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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 segquence 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 1in 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 c¢limatic 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 eclimatic
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— FOREWORD

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
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recommendations for those climatic features which must
be decided during the sketch plan stage of housing
design

In our study of the climatic design of house,
practical application of computer-aided architectural
design may play a useful role. This application will
elicits and systematically translates the mission and
objectives of human comfort into appropriate climatic

design recommendations.




INTRODUCT I ON

IT— STUDY CONCEPT

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
technigues 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 analyvsis 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 wupon 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.
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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.




INTRODUCTION

ITTI— PROGRAMMING PROCESS

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 1is 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.
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Heal fransfer in buildings
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The general form of climatic design of house program
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IV— THESILIS LAYOUT

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 FRINCIFLES

This chapter describes the thermal properties of
building material and elements , and heat transfer in
buildings . This chapter alsoc presents the climate

control strategies
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Chapter 4, CLIMATIC DESIGHN APPLICATIONS
This chapter describes the moat of climatie design

applications, which can be used to confirm the human

comfortable living 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 design of

house program.

Appendix B
This appendix presents some applications of the

proposed program for some locations in Egypt (for

examples).

10



Chaptexr 1

THE BASITIC CIL.DTMATIC DATA

1.1- INTRODUCTION

1.2- VARIATIONS IN CLIMATE

1.

1.

1.
1.
1.

1.
1.

o T o5 T oS T 5 I

.1-Latitude effect
.2-Altitude effect
.3-Land and water effect
.4-Winds effect

.5-Atmospheric impurities effect

3- ELEMENTS OF CLIMATE

1.
1.

1.

|

3.

3
3.
3
3

.1- Solar radiation
2= Alr temperature
.3- Relative humidity
.4= Wind

5- Precipitation

4- CLIMATIC DATA REPRESENTATION

1.4.1- Graphic representation

1.4.2- Numeriec representation

11



Chapter ! - THE BASIC CLIMATIC DATA

1.1— INTRODUCTION

THE climate of a specific region can be determined
by the pattern of wvariation of several climatie
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 ocutgoing
radiation, rainfall and its distribution, air movement
and other special features.

The daily and vyearly 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 vear period, although less reliable, may still
provide useful information if no other data 1is
available. These data should recorded in the form which
help the architect to get a good understanding of the
climatic conditions of the building site.

This chapter is intended to provide an overview of
climatic wvariations and the elements of climate. Also
at the end of this chapter the climatic data are
represented in graphical and numerical forms. The
numerical form will be used as the input data of the

climatic design of house proagram.

14



Chapier 1 - THE BASIC CLIMATIC DATA

1.2— VARTATION 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 periocd of the vyear are hot. Conversely, the
regions which are exposed to the sun radiations for a
shorter period of the year are colder.

The modifving 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- LATTITTUDE EFFECT

The total amount of received solar radiation to a
horizontal surface through a clear sky, depends mainly
on the distance from the eguator. 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 deq. 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- AL, TITUDE EFFECT

Changes in altitude will accordingly cause changes
in climate, since, the air temperature near the ground
is expected to follow the same general 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 wvariations in climate which may occur with

increasing altitude.

18



Chapter 1 = THE BASIC CLIMATIC DATA

TABLE 1-1'"’

Variation in climate with increasing altitude

Climatic variation Effect of 100 m increases in altitude
Annual mean temperature 0.5 deg C decrease

Monthly range 0.25 deg C decrease

Daily range Significant increase

Relative humidity Slight increase

Solar radiation 0.25% increase

Rainfall Up to 100 nm increase

Wind speed Significant increase

Note: The values given are indicative only and may 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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19
(') MANUAL OF TROPICAL HOUSING AND BUILDING Part 1, Climatic design P. 6



PROCRAMMING THE COLIMATIC DESICN OF HOUSE (*ampunteap application)

1.2.3- WIND EFFECT

The effects of the geogqgraphical and seasonal
variations on air temperature would suffice fairly well
if air staved 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 wvarious 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 eguatorial 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- 1L.AND 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



Chapter 1 = THE BASIC CLIMATIC DATA

about twice as weasily as the same volume of water.
Water, moreover, loses some of its heat again by
evapcration. 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 (1-2) summarizes the variation in climate between

coastal and inland locations.

TABLE 1-2°"’

Variation in climate between costal and inland
sites

Climatic variation Effect of 10 km distance fram the coast

Diurnal temperature range Z2-4 deg C increase
Annual taemperature range 3-6 deg C Increase

Relative humidity Usually lower

Cloud cover Usually less

Solar radiation Greater due to lower humidity and
cloud cover

Wind speed 10-30% drop in on-short winds

Rainfall Usually less

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

t*) HOOSING, CLINATE AND COMFOR? Martin Evaps P. 13 21
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1.2.5- A TMOSPHERIC ITMPURITIES EFFECT
As solar radiation passes through the earth's

atmosphere some of 1its 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, 1is about 15 percent of the
enerqgy which come out of sunshine passing directly
through the atmosphere to fall wvertically 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.
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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 vearly 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.
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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 1intensity on a surface perpendicular to
the solar rays is 1.94 cal/cm?/min (or 1353
watt/m?) and this value 1is called the solar

constant. "’

The 1intensity of the direct solar radiation
depends upon the solar altitude, the amount of water
vapor, the incidence angle, dust particles and man-made
pellutants 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.

%) MAH, CLIMATE AWD ARCKITECTORE B. Giveni P. 2 24
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Tatal radiation arriving 20% Reflected from the elouds
{solar constant)= 100%

25% dbsorbed in the atmosphere

% Reflected from fhe ground

ﬂmimﬁm-m:mugnmmi4;;;2\\
Fround

Total radiati -~ \Y.‘!ﬂ' Direct on the ground
on the ground = 50%

)
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 intensity 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,

Y*) DESIGH WITH CLIMATE Vector Olgvay P. 33 25
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the absorption of radiation by ozone, wvapor and dust
particles in the atmosphere.(figure 1-6).

Third, Duration of sunshine, the length of the daylight

period.
CosB=B/C
AreaC>dreal?
A IntensityC</ntensityl
fC=fb*Cos’
&)
AG 1-5

The angle of incidence

)
FIG. 1-6
Radiation path length through atmosphere

'*) MANUAL OF YROPICAL HOUSING AND BOILDIRG Part 1, Climatic design P. §
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1.3.2- ATR 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
menths. The average is taken between each day's maximum
and minimum and then the average of the 30 davy's
average is found. To give an indication of diurnal

variation, this can be supplemented by maximum and

minimum monthly mean.
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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 1is 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- RET.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 wvolume 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.

t*) BRH = (AH/SH)*100 [#]
where AH is the absolute humidity
SH is the saturation-point humidity.

If the air actually contains all the water wvapor
it can hold, then it is said to be saturated and its

relative humidity is 100%. But if the actual wvapor

content 1is 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

¢*) MANDAL OF TROPICAL HOUSING AND BOILDING Part 1, Climatic 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 wused
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., S., W.) and four
gsemi-cardinal compass points (NE., SE., SW., NW.). Wind

velocity is measured in meters per second (m/s).
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Variation of wind speed related to height
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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-8) shows one of these methods.

= 0.5 fo 5§ m/s
= 4.5 to 10 m/s
over 10.5 m/s

1]

Zmm = 1% of lirne

(4
FiG. 1-8
Find frequency graph
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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 wunit (mm/month or mm/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 vyear, but also the

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

ensure appropriate drainage from roofs.
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l.4— CLIMATIC DATA REPRESENTATION

IT is not easy to understand the nature of a
particular climate conditions by merely locking at the
vast amount of data published in the records of the
nearest meteorological station. It 1is 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 technigues, these data should be
simplified either 1in 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 basiec climatic data.

Climatic variable Unit

Temperature Mean °C. (°F.)
Mean daily maximum °C. (°F.)
Mean daily minimm °C. (°F.)
Mean daily range °C. (°F.)
Mean monthly maximum °C. (°F.)
Mean monthly minimum °C. (°F.)

Humidity Mean vapour pressure mb (Nm*) (mm Hg)
Mean relative humidity #
Mean daily maximum ¥
Mean dalily minimum 2

Preciptation Mean mm (ins)
Extreme maximum mm (ins)
Extrame minimum mm (ins)
Number of days with rain days
Maximum in 24 hours mm (ins)

Wind Mean speed km/hr, m/sec, mph
Freguency of calms g

Freguency of wind direction #
Mean speed for each direction km/hr, m/sec, mph
Frequency speed and direction #

Solar radiation Hours of sunshine hours
Mean daily radiation BIU/ftZ day,
kcal /m* day
Cloud cover Mean cloud cover oktars

Number of days with clear skies days
Number of days with overcast skies days

(*) §OUSING, CLINATE AND COMFORT Martin Evams P. §
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1.4.1- Graphic representation

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 wvariations
throughout the year of climate conditions, an climatic

chart can be used such as that shown in figure (1-9).
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Climatic data chart
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1.4.2- NMuneric representation

The numerical form of climatic data may be more
easier than graphical format to wuse 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 fable

Location
Latitude
Longitude
Alfitude

AR TEMPERATURE C” l7]2]8]«4]5]6]7]a]9]r0]77] 12
Frireme moarirmum
Mean monthly mazimum
Mean daily marimum
Mean

dean daily minimum
Mean monthly mintmum
Frireme minimum
Mean diurnal range

HUMDITY %

Mean daily marimum
Hean daily minimum
KMean humidity

Mean vapour pressure

RAIN mm/d
Mean muntMy
Marimum in 24 hours

Y
Hours of sunshine
Cloud cover %

WIND m/s
Marimum velocity
Hean velocity
Prevaling direction
Secondary direetion
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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 wvalues of air temperature, relative humidity,

precipitation, and wind speed and direction.
The numeric representation of the climatic data is

the form of the reguired 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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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 play a 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 BODY THERMAIL 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 wvariations
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

ig shown in figure (2-1)
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56 Part 1, Climatic design P. 43
Deep body temperature

3 ] ?“ o
33& 35 Loss

Conveciion
Conduetion

(]

£
FG 2-1

The thermal balance of human body

2.2.1- METABOLIC HEAT PRODUCTION

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 laving
position is referred te as the basal metabolism,
although the metabolic 1level 1is 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.

"1 MAROAL OF TROPICAL HODSIRG AND BUILDING Part 1, Climatic design P. 43 45
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For a given level of activity the metabolic rate
depends upon age, sSeXx, sSize and weight of the bedy.
Table (2-1) gives some typical metabolic rate for adult

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

Btu/h/man.

TABLE 2-1°*"

Metabolic levels of various activities

ACTIVITY METABOLIC PRODUCTION

Kecal/h Btu/h
Basal Metabolism &0 - 70 240 - 280
Sitting at rest 90 - 100 360 - 400
Sedentary activity 100 - 120 400 - 480
Walking on a level at 4 Kmh 210 - 270 480 - 1080
Walking on a level at 7 Km/h 300 - 400 1200 - 1600
Walking up 10% slope at 4 Km/h 340 - 480 1360 - 1820
Light industrial work 150 - 300 —— ===
Moderate industrial work 300 - 480 1200 - 1600
Heavy industrial work 450 - 600 1800 - 2400
Very heavy work 600 - 750 2400 - 3000

2.2.2- HUMAN BODY HEAT EXCHANGE

The heat exchanges between the human body and the
surrcunding environment processed through four
principles of the physical heat flow. These principles

are: Conduction, convection, radiation and evaporation.

(figure 2-2).

'V NAN, CLIMATE AND ARCHITECTORE B. Givoni P. 1I 46
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e
FG. 2-2
Human body heatl erchange

A- 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
with. In the case of heat transfer between the skin
and air, the rate of transfer is further influenced to

an important extent by air movement and clothing.

') MANOAL OF TROPICAL HODSING AND BOILDING Part 1, Climatic design P. 3 47
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B- Convection

Convection 1is 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 o©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 wisible 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 SPECTRAL TYPE

1-Splar radiation direct Visible and short infrared
Z2-Solar radiation reflected on cloud. Visible and short infrared
3-Solar radiation reflected on ground. Visible and short infrared
4-Thermal exchange with ground, etc. Long infrared
5-Thermal loss to sky Long infrared

2.2.3- HUMAN RESPONSES TO THERMATL
STRESSES =
Some processes within the body are continuous in

order to maintain the temperature inside the body
within the reguired 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

{*) PRYSTOLOGICAL OBJECTIVES IN HOT WEATHER ROUSING Douglas H.E. lee P. 3 45
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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.

Regqulation of the blood flow in the peripheral
laver of the body is the first physioclogical mechanism
activated to adjust the rate of heat loss to variations
in the external environment. The thermal resistance of

the subcutanecous laver depends on its blood content.
When the blood content of this laver more heat can flow
through it by conduction.

