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Abstract: This paper studies the effect of barrier building orgamzation and noise receiving point locations
relative to a street (source line) on traffic noise attenuation between the buildings in the built area facing busy
street which 1s considered as (linear finite-length sound sources). The objective of the research is to study the
variables affecting the attenuation values of traffic noise in receiving points between and behind the buildings
i an urban environment overlooking busy streets. A theoretical background of sound wave penetration
between buildings facing streets in general 1s presented. In addition to study, the variables affecting noise
attenuation behind groups of barrier buildings. Mathematical models have been proposed to calculate the traffic
noise attenuation values in different receiving points located between and behind barrier buildings facing traffic
noise. Computer simulation of three types of cluster barrier buildings, each type consist of two case studies
with different receiving point locations relative to street are studied to explain the effect of different building
organization types the ratio of gaps mn barrier buildings and its distances from the street (source line) on noise
waves penetration to the built area. Results of this study indicate that the form of cluster building type, its
location, direction and receiving pont location affects the exposure degree of the receiving points to the noise
source line behind these building which in turn affects traffic noise attenuation values. Tt is concluded that the
solidity form of some cluster building and its distance far from the first row of barrier buildings will increase the
traffic noise attenuation values in built area behind barrier buildings.

Key words: Traffic noise, noise attenuation, sustainable urban planning, barrier building, urban acoustical
environment, environmental neise pollution

INTRODUCTION

The soundscape is seen as an integral part of any
urban environment when planning areas or subdivision of
land located near busy streets. Noise pollution sources
should be considered at the master planming and concept
planning stage. There is close relation between traffic
noise control and the planning of the city in particular
when planning new developments in building areas and
streets. In other words, traffic noise control 13 closely
related to urban planmng. The noise levels are high near
busy streets and low in shielded areas or areas far from
busy streets. Thus, the traffic noise levels are related to
the local traffic volumes. The traffic volumes are in turn
closely related to the infrastructure of the city in particular
to the road network and the buildings. Thus, we have a
two-stage relation from infrastructure to traffic noise
(Anonymous, 2012):
¢+ Buildings and road network influence traffic

volumes
*  Traffic volumes determme traffic noise levels n

particular traffic noise levels at the houses of the

inhabitants

Noise levels at the facade of a building depend on
the distance to the street and on the traffic volume.
Closed building blocks lead to lower noise levels at
facades that are not exposed directly to traffic noise (quiet
facades) (Salomons and Pont, 2012).

Buildings facing busy streets act as a barrer block
forming a buffer zone between the noise source (traffic
noise) and the receiver built environment. So, it is
considered as an wban design element that must be
consistent and integrated with the design treatments.
These buildings do not block the source completely
allowing for gaps in between. These gaps are considered
as paths for noise wave penetration to the area to be
protected (Anonymous, 2012).

As stated above hypothesis is formulated as
follow: “The configuration of cluster buildings facing
busy street affect the locations of traffic noise receiving
points which mn tum influence the noise attenuation in
this built area”.

MATERIALS AND METHODS

Cluster barrier buildings: The organization of barrier
buildings with respect to the street’s location and
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Road

Fig. 1: The layout of cluster barrier building

different exposure degrees of the noise receiving points
i open spaces between and belind those barrier
buildings to the street will affect the value of noise
attenuation. The variables affecting noise attenuation in
buildings organization (like cluster buildings) surrounding
open spaces are:

¢ Spreading of direct sound waves through the gaps
between the buildings and reflected sound wave
paths between bulding’s facades (Anonymous,
2008)

¢ Clustered building’s orientation degree with respect
to the street’s direction

¢+ The number of gaps between barrier buildings that
mterrupt barrier continuity to allow noise waves to
penetrate the built area

¢ The distance between buildings in the same cluster
grouping

*  Staggering building which will provide acoustical
shadow area behind buildings (Anonymous, 2012)

