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LBSTRACT

It is a common knowledge that whereas the fabric ot
a building last for about a hundred year, the system for ther-
mal controls within buildings last for 2 much shorter period
and hence due emphasis should be put on envelope of the.
building for economical thermal designs.

/
Various approaches adopted for 'Built environments'

are invariably based on past experience or rule$s of thumb and
in quite a few situations mistakes are committed. It is
therefore necessary to evolve a rational system for the
‘guidance of designers.

The effect of sun on the building, which is one of
the major environmental factors for thermal design is, there-
fore, studied amalytically for Dhaka, in this dissertation.
GFaphs are developed to enable an Architect to select suitable
and optimum, orientations of building and openings, height and
width of openings, type and size of shading devices, depth of
staggering and cantilever, suitable arrangement of spaces,
selection of materials, colour etc.,etc. as demanded by !'Sun!
as a factor in the total built-environment.

Published data, protractors, formulae étc, developed
by building scientists are freely used to achieve the target,
but the approach is primarily based on solar geometry and its
radiation., It is believed that the final decision should be
the designers and that this investigated approach (which can
be developed for any location in a similer way), will surely
make the decisions easy and more scientific.



1.0 INTRODUCT ION

l.l Introductory Remark

The earth is a member of solar system, of which
the sun 1s the binding force. Architectura is the product
that takes its shape with the sun, the earth and the sky are
the true material out of which the architecture is made.

Although there is a definite mathematical
relationship between the sun and the form performance yet
designers have continued intuitive and conventional approaches
with respect to climatic design of building. It may be due
tc the fact that the results of resecarch and developments
are not available in such consolidated form or so complex
to be easily appliied in the desian whilec verv many parameters
at the planning stage are under consideration,

l.2 -~ Scope of Study

Concious incorporation of environmental facts in
the design is beyond controversy but the strategic decisions
about building form, constructicn and its performance should
he at conceptual and system levels. An understanding of
natural laws will aild in developing a bullding that responds
properly to environmental conditions maintaining interior
cormfort with minimum 2fforts .

Indoor thermal conditions, upto a certain extent
can be improved opy Judicious selection of building components,
naterials, cptimun crientation and proper selection of |
shacding devices. The mein aspect of the desizn of Tthermally
comfortable bulildings ars minimising the flow of solar heat
and reducing wall and rocf surface temperature under summer
condition in Dhaks.

An experiences desizner may possiblas xnew in
eneral terms as to what extent, the building will raspend to



sun but exact delineation of performance would require
mathematical calculations.

1.3 Objéctives of Study

In the dissertation, rather than blindly
following the codes of practice, a limited attampt is SOgght
to apply the laws of nature and physical sciences, as the
technology of contemporary research in physical sciences has
introducad a scale of design, which is beyond usual architec-~
ture, one, that poses special problems as to the location,
behaviour and utility. The' study is in particular for Dhaka
(Bangladesh) to see the effect of sun on the buildings.

The purpose of the study is hbtrto see the
workability of the existing architecture in Dhaka, but to
carry out an anglytical study on one of the environmental
aspects, i.¢, sun-building interaction, that effects and
influences the indoor comfort conditions and than to reco-
mnend a design gulde line with emphasis on 'sun'. The
other general guide lines for warm humid regions covering
all aspects, will be assumed to hold good for Dhaka.

- The enumeration of the desired form performance
relationship would be analysed as follows:

. + Duration of solar radiation received on thé
surface ~vs - variation in the angle of orienta-
tion of facade. '

. Intensity of solar radiation received on the
surface -vs - variation in the angle of orienta-
tion of the facade.

. Degrce of exposure of a facade to solar
irradation -vs - variation in the spacing
between successive parallel rows and variations
in the depth of stapgering between two adjacent
and parallel strip of same facncde and its angie

of orientation.
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) xtent of solar heat infiltration through the
} envelope-vs~ variation in the U-value of the

envelope and solar radiation absorptivity and
surface conductance of the outside surface of

4Ty = N R
the envelope,

- BEffect on the decrement factor and time-lag
producec by the envelope ~vs- variation in the
thickness of the envelope, the nature of its
construction and ite densify._

In short; to evolve quick and casy graphical
methods and simple calculations for the assessment of natural
sun~building interactions with reforencee to Dhaka is the
objectives of this study. '
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2.0 wi LN ING i TERMSe THE. SUN AND THE BUILDING

In order to qn(lyue the efféét of sun on buildings,
it is essential to know the basic characteristics and extent
of influence of interacting aspects. Two basic terms compri-
sing the title of dissertation e.g. The Sun and The
Building® is therefore, studied here as a basic' background
work to arrive at certain assumptions and to show the exact
dircction of study,

2.1 The Sun

2.1.1 Sun-Earth relationships

The earth is a member of solar system, of which
the sun is the binding force. The carth moves round the sun
in 23°277 tilting pesition from its vertical axis. It performs
thre@ types of movements simultanously i.e. rotation, revo-
lutﬂon and the travel with the whole solar system family

te
towards constellation Hercules at a speed of 19.3 km/scc

s

(¢}

to an unknown destination.

Rotation is the movement of earth round its own
axis which is 23°277 tilted from the vertical axis and the
revolution is the movement of earth round the sun. Because of
the regularity of the earth’s rotation and revolution,, it
gives rise to days and nights and different seasons and alsc
the daily and seasonal pattern of weather and climate. Climate
is affectad by latitude, time of 2 day and time in a year
and also due to its tilt. Integrated results of tilted
rotation and revolution are length of days, nights and

L

seasons and a1l the basic climatic elements(29).

2.1.2 Solar Radiation

Solar radiation is an electromagnetic radiation
emitted from sun. The solar spectrum is broadly divided into
three regions i,e. the ultra-violet(below 0.4 microns), the
visible (0,4 = 0,75 micron) and the .infra-red(0.76 - above ).



Although the peak intensity of scolar radiation is in the
visible range, over-half of the energy is emitted as infra-
red radiation.

Solar enargy at thn upper limits of atmo sphere
varies from 158 to 175 watt/m=(1.8 to 2.0 cal/en”/min)
according to the earth distance from the sun and th@ solar
activity. On average it is 170 watt/m (1.97 Cal/cm /min)} and
is known as solar constant’, As the radiation penetrate the

cartn’s atmosphere, its intensity is decreased and the
spectral distribution is altered by absorption, reflection
and scattering(25).

Radiation is selective 21y absorbed in the atmos-
phere, Most of the ultra-violet and all wave length below
0.288 micron arc absorbed by water vapour and carbon di-oxide,
Reflections takes place mainly from water droplets and is
cffectively non selective. When impingiﬁg on moledules and
particles of dimensions similar to or smaller then wave
length, radiation is refl ected and diffused in space. This
is a olectlvo phpnonbnor and the amount of scaltered
radiation of each wave length is proportional to the ;ourth
power of the reciprocal of the wave length. However, the
amount uf solar energy actually reaching the earth depends
also on the sky clearanoe'with respect te cloud, and the
purity of the air with respect to dust, carbon-di-oxide and
water vapour; these are the factors which have to be esti-

mated rather the calculat Lu(rig.l)

2,1.2 Long wave radiative heat loss:

Long wave is emitted by the surface of earth to
the a cmosphere in & higher wave length in heat form at low
temporature. The gasses comprising the atmosphere absorbs

and emits radient energy, not as a black body but in a
selective way, while only a small part of short~wave solar

i
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radiation is removed, most out going long wave radiation is
absorbed in the air. However; only certain wave lengths are
effected and the remaining continues to travel into space(29) |
Fig.2. The phenomena is called sky window: -

-Heat released by the object in the roof at low
temperature is absorbed by CO2 and HZO.present in the air,
irrespective of the source from where it is comming i.e.
directly from the sun or reflected from the ground.

The diffcrence between the amount of radiation
discharged from the earth’s surface and emited back to earth
by the atmosphere is the net radiative heat loss. The
intensity of émited radiation is proportionai to the differe-
nce between the fourth powers of the absolute temperature of

s . . . 4 L
emiting and absorbing points i.e. TE - TA .

The radiative heat loss is therefore, highest when the

r

atmosphere is clear and dry. Net radiative heat loss from a
given surface R’ by Geiger(24) is

11

. \"7 /T .
R = 8,26 x 107 x 10,23 + 0.28 x 1070:074Fr)

Olb

i
1]

where absolute temperature

g
1l

water vapour pressure in atmosphere in mm Hg.

The formula applies to cloudless skyg The effect
of water vapour pressure on the long wave radiation heat
loss 'R!' for surface temperature of lOo, 20° and EQO are as
follows.

, 2, .
Table:Ol  Net long wave heat flow (cal/em“/min)

Temperature Vapour pressure, mm. Hg.

A 6 8 - 10 TI5T 20 30
10% 0.197 0,175 0,260 -
20°¢C 0,225 0,20 0,18% 0,160 0,15%
30°¢ 0.26 0.23 0,21 0,195 0,163 0,155 0.150

Notes multiply by 87.8 to convert into watt/mz,
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Geiger(24) remerks that the values obtained from
the above formula may be too high, by about 17 4. When the
sky 1is clouded the outgoing radiation is reduced (but even
cloudy days provide upto 1/3 of duﬂiﬂljfddlatlon that is
avallable on a cloudless day at the same time of the year).
Geiger cites the following results of measurement of out
zoing radiation, as percentages of the values for cloudless
sky.

Tables: 02

Cloudiness in

tenths c 1 2 .3 4 5 6 7 8 9 10
4 Quﬁgdiﬂé ‘ -
radigtion 100 98 95 90 85 79 73 6k 52 35 15

2.1.4 Radiation at earth’s surface:

The earth-sun r;lat;onshlp afLoct the amount ¢
radiation received at a particular point on the Sarth’s
surface in three wayss

v Cosine 1aw(29): which states that the irntensity of
radiation on tilted surface equals thie normal in-

tensitv Times the cosine of angle of incidence,
and hence loss r*dlatLvn(L&g. 3 ). |

. Atm901n*rWh dunletion(za) ive. fhu ubSOTPthH of
radiation by ozone, vapours and dust partlcleu,ln
the stmospheres The lower the solar altitude ahgle
the larger the path of radiation through the atmos-
phere, thus a smaller parﬁ reaches the carth’s

surfaces (Fig. 4 ).

. Duration of sunshine i.e. the length of day light
period(29).
" ’ ' LT i ) "

2.1.5 Aasegsmendt of Solar Radiation con earth surfnee

The sun's radiafion is reccivel in three ways i.c



summer (e 23 SUN path

Findings :

- In summer, southern facade does not SM any sun mroughom “ihe day
but northern facade gats low altitude morning and evering Sun.

« In winter, southern facade gets the sun throughout the day, since
sun dititude is low, it penetrates deep into the  building .

-~ East and west mcom qets deforancon  and ummoon Sun
rosptctwcty throughout  the year,

wnnter Ldec. 22 SUN path
FIGS . Sun Angles fOl’ DhClkCl [ 23°45° north latitud®{l)] autner
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. Direct(ID): Light that casts a shadow direct from
the sun.
. Diffused(I, ): Non-shadow-casting light from the

whole sky vault,

: Reflected(I_)s Direct or diffused radiation that
beounces off objects.,

anﬂo component comprises the total solar radiation
(I) on bullﬂlng envelopes

T =T + I, +1I 02.

D d r

For most of the problems delt with in this context
the position of the sun must be known at any‘time. This
position is defined by the height of the sun ibove the -
horizon (solar altitudesh) and its bearlng w1th respect tu
the earth. (solar azimuth Z) the diurnal and qnnual pattprn of
“these two oh«racterlstlce depends on the guobrqphlcﬂl
lqtltude(l) Fig.5 -, the solar ﬂ1+l'tU(3\_<h) and &71muth(2) WJ_th
respect to the soq+h can be calculated b] the formulae(25)

Sin h ='sin 1. sin d + cos 1. cos d. cos(l5T) OB;
- sin(15T). cos d oL
and Sin 7 = o

cos h

where, I = The time interval between the given hour and
the solar noon, in ”boOlu e units,

1 = Gecgraphical latitude '

4 = Solar declination

Again, sun risc azimath(SRA) and sun rise time{SRT) can be
calculated as follows

SRA = zrc cos(cos l.sin 4 + tan l.tan d.sin l.cos d) O05.
arc cos (- tan 1. tan 4)
SRT = 12 = = . 06,
15 : |

. o Sun sob time = 24 - SRT.

4= 23, L5 2292 365 (MDY + 284) ] 07,
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where DY = Number of day in year.

Calculation of the radiation: The amount of direct radiation

falling on a surface is equal to the direct normal (IDN)

radiation corrected for the angle of incidence(g) of the
surface(25)

Ip = Iy cos9 - 08,
But TIDN = Ioexp(—a/sin h) 09.
where a = oxtinction co-efficient as suggested by
Stephenson., .

O
T = apparent solar constant and 'exp’ refers to
the base of the natural logarithm raised to

the given power,

When the intensity of direct normal radiation is known, the
component of this radiation empingimg on a surface with any
orientation can be found out. The intensity of direct radia-
tion on horizontal surface (Ipy) is given by

'IDH = IDN sin h ' 10.
Again, the direct radiation on a vertical wall (IDV) depends

4

onn the angle of incidence of the solar beam on the wall, these

®

are calculated by:
Iny = Ipyecos9 11.
Therefore, for a vertical plane the angle of incidence is

computed as a function of sun’s altitude angle(h) and its
bearing angle relative to the wall(a).

cosH

cos h.cos . - | | 12.

The diffused and reflected radiation shoud be
added to the direct component to obtain the total solar
radiation incident on the wall. The relative quantity of
diffused radiation(ld) increases as the altitude(h) of the
sun is reduced, cloud and atmospheres dust upto a certain

degree increases this component.

Id = K IDV , 12.
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The value of 'K’ varies for clear sky it is
about 0,14 and for bright overcast sky, it is 039. To make
& practical approximate estimation, the diffused radiation
on any wail'may be taken as one-half of the total diffused
radiation. Sharma and Pal(5G) calculated the ratio between
that total(IwH) and diffused radiation on a horizon:al
surface, and expressed this ratio as a function of the
clearance pumber (C.N) of +he atmosphere.

Table: 07

TERY . T Diffused/Total Radiation
Clear ' 1.0 ‘ 12
Clear, slightly hazy 0.8 25
Hazy , 0.6 35
Over cest - - 0.4 55

The reflected radiation‘(lr) from the ground and
surrounding surﬁaces depends on their reflectivety or albedo:

T 1

I = Y Iy | where" Y = albedo =-O.2f lhf K ;xlh.

_hence, Ground reflected radiation (INRV) on vertical. surface

r

is
IGRV = VI = Y-(i o+ I ).‘: ' B 15,
TR ' “DH dh” I
From thess basic r@lationshipS‘mOTQ information can be compu=-

Hi

Direct radiation on sloping surface(IDS).

‘ | :
T . sin b sis + Too cos hocos o cos @
Ing = Iy sin b sin @ + Ipy cos hicos o cos™@
where ¢ = wall solar azimuth

%) 0f inclination of sloping

]
W
3

[0z}

F.
(G
O

-+

surfacs to the vertical.

