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Application of absorption data from SOPRA sound reflection index measurements in
Nord2000 road noise calculations — results from a case study
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Sound absorption data, obtained by in-situ sound reflection measurements on noise barriers and other
surfaces in infrastructure, have been applied in traffic noise calculations with the Nord2000 model in
SoundPLAN. The purpose was to study if different absorption values from real examples resulted in
different calculated levels of noise reduction and changes of the frequency spectra in realistic situations.
Most of the data describing the acoustic performance of the absorbers originate from the quick reflection
index, Rlp, from previous measurements with the SOPRA method, which is a simplified version of the
European standard method EN 1793-5 for measuring the sound reflection index (R]) of road noise barriers
in direct sound field, i.e., in-situ. Several types of noise barriers, constructions and actual absorber materials
have been measured, either with the SOPRA method or by the manufacturer according to the standard EN
1793-5. The active sound absorbing parts were mineral wool, LDPE (low-density polyethylene) foam,
porous concrete and cement-bound wood wool. This paper presents the results from a case study where the
absorption data, in one-third octave band values, were applied on noise barriers in SoundPLAN models of
real sites for road noise calculations. The existing noise barriers in the locations are made of sound reflecting
materials like concrete and polycarbonate. Three alternative absorber applications were studied: on the
roadside, on the receiver side and on both sides of the noise barriers. The tested absorber types were applied
to all the alternatives. Since the number of measured samples of each absorber type is quite small, general
conclusions about the sound absorbing performance of the materials cannot be drawn. However, it can be
concluded that the absorbers reduce the noise levels and that the different absorber types of the study result
in different noise level reductions, both in single-number values and in spectra.

Introduction

One of the research questions of the industrial PhD project, Acoustic planning of complex traffic environments, is
whether it would be possible and effective to alter the surfaces in road infrastructure to reduce the sound reflections
and thus decrease the noise level from the traffic. To be able to predict this by calculations, direct-field absorption
data of both installed noise barriers and other constructions in infrastructure were needed and therefore obtained by
in-situ sound reflection, RIp, measurements with the SOPRA method (see Section 3). This paper presents the
application of the data in form of case studies, where it is examined if different absorption coefficients on noise
barriers affect the calculated noise levels at the receiver positions, both in single-number values and in frequency
spectra.



The paper is organised as follows: Method description in Section 2 and information about the SOPRA method in Section
3. Section 4 describes the performed Nord2000 road noise calculations, Section 5 the absorbers, their applications and
the results. Section 6 concludes the paper.

2 Method

Sound absorption data, originating from sound reflection index measurements on sound absorbing panels or noise barriers,
are applied on noise barriers in traffic noise calculations for real sites where the existing barriers are made of sound
reflecting materials. The purpose is to examine if different absorbers result in different noise reduction compared to the
present situation, considering both the single-number values and the frequency spectra.

Data from four different absorber types are used: mineral wool in perforated metal cassettes, porous concrete, cement-
bound wood wool panels and low-density polyethylene (LDPE) foam. Three alternative absorber implementations are
studied: on the receiver side, on the roadsides and on both sides of the noise barriers. All four absorber types are applied
to all the implementation alternatives.

3  The SOPRA quick sound reflection index (RIp) measurement method

The SOPRA methods [1] are simplifications of the two European test standards EN 1793-5 [2] and EN 1793-6 [3] to
measure sound reflection index (R/) and sound insulation index (S7) respectively, of road noise barriers in direct sound
field, applicable to the in-situ situations along roads in open air. The SOPRA methods are also called the Quick methods,
the reflection index is denoted R/p and the sound insulation index Sy, which distinguish the resulting quantities from the
results obtained with the standard methods. The SOPRA methods have been developed to lessen the time for set-up and
measurements in-situ, to enable more installed noise barrier sections to be controlled. SOPRA measurements results in
reasonable estimates of the noise barriers’ acoustic characteristics in direct sound field but cannot replace the EN standards
for the declaration of performance of a noise barrier product.

The methodology for performing R/p measurements with the SOPRA method is described in the SOPRA project report
[1], there are also several published research papers and conference articles about the quick method, e.g.[4,5,6,7].
Furthermore, RIp measurements of two of the absorbers in this study have previously been presented in [8].

