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Interaction between high-speed winds and urban buildings may contribute to 
unfavourable winds, safety risks, and building damage. This study aims to clarify the 
effects of high-rise buildings of UTM (Menara Razak-MR and Residensi Tower-RT) on 
the mean and turbulent wind speeds within the canopy layer and to develop a 
prediction model based on the wind tunnel experiment (WTE). Outdoor wind speeds 
are used as the input for conducting WTEs. In the wind tunnel, thermistors and hotwire 
sensors measure wind speeds at the selected canopy heights. Contour maps are used 
to present the analysis of the distribution of vertical profiles for both wind directions 
(22.5° and 202.5°) with high wind speeds. The spanwise uniformity flow has a standard 
deviation of less than 0.1 within the wind tunnel section. The wind profile is produced 
by a castellated block (25 mm cubic) of 17% packing density. The vertical profiles of 
approaching wind followed a power law index of 0.23, which falls within the suburban 
terrain category. The results show that wind speed u increases at a lower canopy layer 
in Plane 6 to Plane 8, and root mean square speed (urms) fluctuates in the downstream 
flow.  
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1. Introduction 
 

In recent years, development in urban areas has gradually increased and intensified the density 
of the concrete jungle. High-rise buildings have contributed to local wind discomfort or disturbance 
towards pedestrians by deflecting strong winds to ground level [1]. The induced speed of strong 
winds by high-rise buildings within the canopy layer may not only damage public properties but also 
pose a danger to pedestrians. However, potential risks related to wind impacts due to high-rise 
buildings in urban areas are often overlooked. This is a significant concern since the wind distribution 
pattern during strong wind events varies due to the complex urban morphological features such as 
building geometry and arrangement. Thus, it is essential to understand the wind impact and its 
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characteristics within the urban canopy layer, as severe wind events might lead to unfavorable 
accidents or losses (human safety or damage to infrastructure). 

The urban canyon is usually found in a big city with a high density of tall buildings where the 
streets are surrounded by buildings. The features of the urban canyon are much more related to the 
change in microclimate. Thus, the evaluation during the urban planning and design stage is crucial to 
maximizing shelter, dispersion, urban warmth, and solar access [2]. Wind at the pedestrian level has 
been an essential aspect to be concerned about as the wind around buildings at a height of 1.5-2.0 
m above ground may pose a risk to pedestrians [3] and has been gradually incorporated into urban 
planning and building design [4]. Generally, such wind studies have been conducted in countries that 
experience strong wind, and some developed well-established guidelines and criteria for pedestrian 
wind evaluation. Some local city authorities even requested a pre-assessment of the wind, which met 
the requirements before construction [5,6]. However, the assessment criteria code varies according 
to country rules and pedestrian activities.  

By conducting the wind studies, locations at high risk of experiencing strong wind can be 
identified, and proper remedial measurements such as adding vegetation or canopies can be applied 
to reduce the hazard [7,8]. The comparison works between the current research and the existing 
prediction models proposed by Macdonald [9], Kubota et al., [10], Ikegaya et al., [11], Ahmad et al., 
[12], Abd Razak et al., [13], and Yuan et al., [14], and for wind speed estimation, may reveal some 
additional valuable insights of the canopy wind characteristics which indirectly affecting the wind at 
pedestrian level. Yazid et al., [15] conducted a sensitivity analysis to examine the impact of various 
parameters on wind flow patterns and pollutant dispersion within a simplified street canyon model. 
Roshezam et al., [16] numerically analyze airflow in a SolidWorks-designed ventilation system, 
focusing on louver positions and slat angles of 15° and 30°. The results suggest that a 15° slat angle 
ensures smoother airflow with minimal turbulence, while a 30° angle increases inlet velocity and 
pressure, leading to greater turbulence and potential indoor climate issues. 

Most of the previous studies implemented CFD simulations using generic building models for 
prediction purposes [17-22]. However, the precision of the prediction model requires a high level of 
parameter control procedure. Thus, comparing findings from this study is an excellent effort to reveal 
the compatibility of the previous model proposed in a realistic condition. In addition, the prediction 
model proposal is believed to significantly contribute to the literature because the findings may help 
predict rare wind events occurring in both wind directions (22.5° and 202.5°) within the canopy 
height near pedestrian level in the built environment. 
 
