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Introduction

The purpose of this International Standard is to facilitate’th
and comparison of measured vertical road profile\data
sources. It therefore specifies a uniform method“cf report
one-track and multiple-track measurements.

It specifies how measurements shall bg Yeported, but
measurements shall be made. The medsuring equipment

ISO 8608:1995(E)

e compilation
from various
ng data from

not how the
may influence

the results of the measurement; therefore certain characteristics of the

measuring system shall be reported.

Annex A is an example of a geport which meets the mini
ments of this International Standard.

Annex B gives means of approximately characterizing spe
files in order to facilitaté-the division of road profiles into ¢
fications. A general classification is also given. A curve-fitti
suggested for characterizing spectral data.

Annex C proyvidés general guidance for the use of road prd
data for simulation studies and for related studies such as
comfort, (stispensions and road profiles.

Annex-D discusses the processing of the Power Spectral I
with “the Fast Fourier Transform (FFT) technique. A discu
statistical precision is also given.

mum require-

ific road pro-
eneral classi-
ng method is

file statistical
evaluation of

Density (PSD)
ssion on the

iii
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Mechanical vibration — Road surface profiles —

Reporting of measured data

1 Scope

This Integrnational Standard specifies a uniform
method df reporting measured vertical road profile
data for either one-track or multiple-track measure-
ments.

It applies to the reporting of measured vertical profile
data taken on roads, streets and highways, and on
off-road terrain. It does not apply to rail-track data.
Measurement and processing equipment and meth-
ods are n¢t included.

2 Normative references

The folloyving standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At(the time of publi-
cation, the editions indicated wére valid. All standards
are subjeft to revision, and. parties to agreements
based on|this International“Standard are encouraged
to investigate the possibility of applying the most re-
cent editions of thé~'standards indicated below.
Members| of IEC ‘and ISO maintain registers of cur-
rently valig International Standards.

ISO 2041

IEC 1260:—", Electroacoustics — Octave-band and
fractional-octave-band filters.

3 Definitions

For the purposes of this International Standard, the
definitions given in ISO 2041 and the following defi-
nitions apply.

1) To be published. (Revision of IEC 225:1966)

3.1 spatial frequency: Reciprocal

of the wave-

length. It is expressed-in cycles per metre.

3.2 Power Speéctral Density (PSD])
mean-square svalde of a signal per
bandwidth.<For a one-sided spectrum
cated betweén the graphic plot and the|
in a linear plot should be equal to the
the_oniginal signal for the evaluated frg
This” leads to a doubling of the spe
when the calculation process is only
spectrum for positive frequencies.

: The limiting
Lnit frequency
, the area lo-
horizontal axis
ariance (o°) of
guency range.
tral amplitude
estimating the

3.3 displacement PSD: PSD of thg vertical road

profile displacement.

3.4 velocity PSD: PSD of the rate of]
vertical road profile displacement pef
travelled (slope of the vertical road pro

change of the
unit distance
ile).

3.5 acceleration PSD: PSD of the rafe of change of

the slope of the vertical road profile pe
travelled.

3.6 decolouring: Procedure to elimi

r unit distance

hate the influ-

ence of the transfer function of the me#

on the PSD, i.e. the raw PSD should
before any further processing by div

transfer function.

3.7 smoothing: An averaging proce
data block is shifted and averaged.

suring system
be decoloured
ding it by the
ing equipment

ss in which a

NOTE 1 In this International Standard “unsmoothed
PSD” means the PSD as calculated from the measured
data, i.e. with the bandwidths used in or following from the
calculations and which are different from those indicated in
table 2. The term “smoothed PSD" is the PSD which is ob-
tained after using the averaging process described in 5.1.2.
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4 Symbols

See table 1.

Table 1 — Symbols

© |ISO

5.1.1.2 Second method — Acceleration PSD:
G, ()

The acceleration PSD is an allowed alternative method
of reporting data.

In this case, the road profile shall be described as the
PSD of its acceleration in terms of the rate of change
of the slope of the road surface per unit distance
travelled. The dimension of the PSD shall be in re-
ciprocal metres.

Symbol Description Unit
B, Frequency resolution cycles/m
f Time frequency Hz
Gy () Displacement PSD m*
G, () Velocity PSD m
Ga (.) AcceferattonPSB A !
G, () PSD pf track 1 —
G, () | PSD pf track 2 —
Gy, () | Crosg spectrum between tracks 1 —
and 2
l Wheglbase m
n Spatigl frequency cycles/m
s TracK width m
t Time S
1% Vehidle speed m/s
y2 Coherence function —
A Wavglength m
1) Angular frequency (= 2ny) rad/s
0 Angular spatial frequency (= 2nn) rad/m
NOTE — The irldication (.) means that the parameter of
the function cén be spatial frequency (n) or angular
spatial frequenagy (£2).

5 Uniform method of reporting

5.1 One-tragk data

5.1.1 Description of the road profile

The road profilg shall be descfibed by one or both of
the following tyvo methods,\With preference for the
first, the displagement PSDY

The reporting of the non-smoothed data is always re-
quired.

The scales shall be logarithmic on bothsaxes. Two
scales shall be given on the ordinate,bh¢ [for G,(n)
and one for G,(£2). On the abscissa both’n arjd 2 shall
be indicated. The grid, however, shall only be drawn
for G,(n) and n.

The relationship between_the) two reporting|methods
is given by

Gy(n) = (2nn) "G tr)

G, (2) = Q5G4(2)

5.1.1.3,.(Spatial frequency range

Thelteported PSD shall be restricted betyeen the
limits allowed by the measuring equipment. For the
report the user may select any spatial frequemcy range
appropriate to his particular road surface, proplem and
product.

NOTES

2 Figure C.1 gives the relationship between the vehicle
speed, the spatial frequency and the time f{requency.
Knowledge of the frequency and speed charactgristics for
a given class of vehicles makes it possible to choose the
useful limits for that class of vehicle (for example, on- or
off-road vehicles).

