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Introduction

Road surface texture determines factors such as noise emission from the tyre/pavement interface, friction
between the tyre and road, rolling resistance and tyre wear. Valid methods for measuring surface texture

are therefore highly desirable.

The so-called ‘sand patch’ method, or the more general 'volumetric patch' methed’(see¢ clause 3,
Definitions) has been used worldwide for many years to give a single and very simple measurement

describing surface texture. It relies on a given volume of sand or glass spheres which is spr

doutona

surface. The material is distributed to form a circular patch, the diameter of which'is‘'measured| By dividing
the volume of material spread out by the area covered, a value is obtained which represents the average

depth of the sand or glass sphere layer, i.e. a 'mean texture depth'. The method has been sta
ISO 10844 in order to put limits as to surface texture for a reference surface used for vehicle n

The volumetric patch method is very crude; it is operator-dependent and can be used only
which are partly or fully closed to traffic. Therefore, it is not pragtical for use in network surve

dardized in
bise testing.

bn surfaces
ys of roads,

for example. Along with developments in contactless surface profiling techniques, it has become possible

to replace the volumetric patch measurements with thos€ derived from profile recordings
several very different techniques have been used to calculate 'predicted mean texture depth
them quite successfully. The values they give are not-always comparable, although indiv
generally offer good correlation coefficients with texture depth measured with the volum
method.

It is therefore important to have a standardized method for measuring the texture depth
modern, safe and economical technique than the traditional volumetric patch method, resultir]
which are directly compatible both with the:patch-measured values and between different equig

. However,
s', many of
dually they
etric patch

by a more
g in values
ment.
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Characterization of pavement texture by use of surface
profiles —

Part 1:
Determination of Mean Profile Depth

Scope

This part of ISO 13473 describes a test method to determine the average depth of pavement’surface
macrotexture (see clause 3, Definitions) by measuring the profile curve of a surface and calculating| the
texture|depth from this profile. The technique is designed to provide an average depth,valte of only| the
pavement macrotexture and is considered insensitive to pavement microtexture. and unevenress
characieristics.

The objective of this part of ISO 13473 is to make available an internationally accepted procedurd for
determjnation of pavement surface texture depth which is an alternative to the traditionally used volumetric
patch technique (generally using sand or glass spheres), giving comparable texture values.

13473 series has been prepared as a result of a need identified when specifying a test surface
for vehicle noise measurement (ISO 10844). Macrotexture depth\.measurements according to [this
International Standard are not generally adequate for specifying test conditions of vehicle or traffic npise
measufements, but have limited applications as a supplement in.conjunction with other ways of specifying
a surfaging.

t method is suitable for determining the Mean Rrofile Depth of a pavement surface. This Mean
Profile Depth can be transformed to a quantity which estimates the macrotexture depth according to|the
volumetric patch method. It is applicable to field tests-as well as laboratory tests on pavement samgles.
When Qbised in conjunction with other physical tests, the macrotexture depth values derived from this [test
method are applicable to estimation of pavement skid resistance characteristics (see e.g. reference [1]),
estimafion of noise chacteristics (see e.g.(ISO 10844), and assessment of the suitability of pajing
materigls or pavement finishing techniques.

The method, together with other measurements (where applicable) such as porosity or microtexture [can
be usefl to assess the quality of pavements.

Pavement aggregate particle shape, size, and distribution are surface texture features not addressed in
this prqcedure. The method is-not meant to provide a complete assessment of pavement surface texture
characteristics. In particular, care should be exercised in interpreting the result if the method is appli
porous|surfaces or to grooved surfaces (see annex B).

NOTE | - Other International Standards dealing with surface profiling methods include for example 1SO 168,
ISO 1878, I1SO 1879, 1SO 1880, ISO 3274, ISO 4287 and ISO 4288 (see annex F). Although it is not clearly stated in
these, fhey arezmainly used for measuring surface finish (microtexture) of metal surfaces and do not apply to

pavemgnts,.¢This part of ISO 13473 is adapted for pavement texture measurement and is not intended for dther
applications.