Total radiation orn horizontal surface (ITH)g""

Ipg = Ipg

L

+ IdH = Lye 8in h + Tam | 717;
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. Total radiation on vertical surface (ITv)s

L B . <
ITV = IDV + IdV + IGRV = ID-cos h., cos + 5 Idh+IGRV

_ 18.
. Total radiation on sloping surface(ITS)z

- . . ' l+sing
LT a & B i iniut vy
Apg=ly plnh,~1n®+cosh,cosa.cos®+1d]( 5 ) 19.

2,1.6 Effect of surface orientation on Intensity of Incident

Solar Radiation

- To estimate the intensity of solar radiation
incident on surfaces in different orientations, there is a
simplified procedure using data on the normal radiation
intensity. Although the reflected radiation is neglected and
the determination of diffused radiation inaccurate, this
method cnables rapid assessment of the effect of orientation
on solar radiation exposure, particularly on clear days when
the level of diffused radiation is low. The procedure was
employed by Ashbel to evaluate for each month, the daily
Irradiation pattern of horizontal and vertical surfaces at
different orientations and at any geographical latitude.

The equations used by Ashbel to find the radiation

solar altitude(h), azimuth(Z), declination(d), hour angle(t)
mezsured from the south and latitude(l), the equations for the

(I) on a wall took into account the normal radiation(IN). The

various orientations which apply only to the northern hemi-

sphere are:-

I utn=Iycos h cosZ = IN(oos d.sin l.cos t - sin d.cos 1) 20
Inorth= - Iy cos h cos Z : | 21
Ieast =”INCOS h sin Z = Iy cos d. sin t. 22
Iwest = - IN cos h sin 2 ' 23
ISE = IN cos h(cos_Z +sin Z)cos 45° N 24

ISW = IN cos h(cos Z = sin Z)cos &50 25



A

INE = I, cos h(sin Z - cos Z)cos 45 26

4

- INéos h( cos Z ~ sin Z) cos-h5o 27

2:1.7 Solar radiation and sunshine hours

It may be noted, however, that if there are no
radiation data available, but the duration of sun-shine is
recorded, cne can cstimate the ddily total radiation, using
the expression given by Glover and McCulloch(26):

Q= Q (09/9 x cos @ + 0.5 N 28
Where Q = daily total radiation on horizontal plane(Wh/m2 day)
Q. = solar constant per day 9850 Wh/u® day.
® = Geographical latitudo.
N = possible sun shine hours per day

n = actual sun shine hours per day

Omotto suggested the use of 0.26 and 0,51 respectively as
constants for latitude and sunshine hours.

2,2 The Building

2.2.1 Natural forms:

A natural built form ig sympathetic to its
surroundings and in its orlentatlon, taking advantage of
southfacing windows in northern latitudes to acquire solar
heat in winter, while avoiding the low-level radiation from
the east and west in summer, which would create intolerable
condltlons w1thout alrconditioning. The building conserves
its 1nterna1 unnatural clima te, without rejecting the more
useful components of the natural, cxternal climate. Tradi-
tionally, the buildings employ five basic passive systems
to ensure internal comfort i.c. (a) Convective pool
(b) Roof pond (c) Direct gain (¢) Thermal storage wall
(¢) Solar green hou o(Fig..6'),

In nature the plant life shows a close relationship
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to the specific thermal environmental problems. They open or
close their surfaces according to either favourable or ddverse
conditions., The vegetation in warm-humid areas grow more
liberally in size and shape, this scems to bear an analogy to
the formation of built forms for that region, as a few of the
shaping forces e¢.g. temperature renge are some what similar

to human environmental need,

2,2.2 . Optimum Proportion:

An cptimum proportion is one which loses the
minimum heat in winter and accepts least amount of radiation
in summer., Therefore, optimum proportion of plan in warm humid
regions is 1:1.7 (width to length) whereas a good proportion
is about 1:3 in both cases the shape is elongated in the cast-
west direction(34). Research carried out by Olgyay(4l) for
main climates for given area of a house with different propbr~

‘ticms gives following conclusions .

- The squarce form is not the optimupm in any location
- 'A1] shapes clongated on the north-south axis work

both in winter =snd summer with less effeciency
than the square one.

- The optimum lies in every case in a form elongated

some where along the east-west direction.

Performance will alsc vary with the configuration
of féoade (Fig 7 b,e) and nature of the built form as it
changes the oxposure condition of the building 'Umbrells’
type (Fig.B9), for example compared with terresed type, will
have less oxposed arca to sun and more to wind, giving rise.
to convective heat loss. The variation of heat loss with
increasc in volumes ig shown in Fig. ® which is almost
directly proporticnal.

,2,2,3  Building shape and weizht

One of the contributory factor to the thermal
effeciency of the buillt-form is its shape., The smaller the.



Volumo ratio

plan form | | | | ,
(a) [b) () [d) (e}
1:1 12 13 ~ based ont1 . based on 1:3
plan aspect ratio - 3 o -
FIG.7 . VARIOUS PLAN FORMS USED AS BASIS FOR GRAPH(1)
19 ‘-‘/"/“' '
7 Plan qspect rptio 134, ,/,//,//Z -~
» | Pt
161 — > =
I8 Plon ct rqtio 1; : 2&
- - . /
- g . | L—Pl}m aspeft ratio(1:3 [c]
% " /(/ [; ’! | Pln aspdet ratio] 1:2 (b)
E i /://,j// ! Lpln aspdet ratid 1:1‘[011.. _
1 12 n 16 19

'F!GB HEAT LOSS RATIO DlRFCTLY VARIES WITH VOLUME RATIO(I!)
"7 (based: on 100m2 two storled dwelling with square plan form as umty)

more. exposed to sun

less exposed towmd .

“terraced form.

FI6.9 ". NATURE OF BULT.FORM(auhor)

‘more axposed to wind

N

. less exposed to sun.

. u'nbrolln- form
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extarnal surface area of the building - its walls and roof -
the less it leasses or gains heat from external environment.
This 1s a directly proporticna relatibnship. The variation
of heat loss result%ng from considerable variations of shape
arc shown in Fig .8 moving from economical 1:3 aspect ratio
with offset(e) to a more compact square shape(a) results in
about 20 ¢ more heat gain(1l). It appears, therefore; that
variation in shape within these limits is not a major consi-
deration in heat loss. This can be tremendously improved by
combining with cross ventilation, using operable, shaded

windows in windward sicec.

An cxercise was carried out by Marsh(34) to study
various basic geometric shapes, surface areas out of these
shapes and their functional effeciency (Fig.10} and concluded
that for all practical purpose any shape other than square
and rectangular one would require an increasc in floor area,
when its surface area would exceed that of the square or
rectangular plan building. Again rectongular dwelling of
approximately the same area, the walls of which are in the
ratio of 1:3.1, would have a total external surface area of

over 1l¢ greater than that of the square plan building.

Another study carried out by Sahu(L4) for numeri-
cal valuation of surface area to floor area ratioc for different
geometrical envelope to cover same floor area (Fig.ll) reveals
inilar facts as that of Harsh.

5]

The effect of varying surface area can be illus-
traded in similar sized buildings. If o top floor unit is
taken as representing the mean with regard to heat loss
criteria, an intermediatc floor gabl: unit would represent
about 50 ¢ of that meen, a middle terrace unit 949 , a semi-
detached or and terrace unit about 120 ¢ and or detached unit
151 o« (Fig,12).

Based on the findings of Sahu(44), Marsh(34) and
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ervelope to cover same floor area (xa )

total fioor arec [ 93.02 126.27 138.27 9w n0.e8 ]
uwable floor aoreq [m*] 9302 75.99 & 9% 2R 110.88 9280
plan area {m’) i .51 69.42 7542 (658 85 44 640
ceiling height (m] 23 20 2.0 23 23 23
overall haight (m] L9 47 L9 49 48 L8
ratio of sides 11 - - - - 1:3.1
plan dimensions [m] 6.82:682 | 94dio. | 9.8dia. | 77dia 8.4 dia.| 187»11.99
surface area [m] : walls | 130.9¢4 138.85 | 150.84 116.16 1262 | 152.25
roof 46.51 4658 55.44 46.40
17745 t_162.7%_ 0216 119865
it semi-detached : walls | 98.21 it semi- dotuched —_— long side: walls 94.70
roof | 451 roof " | 46.40
184.72 oo 141.90
short side: walls 133.68
.roof BHAQ ]
0.08
FiG:1G The Shape of a Bui!dim rolufodto its Surfce Areo [ad) -
Yt —— i Akl ——— —
) |
4 4
4 - 4 &1 4 A A
w | = O[O O
e — ~ .
4 . L
] | - . j _
| tovat | la I la { 5 3 L I””Iz Y | c )g
L . ‘ 1 : B o * ) .
SA:FA &1 4751 T 3561 1.65:1 2651 :
L -4
FIG:1) Surfoce Area to Floor Area Ratio [SA FA) for dtﬂmt geometrical
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2T Al dwallings are 93n? Hoor area.
d roofs are assumed to be flat

o Extl. surface Extl. area rela
Dwelling grea.m? - _ted to type.A,

A 122 100 %
8 0. - 123%
- C - 58 - 48 %
D - 29 24 Y
E ns - 996:%
F %9 - - 122°%
6 | L1 C R 150 %

~ DETACHED
e -
FI6.12. External surface area of different dwelling types uor

Surface area . 20 units <>

4 1 25 SNeil6
*a, N5 " EXPOSED

FGB? Grouping of built volume (e



Olgyay(4l). in favour o

shaped buildings, the author did an exercise to assess the
in

)

well oriented square or rectangular

surface to volume ratio different combinations as follows
. A Y

(Fig13. ),

xposed: Unscreened buildings in inland areas and for
storcys above the fourth in towns; llkelj
Tv"]i-l’ld DDD ”1 9 O I”l/f:u

o Normal : Sub-urban houses and the third and fourth
storeys of buildings in towns; likely wind
speed 3.0 n/s.

.+ Sheltered:The first twe storeys of buildings in towns
or bulluun areas, likely wind speed 1.0 m/s.

The conclusi g that the horizontal ttachm nt
of units perform'better climatically when compared to vertical
stacking or compact grouping.

2.3 Summary of discussion

2.3.1 With the help of equaticn 03 and 04, solar azimuth
and altitude for different instants of the day by months is
found out for Dhaka and sun path disgram is plotted. Equations.

05 to Q7 gives sun rise and sun sct times.

2.342 Since no recorded solar radiation data is
available for Dhaka but sun shine hours are available from
Bangladesh Meteorological Department, equation 28 is used “for

assessment of solar radiation.

2.3.3 Bguations 08 to 27 are employed for cross
checking the values found out graphically for solar radiation

by the solar radintion protractor in chapter six.

2.%.4 Stucdy reveals that plan size and shape for
Dhaka architccturce should be very liberal but oriented

against the sun and exposed to wind,
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2.3.5 Ideal Plan is a rectangle with proportions 1:7
(width to length), whereas good proportion is 1:3 and
elongated in east-west direction. Plan and elevation

with offsets and staggering is ceven better for Dhaka.

2.3.6 Volume effect of building shape is not much
significant in Dhaka climate and recommended percentage of

openings in north and south facades is about 40% .

2,547 Buildings in a row, to shade east and west
walls of each other, and of low rise are thermally more

cffecient for Dhaka.
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3,0 SUN AND THZ DESIGN PROCESS

3.1 Characteristics of Tropical Climates

+—J

rap cal climates are broadly divided into hot
dry and warm-humid types by Koenighboerger(29), Fry(23),

Muktadir(39) @tc, on the basis of following parameters:

Qe Air teumerature: Mean maximum range fﬂr warm-
humid and hot dry climates is 27-32 °c &nQ.AO~50 > respectively,
whereas mean minima ranges between 10 t4 18°C and 20 to 2500

:spectively for above types of climate.

b. Diurngl and annual range of temperature: For
warm-humicd and hot-dry climates diurnzl range is batween

3«10 deg C and 17-22 deg C respectively. Annual range is

betwean 8=15 deg C and 12-25 deg C for warm- humid and
hot-dry zoncs respectively,

C Relative humidity (R.H. ): It is betwecn 554 to
almost 100 ¢ for warm humid and 10~-60% for hot dry. Vapour
pressure is steady betwesn 2000-3000 N/m° for warm-humids and
for het dry's, it is normally betweoen 750-1500 N/m2°

d. Annual rainfall: 2000-5C000 mm/yenr and 100 mm/hr
for short period in warm-humid climotos and 50-150 mm/year in
hot-dry climates. '

e Sky Condition: Frirly cloudy throughout the
year, cloud covur between 50 to almost 1004, Thinly overcast
sky ig brisht, heavily overcast sky is dull in warm-humid
regions. In the hot-dry rogion, the sky is clear and blue.

Dust suspended in air may produoc diffused light causing glarc

f, Solar radiation: In the warm~humid rcgions,
golar radiation is partly reflected, partly scattered by the
cloud blanket or high vapour content of the atmosphere.
Therefore the radiation reaching the ground is diffused but
strong and cause painful sky glare. Cloud and atmospheric
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centent also reduces long wave radiction from the surface
of the carth. In the hot-dry regions there is direct
))

and strong solar radiation during the day. After sun set

there is easy long wave radiation towards the cold night sky.

g. ~  Wind velocity: In the warm-humid regions, wind
velocity is typically low, 2-7 m/s. Gust can be upto 30m/s
and hurricane and cyclone can be upto 45-70 m/s. There can
be onc or two dominent prevailing wind directions.

In the hot dry regions, winds are mostly local.
Temp@rature inversion causes whirl winds. The wind is hot
and freqguently dust storm oceurs, -

h. Vegetation: In warm-humic climates, vegetation
grows quickly, sub-soil water table is high, ground may be
1, 1ittle light is reflected from the ground.

watoer loggod

But in hot-dry regions, vegetation is sparse and difficult

to attain, reflective ground can cause glare.

i. Special Characteristics: In warm-humid regions

4

igh humidity accolerates mould and algas growth, rusting

and rotting, hence, organic buildinﬂ materials tend to decay
repidly. Mosquitoes and other inscct abouno, Thunder storms
~ara accempaniod by frequent air to air GLuutrlCal cdischarges.

In hot=-dry climates, there is sand storms,

cxpansion and contracticn may causce cracks in the

114 T A o
buildings.

(¥8)
L 4
R}

Sclar radiation and the Building:
Bicclimatic methods of sun controls in building

camz long before the term came into usc, The four principal

techniques for warn humid regions are:

Qs Allowing sun light penctration through windows
during winter and/or exclude sun light during summer. Later
method is more importent for Dhaka. Thisg affect direct heat
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gain by the indoor materials with eventual rise in the MRT

of the indoor surfaces arid indoor temperature. This can be

by for the greatest Source of heat gein in an indoor space(24).

