
HELWAN UNIVERSITY
FACULTY OF ENG. & TECH.

DEPARTEMENT OF ARCHITECTURE

PROGRAMMING THE CLIMATIC
DESIGN OF THE HOUSE

(Computer Application)

Thesis
Submitted In Partial Fulfillment OfThe Requirements For The Ph.D.

Degree Of Architecture
Presented by:

Arch. : MAHMOUD AHMED EISSA
Assistant Lecturer, Faculty ofEng. & Tech., Helwan University

Supervised by :
Ass. Prof ESSAM EL-BANNANY

Ass. Prof OfArchitecture, Faculty OfEng. & Tech.,
Helwan University

Prof SAMEH EL-ALAYLY
Prof Of Architecture, Regional & Urban Planning Faculty,

Cairo University

1992



fRPGlftUIMING TUR CliMATIC pEIIGN Of HOOSE "ent« dlJP*<¥rferr!

APPROBATION COMMITTEE

Prof. Dr. ZAKIA H. SHAFAY
Departement of Architecture,
Faculty of Engineering,

Cairo University.

<:"
Prof. Dr. MOHAMED T. ABO EL-GWAD /1,4/;1.lh~-·.-;0-

Head of Departement of Architecture,

Faculty of fine Arts,

Helwan University.

Prof. Dr. SAMED EL-ALAILY
Vic Dean, Faculty of Regional and

Cairo University.

. Ass. Prof. Dr. ESSAM ~-BANNANY~~~
Departement of Architecture, ~~~

Faculty of Eng•.& Tech., Mataria,~
Helwan University.



TABLE OF CONTENTS

Page
LIS! OF FI<lJRES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. VII
LIS! OF TJ\BLES. . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . X
~•.....•...•.....•........................•... XI
ABSTRACT . . . . . . . . . . • • . . . • . • • . . . . . . . . . . . . . . . . . . . . . • . . • • . . . . . . .. XII I

INl'RODUCTlOO. . . . . . . . . . . . . . . . . . . . . • . • • . . . . . . . . . . . . . . . . . . . . . . . 1

I - F'OlIDK>RD • • . • . 3
II- STUDY~ . . . 5

III- PROGRAMMING PRCCESS 7
TV- THESIS IAYaJT . . . 9

Chapter 1 THE BASIC CLIMATIC DIITA.

1-1- INIRODUCTIOO........................................... 13
1-2- VARIATIONS IN CLIMATE.................................. 15

1-2-1-Latitude effect. 16
1-2-2-Altitude effect. . . . 18
1-2-3-Wind effect. . . . . . 20
l-2-4-Land and water effect. 20
1-2-5-Atmospheric impurities effect. 22

1-3- CLIMATIC ELEMENTS...................................... 23
1-3-1- Solar radiation . 24
1-3-2- Air temperature . 27
1-3-3- Relative humidity 28
1-3-4- Wind. . . . . . . 29
1-3-5- Precipitation . . 33

1-4- CLIMATIC DATA REPRESENTATIOO........................... 34
1-4-1- Graphic representation. . . . . . . . . . . .. 36
1-4-2- Numeric representation. . . . . . . . . . . .. 38

1-5- SlIo1Ml\RY................................................ 40

iii



PROGRAMMING THE CLIMATIC DESIGN OF HOUSE (Co.puter .pplJc.tJonJ

Page
Chapter 2 BIOLOGICAL ElJALU!\TIOO.

2-1- INI'RODUCTIOO........................................... 43
2-2- HUMAN THERMAL BALANCE.................................. 44

2-2-1- Metabolic heat production. . . . . 45
2-2-2- Human body heat exchange. . . . . . . . . . .. 46
2-2-3- Human responses to thermal stresses . . . . .. 49

2-3- BIOPHYSICAL EFFECTS OF CLIMATE......................... 53
2-3-1- Air temperature effects 53
2-3-2- Humidity effects. . . . . 55
2-3-3- Air movement effects. . . 57
2-3-4- Solar radiation effects. 60

2-4- THERMAL COMFORT SCALES 63
2-4-1- Effective Temperature. 65
2-4-2- Index of thermal stress (INS) . . . . . . . .. 67
2-4-3- Bioclimatic chart . . . . . . . . . . . . . .. 67

2-5- SUMMARy................................................ 71

Chapter 3 . THERMAL DESIGN PRINCIPLES.

3-1- INTRODUCTIOO........................................... 75
3-2- THERMAL PROPERTIES OF BUILDING ~............... 76

3-2-1- Comductivity. . . . . . 77
3-2-2- Thermal capacity. . . . . . . . . . . . . . .. 77
3-2-3- SUrface characteristics . . . . . . . . . . '. 77

3-3- THERMAL PROPERTIES OF BUILDING ELEMENTS................ 79
3-3-1- Thermal admittance. 79
3-3-2- Thermal resistance. 83
3-3-3- Solar heat flow . . 84
3-3-4- Time lag. . . . . . 85
3-3-5- Thermal transmittance 88

3-4- HEAT TRANSFER IN BUILDINGS............................. 90
3-4-1- Solar heat gain . . . 92
3-4-2- Internal heat gain. . 94
3-4-3- COnduction heat flow. 95
3-4-4- COnvection heat flow. 95
3-4-5- Evaporation heat loss 96

3-5- CLIMATE CONTROL STRATEGIES...... 97

iv



PROGRAMMING THE CLIMATIC DESIGN OF HOUSE (Co_pater application)

Page
3-5-1- Promote solar gain. 100
3-5-2- Resist solar gain . 100
3-5-3- Promote radiant coolinq 102
3-5-4- Resist conduction heat flow 102
3-5-5- Promote conduction cooling. 104
3-5-6- Resist external air flow. 104
3-5-7- Promote ventilation . . . . 106
3-5-8- Resist infiltration. . . . 106
3-5-9- Promote evaporation cooling 108

3-6- SUMMARy................................................ 109

Chapter 4 . CLIMATIC DESIGN APPLICl\l'ICN.).

4-1- INTRODUCTION........................................... 112
4-2- BUILDING FDRM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
4-3- BUILDING ORIENTATION 122
4-4- BUILDING ENVELOP •••••••••••••.•••••••••••••••••••••••.• 129
4-5- HCXJSE PlAN............................................. 137
4-6- OPENINGS DESIGN. .... . . . ... . . .. .... . .. .. . . . . . . . . . . . . . . . . 143
4-7- HOUSING LAYOUT. . • • • • . . . • • . • • . • • • • • • • • • . • • • • • • • • . • • • • • . . 152
4-8- LlINDSCAPING............................................ 157
4-9- stJolMARY................................................ 163

Chapter 5 . CLIMATIC DESIGN PROGRAM.

5-1-INTRODUCTION. 168
5-2-PROGRAM <XlNCEPT. • . • . . . . . • . • . . • • • . • • • • . . . • . . • • . . . . • . . • . . • 170

5-2-1- Input stage. . . 171
5-2-2- Evaluation stage. 171
5-2-3- Resolving stage. 171
5-2-4- OUtput stage. . . 172

5-3-PROGRAM STRUCTURE.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 174
5-3-1- Global declaration. 177
5-3-2- Local variables. . . . . . . . . . . . . . . . 177
5-3-3- Statement sequence. . . . . . . . . . . . . . . 187

5-4-MAIN PROGRAM FUNCTION 179
5-5-INPUT DATA FUNCTlOO................................... .. 181

v



Page

5-6-EVALUATION FUNCTION 184
5-7-SPECIFY REOOMMENDATIONS FUNCTION 191
5-8-ouTPUT RESULTS FUNCTION 200
5-9-Sl!olMlIRY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 204

Chapter 6 . OJNCLUSION AND FUl'URE~

6.1- a:N:WSION. 208
6. 2- FUl'URE loK:>RK 213

APPENDIX A................................................. 215

APPENDIX B................................................. 241

vi



PROGRAMMING THE CLIMATIC DESIGN OF HOUSE (Co_pater .pplic.tlonJ

LIST OF FIGURES Page

A- The general fonn of climatic design of house program. 8

1-1- Radiation received at the ground in clear
atmosphere at various latitudes. . 17

1-2- The earth-sun relationship. . . . . 17
1-3- Variation of direct solar radiation intensity

related to the see level 19
1-4- Solar heat. . . . . . . . . . . . . 25
1-5- The angle of incidente. . . . . . . 26
1-6- Length of path through the atmosphere 26
1-7- Variations of wind speed related to height. 31
1-8- Wind frequency graph. 32
1-9- CI imatic chart. . . . . . . . . . 37

2-1- Thermal balance of the htmlaTl body . . . . . . 45
2-2- Human body heat exchange. . . . . . . . . . . 47
2-3- Effect of added moisture on high temperature. 56
2-4- Relation of wind and high temperature . . . . 58
2-5- Effect of air movamnt on vapor pressuer . . . 59
2-6- Relation of radiation and drybulb tarperature 61
2-7- Effective Temperature narogram. 66
2-8- Bioclimatic Chart 68
2-9- Bioclimatic Chart Zones . . . . 70

3-1- SUrface properties of same materials. . . . . . . . .. 78
3-2- The diurnal variation of external and internal

temperature as a function of time. . . . . . . . . .. 87
3-3- Decramnt factors and time lag values for massive walls 87
3-4- Chart for calculating the thermal properties

of a building element. . . . . . . . . . . 89
3-5- Heat transfer in buildings. . . . . . . . . 92
3-6- The diurnal variation of heat flow through

unit area of differently building elamnts 93
3-7- Potential of climatic controls. 97
3-8- Climate control strategies. . . . . . . . . 99

vii



FROORAHHINO Tue CLIHATZC DESIGN OF HOUSE rco.,utor .,,1Jp.'Jon)

Page
101
101

3-9- Bioclimatic
3-10-Bioc1imatic
3-11-Bioclimatic

is needed.
3-12-Bioclimatic

is needed .
3-13-Bioc1imatic
3-14-Bioclimatic

is needed.
3-15-Bioclimatic
3-16-Bioc1imatic
3-l7-Bioclimatic

is needed.

zones where promote solar gain is needed.
zones where resist solar gain is needed
zones Where prarote radiant coolina

zones where resist conduction heat flow

:wnes Where prarote earth cooling is needed.
:wnes Where resist external air flow

zones where prarote ventilation is needed
zones where resist infiltration is needed
:wnes where pramote evaporative cooling

103

103
105

105
107
107

108

4-1- Surface to volume ratio of different forms. 116
4-2- Shading of a <XJll)act courtyard form. . . . 118
4-3- The thermal system of a courtyard house . . 118
4-4- Basic forms of houses in different regions. 120
4-5- Building forms and wind shadow relationship 122
4-6- Climatic design recommendations of building form. 123
4-7- summer and winter sun path. . . . . . . . . . 124
4-8- The heat effect of solar radiation during day times 124
4-9- Regional orientation chart. . . . . . . . . . . . . 126
4-10-The variations in air flow around sane typical forms. 128
4-11-Climatic design recommendations of building orientation 129
4-12-Heat flow through building envelop. . . . . 131
4-13-Heat flow through double building elements. . . . . 135
4-14-Planting next to building envelop. . . . . . . . . 135
4-15-Climatic design recommendations of building envelop 137
4-16-Plan design to maximize exposure to solar radiations. 139
4-17-Plan design to minimize exposure to solar radiations. 141
4-l8-Climatic design recommendations of house plan 143
4-19-Shading on outer openings . . . . . . . 145
4-20-So1ar heat flow through outer openings. . . . 147
4-21-Minimize natural light. . . . . . . . . . . . 147
4-22-Effect of size of inlet and outlet on internal air motion 149
4-23-Effect of wind velocity on varying width of windows 149
4-24-Effects of openings position on indoor air motion 151
4-25-Effects of external shading devices on indoor air motion. 151

viii



PROCR~HHINC THE CLIMATIC DESICN OF HOUSE (Compu'er .ppllc.'Jon)

Page
4-26-Climatic design recommendations of openings design. 152
4-27-The compact layout. . . . . . . . . . . . . 154
4-28-The wide spacing layout . . . . . . . . . . 155
4-29-Climatic design recommendations of housing layout 157
4-30-So1ar heat reflection on various surfaces . . . . 159
4-31-Water and plants effects on courtyard climatic conditions 159
4-32-Air-f1ow patterns produced by planting. . . . . 161
4-33-Climatic design recommendations of landscaping 163

5-1- Flow chart of the main function
of the climatic design program. . . . .. .... 174

5-2- The general form of a C. program. . . . . . 176
5-3- The fom of cliwatic design of house program. 177
5-4- Flow chart of the wain function . . . 181
5-5- Flow chart of the input data function . 184
5-6- The bioclimatic chart zones . . . . . . 186
5-7- The climatic data of cairo evaluated by biocl imatic chart 190
5-8- The flow chart of the evaluation function . . 191
5-9-Flow chart of display recommendations function . . . 203

6- The programming pattern of climatic design of house 213

B-1- Typical de·sign of a house based on the program results for
Alex. locat ion . . . . . . . . . . . . . . . . . . . . . 248

B-2- Typical design of a house based on the program results for
Asyout locat ion . . . . . . . . . . . . . . . . . . . . . 251

B-3- Typical design of a house based on the program results for
Luxor. location . . . . . . . . . . . . . . . . . . . . .254

B-4- Typical design of a house based on the program resul ts for
Arish location . . . . . . . . . . . . . . . . . . . . . 257

B-5- Typical design of a house based on the program resu1 ts for
Dakhla location . . . . . . . . . . . . . . . . . . . . . 260

ix



PROGRAMMING THE CLIMATIC DESIGN OF HOUSE ICo.puter application}

LIsr OF TABLES Page

1-1- Variation in climate with increasing altitude. . 19
1-2- Variation in climate between costal and inland locations. 21
1-3- The basic climatic data for each month. 35
1-4- Climatic data table. . . . . . . . . . 39

2-1- Metabolic levels of various activities. 46
2-2- Channels of radiation exchange. . . . 49
2-3- Clothing coefficient. . . . . . . . . . 54
2-4- The impact of wind velocities on man. . 57
2-5- Effect of solar radiation on increasing of

sweat rate (g!h) in relation to clothing and work. 62
2-6- Comfort temperature ranges. . . . . . . . . . . . . 64

3-1- Absorptivities and emissivities of various surfaces 79
3-2- Thermal admittance of building elements . 82
3-3- Decrement factors (U) and time lag values (0)

of same constructions. . . . 86
3-4- Internal typical heat sources . . . . . . 94

4-1- Thermal properties of same building materials. . .. 133
4-2- Reflectivity amount of same typical surface materials 136

5-1- Climatic data table of Cairo. . . . . . . . . . . .. 183
5-2- Coordinates and equations of bioclimatic chart curves 187
5-3- Biological evaluation results of cairo. . . . . . .. 190
5-4- Climatic design reccmnendations table. . . . . . .. 195
5-5- Climatic design recarrnendations table of Cairo location 199
5-6- Program results for Cairo location. . . . . . . . . .. 204

x



PROGRAMMING THH CLIMATIC DESIGN OF HOUSH (Co.puce~ appJlaaClOftJ

ACKNOWLEDGEMENTS

THERE is no way that this Ph. D. thesis could have

been completed without the help of whose made

generously contributions to the quality of this work.

There is a group of people who fulfilled a very

important and useful function in the preparation of

this thesis.

I sincerely express my special thanks to Dr. Essam

El-Bannany, Dr. Sameh El-Alayly and Dr. Mohamed Tawfik

Abdel-Gawad. Their function was very critically examine

and comment on this thesis contants.

Also I like to acknowledge my great thanks to my

fiancee Ms. Rasha, who generously devoted considerable

time to reviewing the text of this thesis.

xi



PROGRAHHTNG THE CLTHATTC DESTCN OF HOUSE (Co.puter appllcatJonJ

ABSTRACT

THE purpose of the present study is to create a

computer program to execute a programming pattern of

climatic design of house. which must be considered

during the sketch plan stage of housing design. The

general concept of the proposed programming process

starts with the input climatic data and terminates with

an output of a specified list of climatic design

recommendations sorted according to its relative

importance.

The proposed thesis includes the sequence of all

studies that should be considered through the process

of climatic design of house. The sequence of these

studies are presented in four chapters. Chapter one

provides a general understanding of the climatic

conditions and discuss the climatic data representation

methods. Chapter tow describes the human thermal

balance, biophysical effects of climate and thermal

comfort scales. Chapter three describes the thermal

properties of building material and elements, and heat

xiii
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transfer in buildings. This chapter also presents the

climate control strategies. Chapter four describes the

most of climatic design applications, which can be used

to confirm the human comfortable living conditions.

In chapter five the climatic design of house

process as a computer program presented according to

the programming process stages. These stages are: input

stage, evaluation stage, resolving stage and output

stage. The concluded programming pattern of climatic

design of house and future work possibilities are

presented in the last chapter. A complete package of

the proposed program and some application examples are

presented in tow appendices.

xiv
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INTRODUCTION

I- FC>REWC>RD

CLIMATE has a dominant influence on man and

architecture all around the world and all through

history. As one of the primary function of any building

is to protect the occupants against all of the

natural environment stresses by counteracting the main

disadvantages of the natural environment.

The natural way to confirm this counteraction can

be presented by using the natural effectives which are

available from the microclimate at the building site in

order to confirm the human comfortable living

conditions with the minimum need of mechanical heating

and cooling costs.

Climates with changing seasons set a difficult

task for the designer. The suitable design solutions

for one season may be unsatisfactory for the other

seasons. For this reason. the basic climatic data of

the building site must be considered in the climatic

design process.

The climatic data can be assembled and formed in a

simple programming pattern. in order to help the

designer to formulate the suitable climatic design

3
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recommendations for those climatic features which must

be decided during the sketch plan stage of housing

desion .

In our study of the climatic design of house,

practical application of computer-aided architectural

design may playa useful role. This application will

elicits and systematically translates the mission and

objectives of human comfort into appropriate climatic

design recommendations.

4



IIITIlODUCT.lOII

I I- STUDY CXJNCEPT

IN order to develop a general understanding of the

potentials for using computer "in the filed of climatic

design, it is useful to regard climatic design of

house as a special kind of problem-solving process.

The types of analysis that may carry out the

feasibility study of an architectural design problem

are virtually unlimited. However, feasibility analysis

techniques can be used to operate a simple programming

pattern of the climatic design of house. Some simple

feasibility analysis calculations can be carried out

manually or with the aid of an electronic calculator.

Larger and more complex design analysis necessitate

using the computer-aided architectural design through a

computer program

The pattern of feasibility analysis technique for

climatic design of house must be built upon the

interrelation among the existing climatic conditions at

building environment, human comfortable living

conditions, and the effects of the climatic design

performance which should be considered to confirm

human comfortable living conditions.

5



The proposed study is intended to provide a

practical application of computer-aided architectural

design in order to help the architect in the climatic

design of house process. This application will

presented by a created computer program to execute the

climatic design of house process. For example this

application will handle the tropics region to present a

computer program for climatic design of house.

6



INTRODUCTION

THE model of feasibility analysis technique for

climatic design of house can be processed through the

following four major stages:-

1) Input stage (Existing conditions)

2) Evaluation process (Biological evaluation)

3) Generate solutions (Thermal design principles)

4) Output stage (Climatic design recommendations)

The above stages of the climatic design process

can be simplified as shown in figure (A).

The computer could be programmed to execute this

programming pattern for climatic design of house. This

pattern can be transferred into a computer program,

which is capable of storing data in an internal memory

of the computer, and of following stored sets of

instructions to operate upon data in order to produce

desired results.

A common computer programming language such as the

C. programming language can be used to executes the

climatic design of house process.

7
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INTRODUCTION

IV- THESIS LAYC>UT

THE proposed thesis includes the sequence of all

studies which should be considered through the process

of climatic design of house. The sequence of these

studies are provided as follow:-

Chapter 1, THE BASIC CLIMATIC DATA

This chapter provides a general understanding of

the climatic conditions and discuss the climatic data

representation methods .

Chapter 2, BIOLOGICAL EVALUATION

This chapter describes the human thermal balance,

biophysical effects of climate and thermal comfort

scales.

Chapter 3, THERMAL DESIGN PRINCIPLES

This chapter describes the thermal properties of

building material and elements and heat transfer in

buildings This chapter also presents the climate

control strategies .

9
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Chapter 4, CLIMATIC DESIGN APPLICATIONS

This chapter describes the most of climatic design

applications, which can be used to confirm the human

comfortable livlnq conditions.

Chapter 5, CLIMATIC DESIGN PROGRAM

This chapter presents the climatic design of house

process as a computer program, written by a computer

programming language.

Chapter 6, CONCLUSION AND FUTURE WORK

This chapter presents the concluded programming

pattern of climatic design of house and the future work

possibilities.

Appendix A

This appendix presents the complete package of all

files which created to perform the climatic desian of

house proqram.

Appendix B

This appendix presents

proposed program for some

examples).

some applications of the

locations in Egypt (for

10
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THE BASIC CLIMATIC DATA

1. 1- INTRODUCTION

1. 2- VARIATIONS IN CLIMATE
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1.2.4-Winds effect
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Ch.p&e~ 1 - THE BASIC CLIMATIC DA~A

1.1- INTRC>DUCTION

THE climate of a specific region can be determined

by the pattern of variation of several climatic

elements. The aspects of climate are including

averages, changes and extremes of temperature, the

difference between day and night temperatures (diurnal

range), humidity, sky conditions, incoming and outgoing

radiation, rainfall and its distribution, air movement

and other special features.

The daily and yearly variations of climate

conditions are influenced by some natural modifiers.

These modifiers and its effect have to be considered

in the analysis of the climatic data.

The combinations of the climatic elements have to

be considered as the primary phase of the programming

pattern of climatic design process. The designer should

be interested specifically in those aspects of climate

which affect human comfort.

In order to use the climatic data as an existing

conditions phase of the programming pattern for

climatic design of house. it should relate to a period

of at least 10 years since, shorter periods will

13
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exhibit variations from the long term average. However,

a five year period, although less reliable, may still

provide useful information if no other data is

available. These data should recorded in the form which

help the architect to get a good understanding of the

climatic conditions of the buildina site.

This chapter is intended to provide an overview of

climatic variations and the elements of climate. Also

at the end of this chapter the climatic data are

represented in araphical and numerical forms. The

numerical form will be used as the input data of the

climatic design of house program.

14



Ch.pter J - THE BASIC CLIMATIC DATA

1_2- VARIATION IN CLIMATE

THE earth receives almost all its energy from the

sun in the form of solar radiations. Thus, the sun is

the most dominating influence on climate. The regions

which are exposed full-face to the sun radiations for a

long period of the year are hot. Conversely, the

regions which are exposed to the sun radiations for a

shorter period of the year are colder.

The modifying effects of microclimatic conditions

must be considered in the climatic analysis. The

variation in microclimatic conditions at any location

are dominated by incoming solar radiation. The amount

of this solar radiation are influenced by many natural

modifiers. Also manmade forms affects the microclimatic

conditions.

The main natural variations in climate are caused

by the effects of the changes in altitude, latitude,

land and water relationship, winds and atmospheric

impurities. The following sections discusses the

effects of these changes on climate.

15
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1.2.1- LATITUDE EFFECT

The total amount of received solar radiation to a

horizontal surface through a clear sky, depends mainly

on the distance from the equator. As one moves away

from the equator, the angle that made by the sunshine

with the surface of the earth, and the intensity of its

heating, decreases; while increases during the summer,

when the angle is greater.

The amounts of the received solar radiation at the

ground surface through a clear atmosphere at various

latitudes are shown in figure (1-1).

Maximum intensity of solar radiation is received

on the earth surface normal to the direction of

radiation. On 21 June the areas along latitude 23.5

deg. North are normal to the direction of sunshine and

the longest daylight period is experienced. At the same

time the areas along latitude 23.5 deg. South

experiences the shortest day and a minimum radiation.

On 21 December this relationship are reversed. This

relationship is shown in figure (1-2).

16
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1 . 2 . 2 - ALTITUDE EFFECT

Changes in altitude will accordingly cause changes

in climate, since, the air temperature near the ground

is expected to follow the same aeneral trend with

altitude. Also local contours create wind shadows in

some spots and expose others to the full effect of free

air movement.

In clear atmosphere, temperature decreases with

height at the rate of 0.65 deg.C. per 100 m. Because

altitude reduces air temperature, the assumption is

sometimes built on that the tropical uplands can be

regarded as similar to regions of low elevation at

higher latitude.

The intensity of solar radiation received on the

earth's surface increases with the height above sea

level. The variations of direct solar radiation

intensity related to the sea level are shown in figure

(1-3). Table (1-1) is a gUide to the magnitude of some

of the variations in climate which may occur with

increasing altitude.

18
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TABLE 1-1"}

Variation in climate with increasing altitude

C1inatic variation

Annual mean tenperature
M:Jnth1y range
Daily range
Relative humidi ty
Solar radiation
Rainfall
Wind speed

Effect of 100 m increases in a1 ti tude

0.5 deq C de=ease
0.25 deq C decrease
Significant increase
Slight increase
0.25% increase
Up to 100 11m increase
Significant increase

Note: The values given are indicative only and nay not apply in
all situations.
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FIG. 1-3
Variation of direct solar radiations intensity related to the sea level
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1.2.3- WIND EFFECT

The effects of the geographical and seasonal

variations on air temperature would suffice fairly well

if air stayed in the same place. But air is constantly

moving across the surface of the earth.

The winds bring air whose temperature depends upon

what happened to it at various places during its

journey. The air coming from the ocean is generally

more equable and moist, while that coming from land is

more extreme in temperature and dry. On the other hand,

the air coming from polar regions is cold, while that

coming from equatorial regions is warm.

The winds distribution and its characteristics,

over any region, are determined by several global and

local factors. The principal determinants are the

seasonal differences in the atmospheric pressure

between places, the rotation of the earth, the daily

variations in heating and cooling of land and sea, and

the topography of the given region. Also the man made

forms has an considerable effects.

1.2.4- LAND AND WATER EFFECT

A given amount of direct solar radiation will heat

dry earth to a higher temperature than it will heat

water or wet earth. This is because dry soil is heated

20
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about twice as easily as the same volume of water.

Water, moreover, loses some of its heat aoain by

evaporation. The direct effect of costal influences is

unlikely to be felt more than 30 km from the coast.

The difference between coastal and inland sites will

tend to be much greater in dry climates.

By day, when solar radiation heats the land more

than the sea, the breeze will develop as the hotter air

over the land rises and the cooler air from the sea

flows inland to replace it. By night, as the land

cools faster than the sea, the breeze is reversed.

Table (l-2l summarizes the variation in climate between

coastal and inland locations.

