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Abstract: Barriers are increasingly used to protect the pedestrian and neighboring buildings from
construction noise activities. This study aims to investigate the suitability of applying active noise control
on barriers in a construction site to protect the street area and neighboring buildings. Transducers
that are simulated in this work are close to the barrier, and their optimal positions are defined in such
a way that the control system has the maximum performance at the neighboring areas close to the
construction sites. To begin with, the suitable location of the control sources is found when the total
squared pressure is minimized at the positions of noise receivers. The suitable location of the error
sensors is, then, found when the control sources are fixed at the position of the previous step and the
total squared pressure is minimized at the error sensors. The best location for the error sensors is defined
when the maximum reduction is achieved in the target area. It is observed that suitable positions for the
transducers depend on the location of target areas for noise control, the position of the noise source, and
its operating frequency. In this investigation, a unique configuration is proposed for the transducers that
achieves a comparable reduction both at the street area and the neighboring buildings, simultaneously.
The results show that the active noise barrier with a height of 2.5 m can achieve an extra insertion loss in
the street zone, varies from 9.3 to 16.4 dB (in comparison with passive noise barrier) when the distance
of the noise source from the barrier changes in the range of 7 to 1 m, respectively. Those values are of the
same order for the passive noise attenuation. Furthermore, similar results are achieved when attempting
to cancel the shadow zone of a façade 15 m away from the barrier.

Keywords: noise barrier; active noise control; construction noise control; acoustic protection of façade

1. Introduction

Construction noise is a topic of recognized importance in terms of its impact on workers due to
the high noise level generated [1,2]. The issue has gained added significance given the ever-increasing
environmental sensitivity of the general public and the corporate sector alike in recent years as
construction noise can cause annoyance [3–5] and have adverse behavioral effects [6] on the neighborhood.
Among others, the ubiquity of noise sources, the variability of the noise itself, the existence of the flows
of materials, people and vehicles, the size of the whole plant, the limited efficiency of most solutions in
the low frequency range, and even the difficulty of assessing the effect of mitigating measures [7] all
contribute to on-site noise control.

Noise control in this complex scenario generally calls for joint action on the transmitter, using low
acoustic emission equipment [8] or managing the schedule and simultaneity of the performances [9], and on
the transmission channel [10]. Alternatively, if all else fails, an action can be taken on the receiver [11].

A measure that is gradually being taken is the use of mobile noise barriers that adapt to the construction
process [12–15], despite their limited efficiency in the low-frequency range, which predominates in
construction noise. The recent study [16] defined the difficulties of the application of active noise barriers in
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open space. It is known, however, that active noise control is especially efficient in the low-frequency
range, and that is why recent research has focused on applying this strategy to construction noise
control, with promising results [9,17]. A natural outgrowth of these recent studies consists of the
investigation of the applicability of active noise barriers (ANBs) in construction, which combines
portability with maximum efficiency.

Many prior studies also are conducted to predict the behavior of the active noise barrier. Chen et al. [18]
investigated the noise reduction mechanisms of active noise barriers. This study shows that at low
frequencies, transferred acoustics energy in space is the dominant mechanism when the noise source
and control source are well separated. However, the noise reduction mechanism changes to sound
absorption and/or radiated energy suppression by the control sources when they are close to the noise
source. At high frequencies, the mechanism for noise reduction can be the sound absorption by the
control sources. Other studies [19–23] investigated different approaches to control surrounding noise
by the active noise barriers. Omoto and Fujiwara [24] evaluated the efficiency of an active noise barrier
when error microphones are located on the edge to suppress the diffracted pressure. Their results
revealed that reasonable attenuation is achieved when the distance between error microphones on
the edge is shorter than half the wavelength of the noise generated by the primary source and when
control sources are located to the primary source as close as possible.

