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Graphical abstract Abstract

Urban ventilation is important for the purpose of pollution dispersion, indoor ventilation for
free running buildings and urban thermal comfort. In comparison to suburban cities, high-
density cities have very low wind speeds at pedestrian level due to the densely built
buildings blocking the wind and creating stagnant zones locally. Under this circumstance,
field measurements were performed to investigate the performance of pedestrian wind at
four major citfies in Klang Valley. Mean wind speed was measured using anemometers at 1
minute data interval for 3 hours and the data collection for each case were obtained at
pedestrian level. The mean wind speed ratio was plotted against the frontal area ratio and
plan area ratio. The result indicates that: (1) the mean wind speed dramatically decreases
with the increase of plan area ratio and (2) the mean wind speed exponentially decreases
with the increase of frontal area ratio and qualitatively agrees with the power law
relationship which is proposed by previous researcher. In addition, the frontal area ratio is
considered as a better parameter to evaluate the performance of urban ventilation.
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1.0 INTRODUCTION

The urban population in Peninsular Malaysia has been
rapidly developing whereby the rate of population
increased from 54.3% to 67% between the years 1999
to 2009 [1]. This frend is expected to continue as the
nation develops and it has been estimate that, within
2010 to 2020 approximately 6 milion addifional
population will live in the urban areas of Peninsular
Malaysia [2]. This high rate of increase in population
contributes to the increase in density of cities and
urban conurbations. Due to the dense urban structure,
the pedestrian comfort in the urban area is reduced
especially in the locations where the wind flows are

obstructed by buildings. A study in the heritage city of
Melaka shows that a direct relationship exists between
the air temperature and the built-up ratio [3].
Therefore, it is important for city planners and urban
designers to design cities for wind especially in hot and
humid counfry like Malaysia.

The objective of this study is to investigate the
pedestrian wind environment at four major areas in
Klang Valley fowards the atftainment of a well-
ventilated city. Many factors were used to determine
the pedestrian wind environment in relevant literature
[4-7]. Studies have shown that the relationship
between the frontal area ratio (rafio of building frontal
area to ground surface areaq, hereafter Af) and mean
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wind speed ratio is more suitable fo investigate the
pedestrian wind performance compare o the building
coverage ratio or plan are ratio (ratio of building roof
area to ground surface area, hereafter Ap) [5, 6. 8].

Most of those studies were based on Computational
Fluid Dynamics (CFD), thus it is important to notice that
there are relatively few studies on mean wind speed
ratio through wind tunnel or field study. Hence, Kubota
and Ahmad [9] had performed a wind tunnel
experiment and proposed a relationship between
housing pattern (Ap) and mean wind speed ratio for
selected low-rise terraced house areas in Johor Bahru
Metropolitan City. The study revealed that the mean
wind speed ratio decreases linearly with Ap and the
mean wind speed ratio of this study was found to be
slightly higher than Japanese apartment houses which
used the same methodology (see Figure 3). Recently,
Arkon and Ozkol [10] selected Izmir Bay area for their
field measurement and they found that the uniformity
of building heights has negative effect on enhancing
pedestrian-level wind speed. In addition, the upwind
direction has important effect on the lower wind
speed at pedestrian level when it is perpendicular to
the canyon and the result is similar with Kubota and
Ahmad [11].

The present study is based on field measurement of
four locations in Klang Valley namely Kampung Baru
(Case 1), Taman Keramat (Case 2), Pantai Dalam
(Case 3) and Mont Kiara (Case 4). The idea is to apply
the exponential equation developed by Abd Razak et
al. [6] based on the idedlized building to the real
urban structure.

745 m

(Q)

2.0 DESCRIPTION OF FIELD MEASUREMENT

The mean wind speed at pedestrian level, wind
direction and mean wind speed above the canopy
layer were measured by using anemometers
(WatchDog 2550 Weather Station) and the wind
measurement was fixed to one minute interval to
ensure the accuracy and it was placed on the sites for
the duration of 3 hours to collect data each case. To
determine the wind direction and mean velocity, the
refence anemometer was placed 2m above the
rooftop of the tfaller building in each case. Next, the
data for pedestrian mean wind speed was measured
at 1.5m height from the ground level.

