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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 wark 1SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by [the technical committees are circulated to the member bodies for voting:Publication 3s an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10844 was prepared by Technical Committee ISO/TC 43, Acoustics; Subcommittee SC 1, Noige, in
cooperation With ISO/TC 22, Road vehicles.

This second fedition cancels and replaces the first edition (ISO 10844:1994), of which it constitutes a technical
revision.

iv © 1S0O 2011 — All rights reserved
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Introduction

In general, the road surface parameters affecting the noise emission of vehicles are the texture and sound
absorption characteristics. In addition, the mechanical impedance and the skid resistance properties of the
surface layer may also influence measured noise levels.

In ord

er to_minimize the variation in mlling sound emission and vehicle saund emission measure

ments made

at di
recor|

The principal objective of this International Standard is to provide a revised specification«of the s
ves the reproducibility of measurement.

imprd

This
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surfa
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fferent testing locations it is, therefore, necessary to specify the relevant surface lpr
nmend carefully the properties of the materials, design, construction of the test surface:

atible with ISO 10844:1994, but in addition the variability of properties isfeduced.
mportant that the test provides a high degree of reproducibility between different test sites
Ce design should not only minimize the inter-site variation of tyrefroad noise, but should als

Fopagation of noise is unaffected by the surface used. This lattef consideration precludes th
ces which have open textures and which have the property, of absorbing noise from the pqg

rties of the surface remain unchanged.

Isers of this International Standard are encouraged to measure END; and to communicat
bO/TC 43/SC 1/WG 42 for analysis before the next periodical review.

lermore, this International Standard recommends a non destructive test method for periodicg
irface characteristics.

10844 is quoted in severalnternational Standards (e.g. ISO 362, ISO 13325).

nternational Standard is designed in a way that test tracks conforming te-this International

related sources.

nternational Standard is a revised version of ISO 10844:1994, including more restrictive spg

bperties and

urface which

Standard are

and that the
D ensure that
e use of road
wer unit and

cifications of

urface and recommendations for the test track construction process and maintenance. The basic

b the data to

| checking of

© IS0

2011 — All rights reserved


https://standardsiso.com/api/?name=f5967ba80836defea611005219f3f1f2



https://standardsiso.com/api/?name=f5967ba80836defea611005219f3f1f2

INTERNATIONAL STANDARD

ISO 10844:2011(E)

Acoustics — Specification of test tracks for measuring noise

em

itted by road vehicles and their tyres

1

This
meaq

The 3

—

—

NOTH

Bcope

International Standard specifies the essential characteristics of a test surface intehded to
uring vehicle and tyre/road noise emissions.

urface design given in this International Standard:

roduces consistent levels of tyre/road sound emission under a wide,Tange of operatin
ncluding those appropriate to vehicle sound testing;

hinimizes inter-site variation;

rovides minor absorption of the vehicle sound sources;

is consistent with road-building practice.

For the purposes of this International Standard; the terms noise and sound are used interchangs

2 Normative references

The

following referenced documents are indispensable for the application of this documen)

refergnces, only the edition cited \applies. For undated references, the latest edition of th

docu

ISO ]
and |

ISO 1
Spot

I1ISO 1
Mear

ment (including any amendments) applies.

62-1, Measurement of hoise emitted by accelerating road vehicles — Engineering method
N categories

3472-2, Acoustics — Measurement of sound absorption properties of road surfaces in s
method for reflective surfaces

3473-1. Characterization of pavement texture by use of surface profiles — Part 1: Dets
Préfile Depth

be used for

g conditions

ably.

t. For dated
e referenced

— Part1: M

itu — Part 2:

prmination of

ISO 1

3473-3, Characterization of pavement texture by use of surface profiles — Part 3: Specification and
classification of profilometers

ISO/TS 13473-4, Characterization of pavement texture by use of surface profiles — Part 4: Spectral analysis
of surface profiles

EN 13036-7, Road and airfield surface characteristics — Test methods — Part 7: Irreqularity measurement of
pavement courses: the straightedge test
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31

sound absorption coefficient

04

fraction of the sound power incident on the test object that is absorbed within the test object for a plane wave
at normal incidence

NOTE Expressed as a percentage it is called sound absorption.

3.2
surface profile

3.21

texture profile

two-dimensid
continuously

NOTE It
in a direction 1

3.2.2
irregularity
maximum dis
the straighte

NOTE 1 P4
referred to her

nal sample of pavement texture generated if a sensor, such as the tip of a needle or a laser
touches or shines on the pavement surface while it is moved along a line‘on the surface

s described by two coordinates: one along the surface plane, called “distance™\(the abscissa), and the]
ormal to the surface plane, called “amplitude” (the ordinate).

tance of a surface from the measurement edge of the straightedge between two contact poi
ige when placed perpendicular to the surface

e as irregularity.

NOTE 2  Refer to Figure C.1.
3.2.21
longitudinalfirregularity

irregularity in|

3.2.2.2
transversal
irregularity in

the longitudinal axis of the track

rregularity
the direction perpendicular to the axis of the track

spot,

other

hts of

vement characteristics at longer wavelengths than 0,5 m are considered to be above that of texture and are

3.23
straightedge
device used

for measuring-the deviation from a plane

deviation of [a_pavement surfa om a true planar surfa vith ra ] n 3
surface of 50 mm to 500 mm, corresponding to texture wavelengths with one-third-octave bands includin
range 63 mm to 500 mm of centre wavelengths

g the
g the

NOTE Peak-to-peak amplitudes normally vary in the range 0,1 mm to 50 mm. This type of texture is the texture which
has wavelengths in the same order of size as a tyre/road interface and is often created by potholes or “waviness”. It is
usually an unwanted characteristic resulting from defects in the surface. Surface roughness with longer wavelengths than
megatexture is referred to as irregularity.

3.2.5

macrotexture

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

© 1S0O 2011 — All rights reserved
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NOTE Peak-to-peak amplitudes may normally vary in the range 0,1 mm to 20 mm. This type of texture is the texture
which has wavelengths of the same order of size as tyre tread elements in the tyre/road interface. Surfaces are normally
designed with a sufficient macrotexture to obtain suitable water drainage in the tyre/road interface. The macrotexture is
obtained by suitable proportioning of the aggregate and mortar of the mix or by surface finishing techniques.

3.2.6

microtexture

deviation of a pavement surface from a true planar surface with the characteristic dimension along the surface
below 0,5 mm, corresponding to texture wavelengths with one-third-octave bands with centre wavelengths
less than or equal to 0,50 mm

33
gradjent and cross fall

3.31
gradjent
ratio pf the height difference and the length measured along the longitudinal axis ofcth€ drive lang, expressed
as a percentage

3.3.2
cross fall
height difference expressed as a percentage of the length measured along the transversal axig of the drive
lane

3.4
proppgation area
part of the test track on each side of the drive lane (see Figure 1)

3.5
drive lane
part of the test track where the vehicle runs

3.6
stiffriess
ratio pf a normal force and resulting displacement

3.7
dense asphalt concrete
asphalt in which the aggregate particles are essentially continuously graded to form an interlocking structure

NOTH Definition frem_EN 13108-1.

3.8
mean profile.depth
avergge value of the height difference between the profile and a horizontal line through the highest peak (the
peak|level)'over a 100 mm long baseline

NOTE Adapted from ISO 13473-1:1997, 3.5.4.

4 Requirements of the test track

4.1 Size and geometry

411 Size

The test track shall consist of two areas, a drive lane and a propagation area. The dimensions shall comply
with Figure 1 and Table 1.

© 1SO 2011 — All rights reserved 3
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Figure 1= Size of the test track

A drive lane with a length of /, and width~of at least 3,0 m that is centered around line PP'. The value of /, is
defined in Tgble 1.

Table 1 — Minimum drive lane extension length

¢ For long vehicles with rear engine, having a distance
For testingtyres, passenger cars, -
Length motorcveles. light duty vehicles. trucks of more than10 m between reference point and the
y + 119 y ’ front axle (reference point as defined in ISO 362-1)
la 10m 20 m?
a 20 m IS ﬁcucooaly Ulliy fUI t: < U)\it bidU (BB') as dcfillcd iII :SC 362‘1Uf t: < tcat tldblr\ abbuld;lly tU thc PUTpustc Uf t:l;b IUL{U;IUII Cnt
NOTE For the stabilization of the laying process, a minimum length of /g = 60 m is recommended on at least one side.

