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1 Introduction

The rapid urban development has led to many problems in cities, and these problems have been gained more and more
attentions due to their influences on people’s healthy, thermal comfort and environment and resource degradation all of the
world. Global Warming and Urban Heat Island (UHI) have become major issues all of the world, and the environmental
degradation results in not only the increase of energy consumption in cities but also healthy problem of people.

The subtropics are the geographical and climatic zone of the earth immediately north and south of the tropical zone, which
is bounded by the Tropic of Cancer and the Tropic of Capricomn, at latitudes 23.5°N and 23.5°S and according to Troll-Paffen
climate classification, it generally exists a large subtropical zone. The term "subtropical” describes the climatic region found
adjacent to the tropics, usually between 23.5 and 40 degrees of latitude in both hemispheres. According to Képpen climate
classification there are 4 kinds of typical subtropical climates, which are the Subtropical highland variety (Cwb), Mediterranean
climate, Humid subtropical climate and Subtropical semi-desert/desert climate, and the summer climate in humid subtropical
climate cities is always super hot. Therefore, piloti is commonly adopted in urban design, avoiding solar radiations and
improving outdoor ventilations in humid subtropical cities (like Guangzhou in China, for example) and tropical climate
countries (Malaysia, for example).

In recent years, many ways are adopted and integrated on improving the outdoor thermal environment, for instance, plant,
high reflective capability materials of building envelope, green building walls and roofs, improvement of city ventilation, use of
sea wind and decrease of artificial heat, etc. Many researches regarding to outdoor environment are carried out, such as field

measurement, simulation and wind tunnel experiment, etc. In recent years, accompanying with the development of simulation
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techniques, many researches regarding to simulation combined with wind velocity, air temperature, humidity and radiation
were carried out.

However, there is nobody who researched on the comprehensive influence of piloti on outdoor thermal environment. Li
Qiong (south China University) researched on the relationship between piloti arrangement and velocity ratio, but this research
did not consider lateral boundary influence and no thermal comfort index was included. Zhou Zeng (Huangzhong University
of Science and Technology) researched on the velocity ratio by one building changing place in building block and changing
piloti place in this standard building, but this research did not consider couple simulation method and no thermal comfort index
was included. Also, the dynamic character of residential blocks and pilot was not researched by these 2 researches.

This research aims at researching on the comprehensive influence of piloti ratio on outdoor thermal environment (wind
velocity, temperature, MRT) in humid subtropical climate cities and the influence of piloti ratio on integrated thermal comfort
index (SET*) in humid subtropical climate cities, thus offering reference for residential building blocks design in humid
subtropical climate cities.

2 Structure of this paper

In chapter 1, the introduction of research background (global warming and urban heat island), subtropical climate zones
and characteristics of 4 typical subtropical climates, relative researches, the objective and structure of this study and research
flow chart are given.

In chapter 2, review of prediction methodology on outdoor thermal environment and thermal comfort models are
introduced.

In chapter 3, the results of a questionnaire survey which was carried out in Guangzhou, a typical humid subtropical climate
city in China are introduced, and the subjective response to outdoor thermal environment of people of humid subtropical
climate cities is researched.

In chapter 4, the dynamic outdoor thermal environment and thermal comfort of building blocks, piloti and human built
elements were studied via a field measurement carried out in Guangzhou, China, and the dynamic characters of outdoor
thermal environment of building blocks and piloti in humid subtropical climate cities were obtained by this field measurement.

In chapter 5, the comprehensive influence of piloti ratio on the outdoor thermal environment was researched by
computational fluid dynamics simulation and the subjective response (result of Chapter 3) and ASHRAE standard were used to
offer design references for architectures and designers.

In chapter 6, integrated with the dynamic thermal environment of field measurement and comprehensive influence of piloti
ratio on outdoor thermal environment, conclusions and prospects of this study are given.

3 Conclusions and prospects

(1) The subjective response to outdoor thermal environment was studied via a questionnaire survey in Guangzhou, a
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typical humid subtropical climate city in China, and the acceptable rate (thermal sensation rate is less than 1.5) under different
SET* intervals is obtained. When SET* is lower than 30 °C, the acceptable rate is expected to be 100%, and when SET* is
between 30°C and 32 °C, the acceptable rate is expected to be 78%, and when SET* is between 32°C and 34°C, the acceptable

rate is expected to be 65%, and when SET* is over 35 °C, the acceptable rate is expected to be lower than 30% (Table 1).

