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1. Introduction

In the project Quieter Transport for More Efficient Distribution we are investigating sounds
from noise improved heavy-duty road vehicles and their indoor impact in urban
environments, whereby it is of interest to define a relevant set of facade cases. As input we
have reduction indices in third-octave bands 25-20 000 Hz, delivered from acoustic
consultant Simmons akustik & utveckling ab, for a set of facade elements that were selected
with objectives of both frequency of use and of spread in sound reduction. The third-octave
band reduction indices for three facade walls, four windows and two air intakes are listed in
the appended report (in Swedish). From these facade elements a set of six cases are
suggested for use within the project.

2. Suggested cases

The set of facade walls consists of (1) an ordinary timber frame type, (2) a new steel frame
type (i.e. a lightweight wall) and (3) a new concrete wall type. For the set of window
examples we have an old window of (1) a normal type and of (2) an improved type, (3) a new
ordinary window and (4) a new noise proof window. The air intakes are of (1) an ordinary
type and (2) a noise proof type. For all facade cases the same room is assumed, a bedroom
type of room with a 12 m” floor area and a 10 m® facade area facing the road. The
reverberation time is assumed to be 0.5 s for all frequencies. Concerning the individual areas
of the facade elements, the old windows are 1.9 m’ whereas the new windows are 1.5 m%in
size, and the air intakes use a 10 m? reference area.

Since the project mainly concerns sounds from trucks, we here make use of the G spectrum
(standardized emission spectrum for heavy road vehicles [1]) as an outdoor spectrum to
illustrate the indoor levels, after extending the domain from the third-octaves 50-5000 Hz to
the 25—-20 000 Hz range used here. The A-weighted spectrum used here is shown in Figure 1
(and listed in Table 1).
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Figure 1. C, spectrum in the frequency extended version used here. Plotted is A-weighted sound pressure level,
normalized to 0 dB(A).



The indoor noise level, Lyindoor, is calculated using the conventional formula based on
statistical room acoustical conditions and assuming a 0.5 s reverberation time, as follows

Lp,indoor= Lp,outdoor +3-R+ 10|08(35/V), (1)

where Ly outdoor i the free field level outside the facade (i.e. omitting the facade reflection), R
is the reduction index of the corresponding facade element with surface area S, and V'is the
room volume, see e.g. [2]. The reduction indices for the different facade elements, as shown
in Figure 2 and tabulated in the Appendix, are used in the above formula (Eq. 1) with Ly outdoor
given the values of the G spectrum as shown in Figure 1 and Table 1. The resulting indoor
spectra for each separate facade element is shown in Figure 3.

From making a combination of facade elements, i.e. selecting a type of wall, a window and
an air intake, the total indoor level can be calculated by adding the separate contributions.
Here, six different facade cases are selected that are suggested for further use within the
project. The corresponding indoor noise levels are plotted in Figure 4 and listed in Table 1,
where also data is given for a case with a partly open window.! The differences between
outdoor and indoor single number levels are 30.6, 36.2, 34.7, 35.7, 38.3 and 41.4 dB(A) for
cases 1-6, respectively. The first case, with the smallest difference between outdoor and
indoor A-weighted level, uses the wooden facade, the old untreated window and the
ordinary air intake. The other five cases all have the better air intake, which can be shown to
give a negligible deterioration compared to having no air intake. The second case has the
improved window (and the better air intake) and shows a significantly better overall sound
insulation except at mid frequencies (around 800 Hz) and toward high frequencies. Cases 3
and 4 use both the new steel frame wall and, respectively, the two different new windows. It
can be seen that this lightweight wall gives very poor performance at the lowest frequency
bands and that the choice of window makes a significant difference above 100 Hz. Cases 5
and 6 use both the new concrete wall and, respectively, the two different new windows.
Using the concrete wall is predicted to give a sound insulation at low frequencies that is
better than the one from using the lightweight wall, but comparable to the one from using
the wooden wall in case 2. Above 100 Hz, the use of the new noise proof window is
predicted to result in a very high noise reduction.

The estimated apparent sound reduction index R'ysw, according to standard 1SO 717-1, is
listed for the selected cases 1-6, see Table 2. It can be noted that the results from the
frequency extended G spectrum used here largely agree with the standardized values of
R'esw + Cirs0-5000 (OF R'trsw + Cirso-3150), except for cases 3 and 4, where the standardized
value under predicts the A-weighted indoor noise level by about 2 and 4 dB, respectively,
due to the lightweight wall.

