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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft International Stand
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| Standard requires approval by at least 75 % of the member bodies casting'a.vote.
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b was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Noise.

consists of the following parts, under the general title Characterization of pavement texture by
rofiles:

Determination of Mean Profile Depth

Terminology and basic requirements related to6 pavement texture profile analysis
Specification and classification of profilometers

Spectral analysis of surface profiles [Technical Specification]
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Pavement surface texture largely influences factors such as noise emission caused by tyre/road interaction
(Reference [7]), tyre/pavement friction (Reference [8]), and comfort, as well as rolling resistance and wear of
tyres. Reliable methods of texture measurement are therefore essential.
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13473-1. A procedure for measuring macrotexture by the volumetric patch method. s d
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Characterization of pavement texture by use of surface

profiles —

Part 5:

Determination of megatexture

1 |Scope

Thig part of ISO 13473 specifies procedures for determining the average depth or level of pavenment surface
megatexture by measuring the profile curve of a surface and calculating-megatexture descriptofs from this
profile. The technique is designed to give meaningful and accurate measurements and descriptions of
pavement megatexture characteristics for various purposes.

Singe there is an overlap between megatexture and the surrounding ranges, the megatexture|descriptors
unajoidably have a certain correlation with corresponding measures in those ranges. This part of ISO 13473
spegifies measurements and procedures which are in relevant parts compatible with those in 1I§O 13473-1,
1SO[8608[" and EN 13036-561.

2 [Normative references

The| following referenced documents are (indispensable for the application of this document| For dated
references, only the edition cited appli€s: For undated references, the latest edition of the|referenced
docpment (including any amendments)) applies.

ISO[13473-2:2002, Characterizatioh® of pavement texture by use of surface profiles — Part 2: Terminology and
basijc requirements related to,pavement texture profile analysis

ISO[13473-3:2002, Charasterization of pavement texture by use of surface profiles — Part 3: Specification
and|classification of profilometers

ISOfTS 13473-4:2008, Characterization of pavement texture by use of surface profiles — Part|4: Spectral
analysis of surface profiles

ISOfIEC NP*Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of| uncertainty
in meastrement (GUM:1995)

IEC 61260, Electroacoustics — Octave-band and fractional-octave-band filters

3 Terms and definitions

For the purposes of this part of ISO 13473, the terms and definitions in ISO 13473-2, especially the following,
apply.

© 1SO 2009 — All rights reserved
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3.1

3.141

General terms

pavement texture

texture

deviation of a pavement surface from a true planar surface, with a texture wavelength less than 0,5 m

NOTE

[1SO 13473-

It is divided into micro-, macro- and megatexture according to 3.2.

2:2002]

3.1.2

surface profile
texture prdfile
two-dimensjonal sample of the pavement surface generated if a sensor, such as the tip of a needle/or a |
spot, continuously touches or shines on the pavement surface while it is moved along a line on,the’surface

pser

NOTE 1 he profile of the surface is described by two coordinates: one in the surface plane, called “distance”|(the
abscissa), apd the other in a direction normal to the surface plane, called “vertical displacement” (the ordinate). An
example is illustrated in Figure 1. The distance may be in the longitudinal or lateral (transverse)directions in relation t¢ the
travel directigpn on a pavement, or any direction between these.
NOTE 2  Adapted from ISO 13473-2:2002.
NOTE 3  Texture profile is similar to surface profile but limited to the texture rangé:
NOTE 4  ‘“[Texture wavelength” is a descriptor of the wavelength components.of the profile and is related to the corjcept
of the Fourigr transform of a time series. However, mathematically the cotréspondence is not exact. Note that veftical
displacement (height) has an arbitrary reference.
A 3
1 2
7%
% p / % %
p / /
)
4
Key
1 vertical qisplacement
2 profile
3 texture Wyavelength
4 distance
Figure 1 — lllustration of some basic terms describing pavement surface texture
313
profilometer

device used for measuring the profile of pavement surface

NOTE 1

on laser, light sectioning, needle tracer and ultrasonics technologies.

[1SO 13473-

NOTE 2

2:2002]

Specifications for profilometers are dealt with in ISO 13473-3.

Current designs of profilometers used in pavement engineering include, but are not limited to, sensors based

© 1SO 2009 - All rights reserved
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3.2 Ranges of texture

3.21

microtexture

pavement microtexture

deviation of a pavement surface from a true planar surface with the characteristic dimensions along the
surface of less than 0,5 mm, corresponding to texture wavelengths up to 0,5 mm expressed as one-third-
octave centre wavelengths

NOTE 1 Peak-to-peak amplitudes normally vary in the range 0,001 mm to 0,5 mm. This type of texture is the texture
which makes the surface feel more or less harsh but which is usually too small to be observed by the eye. It is produced
by the surface properties (sharpness and harshness) of the individual chippings or other particles of the _surface which
comg in direct contact with the tyres.

NOTE 2  Figure 2 illustrates the different texture ranges, with approximate limits regarding theirleffect$ on vehicle-
paveément interactions.

[ISQ 13473-2:2002]

Tyre/road friction
’ Exterior tyre/road noise

Noise in vehicles

Discomfort for-travellers

Mega-
l«—— Unevenness—== texture=t<+—— Macrotexture —={«—— Microtexture

50'm 5m 0,5m 50 mm 5mm 0,5mm A
0,02 0,2 2 20 200 2 000 fsp =1/4

Key|

A texture wavelength
fsp spatial frequency, cycles/m

NOTE A lighter shade indicates a favourable effect of texture over this range, and a darker shade indicates an
unfavourable effect.