¥

b. Natural ventilation to cool a building in a warm
humid climate (appendix~2,3,4).
Co. Storing warmth or coolth,'through the use of a

thermal store, which could consist of massive walls or floor,
or a separate mass of store or water frequently kept under-
ground(17). These methods are not frequently used in buildings
of Dhaks, as the temperature difference indoors and outdoors -
is not much.

d., Insulating the interior from the exterior to
prevent undesired heating or cooling by radiation or
conduction(17). The method is popular for air conditioned
puildings. |

Solar irradiation on the external surface of
the envelope of the form causes heat gain and a portion of
this heat propagates through the materials inwards resulting
eventually in riseé in the MRT of the indoor surfaces and
in the indoor air temperature. Thoermel storage and insulation
though not popular in Dhaka buildings, yet it can be used
to perform by thessame part of the buildings, as for example
by magsive walls, 01d buildings of Dhaka(ee«€. Plate=l) are
seen to make use of these principles,
3.3 Thermophysical Properties nf Meterials and Construction '
The effects on the indoor thermal environment due
to solar irradiation on the external surface of the envelope
will dépend, as far as the fabric of the form is concerned.
on the thermophysical properties of the materials and
construction of the envelope(59)g When solafﬂradiation is |
incident on the external surface of the envelope, a part of

the incident radiation is reflocted and the rémainder is
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absorbed into the material elevating its temperaturc. Part
of the absorbed component is stored in the material to be
dissipated to the surroundings later, while the rest flows
through the material to the cooler indoor surfaces and
eventually to the indoor air(17), Thus the selective absorp-
tivity and emissivity characteristics of the surfaee materials
can form an effective diffence against radiation impacts and
the extent of solar heat infilteration into the space through
the materials of the envelope is partly dependent on these
characteristics of the surface of envelope. |

Materials which reflect rather than absori solar
radiation and which morce readily release the absorbed quan-
- Tity as long wave thermal radiation will cause e lower
temperature within the structure and hence lower heat gain
by indoor space. The guantities chaoracterizing periodie
change in indoor thermal conditions are the decrement
factor(LL) and the time~log(¢) as shown in Fig,M . The
first effect is caused by the insulation value of the
material of the envelope characterised by.the U-value, while
the second effect depends on the heat storage value of the
matorials(29). |

In Dhaka climate, where there is small tempera-
ture difference between the inside and the outside as a
result of open planning ala cross-venti ¢ﬁtlon the heat flow
will be small any way, and thermal Lnsulutlcn should no*
normally be a critical factor. However, since tho heat gﬁln
situation with Qtrong solar rad 1hfiﬂn is infact controlled
by the Sol-air temperature value and not by the air tempera-
ture alone, restriction of sun is very important in these
parts of the ecnvelope of the building which are most oxpObo
to solar radiation contributing to the LnaealrabTQ heat glln
in the space(39).

3.4 Heat transfer throush envelope
The heat storage value or thermal capacity
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contiols the rate of temperature change that is propagated
through the méterial. Small diurnal variations, zs in

Dhaka, do not help the building to cool off suffeciently

at night to allow the storage of heat during the day..Under
such condition the principal of heat storage can not thus

be effectively used. Rate of heat transfer, under st@ndy
state, through opaque elements is mathematically represented

as follows:s

U.au (£, - ty) 29,

O
i

where, q = Rate of heat flow in watts(W)
U = Over=ll thermal tran

A = Area of clement in m

mittance value N/m deg C

f\) U)

t  ~ t, = Temperature difference, air-to-air across the
element in deg C.

_ Heat transfer through a non-opaque clement
depends upon angle of incidence of solar rud atlon, which 1s
maximum at normal and minimum at paraliel. Total rate of
heat transfer through unit area of glass(gg) is expressed
as follows:

'v—|

where HD’ 4 = Dimensionless ratio of solar heat gain to
solar radiation incide nt on glass for dire ct
and diffused solar r&dlntxun components
respectively. |

ID’ I .= Components of direct and diffused
solar radiation encideht on material in
wall/ma;
U, t, t. oA etc. carry usual mesning as in eq. 29
D D + FdI1 for ordinary clear glass, Mﬂlch is Pon51dmred
perfect non-opaque body, is called Solar heat gain factor
(SHGF) for other fenestrations it is simply tormed as
Solar heat gain(SHG), thersfore shading Coefficient(S)is(52

o

oo
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- SHG for fenestration under consideration

SHGE for ordinary clear glass

FIn + FL.I
_ D™D d"d | 30.

(FpIp + Falgh

Equation 20 can be expressed in terms of physical
properties of the glazing material as

h,
;= Af A S, 1 -
qg = A[IY + R c2 I+ Ut - £.)] 31,

0]

where Y

transmittance of material for radiation.

]

o = absorptivity of solar radiaticn

hi’ h

it

o inmer and outer surface cocffecient of heat

transfer by material.

A1l other symbols carry usual meaning.,

3.5 Generalization of heat transfur formula

It is seen that heat infiltration through the
materials of the envelope of the form will depend on a large
number of thermophysical properties of the materials and
construction of the envelopz 2¢8 absorptivity (a) and
emissivity (g) of surface materials, surface conductance
and thermal conductivity, thickness and density and position
of the insulatiqn. t is possible to combine these factors
and reduce them to three main variables which can be used
to specify the thermal performance of a component of the
form required under given conditions in a given climate.
These variables ares

Air to air transmittance (J-value) of a cons-
2
truction in w/m” deg C and represented by

1
U =

v o
it

A

N

1.1 ¢, 4,

[ o du e +( Soem i + v es -_r-}.)]
T 7

hy h, K K, . K
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respectively
K],K2 = Thormal conductivity of different materials

d,.. = Thickness of respective materials comprising
19 2

the component.,

Solar Heat Gain factor(SHGF ): Heat flow rate through

the construction duz to golar radiation expressed as

a fraction of the incident solar radiaticn(39). From
the sole-air temperature concept:
I xa

To= T 4 33,
s A

Although above equaticn is well enough, yet to
achieve bettoer combined effect of solar radiation

and ambient air condition(21), it con be extended to:

0

. Y.
T,o= T+ R e (T -T) 2 3
0 . «,.LO
where T = Sol-air temper ature in °c
T, = mean radient udmperature of surrounding
h, = external radiative surface coeffecient.
a,h fI etce= carry usual meaning

But TQ - TO‘ Iga , thus extra heat flow rate

par unit arca due to Padiation is given by.

H
>

fac)
<l

U in w/m2 3

1 = -

e

From this the solar heat gain factor (SHGF) is
given Dbys '

q ax U .
—- = e (non dimensional ) 30.
. 1

From experience it is found that the solar heat
gain factor (g/I) should not excced 0.04 in warm
humid climates and ig reasonable to assume
ho = 20 w/m2 deg C thus, giving a target value of
~a x U for warm hunid climate squal to 0.8(29).
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Decremont factor znd time lag: The amplitude attenua-
tion and the shift of phase respectively of the
internal temmeraturs cycle in relation to the external

cycle {(Fig.b ),

3,6 Summary of Discussions

From the discussion so far, it is clear that heat
gain througnh the meterials of the envelope of the form caused

by solar irradiction on the external surface will depend ons

a) Duration of the zolar irradiation received on

tho surface.

b) Intonsity of eolar irradiation received on the

surface,

c) Arcea of the surface exposed to solar irradiation.’

a The extent of solar heat infiltration through

. S

the envelope cxpresged as a fraction of the

incident solar radiation on its surface,
e ) The decrement factor and the time-lag characteri-
stics of th

not normally & critical factor in the thermal

envelope, but thermal insulation 1s

6]

designs for Dhakn.
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4,0 ROLE OF SUN ON COMF'ORT CONDITIONS AN

P B
TUT QR

o
R

JERAL DESIGN CRITERIA FOR DHAKA

[ Climate of Dhaka in brief:

Ty o,
Ao

ne climate of Dhaka is a warm-humid as scen

from the summarized data (appendix:1)(6). The characteristic
points arz given belows

a. Air temporature moderately high (12-34°C, small
Aiurnal renge, sceldom

0
lom exceeds normal skin temperature(32-37-C).

b,  High relative humidity (87

sons, coupled with modera
kicky conditions.

average ) in all
> to high temperature produces

n

7

Ce Heavy Clouds (about 273 davs in a year) and water

vapour reduces and diffuses solar radiation. 2500-2600
bright sunny hours are recorded of which about 150C hours
is in November to april.

+

d. Wind spoed is generally between 2« £ m/g, variable

. . 5 . 0
and generally constant in direction i.e. 125

e =225 in March
to September, Winter winds are below 1.5 m/s in

-

G Rainfall emount is quitc high (1800-2200 mm/yr)
and an exposure tc rainfzll is moderate

of rainfall for small

Y]

3

to low(9)., Intensity
luration may be very high(36).

f. arometric pressure fluctustes (daily range 3 mks)
which is moderately high., The air comes in and out of the

soil in proportion to baromotric pressure and with reference
to the wind. [T there is much water in soil, the alr carries
with it water vapours, anc

Vapc is cold, and such site is uall >d

demp and is unhealthy(37).

g Climate favours vegetation, plant cover reducas

ground reflection and ground heating
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L.2 Analysis of Thermal Comfort for Dhakas

tL.2.1°  General discussion on thermal indiceg:

In summarizing the reliability of some important
thermal indices inferred from the correlation observed
between their prediction and experimental results ofl the
physiological examinations carried out,the following
conclusions are suggested(25).

. Effective Temperature(E.T.): E.T. index appears
\ - to be the least reliable in producing the expected

physioclogical and sensory responses, both in

comfortable conditions and under heat stress.

. Resultant Temperature(R.T.)s The reliability scems
to be satisfactory in predicting responses of the
people at rest or engaged in sedentary activity.

. The predicted Four Hour Sweet RﬁtG(P.QQS;R.)Z It is
satisfactory under light to medium heat stress
conditions for people at rest or cngaged in light
to medium work. Under severe heat stress it is
still reliable in prediéting the sweet rate, but
thess responses alone is not important, and so
under these conditions the index is less satis-

factory for predicting physiological strain.

. Hest Stress Index(HSI): Tt is suitable for analysing
the relative contribution of the.various factors
resulting in thermal stress, but is not suitable
Tor predicting quantitive physiological responses

<0 the stress.
/

. Index of Thermal Stress(ITS): The individual
contribution of metabic and environmental factors
cen be analysed and for prediction of the physiolo-

gical strain imposed on resting and working people.
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It is reliable in the range of conditions between
comfort and_severe str;ss, provided that thermal
equilibrium can be maintained. Beyond this 1limit
the index does not apply.

he table O4, summarizes the nominal range of
environmental factors cov“reﬂ by each of the indices.

Table O4s Range of the indices

Index  Metabolitc D.B.T. W.B.T Air Vel.

Rate
(K cai/n) (°c) (%C).  (w/s)
Effective Temporature Rest only 1- 43 1- 43 0,1 - 3,5
Resultant Temperature Rest only 18- 45 18- 45 0,1 « 3.0
., SR, 100=350  27-55 15~ 36 0.05-
Heat Stress Index 100-500 27~ 60 15~ 35 0.25-10.0

Index of Thermal Stress 100-600 20- 55 15« 55 0.1 - 3.5

4,2,2 Thermal Indices Suitable for Dhaka (Bangladesh)

There are two more indices namely Bio-Climatic
Chart and Tropical Summer Index, which are found to be more
dependable for Bangladesh conditions and hence, arce discussed
in little detail. :

(a) The comfort zone and de 1nin@ it for Dhaka using
Bio-Climatic Chart: Victor Olgyay(41) arrived
at the idea that since the four components, namely, the
air temperature, the relative humidity, the air velocity
and the radiation, are each contrdlable-by different means,
a single figure index can be constructed. Using publighed
experimental data as a basis he constructed a bio-climatic
chart for temperate climates. Revising some values,
KanthOO¢HOP(29) presented a modified chart for warm
climates that can be conveniently used for the whole tropiéal
region.
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Climatic data of Dhaka have been plotted on the
bio=climatic chart with three different parameters.
Fig 15,16 ,17 ). The three chart shows that dufing
summer months the prevailing conditions are above the
comfort zones due to high temperature and humidity. So
continuous movement of air between 1 and 2 m/s is neceésary
to attain reasonable comfort level. And also the effect of
radiation should be less. Charts also show that day time of
winter months are within comfort zone and are quite pleasent.
Nights arz cold and below comfort zone. Nights of rest of
the period of year are pleasent and days are a little warm
but not very un-pleasent. For winter months no comfort
ventilation is required, cold wind should be restricted at
nights. Direct sun rays should be allowed to enter the
interior spaces. In moderate months. air flow during day

time will bring comfort conditions.

(b)  Prediction of thermal comfort for Dhaka by Tropical
Summer Incdex(TSI): The basic criterion for an

effecient building, from climatic point of view is its
1bility to modify the external climate into some thing
ndoors which produce none or minimum thermal stresses on
he human body. Sharma(l2) developed an index called Tropical
Summer Index(TSI) which combines into a single value the
cffect of air temperature, humidity, air motion and radiation
on the thermal sensation of human subjects. It is defined as
that temperature of still air at 50¢ R.H. which induces
the same thermal sensation as the given environmental
conditions. The numerical value of the TSI is given by the

equation:

TSI = 0,308 tj + 0.743 db - 2.06 [V + 0.8

Wl
\‘]

i

where tw = wet bulb temperaturc, C

db = dry bulb t@mperature,oc
_ V = velocity of air,m/s
and TSI = Trecpical Summer Index, C.
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It is found that more than'605i of thermally
comfortable assessments lie at a TSI value of about 27OC,
but safcly, the range is 25=-30 deg C. The chart in Fig.25
is perfectly valid for indoor conditions of buildings. The
TSI lines, shown, zre for still air conditions and the needed
reduction in TSI values with increasing air motion are
presented as inset in the same figure. MOnthiy day and night
TSI for Dhaka is ploted in Fig.!® for still,air and the TSI
values with recorded wind data ig shown in table.05, belows

Table 05. TSI Range for Dhaka by Months

J° P M A M J J A S 0 N D

A

WBE Max
°c Min

DBT Max
°C Min

Air Vel.

n/s

TSI Max
°¢c Min

19,2 20,5 2015 2b.0 25.7 26,0 27.0 26,5 26.2 26,0 25.3 21.5
11.5 13.3 17.5 22,0 23.0 25.0 25.2 25.8 22.4 22,4 18.2 12.5

25.8 27.3 31.0 34,1 30.8 31.9 32.4 33.0 30.8 31.8 24.8 25.7
12.3 18.5 19.8 23.3 24.9 26,0 26.3 26.6 25.6 2%.6 18,6 14,4

.8 loL}' 107 2.6 2. 1.9 2.2 2-1 2.1 07 13 08

~J

2,0 24,8 27.5 30.2

7 28,2 29.7 30,2 30.5 28,8 30.8 29,6 24,7
11.6 16,2 18,2 21.6 23,0 2% 2545 23.7 23.5 19.1 13.5

25.0 25.1

The Fig.1® and table.05 confirms the results of
bio-climatic chart discussed before (art.s4 .2.2(a)], and
hence, same corrective design measyres are recommended to
attain comfort condition indeors i.e. Manipulation of solar

Cradiation and light into the builﬁimg.iThe réquired value of
TSI can be employed for fenestration design directly with the
help of nomogram given in appendix;sid(32)

4.3 Criteria and Principle of Design in Dhaka

From the recommendations of Olgyay{(4l),
Koenisberger(29), Givoni(26) etc. (appendix:8 ) and in ‘places
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authors own professionsl judgement, insight and vision, based

iy

on studies is used to 1nt‘rprgt certain phenomena and make
inferences. At times, avazilable data were suplemented with

authors porsennl experiences and observation (appzndix-8).

