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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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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 can also influence measured noise levels.

In order to minimize the variation in rolling sound emission and vehicle sound emission measurements
made at different testing locations, it is therefore necessary to specify the relevant surface properties
and recommend carefully the properties of the materials, design, and construction of the test surface.
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rincipal nhjprﬁvp of this International Standard is to provide a revised specification o

the surface

whid

This
Stan

Itis
that
also
prec
noisq

In r¢
spec
mair

h improves the reproducibility of measurement.

International Standard is designed in a way that test tracks conforming to this I
lard are compatible with the first edition, but in addition the variability of properties

mportant that the test provides a high degree of reproducibility between different t¢

'he surface design should not only minimize the inter-site variation oftyre or road nois

ensure that the propagation of noise is unaffected by the surfacesused. This latter c

udes the use of road surfaces which have open textures and which.have the property
from the power unit and other related sources.

plation to the first edition, this International Standard.includes, including morg

tenance. The basic properties of the surface remainanchanged.

The Gisers of this International Standard are encouraged to measure ENDTand to communig

to th

Furt
chec

This
ISO 1

b [SO/TC 43/SC 1 for analysis before the next periodical review.

nermore, this International Standard recommends a non-destructive test method fqg
king of the surface characteristics.

International Standard is quoted\in several International Standards (e.g. the ISO
3325).

hternational
s reduced.

st sites and
b, but should
nsideration
bf absorbing

restrictive

fications of the surface and recommendations forsthe test track construction process and

ate the data

r periodical

362 series,

© ISO

2014 - All rights reserved


https://standardsiso.com/api/?name=2f9c7c47b855c7ef813afca10a902788



https://standardsiso.com/api/?name=2f9c7c47b855c7ef813afca10a902788

INTERNATIONAL STANDARD ISO 10844:2014(E)

Acoustics — Specification of test tracks for measuring
noise emitted by road vehicles and their tyres

1 Scope

This International Standard specifies the essential characteristics of a test surface intended to be used
for nreasuTiTg vettitteamd tyre or Toad TTOISE ENTiSSIoTS:

The gurface design given in this International Standard

— produces consistent levels of tyre or road sound emission under a wide range efioperating conditions
including those appropriate to vehicle sound testing,

— inimizes inter-site variation,
— Jrovides minor absorption of the vehicle sound sources, and
— is consistent with road-building practice.

NOTH For the purposes of this International Standard, the terms noise and sound are used intgrchangeably.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this docunient and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referjences, the latest edition of the referenced document (including any amendments) applies.

ISO 362-1, Measurement of noise emitted.by accelerating road vehicles — Engineering method|— Part 1: M
and | categories

ISO 13472-2, Acoustics — Measurement of sound absorption properties of road surfaces in sifu — Part 2:
Spotimethod for reflective surfaces

ISO 13473-1, Characterization of pavement texture by use of surface profiles — Part 1: Deteymination of
mean profile depth

ISO 13473-3, Characterization of pavement texture by use of surface profiles — Part 3: Specffication and
classification of profilometers

[SO/T'S 134734, Characterization of pavement texture by use of surface profiles — Part 4: Spedtral analysis
of surface profiles

EN 13036-7, Road and airfield surface characteristics — 1est methods — Part /- irregularity measurement
of pavement courses: the straightedge test

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

31

sound absorption coefficient

a

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 1 to entry: Expressed as a percentage, it is called sound absorption.

© ISO 2014 - All rights reserved 1
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3.2

surface profile

3.21

texture profile

two-dimensional sample of pavement texture generated if a sensor, such as the tip of a needle or a laser
spot, continuously touches or shines on the pavement surface while it is moved along a line on the surface

Note 1 to entry: It is described by two coordinates: one along the surface plane, called “distance” (the abscissa),
and the other in a direction normal to the surface plane, called “amplitude” (the ordinate).

3.2.2
irregularity
maximum dTistance of a surface from the measurement edge of the straightedge between twq ¢e
points of the straightedge when placed perpendicular to the surface

ntact

Note 1 to enf] hat of

texture and 3

ry: Pavement characteristics at longer wavelengths than 0,5 m are considered toybe<above t
re referred to here as irregularity.

Note 2 to ently: See Figure C.1.

3.2.21
longituding
irregularity,

1l irregularity
in the longitudinal axis of the track

3.2.2.2
transversa
irregularityj

irregularity
in the direction perpendicular to the axis of the track

3.2.3
straightedg
device used

e
4
for measuring the deviation from a plane

3.2.4

megatexture

deviation of]
the surface
including th

Note 1 to ent
is the texturd
potholes or
roughness w

3.2.5
macrotexty
deviation of
the surface

a pavement surface from a true-planar surface with the characteristic dimensions :
pf 50 mm to 500 mm, correspohding to texture wavelengths with one-third-octave b
e range of 63 mm to 500 mniof centre wavelengths

ry: Peak-to-peak amplitudes normally vary in the range of 0,1 mm to 50 mm. This type of te

which has wavelengths’in the same order of size as a tyre or road interface and is often creat
waviness”. It is ushidlly an unwanted characteristic resulting from defects in the surface. Sy
th longer wavelengths than megatexture is referred to as irregularity.

ire
a pavement surface from a true planar surface with the characteristic dimensions :
0f-0,5 mm to 50 mm, corresponding to texture wavelengths with one-third-octave b

long
ands

Kture
ed by
rface

ilong
ands

including th

¥anaga of N 62 sy 0 EN) sy Af contra vwavalanathce
oY © vorvy T

TS C- O 9;00 Tt TO—OUTTIITIT T—CcTTIrere—y TCTITST

Note 1 to entry: Peak-to-peak amplitudes can normally vary in the range of 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 or road interface.
Surfaces are normally designed with a sufficient macrotexture to obtain suitable water drainage in the tyre or
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

© ISO 2014 - All rights reserved
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3.3

gradient and cross fall

3.3.1

gradient

ratio of the height difference and the length measured along the longitudinal axis of the drive lane,
expressed as a percentage

3.3.2

cross fall

height difference expressed as a percentage of the length measured along the transversal axis of the
drive lane

34
propagation area
part of the test track on each side of the drive lane

Note [l to entry: See Figure 1.

3.5
drive lane
partjof the test track where the vehicle runs

3.6
stiffness
ratio|of a normal force and resulting displacement

3.7
denge asphalt concrete
asphplt in which the aggregate particles are esseitially continuously graded to form an jnterlocking
strugture

Note|l to entry: [SOURCE: EN 13108-1]

3.8
meah 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 lohg baseline

Note [l to entry: [SOURCE: 1S0Y13473-1:1997, 3.5.4]

4 Requirements of the test track
4.1 | Size and' geometry

4.1.1 CSize

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.

