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a b s t r a c t

Airflow through urban environments is one of the most important factors affecting human health,
outdoor and indoor thermal comfort, air quality and the energy performance of buildings. This paper
presents a study on the effects of wind induced airflows through urban built form using statistical
analysis. The data employed in the analysis are from the year-long simultaneous field measurements
conducted at the University of Reading campus in the United Kingdom. In this study, the association
between typical architectural forms and the wind environment are investigated; such forms include:
a street canyon, a semi-closure, a courtyard form and a relatively open space in a low-rise building
complex. Measured data captures wind speed and wind direction at six representative locations and
statistical analysis identifies key factors describing the effects of built form on the resulting airflows.
Factor analysis of the measured data identified meteorological and architectural layout factors as key
factors. The derivation of these factors and their variation with the studied built forms are presented in
detail.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

The interaction between an approaching wind with the building
settlements determines urban wind patterns. Within an urban
canopy (defined here as the space around the buildings below roof
level), the formation of an urban wind environment is important
for human health, outdoor and indoor thermal comfort, air quality
and the energy performance of buildings [1e3]. For example, the
cooling effect of urban wind, especially at night, helps to mitigate
the adverse effects of an urban heat island on human thermal
comfort both indoors and outdoors. Also, a favourable urban wind
pattern indirectly contributes to the reduction of carbon dioxide
emissions as passive, natural, indoor ventilation reduces the need
for mechanical air conditioning [4,5]. Moreover, air pollution in the
urban environment is most effectively dissipated by appropriate
distribution of wind induced airflows [6e8].

It is awell-observed fact that a prevailing regional wind changes
its pattern as it flows through a built environment [9]. In general,
anagement and Engineering,
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three regimes of urban wind are classified in literature [10];
depending on the urban building intensity, they are: (i) isolated
roughness flow; (ii) wake interference flow and (iii) skimming flow,
which are classified by the ratio (H/W) of building height (H) to the
distance between building arrays (W). Thewind velocities and flow
patterns are not only dependent on weather conditions but also on
the occurrences of different flow regimes, including thewind speed
and geometrical variables related to the buildings in settlements
and open spaces [11]. These variables related to the open space in
urban settlement are dimensions of the open space, shape and
placement, which are determined by the built forms [12]. Unlike
a street canyon in a general urban form, buildings create different
levels of resistance to the airflow at different locations due to their
different shapes and sizes, and their relative layout with respect to
each other. An understanding of the relationship between built
forms and wind induced airflow is important, as it will benefit
the understanding of the cooling and ventilating effects of urban
wind. However, apart from the physical obstruction of the
buildings to the airflow, the variation of urban surface tempera-
tures also affects the urban wind.

Experimental studies have been carried out at the University of
Reading campus, UK, from 2009 to 2010. A year-long, simultaneous,
on-site, wind measurement data collection process at six locations
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Nomenclature

V1 the wind speed of the first measured station, m/s
V2 the wind speed of the secondmeasured station, m/s
V3 the wind speed of the third measured station, m/s
V4 the wind speed of the fourth measured station, m/s
V5 the wind speed of the fifth measured station, m/s
V6 the wind speed of the sixth measured station, m/s
Vw2 the wind speed at the height of 2 m, m/s
Vw3.5 the wind speed at the height of 3.5 m, m/s
Vw10 the wind speed of the meteorological station at the

height of 10 m, m/s
f1 the meteorological factor
f2 the architectural layout factor
E east
W west
S south
N north
n the power index between the wind speed and the

height
KMO Kaiser-Meyer-Olkin (a test to assess the

appropriateness of using factor analysis on data)
df degree of freedom (test to assess the

appropriateness of using factor analysis on data)
Sig significance level (test to assess the appropriateness

of using factor analysis on data)
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within a cluster of building blocks provided 105,120 sets of data
including wind speed and direction for statistical analysis. This
paper attempts to discuss the effect of built form on urban canopy
wind field using statistical analysis.
Fig. 1. Three architectural built forms.
1.1. Brief literature review