2 Normative reference

The following standard contains provisions which, through reference in this text, constitute provisions of
this part of ISO 13473. At the time of publication, the edition indicated was valid. All standards are subject
to revision, and parties to agreements based on this part of ISO 13473 are encouraged to investigate the
possibility of applying the most recent edition of the standard indicated below. Members of IEC and ISO
maintain registers of currently valid International Standards.

ISO 10844:1994, Acoustics — Specification of test tracks for the purpose of measuring noise emitted by
road vehicles
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3 Definitions

For the purposes of this part of ISO 13473, the following definitions apply.

3.1

pavement texture: The deviation of a pavement surface from a true planar surface, within the

wavelength ranges defined in 3.4.

3.2

profile: A two-dimensional representation of a surface. The profile of a surface is generated if a

sensor, like a tip of a needle or a laser spot, continuously touches or shines on the pavement surface
while it is moved along the surface. See figure A.1 in annex A.

The profile

NOTE2-T
electrotechn

'spatial freqg

of a surface is described by two coordinates: one along the surface plane called distance, and
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ne term wavelength has historically been used mostly in acoustics (with regard to sound waves) or in
cs (with regard to electrical signals or electro-magnetic waves). Since people may not be accustomed to

e profiles, the term ‘texture wavelength' is introduced here. The inverse of texture wavelength is called

or cycles/m), which is when multinlied by the factor 2n

using the tefm wavelength in pavement applications, and also since electrical signals often are used in the analyses
of road surf{h
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See figure
NOTE 3 - P

texture whicl
are normally

Raa[ges of texture

. A Yot ]
jency’ (unit: m cycles/m), which is when multiplied_ by the factor 2r, called ‘'texture angular

(unit: rad/m).

rotexture: The deviation of a pavement surface from a true planar surface with the
ic dimensions along the surface of 0,5;mm to 50 mm (corresponding to texture wavelengths
ctave bands including the range 0,5 mm'to 50 mm of centre wavelengths).

A.2 in annex A for an illustration of the different texture ranges.

pak-to-peak amplitudes may-normally vary in the range 0,1 mm to 20 mm. This type of texture is the
h has wavelengths in the same order of size as tyre tread elements in the tyre/road interface. Surfaces
designed with a certain_macrotexture in order to obtain a suitable water drainage in the tyre/road

interface. The macrotexture is obtained by suitable proportioning of the aggregate and mortar of the surface or by

certain surfa

342 mi
characteris
with third-o|
NOTE 4 - H
texture whicl

is obtained by the surface propertles (sharpness and harshness) of the mdrvrdual chlpplngs or other partrcles ol the

e finishing techniques.

rotexture: . <The deviation of a pavement surface from a true planar surface with the
ic dimensions along the surface of less than 0,5 mm (corresponding to texture wavelengths
tave bands with up to 0,4 mm of centre wavelengths).

eak-to- peak amplrtudes normally vary in the range 0, 001 mm to 0,5 mm. Thns type of texture is the

surfacing which come in direct contact with the tyres.

3.4.3 megatexture:

The deviation of a pavement surface from a true planar surface with the

characteristic dimensions along the surface of 50 mm to 500 mm (corresponding to texture wavelengths
with third-octave bands including the range 63 mm to 500 mm of centre wavelengths).

NOTE 5 - Peak-to-peak amplitudes normally vary in the range 0,1 mm to 50 mm. This type of texture is the texture
which has wavelengths in the same order of size as a tyre/froad interface and is often created by potholes or
‘waviness'. It is usually an unwanted characteristic resulting from defects in the surface. Pavement characteristics at
longer wavelengths than 0,5 m are considered to be above that of texture and are referred to as unevenness.

©1S0
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3.4.4 unevenness:

1:1997(E)

The deviation of a pavement surface from a true planar surface with the

characteristic dimensions along the surface of 0,5 m to 50 m (corresponding to wavelengths with one-

third-octave bands including the range 0,63 m to 50 m of centre wavelengths).

NOTE 6 - Unevenness is a type of surface roughness which, through vibrations, affects ride comfort
holding of vehicles.

3.5 Texture depth measurements

3.5.1

in and road

Texture Depth, TD: In the three-dimensional case, the distance between the surface and a plane

through the top of the three highest particles within a surface area in the same order of a size as that of a

tyre/pavement interface. See figure A.3 in annex A.

