections can influence the results when testing in situ. To
remove reflections, a moving average filter is used to smooth the
data. In this study, the moving averaged result in a normal room
was found similar to the result obtained in an anechoic room at
frequencies higher than 150 Hz. The moving average filter was
used in all sound absorption tests performed in this study.

2.2. Material information

Several samples have been evaluated, which are described in
this subsection.

2.2.1. Trial sections and core samples
The Kloosterzande trial sections are located in the most north-

ern part of the N60 road in the Netherlands. Forty sections with dif-
ferent surface types were laid in the years 2005 and 2007 [5]. The
length of each trial section is 40 m, and the overall width is 7.5 m.

The in situ measurements on the Kloosterzande sections were
carried out on May, 2010. The cores were drilled after the in situ
measurement. Two cores were drilled from each side of a section.
All samples had a diameter of 150 mm. In this study, the analysis
focused on porous asphalt concrete (PAC). Currently, nearly 90%
of the Dutch primary road network has this type of surface layer.
Porous asphalt is usually gap-graded, consisting mainly of coarse
aggregates and a small proportion of sand and filler, which are held
together by a bituminous binder. This results in a permeable skel-
up and the schema [11].



14 M. Li et al. / Applied Acoustics 88 (2015) 12–21
eton with a large volume of open and inter-connected voids (20–
28% at the time of installation). Sound energy can be partly
absorbed due to the porosity.

Details of the mixture composition of PAC surface layer for each
section are summarized in Table 1. The section number refer to
those used in the report of the Kloosterzande sections [5]. Explana-
tions of the parameters in the table are as follows:

Max. aggregate size: The smallest sieve size through which all
aggregate particles pass;
Coarse aggregate content: The ratio of the mass of aggregate with
size larger than 2.36 mm (in this study) to the mass of the
mixture;
Air voids content: The ratio of the volume of air voids to the vol-
ume of the mixture;
Binder content: The ratio of the mass of the binder and the
aggregate;
Thickness: Thickness of the road surface or the sample.

2.2.2. Slabs of thin layer surfacing
Different thin layer surface mixtures were designed similar to

the reference surface Micro-Top, which is a noise reducing thin
layer surface developed by the Ballast Nedam contracting company
in the Netherlands. In this study, the semi-open type slab called
P02 is used with air void contents of 14–19% [19]. Table 2 gives
the design parameters for the slab. The binder used is Cariphalte
DA. The length and width of the slabs are 700 mm and 500 mm,
respectively. The overall thickness of the slab is 70 mm, with a
30 mm thin top layer and a 40 mm dense asphalt concrete bottom
layer. The mixtures and the samples were produced with the mix-
ing and compaction unit available in the laboratory of Ballast
Nedam.

2.2.3. Poro-Elastic Road Surfaces (PERS)
Poro-Elastic Road Surface (PERS) is a material designed and pre-

fabricated in Japan [20]. It has a porous structure composed of
granular rubber made from recycled tires as aggregate and poly-
urethane (PUR) resin as binder. The porosity of this type of surface
layer is approximately 40% (at least 20% by volume). The thickness
is 3–4 cm. PERS can either be produced on site or prefabricated as
carpet, and it is glued with epoxy resin on the underlying sub-
layer.

The PERS slab used in this research was provided by the Center
for Transport and Navigation in the Netherlands (DVS). The dimen-
sion of the slab is 1 m � 1 m � 30 mm. The PERS slab was only
involved in this research to investigate the influence of the dis-
tance between the P–U probe and the sample surface and not in
other measurements.
3. Effects of the distance of the probe to the measured surface

The distance between the probe and the sample surface is one
of the most important factors affecting the results of the measure-
ment. The influence of the distance is related with dimension of the
sample [21,22]. In general, test errors become smaller when
Table 1
Mixture compositions of porous asphalt in Kloosterzande test sections.

