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Abstract                                                   

Environmental noise is one of the primary important factors that negatively affect human health and quality 
of life.  The canyon effect occurs in the regions between the long structure groups. Canyon effect can cause 
different conditions in terms of noise, heat, lighting or ventilation. This difference: It depends on the 
building-road relationship, traffic density, climatic conditions, building dimensions and geometry. Within 
the scope of this study: The road-structure height relationship of environmental noise specific to street 
canyons and the trade-housing relationship within the building were examined. Highway was preferred as 
the sound source. 12 separate operational models were created, and a total of 168 measurement results 
were obtained from 4 indoor and 10 outdoor measurement points in each model. The results showed the 
level of the canyon effect specific to different variables. 

Keywords: Canyon effect, environmental noise, trade, housing, operational model. 

Kanyon Etkisi Özelinde Zemin Katı Ticari Fonksiyonlu Konut 
Binalarının Çevresel Gürültü Değerlendirmesi 

Özet                                  

Çevresel gürültü, insan sağlığını ve yaşam kalitesini olumsuz etkileyen önemli faktörlerin başında 
gelmektedir.  Kanyon etkisi, uzun yapı grupları arasında kalan bölgelerde ortaya çıkar. Kanyon etkisi gürültü, 
ısı, aydınlatma veya havalandırma açısından farklı koşullara neden olabilir. Bu farklılık: Yapı-yol ilişkisine, 
trafik yoğunluğuna, iklim koşullarına, bina boyutlarına ve geometrisine bağlıdır. Bu çalışma kapsamında: 
Cadde (sokak) kanyonlarına özgü çevresel gürültünün yol-yapı yüksekliği ilişkisi ve yapı içindeki ticaret-
konut ilişkisi incelenmiştir. Ses kaynağı olarak karayolu tercih edilmiştir. 12 ayrı operasyonel model 
oluşturulmuş ve her bir modelde 4 iç mekan ve 10 dış mekan ölçüm noktasından toplam 168 ölçüm sonucu 
elde edilmiştir. Sonuçlar farklı değişkenlere özgü kanyon etkisinin seviyesini göstermiştir. 

Anahtar Kelimeler: Kanyon etkisi, çevresel gürültü, ticaret, konut, operasyonel model. 
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1. Introduction 

After the industrial revolution, the population in cities increased due to job opportunities (Carlo 
et al., 2024; Li et al., 2017; Li et al., 2020; Pouya, 2022). City centers have developed and changed 
rapidly over time (Toy & Esringü, 2021; Yılmaz Bakır, 2020). Due to the increasing urban 
population, irregular planning and urbanization, the number of vehicles and vehicle roads have 
shown various developments (Carlo et al., 2024; Li et al., 2020; Thaker & Gokhale, 2016; Yükrük 
Akdağ, 2003). The increase in the number of vehicles has caused a certain traffic density and the 
roads to be shaped accordingly (Thaker & Gokhale, 2016; Yükrük Akdağ, 2003). Roads 
(transportation network) have become one of the main elements of the city. At the International 
Congress of Modern Architecture (CIAM) held in 1933, the city was divided into 4 functional 
regions: Housing, recreation, work and transportation (Gold, 1998; Mumford, 1992; Yılmaz Bakır, 
2020). 

Cities are areas with compact settlements(Kim et al., 2022). In compact settlements, unwanted 
settlements may occur between vehicle roads and buildings (Arpacıoğlu, 2006, 2012; Sayın, 
2022; Šprah, Potočnik & Košir, 2024; Toy & Esringü, 2021; Yuan, Edward & Norford, 2014). Some 
of these settlements may lead to the formation of microclimate regions (Nasrollahi, Namazi & 
Taleghani, 2021). Street canyons are the area surrounded by high-rise buildings on both sides of 
the road (Şimşek & Özçevik Bilen, 2021). Examples of microclimate regions can be given. It has a 
shape like an open top tunnel (Toy & Esringü, 2021). There are areas exposed to the canyon effect 
in our country and many cities around the world (Shen et al., 2017; Toy & Esringü, 2021; Ünal 
Çilek, 2022). 