2. Methodology  
2.1 Target Site 

 
The high-rise buildings in Universiti Teknologi Malaysia Kuala Lumpur (UTMKL) have been 

selected as the target site of this study due to its location in a densely populated area near the centre 
of Kuala Lumpur, the capital city of Malaysia, making it a representative sample. Two high-rise 
buildings were identified (our previous paper) [23] with strong wind in their vicinity, which are RT (94 
m) and MR (Menara Razak) (84 m). Figure 1 shows the satellite image of the urban campus and the 
visual representation of the campus layout with respective building heights. Different colors 
represent the varying heights. The wind flow directions examined in this study are indicated by black 
arrows. Referring to Figure 1(b), the northern section of the campus mainly consists of low to 
medium-height buildings; there are low-rise buildings in the vicinity of Residensi Tower (RT) of 
UTMKL. As mentioned, the central area of interest is how the high-rise buildings influence the wind 
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distribution patterns within the urban canopy layer. Thus, only high-rise buildings are considered to 
be the target buildings in this context.  
 

 
Fig. 1. (a) Satellite image of the UTMKL campus. The red line denotes the boundary of the campus 
(b) Campus layout and building heights 

 
2.2 Wind-Tunnel Setup 

 
The same closed-circuit wind tunnel for both wind directions (22.5° and 202.5°) having a turn 

table with a diameter of 1.28 m was considered in this study (employed in a previous paper) [24,25]. 
The scaled testing models (1:750) ensuring a capped blockage ratio of 3% [26] are prepared according 
to the exact building shapes and layout, imitating an accurate depiction of the actual urban 
environment to avoid overlooking the presence of noteworthy buildings [26]. The spanwise 
uniformity flow has a standard deviation of less than 0.1 within the wind tunnel section. A castellated 
block (25 mm cubic) of 17% packing density produces the wind profile. The vertical profiles of 
approaching wind followed a power law index of 0.23, which falls within the suburban terrain 
category. 

In the present study, WTE is used to measure the wind velocity and the vertical profiles for the 
parameters; mean wind speed (u) and root mean square (urms) are used to reveal the effects of 
buildings using the scaled-down model with realistic geometry. The WTE has the advantage of 
considering different variations or perspectives during the planning stage of building construction. 
The flexibility of data collection at multiple positions in WTE allows researchers to obtain a more 
comprehensive monitoring database at a lower cost compared to implementing a similar layout in 
field measurement. The frequency distributions of the local reference wind speed are presented in 
the probability density function(s) (PDF) shown in Figure 2. Although the PDFs for mean and 
maximum wind speed are relatively low, with the mean of 1.47 m/s, the data are essential for wind 
analysis and are used extensively as the wind tunnel input for the WTE. Based on Figure 2, ‘SD’ 
represents standard deviation, and ‘n’ represents the amount of data. 
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Fig. 2. Probability density function (PDF) of mean wind speed  

 
2.3 Wind Speed Distribution with Various Wind Directions  
 

Meanwhile, the wind distributions and PDFs of the maximum wind speed for the entire study 
region are displayed in Figures 3(a) and 3(b). ‘SD’ in 3(b) represents the standard deviation, and ‘n’ 
represents the number of data points. Referring to the wind speed distribution maps Figure 3(a), 
Most high-rise building proximity is associated with high mean wind speeds (red and orange dots 
represent the two highest intensity levels). Higher wind speeds are seen near the edges and corners 
of the MR and RT buildings. Since the testing models rely on actual geometry, there is a notable 
degree of heterogeneity in the high-speed regions. 
 

   
(a)             (b) 

Fig. 3. Distribution of wind (a) The maximum wind speed within the campus area (b) The associated 
probability density functions (PDFs) of the maximum wind speed 

 
According to Tamura et al., [22], the location of the stagnation point gets higher at the windward 

site when the building height increases. This drives the strong winds towards the pedestrian level, 
intensifying the downdraught effect. This shows that the design and height of buildings significantly 
impacted raising wind speeds at the lower canopy height closer to the pedestrian level. The strong 
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winds around high-rise buildings may be caused by the downdraught effect and the flow separation 
near the buildings [27]. The downdraught effect may also cause the occurrence of a jet near a building 
corner [28]. The results show that the maximum wind within the campus area is twice the mean wind 
speed. 

Although it is interesting that the PDFs of the mean and maximum wind speeds (Figure 3(b)) 
closely follow the Gaussian distributions (denoted by the red lines), the distributions are slightly 
skewed in the negative values. This result implies that the magnitude of gust wind speeds is 
considerably more significant than the mean wind speed for the overall study region. However, the 
observations of strong wind speeds are limited in the campus area. 
 