3 For the lower limit, the spatial frequency nged not in
general be measured lower than 0,01 cycles/m fpr on-road
vehicles and 0,05 cycles/m for off-road vehicles.

5.1.1.1 First method — Displacement PSD: G(.)

The road profile shall be described by the PSD of its
vertical displacement. The report shall include the
displacement PSD versus spatial frequency, both on
logarithmic axes. The dimensions are metres cubed
versus reciprocal metres.

Two scales shall be given on the ordinate, one for
G4(n) and one for G4(£2). Both n and £ scales shall
be indicated in the abscissa. The grid, however, shall
only be drawn for G4(n) and n.

4 The enveloping effect of the tyre acts-as-alowipass filter
for the road vibration input to the vehicle. This effect de-
pends on the size and construction of the tyre. For general
on-road measurements, this results in a recommended up-
per limit of 10 cycles/m. Of course for suspension vibration
purposes, the interesting upper limit depends on the maxi-
mum allowed speed on the particular road. For noise pur-
poses, the interesting upper limit may be much higher, and
may go as high as 1 000 cycles/m.

5 Due to the tyre width there is also an enveloping effect
in the lateral direction. This means that for vibration pur-
poses the mean of the footprint is usually measured. The
width depends on the problem (for example, vibration,
noise) and the product (for example, motorcycie tyres, truck
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tyres). For general on-road measurements not intended for
a specific product, a track of about 100 mm wide is often
used for vibration purposes. For noise purposes, a point
measurement is often used.

The measured surface depends on the measuring equip-
ment, which has a certain smoothing effect. This equipment
is to be reported (see 5.3.4.2.1).

6 For off-road measurements, care should be taken when
interpreting the high frequencies. For soft (for example,
sandy) surfaces, short undulations could be flattened by the
wheel load and filtered out. For hard (for example, stone)

ISO

8608:1995(E)

() — (2 — 0.5)-B]-G(my)

+ .
(i) — n(0)
where
G,(i) is smoothed PSD in smoothing band i;
ny = INT( n;‘;(l) + 0.,5]| (n,: see table 2);
e

(@)

nL=|NT(1%i—+-Q5](m:seetaMezy

surfaces, However, only the enveloping effect of the tyre
acts as a filter. In this situation the surface is to be de-
scribed acdurately in the data sheet (see 5.3.4.3.2).

7 Annex B gives recommended methods for the charac-
terization of the road profile and for the fitting of the meas-
ured data.

5.1.2 PrIsentation of the smoothed power
spectral density

When thg PSDs are calculated with a constant band-
width metthod, their representation in a log-log dia-
gram will|give an appearance or visual impression at
high freqliencies which over-emphasizes the fluctu-
ations of fthe PSD generated by the real power dis-
tribution dnd by the statistical noise.

For this rg¢ason, the PSD shall also be represented in
a smoothed form, i.e. by the mean PSD in the fol-
lowing frequency bands:

— octave| bandwidth from the lowest)calculated fre-
guency (except zero) up to a_centre frequency of
0,031 P cycles/m (0,196 3 rad/m);

— third-oftave bands from\the last octave band up to
a cgntre frequehcy of 0,25 cycles/m
(1,570[8 rad/m);

— the re$t, twelfth-octave bands up to the highest
calculﬂted frequency.

\ U

The other symbols are as defined jn'ta

The first and the third terms of\the ri
equation calculate respectively_the part
band n_and ny, in the caldalated smoo

If this scheme cannot_be followed, du
lations, the differences shall be noted

The same rul€s shall be followed when
is to be dofie) in angular spatial frequen

The same rules shall be followed for
tation:

A-small and easy supplementary calcu
the processing of the smoothed PSI
characterization of the road profile a
annex B.

5.2 Multiple-track data

The multiple-track road profile data sha
as the PSD curves of each track as de
and their relationship curves expressg
herence function

2
2 _ G12(')
Gy(.)-Ga()
When more than two tracks are meas

travelled track near the edge of the road
as the reference track for the calculatio

ble 1.

jht side of the
5 of the original
thed band i.

e to the calcu-
n the report.

the smoothing
cy.

analog compu-

ation following
leads to the
5 described in

Il be described
scribed in 5.1,
d as their co-

Lired, the most
shall be taken
n of coherence

The centre frequencies to be used for the calculation
of the smoothed PSD are given in table 2.

The mean PSD in a defined band should be calculated
in the following way:

[(m + 015)jBe — ()]G (m)

Gsl0) = (i) — my (i)
‘ Z G(j)'Be
(i) = ny (i)

Frioat:
TaTICTOTTST

The curve shall be smoothed as described in 5.1.2.

5.3 Report

The report shall contain one or more cu
general information.

5.3.1 One-track data curve sheet

The curve sheet for one-track data sh
non-smoothed PSD and the smoothe

rve sheets and

all contain the
d PSD. When
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the information is given on one sheet, the separate
curves should be carefully differentiated.

The PSD curve sheet shall also include the infor-
mation given in 53.3.1.3, 5.3.3.1.4, 5.3.3.1.5,
5.3.4.3.1 and 5.3.4.3.2.

It is also recommended to indicate on the data sheet
the road profile characterization described in
annex B, i.e. the general and octave band character-
ization of the road and the fitted PSD (for examples

see figures A.2

and A.4).

© ISO

5.3.3.1.5 The statistical precision of spectral esti-
mates of the data: in the case of a relative constant
bandwidth analysis, the statistical precision of the
narrowest bandwidth shall be reported. The statistical
precision shall be stated as + % value, calculated for
a 95 % confidence level (i.e. the statistical precision
shall be stated as 1,96 times the normalized standard
error) on the basis of random error.

5.3.3.2 For analog spectral analyses, the following
information shall be reported, in addition to that

5.3.2 Multiple-track data curve sheet

For multiple-tra
be reported as
similar curve sh
sheet shall con
The track width

When the info
separate curves

5.3.3 Paramet

5.3.3.1 Forall
information sha

5.3.3.1.11 The
tal.
5.3.3.1.2 Pre

terms of cut-of

tk data, the sheets of each PSD shall
described in 5.3.1, together with a
eet for their coherence function. This
tain the smoothed coherence curve.
shall be indicated on this sheet.