Canyon effect in terms of noise: It is the transmission of sound at a much higher sound level to 
much longer distances than normal by reflecting many times between high-rise buildings aligned 
in parallel (Can, Fortin & Picaut 2015; Yılmaz et al., 2023). The canyon effect is the decrease in 
environmental quality in the region where the noise, emission, and heat from the vehicles cannot 
be removed due to high buildings (Fatehi & Nilsson, 2022; Gu et al., 2011; Schiff, Hornikx & 
Forssén, 2010). It consists of more reflected sound than direct sound from the source (Can et al., 
2015; Kang, 2000). Standard sound insulation and noise control calculations may be insufficient 
when designing in areas where the canyon effect is observed (Can et al., 2015; Schiff et al., 2010; 
Yılmaz et al., 2023). Therefore, at the beginning of the design phase, the land, building-road 
relationship should be analyzed. 

1.1. The Canyon Effect 

Canyon: "They are geographical shapes consisting of steep slopes formed by the erosion and 
cleavage of water permeable rocks under weather conditions or river effect." (Wikipedia, 2024; 
Zorer & Öztürk, 2021). Due to the similarity between the geometric shapes of the canyons and the 
locations of the buildings, the settlements where the road is located between the buildings are 
called "street canyon" in architecture and urbanism (Ünal Çilek, 2022). The concept of "canyon 
effect" takes its name from here. Canyon effect: "Microclimatic changes in street canyons" 
(Yılmaz et al., 2023). Sound (Can et al., 2015; et al., 2024; Yılmaz et al., 2023), heat (Battista et al., 
2021; Buccolieri et al., 2015), lighting (Šprah et al., 2024), air quality (Du et al., 2023; Li et al., 2020) 
is effective in multiple comfort parameters.  It may cause the formation of heat islands or noisy 
areas, deteriorate air quality and cause serious effects on human health  (Babisch, 2008, 2014; 
Babisch et al., 2005; Carlo et al., 2024; Farrell et al., 2015; Lugten et al., 2024; Nosek et al., 2022; 
Schiff et al., 2010; WHO, 2018). It may cause an increase in environmental pollutants (Li et al., 
2017; McMullan & Angelino, 2022).  

The reason why street canyons are special areas is that they create different conditions according 
to their surroundings due to the airflow between the buildings (Di Bernardino et al., 2018). In street 
canyons, turbulence is lower than in open terrain, while air swirls form at the corners and the air 
becomes more stagnant. These vortices in the canyons cause wind and sub wind levels to differ 
in terms of air pollution, heat and sound (Farrell et al., 2015). As the height of the building 
increases, a deeper canyon is formed (Murena & Mele, 2016), and the difference between the 
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lower and upper elevations of the physical environment components increases. For example, 
many studies have shown that road-level air pollution (for the same vehicle road and traffic 
density) is higher in an area under the influence of deep canyon than in an open area (Farrell et 
al., 2015; Murena & Favale, 2007; Vardoulakis, Gonzalez-Flesca & Fisher, 2002). Another result 
that supports this is: On roads where traffic flow is free, the air pollution concentration at the road 
level of the canyon (at the lower level of the building) is much lower than at the upper level (Di 
Bernardino et al., 2018; Kim et al., 2022; Thaker &  Gokhale, 2016). 

Many design elements have an impact on the canyon effect. It is affected by elements such as 
wind direction, building geometry, roof plane, road width, building height (Balogun et al., 2010; 
Buccolieri et al., 2015; Carpentieri et al., 2012; Eliasson et al., 2006; Karra, Malki-Epshtein & 
Neophytou, 2017; Kim et al., 2022, 2023; Kluková et al., 2021; Lugten et al., 2024). Situations such 
as the slope, flat or roundness of the roof design, the degree of slope, and the partial design affect 
the air vortex on the street (Alwi et al., 2023; Kluková et al., 2021). There are various types of roofs 
in today's cities. Especially in areas with snow and rainfall, the majority of buildings have sloping 
roofs (Badas et al., 2017). In the studies conducted for such settlements, it is very important to 
enter the roof details into the simulation in terms of the realism of the results.  

