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1. Introduction

It is well known that wind environment is crucial to
community health due to air pollution and heat island !
. which are serious problems in the high-dense cities
such as the Shenzhen, one of the four top metropolises in
China. However, situation could be changed with profes-
sional concentrations and broad studies “”. Some studies
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It is important to improve residential thermal comfort in the high dense
cities, in which wind environment is crucial. Waterside buildings take an
advantage of micro-hydrological-climate in summer that should be used to
enhance residential thermal comfort especially in the subtropical region.
In order to propose design approaches according to the outdoor thermal
comfort of the waterside residential, a case study of Shenzhen She Kou res-
idential district has been made. It focused on various factors that could have
influence on wind environment for improving thermal comfort. Using wind
velocity ratio (ARi) criterion, factors of building development volume,
building direction and layout pattern, open space arrangement etc. have
been broadly explored using FLUENT simulation. To planning parameters,
the Floor Area Ratio (FAR) is significantly influence wind environment, the
smaller FAR is better. To the vertical layout of the buildings, multi-storey
layout and multi-storey & sub high-rise mixed layout would provide better
wind environment. To the horizontal layout, the determinant is better than
the peripheral. Other factors such as the buildings’ direction towards the
road, buildings” height, and open space setting, have influence on wind
environment yet. In general, the more benefit of design layout for wind
breezing, the better wind environment it could get.

considered indoor ventilation taking advantages of nature
wind "', some focused on ventilation mechanism by using
a proper technique ', while most concerned on studying
relations of spatial variation and nature ventilation for
benefiting design in taking water profit is underlined """,
Studies have been done on the use of water body to ease
heat effects focusing on water cooling mechanism ">
Song et al. studied the on-shore building distribution on
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the wind environment at a pedestrian level by developing
turbulence models taking hydraulic characteristics of wa-
ter body into account. Their study found that the height
of the frontal building and the layout of buildings have
influence on the wind environment at a pedestrian level '
A study of Yu et al. proved that the buildings distribution
and layout of a riverside residential block have influence
on outdoor thermal comfort """ It can be said that the in-
fluence of water body on the waterside residential design
should be considered for achieving good ventilation in the
hot regions.

Shenzhen is a coastal city located in the southern main-
land China adjacent to Hong Kong. The city has been
through a fast urbanization process since being pointed
as the window of Chinese economic reform and opening
up "%, Currently, the city is fostered as one of the four fa-
mous Chinese metropolises with a high dense population.
Correspondingly, deterioration of the outdoor environ-
ment because of air pollution and heat islands has become
a severe problem that spoiling the city’s sustainability '™
"I Recently, from the viewpoint of urban planning and
design, the improvement of the inferior outdoor thermal
environment has been paid attention in which a quantita-
tive understanding is necessary. The city’s north part oc-
cupies mountain-terrains while the south part faces ocean.
The She Kou residential district situated in the southern
part of the city, towards the Shenzhen Bay with a broad
great view to the sea. The district has been developed with
a high residential value in the time from the 1990s to the
2010s. Most blocks were developed in the last century
without considering outdoor thermal comfort. Even to
those developed in this century, design attentions have
been paid more on the sea views rather than thermal com-
fort. It is obviously wasting water source for cooling ef-
fects on the outdoor thermal comfort. In this paper, efforts
have been done on revealing the relation of buildings’ lay-
out and the wind environment to the She Kou residential
district. The result is supposed to give design approaches
of future renovation respecting wind environment for
thermal comfort. For doing the study, techniques of wind
simulation and criterion of judging the wind environment
have been studies and applied.

Wind tunnel experiment is traditionally used in the
wind environment study °”, however, computational fluid
dynamics (CFD) are frequently used recently due to con-
venient operation as well as low cost ***'. In studying the
interaction between buildings and physical spaces with
wind environment, authored works have done by using
CFD simulations ""*""'**?¥ They proved that CFD model
simulation is helpful in the initial stage to outline a “qual-
itative impression” of the wind environment, in which

Distributed under creative commons license 4.0

CFD were conducted to analyze the meso/micro wind
environment at the urban scale and air polluted outcomes.
Ashie et al. used the CFD simulation to explore the effects
of building blocks on the thermal environment in Tokyo.
Their results noted that air temperatures around the park
and river areas are much lower than the bulky building
areas and argued that is just the bulky buildings obstruct-
ing wind from the sea **. Yu et al. study also found that
agreeing more winds passing through the residential area
would take more advantages from a water body "'".