Trial section no. Max. aggregate size, mm Coarse aggregate content, % by mass

6 11 85
7 16 85
8 8 86
9 8 86

31 11 92.8
increasing sample size [23]. Therefore, the distance is considered
as small as possible when the mirror source model is used. In order
to unify the measurement distance in the tests for road surface
sample, the influence of the distance was investigated.

In the laboratory, the test was performed on the 1 m � 1 m
PERS slab. The measurements were taken at a distance of 5 mm,
15 mm, 20 mm, 30 mm, 50 mm, and 150 mm. As a distance smaller
than 5 mm is difficult to achieve, the smallest distance was set to
5 mm. A tripod was used to fix and stabilize the device during
the test. The test position was above the center of the slab. The
obtained sound absorption curves are plotted in Fig. 2. It can be
seen that the results for a 50 mm distance from the slab or smaller
are similar except for some deviations at low and high frequencies.
For higher measurement distances the absorption curves show lar-
ger fluctuations. As the size of road surface samples in laboratory
test are generally smaller than 1 m � 1 m, the recommendation is
to keep the measurement distance as small as possible.

It specifies that the distance between the probe and sample sur-
face for measurement on laboratory samples should be no larger
than 50 mm. 5 mm is suggested to be used in the measurements
in this study. For in situ tests, the probe-surface distance is to be
set between 30 mm and 50 mm, due to the large testing area
[21] and the usage of the wind cap.
4. Measurements on core surfaces

4.1. Measurements on original cores

Sound absorption measurements were performed on the sur-
face of the sections as well as on the drilled cores, see Fig. 3. The
in situ test was done at three points around the coring position. A
wind cap was placed on the probe to reduce the influence of the
wind noise in the lower frequency range (see Fig. 3(a)). As sug-
gested in last section, the smallest distance in the field test was
set at 30 mm. The distance between the P–U probe and the test
surface was set at 5 mm for the test in the laboratory. A tripod
was used to fix the setup during the tests.

In this part, cores were kept in the state as they were collected
in the field as much as possible. So the cores kept their original
heights and no cleaning took place. The measured absorption coef-
ficients from the original cores were compared with those obtained
in situ. Examples of the test results that are representative for all
measured cores are given in Fig. 4. Data acquired in the measure-
ments were smoothed by the moving average linear method and
the absorption coefficients are presented in one-twelfth octave
bands.

The in situ test results show one clear peak on each absorption
curve. The positions of the peaks differ due to different thickness
and tortuosity of the porous asphalt surfaces [24,25]. For the origi-
nal cores, the coefficients in the low frequency range (generally
below 400 Hz) are rather high. The frequency and level of the sec-
ond peaks are sometimes inconsistent with the in situ tests. There-
fore, it can be concluded that using the surface impedance setup
directly on cores is not advisable. Special precautions should be
taken as will be explained further on.
Air voids content, % by volume Binder content, % by mass Thickness, mm

>20 4.4 50
>20 4.4 50
>20 6.0 50
>20 6.0 25
>20 5.0 45



Table 2
Mixture compositions of the semi-open thin layer surfacing.

Coarse aggregate content, % by mass Max. aggregate size, mm Air voids content, % by volume Binder content, % by mass Thickness of the surface layer, mm

78 6 18 6.5 30
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Fig. 2. Absorption measurements on a PERS slab at several probe–surface distances.
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Fig. 5 is a schematic diagram showing the sound wave propaga-
tion in a road surface and a core. The ground floor and the layer
below the porous layer are considered rigid. Probably, the discrep-
ancies between the results of the absorption measurements on
road surfaces and cores is mainly caused by: (1) the partial spread-
ing of sound waves into the space around the core, which is
recorded by the device as absorbed sound; (2) sound leakages
through voids between the surface and sides of the core. Moreover,
the diffraction might be a source of error in this absorption test.
Part of the energy diffracts on the borders and returns to the sen-
sor, while part of the energy spreads out from the sensor. Both dif-
fraction effects work on the calculation of the absorption
coefficient.