3. Results and Discussion 
 

Using a logarithmic vertical axis, Figure 4 displays conventional PDFs of the wind speeds 
surrounding the MR and RT buildings in a logarithmic vertical axis. Based on Figure 4, SK and KT 
indicate the average skewness and average kurtosis for each of the wind speed categories, 
respectively. The solid line indicates the normal distribution. The wind speed data are classified into 
three divisions by the values. Black dots in the schematics at the right-up corner refer to the 
measurement points near the respective target buildings in wind directions of 22.5°.  
 

 
(a) 

 

 
(b) 

Fig. 4. Standardized probability density functions concerning 
wind speeds around (a) MR building (b) RT building 
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According to Figure 4, both wind speed PDFs exhibit the same tendency, independent of wind 
direction. The test values are classified into three wind speed divisions, and the hypothesis is that the 
peak factor can be predicted by the normal distribution when it is sufficiently large. In the graph, 
solid lines indicate normal distributions. In contrast, the results demonstrated that the PDFs were 
positively skewed and deviated from the normal distribution, indicating that the PDFs were 
consistent with the normal distribution. Averaging skewness (SK) and kurtosis (KT) for each wind 
speed category are the only data displayed in Figure 4 due to panel normalization based on mean 
and standard deviation for various positions. When the wind speed is high enough, KT approaches 
three, and SK approaches zero. This shows that the distribution is getting closer to a Gaussian 
distribution. This indicates that the distribution is getting closer to becoming a Gaussian distribution. 

The venturi effect occurs at point 29, where the wind converges and flows through the two high-
rise (MJIIT and RT) buildings. The speed-up winds are clearly shown from the vertical profile 
distribution of u in Figure 5(a), and its arms distribution is shown in Figure 5(b). Based on Figure 5, 
plane 2 (streamwise directions) within the canopy layer with Residensi Tower (RT) as the target 
building under the wind direction (WD) of 22.5°. The ordinate Z/H: Z is the canopy layer in the wind 
tunnel, normalized by H, the height of the target building model (125 mm). At the windward of the 
RT building (points 1 to 9), wind flows mostly depend on the approaching wind.  
 

 
(a)       (b) 

Fig. 5. Vertical profiles (a) The mean wind speed, u (b) The root mean 
square, urms at X-plane 

 
Focusing on the effects of the target RT building, the distributions of u near points 3 to 5 under 

the Y-plane (spanwise direction) are presented in Figure 6(a). Although the variation of u is not seen, 
the RT building might have a little effect causing the turbulence flow, due to the combined winds 
from downdraught and approaching wind, whereby these fluctuations can be observed from the 
vertical profile of urms as shown in Figure 6(b). According to Figure 6, plane 1 (spanwise directions) 
within the canopy layer with Residensi Tower (RT) as the target building under the wind direction 
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(WD) of 202.5°. The ordinate Z/H: Z is the canopy layer in the wind tunnel, normalized by H, the height 
of the target building model (125 mm) 
 

 
(a)         (b) 

Fig. 6. Vertical profiles (a) The mean wind speed, u (b) The root mean 
square, urms at Y-plane 

 
Besides that, the surrounding low-rise buildings located near the RT building might also 

experience strong winds due to the curved shape of the RT building, which may speed up the 
approaching wind, causing a higher u at the lower ground near the region at points 25, 26, 34, and 
35. Figure 7 shows the vertical profile distribution of u and urms, respectively, where plane 4 (spanwise 
directions) within the canopy layer with Residensi Tower (RT) as the target building under the wind 
direction (WD) of 202.5°. The ordinate Z/H: Z is the canopy layer in the wind tunnel, normalized by 
H, the height of the target building model (125 mm). When the speed-up flow passes through the 
open field, the wind speed may further increase, which explains the higher wind speed experienced 
at the surrounding buildings downstream.  

