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SPECTRAL ADAPTATION TERMS DETERMINATION
FOR BUILDING AIRBORNE SOUND INSULATION
REQUIREMENTS AGAINST RAILWAY NOISE

Ilya Tsukernikov', Igor Shubin’, Tatyana Nevenchannaja?
" Research Institute of Building Physics, Russia
2Moscow Polytechnic University, Russia

Abstract

Railway transport increases the noise levels in the environment 24 hours a day. As a rule,
this leads to disruption of citizens’ dormancy during the daytime and especially at night. The
most widely used means of reducing railway noise are sound road barriers and soundproof
structures of buildings located in the first echelon and facing the railway tracks. The airborne
sound insulation of such protective systems is of primary importance. According to the Inter-
national Standard ISO 717-1:2013 requirements and performance of airborne sound insulation
of buildings are given with the help of single-number parameters and evaluated as the sum
of aweighted apparent sound reduction index and the corresponding member of the spectral
adaptation. The International Standard was partially introduced in Russia as the National
Standard GOSTR56769-2015. In the paperthe comparison is made of the A-weighted normali-
zed noise spectra forvarious categories of the railway transport operated on Russian railways
with the noise spectra used in the International and Russian Standards to calculate the mem-
bers of the spectral adaptation. By the specific example the divergences in obtained values
of spectral adaptation terms are shown and corresponding recommendations are offered.

Keywords: railway transport, noise, sound insulation, spectral adaptation term
1 Introduction

Numerous studies have shown that the noise levels from railway transport in buildings and
in the residential area significantly exceed the sanitary standards in many cases (by tens
decibels). So, according to the data of the GBPU “Mosecomonitoring”, the excess for Moscow
is 10-20 dB. As a result, the reduction of noise from railway transport is of great importance
for cities and settlements through which rail lines pass and which use local railway lines and
open metro stations. The most common measures to reduce railway noise are the installa-
tion of noise barriers and increasing the sound insulation of exterior structures of buildings
located near railway lines, the translucent parts of which are facing the railway tracks [1, 2].
In this connection, the isolation of air noise by such external constructions of buildings is of
paramount importance. In accordance with the International Standard ISO 717-1: 2013 [3],
the requirements and characteristics of airborne sound insulation of buildings and building
elements are established using single-number parameters and evaluated as the sum of the
weighted apparent noise reduction index R’ , R’,., ., R’  and the corresponding member
of the spectral adaptation (spectral adaptation term) C, C . The International Standard was
partially introduced in Russia in 2016 as the National Standard GOST R 56769-2015 [4]. Evalu-
ation of sound insulation of airborne noise with the help of single-number parameters makes
it possible to simplify the formulation of acoustic requirements in building documents. It is
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used in advertising brochures of manufacturers of soundproofing products and is determined
during testing of enclosing structures [2, 5-7]. According to their values, the ability of enclo-
sing structures to provide acoustic comfort in building premises through sound insulation
from internal and external sound sources is assessed [8, 9]. As a result, the current Rules of
Codes in Russia SP 51.13330.2011 [10] and SP 275.1325800.2016 [11] the required limit values
for airborne sound insulation indexes for the residential, public buildings and auxiliary buil-
dings of manufacturing enterprises are established, as well as sound insulation of windows
depending on the values of equivalent sound pressure levels at the facade of residential and
administrative buildings with the most intensive traffic. The sum of the weighted noise reduc-
tion index and the spectral adaptation term corresponds to the reduction of the A-weighted
sound pressure level AL, of the sound incident on the enclosing structure. This is the sound
insulation parameter R, _for external translucent enclosure, which characterizes the isola-
tion of outdoor noise created by the urban traffic streams [10, 11], that is, this sum gives a
widely used in practice one-number estimate of the soundproofing ability of an enclosure.
It was shown in [12, 13] that the discrepancies in such an estimation of the sound-insulating
ability of the enclosing structures and noise barriers can be significant (4-8 dB), depending
on the spectrum of the noise incident on the obstacle, that is, the actual soundproofing
capacity of the obstacle essentially depends on the spectrum of penetrating sound. At the
same time, in I1SO 717-1: 2013 [3], only two types of spectra are used to determine the spectral
adaptation term, which is intended to take into account the nature of the penetrating noise
spectrum: the spectrum of pink noise, and the traffic noise spectrum corresponding to the
A-weighted normalized noise spectrum of urban vehicles in accordance with the European
Standard EN 1793-3: 1997 [14]. In this paper, a comparison of the A-weighted noise spectra
for different categories of railway transport operated on Russian railways is carried out with
the noise spectra used in the International [3] and Russian [4] Standards for calculating the
spectral adaptation terms. Since the railway noise is given only by octave spectra, spectra in
octave frequency bands set by Standards are considered also. By the specific example the
divergences in obtained values of spectral adaptation terms are shown and corresponding
recommendations for the application of Standard spectra for rating of sound insulation of
enclosing structures of buildings in relation to railway noise are offered.

