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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be th¢
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents)-

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
w.iso.org/iso/foreword.html.
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on fechnical cooperation between ISO and*CEN (Vienna Agreement).
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Thd

5 document was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SQ
hboration with ISO Technical Committee TC 227, Road materials, in accordance with the

5 second edition cancels and replaces-the first edition of ISO 11819-1:1997 and ISO/PAS 11§
ch have been technically revised:

main changes are as follows:
[SO/PAS 11819-4 has-now been integrated as Annex C;

the backing board.niethod makes possible a wider application of the method, where the
would not meetithe acoustical free field conditions;

changes tonomenclature for vehicle categories in 3.1, including the introduction of a 'gensg
category.and the introduction of a minimum gross vehicle weight (8 t) for dual-axle heaxy

changes to some key symbols and abbreviations in Clause 4;

enance are

ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
herence to
[TBT), see

1, Noise, in
agreement

19-4:2013,

pld version

ric' vehicle
'y vehicles;

using a generic speed exponentIor heavy vehnicles mstead oI calculating a speed exponen
measurement;

using a correction to 2-axle medium vehicles for correcting them to a level typical of 3-

vehicles;

more liberal requirement regarding the number of heavy vehicles to measure;

from each

axle heavy

an additional microphone position (at the height of 3,0 m) can be used in cases where reflecting

objects could influence the results.

The objective of the changes and supplements is to make SPB measurements more practical while
maintaining or reducing uncertainties.
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Alist of all parts in the ISO 11819 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The emission of road traffic noise greatly depends on road surface characteristics, notably
and porosity; the latter due to the flow resistivity of the air voids. Both these characteristic

on texture
s influence

the generation of tyre/road noise and, in addition, the porosity can influence the emission of sound,
particularly when the emission takes place close to the surface. Power unit noise, which is usually
generated at a greater height above the road surface than tyre/road noise, can also be affected during
emission by the porosity characteristics of the road surface. These effects lead to differences in sound
levels, associated with a given traffic flow and composition, from different road surfaces of up to 15 dB,

whi

It is
at a
met
con
pre

therefore important to be able to measure this influence by a standardized method) a
quantitative ranking of road surfaces with respect to traffic noise. This document of]
hod, the objective of which is to satisfy a need expressed by road planners, road adm
fractors, manufacturers of so-called "low-noise surfaces" and by other parties concerng
Hiction and control of road traffic noise.

d to arrive
fers such a
nistrators,
d with the
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Acoustics — Measurement of the influence of road surfaces
on traffic noise —

Part 1:
Statistical pass-by method
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Clayise 5 gives a‘general description of the SPB method.

2

Scope
5 document specifies a method of comparing traffic noise on different road surfaces

resenting either light or heavy vehicles at selected speeds are assigned.te’a certain ro
method is applicable to traffic travelling at constant speed, i.e. free-flewing condition
bds of 50 km/h and upwards. For conditions where traffic is not free)flowing, such as 3
where the traffic is congested, the method is not applicable.

andard method for comparing the noise characteristics of rodd strfaces gives road and er
horities a tool for establishing common practices or limits regarding the use of rog
ting certain noise criteria. However, it is not within the{scope of ISO 11819 (all parts)
1 criteria.

statistical pass-by (SPB) method is suitable for usé-for the following main purposes:
to classify road surfaces according to their jnfluence on traffic noise (surface classificati
to assist in verifying conformity of production of road surfaces;

to evaluate acoustic performance.of road surfaces throughout operation relative to new

to evaluate the influence of different road surfaces on traffic noise at sites irrespective g
and service time;

to evaluate acoustic petformance of a road surface relative to a reference surface.

to practical restrietions, the method cannot be applied at all possible locations. Hg
king board methiod can allow some locations to be tested that were not previously accept

Normative references

Thd

for various

positions of road traffic for the purpose of evaluating different road surface types. Spund levels

hd surface.
5 at posted
t junctions

vironment
d surfaces
to suggest

on);

condition;

f condition

wever, the
able.

Fnl]nwing documents are referred to in the text in such a way that some or all of th

pir content

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 1996-2, Acoustics — Description, measurement and assessment of environmental noise — Part 2:
Determination of sound pressure levels

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

IEC

60942:2017, Electroacoustics — Sound calibrators

IEC 61183, Electroacoustics - Random-incidence and diffuse-field calibration of sound level meters

©IS
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[EC 61260-1, Electroacoustics — Octave-band and fractional-octave-band filters — Part 1: Specifications

IEC 61672-

3 Term

1, Electroacoustics — Sound level meters — Part 1: Specifications

s and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO On
IEC Ele

3.1 Typ

3.1.1

vehicle no
total noise
and tyre/r(

3.1.2
tyre/road
noise gene

3.1.3

power unit noise

noise gene

3.14

background noise

unwanted

3.2 Measurement method

3.2.1
statistical

SPB meth¢d

measurem
of road sun

Note 1 to eff

Results obt
road being

3.3 Roa

NOTE
and usually

3.3.1

linel . latf . ilabl 1 /) . Jobp

ctropedia: available at https://www.electropedia.org/

bs of noise

ise

ad noise (3.1.2)

noise
Fated by the tyre/road interaction

rated by the vehicle engine, exhaust system, air, intake, fans, transmission, etc.

hoise interfering with the noise that.is intended to be measured

pass-by method

ent procedure designed to evaluate vehicle and traffic noise generated on different sect
face under specific traffic conditions

1try: The measurements are taken from a great number of vehicles operating normally on the r
hined usingythis procedure are normalized to standard speeds according to the category or tyy
onsidered.:

from an individual vehicle, including the two major components of_ power unit noise (3.[.3

ons

pad.
e of

l'speed categories

associated with certain areas (urban, suburban, rural, etc.).

"low" speed road
road category where traffic operates at an average speed of 45 km/h to 64 km/h

3.3.2
"medium"

speed road

road category where traffic operates at an average speed of 65 km/h to 99 km/h

Note 1 to entry: These conditions are mostly found in suburban areas or on rural highways.

Three categories of roads are defined with respect to the range of speeds at which the traffic flows

© IS0 2023 - All rights reserved
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3

"high" speed road
road category where cars operate at an average speed of 100 km/h or more; but where heavy vehicles
may operate at lower average speed due to speed restrictions

Note 1 to entry: These conditions are usually associated with motorway traffic in rural or suburban areas.

3.3.

4

reference speed

Vief

preferred speed for uniform reporting of measured data

Not
are
tech

3.4
3.4

velficle category

catd
the
whg

3.4
cat
veh

Not

3.4
cat
cate

34
cat
tru
leas

Not

3.4
cat
tru

Not

e 1 to entry: The reference speed is expressed in kilometres per hour. Most commonly used refer
50 km/h, 80 km/h and 110 km/h (also in ISO 11819-2) but alternative speeds may be used,"if
nical, safety and legislative reasons.

Vehicle categories

1

gory of vehicles that have certain common features easy to identify in the traffic streg

n driven under the same operating conditions
2
pgory P - passenger cars

icles used for passenger transportation, having twoaxles and having typically 4 to 5 seaf
b 1 to entry: See further Annex A.
3
pgory H - heavy vehicles

gories H2 (3.4.3.1) and category H3+(3.4.3.2) combined

3.1
pgory H2 - dual-axle heavytvehicles

t8t
e 1 to entry: See AnnéxA.

3.2
pgory H3+ “multi-axle heavy vehicles
ks, buses-and coaches with more than two axles

b 1 to'entry: See Annex A.

ence speeds
equired for

m, such as

number of axles and the size, that are assumed to correspond‘to similarities in sound emission

wn

ks, buses and coaches withtwo axles and four or six wheels, and having a gross vehiclg mass of at

3.5

Measured moise quantities

3.5.1
maximum sound level

L

by, using time weighting F

3.5.2
SPB sound level

LSPB:P,vref or LSPB:H,vref

maximum A-weighted sound pressure level determined at a reference speed, v

veh

©IS

ref’

icle category P (3.4.2) or category H (3.4.3)

02023 - All rights reserved
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highest A-weighted sound pressure level recorded by the measuring instrument during a vehicle pass-

calculated for either
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3.5.3

statistical pass-by index

SPBI

noise index for comparison of road surfaces, based on the SPB sound levels (3.5.2), Lspg.p ,ef and Lgpp.y

,vref

and considering the mix and speeds of vehicles

3.6 Road surface terms applicable in this method

3.6.1

dense road surface

road surfa

3.6.2
porous ro
road surfa

3.6.3

negatively
road surfa
main aggre

£ + : . il =1 ; + £ + +1 a0 0z 1 1 hY
CIC4dlLUlllly d WCdl'lllg COUL ST WILIT 4 VUIU COIILCIIL O TTUU TITUTC L4l TU 770 (DY VUIUILIIC)

hd surface

‘e featuring a wearing course with a void content of equal to or more than 18 %, (by voluine)

textured road surface
re featuring a relatively flat upper part and relatively narrow valleysor troughs between|the

gate

Note 1 to enftry: The skewness of its profile according to ISO 13473-2 is negative.

3.6.4

reference
virtual ref
surface wh
stone mast

surface

erence surface

ich is not existing but being considered as an ‘avérage” of a dense asphalt concrete and a
ic asphalt surface with a maximum aggregate size of 11 mm

Note 1 to el
Note2toe

3.7 Backing board terms

3.71
backing b

bard

ry: The above definition is incomplete. For furthér details, refer to Annex F.

ry: This definition is valid only in ISO 11819'(all parts).

rectangulalr, hard, reflective board en which a microphone is mounted

3.7.2
surface m

crophone

flush-mounted microphoénée designed to measure sound pressure on a surface without requiring|the

drilling of

4 Symb

W hole threugh it

ols'\and abbreviated terms

Table 1 lists the symbols used in this document. All acoustic variables are A-weighted.