For better understanding the factors influencing acoustic mea-
surements on cores, experiments were performed on cores pre-
pared in the following two ways.
(a) Measurement on field surface

Fig. 3. Sound absorption measurement
(1) Wrapped cores: The core was firstly fully wrapped in a plastic
film at the sides and sealed with scotch tape to prevent
sound leakage from exposed voids. Notably, the smearing
in the drilling process could close the pores in the side walls,
although the influence is small for porous asphalt samples
with many air voids.

(2) Cut cores: The surface layer including 10 mm of the underly-
ing base course was cut from the core in order to reduce the
height of the core without damaging the porous layer. The
influence of height was investigated by comparing the
results obtained on the cut cores with those obtained on ori-
ginal cores with the full height.

Absorption results obtained on the wrapped and cut cores are
shown in Fig. 6. As the tendency observed for all the core samples
is similar, only the result of one representative measurement is
given for both sample types. Fig. 6(a) shows that the frequency
and level of the peaks hardly changes when the core is wrapped.
Only small changes occur in the medium frequency range. So the
interconnected pores between the core surface and the side affect
the sound absorption measurement little.

Fig. 6(b) shows low absorption coefficient values at low fre-
quencies for the cut core, similar to the in situ test. However, the
absorption with the cut core is overestimated between 800 and
1000 Hz. As mentioned above, those high values might be caused
by (diffracted) sound waves that do not return to the sensor. When
the height decreases the partial spreading of sound waves or the
diffracted away energy shifts to higher frequencies.
4.2. Improvement of the measurement method

Based on the analysis presented above, it is concluded that the
height and the surface size of a sample strongly influence the
sound absorption test results with the surface impedance setup.
Consideration should be given to these two factors for improving
the laboratory test with the P–U in situ technology:
(b) Measurement on the core

in the field and on original cores.
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(a) Surface 6-1: 50 mm PAC 0/11 (b) Surface 7-1: 50 mm PAC 0/16
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Fig. 4. Absorption measurement results on field surface and original cores.

RRoad surface Core

Fig. 5. Sound impedance test on a road surface and a core.
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Core height: From comparison between the tests on cut cores
and original cores, as given in Fig. 6(b), it suggests that the height
should be as small as possible. In other words, there should be little
difference in vertical direction between the testing surface and the
ground surface. This measure helps to reduce the spreading of
sound wave and diffraction.

Surface area: According to a former study, the P–U probe works
well on a surface with a radius larger than 150 mm [5]. Therefore,
the size of a road surface sample should be at least
300 mm � 300 mm for a slab and cores should have a diameter lar-
ger than 300 mm. However, the diameter of a core commonly used
in a road engineering test is 100 mm or 150 mm. Cores with a
diameter of 300 mm are difficult to obtain from the field. Conse-
quently, slabs with a surface size larger than 300 mm � 300 mm
are preferred for laboratory tests, which can conveniently be pro-
duced in most road research laboratories.

For a core of which the surface size is fixed by the mold, an
effective way to improve the measurement is to enlarge the testing
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Fig. 6. Sound absorption results obtained on a wrapped and cut core.
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surface area and diminishing the influence of the height of the core.
For this purpose, a test platform was designed consisting of a woo-
den table with a hole in the center and a steel circular insert with a
flange. The platform and the position of the core during the test are
shown in Fig. 7.

Before installation, the sidewall of the core is wrapped with
tape to seal the cavities at the sides of the core. The wrapped cores
are placed in the insert, which is then mounted into the hole in the
table. This type of mounting can be considered as a simulation of a
Kundt’s tube. Similar measures were also taken in the tests in pre-
vious research [26]. The gap between the sample and the tube side-
wall is filled by wrapping the core with plastic film and duct tape
to prevent sound leakages. During a measurement, the surface of
the core and the table are kept horizontal. The bottom layer of
the sample needs to be dense.