2 Spectra for spectral adaptation term determining

As noted in Annex A of International Standard 1SO 717-1:2013, the spectral adaptation terms
Cand C_were introduced into ISO 717-1:1996 to take into account different spectra of noise
sources (such as pink noise and road traffic noise) and to assess sound insulation curves
with very low values in a single frequency band (the validity of the rating obtained with the
reference curve alone is limited for such cases). C and C_have not been included as one
single-number quantity, but have been included as separate numbers.

There are two spectra applied in ISO 717-1:2013 as the generalized spectra: spectrum No. 1
corresponding to pink noise, and spectrum No. 2 corresponding to noise of road transport.
The A-weighted sound pressure levels for the specified spectra at octave bands of the enlar-
ged frequency range are resulted in Table 1.

Table1 Sound level spectra to calculate the adaptation terms

Spectrum type Sound level L. [dB] at octave band with central frequency [Hz]

63 125 250 500 1000 2000 4000
Spectrum No. 1to calculateC  -32 -22 -15 -9 -6 -5 -5
Spectrum No. 2 to calculate C, -18 -14 -10 -7 -4 -6 -11

Note: All levels are A weighted and the overall spectrum level is normalized to
0 dB with precision -0.4 (spectrum No. 1) +0.3 (spectrum No. 2).
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With respect to railway noise, spectrum No. 1is recommended to apply at rating of sound
insulation railway traffic at medium and high speeds, spectrum No. 2 at rating of sound insu-
lation of railway traffic at low speeds. The spectrum adaptation terms C, shall be calculated
with the sound spectra given in Table 1 from the following equation:

Laij—Xi
10

n
C,;=—10lg)> 10 * —X, Q)
i=1

where j is the subscript for the sound spectra Nos. 1and 2; L, are the levels as given in Table
1 at the frequency i for the spectrum j; X is the apparent sound reduction index R’ at the
measuring frequency i, given to one decimal place; the subscript i corresponds to the serial
number for the octave bands 63 Hz to 4000 Hz (n = 7).

Spectrum No. 1 corresponds to the A-weighted spectrum of a pink noise for which the sound
pressure levels in frequency bands are constant and can be represented by the expression
L, =L, + C[13], where L, corresponds to the product of the square of the sound pressure
produced by the source of the pink noise at some reference frequency f, by this frequency
(L,=10lg [p,2- f, / (4-10™)]); C=-1.6 dB. In order to obtain the values of the spectrum gi-
ven in Table 1, with an accuracy of 0.1 dB should be taken L = -3.5 dB. As a result the total
A-weighted sound pressure level of the spectrum No. 1 appears normalized to 0 dB (L, = 0
dB), that allows to use the sum C, + X forrating of the total A-weighted sound pressure level
decrease of sound falling on a protecting design.

The spectrum No. 2 can be received from the reference transport noise spectrum given in Table
2, by subtracting from it the value of A-weighted sound pressure level corresponding to this
spectrum whichis equal 75 dB. Thus, thesumR +C_isequalR, and characterizestheisola-
tion of external noise created by urban transport streams [13]. As a result this sum can be used
to estimate the reduction of the total A-weighted sound pressure level by a protecting design.