'mation is given on one sheet, the
should be carefully differentiated.

ers of analysis

forms of spatial analysis, the following
| be reported.

Bnalysis method used, analog or digi<

rocessing filters shall be reported in
spatial frequency, slope_{dB/octave)

and type of filfer (for example Butterworth). In the

case of the di
aliasing filter.

5.3.3.1.3 The
relative constan
state the propo

pital analysis, this\includes the anti-

esolution bandwidth: in the case of a
t bandwidth analysis, it is sufficient to
tion oCtave bandwidth only.

W S [l W W
SNCLITICU T V.v.0. 1.

5.3.3.21 The class of bandwidth filters in accord-
ance with IEC 1260.

5.3.3.2.2 The slopes (dB/octave) and typd of con-
stant bandwidth filter.

5.3.3.3 For digital spectral analyses, the following
information shall_be reported, in addition| to that
specified in 5.33

5.3.3.3.1 The specific method used (suchl as Fast
Fourrier.@ransform, Mean Lagged Product, | Continu-
ous Digital Filter).

5.3.3.3.2 The sampling spatial frequency.

5.3.3.3.3 The sampling window function [and cor-
rection factor used.

5.3.3.3.4 The reported resolution bandwidth, if it is
different from the analysis bandwidth (for [example
when frequency-smoothing is used).

5.3.4 Test conditions

5.3.41 The date of the measurement shall be re-
ported.

5.3.4.2 The instrumentation used shall be |reported
as follows.

5.3.3.1.4 The real distance travelled of the data, in

metres, analyse

d and reported.

In order to quantify wavelengths of 100 m with a
statistical precision of 0,6 at a spatial frequency res-
olution of 0,01 m™", the distance travelled shall be at

least 1 000 m.

In some cases it may be impossible or perhaps of no
interest to reach this limit, for example for short roads
or for the study of special forms of surfaces. In this
case a remark in the report is required. For a
discussion of statistical precision, see annex D.

5.3.4.2.1 Short description of the measuring system.
a) Mechanical design.
b) Scanning device

— in the case of a contacting device (for
example, a wheel): description of the design
(for example, a soft wheel), mass, tyre press-
ure, tyre dimensions, effective diameter,
nominal test load and dimensions of the con-
tact area under nominal test load;
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— in the case of a non- contacting device (for

c;\avllplc, a radar ayotcm/ resolution, men-
sions of the effective measured area, etc.

o

The r-:mahllml of the equinment to take into ac-

(3=l el 9 YU iTii

take Into ac

count slope blas and transverse slope effects over
long distances and long wavelengths.

5.3.4.2.2
telemetry,

5.3.4.2.3 W&aﬂm—and—e&%b&%en—ehw—
of the megsuring system should be carefully reported. -

A flowchart  showing transducers,
tape recorder, filters, etc.

Details of the design, the guaranteed transfer function

mmaA Sl
ana e aq
or in a sot

an
onjungtion with the recording of the data

- Py Ay

bUldby‘ bIIUUIU UB glVBll BILIIUI HI Lllb‘ IU[.)UIL
rce reference.

~F
he cut-off frequencies of

s

5.3.4.3 The road or terrain description shall be re-
ported as follows.

5.3.4.3.1

Definition of the road: country, road num-

ber, locatipn, village, direction and, if possible, a small

map. Also
(AADT), w

traffic density [annual average daily traffic
hen possible], typical vehicle speed and

other relgvant descriptive information shall be re-

ported.

ISO 8608:1995(E)

5.3.4.3.2 The road profile shall be reported with re-
spect to at least the type of surface (concrete pave-
ment, compacted soil, cobblestone, etc.) and the
surface condition (new pavement, rutted road, poorly
maintained, etc.), the grade (longitudinal slope), the
cross-fall (lateral slope) and the curve radius (if any).
In the case of off-road measurements, the cone pen-

A s I~
etration resistance of the soil should be reported

together with a reference or a description of the

measurement method used (see, for instance, refer-
ence N3

vvvvv L ~dr-

5.3.4.3.3 Definition of the measured [track: distance
from the measured track to themaar side of the road.
A sketch of the road, with indication of the tracks re-
served for bicycles, parking and f{raffic is rec-
ommended. All unusual facts should be indicated.

5.3.4.3.4 A photograph of the road shall be included.
It shall be taken from a height of 1,4 m (@approximately
the height of'the eyes of the driver qf a passenger
car). The) photograph shall also ghow a two-
dimensional scale indication and the position of the
measured tracks.

5.3.4.3.5 If two- or multiple-track data are given,
they shall be described as in 5.3.4.3.3| The distance
between the tracks shall also be given.
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Table 2 — Centre frequencies and cut-off frequencies for PSD smoothing, expressed in spatial