© ISO 2014 - All rights reserved 3
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Figure 1 — Size of the test track
A drive lanelwith a length of/pand width of at least 3,0 m that is centred around line PP’. The valug of I,
is defined in Table 1.
Table 1 — Minimum drive lane extension length
For long vehicles with rear engine, having a distance
Lensth For testing tyres, passenger cars, motorcy- | of more than10 m between the reference point anall the
g cles, light duty vehicles, and trucks front axie
(reference point as defined in ISO 362-1)
I 10 m 20 ma

requirement.

a 20 mis necessary only for the exit side (BB’), as defined in ISO 362-1, of the test track according to the purpose of this

For the stabilization of the laying process, a minimum length of /s = 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’.

© ISO 2014 - All rights reserved
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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.

4.1.2 Geometry
Drive lane

The drive lane shall fulfil the following requirements:

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

— flor periodical checking of the test track only, transverse irregularities equal-to or less than 0,005 m
nd longitudinal irregularities equal to or less than 0,005 m, measured with the gtraightedge
ccording to EN 13036-7;

— flor acceptance only, deviation from the horizontal plane in transyerse direction of 1,0 % maximum
see Figure 2) and in a longitudinal direction of 0,5 % maximum.

Itis jecommended that the irregularities requirements be fulfilled starting from the microphone line to
cover the drive lane plus 10 m from the end of the section Iy:on+both sides.

Propjagation area

— The propagation area shall have irregularities equal to or less than 0,02 m, measurfed with the
gtraightedge according to EN 13036-7.

— The propagation area can have one or both sides lower than the drive lane. Cross fall if transverse
direction, measured using an appropriate instrument, shall be equal or less than 2,0 % (see Figure 2).

The glope should be designed in suchlaway that the draining of water is possible.

4
2 %max
1 1 %max
2 %max, 3
2
T 7 %max
DR T— 3 2 %max
2 4

Figure 2 — (continued)
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1 1 %max 1 %max
e T T T T T T T T T T T T
2 %max 3 2 %max
2 4
Key
1 horjzontal plane
2 propagation area
3 drive lane
4 propagation area

1 % max allowed drive lane cross fall
2 % max allojwed propagation area cross fall

Figure 2 — Propagation area slope in transversedirection

— Steps of discontinuities between the propagation area and-the drive lane shall be 0+8'02m (see
Figure 3).
1
] !
[
- 2 +0 02
a 1
1
I . N 2

Key
1 drive lane
propagation area
a  Allowed step < 0,02 m.
b Notallowed step even if < 0,02 m.

Figure 3 — Propagation area — Steps or discontinuities
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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.

4.3 Surface properties of the drive lane

The surface of the drive lane shall:

a) e dense asphalt concrete;

b) exhibit a sound absorption equal to or less than 8 % in any one-third-octave band between 315 Hz
nd 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) have athickness of the wearing course greater than or equal to 30 mm;

e) have a mean profile depth (MPD), measured according to ISO 13473-1, of 0,5 mm * 0,2 mm;
f) have a target sieving curve for the aggregate, as describedin)Figure 4;

g) have no elastic material (rubber, polyurethane, etc.) applied on the top layer or sublayers except for

the modification of bitumen that is less than 1 % of the mass of the total mix.
100,0
go‘o | | A\ & i { /
80,0 - kY,
70,0 I\
o 60,0 \
£ \
8 500 | (-
8- 3
2
40,0~ N - fH ,
30,0 /
20,0
10,0 T
0.0 : ‘ ‘ :
{’\Vﬂ'l ﬂv1 1 10
S, mm
Figure 4 — Sieving curve area
NOTE Untilmoreresults forvalidation are available, ENDTis not part ofthe normative partofthis International

Standard. Polymer-modified Bitumen (PmB) allows higher temperature operation and reduced surface wear.

4.4 Conformity tests
a) The surface properties for each requirement shall be determined at the following occasions:

1) before the acceptance of the track (make reference to Table 2);

© ISO 2014 - All rights reserved 7


https://standardsiso.com/api/?name=2f9c7c47b855c7ef813afca10a902788

ISO 10844

:2014(E)

2) during the periodical checking of the track (make reference to Table 2).

b) Allmeasurements 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).

c) Forsound absorption, texture, and 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.

d) After the construction, take a total of four cores, preferably at 10 m intervals outside the wheel
tracks on the driving lane run-up section, and measure the sieving curve from these samples.

Key

Sm Sm

[+]

o
3

r
3
r
b

5m Sm

r
7
r
3
r
3

Sm Ey

i
i
i
I
I
|
|
}
RSSO AU T I

]

1 first point randomly chosen

For checkin
chosen on e

In addition,
between thd

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

b the surface properties of the\propagation area, take at least two measurements rand

hch side.

sound absorption of the‘propagation area shall be measured at both sides of the drive
microphone location and the centre of drive lane in the vicinity of the line PP".

pmly

lane,

Table 2 — Periodicity for checking the requirements during acceptance and periodical
checking
For acceptance For periodical checking
Requirdmentsifor the track
Drive lane Propagation area Drive lane Propagationjarea
X
Gradient N.A. N.A. N.A.
(0,5 %)
Slope
X X
Cross fall N.A. N.A.
(1 %) (2 %)
X
X
Longitudinal irregularity (s5mm) N.A.
(<2 mm) x
2 yearsa
(20 mm)
X
x randomly
Transverse irregularity (s5mm) N.A.
(3 mm)
2 yearsa

© ISO 2014 - All rights reserved
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Table 2 (continued)

Requirements for the track
Drive lane Propagation area Drive lane Prop

For acceptance For periodical checking

agation area

X
X

MPD
Texture MPD N.A. N.A.
0,5mm + 0,2 mm
0,5mm = 0,2 mm
2 yearsa
X
X X
Absofption (8% maximum) N.A.
(8 % maximum) (10 % maximum)
4 yearsa
Grading curve x N.A. N.A. N.A.
x to be checked
N.A. not applicable
a Periodicity.
4.5 | Homogeneity of surface properties

In or{der to ensure that the properties of the drive lane and the properties of the propagat]

hom
resp

— surface texture;

— geometrical compliance.

4.6
The

track should be used only for noise measurements.

Loos|

surfdce.

Sealing of cracks is@gceptable as long as acoustical performances (according to 4.2 and 4.3
track are not afféeeted.

See Annex Bfor recommendations.

4.7

acoustic absorption;

geneous, the average of all positions and 80 % of the.samples shall meet the require
bt to:

Stability with time and maintenance

est track is a test instrument and shall be protected from damage and be taken carg

e debris or dust which .could significantly reduce the texture depth shall be remov

Break-in of the test track

ion area are
bments with

of. The test

ed from the

) of the test

The texture and absorption characteristics shall be checked not earlier than 4 weeks after the
construction or 1 000 passes after the construction.

If the surface is exclusively used for testing heavy vehicles (M2 above 3,5 t, M3, N2, and N3), this break-in
period is not necessary.