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

© 1SO 2009 — All rights reserved 3
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3.2.2

macrotexture

pavement macrotexture

deviation of a pavement surface from a true planar surface with the characteristic dimensions along the
surface of 0,5 mm to 50 mm, corresponding to texture wavelengths with one-third-octave bands including the
range 0,63 mm to 50 mm of centre wavelengths

NOTE 1 Peak-to-peak amplitudes may normally vary in the range 0,1 mm to 20 mm. This type of texture is the texture
which has wavelengths of the same order of size as tyre tread elements in the tyre/road interface. Surfaces are normally
designed with a sufficient macrotexture 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 mix or by surface finishing techniques.

NOTE2 B
originally def
the original K
frequency. N
as wheelcha

NOTE3 A
3.23
megatextu
pavement
deviation o
surface of §
range 63 m

[ISO 13473

NOTE F
wavelengths
surface. It ig
wavelengths

ased on physical relations between texture and friction/noise, etc., the World Road Association (P1A
ned the ranges of micro-, macro- and megatexture (Reference [9]). Figure 2, which is a modified-versiq
IARC figure, illustrates how these definitions cover certain ranges of surface texture wavelengthyand sy
ote that ride discomfort includes effects experienced in and on motorized road vehicles and hieycles, as|
rs and other vehicles used by disabled people.

dapted from ISO 13473-2:2002.

re
megatexture

f a pavement surface from a true planar surface with the characteristic dimensions along
0 mm to 500 mm, corresponding to texture wavelengths with ©one-third-octave bands including
m to 500 mm of centre wavelengths

12:2002]
Peak-to-peak amplitudes normally vary in the range 0,1"mm to 50 mm. This type of texture is composed

usually an unwanted characteristic resulting froni<defects in the surface. Surface roughness with lo
than megatexture is referred to as unevenness and typically takes the form of undulations in the surface.

RC),
n of
atial
well

the
the

d of

with the same order of size as a typical tyre/road interface and is often created by potholes or ripples in the

nger

3.24

unevenness

pavement inevenness

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 rgnge
0,63 m to 5P m of centre wavelengths

NOTE 1 FPavement characteristics)at wavelengths longer than 0,5 m are considered to be above that of texture and are
referred to h¢re as “unevenness’.-For airfield applications, even wavelengths longer than 50 m would be considered.

[1ISO 13473}2:2002]

NOTE 2  longitudinalunevenness is a type of surface roughness which, through vibrations, affects ride comfort in|and
road holding|of, vehicles. Transverse unevenness, e.g. due to the presence of ruts, affects safety through lateral instapility
and water agcumulation. It is not the intention of this part of ISO 13473 to include terms which are specifically relat

unevenness.

Such terms are defined in ISO 86081, ISO 16063-1[3], ASTM E 950-98[4], and EN 13036-5[1.

Td to

3.3 Megatexture measurement method

3.31

profilometer method
method in which the profile of a pavement surface is measured and the data used for calculation of certain
mathematically defined measures

NOTE In most cases, the profile is recorded for subsequent analysis, in some cases it may be used only in real-time
calculations.

[ISO 13473-2:2002]

4 © 1SO 2009 - All rights reserved
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ISO 13473

Terms and parameters related to spectrum analysis of texture profiles

NOTE These terms and their applications are further described in ISO/TS 13473-4.

3.41

texture spectrum
spectrum obtained when a profile curve has been analysed by either digital or analog filtering techniques in
order to determine the magnitude of its spectral components at different texture wavelengths (see 3.4.2) or
spatial frequencies (see 3.4.3)

NOTE 1

-5:2009(E)

A texture spectrum presents the magnitude of each spectral component as a function of either texture

wavflengthor spattar frequency.

NOTE 2  Adapted from ISO 13473-2:2002.

3.4.
tex
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NOT

NOT
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NOT
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ure wavelength

htity describing the horizontal dimension of the irregularities of a texture profile
13473-2:2002]

E1 Texture wavelength is normally expressed in metres or millimetres.

E 2 Wavelength is a concept commonly used and accepted in electrotechnical and signal-processing
e many users of this part of 1ISO 13473 may not be accustofmed to using the term wavelength
cations, and because electrical signals are often used in the analyses of road surface profiles, there is f

cations.

E 3  The profile may be considered as a stationary, frandom function of the distance along the surface.
urier analysis, such a function may be mathematically represented as an infinite series of sinusoidal cg
us frequencies (and wavelengths), each having\a given amplitude and initial phase. For typical an

surfche profiles, a profile analysed by its Fourier(components contains a continuous distribution of wave

re wavelength in ISO 13473 (all parts) is the réciprocal of the spatial frequency, the unit of which is reci

vocabularies.
in pavement
he possibility

bnfusion. Hence the expression 'texture wavelength' is preferred here to make a clear distinction in relation to other

By means of
mponents of
d continuous
lengths. The
brocal metre,

parts of the

ds to “spatial

equivalent to cycles per metre. See also 3.4.3.

NOTE 4  The wavelengths may be represented physically as the various lengths of periodically repeated
profile; see Figure 1.

348

spatial frequency

Jsp

invgrse of texture wavelength (3.4.2)

NOTE 1 Spatial frequency is normally expressed in reciprocal metres, see also 3.4.2, Note 3.

NOTE 2 JTheerm “frequency” used in the time domain (more precisely “temporal frequency”), correspon
freqhiency*in'the space domain.

