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Abstract

By reviewing the literature , there are differen’ attempts of determining the suitable
systematic methodology for adapting the design of a building to the human requirements
and climatic conditions. In this paper, each method will be discussed briefly and apply
each ome in Ar-Riyadh region of Saudi Arabia with taking inte account the limitations
for each techniques. Consequently , these methods will be combined to select the most
appropriate  design strategies in the rmentioned region. The methods which will be
exhibited in this paper are the most important in terms of the bioclimatic concept of
building design accuracy (so far). It has been taken into considerationn  in presenting these
methods, the development of the bioclimatic concepts of building design since 1850.

KEYWORDO
Biocilmatic Design; Psychrometric Chart; Thermal Comfort; Thermal Mass; Strategy;
1.1. Olgyay’s Bioclimatic Chart:

Olgyay brothers in 1950's proposed the climatic chart as a method of determining
human requirements and satisfactory building design principles in relation to the climate
{1.2).The bioclimatic chart shows the relationships of different climatic elements to each
other. In the chart, the Y-axis represents dry-bulb temperature and the x-axis represents
relative hwnidity. In additionthe human thermal comfort shown as a zone in the middle
of the chart (fig. 4.1} where the cther climatic elen.ents (mean radiant temperature,wind
speed,solar radiationand evaporative cooling) around it are indicated by means of curves
in which they show the necessary corrective measures to restore the feeling of comfort
at any point outside the comfort zoneIn the middle, it can be seen clearly that the
winter comfort zone lies a Lttle lower of the summer comfort zone. The lower area of
the comfort zone is the srea where sunshine is requiredIn the other hand, shading is
needed in the area sbove the indicated limit line.At temperature above the comfort
zome, the wind speed required to restore comfort which is shown in relation to humidity.
In case of the ambient conditions are hot and dry, the evaporative cooling is necessary
for comfort as indicated.
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1,The Bloclimatic Chart Proposed by The Olgyay Brothers [2]

Some steps should be followed for using Olgyay’s bicclimatic chart in determining the
appropriate human requiremen's in order then to be transferred to a building design
which satisfy these requirements.

First : collecting  the local climatic data such as temperature,wind,radiation and humidity.

Second: putting the climatic data in tables on an annusl basisthen a series of charts
showing annual distribution of the climatic elements should be constructed.

Third : plotting of the tabulated data on air temperature and humidity on bioclimatic
chart. As mentioned, the lower limit of the comfort zone (70° F) is known as the
'underheated’ period where irradiation is required. The area above the limit is the
'overheated’ pericd in which shading from solar radiation is necessary. After the climatic
type is determined and , from the other variables shown on the chart ,the comfort
requirements of ventilation,evaporative cooling,shading or solar radiation can be
evaluated,

Fourth: design criteria and factors can then be determined accordingly such as the
building forms and orientation, the location, size and shading of openings and proportion
of the solid to the void, etc.

L2 Limitation of Olgyay’s method :

Although Olgyay's method was the first attempt of incorporating the c¢limatic
conditions into building design, the method has some constraints.Firstof all, the chart
is based only on outdoor climatic conditions. In other words, some limitations in
analyzing the indoor physiological requirements in the building would be expected [3].
Second, it can be applied only on hot-humid regions where there is no high-range
fluctuations between indoor and outdoor conditions and ventilation is essential during
day.As an illustration, in hot-dry areas where the difference in the daily temperature
(maximum and minimum) is about 17°C ,and relative humidity is about 45% and by
plotting these figures on Olgyay's bioclimatic chart, comfort is not achievable during the
day,unless evaporative cooling is provided or the indoor wind velocity is very high.In this
example, the analysis are limited only tc the outdoor climatic conditions and not
including indoor climatic conditions and the building structure itself as a related
factors.By employing the indoor climatic conditions and bullding structure, the comfort
could be easily achieved in the mentioned example such as selecting appropriate
materials and shading devices.

