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43 ' yong couniry dansladesh ie feocd with enortous nroblema,
Edusing 15 iz one of theu, a very simificant one, Vith meager
means all the problems of [housing cen ﬁot be solved in a short
sna of tine, Lut rishi p?licy or decisions may bte made at a

very eayly staze, i

Climate play a eiznificent role in devernnining the nature of
Plenning, layoui and individual house type in a acheme, In a
hot humid climate like toangladesh, ventilation is’ probably the
most important sinsle clivetic factor in influencing the house
desicn, Because most of the year, from mid February to mid

- y ? W

Fovenber, is wam end the huniidity is high. Since cooling and

dehunidification or z2ir conditioning is beyond the means of

~.

[ §
the veople, proper ventilation is the only way to improve the -

confort conditions, Lvaporative cooling can help to ease the

i
i
it
H
1
H
5
'-g"

condition of disconfért due to sticky heat, o create a comforse

able indoor condiiion is gxobably the objective of building
. : _

Temr AT

a shelter, |
|
| |
In generzl indoor con 'tiqns similar to shaded ocutdoor condite
ilon is the optirmm that cgn be aimed 2at. ™is is relatively
| T
easy when wind is blowingiwith a reasonéble'velocity. Infortu-
nately it is not so a alﬁ timea, At times the outdoors are
very cazlm, So it would be:very relpfud if air neovement could
Induced in a2ddition to yr&vision for adéquate oppenings, In

that case one mizht have the conforting feeling of continuous

breeve indoors, |




Eanglgdesh iz 2 land oy cownsoy, So the tem nish density

dénb to the quection of density. Li-h (Ensity is always 2ssocia~
|

ted vith the vision of Hi h rise eparinents *Lpresenulnv a
western nodel viaich has ?lready tzen discoried by western commu-
nities, Dut tho.:yth stiil looas over Imrgladesh,. In the case
study done, the hous zing rckome consiste of three storey bulldlngn
with a gfoss denSlty of $nlj 80 LOrSONs pﬂr acre, It can be
easily showﬁ that hl«P?r density con be achieved with adequat

open spaces, assuing a single storey solution, Stevens' chart

33 given in the appond%x can be used as a suide,

In the present dissertation while dincuss 1nﬁ.uhc problens of

.

ventilation it hes been acsuned thai the house types are one-
ox two storied and the density ic tetween 100 gnd 150 persons
per acre. Zence the term ‘high denzity low rise’ have been

rized in the title,

El,rccont timce much scientifiec studies have bgen doné to obje~
ctlvejy detzinine and prodict ihe air flow, in both cases of
nn;urdl and induced ventilation. Pre#iously it was only subjec-
tive suggestions, Keeping that in view the objective of the
diséertation is f0 analy;e the climatic data of Bangladesh; to

find out how ithe elimatic condition affect the comfort condition

oi the people, o und sFand andt bo awere of all the factors

that sovern the air fle ond zlﬁwljy 1o be able to devise W&ju

kY

“and neans to nozinise ey offects 63 ven 1Tntton to achieve the

. e o and
decired indeor wonditions of conloxs

€
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ToTeOs  TOLITICAL
Bnoledesh was vadsr Yindu, Tweddhict, Muslim and Priticsh rules,

1.1,

o

Te

TelaZs

1.1.

in i971. Masglim mders of

ehli entended their domain un to Denswl in the fifteenth, six-
|
tecnih and coventesnth connryyihe british first sot territorial

3
N

in mid eishiccnth contury, ihroush out -history
rutwal antipeihy, snteorisn, often assceiated with violence,
have coloured the relastions batween lLindu end luslims of Deagals

An 19Cs the rolitical pawiy of luslin -Ieague vas:formed in Iacea

which in.1940 denznéed Pekisian, a sesarate land for Puslins.

In 1947 vhen indizendence of thé Indo-Pak subconiinent was
J -~

agreed, the rexrtition act of Bengel vas materialised., At that

timz the present nap ofi Zuisladesh energet and was known as
| -

| -

w2gb Paniston, a srevines of Pakisten, T

Finally in Decembax, 1971 throush a bloody war the nrovince

of zast Pakiston tecarme free of the doninant raxrt, vest Pakis-

fis becane ine inde-eondent couverisom state of Pangladesh,

This is a denocrzatic ecountry with central wlanning,

|
N

At present edninistretivelr the country iz devided into nine-
teen distriets, “he disirzicls are devided into suadivisions

ahd cach sublivicion has rsevernl tthanas?, Thana means the
ol

J
- . . - i . -y . -
arca vnider the jurisdiction of a .olice zsation, are are
J = .

altesether 54 coblivisions, aboui 400 thanas and 50 theusand
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rnay ha devided in in the

A, “he vast alluvial 31aﬁn.

B, “he frinse nill connﬁry Q

The flat nlain is foied |by

mizhty rivers ond its tricab“rles.

tne Jomuna with 211 iheir

follovins two

the alluvial

b eb]

[

sartss

3outh Bast,

denosit of the three

The Iacdma, the MHeghna and

tritaries form one of the most

, - . N e
remarkable netweri of rivers in the world, The activity and

benaviour of the rivors are of viiost inportance in detemmine-

ing the econonic condition of the veonle,'ths rivers serve ag

drainaze channels, encure an atindent supply of fish, wrovide

checan »nd convinient icans

act ad a sreat naltuml fertilizing asency

ol trensnorta

material ﬁhnd comes iren thﬂ 1“ﬂ'&r bheds,

The hill couniry cceumie

less

tion and z2bove all

7o Lven the building

thzn 10 nercent of the {otal

land, Crdttazonz ead Sylnct disiricts consiitute <the hilly
B L4

above the zea level, The hills

about 30 nmotegs otove tho
|
gainfully utilised for the

ns are onl

are fringe

as. “he rid, ges nere cre sonerally 60 to 90 metyes above .

753t 5 me trea

d by low bench lands

levels, Some of these areas are

liivation of
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162434 Stmuctuval beoring caraclyy iv zoneciiied to be one ton pex

€2, £ty in all paris of pie countyy except in coastal districts

vhore clay is the rajor b soil Lo 1mtion, Bui actual DG“Ilﬁb

cavacitvy in most naxis OF ine cowntry is much hirher than the
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1.2.4., Zco nonically Ban~ladegh & very npeor couniry, 25 years ago

"__F"“ ——

it rad surplus food nrodlicticn, To day there is a recurrent
shortaze of 10 to 15 prrcent of total necd every year, lHain’

. . i .
agricultural rroducts are jute, rice, tea, suger cane and

various fruits abd vegf*thes. Lajor exports are jute, tea,

F]

leatkher, etc, ajor 1“*oru= are food, fuel, textile oroducts,
rmachinaries, ecte, Jute industry is by fer the largest industry,

ajor part of foreisgn invesiment is British,

i

1.3.0. TFOPULATION

' Ponulation is a twnction of tirth rate os well as death rate,

“he death rate in recent tines has fallen considerably from

30 nersons neox thousend ! Jn 1947 to, 17 rersons ier thousand

to-day, But the decline in birth rate is much.slowar..Birth per
viomen. is 65 to-day comparcd to 7 at the time of rartition,
Hence the precent anmuzl rate of rosulabion increase is 34
nercent and will continue-to te so for scme timz to come, lest

vears' estimates have “av“11ﬂd a ranid ra‘e of increase of

;

reoulation in Jan 1Pdea arca insnite of many serious'natural

calonities end epidenics, linited sociel change and neager

econonic develonment, (5) .

o)
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SIS et Yo dzinldars U D9 coreent by hish estimate
and 17 roxeent Uy louw enticate, by the furm of century, By that
- .
time tii2 fo3el morvladion of the cou wery would have reached as
‘o - s ! ' R Fwox o . -
izt as 75 millien or 25 low as 140 nillion,. This is a stasger—
"ing figmre concidoving the wresend copulation of 75 million
vhien e couniy hos di,i‘Cl_uj in feedinz, A population grarh
baced on the puttoris eciinnte ic glven in fig,2, % it is doubt-
ful that in nons tv:nty;lvc vears tre standard of living enjoyed
by the reonle will show any improvenent,

Banzladesh is among the most crowded cormers of 4he vorld, It
— 2

is precbably nost deng

=

depeondent or

75 nillion, Iensity Of pownulation rer

density distriuwation

azricul

cly = 1"1“‘.;3,.,ec]

~riculiux c. F

fellows tne

syural laed,

enong the countries that are

ragent porulation of the country is

s¢uave nile is 1,301, The

‘

pattem of

intensity of culti-

a8 race is referred to

-vation of fura denzalees as
as ¢n adaixer of Uibezto-ilonzolian and Iravido-Aryan stock.

-&bout 85 nercent of the nopnlation ave Im

and Chrictions ‘itut%
l

[(r 8

COnse

literacy in the country is onl

1
i

.

Lile all ciher developing ccvntrics

a brond nonulaticn yrr""ld

i
undax 15 years of aze, Con:

the e

e

slims, Buddhists, Hindus

I3

d
B0

Ovexr all percentage of

7 22, (1)

o U
Zanyladesh demonestr

de ates
(fiz.3).7%21f the population is

canently a vast majority is inactive

rornulation, consisting of c}lelc", sldex»ly peonle and voman,
1

Venen are diszeouraged in |

{
- . . . i‘
In wage arning aebivivy b

free mbévament and particiration

n of the Ioslim cu"ton of tPurdan's

cann
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Uridsl T a oo

|
Soncladesh is one of e Jeast urbanised ,countries in the
. . i

ndenegia ang ‘hailand, Xumber of

torms and trnelr tonulation o ceoxding to 1961 cencus have been

shown balow, (f Sete)

SO)C'CP O-louon.o'aon- 5
25,003 LELUILRCE BN RN R ) 15 .
10’0C13 oaolool.-.ocoo_ 23

5,(:,00 sastdsessvssne 21

According to conzus definition places with 5,000 or more

A . . -
niabitents wers considered towms, (5)

“he low zerce ntose of

f'1

"

urtanication is beconse neonle are mostly
|

denendent on a ricnlture for Sheir liv ‘elyhoods Industrialisation

has bcen very little, "otsl labour force employed in industrics
is 400,C00 conly. 7, 1ow ey cconomic activity do not create
enousn cnnloyment o-portuniiy for meorle o mitrate to cities,

4

Congiderinzy the nrasent wvate of economic growih it is expecied
that the trend of urh;niéﬂ'f will remain as it {s now, for
some tine to ceme, Mut this docs not mean that the cities'do not
have iroblenms, Thovs the rarcentarse of total vonulation éoming

to towm is very low, the mutbeor of peerle for whom services are

Oto be rrevided is suisiantinl ang POEZ @ s0ricus problem.

Urbanisation in Banglauesn khaw taken 1lace nrinarily due to

the folleviny wounons, . Co
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G, avirnction of citr 1ife,
€. Incrozsze in cducation, Iiteraie reonle develen a notion
tnat thor are iso suzri to live in wmural areas,

D, Wflux of imslin xnfu~ers frenm Tdia in;1947,

*3 nillion reonle came back to

—_—t

Pan~ladesh from Faltistan ond most of . them setteled in- towns.

: I~ . . . ]
Py Dub subsistance level of asriculture; when the land can not

L .
susiain any nore populat%on reonle turn towards cities and sett
le moe¥ly in savaiter arsas, Bvery natural calamity is associat-

. I
e with _nﬁlJy of rcoulation to the cities.

|
- . - | e . .
were is kowever nothing wrong with low rate of migration. 43 a

matter of faci it creoains less nroblon, There ig no adveritage

in over excwding the existing citiec. But efforts should be

wade o rwovide servines and to rajse the standard of living of
i

e neonle in villaj 3eSa lgbour intznsive small scale industries

folloving the ideas of intermidiaie technolory seems te be the

ANSVET.
It is interestinz bo noiol that in Zengladesh there is a cleaxr
imbalance in the sex znd ase ratics of the urban ﬁbpulation.
Urbanisaticn is larzely o natter of aizration by the males of
the zecnemically zeiive ﬁge Jrovs coetween 20 and 40, These nmales
nigrate vitiast fheir U]J:S cnd fanilies, The aze and sex pyrame
ids Tor urban ord ruval woruwlation iz shewm in fig,d. In five
larsent citios there are vodwecn 532 and 676 females ner thousas
nd iwlas, Jn ihn canitsd eily ¢f lacca the number is Lo7.

4

Fanzladesh as a woole, of ercent of the nopulation is in the

aze rroun of 20 i 39, I

3
1
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I As ceden elvion Chis acr ~craun eonsiitutes a uch hisher

rrerovileon; 23 ocoogeni in idnn, 77 Sercent in Chittamens and

23 nereent in osgon, naso ficures lend one o think whether scme
housing, erocinlly inducirial licusing should be designed

honteln;y whwre enly non will live wvithout fanilies. Fercentase
2

of poiulaticen 1living in iowms at verious times arc; 2+7 mercent

in 1937, 33 2eveent in 1941, G4 newveant in 1951, 52 vercent

Clinase as definzd by Koenisbarser is " an intisration in time
atiospheric environment, charact- -
wical loeztion,”" ™ According to the
trenical climate susgested by G, A,

onsladesh may be called Vem-Thmid

Atlinzan (0) elinate of -

eguigorial climate, It has a2lso been called Tropnical Ibonsoon

climate, wnich ccems to bo nore arprosiate,

Summzr maxinung rgneral

the novimum tem; erature is attairned in Aoril contrary to the

gencrel beliel bt iy Jl the hotiest month of the year, (3)
! .

g B P°F 2nd 96°F, Onldy in

vary rore cascs inree (imurcs ere wesistered, In sumner tempera-

re haxdly goes vrlow 7¢°7, ‘he .greatost renge in summer tempew

‘rature iz found ia lorih|vrzaliy about 24°F, The highest tsmper-—

ature of Sprril end Ihy in followed by slight decrease in June -

irzin entenbzr and Getoher.

i
N . fo. -
fojust and thoen enotbex % 3

- o a—————

Doondchoroer, UL, cboal ol CF Wrorpical lousing And
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1e5430

Cwinter days

Jrnuens izothe collest nonih of he yeare A short winter lasts
i
from cid of lovanter io nmidile of Fcb““"*y. Vinter temrerature

bright cuneidne, fonsidering fwo exirens

&t the coast and other Zinajoue

Abéolute

LoEle o
.

?

it verie

of the rexzien,

are very pleamant, ci

N . | s . .
y we find that abzolute minimm in

e freir GO inchesg

tenzerature during

.

t -
?r Lacca e averaze of summer months
1

- . ! Q
civraal range rerely exceeds 30°F,

racterised by clear sky and

roints, one Chittagong
about 250 milés inside from the
Chittagong is 7°C and

maxinum in Chittaconz is 38°C.

chws the {emperatures of these

fiz.4) indicates the uotal annual ralnfall

{1Z0Cm.m, ) in the Vest

to 120 inches (3000:3,n, ) in Sylhet and Southern Chittegonz,

Sut the rainfall verise i 1einor

4

country, dhe April - iay poriong

the rein fron yune ite Sinteniter,
(L

relaively chort

1y

reported for a 48 hr, poricd of

tied wp with rainfall end. hence

raini2l: in the neonths frem l=rch - ey and 2

to Q¢ ohcr. rather than 3
asriculturalist,
ranglzdosh is cha

|
rhecterised
i

4.

ral strens, In winier

siason orn

J .
1¢ totrl deotermine
!

tie wind is

Zably sinilexr throughout the
iz lmown as 'chota barsat' or
2> zonscon senerally signifies
Miense roin may fall fqr a
20 inches of rain have been.
time,. Ag;;culture is véry muéh
the econcry but ironicallyi

zain fron Septemberx

the foritune of +the

..
by 1izht winds, except for occassic-

et rm e
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and Sh:oveleciuy dona nol crcocd 1 ig D miles ner by, in nost

arcas wind soeed ‘ranges from 2

to f ridles nox him,. ":?iﬁj ine Uypical monsecon menths the wind

-.25%, I Horth Denral the Lasterly
wvinds are more frecquent, Wind velocity 21l over the country at
y this tine ig senerally hicher t:ap the rest of“the year,
Zonsladesh is offen vieiia of scvérc sworme, The -monsoon
aonths of iavch to iay are crarzcterised by violent thunder
500125 ¢rlled or'wester, locally lmowm aé "Kal Be isakhi”.
oris ~rc often 90ﬂ0ﬁ~an1rd oy f“eqvcnt air to air
e¢lnctric digcharse, Lthoﬂ; local winds occasslonally oceuring.
as tornadocs can cause s %""c to the ;1:113y structured Bengalil

T

associated wltn hail storms. HMogt

ual time of oceurance of lor'wesier is botween S p.mMe and
. s . , - . . i
8 neny, Lat soebines it antlnues throusnott the night, 'The
reizht of the wasc of tha cloud during this time may be 500 f£t,

ov lese, Yha Uldclnoess off tmder cloud mey be at times 2,000 ft,

Eoth vertical nad hovizeninl 77 v - o ° -Visibpility is bad
durinz the siow, 1load ~ndooyelones are two natural hazardp |

that hit Bensilednsh airong every ear, the two seagons for
4 ; : .
creloncs are Anxil - llay ind Getobor - Hovembeyr, Vind velocities
I -

~ |

rainzing G0 -

N

150 miles mer hr, hove baen recorded, These

causg wide soxord devasiation, Aho worst, so far took place on
12 b, Hovenber 100y,
Hwadd ey fr Gancled e ig crueally hiqh fhroush out the year.