*  The impact of articulated buildings on sound waves
reflection to other buildings (Anonymous, 2008)
Acoustics site planning involves the careful

arrangement of buildings on site, s0 as to minimize the

effect of traffic noise (Anonymous, 2003a, b). The unpact
of traffic noise can be reduced in several ways:

+ Increasing the distance between the street and the
built area

¢  Building orientation and its location away from the
facade exposed to the noise source

*  Usmg buildings in “U” or °L” shaped layout to create
sheltered outdoor recreation areas

*  Protected from noise (Fig. 1) (Anonymous, 2012)

Computer simulation of mathematical models:

Mathematical models are used to represent three types of

sound barrier clustered building layouts. Each type of

cluster grouping considers two case studies which are as
follows. Clustered buildings surrounding an open space
parallel to the source line in one row as shown in Fig. 2.
Locating the receiving points (A, B) on one line
away 20 m from the source line for the first case
studies (1, 2, 3).

Recessed (retracted) middle cluster buildings to
increase the distance between the street and the receiving
points (A, B), setting their distance from the source line
for the second case studies (1-3a) to 20 m for side cluster
buildings and 30 m for middle cluster buildings. The
location of the receiving pomts (A) and (B) were in two
position:

¢  Receiving points (A) located behind the barrier
building

*  Receiving points (B) located in front of the building
gap

The measuring network of the mathematical
simulation models 1s three dimensional (x, y and z).
The x axis 1s the set of point sources equal in distance
from each other (source line). The z axis 1s the source line
height (0.5 m). The y axis represents the different
distances between the recewving pomts and the source
line which varied between the two case studies of
each type (Fig. 2).

Hypothesis constants:

¢ The distance of the receiving points from the barrier
building is 1 m

¢ The value of the sound pressure level assumed at the
street (L) is 75 dB

¢ The height of the receiving point from the ground is
0.5m

Hypothesis variables (parameters):

¢ The length of the visual linear source (dx) from the
receiving point

¢ The values of the visual angle of the source from the
receiving points (6)

¢ The Opening Factor value (OF)

»  The location of receiving pomts (X, Y) axis

»  The arrangement of cluster building groups relative
to source line (road)

*  The distance between source line (road) and the
receiving points for middle cluster buildings (second
case studies (1-3a)

Figure 2 shows the effect of cluster building’s types
of the mathematical model with different exposure degrees
of noise on the visual angles of receiving points.
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Fig. 2: Mathematical models shows the types of cluster building groups
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Table 1: The calculated parameter from geometrical analysis of models

Ruilding cluster location/ Visual angles Visual length of Average gap Average barrier
Type of case studies Receiving points value (@) linear source (dsim length (m) length (m)
1 Side cluster
A 27 (9 128 (96) 68.8 32
B 72 96
Middle cluster
A 27(9) 128 (96)
B T2 96
la Side cluster
A 27 (19 128 (272) 96.0 32
B 72 96.0
Middle cluster
A 11 (0) A8 ()
B T2 144
2 Side cluster
A 0¢0) 00 22.4 32
B 28 32
Middle cluster
A 0(10) 0 (44)
B 28 32
2a Side cluster
A 0(16) 0(196) 57.6 32
B 28 32
Middle cluster
A 00 0 ()
B 28 48.0
3 Side cluster
A 27 (0) 152 (0) 48.0 32
B 72 96
Middle cluster
A 26 (0) 128 (0)
B T2 96
3a Side cluster
A 27 (0) 152 (0) 1280 32
B 72 96
Middle cluster
A 10 (0) A4 ()
B T2 144

Calculation of parameter values using geometrical

analysis of models:

*  Coordinates of point sources that constitute the finite
linear source by visual angles at different reception
points (A, B)

*  Coordinates of noise reception pomts (A, behind the
building; B, in the buildings gap)

¢ Determine the visual angles from each receiving point
to the source line. Two visual angles at the receiving
point (A) and one visual angle at receiving point (B)

»  Calculate the length of visual linear source (dx) from
each receiving point

+  Calculate the average buildings barrier lengths

+  Calculate the average buildings gap lengths

The parameter values calculated from geometrical
analysis of mathematical models the value of visual
angles, visual length of linear, average gap length,
average barrier length in receiving points (A) (B) in the
side and middle building cluster, shown in Table 1.