NOTE-3) Adapted from ISO 13473-2:2002.

3.5 Terms and parameters related to texture profile level

3.51

texture profile level

th,/l

Lrx 4

logarithmic transformation of an amplitude representation of a profile curve, Z(x), the latter expressed as a root
mean square value

NOTE 1 To distinguish between octave and one-third-octave bands, the subscript for L is written in capital
it relates to octave bands, Lty ;, and in lower case letters when it refers to one-third-octave bands, Ly, ;.

© 1SO 2009 — All rights reserved
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NOTE 2 The texture profile level, in decibels, relative to a reference value of 10-® m in one-third-octave bands having
centre texture wavelength, 4, Ltm, or the texture profile level, in decibels, relative to a reference value of 10-® m in octave
bands having centre texture wavelength, 4, L1y ;, can be expressed by Equation (1):

2

_ a, _ a,
L1xs —10Iga2 dB = 20Ig - dB
;ef (1)
Ly, =10lg24 dB = 20Ig-2+ dB
tx,A = 9— = [¢]
A ref A ref
where
a, i the root mean square (r.m.s) value of the vertical displacement, in metres, of the surface profile;

a ik the reference value, i.e. 10 m.

ref
NOTE 3 Qctave-band and one-third-octave band filters are specified in ISO 13473-2:2002, 4.4.

EXAMPLE Lygo denotes the texture profile level for the one-third-octave band having a(centre texture wavelength of
80 mm), see |SO 13473-2:2002, Table 1.

NOTE 4  Texture amplitudes expressed as r.m.s. values, whether filtered or,not; can have a range of seyeral
magnitudes; |typically 10 m to 102 m. Spectral characterization of signals is uséd frequently in studies of acoustics,
vibrations, afd electrotechnical engineering. In all those fields it is most comman)te/use logarithmic amplitude scales.| The
same approdch is preferred in this part of ISO 13473.

NOTE 5  Texture profile levels in practical pavement engineering typically range from 20 dB to 80 dB with these
definitions.

NOTE 6  Adapted from ISO 13473-2:2002.

3.5.2
megatextufe level

LMe
special casg of texture profile level with the, profile passing through a bandpass filter encompassing all pne-
third-octavg bands within the megatexture ‘range according to 3.2.3

[ISO 13473}2:2002]

3.6 Terns related to profilometer performance

3.6.1
evaluation|length
l
length of a sample.from a profile which has been or is to be analysed

NOTE KEvaluation length is normally expressed in metres or millimetres.

[ISO 13473-2:2002]

4 Significance and use of the megatexture indicators

4.1 General
The indicator Ly, shall always be calculated and reported to ensure comparability between measurements.

Depending on the aim of the study in question and information already obtained (e.g. unevenness or
macrotexture measures), any or all of the three other indicators mentioned below may also be reported.

6 © 1SO 2009 - All rights reserved
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The profilometric method described in this part of ISO 13473 enables the indicators (see 4.2 to 4.5)
characterizing the megatexture of a pavement surface to be determined.

4.2 Megatexture spectrum

This is a one-third-octave band texture spectrum covering the megatexture range and/or the adjacent ranges.
A megatexture spectrum gives a relatively complete description of the megatexture characteristics and is used
when a detailed description is needed. A spectrum covering the entire megatexture and most of the
macrotexture range is shown in Figure 3 as an example.

L]
6
50
i LMe
40 - L
L | Lxsoo X6 [ ]
] ey
30 § N —
630 315 160 80 40 20 10 5 2,5 A
Key|
A texture wavelength,-in millimetres
L texture profile(level, in decibels, relative to a reference value of 10°%m
Lo megatexture level
Liyds textureprofile level in octave bands having centre texture wavelength 63 mm
Liydyy  texture/profile level in octave bands having centre texture wavelength 500 mm
Figure 3 — Example of texture spectrum with indication of which bands are incIude

inthefyoyrand-trygrtexturelevels

4.3 Megatexture level

This indicator, Ly, represents an overall description of defects existing in the deviation between the
pavement surface and a true planar surface. Its characteristic dimensions range between 50 mm and 500 mm
along the surface (this deviation corresponds to texture wavelengths analysed in one-third-octave bands,
which include centre texture wavelengths from 63 mm to 500 mm). This indicator is used when there is a
requirement to characterize megatexture by a single measure. It covers the range of the horizontal double
headed arrow in Figure 3. For example, this parameter would be the most appropriate to identify potholes and
other irregularities (Reference [11]).

© 1SO 2009 — All rights reserved 7
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4.4 Texture profile level relative to a reference value of 10-¢ m in octave bands having
centre texture wavelength 63 mm

This indicator, Ltygs, is one of the band levels derived from the above-mentioned spectral analysis. It
represents a description of the pavement defects having the shortest dimensions within the megatexture
range (deviation between the real surface and a true planar surface corresponding to texture wavelengths
analysed in one-third-octave bands which include centre texture wavelengths from 50 mm to 80 mm, being
equivalent to an octave band with a centre texture wavelength of 63 mm). This indicator facilitates the
characterization of defects which correspond approximately to the length of a normal tyre/pavement contact
patch and which, for this reason, play a direct role in the generation of tyre/road noise (Reference [7]). See the

rectangle in

Figure 3 labelled Ltyga.