! .
mowvintar mentt s colnaive Sunldily vordics 70 to 80 percent, The

neniiis of Junoe-Juln oarce Dach lomid widh rorcentasen BC 4o 90,

e edemhoe sncb Cotahes Bhneidity 1o aleo above 00 narcent,
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PN zcwpa:nture male these the months of |

1 .

sticky heat, (u ; & 2limsside chart for laeca is shovm on fiz.5,

very -oriznt in Zznsladesh; a lwainance of 7000 Cd/mt, Itlmay be

oven mogc vien the oky is thuinly cvcréast. ‘hen heavily overcast
sly ié drlly luninance less than 200 cdfiit, fometimes visibility
decreascys cnbstantialiv, "he cunsﬁine hours for Dacca are showmn

in fiz.5,. : i

Pressure is ninimum during June~July away from the sea, Iowest

pressure is reccxded in Zincipur 9954 m,by, Pogra 998<6 Mabay

- et ¥

n

symensiacs 99900 mube. Ater $hed pressure graduelly rises, .In

January lowect nressume reading is in vinajpur 10128 m,b,,

|
t
t
¢

3

Solar raiiation is na»ily reilected ond partly scattered by the

cloud cover end the aish vanour content of the atmospherel

Padiation »caching tne ;~olind is diffused tut strong and causes
painful slzy rlare, Clavd end veronr content reduces outroing

p)

. , :
A ~ . L . :
rediation Trom the caxih, iz 1in swmmer accumlated heat. is not
’ |
13 s I . N .
readily dicoinaded, -ovever aatmronr of rain reduces the temper-
| .
ature o a desrece, '

bainfall,- toapeyaivre, Tumidiiy and ooil conditisn ave ol

[

S
Faveuratle fov tin oresiont swouth of veritation, Tush green
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curion e oML entitn o nrofvizely In Zangladesh, Control of
|

orion _1:9:,'!:-:: nroblem, fubzoil water table is qwdte

PEisih rooeially durins :‘f;*if‘.;ﬁ coanons, Urgonic brilding meterials

decey G_uic.’—;‘[y. fdeal é:llrl Tunzal growth on buildinsys E..‘E‘E: freauvent,
. ’ '

Rigtin: and robiin~ ig ?E.’.].;‘.O accolernted by high humidity all

r e, £0a . .
over the couvntror,

L ‘\1 A ! e 3 "‘v'v‘H‘ ! I - % 1 T 3 .
Alvmdont dust is ca._m-mid Zr the wind during winter months,

i 4 o o ra) Y ’
rocquivoes and othar m[ c¢cts coause nenace all througn the year,

Tornito 1

]

a dengerous pnewy of mwildings, specially vwhen built
wivhindegenecus wuilding materials, lensali calander shows six

year, Wb sirictly speaking there are four sezsons

|

|

. . |
Vis. winter, soring, citier and monsoon,

TOUZEIG STVUs 1o

As otnted before 92 pereen® of the reople in ‘%n’*‘lade sh live

in w2l aveas, Rurcl housing in Pansladesh is not an orzenised
activity, It is entively icft Lo the 1nmxfldual that is private

2ot Handly =ny service: ave there. lbuses are built of
local- inde mnonus mageriodn with rudinentary technolosy. Home-

sterds are uowally raised sbove the flood level in the form. of

PR - - R R TorratT it
2 onpntnon movrd 1T D uniinly fram o2 borrow »it vhich laterx

LAl Lo ST w4l . Lo Lion cretey (other tham dxinitingg

aret 32 uoced Foav ooundtuiee AT S s 10 T a a. alr .

afyt 2.3 WG AT GOl St O LG, LR W TNS- L.pl.."a -lc .llave a

wrintiocpo dhat from a disiance i

L2 PURIDAY B3

Iilse o srove,

eracion, »ro ede ond roasonably rodifies the micro-
Viiriaho, 1% stace. vaually on
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arca, drying feed rmains, cics o Yhis is a seni nrivate areas
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v
)
I"r_t
)
9]
ci
.
Q
o]
}—A‘
]
o,
\
¥
'—-
P
‘i-J
i
-t
(@]
L]
L}
-
N
W
oy
Q
=
2
&)
t
[A )
pr

involving threc scmziinds four senerations. Different blocks

the 2yen stace ave wsed for diffexent

funetions, On2s an the loxth and Ssush are usually used for

sleeping, |

far avarxt that it makes any nrovision

0
H

D)
o

R K M

=4

for sorvices in future aimost impossidle, Fresently home-steads

are cneroaching cn asriculivral lond vhich need to be stopped,

1

foxryvs snould te nade 1o nrovide ounc services like drinking

walier (a tutewsdl fow allew Fanilies), road end communication

network, ete, o So eiforts are being mhde to malke some sort of
rejulations rossible inja rural situation, Mcleated village

form seens to be a very|good idea. But it is argued if signific~

N

ant saving in lend willloo iisde, I i will te worthwhile to

k)

disterd the nresent :attern vhich is scattered, Because it will

need - tresendous effort to nove the zcople from their present

locations and vring thcg sosetner, 1L density is increased

without zroper nrovision for services like waste disposal,

rollution mey veccme a morious nroblom and might disturb the

nalural ccolosdcal ﬁnlnnce. I'evover some sort of oeder should

oe tried to te brousght in for the new hoine-steads and -exnansion
|

of 0ld on¢s., Lone noxt of local planning ovﬂanluatlon ohould bﬂ'

incarzorated clong with cthan covermment sdninistira flve bodlos.
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major share of

wrich is not un fo

v
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rural oveas arve Tar from

@ urban situwation. Poverty
rurel ercas then in urvan areas,
a denlorable staﬁe. Lile in
suortase is acute and sunply

an urban situation a wage~earnor
his income, scnstimes up to 50
standoe

the d hy any

definiiicn, tousing ectivivies are linited tc private 'sector
a2t an :?_mi’i'-.-'idzml lavel, ssveloment of orrmniced housing for
lerse srguns is a few sovemient ventures cnly.
Covi. '*)l'“mes someiines ot o flat for o smell percentaze of

income 23 1entt,

ol typco
of the an

Semi ‘rovt, cutononous
senetimes

of houscz

rrouns
In the appoadix a v
the inceone —aeupnc, -7

lovesgt ineeme rouy,

the 2ril. one o

of houging is sucicily

have housinz

in no caco i

Coly one newacnd

ine rent is usually between 7+5 and 15 percent

of crnes onlaxs, Yhese %ous are i “‘Llj subsidised o much =zo
that scnetimes the roni do not even ccver the mainienancs cost
|
, , : .
of the Ulats. “he Clatn ore of varicus types sterting from a
cminimun of 400 sa. f£9. L0 about 3,000 sq, £t. « The allocation

ceoxwing to income and status

3
1 oyze and not hocording o needs or family sizes.
1

podies lille banks, universities, etc.

wm ataflf member.). Put number

Q

cizlly. for the lower incone

.

beer shown, isi. one chows
2z% pumper helongs to the

Lelong to the wiper classe

secording o income STOUDSa
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hird, ol and f274h ones show the digtribution of

rn.
Mo

. P
various availiable freili

-

ficution of houze 4roes "c.‘c nsunlly mace devending on the nater-

€, tloox pucea, wall *nd rool 4in (c,i. cheet)

hl L

D, Xloor and wall }':'.U;c}:ai ((wwicha means temporary materials 1ilt

j imd, bamboo, thatch, ete,)
Ze Iloor, wall and roof i;mtclm
nin cl;ssifics;hion is ..i: ini- acc.ord.:‘_ng to cost and aspirations
of the teople, ‘s is n?o‘.: ceording to .com_f‘ort condition cr )
reriormance of tho haildingz, 4is ie ';assoc':iated with the prest-
ige \stetus smoal ) of t;he inhabitants wixich pleys such an
art in dewvel nn-nu couniries, (1 a national hasis

| I ,
1
57 nurcont of the wrban | Ilou.aeg are owner occupied and rest are

rented, Of the ownnd ncepnodation 520 percent are inherited, 36

pureent are bousnt ond cnly 12 percent are built Ly the ovmers,
| .

2% i cervvices.s So local authorities or

‘i2s do ot have encvzh money to huild new houses,

Soue of the sewvices like woier sunnly, electricity, commmicati.-
en, ote, are undsy divsct cenirol of the centre, Wiis mesns 211
i bnucing is i:}:ii::‘:ci:}': sunsidiged, Irdivate heucing socicti~
€5 arc ndy corkoit, rour 1!,1r_’.,;’-01'- ::Lum have loan giving agencies
for housinge Tt Lg 2lso possible for an individual to {J‘P‘t loans

, P
From Sthe banlts oo losm siving ra ciliiies are limited vo upper

- At
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closzig anly, oo shiene In nouvsing is consid c ed a

vers surnd cac s ookl

inadequate, Zut grownd

L]

wassn Lo cvailokle alnoni evevyvhare, Inen fubowells have hee—

or suntly, Yater is mmped to

there withont any disinfec-

| | e I T LA - N DT, S * S T
nev routes nave gnaplite lu(_" s Hps Sach ] olecirici v/ IICM Lavual dzin

Masag

teCastern povis of the comntry, thor-

mal cower sintions sunlly 3o other cities, Secirici ty is rela~

! IS

tively chozner cormared 4o wenior covntries, Natueal gas‘is

nmainiy in South-E dste

\

i .
porbes of the ecowntiy, ™ othar parts Cize wood is 1 11:19.3*'7]:{ Us:ed
Thewn is good mailynrr conneevions betreen cities. Bus service

betieen cities ave 2lsg comacn, (‘nl" forr cities have 1n'ternal

bus corvice within ‘he city. Zycle wickshaw. is ihe n:u_n neans

of rablic trensyoriniion in rost of the cities including Dacca,

DaCls, CAFTAL 017w/ ‘ ] Coom

Fa

idswowinan belive ‘-cod o hove existed as on urban centre as

o5 tnind oo Jovesh coentury 4.9, During Hindn rule

i ruleore oo oab Yionoo ""'Lrn'l abouh thirty miles EOpe

from ncen, Ston oot othat tinme Uneee woz !mowm as the vl ce of
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SREEE aroln AR ity meendinge Tifty dwo mexvhets and

teenit conduries Dzeca ol boon recordsd as a prominent business

centre of the :ast, I 150e a-hal viceroy Islam ¥han chose
facen Yo o2 the canital of sonsal, e Aid so primarily for
defense reasons., it is at the vanlt of river Buriganga cormand--
inexiance. It ronained canitzl for about one

reaxs tid1 17Co, fhis is nrobably ﬁhe Slorious period

of Imcca, Iuxing thic time trade and commerce flourished and

3
o
d
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o
i
e
3
—
[N
e
O
14

g
e
i
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o

nzecording to gome estimates un to one

million, ft is sunnosed that ciity limiis extended up to Tungi,

17C, onwaxds Izeca exsorienced a decline, In 1750 atf'ter the
i

csteblictnent of Eritish e Calcutta, a sca port on the bank

of river loozZly, zaired prominance and Dacea lost 21l preminancea,

jtie baclward iaslin neseantsy Azgan
2nd cast venszl was wnitzd into one nrovince by the Eritish

mlers, with facca ar its capital, in 1907, '"nis remained the
4

canital up to 1912 wier :ast :nd VWest Benzal was reunited due

. - - W d N - . - . - . . -
to wolitical repceng, lbst of the WMo nistorical huilaings
- ] -z

dates back to that seried, In 1947 ofter indisendence Dacca

becanre the cavital of lkst naidiston. Zacca rained prerinance
‘ . ¢
t

ed with budilding activity,

0
"rJ
o)
£

azein, rovulation inercased ansc

\
tost ef the medemm :ﬁchturec, inelvding sovt, housing, were

I
i .
. L - - — ey - .
N T Tricrd, Imo 107 Ipnea bagzne the

sy v ) o~y T ."'".l et e Il s Solaw T Aoy ] :qc:h
DAaTiad. Chps ta GO TIAMATTS CL Uy ol nangladesh,



gpls from the rotvericinzxcal derariment., licro climate may vary

: cem,

e climatic dotn Fer D:siw G Siven in table 1.h, and 2, This

a groat d, Ieroclimave is generally
affected by tororzrarhy, :imovnd curface, three dimensional obj-

ece, nroxinity of water tedy, =tc, incea is flat without any

raisad nart or nills, "3 the questicn of slone of the gecund

. . s a !
tien to wind dizuciion and solar rﬂdlhuldq do not aris
i

But nan made obaﬂcua ll“ﬂ{huildings and chansed surface qualit-

H
Al

bads of Incea are mostly water bound

i

in rela

e

iza do play thoir part,
|

macadisn road with black b@tnninous_surface. Paved surfaces an
-

kulldinmg in cities “‘”UPF cvaporation, 50 2ir temperature sots

: |
hghey thaa the surrounding country nide, Koenisherger uug:ests

that in some cecse the difference beiveen city and country aix
|

- » . " [B] . o . . -~

may w2 asz hich a=z to 117 C, Ue also adds that oudick min off

abzence of vesitation "ﬂﬂwf‘;h = tenperature may reduce the huw
1.
i

midity by 5 to 10 nexrcent, \12,; This would be an gdvhntage for

Sdecce, Vind velocities at the zround level is less and the vel-

.ocity is increased 23 the heignt from the ground increases. Vel-

ocity ncar the Jround is Further doercased ly buildings and ven-

itaticene .~ .0 T C.. 7., VWind svced may

decroase after a' leow herilzontel barrisr Yy 50 percent at a

dictonce of.ton times tng heignht of the building, 12) Dacea is-
surrownded by low 1 -ing: ﬁraax vhideh nates a larse water body
during the rains, rany noxis of the city e ferJenoe etending
vator, sonovinos -31‘|“5"; tnjevher v the tine of heavy down

pour. fhisg eause demrness ond inercace in humidity adding to the

dinconfort, ut tne temporature is po""ley roduced & 11ttle by .
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20

e convinucus riine, Ulers io no soemious industrial air polli-
tion in incesn, Fire wo-d used fom cooliineg aive riseé- o smoke,

[ R T4 e L7 EA P .
22 g iruoncifios the SO

i wintor sueacially in the evening,

In winter dust cansas concidaraiie annoyancea, Lnunder gToTmS
boroelectric discharge; 3uildings
reelally hi-her ones munt Le swotected Ty lightning afre TeYS,
tocen is in coemi enmihquaiio romc. Structures sracially high
ones sinevld tele thisz Zeedow in to concideration,

1,7.2, Towmulation of lncc nag greatly varied hrourh out higtoxy., In

£

ne sevenieenth century it is estimated that romulation of - . .,

Locca was aboul one million, It weg 200,000 in 17053 8,000 in

Tud; 155,000 in 19115 213,70 in 19413 331,000 in 19513 and

250,C0u in 1901, Thore zsen to he come cenvrovarsy about the

exact rrascnt perwlation of vLGagssen very from 1+2 million

to 2 million, A concervative essumvlion would te 15 miilion,

v

It can b2 safely essumed thet mors than 0«4 million pnonle 11vo

in sauvetter settlementic. Hombher of taox vaying households ln

raeca at different iinmes zre given Lelow. \3)

Year Fo- ulutlon fmber of households

fnozotingie of ninbos of Toemz in relation to population
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Hababitiges]

are siven telow,

Various cgovi, denarimonts

Yincca improvenent trust

a

Benslndesh reilwais

Telesrarh and telenhone dant
Biversity of Iacca
Mationalised henks
Fiscelenocous
i the fizct five yeer wlon
building 35,000 rouses a4 an
|
takes in a2llsne urtan ﬁréaﬁ nf
.t E. n 4 ) R
ave considexinsg the nacdy this
i
|
bitious tarzet, |
i
f
rrice of land in the ciiy of »
rite. 2ovwecn 1802 and

rather digorsaninzd e 1'1:’1‘. Fait
I
fap Vet e acany '
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D s et ~2A e e BRI R
15 enluwtn o e UG lwlen

onnush
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inerzanzd Wy 33,000, U

Fangsladerh movie hns a

nDYONina

cea is

noy Tair; unsed very judiciouslye

s,

than munhor of houses

icate the extont of

ind

e auerler of a century under conside-

ty 950,000 an@,the
these 9,540 were built

break down of the

tar-et of

[

te cost of 2000 million

comntry, Tnouzh very inadju-

n aopriciable step and an

o

incrensing at a.very fast

'72 price of land has inereased by more

a2

s the liorth in
the existing
“howzn thera

irzmendons increase in nrice
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ol oom ot nnecronienlly unad land may be
fon covne WNAG scen to defy the economic

inlese Sibixton dy es of deiached heouvses have been built

nighor incone group of Teople

l ~—
very cloge to ine contral business district, “hisscem to have

carider povernnonts, Lecouse these land,

vers asveleorad iy Jzech Dinrovement Trust and devided in to

aloler ircome smoup of peorle, Thanmondi,
Qulshan and Zanani arc such cxanples, Gross deneity of thése
crocs are aituwot 30 rersons per acrs, sxcept for arezs in old

Ianea near the river,

in other arsas scem to be very

l._h

1y, & landuse ned of ihe city is showm in Fig.balensities o
VATLOUS areas ere siven in fis,ob. Cese siudy materizls of ithe

is miven in fnpendix 2, The Azinpuxr

ca with three storey flats have a density of about 80 persons
DRY acrc. AT ceons thal descisions to make three storey flatbs

vere not nade to obtain suzater density. Because it is possible

ck

ies with one storey houses. It was done
po33itly because threo storey flate were considered nore

presticus,
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envinon.ony Anocnlen DA ctoversllic toresntare of the oroun

inoin thtzeel carfous, ‘
ZeTa3e Umually it iz porsitlo T0 Goicimiine it considerable e accuracy

i conditicns of pleaserinerns mnd coSart, It is more Aifficult

o motiiese the daowna c.:‘" siccoifors, o scele is necessary for
e boa e s - .
e anzoestent of the de yce of roverity of ihe me:cmal qen ation. .
| o
7 ftavernd's seale s werath, he seale na _,f

— c A . N e UL I . . St

:ch tco cool

;2 - Too ceol
/ 3 Confortably cocl '
Comfortable

Conior wrﬂ‘r warm

Wi

o Tr;o warm
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O Asn
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"

ond indientes thermcl eomfort or abqence fo¥i)

(]|

dizeeniart due o wemih or to zoolness, Assesments o end 7, "
Iwmrly di scomfert dns o werath end 1 and 2, discomfort due to
'

cecoines

o)
.

