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ABSTRACT

& STUDY OF THE FACTORS FOR THERMAL COMFORT IN RESIDENTIAL HIGH-RISE IN DHAKA CITY

BLION BEHARI SARMA, |

Living in high-rise aparments has heen accepted n congested busy cities all over the world and
Bangladesh 15 no sxceplion. A few years' back high-rise apartments  were considerad lo have been s0
sostly as to have been cwned by the aflusnt pecple only, The recent developmenls hke reduced prica,
availabilily of hank ioan and govemment programs b accommedate government persornal in multi-skoried
buildings have paved the way for the middle income peopie o lwe 1n such apartments With this change,
however, a new responsibility has been placed on the shouiders of the designers of such bulldings Yvhile
the afluent owners could afford to install and maintain costly gadgets 1o moderate climatic adversities, the
new owners and users, being less afluent can neither afford to install nor maintain coslly gadgets Also, the
excessiva usas of such gadgels should be diseouraged in view of the power crisis in the country, specialy in
the large citigs,

The new responsibiiity that has been placed upon lhe designers of high-rise apariments is Lo design user-
fiendly, chmatically comforlable and energy-efficient apariments The success of such design lies m the
optirnum utlization of naiural ight and ventitation far ensuring thermal comfort. This sludy projed, was
undartaken to study the existing sduations of climates inside high-rise aparments Una chjeclve was to
understand the cument problems and inadequacies, lo conduct studies and investgation to find oul causes,
such that design guidelines for their improvemant can be suggested. The benefit of prevailing wind may be
utilized in case of tuilding, where the designer gels scope to maneuver iis onentation and configuralion.
This is seidom possible in case of buildings 1o be constructed on smalksize plots nside congasted busy
cites The best way to ensure aptimurn natural light and verndilation inside |5 i@ have suitable-sized windows
and olher openings at sn.ntaple locations The architects, in general, provide necessary operings and the
middle-ncome pecple are used 10 keep their windows open, of course with the use of curtaing, for gettng in
nalura! [ight and fresh air, and also for good views, With light and ar such openngs alsc bring in the axtemal
temperature and humidity. These two important factors of cimalic comfort increase furlher dus 1o presence
of human beng and their gadgets. One novel way to kesp this imernal-extemal yvarialion 'minimum’ is 1o
intelligently design the openings by size, locations, fragmenlation and passive design elermenls. Because of
{her natural seltings the rooms at vanous cardinagl locatiens show difference in temperature and hurnidity.
S0, another intellgent way of optimum use of climatic kensfil is Lo accommadate the appropnate type of
activities al the proper locaticns, One ¢hjective of this sludy was o find out the climatic characlenslics of

rooms at various localions due to their naturat settings

This study may be considersd as 2 'Post Occupancy Occupation Evaluation (POE) of high-rize apariments
in climaiic aspeg’, that may acquant the designers of such apartments to have understanding of vanaus
faciors responsible and contributing to the creation of ‘comforiable’ and ‘uncomfortable’ chimatic conditions.
it is expected thal this understanding would help them to have the knowledge and understanding most
essential for desigring 'clmate-friendly and energy-efficiant high-rise apartments for (he lez=-afluent users,
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PREAMBLE

The principle objective of this work as outiined in the proposal was "ta find out factors responsible
for the climatic comdort and discomfort in high-rise residential buildings in various |ocations of
Dhaka city. The study 15 also expecled to reveal if there exists any relationship between the
inhabitants' feelings of climatic comfort and the locationsforientations af the rooms, architectural

design, malenals, finishes etc.”

For tha purpose of Investigation and studies of microcimates in various rooms and spaces of
high-rise residsntial buildings 27 Iiving units in 7 buidings located at & difflersnt locations were
selacted. The five locations of buildings were (01) Old Dhaka adjacerti to Bunganga river  to
study the efiect of the rver as additional elsment, {02} Shantinagar on the narth of a busy road
and within agglomsration of bulldings (03) Elephant road - on the niorth of the busy commercial
road, {D4) Farm gate : an area away from busy commercial road and within agglomeretion of
high-rise buildings and {05) Dhanmond! residential area : on the east side of a busy road. All
these areas have gol distinctively diferent site influsnces to have reflections on micro-climates.
The electronic Hygro-thermometer Clock was used for recording temperaturs and relative
humidity. Also a guestionnaire was used to record the commeris of the users regarding their
fesling of micracimale inside Lhe reoms, such that those could be compared with the measured