9.2
method.

pbtained in this case is not based on exactly a 'plane’, but rather an approximation whichiis.a somewha
hard-to-define surface.

3.5.3 Profile Depth, PD: In the two-dimensional case, i.e. when studying a profile, the
See figure A.4 in annex A.

baseline). See figure A.4 in annex A.

3.5.5 Estimated Texture Depth, ETD: Term used when the Mean Profile Depth (MPD)
estimate the Mean Texture Depth (MTD) by means. of a transformation equation.

3.6 texture spectrum:  Spectrum obtained when a profile curve has been analyseq
Mmathematical Fourier techniques or corresponding filtering processes in order to determine the
pf its spectral components (wavelengths or(spatial frequencies).

B.7
Spheres, in a patch. The material is distributed with a rubber pad to form an approximately cirg
he average diameter of which,is.measured. By dividing the volume of material by the area
value is obtained which repreSents the average depth of the layer, i.e. a 'mean texture depth'.

ise of glass spheres:

some cases with\putty or grease. However, such materials have certain disadvantages, and for i
btandardization“only glass spheres have been recommended. The ETD measure is based on glass sp
batch material.

3.8 profilometer method: Method in which the profile of a pavement surface is of
subsequent analysis. 'Th.e d

4 Test surfaces

41 Condition of the surface

Mean Texture Depth, MTD: The texture depth obtained in the case of the volunjetric patch

NOTE 7 - In the application of the 'volumetric patch method' (see below) the 'plane’ is in practice ‘deterrpined by the
contact between a rubber pad and the surface when the pad is rubbed over the area. Therefore, the texture depth

curved and

difference,

within a certain longitudinal/lateral distance in the same order of length as that of a tyre/pavement
nterface, between the profile and a horizontal line through the top of the-highest particle within fthis profile.

3.5.4 Mean Profile Depth, MPD: The average value of the profile depth over a certaln distance

is used to

by either
amplitude

volumetric patch method:. Method relying on the spreading of a material, usually sand or glass

ular patch,
covered, a

he volumetric patch method is described in annex A of ISO 10844:1994. This method is baked on the

ternational
eres as the

NOTE 8 - The volumetric patch method is used not only with sand or glass spheres as the patch mar}.'erial, but in

ptained for

Measurements shall not be made during rain or snow fall. Unless it has been proven that the equipment
works properly also on wet or damp surfaces, the surface shall be dry during the measurements. It shall

also be clean and free of any foreign objects.
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NOTE 9 - Optical-based measuring systems may not perform properly on newly laid asphalt surfaces which are
glossy and dark. If the test is performed during the paving process, distortions due to temperature gradients in the air
above the tested surface may produce faulty data.

NOTE 10 - For roads which have been in service, the texture will vary across the pavement. In this case the
transverse location of the measurement will normally be determined by the intended use of the data.

4.2 Amount of data to be collected per field test section

Ideally, it is recommended that measurements and calculations be made along the entire test section; i.e.
if a profile is recorded longitudinally along the test section, 100 % of the measured line should be utilized,
if possible.

Although a
be as follo

10

However, f
regardless

When characterizing a long test section with relatively short sample lengths, it is important to ensure that

the texture
use sound

homogeneq

For surfac

least 10 petiods of the texture, in addition to the requirements above.

NOTE 11 - [If the profile curve is used also for spectrum analysis, the-minimum tested lengths stated above are
inadequate.

4.3 Anr]ount of data to be collected on laboratory samples

Laboratory [samples are generally either circular cores)or rectangular slabs. They may be directly taken
from a road or airfield, produced in a laboratory or.replicates based on mouldings from an actual road or
airfield site.

When meaguring laboratory samples, care should be taken that edge effects of the samples do not affect

Ivenly distributed profiles per 100 m test section, each profile being at least 100 mm long.

r a uniform test section, it will be sufficient to have a total of 16 evenly distributed profiles,
bf test section length.

s sufficiently homogeneous to provide a representative measure. It is necessary for the user to
udgement to determine the minimum number of samples necessary't0 characterize a non-
us pavement.

with periodic textures, e.g. grooved or tyned surfaces, the total profile length shall include at

the measu

ment.