In this paper: a case study conducted in the Shenzhen
She Kou residential district is illustrated. The study used
CFD simulation to get 4R,, which is a difference of wind
velocity ratio of windward and leeward. The study em-
ploys the AR, criterion to judge quality of wind environ-
ment due to different buildings layouts. It explored the
influences of various factors relating to the building and
residential design on the wind environment. The results
would propose guidelines for waterside buildings’ layout
to achieve thermal comfort in summer to benefit a water-
side residential development.

2. Waterside Residential Area

Layout of waterside buildings usually takes the water
into account especially considering view advantages.
However, with the crisis of energy and global warming,
more attentions have been paid on thermal comfort in
which water advantages on wind environment needs to
consider. For such reason, the layout of waterside build-
ings should be particularly designed not only to the view
but also on the thermal comfort. In order to figure out de-
sign approaches in respect of thermal comfort, this study
takes the Shenzhen She Kou residential district as a case
to investigate the buildings’ layout factors, as such the
density scale, the road and building’s direction, the height
of building, and pattern of buildings’ arrangement, influ-
encing the wind environment.

2.1 She Kou Residential District

Figure 1 shows geographic location of the She Kou res-
idential district, it is in the very south part of the Shenzhen
Nan Shan administration area, its southern side faces the
Shenzhen Bay. The initial development of the district was
in 1979, but most residential blocks were built in the late
1990s and the earlier 2000s. With the area industrial van-
ishing, the district is gradually renewed by the high-value
residents. Currently, the She Kou residential district is
becoming a big community containing many residential
blocks with high properties. The local topography of land-
sea contrast in the She Kou causes significant wind varia-

https://doi.org/10.30564/jaeser.v4i3.3309 21



Journal of Architectural Environment & Structural Engineering Research | Volume 04 | Issue 03 | July 2021

tions of the district.

She Kou
Residential Area
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Figure 1. Location of the Shenzhen1She Kou residential
district

Figure 2 shows the 3-D model of the district. The dis-
trict is enclosed by four artery roads that are the R1, R2,
R3, RS, the R1 and R3 are the north-south direction road,
while the R2 and RS are the east-west direction road.
Besides, there is another artery road with the north-south
direction is the R4. Generally, there are twelve east-west
direction and nine north-south direction roads including
the above five artery roads. This may mostly decide the
district wind environment. In the Figure 2, it can also be
seen there are thirty-four residential blocks with various
urban functions, which are important to define the build-
ings’ layout.

Figure 2. Location of the Shenzhen1She Kou residential
district

2.2 Layout of the She Kou Residential District

Many design factors related to buildings’ layout could
influence the wind environment of a residential block, in
which the planning parameters and the buildings’ vertical
and horizontal layout are mostly concerned.

In order to analyze wind environment of the She Kou
residential district, factors of planning parameters related
to the layout design of all the blocks in the district have
been studies and shown in the Table 1. The values of the
thirty-four blocks’ buildings, floor area ratio (FAR), aspect
ratio, and distance to the sea to each block have been got.
To the thirty-four blocks, the variation of every factor is
rather large.

22 Distributed under creative commons license 4.0

Table 1. Factors related to the building’s layout of each

block

No. Area (ha) FAR Aspect ratio Distance
(km)
1 4.90 1.4 0.71 1.88
2 5.66 2.0 0.76 1.97
3 9.24 1.3 1.29 2.02
4 8.02 1.6 1.10 1.62
5 4.56 2.1 1.06 1.70
6 7.03 1.3 1.72 1.81
7 10.4 2.0 0.89 1.35
8 3.27 1.4 1.20 145
9 3.93 1.8 1.53 1.54
10 6.00 1.7 2.13 1.62
11 11.10 1.9 1.14 1.37
12 9.70 1.7 0.53 2.08
13 9.31 2.6 0.46 1.9
14 4.80 2.2 0.30 1.64
15 4.87 3.5 1.03 1.62
16 5.55 2.1 1.33 1.41
17 8.57 1.9 1.41 1.14
18 7.92 2.1 1.36 0.97
19 7.60 1.7 0.69 0.74
20 4.81 1.6 0.71 0.83
21 14.00 1.8 1.08 0.95
22 10.61 2.0 0.94 0.63
23 8.19 1.6 1.62 0.56
24 5.28 1.5 1.89 0.48
25 8.21 1.8 3.07 0.3
26 4.09 2.0 1.71 0.36
27 4.36 2.1 4.80 0.17
28 491 2.1 2.04 0.22
29 4.40 1.8 0.32 0.41
30 4.90 32 0.43 0.07
31 5.08 1.9 2.86 0.05
32 17.28 1.8 1.00 0.28
33 13.23 1.5 1.23 0.71
34 12.87 1.9 0.99 0.59