When the body 1is 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 lungs and the
skin, which described as a diffusion process and 1is
caused by wvapor pressure difference between the body
and the ambient air. This process depends mainly on the
metabolic rate, oxygen reguirement 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 wvariation 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 temperature by two ways :-
First, Modifving the dry heat exchange through
convection and radliation.
Second, Determining the evaporation capacity of
the body wunder 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 1is 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— BIOPHYSICAIL. 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 wvarious 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 biolegical effects of c¢limate on human

comfort.

2.3.1- ATR TEMPERATURE EFFECTS
Under constant conditions of vapor pressure and

air movement the human body responds to a rise 1in the
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air temperature mainly with an increase of the skin

temperature and sweat rate. The rate of this increase
depends on the relative humidity level and air
movement .

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 “S=aV 0.3 (ta-350)

Where °S 1is the change in sweat rate (g/h), V is
the air velocity (m/sec), ta is the air temperature,
and a is a coefficient corresponding to the clothing as

shown in table(2-3).

TABLE Z2-3¢"*/?
Clothing coefficient

CLOTHING COEFFICIENT

Semi-nude (short or bathing suit only) 26.9
Short trousers + short-sleeved shirt 22.0
Long trousers + long sleeved shirt 19.7

The primary physiological response to a drop
in the air temperature below the comfort 2zone 1is
the contraction of the peripheral blood
capillaries, which reduces the flow of blood to

the skin. The range of dry bulb temperature

€*4 NAN, CLINATE AND ARCHITECTURE B. Givoni P. 6l 54
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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 reqguired. 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 c¢losely 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 wvery 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

outer limit of the comfort zone. (figure 2-3).

t*) §OUSING, CLINATE ARD COMFORT Martin Evans P. 19 55
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2.3.3- ATR MOVEMENT EFFECITS

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, 1is 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.
(Eigure 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 VELOCITY FPROBABLE IMPACT

Up to 0.25 m/sec hnoticed
0.25 to 0.5 m/sec Pleasant
0.5 to 1.0 m/sec Generally pleasant but causing
a constant awareness of air movement
1.0 to 1.5 m'sec Fram slightly drafty to annoyingly drafty
Above 1.5 m/sec Reguires corrective 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 with the sun's radiation. Radiation
curves which shown in figqure(2-6) indicate that 50 Btu
of sun radiation can counteract a 2.14 °C drop in dry-

bulb temperature.
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TABLE Z2-5*'"!¢

Effect of solar radiation on Increasing of sweat

rate (g/h) in relation to clothing and work
ACTIVITY SEMT-NUDE CLOTHING DIFFERENCE
Setting 324 132 192
Working 240 176 64
Average 282 154 128

'*} NAR, CLIMATE AND ARCHITECTURE B. Givoni P. Tl 62
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Z.4— THERMAI COMPORT 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 c¢limatic conditions
which 1is 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 cof c¢lothing, 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 yvears of age generally prefer a 1little 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(2-6) shows the ranges of
comfortable temperatures and humidity for some

different conditions.

63



PROCRAMMING THE CLTMATIT DESTEN OF HOUSE fComputer application)

TABLE 2-6°"'

Comfort temperature ranges

Conditions Humidity® Day temp.C® Night tenp.C*®
Upper range of canfort o - 30 32.5 - 29.5 29.5 - 27.5
with Im/sec. air movement 30 - 50 30.5 - 28.5 29 - 26.5
50 - 70 29.5 - 27.5 28.5- 26
70 - 100 29 =26 28 -25.5
Range of camfort w.:'t}; 0 - 30 30 - 22.5 27.5 - 20
light summer clothes. 30 - 50 28.5 - 22.5 26.5 - 20
50 - 70 27.5 - 22.5 26 - 20
0 - 100 27 =-22.5 25.5 - 20
Lower range of camfort 0 - 30 22.5 - 18 20 -16
with normal or warm 30 - 50 22.5 - 18 20 - 16
clothes and thick 50 - 70 22.5 - 18 20 - 16
bedding at night. 70 - 100 22.5 - 18 20 - 16

After reviewing all the effects of climatic
conditions on human body, it is necessary tc 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.

'*) HOUSING, CLINATE AND COMFORT  Nartin Evans P. 13 64
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Most existing indices have some limitations
in their practical application and usefulness
under different conditions. Some of these
difficulties arise from the  fact that the
experiments were carried out under widely varying
indoor climatic conditions. Alsoc the experimental
methods were different. As a consegquence of this,
each of the indices is wvalid and useful for a

limited range of conditions - not universally.‘®'"’

2.4.1- EFFECTIVE 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(2-7) shows the
effective temperature nomogram as the normal scale,
valid for persons wearing normal, light, indoor

clothes.

*) MANUAL OF YROPICAL HOUSING ARD BUILDING Part I, Climatic design P. 50 65
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2.4.2- TNDEX OF THEEREMAT, 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- BIOCCLIMATIC 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 reguired 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 climatiec 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 cheoice 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 (2-9).
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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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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32.1— INTRODUCTION

AFTER surveving the given climatic condition and
showing the dependence of human comfort with thermal
conditions, it 1is 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— THEERMAI 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 gquantities 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-lavers 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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J.2.1- CONDUCTIVITY

Conductivity is the rate of heat flow in a time
unit by c¢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. Tt Iis 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 1is

expressed in K.cal/h m#Z °C/m‘*?

3.2.2- THERMAIL 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.

(*) MAN, CLIMATE AND ARCHITECTURE B. Giveni P. 105 77
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3.2.3- SURFACE CHARACTERISTICS

The external surface of any building material has
three properties namely its absorbtivity, reflectivity
and emissivity. Absorbtivity 1is 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 ﬁ material
to emit radiant energy. The color of a material surface

gives an indication of 1its absorbtivity for solar

radiation. The absorbtivity decreases and the

reflectivity increases with lightness of color.
Table(3-1) gives typical wvalues of absorbtivity and

emissivity for wvarious surfaces types and colors.

{} /m_mmd 85% ﬁ Refleoted 80%
v

Absorbed 75X

EFmitled 1.2% Emitted 78%

Nel gain (38X

Abgorbad 20X

POLISHED ALUMINUM SURFACK FHITE PAINTED SURFACK

ry
AG. 3-1 +
Surface properties of some materials
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TABLE 3-1°*’
Absorptivities and emissivities of various surfaces

MATERIAL m_m“' - SHORTHWAVE LONGWAVE
ABSORPTTIVITY EMISSIVITY

Aluminum foil, bright 0.05 0.05
Aluminum foil, oxidized 0.15 0.12
Aluminum paint 0.50 0.50
Galvanized steel, bright 0.25 0.25
Whitewash, new 0.12 0.90
White oil paint 0.20 .90
Grey ceolor, light 0.40 0. 90
Grey color, dark 0.70 g. 90
Green color, light 0.40 0. 90
Green color, dark 0.70 0. 80
Ordinary black color 0.85 0.90

t*) NAN, CLINATE AND ARCHITECTORE B. Givoni P. 108 79
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3.3 THERMAIL PROPERTIES
OF BUILDING ELEMENTS

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- THERMAT. ADMTTTANCE

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

ao
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The approximate increase in internal temperature of a

space is given by the formula :-

t*idt = Q / ( sum A*a + x )

Where

dt Temperature Increase.

sum A*a = Sum of the admittance of each surface * area
of each surface Al*al + A2*a2 +

Q = Total rate of heat gain within the space.

X = 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(3-2).

'*) HOOSING, CLINATE ARD CONFORT Martin Evams P. 83 a1
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TABLE 3-2¢*°
Thermal admittance of building elements

ELEMENT CONSTRUCTION ADMITTANCE W/mZ deoC.
HWALLS :
Lightweight or hollow block., more

than 75 mm thick (650 Kg/m3)....coovveiiiinnans 3.0
Hollow concrete or clay block, more

than 75 mm thick (1100 Kg/m3).....ccvveueeuiunnn. 4.0
Brick, more than 75 mm thick (1700 Kg/m3)........ 5.0
Concrete, more than 75 mm thick (2200 Kg/m3)..... 6.0
Nwo fiber board sheets, 13 mm thick with

an air space between tham. .....covveiveinesneans 2.0
Partitions of material, over 1100 Kg/m3

with a lining of resistance 0.18mZ2 degC/w...... 3.0
FLOORS:
Dense concrete. ......civevvsnensssssnsssnsssssnns 6.0
Concrete covered with carpet or wood block. ...... 3.0
Suspended timber floor......cveeiieeneisnssnnnnss 2.0
Suspended timber floor covered with carpet....... 1.5
CEILINGS:
Plastered concrete. ... ..oacvisssnssssssancsnsnansa 6.0
Plasterboard, cavity and dense slab.............. 3.0
Lath and plaster or plasterboard ceiling
with roof cavity and pitched roof................ 2.0

WINDOWS: Calculate the heat flow according to the "U" value,
radiation heat gain, and ventilation heat loss or gain.

'*) HOUSING, CLIMATE AND COMFORT  Nartin Evans P. 16l 82
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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.

Therefor the thermal resistance (r) of the
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 ig given by :-

t='p = 1/hi + d/y + 1/ho
{hi & ho are the thermal conductivity of both inside

and outside surfaces of the element).

When the element is composed of several lavers,

the overall thermal resistance is the sum of the
separate resistances of the lavers. Thus overall

resistance is :-

¢**'R = 1/hi + dl/yl + d2/y2 + ... + 1/ho

©*) MAN, CLINATE ARD ARCHITECTORE B. Givoni  P. 105
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3.3.3- SOLAR HEAT FLOW

At night, both the outdcor air and the external
surfaces of the outer building 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 :-

t*’tga = to + &Iro - x
Where
tsa = Sol-air temperature
to = External air temperature
& = Absorbtivity of the surface to solar radiation
I = Incident solar radiation
ro = External surface resistance

X = Drop in temperature due to radiation emitted from
the surface.

The amount of solar heat flow (g) 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

") HOUSING, CLIMATE AND COMPOR?  Martin Bvans P. 78 84
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element subject to solar radiation per unit area can

be calculated as follow :-

trig =0 to~&* T * po - t1)

Where ti is the inside air temperature

3.3.4- TIME 1LAG
The wvariation 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 wvariation of temperature and radiation on the
external surface, and the resultant temperature
variation on the internal surfaces.
Figure(3-2) shows the diurnal variation of external

and internal temperature as a function of time.

In practical work the time lag (0) 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 (0) and (U) can also be determined

axperimentally. """’

*) HOUSING, CLIMATE AND COMFORT Martin Evans P. 79
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Figure(3-3 ) gives a graphic indication of these
values and table(3-3) lists the (0) and (U) wvalues of

several fregquently used constructions.

TABLE 3-3°*"!

The decrament factors (U) and the time lag
values(0) of same constructions

Constructions Thickness, mm
50 100 150 200 300
o:h U O:h o O:h o 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 0.2 8.3 0.11 -=— === === =

Mineral wall 2.5 0.48 5.3 0.22 === === === ===  ——e ——

Walls: Oo:h U
Cavity wall, two skins of 100mm dense concrete

blocks, both faces with 15mm cement render.......... 10.0 0.073
Same, but with hollow concrete blocks........ccuiuuue. 10.8 0.056
Cavity wall, two skins of 100mm hollow terra-cotta

blocks, both faces with 15%m cament render.......... 8.7 0.100
Roofs: o:h U

100mm reinforced concrete slab, bituminous asbestos

felt finish, with 40mm glass wool insulation under

FE0EE BT 5w 0 A 0 6 R R O B T O 3.0 0.450
Same, but insulation on top of the concrete slab...... 11.8 0.046
240 mm hollow pot slab, underside rendered, 60mm

screed, bitaminous asbestos felt membrane, 30mm

concrete paving slabs on 20mm bedding. ...-..cvv-v... 12.0 0.045

"1 MANOAL OF TROPICAL HOUSING AND BUILDING Part 1, Climatic design P. 290 86
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Time lag
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3.3.5- THERMAI, TRANSMITTANCE

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' wvalue is
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= 1 W/m# °C
1/hi+(1/C1+1/C2+. . 1/Cn)+(d1/K1+d2/K2+. .dn/Kn)+1/ho

Where
hi = Coefficient of heat transfer for the
inner surface of the element in w/m? deg C.
ho = Coefficient of heat transfer for the outer
surface of the elament in w/mZ deg C.
C1,C2,Cn = Thermal conductance of n separate air spaces
in the element structure in w/mZ deg C.
k1,k2,kn = Thermal conductivities of n successive
layers of different materials in w/m2 deg C.
dl,dz2.dn = Thickness of n successive layvers of

different materials in meters.