4.5 Textire profile level relative to a reference value of 10-¢ m in octave bands having
centre texture wavelength 500 mm

This indicatpr, L1xsq0. is similar to Ltyg3 but represents a longer wavelength within the megatexture rang

represents

description of the pavement defects having the longest dimensions within the megatexture rs

(deviation hetween the real surface and a true planar surface corresponding to texture'wavelengths analy
in one-thirg-octave bands which include centre texture wavelengths from 400 mm to 630 mm, b
equivalent fo an octave band with a centre texture wavelength of 500 mm).‘This indicator enables

characteriz
(increase in
passengers
short unevg

NOTE

third-octave
macrotexturg
500 mm and

H

The values
any asymm
feature ha
interaction

direction). §
values obtd
this when i
been repor
of this part
the envelo
recommeng
supplement
skewness i
used with c

tion of defects which can lead to tyres losing contact with the surface and therefore reduce s3
stopping distances, loss of steering control in bends, etc.), and-the comfort of the driver
. This indicator is complementary to the information obtained™by unevenness measurement
nness wavelengths (0,7 m to 1,3 m). See the rectangle in Figure 3 labelled Ltygqo.

oth octave-band levels L1ysqy and Lyygs Overlap into the adjacent ranges, although two of the three
bands of these indicators are within the megatexture _range. This is because the original definitio
and megatexture did not consider octave and one-third-octave bands; instead “even” numbers suc
50 mm were chosen as the limits. Technically, this overlap is unimportant.

obtained by processing of the profile curve-when applying this part of ISO 13473 are insensitiv

ing high but narrow peaks in the. positive direction can have an influence on the tyre/
vhich is quite different from a similar profile having inverse characteristics (the peak in the neg4
uch profiles, one being the inverse of the other, give the same result in terms of the megatex
ined when applying this partsoftISO 13473. The user is advised to observe some caution du
terpreting measurement results. However, so far, very little influence of this effect in practice
d and no accepted procedures to mitigate it are available. It is possible that, in any future revi
pf ISO 13473, such effects will be taken into account; e.g. by applying some procedure simulg
bing of the texture\by tyres. In the meantime, a user who wishes to consider this effeq
ed to apply theskewness parameter as defined in 1SO 13473-2:2002, 3.7.5 as a mea
ary to the ongsin this part of ISO 13473. A type of pavement which potentially would give a

aution.

e. It
nge
sed
Bing
the
fety
and
s at

pone-
n of
h as

e to

etry in the profile curve; so-called “positive” and “negative” texture. In principle, a megatexture
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5 paving stones. For such a surface and similar types, the megatexture values would need t¢ be

5 Meas

L d : incinl

A vehicle-based non-contact system carries out the following operations:

a)
b)

c)
wavele

measurement of the pavement surface profile curve;

preprocessing the measured profile to make it suitable for spectral analysis;

ngth range (not mandatory if Ly, is measured and calculated based on bandpass filtering);

calculation of the texture spectrum of the profile of the longitudinal section within the megatexture
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d) from the spectrum, the indicator L, is calculated; alternatively L,, is measured by means of a bandpass
filter having suitable upper and lower limiting frequencies;

e) from the spectrum, the indicators Ltyg3 and Lysqo may be calculated (optional).

NOTE Calculations are normally carried out in real time, although post-processing is an option.

6 Test surface considerations

6.1[ General

Thel measurements shall not be taken in rain or snow. The surface shall be dry during measurem
it has been established that the equipment used works equally well on a wet or dry surfaceé. In 3
surface shall be clean and free of all elements which could disturb the measurements.

ents, unless
ddition, the

which have
out during or
tan influence

NOTE Measurements with an optical system are not necessarily very reliable for-asphalt surfaces
recently been paved, since these are usually exceptionally dark and shiny. If megatexture tests are carried
rather soon after laying of asphalt, distortions due to temperature gradients in the airiabove the test surface
the measurement results.

For sition of the

meg

roads open to traffic, texture normally varies over a cross-section.In this case, the lateral po
surements should be in accordance with the planned use of theyesults.

6.2| Test lengths

Itis
recq

recommended that measurements and calculations*be made along the entire test section; i.e.
rded longitudinally along the test section, 100 % ef the measured line should be utilized, if pos

f a profile is
Sible.

Alth
dist
How
eva

pugh a continuous measurement is the ideal; the measured length shall include no less than
ibuted profiles per 100 m test section. *“The evaluation length of each profile shall normal
ever, in cases where stationary profilometers are used, shorter lengths may be used. Th
uation length is then 3 m for octave-band analysis as well as for determination of Ly, or 9 m f

five evenly
y be 10 m.
e minimum
br one-third-

octgve band analysis.

To getermine the variability in_longitudinal direction, represented by longitudinal standard deviatiofi, a number

of qurface profiles, each the_length of one evaluation length (refer to the previous paragraph), shall be
measured (see also 9.4).

When characterizing.a’long test section with relatively short sample lengths, ensure that the texture within the
sanple length(s)/is\sufficiently representative of the total length. It is necessary to determine the minimum
number of samples necessary to minimize the effect of any suspected non-homogeneities.

7 |[Measuring equipment

7.1 General

Use a profilometer system which produces an electrical signal that is proportional to the distance between a
sensor reference plane and a given surface sample point. Typically, the sensor would normally be an electro-
optical device or a video camera, but other devices that comply with the requirements of ISO 13473-3 may be
used. The final output shall be linearly related to the texture profile and linearity may be obtained either in
hardware or software.