Table 1 — Symbols and abbreviated terms used in this standard and their value or unit

Symbol Value/unit Explanation
LA maxi v The maximum sound level, A-weighted, for vehicle No. i when it passes-by
atspeed v
Lspp.p, ] The SPB sound level, for vehicle category P (passenger cars), at the refer-
e ence speed v ¢
Lspp.i v ] The SPB sound level, for vehicle category H (heavy vehicles), at the refer-
e ence speed v ¢

© IS0 2023 - All rights reserved
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Table 1 (continued)
Symbol Value/unit Explanation
Lspp.cv ; dB The SPB sound level, for vehicle category G (General; i.e. passenger cars or
e heavy vehicles), at the reference speed v,
Lag dB The energy-equivalent A-weighted sound exposure level
A dimensionless |A constant used in the noise-to-speed relationship
B dimensionless |Speed coefficient; i.e. increase in SPB level with a 10-fold increase in
speed, used to correct for deviations from the reference speed, v ¢
TR ket Measured-speed-otanindividual-vehicle-duringapass-by-measurement
Vief km/h Reference speed; used to normalize SPB sound levels to a comifon speed

5

Int
sigr
wit

For
wit
leve
too
ma
veh

restyilt of each SPB measurement.

For
Staf

on

for
det

6

6.1

6.1
The

wi

d
insﬂrument according to IEC 61672-1 for free field or random incidence application, as appr

Measuring principle

he statistical pass-by (SPB) method, the maximum A-weighted sound pressupe levels of a s
ificant number of individual vehicle pass-bys are measured at a specified.roadside locatig
h the vehicle speeds. Each measured vehicle is classified into the appropriate vehicle catg

tatistically
n, together

gory.

each road and vehicle category, a reference speed is selected. Edch'individual pass-by ley
h its vehicle speed is recorded, and a regression line of thesmaximum A-weighted sou
1 versus the logarithm of speed is calculated for each vehiCle‘category, or if the latter a

kimum A-weighted sound pressure level is determined-at the reference speed. This lev
icle categories P and H, is called the SPB sound level (kspp.p, . and Lspp.y, . ) andis the

the purpose of reporting a single number;dating of the acoustic performance of road sy
istical Pass-by Index (SPBI) can be calculated. This combines the appropriate SPB sq
W energetic basis, assuming certain proportions of these vehicle categories. The SPBI ¢
comparison of road surfaces so that;their influence on sound level of a mixed traffic f
ermined. [t is not suitable for deteymining actual traffic noise levels.

Instrumentation
Instruments for,acoustical measurements

1 General

instruments for measuring sound pressure levels, including microphone(s) as well

el together
pressure

pl:Fears to be
uncertain, an alternate standard noise-speed relation nidy be used. From this relation, the average

b], for both
mandatory

rfaces, the
und levels
hn be used
ow can be

hs cable(s),

screén(s), recording devices and other accessories, if used, shall meet the requirements |

oraclass1
riate. The

frequency range of 50 Hz to 10 000 Hz (centre frequencies of one-third-octave bands) shall be covered.

Fil

NOTE

ters shall meet the requirements for a class 1 instrument according to [EC 61260-1.

some models and national regulations[29],

An appropriate windscreen shall be used having a diameter of at least 90 mm.

6.1.2 Verification

Frequencies below 100 Hz are not believed to have a significant effect on the result but are required in

Conformity of the sound pressure level measuring instrument including microphone, the filters and the
sound calibrator with the relevant requirements of IEC 61672-1, IEC 61260-1 and IEC 60942 respectively
shall be verified by the existence of a valid certificate of conformity. Conformity testing in accordance
with IEC 61672-3, IEC 61260-3 and [EC 60942:2017, Annex B, respectively is required for verification.

© IS0 2023 - All rights reserved
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If applicable, random incidence response of the microphone shall be verified by a procedure from

[EC 61183.

All conformity testing shall be conducted by a laboratory operated in accordance with ISO/IEC 17025
and that meets the maximum-permitted uncertainty specified in IEC 61672-1, IEC 61260-1 and
IEC 60942 respectively.

Unless national regulations dictate otherwise, it is recommended that the sound calibrator should be
calibrated at intervals not exceeding 1 year, the conformity of the instrumentation system with the
requirements of IEC 61672-1 should be verified at intervals not exceeding 2 years, and the conformity
of analog filters with the requirements of IEC 61260-1 should be verified at intervals not exceeding 2

years.

NOTE '
IEC 61672-1]

6.2 Inst

6.2.1 Ge

The maxin{
+2,5 %, at

Measuring

6.2.2 Ve

Conformity
conformity
to be made
verified at

6.3 Inst

6.3.1 Ge
The air ang
of +1 °C, as
air temper

The type o

6.3.2 Ve

Equipment

lesting in accordance with [EC 61672-3 does not fully verify conformity with the requirement
unless it has been pattern approved in accordance with IEC 61672-2.

ruments for vehicle speed measurements

neral

um permissible uncertainties for instruments used for vehicle speed measurements sha
he instant when the vehicle passes the microphone.

devices which can cause significant noise by the passageofvehicle tyres should not be u

rification

 of the speed measuring instrument shall be verified by the existence of a valid certificat
. In case of home-made systems using photogells at a fixed distance, such verification n¢
by accurately measuring the distance. The'conformity of the speed measurement devig
intervals not exceeding 2 years.

ruments for temperature measurements

neral

| road temperature measuring instrument(s) shall have a maximum permissible uncerta
specified by the manufacturer. Meters utilizing the infrared technique shall not be used
hture measurements.

f sensor usedshall be reported.
rification

shall be calibrated in accordance with the manufacturer’s specification, in most c3

s of

1 be

ced.

e of
eds
eis

nty
for

LSes

requiring
appropriat

1.l 3 11 1 1.1 i 4+ o 4 £ Ll A i L1l
d LdITUT dtlUll dIlIfudily Uy d I1TdUULIdlUly 4dUutliullZTu tU pPCriulilnl LdlIUT dtiUIIS  tIdttdul

e standards.

7 Test sites

7.1 Selection of measuring site

The following considerations apply for site selection.

to

— The measuring location shall be alongside a part of the road where the noise characteristics of the
pavement are representative for the type of pavement and the physical conditions between the lane
and the microphone as well as the surroundings meet the acoustical requirements.

© IS0 2023 - All rights reserved
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Each road test section shall extend at least 30 m on both sides from the microphone lo
cases where a significant number of heavy vehicles have a length exceeding 20 m, this
increased to 50 m.

cation. For
distance is

The road shall be essentially level and straight. Roads with slight bends or with gradient <2 % may

be considered valid test sites.

Requirements on background noise at the test site in accordance with Clause 11 shall be observed.

See also 8.2 regarding selection of vehicles.

The road surface condition should be homogeneous over the entire test section. A pract

ical way to

NO']
traf

7.2

For
free
roa
agy
usul

7.3
sou

The
wit
ord
pos
of s

Pro
mic
refl

NOT
fron

Chieck the homogeneity 15 to make a measurement with the CPX method (See 150 118197
test section and note how typical the CPX level is on the intended SPB measurement spot
road surfaces, it would be sufficient with a measurement of MPD according to ISQ+13473

The road surface should be in a good condition, unless the intention of the study is to det
effect of road condition on vehicle noise. Road surfaces which exhibit unusually high U
characteristics, surface cracking, bitumen bleeding, excessive stone loss or'‘eontain expan
for example, would not normally be considered as suitable for surface classification pur

E Since some types of road surfaces change their noise characteristi¢s rather quickly after
fic, measurements on newly laid surfaces have limited validity.

Deviations from free-field conditions

surface classification purposes, the measurement microphone should be located in the

field. Acoustic reflections from surfaces such as building fagades, retaining walls, nois
1 cuttings and embankments shall be at least 10:dB lower than the direct sound to be me
ideline, 25 m of space around the microphonesyfree of any reflecting objects other than th
hlly adequate to ensure that approximate free field conditions exist.

Considerations of guard rails-and other barriers which can reflect or scree
nd

re shall be nolarge reflectingsurfaces, such as solid safety barriers, large road signs or emh
hin a rectangle 30 m x 22 mir Figure 1 marked with a broken line. If safety barriers, large
ther major objects are present within the rectangle, they shall be removed for the measy
Kible, or covered withreffective sound absorbing material prior to the measurements. Th
ich surfaces and thetype of covering shall be duly stated in the report.

ctive fenceswill not normally affect the results and can be ignored for the purpose

E 1, Ul 1SO 11819 (all parts), a solid safety barrier is a concrete wall structure designed to prey
1 Jeaving the road or crossing the median.

2) over the
. For dense
-1.

ermine the
nevenness
sion joints,
DOSes.

opening for

acoustical
e barriers,
asured. As
e ground is

h the

ankments,
road signs
rements, if
e presence

of site and

e
Eophone pasition selection. Treatments on some noise barriers with the intention to regluce sound
ctions arenot sufficiently absorptive to allow such barriers within the rectangle shown

n Figure 1.

ent vehicles

NOTE 2

In ISO 11819 (all parts), a guard rail is a structure consisting of a metal beam or plate

attached to

rigid posts and designed to prevent vehicles from leaving the road or crossing the median. There is also a type of
guard rail consisting of stretched steel wires attached to rigid posts.

NOTE 3

In ISO 11819 (all parts), a protective fence is a structure fabricated of wire or cable (usually chain

link) mounted on support posts and intended to prevent animals or human beings from entering the road.

NOTE 4

If the problem is impossible to avoid, the optional microphone position (3 m) describe

provide a solution

7.4

Surface between the tested road surface and microphone

d in 9.1 can

Ideally, the surface between the microphone position and the edge of the test lane should be covered
with the same material as the road surface in the measuring lane. However, at some sites it cannot

©1S0 2023 - All rights reserved 7


https://standardsiso.com/api/?name=ae6dc1f62940f6730bb01bd48584230d

ISO 11819-1:2023(E)

be possible to achieve this condition. When measurements are being made for surface classification
purposes, it is necessary to ensure that at least half of the area between the centre of the test lane and
the microphone shall have acoustical properties similar to the road surface under test, and be essentially
level with the road surface (see Figure 1). This can be accomplished by placing an appropriate covering
material over non-conforming surfaces. The selection of this material is left to the judgement of the
person responsible for the measurement. Figure 1 shows the angles over which the covering should be
applied. If this practice is undertaken, full details shall be summarized in the report.

