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THE EFFICIENCY CALCULATION METHOD

FOR NOISE BARRIERS LOCATED ON

BRIDGE STRUCTURES

ABSTRACT

The paper investigates the traffic flows noise
reduction by means of noise barriers located on
bridge structures (bridges, viaducts, overpasses etc.).
The paper sets and solves the analytical problem of
finding the acoustic efficiency of the sound-reflecting
acoustically rigid barrier on an near-by territory
that needs noise protection and is located below the
linear noise source. The proposed mathematical
design model takes into account the sound-reflecting
acoustically rigid half-plane (the roadway of bridge
structure) influence on the noise barriers acoustic
efficiency. Based on this analytical study results, it is
found that the acoustically rigid roadway influence
on the barrier efficiency is rather negligible for
points located above the structure roadway level
in the acoustic shadow zone and the results of the
barriers efficiency calculations using the well-known
Maekawa’s method and the method proposed in this
paper are the same for this zone. In the acoustic
shadow zone located below the structure roadway
level, there is an area of the reduced barrier efficiency.
This is not consistent with the fixed stereotype
that with increasing the acoustic shadow angle the
barrier efficiency only increases. For this sound field
zone, there are significant differences between the
calculation results obtained by the Maekawa’s method
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and the method presented in this paper. The results
discrepancy found in the calculations for this acoustic
shadow zone is determined by the linear sound source
shielding by the bridge structure roadway itself, which
is taken into account in this calculation model. This
is a new analytical result confirmed by the laboratory
experimental studies of the noise barriers acoustic
efficiency using the physical models.

KEYWORDS: bridge structure, noise shield, sound
field, acoustic efficiency

METOJ PO3PAXYHRY AKYCTHUYHOI
E®PERKTHBHOCTI IIYMO3AXHCHHUX EKPAHIB
HA MOCTOBHX CIIOPYZAX

AHOTAIIA

Crarrst HpUCBsiYeHA 3HIDKEHHIO IIYMY TPaHCIOP-
THHX IIOTOKIB 3aCTOCYBAHH M IIYMO3AXHCHHUX €KPAHIB,
BCTAHOBA€HHUX Ha MOCTOBHX CcHOpydax (MocCTax,
BiagyKax, IIASIXOIpPOBOJax Tomio). B crarri mocras-
A€HO Ta PO3B’SA3aHO AHAAITUYHY 3a4a4y 3 BU3HAYCH-
HA aKyCTHYHOI €PEeKTHUBHOCTI 3BYKOBIJOMBHOTO aKy-
CTHYHO ;KOPCTKOTO €KpaHa Ha HMPHAETAIH TepuTopii,
mo noTpebye IIyMO3aXHCTy 1 3HAXOAUTLCA HHKUE
AlHIIIHOTO JKepena mymy. IIpegcraBaeHa pospa-
XYHKOBA MaTeMaTHYHa MOJEAb BPAXOBYE BIIAUB Ha