frequency n

a) Octave bandwidth c) Twelfth-octave bandwidth
n n,

EXP m"l] n':‘£1 mn[" EXP m! m-! m”?\
- 1,833 0,272 6 0,280 6 0,288 8
- g 8'88; g 8’88;‘; g 8'8&% g ~1.750 0,288 8 0,297 3 0,306 0
- ' ’ 4 =1667 03060 03150 0,324 2
-7 0,005 5 0,007 8 0,011°0 - 1,583 0,324 2 03337 4,343 5
-6 0,011 0 0,015 6 0,022 1 - 1,500 0,343 5 0,353 6 q.363 9
-5 0,022 1 0,031 2 0,044 2 -1,417 0,363 9 0,374 6 q.385 6
-1,333 0,385 6 0,396 9 d,408 5
- 1,250 0,408 5 0,420 4 d.4328
-1,167 0,432 8 0,4454 d.458 5
~ 1,083 0,458 5 04719 d.485 8
-1 0,485 8 0,5 45147
-0,917 0,514 7 0,529 7 q.545 3
- 0,833 0,545 3 0,561 2 45777
- 0,750 0,577 7 0,594 6 46120
. . - 0,667 0,612 0 0,630 0 d.648 4
b) Third-octaye bandwidth - 0,583 0,648 4 0,667 4 d.687 0
- 0,500 0,6870 0,707 1 47278
- 0417 0,727 8 0,749 2 4,771 1
EXP " 3 . -0,333 0,771 1 0,793 7 48170
m m m ~ 0,250 0,817 0 0,840 9 4,865 5
- 0,167 0,865 5 0,890 9 do170
— 4,333 0,044 2 0,049 6 0,055 7 - 0,083 0,917 0 0,943 9 d9715
-4 0,055 7 0,062 5 0,070 2 Q 0,971 5 1 1,029 3
- 3,667 0,070 2 0,078 7 0,088 4 0,083 1,029 3 1,059 5 1,090 5
— 3,333 0,088 4 0,099 2 0,111 4 Q,167 1,090 5 11225 1155 4
-3 01114 01250 0.140 3 0,250 1,165 4 1,189 2 1,224 1
— 2,667 0,140 3 0,157 5 0,176 8 o333 15;3 . o 15508
- 2,333 0,176 8 0,198 4 0,222 7 0:500 1:374 0 1:414 2 1:455 7
-2 0,222 7 0,250 0 0,280 6 0,583 1,485 7 1,498 3 1,542 2
0,667 1,542 2 1,587 4 1,633 9
0,750 1,633 9 1,681 8 17311
0,833 1,731 1 1,781 8 1,834 0
0,917 1,834 0 1,887 7 1,943 1
1 1,943 1 2 4058 6
1,083 2,058 6 2,118 9 41810
NOTES 1,167 2,181 0 2.244 9 43107
1,250 2,310 7 2,378 4 4448 1
8 n = lower ciit-off frequency 1,333 2,448 1 25198 45937
1,417 2,593 7 2,669 7 47479
_ 1,500 2,747 9 2,828 4 49113
n, = centre fregliency 1,583 2,911 3 2,996 6 4,084 4
1,667 3,084 4 3,174 8 3267 8
n, = upper cut-gff frequency, 1,750 3,267 8 3,363 6 4,462 1
Exp 1,833 3,462 1 3,563 6 3,668 0
n, =2 1,917 3,668 0 37755 3,886 1
2 3,886 1 4 4117 2
9 A small overJap£xiSts between the lowest twelfth- g'?gg 2';;;(2) 3',2;3;: 4'222 0
octave ba.ndwid h-and the highest third-octave band- 2250 46214 4756 8 4'8923‘21
width. This overlap maintains the values 0,5; T; Z; 4 as 2,333 4,896 2 5,039 7 5,187 4
centre frequencies in the twelfth-octave bands. This 2,417 5,187 4 5,339 4 5,495 8
makes it convenient to calculate the road characterization g'ggg g'ggg Z g'ggg g g'?ég g
(see B.3) immediately from the twelfth-octave band 2,667 6.168 8 6.349 6 6.535 7
smoothing. 2,750 6,535 7 6,727 2 6,924 3
2,833 6,924 3 7,127 2 7,336 0
2,917 7,336 0 7,551 0 7,772 3
3 7,772 3 8 8,234 4
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Annex A
(informative)

Example of a report

This annek contains fictitious data arranged to form an example for two-track reporting-which meet

requireme
NOTES
10 Then

11 The p4

described ih annex B. They are not required, but recommended.

12 The fgrmat of the data sheets is not standardized.
A.1 Parameters of analysis
Analysis ($.3.3.1.1, 5.3.3.3.1): FFT
anti-aligsing filter (5.3.3.1.2): 48 dB/octave
Butteryvorth: 0,5 cycles/m low-pass

Sampling ppatial frequency (5.3.3.3.2);

1,4 cyq

Sampling window function.{5623.3.3.3): Hanning

Correction

A.2 Test conditions

Measuring

nts of this International Standard. However, the photograph is omitted.

mbers in parentheses refer to the subclauses in this international Standdrd.

rts of figure A.2 and figure A.4 placed in a double frame are the regommended characterizations o

les/m

factor (PSB).(6.3.3.3.3): 1,63

8608:1995(E)

5 the minimum

f the road profile

system (5.3.4.2.1, 5.3.4.2.3. 5.3.4.2.4): see Verschoore R Het gebruik van de wegs

ulator en de

analoge rekenmachine in het onderzoek van voertuigsuspensies. Gent, 1973.

Flow chart (5.3.4.2.2):

Measuring Anti-aliasing o
system FM tape filter Digitizing Analyser
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A.3 Road description

Road definition (5.3.4.3.1) (see figure A.1):
traffic: AADT, 4 200 vehicles/day
typical vehicle speed: 90 km/h

Road profile (5.3.4.3.2):

concrete pavement, 10 years old

grade 0 %

slope 0,06 %

no curve
DhhAtArnran Ih (£ 214 2 A\ [Arittad in +hic Aavarmn la)
FrHotioyrapil \V.oa.0.94] \UIHHuCu it uio ©Aaliipic)

A.4 Road characterization

See figures A.1[to A.4.
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Wavelength, A (m)

100 10 1 01
I I T L
Gy (£2) Galn)
oo [ | |
Country: Belgium
Road: N 1000
— Place: Xstad
10_1 Direction: North to South
-2 Concrete pavement
10 — Distance track to right roadside: 1 m
Distance travelled: 3 5/1 m
B, = 0,002 8 cycles/m
- g, = 0,31; Statistical precision = * 61 %
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Figure A.1 — Non-smoothed PSD of track 1
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Figure A.2 — Smoothed PSD of track 1 (characterization: see annex B)
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Annex B
(informative)

Road profile characterization and PSD fitting

This annex gives means of approximately characteriz-
ing specific road proflles in order to facmtate the div-

ision of urveyable and Cciass|

general dlassification is also given. A curve—flttlng
method i§ suggested for characterizing spectral data.
B.1 Symbols
See table|B.1
Table B.1 — Symbols
Symbol Description Unit
n Spatial frequency cycles/m
Reference spatial frequency
"o (= 0,1 cycles/m) cycles/m
G4 () || Displacement PSD m?
G, () | Acceleration PSD m™'
Exponent of fitted PSD calculated
w —
on Gy (.)
, Exponent of fitted PSD calculated
W —_
on G, (.
9] Angular spatial frequency radim
Reference angular spatial
2 frequency (= 1 rad/m) rad/m

B.2 General characterization of the road
profile

The rmj|s. value bétween n=0,011 cyclesim
(£2 = 0,06B rad/m) and n = 2,83 cycles/m
(22 = 17,7f rad/m){calculated from the displacement
PSD, shalllbe reported. These limits are band limits for
the octave bands to be calculated in 5.1.2 and B.3.
These lim|ts-were chosen in relation to the frequency

B.3 Characterization in octav

spectrum should be divided into octavd
r.m.s. values, calculated from the’disp
should be noted for eachoband. T
quencies are given in table B)2.