Based on the Table 1, factors of the area, FAR, aspect
ratio, and the distance to the sea of the thirty-four blocks
have been compared in the Figure 3. It is found that many
residential blocks are 4 ~ 6 ha, few has a small area of 2 ~
4 ha although others are larger that have an area above 6
ha, some even larger than 10 ha. It is also found that more
than 50% blocks have a value of 1.5 ~ 2, 30% ones have
2.0~2.5, however, less is either larger than 2.5 or smaller
than 1.5. To the aspect ratio, around 35% blocks have a value
of 0.75 ~ 1.25, less than 30% have a 1.25 ~ 2, slightly more
than 20% have a 0.3 ~ 0.75, less have a value larger than 2.
To distance of the block to the sea, most blocks locate less

than 2 km away from the sea except two.
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Figure 3. Proportion distributions in terms of various
layout factors

In addition, vertical and horizontal layout of the build-
ings according to each block have been studied. Firstly,
classification has been made according to vertical layout
in terms of the buildings’ height variation of a block.
According to the National Standard of the GB 50016 **/
three classifications were defined to the blocks, namely
the multi-storey block (most buildings in the block having
a height <27m), the high-rise block (most buildings in the
block having a height >54m), and the mixed block (most
buildings having either above heights). Specific classi-
fication to the vertical mixed blocks were further made,
which are multi-storey (height <27m ) & high-rise (height
>54m), multi-storey & sub high-rise (27m < height <
54m) & high-rise, and multi-storey & sub high-rise. Only
two blocks can be classified to the high-rise vertical lay-
out. In terms of the horizontal difference, three layouts can
be defined, namely the determinant, peripheral, and the
comprehensive that has both the determinant and the pe-
ripheral. According to horizontal difference, the multi-sto-
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rey layout can be further classified as the slab and the slab
& column point, and then the determinant, peripheral, and
the comprehensive. The classification of the vertical and
horizontal layout of all the blocks is shown in the Table
2. To the mixed vertical layout, no determinant horizontal
pattern exists. The slab multi-storey determinant, the mul-
ti-storey & sub high-rise comprehensive are the mainly
layouts used in the She Kou residential district. Whereas,
the slab multi-storey comprehensive, the slab & column
point multi-storey comprehensive, the multi-storey & sub
high-rise & high-rise comprehensive, are rare. Only two
blocks have the high-rise vertical layout in different two
horizontal layout, the determinant and the peripheral.

Table 2. The classification of the layout to the She Kou

residentials
Layout Num-
Vertical Horizontal bers
determinant 6
slab peripheral 2
) comprehensive | 1
Multi-storey - 3
slab & determinant
column | peripheral 2
pomnt comprehensive | 1
multi-storey & peripheral 2
high-rise comprehensive 3
multi-storey & sub peripheral 3
Mixed high-rise
& high-rise comprehensive 1
multi-storey & sub peripheral 2
high-rise comprehensive 6
determinant 1
High-rise )
peripheral 1

3. Simulations

CFD simulation is proven effective in analyzing wind
environment !, Therefore, this study using the FLUENT
software to analyze the influence of the buildings’ layouts
on wind environment. First, the criterion of assessing the
wind effect has been studied, then the simulation model
has been present and discussed.

3.1 Assessment

There are many criteria to assess wind environment
such as the Beaufort scale, wind speed probability, and
wind velocity ratio ***”. As the thermal comfort is not
emphasized in this study, the wind velocity ratio is em-
ployed because of intuitionally reflecting the wind effects.
In the study, the wind velocity ratio of the pedestrian

height is calculated to each block using the following

https://doi.org/10.30564/jaeser.v4i3.3309 23



Journal of Architectural Environment & Structural Engineering Research | Volume 04 | Issue 03 | July 2021

formula. R means the wind velocity ratio, R;, represents
the wind velocity ratio of wind entering the block, while
R, represents the wind velocity ratio of wind leaving the
block, 4R; means the deferential of R,,,and R;,. In the for-
mula, V,is approaching wind velocity value (usually tak-
ing wind value of the pedestrian level without impact of
an obstacle), V,, is the incoming wind velocity value while
V... 1s the outgoing wind velocity value.