In order fqr the measurements to ‘give values reasonably representative of an actual field site, the
following redquirements shall be met.

The measurements-shall include at least 10 profiles (in total), evenly distributed on laboratory
samples (see below); each profile measured over at least 100 mm length and not being part of
anhother profile:

res, slabs or mouldings shall be taken from at least four different places, evenly distributed
Igngitudinally along the site. See also Note 11.

It is recommended that cores have a diameter of 150 mm or more, although 100 mm (approximate
diameter) cores are acceptable. On each core, a measurement allowing calculations over the required
baseline length shall be conducted. On cores which have a diameter of 150 mm or more, it is
recommended to make up to four different measurements in different directions over the core. If the core
diameter does not allow measurements to follow a straight line of the required length across the core, it is
recommended to rotate the core underneath the sensor (or vice versa) and make the measurement along

a circle around the core centre. Such circles should have at least 32 mm diameter (to obtain 100 mm per
revolution).

Rectangular samples often have dimensions which exceed typical core dimensions. On such samples one
should distribute individual profile measurements evenly.
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NOTE 12 - Measurements on laboratory samples may have many different purposes. This means that it is difficult to
specify general minimum requirements. The specification here assumes that the purpose is to obtain values which
are reasonably representative of pavements.

5 Measuring instruments

5.1 Instruments in general

A profilometer system shall be used which produces an electrical signal output which is proportional to the
distance between a sensor reference plane and the surface spot in question. The sensor could be, for
example, of a mechanical, acoustical or electro-optical type or a video camera. The final output shall be
linearly related to the texture profile and this may be obtained either in hardware or software, if necessary.
The profilometer system shall' also provide means of moving the sensor along or across theslirfface at an

elevation (vertically) which is essentially constant over at least one profile length. Thiscdo
when the profile is produced by another technique, for example light sectioning.

Vertical resolution shall be better than 0,05 mm and the measuring range should;be ‘at least
smoother surfaces a smaller range can be used). For a sensor mounted on a’moving vehic
range is usually required to allow also for vehicle motion.
5.2 Horizontal resolution
In the case of a contactless method, using a laser or other electro-ptical principle or a sensq

sound transmission, the spot of the radiation shall be such that its average diameter on the roa
no greater than 1 mm (half-power points).

In the case where a light-sectioning device is used, the jprojected light band or line shall bé
sharp to give a light/dark transition within 1 mm.

In the case where a contact method is used, e.g. utilizing a needle, the tip of the contacting p
such that the tip, in its widest direction, has a diameter of no more than 1 mm, up to 1 mm f
Contact forces on the surface shall not be sp‘high as to cause penetration or destruction of
texture. Such destruction is usually detectable'as a clearly visible trace where contact was mad

The sampling interval shall not be morethan 1 mm.

If the profile curve is used for speetrum analysis, sampling interval fluctuation shall not be g
+ 10 %. This would influence the requirement in 5.3 for maintaining constant measuring speed.

not apply
20 mm (on
e, a higher
r based on
d surface is

sufficiently

art shall be
rom the tip.
the surface
e.

reater than

5.3 Speed of measurement
The speed with whichythe profile is traced shall be such that the requirements on sampling and bandwidth
are met. This applies to stationary as well as mobile profilometers. However, it shall be obseryed that the

speed could influence the frequency scale for any spectral analysis. The relation is:

f=va1

(1

where f = frequency on the spectrum analyser scale (Hz)

AL o ﬁl raad P la)
vV ="pPIUliuITIicict opt©u (1ivvo)

A = texture wavelength (m).

In some devices the speed may influence background noise, since the latter may be higher at higher
frequencies. In addition, depending on how sampling takes place and whether there is lowpass filtering,
the speed may influence the lower wavelength limit. See the last paragraph of 5.2 regarding possible
effect of sampling variations.

54 Alignment of sensor

If a mechanical sensor is used, the angle of the needle shall be no more than 30° to the surface normal.
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The angle between the optical or acoustical axis of the radiation toward the surface and the optical or
acoustical axis of the detector (reflected radiation) may be maximum 30°. See figure 1. Larger angles will
underestimate very deep textures. This paragraph applies also to light-sectioning devices.

For mechanical devices, o is not applicable and p shall be no more than 30°.