The characterizations described in B.2
calculated with a stmall and easy sup
culation following,_ the processing of
PSD.

B.4 Fitted PSD

The, smoothed form of the PSD may
straight line on the smoothed data
least-mean-square method in the sp
range 0,011 cycles/m to 2,83 cycles/

8608:1995(E)

e bands

S|fiable data, the
bands and the
lacement PSD,
he centre fre-

and B.3 can be
blementary cal-
the smoothed

be fitted by a

(6.1.2) by the
htial frequency
m. This fitting

may be represented on the general prgsentation plot.

The equation of the fitting shall be rep

The general form of the fitted PSD wil

Gy(n) = Gy(ng)-(nfng) ™"
or

Gy(Q) = Gy(£20)-(2/20) ™"
where

ny (= 0,1 cycles/m)
quency;

£, (= 1rad/m) is the reference

brted.

be

is the reference spatial fre-

bngular spatial

frequency:

data existing 1n the Titerature.

However, for off-road data, special studies and limited
distances travelled, this spatial frequency range may
be reduced. In that case the spatial frequency range
shall be reported.

w is the exponent of the fitted PSD.

When the fitting is calculated on the acceleration PSD

the exponent will be w' = w — 4.

NOTE 13

In this annex only a one-straight line fitting is

proposed. In the literature a two or more straight line fitting
is often used, but the standardization of a method which

guarantees a unique solution is practically i

mpossible.

13
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Table B.2 — Centre frequencies and cut-off frequencies for PSD characterization in octaves

a) Spatial frequency units, n

EXP Spatial frequencies, cycles/m Centre wavelength
Lower cut-off Centre frequency? Upper cut-off m

-9 0,001 4 0,002 0 0,002 8 512
-8 0,002 8 0,003 9 0,005 5 256
-7 0,005 5 0,007 8 0,011 0 128
-6 n,m 1.0 {\'{'\1 58 ﬂ’{'\’7') 1 84
-5 0,022 1 0,031 2 0,044 2 32
-4 0,044 2 0,062 5 0,088 4 16
-3 0,088 4 0,125 0,176 8 8
-2 0,176 8 0,25 0,353 6 4
-1 0,353 6 0,5 0,707 1 2

0 0,707 1 1 1,414 2 1

1 1,414 2 2 2,828 4 0,5

2 2,828 4 4 5,656 9 0,25

3 5,656 9 8 11,313 7 0,125

1) Centre frequency = 2EXF

b) Angular sphtial frequency units, 2

EXP Angular spatial frequencies, rad/m Centre wavelength
Lower cut-off Centre frequency? Upper cut-off m
- 6,35 0,008 7 0,012 3 0,017 4 512
-5,35 0,017 4 0,024 5 0,034 7 256
—4,35 0,034 7 0,049 1 0,069 4 128
-3,35 0,069 4 0,098 2 0,138 8 64
-2,35 0,138 8 0,196 3 0,277 7 32
-1,35 0,277 7 0,392 7 0,555 4 16
-0,35 0,555 0,785 4 11,1107 8
0,65 1,100 1,570 8 2,221 4 4
1,65 2,221 4 3,141 6 4,442 9 2
2,65 4442 9 6,283 2 8,885 8 1
3,65 8,885 8 12,566 4 17,771 6 0,5
4,65 17,771 6 25,132 8 35,543 1 0,25
5,65 35,543 1 50,265 6 71,086 3 0,125
1) Centre frequehty = 25

14
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General guidance for the use of the statistical road profile description

This annex provides general guidance for the use of
road profiie statistical data for simuiation studies and

C.2 Relationship between time

frequency and spatial frequen:

CY

for related studies such as evaluation of comfort,
suspensigns and road profiles. Figure C.1 gives the relationship between the vehicle
speed, the spatial frequency and-the fme frequency.
C.1 Symbols Knowledge of the resonance frequdncies and the
speed range for a given\(class of vdhicle makes it
See table|C.1. possible to choose the useful limits fr that class of
vehicle.
Table C.1 — Symbols
Symbol Description Unit
f Time frequency Hz
l Wheelbase m
Gy () Displacement PSD m’
G, () Velocity PSD m
G, () Acceleration-PSD m™'
n Spatial frequency cycles/m
n, Centre spatial frequency of a frequency band cycles/m
ny Réference spatial frequency (= 0,1 cycles/m) cycles/m
R Tyre radius m
T Time constant of a filter s
v Vehicle speed m/s
w Exponent of the fitted PSD calculated on G, (.) —
At Time delay for four-track (two-axle) simulation s
) Wavelength m
(@) Angular frequency (= 2nf) rad/s
0 Angular spatial frequency rad/m
2, Centre angular spatial frequency of a frequency band rad/m
Q Reference angular spatial frequency (= 1 rad/m) rad/m
NOTE — The indication (.) means that the parameter of the function can be spatial frequency (n) or angular spatial frequency
(9.

15
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Figure C.1 — Relationship between time frequency and spatial frequency as a function of vehicle speed
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Figure C.2 — Classification of roads
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The general expression for this relationship is

f=nv
or
w=0v
C.3 Velocity PSD

For simulation studies it is often convenient to use the
velocity PSD, in terms of change of the vertical

© SO

Table C.4 gives the mean values and limits of r.m.s.
displacement for the different classes of road in the
different octave bands.

