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INVESTIGATION OF ASYMMETRIC EDGE DIFFRACTION 
FOR ACOUSTIC BARRIERS  

Mihai BUGARU1, Marian NEAGOE2 

The paper aims to investigate asymmetric edge diffraction for acoustic 
barriers designed for automotive and railway traffic noise attenuation. For this 
purpose, it was used the Modified General Prediction Method (MGPM) is already in 
use for the estimation of industrial noise. If MGPM gives satisfactory results for 
reducing industrial noise, it can also be used to estimate noise reduction if the noise 
pollution is caused by automotive and railway traffic. Based on this aspect, some 
geometrical aspects of asymmetric edge diffraction were optimized. The predicted 
values were compared with experimental data in the literature, and agreement was 
found.  
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1. Introduction 

The present paper presents a detailed investigation of an asymmetric edge 
diffraction mounted on a rigid acoustic barrier designed for automotive and railway 
traffic noise attenuation. The study comprises the optimization of the asymmetric 
edge diffraction using the Modified General Prediction Method (MGPM) 
developed by the authors in previous research[1]. The MGPM can be applied 
directly for symmetric edge diffraction (see Fig. 1) but must be modified for 
asymmetric edge diffraction. In general, asymmetric edge diffraction is used for 
attenuating industrial noise, as mentioned by Okubo and Fujiwara in [2], but the 
authors of the paper analysis also the possibilities of using such types of edge 
diffraction for automotive and railway traffic noise attenuation(AARTNA).  

 
Fig. 1. Symmetric edge diffraction 
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 The MGPM [1] is a modified version of the general prediction method 
(GPM), the GPM being presented in detail in the standard ISO-9613[3]. The noise 
attenuation of the barrier, enhancing the GPM, is computed based on the Kirchhoff 
diffraction theory, which implies that the Huygens-Fresnel theory is applied to a 
semi-infinite acoustic thin, rigid barrier (SIATRB). The Maekawa-Tatge 
algorithm[4,5] and Kurze&Anderson model[6]  realize similar data since they 
compute the noise attenuation using the Fresnel number 1N . This aspect involves 
the phenomenon of “the effect of the relative position of the receiver from the 
source”[1]. The GPM includes two phenomena: “the impact of the relative position 
of the receiver from the source and the downwind meteorological effect”[1]. 

As mentioned in the paper [1], “the best-predicting method for noise 
attenuation prediction in the case of a thin, rigid semi-infinite acoustic barrier is the 
MGPM”[1], already certified by the experimental data published in the literature 
[7,8]. The MGPM is an improvement of GPM by inducing new acoustical effects, 
such as “the proximity of the source or the receiver to the midplane attenuation due 
to geometrical divergence”[1,9], “ground absorption-reflections”(GAR)[1,10], 
and “atmospheric absorption”(AA)[1,11,12]. This research aimed to provide a 
modified version of MGPM for asymmetric edge diffraction (AED) mounted on a 
SIATRB designed for AARTNA. 

2. The modified version of MGPM enhanced for AED  

Figure 2 illustrates an SIATRB with the height H , an acoustic source (AS)  
with the coordinates 0 S( , y ) , an acoustic receiver (AR) with the coordinates

( )R S Rx x , y+ , and an AED with the geometry details.  

 
Fig. 2. An SIATRB with an AED mounted on the top.  
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 The MGPM considers the attenuation introduced by ground absorption 
reflections, and for this, the most convenient model is the Delany-Bazley model 
[10], resulting in the modified wavenumber modk  due to “the effect of ground 
absorption”[1] 
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where f  is “the pure tone frequency”(PTF)[1], eσ  is “the effective flow resistivity 
of the ground”(EFRG)[1,10], and c is “the sound speed in the air”(SSA)[1].  Based 
on the Kirchhoff-Fresnel diffraction theory [13]( pp. 113–147), the Fresnel numbers 
of the AS and the image of the AS, respectively AS’ (the symmetric geometric point 
concerning the plane of the barrier) are 1 2N ,N , given by the relations 
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where 1 2,δ δ  are the distances defined by the longest propagation way of the 
acoustic wave and the shortest one, respectively (AS →A →B →C →AR) - (AS 
→AR), and (AS →A →B →C →AR) - (AS’→AR), defined by the expressions 
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where 1d is the distance between the points AS and AR(respectively (AS→AR)), 
while 2d  is the distance between the points AS’ and AR(respectively (AS’→AR)). 