Surface normal

o s i it S S

Road surface

Figure 1 — Requirements regarding alignment.6f non-contact sensors

5.5 Bandwidth of sensor and recording system

The bandwidth of the entire data collection system_shall meet the requirements in 7.3 and 7.4, i.e. the
response shall be basically flat within 5 mm to 50.mm texture wavelength, and spectral components with
wavelengths greater than 100 mm and lower than 2,5 mm shall be significantly reduced.

NOTE 13 - [The bandwidth could be verified.to be within the appropriate range by using surfaces machined to
simulate textures with known profiles. For) mobile devices, such surfaces (discs or drums) could be rotated
underneath the sensing device, the latter, of which is then stationary.

NOTE 14 - The low texture wavelength’limit here does not correspond to the definition of macrotexture according to
3.4.1. This is by intention because.(1) to some extent this imitates the effect of the enveloping by rubber surfaces,
such as a tyre, (2) wavelengths-smaller than 5 mm do not play a major role in determination of MPD or ETD, (3)

many profilometers have poor/performance in that range, and (4) with a 5 mm limit profilometers will give more
uniform valups less dependent on for example erroneous transients.

5.6 Calibration

Calibration | shall be mgde by means of a specjal calibration surface, having a known profile. The

maximum ile shalt'be 0,05 mm.

The calibration procedure shall be designed so as to obtain a maximum standard uncertainty of the MPD
value of 5 % or 0,1 mm, whichever is lower.

See annex D regarding various calibration surfaces and other suggestions.

NOTE 15 - One suitable profile is a surface machined to obtain a triangular profile with a peak-to-peak value of 5 mm
to 20 mm and a texture wavelength of 10 mm to 50 mm. This gives an indication of not only amplitude but also of
nonlinearity and the texture wavelength scale.
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5.7 Indication of invalid readings

Invalid readings may occur, due to the special photometric properties of the surface or shadowing of the
light in deep troughs of the profile. In addition, laser diodes will deteriorate with use which will eventually
result in excessive invalid readings. For this reason, it is recommended that there be a means of
monitoring the laser intensity at certain intervals.

If the signal from the profilometer can become significantly lower or higher than the true profile due to
readings being invalid, the equipment shall identify all such potentially invalid readings in a special "invalid"
signal output which can be used for correction of such readings.

The invalid signal shall meet the same minimum bandwidth and sampling requirements as the profile
signal (see 5.2 and 5.5).

5.8 Sensitivity to vibrations

baseline length and for all operating speeds, or that it has some means of compénsation| for vertical
movements. It means that vibrations, for example those occurring at the natural\suspension frequency of
the sensor and/or its carrier, shall have negligible influence.

It shall be ensured that the sensor is stable in its vertical position at least during the measureaxent of a full

6 Measuring and data processing principle
The measuring and data processing procedures shall be as follows:

6.1 Calibration and measurement of profile
Calibrate the measuring system (when appropriate) and measure the profile of the surface.

6.2 Handling of invalid readings
Readings of this profile which are invalid (drop-outs)-shall be eliminated or corrected for.

6.3 Highpass filtering
Unless slope suppression according to point'6.6 is used, highpass filtering shall be made. It| consists of
removing spatial frequency components which are below the passband specified in 5.5.

6.4 Lowpass filtering
Remove frequency components which are above the passband specified in 5.5. This can be made either
by analog filtering, averaging of adjacent samples or can be automatically met by the performance of the
sensor.

6.5 Baseline limijting
Pick out a part of the profile which has a baseline meeting the requirements of 7.5.

6.6 Slopesuppression
The slope shall'be suppressed by calculation of the regression line and following subtraction|of this line.
An alternative is to apply appropriate high-pass filtering (see point 6.3).

6.7 Peak determination
The peak levels of the profile over the two halves of the baseline length are detected.

6.8  MPD determination
The Mean Profile Depth (MPD) is calculated as the average of the two peaks according to 6.7 minus the
profile average, the latter of which is normally zero as a result of highpass filtering or slope suppression.

6.9 ETD calculation
The MPD value is transformed to an Estimated Texture Depth (ETD) by applying a transformation
equation.