+

The *Wll swing design criterion is formed in
cneral for the architectural design for dhaka, therefore,
Spacific site and building must be studied for better
performance of bullt TOrin,

\

(,3.1 Form and Planning:

(a) Spaces to be opened up to the brecze with proper
configuration of building, proper orientaticn of the inlets
and proper sizes and locations of the Inlets and outlets
(appendix- 2,3,4). The primary chmfmrt requirement in Dhak
is for zir metion but even, here, winds incident to wall
at upfm 45 con provide satisfactory ventilation , giving

A 005S1ble 90 deg. range of orisntation(25).

(b) An open, elongated plan with single row r@nms,
will be most effective from cress ventilation po of
view, A degree of variation in grouping of spaces is
satisfactory ventilation (appendix-4 ).,

possible maintainiy

—
o5
(."1

(¢c) Rows of building blocks tend to reduce flow through
buildings, unless grouping and spacing are properly consi-
dered(appendix-é ),

(d) Plants and vegetation retards flaw of air close
to ground level, elevated plans can ensures better results.
(appendix=5).

(e) Although eolar radiation 'intensity is normally
less than in hot dry regions, it is never the less a sighi-
ficant source of heat and therefore, its incidence on the
building fabric and its entry inte indosr spaces should be

minimized (qtuulvc in next chaptor) this can be dono bys
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(i) by nrientation: south is porhaps the best
(ii) proper configuration of the building
(iii) Provision of overhang and other shading devices

(appendix=7)

(£) Snhading of all vertical surfaces will be much

casicr, 1f the building height is apt low.

(£) From the view point of solar gain, the best
arrangemont would be to orientats the built forms with
iong axis in east-woest. This may scome times conflict with
the oricntation requirements for wind flow such & conflict
should be subjected to detailed analysis in every individual

case.

(h) It may be remsmbered, however, that solar geometry
can not be changed but skillful use of clements outside as
wall projecting wing of a building or truss can change the
direction of air flow.

(i) Exterior Solar Control: use of solar controls, such
louvres, overhangs and building facades to shade buildings
and capture and Airect prevailing wind to living areas and

2lso protect the wall and glazing from precipitations.

(3) Interior. Solar Controls blinds and drapes should
be kept closel during day to prevent heat build-up and
opened at nizht to rélczsa heat. Interior shading devices,
if provided, should be flexible to allow windows to be opened

for ventilation.

(k) Wwsll ventilated and damp proof underground structure

may be recommended for use of ground coolth in summer.

[

The projecting belconie, high ceilings, ana large
windows of manson® in calcutta or manila; the deep Varandas
and post and lintel - homes of African plﬂnter; and the thin

paper walls of houscs in Indo=-china are all @ signed to admit
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breez and keep out -sun’{30). In brief, openness and shading
must be the dominant characteristics of the form and planning
in Dhaka.

4.3,2 External Spacess

(2) The same principles i.e. free passage for air
movement and shading are the two basic reguirements, Choice
of materinls can also be important from climatic view point.

(b) Trees, Plantings, pargolas covered by climbing
plants can be used for external space shading. '

(c) Least porous i.c. concrete pavements with suitably
located green punches may reduce the damping effect of a
damp site as large rangce of barometric fluctuation effect

over wet lose sub-soil is controlled(37).

(d) External spaces must facilitate a number of
3ct1v1tles wmlvh are often carried out at outdoors.

6.3.3 Roof and Walls

(a) Because of small diurnal range of temperature,
building fabric must be of low thermal capacity, this will
P‘qbl”D light weight construction.

(b) The roof is the most significant eclement from'
thermal view point because it will have the maximum of
exposure to golar radiation over the-day. Proper treatment
of roof include:

. Use of reflective upper surface
. Jse of double roofs with intermediate space

- ventilated, .
. Using the ceiling below the roof with its upper
surface Lighly'reflective and having a good
resistive insulation '

. the space above the ceiling should be ventilated
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(¢) 1Insulation in walls or roofs can be expensive,
therelore an appropriate strategy can be to restrict the
heat entry on the external surface through use of r
materials, Alse time leg characteristics of the construction

‘need to bo considered in relation to the activity pattern.

L34 Air flow and openings:

(2) Opening must be generous and suitably arranged in
relation to the prevailing breeze .(appendix-2).

(b) The incoming flow must not adversely affected by
outside objects and should not come over hot surfaces.

(c) Openings must be adequetly protected against rain
penetration(9). '

6,3,5 Ticht and view

{a) Direct sum light to be avoided for thermal reasons.
" The bright sky can provide sufficient light but would also
“causc glare. So view of the sky should be screened by shading
devices or plants. As the sky luminence is much less near the
horizon, a view of sky upco about 15O from The horizon is
ideal (appendix 8).

(b) View of bright ground and sun 1it louvre surfaces
to be avoided. The strong luminance contrast between the view

and the window surround can be rzduced by:
. Painting the adjecent wall, a light colour.
- Painting the inside of window frame while,

. ther openings may be placed in the opposite or
flanking walls to through some light onto the
wall surrounding ,the window.

o
i

. Bright view can also be avoided by a vertical
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strip winCow a2t the corner of the room. This
wouls through light, ontn the wall surface as
a wash?® Shus roeducing the luwninanc: contrast

La T - P
of the open ng,

{c) Doy iight is to be reflected from the ground up

5 ceiling which should be of lizht colour.
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5.0 CASE STUDY

5.1 Introductory Remark

Dhakn, the capital city of Bangladesh, is situated

—

on 23945 W and 90°15 B at the bank of river Buri Ganga and
wag founded during the mughals. Most of the buildings of
that period, made of common brick and surki, are ruined
by the hostile climate, The vernacular architecture which
is less durable, virtually suffered no change in style
through ths centuries. Tt.is evident from the writings of

travelers like Hiwan T°sang, lbn-e~Batuta etc and what we

Living example of old masonry architecture in
Dhaka is only of late British colonial period. With the
introduction of reinforced cement concrete in 60)sthe
architecture of Dhaka entered into the present phase. Before
sntering into the analytical study of a particular environ-
mental nspoct the general architectural character of the

region must be known.

In this chapter a very brief case study is
carried out on the architecturs of Dhaks to identity design
featurss evolved through the ages due to the particualr
1o¢al climate. Taking vernacular architecture as a basis,
colonial architecture of Dhaka as a perind of transition
and contemporary architecture as a reality, random example
is picked up from many cases for study tc understand the

basic criterion of thermal desisn in Dhaka.
(]

In the case studies, besides taking direct
performance observations from some buildings, the observation
is supplemented with informations from published sources,

smuthors own' experience and professional judgement, relating
to the termal perfbrmance of buildings in Dhaka., The studies

2Y]

are nct in very detail and in some cases, relied on-the
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subjective rCSponse of the users. The case studies done are

a8 fcollows.

Study of vornacular architecture revesls two
tva cal vernaculor clements ,Hat contributes to the thermal
comfort(Figs19) 1.

. element facilitating ventilation.
. clements protecting the building from sun.
Roof=-form, roof overhang, opening in the roofs,

latice work and low walls, etc together have contributed
towards achieving thermal comlort in the interior spaces

of dwellings of above menticned region. Above observaticn is
true for vernacular architecture of places with similar
climate as well as architectural pattern. Figure 20 illus-
trates an ideal bio-climatic vernacular house of Dhaka,
lebeled with characteristic features.

5.3 Thermal Performance of = Colnnial residence

This is 2 typical colonial bulldlng design,
making use of locally employed T“Spﬁnblvﬁ mechanism for
thermal control. It iq o double StOTlO' residential building
with an arca of ”75 m /tTUUL, The plan has an ideal aspéect

ratic of 117 {width tc length) with offset. Massive exposed
brick wall, timber shlnqleu sloping roof and long verandahs
are characteristic features of the house (Plate:0l).
The soutna, casty north and west facades are
2

about 280 mz, 154 m=, 240 n° and 136 m” respectively having
28y , 219 144 and ?f openings respectively. The building
fabric takes care of the solar geometry. Massive wall and
creation of a thermal buffer zonéj cold wind direction, used
in the building, is not a requirement for Dhaka’s climate
but blindiy followed Fr\m temperate architecture of

UK. (Pig: 22 ),
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The observations were taken on a typical July
day with minimum and maximum temperatures of 25°C and 35-5OC,
Relative humidity of about 87¢ and a typical summer wind
velocity from south. A TSI range of 24-30,5°C is recorded
indoors, on that particular day(Fig:21.). According to inmates,
carly nights in summer are thermally uncomfortable, otherwise

it ie quite comfortable throughout the year,

Although the ventilation condition is not satis-
factory duz to the northern thermal buffer, yet its acbeptable
thermal performance greatly lies in the ideal ofiéntation,;
generous and controlled shading. Uncomfortable early nights
in summer may be attributed to the time~lag characteristics
of the.ehvelope, abzence of exposed walls to north orientation

for habitable rooms and ofcourse poor cross ventilation.

5.4  Sun control by Dhaka Art Colleze office buildings

The wing under study is the administrative block
0

S kh

the college, designed by architect Mazharul Islam in 608,
It is a two storied building with art gallery and open spaces
in the ground floor and common facilities and offices in the

, _
first floor. Bach floor has an area of about 595 m“(Plate:02).

hole of the first floor southern facade of
2

with 42¢
opening of opzrable glass windows. Rest 304 is timber and 28

timber and glass censtruction has an area of 56 m

fixed glass. Similar construction is followed in eastern and
northern facades with arcag of 104 mz”and 67 m2 rospectivelj‘
In the southern facade the sun is controlled by adjustable
vertical wooden louvres. Projected 180 mm thick RCC roof
provides shading to all the facades. Building has an aspect
ratio of 1:6.,4. Most of the time in the yedr, no mechanical -
heating or cooling is required, - opening and closing the
windows in summer and winter respectively brings the comfort
indoors. During peak summers without winds, the fans are
enough. Users are satisfied with the thermal performance of
the building. | '
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The study was carried out at a representative
july cday with minimun and maximum temperature of 28 and 33 C
a relative humidity of about 8Ly, and ‘a typical summer
breeze from south-ecast. A TSI range of 25—3000 is observed
in shaded outdoors while a TSI of 24,9 - 29°C is recorded
indeoors with windows open (Figs23 )., Thermal performance is
found to be guite satisfactory inspite of unfavourable
orientation. Its success probably lies in the use of 1ight
welght and low thermal capacity enclosing materials, generous
adjustable shaded openings and perhaps most important of all,
the control of sun in the occupied zone (Fig:24 , ).

5.5. . Performance of some of the oth r bulldln rs surveyed

(subjective)s

Plates 03 to,lO shows glimpses of a few more,
climate effecient bulldlﬂ“” w1th QpOCldl archite ctural
elements, making usc of tfqulthﬂaj COHCOptb and modern
techniques for better thermal performance of buildings. Some
of them were studied subjectively and the findings are given
below,

a. Teacher-Student Centre (D.U.), designed by
Doxinadis associates is not a solar building but
a contemporary design on climatological basis
(Plate:06) which includes a responsive mechanism
for the absorption or rejection of solar radia-
tion. Reflectivesouth and north facades with more
than 50 ¢ shaded opening and shaded roof perform
well, both in summer and winter. Temperature can’
ba rn-?(.irfcl?xin@fq as low as 25 e without fan but
mechanical ventilation is required to remove
stricky conditions.

and administration building (Plate:7, 8) both

D, Home-economies College (HEC) -~ multipurpose hall

designed by Doxiadis associates are performing
well for over 20 years almost without any
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Heavy RCL sloomq roof
{for torge trme g &
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to reflect sol-radn }——*
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PLATE: 07 HEC - multlpurpose hall, usung thermolly efhcnent “roof
and operable windows .

Ventilated roof
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—— Limi coloured solid walls in east &
west {to reduce heat goins ]

A PLATE 08 HEC- admnmstratnon building huvnng shaded roof and
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auxilary heating and ooolin?; Approximately the
following temperature/have been maintained.
Nov-Feb (14°C-20°C), Feb-April (18°c-22°C),
April-July (2£°C-30°C) and July-Nov.(20°C-25°C)

of the buildings.

HEC-multipurpose hall(Plate:7) is a single storey
block with 1.5 times normal height with north

and south facade having more than 505 operable
slass oponings, which can trap heat in winter

and cnsurcs cross ventilation in summer. The

180 mm domical pitched RCC roof and 225 mm thick
east and west white washed éolid walls perform

adequately,

HEC-administration building(Plate:8) is a R.C.C.
frame construction with brick walls, cuter
north-south skin is more than 50% zldss window
having outer shade and moveable inner curtains.
225 mm brick wall and 180 mm R.C.C shaded roof,

noerforms well thermally.

Residential buildings in Sher-e-Bangla Nagar
(Dhaka)s We witness a great feat of contemporary
architecture in its purest form at sher-e-Bangla

nagar{Dhaka) designed by Prof, Luis I Kahn,

The residentisl buildings(Plate 10) were designed
to utilize natural forces to achieve maximum
internal thermal comfort., He used the concept of
traping the sun by solid wall in the eastern and
western walls (with oaly windows in toilets) and
manipulating the summer and winter sun by large \
operable glass doors and windows in south and
north, which also gives rise to a very effacient
cross ventilaticn,
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Although Kahn selected red ceoramic orick and
R.CvC as his basic materials which is not

recommendad by experts for warm humid places,
vet by nis judicious design and appropriate

construction detailings he made these dwellings
thermally very effecient(Fig:25).

Anthor stayed in one of these dwellings for
long six years and observed that only in extreme
hot menths (Mﬁy~Ju1y) 2 negligible active aid

is required for cooling the indoors and for
remaining months interior environment is quitc
rleasent., Ineffecient direct rain control is

the main drawback of design.

Summary of discussion

In war rm-tumid regions, like of Dheka, the adverse heat
iMﬁact of sun from ecast and west ends of a house,

force it ints an elongatea low rise structure. This
shape would also provide advantage of bancficial wind

effect under high vapour pressure. Volume effect of

building shape is not much significant in warm humid

regions,

Review of vernacular architecture, reveals that
opentiess, shnding and low thermal capacity building
enclosurs is the characteristic feature of architecturc
in Dhaka., It is also seen that the vernacular methods
of achieving comfort is employed successfully in its
urban architecture but requires further optimization.

Thermo-physical preperties of the enclosing material
does not effect much te the inddor thermal comfort.
But it is obsorved in general that light weight and
low thermal capacity material contributes more to the
comtfort condition indoor.
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Though for totn l control of Cuﬂf3 t conditions, each
cf the Juf“uﬁnhlnﬁ climatic element like. sclar radia-
tlon, sun light, wind, relative humidity, rain etc.
must be fully controlled yet it is observed in the
foregning studics that near comfort conditions can be
arrived by effecient sun control design and following
the genernl design criterion for warm humid regions.
It is also obsorved that by an effecient sun control
design, rail actor is automatically taken care of to

a large extent.