The 3,75 m nearest the microphone may be grass or another surface with significant absorption.
However, any vegetation in this area shall be kept as short as possible.

Any roadside ditch or other significant depression shall be at least 5 m from the centre of the testlane.

—

When thesf propagation conditions cannot be met, the site is not suitable for acoustical classification
measurements. Table 2 gives an informative overview of how various sound absorptive jor.feflecfive
environments that do not fully comply with the propagation conditions above camyinfluence |the
measurements.

NOTE1 InFigure 3, a microphone on the other side of the road is specified in cases where it is difficult to rheet
the requiregents with the "normal"” microphone position.

NOTE 2  HRor overall SPB levels, the ground cover in the area 3,75 m nearest thé.microphone (areas 7 and|8 in
Figure 1) is[not important; however, spectra might be significantly distorted if the surface is acoustically soft or
has a depregsion.

8 © IS0 2023 - All rights reserved
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Dimensions in metres

Key

1 [testlane (road surface under test) 6  minimum area covered with material haying sound
absorption similar to that of the tested rpad surface

2 |centre of test lane 7  area where there should be no ditch or sjgnificant
depression, but ground cover is not impgrtant

3 [|lane edge marking 8 norequirements regarding ditch or depressions or
ground cover

4 |road shoulder or other roadside area 9 no screening rail, large signs or safety barriers

allowed within the area bounded by the Hotted line
between the microphone position and the test lane

5 |microphone position 10 no reflecting solid safety barrier allowed within the
area bounded by the dashed line unless ¢overed
with sound absorptive material

Figpire 1= Requirements regarding freedom from reflecting or screening safety bartifiers, large
sligns or guard rails and regarding the minimum coverage with an acoustically appropriate
surface het i

Table 2 — Estimated effect of various sound-reflecting or sound-absorbing objects on the
A-weighted sound levels at the microphone location.

Potential effect at the | Potential effect at the
Object or surface 1,2 m high micro- |3 m high microphone Notes
phone position position

For a highway with 2 or more lanes in each direction:

Solid safety barrier at the ~0,5 dBincrease (less | ~0,7 dB increase (less | Some frequencies can be influ-
median of the road for 3 lanes) for 3 lanes) enced by up to 1,5 dB

©1S0 2023 - All rights reserved 9
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Table 2 (continued)

Object or surface

Potential effect at the
1,2 m high micro-
phone position

Potential effect at the
3 m high microphone
position

Notes

Safety barrier on median with
<100 mm wide bars

No significant effect

No significant effect

Guard rail (rail height 0,5 m)
between road and microphone

Up to 4 dB decrease

Up to 1 dB increase

Solid safety or noise barrier

Up to 10 dB decrease

Up to 3 dB decrease

<1 m highjbetweenroad-and
icrophone
Round orftriangular traffic No effect No effect
signs >5 n} from microphone
Soft ground in area 6, 7and 8 | Overall levels influ- Overall levels influ- | Some frequencies can be influ-
im Figure 1 enced by up to 0,5 dB enced by <0,5 dB enced by up to 1,5 dB
Soft grounfd in area 7 and 8 in | No significant effect |No significant effect on| Some frequencies can be influ-
Figure 1 on overall levels overall levels enced by up to 1,5 dB
Soft grounf or trench or ditch | No significant effect | No significant effect |Somefrequencies can be influ-
in arep 8 in Figure 1 enced by up to 1 dB
Trench oy ditch in area 7 in No significant effect |No significant effecton|Some frequencies can be influ-
Figure 1 on overall levels overall levels enced by up to 1,5 dB
Shed, byilding or vehicle Upto 1,5dBincrease | Upto 1,5 dBincrease
<25 m ffom microphone for reflective ground | for reflectiye'ground
For a highway with a single lane in éach direction:
Solid safpty barrier at the Appr. 1 dBincrease | Appry1,;3 dBincrease |Some frequencies can be influ-
medipn of the road enced by up to 2,5 dB
7.5 Backing board
In cases where the requirements of free field \conditions behind the microphone are difficult to mleet,
consider using the backing board method, described in Annex C.
8 Traffic conditions
8.1 Vehicle classification
Only vehicles which clearly fall within any of the categories defined in Clause 3 and in Annex A shall be
measured.[Where there-is any doubt in classifying a vehicle, the measurement for that vehicle shalll be
discarded from thesstudy.
8.2 Selection of vehicles for measurement

Measurements shall only be taken on individual vehicle pass-bys which can be clearly distinguished
acoustically from other traffic on the road. The following criteria shall be used to judge if a vehicle pass-

by is distinguishable.

a) Justprior to and just after the passage of a vehicle intended for measurement, the A-weighted sound
pressure level shall be at least 6 dB below the measured maximum A-weighted sound pressure

level during the pass-by.

10

See Figure 2.
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time, in seconds
A-weighted sound level, in dB

E The solid thick line shows the (idealistic) total seund level from the tested vehicle passing between

disturbing vehicles.
Figure 2 — Illustration of required signal-to-noise ratio for individual vehicle pag

When selecting vehicles for measurgment, care should also be taken to ensure that g
other vehicles overtaking the targetvehicle or passing on the other carriageway do no
the measured result. In these ¢ases, it is possible that the maximum sound level from|
vehicle and other traffic will occur approximately simultaneously so that the peaks ol
then indistinguishable. Su¢h-measurements shall be discarded.

Only vehicles that are considered as representative of the current vehicle fleet shall be g

Vehicles which clearly exhibit unusual or atypical noise characteristics such as might
to a faulty or,miodified exhaust system; vehicle body rattles or audible warning devig
discarded from’ the measurement. Vehicles with auxiliary equipment which emits aud
should als@’be discarded.

Sound-levels should be measured only from vehicles judged to be moving at const
Individual vehicles judged to deviate significantly in their lateral position from the meqd

s-bys

ound from
t influence
the target
tained are

onsidered.

occur due
es shall be
ible sound

ant speed.
lian axis of

the test lane shall be discarded from the analysis.

See

8.3

also the conditions mentioned in Clause 11.

Minimum number of vehicles

For purposes of road surface classification, a minimum number of vehicles shall be measured.

To reduce random uncertainties, the following minimum numbers of vehicles shall be measured, within
each vehicle category:

Category P (cars): minimum 100;

Category H (heavy vehicles, i.e. H2 and H3+ together): minimum 40.

© IS0 2023 - All rights reserved
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See also Clause 13 regarding expected uncertainties.

NOTE The minimum numbers are determined from a balance between uncertainty and precision and the
time needed to measure the desired number of vehicles in the actual traffic. For example, for Category H, the
uncertainty of the LSPB:H increases by ~0,2 dB when decreasing the number from 50 to 40. If, on the other hand,
the number is increased from 50 to 80, uncertainty will decrease by ~0,1 dB[L0],

8.4 Road speed categories

For the classification of road surfaces, it is necessary to distinguish between the three road speed
categories, defined in 3.2. Each of the three categories is associated with a reference speed to be used
for normalization of sound levels; see also 12.6. The acoustical behaviour of road surfaces cai be
different fqr these road speed categories.

The soundflevels Lgpp.p, . and Lspp.y, . shall always be reported for at least one of the.réad speed

categories,

9 Measpring procedure

9.1 Microphone position

The horizdntal distance from the microphone position to the centré of the lane in which the vehifcles
to be meagured travel shall be 7,5 m * 0,1 m. The microphone lo€ation is shown in Figure 1 ang in
and 3b).

An exceptipon is if there is a two-lane road (one lane per.direction, see Figure 3b) and the shou|der
closest to the test lane is too narrow to provide a surface having the appropriate acoustical reflectiyity
(see 7.4), i which case, a microphone position on the @ther side of the road can be used (microphone
distance is|still 7,5 m).

In the casq of a 2 x 2 lane road (Figure 3 a)), ifithe shoulder is too narrow to provide the approprjate
acoustical [reflectivity according to 7.4, one:shall first consider if it is practical and safe to divert|the
traffic into[the "fast" lane. If this is not the case, one may select microphone position 2 instead.

Examples provided assume right-hand traffic. In cases of left-hand traffic, the positions shall be
reversed.

The microphone shall be located 1,2 m * 0,1 m above the plane of the road lane. Unless otherwise
indicated Hy the manufacturerof the sound level meter, the microphone shall be horizontal and dire¢ted
perpendicylarly towardsthéepath of the vehicles.

There shoyld be a distance of no less than 0,1 m between the microphone membrane and any microphone
mounting rrod or stand to avoid influence from sound diffraction or reflections.

An additiohal (optional) microphone position, 3,0 m * 0,1 m above the plane of the road lane, can be
used in ca.wmmm;mmmmﬂmmﬂmﬁthe

normal microphone position. With respect to the direction of the microphone, the same requirements
as above apply. Refer to 12.1 for processing of those measurement results.

The additional microphone position is recommended for use as a supplementary position in cases
where sound diffractions and reflections on objects near the ground level can constitute a problem
or when the ground conditions in Figure 1 are not achieved. It can also be a useful supplement when
vertical directivity of the noise emission is an important issue.
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Dimensions in metres

e
1
a) 2 x 2 lane motorway (or cQQsponding)
N\
&

27

O
OO b) 1 x 2 lane highway or street

Key %\%

s

1 |microphone @on 1 (7,5 m from median) 6  shoulder

2 |microph Q’osition 2 (7,5 m from median) 7  median area

3 |slowl %easuring lane) 8 roadside area, e.g. grass or gravel
4 slcy&Bﬁe 9  driving lane (measuring lane)

5 f% lane 10 opposing lane

Figure 3 — Typical road configurations and microphone positions

9.2 C(Calibrations

At the beginning and at the end of every measurement session, the entire sound pressure level
measuring system shall be checked at one or more frequencies by means of a sound calibrator meeting
the requirements for a class 1 instrument according to IEC 60942. Without adjustment, the difference
between the readings of two consecutive checks shall be less or equal to 0,5 dB. If this value is exceeded,
the results of measurements obtained after the previous satisfactory check shall be discarded.
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9.3 Sound level measurement

During each vehicle pass-by, the maximum A-weighted sound pressure level, Ly .y, shall be measured
using time weighting F.