Vou Vin
AR =R Riﬂ:?.t_V_o (1)

i out

Although 4R, can be used to assess the wind effects of
a block, it is difficult to use for designers. Therefore, a
spatial ratio of wind velocity (SRW) is developed to mea-
sure the differential of incoming wind and outgoing wind
of a residential block. As the study is going to provide
good wind environment in summer to subtropic area, it is
supposed that the more the wind blows the better effect
it brings, which means a higher spatial ration of wind
velocity needs. Figure 4a presents the measurement of
spatial ratio of wind velocity according to the incoming
and outgoing wind speed. The result of wind environment
is relied on the differential of the L, = L, + L, + L;+ L,
+ L+ L+ Ly, + Ly divided by the whole L, and the L,
=L,+L,+Ls+L,+Ls+L+L,+L,divided by the
whole L;,. The Figure 4b shows how to calculate an angle
a to present relation of the wind direction and building.
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a) Calculation of spatial ratio of wind velocity
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b) Angle of wind projection and building
Figure 4. Measurement of spatial ratio of wind velocity

3.2 Simulation

The study used the FLUENT software to simulate wind
environment. Song et al. has found that the RNG k-¢ and
the Realizable k-& model integrated in the FLUENT is
more precise to simulate a waterbody’s wind environ-
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ment. However, the result made by a Realizable k-¢ model
is closer to the wind tunnel experiment if considering the
variation of spatial tendency as shown in the Figure 6 .
Therefore, this study used the Realizable k-¢ model to do

the simulation.
0.30

*— Wind tunnel test
0.251 3-

0.20F
= 0.1545
0.10F

0.05

Figure 5. Simulation results of different CFD models vs
tunnel experiment "

Figure 6 shows the 3-D model of the She Kou residen-
tial district including the nearby mountain. Correspond-
ingly, the computational domain size was set including a
rather larger area than the 3-D model based on the Franke

suggestion for avoiding the airflow disturbance at the
(28]

model boundary

Figure 6. Simulation model of the She Kou residential
district

Figure 7 shows the computational domain size to the
simulation. H is the highest building’s height of the simu-
lation site. According to the Frank, five times H was set to
the inlet boundary and fifteen times H was set to the outlet
boundary, in which H is the height of the highest building
in the model.

Outlet v Inlet

a) Plan of the Computational domain
[ |
Outlet A Inlet
SH

- il .-='—M—ggm—}-ip

b) Section of the Computational domain

Figure 7. The computational domain
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For simulation, the wind speed and direction to the
She Kou residential district have studied. The site-spe-
cific wind roses of annual year have been explored using
the fine climatic grid data of the point 1 and 2 nearby the
She Kou district as shown in the Figure 8. According to
the data of the point 1 and 2, the non-typhoon winds in
16 directions of an annual summer were calculated. The
approaching wind velocity is 3.25m/s with a south-west to
south direction. A high-resolution was set to the She Kou
residential district that is 5 m x 5 m of the plan and 0.03 m
of the elevation dimension, a three-dimensional mesh with
a resolution of 30m was set to the nearby mountain.

Figure 8. The fine climatic grid of the Shenzhen She Kou

3.3 Results

Figure 9 presents the simulation result of the She Kou
residential district. The wind environment is not good as
plenty calm wind areas exist. However, the south-north
direction roads have better wind environment, which pro-
vides more wind permeability to the district. The wider
the road is the better the wind effect it provides. The fur-
ther an east-west road away from the sea, the worse wind
effect it gives. Moreover, the two parks inside the district
also provide good wind effect to the district.

Wind speed a ey 74 ‘S

()
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208 |
280
263
245
228
2.10
193
175
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140 [Nt
123
1.05
088
070
03
035
0.18
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Figure 9. The wind velocity map of the She Kou residen-
tial district
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4. Analyses

Based on the Figure 9, data of wind velocity collected
for analyses of buildings’ layout factors influencing the
wind environment have been made. Firstly, relations of
the wind environment and the factors of planning param-
eters, such as the block area, FAR, aspect ratio, and the
distance of the block to the sea have been discussed; then,
the influence of vertical and horizontal layout of a block
on the wind environment has been studied, following by the
study of buildings’ arrangement influence.

4.1 Influence of Planning Parameters

The block area, FAR, aspect ratio, and the distance
of the block to the sea are essential factor to determine
a building’s layout. Therefore, Person correlations of
these factors and 4R, (differentia of wind velocity ratio
of the outgoing wind and the incoming wind) have been
firstly analyzed. Barely significant correlation has been
found except FAR, which is significantly correlated to
AR, with a negative correlation value of 0.43 (p<0.05).
It indicates a dense residential block has worse wind
environment.

Table 3 illustrates the Person correlations of 4R; and
the FAR, aspect ratio, and distance of a block to the sea in
terms of the area difference. It found that only FAR has
significant influence on 4R,. However, it is worth noting
that a higher negative correlation value exists to all indi-
cating a dense block has worse wind environment. It is
also interesting to note that only the large area blocks
have a negative correlation of the distance to 4R,, indi-
cating the farther the large block away the sea, the bet-
ter wind environment it could get, but not to the small
and the medium blocks. Table 4 illustrates the Person
correlations of 4R, and the Area, FAR, and distance of a
block to the sea in terms of the aspect ratio difference.
No significant influence exists. Unlike the area and
FAR, the tendency of the distance with 4R, in terms of
aspect ratio is changed.