Studies which look at the effect of the built form on wind fields,
mainly focus on a combination of field measurement and the
simulation method [13e17] along with somewind-tunnel and field
experimental studies [18e20]. There have been few attempts at
a statistical analysis of the relationship between urban winds and
different built forms. Jones et al. [19] used wind-tunnel scale
modelling and numerical computational fluid dynamics (CFD) to
simulate and assess the pedestrian wind environment and found
that the two methods yielded broadly similar results in predicting
wind-flow patterns through the complex. In addition, wind factors
of up to three times the free-site wind speed were predicted by
both methods. Kubota et al. [20] investigated the relationship
between the average wind speed at pedestrian-level and building
density of actual residential neighbourhoods based on several
wind-tunnel experiments. The study produced data that emphas-
ised the strong relationship between the coverage ratio and the
mean wind velocity ratio; when this ratio increased, the wind
speed on-site decreased. However, there were some disagreements
in the detailed location and extent of the severe areas, which
indicates that further investigation and validation are required
before CFD methods can be comfortably used in practice. Omar and
Asfour [16] carried out a parametric three-dimensional CFD
modelling study to investigate the effect of building grouping
patterns on the formation of the wind environment in outdoor
spaces and the potential ventilation passive cooling effect on these
buildings. The study found that by grouping patterns of buildings as
well as their orientation with respect to wind, a dramatic effect on
the formation of airflow behaviour and pressure fields was
achieved. Zhang et al. [21] carried out a CFD simulation and wind-
tunnel study to examine wind patterns around different building
arrangements. The study obtained the maximum wind speed and
vortex on the windward surface through numerical simulation of
seven buildings in parallel arrays with rectangular cross-section at
Xi’an Jiaotong University and found that the wind environment
around the buildings strongly depended on building layout and
wind direction. Ma [22] adopted a numerical simulation method
based on the Reynolds time-averaged equation and renormaliza-
tion group (RNG) k-ε turbulence model to analyse the wind envi-
ronment of a building complex composed of six high-rise buildings
with quadrate sections. By changing the horizontal distance
between each column, for buildings which were initially in two
rows and three columns, he obtained eight different grouping
patterns of the buildings. The wind speed ratio and velocity vector
field at pedestrian height (2 m) of surrounding buildings were
compared. The results showed that the wind environment was
more beneficial when the six buildings were in an ‘S’ pattern or in
two parallel rows (paratactic type); whilst a ‘Y’ shaped form or
semi-closure leads to a serious roadway effect. Zhang et al. [17]
proposed a new scheme for realizing real-time boundary condi-
tions to study the airflowand pollutant dispersion characteristics in
an urban street canyon. They found that the flow had an obvious
intermittent feature in the street canyon and that flapping of the
shear layer forms near the roof layer under real-time wind condi-
tions, resulting in the expansion or compression of the air mass in
the canyon. Nelson et al. [18] used three-dimensional sonic
anemometers under unstable atmospheric conditions to produce
velocity spectra, cospectra and weighted joint probability density
functions. They also found a low-frequency peak that appears to be
associated with vortex shedding of the buildings and a mid-
frequency peak generally associated with canyon geometry. The
low-frequency peak was found to produce a counter-gradient
contribution to the along-wind vertical velocity covariance. In
addition, the standard spectral tests for local isotropy indicated that
isotropic conditions occur at different frequencies depending on
spatial location, demonstrating the need to be thorough when
testing for local isotropy within the urban canopy.

The objective of this study is to identify key factors for the effect
of the built form on wind environment in low-rise building blocks.
The built form affects airflow distribution within a city in terms of
building orientation, distances between buildings and group
arrangement. Also, the design of a building complex affects the
natural ventilation and airflow distribution (namely “building
wind”) of building blocks in terms of the space layout and archi-
tectural form.