Several cores were measured with the platform set-up. Results
from some samples are shown in Fig. 8. In order to study the
Fig. 7. Platform supporting the absorpt
influence of the surface of the platform a thick steel plate of which
the sound absorption coefficient is regarded as zero was also
placed in the tube for testing. The result is also given in Fig. 8. In
this case, the sound absorption measured can be considered mainly
attributed to the wooden surface of the platform, as the steel part
is considered fully reflective. However, it should be known that
uncertainties can be caused also by the measurement errors. In
the work of Brandao [23] and Müller-Trapet [27], difficulties for
measuring materials with low absorption has been discussed.

The analyses described hereafter are performed by reviewing all
test results; they are not limited to the charts shown here. For
cores 7–1, 9–1, and 31–1, see Fig. 8(b)–(d), the height and fre-
quency of the absorption peaks with the cores in the platform
are in good agreement with most in situ tests. However, there are
also differences for some surfaces. For example, in Fig. 8(a), the
maximum absorption coefficient occurs at a lower frequency com-
pared to the in situ measurement for surface 6–1. Theoretically, the
ion measurement on core surfaces.
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Fig. 8. Absorption measurement results when using the platform.
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position of the maximum absorption coefficient is related to the
thickness of the absorber and the tortuosity of the porous structure
[24]. As there is no change of the thickness or the structure of the
porous surface this peak ‘‘shift’’ is probably caused by the usage of
the platform.

There is a small absorption peak around 360 Hz for the tests
with the platform, which can be seen best in Fig. 8(c) and (d). By
comparing with Fig. 8(e), a similar value of 0.2 is also observed
at the same frequency. As the steel core does not absorb sound,
the peaks are probably caused by the wooden surface surrounding
the core. According to existing studies on influence of the sample
size, it considers that the oscillatory behavior of the absorption
coefficient can be caused by the diffraction of the waves on the
edge of the platform [21].

4.3. Comparison with impedance tube test

To verify the test method with the platform, further investiga-
tions were made by comparing the results obtained with the sur-
face impedance setup using the platform to those obtained with
the standard impedance tube method. Several cores were mea-
sured in the acoustical laboratory at Hogeschool Windesheim in



Fig. 10. Measurement positions on the slab surface.
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the Netherlands. The samples used were cores with a diameter of
100 mm. Those cores were drilled from 150 mm diameter cores
used in the platform test. Thin layer surfacing slabs were also
tested. After absorption measurements on the slab, cores with a
diameter of 150 mm were drilled from the slab samples and used
in the sound absorption test with the platform. 100 mm diameter
cores were then drilled from the 150 mm cores for the impedance
tube measurements.

In impedance tube tests, the sample is mounted at the rigid end
of the tube. The incident plane sound wave signals are generated
by a loudspeaker at the other end of the tube. The maximum and
minimum sound pressure amplitudes at different frequencies are
recorded, and the sound absorption coefficients are calculated
from those pressure amplitudes. According to the diameter of the
tube, the sound absorption can be measured up to a frequency of
1250 Hz. The absorption coefficients from the field test, the test
with the platform, and the impedance tube test are compared in
Fig. 9 where the results are shown in the one-third octave bands.

From existing studies on elastic porous material [28] and foams
[26], it is known that sound absorption properties may change
when samples are cut and mounted in a tube. As shown in Fig. 9,
the investigation performed in this research also shows that the
sound absorption determined with the P–U probe on cores placed
in the platform sometimes differs from the response determined
with tests on a large surface (i.e. the surface of a real pavement),
or the response determined with the impedance tube. The test
results are affected by the size of the sample and the way it is
mounted. It can be stated that results obtained on cores, with the
(a) Surface 6-1: 50 mm PAC 0/11

(c) Surface 31-1: 45 mm PAC 8/11
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Fig. 9. Sound absorption as determin
surface impedance setup or the impedance tube, reflect the sound
absorption behavior of the cores, but not always the sound absorp-
tion behavior of the real road surface in the field made of the same
material.