An ideal building for Dhaka is, therufore, a south
oriented rectangular, single room deep plan with more
than 304 ~pening in each wall facing windward and
leeward sides for cross ventilaticn. The construction
materinl is normally brick with or without cement

plaster in cuter face,
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£.0  ANALYSTIS OF SUN-BUILDING INTERACT ION
FOR DHAKA (BANGLADTSH): 23°45°N AWD 90°R

6.1  Ernumcration of desired form performance relationship:

In ordor to investigete the sun-building relation-

ship it is necessary to specify days of the year and the
times of the days with reference to which thermal control

~

(i.c. solar irradiation) and shading effects are to be

+

investigated. For the present study it is considered

n
~~
Tt
)
-
[
O
e
4]
3
et
e

20 use the two extreme days summer and winter
salstices, namely June<22 and December-22 respectl rely and
the ;iuinox i.c. March-21 and September-23, Alsc it is
thought convinient and appropriate to refer the solar data
to the threc instante of the days, namely the mid~morning
(8:30a.m. in summer, 9.15a.m in winter), the mid-day (12:0
noon), and the mid aftcrnoon (2:30p.m..in summer, 2:45p.m.
in wintar).

With the computed solar data for Dhaka, found out
by the equaticns 03 and 04, two sun path diagrams are made
(Fig:26,27) to read sun-building interactions, with the.
help of shadow angle protractor, solar radiaticon protrac-
tor(29) and total heat gain protractor (r1"°28) for vertical
single glazing(34). The analysed data can be cross checked

by the mathematical equations, 05 to 28, presented in

artical 2°1. The results thus computed, represent any
typical caso encountersd with respect to sun-building

interaction for Dhaka.

Although it 1s not possible to increase the incident
solar radiation on a surface during winter, it is always
possible to reduce it in summer by the use of shading devices
by 0h0031n5 optimum.orie1tations and selecting appropriate
m&t‘?l‘lS for “nvelooﬂ(ﬁq) It is seen from the sun path
diagram (Fig:26) that the sun does not shine directly on the
northern facade, except during carly morning or late

afternoons in summer. The 1nv“3b1ra ion ig carried out under



- 67 -

Effective tomperatwe (ET) ploted over sun path diagram to sae the
tha tharmal conditions at Ohaka (the result is not satistactory ),

.

FI6:26, Sun poth- diogram  ploted for Dhoka: 23*65'N (author)
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the following headss

. Solar radiation pattern on buildings.
‘ Sun light pattern in built form.
. Solar heat transfer into the building.,

«

6.2  Sclar radiation pattsrn on building

Duration and intensity of solar radiation received
on the facade is studied for the variation in the angle of
orientation of the surface as follows:

6.2.1 Duration of solar radiation received on the fecade
vs ~ varistion in the angle of orientation of ths facade:
This relationship is 1HVLstL"wL9@ by qunP the sun path
diepgram and shadow angle protractor. The protractor is
placed on the sun path diagram with the centre of the base
line coinciding with the centre of the sun path diagram
and the surface orientation’ line sget in the direction of
corientation of the planc. The duration of solar radiation
received on the facads is given by the uninterupted length
cf sun path or the intersect portion of the sun path-
between the basce line of the protractor and the eastern or
westoern periphories of the diagram andiresult tabulated as
shown in appendix-7 and graphically presented in Figs29

to facilitate reading for any instants of the day and
oricntation of the facadoa.

6.2.2 Intensity of solar radiation received on the
surface = vs = variation in the angle of orientation of the
acades This rolationship is studied by using sun path-
diagram and thé  total radiation protractors’ for vertical
surfaces. Procedure is similar to that of art. 6.2.1.,

a

the values of the direct and diffuserd components of solar
radiation on the plane at the roquired instants of the days

are read from the points on the direct and diffused equira-

diation contours on the protractor. The result is tabulated
in appendix -8 and is graphically presented in Fig:30 for
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better understanding. For a comparison,
computation for Calcutta may be referéd.

6.3  Sun-light pattern in built form:

It is a good practice to be able to predetermine
the thermal porformance of a proposed built form with
special reference to the availability of sun shine inside
rcoms or varandah CGuring winter and its exclusion during
summer(39). An exact delineation of the sun light pattern
requirce mathematical calculations, Sharma(46) used shadow
chart for sun light penetration indoors. Following investi-
gation gives mathematical=cum-graphical method for easy

asscssment of pattern,

6.3,1 Degree of coverage of the indcor space by the
penetrated beam of sun light (width and depth)- vs =
variation in the width and height of the opening and the
angle of orientation of the facades ‘

From the Fig 31, the relationship is investigated.
Let, h-be tho height of the opening on the facade, w= be the
width of the opening on the facade, d=be the depth(horizontal
projected) of the penctrated beam of sun light, and Webe |
the width of the penetrated beam of sunlight. Than

d = h.cot « ' 38

and W = w.cos9 39

i

where ¢= Vertical shadow angle with respect to the plane
of the oponing.
‘A= Horizontal shadow dngle with respect to the plane
of the opecning.

Value of o and 8 will be different at different
instants of the days and for different orientation of the

facadas Therefore, valucs of a andg and also cot ¢ and
548 nced to be computed in relation to variation in
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coricntation of the facade. This can be done using sun path
diagram and the shadow angle protractor. From the Fig 31
longth of the shadow (1) cast by ths windowsil height (
can bo found ocut by og. 1 = H.cot oo

Uging thoe computed valucs of cosd and cot «
from appending in the cquation d = h.cat o and W = w cosa ,
the width and & pth (horizontal projected) of the penetrated
beam of sun light in the indcor space is computed and

presented in Fig.32 for ready reference.

C6.3.2 Degreé of exposure of facade (in terms of the

surface area) to solar irradiation - vs - variations on

spacings in the depth of staggoring between two a&jacent
and parallel vertical stripe of the same facade and its

ngle of orientation: |

The relationship is 1nv stigated as follows from

“‘*j

th

(&3]

igs33.

(a) Tor successive parallel rowss Let H, be the
height of building and also the height of the vertical
plate P? representing the height of the building. h-be
the altitude of sun at a particular instant of the day.

S1 and 82, be the two vertical strips of the facade under
consideration. ¥-be the width of the shadow cést by _S1 on SZ’

4

Y-be the distancz of the end point of the sloping shadow:
line on 82 from the top edge of SZ“ o and o be the horizontal
and vertical shadow angles respectively from Fig:33. The:

length of ‘the shadow is found by

d = Hocot « 40

The direction of the shadow can be determined
from the azimuth(B) of sun at particular instant of the

day. With the partinent informotion the appendix-10 is
developed and pres t 1 graphically in Fig:3h,

(b) For depth of stepmering: 'Again from the Fig:33
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it can be seon that when d = 0, X will be equal to zero and
there will bo no shadow on the surface 52’ Also when 4’
reases, value of "X and 'Y' will increase reaching the

maximum when 'Y' equals "H',

= H cot « 40,

This may be called the critical value of 'd' when
A" increascs further, value of' X' andtY?remain unchanged.
Therafore, Tor certain orientation of facade and for certain
instants of the day, changes in the values of 'X' and 'Y!
will cccur for the values of 4 between d = 0 and d = H cot «.
And it is in this range that the relationship between the
arca under shade on S? and the depth of Stagerring d, needs
to be studicd. The peftinent relationship can be expressed

as follows

X= d tan A o 43

Y

d tan o - - 42

For the various instants such as the mid-morning,
the mid-day and the mid-afternoon of particular days, 9
and o will have definite values for a specific orientation
’and/degren of exposure of a facade to solar irradiation
‘expressed in terms of the values of 'X' and 'Y will depend
only on the variations of 'd'. Values for 9 and o for various
orientaticns at the different instants of the required days
is determined as before by using tha sun path diagram and
the shadow angle protractor and the computed data is tabulated
in appendixii.l for Dheksa.,

Using data from the apeendix-11.1 in the
equationé»ho, 41 and 42, the values of critical 'd"'X'and'Y!
can be computed for the various orientations and at the
required instants of the days. These values are tabulated
in app@ndixm11{2, The cegree of exposure of facade te solar
irradiation at the required instant of the days for the diffe-
rent orientation can be readily read from the Fig:35. As the
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7 corollary, wé can find the vertical coverage(z) by the
shadow cast by the cantilever of depth 'd' by the eguation
z = dotan o (values are same as of 'Y') from the Fig.33.

6.4 Solar heat transfer into the buildings:

In thermal design work it is only necessary, during

preliminary design stages, to comparce the performance of
construction assembly a ﬁqt an alternative choice for the

same area. Designing of enclosing shell to keep its 1n51de
surface temperature near to the desired air temperature make
it a design for comfort(38). It may be noted here that inside
surface temperature of a construction can be found out by
the following relationship:

t

i

s =ty [hOxe(ti'—nto)] b3

it

. o 0~
whore ts ingide surface temperature, C
t. and t

i

N . ‘ 0
inside and outside air temperature, C

5 = surface or film resistance
\

U

]

usual symbol,

ASHRAE(5) is an authoritive source for all thermal
properties of materials and for all methods and cquations..
For thermal design calculations by architects, the thermal
conductivity of common materials shown in tables6 may be
used. Although heat transfer through the envelope is not a
critical factor for Dhaka yet the sclar heat transfer into

the building fabric may be studied as follows:

6.4.1 Extent of solar heat infilteration through the
envelope (expressed as ‘a fraction of the incident solar
radisticn on the surface)-vs - variation in the U—valups
of the envelope and the solar absorptivity (a) and surface

conductance (ho) of the outside

This relationship is expressed in terms of the
solar heat gain factor (Art.4.3 ancd-4.4). The ocutside surface
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condustance is = function of the nature of the surface and
the amount of air movement post the surface (Fig.36). The

values are availatls in published sources, some of then
for common buillding surfaces at different wind speeds is
given in table :6(58).

M . v e o )l

Table: O, L valucs in w/m“K

W

Wind speed Nature of surface

parsllel to

surface in  glas / Plaster/ Concrete Brick  Stucco
n/s matal timbor

otill 8.5 8.5 . 8.5 8.5 8.5
2 12.8 13.5 14.6° 15,2 16.8

5 26.5 Z2.8 Lol L7.6 61.0
10 46,5 55.7 The 5 83.5 107.0
15 6%.9 76.6 102.2 115.,0 147.0

20

D
=
.

N

97.6 130.5 146,6 18745

Some of the K and U values of common materials are shown
in table 7 and (appendix 222 f5r common U-value).

Tables7 Kevalucs of building materials in w/m k.(35),
Material Kevalue Material ; K-value

Aluniniumn 198 - Copper | 380
Lead 34,6  Stecl ‘ 48,3

Zink 112 Acrated Concrete - 0.086
SO0 o

Asbestos Coment 0.75 (400 kg/n3)

Breoze block 0.17-0.35 Aerated Concrete 0.103

(500 kg/m3) |
Brick work 0,7 €>Wate”/Co§cretb 0,138
. _ - 650 kg/md

{ o alth e — & N
Loncrete 0.7 -1.9 }crab@a Concrete 0.210
Plaster of Paris 1.09 (800 kg/m3)

Rubboer 0.2 Vermicole Concrete 0.08-0.2
Glass 0.5 0.8
Timber , 0.2
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reflaction lovels of

certain
ilver gray slates 1/53 red

concrete tiles 1/3; white

month 3/103 new galvanized
iron 1/3; whits washed surface %/&9 rery dirty object 1/10,
poliched copper 4/%; tarnished coppor 1/3. Lbsorption

cocfficient of varicus oolcurs is shown in table 8,

New white washod sgffacﬁ 10-15
Wnite oil paint | 20-30
Wnite marble L0-50
Medium gray - - 60~70
- Brick, Concroto | 70-75
Glossy black _ 80-85
Matt block ' ‘ 90-95

0

White washed is clearly the best reflector, but

*_

.
Sin

@)
{0

(i

it nesds constant renewal, whits spar chipings are

worth noting as a good altarnative and a more permanent top

surface in Dhaka.
Table:9 Temperature benzath flat roof covering on a

@
Sunny dav (23}

-
5
)

. . L Op
ription of roof covering Maximum temp. C

Felt -~ 2 ¢m asphalt-sand finish A
2cm asphalt - aluminium paint 37
- white spar chipping 26
white cement wash 26
white wash 25

In Dhaka climate, hf‘w“\fnf‘9 where air movement

>t assume a constant

cguation 35 becomes
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gain facter is = function of U and a,
;wwvlal calceculations from the table 8, The

wrll U-values necded in Dhaka for a given wall
surface temperature reguirement. For ceilings the U-value may
be reduced by 154, | |

\

Wall Surface 60 62 64 66 68 70 72 T4 76 73 80
temparature c ;

Suggested _ /
U-value 0.4 0,36 0.3 0.24 0.18 0,13 .08 .06 ,05 .04 .03

In wintar, surface temperature about 5 deg. below
indoor ailr temperature will generally provide satisfactory
radient comfort conditions(20),

B.h.2 Sffect on the decrement factor () and time-la

()
aL#
3 L RO T T R 5 ¥
procuced by the onvelope~ve- varistion in the thicknass of
R SN T T S S DA ot 4 A O S U I . -
the envoelrpe, The nature of 1ts 1wtruction and its dun51ty.

found out from the published sources. The materials with long

(.f.
j...vl
2
r.l
i

ot
W
¥ -
Y
g
it
)

i
amiQ) are gonera 1y cemse and heavy weight and conversely,
weight materials which cnclose, trap, or

S

contain o film of air, hae shorcer time~layg @
U-value (appencdix:l?) A ruic of thumb for massive masonry, west
and east concrete wslls is ¢ = 10 hours for each 0.3 m

¢
thickness(Fig:37). Tt may also be notoed thet high decrement

tor will heve a reduced maximum temperature in day time
‘but an elevated minimum at night, taking vontilation to be

condstant throughout the day. . ' ,

6.5 Summary of analysis

get any sun

throughout low altitude
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morning and aevening sun.

0. Tn winter, southarn Facade gets the sun throughout
the day, since sun altitude is low it penetrates deep into
the building. ' -

e

1

c Northern facade receives minimum radiation,

throughout the year.

d.  Bast and west facade gets morning and afternoon sun

Thad

1 . T 2
regpectively throughout the year amounting to almost 700w /m

'L._

In March and September, naximunm raLlablon of about

e b
o 2 . . O - :
650 w/m“ is.received on orientations 1357 to 2:5 , almost

throughout thoe year.
T In December, years maximum radiation is racelved on

. » O Wy . : z
oricentation 1357 to 2257 amounting to about 7C0 w/m=,

o

B Decpest and widest light penetrates in winter i.e.

about 1.7 times the height and almost egual to width respec=—
&l UL

. o . . 250 )
tively of the opening in orientations 135° to 2257,

h. Largest shadow is cost by the bullding towards east
[ [ FTI s - R .
and west 48N in winter. Shortest shadow is in summer and

in June 2(,

sun is perpendicular on

ie Maximum depth of equal to height of the

building is good cnough to *@ent.wall in summer

and 1it it in winter,

g Direct use of sun or usc of thermal capacity of
material arse the two approaches, sultable for Dhaka's thermal

(L( g’}_

K. Low thaermal capacity light weight materials giving

short time-lag gives bsttor EVTTUfquCLa

climate supgest on exterior surface conduc-
C. |

tance of ahout 20 w/m?2
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7.0 TORM PERFORMANCE AT A GLANCE
AND RECCMMINDAT IOD

It is a comnon knowladgs that whercas the fabric
cf a building iast for a hundrod year, the system for thermal
controls within buildings last for a shorteritimz and hence
nore emphasis should be put on envelope of the building for
economizcal thermal Zesizn. The ocutcome of this study will
help in cCesizning better bulldings for thermal comfort. The

T m o

|

L4

following arse the inferences, recommencdations and summarized

points of the study.
7.1  The clarity of the air and radiation

Rain, fog or clowiiness, which is a common phenome-
non in Bangzladesh, markedly reduces the degrse of sg¢lar
radiastion through the windows, and naturally at nighv the
degran of solar radiation through the windows will apurocach
that usually associated with windows facing north. All>swances
must also be made for shading of the window. If part of the
window is not subjected to direct sun light, the value fer
north Jacing window should be teken for this section, whatever
the compass direction, This will very with time of the day
and allowances for the length of the shadow must be made
(Fig:30).

