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BEM	  IN	  PERFORMANCE	  OF	  NOISE	  BARRIERS

MONAZZAM	  &	  LAM	  (2005) MONAZZAM	  ET	  AL.	  (2010)

• Performance	   of	   profiled	   single	  
noise	   barriers	   covered	   with	  
quadraRc	   res idue	   d iffusers .	  
Applied	   Acous/cs,	   66,	   709-‐730,	  
2005.

• Performance	   of	   environmental	   T-‐
shape	   noise	   barriers	   covered	  with	  
primiRve	  root	  diffusers.	  Archives	  of	  
Acous/cs,	  35	  (4),	  565-‐578.

570 M.R. Monazzam et al.

Table 2. Characteristics of different barrier models.

Models Diffuser
types

(N)
Design

frequency
fr [KHz]

Well width
w [cm]

Sequence Description

T – – – – – Rigid

QR4 QRD 7 0.4 12 {0 1 4 2 2 4 1} “Q” with wells

PR4 PRD 6 0.4 14 {3 2 6 4 5 1} “P” with wells

PR5 PRD 6 0.5 14 {3 2 6 4 5 1} “P” with wells

PR10 PRD 6 1 14 {3 2 6 4 5 1} “P” with wells

PWL PRD 6 0.4 14 {3 2 6 4 5 1}
“P” with wire mesh
(R = 5.7 Rayls (MKS))

PWM PRD 6 0.4 14 {3 2 6 4 5 1}
“P” with wire mesh
(R = 55 Rayls (MKS))

PWH PRD 6 0.4 14 {3 2 6 4 5 1}
“P” with wire mesh
(R = 550 Rayls (MKS))

placed at the coordinate (5, 0), so that it could not be influenced by interferences
between the source and its ground image.

For all of these model types, the fin thickness is assumed to be negligible and
for rigid barriers, where the viscous and thermal effects in the wells are taken
in account, by the method introduced in (Wu et al., 2000). In this study the
dimension of the elements was taken to be less than ∏/5 to give a reasonable
representation of constant surface pressure over an element (Hothersall et al.,
1991). The dimension of a T-shape barrier which is introduced by barrier model
“PR4” is presented in Fig. 2.

Fig. 2. Schematic diagram of side view of barrier model “PR4”.
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1/15-octave centre frequencies between 50 and 4000 Hz at different receiver locations.
The insertion loss at each frequency is calculated as:

IL ¼ "20log10
pðr,r0Þ
Gðr,r0Þ

!!!!

!!!!dB: ð3Þ

Note that because of the mirroring effect of the ground, the IL calculated by Eq.
(3) will be about 6 dB lower than the attenuation of an equivalent semi-infinite bar-
rier (no ground) under the consideration of geometrical diffraction theory. This is be-
cause there are now 4 identical diffracted paths over the barrier that contribute to the
sound pressure at the receiver due to the reflecting ground, while in the absence of
the barrier there will only be 2 contributing paths – the direct and reflected paths.
An illustration of the situation can be found in Fig. 1, and Eqs. (2) and (3) of [8].

4. Results

The performance of a few different shapes of single noise barriers with different
upper edge conditions has been predicted using 2D-boundary element method.
The designs used in the simulations are shown in Fig. 2.

The overall height of all type of barriers is fixed at 3m, which is the same as that used
in [4]. The stem and cap thickness is respectively 0.1 and 0.3 m in all models. The width
of the T top in T-shape barrier is 1 m, diameter in Cylinder is 1 m and the width of each
side of the caps in bothArrow andY-shape is 1m. The angle of the arrow shape barrier
is 60 degrees while the angles for ‘‘Y’’ shape barrier are 30 and 60 degrees.

The above dimensions are similar to those used in previous studies [1,2,4]. Three
different surfaces were used on the barrier including rigid, absorbing and QRD
coverage.

I. Rigid surface: All surface admittances are zero, which is the Neumann bound-
ary condition.

II. Absorbing surface: Only the upper surface of the cap is covered with fibrous
absorptive material. A typical flow resistivity of 20000 N s/m4 is assumed for
the fibrous material. The thickness of the fibrous material is fixed at 0.2445

Fig. 2. Cross-sections of barriers with different top profiles.

M.R. Monazzam, Y.W. Lam / Applied Acoustics 66 (2005) 709–730 713

where n is an integer, N is an odd prime number and fr is the design frequency. Table
1 shows the configurations of the different QRD barrier models. In this table under
the column ‘‘Sequence’’, the sign ‘‘1’’ is for a sequence of 0 1 4 2 2 4 1 and the sign of
‘‘!1’’ is for an inverse sequence.

The lower and upper wavelength limits can also be approximated roughly by [10]:

kmax "
2Ndmax

nmax

; kmin " 2w, ð5Þ

where dmax is the maximum depth and nmax is the maximum number from the se-
quence (n2mod N). Therefore the frequency bandwidth for a N = 7 QRD with well
width of 12 cm is from fr to about 1.4 kHz, e.g. for a N = 7 QRD with maximum
depth of 0.2445 m and a well width of 12 cm the frequency bandwidth should be
from 400 to 1.4 kHz. In practice the frequency bandwidth is slightly wider than this.