6.10 Averaging of MPD and ETD values
Individual values measured on a site or a number of laboratory samples are averaged. This includes
calculation of the standard deviation.

The following clause describes these steps one by one. See also figure E.1 in annex E.
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7 Measuring and data processing procedure in detail

71 Calibration and measurement of profile

Calibration of the equipment shall be made in accordance with the manufacturer's recommendations
using a known profile according to 5.6. However, calibration must not be less frequent than at the
beginning and end of each measuring day.

The profile of the test surface shall be measured using equipment in accordance with clause 5 and
meeting the requirements on sample length in clause 4.

7.2 Handling of invalid readings

Readings of the profile which are invalid, for example as a result of surface photometric properties or
shadowing pf light in deep surface troughs, shall not influence the final result significantly. For thisreason,
such readir(gs, if their value is higher or lower than the range of the profile surrounding this Joecation, shall
not be part|of the profile. Instead, the invalid part of the profile shall be either interpolated.between the
nearest previous and following valid values, or given any other value which is within the Tnormal surface
profile.

The maximum proportion of invalid readings in a profile shall not exceed 20 %. If.it\exceeds 10 %, caution
should be used in interpretation of data. The proportion of invalid readings shall be reported.

7.3 Highpass filtering

Unless sloge suppression according to 7.6 is used, highpass filtering.0f 'the profile curve shall be made no
later than T this stage. It may be made either by digital flltenng or an electronic filter. The process shall
remove spatial frequency components which are below 10 m’' (cycles/m), corresponding to a texture
wavelength| of 100 mm, but not affect spatial frequencies above 20 m™ , corresponding to a wavelength of
50 mm (at least -3 dB at 100 mm and at most —1 dB at 50 mm with a slope of at least —12 dB/octave).

It is importgnt to observe that if highpass filtering is applied, the measured profile must be sufficiently long
to yield a ugeful filtered profile length corresponding.with the minimum requirements of 4.2. The beginning
and end of|the filtered profile shall be discarded:in’order to remove the effect of transients in the filtering
process.

NOTE 16 - Hor spectrum analysis, highpass.filtering may not be desirable at all.

74 Lowpass filtering

In order to reduce the possible influence of noise and transients and to have a relatively uniform influence
of narrow grofile peaks, the-profile shall be filtered in order to remove high-frequency components. The
process shall remove spatial frequency components which are above 400 m™ (cycles/m) corresponding
to a textur¢ wavelength-of 2,5 mm, but not affect spatial frequencies below 200 m™, corresponding to a
wavelength of 5 mm_(at least -3dB at 2,5 mm and at most -1 dB at 5 mm W|th a slope of at least
-6 dB/octaye). The filtering may be achieved with digital filtering, including for example averaging of
adjacent samples, or with an electronic filter. All or part of the filtering effect may also be achieved by the
finite size of the sensoring spot, line or tip. See further Note 17.

NOTE 17 - For spectrum analysis, lowpass filtering may not be desirable at all. Refer also to Note 16.

7.5 Baseline limiting

Each individual profile on which the following calculations are made shall have a baseline which is
100 mm + 10 mm long). The term baseline is illustrated in figure A.4 in annex A.
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7.6 Slope suppression

Unless high-pass filtering has been utilized (see 7.3), the slope of the profile curve with a baseline
according to 7.5 shall be suppressed by calculating the regression line through all profile values and
subtracting this line from the profile.

7.7 Peak determination

The peak level of the profile over each half of the baseline shall be identified. This requires that the
baseline of 100 mm be divided into two equal parts and that the highest peak in each part be determined.
The two peak levels shall be arithmetically averaged.

he profile with the highest altitude.

considered above are those asperities of t
7.8 Determination of MPD

The Mean Profile Depth (MPD) for each individual profile is determined as the arithimetically ayeraged two
peak levels minus the average (profile) level.

NOTE 19 - The average level is zero as a result of the highpass filtering or slope suppression required gbove.
7.9 Calculation of ETD (optional)

The MPD value may be transformed to an Estimated Texturé Depth (ETD) by applying the following
transformation equation:

ETD=0,2mm + 0,8 - MPD 2
where ETD and MPD are expressed in millimetres.