Table 3. Person correlations of the factors and 4R, in
terms of the area

Factors Small (S<5  Medium (Sha<S<10  Large (S>10
ha) ha) ha)
FAR -0.61" -0.21 -0.75
Aspect ratio 0.06 0.01 0.07
Distance 0.19 0.27 -0.55

*. Correlation is significant at the 0.05 level.
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Table 4. Person correlations of the factors and 4R, in
terms of the aspect ratio

E-W long (the east- Approx. square (0.75 S-N long (the east-

Factors west length/the < the east-west length/  west length/the
south-north length the south-north length south-north length
> 1.25) <1.25) <0.75)
Area 0.25 0.25 0.05
FAR -0.58 -0.33 -0.31
t?;ie 0.42 2021 0.51

Table 5 illustrates the Person correlations of 4Ri and
the area, FAR, and aspect ratio in terms of difference of
the block distance to the sea. Except the FAR, no signifi-
cant correlation exists. A higher significant correlation ex-
ists of the FAR to 4R;but only to the blocks far away from
the sea. The tendency of the area, FAR, aspect ratio influ-
encing 4R, is not the same due to the different distance,
sometimes is positive sometimes is negative.

Table 5. Person correlations of the factors and 4R;in
terms of the distance

Close (D<0.5 Middle (0.5km<D<1.5 Far(D>1.5
Factors

km) km) km)

Area 0.20 -0.09 0.17
FAR -0.62 0.13 -0.64
Aspect 0.29 -0.03 0.29

ratio

*. Correlation is significant at the 0.05 level.

Summarily, the above factors of planning parameters
have less influence on the wind environment except FAR.
A higher FAR could bring worse wind environment. An
interesting note is that the tendency of the distance with
AR, is not same unlike the other factors with 4R,. If not
considering the distance influence, the area and aspect
ratio is usually positively correlated with 4R, whereas the
FAR is negatively correlated. Significant negative influ-
ence has been found to the blocks having a rather smaller
area also to those far away from the sea. A positive cor-
relation of FAR and 4R, has been found only to the blocks
having a middle distance to the sea but not reaching sig-
nificant. But, significant negative correlation of FAR and
AR, has been found to the blocks closer or far away from
the sea. The results show that a larger area and higher
aspect ratio is better to wind environment, but a smaller
FAR is better, however, this could change if taking the
distance into account.

4.2 Vertical Layout Influence

As building height has influence on wind distribution
1 the vertical layout on wind environment is studied.
Figure 10 shows the 4R, changes in terms of different ver-
tical layouts as presented in the Table 2.
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Figure 10. 4R, in terms of vertical layout difference

It is found that the high-rise layout is worse to wind
environment as having the lowest 4R, although only have
two cases. To the multi-storey and the vertical mixed lay-
out, it is hard to say which one is better as the difference is
small. Therefore, further analyses were made to the mixed
vertical layout. Three types of the mixed vertical layout
were analyzed in the Figure 11. The Type A stands for
the blocks of multi-storey & high-rise mixed, the Type B
for the blocks of multi-storey & sub high-rise & high-rise
mixed, Type C for the blocks of multi-storey & sub high-
rise mixed. The Type C (blocks of multi-storey & sub
high-rise mixed) has better wind environment as having a
higher 4R; whereas the Type A (blocks of the sub high-rise
& high-rise mixed) has worse. The Figure 11 also com-
pared the different mixed types with the multi-storeys.
The wind environment of multi-storey is better than that
of the Type A and the Type B but worse than that of the
Type C. A possible reason is that the sub high-rise build-
ings are usually having column-point horizontal layout to
benefit wind permeability.

0.804%

040 !

0.00 I _ @

040 +
080 - i i
JE 1
120 -
Multi-sterey  Typs A Typ=B Type C

Figure 11. 4R, in terms of mixed vertical layouts and the
multi-storey

4.3 Horizontal Layout Influence

Apart from the vertical layout influence on wind envi-
ronment, variation of the horizontal layout is also influ-
ence on wind environment yet. In order to avoid interfer-
ence of the vertical layout, the horizontal layout influence
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was analyzed in terms of vertical layout. The Figure 12
shows the influence of the horizontal layout due to the
multi-storey ones.

