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1. INTRODUCTION

Noise generated by railway ttafi'tc can be a cause of considerable annoyance for people liVing or working in the
vicinity of railway lines and railway yards. Therefore. possibilities to reduce railway noise are studied extensively. [t
is known that the type of bedding material influean the noise levels that occur at the side of the railway track. In
particular. compared to concrete slab tracks. bedding material consisting of ballast is found to give rise to reduced
noise levels. However. in designing railway tracks with ballast as bedding material, the acoustical properties have
not been an issue for study so far. The design parameters are mainly related to the structural properties. Ballast is a
porous material consisting of stones Willi a diameter between approximately 30 and 63 mm. Due to the relatively
large stones, the flow resistivity is very small for normal ballast. thus giving rise to sound propagating through the
ballast parallel to the surface. The ballast. therefore, acts acoustically as a non-locally reacting malarial To study
the mitigation of noise dependent on ballast characteristics. a model for sound propagation over porous material has
been developed. The model has allowed investigaan ot’ the efiect that modified acoustical properties of the ballast
material have on the reduction of railway noise. This study has resulted in recommendations for the design of
acoustically optimal ballast. The project has been commissioned by NS Technisch Ondetzoek on behalf of the
European Rail Research Institute. '

2. MODEL FOR THE ACOUSTICAL CHARACI'ERISTIS OF'POROUS MATERIALS

A number of models describing the acoustical properties of porous materials in term of one at more physical
parameters are available. The analytical model based on sound propagation in parallel sided slits [ll-[2] has been
chosen to calculate the acoustical properties of ballast The relevant acoustical parameters to be determined for a porous
material are the characteristic impedance Z and the propagation constanlk. In the model used here. these are a function
of the angular frequency In the porosiwa the tonnesin q, and the flow resistivity a:

It =w1’pb(m)lsb(m); (I)

Z = ‘jpb(m)5b(m). - (2)

where the complex density pdw} and the complex stifiness SJW) are given by. respectively:

2 -l
pb(m)=(q Io)p0[t—mhtaJ-—i)/(Aw/-_i)] . (3)

-l
Sb(w)=()1'o ln)[l+(y — l)tanh(N1/211/-—i) l mink/3)] ; (4)

' 2
3w q

l: #.
no

Here, pa denotes the density of air, 1': ‘K—l). Po the pressure of the atmosphere. 1: 5/3, and N the Prandtl number for
air.

For large flow resistivities (e.g. for soils) the sound incident on the surface is strongly refracted downward and nomtal
to the surface. In such cases the surface is locally reacting. For the low values of ballast flow resistivity. propagation of
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sound parallel to the surface can no longer be neglected when tlu: angle of incidence is not equal to am. The surface is

nun-locally reacting and the normal surface impedance is a function of the angle of incidence.

When sound waves are incident on a uniform hard backed layer of porous material with finite thickness, the normal

surface impedance is given by:

ZS‘1 = (Z / t:os(9I ))/ tanh(-r'kdcos(9')); (5)

code.) = ‘ (l—(Iro lk)z sin2 9),

where 9 denotes the angle of incidence measured from the normal, and kg the propagation constant for airborne sound

waves. The finite lhiCh'llLSS-Of tlte layer gives rise to interference effects, that lead to a frequency dependent sound

absorption, The ballast considered in this work includes two layers of pants material. The normal surface impedance

for such acomposite (hard backed) layer is given by:

an + Z,ll tanh(xnl)tanh(lrn2)

 

Z :2 i (6)
5.2 III

Z"l tanh(Kn2) + Z"2 MIKKHI)

Zn = Zlcoswt);

Ir =—ikdcos(61).n

where Ihe indices 1 and 2 refer to the porous material in the-upper and lower layer. respectively.

3. CALCULATION OF SOUND FROPAGATION OVER BALLAST

To allow the geometry of a railway track to be taken into account. calculations have been performed using the boundary

element method. Mth this method. the sound field is found by calculating the field at tlte boundaries of the volume that

is cortsidued. under the assumption of a homogeneous atmosphere. With the solution known at the boundary, the sound

field can be calculated at an arbitrary point using analytical formulas for sound propagation in homogeneous air. The

shape of the boundaries is. in principle. arbitrary. The code used in this study was originally developed to calculate the

insertion loss ofroad barriers [3 ]. The code is two-dimensional in the Sense that only situations and sound sources can

be modelled that show no variation along one axis. An infinite flat or profiled ground surface can be modelled. The

acoustical impedance can be drosen independently for each surface element of the profile. Furthermore, it is possible to

determine the surface impedance for each element using a dominant angle of incidence. The dominant angle of

incidence is calculated from-the relative position of the sound source and the surface element. 11:: code has been

extended to evaluate sound propagation over ballast. The porous material model described earlier has been included.