Observation (measurement) or simulation can be performed for physical environmental control 
in street canyons. Observation ensures that instantaneous and unobservable data are also taken 
into account. Therefore, it is a more suitable method especially for pollution research (Farrell et 
al., 2015; Guillaume, Gauvreau & L’Hermite 2015; Yagi et al., 2017).  Simulation, on the other 
hand, allows the evaluation of various geometric and meteorological conditions, and since it can 
be repeated, it is a suitable method for the design phase (Can et al., 2015; Farrell et al., 2015; 
Guillaume et al., 2015; Kanda, 2006; Schiff et al., 2010). In the simulation, a "numerical model" 
or "operational model" (Vardoulakis et al., 2003) can be used. Numerical models work with 
“computational fluid dynamics”. However, it is a high-cost calculation method (Guillaume et al., 
2015). Therefore, it cannot be used for every canyon. Operational models are an alternative to 
numerical models. It can also be created and used by non-experts. Although the sources of 
information are limited, they provide a lot of data on the subject (Kang, 2005; Lee & Jeon, 2011; 
Lee & Kang, 2015; Murena & Mele, 2016; Yilmaz et al., 2023). Operational models are generally 
created in such a way that the buildings are accepted as boxes and calculated by mass equation. 
Since the boxes are considered homogeneous and stable, it is easier to calculate the average 
values of the pollutants in the street (Murena et al., 2011). 

2. Material and Method 

The aim of the study is to investigate the relationship between trade and housing functions and 
building and vehicle road heights in building groups exposed to the canyon effect. Within the 
scope of the study, uniform operational canyon models were created and environmental noise 
calculations were made specific to the measurement points.  

SoundPLAN software was used for environmental noise calculation. The scenarios planned to be 
evaluated within the scope of the study are drawn in AutoCAD 2018. Noise data is entered into 
the model in SoundPLAN. The results were compared with each other for different scenarios. The 
images of the study were drawn by hand in the Designer-2 application. 

3. Findings and Discussion 

Within the scope of the study, ground floor residential buildings with commercial functions were 
evaluated specific to the canyon effect. For this, a building type and a road section were designed, 
first the combination of commercial and residential functions of this building, then the 
combination of height between the road and the building was changed. As seen in Figure 1, the 
types of street canyons used in this study are common in today's cities. Especially in densely 
populated areas, even deeper canyons are encountered. 
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Figure 1. Three-Dimensional Rendering of the Model 7 

The road facade of the designed building is 20 meters wide without a flat balcony. The facade 
consists of glass and brick. Facade size (cm) and material use are shown in Figure 2. Only brick 
and glass material was used in the residential unit and only glass material was used in the trade.  

 
Figure 2. Road Front of the Building (Model 7) 

Figure 1 The example of a building model with two commercial five-storey houses is shown in 
Table 2. The combinations of the building in Figure 2 in 12 scenarios are given in Table 1. The 
sound absorption values of the materials used in building and road design are given. It is "Rw: 24" 
for glass material. 

Table 1. Sound absorption (α) values of materials used in design 

 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 
Glass (Large Panel) * 0,18 0,06 0,04 0,03 0,02 
Brick (Machined Brick Mesh) ** 0,01 0,02 0,02 0,03 0,04 
Asphalt (9,5 mm size aggregate, 4,3 cm thickness) *** 0,01 0,01 0,05 0,8 0,15 
Stone (Marble) ** 0,01 0,01 0,01 0,02 0,02 
Needle Leaf Shrub **** 0,02 0,04 0,03 0,04   0,1 
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* (Egan 2007), * * (Colorlib & Jekyll 2021), * * * (Knabben et al. 2016),  * * * * (M. Li et al. 2020) 
3.1. Scenario Design 

In the literature, heterogeneous, semi-idealized models have generally been used in studies on 
the canyon effect (Allegrini, 2018; Coceal et al., 2006; Du et al., 2023; Goulart et al., 2019; Lo & 
Ngan, 2015; Michioka, Takimoto & Sato, 2014; Nosek et al., 2018; Shen et al., 2017). Uniform 
street canyons usually consist only of high-rise buildings. However, mixed street canyons are 
formed in various urban areas with canyon effect today. There is variability in factors such as 
traffic density, building height, road width (Gu et al., 2011). The models used in the study were 
aimed to be similar to today's street canyons. Figure 2 shows a three-dimensional rendering of a 
model.  