! Measured case in Report S13-01 by Patrik Andersson, Division of Applied Acoustics, Chalmers University of
Technology, August 31, 2013. The Room has a floor area 12 mz, ceiling height 2.5 m, window width 1.2 m,
window height 1.4 m, and an opening slit width of 60 mm.
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Figure 2. Reduction indices of the separate facade elements: (a) walls, (b) windows and (c) air intakes.
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Figure 3. Calculated indoor noise levels for the separate facade elements: (a) walls, (b) windows and (c) air
intakes.
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Figure 4. Calculated indoor noise levels for the suggested facade cases. The outdoor source strength is
according to a frequency extended C; spectrum and the indoor level for each case is due to the combined
transmission through wall, window and air intake. Key to the legend: first position is type of facade wall (1, 2 or
3), second position is type of window (1, 2, 3 or 4) and third position is type of air intake (1 or 2).

3. Conclusion

Reduction indices for selected facade elements, for the extended frequency range 25-
20 000 Hz, have been used for making a set of six relevant cases, which are suggested for
use within the project. The set of cases contain the use of three types of outer walls, four
different windows and two different air intakes. Using an extended Ci spectrum to
characterize the source, the set gives a spread in outdoor to indoor level difference from
about 31 to 41 dB(A). Also, standardized weighted apparent sound reduction indices are
shown for the selected cases. In addition, data is given for a case with a partly open window.
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25| -31.3 -51.3 -56.1 -46.8 -46.8 -57.2 -57.2 (5.2)
31.5 | -29.3 -50.0 -54.2 -40.0 -40.0 -56.1 -54.2 (7.5)

40 | -27.3 -48.2 -51.3 -42.9 -42.4 -54.8 -50.3 (5.1)

50 | -25.3 -46.5 -48.9 -46.3 -43.8 -53.8 -46.4 (6.6)

63 | -23.3 -45.0 -48.4 -48.2 -46.6 -52.1 -48.9 (8.3)

80 | -21.3 -43.0 -47.7 -51.5 -49.8 -52.7 -50.6 (5.9)
100 | -20.3 -41.3 -47.3 -52.8 -54.1 -52.3 -534 (7.4)
125 | -20.3 -39.5 -49.9 -51.7 -58.3 -52.2 -61.8 9.3
160 | -18.3 -35.5 -49.9 -49.2 -58.2 -49.3 -58.9 6.5
200 | -16.3 -43.2 -50.0 -43.5 -58.3 -43.4 -57.4 12.7
250 | -15.3 -47.3 -50.8 -49.1 -58.2 -49.1 -57.7 11.0
315 | -14.3 -48.0 -51.1 -50.2 -60.1 -50.1 -59.5 10.7
400 | -13.3 -46.9 -50.3 -50.5 -64.7 -50.5 -64.3 7.9
500 | -12.3 -44.8 -47.8 -51.4 -63.6 -51.4 -63.5 7.3
630 | -11.3 -44.8 -46.0 -55.1 -63.8 -55.1 -63.6 6.4
800 | -9.3 -43.9 -45.0 -55.0 -63.1 -55.0 -63.0 8.8

1000 | -8.3 -45.4 -47.0 -56.2 -65.2 -56.2 -65.2 8.1
1250 | -9.3 -49.3 -51.0 -58.4 -68.4 -58.4 -68.4 8.5
1600 | -10.3 -51.4 -54.9 -59.4 -69.3 -59.4 -69.3 7.8
2000 | -11.3 -52.1 -58.4 -58.4 -68.5 -58.4 -68.7 7.8
2500 | -13.3 -56.2 -62.7 -59.5 -71.7 -59.5 -72.1 8.6
3150 | -15.3 -59.7 -66.7 -61.5 -76.2 -61.5 -76.3 7.1
4000 | -16.3 -62.9 -69.0 -62.6 -80.4 -62.6 -80.5 8.4
5000 | -18.3 -64.9 -71.2 -64.6 -82.1 -64.6 -82.0 11.5
6300 | -20.3 -69.8 -74.4 -66.6 -85.1 -66.6 -85.1 13.8
8000 | -22.3 -73.5 -77.6 -68.6 -88.2 -68.6 -88.2 13.7
10000 | -24.3 -76.7 -79.8 -70.6 -91.2 -70.6 -91.2 11.3
12500 | -26.3 -79.7 -81.8 -72.6 -94.1 -72.6 -94.1 5.5
16000 | -28.3 -82.5 -83.8 -74.6 -96.1 -74.6 -96.1 (2.2)
20000 | -30.3 -84.9 -85.8 -76.6 -98.1 -76.6 -98.1
Total level
[dB(A)] 0 30.6 36.2 34.7 35.7 38.3 41.4

Table 1. Third-octave band values [dB] corresponding to the curves in Figure 4. Last row is the total A-
weighted level for the extended frequency range. Right-most column is the apparent sound reduction index
R'tr,s [dB] for the measured case with a partly open window. (The numbers in parenthesis are connected

with a larger uncertainty.)