N
2.144, iany faciors coniviiuse fo ihs f2eling of comfort, These are
woth ..subjective’r:,nd r;'a;jF,‘chi*rc, Lhe cbizntive factors are;
Alp "ten'-_ erature and moon wadiand temporathare,
Vo rﬁm_\-z,\‘1;_L“v::—;\;:‘qm-;omrt air and plre'cipi'_fl_?-'-.tii}ﬁ

1
Alr veloelty end aiy =olintisn

Solor madiation ond

———n
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Dieorvblieative Coshintn snor o iianal ani cxo wer hic lecation, ;
t .
= } e - . s !
X ate,y oy mody wadld, shin coloun, I, cirtadian rythm i
' :
' oingnin mroun, eic, '
: Zosides thooe there ane vorious othar environmental and rsychol«
: p r e e e ey T T I U Ao P U
H . N
1 b orical factors tias 11‘]”'\nco the cemfort ond nleasaniness of
. | s e e e
: Lo e e . s !
envirerment, 2, 5.81nd zors " Yactors such 2s the gige :
propstion, charceter and oermeundings of rocms, the colour-
gGeneme ond even ithe views fron the window have a creat psychola
_:_______.__v'_‘u‘“_ [ e b a—n O L PV Ry SERA gl A e
sieal affect, r,nbln d effect of sun, fresh air
. ) B - . P R P Sk R T
and gmcepovy vhisoh imrince c“.r'ﬁ s Hlu“er rervous act1v1t3,
e e . . EERREPTIY S .. . I A Y s b el TR BUEL bt b A Bk
sroviaing fevourable sense inpreszions during periods of physi.c—
) . e e s e e
. 2l activity and rest,s |
i
& wdw b LY. A <3
2.2.0, O0BJICWIV.S TACTCRS
2.2, s Rir wvalceity: Adr veloci?y effeets the nman body in two
different weys: i
A, Tt deiermines +he C:Q"PC"‘“’ heat exchrnze of the body and
P e s . . : B LRt SRR i e A M
environmons, the offect el aixr veolo Cluj and air tnmvﬂr ture on
k] . I . - .. AT N R e e iy ey e
cenvective neat exchonte is inter-related. :
B, I¥ affecis the evenorative oa o city of gir and consequently
*

ct of a2ir velccity on the

thz eificiency oI cszclinn

avererotive ca'acw, i intor.rolotod with the effect of humidity,.

Fonent,

Sydinery, s Coborlsen o wosoeiabion with RATA,
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wACI Shn ol foncaveiioe din b tonnoratira, air'valocity
N =
will hzly tath ecomvaci > cooling 2nd cezling
Lo wm— - - T e e s g T A e
when the air
'
T oon tnhe other hand g ﬂnc-~ j ir velocidy increases the
OV P VN
svan riﬁ‘”ﬁnfﬂﬁacity;:ni_ﬁeacouvh« ociing efficioncy,
i S e T L T T
|
When ihe alin ic usd snd the asoli nT cfliciency of gweating is
velow 150 norcent on inc;ﬁ::c in alx velocity affects the sweat-
g eifizimey oo than 3t doec coavective heating, So air
. .
velocity rodices both suedt rete ond subjective discomfort due
. | -
to wet shin, ¥iTect of aix wvelocity continues as lonm 25 the
gitin is dry, further incrzoge in 2ir velocity do not couse any
| . e ‘ ’ . U
more evanrorative CﬂOllhj vﬂt conveculva neat nffecu continues,
ereer - e e o s

From this it is eviden® thizt a2t hi‘h air temerature there is

en ontiinum value of tho air velocity, The onuinun v31001ty ds

-

-

-
ot

——— s o L mmmn  r CIermee R o ¥STe s e, -

h\l not nonsuant bu " 3 ¢ the Zcnperatuvre, humidity, meuabollc
> . .

level and ClOua 20 3 Vapour precsure, netabollc

“ - o

i..r

RUSTRSRL PR Y

& 1 rx ; . . - . ~
rate 200 Hzal n tho o tirym veloeity is about 100 em/secy 15,

I
2,2,2, Clothing: Clothing acts aT a barricr to both convecitive and:
[0}

radiative heat cxchaenze bgetween “he body and its envirerment

R S W P T T R W e
and intczferes wiiln tie -Hfocesn ¢f swez t eva

reduccs the nopsitivity ef ihe body o variaticns in air veloci-

DR A iammamhi e

I3 .. . * - o . v, I
vy end Sourorature, ob plr tomreraivre below 35 C it always

1oiinens Lo roie of oo ool 10&3 'n,ﬁ unc houf. Cn the ofher
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hand at air mameraturcs ohove %5°C ii reduces heat gain from
the cnviroemicn ¢ zlco roduces the coolinz efficiency of
\

evarcration hzchusc nogt of the evap seration take nlace from

the clothes, “hz zir veleceity over the skin is also reduced,

hermal resi“ tance oo ﬂvwncw bw clot‘u*&m de“ends aot only on

G e B e RS

—_— - |
trhe fabriecs o cales o ine stiffmess and flu ol %he garment,
e — ol e e e v s a——p - o—ro—————
e urit is 'elod, llorrzl YLwusiness suit: 1nd cotton undervear
e o e = e o P T b O - EITTTRT s e B £ AL L

is 1 clo. end heavient arctic clothins is 4-5 clo. When a man

Faan PR G e, -, s )

is exro cd to colar radintion his clothing reducesithe solar

Leat gain. As clothiny rodvces everomative ceoling efficiency,

e ' AR A . s aE A ASLIINSTR L g
in hizn hunidity speciallsy ndex worL*_g coditicns when sweat
| . S TR s g4 T
i1s increarcd, it nzy have adverse p”f iological ei‘ect result ng
' T v, . et el RPN 6 _1
L . e - -
he heat ciress,

wrce .t for Tlecli,eclour of the clothing has erparently little
! .
ellccv on vroseciicn IJrom oolar radiaticom, Interaction teiweon

s

the «ffects ol wind sroend and clothing dewcnds on the air

1: o mens

2151 T - e £ - s L 40 . Lo o Lo
niiivem), Taviialio oo Piini o nag heat lo2d oszenati-
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novmamy dem eonddtion Y vaour presenre sives the most.

hy}

tueaful emmvimscion of obiity conditions thon the relative

bapidify, Uiveni(i5) dves on eramnle Yo exnlain the situation,

- = = . v, . !
aiditi of 100 ravoent at an eir tems, cof 25 C

coxronrondn ho oovancur rroooure ¢f 24mna Fo, while the skin

Ve, ig atout Floyy Fo, e oodir in contact with the skin is

i

" O . -
to 31 - 327C and its ».h, is lowored accoxdingly allowing evan-

orntion to ltoxe rlace. Tui a2 rJh, of 50 nerecent vhen the air
-~
. — 0 o . .
top, is 20 € corrasncnds 1o 2 veD. of Aomm Hy, or approvimately

X ;s . _ . .
the vee of the ckin uhich is at a lower temp, than the eir,

wider such conditions evanoration from the skin is imrossible,

At nizher tenreratures 3iwe influernce of numidity on the respon-

. 1
ses vecone mare assarant cpecially on skin weiness, skin femp

ne skin is evaporated

et e et B L S A TR N A e w £

- . o .
ané sucat mzie, Wion d11: the sweat from 1t

i e TR P e AU

the cooling officiency is 100 rer ccnt, But 25 the evaﬂo*atlve

N P -.,_--~4! Bl e S LT I T e s A S
canacity of air reaches z *olnt wuen ﬁll the sweat cannot be
gva~oraved discomfor: iz caused by mnist skin, Then sweat is

1 - - e - e

absorbted Wy the elotiing rmd is evanoratced fioan there, This
|

means some of the heat for svermcration is texen from the surrou-

(h

nding air rather than ziin, ‘this raduces eva}oratjve cooling

i

T Cnre e a s e 4m-¢...u-~-.u--w-u-'?

CfAlC]Enujg e oody nas to secrete wore sw t tnan that equiva~

PP T

i S s o

lant to required cooling.
....___..-«—---'—""" ) T omen el PEPEP ) x

€eladlla Ierbabelic heat: Eﬁ:m:ltmdv cont.nuou~1y roduces heat throush

! . , :
the rrocess of mlueljl¢dé. “11] BF vercent of thc energy ﬁrodq
!

Freme b ¢ o e —

uwced iz utilived in Tho pch, roinndning 80 ~orcent of the heot

_ o - RN s v 2
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iz %o oo doosiznted (o the cnvironment, “hie body rcleases heat

.

to ihe snuvirontent Uy coiveciioniCy, radintion(R) and evapora-

tionii) . Fons erchan o th the surmounding tale nlace according
to thie foramla; |
HERTITC-E =0 . . J

~ .

‘is the chenje in the heat content

1—
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fse
i
13
o]
ct
3]
~
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=
i
1
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i J
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of tre body, Ieen hodiv ifexmerature rémaing telanced:and con°ta~

R . v . . R 5
nt arouna 37 C, litabolic heat prodused devend greatly on%the
activily pexfouicds 2% may vary from a wminimm of 70 watts

|

vhen a verson is sl-:“lw* to a na .lmun of 1100 watts when the

percon is doing nuously for a considerable

e
o
<

o
H
=
]
[}
5
C+
3

time, In warm climases as over heating continues sweating staris.
Sseating may very Iren zlout 20 z/hr. to 3 kg/ir, depending on

zovironuental effects,

=
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2
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Hi,
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@]
51
i
M
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242e5e Alr teomezraturs and loon radiant temperature: Temperature

causeg heatlt exchornge o (¥ bhody by radiation and convection,

'—J-

Tnis T

hzat exchante jeeatly depends on air velocity and clothing.
Vhen ciy veloelty 2nd vapoar prassure iz constant = rise in

air tenp, resulis in the increzce of skin temp, and sweat rate,

The increase is deporndent on existing aiv velocity end mmidity,

-

lizepheraon, et 2l  suztest that an inersase in MoR.T, of 1° degs C

R N TR BT O A e i e O
elevated tqc sweat rote 11 "/Hr. hnd “ecnal temp by *0u5°%dez, €
. I - | T R R T e

[ R

Tousnten, et &l found that, cn average, an inerease of 1%°deg, €
H 2 ¥ H K
in the M., will increase the BT by 05 "degs C and air

- 1
tenp, bWy 0.57des. U <

W
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Duvjective faclors affzct! the *o‘lln' of confort, The effects
of factowrswill to considarcd in 2 following parasraphe It is

up to the decigner to incorporatiz various factors in creating

a wmoycrolo: lchl‘y r.leasing cnvironment, The effect of subjective

a

"o Tacters nye somztimes overemphasised,

LY -

It is obsorved that cubjective factors chianze the physical
confort conditicns ol 1he cnvironmbnt'by a very snall magnitude,
is a matiter of fzct whien any difference in comfort level do
exist. due to subpjcetive factors, it is vsually small and do not
alara much enzsinsering sigpifice e‘ Yovaver faciors like neccie
sity of large inieke of vater by people in hol humid climate

czn not be over estimited, Subjective Tactors have great ﬁsychn—

influence of the cclour scheme of the

t- ——

-

losiecal iImpoxrtance. the

LV

of the environment or vict Ireen lawn ag opposed

- r: —
=
o]
-
cl
[72]
(s
C\-l
12
;
3
Al

to bare sandy vatch, can! ot be over cnphasiseds

|
‘ational geoscranhic lecation: Acclimatirzation to heat is a well

.established phenomenon, ¥hen 2 nerscn sceustomed to live in a

cool. ¢limate is suddenly|transferved to a hot climate a series
. . P

of physicloTical adjustzent will occur in him, These adjustzent

~

emaliorate the thysiolo ical strain.experienced on vhe initial
exposure %o heat, Yusi altzr exposure to heat ability to do
| ‘ . V
is iupaired and high dogrce of subjective discomfort occur, It
| - [

. ! ‘ o
tales avout 30 deys to reach full adjustment in a changed‘env1r—
ommcnt. The acclinatizaticn depnonds first and faremost on, ad

"
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g
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increased aﬁility fow maxianl sucating. Adthowsh persons iiving
in the tro;icé can bctte£ endure hot environments and-ha;é tecome
sed to accenting discou%orﬁ duo to heat, this seemn to Havé onlty
slight influsnce on the fhernal enviromment which they ﬁill
prefer, if given a choilce, Fanger s \22) study betwéen‘lbhish
and inerican samples and il2is's study cf Chinese and Westem

subject(17) so on to »rove that no sisnificant difference in

comfort conditions exigt|between persons of different national

t‘ ': " ) _»."

[T I

geozraphic location,
#ges There secn to exist o diffcrence in comfort conditions
between yonz age rerscens and elderly persons, But the difference

becomes sijmificant vien grovps of very old age, say a group

~with average aze of Y5 is congidered., One of the recasons for

is probably teczuze the activity level of elderly peovle is

low hence they prefer a slizhtly wammer environment, There is

no difference in comfort condition tetween boys end adults,

But data on chilaren specially pre school children were not

available,

Sex: Females generally prefer warmer environmant thon males,
|

The derree of veriaticon Feem to have becn different in different

studies. It varics from 0037C to 1°C, The difference might have

1
been due to differonces Fn ¢lothing, Women also have a slightly

slover metabolic rates then mon. “hey also hove a slightily lower

insensivle persoiraticin.lfg)
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Body Builds XU In topulanly belived that obese persons prefer

cooler onvironscnt fnan versons of lisiiter duild, Fenger's

study show thab cacug college ase subjects fat grouns prefer a
\

tenp, 2oproxinately 002°C lower than thin groups. So hé conclude

4]

s what thome is no sighificant inflnenca of body build on

comiort conditions. of sedentnry subjects

inteke of food 3 Tz:tz;‘-:je of food causes a2 certain increasze in
internal neat productic:ln, “ris is expected - . -~ li. ‘L'd have an
influence on trer:al comiori, e increase is highest for protein,
suhstantially lower for carbohydrates and smallect foxr fat,
Yils is inportant in Zangladesh situation because food is usually
talen in thae kuleien wnich is warder than other rooms tecauge
. | 4

of more nzati production; windows are smaller and hence less
ventilation, Also the % rut in parts of the house where thers
is no scope of crosk vc;n ilation, ?anger'\:?z’;l suns up "After a
heavy neal rich in L_ﬁo.:,n..m, l]lflllF’I‘Ce could be greater, probably
decreasing thé o;ri:.i':,:il_‘temp., up to 1°C for some hour,"¥

|

|
THERMAL TT2TLEES :
% naa Lzen deoseribved before that comfort depends"onl var;i.ous
factors, Ho the designer faced the problems of handling ind.elvenn
dent veriables simaltanecusl v, liony experiments have be.eﬁ done

to devise a2 sinsle seale which combines the effect of all these

e e .