The values of all thermal properties of a multi
lavyer building element can be calculated by using the

chart which is shown in figure(2-4)

‘") DESIGR PRIMER FOR HOT CLIMATES Allan konya P. 110 88



Chapter 3 - THERMAL DESIGN PRINCIPLES

l. loyers of the
construction
including surfoces
and cavities
from outside
to inside 5

]

2. assumed moisture
content %

3. thickness (metres)

total

4 resistivity (m.deq
C/W) total summer
5 resistance summer -

(m? deq C/W) 1

bresistonce winter ' n
(m?deqC/W) .

7 half summer
resistance

total winter

8 resistance from
centre of each
layer to exterior

Q volumetric heat
capacity (J/m*x10")|

IC thermal copocit
(J/mx !Oc”g !

Il ime constant 1
(seconds x 10°%)

total Q/U hirs.

U-value summer U-value winter time log

absorptivity crlg:::tr;rmen’r

solor heat BT admittarice
qain foctor

FiG. 3-4"
Thermal properties chart of multi-layers building elements
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3.4— HEAT 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

90
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internal air temperature.

Third, The ratio between the temperature of the
internal and external surfaces and the time lag.
Fourth, The ratio between the integrals of temperature
per time functions of the internal and external

surfaces.

The building envelope intercedes with external
climate, to create a new interior microclimate =zone.
The heat transfer in buildings processed, according to
available heat gain sources, by conduction, convection
and evaporation (figure 3-5). The total heat gain or

loss can be calculated by the following egquation :-

"’QI + Qs +- Qc +- Qv +- Om - Qe = 0 = Thermal

balance

Where
Qi = Internal heat galin

Os = Solar heat gain

Qc = The heat flow by conduction

Qv = The heat flow by conviction

Om = Mechanical heating or cooling

Qe = The rate of cooling by evaporation

If the sum of the above egquation is negative, the
building will be cooling and if it is positive. the

temperature in the building will increase.

{41 JESIGN PRIMER FOR FOT CLIMATES Allan kenya P, 111 4
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Qs

gitdstfct@ut@m—Pe= 0

FIG 3-5
Heat transfer in buildings

3.4.1- SO1LAR HEAT GATN

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.

t*) DESIGN PRINER FOR HOT CLIMATES Allan konya P. 111 92
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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
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.
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The variations of heal flow (hrough area unit of
some building elements
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3.4.2- INTERNAL HEAT GATN

There are several potential sources of heat gains
within the building such as power sources, electric
lighting, cooking and occcupants. For many of thesgse 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 1is
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 HEAT GAIN SENSIELE HEAT(W) LATENT HEAT(W)
HEAT SOURCES
Electric light As wattage
Electric power S +1000
Water =2400 +2400
Evaporation -666 +666
PEOPLE
Ambient air temperature : 20 °C.
Seated at rest +76 +26
Sedentary activity +83 +49
Standing or walking +85 +61
Ambient air temperature : 25 °C.
Seated at rest +61 +41
Sedentary activity +63 +69
Standing or walking +64 +82
Ambient air teamperature : 30 °C.
Seated at rest +51 +51
Sedentary activity +52 +79
Standing or walking +52 +94

¢*) HOUSING, CLINATE AND CONFORT  Martin Evans P. 150 94
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3.4.3- CONDUCTION HEAT FILOCRT
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 :-

(*)0c = A * U * °T

Where
Qc = Conduction heat flow rate, in W
A = Surface area, Iin m2
U = Transmittance value, in W/mZ deg C.

e |
I

= 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 FILOAW
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

t*1 NANDAL OF TROPICAL HOUSING AMD BUILDING Part 1, Climatic design P. 76 95
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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 1is

described by the following equation :-

(*)gv = 1300 * Vv * °T

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

3.4.5- EVAPORATION HEAT LOSS

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 wvelocity 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.

%) MANOAL OF TROPICAL HOOSING AND BOILDING Part 1, Climatic design P, 76 96
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32.5—- CLTMATE CONTROL STRATEGIES

THE heat exchange through building envelope
between indoor space and external environment should be
controlled to create a specified set of indoor

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

climatic variations can be attenuated by.such means.

Natural conditions

Microclimate control (setilement)
e
3 Structural controls (building)
bt
& Mechanical controls
£ L
£
S
i
HG. 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
(Eigure 3-8). These nine practicable climate control
strategies can be separated into those appropriate to
the climatic conditions under comfort 2zone and those
appropriate to the c¢limatic 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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CAIN LOSS

SOLAR HEAT Promot solar gain Resist solar gain

Promet radiant cooling
CONDUCTION Regist conduction heat flow Resist oonduclion heal flow
HEAT FLOW

Promotl conduclion cooling
CONVECTION Resist ponvection heal flow Promot ventilation
HEAT FLOW

Resist infiltration Resist infiltration

EVAPORATION Promol svaporative cooling
HEAT FLOW
FiG. 3-8

Climate conftrol stralegies
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3.5.1- PROMOTE SOLAR GATN

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 sclar gain 1is necessary to restore human

comfort.

3.5.2- RESIST SOLAR GATIN

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.
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3.5.3- PROMOTE RADIANT COOLING

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- RESTIST 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 resist conduction heat flow is nedded
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3.5.5- PROMOTE EARTH COOLING

The use of wunderground 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- RESTST EXTERNAIL ATR FLOW

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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FIG 3-13
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3.5.7- PROMOTE 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.

3.5.8- RESIST INFIILTRATION
Infiltration and exfiltration refers to exchange
of cold and warm air through jeoints 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 outdocor air. Hence, for

any plotted point of a given air temperature and

relative humidity which falls within shaded =zones of
the biocclimatic chart in figure (3-16), it is necessary

to resist Infiltration to restore human comfort.
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3.5.9- PROMOTE 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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FIG. 3-17
Bioelimatic Zones where promote evaporation cooling is nedded
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3.6— SUMMARY

Heat exchange process through the building
envelope depends on the thermal properties of the wused
building materials. The basic thermal properties which
determine the heat exchange through a building element
are thermal admittance, thermal resistance, sclar 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— INTRODUCTITIOIN

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 biocclimatic 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 wvariation on
human comfort, the house building should be designed
according to the local climatic criteria. The
comparison of c¢limatic 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 geal 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 ite 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— BUTLDING FORM

THE form of house building should be designed to
take advantage of the favorable aspects of the local
climatic 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 is 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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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 courtvard 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 courtyvard 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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hot dusty wind

Cool air Coal
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Radiation to clear sky
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Conduction through ground

FIG. 4-3
The thermal systemn of a courtyard house
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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 climatiec conditions where those

recommendations are needed to confirm human comfort.
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(Computer application)

DESTEN RECOMMENDATIONS OF
BLILOING FORM

COMPACT FORM

PURPOSES

Reduce solar heat
Promot radiant ¢

BIOCLIMATIC
CHART ZONES

Resist conductive heat flow

COMPACT COURTYARD

Resist infiltration________|
Resist external air flow___|

Reduce solar heat gain |

FPromot radiant cooling

FLONCATED FORM

Resist conductive heat flow

FPromot ventilation |

Promot solar heat gain____|

2. Reduse solr heat gain

USE PITCHED OR CURVED ROOF.

USE EARTH SHELTRINC

Promot ventilation

Reduce solar heat gain

Promot radiant cooling |

Resist external air flow |

Reduce solar heat gain |

Resist conductive heat flow [

FIG 4-6

Rewist nfiltration___ |

Resist external air

Chmatic 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
climatiec econditions, 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 alsoc by the gquantities 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 crientation
can be determined by considering the sun movement and
the incident angle of the sun radiation at various day

times and vear seasons (figure 4-8).
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ﬁ : : Low effect

I B vedum effect
High effect

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

Finter sun poath Surmmer sun path

FIG. 4-8
Summer and winler sun palh
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The variation 1In 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. Conseguently.
buildings should be oriented so as to receive the
maximum amount of radiation throughout the vear.
However, the same building in the south, where the
air 1is 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 building 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 c¢limate reagions are shown on regional

orientation chart in figure (4-9).

t*) DESIGH WITH CLIMATE Vector Olgray P. 35 125
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HOT-ARMD RECION

HoT-HUMID RECION

SHYS Optimum
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FiG 4-9'”

Regional orientation chart
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In the northern of the equator the north side of
building 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 1is
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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PPLICATIONS

DESTGN RECOMMENDATIONS OF PURPOSES BIOCLIMATIC

BUILDING ORIENTATION

CHART ZONES

Reduce solar heat gain
LONG AXIS EAST WEST £ Promote radiant cooling |

"\ Promote ventilation

LONG AESS NORTH SOUTH. < p Al
Reduce solar heat gain .
LONGE AXTS NORTH-EAST SOUTH-FEST Promole radiant cooling e

Promot ventilation |

Promote solar heal gain |

LONG AXIS NORTH-NEST SﬂLWwEJS?__._.._< n te il

FG 4-1

Climatic design recommendafions of building orientation
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4 .4— BUILDING ENVELOP

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 °F and
release it at night when room temperature fall
below 74°F. These lightweight storage cells can
be used conventional floor, wall, and celling
construction, without the increased structural

requirements for heavy masonry massing.‘"’

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 sclar

t4) CLIMATIC DESIGN  Donald Watson, FAIA, and Kemnmeth 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 réquirad 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 (figqure 4-12).

?

FG. 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 laver with an air layer in between. However , a
simple ceiling with a wventilated 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°"’

Thermal properties of same building materials

MATERTAL DESCRIPTION HEAT CAPACITY CONDICTIVITY T. ADMITTANCE

BTU/cu.ft(°F) TU/hr.(ft)°F BTU/ft*(°F)
Acoustic tile 5.8 0.033 0.44
Adobe 19.6 0.37 2.7
Aluminum 35.9 128.0 67.8
Brick, cammon (120 pcf) 24.0 0.42 3.2
Brick, face (130 pcf) 26.0 0.75 4.4
Concrete 29.4 1.0 5.4
Copper 51.0 227.0 108.0
Corkboard 24.6 2.023 0.27
Glass (Pyrex) 26.8 0.59 4.1
Gypsum 51.3 0.25 2.2
Iron, cast 54.0 27.6 38.6
Limestone 34.7 0.54 3.5
Marble 18.0 1.5 7.1
Paraffin 18.6 0.14 2.3
Particleboard (160 pcf) 27.7 0.1 1.36
Plasterboard 22.4 0.43 3.1
Playwood 9.9 0.067 0.81
Sand 18.0 0.19 1.85
Soil, lightédry (80 pcf) 18.0 0.2 1.9
Soil,average(damp 131 pcf) 30.1 0.75 4.75
Soil,.wet(117 pcf) 35.1 1.4 7.0
Wood , hardwood 18.7 0.09 1.3
Wood, white oak 26.8 0.1 1.6
Wood, saf twood 10.6 0.067 0.84
Wood, white pine 18.1 0.063 1.07
Water 62.4 0.35 4.67
Glass,cellular insulation 2.2 0.033 0.27
lead 21.8 20.1 20.9
Ice 27.0 1.35 6.04
Bakelite 20.4 9.7 16.6
Steel (mild) 58.7 26.2 39.2
Granite 317 1.4 6.6

t* pLIMATIC DESIGN  Donald Wakson, FAIA, and Kenneth labs P. 111
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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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FIG. 4-13

Heat flow through double building elements
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FG. 4-14
Planting next to building envelop
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TABLE 4-2¢*’

Reflectivity amount of same typical surface materials

SURFACE REFLECTIVITY PERCENT OF SOLAR RADTATION
Polished aluminum 85
White-lead paint 71
Light green paint 50
Grey paint 25
Black matte k|

The climatic design recommendations of building
envelop elements are simplified in fiqure(4-15) with

its purposes of climate control strategies. Also the
bioclimatic chart is shown for every climatic design

recommendation in order to specify the c¢climatic

conditions where those recommendations are needed to

confirm human comfort.

f*) DESIGR WITH CLIMATE Vector Olgvay P. 8 136
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DESICN RECOMMENDATIONS OF PURPOSES BIOCLIMATIC
BUILDING ENVELOP (Walls & Roofs) CHART ZONES

Reduce solar heal gain
SELECT BOICH THERMAL CAPACITY MATERILS, Ruf:ut conduetive heat flow

Resist infillrabion_______

Reduce solar heat gain
USE DOUBLE FLEMENTS & Resist conductive heat flow i

N\ Resist infiltration T ——

Reduce solar heat gain
USE HEAVY MATERIMLS FITH LONC TIWE Hﬂ4< Resist conduchive heatl flow
Rewist inflltration |

Reduee solar heal gain e
Resist eonductive heat flow —

USE REFLECTIVE MATERULS ON SURFACES _<

Reduce solar heatl gain

USE LICAT FELL Mﬂ-’ﬂﬂﬂﬂﬁﬂﬂ&?_{ Resist pietive heat flow |

Reduce solar heat gain
Resist conductive heat flow §
FPromote radiant cooling
Promole evaporative cooling

USE PLANTS NEXT TO0 BUILDING ENVELOP

FIG. 4-15
Climatic design recommendations of building 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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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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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(4-18) with 1its 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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DESTEN RECOMMENDATIONS OF PURPOSES BIOCLIMATIC
HOUSE PLAN CHART ZONES
OPEN BLIN - Promote solar heat gain
e Promoele ventilafion |
PROVIDE AIR SHAPTS - Promote venkilation
“~ FPromole evaporafive cooling

feduce solar heal gain
Resist conductive feat flow

ORIENT LOF USE SPACES T0 SO0UTH OR H‘.S‘T__.<

Reduce solar heat gain

FPROVIDE OUTDOOR SEMI-FROTECTED AREAS _< Promole radiant cooling -

FROVIDE SOLAR ORIENTED ROOMS —  Promofe solar heal gain___|

FAG. 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 , wusually
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 sclar
radiation when temperatures are within or above the

comfort range (figure 4-19).
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Fi. 419"
Shading on oufer 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 ocuter
openings (figure 4-20).