The propagation area shall extend at least 10 m from the centre of the drive lane and at least 10 m at both
sides of the line PP".

Within a radius of 50 m around the centre of the track the space shall be free of large reflecting objects such
as fences, rocks, bridges or buildings.

NOTE Buildings outside the 50 m radius can have significant influence if their reflection focuses on the test track.

4 © 1S0O 2011 — All rights reserved
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Geometry

a) Drive lane

The drive lane shall fulfil the following requirements:

— For acceptance of the test track only, transverse irregularities equal to or less than 0,003 m and
longitudinal irregularities equal to or less than 0,002 m measured with the straightedge according to
EN 13036-7;

— For periodical checking of the test track only, transverse irregularities equal to or less than 0,005 m and

— |
f

It is recommended that the irregularities requirements be fulfilled starting from the microphone
Five lane plus 10 m from the end of the section /, on both sides.

the d

b) F

prngitudinatirregutarities equal toor tess tham 0,005 measured withthe straightedge

EN 13036-7;

For acceptance only, deviation from the horizontal plane in transverse direction 0f.1,00% m
Figure 2) and in a longitudinal direction of 0,5 % maximum.

ropagation area

'he propagation area may have one or both sides lower than the drive lane. Cross fall
irection, measured using an appropriate instrumenit, shall be equal or less than 2,0 % (see F

according to

aximum (see

line to cover

[he propagation area shall have irregularities equal to,or/less than 0,02 m measufed with the
traightedge according to EN 13036-7;

n transverse
igure 2);

NOTH The slope should be designed in such a way that the draining of water is possible.
Fropagation area
2% max
Horizontal plans 18 max
2% max S\ Dnve lane

Fropagation area

Horizonial plane 1% max
2%max Drive lane 2%max
Fropagation area Fropagation area

Figure 2 (continued)

© 1SO 2011 — All rights reserved
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Horizontal plane 1%max 1%imax
T T T T T e T T T T T T T T T T T T T
2¥%max Drive lane 2%max
Propagation area FPropagation area

Key

1 % max: Alloyved drive lane cross fall
2 % max: allowed propagation area cross fall

Figure 2 — Propagation area slope in transverse direction

— Steps oif discontinuities between the propagation area and the drive lane shall be 060'02 m (see Figure 3).

Drive lane

O Fropagation area "
Allowed step = 0,02 m o |

Drive fane

- | Fropagation area

Motallowed step
eenif=002m

Figure 3 — Propagation area — Steps or discontinuities

4.2 Surface properties of the propagation area

The average of the values of the sound absorption in each one-third-octave-band between 315 Hz and

1 600 Hz central frequency shall be less than or equal to 10 %. The sound absorption coefficient shall be
measured according to 5.3.

Location and number of measurement points are given in 4.4.

© 1S0O 2011 — All rights reserved
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4.3 Surface properties of the drive lane
The surface of the drive lane shall:
a) be dense asphalt concrete,

b) exhibit a sound absorption equal to or less than 8 % in any one-third-octave band between 315 Hz and
1 600 Hz when measured according to 5.3,

c) have a maximum chipping size of 8 mm (tolerance allowed between 6,3 mm to 10 mm),

d) haveathickness of the wearing course greater or equat tham 30,
e) have a Mean Profile Depth measured according to ISO 13473-1 of 0,5 mm £ 0,2 mm,
f)  have a target sieving curve for the aggregate as described in Figure 4.
100,0
90,0 .
80,0 ! | | N\
70,0 C /
o 60,0 - e
o \
ﬁ 50,0 L
g 1
=
40,0 S -
30,0 ' /
20,0
)
10,0
0,0
0,01 0,1 1 10
S, mm
Figure 4 — Sieving curve area
NOTH Until, more results for validation are available, ENDy is not part of the normative part of thig International
Standard. Th& present state of the art with respect to this method is described in Annex A but is restricted tp cases where
no elgsticinaterial (rubber, polyurethane, etc) is applied in the top layer or sub-layers except for modificatior| of bitumen by
less than+1"'% by mass of the total mix. Polymer-modified bitumen allows higher termperature operatiory and reduced
surface-wear

4.4 Conformity tests

a) The surface properties for each requirement shall be determined at the following occasions before the
acceptance of the track (refer to Table 2);

b) During the periodical checking of the track (refer to Table 2);

c) All measurements shall be made along the total length of the drive lane in each wheel track according to
the following scheme (see an example in Figure 5);

© 1SO 2011 — All rights reserved 7
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d)

For sound absorption, texture, geometrical compliance, the first point shall be chosen randomly on each

side in the vicinity of the line PP' and the subsequent measurements shall be performed at 5 m intervals
not on the same axis of the centre line to cover the whole track;

e) After co

&m

[+]

b
r
3
r
3

3
L
L
L
£

15t point rardomly chosan

[+]-

Figure 5 — Measurement positions on test track, example for /=40 m

driving I@ne run up section, and measure the sieving curve from these samples.

For checking

chosen on each side.

hstruction take a total of four cores, preferably at 10 m intervals outside the wheel tracks o

the surface properties of the propagation area, take-at least two measurements rang

n the

omly

In addition, sound absorption of the propagation area shallibe measured at both sides of the drive| lane
between the microphone location and the centre of drive lah€’in the vicinity of the line PP".
Table 2 + Periodicity for checking the requirements during acceptance and periodical checking
Requirements Eor acceptance For periodical checking
for the
track Drive lane Propagation area Drive lane Propagation|area
. X
Gradient (0,5 %) N.A. N.A. N.A.
Slope
X X
Cross fall (1 %) 2 %) N.A. N.A.
X
e . X
Longitudinal ifregularity (<2 mm) N (;5;:::3) N.A.
(<20 mm) y
X
T . it x randomly -5 NA
ransverse irfegularity (<3 mm) (<5 mm) A
Zyears®
X
- MPD
Texture MPD N.A. N.A.
0,5mm£0,2 mm
0,5mm £ 0,2 mm
2 years?
X
Absorption g . (8 % max) N.A
(8 % max) (10 %max) o
4 years®
Grading curve x N.A. N.A. N.A.
X to be checked

N.A.

not applicable
a Periodicity.

© 1SO 2011 — All rights reserved
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Homogeneity of surface properties

In order to ensure that the properties of the drive lane and the properties of the propagation area are
homogeneous, the average of all positions and 80 % of the samples shall meet the requirements with respect

to:

— acoustic absorption;

— surface texture;

— geometrical compliance.

4.6

Stability with time and maintenance

The fest track is a test instrument and shall be protected from damage and be taken care of. T

shou
Loos

Seali
not a

See

4.7

The
1 00(

If the
perio

d be used only for noise measurements.

b debris or dust which could significantly reduce the texture depth shall be-removed from the

ffected.

\nnex B for recommendations.

Break-in of the test track

exture and absorption characteristics shall be checked not earlier than 4 weeks after co
passes after construction.

surface is exclusively used for testing héavy vehicles (M2 above 3,5t, M3, N2 and N3)
1 is not necessary.

5 Measurement methods.and data processing

5.1

The i
ofal

5.2

5.21

Irregularity measurement methods

rregularity of the drive’lane shall be determined according to EN 13036-7 using a straighted
eam of 3,0 m length and wedge with 1 mm steps on the oblique side.

Texture measurements methods

Profile measurement

he test track

surface.

ng of cracks is acceptable as long as acoustical performances (as per-4.2 and 4.3) of the {est track are

nstruction or

this break-in

e consisting

The profile is measured according to ISO 13473-1 for MPD and 1SO 13473-3 for END. The measurement
instrumentation shall meet the requirements of class DE defined in ISO 13473-3.