.3 _Application of 0l 's method Ar-Ri ion

Bioclimatic chart for Ar-Riyadh region isshown in fig.2.4 in which the plotted lines
represent the hottest and coldest months from the average dally maxima and average
daily minima data of both dry-bulb temnperature and relative humidity. It can be observed
that in case of the summer (hottest menths),comfort

S

ay ™



HOVAL-HY NO 1HVHD DUVYIWNOO0I8 AVADI0 40 NOLLYONddV ‘2" "9

% ANpluny SARERY

113

oy

09

0L

06

£.4]3

Dry Bulb Temperature® C ———]

8

8

8

8

8

-3
o

"

L 3

i*
.....’.a.‘%v/?"'“"u

.,
K

ieou

lpraeaoy

ol

can be achieved when shading is to be employed. In addition, the case of Ar-Riyadh
region as It is clear from the chart for the summer season, the temperature is high and
the relative humidity Is low.As a solution of this case , the winds are of little heip.The
most effective tool in order to fight high temperature isevaporative cooling. The dotted
lines indicate grains of moisture per pound of ai- needed to reduce temperatures to the
level at the upper comfort perimeter. For example, in July (the hottest month), the
grains of moisture per pound of air is 45 in order to bring the high temperature and
relative humidity to the upper limit of the comfort zone.

In the other side, radiation is necessar. in the winter (Dec,Jan,Feb,March) to
counteract lower dry-bulb temperatures. The amount of W/m" needed by ‘solair’ action
to restore the sensation of comfort for outdoor ~onditions only, is shown by the parallel
lines below the comfort zone. For example, in the month of January, the radiation
needed is more than 8OO W/m” for the purpose of bringing the outdoor conditions to the

lower limit of the comfort zone.However, there is no enough solar radiation in that
month,

Having said that, Olgyay's bioclimatic chirt is appropriate for outdoor conditions
in hot-humid climate only because there isno ary consideration to the building structure
and materials in which the consideration of them would lead to a better solutions.

2.1 Givoni's building bioclimatic chart

Because the limitations mentioned in Ol, yay's bioclimatic chart , Giveni in 1969
developed his building bioclimatic chart. The format whickh Givoni proposed is the
familiar psychrometric chart, which is useful for engineering purposes. On the
psychromatric chart, he overlaid boundaries defining the limits of the passive cooling
strategies to create thermal comfort in the ‘nteriors of buildings in given climatic
conditions. In other words, the chart combines different *emperature amplitudes and
vapour pressure of the ambient air plotted on a psychromatric chart and correlated with
specific boundaries of passive cooling techniques overlaid on the chart. These boundaries
or parameters were initially defined by Giveni on the bases of field measurements of test
buildings, and they have been updated subsequently by Givoni (1979) and several other
contributors (Milne and Givoni, Arens et al ,1986) [4). As an illustration, if the ambient
climatic conditions were 28°C and S50%, this falling just inside the limit of ‘ventilation
effectiveness’ (fig. 4.3). So, Givoni’s bioclimatic chart represents a guideline tool for
choosing the appropriate design strategiesfor 1
specific climatic conditions. In addition, Givoni used the psychrometric chart as the base
to define the comfort zone and sketched out the probable extent of outdoor conditions
under which certain passive control techniques can be ensure indoor comfort [5).
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2.2 Limitation of Givoni’s building bioclimate chart

In spit of the fact that Givoni’s bioclimatic chart has been passed through several
modifications and improvements, ithas some limitations. In 1981 ,Watson (6], discussed
the limitations of Givoni’s bioclimatic analysis. He stated that Givoni’s bioclimatic chart
is used more in residential building structures which are free of internal heat gains. He
added that some assumptions have some limitations such as the upper boundary of the
ventilation effectiveness zone is based on the assumption that the indoor mean radiant
temperature and vapour pressure are nearly the same as these in the external
environment. So, this needs a building structure of relatively low mass and of medium
to high thermal resistance with white exterior surfaces . The other limitation in Givoni’s
assumptions is the thermal mass effectiveness which based on the assumption that all
windows are closed during the day time, the indoor air and the indoor vapeur pressure
is 2mm higher than the outdoor. Other building features such as opening surfaces and
shading have been described. Watson mentioned some other limitations regarding the
collected data from weather stations which Is not necessarily represent the climate of
their respective regions. He stated that some other information which effect the climate
and has not been taken int consideration during the collection of the data such as dust
and chemical pollutants ,can compromise the desirability of ventilation as a cooling
strategy. Microclimatic conditions such as proximity to bodies of water can significantly
alter temperatures and humidity which can be a limitation for other methods as well.

