CENTRAL BUILDING RESEARCH

Introduction

The need to conserve
. materials has drawn attention g
- tance of designing buildings to

i possible functional comfort,

essential  building
gain to the impor-
get the greatest

Mechanical devices
. fan create comfort conditions inside buildings but
- the cost js g major consideratijon, Natural agencies
~ like the wind and the sun are utilised to the best
* advantage in a properly oriented building. In such
* buildings the operational cost of mechanical devices
- is reduced considerably, This digest describes

- some important aspects of orientation of buildings.

" Factors Affecting Orientation

i From the point of viey of orientation, Solar
-~ heat gain is the Primary consideration but other
 factors like the direction of prevalent breeze,

';direction of rain-fall and the site conditions cannot
' of the proper

| be overlooked in the final choice
- orientation.  Before going into the several aspecfs
to decide

- of design and orientation it s necessary

| Whether for the place in question, fummer or
- Winter comfort needs more attention. The best
fompromise is arrived at by using the solar and
 Climatic data available for the place.** For places

" Where summer causes greater thermal discomfort, :
- the building as a whole should pe oriented to
;,lrgtemept minimum solar radiation jn summer and
Vice-versa,

gh it is not’ possible fo increase the
Hicident solar radiation on a surface during winter
It s always possible to reduce it in summer by the
‘use of shading devices like vegetation, overhangs,
ouvers, verandahs or by choosing optimum orient-
alion. " Becayse of the higher ajy femperatures in
the afternoon,  western walls  need specia]
sOnsideration. = From a knowledge of the solar

t azimuths it js Possible to design
ing devices and building shapes which
aximum self-shading on summer days for
oms likely to be occupied at those hours when

Solar heat needs to be most reduced,
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* facade or by providing thel_‘

al & Solar, data for India (Sarita Prakashan, Mecrut-C.B.R 1, Publication)

ORIENTATION OF BUILDINGS+

The Four Principal Facades

The different facades of
inherent characteristics from solar point of view ;
which can be utilised with advantage by a proper
understanding thereof. For instance, a south :
facade has the advantage of receiving much larger
solar radiation during winter than that during
summer. Even for openings on the south facade,
a small overhang can cut off direct solar penetra-
tion during summer and allow jt during winter,

This obviously, is the most advantageous aspect,
not available on any other facade, :

a building have somg

"N

For most parts of the country north of 23°N
latitude, the sun does not shine directly on the
north facade, except during early mornings or late
afternoons in summer. Even on other latitudes
south of 23°N, the sunlight at mid-day during
Summer, in addition, comes from a very high altj-
tude sun. It is much easier to effectively cut off
the early morning and Jate afternoon sun on this
facade by vertical louyers on either side of the
opening and the mid-day sun south of 23°N, by .
a small overhang on top. A larger south facade -
necessarily implies an equal north facade and both

together can be utilised advantageously throughout .
the year,

The castern and western fac
equal amounts of daily solar ra
the year, ‘The only difference i
shines on the eastern facade, th
paratively cool after a cool
temperature is also low. So the solar heat through
this facade is not so pronounced indoors unless, of
course, the eastern facade js g unshaded glass areg,
On the.otherhand, western facade encounters a’
different situation. Due to the higher ajr tempera-
ture in the afternoon, the heat flow indoors s fur-
ther augmented by the incidence of solar radiation
on the western facade, Even opaque window
shutter if not shaded by suitable louvers outside,
transmit a large amount of solar heat indoors, This

heat can be minimised by reducing the western

mal insulation on the
Sh i T

ades receive nearly
diation throughout
s that when the sun
¢ building is com-
night and the air




exterior or by shading this facade by verandahs,
creepers, plants etc. Glass areas on the

western fecade are a definite disadvantage, . unless .

properly " shaded.

oper Provision of
shading devices

: ¢ffective
on the

western and south-

western.ficades is also expensive since only a: -

combination of both vertical and horizontal louvers,
tq_‘fq;m' an egg-crate type, can be purposeful.

Room Location

The judicious location of *rooms . inside a-

building is also imperative with the choice of . pro-
per orientation. Much of the discomfort of solar
heat inside rooms can be offset by favourable breeze
during the periods when these are likely to be
occupied, and selective ventilation throughout the
year results in greater comfort.
correct location of rooms inside a . building, .t is

necessary to locate suitable types of windows at’

proper.points in the rooms to ensure: desirable
wind movement indoors gnd the requisite . ventila-
tion. It has been found by experiments that in
deviating by 60° from the optimum wind direction,
the wind velocity inside a room is reduced only by
25-30%." Therefore, slight departure from the
optimum wind direction makes little difference to
wind-flow indoors. Moreover, sun-breakers, if

provided on the windows may also serve as good
wind scoops.