AKyCTHYHY €(EKTHBHICTh IIYMO3aXHCHOTO €KpaHa
3BYKOBIZOMBHOI aKyCTUYHO KOPCTKOI IIBIIAOIJHHHU
— IIOAOTHA MOCTOBOI CIOPYJAH. 3a pe3yAbTaTaMH
AAHOTO AHAAITUYHOIO JOCAIAKEHHS BCTAHOBAEHO,
0 AASA TOYOK B 30HI AKYCTHYHOI TiHi, PO3TaIIO-
BAaHUX BHUIIE PIBHA IIOAOTHA CIOPYJH, BIIAHB aKy-
CTHYHO KOPCTKOTO IIOAOTHA Ha €(PEKTHUBHICTb €Kpa-
Ha € HE3HAYHUM 1 JAA IIi€l 30HH PE3YABTaTH PO3-
PaxyHKy e(peKTHBHOCTI €KpaHiB 3a BIJOMHM METO-
AoM MaekaBu Ta METOAOM, BUKAAQAEHHUM Y LM CTATTI,
3biratoTbcsA. B 30HI akycTHYHOI TiHI, pO3TalIOBaHOI
HIKYE PIBHA IIOAOTHA CIOPYAHU, BiA3HAYAETHCA
HasABHICTb OOAACTI NMOHUKEHOI €PEeKTUBHOCTI eKpa-
Ha, IO HE Y3ro4KY€ETbCA 31 CTAAUM CTE€PEOTHIIOM, IIIO
1pH 36IABIIEHHI KyTa aKyCTUYHOI TiHI, €pEKTHBHICTD
€KpaHa TIABKH 3pocTae. /Ad 1ii€i 30HH 3BYKOBOTO
MOAS HasABHI CyTTEBI PO30GIKHOCTI MIK pe3yAbTaTa-
MH PO3PaxyHKy, OTPUMAHHX 32 MeToZ0M Ma€KaBH i
METOAOM, IIPEACTABACHHM Y JaHiil crarTi. Buasaena
HEY3TOJ/KEHICTh y Pe3yAbTaTaX PO3PaxyHKy B JaHiit
30HI aKyCTUYHOI TiHI BH3HAYAE€TbCA BIIAMBOM €Kpa-
HYBaHHA AIHIHOTO JK€peAa 3BYKY CAMUM IIOAOT-
HOM MOCTOBOI CIOpYAH, BPaxOBaHHM Yy JaHii
po3paxyHKOBiii MogeAl. lle € HOBUM aHaAITHIHHM
pe3yAbTaTOM, MIATBEPAKEHHM AabopaTOpHHMU
€KCIIEPUMEHTAABHUMH JOCAIAKEHHAMH AKYCTHYIHOI
€(pEeKTUBHOCTI IIYMO3aXUCHHUX €KpaHIB Ha (PI3HYHHX
MOJEASIX.

KAIOYOBI CAOBA: MmocTOBa ciopyda, IIyMO3axHuC-
HHIl €KpaH, 3BYKOBE IIOA€, AaKYCTUYHA ePEKTHBHICTH

INTRODUCTION

Each year the environmental issues become more
acute in the world and attention is increasingly focused
on their resolution. One of the most problematic
is the noise reduction in the residential areas and
in places of permanent people staying, because
the excessive noise levels have the same degree of
negative influence on human health as such factors as
water and atmosphere pollutions.

The most widespread and intense sources of
an excessive noise include industrial enterprises,
construction sites, traffic flows etc. According to some
reports [1, 2], just the traffic flows pollute up to
60-80% of the large cities territories with the excessive
level noises, and in the villages located along the
highways they are almost the only source of excessive
noise.

It is also unfavorable that with every passing year
the traffic volumes increase leads to the persistent
noise levels rise. One of the most effective acoustic
and construction means for the traffic noise reduction
in near-by territories is the noise-protecting barriers
use. The noise-protecting barriers use is one of the
most effective acoustic and construction means for the
traftic noise reduction in near-by territories and the
only noise protecting means for the bridge structures.

The study of the influences of the barrier structural
parameters, as well as of the relative locations of
the sound source, barrier and noise protected zone
has begun since the 50s of the last century and
continues to nowadays, as is evidenced by numerous
publications [3-10]. Most publications devoted to the
noise barriers efficiency calculations are based either
on the experimental studies carried out by Maekawa
and his students from the late 1960s to the early
1970s or on the approximate numerical methods [3,
11]. However, for screens arranged on the bridge
structures there are significant discrepancies between
the calculations results obtained when using those
methods and the field measurements results.

In this regard, the qualitative assessments of the
noise barriers efficiency depending on their design
parameters and arrangement location, as well as their
acoustic efficiency enhancement remain extremely
important and actual.

Thus, the work purpose was to develop a refined
computational model for calculating the acoustic
efficiency of noise barriers, installed on bridge
structures, with an aim of determining the traftic
flow noise reduction in adjacent areas located below a
linear noise source.

PROBLEM STATEMENT

One of the unsolved problems is the acoustic
efficiency determination for the noise barriers
installed on bridge structures.