2.3 Application of Givoni's bioclimatic chart in /r-Rivadh

The building bioclimatic chart for Ar-Riyadh city has been drawn (fig. 4.4} based
on the hottest and cecldest months July and Dec. respectively. It can be distinctiy noticed
from the chart that during summer period, the comfort can be attainable entirely by
passive means such as evaporative cooling and high thermal mass with night time
ventilation. In the other hand ,the case of winter months, small part of it is in the
comfort zone ,but large part is under cool period. However, in case of Ar-Riyadh the
designer has the challenge to incorporate conflicting winter and summer comfort
requirements Into a single design. The most dominant strategy in this case is thermal
mass {with small openings} which can be a reasonable solution to provide a suitable time
lag in which the heat can not reach inside of the building during the daytime in summer,
and acts as heat storage advise for the cool nights in winter. This strategy can be
employed by the selection of appropriate materi-l along with proper orientation and
other passive design strategies such as evaporative cooling etc.
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3.1 Mahoney's Tables

Another method of determining the human comfort requirements and satisfactory
building design principles was developed by Car! Mahoney. It consists of a simple set of

. tables for recording and analyzing climatic information and driving from it appropriate

specifications for the layout ,orientation, shape and structure of the building [7].

In this approach , the climatic data such as dry bulb temperature, relative humidity
.precipitation and wind ,are classified into groups as described below;

Average Relative Humidity Humidity Group
Below 307 1
30% to 507 2
50% to 707 3
Above 707 4

Similarly the monthiy mean maxima and monthly mean minima of the site in
question are compared to the day and night comfort limits for each individual month,
according to the annual mean ranges given in table 3 respectively (i.e maxima with the

day comfort limit and minima with the night comfort limits). The classification is
established as follows ;

Above comfort limit ==--r-r--mmmmmmoeme- H
Within comfort limit —--------—=--==---= -
Below comfort limit ------------------- C

In the next step , the humidity and comfort classifications are compared for each
month to establish humidity and arid indicators described below ;

Humidity indicators :

Hl : Indicates that air movement is essential. It applies when high temperature (day
thermal stress = H) is combined with high humidity (HG=4) or when the high
temperature (day thermal stress=H) iscombined with moderate humidity (HG=2 or 3)
and a small diurnal range (DR less than 10°C).

H2 : Indicates that alr movement is desirable. It applies when temperature within the
comfort iimit {day thermal stress= -} are combined with high humidity (HG=4).

H3 : Indicates that precautions against rain penetration are needed. Problem may arise

even low precipitation figures ,but will be inevitable when rainfall exceeds 200mm per
month.
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Arid Indicators :

Al :Need for thermal storage. This applies when a large diurnal range (10°C or more)
coincides with moderate or low humidity {HG=1,2 or 3).

A2 : Indicates the desirability of outdoor sleeping space. It is needed when the night
temperature is high (night thermal stress=H) and the humidity islow (HG=l or 2). It
may be needed also when nights are comfortable outdoors but hot indoors as a result
of heavy thermal storage (i.e day = H, night = — humidity group = lor 2 and when the
diurnal range is above 10°C).

A3 : Indicates winter or cool-season problem. These occur when day thermal stress= C.

These tables are followed by the sketch design recommendations in which the design
requirements of a building can be derived. The recommendations for the form of the
building are grouped under the following eight subject :

Layout — Space - Air movemnent - Openings
Walls - Roofs - Rain protection - outdoor spaces

At this stage , recommendations for the various size and protection of openings
, layout planning , positioning, glazing , natural light and prevention of glare, along with
the type of external walls , roofs and floors, could be indicated.

3.2 Limitation of Mahoney’s Tables

Mahoney’s tables are reasonable approach in determining the human comfort
requirements and satisfactorybuilding design recommendations. However, the human
comfort limits indicated in the table are quite vary depending on people ,age and
cultural differences. In addition, some other data are not considered such as dust
,chemical pollutant which can compromise the desirability of other design
recommendations. It can be agreed that these limitations are applicable to the previous
methods . However, Mahoney's tables are a systematic approach to the desigh
recommendations which are more elaborated than the previous methods in term of
different building details.