TABLE 1-2")

Variation in climate between costal and inland
sites

Climatic variation

Diurnal tEfll}erature range
Annual tEfll}erature range
Relative humidity
Cloud cover
Solar radiation

Wind speed

Rainfall

Effect of 10 kIn distance fran the coast

2-4 deq C increase
3-6 deq C increase
Usually lower
Usually less
Greater due to lower humidity and
cloud cover
10-30% drop in on-short winds

Usually less

Note; The values given are indicative only and may not apply in
all situations.

,., HOUSING, CLIMATE AND COKFORt Kartin Evans P. 13 21



1.2.5- .AT.MOSPHERIC IMPURITIES EFFECT

As solar radiation passes through the earth's

atmosphere some of its energy is reflected by the

surface of the clouds, and other part is absorbed by

atmospheric ingredients such as ozone, water vapor and

carbon dioxide, while a certain amount is scattered in

all directions by the air molecules themselves.

The absorption amount, which absorbed by the

atmospheric impurities, is about 15 percent of the

energy which corne out of sunshine passing directly

through the atmosphere to fall vertically on the

surface of the earth. Concerning sunshine falling

obliquely on the surface of the earth, and thus passing

through greater thicknesses of atmosphere, the

absorption percentage will be greater. The depletion

is greatly increased by impurities in the air, such as

dust and smoke, and by high water vapor content.

22
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1.3- CLIMATIC ELEMENTS

After reviewing the variation in climatic

conditions and how the natural modifiers affects the

local climatic conditions, these climatic conditions

should be determined by basic climatic elements, which

affect man's heat balance.

The designer has to understands the local climate

at the building site in order to define the appropriate

climatic design performance which help to confirm

comfortable human living conditions. Before considering

human comfort and housing design requirements the

climatic data of the building site should be analyzed

with the yearly characteristics of their constituent

elements.

The main principal climatic elements which must be

considered in the climatic design process are solar

radiation, air temperature, relative humidity, wind and

precipitation.

23



1 . 3. 1- SOLAR RADIATION

Solar radiation is an electromagnetic

radiation emitted from the sun. The solar spectrum

is broadly divided into three regions: The ultra

violet, the visible and the infrared. The

intensity of solar radiation at the upper limits

of the atmosphere varies according to the earth's

distance from the sun and the solar activity. The

average intensity on a surface perpendicular to

the solar rays is 1.94 ca1/cm t /min (or 1353

watt/m t ) and this value is called the solar

con stan t. ( • J

The intensity of the direct solar radiation

depends upon the solar altitude, the amount of water

vapor, the incidence angle, dust particles and man-made

pollutants which the atmosphere contains.

Figure (1-4) shows the solar radiation path

through the atmosphere. A part of the incoming solar

radiation is reflected by clouds, and part is absorbed

by atmospheric ingredients such as ozone, water vapor

and carbon dioxide, while a certain amount is scattered

in all directions by the air molecules themselves.

,., MAN, CLIMATE AND ARCHITECTURE B. Givoni P. Z 24
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FIG. 1-4
The passage of solar radiations through the atmosphere

The earth-sun relationship affects the amount of

radiation received at a particular point on the earth's

surface by three ways:-

First, The cosine low, which states that the intensity

on a tilted surface equals the normal in tens i ty times

the cosine of the angle of incidence (figure 1-5).

Second, Atmospheric depletion, which is affected by the

length of the radiation path through the atmosphere,

,., DESIGR 11TH CLIMATE Veclor Olqyay P. 33
25
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the absorption of radiation by ozone, vapor and dust

particles in the atmosphere. (figure 1-6).

Third, Duration of sunshine, the length of the daylight

period.

('J
FIG. 1-5

The angle oj incidence

c

D

CosD=D/C
AreaC>AreaB
IntensityC<IntensityD
IC=Ib·CosD
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FIG. 1-6
Radiation path length through atmosphere
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1 . 3. 2 - AIR TEMPERATURE

The rate of heating and cooling of the surface of

the earth is the main factor determining the

temperature of the air above it. The variation of the

diurnal temperature depends upon the state of the sky.

On clear days a large amount of incoming radiation and

a free path for outgoing radiation produce a wide daily

temperature range, on overcast days the variation is

less.

The air temperature is the lowest just before

sunrise, as diffused radiation from the sky causes

temperatures to rise even before down. The air

temperature is the highest over land about two hours

after noon, when the effects of the direct solar

radiation and high air temperature already prevailing

are combined.

The maximum average and the minimum average

temperatures, together with the other averages and

extremes, do not give a clear indication of the

temperature distribution during the month. Monthly

mean temperature can be given for each of the 12

months. The average is taken between each day's maximum

and minimum and then the average of the 30 day's

average is found. To give an indication of diurnal

variation, this can be supplemented by maximum and

minimum monthly mean.

27



It is important for the designer not only to

obtain the maximum monthly mean temperature, but also

the minimum monthly mean, which will give an indication

of the diurnal variations.

In order to give a reasonable accurate conception

of air temperature conditions, it is suffusions to

establish monthly mean maximum and minimum of air

temperature for each of the 12 months. Maximum and

minimum monthly mean air temperature is the average of

30 days. These will establish the monthly mean range

of air temperature. These values for each of the 12

months are necessary to give an indication of diurnal

climatic variations.

1 . 3 . 3 - RE:I..ATIVE HUMIDITY

The expression of "the atmospheric humidity"

refers to the water vapor content of the atmosphere.

These water vapor gained as a result of the evaporation

of the water surfaces and moist ground, and also plant

transpiration.

Relative humidity is the ratio of the actual

humidity in a given volume of air to the maximum

moisture capacity at that particular temperature. On

other wards, The relative humidity (RH) is the ratio of

the actual amount of moisture present, to the amount of

28
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moisture which the air could hold at a given air

temperature.

( I( J RH

where AH
SH

= (AHISH)*100 [%]
is the absolute humidity
is the saturation-point humidity.

If the air actually contains all the water vapor

it can hold, then it is said to be saturated and its

relative humidity is 100%. But if the actual vapor

content is lesser than the potential content at the

same temperature, then the relative humidity is lesser

than 100%.

To give an indication of prevailing humidity

conditions, it is sufficient to establish the maximum

and minimum monthly mean relative humidity values for

each of 12 months. The average of 30 days maximum and

minimum will establish the maximum and minimum monthly

mean and then the monthly mean range of relative

humidity is found.

1.3.4- WIND

The distribution and characteristics of the winds

over any region, are determined by several global and

local factors. The principal determinants are the

seasonal differences in atmospheric pressure between

,,) NANUAL OF TROPICAL HOUSING AND BUILDING Part 1, Cli~atic design P, 14 29
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places, the rotation of the earth, the daily variations

in heating and cooling of land and sea, and the

topography of of the given region and its surroundings.

Also, the mass of air moved by wind system brings with

it characteristics has been acquired at its original

place and on its way.

Because wind affects ventilation, it can be used

for cooling. It can cause driving rain, carry dust and

require structures to be strengthened. The designer

must try to determine whether there is a prevailing

direction of winds, whether predictable daily and

seasonal shifts occur. He also must find out the

recognizable pattern of daily and seasonal velocities.

It is also important for the designer to note the calm

periods in each month.

Free wind velocities are normally recorded in open

flat areas at a height of 10 m. Velocities near the

ground are a good deal lower than the free wind speed.

The variation in wind speeds depend largely upon ground

cover and topography. Variations of wind speed with

height and terrain are shown in figure (1-7).

Wind directions can be grouped into eight

categories: the four cardinal (N., E., 5., W.) and four

semi-cardinal compass points (NE., SE., SW., NW.). Wind

velocity is measured in meters per second (m/s).

30
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The wind data for a given location is normally

provided to give an indication of prevailing and

secondary directions and wind speeds for each of the 12

months. For design purposes when considering air

movement in relation to human comfort. it is most

convenient to express wind speed in meters per second.

Several methods of diagrammatic representation have

been evolved. Figure(l-Sl shows one of these methods.

('j

FIG. 1-8
/find frequency graph

2mm

0.5 to 5 m/s

5.5 to 10 m/s
over 10.,) m/s

1% 0/ time
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1.3.5- PRECIPITATION

The precipitation is the collective term used for

all forms of water deposited from the atmosphere. As

air rises, its pressure is reduced and it expands and

cools. The required energy for the expansion process

is drawn from the energy within the air mass. As mass

of rising air cools by expansion, it eventually reach

its dew point. Then large scale of condensation

occurs, forming clouds composed of tiny water droplets,

then finallY the precipitation occurs.

Precipitation in the form of rain is expressed in

millimeter per a time unit (rom/month or rom/day).

Values indicating the total precipitation for each of

the 12 months of the year would show the pattern of dry

and wet seasons of the year.

It is important to ascertain not only the total

rainfall for each month of the year, but also the

maximum rainfall for any 24-hour period to be able to

ensure appropriate drainage from roofs.
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1 .4- CLIMATIC DATA. REPRESENTATION

IT is not easy to understand the nature of a

particular climate conditions by merely lookinq at the

vast amount of data published in the records of the

nearest meteorological station. It is necessary to

sort, summarize and simplify available data with

reference to the objectives and requirements of

climatic design.

A certain amounts of the climatic data for a given

location must be collected and analyzed. In order to

use the climatic data with the computer-aided

architectural techniques, these data should be

simplified either in graphical or numerical forms.

These climatic data are summarized in table (1-3) and

may be represented in graphic format or in numeric

form.
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TABLE 1- 3 ( • }

The baslc cllmatlc data.

Clirratic variable llnit

Tmperature

Hwnidity

Preciptation

Mean

Mean daily maximum
Mean daily minimum
Mean daily range
Mean lIDnthly maximum
Mean lIDnthly minimum

Mean vapour pressure
Mean relative hwnidity
Mean daily maximwn
Mean dai ly minimum

Mean

Extreme maximwn
Extreme minimwn
MJrrber of days wi th rain
Maximum in 24 hours

0C. (OF.)

0C. (oF.)

°C. (oF.)

·C. (oF.)

°C. (oF.)

°C. (oF.)

mb (NIlZ) (mn Hg)

%
%
%

mn (ins)
mn (ins)
mn (ins)
dayS
mn (ins)

Wind Mean speed kmIhr, m/sec, 11J}h
Frequency of calms %
Frequency of wind direction %

Mean speed for each direction kmIhr, m/sec, 11J}h
Frequency speed and direction %

Solar radiation Hours of sunshine
Mean daily radiation

hours
B7U/ft Z day,
kcal/m z day

Cloud cover Mean cloud cover
Nurri:Jer of days wi th clear skies
Number of days with overcast skies

oktars
days
days

'" HOUSING, CLIMATE AND COMFOET Martin Evans P. 5 35



1.4.1- Gra.phic representa.tion

To understand a new unfamiliar climate one must

relate it to a familiar one then measure and note

essential differences. This is best done by using the

standard graphic presentation. When the two graphic

presentation are placed side by side similarities and

differences become apparent and characteristic features

can be identified.

For the purpose of showing the diurnal variations

throughout the year of climate conditions, an climatic

chart can be used such as that shown in figure (1-9).
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1 . 4 . 2 - NUIner i c representa.t ion

The numerical form of climatic data may be more

easier than graphical format to use in feasibility

analysis technique, that used in programming pattern

for climatic design of house. The basic data of climate

can be represented numerically on a data form such as

that shown in table (1-4).

In our purpose of programming the climatic design

of house, The first function of the computer program

is input the existing climatic data. The input data

function will be illustrated in details later in

chapter five.
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TABLE 1-4
Climatic data table

1-LatitudB
LongitudB
.JltitudB

AR TEMPERATl5IE C' 11213 415 6 718 9 10 II 12

£ztrf!77l8 ='mum
MeM monthly ma:n'mum
Mean daily ='mum
Mean
Jlean daily minimum
Jlean monthly minimum
Extreme mInimum
Mean diurnal ranoe

Jlean daily ='mum
Jlean daily minimum
Jlean humiditv
Jlean vapour pressure

RAiN mm/d

I
....;JI,=,e:;.;a;;.;n:..mo;;.;:;.;:..:.nth"""ly'- -I~

Jlazimum in 24 hours~

SKY

Clt>ud cover %
IHours 0/ sunshine

WID m/S
Jla.:n'mum velJJcitv
Jlean velocitv
Prwalino direction
SecondarY direction
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1-5- SUMMARY

THE climatic conditions of a specific location are

dominated by incoming solar radiations and the effects

of latitude, altitude, wind, atmospheric impurities and

manmade forms.

The general principles of climatic variations and

climatic elements are the considerations of the present

chapter. This is because the first stage in the

climatic design of house process is to obtain the basic

climatic data of the building sit. The climatic data

should recorded related to a period of time by its

specific values of air temperature, relative humidity,

precipitation, and wind speed and direction.

The numeric representation of the climatic data is

the form of the required data which will be used in the

climatic design of house process. The climatic data are

used in the biological evaluation process which

discussed in the next chapter.
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Ch~pter 2

BIOLOGICAL EVALUATION

2.1- INTRODUCTION

2.2- HUMAN THERMAL BALANCE

2.2.1- Metabolic heat production

2.2.2- Heat exchange of human body

2.2.3- Human responses to thermal stresses

2-3- BIOPHYSICAL EFFECTS OF CLIMATE

2.3.1- Air temperature effects

2.3.2- Relative humidity effects

2.3.3- Air movement effects

2.3.4- Solar radiation effects

2.4- THERMAL COMFORT SCALES

2.4.1- Comfort zone

2.4.2- Bioclimatic chart
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2 • 1- INTRODUCTION

THE objective of climatic design process of house

is to protect the man against the physical stresses of

the natural environment and provide comfortable human

living conditions. This process leads to achieve a

house design which create comfort at lower cost through

reduction of mechanical conditioning. Hence, the

impact of climate on human comfort should be considered

in biological evaluation of climatic design of house.

The thermal balance between human body and the

surrounding environment, should be assembled according

to biophysical effect of climate on human body and

human physiological and sensory responses to thermal

stresses. Also, the relationship of various climatic

elements to each other should be considered as a

natural correctives which may playa useful role to

restore the feeling of comfort.

The effects of climatic elements on human thermal

comfort should be assembled from separated studies into

a single scale which combines all these effects. This

scale can be transferred into a mathematical formula

which can be used as the evaluation process.
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2. 2- HUMAN BC>DY THERMAL BALANCE

THE thermal balance between the human body and the

surrounding environment is one of the primary

requirement for comfort. In order to feel comfortable,

man must maintain the temperature inside his body

within narrow limits. Hence, the thermal balance

involves keeping the body temperature within a narrow

range, regardless of the relatively wide variations

in the surrounding air temperature.

The human comfort can be achieved when the body

reaches equilibrium with the environment which depends

on the combined effect of many factors such as

activity, acclimatization, clothing, air temperature,

thermal radiation, humidity and air movement.

The human body heat production should balance heat

losses and gains to and from the surrounding

environment. When this balance is not achieved, the

inner-body temperature rises or falls, as the heat loss

is smaller or greater than the heat production, until

stabilization is achieved at a new level or until the

body collapses. The thermal balance of the human body

is shown in figure (2-1)
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NG Part L Climatic desiqn P. 43
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2 . 2 . 1 - MET.Al3C>LIC HEAT PRC>DUCTION

The heat production of human body is produced from

the process of metabolism. This process is the combines

of food in the body with oxygen and generates the

energy required for the functions of various organs in

the body.

The metabolic rate increases when work is

performed in order to provide the needed energy for the

work. The level maintained at complete rest in a laying

position is referred to as the basal metabolism,

although the metabolic level is the lowest during

sleep. It is possible to compute the metabolic rate

from measurement of the oxygen consumption of the body.

Every liter of oxygen which is used in the metabolic

process produces on average about 5 kilo-calories.

'" MAHDAL OF TROPICAL HODSIHG AHD BDILDIHG Part 1. Cli.atle desiqn P. 43
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For a given level of activity the metabolic rate

depends upon age, sex. size and weight of the body.

Table (2-1) gives some typical metabolic rate for adult

men performing different activities, in Kcal/h/man and

Btu/h/man.

TABLE 2-1 ( • J

Metabolic levels of various activities

ACIIVITY MErAIDLIC PRODUCTION

Kcal/h Btu/h

Basal Metabolism
Sitting at rest
sedentary activi ty
Walkinq on a level at 4 KmIh
Walkinq on a level at 7 KmIh
Walkinq up 10% slope at 4 KmIh
Light industrial IoKJrk
Moderate industrial I<.Ork
HeavY industrial IoKJrk
VerY heavY I<.Ork

60 - 70

90 - 100
100 - 120
210 - 270
300 - 400
340 - 480
150 - 300
300 - 480
450 - 600
600 - 750

240 - 280
360 - 400
400 480
480 1080

1200 1600
1360 1920

1200 - 1600
1800 - 2400
2400 - 3000

2 . 2 . 2 - HUMAN BODY HEAT EXCHANGE

The heat exchanges between the human body and the

surrounding environment processed through four

principles of the physical heat flow. These principles

are: conduction, convection. radiation and evaporation.

(figure 2-2).
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FIG. 2-2
Human body heat exchange

A- Conduction

Conduction

When two objects at different temperatures are

contacted, heat passes from the warmer to the cooler.

This form of heat flow Known as conduction which

depends on the temperature difference between the body

surface and the object which the body is in contact

wi tho

and air.

In the case of heat transfer between the skin

the rate of transfer is further influenced to

an important extent by air movement and clothing.

t·) NARUAL OF TROPICAL HOUSIRG ARD BUILDIRG Part 1, Climatic desiqn P. 31
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B- Convection

Convection is the form of heat flow between the

body skin and the surrounding air. The rate of heat

exchange between human body and the ambient air by

convection, either lose or gain heat, depends mainly on

air temperature. Convection is assumed to be linear

function of the difference between the temperature of

air and the temperature of skin. The rate of heat

exchange by convection increased with increasing of the

temperature difference between the air and the skin.

c- Evaporation

Heat loss by evaporation can be examined in very

much the same way as heat loss by conduction. As water

evaporates it absorbs heat from its immediate neighbor;

but this evaporation and the consequent cooling can

continue only if the evaporated water vapor is free to

move away from the site of evaporation. The heat loss

by evaporation depends upon the difference between the

vapor pressure at the body skin and the vapor pressure

of the surrounding air.

D- Radiation

The physics of heat exchange by radiation is

rightly regarded as a complex one, because the body' is

involved in two different types of radiation. The first
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type is visible and short infrared radiation, which

called solar radiation. The second type is long

infrared, which called thermal, due to the differences

in temperature between the body skin and the

surroundings. The heat exchange by radiation operates

through five channels listed in table (2-2).

TABLE 2-2 ( • )

Channels of radiation exchange

CHANNEL

j-SOlar radiation direct
2-SOlar radiation reflected on cloud.
3-S01ar radiation reflected on ground.
4-Thenra1 exchange with ground, etc.
5-Thenral loss to sky

SPECTRAL TYPE

Visible and short infrared
Visible and short infrared
Visible and short infrared
Long infrared
Long infrared

2 . 2 . 3 - HUMAN RESPONSES TO THERMAL

STRESSES

Some processes within the body are continuous in

order to maintain the temperature inside the body

within the required limits. There are varieties of

physiological and sensory responses which reflect the

strain imposed on the body to maintain thermal balance

under stress conditions. These responses also caused by

the discrepancy between the rate of heat production and

heat loss. Physiological and sensory responses are

") PHYSIOLOGICAL OBJECTIVES IN Hor WEATHER HOUSING Douglas H.K. Lee P. 3 49



effected by changes in the environmental conditions and

the rate of physical activity. The main physiological

responses are the circulatory regulation, change in

skin and inner_body temperatures and weight loss. The

main sensory responses are the thermal sensation and

the feeling of skin wetness.

A- Circulatory regulation.

Regulation of the blood flow in the peripheral

layer of the body is the first physiological mechanism

activated to adjust the rate of heat loss to variations

in the external environment. The thermal resistance of

the subcutaneous layer depends on its blood content.

When the blood content of this layer more heat can flow

through it by conduction.

When the body is exposed to hot environment,

Vase_Dilatation increases the heat transfer from the

body core to the skin. This transfer increases the

heat loss to the surrounding environment by convection

and radiation.

B- Sweating

The evaporation cooling by sweating effect is the

principal mechanism of thermal adjustment in the hot

conditions, and when working in comfortable conditions.

Evaporation from the body takes place in tow forms:
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First. Passive water loss from the lunas and the

skin. which described as a diffusion process and is

caused by vapor pressure difference between the body

and the ambient air. This process depends mainly on the

metabolic rate, oxyqen requirement and on the rate of

breathing.

Second. Active sweating, which starts when the dry

heat loss by convection. radiation, and insensible

perspiration, falls below the rate of heat production.

c- Inner_body temperature.

Normal body temperature at rest and in comfortable

environments are relatively constant, when the rectal

temperature is about 37 °C and oral temperature about

36,7 °C.

The body temperature varies during the day,

according to changes in climatic conditions, having the

minimum early in the morning and the maximum late in

the evening. The diurnal range is about 0.6 °c,

individual variation of +0.3 or -0.3 °C.

D- The skin temperature.

The skin temperature over the body is not constant

and consequently temperature gradients between the body

core and the skin are different. The heat exchange

between the human body and the surrounding air is
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influenced bY the skin temperatura by two ways :

First, Modifying the dry heat exchange through

convection and radiation.

Second, Determining the evaporation capacity of

the body under the ambient vapor pressure and wind

conditions.

E- Thermal sensation.

The perception of hot and cold conditions is a

result of natural activity which act as thermo

receptors. There are specific thermo-receptors for

warmth and for cold. under cold exposure the cold

receptors are more active in giving the sensation of

cold and similarly under exposure to heat, the warmth

receptors stimulate a feeling of warmth.

F- Skin wetness

The sensible perspiration response is applicable

in warm conditions and in specific combinations of air

temperature, humidity, air movement, and metabolic

rate. When the rate of sweating increases, or the

evaporation capacity of the air decreases, the drops of

sweat spread on the skin forming a larger area for

contact with the ambient air.
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2.3- BIOPHYSICAL EFFECTS OF CLIMATE

THE measurement of climatic effects on human

comfort has been investigated in many methods of

evaluation. One of these methods describes the

negative effects, expressed as stress, pain, disease,

and death. Another method defines the conditions in

which man's productivity, health, and physical energy

are at their highest efficiency.

The quantitative effect of climate on man can be

defined as a compound effects of various climatic

elements. The major elements of climate which affect

human comfort can be categorized as: air temperature

effects, humidity effects, air movement effects and

solar radiation effects. Also, the interrelationship

between climatic elements must be considered to

evaluate the biological effects of climate on human

comfort.

2 . 3 . 1- AIR TEMPERATURE EF F ECTS

Under constant conditions of vapor pressure and

air movement the human body responds to a rise in the
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air temperature mainly with an increase of the skin

temperature and sweat rate. The rate of this increase

depends

movement.

on the relative humidity level and air

The quantitative effect of changes in the air

temperature on the sweat rate at rest, under conditions

of low humidity, can be estimated from the formula:

(.) -S=aV 0.3 (ta-350)

Where -S is the change in sweat rate (g/h), V is

the air velocity (m/secl, ta is the air temperature,

and a is a coefficient corresponding to the clothing as

shown in table(2-3l.

TABLE 2-3 ( •• J

Clothing coefficient

CLC!1'HING

Semi-nude (short or bathing suit only)
Short trousers + short-sleeved shirt
Long trousers + long sleeved shirt

COEFFICIENT

26.9
22.0
19.7

The primary physiological response to a drop

in the air temperature below the comfort zone is

the contraction of the peripheral blood

capillaries, which reduces the flow of blood to

the skin. The range of dry bulb temperature

1'1 MAN. CLIMATE AND ARCHITECTDRE
I'" MAN. CLIMATE AND ARCHITECTURE

B. Givoni
B. Givoni

P. 61
P. 61
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within which comfortable conditions may be

established is approximately between 16 to 28 ·C

Below 16·C excessive clothing or high activity

rates are required. Above 30·C excessive air

movement and sweating is required to maintain

comfort. ( • )

2 . 3. 2 - HUMIDITY EFFECTS

The humidity of the air does not directly affect

the human comfort, but it determine the evaporation

capacity of the air and hence the cooling efficiency of

sweating. The evaporation capacity of the air is

determined by the difference between the vapor

pressures of the skin and the ambient air. The effect

of the air vapor pressure is closely related to the

wetness of the skin.

As long as the skin is dry, the rate of sweat

secretion and evaporation depends only on the metabolic

heat production and the dry heat exchange. When the

air is very dry horny layer will form with cracks and

fissures in the skin, causing irritation and various

skin disturbances. Evaporation decreases dry-bulb

temperature by the effect of adding moisture. This

moisture will restore comfortable temperature at the

ou ter 1 imi t of the comfort zone. (f i gure 2- 3) .

I" HOUSING, CLIMATE AND COMFORT Martin Evans P, 19
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2 . 3 • 3 - AIR MOVE201ENT EE'"F"ECTS

Air movement affects the human body through its

effects on the convection heat exchange of the body,

the evaporation capacity of the air, and consequently

the cooling efficiency of sweating. For bravely, air

movement causes a cooling sensation due to heat loss by

convection and due to increased evaporation from human

body. The optimum air velocity, which help to restore

human comfort, is not constant but depends on the air

temperature, relative humidity, metabolic heat

production and clothing.

The probable impact of air velocities on human

body can be assembled as shown in table(2-4). The wind

velocities theoretically needed to restore comfort when

air temperature is higher than the comfort zone.

(figure 2-4). Also the air motion theoretically

needed to restore comfort when relative humidity is

higher than the comfort zone. (figure 2-5).

TABLE 2-4 ( • )

The impact of wind velocities on man

WIND VELa:ITY

Up to 0.25 m/sec
0.25 to 0.5 m/sec
0.5 to 1.0 m/sec

1.0 to 1.5 m/sec
Above 1.5 m/sec

PIDBABLE IMPACT

unnoticed
Pleasant
Generally pleasant but causing
a =nstant awareness of air lrovernent
Fran slightly drafty to annoyingly drafty
Requires =rrective measures if work and
health are to be kept in high efficiency.

'" DESIGN WITH CLIMATE Vector Olgyay P. 20 57
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2. 3. 4 - SOLAR RADIATION EFFECTS

The human body is exposed to solar radiation in

three ways; directly, after reflection from clouds and

particles in the atmosphere and after reflection from

the ground. Varying proportions of this incident

radiation are reflected from the skin or clothing.