To achieve these objectives, a statistical analysis method has
been applied to identify key factors of the effects of the built form
on the wind environment. In this study, factors describing the
meteorological and architectural layout are identified for three
built forms: a street canyon, a semi-closure, a courtyard form and
an open space (Fig.1). Recently, Turkbeyler and Yao [23] experi-
mentally studied the urban microclimate of a building complex
at the University of Reading, UK. The building complex studied,
consisted of six buildings that represent the typical built
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forms: street canyons, semi-closures and courtyard-like forms. The
present statistical analysis is based on the measured data from
this experimental study.

1.2. Research methods

Details of the experimental data in the aforementioned study
[23]are presented below.

1.3. Location of the field study

The experimental field study area was located at a building
complex within the University of Reading campus in the United
Kingdom (Fig.2). Building blocks A, B, C, D, E, and F are 12 m, 7 m,
7 m, 7 m, 3.5 m, and 7 m high, respectively. The following building
blocks create different built forms:blocks A, B, and E constitute
a street canyon, blocks A, C, E and F constitute a semi-closure and
blocks B, C and D constitute a form. The space to the north side of
block A is a relatively open courtyard form. The street canyon axis
is oriented at an angle of 17.5� clockwise from an east-west
direction.

1.4. Parameters of measurement

Wind speed and directionwere measured at six locations on the
building complex; these are donated by the red numbers 1e6
(Fig.2). The five measurement stations (1e5) were assigned to
monitor the three kinds of architectural layout: stations 1 and 2
were located in the street canyon; station 3was located in the semi-
closure and stations 4 and 5 were in the courtyard form. In the
courtyard form, station 4 was positioned closer to the building,
compared to station 5.

1.5. Measuring instruments and data acquisition

At each measurement station, wind speed and wind direction
were measured continuously over a period of one year, from April
Fig. 2. Layout of the measurement site.
2009 to March 2010 without any interruption. Each point featured
awireless weather-stationwhich continually recordedwind data at
5-min intervals at a height of 3.5 m above ground level. The wind
speed and direction measurements achieved a precision of 5% of
any measured value (or 0.1 m/s, whichever was greater) and 1�,
respectively. Wind speed was measured using a rotational cup and
wind direction using a low friction wind vane. Fig. 3 shows one of
the wireless weather-stations at the experimental site. In addition,
the meteorological data at an isolated location on the university
campus was also monitored independently by the university’s
principle observatory. The set of measurements at the university
observatory, which is 600 m away from the studied building
complex, was considered as the local reference value for the
experimental site.

1.6. Statistical analysis

In this study, the variation of observed wind measurement are
statistically analysed to determine both the meteorological factor
and the architectural layout factor of the built forms affecting the
wind pattern within the building complex. Firstly, wind-rose
diagrams for these experimental measurements were constructed
to comparatively analyse the wind-speed and direction data at all
six measurement points. Secondly, based on these wind-rose
diagrams, the SPSS correlation analysis method [24,25] was used
to analyse the velocity at the six measurement stations and the
university meteorological observatory station. Correlation analysis
is a statistical method to identify relationships between variables so
that they reflect the variation of one variablewhen another variable
is controlled. A close relationship between variables may thus be
obtained, and then an overall relationship can be deduced based on
the sample. Finally, based on the results of the correlation analysis,
the statistical method of factor analysis has been used to identify
the meteorological factors and the architectural layout factors of
Fig. 3. Wireless weather-station at the experimental site (location1).
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the built forms. Factor analysis is generally used to describe vari-
ability among observed variables in terms of a potentially lower
number of unobserved variables called “factors”. It is used in this
paper to identify the factors that influence the wind speed at the six
measurement stations.

