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Abstract: This paper is dealing with the issue of D1 motorway surface(s) modernisation from
the noise point of view. The surfaces of the individual sections were consecutively and long-
term measured by the CPX method. The four analytical maps of the D1 road surface noise 1)
before modernisation (year 2013); 2) after the modernisation (one year after the road section
was put into operation); 3) difference map of noise before and after the modernisation; and 4)
noise mapin 2022 are the results. The analyses and measurement results show that the original
assumption of the Road and Motorway Directorate — 2 dB reduction in average noise level after
modernisation — has been significantly exceeded. It has also been demonstrated that D1, after
the modernisation, had a lower average noise level than the reference (comparative) value
specified in TKP 7. Reference value is based on long-term measurements of similar surfaces
throughout the Czech Repubilic.
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1. Introduction

Road traffic noise can have a significant im-
pact on our health. Not only is it annoying
but it also disturbs sleep. Research builds
on long-established evidence that living in
an area with higher levels of traffic noise can
lead to stress and sleep disturbances. More
recent research shows that this can lead to
an increased risk of health problems for res-
idents, such as the development of cardio-
vascular disease or diabetes [1]. In 2018, the
World Health Organization (WHO) released
a noise guideline to highlight these issues.
The study shows that over 100 million people
in the European Union (EU) are affected by
road traffic noise. In Western Europe alone,
at least 1.6 million healthy years of life are
lost as a result of road traffic noise. The ex-
tent of environmental noise is huge in terms
of health burden, second only to air pollution
[2]. The WHO recommendation is that all-day
noise from road traffic should not exceed 53
dB (night noise 45 dB), from rail traffic 54 dB
(night noise 44 dB) and from air traffic should
be below 45 dB (night-time 40 dB). 140 mil-

lion people in the EU are annoyed by all-day
noise (from road, rail, air transport and indus-
try) exceeding 55 dB. The vast majority (113
million, which is over 80%) is affected by road
traffic noise [3]. The Strategic Noise Mapping
documentation takes into account the age of
the pavement concerning its acoustic perfor-
mance by stating that “the noise properties
of road surfaces change with age and level of
maintenance, and their noise level usually in-
creases over time” [4]. One way to reduce road
traffic noise is to apply a suitable surface and
its regular maintenance. A high-quality road
surface can significantly help with improving
environmental protection also regarding hu-
man health and can contribute to the long-
term sustainability of transport.

2. Measurement description

The paper deals with the tyre/road noise of
D1 motorway surface(s) modernisation in the
segment Prague—Brno between EXITs 21-182.
The modernisation was performed consecu-
tively in phases. The individual sections were
measured using the Close Proximity Method
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(CPX). All long-term measurement data were
then processed into graphical form as unique
noise maps. The data collection, evaluation,
and road surface noise analysis were carried
out following the mentioned international-
ly recognised CPX method. It is a dynamic
method that is based on measuring the noise
close to the reference tyre, which in this case
is mounted on a specialised trailer moving
on the road. In this way, long segments of
roads can be measured and evaluated inde-
pendently of the intensity of the surrounding
traffic flow. It should be emphasised that tyre
produces the dominant noise in passenger
cars with combustion engines from speeds
above 40 km/h. A more detailed description of
the CPX method has been presented in a pre-
viously published article [5]. Reliable, annually
repeated measurements are a prerequisite for
a correct influence evaluation of road surfac-
es on road traffic noise [6].

All measurements were performed using
a CPX open trailer developed by the Trans-
port Research Centre (CDV) (Figure 1). The
trailer was constructed in 2009 and since
2012, it has been used for regular monitor-
ing of partial acoustic parameters on select-
ed road sections in the Czech Republic. The
CPX measurement trailer has met and contin-
ues to meet the requirements of ISO 11819-2.
Specifically, the condition that the measured

total equivalent sound pressure level at the
tyre/road contact is at least 10 dB above the

maximum measured total disturbance sound
pressure level [7].

The Uniroyal Tigerpaw 225/60 R16 SRTT tyre
(designated as P1in ISO/TS 11819-3 [8]) was
used for all measurements, as the effect of
the measurement tyre used represents the
largest uncertainty in the tyre/road noise
measurement [9]. It is also recommended in
the automotive industry as the standard tyre
for ASTM F2493 reference tests. Each year,
measurements were performed on a newly
acquired reference tyre to minimise the ef-
fects of wear and degradation on the tyre it-
self. The tyre was always used in the period
from about April to October. Actual tyre wear
was within 0.5 mm of the tread pattern (ISO/
TS 11819-3 allows a maximum tread pattern
wear of 1.0 mm compared to the initial tread
depth) at a mileage of approximately 15 000
km/year. Tyre hardness also needs to be
measured and should be within the specified
range given by the standard; it is also appro-
priate to store these reference tyres as rec-
ommended [8]. Six measuring microphones
are placed in defined positions around the
reference tyre P1. Microphones record the
sound pressure of the tyre rolling on the road,
while other parameters (speed, surface, and
air temperature) are measured synchronous-
ly. A detail of the microphone arrangement is
shown in Figure 1.