Because the GPM [5,6] provides a relation for the sound attenuation based 
on a modified Fresnel number 1

'N  as mentioned in ISO 9613-2 [3], taking into 
consideration a correction factor for the downwind meteorological effect Kmet , the 
MGPM considers the same correction factor thus, yielding the relations 
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 The MGPM also considers(see [1]) the AA using the Larsson model [11], 
which induces in the predictive model the following effects: sound frequency, air 
humidity, air temperature, and pressure, using an attenuation coefficient αaa, 
expressed in dBA/m, described by the relation 
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where the significations of the terms are explained in detail in [11,12].  
 Considering all the aspects mentioned above, expressed by the relations (1)-
(5), the sound attenuation proposed by MGPM [1] when using an SIATRB for 
AARTNA with an AED is given by the equation 
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 To have the diffractions directions that induce the sound attenuation in 
conformity with the mathematical algorithm generated by the expressions (1)-(6), 
it is necessary to impose certain simultaneous geometrical restrictions as follows 
1. point A must be “over” the direction line AS→B, 
2. point C must be “over” the direction line  B→AR, 
3. [ ]0 5 0 9h a,h / a . , .ς< = ∈ . 

Condition 2, for an existing condition three true, is satisfied if  
α γ π+ ≤ ,                                                          (7)  

while condition 1 is satisfied  for 
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 Condition 3, together with relations (7) and (8) and the expressions of the 
coordinates, A A B B C Cx , y ,x , y ,x , y  define from a geometrical point of view the 
existence of an asymmetric edge diffraction(AED) for an SIATRB designed to 
obtain a convenient AARTNA. The aspects mentioned before are valid for the 
angles , ,α β γ satisfying the conditions 
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and the attenuation is computed using the algorithm given by equations (1)-(6), 
representing the first part of the investigation. The second part of the investigation 
the angles , ,α β γ satisfy the conditions 
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but the attenuation is computed in this case by modifying equations (3) and (4) due 
to modifications of the propagation way for the acoustic wave that are (AS→E→
A→B→C→AR)-(AS→AR), respectively (AS→E→A→B→C→AR) - (AS’
→AR), defined by the relations  
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where 1 2d ,d  has the same significations as for relation (3), and the modified Fresnel 
number 1

'N , as mentioned in ISO 9613-2 [3], taking into consideration the 
correction factor for the downwind meteorological effect Kmet , is defined by the 
equations 
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 In this second case, the sound attenuation proposed by MGPM [1] when 
using an SIATRB for AARTNA with an AED is given by the equation 
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where 1
'N  is determined using equations (1), (2), (15), (16), and for the last equation, 

in addition, is used equation (5). It can be concluded that the mathematical 
algorithm in the second case to compute the AARTNA using an SIATRB with an 
AED is given by the equations (1), (2), (5), (15)-(17).          

3. Optimization of the AED 

Figure 2 illustrates an AED mounted on the top of the SIATRB designed 
for AARTNA, and the geometrical data characteristics of the AED and the SIATRB 
are mentioned in Table 1, while the angles α, β, and γ are variable and need to be 
optimized.  

Table 1 
Geometrical details of the AED and the SIATRB 

H
[m] 

Sx [m] Sy  [m] Rx  [m] Ry  
[m] 

a  [m] h / aς =  

4 3.0 0.4 2.0…50.0 1.5 0.20 0.5…0.9 
 

Using equations (1)-(6), for the first case defined by the conditions (9)-(11), 
and the equations (1), (2), (5), (15)-(17), for the second case defined by the 
conditions (12)-(14), it was developed MATLAB software to calculate the 
AARTNA for the SIATRB with AED.  

Figures 3-6 illustrate the noise attenuation for the first case considering
25 0Rx .= m, the sound’s PTF 1 0f .= kHz, the EFRG 51 0 10e .σ = ⋅  Pa·s·m−2, 

0 5 0 9. , .ς =  and the angles range 0 0 0 0 01 129 1 51 1 max, , , , ,α γ β β     ∈ ∈ ∈      (for maxβ  see 
(8)).    
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a.  b.      
Fig. 3. Noise attenuation for PTF 1 0f .= kHz, 0 5. ,ς =  a. 010 ,γ = b. 020 .γ =  

a.  b.      
Fig. 4. Noise attenuation for PTF 1 0f .= kHz, 0 5. ,ς =  a. 035 ,γ = b. 050 .γ =  

a.   b.      
Fig. 5. Noise attenuation for PTF 1 0f .= kHz, 0 9. ,ς =  a. 010 ,γ = b. 020 .γ =  
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a.  b.      
Fig. 6. Noise attenuation for PTF 1 0f .= kHz, 0 9. ,ς =  a. 035 ,γ = b. 050 .γ =  

As can be seen from Figures 3-6, for the first case of the investigation, respectively 
for 25 0Rx .= m, the sound’s PTF 1 0f .= kHz, the EFRG 51 0 10e .σ = ⋅  Pa·s·m−2, 