10

3.3 Application of Mahoney's tables in Ar-Riyadh city

The climatic data for Ar-Riyadh city is recorded in Mahoney's tables (tables
4.1,4.2,4.3,4.4). It can be noted from the tables that Ar-Riyadh city is hot and dry with
monthiy mean range more than 11.4°C. The result of the analysis (table 4.5,4.6) are
summarised in the following table :

Element _Recommendations
Layout 1- Building oriented on east-westaxis to reduce exposure to
sun.

2-Compact courtyard planning.

Spacing Compact planning.
Air Double-blanked rooms with temporary provision for air
movement movement or no air movement required.
Openings:
Very small openings, 107% -207 of wall surface area.
Size:
In north and south walis at body height on windward side,
Position: but Ineluding openings in internal walls {towards the
courtyard).
Ne indication in the tables.
Protection:
Walls and Heavy external and internal walls, over 8 hours time -lag.
floors
Roofs Heavy roofs; over 8 hours time lag.
Outdoor Space for outdoor sleeping required.
sleeping
4.1. Human thermal comfort

To develop a single parameter that represents the physiological and sensory
response of the body under wvarious envirommental and physical conditions, a large
number of indices have been developed (eg. effective temperature , resultant
temperature , and heat stressindex etc.). One of these has been attempted by Givoni in
the 1970’s. This approach is based on determini- g the heat production and exchange
between the human body and itsenvironment to achieve thermal equilibrium.

e
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Location Ar-Riyadh
Longitude 464 E
[
Latitucia 244 N
Afancte 600m
TABLE .1 Alr Tempersture (Deg Calslus)
JFMAMJJASONDWMM
Monthly mesn max. | 20.224.1(27.7| 332|304 | 4164261423 [39.8 343 |27A [ B 4z6 1| 257
Monthy mesnmén. | BB 101|148 20 |244 (2641275 27 [24.1]192 143 10 8.4 338
Mominty meencange |11.4 | 14 |128] 1341138152 |15.1 1154 167 | 151 136|118 Lawest  AMR
Monﬂymeanrnnqeu(monﬂ\.manmx.-m\hmnm)
AT, = Arrwe! mean tempecatune = { highest + kowsst)} [ 2
AM.R. = Annusl mesn range = higheet - lowest
TABLE .2 Humidity,Rain and Wind
Ralative humidhy: %
|Manthly mesn mex a.m.| 657|543 |51.2 | 402 |308 | 202 | 20 | 207 | 238|327 |479 [ 61.8
sty masmmiam |32 [208]24 1173 |13 |85 767 |03 |8B 114 (27 115
Avewpa 480|301 |376l2887218| 44144 ] 15 [168(23.4 |353 ;467
HomicRy groupe 2 2 2 1 1 1 i 1 1 1 2 2
L
Rain sod wind
lm-ﬂ' J4‘4 21l22]13‘3lo|o‘010|10113 raw
Wi, prwveitng SE|SE [SE|NE|NE| N | nwl N | NW| NW[NW| SE
Wind, secandecy
JIElMIAlM|[J[J]A]S]O|NID
12

Comtort fimita
TEMP. OvER 2O T TEMP. 1520 © TEMP. BELOW 15 T
Day gt Day Night Day Night
Huolefty gt 1 2634 1725 2332 1423 2130 1221
2 sm 1724 20 1422 20-2¢ 1220
3 23 1723 21-28 1421 1926 1219
4 22-2;r 17-21 20-28 1420 18-24 12-18
TABLE 3 Ciagnosis
Diagnosts G JIFIMIA|M|JIJ|A|S|OC|N|D AMT
Monthly mean max, |20.2 (241 | 277 | B8 1384 416 (4261423398 345 | 278218
}
Daycomot upper | 31 | 31| 31 M oMM ! M M| 3|3 lmn | N
Dy comixt: kower o5tos 25| 26! 26| 26| 26 |26 | 26 | 26 | 25 | 25
Monthly mean min, | 88 |10 149 | 20 |245]264 |275] 27 (241 (192 (143 ] 10
Might comort: upper | 24 | 24 | 24 | 251 25 s |25 |25 25| 25| 2a| N
Night cormort kower | 17 | 17 17 [17 |7 |17 a7 |77 L1717 | A7
Thetraisressaey |C |l ¢l - {C I [HIH |H|H[H-[C
Thermmal stress: night Cl-|-JH]|HIHE_}|~-]C]|C
TABLE 4 indicators
Indicators Torals
Homid: H1 _] 0
e o |
i o |
A At avavaraPararardraraard el
e v v v vv v e |
» viv]| v v