The profilometer system shall also provide means of moving the sensor along or across the surface at an
elevation (vertically) which is essentially constant over at least one full wavelength. However, this is not
applicable when the profile is produced by a technique such as light sectioning where the profile and its
reference line or plane are recorded instantaneously.
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The profilometer system shall meet the following specifications according to ISO 13473-3:

Mobility class: Mobile, Fast or Slow

Texture wavelength: Class EF (63 mm to 500 mm) or wider

Minimum vertical measuring range: 60 mm

Minimum horizontal uninterrupted measuring (evaluation) range: 3 m (when using octave bands) or 9 m (when
using one-third octave bands)

Vertical res

olution: 0,04 mm or better

Horizontal 1
Maximum s

Texture wa
and data cg

Backgroundg

Alignment @

esolution: 20 mm or better
ampling interval: 20 mm (10 mm or better recommended)

velength range of sensor and recording system: The frequency response of the ‘entire measy
llection system shall be within +1 dB over the entire megatexture range

noise: Maximum r.m.s. value: 0,05 mm (see further in ISO 13473-3:2002, Table 7)

f sensor and local slope limitation: Refer to ISO 13473-3:2002, 6.10

7.2 Sensitivity to ambient light

The output
surrounding

profile signal shall not change by more than 0,1 mm¢when changing between dark and b
S.

7.3 Sensitivity to surface optical properties

The output
and very br|
smooth suri

NOTE N
Profilometers
direction of

between darl

profile signal shall not change by more than 0,1 mm when moving the sensor between very
ght materials. It is recommended that checks be made on the system by moving the sensor oV
ace having transitions from white to.black to white.

lewly laid surfaces, at least if bituminous, generally have glossy and extremely dark appeararn

the receiving element. Drop-Out ‘rates become high and there may be transients at extreme transi
and bright surfaces. The same applies to surfaces that are dark due to moisture.

7.4 Sensitivity to dampness/wetness of surface

Report whg
quantity of

8 Meas

ther the outpUt-profile is sensitive to the degree of moisture on the pavement, and any typ
vetness or.dampness considered acceptable.

urement method

ring

ight

Hark
er a

ces.

relying on optical beams usually_have problems with such surfaces because too little light is diffused i the

ions

[

or

8.1

General

The measurements shall comprise the following operations:

a) testing
b)

c)

of the sensitivity to vertical motion of the vehicle (only at certain intervals, see 8.4);

calibration of the profilometer system (see 8.2);

a suitable test speed as specified in 8.3;

d)

10

preprocessing of the profile to make it suitable for spectral analysis (see 8.5 and 8.6).

running the profilometer over the test section and measuring the pavement surface profile (see 8.3), using

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=c28ce2c1f95f3c6f6e0f53922b362176

ISO 13473-5:2009(E)

8.2 Calibration

Calibration shall be carried out by running the sensor over a special calibration surface utilizing a well-defined
profile. The vertical deviation of the calibration surface, in relation to its theoretical profile, shall not exceed
1 % of its peak-to-peak amplitude; roughly corresponding to 0,1 dB.

Calibration procedures are not further specified here. They shall be designed such that the extra standard
uncertainty introduced by the procedure (in addition to the calibration surface, see above) is no worse than
0,1 dB.

Report the type of calibration used.

NOTE For calibration procedure and examples of calibration surfaces, refer to the principles)explained in
ISO|13473-3:2002, Annex A. Consider the possibility of an adaptation to the appropriate wavelength range for
medatexture, although a calibration surface intended for the macrotexture range can be used also for,megdtexture if the
fundamental wavelength is at least 10 mm.

8.3| Measuring speed

Varjations in the measuring speed affect the accuracy of the measured profile; see also ISO/TS 13473-4:2008,
6.1.| This clause also provides requirements for a distance-based measuring system. The speed with which
the profile is traced shall be such that the requirements on sampling and:bandwidth are met.

NOTE 1 The measuring speed may affect the frequency scale of any~spectral analysis. The temporal fr¢quency, f, is
giveh by

=V
whefe
v is the speed;

/sp is the spatial frequency (reciprocal wavelength).

NOTE 2  According to the sampling metheod and the existence of any low-pass filter, the speed can |nfluence the
minimum wavelength limit.

8.4| Sensitivity to verticalmotion of the vehicle

Ensure that the sensor is( stable in its vertical position at least during the measurement of a full evaluation
lendgth and for all operating speeds, or that it has some means of compensation for vertical mptions. This
requires that vertical motions, e.g. those occurring at the natural suspension frequency of the senspr and/or its
carrjer, shall have-negligible influence, i.e. shall not violate the background noise requirements spgcified in 7.1.

A stiitable test'is to run the test vehicle (carrying the measuring device) on a smooth and even surface so that
the tyres roll~oever an object, having a height of 20 mm to 25 mm, a width of 200 mm and a length of 100 mm
to 150,mm; placed on the surface. Rolling over the object will excite vertical motions in the \ehicle. The
diffgrénce in recorded profile with and without the object is an indication of the influence of vertical motion of
the vehicles:

The testing described in this clause is necessary when the performance of the measuring system is checked
the first time, as well as at later intervals when the vehicle suspension system performance may have
changed.

8.5 Preprocessing: Indication of invalid readings and measures to avoid their influence

The profilometer system shall have means of ensuring that invalid readings do not significantly influence the
measured results. For example when the signal becomes invalid, it may be held at the previous correct level,
or a linear interpolation may be made between the previous and following correct levels. The linear
interpolation procedure is preferred. See also ISO 13473-3.
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8.6 Preprocessing: Drop-out rate and validity of measurements

The measurements on a particular pavement are considered valid only if the drop-out rate for the evaluation
length in question meets one of the following criteria (Reference [10]):

a) if linear interpolation is used, a drop-out rate of up to 10 % is acceptable;

b) if linear interpolation is not used, the last valid reading before the drop-out shall be considered as a
substitute for the drop-out value(s), and in such a case the drop-out rate shall not exceed 5 %.