Scenario design stages are as follows: 

• For the examination of the commercial-housing combination: The floor layout of the 
building is planned as "Ground floor + 6 floor", seven floors in total. The facade was retracted 2,5 
meters from the road on the commercial floors of the building. In the scenario editing, three 
different combinations are included: one layer commercial, two layers commercial and three 
layers commercial.  

• In order to examine the canyon effect, the road section (vehicle and pedestrian) was kept 
constant, and different elevation heights specific to the road and building were evaluated. Road: 
The pedestrian axle on both sides (a pedestrian axle 2,5 meters) is planned with a total width of 
12 meters in the middle, open to bi-directional traffic and unable to park (double lane, 7 meters). 
The vehicle path data is taken from the SoundPLAN library. "Road day histogram library + OGT + 
24%" was selected and variable and bidirectional traffic was determined. "Main Road" was 
selected as the road type, and for light vehicles, day speed was entered as 60 km/h (variable), 50 
km/h (variable) in the evening, and 40 km/h (constant) at night. For heavy vehicles, 50 km/h 
(variable) was entered during the day, 40 km/h (variable) in the evening, 30 km/h (constant) at 
night. Within the scope of these entered and selected values, SoundPLAN calculated the 
following values for the road: Lday 76,45 dB (A), Levenning 70,62 dB(A), Lnight 66,90 dB(A). This 
path calculation was used for all models. Asphalt was preferred as vehicle road material and 
stone (marble) was preferred as pedestrian road (pavement) material. Four different 
combinations are included: the road is lower than the ground level of the building, the ground 
floor of the building is at the same height as the first floor and the second floor.  

A total of 12 different scenarios were created by crossing commercial-housing combinations with 
road-building combinations. In the models, the building and road are formed in a length of 20 
meters, and the measurement points are at the midpoint of the model (at 10 meters). A total of 
14 measurement points were determined in each scenario model, 4 in the building (2 in 
commerce, 2 in housing) and 10 outside the building. The measurement points are co-located on 
the right and left sides of the model. In each model, it was decided to place identical buildings on 
both sides of the road.  

In each model, a coniferous bush with a height of 3 meters and a width of 90 cm is placed parallel 
to the road (continuing throughout the entire model) on the pedestrian axis on the right side of the 
road. This bush is planned to act as a natural noise barrier. In addition, bushes have the feature 
of supporting ventilation and social life under the influence of canyon and preventing the 
formation of wind corridors (Can et al., 2015; Carlo et al., 2024; Fellini et al., 2022; Van 
Renterghem & Botteldooren, 2008, 2010). The bush is placed at the pavement elevation and is 
positioned independently of the road elevation. The shrub height is chosen in accordance with 
the height of the garden protection wall used in any sheltered site.  

It was preferred to leave the cantilever distance in the buildings (between the commercial and 
residential floors) 2,5 meters and to prefer the materials whose sound absorption values are given 
in Table 1 to ensure that the models comply with the values allowed by the structural and 
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regulations. In models 1, 2, 4, 5, 6, 8, 9, 10 and 12, when the road elevation is changed, the road 
edges are assumed to be the same as the road material. 

For the meteorological data (wind, temperature and humidity) of the study, Cmet(daytime): 2, 
Cmet(evening): 1 and Cmet(night): 0,5 values were entered.  

Table 2 cross-sections and measurement points of 12 scenarios (14 in each scenario) are shown 
in. Spaces coloured dark gray represent commerce, and light greys represent housing. In the 
table, each row shows the same elevation height between the road and the building, and each 
column shows the same commercial housing combination. The models are designed in three 
dimensions, shown in their cross-sections in Table 2. 