Dnes

Chapter One presents a background for this investigation and study and includes in brief, such
information like how the habitation of city changed from delached indepsndent rural house to how-
rise brick building, ta four storied "one-slair-serving-twa™ type apartments to the present high-riss
tower bulldings, how the climate changed through years with gradual disappearancs of green and
open spaces, fieids, water bodies efc, how numerous industries and motonzed vehicles
influenced the city's dimate and how all these faclers created aumsrous small regions with

independent macro-climates throughout the city.
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The Second Chapter deals with the varous aspects of climate in general and that of Dhaka city in
parlicular, as a basis for understanding of the problem tc be addressed in s work It also
mentions brief findings of soms works an the cimats of the city, conduciad in recent years by

s0me researchers

The Third Chapler deals with various aspects of habitation and residential buildings, including the
role of architectural design amed at satisfying user's needs, comforl and aspirations, to suit
urban design requirements as also to take care of the profit of the entrepreneurs, who in general
consider construction and selling of aparments as a business. It also mentions the Urban

Construction regulalions and bys-laws, which have relevance with climatic comfort of the users.

Chapter Fowr describes how the investigation was conducled as per pre-determined
methodology. % may be mentioned that as per initial propesal varicus information regarding the
canstruction materials, internal color, finishes, fumiture etc. were collected However, it was [ater
found that those wers not much relevant ta the investigation, since those were found to have little

effact towards the micro-climatles inside the rooms.

Chapter Five presents the analysis of the findings thal were made in order to find out whether any
relgtion of climatic condition can be established with the vertical position and horizontal location of
the room under study, whether or how far the instrumental readings match with users’
preferences and o on. It also describes some ‘unusual observations as observed during

investigation and also presents probable explanations far those.
In Corclusion, attempls have been made o use up the findings and analysis such that those may

be of use by the designers in their endsavor to design climatically better and comforlable

apartments within the current bindings and Iimitations.
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BACKGROUND



Chagterl1
BACKGROURND

1.0 INTRODUCTION

Dhaka, being the capital of Bangladesh is the most immpartant cily of the country. In addition to
housing the centra! administrative and institutional facilities, the cily now accommadalas nearly
10 million people (Population Census 2001 on an araa of 1533 square kilometers {Urban Areg
Reporl 15957). These statistics have been presented in more details in respeclive Chapters,
Howaver, the above two figures indicate density of about £,500 persons per Squars Kilometer. A
considerable portion of land of the city is now under Lhe control of law-enforsing auvthorities and
that i fact results in togher densities in habitable areas Pressuee of poputstion on limiled iang
has nitiated construciion of multi-level buildings for hatulation in the cty. High-nse apartmenl
buildings are now common scenes, According to the Climatologists. the growlh of high-rise
Buldirngs at close preomity and the use of vehicles have changed the general city climate and
have cregted numerous micro-chimates in some areas It is obvious that such changed micro-

climates affect the climates inside the adjacent habitable buildings

The subjects to be discussed in this Chapter includs such topics as Objective of study,
Background information regarding Bangladesh and Dhaka city, Habitable uses of tall and high-

rize buildings with special reference to cimatic contexis, Methadology for mvestigation etc

1.1 OBJECTIVE OF STUDY:

The abjective of this study as outlined in the proposal for studies was to find ouwt the climatic
conditions irsede rooms and spaces of high-rise buildings, to find out if those at higher sltitudes
vary from that at the lower levels, i there exists any r;a[atiunship beteeen the inhabitants' feelings
ol cimatic comfort and the location/oriemation of the rooms, their archilectural design, matenals,

firushes ete.



1.2 BACKGROUND:

A brief background regarding Bangladash and Dhaka cily, the various contexts and reasons
betund the growth of residerial buidings in the city, the factors affecting climate and micro-
cimate inside the oty etc. will be discussed hereunder, However, the relevant subjects will ba

discussed in further details in specific chapters on that subject

1.21 BANGLADESH AND DBAKA CITY:

Bangladesh. one ime province of erstwhile Pakistan emergsd out as an independent state in
1971 Dhaka, being the capital city of this new country witnessed tremendous rate of urbamzation
during the recent decades. Accommaodations were to be constructed for the government offices
and the people working there in. People from the rural and fringe areas rushed in to emay the
bensfit of Hving in the capital city, and the vast number of wage-sarners staying 1 the middle-
edstern countries wanted to have accommodation for their families here In such a context, there
was a trend to construct houses on all available land. This lrend increased the price of land by
manifold, in most cases, beyond the {imit of the common men Since the city is enclosed by the
river Buriganga on the south, Gazipur reserve forest on the north and low lands on the east and
west, lateral expansion was bolh difficult and expensive. Such a context prepared the NECeEssary

hackground for the growih of highsise buidings in all possible locations.