Table 9 acceptable rate of outdoor thermal environment during different SET* intervals

SET* range SET*<30°C 30°C <BSET*<32°C | 32°C <SET*<34°C | SET* >35°C

Acceptable rate 100% 78% 65% < 30%

(2) In the piloti centralized situation, piloti can highly increase the wind velocity of those weak wind area, especially when
piloti ratio equals to 100 percent, no weak wind area exists anymore, the minimum velocity is 0.9m/s and the highest wind
velocity reaches 2.1nv/s. The MRT of non-piloti area decreased with the increase of piloti ratio, especially when piloti reaches
100 percent, the MRT of non-piloti ratio area decreases faster, both of which should be due to the decrease of wall areas. Thus
the SET* of non-piloti area is highly optimized when piloti ratio equals to 100 percent.

In the piloti centralized situation, piloti can highly increase the wind velocity under piloti, but when piloti ratio is 40 percent,
the wind velocity under piloti is very low, leading to very bad outdoor thermal thermal environment under piloti. The MRT
under piloti increased with the increase of piloti ratio, especially when piloti ratio equals to 100 percent, MRT increases faster,
both of which should be due to the decrease of wall areas, leading to more short wave reflections, and when piloti ratio reaches
100 percent, the SET* under piloti is highly decreased.

The average SET*, area percentage of tolerance SET*, and the area of acceptable rate equals to 65% under different piloti
ratios in a centralized situation is shown in Table 2, for those piloti flexible arrangement cased, this study shows that wind is

highly influenced by piloti arrangement, so in this situation, a case to case study is necessary.
Table 2 The relationship between SET* and piloti ratio of piloti centralized residential building blocks

Piloti Ratio Location Average SET* Area percentage of tolerance | Area percentage of acceptable rate
(" C) SET* (SET*<40) equals to 65% (SET*<34)
0% Non-Pilot1 39.82 B0% 0%
Non-Piloti 39.63 65% 0%
40%
Under Piloti 41.73 0% 0%
Non-Piloti 49.36 T5% 0%
60%
Under Piloti 39,78 6% 0%
Non-Piloti 38.71 85% 0%
80%
Under Piloti 3813 100% 0%
Non-Piloti 35.68 100% 10% |
1005
Under Piloti | 34.50 100% B 40% |

(3) The coupled simulation shows that wind is very important to create well-being outdoor thermal environment, for
example, for the 40 percent piloti centralized case, the SET* is still very high even under the piloti which is because the low
wind. The field measurement shows that the MRT under piloti and around building blocks decreased very slow after the peak

value, which is due to the low sky view factors of piloti and around building blocks, so if the wind is very low, the outdoor
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thermal environment under piloti and around building blocks will be constantly crucial. This study shows that high piloti ratio
can highly optimize the outdoor environment of both of piloti area and non-piloti area of residential blocks in the hottest time
period, which is meaningful for optimizing the outdoor thermal environment in a dynamic way in humid subtropical climate
cities.

(4) This is the first study which researches on the comprehensive outdoor thermal environment by piloti, and the research
on the influence of piloti on outdoor thermal comfort is just the beginning. The prospects of this study are as follows:

a) The influence of piloti locations The location of piloti in each building is expected to get different result, as shown in
this study, it does exist a weak wind area and strong wind area when piloti ratio equals to 0 percent, if the piloti locates in the
weak wind edge, different result is expected to be get under same piloti ratio

b) Integrated with other construction technical and economic indexes Tetsu Kubota et al. proved there strong
relationship between building coverage ratio and building height, and in this study, the clear relationship is found due piloti
ratio by piloti centralized cases. This study should be developed by integrated with other construction technical economic
indexes, for instance, building coverage ratio and building height. The final output of these developed researches is expected to
be the relationship of outdoor thermal environment and these construction technical and economic indexes, offering references
for architectures and urban planners. Floor area ratio is simple relationship with building coverage ratio, building height and
piloti ratio, if the relationship between floor ratio and outdoor thermal comfort could be get, this is also a good reference for the
construction companies to balance environment and cost.

¢) Integrated with other way of improving the outdoor thermal environment There are many ways to improve the
outdoor thermal environment, for instance, water surface ground, grass ground, green walls, trees and shading design. The
influence of piloti should be integrated with these methods to create well-being outdoor thermal environment.

d) The influence of piloti under different climate cities and seasons This study focus on the humid subtropical city,
because the outdoor thermal environment is very hot in humid subtropical climate cities, but the influence of piloti on outdoor
thermal environment in different climate cities is also meaningful for architectures and urban planners when they design
buildings in different climate cities. Also the influence of piloti at different season is also blank field. This study shows that
piloti optimized the outdoor thermal environment in summer in humid subtropical climate cities, but in winter, poloti may lead
to negative influence, but this can be decrease by shelter arrangement, which is also an interesting topic to be digged in the

future.
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