5 Measurement methods and data processing

5.1

Irregularity measurement methods

The irregularity of the drive lane shall be determined according to EN 13036-7 using a straightedge

consi

isting of a beam of 3,0 m in length and a wedge with 1-mm steps on the oblique side.

© IS0 2014 - All rights reserved
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5.2 Texture measurements methods

5.2.1 Profile measurement

TheprofileismeasuredaccordingtoISO 13473-1 for MPDand ISO/TS 13473-4 for ENDT. The measurement
instrumentation shall meet the requirements of class DE defined in ISO 13473-3.

Additional details according to ISO 13473-1, MPD shall be measured in the wheel tracks of the driving

lane and the

following two options can be used.

profile
as averg

Segme
tracks
distriby
shall be
indepen

The MPD re

When calcu
profile shall
preferred (i

5.2.2 Texl
Removal of

NOTE IS
part of the te

5.3 Acou

The acousti

situ device neeting the specifications of ISO 13472-2. The results shall be expressed in the one-t

octave-band

6 Confol

The test re
constructio}

Example:

[

hattbe dividedintoetghtsections, each 5 fong, forwhich MPDshattbe evaluatedsepa
ge over the section. A total of two measurement runs shall be made in each wheel trag

ed measurement: MPD is measured at a minimum of four locations in each of theltwo
ight if the test track is used for two-wheeled vehicles). These locations shall be ey
ted over the driving lane length. At each such location, a minimum lengthef2,0 m of pr

measured, each one at least 0,8 m long and positioned in a way which give statist
dent MPD values.

uirement in 4.3 shall be met at each of the eight locations or sections.

ating ENDT, the wavelength spectrum from 100 mm to 5 mih one-third-octave band ¢
be obtained, according to the specifications of ISO/TS 13473-4. A tapered cosine wind
hake reference to ISO/TS 13473-4).

ure profile data pre-processing
spike data is necessary. Spike data shall be.removed prior to further processing of the

D/ TS 13473-4 gives examples of the spike,ys€moval processes. Spikes are data artefacts that aj
kture under measurement.

stic absorption measurement method
C absorption shall be meagured in the frequency range from 280 Hz to 1 800 Hz with

coefficients, according to the procedure described in ISO 13472-2.

'mity report

port for<€ach pavement test surface shall contain all the information required fo
W approval or periodical inspection, whichever is applicable.

Continuous measurement: MPD is measured continuously over the entire driving lane. The measured

ately
k.

rheel
renly
files
cally

f the
bW is

Hata.

e not

an in
hird-

- the

General

a)

con

10

information

owner

tractor’s name

date of the construction of the test track
location of the test track

certifying authority (if applicable)
certification status

main use of the test track (e.g. truck tyre coast by, testing, passenger car drive by)
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— notable features (e.g. under track, heating)

b) Size and geometry

1) size

i) dimensions of the driving lane

total length (m)
width (m)

ISO 10844:2014(E)

c |

L L Y
T3 (111)

Is (m)

ii) dimensions of the propagation area

length (m)
width (m)

iii) free space

radius (m)

notable feature

) geometry

i) drivelane

— transverse and longitudinal itregularities (m)

— deviation from the horizental plane in transverse direction (%)

ii) propagation area

irregularities i)
slope in transverse direction (%)

steps er-discontinuities (m)

urface properties

1) matefial

i)\"~drive lane

sound-ahsarntion

.................
maximum chipping size
thickness of wearing course
texture

sieving curve

elastic material

ii) propagation area

sound absorption

© IS0 2014 - All rights reserved
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2) homogeneity statement of surface properties
d) Proving the requirements

— scheme of the measuring point

— 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 Summiary of improvements on the 1994 edition

Annex D lists the 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 level variation of road surface (END7)

A.1| General information — Principle

The ENDris a single-number rating that provides an estimation of the variation of the dB(A)|global noise
level[due to texture changes with respect to a reference surface. The reference surface is characterized
by afthird-octave texture profile spectrum, Lix, ref, 2, as a function of the textiire wavelength, 4, and a
third-octave noise spectrum, Ly, as a function of the frequency, f.

The ENDr is evaluated from the third-octave texture profile spectrumiiix, 2, of the track to be tested.
It is fomposed of two terms intended to handle two tyre or road fioise generation mechHanisms: the
texture-induced vibration and radiation of the tyre belt and the air-pumping phenomenon.

The first term, 10 Ig (A/B), is evaluated from the texture level differences at wavelengths A{= v/f, where
v is the rolling speed considered. For greater convenienceythe texture levels at wavelengths v/f are
evalyated by linear interpolation from the texture levels at'standard A values (see A.3). The Jecond term,
C, is gvaluated from the texture level difference at A = 5anm.

A.2 | Surface properties of the drive lane¢ — Texture measured using ENDy

The texture is measured using END1 method-as defined in A.2. The reference texture profile is given in
Tabl¢ A.1. The value to achieve shall be.x1;5 dB.

NOTH A direct comparison of texturé’spectra is inadequate because of the fact that different splectral ranges
affect the rolling noise level in different ways. The END7 procedure takes into account the effect of p wavelength
band(on the related acoustic frequency band and weights these effects on the basis of their contribution to the
overdll A-weighted sound pressure level.

Table A.1 — Reference texture profile spectrum

One{third-octave<band wave-
length (in mm)

Level texture L{x (in dB) with
referenceitol pm

100 80 63 50 40 32 25 20 5

32,0 34,0 34,5 35,2 36,2 37,3 379 38,8 39,8

The profile is measured nrr‘nrﬂing to IS0 13473.-2

In order to calculate the ENDrvalue for a given testtrack with measured one-third-octave-band spectrum
levels, Ltx, 1, one can follow the procedure as outlined below. The levels Lix, 1 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/TS 13473-4 and be expressed as levels re. 1 um in decibels.

A.3 Calculation of the differences, ALt 3, between Li 3 and the reference
ISO 10844 Test track spectrum, Lix, ref 2

ALtx, 2 = Ltx, A = Ltx, ref, 2 (A1)
Values for the Li, ref, 2 are given in Table A.2.

© ISO 2014 - All rights reserved 13
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Table A.2 — One-third-octave-band levels for the relevant texture wavelengths, 1, and the
corresponding acoustic frequencies, f, at 80 km/h

A L, ref, 2 f
mm dB 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
25 379 889
20 38,8 1111

The third cqlumn of Table A.2 shows the corresponding (acoustic) frequency, f, for a‘speed of 80 kim/h.
By means of linear interpolation, one calculates the values ALty ; for the acoustic frequencies 25p Hz,
315 Hz, 400[{Hz, 500 Hz, 630 Hz, 800 Hz, and 1 000 Hz. Subscripti =1 corresponds’to f= 250 Hz,i ¥ 2 to
f=315 Hz, and so on.