and the surface impedance calculauons for a non-locally reacting composite layer have been implemented.
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4. RAILWAY BALLAST

The lype of ballast [and in the Dutch railway Hacks [ 4 ] is considered in lhis work. A drafi Eumpuan smudmd fur
unbound aggregates to be used as railway ballast I 5 ] gives requimnmns for applicable mam-ials that at: simillr to
muals annually in use in the Nadia-lands. A number of stone sin dislribminm is being used in ballast. A most
comm: discribuu’un involves 5mm diameter of 30 up In 63 mm. Similar stone siuscun give ris: to problems with the
drainage. while largat slams can lead in problems wiih the construction and minimum offlm nilwuy (tank. The
pomsin ofa volum: filled willl stems depends on the dish-iian ofswne sizes. on Ill: rate 0! mmpacfion. and on the
Iypical shape uflhc slum. For railway ballasi. the porosity isW [ 4 3 In vary from 0.3 In 0.4. In [his study. the
[low resistivity [ 6] is compumd from:

a = u I K Narm‘; i7)
2

0.904 2
x=o.oo946(i~mm —m-1 D m2.

(1‘0)
whemmdenolzsflwdynmiic Viscosiiy forairund D flicmeanpardcl: diamlerlumcaem.

The [mumsin I 2 ] is chained from Lb: relau'on:

«2 =9". (8)
what: sdpnmnsdscshapcfncmr. Values uftortiwsity upw 2 m ulpecledforbdlasl.

5. RESULTS

Tin: A—wughled cmission spocnum for freighl ltains mulling at 100 bulb is used in [he calculuian of sound lava]
dlfimnccs. This spectrum is determined according to line Dutch Guidcfims for the calculation of noise generqu by
milway um [73.

The numml l)an porosity is assuan In bi: 0.38. With a man 3011:6in diamalm ofsla'ghuy Ins: than 5 cm it follows
from eqmiion (7) that In: flow resistivity is appmximamly ‘20 Nslm‘. 'nw. micsin is assumed to be 1.622 and “It.
13311551!th is 0.5 m.

 

Pig. 1: Geometry ilst in the model mlmla‘iuns
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Fig, 1 shows Ihe geonwu-y assumed for the railway Rack The four nais: sums walla! are:

I therailondmncarsidcoflhen'ack ' memlsunmmsidcofflwmk

' marailunlbeflrSidcufflmirmk ‘mcwheelsnnmefarsidenfflwmk.

The rail hoist: mum are modelled as infinite line slum 0.2 m above Iii: ballast surface. Noise radiated by Ilia

wheels is repainted by infinii: line mamas located 0.1 m Ibove the surface. The amenualion is calculnwd from the

wiselavnl nt'lj minfimnialdistanmfiumfimwnneafihcmkand 1.3 mhsightnbovemerlithTh: liaigmund

mismhdmmmmsslandusingn=0.4.q= LSlll andc=2mm0Nym‘andaninflnire layu

Ihickmsm In (hr. following. mulls showing the efiezt of nunnal ballast modifications will be prescniad. Th: level

difference bum the sinminn with normal ballmud the simafion with modified ballast is shown in each subsequent

figure. The level differs-m has Ewen calculated for each of the noise scum seplramly, Negative valuas for the lave]

difiewnwconcsponfimlowunoiselnvels hittmcaseofmndifiadballm. In general.th:impaclnfanwdificaiion wiil

be grams: for sound [swaying along distance uvcr ballast Wm. in: nmdificalicns will have ih: lm'gesl affect

on noiseimilmdbydam-ailonfliefarside.m:i¥ectnfflnumelonllwnmrsideisiinuied since“): noiseenuned

from Ibis wmwisnatmnecindfinmflmbanmsmfmain rhedimtinn nflh: receiver.

      

Fig. 2: Nokelevel «inference as Immof flu Iluw resistivity I: Q = 0.38; q = 1.622; laytl'
W5=05m.

The flow rcsisljvity can be changed by choosing a disuribmiu of smalls: or larger smug sizes, as can be seen from

equation (7). The affix: offlow misdvily ondis lcvcl dim is Shawn in Fig, 2. An mamas: of I]: How msisliva‘ty

leads in improved noise lamination, When m: flow resistivin tenths: a value U! 1060 Nym' in mm, I31: noise is nm

much fin-Line: luluoed.
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—0— near wheel ,

 

“- ‘1 -fnl when!

             

Fig. 3: Noise-level difiereuce as a fimction 9131:7511qu n; a = 20 Nslm‘: q = 9“; layer
tlflckn .. 0.5 m'.‘

           

Fig. 4: Noise-Ian! diflfl‘enee as a function of the layer this-knew; (1: 03!;
0' = 20 Ndm‘; q : 1.622.