Solar radiation has thermal and biological effects

on human body. These effects of solar radiation depends

on the body's posture with respect to the sun,

clothing, reflectivity of the surroundings and air

velocity. Also, sweating rate of human body is effected

by solar radiation according to clothing and activity

of the man. The effects of solar radiation on the

increase of sweat rate in relation to clothing and work

are demonstrated by the experimental results shown in

table (2-5).

Human comfort can be achieved at low air

temperature if the heat loss of the body can be

counteracted wi th the sun's radiation. Radiation

curves which shown in figure(2-6l indicate that 50 Btu

of sun radiation can counteract a 2.14 °C drop in dry

bulb temperature.
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TABLE 2-5"}

Effect of solar radiation on increasing of sweat
rate (g/hJ in relation to clothing and work

ACTIVITY

Setting
WOrking
Average

SEMI-NUDE

324
240
282

CLCII.'HING

132
176
154

192
64
128

"1 MAR, CLIMATE ARD ARCHITECTURE B. GiVODi P. 11 62
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2 . 4 - THERMAL cc::lt-1F'ORT SCALES

THE thermal comfort scale is the second stage of

programming pattern for climatic design of house

process. It can be used to formulate the biological

evaluation method. The range of climatic conditions

which is necessary to restore human comfort can be

defined as the "Comfort Zone".

The comfort zone does not have real boundaries,

since the comfortable conditions are differs with

individuals, types of clothing, and the nature of

activity. Furthermore, it depends also upon sex, age,

and the geographical location. Women in general prefer

a little higher temperature than men and persons over

40 years of age generally prefer a little higher

temperature than men and women below this age.

Human comfort does not depend only on the air

temperature, but also on the relative humidity of the

air and air movement. Table(2-6l shows the ranges of

comfortable temperatures and humidity for some

different conditions.
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TABLE 2-6")

Comfort temperature ranges

Conditions

Upper range of canfort
with lm/sec. air l1VV€IIIel1t

Range of canfort wi th
light sumner clothes.

Lower range of canfort
wi th nonnal or IIaZ1ll

clothes and thick
bedding at night.

HumiditY!

a - 30
30 - 50
50 - 70
70 - 100

a - 30
30 - 50
50 - 70
70 - 100

a - 30
30 - 50
50 - 70
70 - 100

Day tarp. CO

32.5 - 29.5
30.5 - 28.5
29.5 - 27.5
29 - 26

30 - 22.5
28.5 - 22.5
27.5 - 22.5
27 - 22.5

22.5 - 18
22.5 - 18
22.5 - 18
22.5 - 18

Night tarp. CO

29.5 - 27.5
29 - 26.5
28.5 - 26
28 - 25.5

27.5 - 20
26.5 - 20
26 - 20
25.5 - 20

20 - 16
20 - 16
20 - 16
20 - 16

After reviewing all the effects of climatic

conditions on human body, it is necessary to evaluate

the combined effects of climatic elements on the human

comfort and to express any combination of these

climatic elements in terms of a single formula, known

as thermal comfort scale.

There are many attempts have been done in order to

devise a single scale Which combines the effects of

climatic conditions on human thermal comfort. Some

scales are based on subjective thermal sensation, while

some of them are related to physiological responses.

1'1 HOUSING, CLIMATE AND COMFORT Martin Evans P. 23 64
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Most existing indices have some limitations

in their practical application and usefulness

under different conditions. Some of these

difficul ties arise from the fact that the

experiments were carried out under widely varying

indoor climatic conditions. Also the experimental

methods were different. As a consequence of this,

each of the indices is valid and useful for a

limited range of conditions - not universally. (.)

Z • 4 . 1- EF F ECTIVE TEMPERATURE

Effective temperature scale is frequently used

scales of thermal sensation but it overestimates the

effect of humidity both at cool and comfortable

temperature, and at very high temperature.

The Effective Temperature scale can be defined as

the temperature of the air at 100% relative humidity

which give the same thermal sensation as a given

combination of air temperature, humidity, air movement

and mean radiant temperature. Figure(Z-7l shows the

effective temperature nomogram as the normal scale,

valid for persons wearing normal, light, indoor

clothes.

, .. MANUAL OF TROPICAL HOUSING AND BUILDING Part L Climatic desion P. 50 65
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2 . 4 . 2 - INDEX OF TI-iERMAL STRESS ( INS)

The Index of Thermal Stress is based on the

quantity of sweat required to maintain a skin

temperature of 35°C. When the sweat rate is between 0

and 100 gm/hr the thermal comfort is achieved. The

variables included in the formula to establish the

Index of Thermal Stress are air temperature, humidity,

air movement, solar radiation, metabolic rate and

clothing. When the air temperature is below 20°C sweat

no longer affects in the control of body temperature.

So, the Index of Thermal Stress can cover the range of

climatic conditions in most climates except that below

20°C of air temperature.

2 . 4 • 3 - BIOCLIMATIC CHART

One of the most important comfort scales is the

Bioclimatic Chart. The present study will be based on

the bioclimatic chart which is developed by V.Olgyay.

Vector Olgyay proposed a systematic procedure for

adapting the design of a building according to local

climatic conditions and human requirements to feel

comfortable. The Olgyay's procedure built up by using

Bioclimatic Chart, which can be defined as a

temperature-humidity diagram used to display the

comfort needs of a sedentary person. (figure 2-8).
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The Bioclimatic Chart shows the combination of air

temperature (on a vertical scale) and relative humidity

(on a horizontal scale). Also the chart shows the

corrective measures which are required when the

combination of temperature and humidity are falls

outside of the comfort zone. These corrective measures

include air movement, radiant heating, radiant cooling

and evaporation cooling.

Any climatic condition determined by its dry-bulb

temperature and relative humidity can be plotted on the

chart. If the plotted point falls into the comfort

zone, man feel comfortable in shade. If the point falls

outside the comfort zone. the corrective measures be

needed. Then, the climatic control strategies are

needed according to the point location and choice the

required climatic design recommendations which elicits

to restore comfortable human living condition.

In order to use the bioclimatic chart to execute

the biological evaluation process by using the computer

aid, the chart should be simplified in the form which

can be transfered into a mathematical method. For this

reason we can divide the bioclimatic chart according to

its curves into fifteen zones as shown in figure {2-9l.

Each of these fifteen zones refers to define the

corrective measures which required when the combination

of temperature and humidity falls inside that zone.
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2.5- SUMMARY

THE impact of climatic conditions on human body is

the compound effects of the various climatic elements.

The correlation between climatic elements should be

considered to evaluate the biological effects of

climate on human thermal comfort.

The comfort limits does not depend only on the air

temperature. but also on the relative humidity and air

movement. So the impact of climatic conditions on human

comfort should be considered in the climatic design of

house process. It is necessary to evaluate the effect

of climatic elements on human comfort by using a

thermal comfort scale.

The proposed program will use the bioclimatic

chart as a comfort scale. This chart can be developed

as shown in figure (2-9) which can be used as the

biological evaluation scale in order to specify the

needed climatic design recommendations.
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THERMAL DESIGN PRINCIPLES
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3.1- INTRODUCTION

AFTER surveying the given climatic condition and

showing the dependence of human comfort with thermal

conditions, it is necessary to clarify the basic

thermal design principles. Designing houses to take

advantage of natural effects, in order to confirm human

comfort, should utilize natural possibilities to

improve indoor conditions without the aid of mechanical

apparatus.

The process of heat flow through bUilding envelope

from the external surface to the internal surface may

be visualized by considering the thermal properties of

building material which used to construct the building

envelope. The structure of building envelope may be

contain several layers. The heat flow through each

layer causes changes of its temperature.

The nature of heat exchange through the building

elements is affected by the thermal properties of

building materials which used to construct the bUilding

elements. Then, it is necessary to clarify some basic

physical facts regarding the nature of heat exchange

and ways of its propagation.
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3.2- "J:"HERMAL PROPERTIES

OF BUILDING MATERIALS

THE building envelop modify the interior climatic

conditions according to the nature of heat exchange

through the outer building elements. When appropriate

thermal properties for building materials and elements

are chosen, it will be possible to achieve and maintain

the comfortable living conditions.

An outline of the thermal quantities and of the

thermal properties of building materials and elements

is given under the next subtitles.

The thermal resistance and heat capacity of a

given multi-layers building element (Walls and Roofs)

depends on the thermal properties of the used building

materials. In order to provide sufficient information

to evaluate the thermal performance of the building

elements, the thermal properties of building materials

should be considered.

The primary thermal properties which determine the

way in which building materials absorb and transmit

heat are conductivity, thermal capacity, and surface

characteristics.
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3 . 2 . 1- CONDUCTIVITY

Conductivity is the rate of heat flow in a time

unit by conduction from one surface to the other

surface of material through an area unit of a thickness

unit when there is a unit difference in temperature

between the tow surfaces. It is assumed that the

temperature on either side of the material, and the

distribution of temperature through the material. are

uniform and constant with time. Conductivity is

expressed in K.cal/h m2 ·C/m'·)

3. 2 . 2 - THERMAL CAPACITY

The term thermal capacity of a material refers to

the amount of heat required to raise the temperature of

a volume unit of the material by a unit difference in

temperature. Materials are heated differently by the

same quantity of heat, according to the product of

their specific heat and density. The thermal capacities

of materials are only significant when thermal

conditions are fluctuating. Under steady state

conditions, the thermal capacity has a little effect.

") MAR, CLIMATE AID ARCHITECTURE B. Givoni P. 105 77
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3.2.3- SURFACE c::HARACTERISTICS

The external surface of any building material has

three properties namely its absorbtivity, reflectivity

and emissivity. Absorbtivity is the property of the

material surface which determine the proportion of

thermal radiation falling on the surface which be

absorbed. Most of the material surfaces absorb only

part of the incident thermal radiation and reflect a

part of this radiation (figure 3-1).

The emissivity is the relative power of a material

to emit radiant energy. The color of a material surface

gives an indication of its absorbtivity for solar

radiation. The absorbtivity decreases and the

reflectivity increases with lightness of color.

Table(3-l) gives typical values of absorbtivity and

emissivity for various surfaces types and colors.

Q

Net gain 13.8%
.dbaorbed 15Jf__ ~

PO[JSHED nUN/NUN SURFACE

o

Net gain 2){
Ab:rorbed 20% __ ~

I'OJrE PAJNTED SUIU'ACE

(OJ

AG. ;)-1
Surface properties of some materials
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'l7IBLE 3-1 ( • J

Absorptivi ties and anissivi ties of various surfaces

Aluminum foiL bright
Aluminum foil, oxidized
Aluminum paint
Galvanized steel, bright
Whi tewash, new
White oil paint
Grey color, light
Grey color, dark
Green color, light
Green color, dark
Ordinary black color

SlKR'lWAVE
ABSORPTIVITY

0.05
0.15
0.50
0.25
0.12
0.20
0.40
0.70
0.40
0.70
0.85

LaVGWAVE
EMISSIVITY

0.05
0.12
0.50
0.25
0.90
0.90
0.90
0.90
0.90
0.90
0.90

1'1 MAR. CLIMAfE ARD ARCHIfECfURE B. Givoni P. 108 79
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3 . 3- THERMAL PROPERTIES

OF BUILDING EL~S

THE building envelope separates the indoor space

from the external environment and modifies or prevents

the direct effect of climatic variable such as outdoor

air temperature, humidity, wind, solar radiation and

rain. The ratio of the internal to the external

temperature depends on the thermo-physical properties

and thickness of the structure materials which affect

the thermal properties of the building elements.

The primary thermal properties which determine the

way in which building elements absorb and transmit heat

are thermal transmittance, thermal admittance, thermal

resistance, solar heat flow, and time lag.

3. 3 . 1- THERMAL ADMITTANCE

The admittance is the ability of the surface of

the building element to absorb or transmit heat to or

from the air which adjacent to the surface when the air

temperature is different from the temperature of the

surface. The thermal admittance is expressed in w/m2°C
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The approximate increase in internal temperature of a

space is given by the formula

(. 'dt = Q / ( sum A*a + x )

Where
dt =
sum A"a =

Q =
x =

Temperature increase.
Sum of the admittance of each surface" area
of each surface Ai *ai + A2*a2 + ...
Total rate of heat gain within the space.
Allowance for the heat capacity of the air
and the heat transfer through windows.

The heavy materials such as brick and concrete

achieve high admittance, while low admittance is

achieved to the thin layers of materials with air

cavities. Values for admittance of some building

elements are given in table(3-2l.

'" RODSING, CLIMArE AND COMFORr Marlin Evans P. 83 81
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TABLE 3-2")

Themal admi ttance of building elements

ELEMENl' a:NSTRUC.I'ION AI:HI1TANCE W/m2 deac.

WllLLS:

Lightweight or hollow block, m:Jre
than 75 om thick (650 Kg/m3J................... 3.0

Hollow concrete or clay block, m:Jre
than 75 om thick (1100 Kg/m3J.................. 4.0

Brick, m:Jre than 75 om thick U700 Kg/m3J........ 5.0
Concrete, m:Jre than 75 om thick (2200 Kg/m3J. .. . . 6.0
Tho fiber board sheets, 13 mn thick wi th

an air space between them...................... 2.0
Parti tions of materiaL over 1100 Kg/m3

with a lining of resistance 0.18m2 deqC/w...... 3.0

FUXJRS:
Dense concrete. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.0
Concrete covered wi th carpet or wrxxi block. . . . . . . 3.0
Suspended timber floor........................... 2.0
Suspended timber floor covered wi th carpet. . . . . . . 1.5

CEILINGS:
Plastered concrete. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.0
Plasterboard, cavity and dense slab.............. 3.0
Lath and plaster or plasterboard ceiling
with roof cavity and pitched roof................ 2.0

WINJXX¥S: calculate the heat flow according to the "u" value,
radiation heat gain, and ventilation heat loss or gain.
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3.3.2- THERMAL RESISTANCE

The actual heat flow across a given building

element (Wall or Roof) depends not only on the thermal

conductivity (y) of the material, but also on the

thickness (d) of the element.

theofTherefor the thermal resistance (r)

building element is defined by :- r = d/y

When computing the rate of heat flow between

indoor and outdoor air, the thermal resistance of both

surfaces must be added to the thermal resistance of the

element itself. The overall thermal resistance (R) of a

single layer building element is given by :-

("R = l/hi + d/y + l/ho

(hi & ho are the thermal conductivity of both inside

and outside surfaces of the element).

When the element is composed of several layers,

the overall thermal resistance is the sum of the

separate resistances of the layers. Thus overall

resistance is :-

("'R = llhi + dllyl + d21y2 + ... + llho

t·' MAl, CLIMATE AID ARCHITECTURE
, •• , HAl, CLIHAfE AID ARCHIfECfDRE

B. Givoni
B. Givani

P. 105
P. 105
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3 . 3 . 3 - SOLAR. HEAT FLOW'

At night, both the outdoor air and the external

surfaces of the outer buildina elements are at their

minimum temperature. After sunrise the outdoor air

temperature increases which causes heat flow to the

external surfaces of building element and raising its

temperature.

The heat flow through a bUilding element is

derived from solar radiation. The sol-air temperature

is the theoretical temperature of the air which will

result from solar radiation. The formula for sol-air

temperature in a simplified form is

("tsa = to + &Iro - x

Sol-air temperature
External air temperature

= Absorbtivity of the surface to solar radiation
= Incident solar radiation
= External surface resistance
= Drop in temperature due to radiation emitted from

the surface.

ro
x

Where
tsa
to =
«
I

The amount of solar heat flow (q) through a

building element, when solar radiation falls on the

external surface, depend on the absorbtivity (&) of the

surface and total heat flow (U) of the element

construction. The heat flow through the building

") HOOSING. CLIMATE ARO COMFORT Martin Evans P. 18 84
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Chapter 8 - THERHAL DES rON PRrNCIPLES

subject to solar radiation per unit area can

be calculated as follow :-

( • ) q = u ( to - « * I * ro - ti)

Where ti is the inside air temperature

3.3.4- TI.ME LAG

The variation of climatic conditions produce a

non-steady state conditions. The effect of this

variations on building is that in hot period heat flows

from the external environment into the building and at

night during the cool period the heat flow is reversed.

The time lag is the delay between the impact of the

diurnal variation of temperature and radiation on the

external surface, and the resultant temperature

variation on the internal surfaces.

Figure(3-2l shows the diurnal variation of external

and internal temperature as a function of time.

In practical work the time lag {OJ and the

decrement factor (U) values are used. This can be

calculated for a particular construction, but the

method is rather involved and not well tested.

Values of (OJ and (U) can also be determined

experimentally. ( •• )

"} HOUSIRG. CLIMATE ARD COMFORT MartIn Evans P. 19
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Figure(3-3 gives a graphic indication of these

values and table(3-3) lists the (0) and (U) values of

several frequently used constructions.

TABLE 3-3"}

The decrement factors (UJ and the time lag
values(OJ of sane constructions

Constructions Thickness, nm
50 100 150 200 300

O:h U O:h U O:h U O:h U O:h U

Concrete 1.3 0.67 3.0 0.45 4.4 0.30 6.1 0.20 9.2 0.09
Stabilised
earth 2.4 0.48 4.0 0.34 5.2 0.24 8.1 0.12
Timber 2.5 0.48 5.4 0.23 8.3 0.11
Mineral wall 2.5 0.48 5.3 0.22

Walls:
cavi ty wall, thO skins of 100nm dense concrete

blocks, both faces wi th 15mn cement render .
same, but with hollow concrete blocks .
cavity wall, thO skins of 100rrm hollow terra-cotta

blocks, both faces with 15mn cement render .

Roofs:
100rrm reinforced concrete slab, bitwninous asbestos

fel t finish, wi th 40rrm glass hODl insulation under
the slab .

same, but insulation on top of the concrete slab .
240 nm hollow pot slab, underside rendered, 60nm

screed, bi taninous asbestos fel t membrane, 30nm
concrete paving slabs on 20rrm bedding .

O:h U

10.0 0.073
10.8 0.056

8.7 0.100

O:h U

3.0 0.450
11.8 0.046

12.0 0.045

'" MANUAL Of TROPICAL HOUSING AND BUILDING Part 1. Climatic desiqn P. 190 86
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Time lag

l t mpe atur

6.0 12.0 18.0
Time

24.0 6.0

and decrement factor

(oj

FIG. 3-2
Time lag

Decrement factor =
7'0 ma.x

:T'i ma.x

1.00

>-
~ 0.75
~

~
i1 0.50..
~
t 0.25
~

~
o
o

1\
\

'" ""-.. r----
0.15 0.30 0.45 0.60

Thickness: m

20,...-_.,-_...,-_-,-_....,

O. 5 0.30 0.45 0.60

Thickness: Tn

(0')

FIG. 3-3
IJecrement factor and time lag values for masswe walls

I-I NAlOAL OF TROPICAL HOOSIIG AID BOILDIIG
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3 . 3 . 5 - THERMAL TRANSM:I:TTANCE

Thermal transmittance or 'u' value indicates the

total amount of heat transmitted from the air on one

side of a building element to the air at the other

side, per an area unit of the surface, per a unit

difference in air temperature. The 'u' value is

ho

Where
hi

influenced by the thermal resistance of the component

parts of the element and their ability to absorb and

emit heat through the external and internal surfaces.

This 'U' value is expressed in w/m2 deg C. and can be

calculated from the following equation :-

( '} U= I W/m 2 °C
I/hi+(I/C1+I/C2+.. 1/C1lJ+(dl/KI+d2/K2+..dn/KnJ+I/hc

= Coefficient of heat transfer for the
inner surface of the elanent in w/m2 deq C.

= Coefficient of heat transfer for the outer
surface of the element in wAn2 deq c.

CI,C2,en = Thernal conductance of n separate air spaces

in the element structure in w/m2 deq C.
kl,k2,kn = Thermal conductivities of n successive

layers of different materials in w/m2 deq C.
dl,d2,dn = Thickness of n successive layers of

different materials in meters.

The values of all thermal properties of a multi

layer building element can be calculated by using the

chart which is shown in figure(3-4)

('I DESIGN PRIMER FOR HOT CLIMATES Allan IOnya P. 110
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er

r

hr!.

I

2

3

4

5

b

7

8

total.

D
total summ

~ I
total winte

f 1

')

totalO/U

H I,-
er I U-value winterI I time log' r 1,

I decrement \ Ifactor

I .admttarice .D

U-value summ

solar heat
gain factor.

absorptivity

2. assumed moisture
content Ofo

3. thickness (metres)

7 half summer
resistance

8. resistance from
centre of each
layer to exterior

9. volumetric heat
capacity Wm'x 10

10 thermal capacity
(J/m'x 10')

II. time constant
(seconds x 10-')

I. layers of the

construction

including surfaces
and cQvities

from outside

to inside

4. resistivity (m.deg
C/W)

. 5. resistance summer
(m' deg c/Wl

b. resistance winter
(m' deg C!W)

FIG. 3-4(')

Thermal properties chart 0/ multi-layers ouilding elements

'" BOOSIIG. CLIMATE AID COMFORT Martin Evans P. 85
89



3.4- HEA:T TRANSFER. IN BUILDINGS

AFTER reviewing the thermal properties of building

material and elements, the process of heat transfer

between indoor space and external environment can

be visualized by considering the heat gain sources

and heat losses process.

During heat transfer process the heat change its

transfer mode. Thus solar energy reaches the building

envelope in the form of radiation, absorbed at the

external surfaces and flows across the material of

building elements by conduction. If the building

element contains an air space, the heat flows across it

by convection and radiation.

The rate of heat transfer in and out a building is

effected by the thermal properties of the building

material which is used in building elements.

When selecting building material according to

human thermal requirements, the principle factors to

consider in the heat transfer process are:-

First, The difference between the maximum external and

internal air temperature.

Second, The difference between the minimum external and
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internal air temperature.

Third, The ratio between the temverature of the

internal and external surfaces and the time laQ.

Fourth, The ratio between the integrals of temperature

per time functions of the internal and

surfaces.

external

The building envelope intercedes with external

climate, to create a new interior microclimate zone.

The heat transfer in buildings processed, according to

available heat Qain sources, by conduction, convection

and evaporation (figure 3-5). The total heat gain or

loss can be calculated by the following equation :-

("Qi + Qs +- Qc +- Qv +- Qm - Qe = 0 = Thermal

balance

Where
Qi = Internal heat gain
Qs = Solar heat gain
QC = The heat flow by conduction
Qv = The heat flow by conviction
Qm = Mechanical heating or cooling
Qe = The rate of cooIing by evaporation

If the sum of the above equation is negative, the

bUilding will be cooling and if it is positive. the

temperature in the building will increase.
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QitQs±Qc±Qv±Qm-Qe= 0

PROGRAMMING THE CLIMATIC DESIGN OF HOUSE iCoa6ater .6plt~.tloAJ

(')

AG.3-5
Heat transfer in bUildings

3. 4 . 1- SOLAR HEAT GAIN

Solar radiation may reach a building envelope

directly from the sun or scattered by the atmosphere

and reflected by clouds. A part of the incoming solar

radiation to a building after reflecting from the

surfaces of the surrounding ground and buildings. The

effects of the solar heat gain processed in two ways:-

First, By entering through windows and absorbed by

internal surfaces and causing a heating effect.

Second, Through absorbed by the external surfaces and

transferred to the indoor space.

1'1 DESIGJ PRIMER FOR BOT CLIMATES Allan konya P. III
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The rate of solar heat gain influenced by the

thermal properties of building materials and elements

which are exposed to the effect of solar radiation. The

6.---.,....--...,...---r----r---..,.--.---.,....---,
~f!!.douiY

/
1 "Dinct Jus de !.fus~ ra< iaMons

51---+---+-+-+-----f>-.......f--+---+-____l
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~ I \
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..~ fwo! __ \
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~ 0-- /~Kwa~---~~---I--.__-+-""~'" \0 ors ": \::::--
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~ k'In.fi f:oration

windows account for the greatest amount of solar heat

entering the building while roofs account for a

relatively less of solar heat gain. Walls account for

amount of solar heat gain lesser than windows and

roofs. Figure(3-6) shows the diurnal variation of heat

flow through the area unit of differently building

elements.

-2 L.-_...l.-_--l-_--I.__.l--_...l...._--l.._----J~___I

3 6 9 12 15 18 21 hrs.
(OJ

FIG. 3-6
Tne variations 01 /teat Itow tILTo'Ug/t area unit at
some building elements
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3 • 4 • 2 - INTERNAL HEA:I" GAIN

There are several potential sources of heat aains

within the building such as power sources. electric

lighting. cooking and occupants. For many of these heat

sources. the heat gain form can be divided into two

forms. The first form is the sensible heat. which

causes an increasing rate of the air temperature.

All internal heat sources release sensible heat

but some of them release latent heat energy which is

the second form of the heat gain forms. Table(3-4)

shows the rate of heat production for a number of

typical heat sources.

TABLE 3-4 ( • )
Internal typical heat sources

TYPE OF HF.A:I' GAIN SENSIBLE HF.A:I'(W) LATENT HF.A:I' (W)

HF.A:I' SCURCES
Electric light As wattage
Electric~ +1000
Water -2400 +2400
Evapora tion -666 +666

PIDPLE
11mbien t air tEJ1Pf3I)3 ture : 20 °C.

seated at rest +76 +26
Sedentary activi ty +83 +49
Standing or walking +85 +61

11mbient air tEJlPf3I)3ture : 25 °c.
seated at rest +61 +41
sedentary activi ty +63 +69
Standing or walking +64 +82

11mbient air tSlJ)el<lture 30 °C.
seated at rest +51 +51
Sedentary activi ty +52 +79
Standing or walking +52 +94

"I HOOSlHG. CLIMATE ARD COMFORt Mar t in Evans P. 150 94
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3 . 4 . 3 - CONDUCTION HEAT FI..OW"

Conduction heat flow may occur through building

elements either inwards or outwards. The direction of

this heat flow defined according to the temperature

difference between both sides of the building element.

The rate of heat flow by conduction through a building

element can be described by the following equation ,-

("Qc = A * U * -T

Where
Qc = Conduction heat flow rate, in W
A = Surface area, in m2
u = Transmi t tance val ue, in W/m2 deg C.
-T = Temperature difference

The above equation is solved for each building

element and the results are added to define the total

amount of heat flow by conduction

3 . 4 .4- CONVECTION HEAT FLOW

The exchange of indoor air with fresh outdoor air

can provide either cooling or heating effect. If the

outdoor air has a lower temperature than the indoor

air, convection heat flow provide cooling effect. If

the indoor air has a lower temperature than the outdoor

'0' MANUAL OF TROPICAL HOUSING AND BDILDING Part I, Climatic desiqD P. J6 95



air, convection heat flow provide heating effect.

