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Chapter 1. State of the Art concerning theoretical & experimental research in the field of
automotive noise attenuation using acoustic barriers.

After detailing the EU-Regulations in the field of automotive noise attenuation using
acoustic barriers, Chapter One deals with the state of the art in this specific field.

The Ph.D. thesis is structured into six chapters:

- Chapter 1. State of the Art concerning theoretical & experimental research in the field

of automotive noise attenuation using acoustic barriers,

- Chapter 2. Anechoic lab investigations concerning noise attenuation using acoustic

barriers,

- Chapter 3. In situ investigations concerning noise attenuation using acoustic barriers,

- Chapter 4 . Modeling noise attenuation using acoustic barriers,

- Chapter 5. Optimization of asymmetric edge diffraction on the top of acoustic barriers

for industrial and automotive/railway traffic noise attenuation,

- Chapter 6. Final conclusions. Contributions. Directions for future research.

In Chapter 2, the acoustic properties of several materials were determined using
experiments carried out in the Anechoic Chamber. To realize this goal, an experimental panel
having the geometry 2m x 1.5 m x 1m, was used.

Chapter 3 reveals the results obtained in situ for different types of materials inserted in the
considered panel.

Chapter 4 presents a detailed modeling analysis for noise attenuation by employing four
different approaches: Maekawa-Tatge Method[G.R.9 -10], Kurze&Anderson formulation
[G.R..11], General Prediction Method(GPM) [R.C.4.1, R.C.4.2] and Menounou Formulation
[G.R.12]. The analysis reveals that the best approach is the Modified General Prediction
Method(MGPM).

Chapter 5 investigates the optimization of asymmetric edge diffraction mounted on the top
of the acoustic design for industrial noise attenuation as well as for automotive/railway traffic noise
attenuation. The method of prediction was considered a modified version of MGPM.

Chapter 6 presents the final conclusions, the contributions, and the future research
directions.

The method of noise attenuation prediction is GPM, based on ISO 9613. This method was
modified considering the next aspects:

- down-wind meteorological effect,

- noise atmospheric attenuation, generated by relaxation frequencies of oxygen and
nitrogen in the air, temperature, air humidity, atmospheric pressure,

- noise ground absorptions-reflections effects,

- edge noise diffraction effects.



Chapter 2. Anechoic lab investigations concerning noise attenuation using acoustic barriers

The Chapter is based on the published articles [GR.20, GR21]. The paper reveals the
experimental research carried out, in the anechoic chamber at the Department of Mechanics of
University POLITEHNICA of Bucharest, to highlight the noise reduction (the acoustic
attenuation) from the source (S) to the receiver (R), using different material layers for the noise
barrier. The tests were performed on an experimental model having the dimensions 2mx1.5m,
considering an incident wave angle of the source with respect to the receiver, having initially a
diffraction angle of 0° (in the shadow field, orthogonal on the plane of the barrier), subsequently
with a diffraction angle of + 45° (angle of the receiver with respect to the direct straight angle of
the source). The experimental results are presented as a function of the internal layers of the
barrier’s structure as well as a function of the incident diffraction angle of the sound wave. The
conclusion of the paper reveals the basic differences obtained by this experimental research.

Acoustic
source

\

; Sonometer
2270 B&K

Fig..2.1. Photos during the tests. [G.R.20; G.R.21]

The noise barrier is made as a sandwich panel with a profiled steel sheet at the exterior having
a width of 0.8 mm, with perforations towards the noise source and the global 2000 mm x 1500
mm, while the steel sheet towards the receiver is plane and without perforations. This structure is
fixed into a frame composed of two steel U-profile columns with perforations, as can be seen in
Figure 2.3. Inside, this sandwich structure contains one central OSB plate having the dimensions
2000 mm x 1500 mm x 15 mm as core and two sheets of phono-absorbent material, one on every
side of the OSB core, having the dimensions 2000 mm x 1500 mm x 40 mm, as can be seen in
Figure 2.3. To establish the noise attenuation efficiency as a function of the structure of the noise
barrier, three kinds of different materials having the same width of 40 mm as in Figure 2.4:

case 1 — expanded polyethylene,

case 2 — recycled polyurethane foam, having a density of 90 Kg/m? (with60% flakes of flexible
polyurethane foam, 30% textile materials, and 10 % binder glue),

case 3 — basaltic wool.

For acoustical data, it was used as an acoustic source (S) a loudspeaker connected to an
amplifier, and a generator of white noise. The noise level was measured in the nearby vicinity of
the source in the opposite side of the barrier, at different points of receiving (R;), using a sonometer
Model 2270 Briel & Kjer. All the data were transferred to a computer to be processed.
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a N lb. ) C.
Fig. 2.4. Types of materials used for phono absorption[G.R.20; G.R.21]:
a. case 1-expanded polyethylene, b. case 2-recycled polyurethane foam, c. case 3 — basaltic wool.

The sonometer used for data recording was placed near the noise source (S) and then in
different positions of the receiver (Ri) at distances of 0.5 m, 1 m, and 2 m with respect to the barrier
at a variable height of 0.5 m; 1 m; 1.5 m from the ground, on the orthogonal direction to the barrier
and inclined with + 45° to this direction, being done 21 recordings for each case 1 to 3. All the
elements were placed on a steel lattice at 0.5 m height above the phono-absorbing surface of the
anechoic chamber.

The scheme of all measuring positions is presented in Figure 2.5.

Fig. 2,5. Scheme of measuring positions. [G.R.20; G.R.21]
For a better understanding all the notations as well as the geometric disposal of measuring points
6



in Figures 2.6-2.8 present the details, for the incident directions with respect to the source position
at 0° and respectively at +45°. The positions of measuring points presented in Figure 2.6, at an
incident angle of 0°, are:
- R1 is placed at a 0,5 m with respect to the noise source (S) at a height of 0,5 m above the
lattice,
- R2,R2’,R2” are the measuring positions placed at a distance of 0,5 m with respect to the
barrier and at a variable height of 0,5 m, 1 m, and 1,5 m above the lattice,
- R3, R3’, R3” are the measuring positions at 1 m with respect to the noise barrier and at
variable heights of 0,5 m, 1 m, and 1,5 m above the lattice,
- R4, R4’, and R4” are the measuring positions at 2 m with respect to the noise barrier and
at variable heights of 0.5 m, 1 m, and 1.5 m above the lattice.
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Fig. 2.6. Positions of the measuring points for an incident angle of 0° (lateral view; view from above).
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Fig. 2.7. Positions of the measuring points for an incident angle of +45° (lateral view; view from above).
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Fig. 2.8. Positions of the measuring points for an incident angle of -45° (lateral view; view from above).