AR

0.8
0.4
0.0
-0.4
-0.8
-1.2

0.8
0.4
0.0
-0.4
-0.8
-1.2

1

Determinant

AR

[R—

=

—_—

Peripheral
a) slab

Comprehensive

Determinant

N
e —

Peripheral

Comprehensive

b) slab & column-point mixed

Figure 12. AR, of the variation horizontal layout accord-
ing to the multi-storey

To the slab buildings, the determinant layout has
better wind environment than the peripheral and the
comprehensive, however, this is not correct to the slab
and column-point mixed. To the slab mixed with the col-
umn-point buildings, the comprehensive layout has better
wind environment but only having one case. It must point
out that the result to the comprehensive layout is not sup-
ported by enough cases, only one case exists no matter
to the slab or the slab mixed with the column-point. In
general, the residential blocks having a determinant layout
have better wind environment than those having a periph-
eral layout.

To the vertical mixed layout, Figure 13 shows the 4R,
of the peripheral and comprehensive horizontal layout.
There is not much difference in terms of the different
vertical layout. The comprehensive horizontal layout has
better wind environment than the peripheral, neverthe-
less, the study cases are rather limited. In terms of the
high-rise vertical layout, only two cases exist. One has the
determinant horizontal layout but the other has the peripheral
horizontal layout. According to AR, the peripheral layout has
better wind environment. Although the study case is quite
limited, the result is an agreement with the previous study "’
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Figure 13. 4R, of the various horizontal layout according
to the vertical mixed layouts

4.4 Building Arrangement

In addition to the above factors, other factors also re-
lated with the buildings’ layout such as buildings arrange-
ment along the block boundary, the buildings’ height, and
the arrangement of open spaces, likely have influence on
the wind environment.

4.4.1 Buildings along the Boundary

According to the section 3.1, the spatial ratio of wind

velocity (L, - L;,) related with the buildings’ arrangement

out
along the block boundary may decide the wind effect.
Person correlations have been made to the L., - L;, and

AR,, a significant positive correlation of 0.78 has been
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found, indicating the higher the spatial ratio (L, - L;,), the
better the wind environment is achieved. Enhancing the
difference of the L, and L;, would provide a better wind
environment.

In addition the spatial ratio, the wind projection angle
to the block is also another determinant on the wind envi-
ronment. Figure 14 shows the influence of the wind pro-
jection angle on the AR,. The wind projection angle is the
angle of the windward and building exterior wall normal.
It can be seen the best wind projection angle of the wind-
ward and building exterior wall normal is 45° as it has the
highest average 4R,, which indicates a good wind envi-
ronment could be got. Whereas, the worst wind projection
angle is 67.5°.
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0° 22.5° 45°

Figure 14. AR, due to the wind projection angle to the
block

According to the wind projection angle, the angle of
the boundary along building with the road must be ana-
lyzed. From the Figure 2, it found that most roads in the
She Kou residential district are in either an east-west
or a south-north direction. Then in the Figure 15,
two kinds road situation are included. To the east-
west road, the best angle of the boundary along build-
ing with the road is 22.5°as it has a 45°wind projection
angle, however, the worst is the building perpendicular
to the road as it has a 67.5°wind projection angle. To
the south- north road, the worst is the building parallel
to the road as it is a 67.5°wind projection angle, but,
the best angle of the boundary along building with the
road is still 22.5°. Summarily, to the ecast-west road,
the building is better set parallel to the road rather than
perpendicular, and when the angle is in 0° to 22.5°, the
bigger it has a better wind environment could achieve,
but when the angle is over 22.5° in a range of 22.5°
to 90°, it is just opposite. However, to the south-north
road, the situation is reverse to the east-west road. No
matter how, the best angle of the boundary along building
to the road is 22.5° as it has a 45°wind projection angle.

28 Distributed under creative commons license 4.0

r——=

7
I
I
I
I
l -
A \

|
|
|
| el
| P \
| - A\
o =
| \ o
. s
67.5"71___‘/ =
" 12250
22.5 / E-W road
67.5°  67.5° \/67.5°
Wind
a) East-west direction road
LT TTTTTTTO
S-N road{- .\2?'5 on :
T \\_ ______ I
\
2.5\ \
\

