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1. Introduction

With global warming and UHI (urban heat island) effects, the highest air temperature in summer season sets another new record year
by year and extreme hot days last longer and longer. For that reason, more and more people are attacked by heatstroke and some of
them even die from it. The main cause of hot weather is the modification of the land surface by urban development which uses
materials retaining heat, such as concrete and asphalt. In order to cool down heated urban surfaces, an increasing attention is paid to
urban ventilation especially in coastal cities by inducing sea breeze to the inner urban area. Therefore, the basic method to improve
urban ventilation is to leave wide space between buildings. It indicates that separation and low building densities are favorable.
However, to take care of outdoor thermal comfort, narrow street and compact forms are expected for sun-shading. It is clear that a
significant inverse relationship with building arrangement can be found between urban ventilation and sun-shading. Moreover, since
the intensity of solar radiation at ground level varies with latitude, so do the effects of sun-shading. Therefore, the climatically adapted
building arrangement changes with latitude due to the different effects of urban ventilation and sun-shading. Up to now, most studies
on building arrangement have been done from the single viewpoint of urban ventilation or sun-shading although it is necessary to
consider both of them at the same time. The main reason is that no assessment approach is available between apparently conflicting
objectives of urban ventilation and sun-shading on building arrangement. Overall, the following three aspects will be studied in the
thesis.

(1) A new assessment system is developed by which building arrangements can be compared from the viewpoints of urban

ventilation and sun-shading and a new system is established in order to determine climatically adapted building arrangement.

(2) To investigate climatically adapted building arrangement at different latitudes, a fundamental study is conducted in Guangzhou
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(113°33'E, 23°17'N), China and Sendai (140°52'E, 38°16™N), Japan (shown in Fig, 1) under the conditions of the same analysis
date and time by using the new system established in Item (1).

(3) To discuss climatically adapted building arrangement under the worst summer conditions of Guangzhou, China and Sendai, Japan,
case studies are conducted by using the new system established in Item (1).

2. Thesis structure

The thesis is divided into seven chapters.

Chapter 1: Research background, review of previous research, the objectives and the thesis structure are given in Chapter 1.

Chapter 2: A numerical simulation system for outdoor wind and thermal environment is introduced in Chapter 2. The system
combines commercial software, STAR-CD/RADX with additional codes which can reproduce complex outdoor wind
and thermal environment with high prediction accuracy.

Chapter 3: A general introduction to human thermal comfort is given in Chapter 3. It starts with a brief overview of thermal comfort
definitions, thermal comfort models and several indices, and then points out different aspects of indoor and outdoor
thermal comfort which make a predominant divergence between them. Finally, a significant study done by Monteiro and
Alucci is introduced to provide information about how to select an index for outdoor thermal comfort.

Chapter 4: A newly proposed assessment system to determine climatically adapted building arrangement is introduced in Chapter 4.
Firstly, the definition of climatically adapted building arrangement is given, and then four kinds of assessment approaches
are explained which are possible to compare building arrangements from the viewpoints of the physical environment and
social benefit. Finally, the method for climatically adapted building arrangement is introduced.

Chapter 5: A fundamental study on building arrangement in Guangzhou and Sendai is conducted in Chapter 5. Firstly, outdoor wind
and thermal environment in different building arrangements are simulated, and therefore the change of outdoor wind and
thermal environment with building arrangements are understood. Then, based on the simulation results, outdoor thermal
comfort in different building arrangements is evaluated in terms of standard effective temperature (SET*) . Finally, the
climatically adapted building arrangement in Guangzhou and Sendai is determined by the newly proposed assessment
system introduced in Chapter 4.

Chapter 6: Case studies for the climatically adapted building arrangement under the worst summer conditions of Guangzhou, China
and Sendai, Japan are conducted in Chapter 6.

Chapter 7: Conclusions of the thesis are highlighted in Chapter 7.

3. Highlights

3.1 A newly proposed assessment system (Chapter 4)

To determine climatically adapted building arrangement, a new assessment system is developed for the first time. There are four kinds
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of assessment approaches in the system: (1) Acceptable area ratio in lot area (=Index 1); (2) Acceptable area ratio in open space
(=Index 2); (3) The total thermal acceptability of people who live in the lot area (=Index 3=Index 1 X Floor area ratio); (4) The thermal
acceptability per person who live in the lot area (=Index 4=Index 1/ Floor area ratio). The former two indices mainly focus on the
physical environment, while the latter two indices concentrate on the social benefit. In the thesis, the climatically adapted building
arrangement is determined by greater value of Index 3 except when the value of Index 4 is extremely small.

3.2 The decisive effects of vertical walls on outdoor radiation environment (Chapter 5)

Although more ground surface is exposed to the sunshine at the latitude of Guangzhou compared to Sendai (to refer to Figs. 2 and 3),
MRT (mean radiant temperature) at the pedestrian level (at 1.5m) is even lower in Guangzhou as shown in Fig4. It indicates that the
surface temperature of vertical walls plays a more decisive role on outdoor radiation environment, and therefore the great

improvement of outdoor thermal comfort can be expected by reducing the surface temperature of vertical walls.

e
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Fig.1 The locations of Guangzhou, (1) Guangzhou (2) Guangzhou situation in (3) Sendai
China and Sendai, Japan Sendai latitude
Fig.3 The distributions of surface temperature in Guangzhou (1), Guangzhou situation in
Sendai latitude (2) and Sendai (3) (D=60m)

o
X Sendai(75.3°)
Fig.2 The solar altitude in Guangzhou Fig4 The distributions of MRT (mean radiate temperature) in Guangzhou (1), Guangzhou
and Sendai at 12:00 on 21% June situation in Sendai latitude (2) and Sendai (3) (D=60m)