In all calculations in this paper the fin thickness is assumed to be negligible. If the
surfaces of the wells are rigid and it is sufficiently wide for viscous and thermal con-
dition to be negligible then the specific input admittance at the open side of the chan-
nel can be represented approximately as:

b ¼ !j tanðkdÞ, ð6Þ

where k is the wave number and d is the well depth.

4.1. Whole surface modelling

As it was mentioned earlier in this paper the main BEM calculation is based on
the assumption that the QRD can be represented by box with a variable impedance
surface. The accuracy of this assumption is determined by comparing a prediction

Fig. 3. Dimensions of the T-shape barrier having a QRD (N = 7 and fr = 1 kHz).

M.R. Monazzam, Y.W. Lam / Applied Acoustics 66 (2005) 709–730 715
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Optimization	  Protocol

ACOUSTIC	  EFFICIENCY	  OF	  THE	  BARRIER

INSERTION	  LOSS	  COEF.	  (IL) EFFICIENCY	  ASSESSMENT

• Broadly	   used	   in	   the	   evaluaRon	   of	  
noise	  control	  measures.	  

!
• Difference	   in	   acousRc	   pressure	  

levels	   before	   and	   aTer	   the	  
inclusion	  of	  the	  barrier.	  

!
• Measured	  in	  decibels	  [dB].	  
!
• Expression:	  

• IL	   values	   collected	   for	   certain	  
values	  of	  the	  domain	  (receivers):
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Figure 1: IL colormap for a 3 m height vertical screen. Noise 
source at (0,0).
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BEM

Domains	  transformaRon

Boundary	  discreRzaRonEfficiency	  assessment
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Classical	  BEM	  Formulation

DEALING	  WITH	  LARGE	  GEOMETRIES

DEALING	  WITH	  THIN	  CROSS	  SECTION	  CONF.

OUTDOOR ACOUSTIC PROBLEM INDOOR ACOUSTIC PROBLEM

Ω

Ω

ΓΓ

PROBLEMS 
RELATED

• Spurious frequencies 
(e igen f requenc ies ) 
related to the indoor 
acoustic problem arise.

• The acoustic efficiency 
o f t h e b a r r i e r i s 
seriously affected.

PROBLEMS 
RELATED

• Numerical integration 
problems may aries for 
volumetric thin barriers.

• The acoustic efficiency 
o f t h e b a r r i e r i s 
seriously affected.

REAL THIN BARRIER IDEALIZED BARRIER
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Dual	  BEM	  Formulation

NULL-‐THICKNESS	  BOUNDARIES

SINGULAR FORMULATION HYPER-SINGULAR FORMULATION

RESULTING SYSTEM OF 
EQUATIONS

PRESSURE AND FLUX AT 
BOTH SIDES

•Introduction

•State of the 

Art

•Optimization 

Protocol

•Boundary 

Element 

Method

•Problem 

Presentation

•Results

•Conclusions

•Future 
Developments



11th World Congress on Computational Mechanics (WCCM XI) 
20-25 July 2014 - Barcelona, Spain, 2014

Table	  of	  contents

05 

Problem presentation

04 

BEM formulation

03
 

Optim
iza

tio
n p

rot
oc

ol

02
 

St
at

e 
of

 th
e 

ar
t

01
   

   
In

tro
du

ct
io

n 
   

   
   

   
   



11th World Congress on Computational Mechanics (WCCM XI) 
20-25 July 2014 - Barcelona, Spain, 2014

Problem	  Outline

Figure 2: Bi-dimensional configuration to be used in the optimization process of thin noise barriers. Distances and dimensions 
expressed in [m].
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Problem	  Presentation

PROBLEM	  OUTLINE

PROBLEM	  DEFINITION CONFIGURATION

• Perfectly	   reflecRve	   both	   barrier	  
and	  ground	  surface	  (βb	  =	  βg	  =	  0).	  

!
• Feas ib le	   reg ion	   defined	   by	  

effecRve	   height	   (heff	   =	   3.0	  m)	   and	  
horizontal	   projecRon	   on	   the	  
ground	  (dp	  =	  1.0	  m).	  

!
• Noise	   source	   and	   the	   receiver	   are	  

1.5	  m	  over	   the	   ground	   and	   3.0	  m	  
away	  from	  the	  barrier. Figure 2: Bi-dimensional configuration to be used in the 

optimization process of thin noise barriers. Distances and 
dimensions expressed in [m].
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Problem	  Presentation

PROBLEM	  OUTLINE

APPLIED	  SPECTRUM CONFIGURATION

Figure 2: Bi-dimensional configuration to be used in the 
optimization process of thin noise barriers. Distances and 
dimensions expressed in [m].

• A-‐weighted	   normalized	   traffic	  
noise	  spectrum	  used	  by	  CTE	  (UNE-‐
EN	  1793-‐3:1998).	  