* Tanour, DLy Hnemel Comfort.
Aenish Tiennical :rrons 1570 P.Gz,

-
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facions, In dnin; so voricus rescarchors came up with different

scales, W1l ikncie seales exe collectively called Thermel Indices.
“homal indices 14l ke -Ifictive Temperaturc (u.x.), Corrected
' afn i e m‘b""
Iffictive Teuperaiure LC..‘..:.i'.),. :qultoria.l onfort Index (u.C I.)y
L el RS T S e T U e r%mw‘rawa‘-{
Resultant ,...IJArturﬁ {-u.t.,;, Pruhct 4 Four Hour Sweat Rate
. . . e sre ot IATERE [TV ST
w, SRj, Izai Stress ndex) \u.S I.) and mdcx or Theimal Stress
b T “"-"""rm\.—-mm--wAr

I l.o.,; have teen dc~crwleu in the anpnnd_:rB. Of these E,T,
L
or Cel.Te is wostly used and understood, 4,7, ond 3.C.I. charts
. = _ !

are chown in fig.ya,. 7o, fCy

i
Sorie of the experimental wesults of studies on comfort zone,
expressed in &.Ye as given by Lippaseier\i7) are shown below,

Invistigator Loenald by Groun of people Comfort zono

AdSeHoReAE. Sowihzyn U.SeA. Recearch worker w3 $0T0%deg I
30° iorth ‘

Hoo Calcutia . Indian o8 to Ta
\ - £2° lorth

Vebb _ " Singamore 7 Malays, (,m_nese . 77 to &1

cquitorial =
R i —
lon : Batavia Indonesien 8 to 7Y
' ° - |

~ douth

MIis Singapore Furopian 2 to T3
quitorinl )

This ig intereating %o note that Yelb end rllis arrived a.t

slizntly diffezent reswlic wider similar conditions, This should

not, L'> attmhuuc.d to diffsvonce of subjects as Asisn arirl Eurapiam

Jn tais connection T would like to quntc Fanzoris comment.

"e « confort ctudy by 21lio s ':‘;ong 152 luropian and Asign residenis

-

“in Singzpeye. &1 optinal tzmn,. of ”7 ¢ Warg found at r.h. 80
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wercent and ooinson :elu;ivé weleeity of Gen m,’s for versons
wvitit {ynical ironical cloilhing which can bLe estirmated to have a
clo value cqual to ey, -.- - = « = x11is found no difference
vetween the “woplens and seirns, In another field study iﬁ
Sin_mpore, including only 4 subjeets Vabd found ander approxim-

ately tne csame condition as rdlis, an optimal temperature of

25 .5° c, "% !

T

Dioclinatic chert: It is Jhsc:ved that I.B.7. values correlate
oueh betvtor with aub,)ccts.vc judgenent thon L.T. values, .

V.Olgyay\24) argues thai there is no point in going for complic—

e e . s o mr s e a—— o

ated calculatlohs in cons fructing a2 sinzle Tigure index, as all
o - * e B e g

the varicbles ave contiolable by dlff rent mcans. Fe develoned
the bioclimatic chart where the comfort zones are defined in

terms of 1,3.T. and relative humidity., He also charts the effec-

oy

ts of air velocity and radiation. ine fOﬁmer nushea the comfort

. AT 54 N Vi e et £
R e - Py e TR g - — -
zone upviards and the later uraus it dovnwards, .
T e et ary ki

v

Climatic data of Banglafesh have been nlotted on the chgrt to
show the periods of comfort and discomfort and the degree of
devitation from the coafort condition. Six set of values have
obeen plotted,

A, Set of data indicating éay tine situation based on mean
monthly value,

B, et of data indicating rizht time situation baced on ﬁean

nonthly values

* Ikid 1'.83,
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Cotdy Zz26 ol cota irdicaving éoy and nizht situations based on
monthly atsolute x:;..;. :md ain,.

E.i. . Scb of data indicaj.fz'_n-;; day and nizht situvation: based on

i
1

average nonthly data,

Tetailed hourly date wasinot available, So suitzble combinations
) 3 ! 4 ;

were chozen for interpolation,

) Fige8,9,10 shov  the ploi;t’cd charts,

i
[
1

2e4ed, hal"o*lcy table: Dependinz’on subjective judsenment lzhoney develo-
|

e PO

ped a ta.b1° indic

bl TR e a1 maan TS e b arn on S T Sl
atmo cgﬁ‘ort J.J.mits. e took into COII“idEI‘G.tJ.O!’l
e et e e e -~ i - hevhGha . baadeiee 4 ey un&(nsw'gnmmmmm“.

air temp, tenne tu.re ranje and relative hmldity. e

e CEWAl . s b Ta e i

‘ClJ.mMic data of ne.m'lauesn were tried 2nd the "Psul ts were
nlotted as showm in he i‘i;f'11'. The tables are given in a:opendm}.
For this table ta._led dJ:a was rot ne cessary, Tne ,»3 apa rou;;hly
lshow., the linits of comfor ty the poeriods 1'1th.m the comi‘ort Zonesg,
and the éeviations from the limits oi‘ comfort,
204e5e Conclusioné: I‘rom_ these fuo charts a reasonably clear ;;ictum
‘can he chtained about the olimetie situation of Bingladesh in
relation tol coﬁi‘o.irt conditicns, Tollowing conclusions magr easily.
bé mode . . : ;

i, Ifu:cinz 'sur;;;:r:r months {ren fpril to October +hn prevr..iling

P T 441 iy Sttt
- o e e
- s

conditicns ave 'fcll abov-‘ r.he coemfort zones. Cozwmcring

e o e o Ay PRI (I e, ey oy

“.__A e e gt P LA —rane e v:---w--o- " g m .
o the ab clute v.::l\..ﬁ" he situation is worse. So a continuous o
. “— € meen et e o

i hemas -
-

s necesqa'r'y to attdin

a— _,._.u—-—.n-wmw.w

movcr.mn* of air bhot .ern 1 aml 2 m/';

e .

a— e

roauonable comi‘o:.t "r.vcl. 'i’ha.t is the veloclt:,r of alr in the .

- . . = I ) <
e D - B

intericxr at tedy level chould be mavimised, : T S,
| - : N " 'l\'u
t - n
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~<ffeet of radizction shwould bs ninimized, That is the windows
and walls .sheovld be rhaded,

) ' |
Bs TFrcm the chart it is observed that doy times of DJecember,

Januery and Fevruary ave|withih the confort zone and axe quite

pleasant, lirhts ane cold @nd below the confort zone. larch
|

and Lovember are 2lso quite close 1o the comfort zone, Nights

are pleasaent end days are a bit wam but not very unnleasant,

So 'fo‘r three -wiwlw.ter nmenths no comfort ventilation is necessary.,
. .
Infiltration c¢f cold wind should be restricted specially at
nisht. Iuring this tize sun rays may be allowed tc enter the
interior spaces ond insolation of the Walls éhould te maximised,

In tarch and Fovemter sone zir flow during day time will

o bring in comfort corviition,
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Vintilation is rejuired for three recasons, ‘hoce ares

Lo Hzalth ventilation: Yo raintain the quality of the‘aip.' : .

inzide tho Ywildins abave % certain nmininun level by replacing | : b

inioor air, that have bhian vitiated by the process of living' | i
. )

mnd esouninoy, Ly fresh indoor alr, This is often termed as E

hezlth vertilations Thiz is an absolute necessity indemendent

of clinate, : {
B. Structurel cooling ventilation: To cool the structure when R
its temperature is more th gn the outside temrerature, ThLB is . i
oltvn teried as qy:ucuuLa] ¢ooliny ventilation. i

k

Co Comfort ventilation: %o provide themzl comford by increasing

Deat loss from the body through evasoration of water from the

»

btody, 1nis is of ten teamed as comfort ventilation.,  {15)
Adesign:g? ventilation should satisfy 21l these three rnqulrem
menis, The masnitude of the requirements of these three condit-

iems depend on the local climatic conditionso
i

HAALIR VA YLATION:
fg.erently this do not seem to be very important for Bangladesh,
Iut this becomes imporian¥ where flue less cooking device is

usced, srecially when the fuel is fire weod, The veniilation

rate showld suffice to lcep the carbon and other products of

comtustion below the lavel hazardous +o health,
i

iie onitdeor air contains on the avaraze about 21 porcent oxygen

Qe0: «~ 0C porcent covion dioxide, 73 mcrcent niitregen, 1 per—

cent inert suses torgun) and veivcon 5 and 25 percent grams of
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vapour por enbhia setie of aiw, itpired aiv contains about o3

L)

reresnt olyren, . wercent caxben dioxide, 7G«7 percen% nitrozen
and other gases di:chur;ﬁd by the body (na2inly ammonia) and
about 45 gm/wd thef vanour {saturated air at 37°C). In.océupi—
ed buildings air aqeaility is substantially affecied by mstabolic
Oacﬁ}vity and liviig rrocess of the occurants, Carton dioxide
and water vapour are dischar-ed from the lwngs, Pacteria‘are
dischorged with breathing, micezing and‘caughing. Odour‘produc-

ing orzenic materiels are miven off by the body, to some extent
.

dependent on personal hyzine and diet; smoling pollutes the air
1

I

j )
from both heelth and odour aspect., (15)

Air becomes hapaful when oxvien content falls below 1o - 18

-

percent and carbon dioxide content rises 40 1 - 2 nercent, This

+
iz of very listle sizmiificance in stiuctuves like housing end

school uildings, So carton dioxide end oxygen centent can hardly

be us2d as direct criteria for the specification of ventilation
requircaents, Bt carbon dioxide content Zives an'indirect

indication of »olluiion of indoors. Ctihsr elements that affect
-

the quality of z2ir iz not so casily quantifiable 28 carbon dioX..

ide, .Civoni (15} sugrests 2 level of 02 mercent corvon’ diexide
i
- as criteria for snecifying ninfiwum ventilation in residential
: | ; .
- - ! 4 L) - "
oifice and school buildinss, A caleculatir of requirenents of

P e . - . . . + - . A I
rentilation on this bezid is gxiven in appendix 3, * - 7 :
k

| .
b

i . .

|

ODOUl s ‘ . -t

’

] . “_ .
The stirulus of cdéour Phuit iz the subjective perccption'o&"~

P e . 7



33

— v ma . 4 . — -

l
i
- - - L e L s .
ol ovour is exirizely .cmsiiive, Tt i3 mor2 sehsitive than
' :
[
e

antation to odour occurs

B

. J--l. . 3 4 - S F o 1
instmumontal dotzesicn, fortunately

ranidly. A percon cnterinzg

¢5

space nay find the odour very

aistircing but afdter o fow minutes of adaptation quite o high

level of cdour con ba tolerated,

Pody cdour -dissipzates quite readily even without air change.

¢ is.ouch less stable than odour from chenical materials, As
in the case of cigarcite snoke the intensity is increased during
the first three hours and iis decreased very slowly after that,

Consolazio and Fecoria studi?d ihe effects of ventilation on

odour level according to following scale,™ 1

£ had

;
1
lio odowx ; 0 .
. | '
Thresnold odour barely pefciptible 1
Definite odouvr, but not oqjectionable 2
Strong ovjectionable odouJ ‘ 3
) i
Very strons disa-srecable édour, ycb tolarable 45'
Ovespovering, wnbearzble and neuseating odour 5 7.

‘

Subjective odour impressions vere of two types: instentancous—

-

irmidiate after entering., Fesidual— efter one mirte of eprser.

*he first inpression is usually bizner than the residuel by.

about 12 peints in the subjective scale, The veduction of air S
) . ) «0 - . . . -
teap, from 87 to 77 I’ were equivalant to increcased ventilation

4

of 5 to 53 eft. per nin, per person indicating ireyvense in odour

b

offensiveness with fncovase in tenperature,

0

I

““Concolazio, W.V. ond Fecora, LiJ. "Hinimal Replenishméﬁﬁlﬁir

: { *
fequired ror Iiving S;aces™ SEIAVE Jouvr, sechion, APAC, (LT
iren 1974 5103 - 144

s i

3
v
LS
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Beadth vontilatisn is impoLu_nu i tropical countrles in spaces
I

like kiLxxon tath, cic, S“’ cizlly when there is no external
wihdow, It is preferoble for these spaces to have ai 1eas£,bne
exferior wall with o;cniﬁg zbove eye levely when there is no
Forced vontilatien, v~von1 \15) suzgests a minimum of o compl-

ete air cnangss por xouﬁl’o“ toiletis.

CAZEOI I0I°CXIDs,

Carbonxide is p*oducni due to inccmplete combustlon. It isv

e e s
toxic even =t a ve vy low concent{ration of Q+3 percent In'a

R s

~bar (ISP L mtean A
3,

country like dangladech where p0931b1e ca rbonmonqxidé CONCEenN-

tration is at the kitchen only, pose no problem. The reguired

. L IR

air chanze will tL 0 nloce *hrourh the cracks in case all the

vindowg were closod,
STRUCUN AL COOLEIG

In Banzl-desh sitvation it oy L2 assumed that buildings with

wvitite external celour; m&dllm to high thermal resistance and
|

low heat caracity and properly shoded windows nave a daytime

indocr tenperatuve sonie @8 outdsor temp in shade, Iark coloured

buildings bwssfess having voorly rnaded windows have daytime

)

indocr trumperature aove: the outdoor temps At night the ouidoor

tamperatuve is 2lnasy eaveys lower then the indoor temp.In an

vell ventilated vulding difference of indoor and outdoor tenp.
! ; : .

i ms2ll. So in het unid situation proper ventilation is nece-
| ‘

moury dunin ;o doy end nisht exeor i for snort vintzr monthse




3eite0s COMFORT ‘..J-.. PILATINN
Eealth ventilation is indet.ondent of climatic cendition but com-

i
fort vontilation is ve 7 r:zl'uch dependent on climatic co*:ditions

~of the locality. It is a function oi‘ the temperature and vapour . i
wltmn the tuilding, ! S S

' "3.4.1 Comfort ventilation has tcl.- consider almost all the p}vsi‘c':é.l,ﬁ phy-:

LY
v

siological and zonsory asgiucts of the tody in rcla.,:l.on to i‘hq

i

environment. Fnyvsical asrects are metabo.’-.i—c heat production, con="

r

vection and rcdiation heat e\:chancp, and e-ra'ora.t:.vn ‘hea t ‘iss-s.
Fhysiolozical asmects are circulatory remulation. that :Ls in—
crease or docrease of blond t‘imv.' sweating that is ;assive vater
frem the lunss and skin arn d active sweating by secretlon of
swveat glands, inner vody and skin tem;erature etc, S«anéoiy ag~

. pects include subj.:-c‘.;j.'-sﬁ ~osronses like thernal sensation and
gencivle rerspirvation (siin wetness). -

4]

aroraziive cooling required () is the” resultent of the meta-

td‘—-s

30442
bolic 1":\. at.rroducticn, convection ~nd radiction heat exchang
For comfort condition };‘/7;) max  is sugsested to te 0.1, There is
rcasenaitle increasze in :.; ulort wivh the increase of ﬁelocity of

& oxate If 35. C \95 ':“). 4tove this, the convec-

ftive, heat zain ard evil: :r.:‘_tiva heat loss .act in the orposite

‘direetion, and after ‘h;t any moxe inerezse in veloelity is of

,-" mno piznifiecance, :




f
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. a - I
Ventilaticn is not ihe cnly deternining factor; metabolic heat
. . "N "

1

ek

rate, hunidity ond clothing cenditions are also siznificant<™

4y

.. . L . . :
actors. cowcver, in hot minid situation like Banriadesh,* inercase

- » - - ! . "
in venvilation is alrost alvays associnted with imvroved subjec—
;

tive comfort, t
1
i

P
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PLCTLANTS O VITILATION !

slr movement throu’h o building tekes place due to the pressure

|
sradient aceross it, Ghe Brossure gradient is caused by two

4
tources,
.y . . | .
A, rxtermal air velocity or wind force, .
B, “enperatura: gjradient retween indoor and ocutdoor air, -

*

“noimal Torce eneratos becauce of deasity differcnce between

indoor and outdoor air cauccd by temperature. This is also
influenced by the difference of heights of the two openings
nrovided., This is lmown as stack effect, The formula for deter-

nination of the force is given in the apmendix 3,

Van Strazaten et 21 sgy thet the contribution of themral forces

U . . . .. ' - . .
Y10 ventilation iz quite suall, speciall during day time vhen
» S Y 3 4

.

the temperature difference between indoor and outdoor air is

mall. (27 ) But Webb arzucs that thermal force is of considerable

fmhc.w-l'ance
lin izlaysia \clinate is very similar to Bangladesh), It is

impsrtant because of two ‘rcosons:
i

A, Cutdoor air is s3ill for a considerabie time of the year

during day caid nicht,
3, Because nunber of percons living in & rcor is high and herce
the metevolic heat preducad is very higha.