4 Nord2000 calculations

4.1 Calculation model and software

The sound level calculations were performed with the calculation model Nord2000 Road rev. 2006 [9] and the road traffic
source model rev. 2015 [10] in the software SoundPLAN noise 9.1 [11].

4.2 Situations and receiver positions

The case study was performed on two situations based on real sites along a six-lane motorway with sound reflecting noise
barriers on both sides of the road. Site 1 is located in a 12—15 m wide yard between a 3.7 m tall noise barrier and a long
4-storey building fagade, see Figure 1. The noise barrier on the opposite side of the motorway is circa 3 m tall. Site 2 is
behind a 3.0-3.6 m tall noise barrier in a parklike strip next to a local street, see Figure 1. At Site 2, the noise barrier at
the opposite side of the motorway is 5.4 m tall and the nearest buildings are more than 50 m away from the barrier on the
receiver side. This paper is focused on the case study of Site 1, but the results from Site 2 are included in Section 5.2,
concerning the effect of absorber applications.

In both sites, the receiver positions were at 1, 2 and 4 m height at three distances, 2, 4 and 8 m behind the noise barriers.
The receiver positions in the tables, graphs and texts are denoted mp (measurement position) d (distance) h (height), mp
or mp1 for Site 1 and mp2 for Site 2. For example: “mp_d2 h1” means Site 1 at the distance 2 m from noise barrier and
1 m above the ground and “mp2_d8 h4” means Site 2 at the distance 8 m from noise barrier and 4 m above the ground.
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Figure 1: Sketches of Site 1 (left) and Site 2 (right). Figures not to scale.

4.3 Input data

The digital terrain and road model, buildings, etc. were extracted from noise calculations in previous studies of the sites
(by the author [8]). The applied ground impedance classes and corresponding flow resistivity [9] for the surfaces were:
Class H (200000 kPas/m?) for the motorway, Class G ((20000 kPas/m?) for local streets, parking lots etc. and Class E
(500 kPas/m?) for lawns and parks.

The AADT (Annual Averaged Daily Traffic) on the six-lane motorway was 76000 in total (both directions), with the
traffic distributed over three vehicle categories: Cat.1 (cars) 94.5 %, Cat.2 (heavy vehicles with 2-4 axles) 0.9 % and Cat.3
(heavy vehicles with 4 axles or more) 4.6 %. The 80 km/h speed limit was set for all vehicle categories.

The motorway has three lanes in each direction with a 3 m hard middle section in between. At Site 1, there are hard
shoulders on both sides of the motorway, all the way to the noise barriers. At Site 2, there is a strip of vegetation between
the safety rail and noise barrier on the side closest to the receiver, but not at the opposite side of the motorway. Total
width between the noise barriers is approximately 33 m at both sites. The road surface type is a 2-year old ABS 16.

Standard weather conditions, according to RTN 1996 (Nordic Road traffic noise calculation model) were applied,
recommended in [9, 12], including wind speed 1.5 m/s with a downwind direction from source to receiver, air temperature
+15 °C, relative humidity 70 % and air pressure of 1013,3 mbar.

4.4 Calculation settings

The calculations were performed with the following settings:
e Reflection order: 4 (Site 1) and 3 (Site 2).
o Reflections in fagades included. Fagade absorption 0.2 dB on buildings at Site 1.
e Maximum search radius (distance from source to receiver point): 1000 m.
e Maximum reflection distance, receiver: 200 m.
e Maximum reflection distance, source: 50 m.
o Allowed tolerance for each source contribution: 0.1 dB.

¢ Single point calculations, propagation: Calculate reflection of assigned fagade and ignore standard dependent
correction.

S  Absorber application

5.1 Absorber data

In this study, the absorption indices of four different types of absorbers/noise barriers, see Figure 2, were applied in the
noise calculations. The absorption data for three of them originated from (own) SOPRA R/p measurements, the fourth
absorber had been measured by a certified test facility according to the standard EN 1793-5 (i.e., for declaration of RJ).
The absorbers are listed in Table 1 with the single-number absorption value R/ or Rlp in dB and their one-third octave
band absorption spectra are presented in Figure 3. Absorption values outside of the valid frequency ranges of the
measurements given in Table 1 have either been very moderately guessed or extrapolated for the noise calculations in
SoundPLAN (with frequency range 25-10 kHz).