From all the test results and the analysis described above, it is
suggested that the usage of cores should be avoided in a laboratory
measurement to predict the sound absorption of the road surface.
Larger slabs should be used instead. Only when slabs cannot be
ace 7-1: 50 mm PAC 0/16(b) Surf

(d) Slab P02
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(a) on a wooden pallet (b) on the concrete lab floor

Fig. 11. Sound absorption measurement on slabs.
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produced, measurements with the surface impedance setup and
platform might be considered. For the pavement in service, the
tests are preferred to be carried out directly on the road surface
itself.

5. Measurement on slab surfaces

Experiments were carried out on slabs to explore which condi-
tions are appropriate for using the surface impedance setup. The
slabs used in this research are 700 mm � 500 mm in size, which
is sufficient for the test. Absorption measurements were taken at
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Fig. 12. Sound absorption curves measured
77 points on each slab. The test positions and the numbering of
the positions are illustrated in Fig. 10. The spacing between two
neighboring points in either the longitudinal or transverse direc-
tion is 50 mm. The closest distance from a point to the edge of
the slab is 100 mm. The influence of the test positions, in particular
the distance to the edge of the slab, was investigated by placing the
slabs in different surroundings. As shown in Fig. 11, tests were car-
ried out by placing the slab on a wooden pallet and on the concrete
floor of the laboratory, respectively.

Examples of the test results are displayed in Fig. 12. The sound
absorption curves in Fig. 12 are from the measurements on slab
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P02 of which the air voids content is 18%. Results from nine posi-
tions are displayed. For the figures in the first row, it can be seen
that there is a large peak between 630 Hz and 800 Hz from the test
on the pallet. However, this peak is absent when the slab is placed
on the ground. The agreement between results improve when the
distance to the edge is increased, indicating that the test position
influences the measurements. Close to the edge, the results tend
to be influenced by the surroundings outside the slab.

By comparing the results from different slabs, it was decided
that only the results obtained on 15 points near the center could
be considered representative for calculating the absorption coeffi-
cient of the slab. In other words, the distance from the testing point
to the edge of the slab is suggested to be no smaller than 200 mm;
the impact from the surrounding area can be neglected in this way.
The area is illustrated by a rectangle with dashed line in Fig. 10.

6. Conclusions

The surface impedance setup based on P–U technology was
used for the sound absorption measurements on road surface sam-
ples. Tests were carried out both on the trial sections in Kloosterz-
ande and different types of samples in the laboratory, including
PERS, thin layer surfacing slabs, cores drilled from the trial sec-
tions, and cores drilled from the thin layer surface slabs. Based
on the results obtained, the following conclusions are drawn for
using the device for sound absorption measurements of road
surfaces.

(1) The sample size should be as large as possible to avoid influ-
ences of the surroundings outside the slab. In situ field tests
are always preferred, although measurements on large sam-
ples in the laboratory (1 m � 1 m PERS slab,
700 mm � 500 mm slab samples) provide reliable results
as well. Errors are found when the distance between the test
point and the edge was smaller than 50 mm. It suggests that
the slab size should be larger than 40 cm � 40 cm when
measuring in the center of the sample. For samples with size
larger than 40 cm � 40 cm, the distance from the testing
point to the edge of the slab is suggested to be no smaller
than 200 mm.

(2) From current test results and previous studies, it can be con-
cluded that the probe should be kept as close as possible to
the test surface, especially when the surface area is small.
Tests are less accurate when the distance is larger than
50 mm. A distance of 5 mm is suggested for laboratory tests.
A tripod has to be used for stable positioning of the probe.
The influence of the irregularity of the surface on the
probe-surface distance is necessary to be investigated in
future research.

(3) Measurement on cores should be avoided. Only when slabs
cannot be produced, tests might be done with the platform
presented.
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