NOTE Drop-outs can occur. They are mainly due to specific photometrical properties in the test surface or to the
absorption of the light in deep profile depressions. In addition, laser diodes (if used) lose their strength little by little, when
in use, which can eventually lead to an excessive frequency of drop-outs. Means of checking on a regular basi§ the
intensity of the light-emitting device are necessary.

9 Data processing

9.1 General
The measufements and calculations shall comprise the following operations:

a) calculation of the texture spectrum (in one-third octaves) of the longitddinal section of the pavement wjthin
the mepatexture wavelength range;

b) calculation of the indicator L, from the spectrum.

Alternatively, the indicator Ly, can be measured directly\by using a suitable bandpass filter havirlg a
passband goinciding with the limiting frequencies of the 500, mm and 63 mm one-third-octave bands; in which
case it is ngt necessary to calculate the full spectrum.

Optionally, the following calculations may be made:

— from thie spectrum, the indicators L1yg3 and Ltyso0 may be calculated;

— the lonpitudinal standard deviation, s, representing the variability of Ly, Lxgz @and L1xsog between 10 m
sections of the profile, may be useful as a measure of homogeneity of a surface.

NOTE Calculations are normally’carried out in real time, although in principle this is only optional.
9.2 Textlre spectrum

9.2.1 General

This clausq specifies requirements and makes recommendations applying to spectral analyses of texture
profile signats—The imtention 15 toafd M sefection of suitable types of Spectra and to make presentations of
texture spectra and scales of diagrams more uniform.

More detailed technical specifications for spectral analysis are given in ISO/TS 13473-4.

9.2.2 Presentation of texture spectrum

A texture spectrum shall be presented with the logarithmic value of texture wavelength and/or spatial
frequency on the abscissa. The order of values from left to right is preferred to be decreasing wavelength
and/or increasing spatial frequency. The ordinate of the texture spectrum shall be the texture profile level, Lix 4

or Lty .
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The use of a logarithmic measure does not preclude the use of a linear value; i.e. the r.m.s. value. Wherever it
is practical, it is recommended to use the linear value as a supplement to the logarithmic one. This can be
accomplished, e.g. by providing a scale for texture profile level on the left vertical axis of a spectral diagram

and

NOTE

profile r.m.s. value on the right vertical axis.

The requirement above makes measured spectral shapes similar regardless of whether texture wavelength or

spatial frequency is used. Parallel presentation in the same diagram is also possible; e.g. see the dual labelling of the
abscissa in Figure 2.

9.2.

3 Spectral bandwidth

WitHfiin The scope of this part of ISO 13473, performance of spectral analysis using octave- or es

third
recq
mes

NOT
The

defiped as the width of the band between the points where the signal is attenuated by 3 dB.

NOT

9.2.

Oct

-octave bandwidths is preferred. Constant-bandwidth, twelfth-octave or narrow-band spe
mmended in this case, since these usually give data with finer spectral resolution than‘warr.
surements and by the sample, and thus collect too much data of limited use.

E1 Spectral analysis can be made with different bandwidths of the texture wavelength or spatial freg
bandwidth is the range of texture wavelength or spatial frequency which the spectral amplitude or level @

E2 It is possible to use the narrower bands specified here to calculate widef.bands.

B Centre frequencies of spectral bands

bve or one-third-octave bands shall have centre texture <wavelengths and centre spatial

]

ecially one-
tra are not
nted by the

uency scale.
overs, and is

frequencies

accprding to Table 1, which is established so as to numerically correspond to the bands $pecified in
IEC|61260. The upper and lower cut-off (-3 dB) limits ofieach band, as well as the shape pf the filter
frequency response should conform to IEC 61260 (see also ISO/TS 13473-4).
NOTE The range shown in Table 1 covers the range“over which most profilometers currently operatg. This range
may|be extended at both ends by extrapolating the numerical series, should the measuring instruments permif this.
Table 1 — Centre texture wavelengths and spatial frequencies
Octave bands One-third-octave bands
Texture wavelength | Spatialfrequency | Texture wavelength | Spatial frequency R
ande
yl fep 2 fep
mm m-" mm m-"
1,60 unevenness
630 \2
500 2,00 500 2,00 0
400 2,50
315 3,15
250 4-66 250 4-66
200 5,00
megatexture
160 6,30
125 8,00 125 8,00
100 10,0
80,0 12,5
63,0 16,0 63,0 16,0 \
50,0 20,0 0
macrotexture
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9.3 Single number indicators

Calculate Ly, based on the definition in 3.5.2. As a basis for this, use one-third-octave band levels or r.m.s.
values of vertical displacement according to 3.5.1. The calculations are made as follows.