Fig. 1: Specialised CDV trailer for CPX measure-
ments (source: CDV).
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3. Resulting noise maps

Noise maps were created from the raw data
which is the result of long-term measure-
ments using the CPX method at a reference
speed of 80 km/h on the D1 motorway before,
during and after the modernisation. These are
analytical maps with technical content con-
taining information about the noise of indi-
vidual D1 sections. D1 modernization can be
considered a significant road reconstruction
project of the decade in the Czech Republic.
The first sections were put into operation in
2014, the lastin 2021. Concerning the elabora-
tion of the maps presented in this paper, par-
tial results from 2013—2022 were used. Noise
maps represent the results analysed from a
large number of research projects. No project
has lasted as long as the D1 motorway mod-
ernisation. In addition, data before and after
the actual modernisation are used. This paper
presents a noise map before modernisation
for 2013 (Figure 2), a noise map of D1 one year
after the each road sections was put into op-
eration (Figure 3), a noise map of differences
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between noise values immediately before and
after the modernisation (Figure 4), and noise
situation in 2022 (Figure 5).
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The results of the acoustic analyses are visu-
alized using GIS (Geographic Information Sys-
tem). ArcGIS Pro software was used for spatial
data processing. The tabular data were con-
verted into spatial form using the linear refer-
encing method and appropriately visualized.

Figure 2 shows the noise map of the individu-
al sections of D1 before the modernisation, i.e.
in 2013. The resulting values from the meas-
urements of the D1 motorway before the mod-
ernisation in 2013 were mostly in the range of
101-104 dB. The value depended on the local
condition of the road, where it is possible to
find places with better (lower) and worse
(higher) noise levels on the map. The average
value was then around 102 dB. The noise level
reached over 106 dB at the locations with the
worst surface. On the other hand, the short
segments of D1 that were being repaired
before the modernisation had noise levels
slightly below 99 dB. The difference in this
case between the maximum and minimum
values was significant.
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Fig. 2: DI road surface noise map before modern-
isation (2013) measured by CPX method [11].
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The second map in Figure 3 shows the results
of measurements one year after the laying of
the new surface in each modernised section
of D1. Measurements immediately after put-
ting into operation weren’'t always possible.
Many sections were not put into operation
until months when meteorological conditions
were no longer suitable for CPX measure-
ments, for example, November or December.
The map in Figure 3 is a compilation of meas-
ured data from 2015—2022. Each of the sec-
tions is represented by the value measured
approximately one year after laying, after one
winter season. Noise levels were around 98
dB for conventional surfaces. The difference
between the maximum and minimum values
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was within 2 dB, which is also evident on the
map in Figure 3. The average noise level on D1
thus correspondstothe established reference
(comparative) value for a speed of 80 km/h. It
is 98 dB and is equivalent to the average road
surface noise of the SMA 11S type measured
in situ throughout the Czech Republic us-
ing the CPX method — reference tyre SRTT
P1 according to ISO 11819-3, speed 80 km/h,
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surface age one year. More details can be
found in the Technical Quality Requirements
for Road Construction, Chapter 7 Compact-
ed Asphalt Pavement Layers (TKP 7) [12]. The
yellow colour in the map corresponds to the
average value. Noise levels below the estab-
lished reference value are shown in shades of
green. The orange colour shows the sections
with higher noise than the long-term average
inthe whole country one year after laying. Fig-
ure 3 also represents the initial situation after
the D1 modernization and thus can be used to
compare the increase in noise over time af-
ter the modernization, i.e. to compare future
measurements made in 5 years.

STATE BORDER
TOWN
MOTORWAY

4K 104 KM — VETRNY JENTKOY

112 KM = JIHLAVA ‘l?

A¥ 119 KM — VELKY BERANOY

134 KM — MEBIN JE A¥ 141 KM = VELKE MEZIRICT - ZAPAD

a

146 KM - VELKE MEZIRIE - wcHoD 4P AP 153 KM > LHOTKA

AF 168 KM - DEVET KRiZ0
162 KM — VELKA BITES JK

i ;i
178 KM — OSTROVACICE i; A 482 KM RIVALKA

Fig. 3: Noise level of the DI road surface after
modernisation measured by the CPX method on
individual sections one year after putting into op-
eration [13].