The positions of measuring points presented in Figure 2.7, at an incident angle of +45°, are:

R1 is placed at a 0,5 m with respect to the noise source (S) at a height of 0,5 m above the
lattice,

R5, RS’ are the measuring positions placed at 0,5 m with respect to the barrier and at a
variable height of 0,5 m and 1 m above the lattice,

R6, R6’ are the measuring positions placed at 1 m with respect to the barrier and at a
variable height of 0,5 m and 1 m above the lattice,

R7, R7’ are the measuring positions placed at 2 m with respect to the barrier and at a
variable height of 0.5 m and 1 m above the lattice.

The positions of measuring points presented in Figure 2.8, at an incident angle of -45°, are:

R1 is placed at a 0,5 m with respect to the noise source (S) at a height of 0,5 m above the
lattice,

R8, R8’ are the measuring positions placed at 0,5 m with respect to the barrier and at a
variable height of 0,5 m and 1 m above the lattice,

R9, R9’ are the measuring positions placed at 1 m with respect to the barrier and at a
variable height of 0,5 m and 1 m above the lattice,

R10, R10’ are the measuring positions placed at 2 m with respect to the barrier and at a

variable height of 0.5 m and 1 m above the lattice.

Experimental data for case 1

In case 1 for which it was used as acoustic phono absorbent material the expanded polyethylene,
see Figure 2.4.a., with an angle of incidence of 0° with respect to the orthogonal direction on the
surface of the noise barrier, see Figure 5, the experimental data are presented in Figure 2.9. To
highlight the position of the noise source (S), denoted R1, it is considered in a horizontal direction,
at -0.5 m (in front of the barrier) on the left-hand side. The other measuring positions R2, R2” ...
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R4”, are in the backside of the, at distances mentioned above on the right-hand side of the barrier
(positive values for the distances). The experimental data, to highlight the variation of acoustic

level for case 1, at an inclined incidence angle of +45° , see figures 2.7- 2.8, are presented in Figure
2.10.
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Fig. 2.9.Variation of acoustic level, case 1, angle of incidence of 0°.
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Due to the geometric form of the acoustic barrier, with respect to the position of the noise source
(S), in Figure 2.10 the variations of the acoustic level at incident angles of +45° are similar.

Experimental data for case 2

In case 2, when the structure of the noise barrier uses acoustic phono absorbent material recycled
polyurethane foam(case 2), see Figure 2.4.b for the incident angle of 0°, as in Figure 2.6, the
experimental data are presented in Figure 2.11.
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Fig. 2.11. Variation of acoustic level, case 2, angle of incidence of 0°.
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Fig. 2.12. Variation of acoustic level for the case 2, at incidence angles +45°

The experimental data, to highlight the variation of acoustic level for case 2, at an inclined
incidence angle of +45° | see figures 2.7-2.8, are presented in Figure 2.12. Due to the geometric
form of the acoustic barrier, with respect to the position of the noise source (S), in Figure 2.12 the
variations of acoustic level at incident angles of +45° are similar.
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Experimental data for case 3

In case 3, when the structure of the noise barrier uses an acoustic phono-absorbent
material recycled polyurethane foam(case 3), see Figure 2.4.c for the incident angle of 0°, as in
Figure 2.6, the experimental data are presented in Figure 2.13. The experimental data, to highlight
the variation of acoustic level for case 3, at an inclined incidence angle of +45° | see Figures 2.7-
2.8, are presented in Figure 2.14.
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Fig. 2.13. Variation of acoustic level, case 3, angle of incidence of 0°.
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Due to the geometric form of the acoustic barrier, with respect to the position of the noise source
(S), in Figure 2.14 the variations of the acoustic level at incident angles of +45° are similar.

The experimental data were not altered by the adjacent noise and by using the anechoic
chamber were avoided the multiple reflections. The recordings, done on a short period of time, in
the range of one-third of an octave, pondered on the reference level A, were presented only as
global equivalent acoustic levels Laeq, as a variation between the level of measured acoustic data
at source (S, R1) and the level of measured acoustic data at different receiving points (R2, R3, ...,
R10%). To define the acoustic parameters, it was considered the next terms [R.C.2.7; R.C.2.8]:

_ 1t pa(®
L., =10l0g {f L ’;—gdt 2.1)

where: p,(t) is the pondered instantaneously acoustic pressure, p, is the reference pressure,
having the value 20, (t, —t;) is the period of time measuring, the selected value is 15 s, T is the

reference time, having the value of 1 s. In correlation with the indirect measuring method[R.C.2.7],
when the data of acoustic pressure are collected before and after the presence of a noise barrier
because the distances are relatively short, it can be approximated the noise attenuation of the barrier

or the loss of insertion as:
ALi = Ls-Lri [dB(A)] (2.2)
where Lg is the sound pressure level near the acoustic source (S, R1) and Lg; is the sound
pressure level measured in the receiving positions R2, R3, ..., R10’. In tables 1 to 3 is presented
the computation of acoustic attenuation for the cases considered being split for variable heights at
0.5m, 1 m, and 1.5 m above the lattice.
Table 1. Acoustic attenuation at the height of 0,5 m Table 2. Acoustic attenuation at the height of 1 m

ALi ALZ AL3 AL4 AL5 ALG AL7 ALl ALS' ALG' AL?' ALB' AI—Q’ ALlO'

Casel | 27.58 | 29.27 | 31.26 28 29.8 | 32.04 | Casel | 30.82 | 30.33 | 31.92 | 30.45 | 28.84 | 31.32

Case2 | 28.44 | 27.88 | 30.06 | 27.28 | 29.59 | 31.22 | Case2 | 27.86 | 29.89 | 31.16 | 27.79 | 29.79 | 33.09

Case3 | 27.4 | 27.22 | 30.16 | 27.78 | 28.26 | 31.02 | Case3 | 28.09 | 28.82 | 29.79 | 28.22 | 28.96 | 31.35

Table 3. Acoustic attenuation at the height of 1,5m
AL

[dB(A)]

Casel 29.67 | 31.27 | 32.29

Case 2 29.25 | 30.53 | 31.9

Case 3 27.07 | 29.46 | 30.14

The maximum values in these tables are bolded to highlight them. In Table 1, it can be remarked
that in all the cases for the height of 0.5 m, the maximum values of attenuation correspond to the
point R7, that is at a 2 m distance from the barrier at an inclined incidence angle of +45°. Also, in
Table 2, it can be remarked that the maximum values are for a height of 1 m, above the lattice for
case 1 at AL, , which corresponds to the point R4’ and at Alyy, for cases 2 to 3, see point R10’,
in figure 7, at an inclined incidence angle of -45°. In conclusion, based on the obtained data, can
be remarked a strong efficiency of the acoustic barrier at an inclined incidence angle of +45°, this
being justified not by numerical modeling.

AL, | Aly | ALy,
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Chapter 3. In situ investigations concerning noise attenuation using acoustic barriers

The noise generated by automotive traffic is produced by the following phenomena:
- noise generated by the collisions between wheels and road surface,

- automotive aerodynamic noise,
- noise induced by automotive engines,

- random impact noise induced by mechanical systems transmission.