The following relationships are used:
Gy(ng) = 2nGy(820)- [0/ (2mn)]?
= 16-G4(£2)

G, (n) = Gy(ng)-(2mng)®

ordinate of ti road—surface—per—umt—distance
travelled. The rﬁationship between the displacement
PSD and the vejocity PSD is given by

Gy(n) = Gy(p)-(2mn)*

G,(Q) = Gy[Q)-2°

When w=2 |[n the following expression (see
annex B)

Ga(n) = Gy(pro)-(nfng) ™"
then
G,(n) = G,(hy) = constant
G

A

(2) = G,[£2;) = constant

C.4 Classification of roads

G Q) = G,(Q)-Q2

NOTE 14  The words “limit” and “limitstas’uded in this
annex refer to the mathematical meaning of the| words in
connection with the word “mean”. In-othér wordp
of values has a mean value and limjts which dpnote the
extremes of the range of values. Tihe word “limit{, as used
in this annex, is not to be cohstrued to mean the limit of
acceptability of a road surface.

C.5 General guidance for road
simulation

The statistical road profile description can be|used for
computer’and laboratory road simulation. However, it
may .only be used for the determination g¢f output
PSDs. Because no information is given abolut phase
shift, there is no guarantee as to the magnitude dis-
tribution of the road profile.

An estimate of
can be made b
(see B.4). Table
for different cla
limits are grap
classification is
PSD, which me

the degree of roughness of the read
y the Gy(ny) value of the fitted PSD
C.2 gives the power spectral.densities
sses of roads. In figure C,2 the class
ned on the displacement/PSD. This
ade by assuming a-¢onstant-velocity
Bns w = 2.

C.5.1 One-track (one-axle) simulation

For simulation purposes, it is convenient to
the road profile as a constant-velocity PSD (¢

The advantage of this description is a v
simulation of the displacement by integrati

describe
=2).

Ery easy
ng white

However, due fo the fact that the PSD is not always
a straight line, npore information is given by the power
spectral density] or the rmyls. displacement in the dif-
ferent octave bands. {his makes it possible to classify
the road for evelry-6ctave band in an appropriate class.
It may give sonteinformation for the repair need and

noise. The use of any other characteristic may require
much effort and, due to the approximation jmethods
to be applied, may result in inaccuracies whigch cause
an unvoidable dispersion in the results of comparison
tests. Account should be taken of the influenge of the
transfer function of the reproducing device.

method. It is also possible to classify the road for an
appropriate band of speeds. For example, for high-
ways, when assuming that the velocities are between
70 km/h and 120 km/h, the band between
0,022 1 cyclesim and 1,414 2 cycles/m (0,138 8
rad/m and 8,885 8 rad/m) is the most significant.

Table C.3 gives the mean values and limits of G4(n.)
and G4(£2,) for the different classes of road in the
different octave bands.

18

C.5.2 Two-track (one-axle) simulation

In two-track simulation, the two tracks are simulated
as in C.5.1. For the relationship between the two
tracks it is convenient to assume that the road surface
possesses the property of isotropy, i.e. that all profiles
of a given stretch of road, irrespective of orientation
and location, have the same properties, and to accept
the coherence function resulting from this assump-
tion.
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C.5.3 Two- or multiple-axle track simulation

In two- or multiple-axle track simulation, the front
tracks are simulated in accordance with C.5.2. For the
following wheels it could be assumed that each rear
wheel travels over the same profile as the corre-
sponding front wheel. Consequently the rear wheel
experiences, after a certain delay, the same imposed
displacement as the corresponding front wheel.

The delay, At, in seconds, is given by

ISO 8608:1995(E)

pressure and a special profiled plate between the simulator
and tyre.

16 For computer simulation, the stiffness of a rolling tyre
should be taken into account.

17 In order to avoid too large a displacement in the low
time frequency range, it is recommended to limit the lowest
frequency to a value related to the lowest frequency of
interest.

18 For the study of the reactions from pot-holes or other
typical road forms, for example concrete joints, these spe-

At = Qfv
where
l is the corresponding wheelbase, in me-
tres;
v is the speed of the vehicle, in metres per
second.
NOTES

15 When|simulation is to be done by means of a hydraulic
simulator, [the difference in vertical stiffness between a
rolling and|a non-rolling tyre should be taken into account.
This differgnce can be reduced by using an adapted tyre

cificforrmscanm besuperposed on the normal spectrum or
studied separately. However, also in this'cake, the influence
of the enveloping effect of the tyre Has“to pe considered.

For vertical displacement maghitudes which are smaller
than R/10, a passive low-pass;network with a time constant
T = R(12v) can be used. This expresses that in a pot-hole
the vertical displacemént) of the wheel |centre reaches
95 % of its nominal valle after the distancp of R/4, i.e. the
time of R/(4v). Fordisplacement magnitugies greater than
R[10, no correction-is needed.

19 On unpaved terrain, the passage of [the front wheel
may medify the track profile such that the profile for the
following wheel is not necessarily the sanfe as the profile
forthe front wheel.

19
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Road classification is.based on Gy(ny), G4(£2), G,(n) and G, (£2) values.