Convection heat flow rate between indoor and

outdoor air depends on the rate of air exchange through

outer openings. The rate of ventilation heat flow is

described by the following equation :-

("Qv = 1300 * V * ~T

Where
Qv = Ventilation heat flow rate, in W
1300= Volumetric specific heat of air, in J/m3 deg.C.
V = Ventilation rate, in m3/s
~T = Temperature difference, in deg C.

3 . 4 . 5 - EVAPORATION HEAT LC>SS

Evaporation of water absorbs a significant amount

of heat. This phenomenon can be utilized for the

cooling of air when the air is dry. If the rate of

evaporation is known, the rate of cooling by this

evaporation rate can be calculated. The estimation of

evaporation rate depends on many variables, such as

available moisture, humidity of air, temperature of the

moisture and of the air and velocity of the air

movement.

Evaporation cooling effect will be utilized to

reduce air temperature as far as possible. Then,

evaporation heat loss is ignored for the purposes of

calculation.
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3.5- CLIMATE CONTROL STRATEGIES

THE heat exchanqe throuqh buildinq envelope

between indoor space and external environment should be

controlled to create a specified set of indoor

conditions. Fiqure (3-7) shows that the extremities of

climatic variations can be attenuated by such means.

Structural controls (building)

Alicroclimate control (settlement)

AIechanical controls

Natural conditions

~.a
<>
~

~
>:l

,1:: I--------~-------__r-
-<:
<>

(OJ

FIG. 3-7
Potential of climatic controls
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Application of the heat flow control options to

the mechanisms of heat transfer in buildings produce a

set of nine practicable climate control strategies

(figure 3-8). These nine practicable climate control

strategies can be separated into those appropriate to

the climatic conditions under comfort zone and those

appropriate to the climatic conditions over comfort

zone.

By plotting of combined air temperature and

relative humidity data on the bioclimatic chart and

define the zone where these climatic data falls as

described previously in chapter (2) the climate

control options can be selected . This process leads to

define the climate control strategies which are

appropriate to the given climatic data.

The following subtitles describes the needed

climate control strategies which can confirm human

comfort when the given climatic conditions are outside

of the comfort limits.
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FIG 3-8
Climate control strategies
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3 . 5 . 1- PRClMOTE SOLAR GAIN

At lower temperature (under comfort zone) man can

be comfortable if the heat loss of the body can be

contracted with the incoming solar radiation.

Hence, for any plotted point of a given air

temperature and relative humidity which falls within

shaded zones of the bioclimatic chart in figure (3-9),

promote solar gain is necessary to restore human

comfort.

3 . 5 . 2 - RESI ST SOLAR GAIN

At high temperature (over comfort zone) man can be

relatively comfortable if the solar heat gain is

minimized by many architectural applications.

Hence, for any plotted point of a given air

temperature and relative humidity which falls within

shaded zones of the bioclimatic chart in figure (3-10),

it is necessary to resist solar gain to restore human

comfort.

100



Chapter 3 - THERMAL DESIGN PRINCIPLES

70 80 90 /00

is nedded

to 20 30 40 50 60
Relative Humidity %

45

40

35
'-5

'"~ 30
II>

~ 25
t:!
<-
II> 20

~
~ /5

!:
": /0

5
0

FIG. 3-9
Bioclimatic Zones where promote solar gain
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3. 5 . 3 - P~E RADIANT ccx:::>LING

The radiant cooling generally is not well suited

to warm and humid climates, but the greatest radiant

cooling potential is found in dry climate.

Hence, for any plotted point of a given air

temperature and relative humidity which falls within

shaded zones of the bioclimatic chart in figure (3-11),

it is necessary to promote radiant cooling to restore

human comfort.

3. 5 . 4 - RESIST CONDUCTIVE HEAT FLOW

Conductive heat flow either inwards or outwards is

suited if the difference between indoor and outdoor

temperature is large. For this reason if the difference

between a given climatic conditions and human comfort

limits is narrow, the conductive heat flow is not well

suited. Hence, for any plotted point of a given air

temperature and relative humidity which falls within

shaded zones of the bioclimatic chart in figure (3-12),

it is necessary to resist conductive heat flow to

restore human comfort.
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Bioclimatic Zones where promote radiant cooling is nedded
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Bioclimatic Zones where resist conduction heat flow is nedded
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3 . 5 . 5 - PROMOTE EARTH COOLING

The use of underground shelter or promote earth

cooling can be suitable if the climate is very warm and

dry or if the climate is very cold and dry.

Hence, for any plotted point of a given air

temperature and relative humidity which falls within

shaded zones of the bioclimatic chart in figure (3-13),

it is necessary to promote earth cooling to restore

human comfort.

3.5.6- RESIST EXTERNAL AIR FLCJW"

External air flow affects the rate of heat loss by

increasing the convection heat flow through the

bUilding envelope. When the climate is very cold and

dry the heat loss is not suitable and the water vapor

contained in the air should not be lost.

Hence, for any plotted point of a given air

temperature and relative humidity which falls within

shaded zones of the bioclimatic chart in figure (3-14),

it is necessary to resist external air flow to restore

human comfort.
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3 . 5 . 7 - P:RC:ll-fOTE VENTILATION

The upper comfort limit is raised when ventilation

increases since air movement causes a cooling sensation

due to heat loss by convection and evaporation.

Hence, for any plotted point of a given air

temperature and relative humidity which falls within

shaded zones of the bioclimatic chart in figure (3-15),

it is necessary to promote ventilation to restore human

comfort.

3. 5. B- RESIST INFILTRATION

Infiltration and exfiltration refers to exchange

of cold and warm air through joints and cracks between

indoor space and outdoor environment. The amount of

heat exchange by Infiltration and exfiltration

increases with increasing wind speed and temperature

difference between indoor and outdoor air. Hence, for

any plotted point of a given air temperature and

relative humidity which falls within shaded zones of

the bioclimatic chart in figure (3-16), it is necessary

to resist Infiltration to restore human comfort.
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3 • 5 • 9 - PROM.C>TE EVAPORATIVE COOLING

The temperature decrease caused by evaporation of

added moisture will restore comfortable temperature

when air temperature is over than comfort limit and

humidity is lesser than comfort limit.

Hence, for any plotted point of a given air

temperature and relative humidity which falls within

shaded zones of the bioclimatic chart in figure (3-17),

it is necessary to promote evaporative cooling to

restore human comfort.
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3 _ 6- SUMMARY

Heat exchange process through the building

envelope depends on the thermal properties of the used

building materials. The basic thermal properties which

determine the heat exchange through a building element

are thermal admittance. thermal resistance, solar heat

flow, time lag and the thermal transmittance.

The heat flow between indoor spaces and external

environment should be controlled by climatic design

applications in order to create a comfortable indoor

conditions.

The previous developed bioclimatic chart can used

in order to define the appropriate climate control

strategies for a given climatic conditions, determined

by its air temperature and relative humidity. The

produced correlations between the climate control

strategies and the climatic conditions will be used in

the next chapter to specify the needed climatic design

recommendations.
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4 . 1- IN"rR.<::>DUCTION

IN the previous chapters, the climatic data, which

is needed to climatic design process, was discussed in

chapter 1. Also a given climatic data was evaluated, in

chapter 2, according to human comfort conditions by

using Olgyay's bioclimatic chart. In chapter 3, the

principles of climatic design and climatic control

strategies are outlined in order to specify the

appropriate climatic design recommendations for any

given climatic conditions.

To overcome the effects of climatic variation on

human comfort, the house building should be designed

according to the local climatic criteria. The

comparison of climatic data and the requirements for

thermal comfort provides the basis for the selections

of design decisions appropriate for the given climatic

data. The basic design decisions can be simplified in

building form, building orientation, building envelop

elements, house plan, opening design, housing layout;

and landscaping. No rigid recommendations are made,

since there are many ways in architecture to approach

the goal of human comfort. Then, once the designer
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understands the local climatic conditions, the set of

climatic design recommendations can be elaborated and

climatic design choices compared in order to choose the

appropriate design recommendations.

The third phase of the programming pattern for

climatic design of house is to generate solutions which

are described in this chapter as the basis of climatic

design performance according to its scientific

principles and its practical applications.

The climatic design performance can be grouped

under seven headings: building form, bUilding

orientation, building envelop, openings design, house

plan, housing layout, and landscaping.
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4.2- BUILDING FC>RM

THE form of house building should be designed to

take advantage of the favorable aspects of the local

cl imatic conditions, and to reduce the impact of

unfavorable aspects. Also the bUilding form should be

designed related to improvement of the comfortable

internal climatic conditions, and to the creation of

comfortable conditions in the external spaces between

and around buildings. Therefor, the shape of building

is a significant design consideration.

The optimum form of house building is that which

loses the minimum amount of outgoing heat in cold

season and accepts the least amount of incoming heat in

hot season. The ratio of enclosed volume to external

surface area determine the climatic stresses occur by

exposure to fluctuating air temperature and winter

wind. This ratio also 1s an important indicator of the

speed of building heat up by day and cool down at

night. The minimum amount of conductive heat flow can

occurre by reducing the ratio of external surface area

to enclosed volume. Figure (4-1) shows a comparison

between some typical forms, with the same floor area.
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FORM Floor Surface Volum Surface area to
area m" area m 2 m 3 Volum ratio S:V

Q 100 220 300 73 %

G 100 340 600 56 %

t:Q 100 266.60 450 59 %

~ 100 295.99 551.42 53. %

Q 100 206.36 300 68 %

8 100 312.72 600 52 %

• 100 199.94 375.88 53 %

~ 100 221.99 300 74 %

(2) 100 343.99 600 57 %

~ 100 270.22 450 60 %

~ 100 297.48 542.13 55 %

FIG. 4-1
Surface to volume ratio of different forms
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The previous comparison leads to clear that the

surface to volume ratio changes related to the building

form. The external surface area to enclosed volume

ratio can be reduced by using the compact forms.

In hot dry regions, the objective of building

design is reducing the heat gain. The compact courtyard

form is required to reduce exposure to the direct sun

radiation through the hot season (figure 4-2). Also

the compact form can be used to reduce exposure to

winter wind turbulence. The small courtyard could

provide cooling effect in the hot dry climates because

the courtyard floor and walls are shaded during most of

the day time. Figure (4-3) explain the thermal system

of a courtyard house.

On the equator, the east and west walls and roofs

will receive the highest amount and intensity of solar

radiation. The sun path in the winter is shorter and

lower than the sun path in the summer. Then, the

appropriate strategy for winter solar heating is to

face the major wall and window areas to the south or

north facing at latitudes further north or south from

the equator.
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FIG. 4-2
Shading of a compact courtyard form
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Conduction through ground

FIG. 4-3
The thermal system of a oourtyard house

1'1 MANUAL OF TROPICAL HOUSING AND BUILDING Part 1, Climatic desiqn P, 205
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The east and west elevations do not receive any

significant amount of irradiation in winter, Therefor,

the elongated form with east-west long axis is required

in cold regions. In hot regions, the compact building

forms are desired to reduce solar heat gain during the

hot period of the day time and reduce heat losses

during the coled period.

The optimum shape of houses for some climatic

regions was defined by Vector Olgyay in his book

"DESIGN WITH CLIMATE". Figure (4-4) shows a graphical

presentation of Olgyay's conclusions for basic forms of

houses in different regions.

The air movement around building mass has a very

large variation according to the shape of this mass and

its orientation against the direction of external air

movement. Figure (4-5) shows the relationship between

the building form and length of the wind shadow. The

wind shadow increases in proportion to the building

height and affected by the roof pitch. The building

width has little effect on the wind shadow.

The climatic design recommendations of building

form are simplified in figure(4-6) with its purposes of

climate control strategies. Also the bioclimatic chart

is shown for every climatic design recommendation in

order to specify the climatic conditions where those

recommendations are needed to confirm human comfort.
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1:1 1:1.3

Optim.um. 1:1.1

TEMPERATE _

1:1 1:2.4
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FIG. 4-4

Basic forms of houses m different regions

") DESIGN WITH CLIMATE Vector Olqyay P. 89
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Effect of form on w1'nd shadow length
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IJESICN RECONNENIJATIONS OF
Bl1ILlJINC FORN

Pl1RPOSES BIOCIJ.AL.4TIC
CHART ZONES

Reduce sow hed !lain

~
Promot radilmt cool"

COJIPACT FORJI ~~ Resist conductiv. hed flow
Resist injiJtration.----l--F::::::r:::::::...-l
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FIG. 4-6
Climatic design recommendations of building form
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4.3- BUILDING ORIENTATION

BUILDING orientation in architecture may be

defined as science of combining the demands related to

many natural factors such as :- local variation of

climatic conditions, local topography, and the

surrounding. views. The directions and speeds of

prevailing wind and the surrounding views should be

considered in house design process. The house building

orientation is affected also by the quantities of solar

radiation which falls on different building sides at

different day times.

The heat effect of direct solar radiation that

falls on the south side of the building is lower than

that falls on the west side, while it is more than

which falls on east side, because the air temperature

at mid day is hotter than at the morning and colder

than at the afternoon. Also the incident angle of solar

radiation on south facing is smaller than on the west

facing. (figure 4-7). The correct building orientation

can be determined by considering the sun movement and

the incident angle of the sun radiation at various day

times and year seasons (figure 4-8).
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6.
Nor1:h

--101--

liIJ;I .low effect
llil Medurn effect
ffiJ High effect

FIG. 4-7
The heat effect of solar radiations during day times

IYi'nter $Un path

FIG. 4-8
Summer and winter sun path

s

Sum7T1er sun path
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The variation in orientation produced by

regional requirements is diagramatically presented

in the accompanying illustration. In northern

latitudes, the air is generally cool and there is

a great need for the sun's heat. Consequently,

buildings should be oriented so as to receive the

maximum amount of radiation throughout the year.

However, the same building in the south, where the

air is heavy with heat, should turn its axis to

avoid the sun's unwanted radiation and pick up

cooling breezes instead. (.)

The optimum orientation of house buildinq should

be positioned to receive solar radiation as much as

possible during underheated period (winter), while

during overheated period (summer), the building should

be positioned to decrease solar radiation impacts as

much as possible.

In order to reduce solar heat gain during summer

season the long axis of the building mass should

positioned east-west. Then, to promote solar heat gain

during cool season and reduce it during the hot season

the long axis of the building mass should be oriented

east-west. The optimum orientation applied to four

typical climate regions are shown on regional

orientation chart in figure (4-9).

'" DESIGN WITH CLIMATE Vector Olgyay P. 55 125
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AG.4-9(0)

Regional orientation chart
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In the northern of the equator the north side of

buildina receive very little amount of direct solar

radiation therefore, heat gain is not so critical

on the north walls as on those which are facing other

directions. In the southern of the equator the above

relationships are reversed. During winter season the

south walls will receive a greater solar radiation

intensity than those during summer season. Therefore,

maximizing the south facing, by making the long axis

east-west position, may allow the increasing of the

solar heat gain in cold conditions.

The air flow around building mass is determined

according to many factors. One of these factors is the

orientation of the building mass against the prevailing

wind direction. The windward side of building mass is

exposed to the air flow effect, thereby, the indoor

conditions rae influenced by the area of the windward

side. Also exposed angle causes a variation in wind

effects. Figure (4-10) shows the variations in air flow

around some typical forms related to its orientation

against prevailing wind direction.

The design recommendations of building orientation

and its effect in the field of climatic control

strategies related to the climatic conditions defined

on bioclimatic chart can be summarized as shown in

figure (4-11).
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OESICN RECONNENOATJONS OF
BUILOINr; ORIENTATION

PURPOSES BIOCLINATIC
CHART ZONES

~
Be"""e sow heat gain -.::j:.l~~~

LONr; AXIS EAST 'EST -~ Prrrmote radiant cooling_

Promote ventilation -----t--t-4F

LONr; AXIS NOBTH SOUTH -« ::Z :-:=:::,~ gain=~=~~;t::::

~
B.""". sow heat gain

LONr; AXIS NOBTH-£.4ST SOUTH-'EST E-__ Prrrmot. radiant cooling

Prrrmot ventilation ---t-;--..;;;

LONr; AXIS NOBTB-ITKST SOUTH-EAST <Prrrmote sow heat gain----<- Promote ventilation --

FIG 4-n
Climatic design recommendations oj building orientation
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4.4- BUILDING ENVELC>P

The total amount of heat exchange between internal

and external spaces of the building depends, not only,

on the local climatic conditions, but also, on the

thermal properties of the house envelope elements

(external walls and roofs).

One experimental solar structure built by the

Massachusetts Institute of Technology utilizes a

phase-change heat storage material sandwiched

within a one-inch thick concrete tile. In a sense,

the material is "preprogrammed" to evolve heat by

its own internal chemical thermostat The tile

panels store excess day heat above 74 of and

release it at night when room temperature fall

below 74 of. These lightweight storage cells can

be used conventional floor, wall, and ceiling

construction, without the increased structural

requirements for heavy masonry massing. (.J

The roof of any building is exposed to greater

impact of direct solar radiation than the outer walls.

Walls receive about two-thirds of the maximum solar

'" CLIMATIC DESIGN Donald Watson. FAIA. and Kenneth labs P. 123 130
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radiation that falls on the roofs and the reception

period of the direct solar radiation on walls is also

shorter than on roofs .

The basic method of utilizing the large diurnal

air temperature variations consists of the use of high

thermal capacity structure Using heavy material with

high thermal capacity will absorb much of the heat

entering through the outer surface before the inner

surface temperature increase The building envelop

elements should have the time lag required to give

protection against daily temperature fluctuations.

During hot period of the day heat flows through

external elements into the building while some of this

heat is reflected on the external surface and some of

it is stored in the envelop structure. At night, during

the cold period, the building envelop will re-emits the

stored heat (figure 4-12).

- ..........

o 0
......

Q<>

~i<'

- --.

FIG. 4-12

Heat flow through building envelop
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For tropical climates with higher annual and

diurnal ranges in air temperature the high thermal

capacity of building material should be used to

construct the elements of building envelop. By using

high thermal capacity materials the solar heat flow

through envelop elements can be controlled.

The time rate of acceptance and diffusion of

heat throughout the building material will determine

its overall thermal performance. The material's

conductivity as well as its heat capacity has major

impact on its overall thermal performance. An index of

this property is "Thermal admittance".

Table (4-1) shows the thermal properties of some

building materials. The building material with high

thermal admittance quickly store and release heat while

materials with low thermal admittance respond slowly

and hold a little heat.

The most effective method to resist heat flow

through the building elements is to construct it as a

double layer with an air layer in between. However, a

simple ceiling with a ventilated space would be more

effective to resist heat flow as well as the double

walls. The building elements which are made up of two

or more layers separated by air spaces will provide a

resistance to heat flow.
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TABLE 4-1'"
11Ienna1 properties of sane building materials

MATERIAL DESCRIPl'ICN HEA:r C'lPACITY

BTU/cu. ftf°F)
a:wrxx:rIVITY
TU/hr. (ft) of

T. AU1ITTANCE

BTU/ft'{°F)

Acoustic tile
Adobe
Aluminum
Brick, ccmron U20 pef)
Brick, face U30 pef)

COncrete
COpper
COrkboard
Glass (pyrex)

Gypsum
Iron, cast
Limestone

Marble
Paraffin
Particleboard U60 pef)
Plasterboard
Pla}'kOOd
Sand
SOil,light£dry{80 pef)
SOil,averaqe{darrp 131 pet)
SOil,wetU17 pet)
Wood ,lJardhood

Wood, white oak
Wood,soft~

Wood,white pine

Water
Glass,cellular insulation
lead
Ice
Bakelite
Steel (mild)

Grani te

5.8
19.6

35.9
24.0
26.0
29.4
51.0
24.6
26.8
51.3
54.0

34.7
18.0
18.6
27.7
22.4

9.9
18.0
18.0
30.1
35.1
18.7
26.8
10.6
18.1
62.4
2.2

21.8
27.0
20.4
58.7
31.7

0.033
0.37

128.0
0.42
0.75
1.0

227.0
0.023
0.59

0.25
27.6
0.54
1.5
0.14
0.1
0.43
0.067
0.19
0.2
0.75
1.4
0.09
0.1
0.067
0.063
0.35
0.033

20.1
1.35
9.7

26.2
1.4

0.44
2.7

67.8
3.2
4.4
5.4

108.0
0.27
4.1
2.2

38.6
3.5
7.1
2.3
1.36
3.1
0.81
1.85
1.9
4.75
7.0
1.3
1.6
0.84
1.07

4.67
0.27

20.9
6.04

16.6
39.2
6.6

1'1 CLIMATIC DESIGR Donald Watson. FAIA. and ~enneth labs P. 122 133
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The amount of heat resistance depends not only on

the width of the air space but also on the

characteristics of the enclosing surfaces. As heat

transfer across the air spaces takes place mainly by

radiation from one surface to another (figure 4-13) .

The surface of building materials influence the overall

thermal performance of the building elements and it can

help to reduce the heat loss or gain.

By using a dense cover of planting next to

building envelop it will intercept the solar radiation

before it reaches the building envelop, thereby

reducing solar heat gain (figure 4-14).

The color of the surface gives an indication of

its absorptivity for solar radiation which decrease,

and the reflectivity increases, with lightness. The

materials which reflect rather than absorb radiation

and which more readily release the absorbed quantity as

thermal radiation will cause lower temperature with the

building element.

The external surface with light color or shiny

surfaces will reflect a large part of the incident

solar radiation. Light colors or shiny surfaces will

reflect a large part of the incident solar radiation

more than the dark colors. Table (4-2) shows the

reflectivity amount of the surface of some typical

materials.
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Indoor

FIG. 4-13
Heat flow through double building elements

JncoY.ning solar hQat

loss by evaporation

FIG. 4-14
Planting next to building envelop
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TABLE 4-2" J

Reflectivi ty anvunt of sane typical surface lIBterials

SURFACE

Pol ished aluminum
Whi te-lead paint
Light green paint
Grey paint

Black natte

REFLErl'IVITY PERCENT OF SOLAR RADIATICW

85
71
50
25

3

The climatic design recommendations of building

envelop elements are simplified in figure(4-1S) with

its purposes of climate control strategies. Also the

bioclimatic chart is shown for every climatic design

recommendation in order to specify the climatic

conditions where those recommendations are needed to

confirm human comfort.

"1 DESIGI WITH CLIMATE Vector Olgyay P. 68 136
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lJESICN RECONNENlJATIONS 0Ji'
BlIlllJINC ENVELOP (Tralls &- Roofs)

PliRPOSES BIOCLlNATIC
CHART ZONES

1/,d"", $ol4r "'at !Jain

SrLECT nRlcn TREl/JIJl CAPACITY llJTKI//Al.S---.1. 1/.....t cOTlliulltive h"':at~f/D~Wj:=~~:::~~~
~ Resist infiltralitm_

Rllduee solar heat gain
USE POUBLK ELKlIElV1'S /E- 1/e!list cond""tiv. "'at frow r-F~::I::

'" Re!list infiltralion _

Rllduce solar heat gain

USE DEAVY lIA1'EI//Al.S IfI1'D lONC TIllE J.AC /E-1/esist cond""tiv. II,Ui:a~t~fi~Io:WJ:=~~:::~~~
'" Re!list inftltralion_

usr /IEPLEC1'IYE lIA1'EI//Al.S ON SUIIJ'ACES <Redue. sol4r "'at !Jain----< Re!list co~tive "'at frow

<Red""e solar IUiat !Jain
USE lICUT IfEll INSUlITEP nTEIIL4tS -<_

Resist condw:tive "'at fiIow

Reduce $ol4r "'at !Jain

USE PlINTS NEXT TO BUltoP'C EiVYElOP4 1/esist condw:/ive "'at flow
PrfYfTl/)te radiant cool"'!J-::-i-_+"'::~j::
Promote evaporative cooling

AG.4-15
Climatic design recommendations oj Quilding envelope
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4.5- HOUSE PLAN

BY relating to sun path and air movement the house

plan has important impact on heat flow between indoor

spaces and external environment. The solar energy can

be put to use when it is most available by orient

specific rooms to get direct solar radiation in cold

regions. One of the most methods to maximize solar heat

gain is maximizing the exposure to direct solar

radiation. In the north of the equator south-facing has

the major influencing by direct solar radiation during

the hot period of the day time.

The general concept of using south-facing room

planing for passive heating can be carried one step

further in design by creating solar oriented rooms such

as sun-rooms or atrium. (figure 4-16).

The favorable orientation include: an east or

southeast facing window for bedrooms kitchen and

breakfast area to benefit from the earliest winter

morning sunshine: a south orientation for day time

living areas: a southwest orientation for sunspaces.
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FIG. 4-16(°)
Plan design to ma:c'imize exposure to solar radiations
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In hot regions the protection of direct solar

radiation will be more important. This protection can

be achieved by the use of north-facing living-rooms,

and by locate circulation spaces and other secondary

spaces on the south-facing in the northern of the

equator This relation shape are reversed in the

thouthern of the equator (figure 4-17),

When the air temperature is higher than comfort

limits, heat gain from the external air must be

reduced. Also there are several sources of heat gains

within the house these heat gain must be reduced as

far as possible. Internal heat gain can be removed from

the house interior if the outside air temperature is

lower than the inside air temperature and if the

vapor pressure outside is lower than the inside.

When internal air temperature and humidity are

equal to or more than the external air temperature and

relative humidity, the inside air movement becomes very

necessary. Air shafts is one of the mOst design aids

which promote internal air movement. The incoming air

is cooled by conduction when it comes into contact with

the cold inner surface of the wind catcher duct.
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Plan design to minimize exposure to solar radiations
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In hot seasons , when the internal air temperature

are too hot for night comfort, one of the traditional

solutions is to provide outdoor sleeping areas. In this

case the human body will be warmed by the floor surface

which absorb heat during the day and re-emits the heat

at night.

The courtyard in the house which built as a

compact courtyard form can be used as an outdoor

sleeping area. In some hot climates, roof spaces may

be the most comfortable spaces in the evening after

sunset, and before internal air temperature have

dropped sufficiently for comfort.

In tropical climates, the appropriate house plan

is to locate living rooms on north facing, while

circulation and other secondary spaces located on south

facing in the northern hemisphere. The above

relationship are reversed in the thouthern hemisphere.