Table 1: Applied absorber types, single-number values R/ or Rlp and frequency range of measurement. The thickness
refers to the absorber layer/panel or total absorber thickness in noise barrier construction (*4ssumed thickness).

Absorber, thickness (mm) Method RI/RIp | Freq.range | Comment

(dB) (Hz)
Mineral wool in metal cassettes, 50 mm* SOPRA 6.0 250-5000 | Roadside
Porous concrete, 70 mm SOPRA | 5.6-5.9 | 250-5000 | In factory yard
LDPE, Low-density polyethylene foam, 40 mm EN 1793-5 4.9 200-5000 | From test facility
Cement-bound wood wool, 20 mm + 50 mm* min.wool | SOPRA 3.1 250-5000 | Older noise barrier

Figure 2. The tested absorbers/noise barriers: perforated metal cassette with mineral wool inside (top left), porous
concrete (top right), LDPE foam panel (bottom left) and cement-bound wood wool sheets (bottom right).
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Figure 3: Absorber spectra (note: the valid frequency ranges of the measurements are 200/250-5000 Hz).




5.2 Effect of absorber implementation (position)

First, the effect of absorber implementation was calculated for both Site 1 and Site 2. Three alternative absorber
installations were studied: on the roadside on both sides of the motorway, on the receiver side (only the barrier close to
the receivers) and on both sides of the noise barriers on both sides of the motorway (the maximum absorber alternative).
The used absorber type was the mineral wool cassette. The calculated results from each alternative were compared with
the reference situation without absorbers, i.e., with sound reflecting noise barriers. The calculated A-weighted 24-h
equivalent noise levels (L4 24) in the receiver positions with sound reflecting barriers were between 61.9 and 73.2 dB
in Site 1 and between 60.6 and 75.2 dB in Site 2. In both sites, the highest noise levels were at 4 m above the ground, i.e,
above the noise barrier heights.

For both study sites and all receiver positions, the biggest difference in noise reduction between the absorber alternatives
and the reference situation was obtained with the maximum absorber alternative, with up to 2.6 dB lower noise levels for
Site 1 and 2.2 dB lower levels for Site 2, see Figure 4. The second best alternative depended on the site as well as the
position of the receiver.

At Site 1, close to the noise barrier at 1 and 2 m height, the absorber on the receiver side of the barrier gave up to 0.6 dB
higher noise reduction than the absorbers on the roadsides, but further from the barrier and at 4 m height the roadside
absorbers were the better of the two options. The second best at Site 2, but not far behind the best, was the alternative
with absorbers on the roadsides only. For these two absorber applications the biggest noise reduction, 1.8-2.2 dB, was
found at 4 m height in the positions 4 or 8 m from the barrier. In contrary to Site 1, absorbers on the receiver side of the
noise barrier gave very little effect in all receiver positions at Site 2 (0—0.4 dB).
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Figure 4. The difference in noise reduction DL., (dB) between situation without absorbers and with different absorber
applications on the noise barriers (absorber type: mineral wool cassette). Site 1 to the left and Site 2 to the right.

5.3 Effect of absorber type

Next, the effect of applying absorbers with different single-number absorption value (R/ or Rlp) and absorption spectra
was studied for Site 1. All four absorber types in Table 1 were applied to all the alternative absorber installations i.e.,
mineral wool cassette (Rlp 6.0 dB), porous concrete (Rlp 5.9 dB), LDPE (RI 4.9 dB) and cement-bound wood wool (Rlp
3.1 dB). The spectrum of each absorber type was inserted into the SoundPLAN noise barrier library and subsequently
chosen for the different absorber applications.

Here, the results from the example with absorbers on both sides of the noise barriers are presented, in Table 2 as LA ¢y 241
-levels and in Figure 5 with the difference in noise reduction DL, (dB) between the situation without absorbers and with
different absorber types. By the results it can be concluded that, for Site 1 and the situation with absorbers on both sides
of the existing noise barriers, the best noise reducing effect for all absorber types (1.3-2.6 dB) is found at the receivers at
1 and 2 m height above ground, 2 and 4 m from the noise barrier. The least effect of the absorbers was in the position just
above the top of the 3.7 m tall barrier, i.e., at 4 m height, 2 m from the noise barrier. The absorber type with the lowest
absorption value (cement-bound wood wool, RIp 3.1 dB) also gave the least noise reduction, the other three absorbers
resulted in up to 0.9 dB better noise reduction. There was none, or very little, difference between the results of these three
absorbers, even though their R or RIp varied from 4.9 to 6.0 dB.