NOTES

1 Fit exponent w = 2 is assumed (see B.4).

2 The mean values for road classes A and H are only for simulation purposes.

Table C.2 — Road classification

a) Spatial frequency units, n

© I1SO

Degree of roughness
Gy(ng) V G,(n
Road class d(:) 5 /)
107" m 10" ny
Lower limit Geometric mean Upper limit Geometric mean
A —_ 16 32 6,3
B 32 64 128 25,3
C 128 256 512 1011
D 512 1024 2048 404,3
E 2 048 4 096 8,192 1617,
F 8192 16 384 32 768 6 468,
G 32 768 65 536 131 072 25 8726
H 131 072 262 144 — 103 490,3
1) ny=0,1 cycjes/m
b) Angular spatial frequency units, Q
Degree of roughness
Gy(2,) 1 G, (92
Road clas$ 4(420) W(22)
107 m? 107 np
Lower/limit Geometric mean Upper limit Geometric mean
A — 1 2 1
B 2 4 8 4
Cc 8 16 32 16
D 32 64 128 64
E 128 256 512 256
F 512 1024 2048 1024
G 2 048 4 096 8 192 4 096
H 8192 16 384 — 16 384
1) 2,=1rad/m

20
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Table C.3 — Geometric mean and limits of the displacement PSD for different classes of roads as a
function of the octave bands

NOTE — The mean values for road classes A and H are only for simulation purposes.

a) Spatial frequency units, »

Mean

" and Octave centre spatial frequency, n,

& limits

_E Ga(n) cycles/m

)

« 107° m’ 0,007 8 0,015 6 0,031 2 0,062 5 0,125 025 0,5 1 2 4

A Nlean 2 621 655 164 41,0 10,2 2,56 0,64 0,16 0,04 0,010
Upper 5243 131 328 81,9 20,5 5,12 1,28 0,32 0,08 0,020
Lgqwer 5243 1311 328 81.9 20,5 5,12 1,28 032 0,08 0,020

B Mean 10 486 2 621 655 163,8 41,0 10,24 2,56 0,64 0,16 0,040
Upper 20 972 5243 131 327,7 81,9 20,48 5,12 1,28 0,32 0,080
Lgwer 20 972 5 243 131 327,7 81,9 20,48 5:12 1,28 0,32 0,080

C Mean 41 943 10 486 2 621 655,4 163,8 40,96 10,24 2,56 0,64 0,160
Upper 83 886 20 972 5243 1310,7 327,7 81,92 20,48 5,12 1,28 0,320
Lgwer 83 886 20 972 5243 1310,7 327,7 81,92 20,48 5,12 1,28 0,320

D Mean 167 772 41 943 10 486 26214 655,4 163,84 40,96 10,24 2,56 0,640
Upper 335 544 83 886 20972 52429 1310,7 327,68 81,92 20,48 5,12 1,280
Lgwer 335 544 83 886 20972 52429 1310,7 327,68 81,92 20,48 5,12 1,280

E Mean 671 089 167 772 41 943 10 485,8 2.621,4 655,36 163,84 40,96 10,24 2,560
Upper 1342177 335 544 83 886 209715 5242,9 1310,72 327,68 81,92 20,48 5,120
Lawer 1342177 335 544 83 886 20 971\5 52429 1 310,72 327,68 81,92 20,48 5,120

F Mean 2 684 354 671 089 167 772 41(943,0 10 485,8 2 621,44 655,36 163,84 40,96 10,240
Upper 5 368 709 1342177 335 544 837886, 1 209715 5 242,88 1310,72 327,68 81,92 20,480
Lower 5 368 709 1342177 335 544 83 886,1 209715 5 242,88 1310,72 327,68 81,92 20,480

G Mgan 10 737 417 2 684 354 671 089 167 7721 41 943,0 10 485,76 2 621,44 655,36 163,84 40,960
ULrper 21474 834 5 368 709 1842 177 335 544,3 83 886,1 20 971,52 5 242,88 1 310,72 327,68 81,920

H Lojwer 21 474 834 5 368 709 1342177 | 3355443 83 886,1 20 971,52 5 242,88 1310,72 327,68 81,920
Mean 42 949 668 10 732,417 2 684 354 671 088,6 167 7721 41 943,04 10 485,76 2 621,44 p55,36 163,840

21
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b) Angular spatial frequency units, Q2

Mean

" and Octave centre angular spatial frequency, 2,

4 limits

©

d

'§ G4(92.) radjm

o« 107 m? 0,049 1 0,098 2 0,196 3 0,392 7 0,785 4 1,570 8 3,141 6 6,283 2 12,566 4 25,1327

A Mean 415 104 25,94 6,48 1,621 0,405 0,101 3 0,025 3 0,006 33 0,001 58
Upper 830 208 51,88 12,97 3,242 0,811 0,202 6 0,050 7 0,012 67 0,003 17
Lower 830 208 51,88 12,97 3,242 0,811 0,202 6 0,050 7 0,012 67 0,003 17

B Mean 1 660 415 103,75 25,94 6,485 1,621 0,405 3 0,101 3 0,025 33 0,006 33
Upper 3 320 830 207,51 51.88 12.969 3242 081086 02026 0.050-66 0,012 67
Lower 3 320 830 207,51 51,88 12,969 3,242 0,810 6 0,202 6 0,050 66 0,012 67

Cc Mean 6 640 1660 415,01 103,75 25,938 6,485 1,621 1 0,405 3 0,101-32 0,025 33
Upper 3 280 3320 830,02 207,51 51,876 12,969 3,242 3 0,810 6 0,202 64 0,050 66
Lower 3 280 3320 830,02 207,51 51,876 12,969 3,242 3 0,810 6 0,202 64 0,050 66

D Mean 6 561 6 640 1 660,05 415,01 103,753 25,938 6,484 6 1,621 1 0,405 28 0,101 32
Upper 3 121, 13 280 3 320,09 830,02 207,506 51,876 12,969 1 3,242/3 0,810 57 0,202 64
Lower 3 121 13 280 3 320,09 830,02 207,506 51,876 12,969 1 3,242 3 0,810 57 0,202 64

E Mean 106 243: 26 561 6 640,18 1 660,05 415,012 103,753 25,938 2 6,484 6 1,621 14 0,405 28
Upper 212 486" 53 121 13 280,37 3 320,09 830,023 207,506 51,876.4 12,969 1 3,242 28 0,810 57
Lower 212 486 53121 13 280,37 3 320,09 830,023 207,506 51,876 4 12,969 1 3,242 28 0,810 57

F Mean 4p4 972 106 243 26 560,74 6 640,19 1 660,046 415,012 103,752 9 25,938 2 6,484 56 1,621 14
Upper 8149 944 212 486 53 121,48 13 280,37 3 320,093 830,023 207,505 8 51,876 4 12,969 11 3,242 28
Lower 849 944 212 486 53 121,48 13 280,37 3 320,093 830,023 207,505 8 51,876 4 12,969 11 3,242 28