Additional details to 1ISO 13473-1 — MPD shall be measured in the wheel tracks of the driving lane and the
following two options may be used:

— Continuous measurement: MPD is measured continuously over the entire driving lane. The measured
profile shall be divided into eight sections, each 5 m long, for which MPD shall be evaluated separately as
average over the section. A total of two measurement runs shall be made in each wheel track,

— Segmented measurement: MPD is measured at a minimum of four locations in each of the two wheel
tracks (eight if the test track is used for two-wheeled vehicles). These locations shall be evenly distributed
over the driving lane length. At each such location, a minimum length of 2,0 m of profiles shall be

© IS0
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measured, each one at least 0,8 m long and positioned in a way which give statistically independent MPD
values.

The MPD requirement in 4.3 shall be met at each of the eight locations or sections.
When calculating END+, the wavelength spectrum from 100 mm to 5 mm one-third-octave-band of the profile

shall be obtained according to the specifications of ISO/TS 13473-4. A tapered cosine window is preferred
(refer to 1ISO 13472-4).

5.2.2 Texture profile data pre-processing

Removal of pike data is necessary. For defails refer to ISO/TS 13473-6.

5.3 Acoustic absorption measurement method
The acoustiq absorption shall be measured in the frequency range from 280 Hz to 1 800dHz with an ip-situ

device meetipng the specifications of ISO 13472-2. The results shall be expressed in the ene:third octave|band
coefficients dccording to the procedure described in ISO 13472-2.

6 Conformity report

The test reprt for each pavement test surface shall contain all information required for construction apgroval
or periodical [nspection, whatever is applicable.

Example:
a) Generallinformation

— Owner

— Corftractor's name

— Datg of construction of the test track

— Lochtion of the test track

— Certifying authority (if applieable)

— Certification status

— Maih use of thetest track (e.g. truck tyre coast by, testing, passenger car drive by)

— Notable features (e.g. under track, heating)

b) Size andlgedmetry

1) Size
i) Dimensions of the driving lane
— Total length (m)

—  Width (m)

10 © 1S0 2011 — All rights reserved
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Dimensions of the propagation area
Length (m)

Width (m)

Free space

Radius (m)

Notable feature

ISO 10844:2011(E)

i)

2) Geometry

Drive lane

Transverse and longitudinal irregularities (m)

Deviation from the horizontal plane in transverse direction (%)
Propagation area

Irregularities (m)

Slope in transverse direction (%)

Steps or discontinuities (m)

c) Surface properties
1) Material
i) Drive lane

Sound absorption

Maximum chipping size
Thickness-of wearing course
Textutre

Sieving curve

Elastic material

Propagation area

Sound absorption

2) Homogeneity statement of surface properties

d) Proving the requirements

— Scheme of the measuring point

© 1SO 2011 — All rights reserved
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— Measuring material description
— Description of the measuring methods

e) Homogeneity of surface properties

7 Practices from different countries

Annex C gives information on current practices from different countries.

8 Summary of improvements on the 1994 edition

Annex D listg improvements made compared to ISO 10844:1994.

12
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Annex A
(informative)

Calculation of the Expected pass-by Noise level Difference from Texture

AA1

The |
to te
octay
spect

The

com
vibra

The

rollin
linea
from

A.2

The
Table

NOTH
rollind
acous
press

level variation of road surface (END7)

'Generatinformatiom—Principie

FND 1 is a single number rating providing an estimation of the variation of the dB(A) global ng

ture changes with respect to a reference surface. The reference surface is characterize
e texture profile spectrum Ly, ¢ , as a function of the texture wavelength, inand a third;

rum L,; as a function of the frequency, /.

END7 is evaluated from the third-octave texture profile spectrum, Ly -7 of the track to be

osed of two terms intended to handle two tyre/road noise generation mechanisms: the tex
ion and radiation of the tyre belt and the air-pumping phenomenon.

irst term, 10 Ig(4/B), is evaluated from texture level differences at wavelengths 4 = vif, w
) speed considered. For greater convenience, the texture'levels at wavelengths v/f are

interpolation from the texture levels at standard A values (see A.3). The second term C
the texture level difference at 2 =5 mm.

Surface properties of the drive lane — Texture measured using ENDy

exture is measured using END; method as defined in A.2. The reference texture profil
A.1. The value to achieve shall be 1,5 dB.

A direct comparison of texture spectra is inadequate because of the fact that different spectra
noise level in different ways..The ENDy procedure takes into account the effect of a wavelength band

tic frequency band and weights these effects on the basis of their contribution to the overall A-w
Ure level.

Table A.1 — Reference texture profile spectrum

ise level due

d by a third-
octave noise

tested. It is
ture induced

here v is the
pvaluated by
is evaluated

a)
-

is given in

ranges affect
on the related

pighted sound

One-third- octave-band

Wavelength [in mm] 100

80 63 50 40 32 25 20

Level texture L, [in dB]

32,0 | 34,0 | 345|352 | 36,2 | 37,3 | 37,9 | 38,8 | 39,8

with reference to1 pm

The profile is measured according to ISO 13473-2.

In order to calculate the END; value for a given test track with measured one-third-octave-band spectrum
levels Ly, ,, one can follow the procedure as outlined below. The levels L, , have to be available for every

one-third-octave band between 20 mm and 100 mm and for A = 5 mm These levels shall be measured
according to ISO 13473 and be expressed as levels re. 1 um in decibels.

© IS0

2011 — All rights reserved
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A.3 Calculation of the differences AL, , between L, ; and the reference ISO 10844
Test Track spectrum L, ¢ ;

Ath,/l = th, A7 th,ref, A (A- 1 )

Values for the Ly, (o , are given in Table A.2.

Table A.2 — One-third-octave-band levels for the relevant texture wavelengths 4 and the
corresponding acoustic frequencies f'at 80 km/h

Zin mm Tixrer T uB T HZ
100 32,0 222
80 34,0 278
63 34,5 353
50 35,2 444
40 36,2 556
31,5 37,3 705
25 37,9 889
20 38,8 1111

The third column of Table A.2 shows the corresponding (acoustic) frequency, f, for a speed of 80 km/h. By
means of linear interpolation, one calculates the values ALy for the acoustic frequencies 250 Hz, 315 Hz,

400 Hz, 500 Hz, 630 Hz, 800 Hz, and 1 000 Hz. Subscripti.= 1 corresponds to /= 250 Hz, i = 2 to f= 315 Hz
and so on.

A.4 Calculation of the term 4 as follows

A =2 10Emi * 0i AL )10 for j=1 (\13 (A.2)
where
L., arefeference noise lévels, as given in Table A.3;

b, are fixed factors, as-given in Table A.4.

A5 Calcqlation of the term B as follows

B=310m/10 for i=1..13 (A.3)

where L,,; are again given in Table A.3.

14 © 1SO 2011 — Al rights reserved
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Table A.3 — Values for the reference noise levels

ISO 10844:2011(E)

Index i fin Hz L, indB
(one-third octave)
1 250 51,9
2 315 52,1
3 400 55,1
4 500 59,7
5 630 61,6
& 869 64-9
7 1000 64,6
8 1250 62,8
9 1600 62,2
10 2000 61,3
11 2500 59,9
12 3150 56,6
13 4 000 54,2
Table A.4 — Factorsb,

Index i finHz b;
1 250 0,9
2 315 0,85
3 400 0,8
4 500 0,75
5 630 0,7
6 800 0,65
7 1000 0.4
8 1250 0
9 1600 0
10 2000 0
11 2500 0
12 3150 0
13 4 000 0

A.6 Calculation of the term C as follows

C=0,25 ALy 5 mm

where Ath,5 mm = th,5 mm th,ref,5 mm

(A.4)

With Ly 5 mm the measured texture level of the surface under consideration for the texture wavelength 5 mm
and Ly ref 5 mm the corresponding level of the reference surface, equalling 39,8 dB.

© 1SO 2011 — All rights reserved
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A.7 Calculation of ENDt

END; = 10 Ig(4/B) dB — C

A.8 Worked example

(A.5)

Suppose one measured a one-third-octave-band spectrum on a new test track as given in Table A.5.