One of the principal functions of outer openings
is to provide natural light and ventilation. 1In 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 1is 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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FIG. f4-20
Solar heat flow through outer openings

Minimize natural light

"1 DESIGN PRIMER FOR HOT CLIMATES Allan konya P. 50 147
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The large windows required for good internal air
movement will allow direct solar radiation to penetrate
inte 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, although 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 wventilation 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 wvariation of
opening causes variation in the indoor air motion

(figure 4-23).
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In many climates the terms window and ¢lazed
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. "’

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(4-26) 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.

f*1 HOUSING, CLIMATE AND COMFORT Martin Evams P. 109 150
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DESTEN RECOMMENDATIONS
OFPENINGS DESICN

LARCE OFPENINGS 40 - 80 R

oF

HEDUN OFENINGS 20 - 40 %

FPURPOSES BIOCLIMATIC
CHART ZONES

FPromote solar heal gain
Promol venfilation

(COMFORT CONDITIONS)

SMALLE OFENINGS 70 - 20 %

Resisl infiltration
/ﬁed‘uu solar heal gain . |

PROVIDE SEADING FOR LARCE OPENINGS — & o " @ tilation

FPROVIDE INSULATING FOR CLAZED OPENINGS ..__< Resist

FG. 4-26

Rezisl conductive heal flow

Reduce solar heat gain |

Reduce solar heal gain |
conductive heat flow

J

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 Iis swept
away by the first breath of wind. A wide street
offers no shade, and heats up more rapidly than a

narrow ocne."®"?

In hot dry climates, the housing lavout 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.

(') HOUSING, CLIMATE AND CONFORT  Martin Bvans P. 1S4 153
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The compact layout

Fig 4-27""
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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, vwvery
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 regquirements
for this season predominate. Figure (4-28) shows a
typical layout that suitable for warm humid and cold
conditions.

The climatiec design recommendations of housing
layout design are simplified in figure (4-29) with its
purposes of climate control strategies. Also, the
bioclimatic chart 1is shown for every climatic design
recommendation for the purpose of specifving the
climatic conditions where those recommendations are

needed to confirm human comfort.
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* F £ N

FG 4-28 "

The wide spacing layout

*1 KLIMAGERECHTES BAUEN Sedky Karaa P. 73 156



Chapter 4 - CLIMATIC DESIGN AFPPLICATIONS

DESTCN RECOMMENDATIONS OF PURPOSES BIOCLIMATIC
HOUSING LEAYoUT CHART ZONES

Reduce solar heat gain
Fromot radiant cooling
COMPACT LAYOUT. Resist conduelive heatl flow

Resist infilbration___ |
Resist external air flow___|

FiDE SPACING L4YOUT

Reduce solar heat gain ___|

FIDE SPACING LAYOUT AND FPROVIDE SHADING ._< p ¢ ventilati

Rexigt external air flow |

USE NEARBY BUILDINGS FOR FWIND Pﬁﬂmm"_< Resist infillrati

Reduce solar heat gain

USF NEARBY BUILDING FOR SHADING —< 5 & yaukant: coodi

HG. 4-29
Climatic design recommendations of housing layoul
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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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Heafurn reflection

i

High refiection

Low refiection

3%
.HEEE!EEE!!HI

17/

FIG. 4-30""

The amount of solar heat reflection on various surfaces

Fa 4-31""

Water and plants effect on courtyard climatic conditions

(%) CLIMATIC DESIGN  Donald Watson, FAIA, and Kenneth labs P. 83
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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. <™’

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.

'*) DESIGH PRIMER FOR HOT CLIMATES Allan konya P. 16 160
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FiG 4-32"7 .
Air—flow patterns produced by planting
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The natural cover of the ground with plants and
grasey 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 wvarious 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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DESTEN RECOMMENDATIONS OF PURPOSES BIOCLIMATIC
LANDECAPING CHART ZONES

Reduce solar heal gain
ESF TREES SEADING / Promot radiant cooling |
Promote evaporative cooling

Reduce solar heal gain
USE FECITATION CROUND COVER / Fromot radignt cooling |
\ Promote evaporative cooling

USE HEAT REFLRCTIVE MATERIMLS ON SITE —______ Promote solar heat gain___|

Reduce solar heatl goin
USE WATER POOLS ON SITE / Promot radiant cooling

Fromole evaporalive cooling

Fromote radiant cooling.
Resist conduchive heat flow

Promole evaporative cooling
Resist external air flow

USE VECITATION FOR WIND PROTECTIO

HG. 4-33
Climatic design recommendations of 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
bioclogical evaluation results the appropriate climatic
desiagn 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, the basiec climatic
recommendat ions are specified related to the
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bioclimatic chart zZones. These correlations are
described in figures (4-6, 4-11, 4-15, 4-18, 4-26, 4-
29, 4-33).

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 wused to execute the specify
recommendations process of the proposed climatic design

of house program.

165



Chapter 5
CI.TMATIC DESIGHN FPROGRAIM

- 1-INTRODUCTION

. 2-PROGRAM CONCEPT

. 3-PROGRAM STRUCTURE
.4-MAIN PROGRAM FUNCTION
. 5-INPUT DATA FUNCTION

. 6-EVALUATION FUNCTION

. 7-SPECIFY RECOMMENDATIONS FUNCTION
.8-0UTPUT RESULTS FUNCTION

L b Lnn R oW

167



Chapicr 5 - OLIMATIO DESIGN PROGRAM

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
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program a computer in order to resolve any problem is
understanding the problem 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 wused as an application example to

illustrate the program process.
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5.2— PROGRAM CONCEPT

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 technigques in practice 1is
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 climatiec data, and output a
specified 1ist of the appropriate climatic design
recommendations.

The program processed through a seguence of stages
which are required to execute the c¢limatic design of
house process. These stages are simplified in the

programming procedure which has four basiec stages.

#*) COMPUTER-AIDED ARCHITECTURAL DESIGR William J. Mitchell P. 81 171
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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
climatiec 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- OUTPUT 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 mav be put in

a result file or printed by printout device.

The flow chart of the c¢limatic design of house

program has been simplified in figure(5-1) for the

purpose of 1illustrating and explaining the program
concept which execute the climatic design of house

procedure.
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Start

3
»/Read the climatic data/

[Disptay Bioclimatic Chard

¥

Fraluate the cwrrent elimafbic dafa 1
according to Bioclimatic Chart Zonef

Specify the appropricte
clirnatic design recommendati

b

Dutput the olimatic desi
recormmendations

Yes

HG. 5-1
Flow chart of the Climatic Design of House Program
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5.3~ PROGRAM STRUCTURE

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 vears, 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 program that
performs a single action. All functions start with the
name of the function, followed by parentheses.
Following this, braces enclose the beody of the
function, which may consist of one or many statements.
The only function that absolutely must be presented is

called main() , and it is the first function called

*) TORBO C. PROGRANMING FOR THE PC.  Robert Lafore P. XVI 175
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when program execution begins.

The general form of a €. program is illustrated in
figure (5-2), where Function-1() through Function-N()
represent user-defined functions. For our purpose, the
form of climatic design of house program is illustrated
in figure(5-3).

global declarations
main()

local variables.
?’t&tﬂfﬂ!’lt seguence.

thcti?n—lil

local variables.
?t&ﬂ!ﬂﬂtlﬁﬂ“ﬂxﬂu
m-:cﬂ?n—ﬂ )

local variables.
?tatEnent sequence.

émwnl?rﬂwl

local variables.
?tahammt sequence.

FIG. 5-2¢~’
The general form of a C. Program

tt) THE C. PROGRAMMING TUTOR  Leon A. Wortman & Thomas 0. Sidebottom P, 12 176



Chaprter 5 = CLIMATIC DESIGN FPROGRAM

global declarations
main()
local variables.
statement sequence.

INPUT ?llﬂ FUNCTION()
local variables.

;-'ta tament seguence.

m.}:rw FUNCTION()
local variables.
%'tatmﬂnt sequence.
.EFEE'IF'J{ RECYMMENDATION FUNCTION()
local variables.
?tatarmt sequence.
OUTPUT RESULTS FUNCTION()
{
local variables.

étatanaﬂt segquence.
}

FIG. 5-3
The general form of the Climatic Design of House

Program
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5.3.1- GLOBAIL DECLARATION

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 glebal
variables which will hold their wvalues during the
entire execution of the program. Global declaration are

created by declaring them outside any function.

5.3.2- LOCAIL, 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- STATEMEINT 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 desiagn of
house process. The following sections will present,
through climatic design process, the sequence of the

program functions.
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5.4— MATN FUNCTION OF THE PROGRAM

AS noted previously any C.program must has main
function which is the first function executed when the
program run. In other words the main function wusually
contains the sequence of instructions which execute the
program purpose.

The flow chart of the main function has been
simplified in figure(5-4) for the purpose of
illustrating and explaining the process of the main
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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START( )
Choice=7;

9

* while(TRUE)

Is
@M—’ INPUT DATA(); |

No

Is
<m‘u=zr Yes I rvaroarione); -

No

s
@Mﬂfﬂ:ﬁm TI0NS()—

OUTPUT_RESULTS(): J'_'

HG 5-4
Flow chart of the main program function
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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 program.

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 (5-1).

This section will illustrate the program process
which execute the input data function. The computer
memory get the data by entering 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.

MONTHS  AIR TEMP. degC. HUMIDITY # RAIN mm/d WIND DIR.

max. min.
1 18.10 8.60 59.00 3.70 o
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 (1]
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

t4h CLIMATE AND ARCHITECTORE a national evaluation  Samir H. Hosni 183
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(INPUT_DATA(); :l

CLEAR SCREEN():
Choice=7;

ENTER_DATA(); -

READ_DATA_FILE(); |—

| DISPLAY DATA(): -

SAVE_DATA(); —

Fig. 5-5
Flow chart of the inputl dafa funetion
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5.6— EVALUATION FUNCTITION

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 1its process in
numeric form. The program process may transfer the
numeric data into graphic format to give the wuser 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 eguation by using Curve Fitting technique.
This technique defines the coefficients of a polvnomial
formed from the data in vector X (Relative humidity) of

degree N that fits the data in wvector 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 technigque 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 7
45
I —
1 6 12 40
A 2 r2 \ = 35 ”
urve ﬂs;; ======.H S
Curve 3 3 Al ”Z hhﬁhh““ﬁmh 30 %
Curve 4 ; R _E"‘“"‘H 355
Curve 5 - S| 8
R
5 1 15175
5
7o =
ol e — e T I 5

g 10 20 30 490 S0 60 70 80 90 700
Relative Humidity Z

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

Coordinates and equations of Bioclimatic Chart Curves

REH (X) AIR TEMPERATURE (Y)
Curve 1 Curve 2 Curve 3 Curve 4 Curve 5
o 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
&0 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
a0 21.50 27.59 21.50 21.85 21.85
100 18.70 26.11 19.70 21.48 21.48

Equation of curve 1
Pl= 1.142E-6 *X4 -2.881E-4 *X?* +2.627E-2 *X* -]1.2378 *X +54.852 -Y

Equation of curve 2
P2= 7.427E-7 *X* -1.518E-4 *X* +8.031E-3 *X% -1.036E-1 *X +33.732

|
e

Eguation of curve 3
P3= 5.879E-7 *X*¢ -].153E-4 *X* +5, 362E-3 #*X? -6.804E-2 *X +29.509

|
e

Equation of curve 4
Pi= 5.544E-7 *X* -1.026E-4 *X° +4.874E-3 *X% -6.610E-2 *X +26.565

I
<

Equation of curve 5
FP5= 1.078E=7 *X* =2.156E=5 *X*® +1.024E=3 #*X® =]1.310E-2 *X +23.342

|
=
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The biological 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 Ilocated 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 1
equation, then the left side of the equation (Pl) 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 bioclimatic 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

fiological Fuvaluation resulls of eairo location

Higelimatic Chart Zones| v | 2| 2| 4| 5| 6| 7| &

L+

Fo|\rr|\r2|\ 73|14 15

w
|
I
I
I

Indicators for Day - =] =-]1=-]1-13|3|-12]1
Indicators for ¥ight | =| =] = =] = -] =] -] =] -l12] -] -] -| -

&0

L5

40

35 ..
L? ﬂ 3 ] [ ]

L5

)

5
L/

[

Air Temperature degl.