9.4 Frequency spectrum measurement

Frequency spectra shall be measured in one-third-octave bands using time weighting F. The spectrum
shall be captured when the A-weighted sound pressure level during a vehicle pass-by is at its maximum.

It is recommended ach

frequency pand.

9.5 Speeé¢d measurement

The vehicl¢ speed shall be measured at approximately the moment when the vehicle miidpoint pa
closest to the microphone.

bSES

ion,
ant
1 be

[f the meaqurement is made with a radar device directed towards the vehicle from a road-side locat
the measufed speed will be lower than the actual speed due to the measurement angle. It is impor
to correct for this effect. If the instrument itself does not provide such a correction, the reading shal
corrected manually.

See also Nate 2 for precautions regarding measurements for the "low™road speed category.

9.6 Temperature measurement

Air and ro vith

ISO/TS 134

ad surface temperature during the measurement shall be measured in accordance V
71-2.

10 Meteprological conditions

10.1 Wind

Wind speefl at the microphone heighit shall not exceed 5 m/s during the measurement.

10.2 Temperature

Unless thg
environme
surfaces ar

Itisrecom

measurementy)specifically aims at determining the influence of weather or of
ntal conditions on sound emission, measurements shall be carried out only when 1
e dry and-ambient air temperature is within the range 5 °C to 35 °C.

nendedthat measurements be made at air temperatures as close as practical to the referg

her
oad

nce

air temperpture (20 °C).

10.3 Recommendations on road surface moisture

Road surfaces can be assumed to be sufficiently dry for measurements if the minimum time for drying
after rainfall in Table 3 are observed[2l. However, as actual drying time will depend on wind and
sunshine conditions, the values given may be adjusted accordingly.

Unless more than 2 days have passed since the latest precipitation, a check of whether a surface
assumed to have a significant porosity still contains residual moisture is recommended.

Compressed air is blown into the road surface, e.g. using a standard pistol-grip air jet or a spray can
with compressed air, directed vertically towards the surface. Any remaining moisture is revealed in a
clearly visible spray cloud. The surface can be regarded as dry if five tests at representative points along
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the length of the road surface fail to show a spray cloud. Blotting paper can also be used to indicate
presence of water.

NOTE1 Experience with sound measurements on porous road surfaces has shown that A-weighted levels can
be influenced by up to 2 dB due to residual moisture in an apparently dry surface.

NOTE 2  This test can be carried out using a portable compressor. A short pulse of compressed air at 0,5 kPa to
0,8 kPa is sufficient for the test.

Table 3 — Recommended minimum time periods between rainfall and measurement

Recommended time beiore meas-

Comments
urements

Surface type

De1jse, non-permeable surfaces, e.g.
hotJrolled asphalt, dense asphalt No special time
concrete, cement concrete

Make visual judgement of whether
the pavement is dry or humid/wet

Negatively textured road surfac-
es, potentially containing deep 3h
trofighs, e.g. stone mastic asphalt
and thin asphalt layers

After 3 h, make visual judgement
of whether the pavementis dry or
huinid/wet

The lower value is accepffable only
if there is sunshine during the day,
and significant air moverpent over
the surface either by wind or by
traffic. Furthermore, the|daytime
should not be short as in intertime

Porjous (permeable) surfaces 24hto48h

11|Background noise

A-weighted sound pressure levels from activities other than traffic on the road site shall[be at least
10 ¢IB below the maximum sound level from the quietest vehicle pass-bys recorded. Regarfling sound
pregsure levels from other vehicles, see-8:2.

Megsurements which obviously are-disturbed by wind gusts, background noise or by otHer sources
shall be discarded.

12|Normalization of data

12.1 Compensating for the effect of the additional (higher) microphone position

If the higher mricrophone position has been used, the measured maximum sound levels| (including
speftral levels) at the 3,0 m position shall be increased by 1,0 dB for dense pavements and 0,7 dB for
porpus pavements (air voids 218 %) in order to represent the results at a microphone height{of 1,2 m.

NOTEZL The correction constants have been determined based on measurements compiled|by WG 33,
for example but not only by Reference [9]. The tolerance of the constants for varying pavement properties is
around +0,5 dB (maximum for both dense and porous pavements). This is considered in the uncertainty analysis.
Frequency band levels might need somewhat different correction constants.

NOTE 2  The data for the two microphone positions can turn out to be different. Both have its advantages and
disadvantages. It is up to the user to decide which one is the most accurate for the measured case.

12.2 Combining vehicle categories H2 and H3+ into a common heavy vehicle category H

The SPB sound level and associated frequency spectra in third-octave band levels for each vehicle in
category H2 (if measured) shall be normalized to the generic level of category H3+, by adding 2,7 dB. In

© IS0 2023 - All rights reserved 15


https://standardsiso.com/api/?name=ae6dc1f62940f6730bb01bd48584230d

ISO 11819-1:2023(E)

this way, all heavy vehicles of category H2 and H3+ will be collected into a single heavy vehicle category
H.

NOTE1 Except for urban locations, the number of measured vehicles of category H3+ usually dominates
over category H2. To reach the minimum number of measured heavy vehicles it is preferred to use data for both
vehicle categories, which the normalization above makes possible. However, measurement of H2 vehicles are not
needed if such vehicles are uncommon in the traffic flow.

NOTE 2  The difference of 2,7 dB is a result of a comprehensive compilation of available data by the working
group that developed this standard. It relies on the definitions of vehicle categories in Annex A.

12.3 Noide versus speed - regression analysis (for passenger cars)
The follow|ng applies only to passenger cars.

In general) it is assumed that sound pressure levels increase with speed according te, the following

Formula (1)):
LA,max, v = A+B-lg Vi (1

Where

Lpmax{v 1S the measured maximum sound level, in dB, for passenger car No. ;

A is a constant;
B is a constant, termed speed coefficient (roundéd to the nearest decimal);
Vi is the speed of vehicle No. 7, in km/h.

The data f¢r the measured maximum sound levels.and speed for each individual car shall be analysed
with a regilession analysis of sound level versus thelogarithm of speed, from which the constants A and
B will be determined. The formula thus obtainedshall be reported as Formula (2):

Lsppp|=A+B-lgv (2)

where

Lsppp,| is the SPB level, imdB, for passenger cars (P), versus the speed v;
A B constants,determined from the regression;
1% is theyehicle speed, in km/h.

It is usefu] to,produce a regression diagram, as illustrated in Annex D. In this diagram, the 9% %
confidence| limits for the regression line shall be calculated and added. Annex D provides information
about how te¢ealentate-the Hmits:

12.4 Noise versus speed - normalization to reference speed (for heavy vehicles)
The following applies only to heavy vehicles.
It is assumed that sound pressure levels increase with speed according to the following Formula (3):

LA,max:j,v =A+B- lg v (3)
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where
Lpmax:jy is measured maximum sound level, in dB, for heavy vehicle No. j, passing-by at speed v,
in km/h;
A is a constant;
B is a constant, termed speed coefficient (rounded to the nearest decimal);
1% Is the vehicle speed, in km/h.
For[heavy vehicles, when plotting the data points in a regression diagram of sound-Idvel versus

log3
ver

rithm of speed (same as for passenger cars), it usually appears that the spread inSou
 high at the same time as the speed range is relatively narrow. This can introduce ung

nd levels is
ertainty in

the|determination of constant B. Uncertainty can be reduced if B is predetermined by megsurements
including a large number of vehicles travelling at a wide range of speeds.

Therefore, select a generic speed coefficient B, which is presented in Table 4!

Tahle 4 — Generic speed coefficient B, for three categories of road surfaces, to be used for heavy

vehicles
Vehicle category Cement concrete Porous asphalt concrete | All other road surfaces
(218y%'voids) (<18 % vpids)
H (H3+ and H2) 30 25 25

NOTE The generic speed coefficients are a result of d&2comprehensive compilation of available|data by the
working group that developed this standard. A potentidaluncertainty in B of +5 will result in an unjcertainty of

only

Firg

tog
ave

The
Thd

+0,25 dB for a speed difference of #10 km/h.

t, the arithmetic average, Ly 4y, iy, 0f all maximum sound levels for all accepted passes of

bther with the 95 % confidence interval, are calculated. Further, the corresponding

rage of their vehicle speeds, v,q55-and the standard deviation of speeds, sv,,, y are

latter is used in the determinatien of the useful speed range according to 12.7.

n a normalization of the measured noise level to the noise level at the reference speed

is mpade for all H vehicles together, based on the measured average noise levels and avera

H vehicles,

arithmetic
calculated.

(Table B.1)
ge speeds,

(4)

ef s

accprding to this Formulay4):
Vave,H
Lsppy =Laavetiy=B-18 [— ]
Vref
whére
Lsppy  the SPBlevel, in dB, for heavy vehicles (H), at the nominated reference speed v
Lpaven thearithmetic average of all heavy vehicle sound levels;
B is the constant presented in Table 4;
Vavew 1S the average vehicle speed for the heavy vehicles, in km/h.

It is useful to produce a plot of noise levels versus speed, as illustrated in Annex D. Formula (4) shall be
reported, together with the 95 % confidence interval, which is the same as the 95 % confidence interval
of A.