Reduction index [dB] Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
R'tr.s 37 40 43 54 43 54
R'tr.sm + C 35 39 41 52 41 52
R'tr.sm + Cir 31 37 38 48 38 48
R'tr.sw + C100-5000 36 40 42 53 42 53
R'tr,s,w * Ctr,100-5000 31 37 38 48 38 48
R'tr.sm *+ C50-5000 36 40 42 51 42 52
R'tr.sm + Ctr.50-5000 30 36 37 40 38 42
R'tr.sm + C50.3150 35 39 41 50 41 51
R'tr.sm + Cir,50-3150 30 36 37 40 38 42

Table 2. Apparent sound reduction index R’y s, according to standard ISO 717-1, for the selected cases 1-6.
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Chalmers-Volvo:
Yttervaggar, databas med ljudisolering 25-20000 Hz

Uppdrag

Bestallaren uppdrog att ge exempel pa reduktionstal for ett antal vanligt forekommande
yttervaggskonstruktioner, fonster och luftintag inom ett utvidgat frekvensomrade 25-20000
Hz. Se vidare i uppdragsbeskrivningen som skickades med e-post den 8 maj. Reduktions-
talen ar framtagna for att demonstrera hur olika yttervaggskonstruktioner kan paverka ljud-
nivaerna inomhus vid olika trafikslag samt for forskning och undervisning pa Chalmers. De
ska inte anvandas for projektering av byggnader med avseende pa bullerskydd.

Metod

De reduktionstal som anges i tabell 1 baseras pa matdata eller teoretiskt beraknade data i
frekvensomradet 50-5000 Hz och har hamtats fran den nordiska databasen till BASTIAN
(www.bastian.nu). En utvidgning har gjorts ned till 25 Hz och upp till 20 kHz, p& basis av
berakningar och bedémningar enligt allmant vedertagen teori fér dubbelvaggar
(www.insul.co.nz). Reduktionstalen vid de lagsta frekvenserna har bedémts pa erfaren-
hetsmassig grund med stdd av 1) varden vid hogre frekvenser, 2) masslagen, 3) inverkan
av grundresonans samt 4) 6kad stralningsdampning vid laga frekvenser. Vid héga frekven-
ser har reduktionstalen begransats med tanke pa 5) flanktransmission och 6) luftlackage.
Huruvida denna blandning av teoretiska och empiriska metoder ar giltig for det utvidgade
frekvensomradet kan inte garanteras. Nagra fa matningar (ej publicerade) och en publice-
rad studie angaende isolering mot ljud vid mycket laga frekvenser fran vindkraftverk' indike-
rar att antagandet kan vara realistiskt, se figur 1. Att det ar svart att hitta matdata beror pa
att ljudkraven inte gar sa langt ned (resp upp) i frekvens i nagot land och att matstandar-
derna inte heller omfattar dessa frekvenser. Vardena i tabell 1 bor darfor inte tolkas som
nagon garanti pa vilkken A-vagd ljudnivd som kan uppnds inne i en byggnad. Osakerheten
ar sannolikt i den storleksordningen, att cirka vart tionde fall ligger 5 dB hdgre an beréknat.

1

Sound insulation of dwellings at low frequencies. Dan Hoffmeyer (1) and Jargen Jakobsen (2). Artikeln baseras pa rapport
AV 1097/08 fran DELTA Akustik & Vibration. 1) DELTA, Venlighedsvej 4, DK-2970 Hgrsholm. 2) Dansh Environmental Pro-
tection Agency, Strandgade 29, DK-1401 Kgbenhavn K. J of Low Frequency Noise, Vibration and active control Vol. 29 2010.

Simmons akustik & utveckling ab

postadress telefon kontor/mobil fax kontor/mobil bankgiro org.nr.

Chalmers Teknikpark +46 (0)31 27 66 00 +46 (0)709 72 71 65 5298 - 3426  556625-6417
SE-412 88 Goteborg e-post & internet SMS/e-post mobil plusgiro innehar F-skattebevis
besdk info@simmons.se +46 (0)709 72 72 65 — moms reg.nr/VAT no

Sven Hultins gata 9 www.simmons.se christian.simmons@euromail.se SE556625641701
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Figure 7