7.2  Oricpntation and Builcing

| In winter, the maximan amount of heat gain is
obtained u&T?U&ﬂ south faeade (meximum by window)} amounting-
to about 700 w/m . In the gpring =»nd zutomn, the windows
facing south ezst get the greatest heat gains in dorning, and
the windows facing souath-wost got the greatest heat gain in
the aftoerncoer, bosh about €50 w/me. In summer, the roons
facing aast ten? to be the nottest in morning and those
facing wost, thie hottest in the zfternoon. Surprisirvgly: enough,

L.
rooms facing due gouth do net ot over-hot in summer. The
&= h
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register their kheat gain in March and Septembe (Fig:29).

73 Principal facnde and radiations

£

Amnunt of solar radiation on cast and west facade
is nearly equsl (Fiz:?0), but in eastern facade, it is less
pronounced indoors due to the cool environment, unless
ofcourse the castorn facade is all unshaded glass area.
Reverse is the case in western facade, and hence, the western
facade should be reduced or well protected or insulated by
varancdahs, creepers, plants or cavity wall with no openings
at all, Glass wrea is a definite disa avantag unlesw
properly shaded. On western and south-western facade 'egg-

crata’ louvres (Fizsb0) can be purposefully used, but it is

6]

expensive. Required dimensions of louvres, staggering =tc
can be dirczctly calculated from Fig:31-35., The Fig:39 gives

the same in nomogran form for ready reference.

A south facade receives much larger solar radiation
curing winter than that during summer (Fig.3C). &vén a small
projection(Figz:39) over the windows on the south -facade can
cut off direct summer sun and allow it during;winter and
perhaps the most advantageous aspect for south facedes in
Dhaka.

Except during carly morning or late afternoon in
summer the sun deoes not shine directly cn the north facade
amd hence, muach easier to effectively cut off the sun on
this facade by vertical louvres on either side of the
opening Fig:30).

7.4 Time of day and verformance of buildings ‘

In almost all cases the bulk of the heat passing
through the window goes through in a few hours of the day
only, Again, the season makes a difference. The maximunm
radiation inwards takes place in winter around mid-day.

But in spring and automn, it is around 9 a.m. in the morning
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and 3p.m. in the afternoon, while in summer, the maximum
amount of radiation may take place as early as 7 a.m. in the
morning and-6pim., in the evening. Naturally the windows most
effected will be those facing east in the morning and those
facing west in evening (Fig:30), In case of opaque wall,
this information will help in sele c+1ng material with‘appro—
priate time-lag.

745 Distribution of radiation cover the day

Appendix 11 shows the amount of selar radiation for
Dhaka. Although the values give the average only, it must be
realised that in fact nearly all this heat flows in during
about seven hours in in winter and perhaps 16 hours in summer,
“and that hourly fluctuations even during the day are enormus.
In most cases the maximum degree of radiation through the
window is between five and eight Times as high as average
flow rate given in appendix-1l. In the case of the windows
facing south-west the maximum degree of radiation inwards
can be as much as 15 times as high as the daily avorage
.qubted, which means that nearly all the radiation is concen-
trated¢ over a period of two or three hours only, usually at

ncor.

Radiation is proportional to the difference between
the fourth power of the absolute temperature of the radiating
surface (th@ sun} and the fourth power of the absolute
temperature of the receiving surface (the window) i.e.
i

o) - 45

sun window

[®]
3
D

»