A.4 Calculation of the term A as follows

A =% 10(Li; + b; ALty /10 fori=1...13

(A.2)
where
Lm; are|reference noise levels, as given in Table A.3;
b; arelfixed factors, as given in Table A.4:
A.5 Calculation of the term B'as follows
B=X10Lp;/10fori=1..13
(A.3)

where Ly ;afe again given in Table A.3.
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Table A.3 — Values for the reference noise levels

; (one-third octave) Lmi
Index i Hz dB
1 250 51,9
2 315 52,1
3 400 55,1
4 500 59,7
5 630 616 N
6 800 649\
7 1000 6ws
8 1250 62,8
9 1600 QP 622
10 2000 A 61,3
N4
11 2500 K& 59,9
12 3150 o 56,6
13 4000 ~ 54,2
QV
Table A.4 — Fac @bi
. f oo .
Index i H&\\'Q b;
1 - @50 0,9
Q‘
2 o 315 0,85
3 L 400 0,8
4 AN 500 0,75
5 - 630 07
6 A 800 0,65
7 <)~ 1000 0,4
8 O 1250 0
9 N\~ 1600 0
105 2000 0
X
Av;h 2500 0
@\)12 3150 0
AN7 13 4000 0
r®)
A.6 Calculation of the term C as follows
C=0,25 Ath, 5 mm (AA‘)
where
Ath, 5mm = th, 5mm ~ th, ref, 5 mm (A-S)

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

© IS0 2014 - All rights reserved 15
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A.7 Calculation of ENDT

END7=101g(4/B) dB - C

A.8 Worked example

(A.6)

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

The values /

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

A Lix, 2
mm dB
100 46

80 45
63 43
50 41
40 40
31,5 39
25 38
20 44
5 48

Calculate the differences, ALix, 2, between the Lix, 2 and thereference ISO 10844 Test Track spect

th, ref, A

Table A.6 — Calculated values for ALy, )

\Ltx, 2 are calculated and given in Table A.6:

A ALy, 2 f
mm dB Hz
100 14,0 222
80 11,0 278
63 8,5 353
50 58 444
40 3,8 556
31,5 1,7 705
25 0,1 889
20 5,2 1111

rum,

The linearly interpolated ALty ; for the reference acoustic frequencies 250 Hz, 315 Hz, etc. are given in
Table A.7.

Calculate the term 4

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 Ly, Formula (A.2) can be evaluated as:

16

A=2,26 x107

(A7)
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Table A.7 — Interpolated values for AL, ;

Index i I-Ilrz Aé%‘"
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

A

— (alculate the term B

Using the values from Table A.3 for the Ly;, Formula (A.3) can be evaluated as:

=1,56 x 107

— (alculate the term C as follows:

whet
was

END;

wel

Hend
refern

= 0,25 X (th' Smm ~ LtX, ref‘ 5 mm) = 0,25 X (48 - 39,8) = 2,1 dB

biven.
Calculate END
" can now be evaluated with Formula (A+6):

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

ence test track.

e Ltx, 5 mm = 48 dB was a measured value from th&example (Table A.5) and Lt ref, 5 1

e, based on the texture data, the example of the surface is expected to be 0,4 dB less nd

(A.8)

(A9)

m = 39,8 dB

(A.10)

isy than the

© ISO

2014 - All rights reserved
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Annex B
(informative)

Maintenance and stability of acoustic performance of test surface

B.1 Gendral

This annex gives information on maintaining the test track and on stability with time of thé test ty

B.2 Maintenance

In the procelss of cleaning, be careful not to use devices that can alter the texture-such as rotating
brushes, and high pressure water spray. The dust should be sucked off or brushéd off.

Salt can alt
therefore, aj

B.3 Influ

The surface
after suffici

From practi
increase slig

The influen

The surface
rutting) and

The stiffnes
When the trn

Avoid condy
specifically

For use at 1
Polymer-mg

over time

er the surface temporarily or even permanently in such a‘way as to increase noisg
pplication of salt is prohibited.

ence of age

will achieve its required characteristics approximately 4 weeks after the constructid
bnt crossings are made in order to remove thié bitumen cover from the mineral surface

cal experience, it is known that the tyré or road noise levels measured on the test su
htly during the first 6 months to 12 wenths after the construction.

e of age on the noise from trucks.is generally less than that from cars.

wears out depending on.the frequency of use mainly in the wheel tracks (ravelling
as a consequence, the acoustic properties can be affected.

5 of the base and subgrade can influence the durability of the track.
hck surface is het additional damage can occur.

Icting acceleration tests when the surface temperature is over 50 °C, unless the trg
designed\for operation above this temperature.

ighér(surface temperatures, this edition of this International Standard allows the u

ack.

steel

and

n, or

rface

and

ck is

se of

dified Bitumen.

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 in 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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C1
The

aim o describe a standardized process to build a test track. It does not guarantee thatapp

thes¢ processes will automatically lead to the fulfilment of the specification at the.first attempt. Any

othe
Stan

C.2

The fequirements in this International Standarda¥e more severe than those for building cor

The
able
IMP

IMP

C3

C.3.1 Sublayers

a)

In th

ISO 10844:2014(E)

Annex C
(informative)

Examples of test track construction practices

Aim of Annex C

him of this annex is to give information on current practices from different countries.

" construction practice can be applied as far as it satisfies the requirements:of this I
Hard.

[.3 is an example from Germany.
[.4 is an example from Japan.
[.5 is an example from USA.

[.6 is an example from The Netherlands.
General

experience shows the necessity to have a good know-how of road-building practice an
fo construct the test track according to the present standard requirements.

Example from Germany

INewrconstruction of a test track

It is not the
lying one of

hternational

nmon roads.
d skill to be

DRTANT — The base and the subbase shall ensure stability and evenness, according to best
road construction practice.

ORTANT — In the practices'illustrated by the following examples, coring is used ltecause the
firstjedition required void'content or absorption. At the time of publication of this In
Standard, void content is réplaced by non-intrusive methods.

ernational

€ case of a completely new road construction, base and subbase 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 2014 - All rights reserved
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Dimensions in millimetres

___________3}\ 2541

"
| ™
Al N
o |, b{}Q
*

Figure C.1 — To check the unevenness using the straightedge method

For checking the 2 mm requirement, the distance between the straightedg}and the surface cgn be
measured uping a staggered gauge with steps of 0,1 mm as described in E 13036-7. Iflaser profilometer
is used, carg shall be taken to obtain equivalent result, i.e. not conside@ very localized variation|

The recommended value of E,2 (Young modulus) of the asphalt ing and the top layer courde for
passenger cars track and for trucks track (see Figure A.2) is:

— for the gubgradeV: E ,2 > 150 MN/m?2; X

— for the patural soil): 60 MN/m2 < E,2 < 80 MN/mi\Q$

O
O

>

1) To determine the modulus values of the subgrade and natural soil, the California Bearing Ratio method (ASTM
D1883-99 or Reference [12] can be used.
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https://standardsiso.com/api/?name=2f9c7c47b855c7ef813afca10a902788