Application of mathematical equation: The values of
parameters resulting from the geometrical analysis of the
mathematical models of barrier buildings are used to
calculate the attenuation value at each receiving point by

using the following equations. The correction factor
values (the factors (positive or negative) that will be
added to the source sound level which is measured at the
source line (street)) can be calculated using the equations
below to find the noise level attenuation at the receiving
points by using the calculation prediction method. The
visual angles attenuation (HM Stationery Office, 1 988):

Cu = 10log (6/180) (1)
Cu = Visual angle attenuation for each visual part of
source line

0 = Visual angle

The total visual angles attenuation in receiving point
(Att. ) (Templeton and Saunders, 1987):

AHE = 2[10m111u+10w211u_10cu3110+, :| (2)

The attenuation value of the visual length of the linear
source (HM Stationary Office, 1988):

dx = X,-X, (3)
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Where:
dx = The length of visual linear source
X, = The first visual point of the linear source from the

receiving point
The last visual point of the linear source from the
receiving point

X,

AT.(dx)=10log(yd,) 4

AT = Thenoise Attenuation value of the visual length of
the linear source

v = The distance between the linear source and the
receiving points, 20 m for the cluster building case
studies (1, 2, 3), 30 m for the cluster building case
studies (1-3a)

Table 2: The attenuation values of calculated parameters at receiving points

The value of the building’s gap factor for the barrier
building’s gap (O’ Flaherty, 1986):

B.G. = R/(R+D) (5)
Where:
B.G. = Building’s Gap factor
R = Average length of building’s gap
Average length of barrier building

o
Il

Table 2 clarifies how the parameter values the length
of the visual linear source, the visual angles to the street
at reception point (A), (B) and the building gaps
length affect the total attenuation value at reception
points. Table 3 clarifies how the values of building
gaps affect the total attenuation at receiving pomt

Case studies/Cluster building location Receiving points  Visual angles attenuation (dBY Visual source attermation (dB) ~ --—- Total attenuation (dB)-----
1 Side
A -3.26 42.38 19.34 21.02
-8.04 40.86 16.08
B 0.99 40.86 2512
Middle
A -3.26 42.38 19.34 21.02
-8.04 40.86 16.08
B 0.99 40.86 2512
la
Side
A -3.26 42.38 19.34 20.65
-1.79 44.51 15.68
B 0.99 40.86 2512
Middle
A =717 37.03 20,79 42.22
0.00 22.77 42.22
B 0.99 44.35 21.64
2 Side
A 0.00 22.77 42,22 45.23
0.00 22.77 42,22
B -3.11 36.09 2579
Middle
A 0.00 22.77 42,22 42.22
-7.58 39.00 1940
B -311 36.09 25.79
2a Side
A -5.54 43.97 1548 42.22
0.00 22.77 42.22
B -3.11 36.09 2579
Middle
A 0.00 22.77 42,22 45.23
0.00 22.77 42,22
B -3.11 39.58 22.30
3 Side
A -3.26 42.86 19.64 42.22
0.00 22.77 40,22
B 0.99 40.86 2512
Middle
A -3.42 42.08 1948 42.22
0.00 22.77 42.22
B 0.99 40.86 2512
3a Side
A -3.26 42.86 18.86 42.22
0.00 22.77 42,22
B 0.99 40.86 2512
Middle
A -7.58 39.00 1940 42.22
0.00 22.77 42,22
B 0.99 44.35 21.64
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Table 3: The effect of building gaps on total attenuation value at receiving points