13

I T
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Indicators ¥t from table 2

H1

Al

o

12

»

TABLE .5, Recommended spacifications

o-10

11,12

512

Orlertation north and south
(long mds aastwest)

N\

Compart courtysrd planning

Spacing

11,12

Open spaces fof beeazs penetration

2.10

As 3, but protection from hot and cold wind

[0 ]

Compact lay-out of estates

Ar movement

12

Rooms ke banked, pemmanant
wmbr'\.rllgr air movement

&12

2-12

Double banked rooms,
o temporary

0.1

N

No alr movement required

QOpenings

{arge openings, 40-80%

1,12

10

Very strafl openings, 10-20%

Arty other conditions

Medium apenings, 20-40%

Wallg

0-2

12

Ugit walls, short time-iag

3-12

12

Heavy extemal and internal watly

Roofs

14

Light, insutated roots

812

s

Heavy roofs, gver 8 h time-lag

Cut-door sesping

| 212

]

Space for aui-door steeping required J

Rain protaction

Pratection from heavy it NOCESSAry ]

14

ol vom e 2 TABLE 6. Detall recommendations
H | H2 2] Al AZ AS
[+] Q 4] 12 ] 4
Size of opening
0 1 Large: 40-80%
0,1
T2 2 | Modum: 2540%
25
610 3 Smalt: 1E-25%
pa 4 Very small: 16-20%
" 412 ) Medium: 25-40%
Position of openings
2 in novth and south walts & body height on
L] wincward side
o0&
12
o 7 As shave, openings &isa in internal walts
1] 212
Protection of openings
o2 L} Bmiude direct sunfight
212 ] Provide protection from rein
Walks wnd foors
o2 10 Light, low thermal capacity
312 1 Heavy, over & h time-lag
Roots
o2 12 Light, refiective surface, cavity
10-12 212
13 | Ught wekinsuiated
05
* 12 14 Heavy, over 8 h time-lag
Extems feahwes
112 18 Space of put-door sleaping
18 Adequata ralmwaior drainage

1-12

15
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The factors which effect this heat exchange have been classified into primary and
secondary factors.The primary factorsare metabolic rate, air temperature , mean radiant
temperature, air movement, vapour pressure, clothing type and material fit while the
secondary factors are stated {o be clothing temperature , air motion beneath clothing,
skin temperature ,sweat rate, wetness of skin and clothing, and cooling efficiency of
sweating. It is assumed that each one of the primary factorscan vary independently of
the others and usually these variations will cause changes in several of the secondary
features. All these factorslead to a quantity calied the ‘Index of Thermal Stress'(I.T.S).
The range of the factorscovered by the L.T.S. is:

Air temperature : 20 to 50°C

Vapour pressure :5 to 40 mmHg

Air velocity : 0.10 to 3.5 m/s

Solar radiation : Whole range 600 Kcal/h

Metabolic rate : 100 to 600 Kcal/h

“lothing : Semi nude .light summer clothing
Industrial or military overalls.

The basic formul . described for the exchange of heat (Q) between the body and its

environment is;

MR XC -E=0Q

Wher M = Metabolic rate.
R,C,E = The radiative convective and evaporative heat exchanges respectively.

The quantities R,C and E have been evaluated by the use of coefficients that are
derived from various physiclogical and physical experiments [3].