ISO 10844:2014(E)

A

A

3

Key

Ul s W N

NOTH Depending on the Young mgditlus of the natural soil (E,2) asphalt subbase, subgra
accorjding to the local road practice considering its influence on the test surface characteristics, as d

Inter

To ensure that these characteristics are fulfilled, the evenness of the interface between

bind

b) Renewal of the asphalt concrete top layer (wearing course)

Wheh the asphalt¢oncrete top layer (wearing course) has to be replaced by a new test surfacg
of the
cuttg

isto
into

dsphalt concrete top layer (wearing course) E,2 XX
dsphalt binder (second layer) E,2 XX

dsphalt subbase (first layer or tout venant)
dqubgrade (mix granulat base course)

natural soil or soil stabilized by lime E,2 XX

{{r’{{{{{r’(ff

'i_“'ﬁ_f"’{’{"{"{‘-f-{ 5

\-\ SRR

,ﬂf{ {;’I{{{({Kﬂ{{({

{;’(d’r’{’tf{

T T T T ] ettty REAT A [N I'ul‘\ e LA

S B S g

Figure C.2 — Schematic of the layers — Recommended value for E,2

hational Standard.

br and subbase shall bé)less than 4 mm with a straightedge.

e old asphalt concrete top layer (wearing course) should only be done by means of a preq

bnsure that possible unevenness of the old asphalt concrete top layer (wearing course)
hie-new top layer.

e is defined
efined in this

the asphalt

e, the milling
ise levelling

1, guidedby levelled wires on each side or similar laser or ultrasonic sensors (see Figulre C.3). This

s not copied

The minimum working width should be 2 m and the maximum distance between cut lines should not

exce

ed 6 mm.

© IS0 2014 - All rights reserved
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V

‘\\0
Figure C.3 — Renewal of the es;‘f)halt concrete top layer (wearing course)
Both longitydinal and transversal j should be sealed with a cold joint based on Polymer-modified
Bitumen (PmB), since it can be cessed cold. Self-adhesive joint tapes are not suitable and shall be
avoided. Firm adhesion betw; e new top layer and the milled plane shall be ensured by an adhesion

promoter (sge Figure C.4),6@ ample, bitumen emulsion (200 g/m2 to 300 g/m?2).

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

22 © ISO 2014 - All rights reserved
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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.

Magllnatic rocks such as “basalt

recoy
layer

The ]

Graifp shape is an important feature. It should approximate a cubic form, with a length/thi

less 1
Chip
test

(tole
The {
Deliyf
The {

Lime

» o«

, “gabbro”, “diabase”, “granite”, and “porphyry” (or similar)a
mmended due to their high level of microtexture and their high shear resistafice' o
s. Limestone is too soft and moraine has no enough microtexture so they are notsuita

» o«
)

Polished Stone Value (PSV) should be at least 50, according to EN 1097-8,

han 3:1 (see EN 13043 and EN 933-5 - category C100/0)-

bing size D > 2 mm should be 100 % crushed rock and the(chippings should be ¥
surface shall be dense asphalt concrete and the maximum ¢hipping size shall be 8 y
ances in the range of 6,3 mm to 10 mm, according to EN¢23108-1).

and fraction (0,063 mm < D < 2 mm) should have a flow'value of at least 30, according
ery conditions are important and should complydvith EN 933-6 as well as EN 13043.
iller according to B 11-121 is, by definition, @mineral powder with a chipping size D <

stone powder (calcium carbonate) or(slaked) spent lime (calcium hydroxide) are re

re generally
I compacted
ble.

ckness ratio

vashed. The
nm nominal

to EN 933-6.

0,063 mm.

commended

due ffo their alkaline nature, which favours.adhesion with bitumen.

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

The
lime;{

b)

Thel
astr

c)
Grad

filler fraction fines of the crushed rock (0,09 mm) shall be totally removed and replaced by the

tone powder added filler'with a maximum grain size of 0,09 mm.

Binder

pinder shall be bitumen. Depending on the climatic condition of the area, bitumen as bjnder can be

hight-penetration type bitumen or a modified bitumen.
Mix formulation

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

folilitsbncte +tho ~nrchn
\,CIUIIIL)’ LLOoLy, tIIU LI UuoIIicv

eSSt e following

Fort
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 the size grading of the mineral components of the mixture is given in Table C.1.

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

Fraction <0,009(0,009/| 0,25/ | 0,71/ | 2,0/ 5,0/ 8,0/ | 11,2/ | 16,0/ | 22,4/ | Sum Dosage
0,25 0,71 2,0 5,0 8,0 11,2 16,0 22,4 31,5 M% | Vol
0

1-Gabbro5/8| 0,00 0,00 0,00 0,50 4,30 | 94,40 | 0,80 0,00 0,00 0,00 |100,00 -

2 - Gabbro 2 (570,00 0,00 1,60 190 91,20 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 X
4 - Diabas 2/ 0,00 0,00 | 0,80 | 590 | 82,80 | 10,50 | 0,00 | 0,00 | 0,00 | 0,00 |100,00 -
5 - Diabas 5/ 0,00 0,00 0,00 | 0,80 | 3,50 | 94,30 | 1,40 0,00 | 0,00 | 0,00 |100,00 -

6 - Limestong¢ | 85,50 | 14,50 | 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 (/100,00 -
filler

3a - Diabas Bf 8,60 16,44 | 32,44 | 40,00 | 2,52 0,00 0,00 0,00 0,00 0,60 |100,00 -

4 - Gritstone 9,86 9,05 | 19,85 | 44,89 | 16,35 | 0,00 0,00 0,00 0,00 0,00 |100,00 -
-BS

42 - Gritstone 4,86 9,55 | 20,95 | 47,38 | 17,26 | 0,00 0,00 0,00 0,00 0,00 |100,00 -
-BS

[°2}

[==]

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 -
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 -
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 -
(2) 124,52 | 65,44 | 105,24 (180,87 220,23 201,504 2,20 0,00 0,00 0,00 |{900,00 - -
1 - Gabbro 5 0,00 0,00 0,00 0,10 0,88 | 19,26 | 0,16 0,00 0,00 0,00 | 20,40 | 20,40
2 - Gabbro 2 0,00 0,00 0,34 1,04 | 19,43(. 0,49 0,00 0,00 0,00 0,00 | 21,30 | 21,30
3 - Diabas B 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
4 - Diabas 2/ 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
5 -Diabas 5/B 0,00 0,00 0,00 | 600 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

6 - limestond 7,18 1,22 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 8,40 8,40
filler

3a-Diabas B 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
4 - Gritsone BS| 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

4a - Gritstone 2,43 4577 | 10,45 | 23,64 | 8,61 0,00 0,00 0,00 0,00 0,00 | 49,90 | 49,90
BS

[=-]

%31

OT

0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Size gradua- ;66 ;60 ;66 ;06 ;06 6;06 606 660 660 ;60 ;60 ;66
tion
Remaining 9,6 6,0 10,8 24,8 28,9 19,7 0,2 0,00 0,00 0,00 [100,00|100,00
[M %-T]
Passing 9,6 15,6 26,4 51,2 60,1 99,8 [100,00|100,00(100,00(100,00|100,00
[M %-T]
a Dedusted.