Niu et al. [25] carried out an investigation on finding the best position for error microphones near
the edge of a noise barrier when 16 control sources were fixed on the top edge. The noise reduction was
computed at 6 observational points placed at the shadow zone of the barrier. They conducted theoretical
and experimental measurements for three different error microphone placements and their results
showed that there is an optimum value between the distance of control sources and error microphones.
Their observations showed that when the control sources are located on the top edge of the barrier
the best position for the error microphones were placed above the secondary sources. Liu et al. [26]
proposed a new arrangement for control sources and error microphones presented in a previously
studied case [25]. Their arrangement included two rows with eight units of control sources and
corresponded error microphones on the top edge of the barrier. Each row of the control system could
work either separately or together. Their results depicted that the maximum attenuation at receivers
was attained when both rows of the control system were working simultaneously. Furthermore, they
highlighted that the higher the density of secondary sources, the better the control effect.

Hart and Lau [27] examined the performance of an active noise barrier, in which the height of
barrier varied from 3 to 5 m, with three control sources and three error microphones linearly arranged
above the top edge. The angles of control sources with the barrier changed from 0◦ to 90◦, and the
error microphones were always placed perpendicular to the control sources. Their results showed
that the angular orientation of the control sources and error microphones is a weak factor for acoustic
pressure reduction at the shadow zone when the distance between the control sources and error
microphones was less than a quarter wavelength of the primary noise. Chen et al. [28] compared
the performance of an active noise barrier with two types of control sources. It is shown that the
noise reduction performance of the active noise barrier improves remarkably when the unidirectional
control sources were replaced by the monopole control sources. Other investigations [29,30] also
show that the efficiency of the active noise barriers depends largely on the number and the location of
error microphones and control sources, and the best noise control strategy is canceling the pressure at
the target zone. However, real application in a construction site requires a compact design with the
transducers located close to the barrier itself so that it can stand as a unique, mobile, and easy to setup
device [31,32]. Up to now, only some limited combinations of secondary sources and error microphones
deployed around the barrier have been investigated [24,33]. Therefore, there is no knowledge of which
is the best possible configuration for a certain application, as, e.g., noise from construction activities.

This study sets out to investigate the suitability of applying active noise control on barriers for
construction sites and defining the configuration of the control devices, which gives the maximum
attenuation. The suitable locations for the transducers are found among 341 potential positions around
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the barrier. The cancelation targets for noise control are the neighboring street area, defined by a
horizontal plane of receivers at the shadow zone of the barrier, and buildings close to the construction
site, defined by a vertical plane of receivers’ places away from the barrier.

In this regard, two stages are involved in discovering the best location of the transducers close
to the barrier [34–39]: First, the position of the control sources is found ensuring the maximum
attenuation of acoustic pressure in the receiver zone. Second, a suitable position is selected for the
error microphones that gives the greatest attenuation in the shadow area for the location of the control
sources found in the first stage.

2. Theory

2.1. Diffraction Model

Numerous available methods estimate the diffracted sound field. An analytical model is preferable
in the case of a repetitive calculation due to its low computational requirements. Among the various
analytical models proposed for calculating the pressure of diffracted sound wave, the one developed
by MacDonald [40] is widely used for the barrier calculations, which we have also used throughout
this study.

Given one receiver, one sound source, and one semi-infinite barrier, three different acoustic fields
are found depending on the relative locations of these elements [30]. These fields include the shadow
zone of the barrier (Region I), Region II, and Region III as shown in Figure 1.

Figure 1. Schematic diagram of the diffraction wave [30].

The receivers in the incident zone (Region III) are in the direct, reflected, and diffracted field of the
sound source. However, the barrier reflected wave fronts disappear in Region II, and only diffracted
field remains in the Region I.

Equation (1) represents the MacDonald’s solution for computing the pressure of diffracted wave
fronts along the barrier edge.