Table 2: Sound levels, LA 241 (dB), at Site 1 without absorbers and with different absorber types installed on both sides
of the noise barriers. Last column shows the difference between the cement-bound wood wool and the other absorbers.

Receiver No abs Por. LPDE Min. Cb wood  Diff. Cb
(dB) concr (dB) wool cas wool WW —
(dB) (dB) (dB) other abs
mp_d2 hl 62.7 60.4 60.4 60.4 61.2 0.8
mp d2 h2 64.0 614 61.4 614 62.3 0.9
mp d2 h4 73.2 72.4 72.4 72.4 72.7 0.3
mp d4 hl 62.3 60.1 60.1 60.1 60.9 0.8
mp d4 h2 63.4 614 61.3 61.3 62.1 0.7-0.8
mp d4 h4 70.1 68.8 68.7 68.7 69.2 0.4-0.5
mp d8 hl 61.9 60.3 60.3 60.3 60.8 0.5
mp_d8 h2 63.9 62.6 62.6 62.6 63.1 0.5
mp_d8 h4 68.9 67.2 67.1 67.1 67.8 0.6-0.7
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Figure 5. The difference in noise reduction DL, (dB) between situation without and with different absorber types
installed on both sides of the noise barriers at Site 1.

The results on the frequency spectra have also been compared, demonstrated in the following examples from the receiver
positions mp_d2 hi and mp _d2 h2 (close to the noise barrier), mp d4_h2 (in the middle) and mp d8 h4 (closer to the
building fagade than to the noise barrier). The single-number noise levels, without absorbers on the existing noise barriers,
are for the first three receivers 62.7-64.0 dBA and for mp_d8 h4 68.9 dBA, see column “No abs” in Table 2. Accordingly,
the corresponding one-third octave band spectrum of receiver mp_d8 h4 is above the three others’ spectra in Figure 6.

In Figure 7, the results of applying absorbers on both sides of the noise barriers are presented for each of the four receivers
as the difference in noise reduction DL, (dB). These graphs show that different absorber spectra (see Figure 3) results in
different noise reduction spectra, even if the single-number values of the noise reduction DL, are the same. Furthermore,
the cement-bound wood wool with 0.6-0.9 dB lower DL,, than the other three tested absorbers, has some advantage in
the lower frequencies and is as good or better than the mineral wool cassette up to 800 Hz. The mineral wool cassette has
the best DL,, in the higher frequencies, above 1250 Hz, and the light-weight LDPE is the second best above 800 Hz but
has the lowest noise reduction at lower frequencies. The heavy and thick porous concrete showed a strong noise reduction
in the 400-800 Hz range.



What also can be observed, is that the effect of the absorber implementations varies with the distance from the noise
barrier and height above ground, e.g., the biggest reduction of low-frequency noise is found close to the noise barrier, at
the receiver positions mp _d2 _hl and mp_d2 h2.
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Figure 6. One-third octave band spectra at four of the receivers of Site 1 with sound reflecting noise barriers.
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Figure 7. The difference in noise reduction DL, between situation without and with different absorber types installed
on both sides of the noise barriers. Examples of one-third octave band spectra from receiver positions mp_d2_hl
(top left), mp_d2 h2 (top right), mp_d4_h2 (bottom left) and mp_d8 h4 (bottom right).

6 Conclusion

Since the number of measured samples of each absorber type is quite small, general conclusions about the sound absorbing
performance of the materials cannot be drawn. However, it can be concluded that the absorbers reduce the calculated
traffic noise levels and that the different absorber types of the study result in different noise level reductions. If only
considering single-number values, three of the tested absorbers gave equally good sound level reductions DL, even if
their RI/RIp varied between 4.9—6.0 dB. But if the effect of different absorber types is studied on the spectrum level, there



are variations which might be important to consider for certain locations, e.g., in narrow spaces between building facades
and noise barriers with a strong low-frequency content in the noise.

Finally, note that the sound reducing effect of both the absorber placement and the absorber type is site-dependent. What
may be a good choice in one site or position may not the better option in another site, even if it is along the same road.
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