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

After compaction, during qualification tests, or after the mix design assembly, the grading curve shall
fall inside the tolerances given in Figure C.5.
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ISO-test area
i /
Bl | P
i+ mineral size graduation 4’ ] /
F 10 + /
g £z
(=]
€ 54 +
=
§ o+ /7,/ b‘ L
a : N
0 - .
2 g
D 1] b‘
8 N
1" N
° S
mixture 3 - 6,2 [M%)] bi n
abscssa graduation in sun
A\
Key QO
== after compaction by Marshall (2 x 75 N blows) (%)
- - )
=#= graduation before compaction $
N
Figure 055)— Mixture tolerance
‘\\C)
The grading curve fits Formula (c.1)()
0,5
R=100 ) OQ (C.D
Smax OQ .
wheie O,)\
P is the @_th passing the sieve, expressed as a mass fraction (in per cent);
§ is zauare mesh sieve size, in millimetres, see ISO 565;
&??nax = 8 mm for the mean curve;
Sprae=10mm for the (]m/\mr) upper tolerance curve;

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

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

Target value
Total mass fraction | Mass fraction of the aggre- Tolerance
of mix gate
Mass of stones (S > 2 mm) 47,5 % 50,5 % £2,5%
Mass of sand (0,063 mm < S < 2 mm) 379 % 40,2 % +2 %
Mass of filler (S < 0,063 mm) 8,8 % 9,3% +1 %
Mass of binder (bitumen) 5,6 % upto 6,8% Not applicable
Void content (by volume) 3%to5%

C.3.2.2 Laporatory test to measure the sound absorption during the qualification test for th

mix design

C3.2.2.1

(

The Marsha
that the mi
complies wi

At least five
differing frd
6,8 %.

The filler/b
viscosity for

The Marsha

Feneral

B 5 = 1l e

A=zsEaESEE

EEEMEERESE

Figure C.6 — Example for compaction sample

1 (method) test should be uséd before the mixture is applied (in full scale in order) to v
kture can be processed properly and that the mixture, after compaction, will comy
th the 6 % void requirement.

Marshall samplesCsfiould be made, each having a different mass of binder level (sli
m the value givénj'within the range given in Table C.2, e.g. 6,0 %, 6,2 %, 6,4 %, 6,6 %

tumen ratio should be the same for all mixtures in order to obtain a constant m
the fivenmixtures.

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

e

erify
ly. It

shtly
, and

brtar

It should be taken into account that the process of compaction unavoidably leads to a partial
(fragmentation) breakdown of the larger aggregates into the smaller ones (see Figure C.7 for an example).

26
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[SC-test arsa

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

4 & —_— Sl

=SSR s

diflerances [M%-T]

abtscizza = grading tefpre cormpacton
amount poreased ivL loss (-

= foely Lase Y aaa aang o3 Lena

mixfirs 3 <= /7 [M%] hituman

re C.7 — Illustration of the fragmentation of the larger aggregates inte the smal
Marshall compaction

efore, it is recommended to choose for the preparation of the Marshall samples, a siey
e which lies for the larger aggregates above the medium curve, and for the smaller aggi
e lower tolerance curve (see Figure C.5).

Fesulting grading curve after Marshall compaction (see Figure C.5) lies between thg
ances.

ach of the Marshall samples, the following paranieters should be determined: the volum
the volume of the bitumen (V/g), the volume of stones and sand [i.e. mineral minus fill
(VM - F)], the air volume (V4), and the following parameters should be calculated for eg

b= (Vg + VB + Va)/VM - F = mineral without filler = graduation of ordinate

= (Vg + VB)/VM - F = asphalticumortar bitumen + filler = graduation of abscissa

ive couples (em - F, €B + £) shall be displayed in a diagram, as shown in Figure C.8, and
ve which rises, reaches a top value, and decreases again.

mixture corresponding to the point in the vertex area which is closest to a void volui
suitable for the construction of the test track in full scale.

.2.2 Experimental approach

ollowing parameters were determined for the grain classes:

ler ones by

ring grading
egates close

prescribed

e of the filler
br, indicated
ch sample:

thould show

me of 4 % is

— thegraimsizedistribution;

— the bulk density;

— the grain shape;

— the surface roughness.

The sequence of a mix design is presented as an example, which is valid for asphalt concrete 0/8 mm,
according to this International Standard.

NOTE1 M%T is the mass fraction (in per cent)of the aggregate without bitumen.
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The composition of the aggregates is identified for the setting adjustment of the plant, e.g.:

— Gritstone excavated sand

— Gabbro 2/5 mm
— Gabbro 5/8 mm

— Limestone powder

— Aggregates

= 50,0 M%T, = 5 M%T intrinsic filler dust-free;

%~ 21,0 M%T, in the “as-received” condition;

= 20,6 M%T, in the “as-received” condition gabbro;
% 8,4 M%T, in the “as-received” condition;

2 100,0 M%T.

Th l 1 - Ll A I - | dn - PR - Lol
€ Calculafromor tIre UrStr IoutIo CUTr ve altr ItS Tepresetation Toows:

Bitumen: I1} the stages: (1) 6,0; (2) 6,2; (3) 6,4; (4) 6,6; (5) 6,8 M%T.

Filler to bitymen ratio = 58,4/41,6 M%T = constant in order to obtain a constant viscosity of the mgrtar,

see Note 2.

With this, the mortar viscosity is held constant for all mixture stages.

The main tafget is to fulfil the aggregate grading curve. Care should be taken toymaintain viscosity con

NOTE 2  Mjx design of asphalt can be done according to road building standard pisgdidelines in each CO}ntry.
The amount ¢f filler can be changed depending on its quality (diatomite versusslaked line) in order to mai

tant.
ntain

the viscosity|constant. The ratio filler/bitumen should be constant for all stéps of qualification test descrihed in

Figure A.8.
Table C.3 — Mix design of asphalt =; Mixture: 1a
M%T | Mingral type/ Eff. spec. M % Volume Mass of specimen
frjaction density A4:3 g
g/cm3 c¢m3/100 g
1 2 3 4 5a 6
2,26 Grjtstone- 2,742 2,12 0,775 26,8
B$ < 0,09
4,81 Gritstone-Bs 2,726 4,52 1,659 57,0
0,09/0,25
10,55 Grifstone-Bs 2,707 9,92 3,663 125,0
0,£5/0,71
23,84 | Grifjstone-Bs 2,722 22,41 8,233 282,44
0J71/2,0
8,69 Griffstone-Bs 2,717 8,17 3,006 102,9
2,0/5,0
0,37 (abbro 2,894 0,35 0,120 4,4
0,25/0,71
1,25 Gabbro 0,71/2Z 72,897 1,18 0,400 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 | Gabbro8/11,2 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 0,403 139
100,00 Bitumen 1,020 6,00 5,882 75,6
6,38
28 © IS0 2014 - All rights reserved
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106,38 | Asphaltic mix- 100,00 39,554b 1260
ture

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

b The reciprocal of 39,554 x 100 = 2,528 g/cm3 = specific density of mixture.