The present chapter deals with in situ experiments regarding noise attenuation using
acoustic sandwich barriers made with different acoustic insulating materials. The measurements
were performed using B&K 2270 to measure the acoustic noise level.

An important rule is to place the acoustic barrier as close to the source so that the
geometric condition is satisfied, rs<H, rsbeing the distance to the source(for the acoustic barrier), and
H being the height of the barrier.

At a distance of 2.5m from the exterior of the highway the noise level was 82.71 dB. Wind
speed was approximately 18 km/h, and temperature was 10-12°C.

Fig..3.1 Photographs during tests

2,50

0,50

080

Fig..3.2 Measuring scheme
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Panel: Bazaltic wool- OSB — Bazaltic wool

Tabel.3.1. Experimental data

No. LAeq [dB]
Measurement Measurement Panel type
height-0.8m height -0.5m

1 R1-77.92 dB Bazaltic wool- OSB — Bazaltic wool

Panel: Bazaltic wool- OSB — Polyurethane foam

Tabel.3.2. Experimental data

NO| source distance 2.5m (in front panel) Distance behind barrier
Measurement Measurement Panel type
height—0.8m height -0.5m

2 R2-77.82 dB Bazaltic wool— OSB — Polyurethane foam

Panel: Polyurethane foam -OSB- Polyurethane foam
Tabel.3.3. Experimental data

No. LAeq [dB]
Measurement Measurement Panel type
height—0.8m height -0.5m
3 Rs-79.72 dB Polyurethane foam -OSB- Polyurethane
foam

Panel: Polyurethane foam — OSB — expanded polyethylene
Tabel.3.4. . Experimental data

No. LAeq [dB]
Measurement Measurement Panel type
height-0.8m height -0.5m
4 Rs4-77.61 dB Polyurethane foam — OSB — expanded
polyethylene

14




Panel: Expanded polyethylene — OSB — Expanded polyethylene
Tabel.3.5. . Experimental data

No. LAeq [dB]
Measurement Measurement Panel type
height-0.8m height -0.5m
5 Rs-78.22 dB Expanded polyethylene — OSB —
Expanded polyethylene

As can be seen from the Tabels 3.1-3.5 noise attenuation, as a material function is in the

range [3...5] dB.

The noise attenuation for each materials is given bellow:

Noise attenuation using the panel with the structure: Bazaltic wool- OSB — Bazaltic
wool

AL=82.71 dB -77.92dB =4.79 dB

Noise attenuation using the panel with the structure: Bazaltic wool- OSB -
Polyurethane foam
AL=82.71 dB -77.82 dB =4.89 dB

Noise attenuation using the panel with the structure: Polyurethane foam -OSB-
Polyurethane foam
AL=82.71dB -79.72 dB =2.99 dB

Noise attenuation using the panel with the structure: Polyurethane foam — OSB —
expanded polyethylene
AL=82.71dB -77.61dB =5.1dB

Noise attenuation using the panel with the structure: Expanded polyethylene — OSB
— Expanded polyethylene
AL=82.71 dB -78.22dB =4.49dB

During the investigations it was evaluated the acoustic performance of such panels regarding
the following aspects:

distance between the source and the acoustic barrier,
distance between the acoustic barrier and the receptor.

15



Based on the 1SO Standards (En1438; EN14389-1, EN 1793-1; EN 1793-2) [R.C.3.1;
R.C.3.2; R.C.3.3; R.C.3.4] the acoustic performance of insulated materials has the following

basis:
- acoustic element,
- insulating element,

- stability and liability.
Also, the acoustic barriers must resist specific meteorological conditions such as moisture,

rain, snow, ice, low temperature (under -20°C) and high temperature ( over 40°C).

16



Chapter 4 . Modeling noise attenuation using acoustic barriers

The aim of the research is to provide a better prediction for noise attenuation using
thin rigid barriers. Therefore, the paper presents an analysis of four methods of computing the
noise attenuation for acoustic barriers: Maekawa-Tatge formulation[G.R.9 — G.R.10],
Kurze&Anderson algorithm[G.R.11], Menounou formulation[G.R.12] and General Prediction
Method (GPM-ISO 9613) [R.C.4.1; R.C.4.2]. In this way it was optimized the prediction
computation of the noise attenuation for an acoustic barrier improved the GPM by considering
new effects such as attenuation due to geometrical divergence, ground absorption-reflections,
and atmospheric absorption. The new method MGPM (Modified GPM) was tested for the
optimization of a y-shape edge geometry of the noise barrier, and it was found a close agreement
with the experimental data published in the literature. The specific y-shape edge geometry of
the noise barrier contributes to the attenuation due to diffraction phenomena. This aspect is
based on the Kirchhoff diffraction theory that contains the Huygens-Fresnel theory applied to
a semi-infinite acoustic barrier. The new method MGPM of predicting the noise attenuation for
acoustic barriers is considering the next phenomena: the effect of the relative position of the
receiver, the effect of the proximity of the source or receiver to the midplane of the barrier, the
effect of the proximity of the receiver to the shadow boundary, the effects of ground absorption-
reflections, the effects of atmospheric absorption and the meteorological effects due to
downwind. The conclusion of the chapter reveals the optimization of the method for computing
the noise attenuation using acoustic barriers, involving the corrections needed to be done for
ISO-9613 and the SoundPLAN software as well as the optimization on a case study of a specific
geometry of the edge barrier.

Figure 4.1 presents a semi-infinite thin barrier having: the height H, on the left side an
acoustic source S at the distance ds from the barrier, on the right side a receiver R at the height
yr and at the distance xg. We consider that the source produces only pure tones and is at 0.5
m over the ground. If we choose the plane referential system with the x-axis being at the “ground
zero” horizontal and the y-axis passing through S and being vertical, then the coordinates of the
receiver are R (xg + ds, ygr ) with respect to the system coordinates. Based on the Kirchhoff-
Fresnel diffraction theory [G.R.8] the Fresnel numbers of the source S and the image of the
source S’ (the symmetric geometric point with respect to the plane of the barrier) are N1 and N2
given by the relations:

x R
s/ et J

Sm

:
Vgr!