RAJUK (Rajdhani Unnyan Kartipakkha), the argarization responsiblg for developmeant and control
of buiit-forms in the city prescribas for leaving certain open space on all sides of a buildhing This
set-back depends up on a number of factors like plot-size, width of adjacent road, height of
building ste and thus amounts from O to 2 meters™! Afer the developers faurd the construchon
and sale of apartments as lucrative busingss, they wera after utilizing every squane meter of
avallable land, |eaving the bare minimum kend as specified by RAJUK and at times even
encroaching the same. In Bangladesh there is no system of 'Mock-up flats’ ™ or Past Occupancy
Evaluation {POE) ™ as practiced elsewhers i the worid, Thus there is no way of knowing, how

far these aparments fulfill the needs of the users. Since most, i not alt of the develgpers are in
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the habit of constructing apartments lsaving more or tess the bare mmimum opan space
prescribed by the urban authorities, the intending purchasers of apartments get little scope of
comparison and have to accept whatever Is available. Once inside the apartment the users have
to adjust to the siluation that they often do by uslmg electric gadgets Like ceiling fan, exhaust fan,
hght, air-canditioner elc. and sufier from the coneequential cost of energy. Therr dependence on

energy tells upon the present energy-crisis of the country.

1.2.2 GROWTH OF RESIDENTIAL BUILDINGS IN DHAKA:

Situated on 20°30' - 26° 38" North Latitude and 83" 00 - 92° 56' East Altitude, with 12,3151 246
poputation “in an arsa of 143, 992 sq. kilemsters, with a density of 834 persons per Square
Kilometer™ and a GNP per capita $ 350 (1993) ¥ Bangladesh 15 one of the third world
counlries, endeavoring hard to rise out of har prasent label and fevel. The land was part of
British-ruled India up to August 14, 1347, after which it became part of Pakistan. Aler & nine-
menth long war for liberation that initiated on the might of 25™ March 1971, it emerged out from

Pakistan as an indepandent state rule on December 16, 1971,

Siwated on 23° 43' Nerth and 20° 24' East Dhaka has a population of 25 12, 908, 1n 20,89 336
houssholds with housshald size 4.7 persons per househald ™! in Dhaka Statistical Metropalitan
Area, comprising of Dhaka city corporation, Narayangon), Kadamrasul, Savar and Tongi. The
population under Dhaka city Corpeoration is 53,78,023, in 11,07,474 househalds with household

size of 4.8 persons per housahold™

The *Urban Area Report' of census gives datails regarding areas of urban cities, numbar and
types of structures ste This report of Bangladesh Census 2000 15 new under Process and is
expected to be published in 2005, The urban area report of Bangladesh Census 1991 was
published in 1897, according to which the area of Dhaka mega city is 1353 Square Kilometer,
with population 54,67,453 and households 11,74,282%, About 1 1 million peopie live in siums

and squatter settiements "™ and 2.0 mlwon live below the paverty line'™, According to reports of
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the United Nations Fopulation Fund, by the year 2015 Dhaka will bs the ninth largest mega-city in
the world . The country al present faces acute shorage of housing and the stuation is
warsening with time, The inter-censal urban population growth of the country has been pressnted

irn Table 1-01 below.

Table 1-01.

INTER-CENSAL URBAN POPULATION GROWTH OF BANGLADESH 1901-2001

CENSUS YEAR URBAN POPULATION % OF NATIONAL FOPULATION
1801 T.02,035 2.43
1911 .07 024 255
1921 8,78 480 284
1831 10,73,488 3.66
1941 15,37 244 3 a6
1251 18,189,773 4 33
a8 2G,40,726 519
14974 8273602 .78
18931 1,35,35,863 15 54
1591 2.24 55174 2015
2000 2,8808477 2339

Source : BES. BANGLADESH POPULATION CENBUS 1981, Vol 3 Urban Area Report, 1997 and
BBS POPULATION CENSUS 2001. Preliminary Report. August, 20017

The information regarding rate of population growth of the SARC countries In the urban areas I8
avalable up to 1991 and has been presented in Table 1-02. In this Labie, it may be seen that

Bangladesh has the third highest urban popuiation growth after Bhutan and Nepal

Tahble 1-02
ANNLUAL URBAN GROWTH IN SARC COUNTRIES

TOTAL URBAN
FOPULATION FOPLILATION

COUNTRY YEAR POPULATION LN MILLION GROWTH RATE GEOWTH RATE

Bangladesh 1941 1M1 5 217 5.4

Bhutan 189491 1.9 23 L)

tndia 188 833.1 21 38

Hepal 1991 181 23 L)

3n Lanka 199 172 1.3 &5

Pakislan 18491 1226 2.9 2.4

Mal Dives 18981 0.2 — -

Source: BBS. BANGLADESH POPULATION CENSUS 1891, Vol. 3. Urban Area Report, 1997 and
BES BANGLADESH POPULATION CENSUS 2001 Preliminary Report August 2001




According to one researcher, during the peried 1971-96 the urban population of the country