1o — o

g r0 20 30 «0 50 60 70 80 80 100
Relative Humidity 2=

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

in figure(5-8).

EVALUATION():

Na

Yes

lord w_srocLisaric_caART();

L

——|SPECIFY_CRART_ZONES();

AHG. 5-8
Flow chart of the evaluation function
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5.7— SPECIFY RECOMMENDATIONS
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 1is 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 technigues 1is

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.®"?

The climatic design recommendations which are
discussed previously in the fourth chapter { figures

4-6, 4-11, 4-15, 4-18, 4-26, 4-29 and 4-33) can be

%) COMPUTER-AIDED ARCHITECTURAL DESIGH William J. Mitchell P. 387 192
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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 wvarious climatic design
recommendations and bioclimatiec 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 BIOCLIMATIC
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 1is located at the same

vertical column of the signed cell. (table 5-4).
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By wusing the RECOMMENDATIONS TABLE, The specify
recommendations method can be processed through

sequence of steps illustrated as follows:-

Step 1

Transfer BIOCLIMATIC INDICATOR values from

biological evaluation process to the first row of the

RECOMMENDATIONS TABLE for the both sections.

Step 2

For every column of the RECOMMENDATIONS TAELE,
enter in all signed cells the wvalue of BIOCLIMATIC
INDICATOR, which is located in the first cell of the

same column.

Step 3

For every row of the RECOMMENDATIONS TAELE, by
adding the wvalues 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 wvalues 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 c¢limatic design recommendations for a

given climatic conditions.
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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 program results. The designer can get
the sorted 1list 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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FROGHRAMMING THE CLIMATIC DESIGN OF HOUSE (Computer application)

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 the output
results process is simplified in flow chart shown in
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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(orsPLaY._RECOMMENDATIONS))

No

CLEAR SCREEN():
Choice=1;

Fig 5- 9

while( TRUE)

BUILDING_FORM(); o

BUILDING_ORIENTA fmvr)]—-

BUILDING _ENVELOP(): "

FOUSE _PLAN():

OPENINGCS_DESTEN(); -

HoUSING _LAYOUT():

Yes

LANDSCAPING(); —

Flow chart of display recommendations funchon

203



Chapder § - CLIMATIC DESICN PROGCRAM

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 1is to
create a computer program based on the previous
analvsis 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 1list 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, resocolving stage and ocutput 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

programe.

205



Chapterxr &
CONCLUSION AND FUTURE WORK

6.1- CONCLUSION
6.2- FUTURE WORK
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6.1— CONCLUSION

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 1in
house design process. Programming is therefore a type
of management information system that ceeks 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 wvirtually  unlimited.
Traditionally, feasibility analysis techniques for
building design has relied primarily wupon 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 geoal of human comfort.
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The conclusion of the proposed dissertation can be
described as a programming pattern of the climatic
design of house. This pattern is simplified as shown in
figure(6) and it can illustrated step by step as

follow:-

STEP 1:
Plot on the BIOCLIMATIC CHART the points which

represent the given climatiec data.

STEP 2:
Define the wvalues 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 cells at the same vertical column of the
RECOMMENDATIONS TAELE.

STEP 5:

Define the values of DESIGN INDICATOR for every
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recommendation {the summation of the wvalues of
BIOCLIMATIC INDICATOR in all signed cells at the

horizontal row of that recommendation.

STEP 6:

Produce a set of CLTMATIC DESIGN RECOMMENDATIONS
sorted according to its DESIGN TINDICATOR wvalues. The
produced set is grouped under seven heading (Building
Form, Building Orientation, Building Envelop, House

Plan, Openings Design, Housing Lavout, 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 climatiec design of house.
The following appendixes contains the complete package

of the proposed climatic design of house program., and

some application examples.
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FIG 6
The progravisrang patlern of the elimafic design of hovse
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6.1— FUTURE WORK

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
techniqgues 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 COMPLETE PACKAGE OF THE
CLIMATIC DESICGN 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-1- THE MAIN SOURCE FILE WRITTEN BY
THE C. PROGRAMMING LANGUAGE.

IN order to create the climatic design of house
program by wusing 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

TComponeAar applicetianl

#include <dos.h>
#include <math.h>
#include <conio.h>
#include <stdio.h>
#include <fentl.h>
#include <{graphics.h>
#include <stdarg.h>

#define TRUE 1
f#define FALSE 0
#define UPKEY 72
#define DOWNKEY 80
#define ENTER 13

FILE *RecDay file;
FILE *RecN file;
FILE *Data_file;
FILE *Result file;
FILE *Save Data File;

float X,.Y.x.,v:

float X1,X2,%3,X4,X5;

float P1,P2,P3,P4,P5,P6,P7;

float Datal6](120];

char filename([12];

unsigned char *(Rec Table[1]1[371)[40];

int Recom D[19][37];

int Recom N[19][37];
int Totall[37];

int data=0;
int display=0;
int Choice;
int Chacc‘l s EOW

static char *item(5]l=

INPUT DATA "
DISPLAY EVALUATION 0
DISPLAY RECOMMENDATIONS "
OUTPUT RESULTS 5
EXIT

L
]

=
- wm om oW

i T 3 3 2 T
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qutic{c}m *input [5]=

" ENTERING DATA

" READ DATA FILE

" DISPLAY CURRENT DATA

" SAVE CURRENT DATA

;mmmmm
I

static char *recam(8l=

" BUILDING FORM

" BUILDING ORIENTATTON
" BUILDING ENVELOP

" HOUSE PLAN

" OPENING DESIGN

" HOUSING LAYOUT

" LANDSCAPTING

* RETURN TO MATN MENU
};

void Swrite (int col, int row, int color, int bcolor,\
va_list arg list, ...);

void Write (int col, int row, int color, int bcolor,\
int width, va_list arg list, ...);

7 % 3 B =
- wm W o ow

4 3 8 3 % 32
o om m owm w omow

:{ain[] /* The main function of the program */

CLEAR_SCREEN( ) ;
START( ) ;
Writel(1,1,14,4,80,\
"PROGRAMMING THE CLIMATIC DESIGN OF HOUSE Ph.D. Program \
M.A.EISSA 1991");.
Write(1,25,14,1,79,"Current file: Data(months):");
Window(1,4,27,10,11,1);
cputs(" MATN MENU") ;
Choice=1;
while(TRUE)
{
MENU(item—1,5,Choice);
swi tch}qetch( )

case UPKEY:
if(Choice»=1) --Choice;
if(Choice<l) Choice=5;
break;

case DOWNKEY:
if(Choiced=5) ++Choice;
1f(Choice>»5) Choice=1;
break;

case ENTER:
ACTICN(Choice) ;
CLEAR_SCREEN( ) ;
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fComputer applicatian)

Window(1,4,27,10,1,1);
Choice=1;
break;

?CI'IEN{int Cholce)
w.‘ltch{-‘:tnlca]

case 1:
INPUT DATA();
break;

case 2:

DISPLAY EVALUATION();

HEU[itE‘n——l;E;Q’DLGE];
Write(1,1,14,4,80," PFROGRAMMING THE CLIMATIC DESIGN OF

HOUSE FPh.D. Program
Write(1,25,14,1,79,"Current file:

M.A.EISSA 1991");
Data(months):");

Window(1,4,27,10,11,1);

break;
case 3:

if(Datall1][1]==NULL) NO_DATA();

else

{
?ISP‘IAY_MTI&!S( ) ;

break:
case 4:
SAVE RESULTS();
break;
case 5:
clr();

_setcursortype(_NORMALCURSOR) ;

exit();

?IPUTMH
Choice=1;

CLEAR,_SCREEN( ) ;
wimt_lr‘!:z?rlurl:z.] H
cputs(” INPUT DATA MENU");
l-.hilE':}'Rﬂ'EJ

MENU(input-1,5,Choice);
switch%qetch{}l

case UPKEY:
if(Cholce>=1)
if(Choice<l)
break;

r

/* Input data function */

--Choice:
Choice=5;
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case DOWNKEY:
if(Choices=5) +Choice;
if(Choice>5) Choice=];
break;

case ENTER:
if ldmémIcenu%iIm?tum; }
else Choice) ;
break

.
r

.?EI'IC!LINPU‘I‘Hnt Choice)
switchEthice]

case 1:
ENTER_DATA() ;
SPECIFY ZONES();
SPECIFY RECCMMENDATIONS DAY();
SPE:IFY_REDJHEHDAT{ ] TONS NIGHT();
CLEAR_SCREEN( ) ;
Hinﬂm(l,i,?.?,lﬁ; 1!2]]
cputs("” INFUT DATA MENU");
break;

case 2:
READ DATA FILE():
SPECIFY ZONES();
SPECIFY RECCMMENDATIONS DAY();
SPECIFY RECOMMENDATIONS NIGHT();
break;

case 3:
if(Datall] [1]==NULL) NO DATA();
elsa

{
DISPLAY DATA();
getch();

}
CLEAR_SCREEN( ) ;
Hindaw(l 4,27, 10 1,2);
cputs(" IHPU'I‘ N.Ih MENU") ;
break;
case 4:

Window(1,4,27, 1D 1,.2);

cputs(" INPUT mm"l;
break:

break;
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?ISPLP.LE‘MLMIG‘I{} /* Display graphical evaliuation */
if(Datall1] [1]==NULL) NO DATA();
else

{

diaplay=1;

CLEAR RESULTS():

BIOCLIMATIC cl-mx:r( );
SPECIFY_(CHART ZONES():

SPECIFY RECOMMENDATIONS DAY();
SPECIFY RECOMMENDATIONS NIGHT();
getch();

:I.':lnsegraph{ );

DISPLAY RECOMMENDATIONS() /* Display sorted list of climatic
design recommendations */

{

Window(1,4,27, 13 1,13);
cputs(" RECOMMENDATIONS MENU");

hhilﬂff{[‘RUE]
MENU(recam1,8,Choice) ;
swi tcthEtchE 1)
case UPKEY:
if(Choice>=1) =--Choice;
if(Choice<l) Choice=8;
break;
case DOWNKEY:
if(Choice{=8) ++Choice:
if(Choice>8) Choice=1;
break;
case ENTER:
if(Choice==8B) return;
else {
CLEAR_SCREEN( ) ;
Window(1,8,80, 21 14.4);
JI;J;'IICH mi{mome} :
I break;
}
!
-:{:raph{}
int graphdriver=DETECT;
int graphmode:

%nitgra:ﬂw[&grapl'ﬂriver,&ﬂraphmd& ")y
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?TERT{]
int x, Max¥ MaxY:
graph() ;

MaxX = getmaxx();

MaxY = getmaxy();
settextstyle(1,0,6);
setcolor(14):;
line(0,MaxY/4+2 ,MaxX MaxY/4+2) ;
setcolor(3);
for[x*?;x<ﬁ;x++]

outtextxy(MaxX/2.6+x MaxY/4+x,"C D H"):
line(0,MaxY¥/2. 7+4*x , MaxX ,MaxY/2. T+4*x) ;

}
setlinestyle(0,1,3);
line(0,MaxY/2. 7+4*x , MaxX , MaxY/2. T+4*x) ;
line(0,MaxY/1.65,MaxX, MaxY/1.65);
setcolor(14);
forix=?;x<5;x++l

?uttextxyihafoz.E—x,Hafoﬂ-x."C D H");

settextstyle(0,0,1);
outtextxy(MaxX/5.5,MaxY/1.8,\

"PROGRAMMING THE CLIMATIC DESIGN OF HOUSE");
outtextxy(Max¥/2.4 ,MaxY/1.6,"EISSA - 1991");
setcolor(15);
outtextxy(MaxX/3,MaxY/1.1, "PRESS ANY KEY TO CONTINUE");
Sound(2,2);
getchl();
closegraph() ;

1

BIOCLIMATIC_CHART() /* Draw bioclimatic chart on screen*/

{

graph() ;

fortx=n;x<1n1;x=x+.5l

CURVE_BEQUATIONS( ) ;