= H X
PLLT7II7TII77Z P77 777777777

Fig.4.1 Diffraction of sound by a thin barrier. [G.R. 22; G.R.9]
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N, = - =—(n+r,—d,)
(4.1)
20,f Kk
N, = (:2 :;(rl+r2—d2) (4.2)

where f is the frequency in Hz of a pure tone, c is the sound velocity in the air, and 61 and &2
are the differences between the diffraction path S-E-R and the shortest path S-R respectively
S’-R given by the relations:

51:r1+r2—\/(d5+xR)2+(yR—O,5)2:r1+r2—dl (4.3)

52:rl+r2—\/(xR—ds)2+(yR—0,5)2:r1+r2—d2 (4.4)

The attenuation of a thin rigid barrier given by Maekawa-Tatge formulation [G.R.9], based
only on the source Fresnel number Ny, is:
A =10log,,(3+20N;)
(4.5)

A better approach was given by Kurze and Anderson [R.C.4.3], based on the same source
Fresnel number N3, the relation of the sound pure tones attenuation with a thin rigid barrier is:

27N
“* =20log,,| ———=—=— |+5
A glo(tanh 27le]
(4.6)

The GPM provides a relation for the sound attenuation based on a modified Fresnel number N1
as mentioned in ISO 9613-2 [G.R.17], taking into consideration a correction factor for
downwind meteorological effects Kmet, given by the:

_ 1 [nnRd,
K —e 2000\] 26, (4.7)

met

With this correction factor Kmet the modified Fresnel number N; of the source is:

N, =0.5N,K_, (4.8)
and therefore, the sound attenuation of a thin rigid barrier, considered by GPM is:
A =10log,, (3+20N, ) (4.9)

The GPM is used in the software SoundPLAN for predicting the sound attenuation for rigid
thin barriers. As can be seen, the relation (4.9), given by GPM, is like the Maekawa-Tatge

approach for sound attenuation, given by relation (4.5).
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The Menounou formulation [G.R.12] for the sound attenuation of a thin rigid barrier is the most
complex approach because it takes into consideration both Fresnel numbers by involving the
next effects: the relative position of the receiver from the source (involving only the Fresnel
number N1 ), the proximity of the source or the receiver to the midplane (involving the ratio N2
/N1), the proximity of the receiver to the shadow boundary (involving both Fresnel numbers N1
and N), the diffraction effect due to spherical incident waves. The noise attenuation for a semi-
infinite rigid barrier, using the Menounou formulation, considering pure tones, is given by the
relation:

A=A+~ +A+A~ (4.10)

where the sound attenuation given by the effect of the relative position of the receiver from the

source is:
w/27ZN
L =20lo N4 4.11
g glo[tanh 27N, (411

the sound attenuation given by the effect of the proximity of the source or the receiver to the
midplane is:

A? =20log,, [1+ tanh EO.G log,, %ﬂ (4.12)

1

the sound attenuation given by the effect of the proximity of the receiver to the shadow
boundary is:

A; =[ 6tanh (N, 2 A? || 1~ tanh JION, | (4.13)
and the sound attenuation given by the diffraction effect due to spherical incident waves is:
2
Alelongrl”Zj +r1”2} (4.14)
d, d,

The most used method of predicting noise attenuation is GPM [R.C.4.2.] because 1SO
9613-2 prescribes the model of attenuation. However, this method must be improved
considering at least two phenomena: the ground absorption-reflections and the atmospheric
absorption. To consider the attenuation introduced by ground absorption-reflections it was used
the most convenient model, Delany-Bazley [R.C.4.13]. This model takes into consideration the
effective flow resistivity of the ground e and the frequency of the pure tone sound f, modifying
the propagation constant k (known as wave number) of the sound in the air, given by the
frequency of the pure tones and the sound speed in the air ¢, that normal is:

w 2rf

k=2=22, (4.15)
c C

by an empirical factor agr, SO that the modified propagation constant is given by the relation

19



ko

k = (4.16)
e
where ogr iS
f —0.700 f —0.595
a, =1+ o.ows{-} ~i0.189 L—] =1 (4.17)
O-e O-e

By this way, the Fresnel numbers N1 and N2, given by the relations (4.1) and (4.2), are modified
accordingly to relations (4.15) - (4.17).

The atmospheric absorption is considered using the Larsson model [G.R.14] that
considers the next effects: sound frequency, air humidity, air temperature, and pressure using
an attenuation coefficient aaa, €xpressed in dBA/m, given by the relation:

N

25 —3352/T —2239.1/T _
0.10680e f 0.01278e 1
} (H ( fr,oj 1.84x10 @.18)

= + +
f2+f7 f24+f7% (To)o.sps
j TJ) P

where f is the sound frequency, T is the absolute temperature of the atmosphere in Kelvin®,

To = 293.15 K, ps is the atmospheric pressure, po =101.325 kPa, frn and fro are relaxation
frequencies associated with the vibration of nitrogen and oxygen molecules. The sound
attenuation due to atmospheric absorption, in the case of a rigid thin barrier (see Figure 4.1), is

A =a,(r+r,) (4.19)

Taking into consideration this effect as well as the ground absorption, after correcting the
Fresnel numbers N1 and N2 that were used in the relations (4.5), (4.6), (4.8) - (4.14) by using
relations (4.16) and (4.17), it is necessary to add the correction given by the relations (18) and
(19) in the modified relations (5), (6), (9) and (10). Based on ISO 9613-1[R.C.4.9] Figure 4.2
presents the sound attenuation at 30 meters distance between the source and receiver as a
function of sound frequency and the relative humidity of the air at several frequencies of the
pure tones (2 kHz-10 kHz).
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Fig. 4.2. Sound attenuation as a function of sound frequency and relative humidity

20



As can be seen from Fgures 4.3 and 4.4 Maekawa-Tatge approach and Kurze-Anderson
algorithm are approximately the same while the GPM approach gives a difference with less 3-
3.5 dBA with respect to the first 2 methods, while the Menounou method gives an “over
attenuation”. In the Figures 4.3 and 4.4 are presented the sound attenuation [dBA] of pure tones
for an acoustic rigid semi-infinite thin barrier having a height over the ground of 3 meters, the
source S is placed at the distance of 3.5 meters from the barrier at a height of 0.5 meters over
the ground, the receiver R is placed at a varying distance from the barrier 0.15 to 35 meters at
a height of 1.0 meters over the ground for different frequencies of the sound 100 Hz, 250 Hz,
500 Hz, 1000 Hz [G.R.8]..
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a. Frequency = 100 Hz b. Frequency = 250 Hz

Fig.4.3. Sound attenuation as a function of the distance barrier-receiver and for a pure tone at 100 Hz(a) and
at 250 Hz(b).[ G.R.8, G.R.22]
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Fig. 4.4. Sound attenuation as function of the distance barrier-receiver and for a pure tone.
[G.R.8, G.R.22]

In Figure 4.5 a. is represented the sound attenuation for all four methods at the sound frequency of
2000 Hz but separately it represents the attenuation due to spherical wave propagation (SWE in
Figure 4.5.a.) and from attenuation given by Menounou it was subtracted the attenuation due to
spherical wave propagation (SWE). Figure 4.5.b presents the attenuation due only to spherical
wave propagation (SWE-spherical wave effect) therefore it can be seen now that the attenuation
due to spherical wave propagation (SWE) introduces the “over attenuation” in the Menounou
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approach, therefore, the last term in equation (4.10), the term given by relation (4.14), will be put
to zero starting from this point forward for the attenuation given by Menounou approach.
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Fig. 4.5. Sound attenuation as function of the distance barrier-receiver and for a pure tone.
[ G.R.8, G.R.22]