NOTE 20 - The use of this transformation equation,-which has been derived in reference [1] (see anrjex F) should
give ETD values which are as close as possible t6’"MTD values measured with the volumetric patch method. The
error in the transformation equation is estimated to be much less than the variation due to different operators and
equipment of the volumetric patch method.

7.10 Averaging of MPD and ETD.values

A number of MPD and (optionally) ETD values shall be measured and calculated t¢ meet the
requirements of 4.2 and 4.3-The finally reported values shall be:

e the arithmetic meanvalue for all relevant measurements (MPD and, optionally, ETD)
the corresponding)standard deviation

¢ the number of-individual values on which the mean is based, including the number of megsuring runs
and the number of profile records in each run.

8 Preferred use of the MPD and ETD values

Mean Profile Depth (MPD) is preferre_d for use in all future cases. The only advantage of the BTD value is

ined wi € profilometer method
with values obtained with the volumetric patch method. Transformation from MPD to ETD can always be

made afterwards using equation (2) in 7.9. The reporting of an ETD value is therefore only optional.

9 Safety considerations

The method given in this part of ISO 13473 may involve hazardous operations when measurements are
made on trafficked pavements. This standard does not purport to address the safety problems associated
with its use. It is the responsibility of the user of this standard to establish appropriate safety and health
practices and determine the applicability of regulatory limitations prior to use.
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Test report

The test report for each pavement test surface shall contain data on the following items:

e 6 o o o o o [ ]

10

date of measurement
location and identification of test surface

description of type of surface

description of surface contamination, which could not be avoided by cleaning, including possible
moisture

remarks about possible prominent surface conditions such as the existence of joints, excessive
cracking, potholes, etc.
track on ite |

identificdtion of the measurement equipment and its operating agency
measurgment speed

calculatipn length of the baseline of the algorithm

type of cplibration and when it was made

rate of invalid measurement/interpolated values (drop-outs)

number jof measurements (including number of runs over the tested surface and number of profile
records in each run)

Mean Tgxture Depth (MPD), in millimetres, for the pavement test surface as a whdle
standard deviation of the individual MPD values, in millimetres
, ETD values can be reported along with the MPD values

©1SO
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Annex A
(informative)

Texture ranges

A typical profile recording of a pavement surface is illustrated in figure A.1 (vertical scale exaggerated),
including the terms profile, distance, amplitude and wavelength. "Wavelength" in the figure is an
illustration of a component of the profile related to the wavelength concept but it is not correct from a
strictly mathematical point of view. Furthermore, it should be noted that the reference (bottom) line is

arbitrary.
Wavelength
(]
o
2
o
£
<
Distance
Figure A.1 — lllustration of some basic terms describing pavement surface characteristics

Based on physical relations between texture and friction/noise, etc., the World Road Associatjon (PIARC)
has defined the ranges of micro-, macro-and megatexture earlier; see reference [2] in anngx F. Figure
A.2 illustrates how these definitions_ cover certain ranges of surface texture wavelength |and spatial

frequency.

Figure A.3 attempts to illustrate the texture of a pavement in the three-dimensional case, egpecially the
term texture depth, which iis the distance between an arbitrary point of the plane down to the surface (at
right angle relative to the plane). The plane is supposed to go through the three highest peaks of the

surface.

11
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Mega-

|‘7 Unevenness —p}¢ texture p{<¢—— Macrotexture —ptd—— Microtexture
] |

| ! i
50 m 5m 05m 50 mm 5mm 0,5 mm Texture wavelength

0,02 0,2 2 20 200 2000 Spatial frequency [cycles/m]

NOTE - A lighter shade means a favourable effect of texture over this range, while a darker shade means an
unfavourable|effect.

Figurd A.2 — Ranges in terms of texture wavelength and spatial frequency of texture and
unevenness and their most significant, anticipated effects

Figure A.3 — lllustration of the terms surface and Texture Depth (TD)

Finally, figure A.4 illustrates the definitions of baseline, Profile Depth (PD), Mean Profile Depth (MPD) and
Estimated Texture Depth (ETD). The reference (bottom) line is arbitrary and just for illustration purposes
here. The average level is normally set at "zero" level as a result of the highpass filtering or slope
suppression procedures. The baseline is 100 mm long (see 7.5 and 7.7).