©IS
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12.5 Noise versus speed - normalization of frequency spectra for vehicles in categories P
and H

In cases where there is a large data set (containing significantly more than the minimum number of
vehicles), one can calculate the sound level in each frequency band separately, over the appropriate

frequency range, by using the same kind of regression as for the overall A-weighted levels (L 1,1,

NOTE 1

This procedure will show if and how the speed constant varies over different frequency bands.

However, for more typical (smaller) data sets, the following is recommended.

— Calculatrethe artthmeticaverage of att spectra for vehictes i category Por H Over the appropljiate
frequency range, to obtain the “averaged frequency spectrum”.

— Based on the result, calculate the A-weighted overall level.

— Check the difference between the SPB sound level (12.3 or 12.4) and the A-weighted-overall level.

— Use the difference so obtained to normalize the averaged frequency spectrum,bythe same constant
for all frequencies, so that the A-weighted overall level of this spectrum fitsthe SPB sound level. [The
frequency spectrum obtained will be the final “normalized average frequency spectrum”.

NOTE 2  The latter procedure assumes that the noise versus speed relation is constant over the enftire

frequency band which is, of course, a simplification.

12.6 Det¢érmination of SPB sound level at reference speeds

The reference speeds for the vehicle categories in the road speed categories are specified in Table Bj.1.

The sound| levels for each category of vehicle at the coetresponding reference speed will be the SPB

sound level, i.e. Lgpp.p yref OF Lgppy yref according to Formulae 2 and 4 with v equal to v,.o¢ In this yay,

for a given|road site, separate SPB sound level values are obtained for cars and heavy vehicles.

All levels shall be calculated to two decimal plaées and rounded and reported to one decimal place.

12.7 Useful speed range for the speed normalization

For the rggression calculation ahd subsequent normalization to a reference speed the following

condition ghall be met.

The range|of speeds covered by the measured vehicles shall be such that the reference speed shall

deviate frdgm the measui'ed average speed by less than + one-and-a-half standard deviation, for hoth

cars and h¢avy vehicles:

12.8 Correctionof sound levels according to temperature

The SPB sqund levels, Lepp.p o and Loppyy e, should be corrected to a reference air temperature of

20 °C. This

can be made according to one of three methods:

Method 1: if temperature measurements are made at each individual vehicle pass-by, along with sound
measurements, correct each measured sound level individually ( Ly 1,4 ) for measured vehicles.

Method 2: for each set of measured vehicles in which temperature varies only within 5 °C, correcting
all SPB sound levels for temperature using the average temperature of this set is acceptable. If
measurements continue with further variation of temperature, the same procedure can be used per
each set of measurements that are within 5 °C.

Method 3: correction may also be made within certain time periods when temperature does not vary
more than (say) 5 °C.
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The correction shall be made in accordance with ISO/TS 13471-2. Method 1 is preferred, but not
required. Irrespective of method, one shall note both minimum and maximum as well as the time-
or vehicle averaged temperature during the measurement session. Also, the temperature correction
coefficient used shall be reported.

13

Measurement uncertainty

The procedure to calculate uncertainties is explained in ISO/IEC Guide 98-3. First, one shall identify
each significant uncertainty source, indicated as 61 + §2 +63 + 64 + 65 + §6, as an example. The following
major sources of uncertainty in this procedure have been identified and require processing according

tot

Am

The
stat
infa
coe

resylt, as spe]cified in [SO/IEC Guide 98-3.

Thd

quantities x ;

rep

Thd

where
c. (. . - . of .
j  Sensitivity coefficient for input x;; c; = with y=f(x1,x5,....X5 ) ;
1X :
J
uj The standard uncertainty in input x;.

he procedure specified in ISO/IEC Guide 98-3:

instrumentation uncertainty;

uncertainty due to local propagation conditions;

uncertainty due to insufficient correction of environmental influences;
uncertainty due to operational variations regarding vehicle selectiof;
uncertainty due to local and time variations in the vehicle fleet

ore elaborated list of potential uncertainties appears in Aniiex H.

value of these input quantities shall be evaluated by the‘test operators. It can be based
istical data, analysis of tolerances stated in this.document and engineering judgd
rmation needed to derive the overall uncertainty ig'given in Table H.1. The table includes
fficients c;, the values of which are based on the'‘procedures and formulae used to obta

estimate of the measured SPB level, LSPB:G,vref , here denoted by y, is determined from
j through a functional relationship Lsppc,, . = f(X1,X2,...,Xg). Thus, the Y
resent the parameters that determiine the estimate of the SPB level.

combined standard uncertainty of the measured SPB level is calculated with Formula (jJ

bn existing
ment. The
sensitivity
n the final

a series of

rarious x j

(5)

The expanded uncertainty, U, is determined by multiplying the combined standard uncertainty, u(y),

by the appropriate coverage factor, k, for the chosen coverage probability as described in
ISO/IEC Guide 98-3. See Table 5 for an example of how the uncertainty budget is developed (note that
the actual number of contributions is more than the 6 indicated in Formula (6); refer to Table H.1 in
Annex H).

Table 5 — Uncertainty budget for the determination of the SPB level (separate for light vehicles

and heavy vehicles)

Uncertainty Estimate Probability Standard Sensitivity Uncertainty
source distribution uncertainty, u; | coefficient, c; contribution
61 0 normal
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Table 5 (continued)
Uncertainty Estimate Probability Standard Sensitivity Uncertainty
source distribution uncertainty, u; | coefficient, c; contribution
62 0 normal
63 0 normal
64 0 asymmetric
65 0 asymmetric
Combined standard uncertainty, u(y), according to Formula (5)

H.4 gives

detailed listing of the standard uncertainties and sensitivity coefficients of each-50

:LI['CB

and gives fypical values. Using these values, the uncertainty budget analysis results in a_combined

standard
probability
with Table

NOTE ]
cars and 40
uncertaintig

The uncer
"high" ro

L
can be inf

deceleratid
example, b

Table 6

ncertainty in the SPB level as indicated in Table 6 as the expanded uncertainty and.covet
for the case where the method is applied, and individual source uncertainties.are consis
[H.1.

'he confidence intervals, around the SPB sound levels, assume that the number of vehicles is
heavy vehicles. The corresponding random uncertainty of the SPBI will & a combination of t
s according to the chosen weighting factors (see Annex B).

fainties quantified in Table 6 represent road speed categoriés "medium" road speed

speed. Results of measurements made for the road speed category "low" road sp
enced more by driving behaviour than others (some véhicles can be in an acceleratio
n mode which is not always easy to notice) and should'be treated with caution. It might
e wise to monitor their speed also slightly before and.after they pass the microphone.

— Estimated expanded uncertainty for a coverage probability (based on Table H.1))

age
fent

100
nese

and
eed
N or
for

Vehicl

Expanded uncertaint
dB

Coverage factor
k

Coverage probability
%

b category

y

Light v

1,3 80 1,4

ehicles (P)

2,0 95 2,2

Heavy Y

1,3 80 2,1

rehicles (H
(H) o5

2.0 3,2

14 Repo

14.1 Gen

The testre

rted data

bral information

port shall'include the following data (mandatory if not indicated as optional).

date a11d time of day for start and end of measurements;

organi

zation and operators responsible for the measurement;

purpose of the measurement;

type of measurement equipment (including calibrator, sound level meter or equivalent system,

measuring equipment for speed and meteorological data and, if used, equipment for measurement
of surface macrotexture);

20

whether the optional microphone position was used;

whether the backing board method was used (and if so, the extra requirements given in C.12).
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14.2 Information relating to the location and appearance of the test site

14.

14
fac

14.

location of the test site;

site plan (horizontal), including microphone location (position 1 or 2) and identifying tested road
lane, the type of road surface(s) between the tested lane and the microphone, as well as acoustically

reflecting objects within 25 m from the microphone;

cross profile (vertical) of the site from the other side of the road to the microphone position

(optionally, photos might be used to illustrate the site and the cross profile);

0. , .. r . L o -
tetaitsof speciat provisions takemtoassure conformity wittr€tause 7

3 Information relating to the type and construction of the tested road surfac

type of road surface (asphalt concrete, stone mastic asphalt, surface dressing; etc.), inc
standardized or otherwise commonly used designation of the road surface;

maximum aggregate size of the road surface material;
thickness of road surface layer (only for porous surfaces);

other details in the production and construction of the road surface layer; in particular, t
may have an influence on noise properties (optional);

macrotexture profile depth, according to ISO 13473-1(eptional);

representative photo of the surface, covering anjarea ~100 mm by 150 mm, includ
(optional)

A Information relating to the condition of the tested surface and environmer

for's

age of the surface and state of maintenance;

any special surface treatment;

any notes regarding the-hemogeneity of the surface (such as ruts, separations);

date of latest precjpitation, in the case of porous surfaces;

brief descriptieniéf where and how often the temperature measurements were taken (o
average, maximum and minimum air temperatures over the measurement period;

average;maximum and minimum road temperatures over the measurement period.

g

luding any

hose which

ng a scale

tal

ptional);

5 Road speed category and vehicle information

the road speed category in question and reference speed(s);

the number of vehicles in each category on which the measurements are based.

14.6 Measured and calculated sound level and speed data

Lsppy,,, for vehicle categories P, and Lgppy, . for vehicle categories H, uncorrected for

temperature (optional);

—  Lopppy, for vehicle categories P,and LspeH,v, for vehicle categories H, corrected for temperature;

© IS0 2023 - All rights reserved
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— SPBI, uncorrected for temperature (optional); If not in accordance with Annex B, vehicle category
weighting factors, W,, shall be reported;

— SPBI, corrected for temperature (optional); If not in accordance with Annex B, vehicle category
weighting factors, W,, shall be reported;

— slope and intercept of regression line (to one decimal) of sound pressure level versus (log) speed,
average and standard deviation of the speeds and the 95 % confidence intervals of the SPB sound
level versus speed. In the case of using the generic speed exponent, this exponent shall be reported.
[tis optional butillustrative to produce a regression diagram, as illustrated in Annex D (should then
be one for P vehicles and another one for H vehicles);

— Frequgncy spectra in third-octave bands, A-weighted and normalized for speeds, according to
Clauses 9 and 12.