Figure 8 shows the u distributions downstream, under the respective Y-plane(s) view (spanwise 
direction), from Plane 6 to Plane 8, where you are increasing at a lower canopy layer. The ordinate 
Z/H: Z is the canopy layer in the wind tunnel, normalized by H, the height of the target building model 
(125 mm). The flow fluctuations may have also extended downstream, as shown in the urms 
distribution in Figure 9. Based on Figure 9, the ordinate Z/H: Z is the canopy layer in the wind tunnel, 
normalized by H, the height of the target building model (125 mm). 
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(a)      (b) 

Fig. 7. Vertical profiles of (a) the mean wind speed, u, and (b) the root 
mean square, urms at Y-plane 

 

 
Fig. 8. Vertical profiles of the mean wind speed, u, at respective Y-plane(s) (spanwise 
directions) within the canopy layer with Residensi Tower (RT) as the target building 
under the wind direction (WD) of 202.5° (a) Plane 6 (b) Plane 7 (c) Plane 8 
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Fig. 9. Vertical profiles of the root mean square, urms at respective Y-plane(s) (spanwise 
directions) within the canopy layer with Residensi Tower (RT) as the target building 
under the wind direction (WD) of 202.5° (a) Plane 6 (b) Plane 7 (c) Plane 8 

 
4. Conclusions 
 

The results indicated that the wind distributions depend on the building's arrangement, 
corresponding to the wind incidences (22.5° and 202.5°). Speed-up winds are spotted at the 
windward of the building (downdraught effect) and the passage between the buildings (venturi 
effect). Besides that, the design of the buildings’ corner edges may have contributed to the induced 
wind speed. Strong winds experienced at the RT building’s podium regions might need attention to 
improve necessary precautionary measures. These findings may assist in pre-identifying the possible 
factors that should focus on during the planning stage to create a friendly environment for the 
communities. The results show that the exceeding wind speeds based on the peak factor of the 
normal distribution are plausible when mean wind speeds are sufficiently large (or with a threshold 
of 3.0refuu ) in the wind direction.  

 
Acknowledgment 
This study received financial support from the Universiti Teknologi Malaysia (UTM) through the 
Ainuddin Wahid Scholarship. This work was also supported by the Universiti Teknologi Malaysia 
through the UTMER grant [Vot 31J84] and UTMFR grant [Vot 23h77].  
 
References 
[1] Blocken, Bert, Ted Stathopoulos, and J. P. A. J. Van Beeck. "Pedestrian-level wind conditions around buildings: 

Review of wind-tunnel and CFD techniques and their accuracy for wind comfort assessment." Building and 
Environment 100 (2016): 50-81. https://doi.org/10.1016/j.buildenv.2016.02.004  

[2] Oke, Tim R. "Street design and urban canopy layer climate." Energy and Buildings 11, no. 1-3 (1988): 103-113. 
https://doi.org/10.1016/0378-7788(88)90026-6  

(a) (c) (b) 

https://doi.org/10.1016/j.buildenv.2016.02.004
https://doi.org/10.1016/0378-7788(88)90026-6


Journal of Advanced Research in Experimental Fluid Mechanics and Heat Transfer 

Volume 20, Issue 1 (2025) 19-29 

28 
 

[3] Blocken, Bert, W. D. Janssen, and Twan van Hooff. "CFD simulation for pedestrian wind comfort and wind safety in 
urban areas: General decision framework and case study for the Eindhoven University campus." Environmental 
Modelling & Software 30 (2012): 15-34. https://doi.org/10.1016/j.envsoft.2011.11.009  

[4] Wu, Hanqing, and Frank Kriksic. "Designing for pedestrian comfort in response to local climate." Journal of Wind 
Engineering and Industrial Aerodynamics 104 (2012): 397-407. https://doi.org/10.1016/j.jweia.2012.02.027  

[5] Willemsen, Eddy, and Jacob A. Wisse. "Design for wind comfort in The Netherlands: Procedures, criteria and open 
research issues." Journal of Wind Engineering and Industrial Aerodynamics 95, no. 9-11 (2007): 1541-1550. 
https://doi.org/10.1016/j.jweia.2007.02.006  

[6] Murakami, S., K. Uehara, and H. Komine. "Amplification of wind speed at ground level due to construction of high-
rise building in urban area." Journal of Wind Engineering and Industrial Aerodynamics 4, no. 3-4 (1979): 343-370. 
https://doi.org/10.1016/0167-6105(79)90012-6  

[7] Fadl, M. Sakr, and John Karadelis. "CFD simulation for wind comfort and safety in urban area: A case study of 
Coventry University central campus." International Journal of Architecture, Engineering and Construction 2, no. 2 
(2013): 131-143. https://doi.org/10.7492/IJAEC.2013.013  