Table A.5 — Example of measured one-third-octave-band spectrum

Ain mm thylin dB
100 46
80 45
63 43
50 41
40 40
31,5 39
25 38
20 44
5 48

— Calculate the differences ALy, ; between the Ly, ;, and-ihe reference ISO 10844 Test Track spegtrum

th,ref,ﬂ'

The values ALy, , are calculated and given in Table-A:6.

Table A.6.— Calculated values for AL ;

Ainmm ALty 5 in dB fin Hz
100 14,0 222
80 11,0 278
63 8,5 353
50 5,8 444
40 3,8 556

31,5 1,7 705
25 0,1 889
20 5,2 1111

The linearly interpolated ALy, ; for the reference acoustic frequencies 250 Hz, 315 Hz, ...

Table A.7.

— Calculate the term 4

etc. are given in

Using the values from Table A.7 for ALy, ;, the values for the b, from Table A.4 and the values given in Table

A.3 for the L

A=2,26x107

16

mi» EQuation (A.2) can be evaluated as:
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Table A.7 — Interpolated values for AL, ;

Index i fin Hz ALy ; in dB
1 250 12,5
2 315 9,7
3 400 7,2
4 500 4,8
5 630 2,8
6 800 0,9
7 1000 2,7

— Calculate the term B

Using the values from Table A.3 for the L,;, Equation (A.3) can be evaluated as:
B=1,56 x 107

— Calculate the term C as follows

= 0,25 x (Ly 5 mm — Lix ref.5 mm) OB = 0,25 x (48 — 39,8) = 2P dB

wherg Liy 5 nm = 48 dB was a measured value from the exaniple (Table A.5) and Ly rs 5 mm = (39,8 dB was
given.

— Calculate END:

ENDj- can now be evaluated with Equation (A.5):

END+=10Ig(4/B) dB - C=101g (2,26 x 107/1,56 x 107) dB — 2,1 dB
=-0,4 dB

Henge, based on the textureydata, the example surface is expected to be 1,6 dB noisier than the reference
test track.

© 1SO 2011 — All rights reserved 17
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Annex B
(informative)

Maintenance and stability of acoustic performance of test surface over

time

B.1 Generat

This annex dfives information on maintaining the test track and on stability with time of the test track:

B.2 Maintenance

In the procegs of cleaning, be careful not to use devices that may alter the texture~such as rotating

brushes, high pressure water spray etc. The dust should be sucked off or brushed off.

Salt may altdg
application o

B.3 Influe

The surface
sufficient cro

From practic|
slightly durin

The influencé¢ of age on the noise from trucks is.generally less than that from cars.

The surface
and as a con

The stiffness|
When the tra

Avoid cond(
specifically d

For use at h

f salt is prohibited.

5sings are made in order to remove the bitumenscover from the mineral surface.

bl experience, it is known that the tyre/road noise levels measured on the test surface inc
j the first 6 months to 12 months after construction.

steel

r the surface temporarily or even permanently in such a way as, to_increase noise and therefore

nce of age

will achieve its required characteristics approximately 4 weeks after construction, or

wears out depending on the\frequency of use mainly in the wheel tracks (ravelling and ry
sequence, the acoustic properties may be affected.

of the base and sub’grade can influence the durability of the track.
ck surface is hot, additional damage can occur.

cting acceleration tests when the surface temperature is over 50 °C, unless the ftra
esigned-for operation above this temperature.

gher 'surface temperatures, this edition of this International Standard allows the use of pol

after

[ease

tting)

ck is

mer-

modified bitu

ITCTT.

B.4 Repaving the test area

When necessary to repave the test track drive lane, it is unnecessary to repave more than the test strip of 3 m
width, where vehicles are driving, provided the test area outside the strip meets the requirements for sound

absorption.

The whole width of the drive lane should always be renewed according to the width of the finisher or the
milling machine. Additional longitudinal joints should be avoided.

18
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Annex C
(informative)

Examples of test track construction practices

C.1 Aim of Annex C

The Jaim of this annex is to give information on current practices from different countries. It is'n
describe a standardized process to build a test track. It does not guarantee that applying

procq

pract|ce may be applied as far as it satisfies the requirements of this International Standard.

CJlis

C.4 i$ an example from Japan;
C.5i$ an example from USA;

C.6 i$ an example from The Netherlands.

C.2

The fequirements in this International Standard aretmore severe than those for building commo
expefience shows the necessity to have a goodknow-how of road building practice and skill
consfruct the test track according to the present:standard requirements.

IMPOQRTANT — The base and the sub-base shall ensure stability and evenness according
consttruction practice.

IMPORTANT — In the practices illustrated by the following examples, coring is us

1ISO 1
meth

C3

C.3.1

a) INew,construction of a test track

sses will automatically lead to fulfilment of the specification at the first attempt. Any, other

an example from Germany;

General

0844:1994 required void content or absorption. Today, void content is replaced by n
ods.

Example from Germany

Subdayers

44:2011(E)

pt the aim to
bne of these

construction

n roads. The

o be able to

to best road

d because
n-intrusive

In the case of a completely new road construction, base and sub-base layers shall ensure good stability and
evenness, according to best road construction practice. The unevenness of the base and binder layer should
be less than 2 mm under a 3 m straightedge in any direction.

© IS0
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using a staggered gauge with steps of 0,1 mm as described in EN 13036-7. If
taken to obtair) equivalent result, i.e. not considering very localized variation. \§\

Dimensions in millimetres

%"?\“

30003

Figure C.1 — To check the unevenness using the straightedgzr)@hod
N\
S

NOTE 1 Fqr checking the 2 mm requirement, the distance between the straigh @{g and the surface can be megsured
s

r profilometer is used, care shall be

NOTE2 THe recommended value of E2 (Young modulus) of th halt wearing and the top layer course for

passenger cars track and for trucks track (see Figure A.2) is: $

For the $ubgrade™): E 2 > 150 MN/m2; Q‘\Q)
xO
For the matural soil2): 60 MN/m2 <E,> < 80 Mr\@:?.

o

1)

To determine the modulus values of the subgrade and natural soil the California Bearing Ratio method (ASTM D1883-

99 or EN 13286-47[12] can be used.

20
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abhwN =

NOTE 3 Depending of the Young’s Modulus,of the natural soil (E,2) asphalt sub-base, sub-grade v

accort
Intern

To e

sub-hase must be less than 4 mm with a straightedge.
b) Renewal of the asphalt‘concrete top layer (wearing course)

When the asphalt<€oncrete top layer (wearing course) has to be replaced by a new test surface,

the o

guidgd by levelled wires on each side or similar laser or ultrasonic sensors (see Figure C.3). This

that
layer

A
A
Asphalt sub-base (first layer / tout venant)
[«
)

ISO 10844:2011(E)

g

T

Jnd

=3
s,

L
¥

R IS SRS SO d LR EEdae,

.q..-.u.v-'.f-.. S \.--.f-'.v-. \--.u.v-.

."- '-
S

"'ll'.l\?\l\l'.-l. -

J'

i

o
It

\}}\)

Asphalt concrete top layer (wearing course) E,2 XX
\sphalt binder (second layer) E 2 XX

bubgrade (mix granulat base course)
Natural soil or soil stabilised by lime E 2 XX

Figure C.2 — Schematic of the layers - Recommended value for £ ;
Hing to the local road practice considering its influence on the test surface characteristics as d
ational Standard.

nsure that these characteristics are fulfilled, the evenness of the interface between aspha

d asphalt_concrete top layer (wearing course) should only be done by means of a precise le

ossiblerunevenness of the old asphalt concrete top layer (wearing course) is not copied intq

ill be defined
efined in this

It binder and

the milling of
velling cutter,
is to ensure
the new top

The minimum working width should be 2 m, and the maximum distance between cut lines should not exceed
6 mm.
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Both longitug
(PmB) since
adhesion be
Figure C.4),

Figure C.3 — Renewal of the.asphalt concrete top layer (wearing course)

inal and transversal joint: @uld be sealed with a cold joint based on Polymer modified Bit
it can be processed -Self-adhesive joint tapes are not suitable and must be avoided.
ween the new top and the milled plane must be ensured by an adhesion promotern

or example: bitur@\ mulsion (200 g/m2 to 300 g/m?2).

imen
Firm
(see

Figure C.4 — Finely milled surface ready for the application of new asphalt concrete top layer (wearing

22

course)
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C.3.2 Mix design of the asphalt concrete top layer (wearing course)

C.3.2.1 Ingredients
a) Mineral materials

Mineral materials of the highest quality are essential and shall comply with the highest requirements of the
country.