Humphreys in 1978 [8,9] and Auliciemes in 1982 [10] came up with the thermal
neutrality equations of the human body. It was defined as the temperature at which the
person feels thermally neutral (comfortable). These investigations were based on
experimental works when people were thermally tested under different conditions. The
results of these experiments were then analyzed by using the regression analysis.
Hemphreys shows that
947 of the neutral temperature is associated with the variation of cutdoor mean
temperature. For free running buildings, the regression equation was found to be :

Tn = 1.9 + 534 Tu

Where Tn = The predicted neutral temperature,
Tu = The mean outdoor temperature for the months in question.

Based on Humphreys' equation and the climate of Ar-Riyadh, the calculation is
made and the predicted neutral temperatures are 30.5%C and 20.3°C .

Another calculation is made by using a slightly different empirical correlation
function deveioped by Aulciems

Tn = 17.6 + .31 Tu

Which produces 28.4°C (summer) and 22.5°C {winter). Both calculations have been
based upon two values, the mean temperature of the three hottest months and the mean
temperature of the three coldest months I11] f¢  Ar-Riyadh city.

Fig.4.5 illustrates that the thermal nreutrality i a function of the prevailing climatic
conditions.

Fanger [12] derived the equation thatexplain heat balance between the human body
and the surrounding environment. The equation is:

{M/ADy) (1-1) —0.35[ 43 - 0.061 (M/Apy) (I- )= Pyl - 0.42 [(M/ADy)
(- /) -so] -9-0023(M/ADy) (44-Py) - 0.0014 (M/Apy) (34-tg)= 3.4DIO’
folltg+ m)‘—(tm+273) 1+ fghlty-ty).

Where
M = Metabolic rate.

Apy = DuBois area:surface area of the human body.
n External mechanical efficiency of the human body.

]

Pap = Partial pressure of water vapour in ambient air.
ta = Air temperature.
fa = Ratio of the surface area of the clothed body to the surface area of the nude

body (clothing area factor).
td = Mean temperature of outer surface of clothed bedy.
tmrt = Mean radiant temperature.
he = Convective heat transfer coefficient.

The most important points in the general comfort equation are that the human
thermal comfort is function of the following variables :

1. Environmental factors such as air temperature {1g), ambient humidity (Pg), air
velocity(y) ,and the mean radiant temperature of the environment (tp.)

2. Body insulation factorswhich are function of clothing (fq)and the proportion of the
skin covered by clothing.

17
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3, The human activity level (M/Apy), the mechanical efficiency of the activity (F), and
the air flow induced by the activity (v).

4.2 Limitations of the human thermal comfort studies

Among other limitations such as the discomfort /stresscaused by a certaln level of
noise , glare due to the solar radiatlon , dust , and other factors etc. , the Givoni's ,
Humphreys’s and Fanger’s methods did not provide a clear picture [compered to the
bioclimatic chart) of the passive building design re: ymmendations  for achieving human
comfort inside the buildings.

5.1 Szokolay and the Control Potential Zones (CPZ

Based on the previous studies of Olgyay;s (1953) bioclimatic chart, Giveni's (1969)
psychrometric chart , Humphreys'(1978) with Av’iclem's (1981) studies on thermal
neutrality, Szokolay's contributions (1986,1987)(13] and ASHRAE  standard effective
temperature (SET), Szokolay (1990) [5] was to bring these separate strands of thought
together in order to produce a system of climate analysis, establishing the comfort zone
and to propose an accurate definition of the 'Control Potential Zones® (CPZ) of the
various passive control techniques (fig. 4.6).

Szokolay (1986) shows three comfort zonmes to suit different types of climate:

average, lowest and highest (fig. 4.7). These zones are based on thermal neutrality
correlated with the outer mean temperature {Tum, as

Tn = 17.6 + (.31 D Tum) (Aulciems regression equation)

With the provision that :

1. 185 (Tn ) 28.5°C.

2. The width of comfort zone is " 2 K at 50% RH level.

3. The humidity boundaries are based on ASHRAE  standard 55-8i which set the
lower and upper limits in such terms as 4-12 g/kg moisture content (absolute

humidity [AH]).

4. Relative humidity should not exceed the 907 RH curve.
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5. The centre line of the comfort zone is drawn through the above  Tn point taken on
the 50%2 RH curve, with slope of

.025D ( Tn -14) for each g/kg vertical distance.