Y=X1; putpixel (4*X+200, 3*(50-Y),2):
Y=X2; putpixel (4*X+200,3*(50-Y),3);
Y=X3; putpizel (4*¥+200,3*(50-Y) ,4);
Y=X4; putpixel (4*X+200, 3*(50-Y),5);
Y=X5; putpixel (4*X+200,3*(50-Y),6);

if{}{=%ﬂ || X==65)
fartYEg;Y<50;Y++l
?utnixall4*x+200.3*(5ﬂ—Y].T]:

}
if{}t}ﬂ[{} &b X465 )
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fﬂr{Y=?;Y€501Y=Y+-5]
if[‘f(}{d & Y>¥5) putpixel (4*X+200,3*%(50-Y),15);
}

}

moveto(200,0);

lineto(602,0);

lineto(602,150) ;

lineto(200,150) ;

lineto(200,0);

outtextxy(180,0,"50");

outtextxy(180,28,"40");

outtextxy(180,57,730");

outtextxy(180,86,"20");

outtextxy(180,115,"10");

outtextxy(180,144," 0");

outtextxy(200,155,"0 10 20 30 40 50 60 70 80 90 100");
outtextxy(320,165,"Relative Humidity &");
setcolor(ld);

outtextxy (200,180, "OLGYAY'S BIOCLIMATIC CHART");

outtextxy(230,20,"2 1 [ 12");
outtextxy(230,52,"3 B 1
outtextxy(230,63," 9 13 ");
outtextxy(230,68,"4");

outtextxy(230,73," 10 14 ");
outtextxy(230,93."5 11 15 ");
setcolor(15);

settextstyle(2,1,0);

?uttextxﬂlﬁﬂ,lfh"hir Tamperature DegC.");

?UH?E_EQUHIIEIEH]

X1 = 1.14219114E-6 * pow(X,4) - 2.8818B9588E-4 * pow(X,3) +

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

8.03143939E-3 * pow(X,2) - 1.036998BE-1 * X + 33.7327272727;

X3 = 5.87995337E-7 * pow(X,4) - 1.15365190E-4 * pow(X,3) +
5.36217948E-3 * pow(X,2) - 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;

E‘.’:’MIJ.MIC!LIRY(}

CURVE_BQURTTIONS() ;

P1=X1-Y;

p2=X2-Y;

P3=X3-Y;

P4=X4-Y;

P5=X5-Y;
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1£(X<=30 && P14=0)

if(M<=30 && P2<=0 && P1>0)
1f(X<=30 && P2>=0 && P3<0)
if(X<=30 && P3>=0 && P5<0)
1E(X<=30 && P5>=0)

if(M>30 AR X{B5H && P2<0 && P1<0)
if (X I0EAN656AP] {0AAP2 »=066PT>=0)
if (X 3068K< 6566P1 »=065P3<06EP2>=0)
if(X>30 &b X<65 & P3>=0 && P4<0)
if(X>30 &b X<H5 &&x P4>=0 && P5<0)
iE(X>30 &fc X<65 &fi P5>=0)

if(X>=65 &5k P2<0)

if(X>=65 &5k P2>=0 && P1<0)
iF(X>=65 &k P1>=0 && P5<0)
%f{x>=55 && P1»=0 && P5>=0)

EI‘JMJ.ETIQLNIGFI‘ ()

CURVE_BEQUATIONS() ;

P1=KX1-Y;

P2=X2-Y;

P3=X3-Y;

P4=¥4-Y;

P5=X5-Y;

if(X<=30 && P1<=0)

if(X<=30 && P2<=0 && P1>0)
if(X<=30 &i P2>=0 && P3<0)
if(X<=30 &5k P3I>=0 && P5<0)
if(X<=30 && P5>=0)

TE(X>30 &b M<B5 & P2<0 && P1<0)
i f (X5 305EMC656AP] C0&AP2Z »=068FPT>=0)
if (M 308EM < 658EP1 >=088P3<0EEP2>=0)
if(X>30 & X<65 && P3>=0 &5 P4<0)
if(X>30 && X<65 && P4>=0 && P5<0)
if(X>30 &K X<B65 & P5>=0)

if (X>=65 && P2<0)

if(X>=65 && P2>=0 && P1<0)
if(¥>=65 && P1>=0 &5 P5<0)
}fi}{>=65 b P1>=0 &k P5>=0)

c{azam_mumnmﬂ!{ )

CURVE_BQUATIONS( ) ;
P1=X1-Y;

P2=X2-Y;

P3=X3-Y;

P4=X4-Y;

P5=¥5-Y;

if(X<=30 && P1<=0)
if(X<=30 & P2<=0 && P1-0)
TE(X¢=30 && P2>=0 && P3<0)
if(X<=30 && P3»=0 && P5<0)

{Recom DI[1]1[0]++;
{Recom D[2] [0]++;
{Recom DI3]1[0]++;
{Recom D[4] [0]++;
{Recam DI5] [0]++;
{Recom _DI6] [0]++;
{Recem DI7] [0]++;
{Recom D[8] [0]++;
{Recam D[9] [0]++;
{Recam D[10] [0]++;
{Recam D[11] [0]++;
{Recam D[12] [0]++;
{Recam D[13] [0]++;
{Recom D[14] [0]++;
{Recam _D[15] [0]++;

{Recam N[1][0]++;
{Recam N[2] [0]++;
{Recam NI[3]1[0]++;
{Recaom N[4][0]++;
{Recom N[5] [0]++;
{Recam N[6]1[0]4+;
{Recom N[7]1 [0]++;
{Recam N[81[0]1++;
{Recam N[9][0]++;
{Recam N[10] [0]++;
[Recam N[11] [0]++;
{Recom N[12] [0]1++;
{Recom N[13] [0]++;
{Recom N[14] [0]++;
{Recaom N[15] [0]++;

}
}
1
}
}
}
1
}
}
}
}
}
}
}
}

}
}
}
}
}
}
}
}
}
}

}
}
}
}
}

{Recam D[1] [0]++;
{Recam _D[2] [0]++;
{Recom D[3]1 [0]++;
{Recam D[4] [0]++;

setcolor(l);
setcolor(2);
setcolor(3);

}
H
}
setcolor(4);}
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if(H<=30 && P5»=0) [Recom DI5]1 [0]++; setcolor(5);l]
TE(X>30 b& X{B5 &k P2<{0 &k P1<0) {Recom D[] [0]++;: setcolor(s):}
PE(X>30 & X<65 &b P1<0 && PZ>=0 && P7>=0)
{Recam D[7] [0]+4+; setcolor(7);}
i £ (3> 30885M < 6586P 1 >=055P3<0585P2>=0) {Recam D[8][0]++; setcolor(8);}
TE(X>30 bde X<H5 &b P3>=0 &k P4<0) {Recam D[9][0]++; setcolor(9);:}
iE(H>30 &4 H{A5 && P4)=0 && P5L0)
[{Recam _DI[101[0)++; setcolor(10);

1
if(X>30 && X465 && P5>=0) {Recom D[11] [0])++; setoolor(ll);}
if(X>=65 &k P2<0) {Recam D[12] [0]++; setcolor(12);]
if (X>=65 && P2>=0 &&k P1<0) {Recom D[13]1[0]1++; setcolor(l13);}
if(X>=65 &b P1>=0 &b P5<0) {Recam D[14] [01++; setcolor(l14);}
if(¥X>=65 && P1>=0 &&k P5>=0) {Recom D[15] [0]1++; setcolor(15);}

if (display==1)
circle(4*X+200,3*(50-Y),1);

GRAPH_EVALUATION _NIGHT()

{

CURVE_BQUATIONS( ) ;

P1=X1-Y;

P2=X2-Y;

P3=X3-Y;

P4=X4-Y;

P5=X5-Y;

if(X<=30 && P1<=0) {Recom N[1][0]++; setcolor(l);}
LE(X<=30 && P2<=0 && P1>0) [Recom N[2] [0]++; setcolor(2);}
if(X<=30 && P2>=0 && P3<0) {Recom N([3][0]1++; setcolor(3);}
if(X<=30 &5 P3>=0 && P5<0) {Recom N[4][0]++; setcolor(4);}
LE(X<=30 &k P5>=0) {Recaom N[5][0]++; setcolor(5);}
IE(X>30 &b X<65 &b P2<0 && P1<0)

{Recam N[6] [0]4++; setcolor(6);}
iE(X>30 & M<B5 && P1<0 && P2>=0 && P7>=0)

{Recom N[7]1 [0]++; setcolor(7);}
IE(M>30 &b M<B5 &k Pl>=0 && P3<0 && P2>=0)

{Recam NI[8]1[0]++; setcolor(8);}
IE(X>30 &b X<65 Bi P3I>=0 && P4<0)

{Recom N[9] [0]++; setcolor(9);}
If(X>30 &b X<65 &i P4>=0 &b P5<0)

{Recom N[10] [0]++; setcolor(10);}
if(X>30 &b X<65 && P5>=0) {Recom N[11]1[01++; setcolor(1l);}
if (X>=65 && P2<0) fRecam N[12][0]+4+; setcolor(12);}
if(X>=65 && P2>=0 &5 P1<0) {Recom N[13]1[0]1++; setcolor(13);}
if(X>=65 && P1>=0 && P5<0) {Recom N[14] [0]++; setcolor(14);}
if(¥>=65 && Pl>=0 && P5>=0) {Recom N[15]([0]1++; setcolor(15);}
if (display==1)

circle(4*X+200,3*(50-Y),1);
}

?PECIFY_&MRI_M{ )
fnr{ra.rl irow{data-1;row+t)
X=Datal3] [row] ;
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Y=Datal[l] [row] ;
CGRAPH_EVALUATION DI ) ;
Y=Datal[2] [row] ;

(EHPH} EVALUATION N():

SPECIFY ZONES()
{
fcar{rmrl irowd<data-1;rowt+)

X=Datal[3] [row] ;
Y=Datall] [row];
EVALUATION D();
Y=Datal[2] [xrow];

J;:i.mum:rxm( )1
}
%PECIFY_RWM{ )

if( {Rar{:Da:-.r_,fila=fnpa1{ "Recammen.D", "r") }==0)

printf("File not found\n");
?ﬁtch{};

else
for (row=1;row<{37 ;rowt+)

{
fgets(&Rec_Table([0] [row] ,43,RecDay_file);
forlcurl:ml(lﬁ;mlﬂl

?scanf (RecDay file,"%1d",aRecom Dlcoll [row]) ;
?scanf{RﬂcDa?_file, "\n");

]
fclose(RecDay file);
for(col=1;c0l<16;col++)

for(row=l;row<37;rowtt)
if{Em?n,D[cull [row]==1)
Recam _D([col] [row]=Recam Dlcol] [0];

']}:otal [row]=Total [rowl+Recam Dlcoll [row] ;
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SPECTFY RECOMMENDATIONS NIGHT()

{

if{ (RecN_file=fopen("Recommen.N", "r") J==0)
{

printf("File not found\n");
?etch{h

?lse
far{rmrl;mxﬂ;m]

fogets(&Rec_Tablel0] [row] ,43,RecN_file);
for(col=1;col<16;col++)

{
{Bcanf{REcH_file. "$1d" ,&Recom Nlcol] [row]l ) ;
fscanf (RecN file,"\n");
i }
fclose(RecN file);
fnrtmli=1:m1<1ﬁ:co1++}

forirmrl;rwd?:rm&ﬂ
if{Rac?n_N[mll [rowl==1)

Recam Nlcol] [row]=Recam Nlcol] [0] ;
Total [row]l=Total [row]+Recom N[col] [row] ;

}

l{:LEhR_IHPUT{}
for(row=0;row=120 ;row++)
{

for(col=0;col<6;:col++)
: { Datalcol] [row]l=NULL; 1}

CLEAR RESULTS()
{
fnr{rmi.-u irow=37 ;rowtt)

for{col=0;col<18;col++)
{ Recam Dlcol] [row]=NULL; }
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?ZH'H )

Sort(l,5);

cputs("BUILDING FORM RECCMMENDATTIONS
Display(1,5):

1

ORTENTATION( )
{
Sﬂrt{ﬁ;ﬂi

RELATIVE IMPORTANCE");

cputs ("BUILDING ORIENTITION RECCMMENDATIONS RELATIVE IMPORTANCE");

Display(6,9);
}

El!ﬂﬂﬂﬂmﬂ
Sort(10,15);

cputs("BUILDING ENVELOP RECOMMENDATIONS

?1sp1a¥(1ﬂ,15}:

HOUSE_PLAN( )

{

Sort(16,21);

cputs("HOUSE PLAN RECOMMENDATIONS
Display(16,21);

}

EPBIIM}EH

Sort(22,26);
cputs ( "OPENINGS RECCMMENDATIONS
I}}isplaﬂzz. 26);