Selection criteria are: strength, abrasion resistance, polishing resistance, crushing resistance, frost resistance,
as well as grain shape.

” o«

Magmatic rocks such as “basalt”, “gabbro”, “diabase”, “granite” and “porphyry” (or similar) ere generally
recomnmended due to their high level of microtexture and their high shear resistance of\eomppcted layers.
Limegtone is too soft; moraine has not enough microtexture so they are not suitable.
The Polished Stone Value (PSV) should be at least 50 according to EN 1097-8.

Grair] shape is an important feature; it should approximate a cubic form, with-adength/thickness ratio less than
3:1, (EN 13043; see also EN 933-5 - category C4q00)-

Chipping size D > 2 mm should be 100 % crushed rock and the chippifigs should be washed. The¢ test surface
shall [be dense asphalt concrete and maximum chipping size shalb be 8 mm nominal (tolerances|in the range
6,3 mm to 10 mm as per EN 13108-1).
The gand fraction (0,063 mm < D < 2 mm) should have a flow value of at least 30 according to EN 933-6.
Delivery conditions are important and should comply with EN 933-6, as well as EN 13043.

The fjller according to B 11-121 is by definition a~mineral powder with a chipping size less than D k 0,063 mm.

Limegtone powder (calcium carbonate) aor. (slaked) spent lime (calcium hydroxide) are recommended, due to
their plkaline nature, which favours adhésion with bitumen.

Othef grain sizes can be used depending on local supply, but shall not exceed 0,09 mm.

The filler fraction fines of the.crushed rock (<0,09 mm) shall be totally removed and replaced by the limestone
powder added filler with a’maximum grain size of 0,09 mm;

b) Binder

The binder shall‘be bitumen. Depending on the climatic condition of the area, bitumen as bipder may be
straight penetration type bitumen or a modified bitumen.

c) Mixformulation

Grading curve is the most important parameter for noise and should be a requirement of the surface.

For the suitability tests, the crushed-rock granulate are washed, and sieved (ISO 565) into the following grain
classes:

— <0,09 mm;
— 0,09/0,125;
— 0,125/0,25;
— 0,25/0,71;
— 0,71/2,0;
— 2,0/5,0;

— 5,0/8,0 mm.
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Bitumen B 50/70 shall be used (employed as bitumen for road construction work) according to geographical

situation. Bitumen 70/100 can be used for low temperature.

An example for size grading of the mineral components of the mixture is given in Table C.1.

Table C.1 — Example of size grading of mineral components of the mixture

Fraction <0,009 [0,009/ [0,25/ [0,71/ |20/ |50/ |80/ [11,2/ [16,0/ |22,4/ |Sum: |Dosage
0,25 0,71 2,0 5,0 80| 11,2] 160] 224]| 315 M %] |[Vol]
1 — Gabbro 5/8 0,00 0,00 0,00 [0,550 [4,30 9440 [0,80 0,00 |0,00 ]0,00 [100,00 |-
2 — Gabbro 2/5 0,00 0,00 |1,60 [490 [9120 |2,30 [0,00 |0,00 |0,00 [0,00 [100,00 |-
3 - Diabas BS 15,70 | 1590 [29,60 |36,50 [2,30 0,00 0,00 [0,00 [0,00 [0,00 [100,00 |-
4 — Diabas 2/5 0,00 0,00 |0,80 [590 |82,80 |10,50 [0,00 0,00 |0,00 0,00 |100,00 |-
5_ Diabas 5/8 0,00 [0,00 0,00 [080 [350 |9430 [1,40 [0,00 |0,00 [0,00 [100,00 |-
6 — Limestonelfiller | 8550 |14,50 |0,00 |0,00 0,00 0,00 0,00 [0,00 [0,00 |0,00 [100,00 |-
32. Diabas BS 860 [1644 |3244 [40,00 252 0,00 [0,00 [0,00 |0,00 [0,00 [100,00 |-

4 - Gritstone | BS 9,86 9,05 19,85 144,89 16,35 10,00 0,00 10,00 }J0,00 10,00 |100,00/}-

42 _ Gritstone|-Bs  |4.86 |9.55 |[20,95 [47,38 [17.26 [0,00 |0,00 |0,00 [0,00 [0,00 [100.00 |-

0,00 0,00 0,00 0,00 0,00 0,00 0,00 |o0,00 Jo,00 |o,00 -

0,00 0,00 0,00 0,00 0,00 0,00 0,00 |o,00 ]|o,00 0,00 -

0,00 0,00 0,00 0,00 0,00 0,00 0,00 |0,00 ]o,00 J©00 -

() 124,52 | 65,44 105,24 [180,87 [220,23 [201,50 [2,20 [0,00 ]0,00% [0,00 900,00 |- !
1 - Gabbro 5/4 0,00 |0,00 0,00 Jo.10 0,88 |19.26 0,16 |0,00 0,060 |0,00 |20,40 |20,40

2 — Gabbro 2/5 0,00 |0,00 |034 [1,04 [1943 [049 0,00 [0,00_f@00 |0,00 [21,30 |21,30

3 - Diabas BS 0,00 |0,00 0,00 Jo00 [000 [000 0,00 [0,00.J0,00 0,00 [0,00 0,00

4 - Diabas 2/5 0,00  |0,00 [0,00 [000 [000 0,00 0,00 [006 [0,00 J0,00 [0,00 0,00

5 — Diabas 5/8 0,00  |0,00 0,00 [o00 [000 [000 0,00 0,00 0,00 J0,00 [0,00 0,00

6 — limestone filler _|7,18_ |1,22 |0,00 0,00 [0,00 0,00 |0,00°<J6,00 0,00 |0,00 [840 |8.40

32 - Diabas BS 0,00 |0,00 [000 [000 [000 [000 [0.00) [0,00 [0,00 0,00 [0,00 [0,00

4 — Gritsone BS 0,00 |0,00 |0,00 [000 [0,00 0,00 _|@00 0,00 0,00 |0,00 [0,00 0,00

42 - Gritstone BS 1243|477 [1045 [2364 |861 [0,00-.0,00 [000 [0,00 [0,00 [49,90 [49,90

0,00 0,00 0,00 0,00 0,00 0,00 0,00 10,00 }J0,00 10,00 ]0,00 0,00

0,00 0,00 0,00 0,00 0,00 0,00 0,00 ]0,00 10,00 0,00 ]0,00 0,00

Size graduatiq 0,00 0,00 0,00 0,00 0,00 *-}0,00 [0,00 |0,00 |0,00 |0,00 |0,00 0,00

=

Remaining [M(%-T] ]9.6 6,0 10,8 24,8 28,9 19,7 0,2 0,00 0,00 10,00 |100,00 } 100,00

Passing [M %AT] 9,6 15,6 26,4 51,2 60,1 99,8 100,0 }100,0 ] 100,0 }100,0 | 100,0

a8  dedusted

NOTE THe upper part of the_table is the original grain size distribution of the fractions. The bottom part
calculation of size graduation mingrals as shown in the last row.

After compattion, during‘qualification tests, or after the mix design assembly, the grading curve shg
inside the tolerances given in Figure C.5.

s the

Il fall
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1SO-test area

=
=

& 4 mineral size graduation /E

' 4
4 e

== after compaction by Marshall (2 x 75 N blows
=#= graduation before compaction

NN
e
N

percent pasging [M%-T]
\\\‘

|
14 |

( ﬁ,
0, 125
0 &

=] = (=3 & & =] -]
2 = (=] 9 ial 'E L}
- - L CE | m

0. ™0

mixture 3 — 6,2 [M%] bityryén
abscissa graduation in squany host

Figure C.5 — Mixture‘tolerance

The grading curve fits the following equation:

g 0,5
- 100( J
Smax

wherge

P| is (the amount passing the sievé, expressed as percentage by mass) mass % passing the sieve
S| is the square mesh sieve-size in millimetres, see ISO 565

Smax = 8 mm forthe’mean curve
Smax = 10-mm for the (lower) upper tolerance curve

Smax=,6,3 mm for the (upper) lower tolerance curve

The properties of the mixture are given in Table C.2.