The selection of the field study consists of high rise
buildings and they are surrounded by the low rise
building or residential buildings. An area of 745m x
745m was chosen as case area because of wide
coverage of buildings has satisfied the required
characteristics (see Figure 1). Case 1 (Kampung Baru)
is located in the city center of Kuala Lumpur and
consists of low-rise residential building, shop lot and
high-rise  commercial building. Case 2 (Taman
Keramat), Case 3 (Pantai Dalam) and Case 4 (Mont
Kiara) are located approximately 9km from city
center. High-rise and low-rise building for Case 2, 3 and
4 are composed of apartment and terraced house.
The details of urban building layout, wind direction
and frequency of mean wind speed are shown in
Figure 2.

(0)

Figure 1 (a) Image of Kampung Baru capture using WikiMapia viewer and (b) 3D image of building in Kampung baru
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Figure 2 Frequency of mean wind speed ratio and wind direction at selected area
Table 1 Brief outline of field study
Case Location Plan area ratio, Ap (%) Frontal area ratio, 4 (%)
1 Kampung Baru 21 25
2 Taman Keramat 18 16
3 Pantai Dalam 13 13
4 Mont Kiara 19 37
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Table 1 shows a brief outline of the field study in terms
of Ap and Ar and the values of those ratio were
calculated based on 3-D image that was extruded
from the WikiMapia viewer image. The values of Ap
were calculated based on the ratfio of projected
building roof area fto the ground surface area, and
the values of Ar which is defined as the rafio of
building surface area normal to the upwind fo the
ground surface area were also calculated using the
same approach.

3.0 RESULTS AND DISCUSSION

Figure 3 shows a firm correlation between the Ap and
the mean wind speed ratio of the heterogeneous
building in Klang Valley. Interestingly, the mean wind
speed ratio for Klang Valley dramatically decreases
as the Ap increases. However, this frend line is slightly
differ as compare to the trend line that was
produced by Kubota and Ahmad [?]. This shows that
the mean wind speed at pedestrian level is
significantly influenced by the building morphology
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Figure 3 Relationship between A, and Vp/Vier

4.0 CONCLUSION

The conclusion of this paper can be summarized as
follows:

i. The air velocity at pedestrian level is greatly
affected by the urban morphology. High density
cities produce low mean wind speed and this
sifuation contributes to the higher pollutant
concentration at pedestrian level [7]. This becomes a
serious issue for compact cities with higher building
coverage rafio (or Ap) like Hong Kong or Tokyo with Ap
which generally ranges from 25% to 40% [13].

ii. The relationship between the mean wind
speed ratio and the Ar is more suitable to explain the
ventilation rate of the urban area as compare to the

such heterogeneous building height, building
orientation, building arrays and building aspect ratio
and not only dependent on Ap.

The frontal area ratfio, Ar, is another important
parameter for evaluating urban ventilation indices [6]
and Figure 4 shows the relationship between the
mean wind speed ratio and the A« It is clearly
recognized that the mean wind speed rafio
exponentially decreases as the value of Ar increased
regardless of any type of urban morphology. This
result qualitatively agrees with simple power law
equation intfroduced by Abd Razak et al. [6]
especially the high value of c. According fo the Ng
[12], the nature of urban morphology of higher
denisity cities have tall buildings and bulky which lead
to a high frontal area ratio. For the case of low A, the
mean wind speed ratio slightly over estimates as
compare to the power law equation. This is due fo
the effect of channel which is required to have
further investigation by collecting more spatially
average data.
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Figure 4 Relationship between Ar and Vp/Vier

Apo. Wong ef al. [14] explains the Ar as a good
indicator for investigating the corridor ventilation,
despite the randomness building geometry such as
various aspect ratios, heterogeneity in building height
and various building orientation.

iii. Information on overall pedestrian  wind
environment cannot be attained by classifying the
urban built form info cluster of dwelling or height
variability such as detached housing and apartment
housing [?]. The entire urban morphology consists of
mixed buildings geometry and characterized as
heterogeneous and complex.