— In casqg the optional microphone position was used, also those data shall be reported,

14.7 Others

— wheneyer used, the reference surface shall be reported, i.e. which of the optiens in Annex G has heen
used, ih addition to items above describing its construction and condition(wherever applicable]

-

— detailq of special provisions taken to assure conformity with this’document; for example, if|not
meetinjg the minimum number of heavy vehicles;

— see algo Annex [ which includes an example of a report form.
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Annex A
(normative)

Vehicle categories

re is no standard system of classification of vehicles in various categories that is applied
ertain regions, such as in the European Union, the classification is rather uniform, but
, most countries have their own classification. A reason for this is the sometimes very dif
avy-duty vehicles that are common and/or allowed to travel in the countries.Also, the v
inology are sometimes a problem. An exception is 4-wheel passenger cars,for which thg
ifficiently uniform worldwide for use in this standard.

llows that the definitions of heavy vehicle categories below may. et fit very well with t
d in some countries. This needs to be accepted in an international standard. The u
ument should attempt to comply with the definitions below, as’well as possible, or wh
Kible, describe an own classification.

Principles

basic idea is to determine the acoustic propetties of road surfaces for two cases: lig
resented by passenger cars) and heavy vehigles (represented by a mix of medium-size
es and heavy-size trucks and busses). It is\not necessary to include the vehicle categor
veen these two or including two-wheeleys, since the chosen two categories will fully rej
icle mix when it comes to the acoustigal properties of the road surfaces.

e there is substantial variatidn,between noise emission of individual vehicles eve
'row” category, to reduce uncertainties, the measurements should include a great number
ach category. This is generally no problem for passenger cars but is usually a practical g
heavy vehicles, since they~eommonly constitute only 5 % to 25 % of the vehicles in the ti

lvorldwide.
apart from
erent sizes
iriations in
e definition

he practice
ser of this
Fn it is not

ht vehicles
trucks and
ies in sizes
bresent the

 within a
of vehicles
roblem for
affic while

e same time the varjation in noise levels is large. Therefore, as a compromise between practicality

uncertainty, the vehieles to include in a certain category are restricted in order to exclu
5 will reduce variations in noise levels while not reducing the number of acceptable v
ch.

Twomain categories

A3

.1 General

The two main categories in this method are:

light vehicles, represented by passenger cars, and denoted P;

He outliers.
echicles too

— heavy vehicles, denoted H, represented by a mix of the two sub-categories; medium-size trucks and

busses (denoted H2) and heavy-size trucks and busses (denoted H3+).

Since the vehicle categorization during measurements generally is made visually, the distinction
between the categories is based upon the number of axles. H2 stands for heavy vehicles having two
axles (i.e. dual-axle) while H3+ stands for heavy vehicles having multiple axles (i.e. three or more axles).

These categories are described more in detail below.

© IS0 2023 - All rights reserved
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A.3.2 Lightvehicles (P for passenger cars)

The category P includes passenger cars and “crossover SUV:s” typically having four or five seats, but not
included in the list below.

Light vehicles that should not be included in the measured data set are then:
— vehicles with less than 4 and more than 5 seats;

pick-up trucks;

vehiclagc:
v-Srrrer 7

utility

small yehicles such as the Japanese K category;

SUV:s oad

tyres);

wvith off-road tyres (if is perceived by the measuring crew that the tyres sound. as off-q

cars if they emit power unit noise that is perceived by the measuring’erew as “distinictly

than normal cars”;

sports
louder

other ( t of

a “faul

ars or SUV:s that emit power unit noise that is perceived by the measuring crew as resu
Ly or tampered with muffler or exhaust system”;

vehiclg y of

interes

s that sound as if they are equipped with studded tyres{(uhless this is a tyre categor
t to include by the ordering organization).

Electric or
any of the

electric-hybrid vehicles shall be considered valid to include in this method, unless they fafll in
ategories above.

If in doubt,choose to neglect the vehicle which is difficultto categorize.

A.3.3 Du

This categgry is basically represented by medivin-sized trucks (for urban deliveries) and busses hay
| be

two axles
rather easy
8 tand up
C2andins

Vans or he

Thus, the
equipped

The lower

al-axle heavy vehicles (H2), also e¢onsidered as “medium heavy vehicles”

bnly but using 2 or 4 tyres on thé driving axle. The intention is that such vehicles wil
 to identify visually in the traffic flow. They will have a gross vehicle mass (GVM) exceec
fo 16 t (metric) (12 t or 16-tmay vary from country to country), and they are equipped V
ome cases C3 tyres.

vy utility vehicles@hall not be included as they normally would not be heavy enough.

higher limit isTaniquely determined by the number of axles being two and that they
Vith 4 or 6 tyres. Visually, it is usually possible to see if the rear axle has two or 4 tyres.

imit is 8.t/In Japan for example, this is easy to see by checking the size of the licence plat

ring

ling
vith

are

. In

other counfries,see Figure A.1 for examples.

Electric vehicles or electric-hybrid vehicles driven in electric mode shall be considered valid to include
in this method, on the condition that when reference speed is lower than 70 km/h their proportion in
the H2 database is reasonably typical to the fleet on the tested road, and provided they are flagged
(indicated as electric), and if it is possible to distinguish such vehicles from the rest. The flagged
vehicles shall still be considered in the calculations, but the expected effect on the result (if potentially
significant) can be commented in the report at the discretion of the responsible author.

NOTE Vehicles driven in electric mode would normally be significantly quieter than combustion-engine-
driven vehicles at speeds lower than 50 km/h and potentially quieter also in the range (50 to70) km/h. For such
vehicles, power unit noise will be insignificant, which means that tyre/road noise will be dominant. Under such
conditions, low-noise road surfaces would normally provide higher noise reduction compared to the references,
than for vehicles with combustion engines, as the power unit noise will not put a lower limit to the lowest possible
noise level. See further illustrations in Figure A.1.
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A.3.4 Multi-axle heavy vehicles (H3+)

This category is represented by full-sized trucks having three or more axles. Nevertheless, the following
categories should be avoided:

— Vehicles operating off-road a significant time (having off-road drive tyres), for example concrete

mixer trucks as well as tipper and dump(er) trucks;

Road trains (more than eight axles).

Electric vehicles or electric-hybrid vehicles driven in electric mode shall be considered valid to include

int
the
(ind

vehjcles shall still be considered in the calculations, but the expected effect on the result (if

sign
NOT
A3

In]
tru
Thi

icated as electric), and if it is possible to distinguish such vehicles from the xest? T

ificant) can be commented in the report at the discretion of the responsible author.

E See NOTEin A.3.3.

.5 Special conditions in certain countries

hpan there is a distinction between vehicles below and above 8t of GVM (gross vehicle
ks and busses up to 8 t have a smaller licence plate than thosg above 8 t (width 33 versug
5 makes it easy to determine which vehicles near the lowefweight limit will qualify as H}

Tis e thod; o the condition thrat wihen reference speed s tower tham 76-km/r tireir prpportion in
H3+ database is reasonably typical to the fleet on the tested road, and provided theyare flagged

he flagged
potentially

mass): the
44 cm)[L],
P vehicles.
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===
[ERE=n

o —— __—-.|-_
| |

NOTE }%fehicles with a red cross are too small to be accepted, i.e. not likely to be able to have a total ass
(GVM) of 8 tfz SAANLES O Tave too ait€Z2tyres)-Theothervehicte ave C3tyresand wi ave atota ass
(GVM) between 8 tand 16 t.

Figure A.1 — Examples of dual-axle heavy vehicles (H2) accepted and some not accepted in the
data set (pictures not to same scale)
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Annex B
(informative)

Determination of the statistical pass-by index (SPBI)

The statlstlcal pass by 1ndex (SPBI) is useful for comparing results of measurements, but to be

a 2 = = hicles in the
tra f1c mix. Reportlng the SPBI is optional but When 1t is reported it shall be calculated accondling to this
Anrex.

In qrder to obtain an aggregate (overall) level of road surface influence on traffic\ioise for a mix of
vehjcles, a statistical pass-by index can be calculated as given by Formula (B.1):

LSPB:P,Vref'p LSPB:H,Vref'H

— V —
SPBI=10lg| Wpx10 10 4w, |2 k10 10 dB (B.1)
Vref,H
Where
SPBI is the statistical pass-by index, for a standard mix of light and heavy vehicles;
LspBp vygp p »
are the SPB sound levels for vehicle:categories P and H according to 12.2 aphd 12.3;
LspBit vyof 4
Wp, Wy weighting factors, which are\equivalent to the assumed proportions of vehicle cate-

gories in the traffic, accerding to Table B.1;

Vief,P» Vret,u reference speeds ofiindividual vehicle categories, according to Table B.1.

Thble B.1 — Reference speeds, v,., and weighting factors (where W is either W, or I)f;)) in the
different road speed categories

Vehicle category Road speed category
Name ID Low Medium High
Reference w Reference w Referencé¢ w
speed speed speed
(km/h) (km/h) (km/h)
Cars P 50 0,90 80 0,80 110 0,70
Heavy vehicles H 50 0,10 80 0,20 80 0,30

Typical values for the weighting factors (Wp and Wy) may vary considerably from place to place,
country to country and with time of day and night. The values selected in Table B.1 should represent
globally most typical cases which allow simple comparisons of road surfaces. However, it is recognised
that in many cases one would prefer to use other, perhaps nationally adapted factors as a supplement.

The mandatory reporting of all Lspgp , ., and Lgpgy , ., values allows such SPBI calculations to be

made, but when reporting optional calculations, the non-standard weighting factors used shall always
be duly specified.
In many cases the main use of the SPBI (which is based on Ly ,,, measurements) would be to compare

a certain surface with a reference surface according to Case G.2 of Annex G and present the result as a
difference value. This difference is a good approximation of the difference measured or calculated in
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equivalent levels (LA’eq ) for the assumed reference speeds and proportions of heavy vehicles according
to Table B.1.