In figures 4.6 a. and 4.6 b. it were considered the effect of ground (ground absorption as well
as ground reflections), given by equations (4.16) and (4.17), as well as air absorption given by
relations (4.18) and (4.19) for a relative humidity of the air of 20%, for two values of effective
flow resistivity of the ground o= 10 MPa s m2 and ce = 104 kPa s m~and the sound frequency
of 1000 Hz for all the four approaches: Maekawa-Tatge approach, Kurze-Anderson algorithm,
GPM, Menounou -SWE formulation. It means that all the methods are modified by these two
effects: ground absorption-reflections and air humidity (in figures it was marked as MMA-
Modified Maekawa, MKA-Modified Kurze&Anderson, MGPM- Modified GPM, MME-
Modified Menounou) [G.R.8].
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Fig. 4.6. Sound attenuation as a function of the distance barrier-receiver and for a pure tone at 1000 Hz.
[ G.R.8, G.R.22]
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Fig. 4.7. Sound attenuation as function of the distance barrier-receiver and for a pure tone:
oe= 104 kPa-s-m-2. [ G.R.8, G.R.22]

Comparing the results from figure 7 a. with the experimental data in the literature
[R.C.4.10, G.R.16] (p. 361 global experimental data in graphs) the method that is in close
agreement with data published is MGPM. Taking into consideration all the aspects mentioned
before, the proposed predicted noise attenuation MGPM is given by the equation:

Aveu =1010gs, (3+20N1')+ 6tanh /N, —2-20log,, {lﬁanh (O-6Iogm %jﬂ
(4.28)

1
[1—tanh 1ONJ+0¢aa (h+r,)

One of the most used “head edge” semi-infinite noise barrier is the Y-shape, presented in Figure 4.9 because
by varying the Y-angle a from 0° to 180° the Y-shape is transformed into a T-shape and the B angle of the
direction for the symmetry line of Y-shape can be modified in the range 0° to 180° with respect to the ground
horizontal line, as presented in the literature [G.R.16]. Using the MGPM (Modified General Prediction
Method) to compute the attenuation of the sound with a semi-infinite thin rigid barrier for the same
geometrical conditions as presented above it was optimized the Y-shape of the diffracting edge considering
a=0.2m, h=0.5m mounted in point E (see Figures 4.1 and 4.9). Figures 4.10 and 4.11 are presented the
numerical results for a distance barrier-receiver of 35 m and for three frequencies of the pure tone sound
1000 Hz, 2000 Hz, and 4000 Hz, and considering that the relative air humidity is 20% and the effective flow
resistivity of the ground is ce= 104 kPa-s-m. As can be seen from Figures 4.10 and 4.11 the optimal angles
of the Y-shape diffraction edge that induces the maximum sound attenuation of the barrier, computed with
MGPM, are a= 179° (almost T-shape) and p = 72°, B being the angle of inclination with respect to the ground
horizontal towards the source S, that is in close agreement with the experimental results presented in literature
[G.R.16] (0= 180° T shape (p. 366), B = 70° (p. 366)). In this way, the MGPM is tested to predict the noise
attenuation closer to the reality phenomena than GPM. We can conclude that the best method to predict the
sound attenuation of a noise with a semi-infinite thin rigid barrier is the Modified General Prediction Method
(based on ISO 9613-2) that takes into consideration the next effects: diffraction effect of the edge barrier
based on Fresnel number N; (basic for GPM and SoundPLAN), the downwind meteorological effects that
modifies the Fresnel number N1 (basic for GPM and SoundPLAN), the effect of the proximity of the receiver
to the shadow boundary involving the both modified Fresnel numbers N1 and N2 (novelty with respect to
GPM and SoundPLAN), the effect of sound air relative humidity absorption based on 1SO 9613-1 (novelty
with respect to GPM and SoundPLAN) and the combined effects of absorption- reflections of the ground
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(novelty with respect to GPM and SoundPLAN), using an algorithm containing the
(4.1),(4.2),(4.7),(4.8),(4.14) and (4.16) - (4.20).

L a2
—ay2 >

L N—

'

= ! 2
o o o o o o o o R
ds

Fig.4.9. The Y-shape of the “head edge” for the semi-infinite noise barrier.[G.R.19]
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Fig. 4.10. Sound Attenuation: Distance barrier-receiver 35 m; Relative air humidity 20%; ce= 104 kPa-s-m,

[G.R.19]
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Fig. 4.11. Sound Attenuation: Distance barrier-receiver 35 m; Sound frequency =4000 Hz; Relative humidity 20%;

oe= 104 kPa-s-m?. [G.R.19]
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Chapter 5. Optimization of asymmetric edge diffraction on the top of acoustic barriers for
industrial and automotive/railway traffic noise attenuation

5.1.Introduction

The present chapter presents a detailed optimization of specific edge diffraction
(asymmetric edge diffraction) mounted on an acoustic barrier using the Modified General
Prediction Method (MGPM)[G.R.8]. The computation of the noise attenuation using acoustic
barriers is enhanced by considering four different approaches: Maekawa-Tatge formulation, Kurze
- Anderson algorithm, and general prediction method (GPM-1SO 9613), and Menounou
formulation. The noise attenuation of the barrier was computed based on the Kirchhoff diffraction
theory, which implies that the Huygens-Fresnel theory is applied to a semi-infinite acoustic thin
barrier. The Maekawa-Tatge formulation and Kurze and Anderson algorithm provide almost the
same numerical results since they express the noise attenuation using the first Fresnel number Nj.
This indicates that only one phenomenon is considered: The effect of the relative position of the
receiver from the source. For the prediction of noise attenuation, the general prediction method
considers two phenomena: the effect of the relative position of the receiver from the source and
the downwind meteorological effect. The Menounou formulation takes into consideration four
phenomena: The effect of the relative position of the receiver from the source, the effect of the
proximity of the source or the receiver to the midplane, the effect of the proximity of the receiver
to the shadow boundary, and the diffraction effect due to spherical incident waves.

The best-predicting method for the computation of the noise attenuation for a thin, rigid, semi-

infinite acoustic barrier is MGPM. The MGPM is an improvement of GPM by introducing new
effects, such as the proximity of the source or the receiver to the midplane attenuation due to
geometrical divergence, ground absorption-reflections, and atmospheric absorption. The MGPM
was tested as mentioned in [G.R.8], and close agreements with data in the literature were found
[G.R.16]. This research aimed to provide an optimization using MGPM for specific edge
diffraction mounted on a thin, rigid acoustic barrier in an industrial area[G.R.23].