The acoustic field determination by mathematical
means is based on the Helmholtz equation solution
for an area around the “barrier-linear sound source-
half-plane” system. It is reasonable to apply the
finite regions method for the solution finding. Based
on this method, the region, where the equation
solution should be found, is divided into a number of
canonical domains with boundary conditions, which
in the equation can be solved, and then the separate
regions should be "sewn" along the corresponding
boundaries according to the force and kinematic
components.

Thus, the problem arises to define the acoustic
field created by the linear sound source in a form
of an infinitely long cylinder with a radius much
smaller than the wavelength. This sound source
operates at a zero vibration mode (is pulsating) with
a circular frequency » and is at a distance g above an
acoustically rigid half-plane. The acoustically rigid
barrier having a height % is located at the arbitrary
angle ¢ to the horizontal at a distance b from the
linear sound source. Behind the barrier there is an
acoustically rigid plane with an arbitrary inclination
angle # (Figure 1).

ANALYTICAL SOLUTION

The Helmholtz equation for the oscillation speed
potential @ in the polar coordinate system on the
plane has the form:
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Let’s split the space around the barrier into three
parts (Figure 1). Partial region I has the appearance

of the area outside a circle of radius &2 with the
following boundary conditions:

(2)

oD 0=0,r>h
00

—=0 for
O=rn+p,r>h

The partial solution can be represented in the
tollowing form [12]:

0,(r.0) =[ 4, 1" (kr)+ B, H (kr) | x

x[C, cos(b8) + D, sin(b0)], (3)
or
@,(r,0)=[ 4,1,(kr)+ B, N, (k) | x
x[C, cos(b8) + D, sin(b0)] |, (4)

where and henceforth, H,” , H,” , J, and N, are the
symbols of cylindrical functions, namely, Hankel
functions of the Ist and 2nd kinds, and Bessel and
Neumann functions, respectively; and k=w/c is a wave
number.

Using partial solutions of the type (3) with the
Sommerfeld condition being taken into account and
using the boundary conditions, we obtain:

© H(l)
©, = Z 1 ,( kr) cos(6m0) ,  (5)
m=0 () (kh)
where § — 4

T+ p
Similarly, for partial regions II and III we can

write:

> J
®,=>B,- s )cos(5n6’) (6)

=, k)

T
where 5 —
0{

8

I, (kr)
D, =>C,- bﬂ' cos(8,q(0—a)) . (1)
q=0 §3q (kh)
T

T+f—-a

The diffraction of an infinite cylindrical sound
source of small wave dimensions located in region
I on a wedge with acoustically rigid surfaces and an
opening angle n+f, that is, when A <7, is described by
the following expression [13]:

where 0, =

5 Zs HS) (kry) T, (kr)cos(8,m0 ) cos(8m0), r=>r
L) m=0

0=

(0]
2|3 e B k)1, Gl cos (5m) Y eos (mB). 7 <. (8)

1,m=0
where & = .
2,m>0

Then the field in region I can be written in the
following form:
D, =D, +D,

or based on expressions (5) and (8) the following

formula is obtained:
= HY (kr

D, =>4, Hanllr) cos(5m0) +
= H(”'(kh)

B zgm HY) (kr)J 5, (kr)cos(8,mé;)cos(6,mb), r>r;
1| m=0

ng HY) (kr)1 (ki) cos(6,mb;)cos(5,m0), r<r;, (9)
m=0

where @, is the oscillation speed
potential in region I with an
allowance for the sound source

S field.
The conditions for connecting
the fields at the borders can be

| 2
—_ ~~
P P S
/ \\
/ h I \
/ r \

/ n\

I 9 g
| m < 5 J

\ © b _

written as follows:

DO, =0,+D

r=h,
96[0,(72'+,B)] ,

1 >

(10)

Figure 1 - Computational geometric model of a sound-reflecting
barrier installed on a bridge structure.
S - linear sound source; P - reference point
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If the values (5) - (7) are inserted into the system
of equations (10) and (11), the following expressions
are obtained:

. r=h, 0¢c[0,a]

, r=h, 96[0!,(7[+ﬂ)] (11)

253 Z HY (kr) 1,5, (ki) cos (3,m0 ) cos (8,m0) +

HY (k)

os(o,ml) =
H(”'(kh) (5m6)

© I (kh
=y B~ (k%) cos(6,n0)+

n=0 ngn’ (k]’l)

= Js (kh
+Z decos[é;q(@ —%D ;

0 T (kh) (12)
7‘25 H) (kg ( @m(kh))'cos(z’)‘lm@)cos(5lm9)+
B iBncos(@na), 0e[0,a]
+Y_ A4, cos(6,m0) = ;0
" >, cos[é}q(&——)} Oe(a.(r+p)]-
" (13)

After the functional relationships algebraization
procedure with taking into account the orthogonality
of the corresponding functions sets, the following
equations system in the unknown coefficients A, B
and C form is obtained:
54, Han () 5y Jo ()
" HY) (kh) o= 245
__ by 0

m= T em

o, (kh)
_ZCL/JM*] =

1, (k) S

(kry)Js,, (kh)cos(8,mb;)I,,,

ZAm[mv _ZBnlm -0= _%i

m=0 n=0 m=0

m=0

HY) (kry)J,,, (kh)cos(8mbs)1,,

ioA”’I'"g —0- 2Cq1qg =T Z Hfsllln kl’9
m=( 4=

m=0

s (KR) oS (SmO ),

(14)

where
7+p

L. = j cos(6,m0)cos (6,u0)d0 =

(ﬂ+ﬂ),
= (7T+ﬂ)/2, u=m=#0
0, u#m

u=m=0

L, = J.cos(é‘znﬁ)cos(&l,u@)dﬁ ,
0
T+p

I, = j cos(8,q (0 —a))cos(5,u6)do

a a, 77=n:0
I, = jcos(52n9)cos(52n9)d9 =lal2, n=n=0,
’ 0, n=#n

cos(8,m0)cos(5,n0)d0,

SN
Il
O =R

ﬁjﬁcos(élmé’)cos( s 0-a))d 6,

a

I, = ”rcos(&q(e—a))cos(53g(9—a))d@ =

a

T+pf-a, ¢=q=0
=(z+p-a)/2, c=q=#0
0, ¢#¢q

The algebraic equations infinite system (14) is
solved by a reduction method.

CALCULATIONS RESULTS ANALYSIS

The sound field determined by the expressions (6),
(7) and (9) and obtained based on the equations system
(14) solution will be analyzed without considering the
earth influence for the assessment of the efficiency
(AL, dB) of the noise barrier located on the bridge
structure. The noise barrier efficiency is determined
as the sound pressure levels difference in the acoustic
shadow zone points:

|p1|
|p2|

where L, and L, are the sound pressure levels, dB, in
the acoustic shadow points without and with a barrier,
respectively; p, and p, are the sound pressures, Pa,
without and with a barrier, respectively, determined
by the following expression:

AL=L —-L,=20lg:— (15)

o0
P =P o

where p, is the environment density.

In Figure 2, for the field of a linear sound source
located on the bridge, the sound pressure levels
dependence on the angle (0) of the reference point
location, without any barrier and with a vertical
acoustically rigid barrier (the reference point radius
vector rotates counterclockwise and at zero degree is
in the bridge roadway plane) is presented.

The linear source sound field without a screen is,

(16)

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «<HAYKA TA BYJIBHULITBO» 4(22)'2019



R=8m

o

: zone). In this zone there are the

T 1 : 1
llluminated area Acoustic shadow zone

interference phenomena due to the

in

=)

sound reflection from the bridge

o

roadway and acoustically rigid noise

| Efficienccy |

7
/

barrier;

Minimum
efficiency

v

]
O

LS

Level of sound pressure L, dB
fie .
S

o
S

4 7—

IT is the half-space in the acoustic
] shadow zone, limited by the line of
sight, barrier and maximum barrier

-35

efficiency line. With the reference

—— Wiheut_barer A N . e Yo

40

point angle increasing in this zone
the barrier efficiency monotonously

With barrier of 3m high I

45

R — increases to its maximum value.