NOTE SPBIis notan equivalent level (LA,eq ) of traffic noise but can be used to describe the relative influence
of the road surface on such levels. The SPBI is an index obtained by energy-based summation of the LSPB:P,Vref »
and LSPB:H,Vref u values together, with each one weighted in accordance with the expected typical proportion of

the vehicle category in question. The index will numerically have a value close to the mean LSPB levels. It is valid
for cases where speeds of cars and heavy vehicles are as given in Table B.1. The index cannot be used for
estimation of effects of speed.
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Annex C
(informative)

The backing board variant

General
Fenera:

Thi
bac
whg

5 annex specifies a modified version of the SPB method that uses a microphone.mo
king board instead of a microphone in normal, free-field conditions. It is applicable to mea3
bre the basic requirements on the acoustic environment are not achievable. This\can be

inted on a
surements
the case in

an yirban, built-up, environment or in the presence of safety barriers, noise barriers, embagpkments or

roa

NO1
dep
bart
use

C.2

The
on 4

By

] cuttings.
E The presence of safety barriers are not always a justification for using the backing boar
bnds on the location, height and construction of the barriers. It is up to the,user to decide whethg

ier has a significant influence on the measurements in the normal microphone position. It can
the higher microphone position than the backing board in such cases. See further C.4.3.

Measurement principle of the backing board

principle is the same as for the main part of the SPBmethod, except that the microphone
backing board rather than being used in normal\free-field conditions.

mounting the microphone membrane very-¢lose to the backing board during measurent

fro

ap
by 6

C3

C.3
Thd
Altg

C.3

frogF behind (for example, reflections from facades or noise barriers) is suppressed. The ng

the front is reflected by the backingboard in a controlled way so that it can be con
ying a correction to the measured value. In principle, the A-weighted sound pressure levg
dB due to a doubling of the sound pressure caused by the backing board.

Apparatus

1 General
same measurjnginstruments as for the SPB method shall be used.

rnatively, asurface microphone may be used.

2 Backing board

1 method. It
r the safety
be better to

s mounted

ents, noise
ise coming
sidered by
lincreases

C3

2 1 Dimensions

The backing board shall have a rectangular shape.

The width shall be 900 mm * 10 mm and the height 750 mm * 10 mm (see Figure C.1).

C.3.

2.2 Position

The backing board shall be oriented parallel to the road and 7,5 m + 0,1 m from the centre of the road
lane that is the subject of the measurement.
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C.3.2.3 Position when used in narrow roads or streets

When the road or street does not allow the backing board to be placed as far as 7,5 m from the middle
of the tested lane, a closer position may be used. This could be necessary when there are buildings, solid
barriers or other walls very close to the road or street on one side.

In such cases, one may consider placing the backing board 5,0 m + 0,1 m from the middle of the lane
being tested. The microphone shall then be placed at a height of 0,8 m * 0,1 m above the road level (see

Figure C.1)

NOTE The lower height is intended to give an angle of incidence of sound waves from sources near the road

surface sim

Key

[ar to that given by the normal bacCKing board and micropnone positions.

Dimensions in niillime

230 #5

G

750 10

1200 £10

330 +5

900 +10

A the plane of the road lane extended to the microphone position

Figure C

1 — BaeKing-board dimensions and microphone position as seen from sound sour
(independent of traffic direction)

tres

Ce

c3.24 VW

aterial

The board shall be acoustically hard and at least 15 mm thick to avoid vibration[12l,

If metal is used, the properties shall satisfy ISO 1996-2.

The mass of the board shall be at least 14 kg/m?2[13],

NOTE1 For example, medium-density fibre board has been found to work well.

NOTE 2  More information about material properties is available in ISO 1996-2:2017, Annex B.

30
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C.3.2.5 Microphone position

The microphone shall be located in the same position relative to the road as for the SPB method
according to 9.1. To achieve this, the position of the backing board is set with respect to the microphone.

In order to minimize the effect of diffraction with constructive interference at the edges, position the
microphone away from the centre of the board and from the board's diagonals and centrelines. Mount
the microphone in the upper right-hand corner of the board, 330 mm = 5 mm from the right-hand edge
and 230 mm + 5 mm from the upper edge, see Figure C.1[14],

Microphones having a diameter greater than 12,7 mm (1/2 inch) shall not be used.

C.3{2.6 Mountings
The following microphone mountings are permitted:

— |the microphone mounted as close as practicable to the board, with the casingtouching the board if
feasible (microphone casing parallel to the board);

— |a surface microphone mounted flush with the surface of the board.

Figlire C.2 shows a close-up view of the mounting.

» ,
» /
©) ki
) b
: C)\ i
a) Free-field microphone b) Surface microphone

Figure C.2 — Examples of microphone mountings[131[14][15]

A third option is-te.mount the microphone through a hole in the board, with the membrane flush with
the|board surfacel?l. This might be a little less practical than the other options but gives an|equivalent
restylt.

C.3)2.7 ™\ Effect of microphone type

For the frequency range considered, it is acceptable to use either a free-field or pressure microphone.

The choice of either a free-field or surface microphone can have a marginal effect on the measured
levels. In general, the surface microphone has the lower effect, but the differences are just a few tenths
of a decibel, so no correction for microphone type is required.

C.3.2.8 Microphone protection

The free-field microphone, if chosen, shall be protected from the influence of wind, etc., by a suitably
shaped windscreen mounted around it.

A windscreen is not required for a surface microphone.
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C.4 Testsites

C.4.1 Selection of measuring site

The measuring-site selection criteria shall be those of the SPB method according to Clause 7, except for
criteria related to reflections from behind (see below).

C.4.2 Deviations from free-field conditions

The provisions relating to acoustic reflections from objects in front of the microphone given in 7.2
apply; for re i : Hre-ehefd e i estrtet

ard rails and other barriers that can reflect or screen sound

The criterip for taking into consideration guard rails or other barriers that can reflect or screen sound
shall be the same as those of the SPB method (7.3), except in respect of objects and réflections ffom
behind, foywhich there are no restrictions.

Any large
together

pbject located behind the backing board (within 25 m) shall be noted in the test report,
ith an estimation of its distance from the board.

NOTE there is a large object such as a building facade or bus located close behind the backing board, there
could be a gmall increase in noise levels. Increases of up to 0,5 dB have been measured for such objects located
ind the backing board[12l, The amount of influence due to reflégted sound depends on the frequ¢ncy
e vehicle noise source and the dimensions and proximity of'the reflecting object.

C.4.4 Surface between tested road surface and micr@phone

This surfage shall be in accordance with 7.4.

C.5 Traffic conditions

The traffic|conditions shall be in accordance with Clause 8.

C.6 Measuring procedure

The measulring procedure shall(be in accordance with Clause 9.

C.7 Normalization.and correction of data

C.7.1 Correction for the influence of the backing board

C.7.1.1 Speed and vehicle category

For the reported levels of noise to be equivalent to those measured in free-field conditions, a correction
of 6,0 dB shall be subtracted from the calculated vehicle sound levels for the different vehicle
categories(13](16],

C.7.1.2 Additional corrections when using backing board in narrow roads or streets

In addition to the correction specified above, a correction of 3,5 dB shall be used to correct for the
difference in distance (5,0 m versus 7,5 m). As in the case of the corrections above, this additional
correction shall be subtracted from the calculated vehicle sound levels.

NOTE The value of 3,5 dB is derived from the “acoustical distance law” and has been verified in practice to
be approximately valid for cars as well. For multi-axle heavy vehicles, the validity is lower.
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.2 Other normalizations and corrections

Any other normalizations or corrections are made in compliance with Clause 12.

C.8 Determination of statistical pass-by index (SPBI)

The SPBI shall be determined in accordance with Annex B, but with the SPB sound levels corrected as
instructed in C.7.1 for the backing board influence.

C.1

Thd
cor
sho

For

Wh
of t
veh

For
clos

C.1
Thd

C.1
Thd

Frequencyspectra

juency spectra determined using the backing board version of the SPB method should be
n great care. Especially, the backing board will not be large enough for properly ref
est frequencies. Nevertheless, it is recommended that frequency spectra corrected with
.7.1.1 be reported for possible future reference.

E Studies have indicated that one-third-octave-band levels in bands below 500 Hz and abo
in some situations not be properly corrected using the values given in C.7.1.T1{12],
0 Measurement uncertainty

measurement uncertainty is according to Clause 13, plas‘an additional uncertainty rel
ection factorsin C.7.1.1 of ~0,5 dB, expressed as a standard uncertainty. This additional y
1ld be added linearly(13l,

one-third-octave-band levels, the uncertainty issunknown, see Note in C.9.

bn the short distance for backing board location (5 m) is used, the estimated additional y
he SPB sound levels (0,5 dB) shall be replaced by values of 0,7 dB for cars and 1,0 dH
icles.

frequency spectra, the uncertaintyis even higher. Consequently, frequency spectra me
e to the road are too uncertain to’be recommended.

1 Meteorological conditions

meteorological cohditions shall be in accordance with Clause 10.

2 Background noise

background noise shall be in accordance with Clause 11.

considered
Jecting the
the values

ve 2 000 Hz

pted to the
ncertainty

ncertainty
for heavy

hsured this

C.1

3 Reported data

The same data as in Clause 14 shall be reported, supplemented by the following:

dimensions, weight, material of the backing board;
type of microphone, mounting method, windscreen and microphone position on the boa
details of objects behind the backing board in accordance with 7.4;

vehicle sound levels and SPBI corrected for the backing board.

rd;

In addition to the above reported data, it shall be clearly noted if the backing board was placed at 5,0 m
from the middle of the tested lane instead of the normal 7,5 m.
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Adding 95 % confidence intervals

This annex provides instructions on how one can add confidence intervals around the regression line in

the plot of peiselevelsrersus-speedforcarsraccordingtot23-

Consider r¢lation (1) in 12.3 and a set of n data points (lg V, Lamax.iv ) =(x;y;) for which one calculftes

the regresgion line with the following Formula (D.1):

=AHBx D.2
4

The 95 % fonfidence limits around the estimated y-value y,(=A+Bx,) for given abscissa valug x
can be calqulated with the following Formula (D.2):

1 (%o —x)*
XO =A+B XO + tn—Z;O,OZSS -t

- (b.2)
" Zl_zl(x,-—)?)z

where

tn—2:0,0p5 t-value for n degrees of freedom and a = 0,05/2 = 0,025, a parameter which can be
found in basic statistical tables. For examiple, for n = 100: tgg.q 9p5 =~1,984. For n = 8¢:

t780,025 =1,992;
S standard deviation of the y,-valu€s;
X average value of the values_y;".