Total attenuation at

Total attenuation at point

The deference in attermation values

point A (Att.A) (dB) B (AttB) (dB) between A(dAtt.A) and B(dAtLB) (dB)
Side cluster Middle cluster Side cluster Middle cluster Side cluster Middle cluster Buildings Gap
Case studies  buildings buildings buildings buildings buildings buildings factor (B.G.)
1 21.02 21.02 2512 25.12 4.100 4.14 0.68
la 20.65 42,22 2512 21.64 4.470 20.55 0.72
2 45.23 42.22 2579 25.79 19.440 19.44 0.42
2a 42,22 45.23 25.79 22.30 16.430 22.93 0.64
3 42,22 42.22 2512 25.12 17.100 17.10 0.60
3a 42,22 42.22 2512 21.64 17.100 20.58 0.80
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Fig. 3: Comparison between attenuation values at points
(A) for middle cluster buildings (Att. A M)
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Fig. 4 Comparison between attenuation values at points
(B) for middle cluster buildings (Att B.M)

A, B m each of side and middle cluster building, in
addition to the building gaps effect on the deference in
attenuation values between the receiving points A
and B.

Diagrammatic representation of results: Figure 3
through 12 represent the outcomes of the computer
analysis. The results can be shown in histograms.
The histograms above clarify how the length of
the wvisual linear source (dx), the value of visual
angles (0) and the Building Gaps values (B.G.)
affect the noise attenuation value at receiving points
AL B

Fig. 5: Comparison between attenuation values at points
(AAtANM), (BYAttBM) for middle cluster

building
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Fig. 6: Comparison between attenuation values at points
(A) (Att AM), (B) (Att AM) for middle cluster
buildings
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Fig. 7: Comparison between attenuation values at poimts
(B) (Att.B.S) for side cluster buildings
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Fig. 8: Comparison between attenuation values at points
(A) (Att.A.8) for side cluster buildings
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Fig. 9 Comparison between building gaps values for all
cluster building types
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Fig. 10: Comparison the deference in attenuation (B.Gaps)
values between receiving points (A, B) for side
cluster buildings (dAtts) and middle one
(dAtt M)
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Fig. 11: The effect of Building Gaps (B.G.) on noise
attenuation at receiving pomts (B) in on noise
attenuation at reception points (A) in (Att.B.S)

and middle cluster (Att. B.M)
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Fig. 12: The effect of Building Gaps (B.G.) side on side
attenuation at reception points (A) m side cluster

(Att A S) and middle cluster (Att. A M)
RESULTS AND DISCUSSION

The retreat of middle cluster building i the two case
studies (la) and (2a) lead to increasing the attermation
value at the receiving point (A) More than it was in the
study cases (1) and (2). That’s due to the change of one
or both visual angles value to be (0), the increase of the
total visual angles attenuation led to increases the noise
attenuation value of that area (Fig. 3).

In case study (3a), the retreat of the middle cluster
building doesn’t affect the attenuation values of the
receiving pomt (A) of the side cluster building. That 1s
due to mass enclosure of barrier building that surrounds
the receiving point (A). Hence, the mass enclosure of the
gap-free barrier building increases the sound attenuation
more than it was with gaps. The building gaps factor
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increases in case of the retreat of middle cluster buildings
because of the increase in building gaps length. That
appears clearly when we compare between the two case
studies n each type where we notice that decreasing the
opening factor increases the attenuation value.

Comparison between the attenuation values at the
recewving point (B) n the middle cluster buildings of all
case studies shows that the lowest attenuation value was
in the case (la) while the attenuation value at this point
increased in the case study (2) to become the highest
value because of the difference m each of the values of
visual angles and visual source line length due to the
different degree of exposure to the source line in both
cases (Fig. 4).