3.3 The change of outdoor radiation environment with latitude (Chapter 5)

As seen from Fig. 5, with a decrease in building distance, average MRT in Sendai decreases significantly, while in Guangzhou, it
decreases only a little bit because most surfaces are always exposed to the strong sunshine due to the high altitude of the sun.
Therefore, the cooling effects of building shade by reducing building distance can only be expected in Sendai and additional shading

countermeasures are necessary in Guangzhou.
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Fig.5 The change of average MRT with

building distance in Guangzhou and

(1) Guangzhou

(2) Sendai

Fig.6 The probability density and cumulative distribution of wind velocity in

Sendai Guangzhou and Sendai at 1.5 height
Table 1 Results of Indices 1, 2, 3 and 4 Table 2 The comparisons of the effects of urban ventilation and
DH=024 | DH=071 D/H=143 sun-shading when building distances decrease
(D—10m) (O-30m) ¢ ) Urban ventilation Sun-shading
Index { Guangzhou 23 244 35 Building di Wind veloci The i ﬁ'
Sendai 288 256 10.8 ullding stance mave Oclty € Cooling € ects
Index 2. Guangzhou 414 329 41 1l L 111
Guangzhou 1.50 096 0.08 Thermal discomfort > . .
Tndex 3 Sendai Lo 099 04 (D=10m) a little bit
ndexs  |Guangzhou | 0033(13m) | 0.0622.6mY | 00150.6m) Sendai Thermal discomfort < The cooling effects
ox Sendai 0.043(L7n7) | 0.0642.6m%) | 0048(1om7)  (D=10m) significant

H: building height (in this study, H=42m)
D: building distance

3.4 The characteristics of wind velocity with building distance (Chapter 5)

As shown in Fig. 6, when building distance (D) is 60m, wind velocities are evenly distributed, however with a decrease in building
distance, relatively low and high wind velocities are observed. Therefore, it can be said the distributions of wind velocity around
buildings become polarized as building distance decreases and the proportion of relatively low wind velocity grows larger which will
cause thermal discomfort. These findings suggest that building distance cannot be reduced too much.

3.5 Climatically adapted building arrangement in Guangzhou and Sendai at 12:00 on 21* June (Chapter 5)

In order to determine climatically adapted building arrangement in Guangzhou and Sendai, building arraignments are compared by
four kinds of indices as shown in Table 1. From the results of Index 1, the optimal values of D/H in Guangzhou and Sendai are around
0.71 and 0.24, respectively. The distinct difference is caused by the different effects of urban ventilation and sun-shading at different
latitudes. As seen from Table 2, when building distance is 10m, the cooling effects of building shade in Sendai is greater than thermal
discomfort caused by low wind velocity, while the above relationship is reversed in Guangzhou, and therefore the maximum vaiue of
D/H appears when building distance is 30m.

As mentioned previously (Section 3.1), the climatically adapted building arrangement is determined according to greater value of

Index 3. Based on Table 1, finally, it can be concluded that the optimal value of D/H in Guangzhou and Sendai is around 0.24.

— 726 —



A LB A o DB H

ARG IR G FE L O MSRUR Z FAREAE AT & B AR I B D < E i 2 1H JE 8 W BRI ARAR 2 H
WTHHIE L. BADF — 7 2 AX— X OEFEDIRBRE % vl A8/2 R 0 FF#HFENICND 2729 O@EYE
BB U THEBIRFNZMA 2D TH L, IE, BhHLOETITE DRI, KEHFDOHAKED
B, B O /BRI KD EBER, B OEPNE I L+ —HRICK D5 N THROHEMEFIC X
D, WhWWdt— b7 A 7> FERBER, EHIBORBACIIHERRECOBREDOAE— R THEITL T
Wo, ZRUTKDEHAEOBAETEEROBBCPRAL L, APEFOHEDREL TS, A
Zid, BYREHHOBANS, COMEZEMTL2IL2ERLZDDTHS.

BARAREOKEZHNE U@ MEE TR LTI, MREDHFEREEBL EWVND 2D08 A
no., BB OMAHFEICILIVLE OMFENBIRONTEZ. LML, BHRHERZRET 57201
EYFRZE LTHREZBCTONELELL, BELZR<T520I113, &ykEzZ/L< L, m
HM 2RO NEHNZRD S RSLENH D, MEOEFIIERM /2D, /o T, INSOHREL
DOFE EMAEHECERYBLE ST EITIENT OIIRETH Y. HEEREAELOREBGHIICEE L
TR OBENRD LN T W, ZAUTH LT, AHERISEFTO I 7 0 AT — )V OS5 2 H
T, WEESGHEEMOBEEZEMORRE, MAREZTHL, IN5O#ERNS AFORGREZER
FiRBRE M fREE SET* (Standard Effective Temperature) DO ZEfnmE2EE L. EWREO LN
SET*OAMICRIET B EFMICON L TnD. 512, SET* DA EIRZBZ 72 WO REED 5
HEYREOES ZME T 2FH2RERERETLHEEHIT, INZANTIR EPEDIEMNE WS JE
FUD5I2% 2 DOW|MHIC BT 2 RaEEYERZ ZE L Tns,

PLEDE DT, BFUIFRMHAPDOBE 2 ICR D BRREEMOZ0 ORI EFEREEHE O H
e TEmERELIZHOTH O, FTREACITH D @A L TWARY 7 OREERTOS
BOREHEICKESFELASDDTH S, o AMFTRINTZEMALE OLEITH D HEHERK
SR & JEE U e EN RO LB T 20 H#s R, MAiTKBEFZOSEORFEEICLEORBREEZ S
HDTH %,

Lo T F@wXIE LA OFMmNLE L THEEERD D,

— 727 —