[8] Janssen, W. D., Bert Blocken, and Twan van Hooff. "Pedestrian wind comfort around buildings: Comparison of wind 
comfort criteria based on whole-flow field data for a complex case study." Building and Environment 59 (2013): 
547-562. https://doi.org/10.1016/j.buildenv.2012.10.012  

[9] Macdonald, R. W. "Modelling the mean velocity profile in the urban canopy layer." Boundary-Layer Meteorology 97 
(2000): 25-45. https://doi.org/10.1023/A:1002785830512  

[10] Kubota, Tetsu, Masao Miura, Yoshihide Tominaga, and Akashi Mochida. "Wind tunnel tests on the relationship 
between building density and pedestrian-level wind velocity: Development of guidelines for realizing acceptable 
wind environment in residential neighborhoods." Building and Environment 43, no. 10 (2008): 1699-1708. 
https://doi.org/10.1016/j.buildenv.2007.10.015  

[11] Ikegaya, N., Y. Ikeda, A. Hagishima, A. A. Razak, and J. Tanimoto. "A prediction model for wind speed ratios at 
pedestrian level with simplified urban canopies." Theoretical and Applied Climatology 127 (2017): 655-665. 
https://doi.org/10.1007/s00704-015-1655-z  

[12]    Ahmad, Nurul Huda, Atsushi Inagaki, Manabu Kanda, Naoyuki Onodera, and Takayuki Aoki. "Large-eddy simulation 
of the gust index in an urban area using the lattice Boltzmann method." Boundary-Layer Meteorology 163 (2017): 
447-467. https://doi.org/10.1007/s10546-017-0233-6  

[13] Abd Razak, Azli, Mohd Azhari Mohd Rodzi, Amirul Hakim Jumali, and Sheikh Ahmad Zaki. "Analysis of pedestrian-
level wind velocity in four neighbourhoods in Klang Valley." Jurnal Teknologi (Sciences & Engineering) 76, no. 5 
(2015).  https://doi.org/10.11113/jt.v76.5531  

[14] Yuan, Chao, Leslie Norford, Rex Britter, and Edward Ng. "A modelling-mapping approach for fine-scale assessment 
of pedestrian-level wind in high-density cities." Building and Environment 97 (2016): 152-165. 
https://doi.org/10.1016/j.buildenv.2015.12.006  

[15]   Yazid, AW Muhammad, CS Nor Azwadi, S. Mohamed Salim, and S. Mansor. "Preliminary study on the wind flow and 
pollutant dispersion in an idealized Street Canyon." Journal of Advanced Research Design 1, no. 1 (2014): 1-17.  

[16] Roshezam, Muhammad Amirul Amir., Ishkrizat Taib., Zainal Ariff Zainal Abidin, and Ridwan Abdurrahman. Analysis 
of louvre angles in cross ventilation systems for enhanced airflow and indoor cooling. Semarak Journal of Thermal-
Fluid Engineering 3, no. 1 (2024): 31-40. https://doi.org/10.37934/sjotfe.3.1.3140  

[17]   Tominaga, Yoshihide, Akashi Mochida, Taichi Shirasawa, Ryuichiro Yoshie, Hiroto Kataoka, Kazuyoshi Harimoto, and 
Tsuyoshi Nozu. "Cross comparisons of CFD results of wind environment at pedestrian level around a high-rise 
building and within a building complex." Journal of Asian Architecture and Building Engineering 3, no. 1 (2004): 63-
70. https://doi.org/10.3130/jaabe.3.63  

[18] Yoshie, R., Akashi Mochida, Y. Tominaga, H. Kataoka, K. Harimoto, T. Nozu, and T. Shirasawa. "Cooperative project 
for CFD prediction of pedestrian wind environment in the Architectural Institute of Japan." Journal of Wind 
Engineering and Industrial Aerodynamics 95, no. 9-11 (2007): 1551-1578. 
https://doi.org/10.1016/j.jweia.2007.02.023  

[19] Kuo, Chien-Yuan, Chun-Ta Tzeng, Ming-Chin Ho, and Chi-Ming Lai. "Wind tunnel studies of a pedestrian-level wind 
environment in a street canyon between a high-rise building with a podium and low-level attached 
houses." Energies 8, no. 10 (2015): 10942-10957. https://doi.org/10.3390/en81010942  

[20] Chen, Lan, and Cheuk Ming Mak. "Integrated impacts of building height and upstream building on pedestrian 
comfort around ideal lift-up buildings in a weak wind environment." Building and Environment 200 (2021): 107963. 
https://doi.org/10.1016/j.buildenv.2021.107963  