O \
5\\ \
\ \
& \ A
67.5°\ A
22.59 \ i
\ =

Wwind
b) South-north direction road

Figure 15. AR;due to the angle of the boundary along
building with the road

4.4.2 Buildings’ Height

Buildings’ height could influence wind environment
too . Therefore, the buildings’ height influence has been
discussed in the study. Figure 16 shows 4R, due to four
different buildings’ height arrangement, which are A’ —
frontal building low & back high, B’ — frontal building
high & back low, C’ — middle building lower & frontal
and back similar high, D’ — middle building higher & front
and back similar low. Here, the frontal means the building
closer to the sea while the back means the building far
away the sea, the middle means the building is between
the frontal and the back. It can be seen that the best one is
the A’ whereas the worst is the D’, while the B’ is slight
better than the C’. The result indicates that the buildings’
height with the frontal low & back high is better to wind
environment, but the difference is not too much.
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Figure 16. 4R, in terms of the arrangement of buildings’
height of a block
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4.4.3 Open Spaces

Open spaces usually have benefits on the physical envi-
ronment without exception of wind """, Figure 17 shows
the 4R, according to three setting locations of an open
space in a block based on their location to the sea, which
are the close, the middle, and the far. A rather good wind
environment could achieve when the open space is far
away from the sea except few cases. The close open space
has lower 4R, indicating it is bad to wind environment al-
though the difference is not much with the middle.

AR,
0.8 r
04 f -
0.0 :
0.4 g
08 | - .
12 ° i
-1.6

T

Close Middle Far

Figure 17. AR, due to the distance of an open space to the
water

5. Discussion and Conclusions

In order to provide residential outdoor thermal comfort
in the subtropical region, this paper illustrated the influ-
encing factors correlated with the buildings’ layout design
to a residential block on wind environment through case
study on the Shenzhen She Kou residential district.

The result showed 1) Road design is important as can
attract waterside wind passing through the residential
blocks, the south-north direction roads are better in the
Shenzhen She Kou residential district as the roads direc-
tion coincident with wind breezing; 2) Generally, FAR
has significant negative correlation with AR, especially
to the smaller blocks and the blocks closer to the sea. A
smaller FAR block usually has better wind environment;
3) Comparing different vertical layouts, the mixed block
of multi-storey & sub high-rise provides a better wind
environment; 4) Comparing different horizontal layouts,
the determinant layout has best wind environment except
to the high-rise blocks; 5) According to the buildings’
arrangement, the best wind environment is achieved by
the frontal low & back high blocks that means the closer
buildings to the sea should be lower than those farther
away. The best wind projection angle is 45°as having a
higher 4Ri, which needs the boundary along buildings
have a 22.5° to the either E-W or S- N road. To the E-W
road, it is better for buildings parallel to the road, how-
ever, it is opposite to the S-N road; 6) It is better to set an
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open space farther away from the sea to get a better wind
environment. A reason might be the farther away from the
sea part is the leeward side of the block, which has been
proven to benefit wind spreading """,

References

[1] Heaviside C, Macintyre H, Vardoulakis S. The Urban
Heat Island: Implications for Health in a Changing
Environment. Current Environmental Health Reports,
2017; 4:296-305.

[2] Samuel K, Osornio VAR, Irena B. Ambient air pollu-
tion and children's health: A systematic review of Ca-
nadian epidemiological studies. Paediatrics & Child
health, 2007; 12(3):225-33.

[3] Piver WT, Ando M, Ye F, et al. Temperature and air
pollution as risk factors for heat stroke in Tokyo, July
and August 1980-1995. Environmental Health Per-
spectives, 1999; 107(11):911-916.

[4] Duan Y, Liao Y, Li H, et al. Effect of changes in
season and temperature on cardiovascular mortali-
ty associated with nitrogen dioxide air pollution in
Shenzhen, China. Science of the Total Environment,
2019; 697:1-7.

[5] Duan S, Luo Z, Yang X, et al. The impact of building
operations on urban heat/cool islands under urban
densification: A comparison between naturally-venti-
lated and air-conditioned buildings. Applied Energy,
2019; 235:129-138.

[6] Zhang L, Yu Z, Liu J, et al. The numerical analysis
of outdoor wind and thermal environment in a resi-
dential area in Liaocheng, China. EEEP2017; 20-22
November 2017; Sanya China 2017.

[7] Ng E, Chao Y, Liang C, et al. Improving the wind
environment in high-density cities by understanding
urban morphology and surface roughness: A study
in Hong Kong. Landscape & Urban Planning, 2011;
101(1):59-74.

[8] Park B, Lee S. Investigation of the Energy Saving
Efficiency of a Natural Ventilation Strategy in a Mul-
tistory School Building. Energies, 2020; 13:1746.

[9] Huang X, Qu C. Research on Indoor Thermal Com-
fort and Age of Air in Qilou Street Shop under
Mechanical Ventilation Scheme: A Case Study of
Nanning Traditional Block in Southern China. Sus-
tainability, 2021; 13(7):4037.