Eff. spec. density pr g/cm3 2,528

Bulk density pa g/cm3 2,380

Air vpids Hpjt. Vol.-% 6,62

Compaction by Marshall 2 x 50 blows

Volurpe of specimen Vk Vol.-% 100,00

Air vpids Hpjit. VL Vol.-% 6,62

Solid[matter by volume VM +B+F Vol.-% 93,38

Volurpe of mineral - filler VM -F Vol.-% 72,48

Volurme of filler < 0,09 VL Vol.-% 7,02

Volurpe of bitumen VB Vol.-% 13,89

Volurhe of air voids VL Vol.-% 6,62
100

M-y = Ve +Vg+V, ] | o380

Vm-F
EB+H) = Ve +Vp [1] 0,288
Vm-F
prop¢rtion filler: bitumen F:B = const.4. M:% 58,4 41,6
filler ~ bitumen

The gdaptation in the dosgd filler is distributed in percent over the entire sieve curve.

Five Marshall sampleSef increasing mortar volume (1) - (5) are subjected to two different compactions,

— g4tandard compaction: 2 x 50 (impacts) blows and

— increased\ecompaction: 2 x 75 (blows),

tota

thes

ke into account the higher axle loads of heavy trucks on the test track, (to) and obtain t
tability and compaction properties.

h|e data about

An aggregate grading curve which can give the desired characteristics is shown in Figure C.5.

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

M%T | Mineral type/ Eff. spec. M % Volume Mass of specimen

fraction density 4:3 g
g/cm3 cm3/100 g
1 2 3 4 52 6

2,26 Gritstone- 2,742 2,12 0,771 26,7
Bs < 0,09

4,81 Gritstone-Bs 2,726 4,50 1,652 56,7
0,09/0,25

© IS0 2014 - All rights reserved
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Table C.4 (continued)
10,55 Gritstone-Bs 2,707 9,87 3,648 124,4
0,25/0,71
23,84 | Gritstone-Bs 2,722 22,31 8,198 281,2
0,71/2,0
8,69 Gritstone-Bs 2,717 8,13 2,994 102,5
2,0/5,0
0,37 Gabbro 2,894 0,35 0,120 4,4
0,25/0,71
1,25 | Gabbro 0,71/2 2,894 1,17 0,405 14,8 " b‘
21,97 Galjbro 2/5 2,894 20,56 7,106 2591 (\Q\
X
18,56 Galjbro 5/8 2,896 17,37 5,997 218,8 {\%\)‘
0,15 | GabHro 8/11,2 2,896 0,14 0,050 18 '\\)
‘\\CJU
6,38 Lime- 2,729 597 2,188 Q O 75,2
stone < 0,09 AO
1,17 Lime- 2,729 1,10 0,401 \\Y ) 13,8
store > 0,09 9\\\
100,00 Bitumen 1,020 6,40 6,275 X 80,6
6,84 R
106,61| AspHaltic mix- 100,00 39,8031\@“‘ 1260
ture QA
a Column 5 selected the change from M % to Vol.-%. \,O
b The yeciprocal of 39,803 x 100 = 2,512 g/cm3\=-\€?)t:ific density of mixture.
@)
Eff. spec. dendity pr rp‘ |g/cm3 2,512
Bulk density 4a O g/cm3 2,399
Air voids Hpi e Vol-% 4,51
.OO Compaction by Marshall 2 x 50 blows
Volume of specimen ?\ - Vk Vol.-% 100,0
Air voids Hpj, Q VL Vol-% 4,51
Solid matter Hy v%?s% VM +B+F Vol.-% 95,49
Volume of mirje iller VM-F Vol.-% 73,34
Volume of filler < 0,09 1% Vol.-% 7,10
Volume of bitumen VB Vol.-% 15,05
Volume of air voids 1% Vol.-% 4,51
100
| |
EM-F)= Vg +Vg+V, [1] 0,364
Vm-F
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Eff. spec. density pr g/cm3 2,512
E(B+F) = Ve +Vg ] 0,302

proportion filler: bitumen F:B=const. M% 58,4 41,6

filler  bitumen

NOTE 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 results 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.

Volumetric proportions 1SC-layer

£ [H-Fj
increasing bulk densitc by volume >= 0,00 mm

0.5

‘[B"F]
increasing asphaltic mertar {filler <0,00 mm + bitumen) by volume

:J— Marshall compaction 2 x 50 blows
— Marshallcompaction 2 x 75 blows

—T— percent of voids filled with mortar
—|= 4air'voids in compacted mixture

Figure C.8 — The g + f, €M - F curves

Itis advisable to repeat this procedure of the Marshall test, with the Marshall samples that have identical
compositions, but which are produced with a nonstandard two-sided compaction of 2 x 75 blows, in
order to test the mixtures on their suitability to withstand tests with vehicles with high-axle loads.

The acoustic absorption shall be measured in the frequency range from 280 Hz to 1 800 Hz with an in
situ device, meeting the specifications of ISO 13472-2. The results are to be expressed in the one-third-
octave-band coefficients, according to the procedure described in ISO 13472-2.
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C.3.2.3 Mix design requirements

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

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

Allowable tolerance:

— bitumen *0,1 % of its own mass (weight);

— filler 1
— sand =1
— chippin

Test runs ar]

C.3.3 Con

C.3.3.1 R¢g

a) Cutter(d
control
old surf
device i
layer he

Longitu
Bitume]

Self-adH

b) Paver o
compac
high-co
Other m
suitable

NOTE
or EN 12

c) Roller d
essentid
compac

% of 1ts own mass (weight);
% of its own mass (weight);
bs +1 % of its own mass (weight).

e required to adjust the mixing plant requirements.

struction of the top layer

quirements concerning the construction machinery and<heir usage

): Only precise levelling cutters can be deployed, cuttinglifie distance of 6 mm with preg
engineering as a prerequisite for the evenness and uniform thickness of the new layer
ace shall not be copied due to possible unevennesscAs a rule, the working width is 2 m|
5 guided on the levelled wire. Area levelling of thé.existing test tracks is a prerequisite
ight plan).

dinal and transversal seams should be sealed with a seam adhesive on Polymer mod
1 (PmB) basis that can be processed cold:

esive jointing tapes are not suitable:

I Finisher(s): Finishers of defined configuration are suitable if these ensure a high-i
tion alongside the geometsic surface characteristics. Tracked finishers equipped w
mpaction plank are preferable. The finisher shall be guided on a levelled wire on both §
eans of machine control that ensure high precision in the evenness of the laid area arg
. Itis strived for a precompaction under the laying plank of k = 90 % Marshall.