5.2. Optimization of asymmetric edge diffraction on the top of acoustic barriers for
industrial areas noise attenuation

For the optimization of asymmetric edge diffraction on the top of acoustic barriers for
industrial areas noise attenuation it were used the relations:

_o_ 2r f | (5.1)
C C
I(mod = L’ (52)
‘agr
f -0.7 f —0.595
a, =1+ 0.0978[—] —iO.189£—j i=-1 (5.3)
Ue O-e
N - 20,f _ Koo SN, = 25, f :552 (5.4)
C /4 C /4
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o, = r1+r2—\/(ds+xR)2+(yR—O,5)2 =r+r,—d,

52=r1+r2—\/(xR—ds)2+(yR—0,5)2:rl+r2—d2 (5.5)
_ 1 |nhdp
K =€ 20023 N Z05NK,, (5.6)
o 2| 1841107 +(T_o Tf’ 0.10680e T f, N 0.01278e YT | 67
aa [TOJO.SpS T f2 + fr?N f2 N fr?o .
(LT P
Aucen =10l0g,, (3+ 20N1')+{6tanh JN, —2-20log, {1+tanh (0.6Ioglo %m
! (5.8)

.[1—tanh 10N1]+aaa(rl+r2),

where the signification of the terms in (5.1) — (5.8) is the same as in Chapter 4.

Figure 5.2 is illustrated specific edge diffraction mounted on the top of an infinitely thin, rigid
acoustic barrier designed for noise attenuation in an industrial area. The geometrical data
characteristics of the edge and the infinite thin, rigid acoustic barrier are mentioned in table 5.1,
while the angles a, B, and y are variable and need to be optimized.

H[m] | h[m] | xr[m] |yr[m | ds[m] | a[m] b[m]
]
4 0.2 [0.5...3] 1.7 10 0.30 0.60
0
Table 5.1. Geometrical details of the edge and the infinite thin, rigid acoustic barrier [G.R.19].
Ay
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Fig.5.2. Specific(asymmetric) edge on the top of the acoustic barrier. [G.R.19]
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Figures 5.3-5.14 illustrate the noise attenuation for this specific edge mounted on an infinite thin
rigid barrier(see Figure 5.2), having a height H = 4m in an industrial area, considering the source
placed at ds=10m at a height ys=1.5m and the geometry of the edge presented in table 5.1. It was
considered a distance barrier-receiver of 30 m, and for two frequencies of the pure tone sound at
1000Hz and 4000 Hz, are presented in Figures 5.3-5.14 the noise attenuation. In addition, the
following factors were considered: the relative air humidity is 20%, and the effective flow

resistivity of the ground is ce = 104 kPa-s-m™2. The angles are in the range a = 1°....180°, B =
10....180°, y = -850....+85°

X1
¥Y:179
Z:14.94

Attenuation [dBA]
N
Attenuation [dBA]
8

200 200

100

100 100

100
alfa[degrees) 0 o beta[degrees] 50

alfa[degrees] 0 o beta[degrees]

(a) Frequency = 1000 Hz (b) frequency = 4000 Hz

Fig. 5.3. Sound attenuation: Distance barrier-receiver 30 m; relative air humidity 20%; ce= 104 kPa-s-m2, y=-85°. [G.R.19]
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Fig. 5.4. Sound attenuation: Distance barrier-receiver 30 m; relative air humidity 20%; ce= 104 kPa-s-m2, y=-70°. [G.R.19]
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Fig. 5.5.

Attenuation [dBA]

100

alfa[degrees]

(a) Frequency = 1000 Hz

100

beta[degrees]

200

X:12
25 Y:179

Attenuation [dBA]
8

15
200

100

100

alfa[degrees] 0 o beta[degrees]

(b) frequency = 4000 Hz

Sound attenuation: Distance barrier-receiver 30 m; relative air humidity 20%; ce= 104 kPa-s-m2, y=-55°. [G.R.19]

Attenuation [dBA]

100

alfa[degrees]

beta[degrees]

(a) Frequency = 1000 Hz
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Fig. 5.9. Sound attenuation: Distance barrier-receiver 30 m; relative air humidity 20%; ce= 104 kPa-s-m~2, y=10°. [G.R.19]
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Figure 5.14. Sound attenuation: Distance barrier-receiver 30 m; relative air humidity 20%; ce= 104 kPa-s-m~2,
y=85%[G.R.19]

Analyzing the graphs presented in Figures 5.3 — 5.14 it can be remarked that the best attenuation
for both frequencies of pure noise 1 kHz and 4 kHz is obtained for a = 179°, B = 2°, and y=85°
considering thata =0.3m and b = 0.6m. The results are in close agreement with data in the literature
[G.R.3; G.R..4]. The investigation certifies that the MGPM is also an appropriate method to predict
noise attenuation in the industrial area using acoustic barriers with specific edge diffraction as it is
a suitable method that predicts noise attenuation for automotive highway traffic using acoustic
barriers. The optimization of edge diffraction for acoustic barriers is very useful in the design stage
of such acoustical devices. [G.R.19]

5.3 Optimization of asymmetric edge diffraction on the top of acoustic barriers for
automotive/railway traffic noise attenuation.

The present paragraph presents a detailed investigation of 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[G.R.23]. The
MGPM can be applied directly for symmetric edge diffraction (previous Chapter) 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 [R.C.5.1], but the author of
the paragraph analysis also the possibilities of using such types of edge diffraction for automotive
and railway traffic noise attenuation(AARTNA). The noise attenuation of the barrier, enhancing
the MGPM, 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). This
research aimed to provide a modified version of MGPM for asymmetric edge diffraction (AED) mounted
on an SIATRB designed for AARTNA.

Figure 5.15 illustrates an SIATRB with the height H , an acoustic source (AS) with the
coordinates (0,y ), an acoustic receiver (AR) with the coordinates (X, + X, Y ), and an AED with

the geometry details.
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Fig. 5.15. An SIATRB with an AED mounted on the top. [G.R.24]

The MGPM considers the attenuation introduced by ground absorption reflections, and
for this, the most convenient model is the Delany-Bazley model [G.R.13], resulting in the modified
wavenumber k., due to “the effect of ground absorption”[ G.R.8].

2w N
Kmod = f 07 I 0595 0= -1 (59)
c[1+ 0.0978{} - iO.lSQ{} }
o, Je

where f is “the pure tone frequency”(PTF)[ G.R.8], o, is “the effective flow resistivity of the

ground”(EFRG)[ G.R.8; G.R.13], and c is “the sound speed in the air’(SSA)[ G.R.8]. Based on
the Kirchhoff-Fresnel diffraction theory [G.R.7]( 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 N,,N,, given by the relations [G.R.23]

20, f K 20,f Kk

1mod 51,N2 — — 1mod 52 (510)

Nl
C T C T

where 9,,0, 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:

2 2
51:rl+r2+r3+r4—\/(xs+xR) +(Ya—VYs) =h+L+0+r,—d,
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Xo — X
(5.11)
y,=H+2hsing+asin(a-B)=a(H/a+2sina+sin(a-p)),