Emsm_mm(}

Sort(27.31);
cputs ("HOUSING LAYOUT RECCMMENDATIONS
?isnla&rlz}';iii} i

%EHDEEQPIHGII

Sort(32,36);
cputs("LANDSCAPING RECOMMENDATIONS
lilisplay[ 32,36);

RELATIVE IMPORTANCE");

RELATIVE IMPORTANCE");

RELATIVE IMPORTANCE");

RELATIVE IMPORTANCE") ;

RELATIVE IMPCRTANCE") ;
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SAVE, RESULTS( )

{

Write(29.Choicet4,1,11,50," ");

Result file=FOpean(2Y,Choicet+4, "Enter Hesults file name: ",'w');
Write(29,Choice+4,0,0,50," ");

fprintf (Result file, "\nCLIMATIC DESIGN OF HOUSE Location: %s\n",\

filename);
fprintf(Result_file,"MONTHS AIR TEMP. degC. HUMIDITY % RAIN
mm/d WIND DIR.\n max. min.\n");

for{row=1;rowédata-1;rowtt)
{
fprintf(Result_file,"\n %4d %6.2f %8.2f %7.2f %10.2f %8.0f"
. Tow, Datalll [row]l, Datal2]l [rowl, Datal3] [row]l,
I}:)ata[4] [row], Datal5] [rowl);

fprintf(Result file,"\n\nBiological evaluation results\n"):

fprintf (Result file,"Zones 1 2 3 4 5 6 7 8 9 10 11 12 13\
14 15\n");

for{co%=1:ccl<16;cnl++}

fprintf{Resul t_file,"%3d" ,Recom Dlcoll [01);

fprintf(Result file,"\n ");
for(col=1;co0l<l6;col++)

{

fprintf(Result_file,"%3d",Recan Nlcol]l [0]);

}
fputs("\n\n BUILDING FORM RECOMMENDATIONS ",Result file);
Save(l,5);
fputs("\n\n BUILDING ORIENTITION RECOMMENDATICNS",Result file);
Save(6,9);
fputs("\n\n HOUSE PLAN RECOMMENDATIONS " ,Result_file);
Save(l0,15);
fputs("\n\n BUILDING ENVELCOP RECCMMENDATICNS " ,Result file);
Save(l6,21);
fputs("\n\n OPENINGS RECOMMENDATIONS ",Result file);
Save(22,26};
fputs("\n\n HOUSING LAYOUT RECOMMENDATIONS",Result file);
Save(27,31);
fputs("\n\n LANDSCAPING RECOMMENDATIONS " ,Result_file);
Save(32,36);
fclose(Result_file);
1

?ﬂTIﬂL&MHHnt Choice)
switchii:f::rmlce]

case 1:
Form( ) ;
break;

Orientition();
break;
case 1:

case 2
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Building Frvelop();
break;
case 4:
House Plan();
break;
case 5:
Openings() ;
break;

case 6:
Housing Layout();
break;
case 7:
Landscaping() ;
break:

!Eml.ltchar *arr[], int size, int Choice)
int j;

_setcursortype( NOCURSOR) ;

if(d&t?!ﬂ)}

Write(14,25,1,11,10," %5 ",filename);
?ritE{BBaZE;lalI-lu;" %d “f&ta-zi;
Him{2r4r26r5+5123}7
cputs("\n\r");
for[j=};j<:sim;j++]

TB{].f 11};
if(j==Choice) TB(14,4);
-i:puts{*{mjn:

?EAD_WILEH

Write(29,Choice+4,1,11,50,." ");

Data _file=FOpen(29,Choicet4,"Enter data file name: ",'r');
Write(29,Choice+4,0,0,50." ");

CLEAR INPUT();

while( éfanfmata._file]}

fscanf(Data file,"$f 3f %f &f %f".& Data[l] [data],&\
Datal2] [datal, &Datal[3] [datal ,sData[4] [datal,&Data[5] [datal);
?ataH:

fclose(Data_file);
1f{ﬂat%!"ﬂ}
Write(1,25,14,1,79,"Current file: Data(months):");
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{

Write(l,25,14,1,79,"Current file: Data({months):");
Write(14,25,1,11,10," %s ",filename);

?ritE{a‘B;z-Eflrllrlﬂr“ %d ".«dﬂ.ta—z};

I?D_EE.IR{ )

Write(l,Choicet+4,14,1,15," Mo data ");
?Dund{z.lﬂ};

IEISPI.AY_DETM )

int i=14;

CLEAR_SCREEN( ) ;

Window(1,3,63,6,1,15);

cputs(" Bioclimatic chart evaluation results ‘\n\n\r"):;
cputs("Zones 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Scor");
fnrlm%=l;m1<16;co1++]

printf(" %$2d ",Recam D[coll[0]);

1
ﬂlndﬂﬁ{l.-ﬁfﬁiirg'rlil.‘” i
cputs("MONTHS AIR TEMP. degC. HUMIDITY % RATN mm/d WIND DIR.\
\n\r max. min.");
Window(1,10,8,23.4,15);
cputs("\r\n 1-JAN.\r\n 2-FEB.\r\n 3-MAR.\r\n 4-AER.\r\n 5-MAY\r\n
6-JUNE\r\n 7-JULY\r\n 8-0GU.\r\n 9-SEP.\r\nl0-CKT.\r\nll-
NOV.\r\nl2-DEC."):
Window(9,10,63,23,14,1);
for{row=1;row<13;rowt+)
{
Write(l10,row+10,14,1,53,"%6.2f %7.2f %10.2f %10.2f %8.0f" .\
Datalll [rowl, Datal2] [rowl, Datal3] [row],
s Datal4] [row]l, Datal5] [rowl);

:{hrt[int First, int End)

int V.-C;r
fur{v:::% je<End-First+2;c++)

v=0;
for(row=First ;row(=End : rowt+)

{

;f{Total [rowl>v &% Recom D[17] [row]l==0) v=Total [row];
far[m.%FFirat s YoW(=End ; rou+)

if(Total [rowl== v && Recom D[17] [rowl==0)
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Recam D[17] [rowl=¢;

Display(int First, int End)
{

int c;

int t=0;

Write(20,23,14,4,40," Press any key to contenue 13
Window(5,10,80,21,14,1);

for( rmrFirst ;row<=End+1 ;rowt+)

Reccm]  D[18] [row]l=0;
for(c=1;c<{=End-First+l;c++)
{
fortrmrl;rm«&ﬂﬂ;rm%}
if{Rec?ru:l[l?! [row]l==c && Recom D[18] [rowl==0)
t++;
if(Total [row] !=0)
printf("\n %2d %s %44".t.\

Rec Table([0] [row], Total [rowl);
1}%3@;_]3[18] [rowl=1;

Window(1,4,27, 13 1,13);
g:nutsl" EECOMMENDATIONS MENU") ;

?ave{int First, int End)
int c;

int t=0;
for (row=First ; row{=End+1 ;rowmt+)

{
I}teccm_D[!B] [row]l=0;

Sort(First,End):
fc}r{—:::=% se{=End-First+l;c++)

foriruiFl;rw(MI:M]
1f{Eac?n_D[1?] [rowl==c && Recom D[18] [rowl==0)

t4t;
if(Total [row] !=0)

fprintf(Result_file,"\n $%2d %s %4d",t.\
Rec_Tablel[0] [rowl, Total [rowl);
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Tsl::cm_D[IE] [row]l=1;

}
}
gprintftlieault_fi le,"\n");

CLEAR_SCREEN()

f
window(1,2,80,24):
TE(?:U};

t}:lrscr{ );

{B«ITER_DAIA{]

int .Y

int i=14;

CLEAR SCREEMN();

_setcursortype(_SOLIDCURSOR) ;

Write(1,8,14,4,80,"MONTHS AIR TEMP. deqgC. HUMIDITY % RAIN mm/d\

WIND DIR.");

Write(1,9,14,4,80," max . min.");

Window(1,10,8,23,4,15);

cputs("\r\n 1-JAN.\r\n 2-FEB.\r\n 3-MAR.\r\n 4-AER.\r\n 5-MAY\r\n\
6-JUNE\r\n 7-JULY\r\n 8-0GU.\r\n 9-SEP.\r\nl0-OKT.\r\n\
11-NOV.\r\n12-DEC.");

data=1;

Window(9,10,63,23,14,1);

for(row=1;rowdl3;rowt+)
{
fcr{m%=1;m1<ﬁ;m1++1

¥=wherex();

y=wherey();

scanf ("$f" ,&Datalcol] [rowl) ;
l}:utc-x?{xﬂﬂ Y

gotoxy(l,y+1);
datat+;

}

?&‘-’E_DHTM}

Save Data File=FOpen(29,Choice+4,"Enter Data file name: ",'w');
Write(29,Choice+4,0,0,50," ");
for(row=1;rowidata-1;rowt+)

{

fprintf(Save Data File,"\n %8.2f %8.2f %9.2f %12.2f %8.0f",\
Datall]l [row], Datal2] (row]l, Datal3] [rowl,\
Datal4] [row]l, Datal5] [rowl);
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fclusaiSava_Data_Fila}r

FOpen(int col,int row,char *Masage,char at)
jflat="w" |] at="a")

do{
Swrite(col,row,14,1,"%30s" ,Masage) ;
scanf("%s",filename);
1fi!ac%ass{filenanﬂ.ﬂ]l

Swrite(col+28,row,14,0,"Y ");

S]ﬂ'ite‘ml:m: 15: 4!“FILE EXIST D\?ﬁnﬂrltﬂ? " :';
Sound(2,4);

{;h=q3t¢h[];

Iwhile(ch!='y'&& laccess(filename,0));
iflat=="w") fopen(filename, "w");
if(at=="a') fopen(filename,"a");

}
if(at=="r")
{
do{
Swrite(col,row,14,1,"%30s" ,Masage) ;
scanf("%s",filename) ;
if(aca?sslfilma:m,m}

Swrite(col+28,row,14,0,"N ");
Swritel'.GDerrl-!A,"FILE NOT FOUND Rtrﬂ? "}J'l
Sound(2,4);

?h=qetch{}5

Jwhilel({ch!="n"' &% access(filename,0));
fmifilman‘e.“r"};

‘ifindcm{int tcol,int trow,int beol,int brow, int textec,int backc)

textcolor(textc);
textbackground (backe) ;
window(tcol , trow,bcol ,brow) ;
t}:lrscr{ )i

void Swrite(int col,int row,int color,int becolor.\
- va_list arg list, ...)

va_list arg ptr;
char *format:;

char output[81];
int len;
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PROGRAMMING THE CLIMATIC DESIGN OF HOUSE (Computer application)

window(1,1,80,25);
va_start(arg ptr, arg list);
format = arg list;
vaprintf(output, format. arg ptr);
TB(color,bcolor) ;

gotoxylcol, row);

é:printf(nutput} 7

void Write (int col, int row, int color, int bcolor,\
; int width, va_list arg list, ...)

va_list arg ptr;

char *format;

char output([81];

int len;

window(1,1,80,25);
va_start (arg ptr, arg list);
format = arg list;

veprintf (output, format, arg ptr);
output [width] = 0;

if ((len = strlen(output)) < width)
setmem(&output [len], width - len, ' ');
TB(color,becolor) ;

gotoxvicol, row):

cprintf(output) ;

} /* Write */

clr()
{

window(1,1,80,25);
TB(7.0);
tj“:lrsm{h

‘}'B{int t, int b)

textcolor(t);
;:axtbackurcmﬂ[b] 3

?mmd{int i,int o)
sound(1*1000) ; delay(i*100);

nosound( ) ;
?ala?{a*lﬂﬁ} 5
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APPENDIX A

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
file 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
cglimatic design recommendations table. These tow files

are presented in the following pages.
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PROCFAMMING THE ULIMATIC DEXITGN OF HOUSE

A.2.1- Recommen.D file.

fComputer application)

-Compact form
-Campact courtyard form
-Elongated form

-Use pitched or curved roofs
-Use earth sheltring

= L= L

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

-Select high thermal capacity materials
-Use double elements
-Use heavy materials with long time lag
-Use reflective materials on surfaces

-Use light well insulated materials

-Use plants next to building envelope

-Open plan
-Provide air shafts
-Orient low use spaces to south and west_
-Provide outdoor semi-protected areas

-Provide solar oriented roams
-Provide outdoor sleeping areas

~Large openings 40-80%
=Medum openings 20-40%
-Small openings 10-20%
-Provide shading for large openings____
-Provide insulating at glazed openings

-Compact layout
-Wide spacing layout
-Wide spacing layout and provide shading
-Use nearby buildings for wind protection
-Use nearby buildings for shading

HO=OO o000 HOOHKEE o000

-Use trees shading
-Use vegitation ground cover
-Use heat reflective materials on site
-Use water pools on site
-Use vegitation for wind protection
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APPFPENDIX A

A.2.2- Recommen.N file

~Campact form
-Campact courtyard form
-Elongated form

-Use pitched or curved rocfs
-Use earth sheltring

-Long axis East West
-Long axis North South

=Long axis North-east South-west
-Long axis North-west South-east

-Select high thermal capacity materials
-Use double elements
-Use heavy materials with long time lag
-Use reflective materials on surfaces

-Use light well insulated materials

-Use plants next to building envelope

=Open plan
-Provide air shafts
—Orient low use spaces to south and west
-Provide outdoor semi-protected areas

-Provide solar oriented rooms
-Provide outdoor sleeping areas

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

~Compact layout

-Wide gpacing layout
~Wide spacing layout and provide shading
-Use nearby buildings for wind protection
-Use nearby buildings for shading

-Use trees shading
-Use vegitation ground cover
-Use heat reflective materials on site
-Use water pools on site
-Use vegitation for wind protection
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APPENDIX B
PROGEREAM APPILICATIONS
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APPENDIX=- B

PROGRAM 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 yvear are used to execute the program'®*’. The output
sorted 1list of climatic design recommendations are
presented. Also a typical design of a house based on

the program results are presented for each location.