Table C.2 — Properties of the mixture

Target values

By total mass of mix [ By mass of the aggregate Tolerances
Mass of stones (S > 2 mm) 47,5 % 50,5 % 2.5 %
Mass of sand (0,063 mm <§<2 mm) 37,9 % 40,2 % 12 %
Mass of filler (S < 0,063 mm) 8,8 % 9,3 % 1%
Mass of binder (bitumen) 5,6 % up t0 6,8 % Not applicable
Void content (by volume) 3% 1to5 %
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C.3.2.2 Laboratory test to measure the sound absorption during the qualification test for the mix

design

C.3.2.21 General

The Marshal
the mixture d
6 % void req

At least five
from the vald

The filler/bitu
five mixtures

The Marshal

It should be
breakdown o

E&d&uZEESIEEmsmr

Figure C.6 — Example for compaction sample

an be processed properly and that the mixture, after compaction, will comply. It complies wi
lirement.

(method) test should be used before the mixture is applied (in full scale-in order), to verify that

h the

Marshall samples should be made, each having a different mass of binder level, (slightly differing

e given) within the range given in Table C.2, e.g. 6,0 %; 6,2 %; 6,4 %; 6,6 %, and 6,8 %.

men ratio should be the same for all mixtures in orderdo obtain a constant mortar viscosity f

samples should be made with standard two-sided compaction (of) (2 x 50 blows).

faken into account that the process of compaction unavoidably leads to a partial (fragment
f the larger aggregates into the smaller ones (see Figure C.7 for an example).

150-test area

difference in size graduation
after compaction by Marshall (2 x 75 blows)

ierefiod] M%-T)

abssissa = grading tefoee oormpachion
ot e (+), lods |-}

br the

htion)

Figure

P PR TR il

mixhme 3 = f 7 [M%)] hihiman

C.7 — lllustration of fragmentation of larger aggregates into smaller ones by Marshall
compaction

Therefore, it is recommended to choose for the preparation of the Marshall samples a sieving grading curve
which lies for the larger aggregates above the medium curve, and for the smaller aggregates close to the
lower tolerance curve (see Figure C.5).

The resulting grading curve, after Marshall compaction (see Figure C.5) lies between the prescribed

tolerances.

26
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For each of the Marshall samples, the following parameters should be determined: volume of the filler (V),
volume of the bitumen (Vg), volume of stones and sand (i.e. mineral minus filler, indicated with (¥, _ ), air
volume (7,) and the following parameters should be calculated for each sample:

& g = (Vg + Vg + V)V _ g = mineral without filler = graduation of ordinate
and

&+ = (Vg + V)V _ g = asphaltic mortar bitumen + filler = graduation of abscissa

The five couptes (g _f, &g + £,) MUSt be displayed i a diagram as shown i Figure C:8,and_should show a

curvg which rises, reaches a top value and decreases again.

The mixture corresponding to the point in the vertex area which is closest to a void volume of| 4 % is most
suitable for the construction of the test track in full scale.

C.3.2.2.2 Experimental approach

The following parameters were determined for the grain classes:
— grain size distribution,

— and bulk density,

— and grain shape,

— and surface roughness.

The sequence of a mix design is presented,@s an example, which is valid for asphalt congrete 0/8 mm
according to ISO 10844.

NOTE 1 M%T is the percentage by mass.of the aggregate without bitumen

The ¢omposition of the aggregates'is identified for the setting adjustment of the plant e.g.:

— Gritstone excavated sand = 50,0 M%T, =5 M%T intrinsic filler dust-free,

— (abbro 2/5 mm = 21,0 M%T, in the "as-received" condition,

— (5abbro 5/8 mm = 20,6 M%T, in the "as-received" condition gabbro
— llimestone powder = 8,4 M%T, in the "as-received" condition,

— Aggdregates 2 100,0 M%T

The calculation of the distribution curve and its representation follows.
Bitumen: In the stages: (1) 6,0 - (2) 6,2 (3) 6,4 - (4) 6,6 - (5) 6,8 M%T;

Filler to bitumen ratio = 58,4 / 41,6 M%T = constant in order to obtain a constant viscosity of the mortar, see
Note 2.

With this, the mortar viscosity is held constant for all mixture stages.
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NOTE 2  Mix design of asphalt may be done according to road building standard or guidelines in each country. The
main target is to fulfil the aggregate grading curve. Care should be taken to maintain viscosity constant. The amount of
filler can be changed depending on its quality (diatomite versus slaked line) in order to maintain the viscosity constant. The
ratio filler/bitumen should be constant for all steps of qualification test described in Figure A.8.

Table C.3 — Mix design of asphalt — Mixture: 1a

Mineral type/fraction Eff.spec. volumes Weight
Density 4:3 Ing
M%T in g/lom3 M % in cm3/100 g for specimen
1 2 3 4 5 6
2,26 Gritstone-Bs<0,09 2,742 2,12 0,775 26,8
4,81 Gritstone-Bs 0,09/0,25 2,726 4,52 1,659 57,0
10,55 | Gritstone-Bs 0,25/0,71]2,707 9,92 3,663 125,0
23,84 | | Gritstone-Bs 0,71/2,0 |2,722 22,41 8,233 282,4
8,69 | |[Gritstone-Bs 2,0/5,0 2,717 8,17 3,006 102,9
0,37 | | Gabbro 0,25/0,71 2,894 0,35 0,120 4,4
1,25 | |Gabbro 0,71/2 2,894 1,18 0,406 14,8
21,97 | | Gabbro 2/5 2,894 20,65 7,136 260,2
18,56 | | Gabbro 5/8 2,896 17,44 6,023 219,8
0,15 | [Gabbro 8/11,2 2,896 0,15 0,050 1,8
6,38 | | Limestone<0,09 2,729 6,00 2,198 75,6
1,17 | | Limestone>0,09 2,729 1,10 0,403 13,9
100,00 | Bitumen 1,020 6,00 5,882 75,6
6,38
106,38 | Asphaltic mixture 100,00 *39,554 1260
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An aggregate grading curve which can give the desired characteristics is shown in Figure C.5.

Eff. Spec. density pg glcm3 2,528
Bulk density pp g/lcm3 2,380
Air voids Hy; Vol.-% 6,62
Compaction by Marshall 2x50 blows
Volume of specimen Vk Vol.-% 100,00
Air voids Hy; N Vol.-% 6,62
Solid matter by volume  Vj1g+F Vol.-% 93,38
Volume of mineral -filler V), ¢ Vol.-% 72,48
Volume of filler <0,09 3 Vol.-% 7,02
Voldme-of-bitumen Ve Vol-%—13.89
Volume of air voids " Vol.-% 6,62
100
EM-F)= Ve+Vg+V [ 0,380
m-F
EB+F)™ Ve +Vpg (1] 0,288
YmM-F
proportion filler: bitumen F:B = const. M % 58,4 41,6

Column 5 selected the change from M % to Vol.-%

tandard compaction: 2 x 50 (impacts) blows,

increased compaction: 2 % 75 (blows),

ity and compaction properties.

filler bitumen

"he reciprocal of 39,554 x 100 = 2,528 g/cm3 = specific density of mixture
daptation in the dosed filler is distributed.ifi_percent over the entire sieve curve.