Building Shapes :
For the: practical evaluation of correct orienta-

« f s . e - - .
tion, for any specific building it is necessary to
know its:shape, the areas of various external - sur-

faces and the location of shading devices and ver-..

andahs. For a hot climate the verandahs and - the
shading devices are used to - intercept - ‘the direct
sun-shine on walls at certain hours of the day; one
projecting:. portion " of -the building may shade
another. and ‘hence reduce the ~heat = intake

of the shaded - - surface.- Therefore, a kno-
wledge of the surfaces likely to be -shaded
during particular hours of the day is also impor-

tant.* In a building, therefore, it is possible to
locate the day-time living rooms at places where
other portions of the building provide shade during
summer afternoons. Alternatively, such -exposed
surfaces can be shaded by overhangs or verandahs
or even insulated against heat entry. The shadow-
graph, designed and fabricated at this Institute is

very useful to find the duration and extent of shade-

on the respective walls of various types of buildings
for any time of the year. ) i

Air-conditioned Buildings . -

_Ebr‘bu'i_]dinlgs intended to be éif-cdnditioned,'

orientation from solar point of view is the only

In addition to the-

consideration. Sensible heat gains, through build-
ing fabrics due to incident solar radiation, form a
sizeable proportion of the total load to be handled

: by air-conditioning equipment.-and in a properly

oriented building, installation and running costs

_are considerably;reduced. . -

: How to work out- "

The best orientation from a solar point of
view requires that the building as a whole should
receive the'maximum solar radiation in winter and
the minimum in summer. Where site conditions
preclude such a choice, the individual day-time
living rooms should be made to conform to the-
above requirements, For practical evaluation, it
is necessary to know the duration of sunshine and
hourly solar-intensity on the various external sur-
faces on representative days of  the'seasons. (If
available, hourly air-temperature on  those days
will yield a'more accurate estimate of the total heat
in-take by the building during the day). '.Fhe total
heat intake is calculated for all possible orientations
of the building for the extreme days of summer
and winter. From these values, it is easy to read
the proper orientation on the basis* of the above
criterion. : : :

Example

_ .As an examplz, a simple . building with flat
roof, 10m x 20m and 4 m high is dealt with below.
For the sake of generalisation, no' shading device
or verandah is taken. - As the roof is° horizgnta],
it will receive the same solar heat in any orienta:
tion**. The areas of the vertical surfaces are 4m X 10
m=A (say) and 4mx20m=2A. The total direct
diurnal solar loads per unit'area on different verti-
cal surfaces are ‘given in table-1 for two days in the
year, i. e. 16th May and 22nd December, repre-
sentative of summer and winter, for latitudes
corresponding to some important cities all over the
country.

Since the external wall surfaces are mnot 1

shade except when the sun is not shining on them

the total solar load in a day on a surface can be
obtained by multiplying the total load per unit.
area per day (table-1) by the area of the s_urface,
For four principal orientations of the building, the
total solar load on the building is worked out 1o
table-2. Y Pk i ;

‘Tt can be seen that for the above type of‘.l o
building, orientation 3(longer surfaces facing 1_\_iorth
and -South) is appropriate as it affords maximuml
solar heat-gain in winter and minimum in summer.
This is true for all places in India from. a solar

*In such circumstances detailed analysis of solar heat intake on hourly basis is necessary:

*#It will not- be-so for a slanting roof.
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heat gain point of view. The advantage of this
orientation will be more pronounced as the length
to breadth ratio of the building increases. It will
also be noted that in higher latitudes the relative
merit of this orientation is more,

. It is also seen that the total solar heat on the
pu:ldlng is the same for orientations 2 and 4. But
if the site conditions require a choice between these
two, at places north of latitude. 23°N, orientation 2
should be preferred and orientation 4 at southern
places. This is 50 because the total solar load per
unit area in summer on the north-western wall
decreases with the increase in latitude and that on
the south-western, increases, Therefore, it would
be advantageous to face only the smaller surface

7

of the building to greater solar load in the summer
afternoons when the air temperature also is higher,

- - At hill stations, the winter season causes more
discomfort and so merits greater consideration,
The sole criterion for optimum orientation, there-
fore, is to obtain maximum solar energy on the
building in winter. - :

It is, therefore, advantageous at places where
summer causes greater discomfort, to locate the
day time living rooms in the south-eastern part of
the building to take advantage of the low altitude
sun in winter and at the same time to avoid sum-
mer sun. Another advantage of such rooms would
be that the western wall would be covered by other
rooms or verandahs as the case be,

TABLE |

Daily Total Dircct Solar Radiation on Vertical surfaces in Gm. Cal./Sq. Cm./Day for
two representative days, !