!
• Study	   conducted	   for	   third	   band-‐

frequencies	   ranging	   from	   100	   to	  
5000	  [Hz]:

• The	   aim	   is	   to	   maximize	   the	   FF	  
value:	  
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Results

DISCUSSION	  OF	  THE	  RESULTS

MODELS	  COMPARISON MODELS	  VS.	  STRAIGHT

• AcRng	   on	   the	   top	   of	   the	   barrier	   is	  
an	  appropriate	  strategy	  to	  minimize	  
the	   acousRc	   impact:	   the	   highest	  
levels	   energy	   get	   trapped	   among	  
the	  boundaries.

• The	   proposed	   barrier	   designs	  
appear	  to	  be	  a	  valuable,	  successful	  
alternaRve	  to	   the	  simple	  screen	  by	  
clearly	   outperforming	   its	   acousRc	  
efficiency	  (over	  15	  dBA).
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5 Results and discussion

Results are shown for the best individual found along the five runs concerning the
optimization processes for each model. The left part of Fig. 5 illustrates the optimum
designs. The fitness function value (FF) is on the upper side of its corresponding barrier
profile. The rightmost graph shows the evolution of the IL for the considered frequential
spectrum for both models and for a 3 m height simple barrier. With the purpose of
facilitating the analysis of the most successfully acoustic strategies, Fig. 6 shows with
colormaps the average IL spectrum for both the region under study and the top edge
geometry of the models. Intuitively, warm colours represent regions with higher sound
pressure levels. In contrast, cold colours represent regions where the sound abatement is
higher as a consequence of the presence of the barrier.

0.5

1.0

1.5

2.0

2.5

3.0

3.5

-0.5 0 0.5

y 
[m

]

x [m]

MODEL A)

FF=23.82 [dBA]

-0.5 0 0.5

x [m]

MODEL B)

FF=22.62 [dBA]

-55

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

5

10

1
0
0

1
2
5

1
6
0

2
0
0

2
5
0

3
1
5

4
0
0

5
0
0

6
3
0

8
0
0

1
0
0
0

1
2
5
0

1
6
0
0

2
0
0
0

2
5
0
0

3
1
5
0

4
0
0
0

5
0
0
0

IL
 [
d
B

A
]

f [Hz]

IL EVOLUTION ALONG THE FREQUENCY SPECTRUM

Simple barrier - FF=6.42 [dBA]
Model A) - FF=23.82 [dBA]
Model B) - FF=22.62 [dBA]

Figure 5: Optimum designs and IL evolution along the frequency spectrum.

! In line with other authors ([13], [14], [15], [16], [17]), acting on the top of the barrier
is found to be an appropriate strategy to minimize the acoustic impact. This is
illustrated by the fact that the highest levels of acoustic energy get trapped among
the top boundaries of the models studied in this work (see right maps of Fig. 6).

! The proposed barrier designs appear to be a valuable, successful alternative to the
simple sound screen by clearly outperforming its acoustic efficiency (over 15 dBA)
for the maximum effective height to be permitted (heff = 3.0m) and the considered
source-receiver configuration.
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Conclusions

•A	   methodology	   for	   the	   opRmizaRon	   of	   the	   performance	  
assessment	   of	   complex	   thin	   noise	   barriers	   designs	   by	  
idealizing	   them	   as	   null	   thickness	   boundaries	   has	   been	  
presented.	  

!
•Two	  noise	  barrier	  models	  have	  been	  studied	  to	  validate	  the	  
method.	  
!

•The	   range	   of	   applicaRon	   of	   this	   procedure	   is	   broad	   and	  
enables	  the	  study	  of	  diverse	  topological	  soluRons,	  including	  
those	  involving	  curve	  geometries.	  
!

•The	   presented	   procedure	   is	   a	   useful	  method	   to	   assess	   the	  
acousRc	   behavior	   of	   thin	   complex	   noise	   barriers	  
configuraRons	  and	  yields	  conclusions	   that	  might	  have	  been	  
hardly	  drawn	  without	  its	  implementaRon.

•Introduction

•State of the 

Art

•Optimization 

Protocol

•Boundary 

Element 

Method

•Problem 

Presentation

•Results

•Conclusions

•Future 
Developments



08 

Future developments

07 Conclusions

11th World Congress on Computational Mechanics (WCCM XI) 
20-25 July 2014 - Barcelona, Spain, 2014

Table	  of	  contents

06 
Results

05 

Problem presentation

04 

BEM formulation

03
 

Optim
iza

tio
n p

rot
oc

ol

02
 

St
at

e 
of

 th
e 

ar
t

01
   

   
In

tro
du

ct
io

n 
   

   
   

   
   



11th World Congress on Computational Mechanics (WCCM XI) 
20-25 July 2014 - Barcelona, Spain, 2014

Future	  Developments

HYBRID-‐BOUNDARIED	  BARRIERS

QUADRATIC	  RESIDUE	  
DIFFUSERS	  (QRD)

WATERWHEEL	  TOP	  
CYLINDERS	  
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