12
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Mean Profile Depth (MPD) =
Peak level (1st) + Peak Level (2nd)
2

- Average level

Profile Depth (PD)

__________________ Peak level (1st) ___ {

)
W\

I Mean Profile Depth (MPD)]

Peak Level (2nd)

Averag%evel

IO
(First half of baseline) (Second half of baseli%

Baseline

]

Estimated Texture Depth (ETD)
ETD=0,2+0,8MPD
(See 7.9)

Figure A.4 — lllustration of the terms baseline, Profile Depth (PD), Mean Profile Depth (

Estimated Texture Depth (ETD) (EDT and MPD’are expressed in millimetres)

MPD) and

13
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Annex B
(informative)

Problems experienced on special surfaces

B.1 Porous surfaces

On porous surfaces, in some cases the most essential property is the porosity, in some other cases it is
not important at all. Friction and some noise characteristics rely on high porosity, while rolling resistance,
tyre wear and some noise characteristics are not influenced by porosity, for example. Porosity is an effect
which is created just underneath the surface and can clearly not be measured with a profiling technique. In
the volumetfic patch method, some material may pour down into the pores, but due to viscosity and
particle size|characteristics, the "true” porosity can never be measured in this way.

Consequently, neither the volumetric patch, nor the profiling method can measure the élevant
characteristics covering all cases. Sometimes the patch method may give a more relevant result; while in
other casesthe profiling method may be preferred.

Experience has shown that the profiling method generally "underestimates" the texture dépth on porous
surfaces when compared to the values obtained with the volumetric patch method. This is true provided
the profilompter works "correctly" on porous surfaces, i.e. without unacceptably high drop-out proportions
and without|any erroneous transients, which is not the case for all devices. Oh.porous surfaces which
have beconje clogged, experience has indicated that the profiling method gives values which correlate
well with thel volumetric patch method.

Before any texture depth values for porous surfaces are used, it must be ascertained that the profilometer
works “correctly" on such surfaces. Secondly, even if it works "corréctly", it must be kept in mind that the
relevance of the measure for different purposes may be questionable.

B.2 Newly laid surfaces and humid/wet surfaces

Newly laid $urfaces, at least if bituminous, generally-have a glossy and extremely dark appearance.
Profilomete;ﬁ relying on optical beams usually have problems with such surfaces because too little light is
diffused in the direction towards the receiving-élement. Drop-out rates become high and there may be
transients a} extreme transitions to/from dark/bright surfaces. The same applies to surfaces which are
dark due to wetness or humidity.

B.3 Surfaces with directionalfinish (grooved concrete, etc.)

Texture mepsurement of longitudinally grooved pavements causes problems, since, in most cases,
mobile proffometers are unable to measure across such grooves other than at a very small angle.
Stationary pyofilometers_¢an be used appropriately if they are turned in the right direction. However, the
problems of |estimation-of MPD or ETD are no worse than for transversely grooved surfaces (see below)

Regarding tfansversely grooved surfaces, in theory, the profiling method may somewhat underestimate

the texture|depth in relation to that measured with the volumetric patch method because most
profilometers_have problems in repraducing the ven een_almo ertical-slopes-in-arooves- r-practiee;
there are data which seem to support this but other data which show no particular effect of the directional
grooves. It is concluded that if there is an effect at all, it is an underestimation for grooved surfaces and it
is just a minor effect which can be neglected in most cases.

For measurement on directional textures, it is recommended that the sensor, profiling along a longitudinal
line, should be directed in order that the optical plane is transverse to the direction of the grooves. For a
light sectioning device, the direction of the section should be longitudinal for transverse grooving and
transverse for longitudinal grooving.

14
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B.4 Smooth surfaces

On pavements with very smooth textures, a measuring procedure used in some countries as an
alternative or a supplement to the volumetric patch method is the "outflow method". A water container with
a rubber ring at the bottom is placed on the spot to be measured. At the initiation of the test a valve is
opened and the water flows out between the rubber ring and the surface. The time for the water to fall
between two levels (the "outflow time") is taken as a measure of the smoothness of the surface.

The outflow method is not generally useful in connection with the profilometer method since the latter has
no problem in measuring on smooth surfaces and thus needs no supplement.
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