Marshall compaction is 50 blows on each face of the sample (make reference to ASTM D155

697-30).

| for the end degree of compaction k =2 98 % Marshall. It is essential for the high degr
Lion that rolling compaction is conducted at the highest laid asphalt temperature cond

ision
. The
. The

(top-
ified
hitial
ith a

ides.
also

9-89

ompaction: The compaction shall be started at approximately 140 °C to 150 °C. This is

ee of
ition

accordi

hoto the local nractice
HEtO+HETO APt ee-

A degree of compaction of k = 100 % should be strived for. However, roller compaction should be
reduced to the necessary minimum in order not to affect the surface texture. The steel rollers cannot
reverse in the measuring field because this leaves measurable bumpiness. For the same reason,
vibration compaction in the second passes is only admissible after static precompaction.

Steel rollers of the same model arranged in pairs, which run over the laid area behind the finisher at
the same distance and at the same forward speed, should be deployed. They shall completely cover
the whole lane width.

The roll

er width shall exceed half of the track width.

Thus two steel rollers are required per lane.
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With service mass (weight) of approximately 80 kN to 100 kN, only static compaction is made during
the first pass. A further roller train is required for reasons of temperature; this runs over the laid
surface at a defined distance to the first roller train. Damped vibration can also be applied for this
purpose. The rollers shall be equipped with controllable vibration equipment, e.g. frequency 50 Hz,
amplitude < 0,3 mm, only on the front roller lining, the rear roller lining runs without vibration.
Further “roller passes” are performed only statically for ironing out. The number of these depends
on the degree of compaction. Oscillation leads to greater compaction efficiency, yet has a negative

i

nfluence on the surface texture, therefore is not suitable for test tracks.

C.3.3.2 Description of the top layer construction process

Asph
infra

The {
Once
mixt
to 30

The 4
line,

The {

Run-

train.

Finig

Trac])
by a

Also
megs:

The ]
be o

Chec
time
meas
regid

For
char

alt mixture: Mix designs require particular precision, which goes beyond the\
structure requirements. (Mix designs are dealt within a separate text module).

op layer should be laid during dry weather; surface temperature is 210 °C.

a suitable mixture is designed by means of the above described Marshallmethod, one ¢
ure on the (sub) under layer. It is recommended to provide run-up stretches of approxi
m in length for an optimum adjustment of the laying train.

ictual measurement drive line has a length of 20 m/30 m on (both) each side(s) of the 1
in total 40 m/60 m (for long vehicles, see Clause 4).

hickness of the top layer shall be 35 mm # 5 mm. It shall'be uniform over the whole dr|

up stretches of about 25 m minimum are recommended for an optimal adjustment

hers should be used, which provide a high initial compaction.

evelled wire are suitable.

other high-tech techniques (e.g,with laser beam guiding) that avoid the creation of un
itexture (see Figure C.9) can be used.

aid areas cannot be accesSéd until they have cooled down completely. The radiometric
erated from the edge.

k the void content gfthe top layer using a radiometric probe for density measuring over {
that the ISO top-layer is being laid. Continuous measurements should be taken und
urement schedule; the results should be recorded after every steel roller pass. The san
tering the temperature of the bituminous mixture and compaction.

hppropriate cooling of the newly made surface, the first measurement to check
hcteristics is only possible at least 24 h later.

The i

sual traffic

an apply the

mately 25 m

hicrophones

ive lane.

f the laying

ked finishers equipped with a high-efficiency compaction plate and which are guided gn both sides

evenness or

probe shall

he complete
er a defined
he applies to

the surface

4 £l L1 et i a-il alailis | L Falils) 1 bl
NTIPUT AT UTUICT SUUTA Yy T S TS TU PT O VIUTTIITIITTTS 54T Yy STAUTIIT y dITU TVTEIIITCS S (STCT L. J. 1, su ayer .

The way to achieve this is the responsibility of the contractor and depends on local geotechnical
characteristics.

C.3.3.3 Compaction requirements for the top layer

Testing by coring on trial sections previously built on the same basementin order to check the compliance

of all

parameters.

Compaction shall be at maximum in the range of 98 % to 100 %; 100 % is recommended.
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Figure C.9 — Megatexture caused by functioning of finishel;\ QQ)

Compaction|of the mixture should start when its temperature is typically 140 ? 150 °C. A compagtion
of 98 % compared to the Marshall compactness should be strived for, butithe lesser passages gf the
rollers, the better in order to keep some macrotexture. One should use %e@rollers of the same mode],

with a mass|of 80 kN up to 100 kN, arranged in pairs (see Figure C.10
9,

O

Figure C.10 —@embly train — Finisher and two rollers, first static compaction passage

?\
Their c( I&;&ned width should be at least the whole lane width. The rollers should follow the finjisher
at a constant distance and at the same speed. They should never reverse in the measuring field,
as this operation can cause unevenness. Only static compaction should be applied during the first
passage. A second battery of rollers should follow the first one at a certain distance. The rollers
in the second battery can compact with damped vibration. The vibration shall be controllable,
e.g. a frequency 50 Hz and an amplitude of up to 0,3 mm is suitable. It is not recommended to use
oscillating rollers with the horizontal processing of the surface, because it smooths the track and
reduces the macrotexture. Only the leading rolls (of the second battery of rollers) should vibrate
vertically.and the rear rolls should not, as this would possibly generate megatexture in the surface.
The density of the top layer should continuously be monitored by means of a radiometric probe, i.e.
measurements should be done after each steel roller pass. Possible additional passages of rollers
should again be without vibration.

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

34
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Figure C.11 — Megatexture on test track caused by walking over in hot surfgce

C.4 | Example from Japan

C.4.1 General

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

In orfder to make sure that the hot mixture has the required properties, selection of mpterials and
detefmination of the grading of aggregate and amount pof asphalt shall be carefully conducted.

Aggriegate to be used should be fully dried, heated toahappropriate temperature, and thoroyghly mixed.
The hot mixture should be evenly spread and compacted while retaining a high temperature to achieve
the prescribed density. The pavement should be\constructed in such a manner that the finighed surface
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.

a) aterials with prescribed quality should be selected in consideration of their availability for the )
aterials with prescribed quality should be selected in consideration of their availability for the
ecessary aniounts.

b) The mixproportion of each aggregate should be decided by the grading curve shown in|Figure C.12.

c) Thedesign asphalt content corresponding to the chosen grading of aggregate should be|determined
ceording to the procedure described in C.4.2.2.

d) A tentative mixture proportion should be determined in an asphalt plant for the cold feeder 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 mixture design should be modified to obtain the job-mixture
formula if necessary.
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