G Mean 1p99 888 424 972 106 242,95 26 560,74 6 640,186 1660,046 415,011 5 103,752 9 25,938 22 6,484 56
Upper 3B99775 849 944 212 485,91 53 121,48 13 280,371 3320,092 830,023 0 207,505 8 51,876 45 12,969 11

H Lower 3B99775 849 944 212 485,91 53 121,48 13,280,371 3320,092 830,023 0 207,505 8 51,876 45 12,969 11
Mean 699 550 1699888 424 971,81 106 242,97 26 560,742 6640,184 1660,0460 | 415,011 6 103,752 90 5,938 22

22
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Table C.4 — Geometric mean and limits of the r.m.s. displacement for the roughness for different classes

of roads as a function of the octave bands
NOTE — The mean values for road classes A and H are only for simulation purposes.

a) Spatial frequency units, n
Mean and .
o limits Octave centre spatial frequency, .
s o ~rms. cycles/m
"] displacement
107%m 0,007 8 0,016 0,031 0,062 0,125 0,25 0,5 1 2 4
A Mean 4 3 2 1.3 1.0 0,7 0,48 0,34 D24 0,17
Upper 5 4 3 1.9 1,3 1,0 0,67 0,48 D,34 0,24
Lower 5 4 3 1.9 1.3 1,0 0,67 0,48 D,34 0,24
B Mean 8 5 4 2,7 1.9 1.3 0,95 0,67 D,48 0,34
Upper 11 8 5 3.8 2,7 1.9 1,35 0,95 D,67 0,48
Lower 1 8 5 3.8 2,7 1.9 1,35 0,95 D,67 0,48
Cc Mean 15 1 8 5,4 3.8 2,7 1,90 1,35 D,95 0,67
Upper 22 15 1" 7.6 5,4 38 2,69 1,90 ,35 0,95
Lower 22 15 1 7.6 5,4 3.8 2,69 1,90 .35 0,95
D Mean 30 22 15 10,8 7.6 54 3,81 2,69 .90 1,35
Upper 43 30 22 15,2 10,8 7.6 5,38 3,81 69 1,90
Lower 43 30 22 15.2 10,8 7,6 5,38 3,81 .69 1,90
E Mean 61 43 30 21,5 15,2 10,8 7,61 5,38 ,81 2,69
Upper 86 61 43 30,4 21,5 15,2 10,76 7,61 b,.38 3,81
Lower 86 61 43 30,4 21,5 15,2 10,76 7,61 ,38 3,81
F Mean 122 86 61 43,1 30,4 21,56 15,22 10,76 (.61 5,38
Upper 172 122 86 60,9 43,1 30,4 21,53 15,22 10,76 7,61
Lower 172 122 86 60,9 43,1 30,4 21,563 15,22 10,76 7,61
G Mean 244 172 122 86,1 60,9 43,1 30,44 21,53 15,22 10,76
Upper 344 244 172 121,8 86,1 60,9 43,05 30,44 21,53 15,22
H Lower 344 244 172 121,8 86,1 60,9 43,05 30,44 21,53 15,22
Mean 487 344 244 172,2 121,8 86,1 60,89 43,05 30,44 21,53
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b) Angular spatial frequency units, 2
M‘:::i;nd Octave centre angular spatial frequency, 2,
§ § ) rm.s. rad/m
[ 9] displacement
107%m 0,049 1 0,098 0,196 0,393 0,785 1,671 3,14 6,28 12,67 25,13
A Mean 3.8 2,7 1,9 1,34 0,95 0,67 0,47 0,34 0,24 0,17
Upper 5,4 3,8 2,7 1,90 1,34 0,95 0,67 0,47 0,34 0,24
Lower 5,4 3.8 2,7 1,90 1,34 0,95 0,67 0,47 0,34 0,24
B Mean 7.6 5,4 3.8 2,68 1,90 1,34 0,95 0,67 0,47 0,34
Upper 10,7 7.6 5,4 3,80 2,68 1,90 1,34 0,95 0,67 0,47
Lower 10,7 76 5:4 3:80 268 196 34 8,95 0,67 0,47
Cc Mean 15,2 10,7 7.6 5,37 3,80 2,68 1,90 1,34 0,95 0,67
Uppe 21,5 15,2 10,7 7,59 5,37 3,80 2,68 1,90 k34 0,95
Lowe 21,5 15,2 10,7 7,59 5,37 3,80 2,68 1,90 34 0,95
D Mean 30,4 21,5 15,2 10,74 7.59 5,37 3,80 2,68 1,90 1,34
Uppe 42,9 30,4 21,5 15,18 10,74 7,59 5,37 3,80 2,68 1,90
Lowe 42,9 30,4 21,5 15,18 10,74 7,59 5,37 3,80 2,68 1,90
E Mean 60,7 42,9 30,4 21,47 15,18 10,74 7,59 5,37 3,80 2,68
Uppe 85,9 60,7 42,9 30,36 21,47 15,18 10,74 7,59 5,37 3,80
Lowe 85,9 60,7 42,9 30,36 21,47 15,18 10,74 7,59 5,37 3,80
F Mean| 121,56 85,9 60,7 42,94 30,36 21,47 15,18 10,74 7.59 5,37
Uppe 171,8 121,5 85,9 60,73 42,94 30,36 21,47 15,18 10,74 7,59
Lowe 171,8 121,5 85,9 60,73 42,94 30;36 21,47 15,18 10,74 7,59
G Mean 242,9 171.,8 121,56 85,88 60,73 42,94 30,36 21,47 15,18 10,74
Upper 343,5 242,9 171,8 121,45 85,88 60,73 42,94 30,36 21,47 15,18
H Lowe 343,5 2429 171,8 121,45 85,88 60,73 42,94 30,36 21,47 15,18
Mean| 485,8 343,5 242,9 171,76 121,45 85,88 60,73 42,94 30,36 21,47
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