8°N ' 13°N ’ 19°N - ’ 23°N 29°N

May 16 | Dec. 22 May 16 [Dec. 22 May 16 [Dec 22 !May' 16 |Dec. 22 [May 16 | Dec, 22
_.: North sl 81 87 — 140 — 8  — 64 - 46 [
':':'North East- ..}~ 228 35 214 27 194 20 188 15 180 9
'_ 2250 1Ry 2325 1138 Da0 ey 247 146 253 126
South East .| 100~ 29] 115 294 141 295 158 297 188 281
@outh | . - 3sg = 377 i 909 18 398 64 390
ff-_gouth West ..] 100 291 115 \ 294 141 295 158 297 188 281
West il L 187 232000 173088 0 0) oY 247 146 253 126
%"North West .| 228 35 2L 627 G194 o0 U g i 0
-__ .




+  TABLE 2-Computation of ‘S_

13°N Me.ld.ras :

8°N Trivandrum \ 19°N B¢
May 16 Dec. 22 \ May 16 Dec.hzz . ! May 15.
=din| nood S U RS S e
1. North 187 x A=187A — 140x A=140A — 83x A=7.33A
East 225 >,<‘2A=450A 187 2A=3T4A | 232x2A=464A | 173x2A= 346A | 240 2A=480A
South t 358 A=358A 2 | 317% A=377A .
West | 225x2A=450A |:187x2A=374A 232 X 2A=4GAA | 173X 2A=346A - 240%2 AT
Total 1087A 1106A 1068A 1069A 1034
[ s )
2 NE sogy A228A | 35% A= 35A |214x A=214A | 27X A= 27A | 194x A=194A
 SE 100X 2A=200A | 291x2A=582A | 115x2A=230A 204 2A—588A | 141 X2A=282A
S W 100x A—I00A |201x A=291A | 115X A=I15A | 294X A=204A. | 141 A= 141A
N W 228X 2A—456A | 35X2A= TOA | 214x2A=428A | 27X2A= 54A 194x2A=388A-z
Total 984 978A 987A 963A 1005A
3. North | 187x2A=374A i 140 2A=280A = 33><2A="56“_i"
East \lzzsx A=225A | 187x% A=187A 232><- A=232A 173>€ A=1773A‘ 240 x A=240A
South \ i 358 x 2A=T16A &l 377 X 2A=T54A — i
West \zm neoasa | 187x AmlgTA |22 A=232A | 173x A=1BA 240x A=240A5
Total l 824A 1690A T44A 1100A - 646A
. i e Al .
4. NE prgxIA—dS6A | 35x2A= TOA | 214X2A=428A 2I%2A= S4A 194 2A=388A
SE 100 A—100A | 201x A=291A | 115x A=115A 204 A=204A | 141% A=141A
S W 00X3A=200A | 291%24=582A | 115x2A=230A | 294X 2A=588A 141 x 2A=2828
NW N k| sk A= mA | 21ax AS014A | ZTxiA=2T0 104 A=1945
Total 984A 978A 987A 963A
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23°N Calcutta ! 29°N Delhi
| May 16 Dec. 22 ‘ May 16 [ Dec. 22
A= G4A = 46X A= 46A | 2
UIX2A =494A | 146X2A=292A | 253%2A=506A , 126X 2A=252A
X A= 18A | 398% A=398A | 64x A= 64A | 300x A=390A
[X2A=494A | 146X 2A=292A | 253 % 2A-=506A l 126 X 2A=252A
! 5
1070A 982A 11224 | 894A
II 3
X A=188A | I5x A= 15A | 180x A=180A | 9% A= 9A
X2A=315A | 297xX2A=594A | 188x2A=376A | 281 X2A=562A
L A=158A | 297x A=297A | 188x A=I88A | 281x A—281A
BX2A=376A | 15x2A= 30A | 180x2A=360A | 9x2A— I8A
1038A 936A 1104A - 870A
IX2A—128A - 46x2A= 92A =
K A=247A | 146x A=146A |253x A—253A | 126X A=126A
$2A= 36A | 398xX2A—T96A | 64x2A=128A | 390x2A=780A
S A=247A | 146x A=146A | 253x A=253A | 126x A=126A
6584 1088A 726A 10324
A=376A | 15x2A= 30A | 180x2A=360A | 9x2A= 18A
=156A [ 297X A=297A | 188x A=188A |281x A=281A
PA=316A | 207x2A=594A | 188x2A=376A | 281X2A=562A
A=188A | 15x A= 15A | 180% A—180A 9x A= .9A
r ,."'Jf_.;
10334 936A 1104A . 870A