PD =
k2ρ c

4π
q0[sgn(ζ1)

∫
∞

|ζ1 |

H(1)
1

(
kR1 + s2

)
√

s2 + 2kR1

ds + sgn(ζ2)

∫
∞

|ζ2 |

H(1)
1

(
kR2 + s2

)
√

s2 + 2kR2

ds] (1)

where k is the wave number, q0 (m3 s−1) is the source strength, and ρ and c are the air density and the
sound speed, respectively. H(1)

1 ( ) is the Hankel function of the first kind, R1 and R2 are the distances
from the source and its barrier image to the receiver, respectively, as illustrated in Figure 1. In this
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regard, s is the variable of the contour integral and the limits of the two contour integrals in Equation (1)
are determined according to:

ζ1 = sgn(|θs − θr| −π)
√

k(R′ −R1) (2)

ζ2 = sgn(θs + θr −π)
√

k(R′ −R2) (3)

where sgn() is the sign function, and θs and θr are the source and receiver angles, respectively. R′ is
the shortest path from the source to the receiver through the edge. Keeping in mind that all the sources
are considered as three-dimensional point sources, they create direct and reflection acoustic pressure
as follows,

Pd =
−ikρ c

4π
q0

eikR1

R1
(4)

Pr =
−ikρ c

4π
q0

eikR2

R2
(5)

2.2. Active Noise Barriers

The overall objective of adding active noise control sources to the barriers is to extend the efficiency
of the acoustic barriers at low-frequency spectra, typical of construction noise [8]. An effective design
of an active noise barrier defines the location of the error microphones and secondary sources properly.
Installing the transducers close to the barrier can be advantageous in terms of supporting them on the
barrier itself. The optimized position of transducers highly depends on the position of the noise source
and the target area where it is aimed to control the sound level.

In this study, the locations of transducers are optimized for different positions of the noise sources
and two different target areas, namely, the street area and the façade of the neighboring building.
The optimization procedure is followed by a two-step method [34–39]. The first step is to determine the
positions of the control sources, which ensures the maximum noise level reduction in the target area.
Once the suitable location of the control source has been found, the position of the error microphones
is defined. It bears noting that the objective in the second step is not to maximize the attenuation in the
error sensors, but to minimize the sound level in the target area.

Minimization of Squared Pressure

The total pressure at the discrete number of points described by P, can be written in terms of the
primary’s and secondary sources’ strengths in the form of

P = ZPqP + Zsqs (6)

where ZP is the vector for complex acoustic transfer impedances for the primary source at these points
and qP is the primary source strength. Zs is an M×N impedance matrix, corresponding to N control
sources at M points, and qs is the vector for the control source’s strength.

Equation (7) defines the total squared pressure

Jp = PHP = ZH
P ZP + ZH

P Zsqs + qH
s ZH

s Zp + qH
s ZH

s Zsqs (7)

The strength of control sources is computed by minimizing the total squared pressure. The unique
minimum value is specified by [41]

qs = −
(
ZH

s Zs
)−1(

ZH
s Zp

)
(8)



Appl. Sci. 2020, 10, 6160 5 of 17

Then, regarding broadband spectra, Equation (9) calculates the overall insertion loss, IL, at all
observational points in the target area through all frequencies in the desired range.

IL = 10 log(

∑i=13
i=1

∑ j=M
j=1

∣∣∣∣POFF
ij

∣∣∣∣2∑i=13
i=1

∑ j=M
j=1

∣∣∣∣PON
ij

∣∣∣∣2 ) (9)

where PON
ij = ZPqP + Zsqs and POFF

ij = ZPqP are the total pressures in the target area with and without
control, respectively. In this study, i refers to the central frequency of the third of the octave band
between 63 Hz and 1 kHz, at any j position of the observational points.

3. Method

Acoustic barriers are commonly used in cities to control the construction noises in the street area and
neighboring buildings. These kinds of barriers are generally composed of several short length segments
(Figure 2) so that they can be installed, moved, and adapted to the boundary of the construction sites. In this
study, three zones are considered to model the construction site and its nearby areas: (I) the construction
site (Figure 2a), where the activities are progressing and the noise sources are located; (II) the building area,
representing close buildings; and (III) the street area, representing the sidewalk zone between neighborhood
buildings and the construction site (Figure 2b).
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To address the movement of the noise source in the construction site, the simulation is 
conducted for different positions of the noise source. The distance of the noise source from the 
barrier, 𝑑𝑑𝑝𝑝𝑟𝑟, ranges from 1 to 7 m, and for simplicity, it is always located at plane Y = 0 and a height 
of 0.3 m. The frequency spectra throughout this work are formed by the center frequency of each 
third octave band from 63 Hz to 1 kHz and the power output of the noise source is 1 W at each 
considered frequency. 