Tt was observed that when comparing the attenuation
values of the receiving pomt (A) m the middle cluster
building in all case studies that the lowest attenuation
value was 1n case study (1) and the largest value was in
case study (2a) (Fig. 3). This is due to the fact that the two
building gaps produce two visual angles observed on the
sides of receving point (A) in the case study (1) wluch
result in increasing their exposure to traffic noise and
reducing the attenuation value. It is also noted that this
value is increased in both cases (2.2 a) due to absence of
one or both visual angles (Fig. 5-9).

Comparing the difference in attenuation values
between the points (A) and (B) of the side cluster
buildings of all types, it was observed that the largest
difference in attenuation values between the two points
was m the case study (2) and the lowest value was in the
case study (1) (Fig. 10).

Comparing the difference in attenuation values
between the points (A) and (B) of the middle cluster
buildings of all types, it was observed that the largest
difference in attenuation values between the two poimts
was in the case study (2a) and the lowest value was in the
case study (1) (Fig. 10). Comparing building gap values of
the case studies, showed that the smallest building gap
was in case (2) and the biggest building gap was in case
(3a) (Fig. 9).

The form of the building surrounding the receiving
pomt (A) m the middle cluster building plays a large
role mn reducing the number of visual angles of the source
line, which reduces the degree of its exposure to traffic
noise. Therefore, the attenuation value of the gap-free
surrounded building (shape 1) shown in case study (3),
Fig. 2 1s greater than its value in case of fragmented
surrounding building. This is evident when comparing
case study (3) with case study (1). However, the retreat of
the middle cluster buildings to the back reduced the

degree of exposure of the receiving point to the source
line (street) as in cases (2) and (1) because the side cluster
buildings provided acoustic shadow to the middle one,
which led to absence of visual angles at receiving point
(A) as shown in case study (2a) (Fig. 10-14).

Figure 6 shows that there are differences in the
attenuation values between the receiving points (A),
receiving points (B) in the side cluster buildings. In the
while there are convergences of the values of the other
hand, it was observed that there are differences in the
attenuation values 1 each of the two pomts (A and B) in
the retreated middle clustered building as shown in
Fig. 5.

CONCLUSION

Traffic noise attenuation reduces by increasing, the
value of visual angles at receiving points, the length of
the visual line of the sound source and the buildings
gaps. This affects building’s exposure degree with respect
to the street’s direction. The largest attenuation value of
point (A) in the side cluster buildings was in case study
(2) and the lowest value was in case studies 1 and la as
shown in figure. The largest attenuation value of the
point (B) in the side cluster buildings were in case
studies (2, 2a) and the lowest value were in case studies
1 and 3.

The equality of noise attenuation values between
receiving peoints in both middle cluster building and the
side one when they are at the same distance from source
line as in the first cases in each building group type (1-3).
But in case of the retreat of middle cluster building
backwards, the attenuation value increases due to the
change of one or two of the visual angles to be (0) which
takes the highest calculated attenuation value. That leads
to increasing the total attenuation value as shown in
figures.

Attenuation value of the visual linear source
decreases at point (B) of the retreated middle cluster
building 1n the second case of each type, especially, when
it is not located in the acoustical shadow of the adjacent
building. That 1s due to the increase of the visual linear
source length when the receiving point (B) gets far
from source line which decreases the attenuation
value.

The retreat of middle cluster building from the first
row of barrier building will affect the visual angle value at
the receiving point (A) located behind the barrier building
of the side cluster building. Consecquently, this will affect
the noise attenuation value but this receiving point will

5150



J. Eng. Applied Sci., 14 (13): 5143-5151, 2019

not be affected when it is surrounded by continues
building enclosure even, if these building are equal in
distance from the source line as shown in type (3). Tt is
surround the receiving points with
continues building free of gaps to get effaces traffic noise

necessary to

attenuation or to make the receiving points located mn the
acoustical shadow area of the adjacent cluster buildings.
The barrier buildings shall not face the street in one row
or the same distance from the street line.
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