29 Azli Abd Razak et al. / Jurnal Teknologi (Sciences & Engineering) 76:5 (2015) 25-29

Acknowledgement

The authors of this work would like to express their
sincere grafitude to Faculty of Mechanical
Engineering, Universiti Teknologi MARA (UiTM) with the
support of grant-in aid (600-RMI/FRGS 5/3 (73/2013))
from the Ministry of Education. The authors would also
like to thank i-Kohza Wind Engineering for (Urban,
Articficial, Man-made) Environment, Malaysia-Japan
Infernational Insititute of Technology (MJIIT), as the
Research Institutes facilitating this research.

References

[1]  Tenth Malaysia Plan 2011-2015. 2010. In, The Economic
Planning Unit, Prime Minister's Department, Putrajaya. 429.

[2]  National Physical Plan-2. 2010. In, Federal Department of
Town and Country Planing. 281.

[3] Jamei, E., Jamei, Y., Rajagopalan, P., Ossen, D. R., and
Roushenas, S. 2015. Effect of Built-up Ratio on the Variation
of Air Temperature in a Heritage City. Sustainable Cities
and Society. 14: 280-292.

[4]  Abd Razak, A., Hagishima, A., kegaya, N., Mohamad, M.
F., and Zaki, S. A. 2013. Mean Wind Flow Field around
Idealized Block Arrays with Various Aspect Ratios. Applied
Mechanics and Materials. 393: 767-773.

[5] lkeda, Y., lkegaya, N., Hagishima, A., Tanimoto, J., and
Abd Razak, A. 2014. Characteristics of Spatio-temporal
Fluctuation of Urban Pedestrian Wind Derived from Large-
Eddy Simulation. 6th International Symposium on
Computational Wind Engineering -CWE2014. Humberg,
Germany.

[é]

7]

(8]

191

(1]

(11l

(2]

[13]

[14]

Abd Razak, A., Hagishima, A., lkegaya, N., and Tanimoto,
J. 2013. Analysis of Airflow Over Building Arrays for
Assessment of Urban Wind Environment. Building and
Environment. 59: 56-65.

Hu, T., and Yoshie, R. 2013. Indices to Evaluate Ventilation
Efficiency in Newly-built Urban Area at Pedestrian Level.
Journal of Wind Engineering and Industrial Aerodynamics.
112: 39-51.

Abd Razak, A., kegaya, N., Hagishima, A., and Tanimofto,
J. 2012. Numerical Investigation of Urban Geometry
Impact on Pedestrian Wind Environment. The Seventh
International Colloquium on Bluff Body Aerodynamics and
Applications. Shanghai, China.

Kubota, T., and Ahmad, S. 2005. Analysis of Wind Flow in
Residential Areas of Johor Bahru City. Journal of Asian
Architecture and Building Engineering. 4: 209-216.

Arkon, C. A., and Ozkol, U. 2014. Effect of Urban Geometry
on Pedestrian-level Wind Velocity. Architectural Science
Review. 57: 4-19.

Kubota, T., and Ahmad, S. 2006. Wind Environment
Evaluation of Neighborhood Areas in Major Towns of
Malaysia. Journal of Asian Architecture and Building
Engineering. 5: 199-206.

Ng, E. 2012. Towards Planning And Practical
Understanding of the Need for Meteorological and
Climatic Information in the Design of High-density Cities: A
Case-based Study of Hong Kong. International Journal of
Climatology. 32: 582-598.

Hang, J., and Li, Y. 2010. Ventilation Strategy and Air
Change Rates in Idedlized High-rise Compact Urban
Areas. Building and Environment. 45: 2754-2767.

Wong, M. S., Nichol, J. E., To, P. H., and Wang, J. 2010. A
Simple Method for Designation of Urban Ventilation
Corridors and Its Application to Urban Heat Island Analysis.
Building and Environment. 45: 1880-1889.