The climatic design recommendations of house plan

are simplified in figure(4-IB) with its purposes of

climate control strategies. Also the bioclimatic chart

is shown for every climatic design recommendation in

order to specify the climatic conditions where those

recommendations are needed to confirm human comfort.
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lJESICN RECONNENlJATIONS OF
HOUSE PLAN

PURPOSES BIOCIJNATIC
CHART ZONES

OPEN PLAN <Promote solar Mat !I!I,a~in~i=~~~--------------< Promote ventilation_

Promote ventilation ----IlifiiI~PROy/DE DR SIlAJ'1'S --«
Promote evapt>rative cooliTlf/I-_t-....;;~

ORlEH1' lOff USE SPACES 1'0 SOUI'D OR /fEST <Reduce solar heat gain -::-1-_-+"'::
.:t:....__-< Resist conductive Mat flow I-_+_~:::

PROy/OE OUTDOOR SEJU-PROTECTED JlII!AS <Reduce solar heat gain-~~~
----< Promote radiant cooling-1-_+_~i-==

PROy/DE SOW ORIENTED ROOllS --- Promote solar heat !lain-t==~§;;;t:::

FIG. 4-18
Climatic design recommendations of house plan
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4.6- OPENINGS DESIGN

SOLAR radiation affects buildings not only through

the external walls and roofs but also enters through

outer glazed openings which transmit solar heat with

very little loss in heat energy. The solar heat which

enters through glazed openings can increase the indoor

air temperature more than that of the air outdoor.

So, the outer opening of the house building has

major effect on the internal thermal environment.

Openings unlike other building elements usually

contain adjustable elements and are composed of a

number of different layers such as glass, wood, metals

and other materials.

When climatic conditions are within or above

comfort range, solar radiation can cause or increase

discomfort. Therefore outer opening, especially glazed

openings, should be protected from direct solar

radiation when temperatures are within or above the

comfort range (figure 4-19).
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FIG, 4-19(°)
Shading on outer openings
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The reflected radiation from nearby surfaces could

increase the impact of solar radiation. For cold

conditions maximizing the nearby reflective surfaces

can help to promote solar heat gain through outer

openings (figure 4-20).

One of the principal functions of outer openings

is to provide natural light and ventilation. In hot

seasons direct sun light should be minimized. Figure

(4-21) appears some types of window designs can be used

to resist natural light in hot dry regions. In cold

seasons the main criterion for natural lighting is to

ensure that there is sufficient light when the sky

brightness is low.

When the temperatures are below the comfort zone

solar radiation can be helpful as it can raise internal

temperatures to create comfortable conditions. Then,

the large glazed openings can be used to raise internal

air temperature while small glazed openings could be

considered as a protection from direct solar radiation.

When the diurnal range is high with cold

temperatures in the morning and high temperatures at

mid-day, solar radiation entering through the windows

will be useful in the morning, and may help to achieve

comfortable conditions. Increasing the area of east

openings provide more solar heat gain in the morning

while reducing it later in the day.
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The large windows required for good internal air

movement will allow direct solar radiation to penetrate

into the interior if the conditions are cold and humid.

If the conditions are hot humid, the protection from

direct solar radiation are needed to reduce solar heat

gain. But it should be large in order to provide

ventilation. So, in this case the opening must be

large and protected from direct solar radiation.

For tropical climates with high annual and diurnal

ranges in air temperature the smaller openings are

suitable, althouqh openings must provides adequate

internal air movement.

Natural ventilation should be reduced as far as

possible to minimize discomfort when conditions are hot

and dry, but when high temperatures are combined with

high humidities ventilation may be more important than

reducing heat gain.

The indoor air motion increases by increasing the

opening area related to the floor area. The size of

inlet and outlet openings also affect the internal air

motion (figure 4-22). Also the width variation of

opening causes variation in the indoor air motion

(figure 4-23).
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In many climates the terms window and glazed

area will not necessarily be synonymous. In a

temperate climate windows will be fully glazed and

partially openable. But in a warm humid climate

windows might be partially glazed and fullY

openable opaque and possibly insulated louvers

being used for part of the opening. In hot dry and

mediterranean climates, fUlly openable and fullY

glazed openings are the rule. ('J

The positioning of the inlet and outlet windows

has an important effects on the pattern of indoor air

motion (figure 4-24). The external shaded devices of

outer openings also has effects on indoor air motion

(figure 4-25).

The climatic design recommendations of opening

design are simplified in figure(4-26l with its purposes

of climate control strategies. Also the bioclimatic

chart is shown for every climatic design recommendation

in order to specify the climatic conditions where those

recommendations are needed to confirm human comfort.

"1 HOOSIRG, CLIMATE AHD COMFORT Martin Evans P. 109 150
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Effect of external shading devices on indoor air motion
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lJESICN R£CONNENlJATIONS OF
OPENINCS lJESICN

PURPOSES BIOCLINATIC
CHART ZONES

LJlI!C£ OP£NINCS 40 - 80 % <.Promote solar heat ~g:am~'~t=E§~--------< PrOTTWI ventilation _

Jl£OUJI OP£NlNCS 20 - 40 % (COJIpORT COHOITIONS)

lIesisl infi/lraIion _

SJlDJ. OP£NINCS to - 20 % /~ Red""e solar heal gain ._ -1-"""'=
" Resisl cond",,/ive heal flow I--t-';;:::=f~-....l

PIIOYIO£ SBAIJINC FOil LJlI!C£ OP£NINCS < lIed""e solar heat groom:'~=f=:1~~!-----<. PrOTTWI ventilation _

PIIOYID£ INSlILATINC 1'011 CI.AZ£D OP£NINCS <lIed""e solar heat gain~1:=~~i~~---< lIesisl cand""tive heat flow

FIG. 4-26

Climatic design recommendations of openings design
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4 _ 7- HOUSING LAYOUT

DESIGN of housing layout has a useful role in

confirming the human comfortable living conditions.

When the housing layout designed in harmony with the

local climatic environment, the climate effects can be

controlled.

"A narrow winding street with a closed vista

has the same function as the courtyard in a house:

to regulate temperature. In a wide straight street

the cool air deposited during the night is swept

away by the first breath of wind. A wide street

offers no shade, and heats up more rapidly than a

narrow one. "( It )

In hot dry climates, the housing layout should be

designed to provide protection from direct solar

radiation and shelter from hot dusty wind. The compact

layout and low rise bUilding can provide these

requirements (figure 4-27). Also, using courtyards

will provide outdoor spaces sheltered from the direct

solar radiation and wind turbulence.

"j HOOSING, CLIMATE ANO COMFORT Martin Evans P. 154 153
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FIG. 4-27 ('J
The compact layout
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In hot dry climates the tendency is to have close

groups of houses. narrow roads and streets, arcades,

colonnades and small enclosed courtyards in order to

get the minimum amount of direct solar radiation and

provide the protection of hot dusty wind.

For warm humid conditions catching the prevailing

breeze is required, while some protection should be

provided against hot dusty wind, which blow from a

different direction in the dry season. Also, very

wide spaces between buildings are required for few

months of the year and these spaces still require shade

in order to reduce solar heat gain. So. in climates

with long warm humid seasons the layout requirements

for this season predominate. Figure (4-28) shows a

typical layout that suitable for warm humid and cold

conditions.

The climatic design recommendations of housing

layout design are simplified in figure (4-29) with its

purposes of climate control strategies. Also, the

bioclimatic chart is shown for every climatic design

recommendation for the purpose of specifying the

climatic conditions where those recommendations are

needed to confirm human comfort.
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The wide spacing layout

"J KLlKAGERECHTES BAOEN Sedky Karam P. 73 156



C~.pter 4 - CLIMATIC DESIGN APPLICATIONS

OESICN IUJCONNEN.lMTIONS OF
HOUSINC .lAYOUT

PURPOSES BIOCIJNATIC
CHART ZONES

Red""e sow Mat gain

~
PrOTTWt radi4n1 cooling

CONPACT LAYOUT ~c_ lIeml c"""""live Mat flow-J-~~::::~::::..::l
//eml infiltratiun _

lIeml extemoJ air flow

'rIOE SPACINC .lAYOUT <Promote sow Mat gain -c:=ls;::-+---------< PrOTTWt ventilation ------i.__

'IDE SPACINe LAYOUT AND PIIOy/OE SlWJlNe --<:t ~:::n!:::ngain-l--i""

USE N8.ilUJY BlIll.J)lNeS FOil 'INO PIIOTECTION-< lIesisl exlnnat air .flowResisl inj'iltration _

USE N8.ilUJY BUII.J)INC FOil SIl4IJINC ,/ lied"". sol4r Mat gain-----<, PrOTTWte radi4nI coolin!J-1-_+_;;;:::

FIG. 4-29
Climatic design recommendations of housing layout
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4.8- LANDSCAPING

THE nature of the ground surfaces on a given

building site has a great effects on the microclimatic

conditions of the building site. Air temperatures

above the ground level are changed in the same building

site according to the nature of the ground surfaces.

There are various factors that should be considered

when trying to control microclimate by the effects of

the landscaping.

Solar radiation transmitted through windows may be

either direct, diffuse, or reflected from exterior

surfaces. Increasing the reflectivity of the surface

materials, outside of the south-facing windows and

walls, will slightly increase the amount of total

radiation which entering through outer openings.

(figure 4-30).

The latent heat of water evaporation may be used

to cool building environment of the house. This is

because the water has a very high volumetric heat

capacity. Water, plants and trees in the courtyards

and external spaces will cool the air by evaporation

effect. (figure 4-31).
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.lJedum reflection

High reflection

Low reflectr:on

FIG. 4-30(0)

The amount of solar heat reflection on varwus surfaces

FIG 4-31 (..)

Ifater and plants effect on courtyard climatic conditions

I" CLIMATIC DESIGN Donald Watson. FAIA. and Kenneth labs P. 83
"" DESIGN PRIMER FOR HOT CLIMATES Allan konya P. 57
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When the warm air passing over water surface

evaporates the water and the air is cooled. For this

reason evaporative coolers can only be used in

relatively dry climates.

Physical features such as neighboring

buildings, walls, trees etc., which may influence

air movement or cast shadow, must be taken into

account. There is a difference between the shelter

offered by windbreaks composed of plants and that

offered by solid screens or buildings, as the

extent of shelter depends not only on height but

also on the degree of permeability. Plant

material, which permits a certain amount of air to

path through, causes less turbulence than solid

screens and, as a result, a greater total area of

shelter. (OJ

The landscaping surroundings house building have

definite effects both on air-flow patterns and on wind

velocities. The landscaping design elements, including

plant materials, trees and shurbs can create high and

low pressure areas around a house building.

Air flow patterns produced by various planting

combinations are shown in figure (4-32). The most

protected part behind a windbreak is fairly close to

the windbreak; it becomes more exposed as the distance

from the windbreak increases.

") DESIGN PEIMER FOR HOT CLIMATES Allan konya P. 36
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Air-jlow patterns produced by planting
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The natural cover of the ground with plants and

grassy cover can reduce the air temperatures at the

building site. Trees and shrubs can provide the

simplest way of protecting a low building from direct

solar radiation. The ground cover properties tends to

moderate air temperatures and stabilize conditions

through the reflective qualities of various surfaces.

In summer the surface of grass and leaves absorb solar

radiation, and their evaporation processes can cool air

temperature.

Plants and trees also will cool the air by

evaporation effect , provide shade and help to keep the

dust down. Plant grassy covers reduce air temperature

by absorption and cool by evaporation. Dry ground heat

up quickly, causing reflected heat radiation towards

the building during the day. and at night the ground

will re-radiate the heat stored during the day. Man

made surfaces tend to elevate air temperatures, as the

materials used are usually of thermal properties.

The climatic design recommendations of landscaping

design are simplified in figure{4-33) with its purposes

of climate control strategies. Also the bioclimatic

chart are shown for every climatic design

recommendation in order to specify the climatic

conditions where that recommendation are needed to

confirm human comfort.
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lJESlf;N RECONNENlJATIONS OF
LANlJSCAPINC

PURPOSES BIOCIJNATIC
ClftlRT ZONES

Reduce solar Mat gain
USE TIIKES SJl4bINC ---</?- Prrmwt radiant cooling

" Promote evaporative coolingl--+-"':;:::::j:~

Reduce solar Mat gain
USE reCITATION CROUNO COreR {..L_ Promot radiant cooling

" Promote evaporative'coolmg/--+-.....;:==J=:::::::.~

USE //SAT IISF18CTlrE JlATE/llJLS ON SITE Promote solar Mat gain,_{:=;;~;t

lIeduce solar Mat !lain
USE '.ITER POOlS ON SITE {../_ Promot radiant cooling

" Promote evaporative cooling

Promote radiant cooling

USE reCITATION FOil ,.INO PIIOTEerION.~ ~sist tcontiuctiv~:eat floIW'~~1;;;;'£;;::JrtomD e evapoTuuve coo ~ngb

. Resist externat air flow

FIG. 4-33

Climatic design recommendations 01 landscaping
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4_9- SUMMARY'

IN order to confirm human comfortable living

conditions with the minimum cost of mechanical heating

and cooling, the house building should be designed

according to the local climatic conditions. There are

many climatic design applications which can provide the

indoor comfortable living conditions. By the aid of the

biological evaluation results the appropriate climatic

design recommendations can be defined. The basic

climatic design applications can be grouped under seven

headings which represent the most climatic design

recommendations, they are:

Building form

Building orientation

Building envelop

House plan

Openings design

Housing layout

Landscaping.

For each of the above groups,

recommendations are specified

the basic

related

cl imatic

to the
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bioclimatic chart zones. These correlations are

described in figures (4-6, 4-11, 4-15, 4-18, 4-26, 4

29, 4-33l.

The next chapter will present the programming

pattern of the climatic design of house executed by a

computer program. The concluded correlations between

the bioclimatic chart and the climatic design

recommendations will be used to execute the specify

recommendations process of the proposed climatic design

of house program.

165



Chapter 5

CLIMATIC DESIGN PROGRAM

5.l-INTRODUCTION

5.2-PROGRAM CONCEPT

5.3-PROGRAM STRUCTURE

5.4-MAIN PROGRAM FUNCTION

5.5-INPUT DATA FUNCTION

5.6-EVALUATION FUNCTION

5.7-SPECIFY RECOMMENDATIONS FUNCTION

5.B-OUTPUT RESULTS FUNCTION
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5_1- INTRODUCTION

THE preceding chapters provide much of the

background information needed for climatic design of

house. The basic traditional climatic design of house

procedure is a mUlti-step process. It starts with the

collection of available climatic data and terminates

with award of the appropriate climatic design

recommendations. One of the most striking effects of

computer aided architectural design techniques in

practice is likely to be a very substantial reduction

in the total length of the design process. For this

reason, the climatic design process will be presented,

in this chapter, as a practical application of the

computer aided architectural design. This practical

application will be applied through a computer program.

The proposed program will be processed according to the

programming pattern for climatic design of house. The

form of this programming pattern was presented

previously in study concept section.

So the purpose of this chapter is to present a

computer program which perform or execute the climatic

design of house process. The most important step to

169



orooram a comouter in order to resolve any oroblem is

understanding the oroblem in need of a solution. Also,

defining the objective that must be reached. The

previous chapters has covered the fundamental

theoretical principles of climatic design of house as a

problem solving process.

The following sections will illustrate the program

process which execute the programming pattern of

climatic design of house. For example the location of

cairo will be used as an application example to

illustrate the program process.
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5 _ 2- PRClGRAM OONc::I"!:PT

THIS section illustrate the general concept of the

climatic design of house program. The information that

is processed in the performance of architectural design

tasks may be in numeric form, in the form of English

text, or in graphic format.

One of the most striking effects of the

large-scale introduction of computer-aided

architectural design techniques in practice is

likely to be a very substantial reduction in the

total length of the design and construction

process. ( • }

The proposed climatic design of house program

require input of numerical climatic data, and output a

specified list of the appropriate climatic design

recommendations.

The program processed through a sequence of stages

which are required to execute the climatic design of

house process. These stages are simplified in the

programming procedure which has four basic stages.

'-I COMPOTER-AIDED ARCHITECTURAL DESIGI Vlliial J. Mitchell P. 81 171



These stages are generally taken in sequence which

illustrated in the following sections.

5 . 2 . 1- INPUT STAGE

The input stage is to read the required climatic

data represented by the air temperature and relative

humidity for each of the year months. These data can be

entered to the computer memory through the input device

of the computer (keyboard) or by reading it from a

data file. The required climatic data was discussed

previously in chapter 1.

5. 2 . 2 - EVALUATION STAGE

The evaluation stage is to evaluate a given

climatic data according to comfortable human living

conditions. In chapter 2 the biological evaluation

excuted by using the bioclimatic chart. The evaluation

process should repeated as long as the climatic data

are available.

5. 2 . 3 - RESOLVING STAGE

The resolving stage is to select the appropriate

climatic design recommendations, which specified
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according to the results of the evaluation stage.

Specifing the required climatic design recommendations

according to a given climatic conditions was discussed

previously in chapter 4.

5 • 2 • 4 - C>UTPUT STAGE

The output stage is to output a specified list of

the climatic design recommendations which can be sorted

according to its importance. The results may be put in

a result file or printed by printout device.

The flow chart of the climatic design of house

program has been simplified in figure(S-lJ for the

purpose of illustrating and explaining the program

concept which execute the climatic design of house

procedure.
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Read the climatic data

res

Display Bioclimatic Char

No

res

Bvaluate the current cli'l'l'W.tic data I:----.J
according to Biocli-matic Chart Zone

Specify the appropriate
climatic design recommend-ana

Output the climatic desig
recommendations

No

FIG. 5-1
Flow chart of the Climatic IJesign of House Program
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IN order to program a computer there are many

different programming languages that can be used to

write the sequence of instructions which execute the

program purpose. These sequence of instructions are

called a computer program.

In the last years, the C. programming language has

become the overwhelming choice of serious programmers.

So, the C. language is firmly established as the

favorite programming language which will be used to

write the proposed computer program. It is allow

programmers to creat better tools, utilities, and

applications more quickly and more easily than they

could in any other language development environment.")

All C. programs are divided into units called

"functions". A function is a unit of a proqram that

performs a single action. All functions start with the

name of the function, followed by parentheses.

Followinq this, braces enclose the body of the

function, which may consist of one or many statements.

The only function that absolutely must be presented is

called maine) and it is the first function called

(.) TORBO C. PROGRAMMING rOR THE PC. Robert La!ore P. XVI 175



when program execution begins.

The general form of a C. program is illustrated in

figure (5-2), where Function-I() through Function-N()

represent user-defined functions. For our purpose, the

form of climatic design of house program is illustrated

1n f1qure(S-3l.

global declarations

main{)
{

local variables.
statement sequence.
}

Frmction-l ()
{
local variables.
statement sequence.
}

Frmction-2( )
{
local variables.
statement sequence.
}

Frmction-N{ )
{
local variables.
statement sequence.
}

FIG. 5-2"}

The aenera1 form of a C. Proaram

,., THE C. PROGRAMMING TOTOR Leon A. Wortman &Thomas O. Sidebottom P. 12 176
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global declarations

nainO
{
local variables.

statanent sequence.
}

INPUT ll'lTA FTNJrIClU)
{
local variables.

statanent sequence.
}

EVAWATICN FTNJrICN(}
{
local variables.

statanent sequence.
}

SPErIFY REXXH1IJNDIlTICN FUNCTICN(}
{
local variables.

statanent sequence.
}

aJTPUT RESULTS FUNCTICN( )
{
local variables.

statanent sequence.
}

FIG. 5-3

The general form of the Climatic Design of House

Program

177



5. 3. 1- GLC>BAL DECLARATICJN

In the C. programs, there are two basic places

where declarations are declared: inside functions and

outside all functions. These declarations are,

respectively, local variables and global declarations.

Unlike local variables, global declarations are

known throughout the entire program and may be used by

any function. Also, global declaration contains global

variables which will hold their values during the

entire execution of the program. Global declaration are

created by declaring them outside any function.

5 • 3 • 2 - :r..cx:::=AL VARIABLES

A variable is a name that represents a number or a

string. Variables that are declared inside a function

are called local variables. The local variables are not

known outside their own function and they are exist

only while the function in which they are declared is

executing. Because local variables are created and

destroyed with each entry and exit from their own

functions, their content is lost after the function is

exited.
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5.3. 3- ST.AT~ SEQUENCE

The function body is a series of statements that

describe what the function is to do. So, statement

sequence means the sequence of instructions that

execute the purpose of the function or program.

The C. programming language has many statements

which can be used to perform the climatic design of

house process. The following sections will present,

through climatic design process, the sequence of the

program functions.
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function has been

the purpose of

process of the main

for

the

AS noted previously any C.proqram must has main

function which is the first function executed when the

program run. In other words the main function usually

contains the sequence of instructions which execute the

program purpose.

The flow chart of the main

simplified in figure(S-4l

illustrating and explaining

function.

In our purpose of climatic design of house the

program processed through four major functions. One of

the loops structure available in C.language is while

loop. This loop can be used to produce the operation of

our program according to the user selections.
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Is Yes
Choice=f? INPUT OATA();

No

Is res
Choice=2? EVAUJilTION();

No

Is res
Choice=3? RECONNENOATIONS();

No

Is Yes
Choice=4? OUTPUT-.RESULTS();

No

Yes Is
Choice:=5?

~e:rit();

FIG. 5-4
Flow chart oj the main program junction
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5 . 5- INPUT DATA FUNCTION

FOR any programming process, the input data is the

first phase of this process. In our purpose of

programming the climatic design of house, the climatic

data is the input data phase of the proposed proqram.

Previously in chapter(l), the climatic data are

discussed and simplified in numerical and graphical

forms. The numeric form of these data will be used as

input data for the climatic design of house program.

The climatic data of cairo in the form which used

as the input data and saved in a data file are shown in

table (5-ll.

This section will illustrate the program process

which execute the input data function. The computer

memory get the data by enterinq it through computer

keyboard or by reading it from a data file.

So, the input data phase of the climatic design

program can be executed by some sub-functions. The

flow chart which illustrate the process sequence of the

input data function are shown in figure(5-5).
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TABLE 5-1'*'

Climatic data of CAIRO.

H:N.I'HS AIR TEMP. deqC. HlNIDITY & RAIN mn/d WIND DIR.
lIBK. min.

1 19.10 8.60 59.00 3.70 0
2 20.70 9.10 56.00 4.20 180
3 23.70 11.30 52.00 2.30 270
4 28.20 13.90 48.00 0.60 90
5 32.40 17.40 44.00 0.50 0
6 34.50 19.90 48.00 0.30 0
7 35.40 21.50 52:00 0.00 180
8 34.80 21.60 56.00 0.00 180
9 32.30 19.90 58.00 0.00 45

10 29.80 17.80 58.00 0.10 315
11 25.10 13.90 61.00 3.50 135
12 20.70 10.40 64.00 8.60 225

,., CLIMATE AND ARCHITECTURE a national evaluatloo Sami! H. Hosni
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,
Is Yes

Choice=1? ENTER...JMTA();

No

Is Yes
Ckoice=2? REAO...JUT..4.J'ILE();

No

Is Yes
Choice=3? OISPLIYJ)ATA():

No

Is Yos
Choice=4? S..41'EJ)ATA();

No

Yes Is
Choice=5?

No

Fig. 5-5
Flow chari oj the input data function
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s. 6- EVALUATION FUNCTION

THE second phase of the programming pattern for

climatic design of house is to evaluate a given

climatic data according to human comfortable

conditions. Most of computer programs reading the input

data which are necessary to generate its process in

numeric form. The program process may transfer the

numeric data into graphic format to give the user an

easy understanding of these data and the program

process.

Hence, in our purpose of biological evaluation,the

bioclimatic chart should be transferred into a

mathematical method processed in numeric form. All

curves of the bioclimatic chart can be transferred into

numeric equation by using Curve Fitting technique.

This technique defines the coefficients of a polynomial

formed from the data in vector X (Relative humidity) of

degree N that fits the data in vector Y (Air

temperature) .

To apply the Curve Fitting technique on the

bioclimatic chart curves, coordinates of some points on

every curve should be defined. (figure 5-6). Next, the
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curve fitting technique can be processed according to

these coordinates to produce the numeric equation of

every curve. The coordinates of some point for every

curve and its equations are shown in table (5-2).