An examplp of a graph with (1gv, Ly 5 ) data for cars, the regression line, and the 95 % confidgnce
limits is shpwn in Figure D.1.
L
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74 R ——,

72 - = T

= v "
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*
o

>
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1,75 18 1,85 1,90 195 2 2,05 Logv

NOTE The abscissa shows speed v expressed as the logarithm of v (2,0 corresponds to 100 km/h).

Figure D.1 — Example (for cars) of regression of noise versus speed with 95 % confidence limits
shown as broken lines
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Validity and stability of the method

The validity of the method described in this document depends on the stability over tim
locati o - ctics o . o ! e ;
driying behaviour can also influence the results at low speeds. Vehicles are relatively unifo

stability over time has been found to be relatively good for the mediumrand high speeds
is standard[lZ]. The changes in sound emission limits for tyres have not yet made a

wallls, embankments or other solid objects and at'relatively low heights over ground. Ho
medsurement results to determine the acousticproperties of road surfaces are often used {
the[noise exposure also in cases with reflectihg objects (see above) and/or at much higher
Extreme cases can be when there are highjrise buildings on both sides of an expressway
important to note that a certain noisededucing effect of a low noise pavement does not
restilt in a similar noise reduction in‘partly reverberant sound fields as in the free field. Fq
whén a sound absorbing pavement is/located in a kind of “canyon” between walls or buildi
tunpel-like structure, the noisetreducing effect of a porous pavement is generally somewl
thap when the pavement is located in a free field.

On

lower. The 3 m micropheie height could then be more representative than the 1,2 m microph

e and over

raller extent,

m in their
Australia,

imate and

considered
significant
nd heavier

l upwards.

buildings,
ivever, SPB
o estimate
elevations.
. It is then
hecessarily
r example,
hgs, or in a
hat greater

the other hand, at higher elevations compared to the reference case the noise reductjon may be

one height.
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Reference road surface

F.1 General

When repqrting the measured result for a certain road surface, it is common to compare itto’spme
reference dase, i.e. the corresponding results measured on a surface type, which is considered.as bging

aggregate fize of 11 mm and with an age of at least one year. The reason fer this choice was that either
an SMA or|a DAC surface with ~11 mm maximum aggregate size is<very common, and rather easy to
find, in eadh of the European countries. Certain corrections were introduced in cases where the 11 mm
aggregate pize is difficult to find, enabling maximum aggregates.from 10 mm up to 16 mm to be uped,
plus corregtion for age. This allowed the use in a particular case of an actual reference surface, which
deviated slightly from the reference, provided correctionswere applied to account for the deviatjons
from the ideal and virtual referenced. The procedure, including the corrections to bring an actual ¢ase
to the virtyal reference case, is described in some detail;in Reference [19].

Later, the same concept was taken over by the IMAGINE project and is also the concept used in|the
European method according to the CNOSSOS project (see Reference [20]).

F.2 Virtual reference surface

The reference surface is a surfacenot’existing as such in reality, but being considered as an “avergge”
of a DAC and an SMA surface with:d maximum aggregate size of 11 mm. Ages shorter than two yg¢ars
should be gvoided; also the surface should not be old enough to be subject to ravelling, cracking or other
mechanical defects. The virtual reference case depends strongly on the representativity of the acfual
reference qurface used in.relation to its nominal values. When this concept is used the procedure is as
specified if a) to d).

a) In the peries ofimeasurements considered, make sure that at least one surface which is as close in
constrjctionand condition to the virtual reference surface as possible is measured (either DAL or
SMA; Irlaximum aggregate size shall be between 10 mm and 16 mm, ideally 11 mm; its condifion

shall be Suud butnrot ucvv).

b) Use the correction procedure in Reference [19] to determine what the nominal noise level difference
(correction ALgpg.r) is between the actual reference used [as identified in F.2 a)] and the virtual

reference surface.

c) Apply this correction to the measured level(s) of the actual reference surface used and use these
corrected level(s) as the level(s) representing the virtual reference surface (be careful to use the
correct plus or minus sign).

d) Using the virtual reference surface as a zero-reference level in decibels, all other similarly
measured surfaces can be compared to this one, presented as a difference in noise level compared
to the virtual reference surface (i.e. a noise reduction).

36 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=ae6dc1f62940f6730bb01bd48584230d

ISO 11819-1:2023(E)

The virtual reference surface will be more stable the more road surfaces (within the restrictions) that
are included in establishing this reference case. A minimum of two DAC 11 and two SMA 11 would be
a reasonable selection. Observe that this reference case can be updated at certain intervals; either
annually or when more and more data have been collected. However, in order to be able to trace all
comparisons utilising this reference case, it is essential to keep for a long time identifiable records of
which surfaces that are/were included in each version of the reference case.

F.3 Normalized reference case

The reference surface is a fictitious surface on which the levels LSPB for each vehicle category are
sperified by convention. This can, for instance, be based on the average results of a great/number of
SPH measurements on asphalt concrete surfaces, after which a certain level is decided Upon which
would represent this case; corrected to the reference temperature 20 °C. The referenc¢e-surface is then
an gverage of all surfaces included in the test. The normalized reference case depends stropgly on the
stability of the vehicle mix and accuracy in correction for temperature.

F.4| Arbitrary reference case

The reference surface is any arbitrary surface, other than above, that.the testing organizatjon selects.
In this case, measurements are useful only for comparisons betweén'the selected surfaces.

F.5| Conclusion

The virtual reference case (F.2) has the advantage of/being aligned with the HARMONOISH, IMAGINE
and CNOSSOS methods for noise prediction, used EGropean-wide. As is pointed out in Refgrence [19],
thid reference case is also close to references used in the Nord2000 (Reference [21]), as| well as in
Japanese and US prediction models, which makes it suitable for worldwide use in cases wherever the
use|of a reference is of interest. If this case is used, whenever a noise reduction is calculated,|the results
are|reasonably comparable worldwide.
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Monitoring the stability of sound levels of vehicle fleets

This annex addresses the problems with stability described in Annex E. The following (optional)

procedure
climatic re
over time 4
insufficien

It is recom
or initiates

an-be-used-to-checkthe-stabilityofsoundlevels-ofavehiclefleet-irrespective-ofcounts
bion and year. If this procedure is followed, it means that the user may monitor the stab
nd place of the vehicle sound emission and possibly take actions if the stability is found t

E (bearing in mind the limited precision of this calibration procedure).

changes a
(possibly

For the pul
inhomoger
the vehicle
noise emis
ISO/TS 119

Select a viy
and a stong
the referen

Make sure

so between very different climatic regions).

poses of this Annex, the uncertainty of the SPB method, also“considering variability
eity of conventional pavements, is not sufficient to determine‘changes in noise emissio

sion source over a considerable time, that is available, is’the reference tyre P1 specifie
19-3, the following procedure is suggested.

ce case in the traffic noise prediction method-ENOSSOS-EUI[29],

least 200 np which are suitable for CPX measurements according to ISO 11819-2.

Make sure
which are
located on

Determine
above. Thi
ISO/TS 119

Select loca

that each of these road sections near the middle of each section also have a few locati

Straight road sections witho'longitudinal slope (within 0,5 %).

the CPX levels for the tyre P1 at the reference speed 80 km/h on the road surfaces selec
5 shall be done by.-observing all requirements and corrections specified in ISO 1181
19-3 and ISO/TS-13471-2.

location, sych that th&;6PX level over +20 m from the candidate location is near the average of the

level for tH

e entire’reference road section. Select the most suitable location (“SPB location”) on ¢

reference {

urfacefor SPB measurement, which has a CPX level near the average for the reference 1

section whlile also meeting high standards for the acoustic environment according to Clause 7.

Imended that the agency responsible for road traffic noise in each country or-state cond;
such a calibration at time intervals of no more than 5 years. It will then be'possible to ch
d/or differences in vehicle fleet sound emission over time and fromcountry to coumtry

categories considered in this standard. Since it is believed, that the most stable tyre/q
tual reference surface according to F.2; i.e. a comBination of a dense asphalt concrete (D
mastic asphalt (SMA), both having a maximum aggregate size of 11 mm. This is the sam as

that each one of the selected surfaces eever road sections (“reference road sections”) ¢

ideal for SPB measurements;-here called “candidate locations”. These shall especially

y or
lity
b be

1cts
eck

and
h of
oad
d in

AC)

f at

Fion for SPBmeadsurements by checking the CPX levels (per each 20 m) near each candidate

CPX
ach
oad

Note the CPX level at the “SPB location” for each reference surface and calculate the arithmetic average
of those, called “CPX reference level” and denoted Lcpy ref -

Make measurements of SPB levels for both the P and H categories at the SPB locations on each of the
reference surfaces. On each surface, require double as many acceptable vehicles as listed in 8.4. This
can require measurements consuming more than one day on each surface and it is then extra important
to monitor air and road surface temperatures and make corrections according to 12.7.

The result is the SPB level for P and H vehicle categories separately, normalized to the reference speed
(80 km/h, possibly supplemented by either 50 km/h or 110 km/h) and corrected by a term representing
the CPX level of the virtual reference surface:

LspB.pofvyer = LSPBPy o — Lepxref 7101 (F.1)
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