Figure 3 schematically shows the construction site and the nearby areas. In this figure, the 
control zone is the region close to the barrier, reserved to place the transducers. This zone is 
intentionally selected near the barrier so that the transducers can be installed in real applications and 
also the active barrier remains as a unique, portable device. For this study, the control zone 
surrounds the barrier with a size of 1 × 3 m2. 

The positions of the transducers are optimized through the control zone to minimize the sound 
level in the target areas (shaded areas in Figure 3). The street area with a size of 10 × 8 m2 is 

Figure 2. On-site noise control barriers. (a) Construction site area. (b) Sidewalk and neighboring buildings.

In the simulation, the barrier with rigid surfaces on both sides and a practical height of Hb = 2.5 m is
considered between the construction site and the sidewalk and buildings area (Figure 3). The thickness
of the barrier is considered negligible vis-a-vis the noise wavelength. In the calculations, the ground is
also assumed to be hard and the reflected pressure at both sides of the barrier are computed based on
the image method [42].

To address the movement of the noise source in the construction site, the simulation is conducted
for different positions of the noise source. The distance of the noise source from the barrier, dpr, ranges
from 1 to 7 m, and for simplicity, it is always located at plane Y = 0 and a height of 0.3 m. The frequency
spectra throughout this work are formed by the center frequency of each third octave band from 63 Hz
to 1 kHz and the power output of the noise source is 1 W at each considered frequency.

Figure 3 schematically shows the construction site and the nearby areas. In this figure, the control
zone is the region close to the barrier, reserved to place the transducers. This zone is intentionally
selected near the barrier so that the transducers can be installed in real applications and also the active
barrier remains as a unique, portable device. For this study, the control zone surrounds the barrier
with a size of 1 × 3 m2.

The positions of the transducers are optimized through the control zone to minimize the sound
level in the target areas (shaded areas in Figure 3). The street area with a size of 10 × 8 m2 is recognized
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as the first target area that is covered with 15 points for computing the pressure. These points are
located at a height of 1.65 m.
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The second target area in this research is the shadow zone on the façade of the neighboring
building. The whole building façade is 20 × 8 m2, located on the plane X = 15 m (Figure 3) and placed
symmetrically with respect to the Y-axis. The size of the shadow zone on the façade depends on the
relative location of the noise source from the barrier. In the current work, the same density of points as
the street area is always considered to compute the pressure on the façade.

The set of control sources is defined by an array of Ns = 10 control sources arranged linearly
along the Y-direction and distributed symmetrically with respect to the X-axis. The space between the
adjacent control sources in the Y-direction is ds = 0.2 m, which is close to half the shortest wavelength
at 1 kHz, a distance that gives a better performance for an array of control sources [24,43]. The suitable
location for the control sources is found among 341 candidate positions in the control zone (Figure 3),
defined by a grid of 0.1 m steps in both X- and Z-direction. For each candidate position, the strength of
the control sources is calculated so that the acoustic pressure is minimized at the observational points
in the target areas, calculated using Equation (9). The position that gives the maximum attenuation is
considered as the best location for the control sources.

Once the best location of the secondary sources has been defined, minimizing the acoustic pressure
level in the target areas is attempted using a set of error sensors within the control zone. To this
end, an array of Ne = 41 error microphones is arranged linearly along the Y-direction, with distances
de = 0.2 m between them, and distributed symmetrically with respect to the X-axis. The distance
between error sensors is close to half the shortest wavelength which, based on ref. [24,43], is the
optimum value for the separation space of error sensors, and Ne = 41 is chosen to cover the width
of the target areas in Y-direction. With the secondary sources fixed at the best position of each
frequency, the strength of the control sources is calculated to minimize the squared pressure at the
error microphones in all candidate positions in the control zone. The position that, after the previous
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calculation, gives the maximum attenuation in the target area, calculated by Equation (9), should
provide the best setup of the control sources and error microphones within the control zone.

4. Results

This section introduces the best locations of the transducers in the control zone when different
regions are considered as the target zones.