(*) pata Source: CLINATE AND ARCHITECTURE a national evaluation  Samir H. Hosni 34



FROGRAMMING THE CLIMATIC DESIGN OF MHOUSE IComputer sapplicationl}

PROGRAM APPLICATION RESULTS

Location: ALEX.

INPUT CLIMATIC DATA

MONTHS AIR TEMP. degC. HUMIDITY % RAIN mm/d WIND DIR.

max. min.
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
g 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 7.580 0
11 24.40 14.80 72.00 32.20 330
12 20.40 11.20 74.00 56.20 240
BIOLOGICAL EVAILUATION ERESULTS
Zones 1 2 3 4 5 6 7 8 91011 12 13 14 15
Day Indicators 0 00O O O O OTUOT DODUODOTUDOUDODUG®G®B 2 4
Night Indicators O 0O0ODODODODODODODOODODOODODTUODTU O 210
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APPENDIX~- B

CLIMATIC DESIGN RECOMMENDATIONS RELATIVE IMPORTANCE

BUILDING FORM RECOMMENDATIONS
1 -Elongated form 24
2 —Campact courtyard form

BUILDING ORIENTITION RECCMMENDATIONS

o

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 ENVELOP RECOMMENDATIONS
1 -Use light well insulated materials 24
2 -Use double elaments 14
3 -Use reflective materials on surfaces 8

HOUSE PLAN RECOMMENDATIONS

1 -Open plan 2
2 —Orient low use spaces to south and west__

3 -Provide air shafts
4
5

-Provide outdoor semi-protected areas
-Provide solar oriented rooms

o Oy O 00 ol

OPENINGS RECOMMENDATIONS
1 -Large openings 40-80%
2 -Provide shading for large cpenings
3 -Medum openings 20-40%

HOUSING LAYOUT RECOMMENDATIONS
1 -Wide spacing layout 24
2 -Use nearby buildings for shading 10
3 -Wide spacing layout and provide shading _ 8

o 00

LANDSCAPING RECOMMENDATIONS

1 -Use trees shading 6
2 -Use heat reflective materials on site 4
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FIG. B-1
Typical design of a house based on the program results for Alex. location
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APPENDIX- B

PROGRAM APPLICATION RESULTS

Location: ASYOUT

INPUT CLIMATIC DATA

MOWNTHS AIR TEMP. degC. HUMIDITY % RAIN mm/d WIND DIRE.
max. min.
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 EVALUATION RESULTS

Zones

1

2 3 45 6 7 8 9101112131415

Day Indicators

Night Indicators

1 1 1
0 0 0

0
0

0
3

3
0

1
0

0
0

1 1
0 0

30
9 0

0 0
0 0

0
0
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PROCRAMMING THE CLIMATIC DESIGN OF HOUSE fComputer application)

CLIMATIC DESIGN RECOMMENDATIONS

RELATIVE IMPORTANCE

BUILDING FORM RECOMMENDATIONS

1
2
3
4
5

-Compact form
-Use pitched or curved roofs

—-Compact courtyard form
-Use earth sheltring
-Elongated form

BUILDING ORIENTITION RECOMMENDATIONS

1
2
3
4

-Long axis North-east South-west
-Long axis North South

-Long axis North—-west South—-east
-Long axis East West

BUILDING ENVELOP RECOMMENDATIONS

5
b

-Use double elements
-Use light well insulated materials

-Use plants next to building envelope
-5elect high thermal capacity materials
-Use heavy materials with long time lag
-Use reflective materials on surfaces

HOUSE PLAN RECOMMENDATIONS

1
2
3
4
5

-Provide air shafts
—Orient low use spaces to south and west__
-Provide solar oriented rooms
-Provide outdoor sleeping areas

-Provide outdoor semi-protected areas

OPENINGS RECOMMENDATICONS

U7 ol Lol ol b=

-Small openings 10-20%
-Provide insulating at glazed openings
-Provide shading for large openings

-Large openings 40-80%
-Medum openings 20-40%

HOUSING LAYOUT RECOMMENDATIONS

1
2
3
4

-Compact lavout
-Use nearby buildings for wind protection_

-Use nearby buildings for shading
-Wide spacing layout

LANDSCAPING RECOMMENDATIONS

1

UM e L B

-Use vegitation ground cover
-Use vegitation for wind protection

-Use water pools on site
-Use heat reflective materials on site
-Use trees shading

= b
L Unpn = B3 o o U Oy B G Lol = =t NMEOUn-amo [ SEFEIEE, Lo b o N O

b L =~ 0o 0D
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Typical design of a house based on the program. resulls for Asyout location
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PROGRAMMING THE CLIMATIC DESIGN

oF HOUSE

fComputer appllcation?

PROGRAM APPLICATION RESULTS

Location: LUXOR

INPUT CLIMATIC DATA

MONTHS ATR TEMP. degC. HIMIDITY % RATN mm/d WIND DIR.
max. min.
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 RESULTS

Zones

1

2 3 45 6 7 8 9101112131415

Day Indicators

Night Indicators

o R -

o =

oo

b O

w o

= b2

o o

0 =

[ =T

L= A8

=] =

a o

a o

oo

o o
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APPENDIX- B

CLIMATIC

DESIGN RECOMMENDATIONS

EELATIVE IMPORTANCE

BUILDING

BUILDING

BUILDING

FORM RECCMMENDATIONS
1 ~Campact form
2 -Use pitched or curved roofs
3 -Use earth sheltring
4 -Campact courtyard form
5 -Elongated form

ORIENTITION RECCMMENDATIONS

1 -Long axis North-east South-west
2 -Long axis East West
3 -Long axis North South
4 -Long axis North-west South-east

ENVELOP RECCMMENDATIONS

1 -Use double elamnents

2 -Use light well insulated materials

3 -Use plants next to building envelope
4 -Select high thermal capacity materials
5 -Use heavy materials with long time lag
6 -Use reflective materials on surfaces

HOUSE PLAN RECOMMENDATIONS

-Provide air shafts
-Orient low use spaces to south and west__
-Provide outdcoor sleeping areas

-Provide outdoor semi-protected areas
-Provide solar oriented rooms

U ks L b

OPENINGS RECCMMENDATTIONS

-Small openings 10-20%
-Provide insulating at glazed openings
-Medum openings 20-40%
-Provide shading for large openings

-large openings 40-80%

L ek L) B3 =

HOUSING LAYOUT RECOMMENDATICONS

1 —Campact layout
2 -Use nearby buildings for wind protection

3 -Use nearby buildings for shading
4 -Wide spacing layout

LANDSCAPING RECCMMENDATIONS

1 -Use vegitation ground cover
-Use vegitation for wind protection
-Use water pools on site
-Use trees shading
-Use heat reflective materials on site

LY sk Ll D

= b OR g DO

el el Y

18

-
= = B 0D 00 =) =] 00 W

Ll PUR e e )

12
10
7
1
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APPENDIX- B

PROGRAM APPLICATION RESULTS

Location: ARTSH

INPUT CLIMATIC DATA

MONTHS ATR TEMP. degC. HUMIDITY % RAIN mm/d  WIND DIR.

max. min.
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
L] 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
BIOLOGICAL EVALUATICON RESULTS
Zones 1 2 3 45 6 7 8 9101112 13 14 15

Day Indicators 0 0 0o 0O 0O O 1 0O 0O O 1 05 2 3
Night Indicators 0O 00 0OOUODUOTDU OZ2O0UO0 Q010
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PROCGRAMMING THE CLIMATIO DESIGN OF HOUSE fOcempuilcr applicaidien’

CLIMATIC DESIGN RECOMMENDATIONS RELATIVE IMPORTANCE

BUTLDING FORM RECOMMENDATTONS
1 -Elongated form 21
2 =-Compact courtyvard form
3 -Compact form

BUILDING ORIENTITION RECOMMENDATIONS
1 -Long axis North-east South-west
2 -Long axis East West
3 -Long axis North South
4 -Long axis North-west South-east

BUILDING ENVELOP RECOMMENDATICHNS

-Use light well insulated materials______ 23
-Use double elements 16
-Use reflective materials on surfaces 8
-Use plants next to building envelope 1

Lo+ 3]

o b Oy OO

RECOMMENDATTONS

-Open plan 2
-Provide air shafts

-Orient low use spaces to south and west
-Provide outdoor semi-protected areas
-Provide solar oriented roams

mlhuhdl"é L B

oy 0o

OPENINGS RECCMMENDATIONS

-Large openings 40-80%
-Provide shading for large openings
-Medum openings 20-40%
-Small openings 10-20%

HOUSING LAYOUT RECOMMENDATIONS
1 -Wide spacing layout 2
2 -Use nearby buildings for shading
3 -Wide spacing layout and provide shading
4 -Compact layout

LANDSCAPING RECOMMENDATIONS

1 -Use trees shading
-Use heat reflective materials on site
~Use vegitation ground cover
-Use water pools on site
-Use vegitation for wind protection

B L B =
= B2 oy Oy

Ll ¥ T S

LA b L B
= b O
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PROCFAMMINE THE CLIMATIC DESICN

0OF HOUEER

famputeor applicatlion)

PROGRAM APPLICATION RESILTS

Location:

DAKHLA

INPUT CLIMATIC DATA

MONTHS ATR TEMP. degC. HIMIDITY % RAIN mm/d WIND DIR.
max. min.
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

BIOCLOGICAL EVALUATION RESULTS

Zones

1

2 3 4 5 6 7 8 910111213 14 15

Day Indicators

Night Indicators

4
0

0
0

1
0

0
0

g 1 3
5 0 0

0 2
0 0

1
0

2
7

0
0

0 0 0
0 0 0
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APPENDIX- B

CLIMATIC DESIGN RECCMMENDATIONS

RELATIVE IMPORTANCE

BUILDING FORM RECCMMENDATIONS

1
2
3
4
L

-Compact form
-Campact courtyard form
-Use pitched or curved roofs
-Use earth sheltring
-Elongated form

BUILDING ORIENTITICON RECCMMENDATIONS

1
2
3
4

-long axis North-east South-west
-Long axis East West
-long axis North South
-Long axis North—west Scuth-east

BUILDING ENVELOP RECOMMENDATIONS

o
mthHE TV b L B

-Use double elements

-Use light well insulated materials
-Use plants next to building envelope
-Belect high thermal capacity materials
-Use heavy materials with long time lag
-Use reflective materials on surfaces

EECOMMENDATICNS
-Frovide air shafts
-Orient low use spaces to south and west
-Provide outdoor semi-protected areas
-Provide solar oriented roams
-Provide outdoor sleeping areas

%
?

LN s ol B

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

HOUSING LAYOUT RECCMMENDATIONS

1
2
3
4

-Campact layout
-Use nearby buildings for wind protection
-UUse nearby buildings for shading

-Wide spacing layout

LANDSCAPING RECOMMENDATIONS

1

U s Gl D

-Use vegitation ground cover
-Use vegitation for wind protection
-Use water poocls on site
-Use trees shading
-Use heat reflective materials on site

=
B LD o B B L LN Oy = B = D [SXT, N5, BT, - B B2 B Gl B3 L0 Lt Oy

B b LA ~d WD
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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 seguence 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 eclimatic

variations and climatic elements are the considerations
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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 wvarious 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

Heat exchange 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 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 living

conditions with the minimum cost of mechanical heating

271



PROGRAMMING THE CLIMATIC DESIGN OF HOUSE <(Ceompuiler applilloabion’

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 recommendations can be

grouped under seven headings, they are: building form,
building orientation, building 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 1list of
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climatic design recommendations.

The program processed through the segqguence 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 c¢limatic 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 Egvpt (for examples).
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