[10] Yang Z, Yu L, Liu J, et al. Layout Study on Riverside
Residential Building: Analysis of Thermal Environ-
ment Simulation. South Architecture, 2015; (06):74-
79.

[11] Yu L, Liu J, Tao J. Optimizing Design Layout of
a Riverside Residential Settlement in terms of the

https://doi.org/10.30564/jaeser.v4i3.3309 29



Journal of Architectural Environment & Structural Engineering Research | Volume 04 | Issue 03 | July 2021

Thermal Comfort. Landscape Architecture and Re-
gional Planning, 2019; 4(4):87.

[12] Evans JM, Schiller SD. Application of microclimate
studies in town planning: A new capital city, an exist-
ing urban district and urban river front development.
Atmospheric Environment, 1996; 30(3):361-364.

[13] Kan Z, Wang Z, Song X, et al. Research on the
cooling island effects of water body: A case study of
Shanghai, China. Ecological indicators: Integrating,
monitoring, assessment and management, 2016;
67:31-38.

[14] Tominaga Y, Sato Y, Sadohara S. CFD simulations of
the effect of evaporative cooling from water bodies
in a micro-scale urban environment: Validation and
application studies. Sustainable Cities & Society,
2015; 19:259-270.

[15] Song XC, Liu J, Yu L. Pedestrian environment pre-
diction with different types of on-shore building dis-
tribution. Journal of Central South University, 2016;
23(4):955-968.

[16] Xiong Q. China’s Forty Years of Opening Up: Paths,
Achievements and New Challenges. Journal of South
China Agricultural University (Social Science Edi-
tion), 2019; 18:1-16.

[17] Chen H, Ooka R, Harayama K, et al. Study on out-
door thermal environment of apartment block in
Shenzhen, China with coupled simulation of convec-
tion, radiation and conduction. Energy & Buildings,
2004, 36(12):1247-1258.

[18] WW A, Kai LA, Rong TB, et al. Remote sensing
image-based analysis of the urban heat island effect
in Shenzhen, China. Physics and Chemistry of the
Earth, Parts A/B/C, 2019; 110:168-175.

[19] Xia X, Qi Q, Liang H, et al. Pattern of Spatial Distri-
bution and Temporal Variation of Atmospheric Pol-
lutants during 2013 in Shenzhen, China. ISPRS In-
ternational Journal of Geo-Information, 2016; 6(1):2.

[20] Yang J, Zhang T, Tan Y. Research on Urban Wind
Environment: Technology Evolution and Integration
of Evaluation Systems. South Architecture, 2014;

30 Distributed under creative commons license 4.0

(03):31-38.

[21] Mittal H, Sharma A, Gairola A. A review on the
study of urban wind at the pedestrian level around
buildings. Journal of Building Engineering, 2018;
18:154-163.

[22] Wu KL, Hung IA, Lin HT. Application of CFD Sim-
ulations in Studying Outdoor Wind Environment in
Different Community Building Layouts and Open
Space Designs. Applied Mechanics and Materials,
2013; 433-435:2317-2324.

[23] Li Q, Meng QL, Zhao LH. Research on Wind Envi-
ronment around Residential Buildings with Different
Planning and Design Factors. Applied Mechanics &
Materials, 2012; 121-126:725-729.

[24] Ashie Y, Kono T. Urban-scale CFD analysis in sup-
port of a climate-sensitive design for the Tokyo Bay
area. International Journal of Climatology, 2011;
31(2):174-188.

[25] Code for fire protection design of buildings (2018):
GB 50016-2014.

[26] Penwarden AD. Acceptable wind speeds in towns.
Building Science, 1973; 8(3):259-267.

[27] Soligo MJ, Irwin PA, Williams CJ, et al. A compre-
hensive assessment of pedestrian comfort including
thermal effects. Journal of Wind Engineering and
Industrial Aerodynamics, 1998; 77&78:753-766.

[28] Franke J, Baklanov A. Best Practice Guideline for the
CFD Simulation of Flows in the Urban Environment:
COST Action 732 Quality Assurance and Improve-
ment of Microscale Meteorological Models. Meteo-
rological Institute, University of Hamburg, Germany.
2007; 16-17.

[29] YING X, Ding G, Hu X, et al. Developing planning
indicators for outdoor wind environments of high-
rise residential buildings. Journal of Zhejiang Uni-
versityence A, 2016; 17(5):378-388.

[30] Feng W, Ding W, Fei M, et al. Effects of traditional
block morphology on wind environment at the pedes-
trian level in cold regions of Xi'an, China. Environ
Dev Sustain, 2021; 23:3218-3235.

https://doi.org/10.30564/jaeser.v4i3.3309