Xs =Xs —3hcosa =a(x; /a-3scosa),y, =H +3hsina=a(H /a+3gsina),

Xc = XS —5ac0s(a+y)=a(x /a-5c0s(a+7)),y, =H +5asin(a+y)=a(H/a+5sin(a+y)),

2

2
52=I’1—H’2—H’3—H’4— (XR_XS) +(yR_yS) =r1+r2+r3+r4_d2’XR>XS’yR>yS

where d, is the distance between the points AS and AR(respectively (AS — AR)), while d, is the
distance between the points AS’ and AR(respectively (AS’ — AR)). Because the GPM [G.R.10;
G.R.11] provides a relation for the sound attenuation based on a modified Fresnel number N, as

mentioned in ISO 9613-2 [G.R.17], taking into consideration a correction factor for the downwind
meteorological effect Kmet, the MGPM considers the same correction factor thus, yielding the

relations[G.R.24]:
Kmet = exp - L d rlr2r3r4d1 IN1 = 0'5N1Kmet (512)
2000 20,

The MGPM also considers(see [G.R.23]) the AA using the Larsson model [G.R.14], which
induces in the predictive model the following effects: sound frequency, air humidity, air

temperature, and pressure, using an attenuation coefficient aaa, €xpressed in dBA/m, described by
the relation [G.R.23]:

, -1 T\ ( 0.1068e %527 f 0.01278e VT ¢
1.84x10 ( Oj N r0 (5.13)

ki VS (1 +
[Tojos P, f2+£2 f2+ 12
AT Py

T
where the significations of the terms are explained in detail in [G.R.14, G.R.15]. Considering all
the aspects mentioned above, expressed by the relations (5.9)-(5.13), the sound attenuation
proposed by MGPM [G.R.8] when using an SIATRB for AARTNA with an AED is given by the
equation

Aoy =10109,,(3+20N,) + e, (L +1,+1,+1,) +

+[6tanh \/N_Z— 2—-20log,, [1+ tang [0.6 log,, %ﬂ] [1—tanh 10N, J ' (5.14)

1
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To have the diffractions directions that induce the sound attenuation in conformity with the
mathematical algorithm generated by the expressions (5.9)-(5.14), 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. h<ah/a=¢€[05,079].
Condition 2, for an existing condition three true, is satisfied if:
a+y<rx (5.15)

while condition 1 is satisfied for

X+ (%~ ¥ +9080) X - (H-y)" | 5 4

P < fmax =z —¢—arcsin(gsin @)¢ = arccos = =
635 /X} + (Y5 +Ys)

Condition 3, together with relations (5.15) - (5.16) and the expressions of the coordinates,
X Ya Xg Ve Xe Yo 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 «, 3,y satisfying the conditions [G.R.24]

a e[1°179° ¢, ],¢, =arcty Hoy (5.17)
XS
BE|L, B | B =(8) (5.18)
0 0 H - y
V€ [1 ¥ max } Vmax =1 +arctg ———= (5.19)
X

S

and the attenuation is computed using the algorithm given by equations (5.9)-(5.14), representing
the first part of the investigation. The second part of the investigation the angles «, 3,y satisfy the

conditions

o €[180° - ¢,179° |, 4, = arctg Hx;y (5.20)
pe[1179°], (5.21)
ye [1°,arctg u} (5.22)

XS

but the attenuation is computed in this case by modifying equations (5.11) and (5.12) 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
[R.G.24]
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2 2
51:r1+r2+r3+r4+r5—\/(xs+yR) +(Yr—Ys) =h+hL+0+1+1,—d,

b= 06 +H(H = ot = (=% )+ (Y= H + Y6 o =% =% + (Yo Vi

r4=\/(xc—xB)2+(yC—yB)2,r5 :\/(XR+XS _Xc)z"'(yR_yc)Z’

X, =X —2hcosa —acos(a — f) =a(xs / a—2¢cosa —cos(ax — f)),¢ =h/a,=0.5-0.9
Y, =H+2hsina+asin(a—-pf)=a(H /a+2gsina +sin(a - f)) (5.23)
Xg =X —3hcosa =a(x; /a-3gcosa),y, =H +3hsina=a(H /a+3gsina)

X. =X —5acos(a +y)=a(xs /a—-5cos(a+y)), ¥y =H +5asin(a+y) =a(H /a+5sin(a +y))

2 2
52=r1+r2+r3+r4+r5—\/(xR+x5) +(Yr—VYs) =h+hL+0L+1+1—d,

and the modified Fresnel number N,, as mentioned in ISO 9613-2 [R.G.17], taking into

consideration the correction factor for the downwind meteorological effect Kmet, is defined by
the equations [R.G.24]:

Knet =€XP| — L Jhnhhd, N, =0.5N K, (5.24)
2000\ 26,

In this second case, the sound attenuation proposed by MGPM [R.G.8] when using an SIATRB
for AARTNA with an AED is given by the equation [R.G.24]:

Aoy =10109,,(3+20N,) +ax, (1, + 1, + 1+ T, + 1)+

. 5.25
{6tanhﬂ/N2—2—20Iog10{1+tanh(0.6loglo%Jﬂ[l—tanh 1ON1J (.25)

1

where N, is determined using equations (5.9), (5.10), (5.23), (5.24), 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 (5.9),
(5.10), (5.13), (5.23)-(5.25). Figure 5.15 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 5.2, while the angles a, 3, and y are variable and need to be optimized [G.R.2].
Tabel 5.2. Geometrical details of the AED and the SIATRB

H[m]

Xs [m]

ys [m]

Xg [m]

Y [m]

a[m]

¢=h/a

4

3.0

0.4

2...50

1.5

0.20

0.5..0.9
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Using equations (5.9)-(5.14), for the first case defined by the conditions (5.17 - 5.19), and
the equations (5.9), (5.10), (5.13),(5.23)-(5.25), for the second case defined by the conditions (5.20
—5.22), it was developed MATLAB software to calculate the AARTNA for the SIATRB with
AED. Figures 5.16-5.19 illustrate the noise attenuation for the first case considering X; = 25.0 m, the

sound’s PTF f=10kHz, the EFRG 0'e=1.0'105 Pa-ss-m™,
a e[lo ,1290],7 e[lo ,51°],ﬂ e[lo,ﬂmax] (for B, see (5.8)).

¢=0509 and the angles range

AHOP\' (a8]

a) b)

AMGPM [¢B]

a)
Fig. 5.17. Noise attenuation for PTF f=1.0kHz, ¢=0.5, ay = 35% b. y = 50°[G.R.24]
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Fig. 5.18. Noise attenuation for PTF f=1.0kHz, ¢=0.9, ay = 10°, b. y = 20°[G.R.24]
As can be seen from Figures 5.16-5.19, for the first case of the investigation, respectively for

Xz =25.0m, the sound’s PTF f=10kHz, the EFRG ¢,=1.0-10° Pa-ssm?, ¢=0509 and the
angles ranger e[ 1°129° |,y €[ 1’ 51° | B[ 1’ B,,, | (for B, see (5.16)), the maximum attenuation

has the value of 17.64 dBA and is obtained for ¢=05, a=25",4=9",y=10°, (see Fig. 516. a.).
Analyzing Figures 5.16-5.19, it is evident that the ratio ¢=h/a has a minor influence on the noise

attenuation using an SIATRB with an AED mounted on the top.
Figures 5.20-5.24 illustrate the noise attenuation for the second case considering
Xz = 25.0m, the sound’s PTF f =1.0kHz, the EFRG ¢, =1.0-10° Pa-s-m™2, ¢=0.5 and the angles

range o €[130° 175° |y €[ 50° 5° | €[ 1° 179" |, the ratio adopted to minimize the costs [G.R.24].
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=