Table 2. Scenarios (Red: Measurement point) 
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The locations of the measurement points were selected at similar horizontal and vertical 
coordinates for convenience in calculation and comparison. Measurement points 1, 2, 9 and 10 
are located 1 meter away from the building facade. Measurement points 3 and 8 are located 0,5 
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meters away from the building facade. The X-axis coordinates of measurement points 1,2 and 5 
are the same. The X-axis coordinates of measurement points 6, 9 and 10 are the same. The Y-axis 
coordinates of measurement points 3, 4, 5, 6, 7, 8, 12 and 14 are the same. Measurement points 
11 and 13 refer to residential indoor noise, while measurement points 12 and 14 refer to 
commercial indoor noise. The locations of the measurement points are given in Figure 3. Figure 3 
shows the measurement points on Model 3. 

 

 
Figure 3. Location of Measurement Points (Model 3) 

In the continuation of the study, the measurement points were named according to the name of 
each scenario. For example, the measurement points of the first scenario are named as 1.1, 1.2, 
1.3, 1.4, etc. 

4. Conclusion and Suggestions  

For the 12 models calculated within the scope of the study, 168 different result data were 
obtained, 48 of which were indoors (24 in commerce, 24 in housing) and 120 outdoors. Simulation 
results are given in Table 3. Daily average value (Lden) was used to compare the measurement 
results. The painted columns in the same color show the measurement point name and the result 
value.  

Table 3 the measurement results given in are examined with the following graphs. Table 5 in, it is 
shown that the sound reaches long distances without decreasing due to the canyon effect. For 
this, the 1st, 2nd and 5th measurement points (aligned in the vertical plane) were used from each 
model. The 5th point is at the pavement level and is the closest to the road, while the 1st point is 
at the upper level of the building and is the farthest from the road.  

• The noise level difference between the 1st and 2nd points is between a minimum of 0,5% 
(0.3 dB(A), model 12) - a maximum of 2,7% (1,6 dB(A), model 10). 

• The noise level difference between the 1st and 5th points is between a minimum of 0,7% 
(0.4 dB(A), model 2) and a maximum of 8,2% (4,8 dB(A), model 8).  

• The noise level difference between the 2nd and 5th points is between a minimum of 0,3% 
(0,2 dB(A), model 8) - a maximum of 1,5% (0,9 dB(A), models 3, 6 and 10). 
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Table 3. SoundPLAN simulation results (Lden results dB(A)) 

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
measurement 

point result measurement 
point result measurement 

point result measurement 
point result measurement 

point result measurement 
point result 

1.1 56,2 2.1 56,3 3.1 54,7 4.1 53,6 5.1 56,9 6.1 57,2 
1.2 57,4 2.2 57,3 3.2 55,7 4.2 54,1 5.2 58,6 6.2 58,9 
1.3 24,3 2.3 24,3 3.3 23,4 4.3 23,3 5.3 24,3 6.3 24,4 
1.4 28,3 2.4 28,3 3.4 27,0 4.4 28,8 5.4 28,5 6.4 28,2 
1.5 56,9 2.5 56,7 3.5 56,6 4.5 54,5 5.5 57,8 6.5 58,0 
1.6 50,4 2.6 50,4 3.6 48,8 4.6 48,5 5.6 50,5 6.6 50,5 
1.7 45,5 2.7 45,8 3.7 39,9 4.7 40,3 5.7 46,4 6.7 45,6 
1.8 22,3 2.8 22,4 3.8 18,4 4.8 18,3 5.8 22,5 6.8 22,5 
1.9 55,4 2.9 56,4 3.9 56,7 4.9 56,0 5.9 55,3 6.9 55,5 

1.10 54,3 2.10 54,5 3.10 55,2 4.10 55,3 5.10 54,5 6.10 54,5 
1.11 29,9 2.11 29,3 3.11 28,2 4.11 26,6 5.11 31,1 6.11 31,4 
1.12 7,3 2.12 7,3 3.12 6,3 4.12 6,3 5.12 7,3 6.12 7,4 
1.13 27,9 2.13 28,9 3.13 29,2 4.13 28,5 5.13 27,8 6.13 28 
1.14 4,9 2.14 5 3.14 1 4.14 1,1 5.14 5,1 6.14 5,1 

Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 
measurement 

point result measurement 
point result measurement 

point result measurement 
point result measurement 

point result measurement 
point result 

7.1 53,3 8.1 53,2 9.1 56,7 10.1 57,0 11.1 54,1 12.1 53,2 
7.2 54,0 8.2 54,3 9.2 58,1 10.2 58,6 11.2 54,7 12.2 53,5 
7.3 23,4 8.3 23,3 9.3 24,4 10.3 24,3 11.3 23,3 12.3 23,4 
7.4 26,9 8.4 26,4 9.4 28,0 10.4 28,5 11.4 26,9 12.4 27,0 
7.5 54,2 8.5 58,0 9.5 57,4 10.5 57,7 11.5 55,2 12.5 53,9 
7.6 49,0 8.6 48,8 9.6 50,4 10.6 50,5 11.6 48,8 12.6 48,7 
7.7 40,3 8.7 40,0 9.7 45,2 10.7 45,2 11.7 40,0 12.7 22,5 
7.8 18,4 8.8 18,4 9.8 22,4 10.8 22,3 11.8 18,4 12.8 18,4 
7.9 57,3 8.9 56,8 9.9 55,8 10.9 55,8 11.9 56,6 12.9 55,9 

7.10 56,0 8.10 56,0 9.10 54,6 10.10 54,6 11.10 55,6 12.10 55,6 
7.11 26,5 8.11 26,8 9.11 30,6 10.11 31,1 11.11 27,2 12.11 26 
7.12 6,4 8.12 6,3 9.12 7,4 10.12 7,3 11.12 6,3 12.12 6,4 
7.13 29,8 8.13 29,3 9.13 28,3 10.13 28,3 11.13 29,1 12.13 28,4 
7.14 1 8.14 1 9.14 5 10.14 4,9 11.14 1 12.14 1 

 

Continuous traffic flowing highways are line sources. When environmental factors are neglected 
(such as wind, temperature, weather), the sound level at the line source is calculated with the 
formula: 

 "L2 = L1 – 10log(r2/r1)" dB  

(L: sound level, r: distance) (Yüğrük Akdağ, 2024). Since the sound line source (road) height 
changes in the models, it is necessary to calculate with different r values. Table 4 in which model, 
which r values are entered is written. (While calculating the r value, the geometric midpoint of the 
vehicle road at 1,5 meters above the ground is accepted as the center of the sound source.) 

Table 4. R (distance) values in models for line source sound level reduction formula (m) 

 Models 1, 5, 9 Models 2, 6, 10 Models 3, 7, 11 Models 4, 8, 12 
 r1 r2 r2 = r1 r1 r2 r2 = r1 r1 r2 r2 = r1 r1 r2 r2 = r1 

Point 1 (r2) and Point 2 (r1) 6 13,7 2,2 8,3 16,6 2 10,9 19,5 1,7 13,7 22,4 1,6 
Point 1 (r2) and 5 (r1) 7,5 13,7 1,8 5,4 16,6 3 1 19,5 19,5 5,4 22,4 4,1 
Point 2 (r2) and 5 (r1) 6 7,5 1,2 8,3 5,4 0,6 10,9 1 0,1 13,7 5,4 0,3 

 

The sound level in the line source was calculated with the data in Table 4. The results are given in 
Table 5. 
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Table 5. SoundPLAN simulation and theoretical account levels differences of the 1st, 2nd and 5th 
measurement points in the models in Table 2 (dB(A)) 

 Point 1 (r2) and Point 2 (r1) Point 1 (r2) and 5 (r1) Point 2 (r2) and 5 (r1) 
 SoundPLAN Account SoundPLAN Account SoundPLAN Account 

Model 1 1,2 3,4 0,7 2,5 0,5 0,8 
Model 2 1 3 0,4 4,7 0,6 -2,2 
Model 3 1 2,3 1,9 12 0,9 -10 
Model 4 0,5 2 0,9 6 0,4 -5 
Model 5 1,7 3,4 0,9 2,5 0,8 0,8 
Model 6 1,7 3 0,8 4,7 0,9 -2,2 
Model 7 0,7 2,3 0,9 12 0,2 -10 
Model 8 1,1 2 4,8 6 3,7 -5 
Model 9 1,4 3,4 0,7 2,5 0,7 0,8 