Marshall samples of increasing mortar.volume (1) - (5) subjected to two different compactions:

e into account the ‘higher axle loads of heavy trucks on the test track, (to) and obtain data about the

© IS0
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Table C.4 — Mix design of asphalt — Mixture: 3a

Mineral type/fraction Eff.spec. Volumes Weight
Density 4:3 Ing
M%T in g/lom3 M % in cm3/100 g for specimen
1 2 3 4 5 6
2,26 Gritstone-Bs<0,09 2,742 2,12 0,771 26,7
4,81 Gritstone-Bs 0,09/0,25]2,726 4,50 1,652 56,7
10,55 [ Gritstone-Bs 0,25/0,71 (2,707 9,87 3,648 124,4
23,84 |Gritstone-Bs 0,71/2,0 |2,722 22,31 8,198 281,2
8,69 Grtstone-Bs 2,0/5,0 2,717 8,13 2,994 102,5
0,37 [[Gabbro 0,250,717 2,894 0,35 0,720 7Z
1,25 Gabbro 0,71/2 2,894 1,17 0,405 14,8
21,97 [ [ Gabbro 2/5 2,894 20,56 7,106 2591
18,56 | [ Gabbro 5/8 2,896 17,37 5,997 218,8
0,15 [ |Gabbro 8/11,2 2,896 0,14 0,050 1,8
6,38 Limestone<0,09 2,729 5,97 2,188 75,2
1,17 | [Limestone>0,09 2,729 1,10 0,401 13,8
100,00 | Bitumen 1,020 6,40 6,275 80,6
6,84
106,61 [ Asphaltic mixture 100,00 *39,803 1260
Eff. Spec. density pg glcm3 2,512
Bulk density p g/lemd 2,399
Air voids Hp;;. Vol.-% 4,51
Compaction by Marshall 2x50 blows
Volume of specimen Yk Vol.-% 100,00
Air voids Hp; W Vol.-% 4,51
Solid matter by volume “JVy,,g+F Vol.-% 95,49
Volume of mineral filler V), ¢ Vol.-% 73,34
Volume of filler <0,09 4 Vol.-% 7,10
Volume of bitumen Vg Vol.-% 15,05
Volume of air'voids N Vol.-% 4,51
100
E(M 2 F) = VF + VB + VL [1] 0,364
Ym-F
E(B +F) = VF + VB [1] 0,302
Vm-F
proportion filler: bitumen F:B = const. M % 58,4 41,6
filler bitumen

*

*

NOTE

Column 5 selected the change from M % to Vol.-%
The reciprocal of 39,803 x 100 = 2,512 g/cm3 = specific density of mixture

Figure C.8 shows a result of the aptitude test done with different asphalt mixtures by which the content of
asphalt/mortar was changed. Two curves are shown which give different result due to difference in compaction energy.

The optimum of the solid line curve is mixture 4, the optimum of the other curve is mixture 3.

30
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Volumetric proportions ISO-layer

—@—Marshall compaction 250 blows
— —Marshall Compaction 275 blows

parcant of voids fillad with mortar

— —airvoids in compacted mixturs

E {H-F}
increasing bulk densite by volume >= 0,09 mm

It is advisable to repeat this procedure of the<Marshall test, with the Marshall samples which h

comp]
test t

The

devig
band

C.3.2

The
mine

The |
and §

EBeF)
increasing asphaltic mertar (filler <0,09 mm + bitumen) by volumes

Figure C.8 — The sz . F, 5, _F curves
ositions, but which are produced with‘a-non standard two sided compaction of 2 x 75 blow
ne mixtures on their suitability to withstand tests with vehicles with high axle loads.
hcoustic absorption shall be measured in the frequency range from 280 Hz to 1 800 Hz w

e meeting the specificationsyof 1ISO 13472-2. The results are to be expressed in the ong
coefficients according totheprocedure described in ISO 13472-2.

.3 Mix design requirements

Mass % Part(M%P) is the fraction of mixture which is expressed with respect to the t
rals only (chipping + sand + filler = 100 % of mass).

Mass %M %) is the fraction of the mixture which is expressed with respect to the total mas
itumen (chipping + sand + filler+ bitumen = 100 % of mass of the mixture).

0.5

ave identical
S, in order to

ith an in-situ

-third octave

ptal mass of

s of minerals

Allowable tolerance:

— Bitumen 10,1 % of its own weight,

— Filler £1 % of its own weight,

— Sand 1 % of its own weight,

— Chippings +1 % of its own weight.

Test

©ISO

runs are required to adjust the mixing plant requirements.
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C.3.3 Construction of the top layer

C.3.3.1 Requirements concerning construction machinery and their usage

a) Cutter(s): Only precise levelling cutters can be deployed, cutting line distance 6 mm with precision control
engineering as a prerequisite for the evenness and uniform thickness of the new layer. The old surface
must not be copied due to possible unevenness. As a rule the working width is 2 m. The device is guided
on the levelled wire. Area levelling of the existing test tracks is a prerequisite (top layer height plan).

Longitudinal and transversal seams should be sealed with a seam adhesive on Polymer modified

Bitumen

PmB basis able to be processed cold.

Self-adhesive jointing tapes are not suitable.

b) Paver (F
alongsid
are pref
control 1
precomy

NOTE

c) Roller cd
for the €
rolling ¢
practice

A degre
reduced
reverse
vibration

Steel ro
same di
whole la

The rollg
Thus tw

Service
further
distance
equippe
front rol

nisher(s): Finishers of defined configuration are suitable if these ensure a high initial. comp4
e the geometric surface characteristics. Tracked finishers equipped with a high-compaction
brable. The finisher must be guided on a levelled wire on both sides. Other'means of ma
hat ensure high precision in the evenness of the laid area are also suitable. It is strived
action under the laying plank of k£ =90 % Marshall.

Marshall compaction is 50 blows on each face of the sample, refer to ASTM'D1559-89 or EN 12697-3

mpaction: The compaction shall be started at approximately<140 °C to 150°C. This is ess
nd degree of compaction £ = 98 % Marshall. It is essential.for. the high degree of compactio
bmpaction is conducted at the highest laid asphalt temperature condition according to the

e of compaction of k= 100 % should be strived for. However, roller compaction shou
to the necessary minimum in order not to affect the surface texture, The steel rollers ma
in the measuring field, because this leaves® measurable bumpiness. For the same re
compaction in the 2nd passes is only admiissible after static pre-compaction.

stance and at the same forward speed, should be deployed. They must completely covg
he width.

r width must exceed half(ofthe track width.
h steel rollers are required per lane.

weight approximately 80 kN to 100 kN; only static compaction is made during the first pa
pller train is_required for reasons of temperature, this runs over the laid surface at a dg
to the 1stroller train. Damped vibration can also be applied for this purpose; the rollers my
1 with eontrollable vibration equipment: e.g. frequency 50 Hz, amplitude <0,3 mm, only o

er lining, the rear roller lining runs without vibration. Further “roller passes” are performed

ction
plank
chine
for a

0.

ential
h that
local

d be
y not
ason,

lers of the same model arranged in“pairs, which run over the laid area behind the finisher at the

r the

5s. A
fined
st be
n the

only
ds to

statically

fenironing out. The number of these depends on the degree of compaction. Oscillation lea

greater compaction efficiency, yet has a negalive influence on the surface texiure, therefore is not

suitable

for test tracks.

C.3.3.2 Description of the top layer construction process

Asphalt mixture: Mix designs require particular precision, which goes beyond the usual traffic infrastructure
requirements. (Mix designs are dealt within a separate text module).

The top layer should be laid during dry weather, surface temperature is >10 °C.

32
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Once a suitable mixture is designed by means of the above described Marshall method, one can apply the
mixture on the (sub) under layer. It is recommended to provide run-up stretches of approximately 25 m to

30m

in length for an optimum adjustment of the laying train.

The actual measurement drive line has a length of 20 m / 30 m on (both) each side(s) of the microphones line,
in total 40 m/60 m (for long vehicles, see Clause 4).

The thickness of the top layer shall be 35 mm £ 5 mm. It shall be uniform over the whole drive lane.

Run up stretches of about 25 m minimum are recommended for an optimal adjustment of the laying train.

Finis

Trach

levelled wire, are suitable.