¥

poisture ozlance equation is pdven in appendix 3.

ck
]
‘-‘-.r

His hnea

When wind is blewing on to 2 building a pressure difference

O

ie zet up acerous the building, The pressure is higher than

3

I e o
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n enuztion ecxprescing air flov through onenings is given in

= e S .. el sl i

! oo 44

— (SRR —

crnerisoon the wind werd side lmownm 2s Dressure zone., The

pressure is reduced on the lce ward side lmown as sucticn zone,

anpendix 3, '
The effectiveness of a particular wind to flow throusgh a build-

in; depends upon the specd of the wind, the direction from
wiich it ccmes and thé frequency with which it blowa, . |

o

-~

v

£
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4.2.0.

4.2.10

Fd
. : .
A NI S 15 |
IV s boen sbated Lasore 4-% in not o 134l cl:u a5 the

-

cese in Janzledesh alv novenent is fhe most sipdificant single

!
featurn o nrevids codiimda 10',',,.‘)14 cerdort, T gesure maxinaum
hkga "’T.oc:‘.:f inside the psoms 2t the body level is the objective
t5 be atieinsd. Dut parizus velocity is abiained in case of
loniney r'leow, naizlly Lcc:-,!u:;c 1y does not allow cnough time forxr
the air to @ik with the #Zir ingide the room cnd it does not -
2llow ol o reach ail 1' cornexrs of the room, "hus the ain is
to induce t:urbulr;nt 2 low 'ir:sidc e e, The airfiow should
te o desicned that i ‘_:\l;OVidCS navimn cooling effciency by
evaporative cooling, “ne air movemenic depend. on the fo].lo.nnb
factors,
A, Iocation of buildinzs relative to one annther.
B, Urienteiion of the building,
C, Cross wentilation ihnrcusa the interior.
D, Fogition of openinzs, tota inlet and outlct, R '

Se BHize of openings, boin inlet and outlet,

F, Conixnl of vveninsg,

PACICHS AVTLCTING ATR FOVLITSUT '

incation of 'b"vlfié.. nesd ";":;t‘.- iy flow jn.':ide.the building denends
on the outszids air valoclly, llence the air flow avound the
uilding is sihiricant. ‘A tailding hardly stends by i’céelf..
ine locaticn of stmisturze or tyzes in the proxinity of the
tuiiding infivinee the flov zround the b‘iilr].imz‘ whitc.h in turn

-

govewrn the Indoer ajiv mc.ﬂi:c-:.u-:nt. Iroper lecoiion off tc.ll bloc-ts

[P
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n a gridiron layout, long
Fig.12a, _!Lii‘ flow in a checker-board layout

Mg, 12, Sui tably. placed high .building pay help the air flow,

Mr flow i
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con halp the air fiow arovnd e lovw riss tuildings as shown

in tre fig, 2,

b‘)
IS}
5
i3
A
I
c*
o
e
”

Eased on aimerin tur2i -secociation Iepartment
of Trouical Studies, Hecenichborger says that "ID in a natural
setting in opsn couvntzy, sinzle tmildings are :lzced in a grid-
i :
iron pattern, stameat air zoneg lewaxd from the first row will
i , p
ovarlap the seeond row, A gracing of six times the building
heizht is nocesaavy Yo ensure adequate aixr movement for the

sccond row."" s 2lso says *hat in o similar setting if the

=1
o)
€
oy
®
)

buildings wverz ctagrere ker bozrd pattern the flow

would te zuch more uniform, “he Hwo conditions are showm in’

fiz, 12 a »

o i
L

'
!

In a recent stady done ot 'tnn Mhivereity of Edinburgh,. ihktadir
anys that "It iz elear t‘nz'.lt adeauate wind velocities at the
inlets for swmier *Jentila.‘..,;i.on reguirenents can be achieved at a
relatively short scacing o;f i M, Donending on the direction
cf vwind, sziocing and p;-.tte‘:rn ef‘ Tayout en i.:mumem‘olé!va.rirety
of s;:i.tuati:ms “wxy be ar:riw.r.éd ate Frediction ol inlet velésit-ies
in .i:l:ich enses is only nossiile afier a medel study in wihd tunn..

idles im the field, chever
r

L

L]

I'l

els, ihere is sco, e of fuxiher

“oenisberer, ot a2l "iinual of "i‘ro;:ical Zousing and mild.tm,"

4
o -~ K ) !
Inngnon, 1974 120422, |‘
1 ’ ' i Ii
Iab:tadie, 1,4, YClitatic foweets of Hish Dongity Grban ‘.&ous: ng.

>
in Yoy jamid Tionies ih.D, thesis, Univ. of -a_nlﬂlrc,d'lP. 27

e
!
|
!
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1
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broader wind shadow

d negative pressure zone will produce better air flow,
gl

>
increase

-

Fig.‘l}a.. Obligque wind moving

Fig.13. In case 'B*

and
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all coom fo ooz Bt Pidire layout vitk obligue wind

sndoa chmelos Jc:u‘l lorout with zerpendicular wind

dimectiing shov hatier perforsence resarding air £low around
buildin.s,

Vesitation vlanted iy the side of the wuilding hzs substantizl
effecs on vind velocity at the inlet. iledges has a2 much more

?
prozounced screeninT effect cn
|
e reacon for thig is tly").t tre

5 to o fi., above the ground 2llowy flovw to talke

then, It is not nonsivle in the

o the ground level as in the case

plonted sone distence a:

. - -f. -
Trecs ar: plantsd in 2 s0lid 0o
srees nay not te ploatasd teo ¢l

other, " ,.".

|
vy 7 4 .
anTEenvLy 1t seon

ovteined wnon the inlo

Civeond (15 ,shows that it s not
the cases wihen wind nits persen

P x

an @ngle io shown in the

[T

reated aleony tite

Ty is ¢

creaie

. R Tl s sl el
create greater induoi aly -Slov,
. . . . |
Vhenn the bwo windouwh foeo the

art from cach other, is

we 10 Facili

TR JON
W WINSO

- -4 T
LlTe o

WinGwEY
i

2

tho

building than 4reess (27)

25

wvith bare trunc of about

1

tvlace undsrneath

case .obgtruction {rom

of a hedrs, The elfect of frees

legs than when

veniilation

i

tate

to the tuilding and too vlose

¢ that maxinum air flow will be

-
iace

the wind directly, Zut
TGe fne outlines of air £flow in

a7
GULY

and vhen wind hits at

A {#ces and the wind shadow is

2, e larger novaltive nooooure on the leward side will

-

. I the case 'B} greater veloel~
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4.2,3,

1

i |
¢ 3

48
wind direction is iy cndiculzy e the inlet, the mein air ‘
s . e 0 i . N . -~
stremn flous sornisnt Svod inled to 4he outles causing very

. >

litile air sovsuant in the rost of the room, varticularly the
coxmters of the inlét wirll, Dai wyun the vind is oblicue to the
inled a turbulencs is crocbud moving zoot of the air volume,
increasing the =iy flow aiong he side walls and the comers.

1
Fizu 13, cxlains the pnenoucnon,

Vhen the tic windovis are at the adjacent walls the oblique wind

tales the strcisht path, So betier wing flow is obtained when

-
the extemeal wind is erpPIdicul?r to the inlet. Fig. 14, ex-
plains the vhuinomenon,

1

t
: 1
The observations are significont tecause it gives the designer
some free nlay in the location of windows, lic can take aﬂvuntgge

L T

of maxinum benafits of orienta%ion in relation to solar radia-

tion, 2nd also manipulnte jthe wind {low by various locaiion of '
vindows for optirmn ventilation,
i
1
ZRTIRNAL FoAYURLS:
rxternal featuvres of ithe tuilding can strongly influence both
the indoor air flow cnd the initizl velocily at the inlet. K-
ternal foaturas ne:d czreful consideration reserding solar '
control, rain rrotection and 2ir Tlow. ' . ‘
ay singrering cf the facale, 'L' shaped layoui and projectad
. R s -" N
wings oxr c¢nas ngy vut the inist windows in wind shadows‘qgu,‘ Ce
\ 7"1j!: Lo -
'*" ;"-i? ! .
by by
RN
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Fig. 14. Windows are on adjacent'walls, . .

wind rerpendicular to the inlet producing better air flow

Fig. 15, Vindow ig in wind shadow
due to projected end,

Figelve Boundary well and tree properly guiding air flow
. I :
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saokn in Tl 050 ruiiing windows in the wind shadow will be

uscless. So fren ventilation point of view in Eengledesh, the .

» . -

soutn side ol the tullding should be without stagzsering as g

mich as zracticable. If the west end is exionded forward, it
1

mizat b helrful vhen the sumser wind blows from the south-
L s . f
east airzcticn,
I

| : o

Fly screcns are necuscary in hot hunid climate like Fengladesh.
r .
Mt fly screen effect the vind velocity substentially.. Van

(27) i

found tnat o To mesh 30 gouge wire sereen may de-

Straaten

crease th: total flov 1:1,' arout 350 percent when the wind velocity

* - ‘- -- N
is 2 m.7.h. Tne decrease vecaise lesser as the velocity increasesg
< Y

Oblique wind secm to slin over the screesn besides reduction in

veloeity, Tnat is the adverse affect of screen on veniilation

' v

is intwnsified vwhen the wind is oblique. It scems to te.a better .
R b

P IR N
idea to rut ihe {1y screcn over the balcony than on individual
e

i

vindous, Tn that cese wind has a larger arca to peneirate through,
But wesihzring effect reduces +the life of the screen,
Boundary walls are wory comaon featurss in Pangladesh housing
arcas for reasons of security, nrivacy, noise and dust control. -
:
Theit heisht end prowinmity may drastically reduce !theiflo'w ol
. ' 4 F

R . ¥ B
alr, tox dust contwcl purposzes, it is better for the wall to be’

oy
]

hish wmm 5 %0 6 £t, ~—

U . -
» and close to ihe building. Yor,air {low .
i e ¥
toe woverce is trun, Zoundary wells in ascocietion of trees may
' “« v

gome YinLs e gainivily used to dirzet the {low of air 'a.sﬂshcml

in e M6, The Jiguna zlso thews the careful use of hedges:

.'\.\

ad dens unl s, . . . . .

Tt
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-Fige 17. Air movement and distribution affected by partition wall’,
Preferable for the uovind roonm to he larger, o




o

‘better ciross ventile

Cive xice to lavse s5till ercas, Fir 17
c g .- . A .
distriintion of aix Toom. havviniey

A0
[

T er e o
CRGEE 7. 0L, o,

v .
WIILN e

Zonoe conmncetad

Ly avrertuzes through

LOCTAce To ihe Iocwawd suction zone, it is lmown as cross venti-
1
lation.‘i s;2ce having windows on any tvo walls regardless of

<+

their sosition in rlation

to cross vantilation. ¥With omeninss on the

i

without any outlet, sresmine giniliar to the front

ing, ncy dovzlos indcorsz,

the aim of cross veniil

—-!U

air flow throush the int rior,

Ay obsiructions withinithe
vindowz, srealtly
obstiructiions, non-recisnsldar nlmning of

only change tite dirvection of the air stre

i
|
naxrov ong

reduce it, llh,

tion than compaci cube

Paptidion wally snould
orenings even if tho
wation in roomy

Some rair movenont sit

showa i the Fig,i17, It

be largur, However, periition wally disturd

I
|
1
!
in d
|
|
l
|

Tuch condition increzses

am, but &3

5lap 1ike

v Wind dizection do not plve rise

’

vindverd side only
of the builde-

disconfort,

tion is to obtain and control prooex

roomns, etc. do not

V-t

.80 dragtically
vuildings have

shared ones,

tu comileticly pexforated or have air -
doors In then cwe kent nexrmznently open.
i
i

with partition wells are

upwind room to

the air flow and

further exnlains the

prrvition wall with oven~
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Fig, 18. Balcony gainfully mtilised to aid air flow. .
Sinzle lcaf casement window opening outside serving the same - purpo'se.
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figp, 19, Vindows
wvindows put in wider walls,
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In jenerzl roghl with windouws on one side only are poorly ventil..

I

I
1Laprovenents may be made by the adjustment

{

I - T

ated. However come

of th2 dstails of apreriurne desizm, waon wind is oblique in rela-
tion to the window, there is a flow of air along and.paralliecl
I

to the lenzth of the wall, “ils creates a small presoure ‘gradie~

nt in its path indacing @ flow from tho hish to the low vressure

scctions, If two latora Mindowd are provided at the up wind
and dovn wind sides of tge reom, the ventilation condition is
imniaved, ﬁfessure difference and hence the ventilation may be
further improved providins ecch of the two windows with a single

vertical projection,

|
|

. Balconizs may also te dedimed in conjuction with the openings

-

0

{
' ! - A
taliing advantaze of the sidz wall of the balconies. Single

1

ieal casenent windows ;gning outside pay also create sane.
effects (£iz.12) “he inmproved ventilation effect due %o’ the
projection will b2 lost if it is pﬁt on both sides ‘of the
window, This nay be noted that ordinarily for a room with

single extzrior wall with windows the indoor velocity is not

nore than 2C parccnt of the cxierior. A1) the improvenments

suggested may double the 'ancunt, that is the indoor'velocity

n2y be a naxiowa of 4G porcent of the outdoor. In hdt humi.d

climate this level of wventilabtion ig not satisTactory.

TOSITION OF CPuifljii:

In rositioning an opcning there are ihwree main wmoints to be

1 :
y P

tion and the

2

i

concidezrcd, tha vertical location, horivcnial loc
l T

| v
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vall dn unich ozening is U6 Lo nxovided., It ey clso be consids:
o : ! . e ‘s
red, if neraanant orcaning: are to be wrovi ided.y proper positi-
{ .

-

oning of opening the ndr {lev may dbe guided, /ctiviiy inside

tae room is to te camfully considered wiile locating the windo.-

Wi, Alr ehouldd flov mestly throush the most used zreas of,the

floor space at tody beizh It g depending on wnether the innabitants
l 3
arz cleening in bed, citting in chaire ox standing., In Ehnglap
dzch where [lcor arez per person 15 very small, ro-me aré exten-

FE
sively used for muliinle wuryoses, So aittempts should be‘made
o }
g0 that flow path of cir reaches all the corners of the room
horizonially ond vertically from sleening level{floor level} 4. -—

standing level of about six feet height,

In deudble hung and horizontal sliding windows; cnly half of
the glazed area is zvailable for air flcw,s In vertically
pivoted windows horizontal movenent of the zir can be contro~
llcd lorizontal rlvohod sash windows can suitably direct the
air flow, Dut it decrcases the flow to some extent as thq;angle
of the sash with the horizonial increascs. lorizental nrojected
windows direct the air ugwards and is not at 2ll suitabie.

1

Casemcnt wvindows which aﬁc nostly used in Bangladesh, ure qu¢

T

sat isfactOﬂy fron the alv Tlow poinat of vicw, It scems ainglo

-

leaf cascrient windows, o* chzng outrzide wouvld he more effectiveo
It may e mentioned ilat windows with fixed gless axre vseless

in Bengiadesh gontext and should never be used.

nost criticol., Iecause of

f
—
1
[}
-
i
=
3
¥
<
o,
{2
-

Vertical nesition of
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forces of incxila flov patlcxm of air throvsh the space is. ,

| {
dixcetion on entering, Yosition'of, i
l B (P -

the outlet windows slizntly effcet the flow and veloci'ty‘pé.ttezn

mainly detemined by ita

- . - . N a4 . - ' ’r-v R
of the indoor air, A change in sill height may significantly

iy

"
alter the velocity at ce.rto.in levels thoush the everase a.'l.r
speed of the wiole space ﬁ:ay not change appreciably, {15).
Plutcement of inz horizontzl location dencrnds on the configura-
tion of the Wwilding ond mosition of extermal objects, lIt

'
should be placed where mazimvm inlet velocity will be availatles
The interal functicn of the room should also be noted.,

o .