Curve!
45

Curve 2

Curve 3

Curve 4

Curve 5

1'\.11 A 1'?

~~~

3 ~~ 7 r::: ::......
......

~'Ll
9 r--:: ~:,...
1( 1~~

i~ 11 1&::

40

.~

/0 "":

o {O 20 30 40 50 60 70 80
Relative Humidity %

5
90 tOO

FIG. 5-6
Bioclimatic chart curve and zones
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TABLE 5-2

Coordinates and equations of Bioc1imatic Chart Curves

RH (XJ AIR TEMPERATURE (yJ
auve 1 auve 2 auve 3 auve 4 CUrve 5

0 55.00 33.63 29.44 26.48 23.33
10 44.50 33.63 29.44 26.48 23.33
20 38.50 33.70 29.44 26.48 23.33
30 34.70 34.07 29.44 26.48 23.33
40 32.00 34.70 29.44 26.48 23.33
50 29.70 34.44 29.00 26.10 23.33
60 27.60 33.33 27.60 25.37 22.96
70 25.30 31.48 25.30 24.07 22.59
80 23.33 29.44 23.30 22.22 22.22
90 21.50 27.59 21.50 21.85 21.85

100 19.70 26.11 19.70 21.48 21.48

Equation of curve 1
P1= 1.142E-6 *X· -2.881E-4 *X· +2.627E-2 *xz -1.2378 *x +54.852 -y

Equation of curve 2
P2= 7.427E-7 *x' -1.518E-4 *X· +8.031E-3 *xz -1.036E-1 *X +33.732-Y

Equation of curve 3
P3= 5.879E-7 *x' -1.153E-4 *x' +5.362E-3 *x' -6.804E-2 *x +29.509 -Y

Equation of curve 4
P4= 5.544E-7 *X· -1.026E-4 *X· +4.874E-3 *xz -6.610E-2 *x +26.565 -Y

Equation of curve 5
P5= 1.078E-7 *X· -2.156E-5 *X· +1.024E-3 *xz -1.310E-2 *X +23.342 -Y
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The bloloalcal evaluation method can processed in

sequence of steps. These steps are:-

Step 1

Locate on the bioclimatic chart the point that

represent a given climatic conditions terminated by its

air temperature (Y variable) and relative humidity (X

variable). An example of these data was shown

previously in table (5-1).

Step 2

Define in which zone the climatic data point

located on the bioclimatic chart zones. This process is

executed by using the previous curve equations. When

the X and Y values applied for any curve equation, if

the left value of the equation was less than 0, then

the point located above the curve. If the left value

was more than 0, then the point located below the

curve. This application should be applied for all curve

equations in order to define a group of zones where the

point located. If the relative humidity is less than

30, then the point located in one of the zones 1, 2, 3,

4 or 5. If the relative humidity is more than 30 and

less than 65, then the point located in one of the

zones 6, 7, 8, 9, 10 or 11. If the relative humidity

is more than 65, then the point located in one of the
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zones 12, 13, 14 or 15.

For example if the air temperature (Y) is 35 and

relative humidity (X) is 50 and apply them on Curve I

equation, then the left side of the equation (PI) equal

-5.25. This is mean that the point located above the

curve 1 in one of the zones 1, 6 or 12. Because the

relative humidity is more than 30 and less than 65,

then the point located in zone 6.

Step 3

Repeat the previous steps as long as the climatic

data available. The repetation should executed for the

day and night data. The maximum air temperature and

relative humidity is the day data. The minimum air

temperature and relative humidity is the night data.

Step 4

Count the number of points falling in every zone

of the bioc1imatic chart zones. This number may be

called BIOCLIMATIC INDICATOR. The count process should

be executed for the evaluation process of the day data

and the night data.

Figure (5-7) shows the results of the above

process in graphical form by using the climatic data of

cairo. In numerical form these results can be tabled

as shown in table (5-3).
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Table 5-3
iJiological Evaluat-ion results of cairo location

Bwclimatic Chari Z01U!S 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Indicalors for !Jay - - - - - 3 3 - 2 1 3 - - - -
Indicators for Night - - - - - - - - - - 12 - - - -

50

45

40

.!:;
": to

5

o

'\ .

\. • f ~2

2 '- •

3 '"~ 7- "'"~ r:::~
~

....,
~L1 ::::: ~

L!' It ...... I:::,...
-;;:

•
:.li -11 - ~~- ---.

o to 20 30 40 SO 60 70 80 90 100
Relative Humidity %

FIG. 5-7
The climatic data of cairo evaluated by bioclimatic chart
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The flow chart of the Evaluation function is shown

in figure(S-8).

EJ'ALUATION()..

No

res

res

No

res

lU'-BIOCLIMATICCRART()..

No

return,"

AG. 5-8
}'low chart oj the evaluation function
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5. 7- SPECIFY

FUNCTION

THE specify recommendations method have been

produced in order to estimate the climatic design

recommendations which are required for a given building

site with its climatic conditions. The estimate process

should be based on the BIOCLIMATIC INDICATOR which is

defined by biological evaluation process. Feasibility

analysis technique is one of the computer-added

architectural design techniques which can be used to

execute the specify recommendations process.

Undoubtedly the simplest and most general of

all useful feasibility analysis techniques is

morphological analysis. To perform a morphological

analysis the design variables to be considered are

first listed to gether with the range of potintial

allternatives for each one. (0'

The climatic design recommendations which are

discussed previously in the fourth chapter figures

4- 6, 4-1 L 4-15, 4-18 , 4- 26 , 4- 29 and 4- 33 ) can be

,., COMPUTER-AIDED ARCHITECTURAL DESIGN William J. Mitchell P. 381
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assembled and formed in a simple table which can be

called RECOMMENDATIONS TABLE. This table can be

described as a simple matrix illustrating the relative

proximity required by various climatic design

recommendations and bioclimatic indicators. This

matrix includes at the first left vertical column of

the matrix a set of the climatic design recommendations

divided under seven heading according to the climatic

design applications.

Some of the climatic design recommendations are

not effective at night such as which based on sun

radiation. For this reason these recommendations should

be provided in two sections. The first one shows the

correlation between the design recommendations and the

bioclimatic zones for the day time. The other section

shows the above correlations for the night time.

The first horizontal row includes the fifteen

bioclimatic chart zones for the both sections.

The second horizontal row includes the BIOCLlMATIC

INDICATOR for the day and night data. At every

vertical column of the matrix some cells are signed

with a black square symbol. This signed cells means

that the recommendation at the same horizontal row is

required if the climatic data falling at the

bioclimatic chart zone which is located at the same

vertical column of the signed cell. (table 5-4).
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TABLE 5-4
Climatic design recommendations table·

~ nmkd Rfcomrrumdalio~ «lal,d to 8iDcliTruztie tOniS ~e medeti Recommendations rdated to 8i.oc{ima~ ZOllU r;;-
CI.JJaTIC DEs/eN /l£COJlIIBNOlTIONS For 1M dmj """ for f!IE nigh! lime ~, zlJ .. , 51 6 I 7 8 91/0111 IZIt31t<l 15 , 2 , • 5 I 6 I 7 I 8 • 10 °1121131'''1'5 ~~

I I I I I I I I I I I I I I I ~~
UILlJfNC FORM .. i!;

(tim act form • • • • • • • • • • • • -Crnlltxu;1 courtyard form • • • • • • • • • • • • • •IlJmgaJed form • • • -
Un pitcmd or r:u:rwd roo • • • • -
Osf tGTtA sJultring • • • • • • -

UILOINC ORIENTATION
lO"f ariJ £tut 'ut • • • • • • • • r--lOfUT 4rir KortJi South • • •Latif I11"U NorM East South-Trsl • • • • • • • • • r--
tany ruU Nor/h.-Trsl South [lUi • • • • r---

[fILDINe ENVELOP
USt RigA /krm4i capacity maUriab • • • • • • • • r---Un doubt, lIlnnnib • • • • • • • • • • • • •Un Altzvy ma[mau wilA long tim, lrJg • • • • • • • • ~

U$I 'rIlhctivi/y mntwials on lIurjacl$ • • • • • • ~

Os, high WIlli in.ndal,d matrn"au • • • • • • • -
Utt p14nls Tlut to building mwlDp • • • • • • • • • • • • • • • • • ~

O[fSE PLAN
Open plan • • • • • • • • -Provide air shafts • • • • • • • •
Orient 10lD we spacu to South OT 'ui • • • • • • • • • ~

Providr lJutdoor srmi-prolrchd aTlas • • • • -
Prqvied mlar on'mled rooms • • • -
Provide outdoor sltfping arta.!' • • • • -

PEN/Nes J)ESICN
t, r openings 40 - eo f • • • • r---/ledum Opentn,9S 20 - 40 X • • • • • • • • • r---SmaJJ opmin,9s 10 - 20 X • • • • • • • • • • • •Provifh shadmg for {rug opening, • • • • • r---
Provide l"n$tdating jor glaud opl1ling$ • • • • • • • • r--

OUSINC LAYOUT
Compact layout • • • • • • • • • • • • • • r--lith sptU:l1Ig layouf • • • • • • • • • •lith spocing layout and providt rAatiing • • r--

r--'/3, 1U!arby buildings for wind proteetion • • • r---Ust marby buildingll for shading • • • • • •
NlJSCAPINC
Ost mes sluuling • • • • r---USt vtgitatwn ground COIJIT • • • • • • • • • • • • •Ost Mat reflutivt materiw on nl, • • • r---
Ost wah'r pools on ril, • • • • • • • • • • • • • r---
oSt vegifatwn for wind prottctilm • • • • • • • • r---
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By using the RECOMMENDATIONS TABLE, The specify

recommendations method can be processed through

sequence of steps illustrated as follows:-

Step 1

Transfer BIOCLIMATIC INDICATOR values

biological evaluation process to the first row of

RECOMMENDATIONS TABLE for the both sections.

from

the

Step 2

For every column of the RECOMMENDATIONS TABLE,

enter in all signed cells the value of BIOCLIMATIC

INDICATOR, which is located in the first cell of the

same column.

Step 3

For every row of the RECOMMENDATIONS TABLE. by

adding the values in all signed cells find the DESIGN

INDICATOR value and locate this value in the last cell

of the same row.

Step 4

Compare the DESIGN INDICATOR values of every

climatic design recommendation with each other, and

sort these recommendations descending according to its

DESIGN INDICATOR value.
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An application of the above process by using the

climatic data of cairo are shown in table (5-5).

The final result of the specify recommendations

method is a sorted list of climatic design

recommendations. This list refers to the importance

of appropriate climatic design recommendations for a

given climatic conditions.
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TABLE 5-5
Climatic design recommendu.tions table for Cairo tocation

Tlu meried Ruommenarrho11S related to lJjor.limalic Zonrs The needed IJmmmenaations related to Rioelimalic Zone! ---;;;-
CLlMArJC f)ES1CR I?ECONAll'NIMTJOJ/S For tlr.e riau h'me i'b . lIle nfqht hme ~,

1 213 _Is 6' I 71 8 • fO fflfl'lt.9lul/5 r I ,2 I !1 I 4 I 5 1(; I 7 I 8 I 9 I fO I ! f I121 I.? I 1-1 15
~t:j
<;;"

urLIJfNC FORM I I I I 131311211131111 1 1 1 1 1 1 1 1 I 112 I I ~~
Compact form • • 3 3 • • • • • • • • iCompact courfyard. form • 3 • 2 1 • • • • • • • • •
flollgated form • :3 •U!Je pilched or C1J.rved roof~ • • 3 • -l- I-- =;=Use earth slteltring • 3 • • • •

~UlL.DIlVC ORIENTATION
lo'llg a.ro £a.~{ ~e.~t • .1 • • • • • •

~
lrJng a.m North South • :3 •
long a.ro North-Errs! Soufh-Iest • 3 :3 • • • • • • •
lorrg {IriS Norill-~p.st South-Ea.ft • • ,3 •

'UIL.DINC ENVELOP
Y.ft high lhermnl capacity fflalmaLJ • • .1 • • • • • tf-(Ju dOllblt tlrment8 • • 3 :3 • • • • • • 12 • •
u're heavy maferia& with long firM lag • • 3 • • • • •
Uu rejlutitJity mafr.rial" on sur/rlCe,f • • :3 • • • -;;-
Oft high well i1lS1/./afed materials • • • :3 • • • --: <--
U!!t plants nul fo building envelop • • • 3 :3 • • • • • • • • 12 • • • --i ;,-

rOUSE PLAN
Open plan • • • • • • • •

IProvide air shafts • :3 • • • • • 12
Orienl low we spaUJ to SOllth or 'e.t( • • • :3 :3 • • • •Provide outdoor stmi-protetled anflS • 3 • •Provud solar oriented rooms • :3 • =;:Prov£de outdoor sleep~"ng areas :3 • • •

'PENINCS DESICN
ltnyp. 0pf:m"n.9.t ~O - 80 :l :3 • • • ~
Nufum openings 10 '0 X • • 2

1 • • • • •Small opening., 10' - 20 7. • • :3 :3 • • • • • • • • -; ~
hovide shading jor targ opening.t :3 :3 • • • -

Promde tTl.mfating jor glared openings • • :3 • • • • -' r-
rOUS/N(; LAYOUT

Compar! layout • • • 3 13
• 2 • • • • • • =tIfide sparl"n.9 layollt • :3 • • • • • • • •

Ifidl! spacing [ayolL! and provid, shariing • • -
Use nearby bllitdings for wind profection • • • Tlise nearby buildings fOT shading • • 3 • • •

ANOSCAP.lNC
{}se !reM .f/ulding • 3 • •
Use lIegitation ground rover • • • :3 :3 • 2 • • • • • • - r-Uu heat reflutille mafprials on sit, • :3 •
USf! water pools on .on"!e • • • :3 :3 • 2 • • • • • • - ~
Ose vegiiafi.tm for !/J1"nd protection • • • 3

3 • • •
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5.8- OUTPUT RESULTS FUNCTION

THE final stage of any program is to get the

process results. So, the last function of the climatic

design program is to output the sorted list of climatic

design recommendations. Some other informations may be

added to these recommendations.

In our purpose the proposed program has many ways

to output the proqram results. The designer can get

the sorted list of climatic design recommendations in

three ways, they are:-

First

Display results on the computer screen, which mean

display a list of sorted recommendations on computer

screen up to the user choice.

Second

Save results in a file, which mean write the

results on a file. This file could be considered as a

document used out of the program.
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the output

shown in

PROGRAMM~.G THK CLIMATIC D~SIG. 0' HOUS~ (CO_DUeer .DDIIC.&IOnl

Third

Get a hard copy on a printer, which mean print the

climatic data and a list of sorted recommendations on a

paper document.

The program function which execute

results process is simplified in flow chart

figure (5-9).

Table (5-6) shows the sorted list of climatic

design recommendations which produced by the program

application for the climatic data of cairo.
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DISP.lAY_BECOJlJlENDATlONS()

BUILOINGJORN();

.lANDSCtPINC();

HOUSINC.J.,IYOUT();

HOUSE-PUN{j;

BUILOINC_OJUENTATION()

Yes

Yes

Yes

No

Is ~-lYi!:!e,:!s-1~~~~~~~~~=}Clume=3?,. BUlLOINCJNVElOP();

Is ,,>-lYi!:!e,:!s-1~~~~~~~~~=}Choiee=5P,. OPENINGS_DESIGN();

FI(]_ 5- 9
Flow chart oj display recommendations junction
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5.9- SUMMARY

THE previous analysis of climatic data, biological

evaluation and the climatic design applications are the

needed" informations for the climatic design of house

process. The purpose of the present chapter is to

create a ~omputer program based on the previous

analysis to execute the pattern of climatic design of

house process.

The general concept of the proposed program starts

with the input climatic data and terminates with an

output of a specified list of climatic design

recommendations. The program processed through the

sequence of stages, which are defined in the study

concept section. These stages are: input stage,

evaluation stage, resolving stage and output stage.

Some computer-based mathematical techniques can be

used to perform the program process. One of the most

computer programming languages is the C. language which

used to create the proposed climatic design of house

program.
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CONCLUSION AND FUTURE WORK

6.1- CONCLUSION

6.2- FUTURE WORK
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6.1.- CC>NCLUSION

THE traditional climatic design of house procedure

is a multi-step design process. With the aiding of

biological evaluation results, a range of appropriate

climatic design recommendations for a given climatic

conditions can be specified.

Before design decision, the designer should get a

good understanding of the local climatic conditions and

the occupancy pattern of the building. The residential

building is occupied during all time of the day while

most of the other buildings are occupied during shorter

time period of the day. For this reason, the designer

must adapt his design decision according to occupancy

pattern. Hence, before designing of a house building

can be started, a programming pattern is needed.

Architectural programming has become a given

prerequisite to the climatic design of house process.

The architect can, however, be aware of the fundamental

objectives and techniques of programming and apply them

appropriately to climatic design of house.
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The main intent of programming the climatic design

of house is identify the key problems to be solved In

house design process. Proorammino is therefore a type

of management information system that seeks to

translate a given conditions into climatic design

recommendations.

The range of types of analysis which might be

carried out at the feasibility study and programming

stage of housing design are virtually unlimited.

TraditionallY, feasibility analysis techniques for

building design has relied primarily upon experience

and informed professional judgment.

Today, there are very powerfUl computed-based

mathematical techniques are available to assist such as

curve fitting technique, which used in the Evaluation

function, and feasibility analysis technique,which used

in the specify recommendations function of the proposed

program. So, the point made in this thesis is that the

computer-dided architectural design has an important

role in the process of climatic design of house.

It is hoped that the proposed study will open a

new insights into relationship of local climatic

environment to housing design, and will contribute to

architect by a simple climatic design program in order

to achieve the goal of human comfort.
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The conclusion of the proposed dissertation can be

described as a proqramming pattern of the climatic

design of house. This pattern is simplified as shown in

figure(6l and it can illustrated step by step as

follow:-

STEP 1:

Plot on the BIOCLIMATIC CHART the points which

represent the given climatic data.

STEP 2:

Define the values of BIOCLIMATIC INDICATOR (the

number of the points that located in every zone of the

Bioclimatic Chart Zones).

STEP 3:

Locate the values of BIOCLIMATIC INDICATOR at the

first row of the RECOMMENDATIONS TABLE.

STEP 4:

Locate the values of BIOCLIMATIC INDICATOR in all

the signed celis at the same vertical column of the

RECOMMENDATIONS TABLE.

STEP 5:

Define the values of DESIGN INDICATOR for every
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recommendation (the summation of

BIOCLIMATIC INDICATOR in all signed

horizontal row of that recommendation.

the values

cells at

of

the

STEP 6,

Produce a set of CLIMATIC DESIGN RECOMMENDATIONS

sorted according to its DESIGN INDICATOR values. The

produced set is grouped under seven heading (Building

Form, Building Orientation, Building Envelop, House

Plan, Openings Design, Housing Layout, Landscaping).

The produced CLIMATIC DESIGN RECOMMENDATIONS can

be used to help the designer to make his decision

during the sketch plan stage of housing design.

The proposed .program is built upon the concluded

programming pattern of the climatic design of house.

The following appendixes contains the complete package

of the proposed climatic design of house program, and

some application examples.

212



FIG. 6
fhr pro.9rfltmttin.9 pal/ern oj the rli1llaht· d(:s(~tt oj hOIl/I{:

tllJlAT/(" DATA AI'P EY..f!.l'ATlON pp.Of,£s:r SP[r/FI' ClIJl.mC OE.We" RICOJlKlliOATlOliS PROCESS
Ol/rPUT ICE.Wl rs
A Sff Of ClIlt/ATle DES/e/f'
RieOJlJli#IJ:fTIONS

71/£ Cll.tlATlr DATA

1f0"S/"'C UYOU1'

H60S'E PL4JV

DlIILDI/'o'C SNI'ELOP

OP/jWI",r..s DE.I"/(;'"

DlJlI.bI.....C ORIS,V'''rFON

DflILDI....·C rOR,'"

I~

•

• •• •

• •

•

•

•

•

• •

•• •

••

•• • •

•

•

•

• ••

•

•

_1/1,b~fU ,.,.,.1." ,w:..-.... 1__

f ... ". "'"1M,...
""J'" '.III1/J/"S

• ••

• •

•

• •

•

•

••

•

•

• •

•

• ••

•

•

•

· "

• •••

••

• ••

•

••

• ••

• •

•

•

•

• ••

• ••

•

• • •

••

•

••

•

•

•

• •

• •

• •

•

• •

• ••

• • •

• •

II'" _••4 X., ,""',1,. '-.·...Iv 1_
r•• .,,...

, , .J , J , • , , " /I Il ,.1 f4 '.1

...
tJ..... "'~r_·_
(I.. /'ul •• rlti-o ...'.,..,......I.

6.. .,...". • .......
1m "I".tu<o; _~ ,..,,,~...

1/,,,,,,,,,,,,,tl_,'1
JI><.u .,.~•..,. /I • " I

"',."". 'M~ I.. .'
",.",.t.......1..10'" / •• II.",' .,.~,~,.

,~......., I. I

,~. j." • ...t """'
If,. ,~ _..,. ,....... .,"~."

tJ", 1)0 ....u..,' ft' ",.~"'

~

h.....,••" •
InmJ Jno.... .... If t...1Io .. ' ..1
",.tNJ• ...,., ......- ,""" ......
1't"';'''~, ..(n,I.,,_
",..Nt< .~"'... ,/>.,...., ."'.,

IJJVDSCfP/NC

/lOUS/Ne LArDln"

OPENINCS DJlS/f;N

KCUsS PLAN

-,..,
If•• _" .......4
~IO _U 1'/.itlo-,

DUIL.DINe ORI6/t1rATIO,Y

Of/fLO/lilt; £Jl/YFlOP

O~u'IUNC FOlt.v
, -

I I I

o ...., -,-",--l"'-3"',-'-,0=-','"'0-'-,0::"-,'"'0--':80,....-"""0""',,,
1/,1"1,,,. /;"m"f,!y 'I:

s
'"'--1-+-11-+-1-+11+----1-1-1

_ ....., (Jo.f '-1 ' • 'I J , 1 , , " " II '" " fJ

l1<'/I:O,UI·""".



Chap~er G - OONOLUSION AND FUTURE WORK

6 • 1- FUTURE WC>R!<

THE possibilities to development the proposed

climatic design of house program are virtually

limitless. These possibilities might be used to produce

more detailed climatic design recommendations.

As future work the climatic design applications,

which outlined in chapter four, can be presented in

details related to more detailed existing conditions in

order to provide more specified design recommendations.

a wide variety of computer-aided architectural design

techniques can be used to execute detailing analysis of

the climatic design applications.

The proposed climatic design program is able to

add any addition functions which execute some detailed

climatic design processes. Each recommendations group

(building form, bUilding orientation, building envelop,

house plan, opening design, housing layout, and

landscaping) can be analyzed in extension program

functions or in sub-program of the proposed program.



APPENDIX A

THE CClMPLETE PA.CKAGE OF THE

CLIMATIC DESIGN OF HOUSE PROGRAM

A.l- THE MAIN SOURCE FILE WRITTEN BY

THE C. PROGRAMMING LANGUAGE.

A.2- THE RECOMMENDATIONS TABLE FILES

A.2.1- Recommen.D file

A.2.2- Recommen.N file
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APPENDIX A