Also
mega

The lpid areas may not be accessed until they have cooled down completely) The radiometric p

operd
Chedg
time
meag
regis

For 4
are o

The i
way

C.3.3

Testi
all pg

Com

ICTo ahuu:d bU uocd vvhiuh pIUV;dU d hlyh IIIItIG: bUIIIprt;UII.

ed finishers equipped with a high efficiency compaction plate and which are guided.©n bo
other high tech techniques (e.g. with laser beam guiding) that avoid the creation of un
texture (see Figure C.9) can be used.

ted from the edge.

k the void content of the top layer using a radiometric probe for density measuring over
that the 1ISO top layer is being laid. Continuous measurements should be taken und

ering the temperature of the bituminous mixture and compaction.

ppropriate cooling of the newly made surface the\first measurement to check the surface c
hly possible at least 24 h later.

mportance of the sub layers is to providethé necessary stability and evenness (see C.3.1 sy
0 achieve this is the responsibility of thel.contractor and depends on local geotechnical charg

.3 Compaction requirements.for the top layer

ng by coring on trial sections previously built on the same basement in order to check the g
rameters.

baction shall be maximum in the range of 98 % to 100 %, 100 % is recommended.

h sides by a

evenness or

obe must be

he complete
br a defined

urement schedule, the results should be recorded after every steel roller pass. The same applies to

haracteristics

b layer). The
cteristics.

lompliance of
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Figure C.9 — Megatexture caused by functioning of finisher
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Compaction of the mixture should start when its temperature is typically 140 °C to 150 °C. A compaction of
98 % compared to the Marshall compactness should be strived for, but the lesser passages of the rollers, the
better in order to keep some macrotexture. One should use steel rollers of the same model, with a weight of
80 kN up to 100 kN, arranged in pairs (see Figure C.10).

N\
Figure C.10 — Assembly train — Finisher and two roIIers,SQgt static compaction passage

%

— Their combined width should be at least the whole lane w?@. The rollers should follow the finishef at a
constan{ distance and at the same speed. They sho l&never reverse in the measuring field, a$ this
operation may cause unevenness. Only static compagtion should be applied during the first passage. A
second battery of rollers should follow the first one@t certain distance. The rollers in the second battery

can conjpact with damped vibration. The vibriié?» must be controllable; e.g. a frequency 50 Hz and an

amplitude of up to 0,3 mm is suitable. It is-mot recommended to use oscillating rollers with horizontal
processing of the surface, because it sm the track and reduces the macrotexture. Only the lepding
rolls (of the second battery of rollers), should vibrate vertically; the rear rolls should not as this Wwould
possibly| generate megatexture in t urface. The density of the top layer should continuously be
monitored by means of a radio @ probe, i.e. measurements should be done after each steel [roller
pass. Pgssible additional pass%% & f rollers should again be without vibration.

IMPORTANT — The newly lai p layer should not be walked on before the complete cooling off of
the surface,|as it could be aged irreparably (see Figure C.11).

Q~

Figure C.11 — Megatexture on test track caused by walking over in hot surface
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C.4 Example from Japan

C.4.1 General

The asphalt pavement thickness is designed using CBR (California Bearing Ratio) value and the road
classification based on traffic volume. CBR test is described in ASTM D1883.

In order to make sure that the hot mixture has the required properties, selection of materials and
determination of the grading of aggregate and amount of asphalt must be carefully conducted.

Aggregate to be used should be fully dried, heated to an appropriate temperature and thoroughly mixed. The
hot rixture should be evenly spread and compacted while retaining a high temperature jto| achieve the
presdribed density. The pavement should be constructed in such a manner that the finished.surfdce is smooth
and has good texture.

C.4.2 Mixture design

C.4.2.1 Design process

The mixture design should be processed in the following order:

1) Materials with prescribed quality should be selected in_cehsideration of their availgbility for the
necessary amounts.

2) The mix proportion of each aggregate should be dec¢ided by the grading curve shown in Figure C.12.

3) The design asphalt content corresponding to the.chosen grading of aggregate should be determined
according to the procedure described in C.4.2:2.

4) A tentative mixture proportion should be determined in an asphalt plant for the cold fepder and the
hot bin to conduct a trial mixing. The results of the trial should be compared with the standard values
of the Marshall test. Actual construction situations at the site should be investigated and a tentatively
determined laboratory mixturg design should be modified to obtain the job-mixtufe formula if
necessary.

©1SO 2011 — All rights reserved 35


https://standardsiso.com/api/?name=f5967ba80836defea611005219f3f1f2

ISO 10844:2011(E)

100

90

IR NENs SNTHRNEIN

T~ ]

P.% (m/me

an

a0

AN
R\

50

N

40

30

20

]

TTTTTTTITITTTTTITT TTTTTITTTITTTIeTT TTITTTTTTITTITaTTIa]TT TTTTTTITT
T[T T T RIA ST T TTTI[TT LLLLN LN L LD UL LU L LR TTITTTTITT

.\.\
\!

NTTTTTTTTTI T TToayTT TTTT|TITT[TIT T TTTT TTITTTTTT I TTIT[ T TT TTITTTITT

TTTiT
\
TN

LR LAY L L LR L R L LRLL RN ALY R LR LR R L W

'I|I'IT f'll|'|II‘IIII"IIILIII"II" TITT| AT TITI ImTT "II"III‘III"III'LIII"II" TITTITITT

T
16 20 25 32
5, mm

TTT
0061 0,125 0.2% 0.5 1.0 2

-~

wr
Tg
m -
-
 —

Sieve size in mm

NOTE This grading curve is equivalent to the sieving curve shown in Figure C.5. Difference is only in the ab
graduation, semi log compare vs square root in Figure C.5.

Figure C.12 — Grading curve of the aggregate in‘the asphalt mixture with tolerances

C.4.22 De

termination of the design asphalt content

The design gsphalt content corresponding to the~praportion of aggregate to achieve proper grading shou
determined Hy the following procedure.

1) Within the range for asphalt centent for selecting mixtures as indicated in Table C.5, Marsha

spe
of 0

Cimens of asphalt mixtures should be prepared, with the asphalt content varying with an in
5 %.

Marshall test should be,conducted to determine the binder content after deciding mixture compo

for
cha

stones, sand and Tiller. The amount of filler should not be changed, even if the binder cd
hges.

2) The Marshalktest specimens should be made with standard two-sided compaction of 2 x 50 bloy

3) Dersity, stability and flow value of the specimens should be measured to calculate the percenta

air

bcissa

Id be

| test
erval

sition
ntent

S.

ge of

H | ol iele—filla ol HA loold
UIUS dl'iu VUIUS THITU WIUT aspriait.

4) The test results should be plotted using an arithmetic scale to indicate the asphalt content on the axis

of a

bscissa, and the density, percentage of air voids on the axis of the ordinate.

5) The range of asphalt contents which satisfies an air void between 4 % and 5 % can be found from

the

curve drawn.

6) The common range of asphalt content which satisfies tolerance of binder content in Table C.5 should
be obtained, with the median value being taken as the design asphalt content for a general case.
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Target values Tolerances
By total mass By mass of the
of mixture aggregate
Stones, Sy > 2mm 47,6 % 50,5 % 5%
Sand 0,063mm < Spy < 2mm 38,0 % 40,2 % 5 %
Filler Sm < 0,063mm 8,8 % 9,3 % 2 %
Binder-thitamern) 5:8-% NA- |+_O,5 %

Max.|chipping size

8 mm

6,3 mn|1 to 10 mm

Bindgr hardness  (pen)

40/60, 60/80, 80/100

Polished stone value(PSV) (see Reference [5])

>50

Compactness, relative to Marshall compactness

98 %

Su is pquare mesh sieve size

C.4.3 Paving

C.4.3.1 General

The $urface and binder courses should be carefully constructed, with special attention paid to

the following

points, as the quality of both courses has a significantiinfluence on stability against traffic, resistance against

abragion and effects caused by the climate:

smooth manner.

and adhered to\each other.

2) Courses should have as large a‘density as possible.

1) The courses should be constructed cenforming to correct cross section and vertical prg

3) Texture should be unifarm, corresponding to the grading of the mixture.

4) Transverse joints,(longitudinal joints and joints abutting structures should be thoroughl

Figure C.13 is an example of the fleet of equipment used for road construction.
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