Selar Intensity G ‘Cal/Sq- Crm./Hr.
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1 The solar energy above the earth’s atmosphere
| is constant and the amount incident on unit -area
‘normal to sun’s rays:is called solar constant (2.gm
‘Cal/cm®. min) This energy in reaching the earth’s
surface is depleted in.the atmosphere due to ‘scat-
tering by air molecules water vapour, dust particles
‘etc and absorption by water vapour and ozone.
‘The depletion varies with varying atmospheric
conditions, - ! ‘

Another important cause of depletion is the
length of path traversed by the sun’s rays thréugh
| the atmosphere. "This path is shortest when the
sun is at the zenith and as the altitude of the sun
decreases, the length of path in” the atmosphere
\increases. Fig. 1 gives the computed incident solar
‘encrgy/hr. ‘'on unit, surface area normal to the rays

The method of calculating solar load on vertical surfaces of ‘different orientations -from the
R I climatological and solar data. :

under standard atmospheric conditions* for diffe-
rent altitudes of the sun,

; In order to calculate the solar energy. on any
surface other than normal to the rays, one should

- know the altitude of the sun at “that time** and

use Fig. 1 to find the:corresponding -value of direct
solar radiation (In). The solar radiation. incident
on any surface (Is) can then be computed with the
help of the following relationship.

Is =In (Sin S Sin ¢4-CosB Cos « . Cos ¢)

Where « is the wall solar azimuth ~angle, {3 is
the solar altitude and ¢ is the angle of tilt - of the

* surface from the vertical. (¢ =0 for vertical and 90°

for horizontal surfaces). (See Fig. 2).

*The standard atmospheric conditions’assumed for this computation are: cloud-free, 300 dust ' particles per c.c.,
15 mm of precipitable water, 2.5 mm of ozone, at sea level,

**¥These are given for every hour at different latitudes in ‘Climatological and Solar data for India’,

There is a demand for short notes-summarising available
infor mation on selected building topics for the use of 'Engineers and

Architects in India.

To meet the need, this Institute is bringing out
_ a series of Building Digests from time to time and the present one
1 is the 74th in the series. Readers are requested to send to_ the Insti-

| § 7 . tute their experience of adopting the suggestions given in this Digest,

e

UDC  535.245(-1)
| SfB Aa9

Prepared by : M. R. Sharma
Published by ; P.L. De, = i
Central Building Research Institute,
Roorkee U.P. (India) : i
December 1969




. CENTRAL BUILDING RESEARCH INSTITUTE ROORKEE
LIST OF PUBLICATIONS OF CBRI AND SOURCE

S1.No. Title of publications ' Cost

Source
1, Climatological and. Solar Data for ~ M/s. Sarita Prakashan,
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9. Proc of the Symposium on Site
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1st Vol. Rs. 20.00
Y 2nd Vol Rs. 9.00 M/s. Sahu Cement Service,
3, Proc. Symp. on Bearing Capacity - P.N.B. House, 5 Parliament
: of Piles.  1st Vol. Rs. 15.00 Street, New Delhi-1.
2nd Vol. Rs. 8.00 :
4. Use of Fly Ash in Building The Institution of Engineers
; Industry. . Rs. 2.50

(India) 8, Gokhale Road,
Calcutta-20.

Indian Concrete Journal,
Cement House, Queens
Road, Fort, Bombay-1.'

Indian National Society of
Soil Mechanics & Founda-
tion Engineering, Curzon
Road Barracks, New Delhi. -

5. Selection & Design of Prestressed
Concrete Sections for Flexures. _ Rs. 3.00

6. Monograph on Soil Stabilisation - :
by P. L. De. Rs. = 5.00

7. Building Digests (Nos. 1-18)

(Re. 1-each) Rs. 18.00 M/s Today & Tomorrow
For bound Printers, 22B/5 Original
Volume of Road, Karol Bagh, New
o o 18 issues Delhi-5. e
8. Building Digests 19-36 : X
(Re. 1/-each) Rs. 18.00 M/s. Security  Printers,
For bound 159, Bomanji Road,
Volume of Saharanpur,
18 issues

The Director, CBRI,
Roorkee.

9. Building Digests 37 onwards
‘ (@ Rs. 5/-per 10 copies/issues as
" Registration charges).

10. Cost Reduction in Primary e
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12. Building Materials Notes :

The Director, CBRI,
Roorkee.

—do —

#1. Use of Coal ash in Building Industry
%3 Use of Fly ash as Pozzolana.

. #3, Bricks from unsnitable soils

. %4, Sorel cement
%5, Non-erodable Hiramji wash

~ *6, Special Bricks

7. Gypsum as a Building Material - FREE

The Director, CBRI, Roorkee.
8. Sand-lime bricks

—do— —do— f
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thermal insulation —do— —do— £

10. Building Materials from Coconut '
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