A-l- THE MAIN SOURCE FILE WRITTEN BY

THE C. PROGRAMMING LANGUAGE.

IN order to create the climatic design of house

program by using the C. programming language the

sequence of instructions, which execute the desired

process, should be written in a file. There are many

compilers which can be used to translate that file into

a machine code which will executed by the computer

machine.

The present program will compiled by "C++"

compiler. Some existing file of that compiler will be

used through the compiling process. These files are

includede in the main source file which named "CDH.C"

and presented in the following pages.
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CDH.C file

#include <dos.h>
#include <math.h>
#include <conio.h>·
#include <stdio.h>
#include <fcntl.h>
#include <graphics.h)
#include <stdarg.h)

#define TRUE 1
#define FALSE 0
#define UPKEY 72
#define L'G/NKEY 80
#def ine ENTER 13

FILE *RecDay_file;
FILE *RecN_file;
FILE *Dat~file;

FILE *Result_file;
FILE *save_Data_File;

float X,Y,x,Y;
float X1,X2,X3,X4,X5;
float Pl,P2,P3,P4,P5,P6,P7;
float Datal6]l120];
char filenamell2];
unsic;med char * (Rec_Table[l] [37]) [40];

int Recam_D[19) [37);
int RecamLN[19) [37);
int Total (37) ;
int data=O;
int display=O;
int Choice;
int ch,col,rC1N;

static char *item[5)=
{
" INPlJ! DATA "
.. DISPLAY EVALllATlOO ..
.. DISPLAY RFXnotlENDATlOOS ..
" OOTPUT RESULTS ..
II EXIT II

} ;
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static char ~input[51=
{
" ENTERING DATA
"~~ FILE
" DISPLAY CURRENT DA:rA
" SAVE CURRENT DATA
" REl'URN TO MAIN MENU
} ;

"
"
"
"
"

"

"

"

"

"

"

,
" ,

"

static char *recam[81=
{
" BUILDING F'OBM
" BUILDING ORIENl'ATIOO
" BUILDING ENVELOP
" HOUSE PIJIN
" OPENING DESIGN
" HOUSING LAYaJT
" lJ\NDSCAPING
" REl'URN TO MAIN MENU
1;

void Swrite (int col, int row, int color, int boolor,\
va_list ar~list, ... );

void Write (int col, int row, int color, int boolor,\
int width, va_list ar~list, ... );

rrain() /* The rrain function of the program */
{
CLEAR_SCREEN ( ) ;
STARr( ) ;
Write(l,l,14,4,80,\
"PROGR1\IoIoUNG THE CLIMl\1'IC DESIGN OF HOUSE Ph.D. Program \
M.A.EISSA 1991");

WriteO,2S,14,l. 79, "current file: Data(ITOnths) :");
Window(I,4,27,10,11,1);
cputs (" MAIN MENU") ;
Choice=1 ;
whi le(TRUE)

{
MENU(item-l,S,Choice);
switch(getch() )

{
case UPKEY:

if(Choice>=l) --Choice;
if(Choice(l) Choice=S;
break;

case IlCMNKEY:
if (Choice<=S) +tChoice;
if(Choice>S) Choice=l;
break;

case ENTER:
ACl'IOO(Choice) ;
CLE'.AR..-SCREEN( ) ;
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Window(1,4,27,10,1,1);
Choice=l;
break;

}
}

}

ACIION(int Choice)
{
swi tch (Choice)

{
case 1:

INPUT_DATA( ) ;
break;

case 2:
DISPIAY_EVALUl\TION() ;
MENU(item-1,5,Choice);
Write(1,1,14,4,80," PROGRAMMING THE CLIMATIC DESIGN OF
HaJSE Ph.D. Program M.A.EISSA 1991");
Wri tel 1,25, 14,1, 79, "CUrrent file: Data(lTOnths) :") ;
Window(1,4,27,10,11,1);
break;

case 3:
if (Data [1] [l] --NULL) N::LDATA( ) ;
else

{
DISPIAY_RED::MlE2IDATIONS ( ) ;
}

break;
case 4:

SA~TS();

break;
case 5:

clr();
_setcursortype(JK)RMALCURSOR) ;
exit();

}
}

INPUT_DATA() /1< Input data function 1</
{
Choice=1 ;
CLEl\lLSCRFDl( ) ;
Window(1,4,27,10,1,2);
cputs (" INPl1I DATA MENU") ;
while (TRUEl

{
MENU(input-1,5,Choice);
swi tch(getch() )

{
case UPKEY:

If(ChOIce>=I) --ChOIce:
if (Choice<1) Choice=5;
break;
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case~,
if(Choice<~S) ++Choice:
if(Choice>SJ Choicea1;
break:

case ENTER'
if (Choice==5J return;
else ACTION_INPUT(ChoiceJ;
break;

}
}

}

ACTION_INPUT (int Choice)
{
switch(ChoiceJ

(
case 1,

ENTER_DATA() ;
SPECIFY_ZONES ( ) ;
SPECIFY_REXXM1ENDAl'IONS_DAY() ;
SPECIFY_RECCMMENDATIONS_NIGHT() ;
CLEAILSCREEN( ) ;
Window(1,4,27,lO,l,2);
cputs(" INPUf DATA MENU");
break;

case 2:
RFAD_DATA_FILE() ;
SPECIFY_ZONES ( ) ;
SPECIFY_REXXM1ENDAl'IONS_DAY();
SPECIFY_REXXH4ENDATIONS_NIGHT() :
break;

case 3:
if(Data[l) (1)==NULL) NO_DATA();
else

{
DISPLAY_DATA( ) ;
getch() ;
}

CLEAR_SCREEN ( ) ;
Window(l,4,27,10,1,2);
cputs (" INPUT DATA MENU" ) ;
break;

case 4,
SAVE_DATA() ;
CLEAR_SCREEN ( ) ;
Window(1,4,27,10,1,2);
cputs (" INPUT DATA MENU" ) ;
break;
break;

}
}

APPENDIX. A
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~ISPIAY_KVALUl\I'Ie.tl() /* Display graphical eval1uation */

if(Data[ll[ll==NULL) NO~();
else

{
display-I;
CLEAR RESULTS ( ) ;
BIOCLlMA:rIC_CHART() ;
SPECIFCCH1lRT_ZONES ( ) ;
SPEx::IFY RE:CCt+IENDAl'IONS DAY( ) ;
SPEx::IFY=REa:t+1ENDATIONS=NIGIT() ;
getch() ;
c I osegraph ( ) ;
J

J

DISPIAY_RElXHoIENDATIONS() /* Display sorted list of climatic
desiQll recanrendations */

{
Choice=l;
CLEAR_SCREEN( ) ;
Window(1,4,27,13,1,13);
cputs ( .. REXXMMENDATIONS MENU") ;
while (TRUE)

{
MENU(recom-l,8,Choice);
swi tch (getch ( ) )

{
case UPKEY:

if{Choice)=l) --Choice;
if{Choice<ll Choice=8;
break;

case IlCMNKEY:
if(Choice<=8) ++Choice;
if (Choice)8) Choice=l;
break;

case ENTER:
if (Choice==8) return;
else

{
CLEAR SCREEN( ) ;
WindoW{l,8,80,21,l4,4);
ACrION RID:M(Choice);) -

break;

J
J

araIlh( )
{
int araphdriver=DE:1'Ex::T;
int araphrrode;
initgraph(&graphdriver,&/Jraphrrode, .... );
J
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STl\Rl'1 )
(
int x,MaxX,MaxY;
graph{) ;

MaxX ~ l;letJTaxx ( ) ;
MaxY ~ getnaxy{);

settextstylell,O,6);
setcolor(l4) ;
linelO,MaxY/4+Z,HaxX,MaxY/4+Z);
setcolor(3);
for{x~O;x<8;x++)

(
outtextXY(MaxX!2. 6+x,MaxY/4+x, "C D H");
line(O,MaxY/Z.7+4*x,MaxX,MaxY/2.7+4*x);
)

setlinestyle(O,1,3);
line(O,MaxY/Z.7+4*x,HaxX,MaxY/Z.7+4*x);
line(O,MaxY/l.65,HaxX,MaxY/l.65);
setcolor( 14);
for(x~O;x<5;x++)

(
outtextxy(MaxX/2 .6-x,MaxY/4-x, "C D H");
}

settextstyle(O,O,l);
outtextxy(MaxX!5.5,MaxY/l.8,\

"PROORAMMING THE CLIMATIC DESIGN OF HOOSE") ;
outtextxylHaxX/Z.4,MaxY/1.6,"EISSA - 1991");
setcolor (15) ;
outtextxy(MaxX!3 ,MaxY/l. L "PRESS PiNY KEY TO OONTINUE") ;
Sound(2,2);
getch{) ;
closegraph( ) ;
)

BIOCLIMATIC_CHART{) /* Draw bioclirre.tic chart on screen*/
{
graph ( );
for(X~O;X<lOl;X~X+.5)
{
CURVE_muATICNS ( ) ;
Y~Xl; putpixel(4*X+200,3*(SO-Y),2);
Y~X2; putpixel(4*X+ZOO,3*150-Y),3);
Y~X3; putpixel{4*X+ZOO,3*150-Y),4);
Y=X4; putpixelI4*X+ZOO,3*150-Y),5);
Y=X5; putpixelI4*X+ZOO,3*ISO-Y) ,6);
if (X=30 II X 65)

(
for(Y~O;Y<50;Y++)

(
putpixel(4*X+200,3*{50-Y),7);
)

}
if(X}30 && X<65

{
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for(Y=O;Y<SO;Y=Y+.S)
(
if(Y<X4 && Y>X5) putpixel(4*X+200,3*(50-Y),15};
}

}
}
lIDVeto (200 , 0) ;
lineto (602 , 0) ;
lineto(602,150};
1ineto(200,150};
linato( 200,0) ;
outtaxtxy( 180,0, "50"} ;
outtextxy(l80,28, "40"};
outtextxy(180,57,"30"};
outtextxy(l80,86, "20"};
outtextxy(l80,115,"10") ,
outtextxy(l80, 144," O"};
outtextxy(200, 155, "0 10 20 30 40 50 60 70 80 90 100");
outtextxy(320, 165, "Relative Humidity %"l;
setco1or<l4) ;
out textxy (200,180, "OIJ:NAY I S BIOCLIMATIC CHART" ) ;
outtextxy(230,20, "2 1 6 12");
outtextxy(230,52,"3 8 7 "};
outtextxy(230,63, " 9 13 "};
outtextxy(230,68,"4");
outtextxy(230,73," 10 14 "};
outtextxy(230, 93,"5 11 15 "};
setco1or<l5l;
settextstyle(2,1,O};
outtextxy(160,15,"Air Temperature DegC."} ,
}

aJRVE_EWATlOOS ( )
(
Xl = 1.14219114E-6 * pow(X,4l - 2.88189588E-4 * pow(X,3) +

2.62715617E-2 * pow(X,2l - 1.2378360528 * X + 54.8524475524;
X2 = 7.42716517E-7 * pow(X,4) - 1.51824009E-4 * pow(X,3) +

8.03143939E-3 * pow(X,2} - 1.0369988E-1 * X + 33.7327272727;
X3 = 5.87995337E-7 * pow(X,4) - 1.15365190E-4 * pow(X,3) +

5.36217948E-3 * pow(X,2l - 6.80439005E-2 * X + 29.5093706293;
X4 = 5.5448717948E-7 * pow(X,4) - 1.02647630E-4 * pow(X,3) +

4.87462121E-3 * pow(X,2) - 6.61058663E-2 * X + 26.5651048951,
X5 = 1.0780885780E-7 * pow(X,4) - 2.1561771561E-5 * pow(X,3} +

1.02418414E-3 * pow(X,2) - 1.31095571E-2 * X + 23.3429370629;
}

EVALlIATI(~U~Y( )
{

CURIlE...-EWATlOOS ( ) ;
Pl=X1-Y;
P2=X2-Y;
P3=X3-Y;
P4-X4-Y;
PS-XS-Y;
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if(X<~30 && Pl<~O)

if(X<~30 && P2<~0 && Pl>O)
If(X<~30 && P2>~0 && P3(0)
if(X<=30 && P3>=0 && P5<0)
if(X<=30 && P5>=0)
if(X>30 && X<65 && P2<O && Pl<O)
if (X>30&&X<65&&Pl<0&&PZ>=0&&P7>=0l
if(X>30&&X<65&&Pl>=0&&P3<0&&PZ>~0)

if(X>30 && X<65 && P3>=0 && P4(0)
if(X>30 && X<65 && P4>=0 && P5<0)
if(X>30 && X<65 && P5>=0)
if(X>=65 && PZ<O)
if(X>=65 && P2>=0 && Pl<O)
if(X>=65 && Pl>=O && P5(0)
if(X>=65 && Pl>=O && P5>=0)
}

EVALU1ITICtLNIGlT( )
{
CURVE_EWATICNS ( ) :
Pl=Xl-Y:
P2=X2-Y:
P3=X3-Y:
P4=X4-Y:
P5=X5-Y:
if(X<=30 && Pl<=O)
if(X<=30 && PZ<=O && Pl>O)
if(X<=30 && PZ>=O && P3<0)
if(X<=30 && P3>=0 && P5<0)
if(X<=30 && P5>=0)
if(X>30 && X<65 && P2<0 && Pl<O)
if (X>30&&X<65&&Pl<0&&P2>=0&&P7>=0l
if(X>30&&X<65&&Pl>=0&&P3<0&&P2>=0)
if(X>30 && X<65 && P3>=0 && P4(0)
if(X>30 && X<65 && P4>=0 && P5<0)
if(X>30 && X<65 && P5>=0)
if(X>=65 && P2<0)
if(X>=65 && P2>=0 && Pl<O)
if(X>=65 && Pl>=O && P5<0)
if(X>=65 && Pl>=O && P5>=0)
}

GRAPILEVALU1ITIClUllI.Y( )
{
CURVE_EWATICNS ( ) :
Pl=Xl-Y;
P2=X2-Y;
P3=X3-Y;
P4=X4-Y;
P5=X5-Y;
if(X<=30 && Pl<=O)
if(X<=30 && P2<=0 && Pl>Ol
if(X<=30 && P2>=0 && P3<0)
if(X<=30 && P3>=0 && P5<OJ

AI'I'l!NDIJC A

{ReoamLD[l} [0)++: }
(Recan D[2) [0] ++ 1 }
{ReoamLD[3] [0]++; }
(RecamLD[4) [0]++: }
(RecamLD[S) [0)++; }
{Recam_D[6] [0]++: }
{RecalLD[7] (0]++: )
{Recam_D[8] [0]++; }
{Recan_D[9] [0]++; }
{Recan_D[lO] [O]++;}
{RecamLD[ll] [O)++;}
(Recam-D[lZ) [O]++;}
{ReoamLD[13] [O]++;}
{Recan_D[14] [O]++;}
{RecamLD[15] [O]++;}

{Recan_N[l] [0]++; }
{RecamLN[Z] [0] ++: }
{Recam_N[3] [0]++; }
{ReoamLN[4] [0]++; }
{ReoamLN[5] [0]++; }
{Recan_N[6] [0]++; }
{RecalLN[7] [0]++; }
{RecamLN[8] [0]++; }
{Recam_N[9] [0]++; }
{RecalLN[lO] [O]++;}
{Recam_N[ll] [O]++;}
{ReoamLN[12] [O]++;}
{ReoamLN[13) [O]++;}
{Recan_N[14] [O]++;}
{Recam_N[15) [O]++;}

(RecamLD[l] [0]++; setcolor(l):}
(Recan_D[Z] [0]++; setcolor(Z);}
{RecanJ)[3] [0]++; setcolor(3);}
{Recan_D[4] [0]++; setcolor(4);}
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setcolor (7 I ;]
setcolor( 8I;]
setcolor(9);}

setoolorOO) ;}
setcolor (11) ; }
setoolor02} ;]
setcolor03}; }
setcolor( 14 I;}
setcolorOSI ;]

if(X>30 && X<65 && P5>=0}
if(x>=65 && P2<0}
if(X)=65 && P2)=0 && Pl<O}
if(X>=65 && Pl)=O && P5<01
if(X>=6S && Pl>=O && PS>=OI
if (display==l)

circle(4*X+200,3*(SO-YI,11;

if(X<-30 && PS>-O} (RecamLD[S] [0]++; setoolor(S);]
if(X>30 && X<65 && P2<0 && Pl<OI {RecomLD[6] [0]++; setcolor(6};}
if(X>30 && X<65 && Pl<O && P2>=0 && P7>=0}

{Recam_D[7] [0]++;
if (X>30&&X<65&&Pl>=0&&P3<0&&P2>=0) {ReoamLD[8][0]++;
if(X)30 && X<65 && P3)=0 && P4<0} (Recam_D[9] [0]++;
if(X>30 && X<65 && P4>=0 && P5<01

{RecomLD[lO] [0]++;
{ReoamLD[ll] [0]++;
{Recam_D[12] [0]++;
{ReoamLD[13] [0]++;
{Recam_D[14] [0]++;
{ReoamLD[iS] [0]++;

]

setcolor(BI; }

setcolor(9);}

setcolor(lO) ;}
setcolor (11 I ; )
setcolor(121;}
setcolor031; }
setcolor( l4} ;]
setcolor( IS};]

setcolor(ll;}
setcolor(21;}
setcolor(3}; }
setcolor(41;}
setcolor(SI ;]

setcolor(61; }

setcolor(7l; }

if(X>30 && X<6S && PS>=O)
if(X>=6S && P2<01
if(X>=6S && P2)=0 && Pl<OI
if(X)=65 && Pl)=O && P5<0}
if(X)=65 && Pl)=O && PS)=OI
if (display==ll

circle(4*X+200,3*(SO-Y},1);

GRAPlLEVALUATICXCNIGlT( I
{

CURVE_mJATlOOS ( ) ;
Pl=Xl-Y;
P2=X2-Y;
P3=X3-Y;
P4=X4-Y;
P5=X5-Y;
if(X<=30 && Pl<=O} {Recam_N[l] [0]++;
if(X<=30 && P2<=0 && Pl)OI {Recam_N[2] [0]++;
if(X<=30 && P2>=0 && P3<0) {Recam_N[3] [0]++;
if(X<=30 && P3>=0 && PS<OI {ReDamLN[4] [0]++;
if (X<=30 && PS>=O) (Recam_N[S] [0] ++;
if(X>30 && X<6S && P2<0 && Pl<OI

{Recam_N[6] [0] ++;
if(X>30 && X<6S && Pl<O && P2>=0 && P7)=01

{Recarn_N[7] [0]++;
if(X)30 && X<6S && Pl>=O && P3<0 && P2)=0}

{Recam_N[B] [0]++;
if(X>30 && X<65 && P3>=0 && P4<01

{Recam_N[9] [0]++;
if(X)30 && X<65 && P4>=0 && P5<01

{ReoamjN[lO] [0]++;
{ReoamLN[ll] [0]++;
{Recam N[12] [0]++;
{Recarn=N[13] [0]++;
{Recam N[14] [0]++;
{Recam=N[15] [0]++;

]

SPID:IFY_OlART_ZOOES( )
{
for(row=l;row<data-l;row++1

{
X=Data[3] [row];
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Y-Data[l) [rCM);
GRAPfLE\lALUATIOItJ){) ;
V-Data [2) [rCM) ;
GRAPILE.VALUATlctCN() ;
)

J

SPEX::IFY ZOOES ( )
{ -
for (row=l; rCM<data-l; row++)

{
X=Data[3) [row);
Y=Data [l) [row) ;
EVALUATIOtCD() ;
Y=Data(2) [rCM);
EVALUATICtCN{) ;
J

}

SPEX::IFY~ICRUlAY( )
{
if( (RecDaLfile=fopen( uRecanren.Du, UrU) )==0)

{
printf(UFile not found\nU);
getch{) ;
J

else
{
for(row=l;row<37;row++)

{
fgets (&Rec_Table (0) [row),43,RecDay_file);
for(col=l;col<l6;col++)

{
fscanf(RecDay_file, uUdu,&Recan_D[col] [row);
}

fscanf(RecDay_file, U\nU);
}

J
fclose(RecDay_file) ;
for(col=l;col<l6;col++)

{
for(row=l;row<37;row++)

{
if (Recan_D [coIl [row) ==1)

{
Recan_D[coll [row]=Recan_D[coll [0];
Total [row) =Total [rowl+Recan_D[coll [row];
}

J
}

}
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SP~IF'i Rro:t+lmm1\TIOOS NIlHI' ( )
(- -
if (IRedLfile-fopen( "Recanren.N". "r") )--0)

{
printf ("Fi Ie not found\n");
getch( ) ;
}

else
{
for(row=l;row<37;row++)

{
fgets (&Rec_Table [0] [row).43.RecN_file);
for(ool;1;ool<16;ool++)

{
fscanf (RecN_fi Ie. "%ld" .&Recan_N[col) [row);
}

fscanf (RecN_fi Ie. "\n" J ;
)

}
fclose(RecN_file);
for(col;1;col<16;col++)

I
for(row=l;row<37;row++)

{
if (Recam-N[ool] [row]==l)

{
Recan_N[col] [row]=Recan_N[ool] [0];
Total [row] =Total [rowl+Recan_N[ool) [row);
}

}
}

}

CLFJIlLINPlTI ()
{
for(row=O;row<=120;row++)

{
for(ool=0;ool<6;ool++J

I Data [coil [row) =NULL; }
}

}

CLEl\R_RmJLTS ( J
{
for(row=O;row<=37;rOW++J

{
forlcol;Oicol<18;col++J

{ Recan_D[col] [row);NULLi }
}

}

228



FC!lH( )
(
Sort(l,S) ;
cput s ("BUILDING FORM REDlvlMENDATIONS
Display(l,S) ;
}

REL1ITIVE IMPORTANCE");

ORImTATIOO ( )
(
Sort(6,9);
cputs ("BUILDING ORIENl'ITION ~IOOS RELATIVE IMPORTANCE");
Display(6, 9);
}

BUILDING_mvEWP ( )
(
Sort<lO,1S) ;
cputs ("BUILDING ENVELOP REXXMlElID1\TIOOS
Display<lO, 15);
)

HXJSE_PLAN( )
{
Sort <l6,21l ;
cputs ("HOOSE PLAN RECX:MoIENDATIOOS
Display( 16, 21l ;
)

OPFmNGS()
(
Sort(22,26);
cputs( "OPENINGS REXXMlElID1\TIOOS
Display(22,26);
}

HOOSINGJ,AYOOT ( )
{
Sort(27,31);
cputs ("HOOSING IAYOOT RECXM1ENDATIOOS
Display(27,31);
}

u.NDSCAPING( )
{
Sort ( 32, 36) ;
cputs ("IANDSCl\PING RECX:MoIENDATIOOS
Display(32,36);
}

RELATIVE IMPORTANCE");

RELATIVE IMPORTANCE");

RELATIVE IMPORTANCE");

RELATIVE IMPORTANCE");

RELATIVE IMPORTANCE");
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SAVE.Jill3ULTS ( )
{
Write(29,Choice+4,l,ll,SO," n)j

Result_file=~(29,Choice+4,"Enter Results file name: ", 'w');
Write(29,Choice+4,0,0,SO," ");
fprintf(Result_file, "\nCLIMATIC DESIGN OF HOOSE Location: %s\n" , \

filename} ;
fprintf(Result_file,"MJN'niS AIR TEMP. degC. HLMIDITY % RAIN
mnld WIND DIR. \n max. min. \n");
for{row=l;row<data-l;row++)

{
fprintf(ResuICfile,"\n %4d %8.2f %8.2f %7.2f %10.2f %8.0f"
, row, Data[l] [rowl, Data[21 [rowl, Data[31 [rowl,
Data[4] [row], Data[S] [row]};
J

fprintf (Resul t_file, "\n\nBio1ogica1 evaluation resul ts\n") ;
fprintf (Resul Cfile, "Zones 1 2 3 4 S 6 7 8 9 10 11 12 13\

14 lS\n");
for(col=1;col<16;col++)

{
fprintf (Result_fi Ie, "%3d" ,ReCalLD[coll [0] ) ;
}

fprintf(Resu1 t_file, "\n ");
for(col=1;co1<16;col++}

{
fprintf {Result_fi Ie, "%3d" ,ReCaTLN[coll [0]);
}

fputs{ "\n\n BUILDING roRM RECX:lolMEl'IDAICX'lS ",Result_file);
save(l,S} ;
fputs( "\n\n BlJIWING ORIENTITION RE:CX:MMENDATIONS" ,Result_file);
save(6,9);
fputs( "\n\n HOOSE PLAN RECCM1ENDATIONS ",Result_file};
save ( 10, 15);
fputs( "\n\n BlJIWING ENVELOP REXXM1ENDl\TIONS ",Result_file);
save{16,21) ;
fputs ("\n\n OPENINGS RECCM1ENDATIONS ",Result_file);
save{22,26) ;
fputs( "\n\n HOOSING LAYOOT RECCM1ENDATIONS" ,Result_file};
save(27,31};
fputs( "\n\n LANDSCAPING RECCMMENDI\1'IONS ",Result_file);
save(32,36};
fclose{Resu1t_file);
J

ACTICX'l_REXXM{ int Choice)
{
swi tch (Choice)

{
case 1:

Form() ;
break;

case 2:
orientition{) :
break;

case 3:
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Buildin~Rnvelopl);

break;
case 4,

House_Planl) ;
break;

case 5,
Openings l ) ;
break;

case 6:
Housin<LLayout ( ) ;
break;

case 7:
Landscapina();
break;

}
}

MENUlchar *arr[], int size, int Choice)
{
int j;
_setcursortypel_NOCURSOR);
if(data!=O)

(
Write(14,25,L1L10," %s ",fllenarre);
Write{38,25,L1LIO," %d ",data-2) ;
J

windowl2,4,26,5+size);
cputsl "\n\r" J;
forlj=1;j<=size;j++)

[
TB(l, 11) ;
if{j==Choice) TB(14,4);
cputs(*(arr+j»;
}

J

READ~FILEl )
[
Write (29, Choice+4 ,L 1L 50," ");
Data_file=Fepen(29,Choice+4, "Enter data file name: ", 'r');
Write (29 ,Choice+4, 0 ,0,50," ") ;
CLEAR_INPUT ( ) ;
CLEAR_RESULTS ( ) ;
data=l;
Iotlile( !feof(Data_file»

{
fscanf lData_file,"U U U U U",& Data [l] [datal ,&\

Data[2J [datal, &DataDl [datal ,&Data[4l [datal ,&Data[5l [datal);
data++;
}

fclose(Data file);
!fldatal=Ol

{
wri tel L 25,14,1,79, "current fi Ie: Data(llDnths) :") ;
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{
write(1,25,14,1,79,"CUXrent file.
Write<l4,25,1,11,10," %s ",filenarna);
Write(38,25, 1. 11. 10," %d ",data-2);
}

}

MU)1\TA( )
{
Write(LChoice+4,14,L15," No data ");
Sound(2,101;
}

Data(m:mths):") ;

DISPLAY_DATA( )
{
int i=14;
CLE1IB..-SCREEN( ) ;
Window(1,3,63,6,1,l5l;
cputs (" Biocl imatic chart evaluation resul ts \n\n\r");
cputs("Zones 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Scor");
for(col=1;col<16;colt+)

{
printf (" %2d ",RecaTI_D[colJ [01 ) ;
}

Window(1,8,63,9,14,4l;
cputs("M:lNTHS AIR TEMP. degC. HUMIDITY % RAIN nrnId WIND DIR.\

\n\r max. min.");
Window(1,10,8,23,4,151;
cputs ("\r\n l-JAN. \r\n 2-FEB. \r\n 3-MAR. \r\n 4-ABR. \r\n 5-MAY\r\n

6-JUNE\r\n 7-JULY\r\n 8-QGU.\r\n 9-SEP.\r\nlO-QKT.\r\nll
t:¥JV.\r\nl2-DEC."l;

Window(9,lO,63,23,l4,l);
for(row=l;row<l3;row++1

{
Write<l0,rowt10,14,L53,"%6.2f %7.2f %10.2f %10.2f %8.0f",\

Data[11[rowl, Data[Zl[rowl, Data[31[rowl,
Data [41 [rowl, Data [51 [rowl ) ;

}
}

Sort(int First, int End)
{
int v,c;
for(c=1;c<End-First+2;c++)

{
v=0;
for(row=First;row<=End;row++)

[
if(Total[rowl>v && RecanJ)[171 [rowl=O) v=TotaHrowl;
}

for(row=First:row<=End:row++)
{
if (Total [rowl== v && Recan_D[171 [rowl==O)
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Rec:a1LD U7l [rowl-c,
J

}
1

Display(int First, int End)
{
int c;
int t=O;
Write(20,23,14,4,40," Press any key to contenue ");
Window(5,lO,80,21,l4,1);
for(row=First;row<=Endtl;row+t)

(
Recam_D[18l[rowl=O;
}

for(c=l;c<=End-Firsttl;c++)
[
for(row=l;row<Endtl;row++)

[
if (Recam_D[17l [rowl==c && Recam_D[18l [rowl==O)

{
ttt;
if(Total[rowl!=O)

printf("\n %2d %s %4d",t,\
Rec_Table[Ol[rowl, Total[rowll;

RecalLD[18l [rowl=l;
}

}
}

getch() ,
CLEAR_SCREEN ( ) i
Window(1,4,27,13,1,13);
cputs (" REXXHIDIDATICNS MENU") ;
}

save(int First, int End)
{
int c;
int t=O;
for(row=Firstirow<=Endtl;row+t)

[
Recam_D[18l [rowl=O;
}

Sort (First ,End) ,
for(c=l;c<=End-Firsttl;c++)

{
for(row=l ;row<Endtl ;row+t)

{
if(Recam D[l7l [rowl==c && Recam D[l8l [rowl==O)

{ - -

t++;
if(Total[rowll=Ol

fprintf (Result_file, "\n %2d %5 %4d", t, \
Rec_Table[Ol[rowl, Total[rowl);
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}
}

fprintf (Resul t_fi Ie, "\n") ;
}

CLEAR_SCREEN ( )
{
window(1,2,BO,24);
TB(7,O);
clrscr();
}

ENTER_DATA( )
{

int x,y;
int i=14;
CLFJIlU,CRm< ( ) ;
_setcursartype (_SOLIDCURSOR) ;
Write(1,8,14,4,80,"M:lNTHS AIR TEMP. degC. HUMIDITY % RAIN nmld\

WIND DIR.");
Write(1,9,14,4,BO," ITaX. min.");
Window(I,10,8,23,4,15);
cputs( "\r\n I-JAN. \r\n 2-FEB. \r\n 3-Ml\R. \r\n 4-ABR. \r\n 5-MAY\r\n\

6-JUNE\r\n 7-JULY\r\n B-QGU.\r\n 9-SEP.\r\nl0-oKT.\r\n\
11-0011. \r\nI2-DEX::.");

data=l;
Window(9,lO,63,23,14,I';
far(row=l;row<13;row++)

{
for(col=l;col<6;col++)

{
x=wherex ( ) ;
y=wherey( ) ;
scanf("%f" ,&Data [col) [row)';
gotoxy(x+10, y) ;
}

gataxy( 1,y+1) ;
data++;
}

}

SAVE_DATA( )
[
save-'lata_File=FOpen(29,Choice+4, "Enter Data file llaIre: ", 'w');
Write(29,Choice+4,O,O,50," ");
for(row=l;row<data-l;row++)

{
fprintf(save_Data...Yile,"\n %8.2f %8.2f %9.2f %12.2f %8.0f",\

Data[11[row), Data[21[rowl, Data[31[rowl,\
Data[4) [rowl, Data[5) [row);

}
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~(int col,int rCM,ehar *Masaqe,ehar at)
{
H(at=='w' II at=='a')

{
dol

if(at~~'w' )
if(at~='a' )

}
if(at~~'r' )

{
dol

SWrite(col ,rCM, 14,1, "%30s" ,Masage) ;
scanf("%s" ,filename);
if(!aeeess(filename,O»

{
SWrite(eol+Z8,rCM,14,O,"Y ");
SWrite(col ,rCM, 15,4,"FILE EXIST Overwrite? ");
Sound(2,4) ;
eh~eteh() ;
}

}while(eh!~'y'&& !aeeess(filename,O»;
fopen(filename, "w");
fopen(filename, "a");

}

SWrite(col,rCM, 14, L "%30s" ,Masaqe) ;
seanf("%s" ,filename);
if(aecess(filename,O»

{
SWrite(eol+Z8,rCM,14,O,"N ");
SWrite(col,rCM, 14,4,"FlLE 001' mJND
Sound(Z,4) ;
eh=geteh ( ) ;
}

}while(eh!~'n' && aeeess(filename,O»;
fopen(filenarne,"r") ;
}

Rtray ");

WindCM(int tcol,int trCM,int bcol,int brCM,int texte,int baeke)
{
texteolor(texte);
textbaekground(baeke) ;
windCM(teol,trCM,bcol,brCM) ;
elrser( ) ;
}

void SWrite(int col,int rCM,int color,int bcolor,\
va_list arlLlist, ... )

[
va_list ar~tr;

Char "format;
char output [8ll ;
int len;
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window(I,I,BO,2S);
=-5tart (argJ)tr, ar'Lli5t);
format - ar'Lli5t;
vsprintf(outpuL formal, ar(LIltr);
TB(color ,beolor);
qotoxy(col, row);
cprintf(output);
J

void write (int col, int row, int color, int bealor,\
int width, ~list ar~list, ... )

(
va_list arQLPtr;
char *fonnat;
char output[BlJ;
int len;
wlndow(I,I,BO,2S);
~start(arQLPtr, ar~list);

format = ar~list;
vsprintf(output, fonnat, arQLPtr);
output [width] - 0;
if «len = strlen(output» < width)
setmem(&Output[len] , width - len, ' ');
TB(color,beolor);
gotoxy(col, row);
cprintf(output);
) /* Write */

clr( )
(
window(1,1,BO,25);
TB(7,O);
clrscr( ) ;
)

TB(int t, int b)
(
textcolor(t);
textbackqround(b) ;
J

SOund(int i,int 0)
(
sound(i*IOOO); delay(i*IOO);
nosound();
delay(o*IOO);
J
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A-2- THE RECOMMENDATIONS TABLE FILES

PREVIOUSLY in chapter 5 the climatic design

recommendations for the day and night time are

simplified in table (5-4). This table should be

translated into a matrix form which can be used be the

proposed program. This matrix will presented in tow

files written by the C. programming language. The first

fi Ie named "Recommen.D" for the day section of the

climatic design recommendations table. The second file

named "Recommen.N" for the night section of the

climatic design recommendations table. These tow files

are presented in the following pages.
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PROGRAMMING 'THE CLIMA1-IC DESIGN OF HOUSE (co_puceI' .DlIlle.clon)