Model 10 1,6 3 0,7 4,7 0,9 -2,2 
Model 11 0,6 2,3 1,1 12 0,5 -10 
Model 12 0,3 2 0,7 6 0,4 -5 

 

According to the data we obtained, 

• Table 5 In, the differences between the simulation values and the calculation values are 
high (the sound does not decrease in direct proportion to the distance) 

• The 5th point, which is the closest measurement point to Table 3 the vehicle road, should 
be minimum 53,9 dB(A), maximum 57,8 dB(A) (difference 3,9 dB(A)), the road noise calculated by 
SoundPLAN should be lower than the difference value (9,55 dB(A) in the range of minimum 66,9 
dB (A), maximum 76,45 dB(A) 

• Table 6 Although the second measurement point is moderately close to the road, it can 
reach higher values than the measurement point closest to the road (5th point). 

It is caused by the fact that the sound reflects many times between the mutually parallel surfaces, 
that is, the canyon effect. Based on this information, the measurement results Table 3in show 
that these models are suitable for examining a group of buildings exposed to the canyon effect. 

According to Table 2 and Table 3 indoor noises, sidewalk noises and building outdoor noises were 
examined. Color legend is used in the tables. Pink-Purple: Indoor noise level, Blue: Residential 
outdoor noise level, Yellow-Orange: Sidewalk elevation (commercial) outdoor noise level. 

Table 6. Building outdoor noise level dB(A), (Dark gray: 1st, Medium Gray: 2nd, Light gray: 3rd measurement 
point) 

 
Table 7 and Table 8 the indoor noises of the building were examined in Table 7. It was observed 
that the commercial indoor noise was lower on the sidewalk side where the natural noise barrier 
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(coniferous bush) was used. The most obvious difference between barrier and non-barrier (right 
and left) was observed in model 3, model 4, model 7, model 8, model 11 and model 12. The noise 
level difference between commercial interiors is between 82, 5% (model 4) and 87,3% (Model 7). 
The difference in these models is more pronounced because the road elevation is lower than or 
flush with the bush. The difference is clearly read in Table 7. As the road elevation increases from 
low to high, the noise level in the commercial interior also increases. In other models, no similar 
effect was observed as the road was positioned at a higher elevation than the bush. The models 
with the least difference are 1, 5 and 9. In these models, the road is at the same height as the 
upper level of the bush or 3 meters higher than the road bush. However, a decrease was observed 
in almost every model due to the presence of the bush.  

Table 7. Commercial indoor noise level dB(A), (pink: 12th and purple:14th measurement points) 

 
Table 8 The noise difference between the residential interiors in was taken from the 11th and 13th 
measurement points on the 4th floor. These two measurement points are positioned exactly 
symmetrically to each other, since the buildings are completely identical to each other, the 
measurement difference between them is due to the effect of the bush at the pavement level on 
the sound reflection. The difference is 10,1%, that is, 3,3 dB(A), at most in model 5. However, in 
some of the models, the sound level was lower in the houses on the opposite side of the bush in 
some of the building on the bush side. This is due to the fact that the play affects the mutual 
parallel inter-surface reflections of the sound wave.  

Table 1. Residential indoor noise level dB(A), (Pink: 11th and purple:13th measurement points) 

 
Table 9 The outdoor noise level of the house at the level of the 3rd floor was evaluated in. 
Measurement points 2 and 9 were used. Both are located one meter away from the facade. The 
biggest difference between the measurement points is in model 6. 3,4 dB(A) is 5,7%.  
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Table 2. Residential outdoor noise level at floor level dB(A), (Light Blue: 2nd and dark blue:9th 
measurement points) 

 
Table 10 The outdoor noise level on the top floor of the building (6th floor, residence) was 
compared in. The 1st and 10th measurement points were used. The measurement points are 
located 1 meter away from the facade of the building where they are located. The largest 
difference is 5% in model 8, with a value of 2,8 dB(A). 

Table 3. Residential outdoor noise level at floor level dB(A), (Light Blue: 1st and dark blue:10th 
measurement points) 

 
Table 11 In, the outdoor noise level of the pavement elevation was taken from the 5th and 6th 
measurement points. These points are closest to the vehicle road. While the 6th point is located 
just behind the bush, there is no obstacle between the 5th point and the road. The difference 
between them is at most 9,2 dB(A), 15,8% in model 8.  