Table 2 A-weighted sound pressure levels of the reference transport noise spectrum

f[Hz] 63 125 250 500 1000 2000 4000
L, . [dB] 50 61 65 68 71 69 63

Aoct

3 A-weighted normalized spectra of railway noise

The relative spectra emitted by railway transport operated on Russian railways are entered
in the Interstate Standard GOST 33325-2015 [15] and given in Table 3. The corresponding A-
weighted normalized spectra of the railway transport shown in the same table are obtained
by subtracting from the relative spectra of the frequency weighting A of sound level meter
in accordance with the International Standard IEC 61672-1:2002 [16]. The overall A-weighted
spectrum level is normalized to O dB with precision -0.2 +0.1 dB.

It is specified in appendix A of International Standard ISO 717-1:2013 that if the A-weighted
spectrum of a certain kind noise is known, it can be compared to the spectra given in Table 1
and to choose a corresponding member of spectral adaptation. Comparison with the data in
Table 1is performed in Figure 1. The A-weighted normalized spectra for trains of all categories
are closerto the spectrum No. 1in the low and mid-frequency domain (octave bands with cen-
tre frequencies 63 — 250 Hz, for passenger and high-speeds trains octave bands with centre
frequencies 500 and 2000 Hz too) and to the spectrum No. 2 in the octave bands with centre
frequencies 1000 and 4000 Hz. For any category of trains the spectrum does not approach
any one of the spectra recommended in ISO 717-1:2013 over the entire frequency range. Only
for the goods trains the spectrum is closer to the spectrum No 2 in five of the seven octave
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bands. In this connection the calculations have been executed of spectral adaptation terms of
specialtranslucent glazing consisting of a three-layer safety glass with a thickness of 16-16-8.
The values of the apparent sound reduction index R’ , at octave frequency bands measured
in accordance with ISO 140-5 [17] are given in Table 4. Values C=-1dB and C_=-6 dB were
received at use of spectra Nos. 1and 2. When using the A-weighted normalized spectra for
trains from Table 3 the calculated value of spectrum adaptation terms is equal to -1 dB for all
train categories except good trains for which C.=-3 dB, that is also closer to the value of C.

Table 3 Spectra of railway noise

Noise source Sound pressure level [dB] at octave band with central frequency [Hz]
63 125 250 500 1000 2000 4000

Relative spectra
Passenger train with -12.6 -15.5 -18.4 -5.6 -3.7 -6.4 -11.5
locomotive traction
Goods train (all tipes) 2.8 -5.8 -6.0 -2.5 -5.2 -7.0 -12.1
Local train -15.1 -17.0 -17.3 -4.3 -3.3 -6.2 -13.5
High-speed train 1.0 -4.5 -13.9 -7.2 -4.6 -5.1 -10.8
A-weighted normalized spectra L,
Passenger train with -38.8 -31.6 -27.0 -8.8 -3.7 -5.2 -10.5
locomotive traction
Goods train (all tipes) -23.4 -21.9 -14.6 -5.7 -5.2 -5.8 -11.1
Local train -41.3 -33.1 -25.9 -7.5 -3.3 -5.0 -12.5
High-speed train -25.2 -20.6 -22.5 -10.4 -4.6 -3.9 -9.8
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Figure1 Sound level spectra to calculate the adaptation terms

Table 4 Sound reduction index of special translucent glazing

f [Hz] 63 125 250 500 1000 2000 4000
R,.[dB] 263 32.1 37.4 42.4 42.9 47.3 54.2
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4 Conclusions

The performed analysis shows that for all categories of trains operated on the railways of the
Russian Federation the most appropriate spectrum for calculating the spectral adaptation
term according to the ISO 717-1:2013 method is spectrum number 1. Further studies can be
aimed at obtaining a sufficient amount of calculated and experimental data on the determi-
nation of the sound insulation parameters of various enclosing external constructions of bu-
ildings from railway noise with using the A-weighted normalized spectra of various categories
of trains given in this paper.
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