Figure 4 shows noise map of a difference
between noise values of D1 road surface be-
fore (2013) and after the modernisation. The
post-modernisation noise situation for each
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section is the value measured one year after
putting into operation, see Figure 3. The road
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owner, Road and Motorway Directorate of the
Czech Republic, stated in a press release [14]
that it expected an acoustic improvement of
2 dB after the modernisation. The measure-
ment accuracy of the CPX method is +1dB.
Considering this uncertainty, the expected
improvement of 2 dB corresponds to a range
of 1-3 dB, symbolised in orange on the map.
The average acoustic improvement achieved
within segment D1 was predominantly in the
3—5 dB range. This can be seen in Figure 4,
where the predominant colour is yellow. Over-
all, this modernisation exceeded expecta-
tions in terms of acoustic improvement. The
sections where the noise reduction reached
even 9 dB can also be found in Figure 4. Es-
pecially in locations of significant road dam-
age or original cement concrete surface un-
evenness, e.g. slab stepping in a concrete
pavement or using a specialised low-noise
surface in some areas of the newly modern-
ised D1. However, there are also places where
the noise level has been reduced minimally.
In these places, the original cement concrete
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\

surface was replaced or locally repaired be-
fore the modernisation began.
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Fig. 4: Difference map of DI road surface noise
before (2013) and after (one year after putting
into operation) modernisation measured by the
CPX method [11].

The actual D1road surface noise condition af-
ter the modernisation in 2022 is shown in the
last map in Figure 5. The 2022 noise values for
the newest sections, i.e. the last modernised
sections, are also used for the partial section
in Figure 3. (This map shows the measured
values on individual sections one year after
putting into operation, i.e. the measurement
data for 2022 are used for the sections put
into operation in 2021.) The sections with the
highest noise levels correspond to the sec-
tions modernised first. The highest noise lev-
els, slightly above 100 dB, are shown in red on
the map between EXITs 75—66. This corre-
sponds to the fact that the noise level of sur-
faces evolves and increases over time. Deep
green sections can be seen before Prague,
which represent low-noise pavements. More
than 8 years have passed since the first mod-
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ernised section of the D1 motorway was put
into operation. The modernisation work was
carried out in phases. The noise level of the
individual sections naturally varies with their
age. Thus, the map illustrating the 2022 noise
situation (Figure 5) shows more colours than
the map demonstrating the situation one year
after putting into operation (Figure 3).
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Fig. 5: DI road surface noise situation obtained
by CPX method after the modernisation in 2022

[13].
4. Conclusion

The article is focused on the tyre/road noise
levels of the D1 motorway in segment Prague—
Brno measured by the CPX method during
individual phases of modernisation (2014—
2021). The results are noise maps (image vis-
ualisation of the analysed data) created from
more than 20 million in situ data collected
over the last ten years in GIS software.

The noise values measured by the CPX meth-
od at the reference speed of 80 km/h on the

10 20 KM t
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D1 motorway before the modernisation began
were predominately in the range of 101-104
dB, depending on the local road condition.
The noise level of the D1 segment is around
98 dB after the modernisation. The predic-
tions of the Road and Motorway Directorate
of the Czech Republic before the moderni-
sation assumed an improvement of 2 dB af-
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ter the completion of the modernisation. The
acoustic improvement achieved across the D1
motorway is over 4 dB on average, exceeding
initial expectations. This is a significant im-
provement. It is significant to note the follow-
ing facts about road traffic noise: “a 3 dB re-
ductionin traffic noise is equivalent to halving
the traffic volume at a specific location while
maintaining the same ratio of passenger and
freight traffic”.

In conclusion, the D1 modernisation is a suc-
cess in terms of noise which is evident from
Figure 3. The average noise level of 98 dB cor-
responds to the established reference value
for a speed of 80 km/h and is based on long-
term CPX measurements across the Czech
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Republic. This average value is achieved on
approximately 27 %, a lower noise on 70 %,
and a higher noise on 3 % of the measured
motorway segment length. The surface of the
modernised D1 shows a slightly better noise
level than the average noise value of all road
surfaces in the Czech Republic. The noise
map of the D1 measured by the CPX method
one year after putting into operation (Figure
3) will continue to be used for tyre/road noise
comparison after the modernisation — it rep-
resents the initial for assessing changes over
time. The noise increase measured in 2022
compared to the initial is shown in Figure 5.
There are more sections marked in orange.
This colour represents a value above 99 dB
which corresponds to the average noise level
of conventional surfaces about five years old
and in good condition.
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