0 5 0 9. , .ς =  and the angles range 0 0 0 0 01 129 1 51 1 max, , , , ,α γ β β     ∈ ∈ ∈       (for maxβ  see 
(8)), the maximum attenuation has the value of 17.64 dBA and is obtained for 

0 5.ς = , 0 0 025 9 10, , ,α β γ= = =  (see fig. 3. a.). Analyzing Figures 3-6, it is evident that 
the ratio h / aς =  has a minor influence on the noise attenuation using an SIATRB 
with an AED mounted on the top. Figures 7-11 illustrate the noise attenuation for 
the second case considering 25 0Rx .= m, the sound’s PTF 1 0f .= kHz, the EFRG 

51 0 10e .σ = ⋅  Pa·s·m−2, 0 5.ς =  and the angles range
0 0 0 0 0 0130 175 50 5 1 179, , , , ,α γ β     ∈ ∈ ∈      , the ratio adopted to minimize the costs.  

a.   b.  
Fig. 7. Noise attenuation for PTF 1 0f .= kHz, 0 5. ,ς =  a. 0130 ,α = b. 0135 .α =  
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a.  b.  
Fig. 8. Noise attenuation for PTF 1 0f .= kHz, 0 5. ,ς =  a. 0140 ,α = b. 0145 .α =  

a.  b.  
Fig. 9. Noise attenuation for PTF 1 0f .= kHz, 0 5. ,ς =  a. 0150 ,α = b. 0155 .α =  
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a.  b.  
Fig. 10. Noise attenuation for PTF 1 0f .= kHz, 0 5. ,ς =  a. 0160 ,α = b. 0165 .α =  

a.  b.  
Fig. 11. Noise attenuation for PTF 1 0f .= kHz, 0 5. ,ς =  a. 0170 ,α = b. 0175 .α =  

 
 Analyzing Figures 7-11, it is evident that the maximum noise attenuation 
has the value of 16.29 dBA, which is obtained for the values 0 5.ς = , 

0 0130 67, ,α β= =  02γ = (see Figure 7. a.). This noise attenuation value is inferior 
with more than 1.3 dBA than the maximum value for the first case, which is 17.64 
dBA (see Figure 3. a.).  Considering the values of the angles, the variation of the 
noise attenuation, and the practical possibility of realizing such an AED, the 
optimal geometry to obtain the maximum noise attenuation of at least 17.6 dBA at 
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25 m distance from the SIATRB for a monopole noise having the PTF f =1.0 kHz 
is  a=0.2 m, h=0.1 m, 0 0 025 9 10, ,α β γ= = = . The results agree with the data published 
in the literature[14,15]. Figure 12 illustrates the AARTNA of an SIATRB (having 
H=4.0 m) with an AED mounted on the top, with geometry characteristics a=0.2 
m, h=0.1 m, 0 0 025 9 10, ,α β γ= = = , for the PTF in the range [ ]0 1 3 0f . , .∈  kHz and the 
receiver having the coordinates  [ ]0 5 100 0R . ,x .∈ m, 1 5Ry .= m.  

 
Fig. 12. Noise attenuation for SIATRB with an AED mounted on the top, 

  0 0 025 9 10, ,α β γ= = = , H=4 m,  a=0.2 m, h=0.1 m, Sx =3 m, Sy =0.4 m, [ ]0 5 100 0R . ,x .∈ m, Ry =1.5 m 

 If we compare the results presented in Fig. 12 with those in the literature 
[15], it can be remarked the agreement. 

4. Conclusions 
The investigations carried out on the AED mounted on the top of an 

SIATRB reveal that the noise attenuation is obtained not only at high frequencies 
but also at low frequencies showing that this kind of edge diffraction is convenient 
for AARTNA. Also, the method used for the investigations, respectively the 
modified version of MGPM, indicates the need to improve ISO standards in the 
field, more precisely, ISO 96312-2[3]. Another original contribution brought by the 
paper is using the new concept of multiple acoustic diffractions [15] in the 
optimization theory for AED. Considering a noise attenuation objective of 17.6 
dBA at a 25 m distance from the SIATRB for a monopole noise having the PTF f 
=1.0 kHz for 0 5. ,ς = it yields the angles 0 0 025 9 10, ,α β γ= = = , using the method 
designed previously. The results agree with the data published in the 
literature[14,15]. With the mentioned geometry characteristic data( 0 5. ,ς =

0 0 025 9 10, ,α β γ= = = ), the  AARTNA of an SIATRB (having H=4.0 m), with an 
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AED mounted on the top, for the PTF in the range [ ]0 1 3 0f . , .∈  kHz, is at least 17 
dB. 

All these previously mentioned aspects and the idea of an international 
innovation patent to protect MGPM represent the novelty of the present research.  
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