2. Results and discussion

2.1. Preliminary observations

Initially, the experimental data (wind speed and direction from
all six measurement stations) and the university meteorological
observatory data have been displayed in wind-rose diagrams. The
wind-rose diagram is the common method for displaying the
distribution of thewind speed and its direction at a specific location
over a period of time. Wind roses typically use 16 cardinal direc-
tions, (eg. north [N], northeast [NE] and north northeast [NNE] etc.)
to show the frequency of winds blowing from each direction over
a specified period. The length of each “spoke” around the circle is
related to the frequency that the wind blows from a particular
direction per unit time. Each concentric circle represents a different
frequency, emanating from zero at the centre to increasing
frequencies at the outer circles. The direction of the rose with the
longest spoke shows the wind direction with the greatest
frequency. A wind-rose plot may contain additional information
whereby each spoke is broken down into colour-coded bands that
show wind speed ranges.

Fig. 4 shows the wind-rose diagrams of wind speed and direc-
tion at the six measurement stations within the experimental site
as well as that from the university observatory station. From this,
we can see that the dominant wind direction is different for each
built form. The ratio H/W of station 1, station 2, station 3, station 4,
station 5 and station 6 are 0.8, 0.6, 0.2, 0.18, 0.18, and 0.48
respectively. The local dominant wind direction from the meteo-
rological observatory station it is southwest (SW) with a wind
speed greater than 2 m/s but the dominant wind direction at
Fig. 4. Wind rose diagrams showing the distribution of wind speed and directio
station 1, station 2, station 3, station 4, station 5 and station 6
becomewest (W), west (W), south (S), northeast (NE), south-south-
east (SSE) and northeast (NE) respectively. However, it is observed
from these diagrams that the wind speeds at the measurement
stations are relatively slower than that measured from the obser-
vatory station. It is obvious that the buildings influence the
immediate wind pattern, causing a change in speed and direction,
when compared to the local wind pattern observed by the uni-
versity’s meteorological observatory which located in relatively
open space.

2.2. Wind speed and direction analysis

It can be seen from Fig. 4 that the frequency of wind speeds
greater than 2 m/s at the observatory station accounts for 56.7% of
total measurements. On comparison, this is far greater than values
at the six other measurement stations in the built up areas. For the
street canyon built form, stations 1 and 2 (with slightly higher H/W
ratio) were sheltered by buildings against local winds from the SW
direction. The frequency of the wind speeds greater than 2 m/s is
about 21.6% and 10.9% respectively. Building A and B caused
changes in thewind direction and attenuation of speed in the street
canyon. Thus, at station 1and 2, the wind direction become west-
erly (W), and the wind speed slowed; the frequencies of wind
speed less than 1 m/s at these two stations are 51.9% & 67.7%
respectively. For the semi-closure built form, represented by station
3, the frequency of wind speeds greater than 2 m/s is 11.7%. The
dominant wind direction is in accordance with the local leading
wind direction. For the courtyard built form, represented by
stations 4 and 5, the natural wind inside the square formed a vortex
due to the relatively isolated layout form. Station 4 and Station 5
have different dominant directions because there is an opening
nearby. Within the courtyard, the wind speeds are mostly less than
1 m/s with frequencies of 93.5% and 80.3% respectively. The
courtyard’s form has a significant impact on the reduction of wind
speed.
n at the measurement sites between 1st April, 2009 and 31st March, 2010.



Table 1
The dominant wind and a frequency of different architectural layouts in different leading wind directions.

Observation Station 1 Station 2 Station 3 Station 4 Station 5 Station 6

N E(44.4%) W(39.1%) N(37.6%) O(39.8%) W(33.6%) NE(57.5%)
S W(49.2%) W(27.9%) S(70.9%) E(30.3%) S(39.9%) SE(46.5%)
E E(77.9%) E(79.3%) NE(36.8%) S(55.4%) E(32.9%) NE(40.8%)
W W(88.5%) W(85.3%) SW(40.6%) O(38.8%) W(69.4%) W(34.8%)
NE E(78.1%) E(72.1%) NE(53.9%) O(28.2%) W(30.5%) NE(71.1%)
SE E(65.4%) E(72.2%) S(64.3%) S(32.8%) SE(34.7%) SE(57.3%)
SW W(85.4%) W(67.4%) SW(53.1%) NE(32.4%) W(36.8) SW(25.7%)
NW W(79.7%) W(82.2%) N(30.1%) NE(51.0%) W(40.1%) O(26.5%)