n

~~~
—

T

}
3

where Q = |

received in w/m
+.

ty factor of glass = about 0.6,

Stefan-Boltzmonn factor = 5.68x10”8 w/m2 &

[®]
H

emicsivi

n
t

, In the morning the window surface is cold and
therefore the amount of radiation received is greateér than
afternoon, when the window has alreay warmed up. For this
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reason, windows facing cast sesng to get more heat radiation

than windows that face west. Thils wa

‘j

n & also borne out experi-
mentally in a1l the results obtained(18).

By ey
QU 1actors

[l

7.6 Compromis: betw.cn var

Solective ventilation throughout the year results

regter comfort, thersfore, 1ittle compromisc in orientation

(828

can be mada (Fiﬂé“]} e, OONBOO tilt from prevailing wind
does not make marked difference, Suitabls windows, located
properly ensures better wind movement (appendix:2-4) In all
cases, rectangular huildings, from radiation and wind point

of view is best suitzd To Dhaka, ofcourse, the building should
be planned, with arrangemant of individusl rooms depending

on type and time of occupancy. A typical example of residence
is given in table 12.

Table 12. Location of spaces in a residence for Dhaka

Room/Oricntation N NE E SE S 8W W N

Bed Room - v il v oo - -
Living Room e - i i v vy f
Family Room - ~ Vv i vy - -
Kitchen t v i - = ¥ v il
Verendah ~ i El i ¥ Voo -
Bathroom v ~ - - oy ¥
Library y " \r - - - - -

W‘f aF

Workshop v i - - - \

Garage W T - - - Voo v

- { — . ! 1 :

Th rmal rating . Fair | Good 1F Worst
i |
= |
! A

H
o

Knowi ing the TSI, a fenestration can be designed for
required indoor wind speed ratic and lighting conditions by

using nomogram on appendix:l

\q\i

77 The nature of windows and shading

The values in the appendixiliad,. applyv to normal
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single glazing. For different types of windows there value
must be multiplied by the following factors(1)

; 0.9
« Double zlazing + Light plastic venetian blinds0.33

»
)
C
o
ja
}_.l
©
in
l.._l
M
N
}_..l
—~
=
A1

. Single glazing + Light plastic venetian blind,
Light net curtain etc: 0.5

. Heat obsorbing glass ¢ 0.6
. Reflecting glass: 03

The results of the study by Givoni(25) shows the
following performance of shading devices:

« External devices are much more effFClGnt than
internal devices.(Fig:40,42).

« Tho difference in effeciency between external and
internal devices increases as the colour of the
shade is darker,

» For external devices, the effeciency increases as
the colour is aarker, reversge is the case for
~internal dcv1c»

» With effecient skading, such ag external shutters,
it is possible to eliminate more than 90 7 of the
heating cffect of solar radiation\Figgha).

. With effecient s 1Q1nug such as dark coloured inter-
nal devices, about 75-80 ¢ of the colar radiation
impinging on the window may be expected to enter the

buildings

Tablesl’d Effcciency of some window Fhading(ZB)

Type of shede Colour  Fraction of gain througn
unshaded window '

Internal venetian blind Dark 0.86

Internal venetran blind madium 0.74

Internal venetian blind white 0.62

External venetian blind creanm 0.3

Conwan owing - Derk 0,25=0.35

ixternal shading screen - Dark C.22
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b) heat absorbing glass .

{NOTE * ' '
bmdvonto es of heot absorbing gluss :
i) obsorphon of ‘heat causes thermal. stresses
within the glass, requnmg special glazing
techniques. ' 4
~i1') much of the energy absorbed by the glass d) anel of hect cbsorbmg glass. *°
passes into the building : it behaves like ?reeiy suspended in front -of. giess
a panel radiator , unless it is ventila- E
ted, or used with double gluzmg

.Sheet glass [ plain or frosted } under shode us
_ perhups best . su'ted for Dhoku condutnon.

.Polyester film fixed on plain glass is the e
latest concept in sun control applications. oy

.| 13% rerodioted by bind
i

.Venetian blinds as in "e* shodes the gloss,
ond reflects much of the incomming -
solor radiation. o

| e) sume as d wcth olumuum‘ bland
VI-'IG 2, Effocnency of leferent Meons of Controumg Solar Rod:etnomuo]
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7.8 Effect of shading device on glass windows:

The summer season for Dhaka is a period between
mid-March to w’nwuu1>. h 1“uurhly is the time when

~complete shade 1s recommended, It is r:cordec that during

..L
./

this period the internel temperature of an unshaded building

rd

(

on a sunny day exceeds the comfort level of about 30 C for
Dhaxa. fleat gain through a sun-lit glass area is many tlmes

higher than throush an equal area of ordinary wall, and its
affect ig falt almost immediately, without any appreciable
time--lag(f‘j}), i W i

Tablesld Heat gain through various types of glasses, of
radiation at normal 1ncrdencn(25)

Type of glass Direct Due to absorbed Total
Transmission radiation

Clear glass 74 9 33

Window glass -85 3 a8

Light heat absor- : ‘
bing glass 20 25 L5

Grey glass 30 ’ 30 60
Lacqudred 38 ’ 17 55

Notes A more rccent technique is the dCVPth“m:ﬂb of glass
thut rwfl' to, rather than absorbs, radiation by
2 with a thin transperent layer of evapora-

Shading devices applied in combination. with glass
modifies the thermal effect of glass (as stated in previous
artical) and hence can be applied either externally, inter-
-nally or vetween double glazing. They may be fixed, djuSQ

table or retrﬁ wnd of a vnrietv of architectural shape°

749 Byild 1np form aaﬁ Thermal prop Tty of its envelope.

The building form should be optimised to 1:3 (w1dth

>

to length) to reduce the impact of sclar heat gain while at
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the same time' admitting the maximum amount of natural day
light, a contradiction in terms. The ideal proportion is
1.7, whereas tolarable one is 1:1.5, volume does not have

significant impect in Dhaka context.

A fabric with a U-value range of 2,5=3.5 w/mzdeg-c

. may be recommenced for Dhaka. Required time-lag will depend
upon the activity pattern in the building but in general,

low thermal capacity material i.e. with minimum time-lag of
about 1 to 2 hours is recommended for Dhaka. If for functional
reasons some higher time~lag is needed than western/eastern
wall may have a time-lag of 8-10 hours. Light colour roof

top, zast and west facade will improve the therimal perfor-
mance. |

7,10  Proposal for further study in the line

Architects as=responsib1e‘professidnals should be
pacesettzr in pushing for acceptance of climate effecient
buildings and hence must place higher priority on climatically
related design,in the stages of site selection, orientation,
schematic design, design develbpement, detailing material
sclection and protective devices.

(a) Research has been doné on optimization of building
size, shapec,bay size, étQ for structural, spatial, lighting
and economic considerations. This dissertation gives emphasis
on the effect of sun on buildings, assuming other conditions
of any warm humid area to be holding good for Dhaka. Therefore,
futurs research would be needed to combine climatic consi-

deration in the total optimization of building design.

(b) Datail review of existing buildings at Dhaka may
e carried out tc analyse the thermal performance of the
uildings cn account of its weatherizing elements and or
esign.
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() - The annlvtical study carried out in this disserta-

tion may b2 taken up with experimental models to show the
validity of the mothematical and graphical findings. Central
building research institute, Roorkee has got the required

facilities.

-~
(¢} Well ventilated and damp proof basement structures
have good potentinlity as comforts bl u¢~¢t°: in Dhaka, or
atleast und awarJunﬂ coolth can be ff@“i"vﬂl“ utilized in
contemporary buildings with passive means. Thie field

requires thorough rosearchs
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ADDENDUM: APPLICATION WITH SPECIFIC EXAMPLE

1. The Design Problém:

Here, a small practical problem associated with
many constrains is tekenup to demonstrate, in general, how
an Architect can make use of the findings. However, it is
not possible in this example to show the application of all
-the graphs developed, moreover ultimate coordinated decision
must rest with the designer, but it can be safely claimed
that the approach will make the decisions easier and more
scientific,

The problem taken up is the ' 'Sub=-Divisional
Engineer's (SDE's) Office'' at plenning commission campus,
Sher-e=Banglanagar, Dhaka. General office  timing is between
10 a.m. to 5 p.m.

A Space requirement for SDE'S Office

4

Space " lpproximate area(sg.ft.)
4. SDE'S Room 160
Attached toilet Lo
Ten preparation space 30
b. Sub. Assistant Engrs,(2) Room 160
c. Offices
Main room - 360
Record + record keeper's room 180
Common toilet 50
Sanitary Store 160
Cement store 160

d. Appropriante size varanda and circulation spaces
@ Outdoor stackyard in one patch 800

Notet Total building area not to exceed 2200 sq. ft.
B. Constrains: ’

a. Set back requirement: 18’ from east and west and 6’ from
north and south property lines

b. Building shapes Regular squere or rectangular plan.
witheut offsets.
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c. Height requirement: Not to exceed 13.0!

d. Must follow general architectural style of the campus
designed by Prof. Luis I, Kahn.

2. The Analysis for Designt

Solar radiation must be controlled from March to
September. No comfort ventilation is réquired in November to
February and hence cold winds should be especially restricted
during these months. The favourable prevailing breeze is to
be directed indoors by openings on positive and negative
pressure zones, amounting to not leds than 30 percent of the
facade. Wind incident to wall at upto 45° can provide satis-
factory ventilation and a target to reduce the incident solar
radiation by about 20 percent on the surface by suitable
design will be good enough. The following is the site condi=-
tion to assess the extent of its flexity to achieve the
desired target.

Ae Basic Datas

Site Conditions of Proposed SDE’s Office

i

a. Diurnal air temperature and relative humidity in the site:

Temp.°C . RGH, ¢
”Minimum ngimum Minimum  Maximun
Nov.=Feb. 13 26 .60 70
March-ipril 21 32 70 80
qu"mﬁug, : 25 33 - 80 . - 05

Sept.=Oct.. 1 O 85

LSO NICTRN =93

be Wind speed and ‘direction (Fig:43)

| Speed m/s | | - Direction
Nov.-Feb, Z,0 3400 - 10°
Mar.-April 7.5 150° -170°
May -Aug. 8.2 140° -190°
Sept~0ct. 5,0 180° -200°
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Nov,
Mar,
May.
Sept

d.

Approximate horizontal and south-vertical radiation(Figiis)

Horizontalsw/m> Vertical: w/m°
had Febo 520 5'.70
~ April 550 %50
- Aug. 700 65

raze.

Building lot shading problem(Fig:43): On the south-east
of the plot there is an approximately 38'- 0' high
building and on the south a building of about 12'=61
height exists. They cast long shadow on the plot during.

winter. Plot is a flat land.

Interpretation:

The Plot: The thermal consideration can be visualized

better if placed on a plan of the building plot(Fig:43).
The building lot faces cast. It is a lot for service
buildings in the peripherial land of planning commission
campus. The lot has an area of 6882 sq.ft.(93'x 74! ).The
zoning convention in the campus calls for a front and
rear set backs of atleast 18' cach and side set backs of
6" each. Thus, usabiz building plot is 81' by 38' along

north-south axis.

The prevailing wind during the month of March to
September is from south to south-east but in November to

February it is frem nerth to north-west. There is a possi=-

b, clodo prcblem from the adjoining lot extending 20
and 17" in from the east and south lot lines respectively,

which leaves 2' and 11" respectively of the possible

building avea shaded on the east and south side(Fig:43).

A further setback of 1" on the south is récommended to
facilitats better iight and ventilation indoors{Fig:l4).
Solar radiation per square meter of various vertical
surfaces at different instants of the day for each season
is ploted(Figell) to detormine the de ’

e desi
design elements for the proposed bu 16 ng.

red laycut nnd
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The Buildings The strategy would be to provide meximum
shade to unavoidable heat aﬁSorbing surfaces and also
ample ventilation to remove the access heat. Reflective

quality of exposed surface of unshaded wall contributes
to inner surface temperaturec.

The heat gain Beneath the exposed roof may be
reduced by providing ventilation at ceiling level. White
painted roof surface reflectd about 80-90 percent of
radiation and thus provides Significant advantage in
reducing internal heat gains, Since white wash need
constant renewal, white spar chipings are worth noting,
with about 50 percent reflectively, as a good alternative
and more permanent top surface in Dhaka. It gives a
maximum temperature of about 26°C beneath 10 cm R.C.C.
flat roof covered with 2 cms asphalt in a sunny day.

Unplastered ceramic brick at the exterior has got
a very smooth surface’in itself and may be made about 20
percent more reflective by painting it with transperent
wax, painty which-will”servevthe' duel:purpose -of ‘résisting
water and radidtidn. A& time lag of 2 64 hours is: jist
enough,to holdithe transmission of solariradiation’ indoors
upto late eveéning whah the office ‘is vacatéd: Thisican be
achicved by providing 25cm’ thick solid brick walls espe-
cially in the exposed cast: and west. orientations.;.

~ Shading.dévices should.be such: that while ébstracting
the sun, “théy.do not reduce the baneficialreffect 6f the
breéze. A wall surface with small projections” 6r:depre-
ssions radiate less heat inside than-a:plain ‘surface due
to cooling effect b] mutual:shading and grpater surface
area belng ava \ilable for ‘surface. cquLctlon. .

" Window height above: normLI occupqncy zone’l 2241
above floor, does’ not con+r1buub much to body comfort.
Normal- worklng plqln is at a1 ’1ght of about 0.8 m,
therefore it cans be taken as window sill height to cnsure
maximun advantage‘of»véntilatiOn-at body levely Winddws -
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are a source of heat gain and hence needs protection

gainst the direct sclar radiation in summer and may.
be allowed indoors durln”r the cool hours of the day
in winter

Ce Calculation of Louvress ' .

fis discussed in Chap:5, norizontal projections on
south facade and vertical DrQJLCblO“~ on north facade is
needed as external shading. However, horizontal projection
on top of vertical members on north facade are required for
protaction of window ggdinst_rainsa'The louvre/overhang size,
for various orientations to excludz sun from indoors in the
month of March to September and than gradually allowing it
indoors to the maximum in cool hours »f winter days, are
calculated below:

As dlscussed earlier, the height of window openings
will be about 1.3 m with its sill height at about 0.8 m, If
a ventilator is to be provided, over each window upto the
ceiling, to faciiitate cross ventilation heneath the warm
roof, than the horiZontal projection will neéd to shade a
height of 2.2 m i.e. (3 - .8}, Taking a module of .75 m for
window width (Ap$l3.1), the depth'd’ and '"W' of horizontal |
and vertical louvres from eq, 38, 39 and Fig:31, 32, the
sizes are as follows: 2

a. Scuth facade: , \
d = 2.2 x 42 = .92 m (:Dproxzﬁ5’~ 0'*)
Wo= W75 x W34 = ,26m {9ﬂ“row°LC");¥

It

In december 22, depth of the sun light received on the flodr
indoors starting from 3.5' fTom the wallrFig’45(%)]'is:
d=2.2%1.38 = ,8x 1,38 = 1.0L n (approx: 6.5 )
Therefore, vertical and horizoatal louvres of approximately
3'- 0"depth will shade the specifitd window with ventilator
insummer -and will allow ‘sun beam indcors in winte

b. Zast ~nd West Facade:
R Depth ,0f overhans reguired to
ﬁroqnd 9. h5 .M. and 2 pemle is fron thoe

’IJ

de the openings at
4 38, 39 and Fig:31,
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32 as follows: |
d=3x .85 = 2,55 m(aﬁproxs 8,5 )

Therefore varandah, if provided, on the east and west should
be atleast about 8' deep [Fig:45{a)]. Lspacial core should
be taken of the eastern facade to prevent warming up of
indoor during office time.

3. The Designs ' S

| Assuming the design criteria set in chap:d as
ideal condition and making use of the further studies in
chap.5 and 6, the proposed bdildiﬁg is designed [Figs45,46].
Accepting the challenge,of‘physioal conStrains,‘considering
the environmental factors and regpecting the users desire
for comfort, the building is designed ahd its performance is
checked with the help of multigraph in appendixsl3, and is
found to.give satiéfactory TST conditions indoor.

The projects with batter physical conditions will,
naturally, yield to even better solution.

4
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Note:

—  Open space ® Dull-up aree ratio  :  3-4: 1
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Appendixs?

Duration of Solsr radintion received on the facado-ve~ variation .