A higher indoer cir velceiiy will Le obtained when iﬁlel: and
outlet vindows are locaied in narrow walls of the room, where-
the air travels the longer path. If the windows are put in the

, )
wider valls tho indoor aiir velocity become reduced.(fig.19)

Fermznant openings are to ie provided in a hot humid situation
- o - )

like Ianzladesn, In drivins rains vhen all the doars and windsws

1
~

3
are to e closed these worit 2o erheust, In winter when all”ihe
doors and windows ar: Cl(;S()fl these piovide for health veﬁti}.at—
ion, Feraonant orenings Eelow 5111 level and a'ccl)v:e the window,
vith eutvarxd sloping louvers, vrotected vitn some kind of wire
net, gecn to ve a goad idea, Zut these should be provided on

<he Uouth side, what is ihe sumizer wind direction only, RS
!

-
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e
'

speedj -
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WINDOW 5IZIS: ,

' 1
It is evident that air flévw throush a room depends on ithe sizes

of windows, “he effect is nore prominent when there is eross

oy

-

ventilation znd when the direetion of wind is oblique rather

than perrendicular, Sizes of windows change both the avarage

velocity and maximun velocity of +he interior., zffect of the

~

size of windews bocome consiéeradly lcss when only one of the
walla have orenings.\15)

-

Yen the rocm is cross ventiloted greatver effect on the internal

. —

évelocity is obizined by increasinz the inlet and outlet sizes

simul toneously,. ut the velocity doeu not increase by the sene
provor*ion -as the increase in size of openings, The rate of
increase is more when the wind is oblique than when perpendicul-

ar. ‘hen the wind is obligue to the window, there are zreater
| :

variations in the 2ir pressure along the width of the wall,

Table 3 auantitatively show the effect of inlet and outlet .

window sizea on maximua and averame velocities. The openings

are shown as fracticns of ithe wall and velocitics are expressad .

as hementmh of the 01‘.\-:3001" air veloel . (1 5) . Th-c diGtribll tion
2 ) |
Y .

of internzl air speed is shown in the fig,20..

It seems that both inlet anéd outlet window sizes close to -two
third of the full lenzth 'of the wall give ontimum velocities,
The table alsc show that‘ave:mat indocr veloclty devends mginly
on the size of the sizlier orcning indeneadent of its being

inlet or outlel, whnorees wolative sizes of the inlet and outlet
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have a proncunced ot inet! on the mavimum velncity, T

i T

i . U

e

1 o

flow of mazimum velocity is obtaired, bvecause it gives rise to

tacn inlet is @2ll and [the outlet is Jarre concentrated . adr

' -

'venturi effect', This is ghown in Ti:s¢29- When the inlet is
largas and the outlet is smell air velocity in the yoom is redu-

ced thoush the {(otad alr flow in the srcee is not reducad,

’

COlTo0L O OrilifziG3:

1

Canopiesz, sasheg and louvirs and other shading and protecting

devicas .are essentinl elenents of a btuilding in het humid Zengle

s, Thiase influence she indoor air flow pattemn considerably,

Cenopics may elininate the pressure build up adeve the window,

.

So the pressure tnild up below tha window ‘level will dyive the

+

air Zlow unwards., This can be oliminatod by keeping a @ap .bed~
b)

ween the wall and canopy. A gon of four %o eight inches is des~
i ’

irable. “he camitude of pressurce above the windew Jovern the
. i p

direction of air flow, At tines acdequate space is not available
) b

v window. A prraret is helpful in such cases, gpecizlly

over t:

vwnen leow celing and flat recof exist.

1
. . !
Iouvers 2loo create problems, Ihe vosition of blades slightly

upwards, vhich is nacessary to keep ofi water, mey direct the

air urwards. Se it is betier to avoid howizontal louvers in

houving dosign as far as practicable,Venetizan blinds mizht
sudde e zir pvronerly btut invekes i consicerable sacrifice

of velesily &id ninus of 2ir flow.
(
i
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FiZe 21, vcloci..J iz reduced with small outlet and larze inlet,
AT

Increaced velocit ¥y i5 obtained with lar~cr cutlet,
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Canopy guides the flow upwands, Cap batween wall
gulde tha f£low dovniyards,

>>

and canopy -
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In this conmociion it ey te aenticnead that hot humld climate

is oftien associated with wingd drlven rains, Protection of open-
|
i

inz; is necessary, I 22iny provision for Droper air flow 2nd also

Irovecting fran drlfln’ rain, together vose a problem. Eoenisbe-

rzew el 2] surzest lthag 130t tyre of louvers can Leep out Uater

at wind velocities bf imfs hltl reduction of a_r veloci tien
between 25 and 50 rercent. Bowever protective devzces of this

naiure seem cohvllcaund and inpractical,

In two storey buildings air flow pattemn mzy be different in

different floors, A colution vwhich {s *atisfactory for around
floor may nos to 50y for unter floor, A varapet wall may help
the pressure build up a2bove the first floor window;. or some

other device should te used to guide the air flow proﬁerly.

Soiie of the avov: menvioned jpoints are idllustrated in fig,22,
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[ 05 T SRR ST

Yocnisbersor (12 qu hLively exprescos the cxtrinitiés.of

clinmatic var1¢tlons that can be attenuated by various means
------ - ek Wl dep Ay W e i i

uy the cuxrves shown below:

/— \:..:.i‘u\‘(_:-ll cchc”ﬁo-“l .

Y Micvo cimale cortvel

Ctruetuintl ol
‘|‘_=_c‘m.mc.a| cowheal

ML LS C LAMST

“hig moes on Lo nrove thai there is a degree upnto which comfort

lovel can te achicved hy the means so far discussed, Furither wore
: . 5

it was found that shnding devices, vezitation and other structe

ural. elenents necessary for thermal control, scmetimes work
+
asainat the principles of »rover indoor aix Lflovwe.

VAT ILACION REqUIRSZIITS:

In hot humid climeis as in Zangladesnh evasorative cooling of

sweat 15 thz most Suitablc neans o zovaroach attainment of

comfoxrt levels Tor ewgno retive coolins massive cir change end

[ -**‘; . R R -mm»aus-u

considcrable indosr air volocity is requlred, Aoout 10, 000 cft.

! . e R

pcr nr. of air volure per person is neccesary. If we congider

. T
_____.-....-—:- PR ""‘-"-r'- vt vy ———— et €L .,,"vm-mmwr-ﬂﬁ"

thrcc pcrson- PET TOOM a voluize of )0,000 cft° ner hr, 1Is nece-

B sl

- - __....' L e rean -t
gsaryv. “his for 2 rach of volwie 10', 15 .8', cft means about
- . - 1 - ———— - et r— o —— e v

25 oir changas Der hour, . .

I - <. e

|
Caleulation of air chenge do not sewm to ©e a TY dfcrable yay

of nrﬂulcti e ooin flgw,%ncanse az the ¢raporation of the Body
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|
cueat caturzics the air ci‘[ i impmicdicte "urmunrhﬂ" {mim.d:l.ty ‘

i adweady hish), rover velocidy is necessary to move the air
LN l N - oo B e, 3D 1
of tne surrounding to cuicken the process of evancration. A

. . . . .o - R N ‘ﬁﬁ\lu!wj
velocitvy as hizh as 300 £f, ver min., may be "‘equlrcd to keeD

AT ¢ ety A 738 i i o S 38 e A

R
the continuous procescpf evanoration withoutd the ulscorzfort of
-—ni: - . PPN LA M R s YLy

P

wet skin, :
L LY i
I
i

~

Je242, To zive an idea of the air movement, 100 ft. per min, is alight—

ly over 1 n.‘) n. {one .ule" par hour i's 88 ft. per min,). This ]

o mme — -
o - e T DU R R Y T

L.ccordmu to Beeufort scale {28) vould clighily exceed the
speeds under .,nc claszification 'calm'. A sneed of 300 ft..pe:x:

in, (L., Lrexinately 345 mlles per hour) would be under the |

e v v e —— ..._..I — e ]
clessifiecation of'ollbn., bmﬁze‘ This spced will rustle leaves
ey 3 -f-n-" v T AR P -e-hur#-:r,..wmpmm

e g A b Y P

and can' te felt on the face. Any speed more than that might;
hincder the norm-al func .;ion of the house by blowing paper or

lizht objects,

5¢3.0, IMuCDGSITY OF FLICILAUICAL ValinILATIGH:

In EZanzladesh eir sovements cubdoors is not very much. Specia-

- s PEPERRTF. P PRl Y

1ly it is nut so during 2li parts of the uay. uomc. times the

. et o e aetRR el
outside is vm'y' c*ln and air iz .,t...ll. uvcn '.ut‘l proper size
B | P - ST L e L IR

P

and locaticn of windows it will i» a nistalie to assume alr velw .
ocities indoers %o be more ihan 40 percant of the outdoor

velocity,

5057 To rainlain thisz amount of cixr flow the leyout of buildings
¢
snould be atleast 24 disticices apart.hequired dengity. ne.y’ not

1
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be atlaincd wiih vith cne oz tvo ctorey waildingss with such an

open tyove of loyout,: !

5¢3424 "here are other climatic ond social faciors described below
witich discourasg: the prov?ision of windoWs running along the
| )
rull lensth of the wall, ;i, gides vrovicsion for larze wiﬁdows
increase the cozt of ihe lua:le.m,_,. Lven if generous provisions

for windows were nade the;-r ere not kept open for various reasons.

503234 Li;rpmei% sars, YIit 1'391‘6*0"181J’ tlI‘lILj to stay in a room that
: | e g
adzittedly is screened bult ihe openings of u'hlch have a bright
rm— l . Y S et
- glaring bvackzreund, this is more Inte fled by the fact

it is notl only the sun but the whole overcast sky acts
as one source af glare. Zo despite of the fact that larze windo-
Ws are necesgazy for ventilaiion neoxle tend 4o provide smaller

Wwindovs, szven if larze windows zxre provided they are kept closed,

S5e3ed4e Iusv in a cause of annoyance in "‘:A:.:)gla.desh. So some s5ort of
: . . o o - - e t.n."l'-uu'w:-u
barriers are provided to cutdown dust, The ‘uarr:..e__ 11Lce high
. .- . ) - SEn Bt W P

boundary walls, screens, curtaing, ete. drastically cut down

st ]
5
W

air flow,

ﬂ‘/’ﬂ—“ \

5¢3¢5e I‘m* reasons of'\urz_vm‘v)nm“e E[nd glare all the windows "of the

/ —— s T,
Tt T e

are hnav.:.w curt:.:u:ed J.l.;LS also sericusly disturbs the badly

E
L1TF: :'wlt, G, "Huiliinmg e Tropics'

Callvey Fublicaticn, funi c.hmer. any 1969
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recded aiz flovw roguivod Lex cemfourt, liowever no studies on

£

the offecic of ecuriains en indoor nir flow were available, Yor

reacsons of sceurity windows in Bongladesh are heavily grilled.

Y

Mig 2lso cuts tiwe airxr flovw, ™M 2bhssnce of data on its effect

on air flcu, rcéuctien may b2 assumed to be cqual to reduction
in size of onening duc to the projecicd area of the grilles,
Iore serions caunse of consurn in th-t for reacons of sceuxity

meny veople heq:p the vindowz cloved at night, .

S5e4e0e CIRCULATDIG IANS:

Congidevin; tha abovz mention facts it may be sofely assumed

that somc kind of mechanical means of ventilation is necessary

.

to achieve tolarable comfort levels inthe irdoor caviromment,

4s a matter of fact most of the Sovt, housing have ceiling fans,

in the hovsen. The author did a cagse study of one of the oldest:

govie housing in Decez, ihs 'C' {ype housing vhich may bg class~
ified os :iddle incone géoup ﬁsuning has ceiling fan in tﬁo
rooms of cach flat. 4 plan and some survey data is given in
the anpendix 2, Usuzl prectice is to put 36 inches to. 56 inches

fans suspended in the niddlc of the rcom. Some flats for higher

income groups have ¢ o 8 ceiling fans in every flat,

v

5.4.1. Jccording to C.EZ.B.3, an.increare in 30 f.p.m. in the rate of.
air movemont annears o correspend in its effect to 2 reduction

of 1°F in ihe fduy bulb temperature of an environment. This

N offect is nresressively incweazod up to 200 fapl.i. beyond whicn
| ' C

thora is 1ittls or ne invvovement, ilich rote of adr movement
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Fig. 25:.}._ Ar velocity disiribution for 36 inches ceiling fam,
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&t otemperstvos ouch avive €57 F can lead o nei neat sein by . »
thy body iwcause the heat transfar by conveciion ofteﬁ outweigha ;
¢the effect of cvaporative ccoling. Yhe velecity distri'butioni |
diazran for a 6 inches ceiling fen and a 24 inches air c'ircula»-
tor is choun in the f£i-.23 & 24, (29) .

S5ede2s ‘The dizadvantages of civewlaking fans ares ‘ .

A, It does not irduce zir ‘chunge, It churns the air. It does
II_ -...-..-..-..‘..‘
s atr, Sencation of coolnps ig mainly B

X P s g A

achieved by enhenced cvaporaticen from the skin,

net conl the surroundin

c'i-

LIF R T
Bg e LTRS

onz fon is necuseary in every roon,

l: 'J'-\ir vileelty divcetly w:lew the Tan ;;d:,' be mmnoying,
D, iy te roipy, soecially ot hish sueed. o

ruspended from the ceiling, 'hei;-_:ht of the _celing

e

has 19 b2 increased,

2, Sineco it is

SeDe0e HICHANICAL VETILATION SYST<H: [
Usuelly in nechanical ventilation two typmez of fans are used,
A, Fropeller iype or x-::;al flew fan, . ’
!
B, Impellex type, cen uI‘lful""‘...L or toagential flow fan.

The installation take any Iof the following thrce forms, * ‘V
A, hanst systee: Ynore ;tq indoor zir is forced ocut a.nd
fresh air finds its wey ri rough grilles or openings. Indoors
are vmder slish t}j redie d ITessure, it
B, *lenun gystan: Vhare air is forced in from ontside thmugh

prilles and indeoxr air finds its way out through ,p:'llles.

Indocrs are wider slightly increased pre Saure, Y
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C. Falanced syoheas W aere wir is bo* n guiplied ond removed by
rlﬂchzmlc‘._l meens, Mosily usud when heatsd or cooled aiy is
cupplied, lost cxpensive s :..,om,\|2)
|
ne author suymests for Xénzladesh situation an exhaust system
i
with propellex tyre o:-:ial'flow fan placed at a ceniral location

1

I,

+ |
to ¢raw air from all the reoms. Yhe floor plan may be such

that the rooms ave placed|around ithe space from where air 4s
drawvn directly so that no|duct would te necessary for smaller

houses, ‘Mie intake of air|is meinly through the windows. But

there must be vermancnt openings preferably belov window: sill

to ensura mta xe wheon the|windows are closad,

- ' | L
Tiough an exha ust fan systen is most often sugrested for hot
airid zones it seems equ:.ll,,r gviiable foxr a climate like Ba.nr-*-

ladeshy, beczuse it fulfils 211 tun ventiiation reamrements.
-]

A vcry }u “n indoor velocity of 300 f.p."l. bay ue ohtained asso—

- Al n-‘-v‘-a.l R REE LN e T S
ated with upto 80 air cizang;es ner hr. f‘or the uhole house
e e e v - ‘. IEPTPEer. I LY
and a t'orr.,sgsond_.n, a2iy change of up Lo ,00 ox mOre .ner hr.

| o .o e et R
‘depending cn the sizc of the room. ’Ene average d_L..ma.l ‘range
- ] ﬁmb-.l’mt‘kna.
of summer months of raxrch 1o S-cntcmber in I’,anglade.;h is: 14 F,
e e —_—n b amim s RS o T AN mas e e m-..aln-ﬂ:&aumw“”
So a reasonable snount of night cooling is also possible,
PN S . - . P 3 ., s BT o P Y PR e 10 SN T

The author Qid not do azny ciperiment,but has observed the use
of this cystem in onc or :"\-.'o nlaces in T n.r,LL.de st and from:

personal experience Lzgs found the sysiem vexy satisfactory.
I :

' o . . I, . . . .
lost of the infovmation given here is taien from the exper.._menta.l

R
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stidy at CulvZ.5. done byl b7 ’..;,.J.{.Ls rnblished as special: . .
revort 9 titled "Ventilation and Coclinsg a liousz With an Attic

hauot Ton,”

®

he experinment was done in a house the nlan of which is given
in the agpendix 4, Qre structure was similax to a brick house,

“he fan was operated at air cepacities of 9,000 6,250, 8 900,

S . TR e )
10,000, hnd 11 /00 Cfu. ver nin, r‘hesc vere envlvwlant to pro—

ducing rotos of air change of 38, 435, e, 70 and &0. per. hour

-respeciively fov the nouse as a whole, the doors and windows

| e e .
ef the houie were fully or bartially open during he experiment,

FIUEC T N

fhe fzn ves 1tn hoth co Atnnuouolj nd for svarious durﬂtloﬂ“

of time, Varicus ocutdoor oir velocities and dlrzctions were

O

encounttered during the experinment,

A table indicating alr changz in one room or gloup of G4

D

in combination, in rzlation to the whole air chanze of the
s I
I

house is given in appendix 4, A pininnm of 155 air chenge per
hr, is obtained in the cdmbination of rooms for a whole air

. an n L i
chanqme of €0 for the houmc. ™is ig iore than adzquate.. Mie

velocify also vary “th air change, beinz higher in smaller

rooms, ‘hen considered in combinaticn the velocity is close to
| .
mmber indicaﬁing air chén;c. It seems a velocity of 300 f£.pame
very eacily considering 630 roon ot 2 tim2 or tvwo rooms say two
bed roons at a time, ﬁheivelocity is slightly affected by -the

I .

vindows rcmaining partly'or fully open, But the fluetuation

caused by the outdecor air vo]oolb in often helnful, Because
g 34 T

when a constant zir velo%ity is ¢htained, experience indicate
q
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that a hi:lir rate is reowrid then if the speed is fluctuating

to produce the same zuuraness of air moveonent. For night cooling

by outdocr air, it is obcerved that fall ef tne indoor temp,
is approxinately £5-pureent of 4ie rate of fall of the temp,
of the outdcor air, The imnp, of the surfaces of partition, ete,

are 2lso raducad, bul 2t a clower rote then the air temp. The

minimuen 222a of tho inlet of the fan recommended by U.S. gtudies

B e b o NI s g Pt __‘,“.“,......rma;ﬂfwm““‘ .