4.1. Target Area: Street Area

Table 1 shows the position of transducers, which gives maximum attenuation in the street area for
the various distances of the noise source from the barrier (dpr). This table also illustrates the different
values of attenuations reached in the street area (ILs), the shadow zone on the façade (ILF.s), and at the
whole building façade (ILF), considering passive and active noise control mechanisms.

Table 1. Best positions for the transducers and the insertion loss achieved when the street area is
the target zone. dpr is the distance of the noise source from the barrier and ILs, ILF.s, and ILF are the
average insertion loss in the street area, in the shadow zone of the façade, and in the whole building,
respectively. The insertion loss with the passive noise barrier (PNB), is the difference of the average
sound pressure level in the observational points with and without barrier, and the insertion loss of the
active noise barrier (ANB) is computed by Equation (9). (Xs, Zs), (Xe, Ze) are the coordinates of the
control sources and error sensors, respectively.

dpr (m) (Xs, Zs) (m) (Xe, Ze) (m)
ILs (dB) ILF.s (dB) ILF (dB)

ANB PNB ANB PNB ANB PNB

1 (−0.5, 0) (0.5,2.4) 16.4 14.9 17.9 10.8 17.9 10.8
2.5 (−0.5,1.8) (0.5,1.1) 11.9 13.2 10.8 9.6 0.9 8.7
4 (−0.5, 1.8) (0.5,0.9) 10.9 12.3 8.4 9.5 −0.3 8.3

5.5 (−0.5, 1.8) (0.4,0.4) 9.9 11.8 8.1 9.2 −0.4 8.3
7 (−0.5, 1.8) (0.4,0.2) 9.3 11.4 7.9 9.1 −0.1 8.3

This table shows that the best position of the transducers varies depending on the location of
the noise source. As changing the position of the transducers according to the distance between the
noise source and the barrier is not a practical solution, it is worth to seek whether there are regions
in the control zone for the control devices where the active noise control can achieve comparable
attenuations for different locations of the noise source. Figure 4-i shows the reduction in the street
area (ILs) achieved from the first step for different positions of the control sources in the control zone.
The location of the noise source changes from dpr = 1 m (Figure 4a-i) to dpr = 7 m (Figure 4e-i). In this
figure, the barrier is shown by a black bar and * represents the best position of the control sources.

Form the second step, Figure 4-ii illustrates the reduction in the street area (ILs) when the control
sources are located in the best position (the star position) and the total square pressure is minimized in
different positions of the error sensors in the control zone. In Figure 4-ii, � is the most suitable position
for the error microphones.
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Figure 4. ILs (dB) for different positions of (i) secondary sources and (ii) error microphones, in the
control zone. The distance of the noise source from the barrier (dpr) is (a): 1 m, (b) 2.5 m, (c) 4 m, (d) 5.5 m,
and (e) 7 m. The barrier is presented by the black bar, and * and � represent the best positions of the
control sources and error microphones, respectively.

4.2. Target Area: Shadow Zone of the Façade

More studies have simulated the effect of noise cancelation by the barrier on the façade of a tall
building nearby a construction site. In this subsection, the shadow zone on the façade is considered as
the target area to control the noise of construction activities. The height of the shadow zone on the
façade depends on the distance of the barrier to the building and the distance of the noise source from
the barrier (dpr). In this study, the height of the shadow zone on the façade changes from 7 m for the
noise source at dpr = 7 m to the whole façade for dpr = 1 m. Table 2 demonstrates the most suitable
configurations of the transducers when the shadow zone of the façade is considered as the control
target area.