A.2.l- Recommen.D fi Ie.

-Carpact form."'==,---,,-:c=,-----_______ 1 1 0 0 0 1 1 1 0 0 0 1 0 0 0
-Compact courtyard form 0 0 1 0 0 0 1 1 1 1 0 0 1 0 0
-Elongated form 0 0 0 0 1 0 0 0 0 0 1 0 1 1 1
-Use pi tched or curved roofs 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0
-Use earth sheltring 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0

-Long axis East West 0 0 1 0 0 0 1 1 0 0 0 0 1 0 0
-Long axis North South 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1
-Long axis North-east South-west 0 0 1 0 0 1 1 1 0 0 0 0 1 1 0
-Long axis North-west South-east 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1

-Select high thermal capacity materials 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0
-Use double elements 1 1 0 0 1 1 0 0 0 0 1 1 0 0 1
-Use heavy materials with long time lao--- 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0
-Use reflective materials on surfaces 0 0 1 1 0 0 1 1 0 0 0 0 1 1 0
-Use light well insulated materials 0 0 1 1 1 0 0 0 0 0 1 0 1 1 1
-Use plants next to building envelope 1 1 1 0 0 1 1 1 0 0 0 0 0 0 0

-Open plan~~:-::<c;::_---------- 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
-Provide air shafts 0 0 1 0 0 0 1 1 0 0 0 0 1 0 0
-orient low use spaces to south and west 1 1 1 0 0 1 1 1 0 0 0 1 1 1 0
-Provide outdoor semi -protected areas 0 0 1 0 0 0 1 1 0 0 0 0 1 0 0
-Provide solar oriented roans 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1
-Provide outdoor sleeping areas 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0

-Large openings 40-80% 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1
-Medum openings 20-40% 0 0 0 1 0 0 0 1 1 1 0 0 0 1 0
-Small openings 10-20% 1 1 0 0 0 1 1 1 0 0 0 1 0 0 0
-Provide shading for large openings 0 0 0 0 0 1 1 1 0 0 0 1 1 0 0
-Provide insulating at glazed openings 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0

-Carpact layout 1 1 1 0 0 1 1 1 1 0 0 1 0 0 0
-Wide spacing layout 0 0 0 0 1 0 0 0 0 0 1 1 1 1 1
-Wide spacing layout and provide shadin~ 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0
-Use nearby buildings for wind protection_ 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0
-Use nearby buildinas for shading 1 1 0 0 0 1 0 0 0 0 0 1 1 1 0

-Use trees shading 0 0 1 0 0 0 1 I 0 0 0 0 1 0 0
-Use veqitation around cover 1 1 1 0 0 1 1 1 1 0 0 0 0 0 0
-Use heat reflective materials on site 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1
-Use water pools on site 0 1 1 1 0 1 1 1 1 0 0 0 0 0 0
-Use veqitation for wind protection 1 1 0 0 1 1 0 0 0 0 1 0 0 0 0
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A.2.2- Recommen.N file

-compact form 1 1 0 0 0 1 1 1 0 0 0 1 0 0 0
-compactoo~7tY~==d~fo~rm~--------001000llllOOlOO
-Elongated form 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
-Use Ditched or curved roofs 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0
-Use earth sheltrinq 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0

-Long axis East West 0 0 1 0 0 0 1 1 0 0 0 0 1 0 0
-Long axis North SOu7th;---------- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-Long axis North-east South-west 0 0 1 0 0 0 1 1 0 0 0 0 1 0 0
-Long axis North-west South-east 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-Select high thermal capacity materials 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0
-Use double elements 1 1 0 0 1 1 0 0 0 0 1 1 0 0 1
-Use heavY materials with long time la~ 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0
-Use reflective materials on s~faces 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-Use light well insulated materials 0 0 1 1 1 0 1 1 0 0 1 0 1 1 1
-Use plants next to building envelope 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-<:pen plan 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
-Provide a':-ir-s--cha--f.,--ts---------- 0 0 1 0 0 0 1 1 0 0 1 0 0 0 0
-orient low use spaces to south and west 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-Provide outdoor semi-protected =eas 0 0 1 0 0 0 1 1 0 0 0 0 1 0 0
-Provide sol= oriented roans 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-Provide outdoor sleeping =eas 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0

-Large openings 40-80% 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
-Medum openings 20-40% 0 0 0 1 0 0 0 0 1 1 0 0 0 1 0
-small openings 10-20% 1 1 0 0 0 1 1 1 0 0 0 1 0 0 0
-Provide shading for l=ge openings 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-Provide insulating at glazed openings 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0

-Compact layout 1 1 0 0 1 1 0 0 1 0 0 1 0 0 0
-Wide spacing layout 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
-Wide spacing layout and provide shadin~ 0 0 0 0 0 0 1 1 0 0 0 1 1 1 0
-Use nearby buildings for wind protection_ 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
-Use nearby buildings for shading 0 1 1 0 0 0 1 1 0 0 0 0 1 1 0

-Use trees shading 0 0 1 0 0 0 1 1 0 0 0 0 1 0 0
-Use vegitation ground cover 1 1 1 0 0 1 1 1 0 0 0 0 0 0 0
-Use heat reflective materials on site__ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
-Use water pools on site 0 1 1 1 0 0 1 1 1 0 0 0 0 0 0
-Use vegitation for wind protection 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
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PROGRAM APPLICATIONS
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P:RCX3RAM. APPLICATIONS

THE previous studies are concerned with

investigations of the effects of climatic influence on

human comfort and perform a programming pattern of

climatic design of house executed by a computer

program. In the following applications some locations

in Egypt are used for examples to execute the proposed

program applications.

For each application an existing climatic data of

one year are used to execute the program"'. The output

sorted list of climatic design recommendations are

presented. Also a typical design of a house based on

the program results are presented for each location.

(.) Data Source: CLIMATE AND ARCHITECTURE a national evaluation Samir H. Hosni 245



PROGRAMMING THE CLIMATIC DESIGN OF HOUSE (CoaDuter aDDllcatlonJ

PROORAM APPLICATIOO RESULTS

Location: ALEX.

INPIJl' CLIMATIC Dl\XA

AIR TIM!'. degC.
max. min.

HUMIDITY % RAIN nrn/d WIND DIR.

1 18.30 9.30 71.00 48.30 240
2 19.20 9.70 70.00 28.40 330
3 21.00 11.20 67.00 14.00 330
4 23.60 13.50 68.00 2.70 330
5 26.50 16.70 70.00 1.50 330
6 28.20 20.20 72.00 0.00 330
7 29.60 22.70 73.00 0.00 330
8 30.40 22.90 73.00 0.50 330
9 29.40 21. 30 69.00 0.40 330

10 27.70 17.80 68.00 7.90 0
11 24.40 14.80 72.00 32.20 330
12 20.40 11.20 74.00 56.20 240

BIOI.03ICAL EVALUJ\TIOO RESULTS

Zones

Day Indicators
Night Indicators

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

000000000000624
0000000000000210
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CLIMATIC DESIGN RECXl+fENDATIOOS

APPENDIX- B

REIATIVE IMPORTANCE

BUILDING FOllM ~IOOS
1 -Elongated fOIm':-:-:.",--".,..,:::- _
2 -COOpact courtyard fOIm'-- _

24
6

BUILDING OOIENIITICN RECXl+fENDATICNS
I -Long axis North-east SOuth-west 8
2 -Long axis East West 6
3 -Long axis North South 4
4 -Long axis North-west South-east 4

BUILDING ENVELOP ~ICNS
I -Use light well insulated materials 24
2 -Use double elements 14
3 -Use reflective materials on surfaces 8

IUJSE PLAN RECXl+fENDATIOOS
1 -open plan 24
2 -orient low use spaces to south and west_ 8
3 -Provide air shafts 6
4 -Provide outdoor sani protected areas 6
5 -Provide solar oriented roans 4

OPmINGS RECXl+fENDATIOOS
1 -Large openings 40-80% 8
2 -Provide shading for large openings 6
3 -Medum openings 20-40% 4

fDJSING IAYalT ~IOOS
1 -Wide spacing layout 24
2 -Use nearby buildings for shading 10
3 -Wide spacing layout and provide shadina-. 8

Ll\NDSCAPING RECXl+fENDATIOOS
1 -Use trees shading 6
2 -Use heat reflective materials on site_____ 4
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APPENDIX- B

PR03RAM APPLICATIOO RESULTS

Locat ion: ASYCX1I

INPUT CLIMlITIC DATA

AIR TEMP. degC.

max. min.
HUMIDITY % RAIN mnld WIND DIR.

1 20.80 6.60 43.00 0.00 270
2 22.80 7.50 40.00 0.40 270
3 26.40 10.50 32.00 0.00 270
4 31.90 14.80 24.00 0.00 330
5 36.40 19.40 23.00 0.00 330
6 37.40 21.30 27.00 0.00 330
7 36.90 22.30 32.00 0.00 330
8 37.00 22.40 35.00 0.00 330
9 35.10 20.10 38.00 0.00 330

10 30.90 18.00 47.00 0.00 330
11 26.60 12.90 48.00 0.00 270
12 22.40 8.90 50.00 0.00 270

BIOLOGICAL EVALUATIOO RESULTS

Zones

Day Indicators
Night Indicators

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

111003101130000
000030000090000
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PROCRAHHINC TUE CLIHATIC DESICN OF HOUSE (Co.pu'e~ .pplJc.'Jon)

CLIH1I1'IC DESIGN RIOCXl+IE1IDI\:OOS RELATIVE IMPlET1INCE

BUILDING FOl1H REXX:HIDIDl'JIOOS
1 -CCnpact foon 6
2 -Use pitched or curved roofs 5
3 -CCnpact courtyard foon 4
4 -Use earth sheltrinq 4
5 -Elongated foon 3

BUILDING ctUENTITIOO RIOCXl+IE1IDI\:OOS
1 -Long axis North-east South-west 5
2 -Long axis North South 3
3 -Long axis North-west South-east 3
4 -Long axis East West 2

BUILDING ENVELOP REX:Xl+lENDlIl'IOOS
1 -Use double elements 20
2 -Use light well insulated materials 16
3 -Use plants next to bui ldinq enveloPe 7
4 -select high thermal capacity materials_ 5
5 -Use heavy materials with long tirre la~ 5
6 -Use reflective materials on surfaces 2

H:XJSE PL1IN RFXX:M0IDIU'IOOS
1 -Provide air shafts 11
2 -orient low use spaces to south and west 7
3 -Provide solar oriented roans 3
4 -Provide outdoor sleeping areas 3
5 -Provide outdoor semi -protected areas 2

OPENINGS REXX:HIDIDl'JIOOS
1 -Small openings 10-20% 6
2 -Provide insulating at glazed openings__ 5
3 -Provide shading for large openings 4
4 -Large openings 40-80% 3
5 -Medum openings 20-40% 2

fKX.JSING lAYOOT RFXX:M0IDIU'IOOS
1 -CCnpact layout 11
2 -Use nearby buildings for wind protection_ 5
3 -Use nearby bui ldings for shading 5
4 -Wide spacing layout 3

lANDSCAPING RFXX:M0IDIU'IOOS
1 -Use vegitation ground cover 8
2 -Use vegi tation for wind protection 8
3 -Use water pools on site 7
4 -Use heat reflective materials on site__ 3
5 -Use trees shading 2
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PROGRAMMING THE CLIMATIC DESIGN OF HOUSE (Co.puter application)

PROGR1IM lIPPLlCAIlOO RESULTS

Locat ion: LUXOR

INPllr CLIMATIC DATA

AIR TEMP. degC.
max. min.

HUMIDITY % RAIN 111l1!d WIND DIR.

1 23.00 5.40 52.00 0.00 330
2 25.40 6.80 42.00 0.20 330
3 29.00 10.70 34.00 0.00 330
4 34.80 15.70 26.00 0.00 330
5 39.30 20.70 22.00 0.50 330
6 40.70 22.60 22.00 0.00 330
7 40.70 23.60 24.00 0.00 330
8 41.00 23.50 26.00 0.00 330
9 38.50 21.50 32.00 0.00 330

10 35.10 17.80 39.00 0.00 330
11 29.60 12.30 47.00 0.10 330
12 24.80 7.70 53.00 0.10 330

BIOLOGICAL EVALUATION ~TS

Zones

Day Indicators
Night Indicators

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

4 1 000 2 0 1 1 2 1 000 0
000230000070000
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APPENDIX- B

CLIMATIC DESIGN RFXXl+lENDlI:IIOOS RELA:rIVE IMPORTANCE

BUILDING FOOM RFXXl+lENDlI:IIOOS
1 -Coopact form 8
2 -Use pi tched or curved roofs 7
3 -Use earth sheltring 6
4 -Coopact courtyard form 4
5 -Elongated form 1

BUILDING ORIENrITIOO REXXMmNDATIOOS
1 -Long axis North-east South-west 3
2 -Long axis East West 1
3 -Long axis North South 1
4 -Long axis North-west South-east 1

BUILDING ENVELOP REX:Ct+lENDATIOOS
1 -Use double elements 18
2 -Use light well insulated materials 13
3 -Use plants next to building envelope 8
4 -Select high thermal capacity materials___ 7
5 -Use heavY materials wi th long time lao..- 7
6 -Use reflective materials on surfaces 1

fUlSE PLAN REX:Ct+lENDATIOOS
1 -Provide air shafts 8
2 -orient low use spaces to south and west 8
3 -Provide outdoor sleeping areas 2
4 -Provide outdoor sani-protected areas 1
5 -Provide solar oriented roans 1

OPE2ITNGS RFXXl+lENDlI:IIOOS
1 -SITall openings 10-20% 8
2 -Provide insulating at glazed openings__ 7
3 -Medum openings 20-40% 6
4 -Provide shading for large openings 3
5 -Large openings 40-80% 1

fUlSING LAYOUT RFXXl+lENDlI:IIOOS
1 -Coopact layout 12
2 -Use nearby buildings for wind protection_ 10
3 -Use nearby bui ldings for shading 7
4 -Wide spacing layout 1

LANDSCAPING REX:Ct+lENDATIOOS
1 -Use vegitation ground cover 9
2 -Use vegitation for wind protection 8
3 -Use water pools on site 7
4 -Use trees shading 1
5 -Use heat reflective materials on site__ 1

253



•
""~
~

o
•
8

~

o
•
~

~

n
o•
"•
8

••

""on
~
~
~

~
..,

-"'"n...
~

~..,
~

n

~..
~

n..
o...
~
c:..
'"

Section A-A

o e .. 6 H

BR. m

;t V)~
K. A~

<) / /<)
~ 'vvv ~

.~

Layout
o----:s ~I:I '"

BR.
BR.

A

o

Elevation

Ground floor plan

. FIG. B-3
Typical design of a house based on the program results fo .Luzor location

N

""....



APPEJIIDIX- B

PROORAM APPLICATIOO RESULTS

Location: ARISH

INPUl' CLIH1I:rIC DA:rA

AIR TFMP. degC.
max. min.

HlMIDITY % RAIN nm/d WIND DIR.

1 19.30 8.30 66.00 14.50 0
2 20.10 9.00 65.00 16.00 0
3 21.20 10.70 64.00 12.90 0
4 23.60 13.20 65.00 4.30 0
5 27.00 16.10 64.00 3.70 0
6 28.80 18.70 66.00 0.00 0
7 30.60 21.10 69.00 0.00 0
8 31.00 21.80 69.00 0.30 0
9 29.80 20.30 66.00 0.70 0

10 28.60 17.90 66.00 5.30 0
11 25.20 14.30 68.00 18.30 0
12 21.40 10.10 67.00 20.80 0

BIOLCGICAL EV1\LlJ.l\TlOO RESULTS

Zones

Day Indicators
Night Indicators

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

o 0 0 0 0 0 1 000 1 0 523
o 0 0 0 0 0 0 0 0 0 2 0 0 0 10
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PROCRAHHING THE CLIHATIC DESIGN OF HOUSE (Co.,utcr _"lio.tlonJ

CLIMATIC DESIGN REXXl+IENDATIOOS RELl\1'IVE IMPCR1'ANCE

BUILDING FCl<M ~Cl'lS
1 -Elongated fonn 21
2 -Coopact courtyard fonn 6
3 -Coopact fonn 1

BUILDING ClUENTITIOO REXXl+IENDATIOOS
1 -Long axis North-east South-west 8
2 -Long axis East West 6
3 -Long axis North South 4
4 -Long axis North-west SOuth east 4

BUILDING E1lVELOP REXXHolE2IDA1'IOOS
1 -Use light well insulated materials 23
2 -Use double elements 16
3 -Use reflective materials on surfaces 8
4 -Use plants next to building envelope 1

HOUSE PIJIN REa:HlENDATIOOS
1 -open plan 20
2 -PrOVide air shafts 8
3 -orient low use spaces to south and west 8
4 -Provide outdoor sani -protected areas 6
5 -Provide solar oriented rOOTIS 4

OPENINGS REXXl+IENDATIOOS
1 -Large openings 40-80% 6
2 -Provide shading for large openings 6
3 -Medum openings 20-40% 2
4 -small openings 10-20% 1

HXlSING lAYOOT RIDl+IEMlATIOOS
1 -Wide spacing layout 21
2 -Use nearby bui ldings for shading 7
3 -Wide spacing layout and provide Shadin~ 5
4 -Coopact layout 1

Ll\NDSCAPING REXXHolE2IDA1'IOOS
1 -Use trees shading 6
2 -Use heat reflective materials on site__ 4
3 -Use vegi tat ion ground cover 1
4 -Use water pools on site 1
5 -Use vegi tat ion for wind protection 1
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PROORAM APPLICATIOO RmmLTS

Locat ion: DJ\IIHIA

INPUT CLIMATIC DATA

AIR TEMP. degC.
max. min.

HUMIDITY % RAIN rnn/d WIND DIR.

1 21.40 4.40 45.00 0.00 0
2 23.70 6.00 42.00 0.40 0
3 27.60 9.50 34.00 0.00 0
4 32.70 14.30 29.00 0.00 0
5 37.10 20.00 26.00 0.20 0
6 38.20 22.50 27.00 0.00 0
7 38.60 23.10 26.00 0.00 0
8 38.50 22.90 28.00 0.00 0
9 35.70 20.60 35.00 0.00 0

10 33.20 17.40 39.00 0.00 0
11 27.70 11.80 45.00 0.00 0
12 22.30 6.60 48.00 0.10 0

BIOLOGICAL ElJALUATIOO RFSULTS

Zones

Day Indicators
Night Indicators

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

401001102120000
000050000070000
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APPSNDIX- B

CLIMATIC DESIGN RJOCn+IENll1I!IONS REIATIVE IMPCRrANCE

BUILDING FOOM RJOCn+IENll1I!IONS
1 -Carpact fonn 6
2 -Carpact courtyard fonn 5
3 -Use pi tched or curved roofs 5
4 -Use earth sheltrinq 5
5 -Elongated form 2

BUILDING ORIENTITIOO RJOCn+IENll1I!IONS
1 -Long axis North-east South-west 3
2 -Long axis East West 2
3 -Long axis North South 2
4 -Long axis North-west South-east 2

BUILDING ENVELOP RJOCn+IENll1I!IONS
1 -Use double elements 19
2 -Use light well insulated materials 15
3 -Use plants next to bui Iding envelope 7
4 -select high thermal capaci ty materials_ 5
5 -Use heavy materials wi th long tirre la~ 5
6 -Use reflective materials on surfaces 2

HOUSE PLAN RJOCn+IENll1I!IOOS
1 -Provide air shafts 9
2 -orient low use spaces to south and west 7
3 -Provide outdoor semi-protected areas 2
4 -Provide solar oriented roans 2
5 -Provide outdoor sleeping areas 1

OPmINGS RJOCn+IENll1I!IONS
1 -Small openings 10-20% 6
2 -Provide insulating at glazed openings__ 5
3 -Medum openings 20-40% 3
4 -Large openings 40-80% 2
5 -Provide shading for large openings 2

HOUsn~ IAYOOT RJOCn+IENll1I!IONS
1 -Coopact layout 14
2 -Use nearby buildings for wind protection_ 9
3 -Use nearby bui ldings for shadinq 5
4 -Wide spacing layout 2

LANDSCAPING REX:X»lENDATIONS
1 -Use vegi tat ion ground cover 9
2 -Use vegitation for wind protection 7
3 -Use water pools on site 5
4 -Use trees shading 2
5 -Use heat reflective materials on site___ 2
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SUMMARY

INTRODUCTION

THE purpose of the present study is to create a

computer program to execute a programming pattern of

climatic design of house, which must be considered

during the sketch plan stage of housing design. The

general concept of the proposed programming process

starts with the input climatic data and terminates with

an output of a specified list of climatic design

recommendations sorted according to its relative

importance.

The proposed thesis includes the sequence of all

studies that should be considered through the process

of climatic design of house. The sequence of these

studies are presented as following.

Chapter 1, THE BASIC CLIMATIC DATA

The climatic conditions of a specific location are

dominated by incoming solar radiations and the effects

of latitude, altitude, wind, atmospheric impurities and

manmade forms. The general principles of climatic

variations and climatic elements are the considerations
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PROGRAMMING THE CLIMATIC DfSIGN O~ HOUSf (CO_Dutep MDDllcBCJODJ

of the present chapter. This is because the first stage

in the climatic design of house process is to obtain

the basic climatic data. The climatic data should

recorded related to a period of time by its specific

values of air temperature, relative humidity,

precipitation, and wind.

The numeric representation of the climatic data is

the form of the required data which will used in the

climatic design of house process.

Chapter 2, BIOLOGICAL EVALUATION

The impact of the climatic conditions on human

body is the compound effects of the various climatic

elements. The correlation between climatic elements

should be considered to evaluate the biological effects

of climate on human comfort.

The comfort limits does not depend only on the air

temperature, but also on the relative humidity and air

movement. So the impact of climatic conditions on human

comfort should be considered in the climatic design of

house process. It is necessary to evaluate the effect

of climatic elements on human comfort by using a

thermal comfort scale.
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Chapter 3. THERMAL DESIGN PRINCIPLES

SUMMARY

Heat exchanqe throuqh the building envelope

depends on the thermal properties of the used building

materials. The basic thermal properties which determine

the heat exchanqe through a building element are

thermal admittance, thermal resistance. solar heat

flow, time lag and thermal transmittance. The heat flow

between indoor spaces and external environment should

be controlled in order to create a comfortable indoor

conditions.

The previous developed bioclimatic chart used in

the present chapter to define the needed climate

control strategies any given climatic conditions.

determined by its air temperature and relative

humidity. The produced correlations between the climate

control strategies and the climatic conditions will be

used in the next chapter to specify the needed climatic

design recommendations.

Chapter 4. CLIMATIC DESIGN APPLICATIONS

In order to confirm human comfortable

conditions with the minimum cost of mechanical

living

heating
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and cooling, the house building should be designed

accordinq to the local climatic conditions. There are

many climatic design applications which can provide the

indoor comfortable living conditions. By the aid of the

biological evaluation results the appropriate climatic

design recommendations can be defined.

The basic climatic design recommendations can be

grouped under seven headings, they are: building form,

building orientation, buildinq envelop, house plan,

openings design, housing layout and landscaping. For

each group the basic climatic recommendations are

specified related to the bioclimatic chart zones.

Chapter 5, CLIMATIC DESIGN PROGRAM

The previous analysis of climatic data, biological

evaluation and the climatic design applications are the

needed informations for the climatic design of house

process. The purpose of the present chapter is to

create a computer program based on the previous

analysis to execute the pattern of climatic design of

house process. The general concept of the proposed

program starts with the input climatic data and

terminates with an output of a specified list of
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SUMMARY

climatic design recommendations.

The program processed through the sequence of

stages, which are defined in the study concept section.

These stages are: input stage, evaluation stage,

resolving stage and output stage. Some computer-based

mathematical techniques can be used to perform the

program process. One of the most computer programming

languages is the C. language which used to create the

proposed climatic design of house program.

Chapter 6, CONCLUSION AND FUTURE WORK

The final chapter presents the concluded

programming pattern of climatic design of house and

describes the climatic design program. the future work

possibilities are discussed also.

APPENDICES

The complete package of all files which are

created to perform the climatic design program. Some

applications of the proposed program for some locations

in Egypt (for examples).
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