“W30) is 14°75 s5, ft, for & fan 1o ~ting of 10,000 c,f,.m,

A
i ) L R T -;»- et Lo g
Py .

nr

In2 systen per forms most efficicntly when it is run continuous-
v, Tntcz::zittr_nt swiching on ond off of the fan at short inter-
vols of time is not.sztisfactory, Switching the fen off of ten,

in oxder to xsduce ths cor‘n'Ir:'mption of electricity is not desir-

able. o it is advisaule .,o use multiple speed motor to drive

the fan thoush the ini al cost moy be more,

ADVAITAGES OF LIKHAUST SYST.i:
The advantejes of the oxhaust fan systen over circulating

system arc followinga

It c:m induce air noveuent along with zir chanzes,.So it does
not only move the air it bring in frech air,

It may bring the indoos tr.linp. of air and surfoces down by
|

brinzing in conl outdeor :ur wvhen the outdoor temp is

coneiderably low, Spccia_lly 2% nisghte . .
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{in a

STt ‘is. possible

e

It need not 1inis occunants of a.hthea

to the saze de’zee as would a 01rcalut1n* fon, bycuu"e air
con be induced

a restricted arze only.

v

In a centralissd systen leus noise will be nere ble the-'

ccurce (\fon) teinz awey from the 1ooms. o

I i3 econonic in comparison with circulating fans, because
flat ucu2lly nwmber of circulating rans are used,

i b
"

structures

-

to layout +he more closely to one

another to'meet the required deneity level, with low rise
tuildings. ‘the rules of ojen
=

outside air velccidy need[not be adhered to,

type layout to cnsure a suitable

+

It gives more freedon o the arrangenent of roome. Only single
> (&)

banked arrangement of roo¢s

are suitable to ensure reasonable

. . - i :
ventilation by naturci mea N5 In this caze & double banked,

arranmerment nay b Ugﬁd ¢ lCJCD«lV. Zeenory of space may! bc

!1

achieved by deglrnlnr co.b ¢ floor plane.

. i
The surrounding of the house nay be n*ofu“ely planted, This

radiat J.IOII heat

tempera‘mre lov witich inltuﬂz

vill cut down the s gain znd Lecexn the outaoor air

will help to bring down thé in-

S
Under conditions of.natu-
3

Cd

ral ventilzation vrofuse jlanting cut dowvm the inletaairhvglpc-

door temp, within the comfort level.

[N

city anmreciably, - C R

. o

threuznt a mca or jroun of rooms and not within -
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Seba0e f»:if.::‘;",:z‘-.‘ticn eon sl .:r..:".rl cocidavntion to solay radiztion,
A little éeviaiion fien the ontirary orisnitaticn from vcntila.t-—
icn noint of wview wili not ©e critical under e:.;hausf fan system,
Tortunately i‘or‘E‘nnglr:Caesh" towth-South crientation is sﬁitable

from both colar radiation and naturel ventilation point of view,

I

H
‘

o610, Toom height need not be excesaive, A heisht of cight feet im

|
I

satisfactory btecause no exira heizht for the fixtures like

. ] t
cerculating fun would be necessary.

o B

. . I .
In future if neoed arizes blow fans may be used 4o force air

inside to maile the s;,'f-*em'ﬂven rmore cfficient,

5¢7+0s SPZCIFICATICHS ¥OR BANGLADESH:
Wielhan, ¥, s1 ;:csts that ihe nominal air handling ca.pa.citiés
are 2,200, 1,000, and 14,000 cft. per min,; the average watt-
aze 75, 220, and 250 and the cost 04, 70 and 60 fustralien -
dollurs (1563}, i131) In casc of Beng adesh for a house plan .

showvm \£i£,25) 2 10,050 colwme capacity of 36 inches unit moy

be surrested,

The outle’ of .the exhaust fen should point towaxds Forth or
Vlest that is avay fron the preveziling suminer wind dlrechon.
Because pravailing wind in tcrfe“eg m.tn the exhaust flow,

!
.‘w;ATLQ. Froferably a 2uzl or multinle conirol fzn e used, The initial

cont nay bo hish wit in the long wun will prove eccononic
N I

- -
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.bocause of Sovine in clpcuricity due to running a2t leowey capacity,

e fan ond notor should be well protectied from rain, The
i o

zotor May be pleced at 2 distance fron the fan in 2 well broie..
' o
cted picce and fan b reiated throush a bels, ‘ .
. . F . . . a .. )
The areca of the inlat 44 fhe fan should be more than 15 5Q.ft,
N

. ] h.‘
Lo obstruction lilke grilles should be placed in the inlgﬁ of

b,

the fan, The fan inlot ﬁznm‘rooms usually nlaced on top of,

doors or at a hizh glacé, should be operable and should e

+ r N .
. | " . . Pt
cloeed at tines when the room is not in use, "“his will increase

the air velocity of the rocng in use at that time,

Permanant ovening: chould be provided so that flow of air ig
not stonmed even vhon all thé vindews are closed, Pormanant
oneninzgs mey be pleced under the window gill. Frovisions nay
b2 rade for plosing the wermenont ovenings during winter months,

ariny winter when 2ll the oreninzs are closed, exhaust open-

inys w%ill provide zieauate health ventilation,

It is not possitle to séecif& cxaetly, without doing experimen-
talAstudies wder sneeifie elimaiic conditions of Bangladesh
Tne a2uthor howes to do some experiments in near future, Baéed on’
somme of the findinés of ithis dissertati5n a floor plan for a ty-
pical house is shown, ihls will be developed durinz the deaign

I

rhase of tho dissartation,

l
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exhaust cvoien ean also e efficiently uscd for ruliie
| ' .

storey wmuildinzse In cvery (loor an a2ir handling srace is

required which is connected to a vertical shaft, alternately

duets may e used,

v

e plan of a zinrle storey solutiom is ziven (fig. 25).

A1
the

he

the spaces are grcuped around a central hall ober which

evhaust fan is placed, It has a coversd area of 700 sq.ft,

solution is for niddle income grou: of reople of

+

Banzladesh, This vill we 5oucially sujtable for high density

urbeon residential arens,

-

@
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cizreriation roy ho dovided in o o throe perts;

e thene ol £he

'
’

to ideniify ine vrodblen, io det:mine the ventilation and ai
Zlow requirvencnts (toth velocity and air chanse) and to-deter-

rire ‘the means to achieve the requived air movement,

Chapter one :ives the '»vnllg.ble climatic data, 4nalysis of the
data is rartly done in ci‘.a'p‘-;-::r two, The comfort condition desgi-
red and how far off Isnjladesh situaticn is from the degired

level is found out, It is 2120 secen with reaconzble clarity

how well or worse off the J‘.ntemal environnents in the rbuilda-

(WS
3
t
‘ H
o

--
™
i
q
I
o
&
|

iy

forv is concernad from the climatic
roint of view, Chapier tue together vith chepier three help;
dlso to detm_t:inc”thc reqiirenents in suflicient objeotlve termg
if not in cxact quanvl.a%,'vo tcms. Chapter féur and five give

I. . . .
ScLe Ways and pieans o athbeve the reguired air flow,

: - i
Al the date that would i:e necessary for identii‘icationjffof. the
rroblems were not aveilable. Data on wmnow Tr ssure a.t.various
vines, hou‘rlg,' tempemtm values, exnct day and night sitvations
frequency of deviation f::'orn ;.hf- mean’ values etc, would be helnful,.
Besides climatic data info:mztions present housing situat_ion,
social, culivial znd eco%.o:sic conditinn of peoplle, availability
d services are also givin., From theso it ney ber concluded that
the questicn of dgensity jr.s gvdr emihasined, A rross density of
1C0 to 140 should be ..“fmlcni.. mere iy definitely a dual cule-
turul siendard asens tim;;-_‘eo_:.lc- -’J-'Jpr::‘.'jin{,-' on the degrce of we;s-

1

tem influwance, Bulk of the ciiy -eosnle etill have their roots
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in rurl aisog, Wwir cal turmal values zhould be resrected, linot

of thw hounin s foil +d do go, Cvtdcor living ig of vital imp-

ortince in the oliv $ic wituaition., So cifoets may be made to

give a =:111 yard o paten of land fc every Family,

vele3, CGiven "rouer climatic data, it is rossible to find out the air
movenent requirencnts with reasonoble accuracey analytically, .
In chapter tuo, the effects of various objective and DubJectlve

factors on hwaan yhysiolo ozy and comfori conditions have been

discuscad, UYne awarcness of 21) the factors will not only help

B
)
0
jol)
i)
1
=

3
o
3
la
cr
<
=
i
I~
[#]
[
3

vicion of adeguate ventilation but will
o also help male right decision about the other comronents of tre
heuse, ior exem,le, U veluve of the shell, the colour of the exr-
terior ote, thouzh other thermzl indices vere discussed, Olgeyh
Biocliratic chart have been used to conrare the,comfort condi-

.

tions beezuse it is sizfle and less detailed data is reqiired,
| .
1

3

L] hd r - ~ - r - L3 -
It is seen that in some weriody confoxrt is not attainable without

!
dehumidification, Dut iF can e easily judred what measures will
improve the situation ond reduce the heat stress even if sztiisfacs

tory confort level cannpt be achieved,

l
Gale4s In-chapter four various' factors 1like orientation, cross ventila-

I .
tion, position and size of orenings, control of openinze and
location of Muildin~s in reenect to one another have been dige
cussed, Sasmastions hove been nade atout how to mexinise ain

novcncnt ardd direet it mnrough the inhzbited zone of therine.

terior. Tnoushh 1% is -ossible to determine the requirements

L)

exactly, it is not :n agsiile to :30u3ru the air movement. exdr+1y
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Jl th natueet vineilation syuton. fecouse come of the variables

lilze exterasl vind velocitr end divecticon axc not controllable,

Uthzor faciors like ai:r chono and pir valocity havae also been

diccusged, It 15 siressed ilat air velocity is nore sisificent

than air voluwae or mass, In case of air velocity, avaraze veloc-

ity is more inrortant thon iaximun veloecity. fine need for nrower
Ul
distrituticen of air [low crmot be over esiinmated., Fature of dis-

trivutien have been shown oih in qualiiative and quantitative
temas in tzbular end diagrematie forms. Contrary to present
rractice, the author e hau1 ze3 the need for wrexmanant ojenings

bosh for health a2nd coq.o;t.vent**ab¢on.

L]

r

64145« Tinally it is susgesicd that natural means do not adequately
isfy the ventilation reguirements, From the case study it is

seen that circulating fans ane used in almost 211 govt, housing,
Once the necd for mechanicsl ventilation is estavlished, next

sté; is to find a suitablé ujutED. It is seen that 300 f.p.m. of

i wpmrr——— e e AR AR L 8

e v 1
air vc1001+y and 10 2ir changes pexr hr. is the ortimum air flow

- © e w.r -
rcqulredcnt syrthing above that \111 not im p“ove roqfo*+ cond-

- -

itions eprrecially. VWith ccntralised e:taust fan system this can

be attained, The adventages aid snecifications have been thorou-

snly discussad Wt financjal aspects could not te anjylysed. The
fystem does not assume a closcd condition; ventilation is assis-
ted vy the exhaust fan, Alflcor plan of a single storey flat with

a exnpanst fon syston nhas besn showm. This along with a two

storey solution will b= diwveloped during the desirm phage,
J » ~ ey

' |
!
'
I
i
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HITEOLY OF LASURE LT |
Methods of reasurin-; sor.ff.c of the envirormaental va.ri'a.bies are
riven below:
A, AIR TITERATURE,
Alr temperature can be measured by a mercury themometez:; a

| .
thexmo counle or an elecirical resistence sensor. Tempera.ture

of air is measured in desree Celsius or C, The smplest wa,y

to reduce tre xadiznt e errox .'LS to ma}e the senzor es sma.ll as
I P !

ossiole as the com'cct.ive heat transfar coefficient. 'rise's with
decreasing size, vhile the radiant hzat transfar coefficient

i .
is constant, The dry dulb or true air temmerature is a value
talen in the shade, the therrometer being mounted inside a
louver>d wooden box lmovn as the 'Stevensen Screen at a height

of 1+2 to 1+6 n ahove ground,

B, AIR VZIOCITH; : “

The instrument most commonly used iz the themel anemometer,
The heated probe can either be relatively larse 3 to 6 m

sphexe which thms avexeges the velocity fluciuations V;fi‘th time
50 that mean value is measured o» it eczn be quite smoll v 5
kot vire) in which r:ﬂsul;it noasures the, instantaneous veloci‘af."
For less exact iicasurements tha smole technique can be used
tininz the mcve;zentslof-ru ok pulfl, S:.o}:c aapuies of various ‘
and tynmes are avedlablc; Troneller ancmcncters ave also used.

Y

The wut 19 "m/s. .

Co FIAM Zanagama m o ,."'.‘,..:. U

deecaune of ibs uirplicity, ine £lobe thermometer has been the
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t
li 74 5 !
inztruzent oot uscd for dhe determinotion of mean rodiant

|

tenperature in practice. It consists of a black spherical . shell

in the cenire of uhich is placed a thermel sensor vhich take.

=
gl

on the mean temmperature of' the globe., Spherical diameters of

B St

varying sizes have been used. But most common are Vernonis

(d=15.2 ca) end dissenard's {d=9 ecm),. In theory eny diameter

TR T

-

can be used, o long #u ealibratien is made: t a large sphere

:
;
y

gives tetter accurasy since convective heat ﬁransfﬁr cqcfficient
is then lcwest, Prcviouslf:copper shells were used but these

have an unicsirably hish time constont, Instead thin plastic

bubble or talloon uay ve used, These are usurlly blacked by

l‘-‘;j.ihu'_n paint,

L, AT HGALIDITY L

unidity will normally be ihe same ovef the whole 3rea. It ig
therefore sufficient 4o meLsure the hunidity at one location

only. The neasurement can &e taken with a vsychcmeter, déw voint

apparatus and nysrometcr, Cne simplest way is to use dry hu¢b

and vet bulb themmomeier, “Ho oxdinary themcneters are mounted
side by.sid2, First one measures fry tuld temperature, The bulh

of the second one is covcfad with o geuze and is kept wet.

Tnis gives the vet buldb t&npcratule. Frou thege iwo readings
hweidity can be found out,

Another indication of atmospheric humidity is vapour preaﬁuré}

Pr z=p Yhere T is the atmospheric oressure

Ta +
Pa_ partia.l praessure ot d_..""‘f air and PV ig pal‘tia'l vapour pressure,

Tne unit is lliewton pe:r metre cquare | H/m2
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the »2lation shin of eli

and wet buld feaperature

!