The pumsity 13f hall-ME is delen-nincd by 111: uniformity uf the distribution of the slant size. lht'. rate of compacrjun. and
me typical shape ofthe sluncs. The wnuns‘uy is a function of pnmsily and shape factor (Se: equauun (8)) The effecl or
varying the porosity Ls shown in Fig. 3‘
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Fig. 5 Noise-Incl dilfemce u a function at the fmctinn of the total ballast (News Ml. ls manila by the

button; layer. Tap iayer. (I: 0.38; a: 20 Nslm‘; q = 1.62; Button laycr: II: 0.33;

u=5|N| Nshn‘; q = 1.622.

Optimal allanuation of noise emiimd by [he [ails can be achieved by choosing B material fur which ill: porosity is as

large as possible. However, a porosity laryn- than 0.4 is difficult to achieve and does nut give rise to a mum improved

aimnuaunn of railway noise. Additional calculations not presenlbd hare show lbal changing lhe lomausity dons nni lead

[0 a up! anmuatinn increase. Funknnore, mdifications ln ihese parameters do not have a large effect on noise

propagating [mm a higher source. Ilicxcasing Ilia lays: lhiclcnass lo mare man 0.5 m docs not have a large effect on the

misc level as can be seen in Fig. 4. The amnuatinn sums to (increase for a layer d-iickmss smallnr than 0.5 in However.

lh: nlmnuazion shnws a dam increase when [he layer Business becoan smaller than 0.7. TIL case which is nm at

rclcviant nt railway blllasL For stones with a mean dinner on [11: unit/r of a centimdlre, lh: flaw misfivity is 25 limes

as large as {at normal ballast (See equalion (7)). Fig. 5 shows the effect of using two 1:1de beallasl where the tap

layer is taken tn be nutmal ballast. and Ill: bcumm layer mnsisls of stones climate 5 Lizms small". The Emotion of the

total layer height that is occupied by the bottom layer is varied in invesfignu the effect on Ilia noise amnnnfion‘ It is

found 613! lb: amnuation can be Lingmvcd by nmdit'y'mg the ballast only in pm of the Llyer, The same misc: reduction

as obiained when modifying all of the ballasl can he achive within 0.2 613 by modifying the Icich or upper 75% of

llu: ballast.
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Hg. 6: Ballast with protrusion tip to 0.3 m akav: the surface.

Fig. 6 shows outlast profiling a small protrusion beside the sleepers. The height ofti'te protrusion is 0.3 m and the
embonkmcnthasbomtmdeflfimwideronbodtsidesinordermkocpflnslopepmviouslyused,fltemotmical
parameters are chosen to represent normal ballast. In table 1 the noise level difference is presented for the two cases of
protrusion height: 0.2m and 0.3m when compared to normal ballast without it has been assumed in the
calculation that noise transmitmd through the protrusion is negligible.

 

It is not surprising that the effect of tin: protrusion on noise ontittnd by the wheels is However, rail noise
emission can be attehusred significantly by use of small ballastpmlrusiom. the ballast protrusion acts as a noise shield,
andtheeffectislargestforttwrailonthonearsideotdtemiiwayuuk,

6 CONCLUSIONS

The design of the ballast can be improved to rectum railway noise, but the impmvelncnl is limited due to the
intrinsic sound absorbing nature of ballast. larger porosity and larger flow resistivuy lead to lower noise levals. The
porosity can be increasai by using stone sizes as uniform as possible and by compacting No improvement can be
obtained with a porosity above 0.4. Decreasing the stone sizes increases the flow resistivxty but might Impede
drainage. Small stones might also be too sonsitiv: Lo the air displaceth created by passing trains and the choice of
size t5 therefore a compromise between optimum acoustical properties and engineering demands. Part of this
problem might be solved by a composite arrangement in which the top 25% of the ballast bed is made widt normal
stones but the lower 75% of the ballast bed consists of stones that are 5 times smaller than normal. This should
achieve a noise reduction almost oquivalent to the one obtained with ballast containing only the small stones.

Fran-LOA. Vol 20 Part 1 (1995) 193

  



Proceedings of the Institute of Acoustics

PREDICTED ACOUSTLC EFFECTS OF RAILWAY BALLAST

Further reduniitm uf railway noise can be achieved by ballasl profiling \vilhour. Ll): need of mudifying the ballast

mam-i3]. Small protrusions beside the sleepers show some shielding of the noise emilled by the rails. Greater noise

reductinns seem possible by profiling than by optimising punisin or flow resistivity However. die results are based

on (he assumpticm of negligible sound iransmiss‘mn through the protrusions. The mndel should he improved by

allowrng nammission mmugh Ihc protrusions; It was shown Lhal increasing flow resistivity and ballast thickness

independently lead to increased attenuation. bul mare caiculalions are needed to verify that it is possible In optimise

badr simu] mucousiyl
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