Note: O ¼ there is no predominant wind direction.
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In summary, the different architectural forms on the complex
produced significant differences between the dominant wind
direction at each measurement point and the university’s meteo-
rological observatory station. Furthermore, the wind speed
frequency range is dissimilar (Table 1). For example, when thewind
direction at theMeteorological Observatory is South (S), the leading
wind direction in the Street Canyon (station 1 and station 2) isWest
(W) and the wind frequencies at stations 1 and 2 are 49.2% and
27.9%, respectively. At the same time, the leading wind direction in
the semi-closure layout (station 3) is South (S) and the wind
frequency at station 3 is 70.9%. However, in the courtyard situation,
the leading wind directions at station 4 and station 5 are different,
with frequencies of 30.3% west wind and 39.9% of south wind,
respectively. It is worth noting that, when the wind speed is zero at
the stations (i.e. the steady still condition) “O” is used to represent
its frequency. Therefore, it can be concluded that the architectural
layout, or the built form, the height of the building and the urban
meteorological conditions have a great influence on the wind
environment of urban building blocks.
2.3. Factor analysis of wind speed

Based on the year-long measurement data from the six stations,
the relationship between urban winds and built forms, as well as
the micro-wind environment, has been investigated using the
statistical methods of correlation analysis and factor analysis.
2.4. Correlation analysis of wind speed at the measurement stations
and the meteorological station

The SPSS correlation analysis method has been used to analyse
wind speed at the same moment for the six measurement stations
and the meteorological station. The wind speed at the height of
3.5 m could be obtained by equation (1) [26], and the power index
‘n’ can be obtained by equation (2), where the wind speeds at the
height of 2 m and 10 m were measured at the meteorological
station. According to reference [24], correlation between the factors
exists when the correlation coefficient is greater than 0.5. Table 2
lists the correlation coefficient between the wind speeds at the
Table 2
Correlation coefficient matrix.

Pearson
correlation

V1 V2 V3 V4 V5 V6 Vw3.5

V1 1 0.754 0.692 0.629 0.749 0.750 0.768
V2 0.754 1 0.576 0.678 0.694 0.713 0.660
V3 0.692 0.576 1 0.699 0.756 0.702 0.842
V4 0.629 0.678 0.699 1 0.620 0.618 0.707
V5 0.749 0.694 0.756 0.620 1 0.730 0.743
V6 0.750 0.713 0.702 0.618 0.730 1 0.773
Vw3.5 0.768 0.660 0.842 0.707 0.743 0.773 1
six experimental stations and the observatory station. All the
correlation coefficients exceed 0.5. From Table 2 we can see that
station 2 is in a whirlpool area, and the correlation coefficient of
wind speeds between this station and the observatory station is
0.660. Station 4 was in the courtyard form, 1 m away from the
surrounding exterior wall, and the correlation coefficient of wind
speeds between this station and the observatory station is 0.707.
Station 3 was in a semi-closure, and the correlation coefficient of
wind speeds between this station and the observatory station is
0.842, which is a high correlation. From Fig. 2 it can be seen that
point 6 was in a relatively open area surrounded by four buildings,
the distance between point 6 and the nearest wall is about
40e60 m. The influence of the courtyard- form is less than that of
points 4 and 5 because it is located in a less dense area than stations
4 and 5. The correlation coefficients between the wind speeds in all
the other stations to the observatory station are greater than 0.74.
From this analysis, we can see that there exists a correlation of the
wind speeds between each local station and the observatory
station; station 3 in the semi-closure has the most significant
correlation. A correlation also exists between local stations, though
their coefficients are less significant.