Line of sight

i The maximum acoustic efficiency

NS

-50
0

30 60 90 120 150 180

Angle, degrees

210 240 270

line is above the bridge roadway
level and is inclined at an angle to

300 330 360

Figure 2 — Sound pressure levels around the “barrier - half-plane - the horizon. Its exact direction and

linear sound source” system without and with a barrier

on the whole, almost uniformly decreasing with the
reference point angle increase (the distance from
the source increases). However, between the sound
source and half-plane edge (the bridge roadway
edge) there is an area, where the decay uniformity
is disturbed and the minimum sound pressure zone
is observed ("MIN"), from which the sound pressure
level increases towards the sound source (which is
natural) and towards the half-plane edge. This fact is
caused by the interference of the direct sound from
the source and the sound reflected from the half-
plane edge. For points below the bridge roadway,
the bridge structure roadway becomes a barrier itself
and the sound pressure level drops rapidly.

The sound field of this linear source with
the barrier is much more complicated. In
the illuminated zone area, between the noise
source and the barrier, a sound field explicit
interference pattern with periodic changes of the
sound pressure minima and maxima is observed
and the pattern configuration depends mainly on
the frequency and distance between the sound
source and barrier.

As can be seen from Figure 2, the barrier
acoustic performance is observed even in the
illuminated area (highlighted by a dotted
rectangle). When the reference point moves into
the acoustic shadow zone, the barrier efficiency
continues to increase and reaches its maximum
("Efficiency"). With the further increase of the
reference point angle (below the bridge roadway),
the minimum acoustic efficiency area ("Minimum
efficiency") is observed, after which (with the
angle increase) the efficiency gradually increases
again.

The whole space around the “barrier - half-
plane - linear sound source” system can be
divided into the following characteristic zones
(Figure 3):

I is a half-space bounded by the line of sight,
barrier and the bridge roadway (illuminated

location depends on many factors
(barrier inclination angle and its
distance to the sound source, sound frequency, etc.).
The barrier height dependence is negligible;

III is the half-space between the directions of
maximum and minimum barrier efficiency. In
this area, the barrier efficiency monotonously
decreases (with the reference point angle increase)
to a minimum value. The minimum efficiency line
direction is also practically independent of the
barrier height;

IV - is the half-space limited by the minimum
barrier efficiency line and the reverse side of the
bridge deck surfacing. In this zone the noise barrier
efficiency gradually increases again.

line of sight 1
I
\\\\\
The line of maximum P
efficiency ke
\\D S

111

The line of minimum IV

efficiency

Figure 3 — The characteristic of the sound field
around the “barrier - half-plane - linear sound
source” system: a — barrier inclination angle;
0 — acoustic shadow angle; y — minimal barrier
efficiency line angle
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CONCLUSIONS

The article presents a mathematical model for
calculating the acoustic efficiency of noise barriers
installed on bridge structures. The barriers efficiency
characteristics obtained by this method not in all
acoustic shadow zones agree with the traditional
notion that the screen performance monotonically
increases with the increase of the Fresnel number.

The generally accepted Maekawa’s design model
[3] is based on the fact that the sound source is
located in a free space and the only obstacle to the
sound propagation is the noise barrier. For such
problem formulation, the barrier efficiency uniform
dependence on the Fresnel number is quite natural.

The design model discussed in this paper is slightly
different from the Maekawa’s model, because, in
addition to the barrier, it takes into account the
presence of an acoustically rigid half-plane, such as
the bridge deck surfacing.

The analytical study found out that the results of
calculating the barriers acoustic efficiency determined
by these two calculation models agree only in the
acoustic shadow zone located above the bridge
structure roadway. Significant differences were found
tor the acoustic shadow points below the bridge
structure roadway level. The barrier efficiency at these
points (if a Fresnel number significantly increases) is
actually much lower than the values that could be
obtained by the Maekawa’s method.
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