Table 4. Sidewalk outdoor noise level dB(A), (Yellow: 5th and orange: 6th measurement point) 

 
In Table 12, the outdoor noise level of the pavement elevation was taken from the 3rd and 8th 
measurement points closest to the building (commercial). These measurement points were 
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created in order to evaluate the sounds reflected from the building facade. These points are 
located 1 meter away from the facade. The maximum difference between them was found to be 
equal in models 3, 4, 7, 11 and 12, and 5 dB(A) was 21,4%. 

Table 5. Sidewalk outdoor noise level dB(A), (Yellow: 3rd and orange: 8th measurement point) 

 
Unlike other graphs, Table 13 is prepared to compare the measurement points on the same side 
of the building, not the measurement points in Table 14 reciprocal buildings. The selected 
measurement points were on the same side of the building and were used to examine the level 
change of the sound due to the echo. The selected points are the closest points to the road and 
the closest points to the building at the pavement elevation.  

Table 13 In the models, a comparison was made in the building on the left (without bushes). The 
3rd point is closest to the building and the 5th point is closest to the vehicle road. The difference 
between them is at least 30.5 dB(A), 56,5% in model 12. The maximum difference is 33,6 dB(A), 
57,9% in model 6. 

Table 6. Sidewalk outdoor noise level dB(A), (Yellow: 3rd and orange: 5th measurement point) 

 
In Table 14, a comparison was made in the building on the right (with a bush) in the models. The 
6th point is closest to the vehicle road and the 8th point is closest to the building. Point 6 is on the 
side of the bush close to the building. The difference between them is at least 30,5 dB(A), 56,5% 
in model 12. The maximum difference is 34,7 dB(A), 59,8% in model 8. 
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Table 7. Sidewalk outdoor noise level dB(A), (Yellow: 6th and orange: 8th measurement point) 

 
Conclusion 

The canyon effect does not work according to the principle that the sound decreases as it moves 
away from the source. The results of the study summarize this situation: 

• Table 6 and Table 7 in the sound levels in models 1, 2, 5, 6, 9, and 10 are higher than the sound 
levels in other models. This situation is directly proportional to the increase in the sound level 
as the road height increases. On the other hand, the reason for the relatively lower noise levels 
in models 4, 8 and 12 can be attributed to the fact that the edges of the vehicle road are closed 
up to the pavement level.  

• Reflections caused by the canyon effect caused the results in Table 9 and Table 10 to be 
different from Table 6, Table 7 and Table 8. The results in Table 9 and Table 10 show both the 
effect of the canyon effect on sound reflections and how the environmental noise level 
creates a change, and that the bush creates an impact not only for the building group in front 
of it, but also for the entire canyon region. 

• Table 12 showed the effect of the bush on the noise level at the road level. The bush served 
as a natural noise barrier as intended.  

• Table 6 and  Table 13 consider the 3rd, 4th, 5th measurement results in all models according 
to the values in and, the effect of reflections from the building protrusions was not observed 
sufficiently.  

Accordingly: Physical environmental conditions should be examined well when designing in a 
built environment under the influence of a canyon. If necessary, various measures should be 
taken at the pavement level. It should be noted that road height is a dominant factor.  

The latest updated regulations in our country do not allow building overhangs. However, there are 
buildings with slab overhangs (vertical discontinuities) in the existing building stock. The results 
of this study provide information about the environmental noise that will be generated and 
affected by roads or structures that will be built near such structures. It also shows how noise at 
ground floor height affects the upper floors of buildings. It has caused high levels of noise in both 
commercial and residential functions. In conclusion: This study revealed with quantitative data 
that there was a change in the environmental noise level for all areas where there was a canyon 
effect. It was observed and calculated that the noise decreased less than it should in all 
combinations at the road building height. It explained one of the factors that architects, urban 
district designers and engineers should pay attention to in terms of environmental noise. 
Therefore, the current situation and future scenarios should be considered and well-planned 
when planning the settlement. If necessary, support from experts should be sought.  
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