He recommends a neutrality temperatu e forhot , dry climates , where the outdoor
mean temperature is 35°C or more ,of 28.5°C with an annual comfort range of 26.5°C
to 30.5°C . This zone is valid for lightly clothed people doing sedentary work.

5.2 Application_of the Contro! Potential Zones (CPZ) on Ar-Riyadh

According to the reievant studies for Ar-Riyadh [14], it appears that thermal
neutrality in Ar-Riyadh is likely to be 28.5°C in summer and 20.5°C in winter. Similar
values can be obtained from equations by Auliciems and Humphreys as mentioned.
Based on the thermal neutrality in Ar-Riyadh, other conditions should be applied as
mentioned to form the Control Potential Zcae (CPZ) in Ar-Riyadh (fig. 4.8).

From psychrometric chart (fig. 4.8) it can be seen that the lines of June ,July and
August extend beyond the comfort zone on the right side, indicating overheating. They
are located below the comfort zone and are quite long , further indicating that the
humidity ratio is very low and there are large diurnal variations.

In the other side and by locking at the lines for December , January and February
on the same psychrometric chart , they extend beyond the winter comfort zone to the
lift side and are quite long , indicating large diurnal variations. Therefore , the climate
can be classified as underheated during winter.

According to the Control Potential Zones (fig. 4.8}, the passive control strategies
which may provide a solution to the climatic problems of Ar-Riyadh are:

1. Thermal mass effect.
2. Mass effect with night ventilation.
3. Evaporative cooling.

4. Passive solar heating
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6. Thermal mass as a dominant passive strategy in Ar-Riyadh
6.1 Strategy selection Approach:

A comparison between the four main methods (Olgyay , Givoni , Mahcney, and
Szoklay) has been done (Table 4.7) as an approach to determine the most effective and
dominant strategy to use in Ar-Riyadh. The comparison of these methods has been
constructed based on the application of each method on Ar-Riyadh. Each method is
divided into two columns. The firstcolumn represents the condition of thermal comfort
foverheated ,cold or comfortable) and the second column contains the appropriate
strategy which should be used as a solution to bring the condition to a comfortable
atmosphere.

By looking to the table , Olgyay' method has four main strategies (fig.4.9). 37.4%
represents that there is no need to use any strategy because the condition is located
within the comfort zone. Other than that ,.entilation and evaporative cocling are the
most used strategies during the year (29.27%).

In this method , the active energy strategy has been added because in the case of
Ar-Riyadh , some times during the year
need solar radiation in which there is no adequate solar radiation in these times of the
year. So the only sclution to overcome thiscondition is to use active systems to bring this
condition to comfort condition.

In the case of Givoni" method, four main strategiesare used (evaporative cooling,
passive heating , comfortable and thermal mass with night ventilation)(fig. 4.10). It has
been noted that the thermal mass is the most used strategy during the year (31.25%)
(fig. 4.11}.

While in the Mahoney method , three strategies are applied {thermal mass and
storage, outdoor sleeping, and heating). It has been recognised that the thermal mass
and storage is also the most effective strategy(58.37)} (fig. 4.12} to use in the condition
of Ar-Riyadh.

Finally, in Szoklay’ method, there are four main strategies used to bring the
climatic condition in Ar-Riyadh as much as possible to the comfort condition (fig. 4.13).
It can be considered that the thermal mass is the most dominant strategyto use in Ar-
Riyadh (237Z}fig. 4.14).
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7. Conclusion

According to the analysis of outdoor climate, the bicclimatic chart , building
psychrometric chart , Mahoney Table, the Control Potential Zones, and the application
of these techniques in Ar-Riyadh region ,it can be concluded that using the building
bioclimatic chart (CPZ} and combine it with Mahoney Table recommendations,
comfortable indoor conditions in the building design of Ar-Riyadh region can be
hopefully achieved with the following passive cooling strategies:

1. By combining nihgt natural ventitation and evaporative cooling effects.

2. By designing the buildings with compact courtyards to provide shade and thermal
control on the external surfaces of the important rooms, with following other design
details mentioned in Mahoney Table except the one of sleeping outdoor,because in
the present, it is not socially acceptable any more.