Vw3$5 ¼ Vw10

�
3$

5
10

�n

(1)

n ¼ ln
�
VYw2=VYw10

��
lnð2=10Þ (2)
2.5. Factor analysis of the wind speed at the six measurement
stations

According to the principle of the factor analysis method, six
highly-correlated speeds of the measurement stations are selected
as the factors for reduced-order analysis. All speeds are converted
to several unrelated factors with constant total variance. The first
main component has the maximum variance, whereas the data
variation interpreted by other extracted components gradually
decreases.

First, the necessary conditions of factor analysis must be satis-
fied, which are theKaiser-Meyer-Olkin (KMO) value test and the
Bartlett’s Test. The KMO measure of sampling adequacy tests
whether the partial correlations among variables are small. If the
threshold of KMO is greater than 0.5, then factor analysis is appli-
cable; if the threshold of KMO is greater than 0.7, then the factor
analysis effect is improved. Bartlett’s test of sphericity examines
whether the correlation matrix is an identity matrix, which can
indicate whether the factor model is appropriate or not. Bartlett’s
test of sphericity includes three parameters: Approx. Chi-Square,
degree of freedom and the significant level. When the degree of
freedom is 15, the significant level should be greater than 25 and
the significance should be less than 0.05 [24]. The KMO and Bar-
tlett’s Tests should both meet the above requirements for



Table 3
KMO and Bartlett’s Test.

Kaiser-Meyer-Olkin measure of sampling adequacy 0.879
Bartlett’s Test of sphericity Approx. Chi-Square 456387.153

df 15.000
Sig. <0.001

Table 6
The impact of meteorological factor and architectural factor on the grade of wind
speed.

Layout
(direction of the opening)

The architectural
layout factor (f1)

The meteorological
factor (f2)

Street-canyon (W-E) Stronger Weaker
Semi-closure (W) Weaker Stronger
Courtyard Slightly stronger Slightly weaker
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a satisfactory factor analysis to proceed. Table 3 lists the results of
the tests, from Table 3 we can see that the KMO is 0.879, which is
much greater than 0.7 and the Bartlett’s test of sphericity is
significant with the associated probability less than 0.001, which is
much less than the 0.05 threshold. This means that the measured
data are suitable for the application of factor analysis [24].

Secondly, common degrees are analysed for V1 w V6. Common
degrees refers to the common factor variance satisfaction, it reflects
the part interpreted by common factors, the larger the common
degrees, the better the factor analysis [25]. Table 4 shows common
degrees for V1 w V6, the initial value is the total variance inter-
preted quantity before extracting factors; the extraction value is the
proportion of the amount of variance explained by the two
common factors. If the extraction value is greater than the
threshold, which is 0.5, then the common factors are very well
extracted. In this study, the extract value is 0.7, which is greater
than the threshold value (see Table 4). It shows a good resolution of
factor analysis.

Thirdly, the accumulative total variance contribution is used to
determine the number of factors. The number is sufficient until it is
greater than 80%, namely 20% loss of information. There are two
principal components (f1 and f2) for the measured wind speeds at
the 6 stations, which can explain 81.878% of the variance (see
Table 5).

Finally, the principal component analysis (PCA) method has
been applied and followed by calculating variance to identify key
factors, which are expressed by Equations (3)e(8).

By applying factor analysis, two common factors for the wind
speed at the six stations (Equations (3)e(8) have been identified
with the order of f1 and f2 being fixed. According to correlation
analysis in Table 2, we can identify that station 3 has a high
correlation coefficient of 0.842 between its wind speed and that at
the observatory station (Equations (3)e(8), meanwhile, from
Table 4
Commonalities.

Initial Extraction

V1 1.000 0.837
V2 1.000 0.831
V3 1.000 0.879
V4 1.000 0.797
V5 1.000 0.778
V6 1.000 0.791

Table 5
Total variance explained.