Figure 5 illustrates the average reduction in the shadow zone on the façade (ILF.s) for different
positions of the secondary sources and error sensors described in Figure 4. In this figure, the target
area is the shadow zone on the façade.
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Table 2. The best positions of the secondary sources and error microphones in the control zone, when
the target zone is the shadow zone of the façade. Variables are similar to Table 1.

dpr (m) (Xs, Zs) (m) (Xe, Ze) (m)
ILs (dB) ILF.s (dB) ILF (dB)

ANB PNB ANB PNB ANB PNB

1 (−0.5, 0) (0.2, 2.3) 11.8 14.9 22.0 10.8 22.0 10.8
2.5 (−0.5,1.9) (0.5, 0.5) 11.4 13.2 12.1 9.6 0.6 8.7
4 (−0.5,1.8) (0.3, 0.3) 10.3 12.3 9.7 9.5 −0.5 8.3

5.5 (−0.5,2.3) (0.5, 0.2) 10.7 11.8 9.4 9.2 1.1 8.3
7 (−0.5,2.3) (0.3,0.4) 8.3 11.4 8.9 9.1 0.1 8.3
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* and � represent the best positions of the control sources and error microphones, respectively.
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5. Discussion

5.1. Target Area: Street Area

Table 1 shows that the performances of both active and passive noise control mechanisms in
the shadow zone of the barrier are of the same order for the range of distance of the noise source
from the barrier (dpr) studied in this investigation. It shows the farther the noise source from the
barrier, the lower the attenuation achieved by both passive and active noise control mechanisms.
The attenuation of active noise cancellation in the street area is in the range of 9.3 to 16.4 dB when the dpr

changes from 7 to 1 m, respectively. Passive attenuation, however, is more stable and varies from 11.4
to 14.9 dB for the same distances of the noise source. The loss of attenuation with the active mechanism
is not very noticeable for dpr more than 2.5 m. The same results were observed for the attenuation
attained in the shadow zone of the façade. These observations imply that the active cancellation is
more sensitive than passive noise control to the changes in the distance of the noise from the barrier.

Table 1 also shows when the target zone is the street area, the active noise barrier can reduce the
noise level at the shadow zone of the façade, but it fails to achieve reductions in the whole façade for dpr

from 4 to 7 m. The possible explanation for this result is the noise source farther from 4 m, the number
of observational points on the top parts of the façade, which receive direct wave fronts of the noise
source, and diffracted wave fronts from the control sources increase, and the control source diffracted
field cannot reduce the direct field of the noise source. This suggests that the noise control mechanism is
to cancel the diffracted wave fronts rather than the primary noise radiation.

Moreover, the positions for the control sources and error sensors show that they are always located
on the incident side and shadow side of the barrier, respectively. However, the locations are different
for each position of the noise source, and for a practical active noise barrier in a changing environment
such as a construction site, it is mandatory to seek a unique configuration for the whole range of the
noise source’s position.

Figure 4 reveals that the position of the control sources and the error microphones significantly
contributes to the performance of the control system. Figure 4-i shows that when the squared pressures
are minimized directly at the observational points in the street area, there is a rather wide suitable
region in the incident side of the control zone for the control sources to be located. However, there is a
narrow region in the incident side of the barrier where the control sources achieve lower attenuation in
the street area (Figure 4-i). When the control sources are placed in this narrow region, some observational
points receive both direct and diffracted wave fronts, while other observational points just receive
diffracted wave fronts. This mixture of control sources’ field in the target area likely explains the
weak performance of the control system for noise control, as it is shown for example in the work of
Chen et al. [18] where the active cancellation of the barrier is basically achieved in the region of diffracted
primary sound field. Thus, taking into account the position of the street area, the suitable region for the
secondary sources is a relatively broad region below the edge of the barrier at the incident side.

Figure 4-ii displays that the active noise barrier is more efficient for those positions of the error sensors
in the control zone where they receive the same wave-fronts from the noise source and secondary sources
as the target area. Considering the best positions of the control sources presented in Table 1, the suitable
region for the error sensors is the shadow side of the barrier and below the noise source-edge line.

There is no prior study that considered a whole range of positions for transducers around the
barrier, but some previous studies confirm the results of the current investigation. Omoto et al. [24] and
Fan et al. [44] showed that for both straight and T-shaped active noise barriers, the better performance
achieves when the control sources are placed in the incident side of the barrier, along the line that
connects the noise source to the edge of the barrier.