1y

[
54

75

nne quantitice, that iz dry bulbd

absolute and relative hunidity and

of vapour prescuxe is chovm Yy the psychometric chart.
I
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t
e avee of the case tud‘;-.r in in Dneca. The site has e,. central
lncation, “he housing schcme wvas done durins the nericd 1948-51.,
At that time 3t was ot the edse of the tovn, Fow with <he expane
sion of the cify y 1% hr23 :becomc the central lolcation. rlace of
work, schools, sho_-:s! hoéjitn. s ctec, ame 211 very close' to the
sité. ™Mis houvsing being-one of the first mejor projects,many of

the facilities were lates [luced near the site,

| -

any unéulation, Surface wvater dreinage

e site is flat witheut

is done throuzh open cha:_ﬂhel or drains, Irains are on botl;g side
of the o248, “nese are vém unrleasant and is zr-otenfiall"health
hazard, Drains are not vell maintained. All other services are
similar to the oncs dasc;'ribed. in the article under urban housing
in Chepter 1.
[N o
The toatl arca of the site is 65 acres, Foulation of the_._site is

5100, Gross density is about 80 persons per acre. On western side

i . . ‘! Lo e
of the gite is grave yard, on the east is a girls' ‘college; on

the north is the llew lorket, a najor retail shorping area of the .

cityy on the south, is a boys schiool end private residences. .

oo !
molf
1

‘

O There are three kinds of roads, according %o intensi‘.tfrgc')f traffic,
Primary with rather heavy traffic, divides the area intoih:l:ae
three parta. Further sub-divisious are mzde secondary 1\5&&5; ter-
tiary roods and mainly poa strzison ond aceens ronds, ‘It ié;"in'terst-

“ing to note thod at diffdnmt times ':1tteznpts were made to. control
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in road ty cenimol ing entronce and el tn. ''miz chows that the

road layout is not at all satisfactory.

The layout scens to ™ cci-letely arbitrary. It seems that a few
'Ct Type buwildings wer: put first and later on emnty sraces verw

filled with oirer buildings. It is survrising tinat some of:-the

oxientations were grously:
!
concious, |

‘D' Iyme buildings seen to have becen conciously put around a
cou=t, This idea was rossibly derived from rural houses where .
four blocks are uvsually rut at four sides of a courtyard, But

they missed +he roint that there feur blocka scrve four different

funciions and Yorm a house combined togcther.

Due to overcrvvding, all'arzes of the house are used for éleepiné;
Dot for exclusive bdrcoms, hedu are removed or rolled up
during day tire. Fosquito nets axe used at the time of sleeping
to ie@n off incects, zZating is also doue in the kitchen on a

mat or locally devicad very lov furniture with no western equi-
valent, All the members of the family do not e2t at the same
‘time, so smoll) area is ﬁecessary for dim‘.ing. Toddlers play all
over the house, Growm up children usually go out in the aften-

L}

chiidren zre sumoscd to study et

e

noon to rloy. School-goin

.
el

H

nigat and in the iorning, They sit 2t the study +table for about

A

four hours a duyv. Crovm~up coaching students are comrtn. Men
70 to work at 10:00 hrs, and come back at 17:C0 hrs. Students

]
are 2t sehool ab the sane Timez,
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tne maintonancs
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of 1lomd, ihe

tonance cost

tenants, An o

e

the hovse ane cosi of the o] 1t are shown in
(
chari, 4nn averase cost of mzintensnce is between
the toakl cost of tuilding exciwding the cost

ainienonce 5t doe

4]

not include overhead,: iain-

is in souine

:aceg hicgner than the rent reeceived from

stizate and! wreak down of the maintenance cost have

v

oteen shovm, Soie shotegra:hn of the trildings are also shown.

A1l the build
liow all of them have been turned to 4-storey heichts

addition of one

CSURVIY PINDI

A, B85 of the
than the

80¢% of the
othez pur:
335 ef the
Teorle in 1
nossesaion

(%]
“d a8

6085 thini

it is not

taile care

tal.en to

facilities o

©0j has  arranpenent for focd nreservetio

flo body ccmrl Jnnd of distence of 1

a

ings viere 3-storey at the time of the case study.
with the

!

stormy, a case of verticzl exvansion.

GS

1
seople cntivled to higher class of dwellings

are
are living now.

reonle wonts to use the roof for reception. and

0ooes

veorle ex-ressed feeling of insecurity, specially

the grownd flosr, mainly bzcause.of no feeling cf

B

of surrounding land, -
] .

n like refraigeration.‘

stiirs ard maintrined wrovexly, Other half think

innt

mrintzined :ronerly. peorle did not agree to

of the stairs.

ace of work. YMaximum time

to nlacc:of viork i3 30 nmininutes, Post of the other

2 o0 clone,
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Iiem rein water to be insdeouate,

100;. thousht proteciion

~

nere is hardiy any att%n i to r1ovznt Lron rzin water.
06%: tnoushit a1l rocks wenld be uncomfortable without ceilingz
fans, Gihers think fans|in bedroom only would be enough.,

. ) . ¢

] -
"

ALl theugrt ceme kind of nachenieal ventilotion toﬁho essential,

1062 of <hs

| L :
ncople has ai least one domestic help per family,

6075 of the :cople thought that vaste diswosal syctem vag all
rizht. Othera believed it needed improvement. a. “V
People did not seem to have clear idez atout ventilation though

they seemad to have clear idez about orientation., In the same
. [

btuilding some thouzht wventilation was all Yight wheréas others

-

thousht it to be osm.

o "

Flats witn bedwoms on gide were nreferred to flats

with sleecning shoce en side,
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The effective tenperenturs index vas developed by Zoughten,
|

Ye;lou and iiller for the ASHRAL, The factors included are
|
E

air temnerature, nuwildidy and aix velocity, Two scales were

developed Tfor seni nude jand for neople ciad in sumwer clothing,
X 1

=
G
o]

[$1]
fu
H
[0}

H

™wo nemoiwcaas Weres de

- o i
It cen be defired as the

<

two kinds of clothing condition,

=

vemp. of a still, saturated atmosphere,

which would in absence of radiation produce the same effect

|

the‘ﬁ twosvhere in ques tion. It is found thet if {_;'lobe ther.

noneter readings are used in the above mentioned nonocrems,

~

in lieu of the IFY values the subjective reazctions to radiant

heat are adcquately ~llowed for. s in place of IBT, GT ig

("8

uged, Lhis is lmowvn as corrected effective temperature scale

or Cudile ©,2.7. includes in addition to air temp, humidity

and air velocit v ¢lso the effect of radiztion, C.E.Te index

ig still: the wost widely used scalce,

B, uQUITCRIAL CCLFCIT DIIEX \E.C.I.;

Bquitorial comfoxrt J‘”LI*‘;' vas devclonad by C.GWWEB3 in Singavore
in 1900, In :x,. Webb's lansunsei’ e nomogram combines the
tlhee faclors, temp; Aunddity ond adr novenent in to a single
index of wammih cplizd the Dquitorial Comfort Index, The value

of L.C.I. vepresenis the cubjective warmih of the elimate; it

i ' .
tells you the way it Izclo to 2 fully acclimatised person

| .

|

#lcbb, C.G. Jourmzi ol the Insiiiute of lleating and Ventileting

imginears® Jamwavy 000 wvol, 27, P 227-304.
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i
irvespective of vhethor the feeling ic due to heat or humidity,

|

|

or to the ebsence of coolin ¥ breezes,' This is very similar to E.T.

Co DEGULILT ol

n) .

+

Resulyant temperature was!develcrned by rMissenard in Irence.

-~

This scale is a2 s3iishi mnrovo":mt ovar ueT. gsecale, Its develop—-

I
neat was motivated by an asswiption that a fimer basis for a
I

Y
i

" . s | . . N L l
thermal index weuld be folied Ly experiments in which themmal

equilibriun was achnievea tween body end environment; so thit

Bo
I
the effcets of hlﬂldlfj ::1d wind under these coanditions could

I ~

be found, It is not very ezfcctive for tropical conditions as

it doeg not allow sufficiently for the cooling effects of air
movement over 35 C and 80|percent r,h.

| .
Do PRUDICTED FOUR HOVR SWEAT RATE P, 5] o

| S

This scale attennts 4o co i ©late subjective gensation with .

climatic measurcments, It' is nainly concermed with the objective
i ' .

determination of physical stress as J':ndica.teci by the'ra;t-ék‘o'f
sucat secretion from the body, by the pulse and internal temp.
ILetabolic rates as well as clotning, air t-emperé.ture, humidity,
‘air movenent and mean radiont temperature of the surrowndings
were -considerxred., "he Ol‘-‘:pe:rLT onts used;. as basis for the iﬁdex
! .

~were carried out over 4 --hour pe—riod;; vnder different combina~
tion of climatic faclors ond work conditions, ii was assumed
that same sweat rate produccd the swne vhys Jolonual stress,
£ -
“he scale is reliable for hi~h tem. condit_ions. The cooling

Fad

cifect of cir rovenents-at munidities is underestimated

\




Bt

he heat siress index vas devaloped by Ielding and Hatch, using
theoriticnl caleulations of ithe external heai siress acting

mal environment, of the heat

o
=]
el
P
IO
o
8]
(23
=
ct
o]
o
e
o
Q
=
"_*.

plﬂduCnd oy retavolizn for various dezrees of activity, and of

evaporative canccity of snvircnment. The calculations are tased

on fellowing asgswiptions,

]

a, lotal heat siress acting on the body equals the requirement

for sieat evzporations,
|
I

be The physiolozical strain-

5

posed on the body by a givén heat

stress is deterninad by the ratio of the required evanorative

cooling to ihe nexinun evaporative canacity of the air,

c. Constant chin teapgirature is maintained when the body is

supjected 20 heat'st‘ﬁss.

de "he izesinun sﬁeatiﬂg capacity-of an averase nerson .over an
8 hour period is appréximately 1 1/hr. or a cooling value

of 2400 ZPU/hr,
ce All the latent Leat of sweat evanoratiion is drawn from

the bOdYQ

F. THs DDA 0F GRAL STIESS (I.7.8.)
1

tress was daveleped by Givoni. Givond

“ne index of thermmal

— .

describes it as "the index of theiwal siress is based.on the

1)

wrption that, within the renge of conditions where it is

"‘)

snitle to mzintain fhoamal eunilibeium, cweat is secreted
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B e e e e S TR b ———— T P e n -

at o cufficient ruiz to achieve the evanorative cooling

.required Lo baloncedthe setawolic heat production and the

heat cxchznze with thé environment, e relation between

sweat sceretion and the requirved evaporatvive cooling depends
on the cooling efiiciency of sweakting,"i

The general fommula

S = [(M-w)tcx R]( '/g_)

S = required sweat rete in equivalant Fezd fhr,

M = metatolic ratz, lical/hr,

W = metaholic encr—y ]Etre.nsfoxned in ‘o mechanical work Xeal /he,

C = convective heat eixchange Fend /ar,
. L) i "‘
R = radiant heat cxcn‘;m;e ¥eal /ar,
f = coolinzy cfficiency of -sweating, dimensionless,

|

%Givoni, B, "ian, Climaite a2nd frchitecture"

Llsevier publiching ceupany liniited 1969 P ©8-95,
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FIVEIEIADICAT vOmina
- 4o Beldingts formuia for £indin~ out IR?P 47,
o
M-RT = t3 +o24v °(1q ...ta)

V = vwvelecity of air in m/zec .

I

|

. L] . Opn

‘t,s= Clete therronaten tean, in CC .

'ta_z air temp in Q(3' ! : '

[ I
.
2

21ding s formula for finding naxinwm evarorative capacity 47,

e £ 20 v O@ (42-—\4,0.) '
’ .
|

L

for 2i it clothin~ & ==

or li~hit elothinz et = BB\ CA'Z_VPO-)
| .

V ic adw veloecity in n/see

Vpa is vapour rressure in omm He,  Bvaporative cepacity in kelsh/m.
i
C. Givoni ‘s formula for. sensible nerspiration 5P, (15 ’

sensible wperzpiration S' = =3 4 5 #B/F '
° i * .3 EA /Dmax) oo

Dy The volume of frcsh hir to een €9, concentration below
£

025 vhon the volune rroduced ver person is given by q \1/11)

g . 100 9
(02 -~ o oz)icoo V&

Q=

For sedontary activiiy wicn  Co,

. . a4 i - 1
rroduation ds 18 - 1,5 o= ‘@é) = 10 ’-B/h per rerson,
Yhen tho 1erson is doing manual worlk 02 is three times the

nomzal vroduetion henes ihe mouirenent ig 30 u3/h Ner DEerson
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Le in creating ihe stack effact 4he mobive ferce is nrozoxrtional

to the vertical vewtical iistance h  Taiween the two oponings, .
and the »atio ‘:"/r .nn“mt“ the indooxr ~cutdo r temo, difference }I
and T is the averace absa:lute tend, (':'K = °C + 2% 5) :
If the pressure head is given uy AP . . g

ap = _hat (¢ 120)

55 |T -
Average weight of 1c colwin of water is equal to 8+5m of air 1
. l -5

at ordinary atuoz, temp. &« :xessure,

The air flow Q induced by the thermal force can te found

bty the equation o5

]
K is a constant d:pendinglon the resistance "of the open .
- (%)
1

In metric sysicn the velueris 7 and the wnit is m3/mm/m

|

F, Viebb+s heat 2nd mou..:uré Lalance evuntion is

~

Rate of heat lost by vrntiletion -
= Sensible metabolic heat ° 2 VWild heat’

Vechp a1 = N(Q—EZE) ;
N = No oq. PCO‘P‘Q K':: \uncl he,a-'\'

a2l ether no"‘a—l—?cr\s howve \'L"".“"J‘ meoning

aT = PCP /_ﬁ .. . _

G, Van Strzaten's fomula
‘e air flow Quw = Ce -A-(K> v

Ce = cembined ceefficient of discharge of flow through the openings

o
4 = [ree ayen of inlet ox cutlet or c‘m.nd, QsgUMihg ecvuo..(
K = dinensionleoss ne

oregsure

wind ::;ncw, £t, per iin.

T
il
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T e A e —— et i ot e . e & T e e e e ———— ety =040 3 Ry et 7 e

The value of C; 2nd benece 9y is influciced hy the s t_nce
tetween the inlet and ou‘tlc;!-‘;:';c When two openincs ave in series
the aiyr flow docresases on to distznce tetween thenm increases,
ihe rate of docrease ic :...nﬂT after 12 £+, T™e dimsnsionless

| . .
rressure ratio @ is a mzagure of the effoctivmess of the Tilding
| .

to convert +he dynande free vind nressume in to a2 static nre'ésttt'e
i
difference acoross the ‘;-uilifli &ehe mmerical va.lue is ma.lnly
affected by ihe direction in vhJ.cH wvind is blowing rela.t:.ve 'l:o
the building, layouu or rla'n of the building, and so*'uctura.l
features lile r00f :itch, overhanr, wall heizht and wall leng'th.
; :
| T
Hy Givonifs {15) formula I‘ofr average indoor velocity assuming
inlet and outlet as equal,

- 384
V( y =

V(g)n averaze 1m?oor valocztty

X = ratio of window emzos to the wall
1 .

. . J : : _.
\/(o):: ounsdonr vind speed | . :
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Ao lempeaiure: 'C'

J‘-:_—FIW;AE.'.'._"JIJ;A:SgO!N D
testly s man 3 oL vl ein e b | e |2 . 2605
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Moty masnssage |11 Vi 1 (20| E4 | 62| 0|50 |55] 72 i

Re'azive bumidity: %

tAgnihly mcan min. pan.

Average

Monthly mean max. am |3

'52' 273

I/(o '8?_ '

e
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Hunuddy gracp: A H aveiage R

belove 30%

30 .20%

£3.7G%

above 70%%

Rain and win:
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Comfont linnls Day Lo 1t _“t:\, _h‘.‘uhl Day ) Hegglag
Homidy groups 1 20341738 alan e avas o 1zeay
2 aasm amrs 27-30 1e-aa 20-27 12-20
(9- 3 s3.20 1729 _ i 471 19.26 12-19
& :-21 11 saers 1470 26 12418
TABLE 2 — i

Diagnosis: 'C

J F]MEAIM_'J

IA,SIOINID

Rlonthly maan max

|
t
25 Ezvel 321l 336l328 38 |3>|o

Day comfoit; upper

ar o!.'sl g

ol'2 283264

I
->|zf-;~§29l2? |2;

27

27

2? 27 | 2%

- e |72 |28 25| 22 [5 |72

22

22

22

22| 22

thonthly mean min,
Y

fboi oiz 4]24'4

Night comiont: upper

25’@{ 260! 250

260

24012142

23 23]96 _2__5_12‘ 21 | 21

fowix

Thermal swress: day

,—————

21

21

21 21 21

iz Tz

17

7

i?

17
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Indicators
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| .
j tayouw

\_/, 1 Orientation nerth and cornh {long axis east-wast)

2} Coanpant zounvarg sisnning
-
CSpiing

~ -

a Lo spanasyg for breers penetration

4 | s 3, but pretectinn frary hot and cold wind

t_L_._i

S l Ceipaci lapeout of eatates
;.

Air mavemant

6.} teoms cingle banked. permanent provision for air
tuament

7 Orub'e banked reams, tamparary provision for aie
mbvement '

B Mo air movement reguirement

Qpenings

\\/; 9 La:ge opehngs, 40-50% -

smail openings, 10-20%

Any other condétion';f

sowm openings, 20407

« Violls

12 | Ligist wails, short time-lag
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