Component Initial Eigen values Extraction sums of
squared loadings

Total % of
variance

Cumulative
%

Total % of
variance

Cumulative
%

1 4.456 74.272 74.272 4.456 74.272 74.272
2 0.456 7.606 81.878 0.456 7.606 81.878
3 0.427 7.113 88.991
4 0.266 4.439 93.430
5 0.229 3.820 97.251
6 0.165 2.749 100.00
Equation (5) we can see that the coefficient (0.851) of f2 is greater
than that of f1 (0.394). Therefore, f2 is identified as the meteoro-
logical factor and f1 as the architectural layout factor.

V1 ¼ 0:816f1 þ 0:413f2 (3)
V2 ¼ 0:854f1 þ 0:319f2 (4)

V3 ¼ 0:394f1 þ 0:851f2 (5)

V4 ¼ 0:379f1 þ 0:809f2 (6)

V5 ¼ 0:673f1 þ 0:571f2 (7)

V6 ¼ 0:765f1 þ 0:453f2 (8)

From equations (3)e(8), two common factor states for the
coefficients of V1 w V6 are different due to the various architectural
layouts. For the street canyon architectural layout (stations 1 and 2),
the coefficient of the architectural layout factor f1 is obviously
higher than the coefficient of the meteorological factor f2; in other
words, f1 is the factor with a greater influence on wind speed. For
the semi-closure pattern architectural layout (station 3), the coef-
ficient of f1 is less than that of f2, that is, f2 has a greater influence on
wind speed. For the courtyard architectural layout, station 4 is
greatly influenced by the meteorological factor f2, however factors
f1 and f2 have an almost equal influence onwind speed for station 5.
It is worthwhile to mention that station 4 was close to the narrow
pathway leading to the courtyard, the ’gap’ may cause meteoro-
logical factor f2 to become dominant at this point. Station 6 can be
regarded as located in a less dense, courtyard form. In this station,
the architectural layout factor f1, is greater than the metrological
factor f2. Further studies will be carried out using Computational
Fluid Dynamics regarding the influences of the built form factor and
the meteorological factor in the courtyard form.

Table 6 summarises the architectural form factor f1 and mete-
orological factor f2, on the three studied forms.

3. Summary and conclusion

The analysis of wind direction and wind speed derived from
wind-rose diagrams for six measurement stations at a low-rise
building complex in Reading, UK shows that changes in dominant
wind direction would produce differences among their wind
directions and wind speeds within the architectural complex.

This research has analysed changes of speed and direction of the
dominant wind due to different architectural built forms. The
dominant wind direction at the street canyon built form is signif-
icantly different to that at the observatory station which describes
the local meteorological conditions. The leading wind direction at
the courtyard built form varies frequently in this case, because of
turbulence created by a ‘gap’ into the courtyard which allows air
flow into it.

Correlation analysis shows that if wind measurement points are
located in a low-rise building site, there is a correlation between
the wind speeds at these measurement stations; in particular, there
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is a high correlation of the wind speed between station 3 in this
instance, and the university’s observatory station. Also, the
common degree of wind speed at the measurement points are
greater than 0.77. As a result, architectural layout factor f1 and
meteorological factor f2 are identified as themain influential factors
on wind speed for urban building complexes according to this
statistical analysis. The coefficients of the common factors are not
identical, as the architectural layouts are different. The degree of
wind speed affected by the meteorological factor and the archi-
tectural layout factor of the different built forms mentioned above
are different. Meanwhile, the degree of influence of both f1 and f2 is
variable depending on the location of the measurement and the
openness of the courtyard. For the street canyon architectural
layout, the wind speed is influenced mainly by the architectural
layout factor f1 when its opening is inconsistent with the direction
of the meteorological wind direction. For the semi-closure archi-
tectural layout, the wind speed is influenced mainly by meteoro-
logical factor f2. The findings from this experimental study are
limited to the low-rise and low dense building complex.
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