3. By using high thermal mass building materials in which by using this strategy, the
challenge to incorporate cenflicting winter and summer comfort requirements into a
single design is minimized. This strategy represents the most dominant and appropriate
in such a climate where there is quite big differences between day and night
temperatures (11.4 -14°C in the winter and 13 -15.7°C in the summer) . Thermal mass
with other strategiescan be the solution to provide a suitable time tag for not allowing
the heat to penetrate inside the building during the day in summer, and act as heat
storage material for “he cool nights in winter.

According to the comparison table which has been established based on the climatic
data and four main methods ,one important point has been noted which is the thermal
mass is the most effective and dominant strategy to use in Ar-Riyadh where the
individual monthly lines in the building Jsychrometric chart are quite long , which
indicates large diurnal temperature variations. It has been observed thispoint from three
methods (Givori , Maheney, and Szoklay) and not from Olgyay method, because the
building structure with indoor climatic conditions have not been taken into azccunt (as
mentioned in the previous discussion), so Olgyay' method can be negiected in the case
of Ar-Riyadh to a certain extant. However, by looking over Olgyay' strategiesagain, it
seems that there is one missing strategy in order to apply his method for indoor
conditions and for the case of Ar-Riyadh. The missing strategy is good buffer element
and sterage which in other words is the thermal mass and storage which is available in
the rest of the methods.

The other methods are more or less the same in the strategies but in different
techniques such as outdoor sleeping in Mahoney' method and night ventilation in Givoni
and Szoklay methods. However, outdoor sleeping isculturally not acceptable at present.

The differences come in the thermal comfort limits which are vary from method
to another depends up on the experiments and testsestablished for different places and
cultures.

32

8.REFFRENCES

1. Olgyay , V. ,Design With Climate Bioclimatic Approach to Architectural Regionalism,
Princeton University Press,Princeton,New Jersey,1963.

2. Olgyay,V.,A. and Associates Application of Climate Data to House Design,U.S
Housing and Home. Finance Agency,Washington D.C.,1953.

3.Givoni,B.,_Man ,Climate and Architecture,Applied Science Publishers [1d.,London,2nd
ed., 1967, ’

4. Watson,D., Bioclimatic Design Research: The Basic of Environment Architecture,
Yale University, New Haven,Connecticut, October [988.

5. Szokolay.S.V., Design and Research [ssues:Passive Control in the Tropics.In Energy
and the Environment in 1990, Ist World Renewable Energy Congress,Vol.4,Solar and
Low Energy Architecture,Sayigh,A.A.M.(ed), Pergamon Press Plc,U.K.,1990.

6.Watson,D.,Analysis _of Weather Data for Determining Appropriate Climate Control
Strategies in Architectural Design.In the International Passive and Hybrid Cooling
Conference,Miami Beach 198],Haisley,R.(ed),Florida Solar Energy Association,Coral
Gables,Florida,U.5. A 1981,

7. United Nations, Climate and House Design, United Nations Publications,New
York,Vol.1,197L.

8. Humphreys,M.A., Field Studies of Thermal Comfort Compared And Applied.in
Energy,Heating and Thermal Comfort.BRE,The Construction Press,Lancaster,U.K.,1978.

9. Humphreys, M.A.,_ Outdoor Temperatures and Comfort Indoors.
Building Research and Practice, 6(2):92-103,1978.

10. Milne,M. and Givoni,B., Architecture Design Based on Climate. In Energy
Conservation Through Building Design,Watson,D.{ed)., McGraw-Hill,Inc.,1979.

11. Szokolay,S.V.,Climatic Data and its Use_in Design. RAIA Education Division,
Canberra, 1982,

12. Fanger,P.0., Thermal Comfort,Analysis and Applications i Environmental
Engineering,Robert E.Krieger Publishing Co,Malbar, Florida,U.S.A.,1982.

13. Szokolay,5.V., Climate Analysis Based on _Psychrometric Chart. Ambient
Energy,7(4):171-181,1986.

14. Alrowaished,A., Climatic Influences on Educational Buildings In Hot Dry Climate
of Saudi Arabia. Ph.d Thesis Submitted to Unlversity of Queensland. Australia,June 1990.

33



s

LR

£zl