H i

j H WNM | HM

o 200 Lyl 200 )
| : ‘.l"] 9 al’]

a) b)
Fig. 5.19. Noise attenuation for PTF f=1.0kHz, ¢=0.9, a y = 35°% b. y = 50°[G.R.24]
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Fig. 5.20. Noise attenuation for PTF f=
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Fig. 5.21. Noise attenuation for PTF f=1.0kHz, ¢=0.5, a y = 140°, b. y = 145°[G.R. 24]

38



P— s
—

a)

P—

a) b)

155,
551 155 N
o2 18540 L
— 154, Y
e
8 [ — 154
[ @
£ a8 S ..
P s A picture containing text,
Description automatically
152 &
15
151
0
\|
\‘\
5
\

a) b)

Fig. 5.24. Noise attenuation for PTF f=1.0kHz, ¢c=0.5, ay =170, b. y = 175°[G.R. 24]
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Analyzing Figures 5.20 - 5.24, it is evident that the maximum noise attenuation has the
value of 16.29 dBA, which is obtained for the values ¢ =0.5, « =130°,5 =67°, y = 2°(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 5.20. 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 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,

a=25",4=9"y=10°. The results agree with the data published in the literature[R.C.5.1; R.C.5.3].
Figure 5.25 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, a =25",5=9°, =10°, for the PTF in the

range f €[0.1,3.0] kHz and the receiver having the coordinates x, €[0.5100.0]m, y, =1.5m.
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Fig. 5.25 Noise attenuation for SIATRB with an AED mounted on the top [G.R. 24]
0=25%,8=99 v =10°, H=4m, a=0.2m, h=0.1m, X.=3m, Y, = 0.4m, X, €[0.5,100]m, y., =1.5m
Y R S R R

If we compare the results presented in Figure 5.25 with those in the literature[R.C.5.1;
R.C.5.3], it can be remarked the agreement. 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 I1SO standards in the field, more precisely, 1SO 96312-2 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 1SO standards in the
field, more precisely, 1ISO 96312-2[G.R.17]. Another original contribution brought by the paper is
using the new concept of multiple acoustic diffractions [R.C.5.2] 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,it yields the angles
a=25,4=9°y=10°, using the method designed previously. The results agree with the data
published in the literature[R.C.5.1; R.C.5.3].
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Chapter 6. Final conclusions. Contributions. Directions for future research
6.1. Final conclusions

As can be seen by reading this Ph. D. thesis, the goals mentioned in Chapter One were
achieved, respectively:

1.

the design and development of an improved method to predict the noise attenuation,
noise generated by automotive/railway traffic using semi-infinite thin rigid acoustic
barriers, respectively MGPM (see chapters 4 and 5) method that includes the
supplementary effects: the meteorological effects that imply the modifications of

the Fresnel’s numbers N;,N,, the effect of atmospheric absorption based

Larsson’s model [G.R. 14] (ISO 9613-1[R.C. 4.9]), effects of ground reflections-
absorptions based on Delaney-Bazley model[G.R. 13] and the effect of attenuation
generated by geometric divergence [G.R. 8, G.R. 12], compared to the classic GPM
described by ISO 9613-2[R.C. 4.9];

optimization of symmetric edge diffraction, mounted on the top of the semi-infinite
thin rigid acoustic barrier, using the new MGPM, to increase the attenuation of the
noise generated by automotive/railway traffic [G.R. 8];

optimization of asymmetric edge diffraction, mounted on the top of the semi-
infinite thin rigid acoustic barrier, using the new MGPM, to increase the attenuation
of the noise generated in industrial areas [G.R. 19];

optimization of asymmetric edge diffraction, mounted on the top of the semi-
infinite thin rigid acoustic barrier, using the new MGPM, to increase the attenuation
of the noise generated by automotive/railway traffic [G.R. 23, G.R. 24].

The simulation data obtained using the new MGPM to realize the optimization of
symmetric edge diffraction are in agreement with the experimental data published in the
literature [G.R. 16, G.R. 18], and for the optimization of asymmetric edge diffraction mounted
on the top of the semi-infinite thin rigid acoustic barrier, using the new MGPM, to increase the
attenuation of the noise generated by automotive/railway traffic the results are also in
agreement with the experimental data published in the literature [R.C.5.1, R.C.5.2].

The experimental data presented in Chapters 2 and 3 contribute to the comprehension
and the modeling of the phenomena of multiple diffraction presented in Chapters 4 and 5 used
to the optimization process of the symmetric and asymmetric edge diffraction mentioned
previously at points 2-4.

6.2. Contributions

The most important contributions of this Ph.D. thesis are:

1.

the design and development of an improved method to predict the noise attenuation,
noise generated in industrial areas as well as by automotive/railway traffic using
semi-infinite thin rigid acoustic barriers, respectively MGPM,

the introduction of the next effects to predict the noise attenuation: the

meteorological effects that imply the modifications of Fresnel’s numbers N;,N,,
the effect of atmospheric absorption based Larsson’s model [G.R. 14] (ISO 9613-
I[R.C. 4.9]), effects of ground reflections-absorptions based on Delaney-Bazley

model[G.R. 13] and the effect of attenuation generated by geometric divergence
[G.R. 8, G.R. 12];
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3. optimization of symmetric edge diffraction, mounted on the top of the semi-infinite
thin rigid acoustic barrier, using the new MGPM, to increase the attenuation of the
noise generated by automotive/railway traffic [G.R. 8];

4. optimization of asymmetric edge diffraction, mounted on the top of the semi-
infinite thin rigid acoustic barrier, using the new MGPM, to increase the attenuation
of the noise generated in industrial areas [G.R. 19];

5. optimization of asymmetric edge diffraction, mounted on the top of the semi-
infinite thin rigid acoustic barrier, using the new MGPM, to increase the attenuation
of the noise generated by automotive/railway traffic [G.R. 23, G.R. 24].

6.3. Directions for future research

The new method MGPM was tested only for pure tones in the frequency range [100 . .
.4000] Hz, one of the future research directions is the test in 1/3 of the octave in the frequency
range [0.100 . .. 16.000] kHz.

Another research direction is the use of multi-pole sources for automotive noise traffic
and for railway noise traffic. In this way, the noise generated by the impact between the wheel
and the road (using a quadrupole for vehicles and a multiple-line source for the railway) will
be better simulated using 3D models.

As can be remarked from the previous aspect the simulations must include the 3D
geometry for the multi-pole source disposal when enhancing the new MGPM. Also, it must be
considered that the noise sources are in movement with respect to the acoustic barrier that is
fixed, the speed being stationary or transitory. The last two aspects are also new future research
directions.
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