5.2. Target Area: Shadow Zone of the Façade

The same method is used to define the suitable regions of the transducers when the target area is
the shadow zone on the façade. As shown in Table 2, the optimal positions for the secondary sources



Appl. Sci. 2020, 10, 6160 13 of 17

are in the noise source incident side and the error sensors are in the shadow side. This table also
illustrates that when the shadow zone on the façade of the building is considered as the target area,
the active noise control is as effective as the passive noise barrier to reduce the noise level. The trend
of insertion loss is rather similar to the results obtained when the street area was considered as the
target area.

Generally speaking, Figure 5 demonstrates that the suitable regions for the control sources and
error sensors are below the line that connects the noise source to the barrier edge at the incident and at
the shadow side, respectively. These regions closely match the locations previously proposed for the
street area. Locating the transducers above this line adversely affects the performance of the active
noise barrier. Results of ref. [45] also confirm that the error microphones placed in the shadow zone of
the barrier could create a large quiet zone in the shadow area.

Comparing the reductions achieved for these two target areas presented in Tables 1 and 2 and
Figure 4-ii and Figure 5-ii propose a unique configuration for the positions of the control means.

Figure 6a,b illustrates the insertion loss in the street area when the noise source is at dpr = 7 m
and the transducers are located in the positions presented in Tables 1 and 2, respectively. This figure
shows approximately the same noise level reduction in the street area regardless of the location of the
control zones. On the other hand, Figure 7 shows the insertion loss (dB) in the shadow zone of the
façade for the same condition. This figure reveals that the active noise barrier achieves more reduction
on the building façade when this area is considered as the control zone. Comparing these two figures
reveals that the active noise barrier achieves better noise reduction in both areas when the shadow
zone on the façade is considered as the target area.
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Figure 6. Insertion loss (dB) in the street area when the noise source is at dpr = 7 m and the control
zone is (a) the street area ((Xs, Zs) = (−0.5, 1.8), (Xe, Ze) = (0.4,0.2)) and (b) the shadow zone on the
façade ((Xs, Zs) = (−0.5, 2.3), (Xe, Ze) = (0.3,0.4)).
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6. Conclusions

Successful implementation of an active noise barrier close to a construction site requires an effective
configuration for the control devices and a good understanding of different scenarios for a moving noise
source. The main contribution of this work is studying the suitability of an active noise barrier to control
the construction noise activities in the neighboring street area and the nearby building façade for a noise
source in the construction site. The noise source is represented by a point source placed at different
positions regarding the barrier (as a mobile source would do) and operates with the typical sound spectra
of construction noises.

Although a single optimal configuration is found that gives the maximum attenuation for any plant
configuration, results suggest that there is a suitable broad region for locating the transducers with quite
similar results of attenuation for most of the different plant conditions (in this study, the distance between
the noise source and the barrier and the position of the cancellation target zone). The suitable region for
the control sources is whatever position below the line that connects the noise source to the edge of the
barrier and as far as possible from the barrier (0.5 m in this study). The region for the error sensors also is
whatever position in the diffracted field of the shadow zone and as possible from the barrier (0.5 m in
this study), which is below the line between the edge of the barrier and the farthest receiver.

Whatever configuration that follows these rules and for the number of sources and error sensors
considered in this study, good attenuation results are yielded in the whole shadow zone behind the
array of the error sensors, as cancellation at any of the two target areas has always achieved good
attenuation in the other zones. It is shown that with the geometry of this study for the target zones,
when the noise source is 7 m far away from the barrier, the passive attenuation of the barrier reduces
the noise level to 11.4 and 9.1 dB in the street area and in shadow zone of the façade, respectively.
Besides, the active cancellation with the optimized configuration for the control transducers when the
shadow zone of the façade is the target area can increase the noise mitigation level to 20.3 and 17.4 dB
in the street area and the shadow zone of the façade, respectively. An implication of these results is the
expandability of the implementation of the active noise barrier to control broad cases of construction
noise scenarios.
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As an additional criterion, the barrier should be placed as close as possible to the noise source,
to reduce the risk of raising the noise level in the top part of the building. However, the overall
performance of the proposed configuration is also relatively independent of the position of the noise
source, as the attenuation in the shadow zone of the barrier remains almost unchanged for distances
between the noise source and the barrier between 2.5 and 7 m.
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