Measurement results for five living rooms. Outdoor/indoor level differences in dB per
one-third octave measured with the specified method.
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Measurement results for five small-sized rooms. Outdoor/indoor level differences in dB

per one-third octave measured with the specified method.
Figur 1. Ljudnivéaskillnad ute-inne, métt vid fasad och i rumshérn. Under 50 Hz varierar ljud-
nivaskillnaden mer &n vid hégre frekvenser. Placering av mikrofonen i hérnen minskar in-
verkan av staende vag i rummet men ger upp till 3 dB hégre ljudnivé &n rumsmedelvéardet
enligt ISO 140-5. Frén DELTA Akustik & Vibration, se fotnot (1).
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Resultat
Tabell 1a. Fénster, uteluftintag och yttervdggar, beskrivning till tabell 1b.
Area,m* | 1,88 1,88 1,5 1,5 10 10 10 10 10
Name Old Old New New Air in- Air intake, Old New steel New
window, window, window, window, take, noiseproof | timber frame wall, | concrete
normal noi- ordinary noi- ordinary frame ordinary wall,
seproof seproof wall, ordinary
ordinary
Description | 3 mm 4/2/4mm | 4 mm 6 glass, Silencer Silencer 50 wood | Plaster 5 Sand-
glass, laminate | glass, 16 | 180 air, 800x100 | "Z- plank, 50 | on wich
coupled glasses, sealed 4/0,76/4 x30 channel" wood ment- Type1:
sashes coupled distance, | laminate | mounted | built-in- dust, 50 boards 12, | 75
spaced sashes 6 mm glasses, in niche, wall, air wood Studs 25, concrete,
40 mm, 3 | spaced glass 16 dist., air intake | intake plank, 30 | wheather- 150
mm 39 mm, (single 4 glass, through under plaster board 9,5 concrete,
glass 4 mm sash (sepa- frame, window inside on steel 150
(opens glass with a rate slot 360x studs and mineral
outward, (opens sealed sashes, 120 mm mineral wool
working outward, | IGU, common wool 195,
sealant) working Argon) frame) channels
sealant) 45, interior
plaster-
boards 25
BASTIAN - ID SAU F1- | SAUF1- | Elit 04 DOM- Fresh_0 | Fresh_04 SAU 16 Knauf SvBtg 0
0 b4 EDI-ETI- | LUX 09 6 AL-dB- | ZK-dB V5-0 Danogips_ | 1 Sand-
AL 230 800 RF100-T 04 wich
facade
Res freq.
0 or fl (Hz) 158 117 193 52 500 70 57 35 14
Coinc freq. | 4199 3142 3142 2095 N/A N/A 400 3142 242
fc (Hz)
Mass (least | 7 , 10 10 15 N/A N/A 25 18 180
single-sided)
Picture ‘
. h
Rw [dB] 35 43 35 51 42
C [dB] -5 -2 -1 -1 0
Ctr [dB] -10 -7 -4 -5 0
RA,tr
(=Rw+Ctr) 25 36 31 46 42 53 38 52 51
Chalmers tekniska hégskola 1360 Sida 3(5)
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rapport

Tabell 1b. Reduktionstal for fénster, uteluftintag och yttervédggar. Blaa vdrden &r empiriskt
uppskattade enligt metodavsnittet, motsvarande métning i laboratorium, utan marginaler

Name Old win- Old win- New New Air intake, | Airintake, | Old timber | New steel | New
dow, dow, window, window, ordinary noiseproof | frame frame concrete
normal noiseproof | ordinary noiseproof wall, wall, wall,

ordinary ordinary ordinary

Freq (Hz)

25 14 20 18 18 29 38 28 15 40
31,5 15 21 19 17 30 38 27 10 40
40 16 22 20 15 31 37 25 15 40
50 17 23 21 13 32 37 24 21 43
63 16 22 22 18 33 36 27 26 38
80 15 21 27 23 47 48 30 31 33
100 14 21 27 30 47 49 32 35 34
125 12 24 24 38 48 45 34 39 47
160 10 26 23 36 44 46 36 43 45
200 20 29 19 41 45 46 37 45 43
250 26 32 26 42 45 45 38 49 47
315 29 35 28 46 42 47 38 55 51
400 32 38 29 48 38 54 37 59 57
500 35 41 31 49 36 53 35 62 60
630 37 44 36 50 41 54 34 66 63
800 39 47 38 52 42 55 35 70 66
1000 41 48 40 53 43 59 38 73 71
1250 43 49 41 54 46 62 41 75 75
1600 45 50 41 53 44 63 44 76 81
2000 47 49 39 51 42 62 47 70 83
2500 47 48 38 52 44 64 50 68 84
3150 45 50 38 54 46 67 52 74 85
4000 42 52 38 57 52 71 53 79 81
5000 41 53 38 56 55 74 53 80 78
6300 45 55 38 57 57 76 54 80 80
8000 47 57 38 58 59 78 55 80 80
10000 49 59 38 59 61 80 55 80 80
12500 51 60 38 60 63 80 55 80 80
16000 53 60 38 60 65 80 55 80 80
20000 55 60 38 60 65 80 55 80 80
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Underlag

En generell specifikation av byggdelar lamnades av uppdragsgivaren, som vi har preciserat
utifran tillgangliga uppgifter i databasen.

Vi tackar fér uppdraget.

Med vanlig halsning
Simmons akustik & utveckling ab

Christian Simmons
Bilaga: Resultaten har aven skickats som Excel-fil.
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