For each one-third-octave band, use the linear value a, of the profile (see 3.5.1). If the measuring device
delivers a level L;, , instead of the r.m.s. value, calculate the r.m.s. value by applying the antilog equation:

2 2
ay =dre

‘ 10(th,7» /10)

Calculate the summation of all relevant third-octave-band values to arrive at a value representing the full

megatextur
2
aMe

Calculate tH

LMe

where ag i

Calculate (q
using

aTX63

2
aTX500

Alternativel

limiting frequency corresponding to a texture wavelength of 562 mm and its higher limiting freque

correspond
according t

The result(
moreover,
millimetres,

0/121

9.4 Longitudinal standard deviation

The longitu
levels meas

2 2 2 2 2 2 2 2 2 2
=pe3 tago + @100 T a125 + a160 + @200 T 4250 T @315 T A400 t d500

e range and denoted af from the expression:

e corresponding megatexture level (see 3.5.2), L), as follows:

2
10|g[ J dB

5 the reference value, 10-6 m.

aMe

Aref

ptionally) the texture profile level (3.5.1), Ltxg3 OF L1xs00. USiNg’the same principle as for Ly

2 2 2
= a5 +dg3 tago

2 2 2
=400 T 4500 t 2630
, the Ly, can be obtained by measuring.the signal output from a bandpass filter that has its Ig

ng to a texture wavelength of 56 mm.(with the same cut-off rate as that of one-third-octave bz
b IEC 61260).

5

5) shall be reported, in decibels, as levels relative to 10 m. As an option, the results
pe reported in millimetres. To convert from logarithmic values, Ly, ,, in decibels, to linear, a
use the following equation:

)3aref10(l’tx,ﬁ./20)

linal standard deviation, s, is the standard deviation for either Ly, L1xg3 OF LTx500, PEtWeen al
ured.on consecutive sections of the profile within the full test length:

but

wer
ncy
nds

can,
b, in

the

n

L.

;s

L

14

is the number of samples (evaluation lengths) within the test length;

the texture profile level of an individual evaluation length (see 6.2);

is the arithmetic mean of all texture profile levels over the full test length.
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To distinguish between the standard deviations referring to Ly, L1xgz OF LTxs00, respectively, subscripts are
used as follows:

SMe is the longitudinal standard deviation of Lye;
stxe3 Iis the longitudinal standard deviation of Lyygs;

stxs00 is the longitudinal standard deviation of L1ysq0-

9.5 Singularities

A singularity is a roughness feature of the surface that does not repeat itself from one evaloation length to
another within a 100 m distance. Examples of singularities are:

a) |potholes, if not repeated or continued over a distance longer than 10 m;
b) |sunken manholes;
c) |bridge joints;

d) |damaged joints between concrete slabs (although the joints themselves are usually repeated regularly
and shall not be considered as singularities);

e) |severe loss of chippings at a single place;

f) |level changes on a pavement where a section has been-ground away temporarily or between {wo types of
wearing courses;

g) |markings at pedestrian crossings;
h) |depressions due to mechanical damage to the‘pavement.
To nepresent the megatexture level of a singularity, process the measured profile as follows:

Calgulate the Ly, over a 10 m evaluation length within which the singularity is located and use this level as a
typigal value representing the singularity. The symbol for this measure is Lg-

A high value of Ly, is not sufficient to define a singularity; a visual observation that supports it is also required.

NOTE Further informatien/on the subject can be found in Reference [12].

10 |Measurement uncertainty

The| uncertainty of results obtained from measurements according to this part of ISO 13473 shall be evaluated,
erably/in compliance with ISO/IEC NP Guide 98-3. If reported, the expanded uncertainty together with the
ge probability of 95 % as defined in ISO/IEC NP|Guide 98-3

......... neartain =~ ania-Annoe

11 Safety considerations during measurements

WARNING — This part of ISO 13473 may involve hazardous operations when measurements are made
on trafficked pavements. The personnel and the vehicles present on the measuring site shall be
equipped with safety or warning devices in accordance with the regulations in force for work in the
traffic flow (if any) on that particular site at that particular time. Otherwise, this part of ISO 13473 does
not purport to address the safety problems associated with its use. It is the responsibility of the user
of this part of ISO 13473 to establish appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.
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12 Test report
Present the results in a form comprising at least the following items
a) references:

1) identification of the organization carrying out the test,

2) description and identification of the measuring system,

3) name of the organization requesting the tests (optional)

4) identification of the measuring team (optional),

5) date at which the measuring device was checked and/or calibrated by an authorized agency as |well
as|the name of the organization that performed this service;

b) identifi¢ation of the site:
1) road number or street name,

2) measured section, preferably indicating both beginning and end (e.g. in¢luding kilometre markings),

3) clgss of road including number of lanes (optional), as well as ¢he“history of the site, e.g. the dafe of
pajing and any substantial and identifiable damage (optional),

4) lanje and driving direction of the measurements,

5) measured track (e.g. left wheel track, right wheel track or between wheel tracks);
c) test surface description:

1) type of pavement,

2) maximum chipping size and gradation if available,

3) origin of the materials (optional);

4) copdition of the surface (optional),

5) particular features.of the paving technique used (optional);
d) speciallcharacteristics of the test area and the test:

1) date of measurement,

2) weatherconditions{optiomat);

3) particular test conditions, e.g. any presence of dirt on the pavement or precipitation (optional);
e) presentation of results comprising:

1) evaluation length and measured test length,

2) measured Ly, including the arithmetic mean as well as its standard deviation, sy;e.

3) measurement identification number (optional),
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4) longitudinal location of each measurement (optional),
5) measured one-third-octave-band spectrum (optional),

6) measured L1yg3 (Optional), including the arithmetic mean and standard deviation, sxgs,
7) measured Lyyso (optional), including the arithmetic mean and standard deviation, stys00

8) value, L ,, of any prominent singularity,

sg’

9)_histogram of the values obtained on the tested section (opuonal),
10) expanded measurement uncertainty.

Annex A contains an example of a test report.
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Annex A
(informative)

Example of test report and graphical presentations

A.1 Form suitable as a test report

The form orl\ the following page is an example of how a test report may be designed. The user of this_stan

is allowed t

b copy this form.