[21] Mittal, Hemant, Ashutosh Sharma, and Ajay Gairola. "Numerical simulation of pedestrian level wind flow around 
buildings: Effect of corner modification and orientation." Journal of Building Engineering 22 (2019): 314-326. 
https://doi.org/10.1016/j.jobe.2018.12.014  

https://doi.org/10.1016/j.envsoft.2011.11.009
https://doi.org/10.1016/j.jweia.2012.02.027
https://doi.org/10.1016/j.jweia.2007.02.006
https://doi.org/10.1016/0167-6105(79)90012-6
https://doi.org/10.7492/IJAEC.2013.013
https://doi.org/10.1016/j.buildenv.2012.10.012
https://doi.org/10.1023/A:1002785830512
https://doi.org/10.1016/j.buildenv.2007.10.015
https://doi.org/10.1007/s00704-015-1655-z
https://doi.org/10.1007/s10546-017-0233-6
https://doi.org/10.11113/jt.v76.5531
https://doi.org/10.1016/j.buildenv.2015.12.006
https://doi.org/10.37934/sjotfe.3.1.3140
https://doi.org/10.3130/jaabe.3.63
https://doi.org/10.1016/j.jweia.2007.02.023
https://doi.org/10.3390/en81010942
https://doi.org/10.1016/j.buildenv.2021.107963
https://doi.org/10.1016/j.jobe.2018.12.014


Journal of Advanced Research in Experimental Fluid Mechanics and Heat Transfer 

Volume 20, Issue 1 (2025) 19-29 

29 
 

[22] Tamura, Yukio, Xiaoda Xu, and Qingshan Yang. "Characteristics of pedestrian-level Mean wind speed around square 
buildings: Effects of height, width, size and approaching flow profile." Journal of Wind Engineering and Industrial 
Aerodynamics 192 (2019): 74-87. https://doi.org/10.1016/j.jweia.2019.06.017  

[23] H'ng, Yin Mun, Naoki Ikegaya, Sheikh Ahmad Zaki, Aya Hagishima, and Ahmad Faiz Mohammad. "Wind-tunnel 
estimation of mean and turbulent wind speeds within canopy layer for urban campus." Urban Climate 41 (2022): 
101064. https://doi.org/10.1016/j.uclim.2021.101064  

[24] Franke, Jorg., Antti Hellsten, Heinke Schlunzen, and Bertrand Carissimo. Best practice guideline for the CFD 
simulation of flows in the urban environment: Cost action 732 quality assurance and improvement of microscale 
meteorological models. Meteorological Institute, 2007. 

[25] Zaki, S. A., Y. M. H’ng, A. F. Mohammad, Jorge Alfredo Ardila-Rey, Noor Alam, and Mardiana Idayu Ahmad. "Vertical 
wind profile distribution within canopy layer based on representative geometry model using wind tunnel 
experiment." Scientific Reports 15, no. 1 (2025): 1117. https://doi.org/10.1038/s41598-024-83400-9  

[26] Boggs, D., and A. Lepage. “Wind tunnel methods.” SP-240 (CD) Performance-Based Design of Concrete Buildings for 
WindLoads. Special Publication Sponsored by ACI Committee 375, American Concrete Institute, Farmington Hills, 
Michigan, (2006): 125-142. http://dx.doi.org/10.14359/18294  

[27] Son, Minu, Jeong-In Lee, Jae-Jin Kim, Soo-Jin Park, Daegi Kim, and Do-Yong Kim. "Evaluation of the wind 
environment around multiple urban canyons using numerical modeling." Atmosphere 13, no. 5 (2022): 834. 
https://doi.org/10.3390/atmos13050834  

[28] Vita, Giulio, Zhenru Shu, Michael Jesson, Andrew Quinn, Hassan Hemida, Mark Sterling, and Chris Baker. "On the 
assessment of pedestrian distress in urban winds." Journal of Wind Engineering and Industrial Aerodynamics 203 
(2020): 104200. https://doi.org/10.1016/j.jweia.2020.104200  

https://doi.org/10.1016/j.jweia.2019.06.017
https://doi.org/10.1016/j.uclim.2021.101064
https://doi.org/10.1038/s41598-024-83400-9
http://dx.doi.org/10.14359/18294
https://doi.org/10.3390/atmos13050834
https://doi.org/10.1016/j.jweia.2020.104200