in the an,le of orientatien of the facads,

Angla of Duration of solar radiation reczived on

nsmes:

oricntation June 22 Sept.2? . Dec,22
of facade ' ___March 21

00/360 53 to 9.8 - -

L5 SR toc 12 noon SR to 10:30AF SR to 9AM

90 S oto 12 noon SR to 12 noon SR to 12 noon
135 8% to 12 noon SR to 1,25PM SR to 2.50PM
180 - Shoto 5.8 SR to SS

205 12 noon to S8 10.3%304M to SS 94AM to 8BS

270 12 noon o SE 12 noon to S5 12 noon to SS
215 12 noon %o S8 1.25PW to &5 2.50PM to SS
SR = Sun rigs, oo = oun sot. See Filg.29

Appendix: 8

Intensity of Solar radiation received on the facade- vs-variation
in the angle of orientaticn of the facade

The Oricre  HAIATiON Teceived At the instants(w/me )

Dey  tation

(dege ) Mid Morning Mid day - Mid aftornoon
R

Diract Dif- Total Direct Dif Total Dircct Dif Total
' fusz fuse fuse

00/360 100 - 55 155 . 00 -G 90 - 200 55 0 155 -
45 500 95 595 00 © 490 90 00 - 50 50
June  9C 550 - . 100 .650" o0 7 g0 90 00 - 50 50
22 135 325 80 405 00 80 .90 .00 50 50

.. 180 00 . 5¢ 50 00 a0 90 Q0 50 5G

27000 50 00 90 90 5507100 650

Ui U1\
OO

O
~
N

[ON]

O

00" 50
o250 70
550 - 100 -

00 80 &0 00 50 50
00 80 80 - 09 .50 ¢ 50 .
- 80
95

{GURGEAGE Sl S A I el ]
= =3 N 00

O\t

00 6 80 00 50 50
550 100 250 5 345 - 00 - 50 50
250 70 320 - 95415 250 70 320
D0 7 5050 250 - 95.345 550 - 100 650
00 S50 50 .00 0 8980 550 - 100 © 650
00/360 00 20 %0 00 50 50 00 30 %0
RIS 00 %30 30 00 50 50 00 30 30
Dacs "90° T L0070 470 00 B 50 00T 3030
22 - 135 T BDOT 100 T700 - 400 - 90 490 - 0O - 307 30
180 450 700 5200 575 0 100 675 450 70 520
©225 .t QU 3000 300 A0 99 490 /600 t100 1700
270, .00 .30 30, .00 . B0 50, L0070, . h70..
3

O\

Sept
2—. .
and
My
21

DRG]

WA OY O

DA AN DO\
PHONGNGRE NS

315-, 00 30 3 000 50 5¢ - 00 30 %30

See Pig.%0
beE LLRe



Ao nu %5
I

Tt T R

thlUu of coverage of the indoor space by the pe Lutfatlﬂb
heam of sun 1 Uw'“VB va 1atLon in the Wl”th and height of

r
the oy*nﬂng and - t‘ > angle ui orientation of t‘“ facade,

N AR OATI RO | T A .05 W T AR R LG AL e 2l e

R I e e

The CFl““~ Wis of the day'

G EnisATTrnoon

20te T o cos  coto o cos cot «

’ i ~ e 7 19 7+ r x':t : Iatyrd "> - r - / - y
00/360 7 74 0.2% 0,29 77 7L 0,23 0,29

4

5 0.89 10
1.0 42 0.98 1.11
577 58 Q0,54 0,62

!
e
=
s
NN PO
0 N 0 AN
VIO OO ™~
.

AN AN
Ul O3
4
r
OO
Q0O \J1
oo -
G HO
Oy

00/360 _
Sept. 45 667 69 0.41 0.49

23 90  20% 43 0.94 1.07 907 90 6.00 0.0
and 135 25 45 0.92 1.00 457 72 0,71 ©.32
May 180 707 67 0.34 0,42 00 €7 1.0 0,0 707 67 O34 0,42
21 225 457 72 0.71 0.3 237 45 0.92 1.C
270 00" 90 0.0 0.0 207 43 0.94 1.07

00/360
L5
Q0

Dec. 175

o~
+
\]

m
Eg SR ey

N
(64
-~
.
(&)

G 90 0.00
457 50 ¢.71
22 180 44 1,00

225 G : QS 50 0.71
270 907 90 0,00
3515

L

°
O\ ~NTAN

°
(0 O

3
3
=y
=

°
N\

"85 0.03
36 0,72
30 0,99
37 0,67

(]
-
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R—
7~

1

-
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oo
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i~

i~

+

§

O e
KO C0 AN
2
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D AN AN
N
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AN

pt et 1
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§
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A

+ measured clockwise on the shadow angle protractor

-~ measurad anticlockwise on the shadow angle protractor

e e}

Notaes S2e Fig:3l and 32.
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Degres of cxposure of facade (in terms of surface area)

to sclar radistion-va-variation in spacing

The Instants BHun’s sun’s Jength of  Direction of
day  of day Azimuth  Altitude the shadow  shadow

5

(z) (h) H cot g

e . _ L O
Mid-ior. 79 95 1,0 H . W11°S
Mideday 180 Q0 0,0 . -

Mid-aft. 281 45 1.0 H B 11°

Sep. Mid-Mor. 112 42 1.11 % 22°N
4
2 Mid~day 180 66 0.44 H N

Her ., Mideaft. 248 42 118 2%

¥
L

-l
=,

Midemor. 138 %0 1.73 H W 48°N
Dec. Midwday 180 3 1,07 1 N
2’)

S Mideaft. 222 30 1.7% H 7 43°N

Note: See Fig. 12,25, 33 and 34,



Appendix~11.1

Exposura of facade to solar radiation-vs- variation in -
N rd

depth of staggering and contilever.

The Orien- Instants of the day
day tation ' ' 5
(deg.) Mid. mor. Mid~day - Mid.aft.

Tang tane coty tang tana cota tand® tana cot «

June 00

L,33 3,49 0,29 -
p2 45 0,62 1,00 1.9 - - -
9() O ] 8 O . ()O 1 . t:zl - - '-- - . -

135 1,54 1,60 0.2 = - o = - - =

180 . - - - - - - - -
225 - - -4 = = 1.5 1.60
270 . - - - = = 0.180,9
315, = - - - = = 0.,621,00

433 349 0,29

O
L ] - -

O O
D R

™ . T L e

- e

i
H
i
t

00 - -

Sep. 45 2,25 2,05 0.49) - - - - - -

2% 90 0,36 0,93 1.07 « © 00 - - -

and 135 0,42 1,00 1,00+.,0 3.08 G.32 = - -
Mar. 180  2,75.2.35 0.42 000 2.35 0,42 2,75 2.35 0.42
21 225 - - - 1.0%,08 0.%2 0.42 1,00 1.00
.27 - - - 'w e 0,00 0,36 G.93 1.07
315 - - - e == 2,25 2,05 1,49

00 - - - e - - - - -

L5 - - - 4 - - - - -

20 111 Q.75 1.33 =1 e 00 - - -
135 0.0% 0.38 1,73 1.1 1.19 0,84 28,64 11.43 0,08,
180 0.96 0,93 1.38 C.3 0,96 1,04 0,96 0.73 1.38
225 28,54 11.4 0,09 1.:11.19 0.84 0.05 0,58 1.73
270 - - - e 0,00 1,11 0.75 1.%3

315 - - - =i~ - -

Refor to Appemdix 11.2



Appendix:11,2

cade to solar irradiation

Degree of exposurs of fa at the
required instents of the fﬁY—VS-O“llﬂuatlone
The Orien- Degreec of exposurb of facade on
day -tation - ;
deg Ilv-mornlug Mid-day mlauafternoon
Criti- Criti~ Criti-
cal'd' . X Y cal'd" X Y caltd! X Y
00/360 0,29 H 4.,43d 3.49d
L5 1.0 H0.62d 1.0 4a
9¢ 1,11 H 0.18d 0.9 4
Jun 135 0.62 H 1.54d 1.6 ¢
22 180 - - . - - -
225 0.62 H 1.54d 1.6 d
270 1.11 H 0,184 0.9 a-
315 1.0 H 0.62d 1.0 d
D0/360 :
45 0.49 H 2,253 2.05¢ :
Sap. 90 1.07 H 0,364 0,932 00 - o e
27 135 1.0 H 0,424 1.0 4 0.32H 1,04 3.08d
and 180 L2 H 2,754 2.35d 0.42H Od 2.35d O0.42H 2.75d 2,354
Mer, 225 0,328 1.04 3,08d 1.0 H 0,424 1,0 d
&l 270 .0 e o0 1.07H L,) >d 0.93d
) 315 0.49H 2.75d 2,05d
00/350
[p5
90 1,33 H 1.11d 0.75d C.0 oo oo
135 1.73 H 0.05d 0.58d 0.84H 1,04 1,194 0,09H B.64d 11, LJO
Dec, 180 1.38 H 0,964 0.73@ 1,04H G.0 0.96d l >8H 0.96d Q,
22 225 Q.LO9H 11.434 0.84d CL.84H 1,04 1.19¢ 1,73H O, 05Q 0 5Sd
270 C.0 & o0 1.33H 1.71¢ 0.75d
%15
Refer to Appendix 11,1.

PN Sy VY Z 3
Notes See Figr 33 and 35,



AMx"lZ
. ~THERMAL I'ACI'OIS FOR STANDARD conmucnon .
EXTERNAL WALLS Sutface resistance: external = 0-055 m® *C/W, lnsornal = 0123 a® °C/W
Description (g/m}{ tivity | heat KWim**C) .y ,
(W/m °C) {(J/kg *C) W, fv(oun) / [ohoun)| »
PRICKWORK )
. 1. Solid drickwork, unplastered : . ‘ - :
Brick "10Smm | 1700 [ 084 800} 33.| 42 12 jon]| 23 lem]| 2
1. Solid brickwork, unplastered : ‘ . \ | ,
: Brick Wmmi 1700 | 084, 800 23 . &6 S 10l ¢ jen 14
+ 3. Solid brickwork, unplaste v . 1 ' :
Brick B¥Smm | 1700 | 084 800 (B8 41 M o8] 94 Jon 4
4. Solid brickwork with dense : . ! ]
e 05 mm | o084 | o0 - | ' '
| Deeptsr 't | 1g | ot 1000 } ol 4 | 1 jom) 30 joss| 13
$. Solid brickwork with dense _ | )
elasrer - g o“. 200 |
Brick 20mm | 1700 |. 084 o - . ‘ .
Dense plaster  t6mm | 1300 | 050 | 1000 } 24 *“ 4 j06 &5 loss| 14
6. Solid brickwork with dense | R : _
plaster ‘ . | ' ‘
Yrick BSmm | 1700 084 800 -4 1 . .
Dense plaster 16 mm 1300 | 050 1000 }"7 A _“ e LOZG 99 o9 “w |
7. Solid brickwork with light : ]
© weight plaster 1 :
" Brick 10Smm | 1200 | 084 - 800 -1} "_' 1 ‘
Lightweight plaster 16 mm| 600 | o 1000 }“’ A 10 (082} ‘ 3 joe] oe
8. Solid brickwork, with * ‘ ‘ :
lightweight plaster - v v , _
Brick 20mm | 1700 084 | 800 - X : I
Lightweight plaster tomm | 600 | 08 " 1000 } 19 1 34 ojo4s] &7 losa] es |
~ 9. Solid brickwork with Ll ' | : '
lightweight plaster ' )
Bk MNsmm| 1200 | o84 | soo [y S 3
© Lightweightplaster 16 oim | 600 | 16 1000 } s ] M rolod| w00 [oe] o1
19. Solut brichwork with plaster ] ’ ' . A
‘ bo;td _ . . :
rick 2mnf 1700 { ot | w0 |y . N B
Plasiesboard - 10mmn | 980 | 016 | a0 } b9 - 34 12 10s] ¢ low| of |
| caviry waus - ! o
(UNVENTILATED)
| H. Cavity walt wilh 108 mm -
: t dmd outer brick -
. lum with dcmc pluster
: ﬂn\l WSam | 100 | ow 800 '
gl:y ,ignm) n;';‘n“ 018 M"Clw". ', 4 “ . - ) . . -
L% LU ol (] 3. i 1 jee . 3 X |
“"Mﬂauﬂ Clbmm 1300 | uso m‘g . o "M jon _“_




*

Density | Conduc- | Speciic | U'atwe | Admitncs - | Docremest | Surties foror

Description (kg/m?) P tivity | heat ;(WIm" Y e , - :
; ' (W/m C){(J/kg C’i N Wim *CH $vthounsy £ [érhoun)| K IJM!
12. Cavity wall as 11 but with ‘ ‘ ’
fightweight plaster . _ i
" Brick 1(2)3 mm 112“700 0‘38 s .sgow ] .. , |
Cavity >-20 mm stanjce .= 0- 18 m* *C/ . . : ) . »
Brick 0smm | 1200 | 062 | so |f13 ) ¥ Mojen] 80 ow). 09 o

Lightweight plasier t6 mm | 600 | 030 1000
13, Cavity wall s 11 but with -

230 i outer leaf
Brick 230 mm {1700 0~83 o soow . v
Cavit 220 mm | resistanjce =018 m* °C] a4 . , ) . v
ek tosmm | 100 | 062 | s |f2 | 43| 17 {02 T e84

Dense plasier  16mm | 1300 | 050 lm

14. Cavity wall as 13 but with
tightweight plaster c
Brick . 20mm [ 1700 | 034 | 800

Cavily 320 mm | resistancie =018 m* " C/W }{ . ' 1 ' ' -
Brick osmm| 100 | 062 | 8w M| a3 | 4 Jow] me jos| o9
. Lightwaghtplaster 16mm | 600 | 016 | - 1000
13. Cavity wall with brick o !
outer and tightweight .

_ concrete block inner with |
dense plaster on inner )
Brick 105 mm | 1700 034 300

Cavity >20 mn | resistunjce = 0-18 m* °CjW N . R
Lightweight ) 09 | 29 | 2’7,.‘ 038! ¢ R.'n 1yt

" concrete block 100 mm | 600 019 | 1000
Dénse plaster t6mmij 1300 050 1000

16. Cavity wall as 15 but with

13 mm expanded ’..‘
. polystyrenc in cavity
Brick 105 mm | 1200 0-84 800
Cavity - .+20 mim | rmisnn)oozo-ls m* °C/W A i . .
Polystyrene © 13 mm 23 1 000 1380 . i , ' : . .
Lightweiht . 0% | 30| 20 fo#| B0 (oM} 1)

concrete block 100 mm | 600 | 0-19. | 1000
Dense plaster  16mm | 1300 | 030 1000

‘17, Cavity wall, rendered
externally with 75 mm 1 o . L

" aerated concrete block o o . o . o '
outer and 100 mm acrated i C )
concrete inner with dense
plaster on inner .-

Rendering 0mm| 1300 |. 050 | fooo [} - PR
Aerated concrete’ ' : o
Mock Som| 7% | 024 1000 o B ! S R o
Cavity =20 mm | resistanjce =018 m*°C/W |} 088 | 32 28 {o%4)] 12 lom3| 3
: Aerated concrete - | B T : _
block 100mm | 730 022 1000
Denseplasies  16mm | 1300 | 050 1000
CONCRETE , A
18. Sotid cast concrete 150 mm ) .
thick N _ B R . i
Concretq 10mm | 2100 | 140 40 | 38,1 82 12 jon] 39 jowu] 8
'1.19. Solid cant concrete 200 min | ) ' : ) B :
" thick : “ ) ) ‘ !
~ Comcrete 200mm | 20001 140 | %40 | 3| s4 4 2 sl sy pal| 20
20, Pre-cast panel 25 mm thick . : ‘ . S .
T Conercte Smm| 2000 | 140 -] 840 | 43 V] 49 |' o8 |o92] 8 Jo@] 12
2). Cast concreie (150 mm) " : - . .
- with 50 mm woud wool
slab on inter sueface
finished with 16 mm dense
plaster

Woodwool . S0mm | 500 | 010 | 1000
- Dense plaster  16mm | 1300 | 030. | 1000

Concreie 10 nim | 20100 | 140 840 ‘ IR 1
k! 23 25 |050] o3 jo%0| 08




polystyrene, 25 mm 25 | 0033 | 1380
Plasterboard  10mm | 950 | 016 - 840

1 24. Pre-cast sandwich

Density | Conduc- | Specific h:ll‘:m Admittance | Dacmevent Surtoes honee |
Description {kg/m®) | tivity | heat Jm® *Cp— ' :
s (Wjm*C)|U/kg *C) YOWim ‘Clprlaourst / |iwour| 7 LorOuwumd}
22. As 21 but with 200 mm .
m(:oncreme 2100 1-40 W | s ‘
Wood::ool ‘ ’%2’3 0 | 010 } 1000 } &) 23 19 o] 14 (69| o
Dense plaster 16 mm 1300 | 050 1000 .
- 23. 75 mm concrete pancl with
" inner sandwich panel of
$ mm asbestos cement
shest, 25 mm expanded
polystyrene and 10 mm
er board
p"é'oncmu TSmm | 2100 1-40 40
Cavity 20 mm | resistanjoe =018 [W/m**C}| )
Asbestos ' _ ’ . _ 1 K C
cement sheet Smm| 700 036 1050 (> 080 } 190 200 jem2 3 N &
Expanded ‘ ‘

consisting of 75 mm dense . o
cpncuqe. 25 mm expanded ' 8 ' . h
\ysiyrene and 150 mm } ' ‘ 1
r (weight poncrete o Ll
onceete TSmm | 2100 | 140 840 ). '
xpanded . - U : o v :
po ystyrene 25mm| 25 | 0033 | 1380 |} 02 38 11 |08}, 98 |03 1
Lnghtwemht ) :
concrete  150mm | 1200 { 038 | 1000 . ' '
]
THERMAL FACTORS FOR: STANDARD CONSTRUCTION
ROOFS, Susface resistance: external =='0-045 m¢ °CIW internal = 0-123 m* °’CIW
. Density | Conduc- | Specific | U value A,dmln'ame - Decrement | Surface factos
Description (kg/m®)| tivity | heat {(W/m*°C) X | [
| (Wim °C)|(8kg °C) WrmeCylvibouns)l 7 |dbourn) | F {4s(bours)
‘I Asphall S mmon -
lightweight concrete screed 4
78 mm on dense concrete g &
© 150 mm : e
gcsphall 1ISmm} 1700 | 050 1000 |) ‘
reed Smm) 1200 1 04t ] 840 || ' ‘ X
Dense concrete  150mm | 2100 | 140 840 9,1 s k1[0 74 (0w 10
- Dense plaster ISmm| 1300 | 0S50 ‘| 1000
- 2. Asphalt 19 mm on 150 mm .
autoulaved acrated concrets
roof slabs with dense ; ]
plasier internally ' A R ,
Asphali Wmm| 1700 | 050 | 1000 ‘ , ‘ ‘
Acrated concrete 150mm | SO0, | 016 | 840 {} ogs | 2§ 0 (o] ¢ jeh| 10 |
Dense plaster ~~ 1Smm | 1300, | 050 1000 1. o . . .
" lnsulation board i3 mm on
bollow or cavity asbestos
csment decking . | ¥
Asphialt . mmy 1700 1 0% ] 1000 . ‘ ,
thmn cement 10mm | 1500 036 | 1000 |} 1S 19 1 (0% 18 [080] 06 |
Cavity 55 mm | resistance-0 1 m P CIW | ' , S !
Asbestos cement 10 mm | 1500 r 1000 " ,
. . W/ ‘




& Asplak 19 mm on 13 mm
osmnt it tand scroed on
% men wood wool slabs on
oteul framing with cavity
zwn\mp{met board . ’
e o 02102 | ~
andsand 13mm | 2100 | - : X .
Wngallb somm | 60 | ®10 | 1000 |3 103 43 ¥ M) 3 00 1M
Cavity 100 mm | resls g C/W ' ’
Plaster boerd 10 mm 9%0 | Gi¢ 1900
$. Relt/Bitumen Inyers on
28 mm expanded .
polystyrette on metad )
' Mi"'m 19 170 | o5 | w000
- Felt/Bitumen min . ,
Explanded , o | 10 o1 lemw] o rm (1)
polysyrens bl 13 | 0033 | 1000 {} ,
THERMAL FACTORS FOR STANDARD CONSTRUCTON
ENTERNAL WALLS Surface resistance 0123 m* °C/W-
: Density | Conduc- | Specific | Uwvalue | - Admittance | Decvwment ' | Buriacs Mcser
"~ Description (kg/m®) | ity heat {W/mt ' i
(Wjm °C){(U/kg *Cy YWim"Cldvthoun) / |dhoum)| ¥ lprthoen)
1. Lightweight concrets block
plastered both rides ‘
: mm‘d‘m Smm} (300 | 050 1000 '
tweight concrem .
block Som| o0 | 019 | wo |f — | 12 | |~ ~ (o0 n
Dense piaster fSam| 1300 | 0% 1000 '
1. Half brick plastered ‘ ‘
both sides ‘
Denseplaster 1Smm| 100 {° 0% | 1000 ‘ ‘
Brick o 10Smm| 10 | OM 1 600 — 33 04 |- =] - lOM] 1
Denss plaster iISmm] 1700 | 0% 1000 v ' 1 -1
3. Cast concrete plastered '
poth sides _ -
nse plaster 2mm| 0 | 0% 1000 ’
oncrete mm| 120 | 045 | WO ~ 1 20 ¢} - - PO-N o
erae plasier §2mm | 1300 | 0% 1000 8 I .
- § 4 Two fibro board sheets with :
‘4 cavity between them o
Tl | AR AR |
y >0 mm 1% mp® - 006 32 | ~1 -~ 18] ¥
Fibrs board 12mm 005y | 1000
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Appendix : 131 5
) DIPFERENT- ORIENTATIONS

Ll

”

& . %

.b) TYPE OF WINDOW SIZE (camt)

’ o 75 x13%
—_—— . 105 x 135
--------- 135 x 135

i
T

) DEIAILS OF ORIENTATIONS, ROOF EXPOSED & EXPOSED. WALL FINSHWG(rvwr of
UROUP  BLANS AS ABOVE  ROOM LOCATION EXPOSED SUMALE CONOUN ©

™ . %00F Exeosp " gARs e
'y p tn ROOF E€XPOSED . .,
. LY © - ROOF gNPOBED . . .
' 0 . "OOF KKPOSEO. .
» D lo. ) . .
: 0 ROOF €XPOSEO e
: " | moor gxepsto . S
c D e ROOF  €XPOSEO »
oo HeoF EwPOSED : “
: 0 ) ROOF -ExPOSED Nt
L R00F EWPOSED .
¢ D s ‘ AGSF  EXPOSED ‘ .
o le T maoe eweoseo ' .
™ R00F €XPOEED
LI ) S R00F ENPOSED
e ROOP  §XPOSEO
’ ] . WOOF SWAOEO LTV
D » ®I0F  SHADLD .
. D "" A00F gHADED S Ll
& ROOP  SwADED . .-
. . '.l ' AOOF SHADEO - - “
. D b . R00% Suap(d ' .

o)'

' APB’] “‘_Key to Wiﬁdpw Design Nomogram (a2 )



'bfefpr'bﬁg_‘ 5%1:

| fa !
) API&ZWindow Design Nomogram  [mter w figund
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Appendix: 14, .
Shading coefficients for different combindiions of glasses and glass and veriond

Mading devices s0 ¢d/umd as to exclude direct sun penetration u«ﬂ where
otherwise stated (34)

* Method of

Description sludln; Source of
shading coeflicient | information
Doudle | Ordinary clear glass (solar 090 | ASHRAE Guide
glazing transmitiance 0-86) both sides 4 and Data Book:
. , Fundamentalsaind -
Equipment,
196%/6
Heat-absorbing glass (solar 036 ditto -
transmittance 0-46) outside and
plate glass (solar transmittance |
0:80) insido o]
Solarshield UV393LR.2/20. | 647 | National Building
outside and ordinaryclearglass {- - | Research Insti
inside. Air space ventilated to §; tute, Pretoria
outside ‘1
Internal | Ordinary glass with venetian | | ASHRAE Guide
. shading | blind: light coloured 035 | andDataBook:
. medium coloured 064 | Fundamentals and
Equipment,
1963/6
'Ordinlry glass withopaque - | ditto -
roller shade: white 1. 028 )
dark coloured 059
Ordinary glass withcurtainsor | . diito
- | driperies: light, closed weave 044
dark, closed weave 061
Betwoen- | Ordinary glass both sides and ditto
glhs 4} venetian blind in between:
shading | white. (15}
medivmcoloured * 036
Externsl | Ordinary glass shaded with | National Building
enading | miniature louvres (Koolshade) _ - Rescarch Inste
. dark coloured : 17 louvres/in, 0-49-013° | tute, Pretoria
louvresfin,  {0-41-0:09%1 .
Ordinary glass shaded com- 020 |dine and I&SH- o
pletely with awnings, louvres, . | { RAEGuidvend - -
¢lc., and allowing free air ' - Dita Book: :
movement 1 Fundamentalsand -
. Equipment,
1963/6

* Shading coellicient decreases linearly from maximum value st normal inei-
dones to constani-lowes value &t ull angles of midenw ;rcater thun 3o dem
* 5ee-+o9 42,

(IO WA
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