It is recommended that the test report be supplemented with graphical presentations as shown-in Figures

A.2and A.g.

A.2 Graphical presentations

A.21 Am

blitude versus distance and histogram

For a meagurement representing a certain road test section, it is appropriate to show the measured si

number ind
the test se
measuremsg
operator or
frequency g

ction is much longer than 1 km, it is advisable for synchronization purposes to include in

f occurrence of each level.

dard

A1,

hgle

cators. Figure A.1 shows such a measurement running over an 1 100 m test section. Note that if

the

nt data, as well as in the presented diagram, kilometre markers made by the measurement
by some automatic means. Figure A.2 shows the 'same data but in a histogram illustrating

the

18
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distance along test section, in metres
texture profile level relative to a reference valug:of 106 m, in decibels
megatexture level
o texture profile level in octave bands having’/centre texture wavelength 63 mm
o texture profile level in octave bands having centre texture wavelength 500 mm
E Evaluation length was 10 m.
igure A.1 — Example of measured texture profile levels, expressed as L,;., LTx500 @nd L1yg3, OvVer a
test section 1 100 m long
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o Mmegatexture level

Figurg A.2 — Example of histograms of.measured texture profile levels, in the special case of
megatexture level, Ly,
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Table A.1 — Measurement of megatexture — Test report

References
Testing organization: Ordering organization (optional):
Measuring system: Measuring team (optional):

Measuring system check/calibration by authorized agency (date and document):

Site identification

Road/street number: Measured test section (location, start & finish):

|
Lanle and driving direction: Measured track (right/left/between/etc. wheel trJack):

Category of road, paving & condition history (optional):

Test surface description

Type of pavement (e.g. formal designation): Maximum chipping size and/ar'gradation (if avallable):

Thd origin of the road material (optional): Particular features of the“paving technique (optipnal):

Condition of the surface, including any indications of predominance of “positive”.on{riegative” texture (optiongl):

Special characteristics of test area and the test

Date of measurement: Weather€onditions (optional):

Particular test conditions; e.g. existence of dirt on the surface or any'precipitation (optional):

Test results

MeTsured test length: Evaluation length:

Melasurement identification number: Location of this measurement within the fest section
(if applicable):

Rogd profile diagram enclosed (e.g. Figure A.14)? Histogram enclosed (e.g. Figure A.2)?

Ong¢-third-octave spectrum enclosed (e.g. Figure A.3)?

Mean Ly, Standard deviation sy Expanded uncertainty (95 %)|U,q:
Mean Lyyga: Standard deviation spyga: Expanded uncertainty (95 %)|Uy:
Meain L1ysqo: Standard deviation s1ys0: Expanded uncertainty (95 %)|U,q::

Valpes of Leg of any, prominent singularities:

A.2|2'Spectral diagrams

Several means of graphically presenting texture spectra are possible; although the ordinate is always some
amplitude- or level-related value, and the abscissa is always either spatial frequency or texture wavelength. In
the pavement texture field, it is common for the ordinate to be expressed in decibels per one-third-octave
band and the abscissa in one-third-octave band centre frequency.

The megatexture band includes 10 one-third-octave bands, the centre spatial frequencies,fsp,c, of which vary
between 1,6 m~! (0,63 m) and 16 m~' (0,063 m). Each of these bands has an upper limit, Fups and a lower
limit, F,, set by the following relations:

Fup — 101/20fsp,c

Flo — 10_1/20fsp,c
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Centre spatial frequency values in Table 1 are derived using these relations.

In the fields of vibration and acoustical engineering, it is common to calculate an average power spectral
density (PSD) per band, which leads to the accumulated power being divided by the bandwidth (applied to
texture, the result should be expressed in cubic metres). However, according to this part of ISO 13473, it is
preferred to present the power per one-third-octave band rather than its PSD.

An example of a suitable presentation of a texture spectrum is shown in Figure A.3. This is an average
spectrum (power-based) over the entire measured test length. Note that instead of presenting bars, one may
use just points at each centre texture wavelength and connect these with lines. Note also that the abscissa
runs from long wavelengths to the left to short wavelengths to the right. This is because the spectrum is based
on a spatial frequency scale, in analogy with a frequency scale in vibration and acoustical engineering. A hfis is
also the comnmon scale when presenting spectra in the pavement unevenness range.

NOTE The spectrum in Figure A.3 covers not only megatexture but also the main part of the macrotexturé range. Of
course, for tre purposes of this part of ISO 13473 it is necessary to include only the megatexture range: ‘However| it is
common thaf the mega- and macrotexture ranges are treated together. It is left to the discretion of \the user to dgcide
whether to cpmbine the megatexture and macrotexture spectra in one graph or just display megatexture.

LA

60
Lye = 44,6 dB
Lyyes = 41,5 dB
L1ys00 = 41,6,dB

50

L X500 LTX63
40

30

A
I

20

6

w
o

315 160 80 40 20 10 5 2,5 A

Key

A texture v dVU:UIIHt:I, imrmittimetres
L texture profile level, in decibels, relative to a reference value of 10°%m

NOTE The level of each octave band is indicated by the level of the top line of each rectangle. The spectrum
presented represents a pavement having a relatively low megatexture (a dense asphalt concrete with maximum 10 mm
chippings in near new condition).

Figure A.3 — Example of one-third-octave band texture spectrum with indication also of the texture
levels of the octave bands, L1y5qo and L1ygs
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