Inereased by 6% Y

in as early as 1258, for accommaodating more people on less land, the firm of Minoprio, Spencerly
and Macfarlane suggested for “development of blocks of flats™ to replace the congested old ity
%, No doubt, they made this suggestion in the then context of old Dhaka, where the buildings
wers mostly two storied and four-story high building wers not in vigsion. By ke sevenlies,
however, four stoned buildings tumed out {o be a common scane in the cily, sspecially In the
newsr norhemn part. Aflsr the govemment initiated construction o four storied buildings, the
common peapiz alse accepted the idea as a means of 'accommodating more people on less
tand, as followed elsewhers 1 was soon observed that wih expanded urbanization and
increased pressure on lands, four stoned residential buildings became the more common housing

type in Dhaka city ™,

Twenty years' back Dhaka city dwellers were refuctant to live in flats above four or five stores
high“m possibly becauss of a change n hving pattern dus to dis-assoctalion from the ground Bt
in the later parl of seventies, when the wage eamers from the middle eastam couniries looked for
housas 1 the urban areas and wished to bye-pass the cumbersome process of acquiring land,
getting plan passed and indulge m canstruction waorks, a new demand for ready-made apariments
was felt The developsrs came to meet this demand and consequently the construction of 10 to
20 story tugh apartment buildings was ititisted Even though disliked at the initial stage for a
nurmber of reascns, the Dhaka city dwellers by now have shown increasing imerest in owning and
Iiving in aparments. Some experts chserve that high-nse buildings are generally construcigd to
ensure economical use of land in areas where land is scarce and Its cost is tugh "' Trus IS very
true it case of Dhaka In such a conlext, there had been a new frend of housing developmeants in
& mass seale manly in the private sector, as a result of which Dhaka has experienced a new type
of residential developmenl, broadly termed apartment development. The situation has been

expressed by an expert a5 “A racent trend observed in Dhaka's urban fabric i the rapidly grawing



number of kigh-ise apanment blocks, devélnped by real-estate developers in the formal newsr
parl of the city. These blocks serve to mitigate, to some extent, the severe housing problem which

has been caused by the increasing population in this capital city' %,

The causes of construclion of highoise bulding, however, vary widely from one country o
ancther and those nclude factors ranging from craalon of corporate image for the affluent fiems
to means of making money Theoretcally, a number of single-storisd houses staying side by side
on land, when placed one above the other, can form a tugh-rise housing In practice, however,
the process 15 much more complex and pmblemaﬁc: As soon as such & house soars high wp n
the sky, apart from engineenng complexities of construction and mamntenance, there arises
problems relating to physical, psychological and climatic environmants® Of all these aspects of
High-rise building climate seems to be most imporlant in case of residential high-nse because
such buldings cater for continuous DCCUPEnCY and mulliple activities talking place almost
contmuously and simuttanecusiy. The climate dependency 15 greater for this ciass of buildings,
whera comfart conditions have to satisfy an extremely wide range of user population, rather than
for the single-use and Yimited time occupancy class of structures <21,

1.2.3 CLIMATE, REGIONAL CLIMATE AND SITE OR MICRO-CLIMATE:

Climate piays crucial and important roles in human habitation. The dlimate of the external nature
i its exactness 1s not avalable inside buili-forms, because these forms considarably change
those. The microchmates inside the built-forms are of utmost imprartance for lwing comfort,
Warious factors ke compenents of climate in general, those affecting regional and micre and site
climates, how and to what extent thoss affect the micraclimakes in Dhaka city etc wll be

discussed here

(i) COMPONENTS OF CLIMATE: Climate is the composite efect of a number of factors. Various
chimatologists have mentionad these faclors in different ways, for example,

if. Jeffrey Elis Arcint® n'CLIMATE AND ARCHITECTURE' mentioned components of climate as:

2



ii.

vl

(1} Sun, (2) Tempsrature, (3) Wind, (4} Precipitation, (5) Lightning and {¥) Hurmidity.

Koenigsberger® i ‘MANUAL OF TROPICAL HOUSING AND BUILDING’ mentoned compohents
of climate as: (1) Temperature, (2) Humidity, {3) Precipitation. {4) Sky condition, (5) Solar

Radiatian, {6} yind and (7} Vegetaton,

B. Givon® 1n ‘MAN, CLIMATE AND ARCHITECTURE' memonsd components of climate as:
{1}, Solar Radiation, (2) Long-wave radiation 10 the sky, (3) Air Temperature, (4} Hurmdity {5}

Wind and {B) Precipitation.

Markus and Markus® in ‘BUILDING, CLIMATE AND ENERGY' mentionsd components of

climate as (1) Temperatura, (2} Humidity and {3} Air movement.

B Givorn'® in ‘URBAN DESIGN IN DIFFERENT CLIMATES' mentioned components of climate
as: (1) Temperature, (2) Hurmudity, (3} Wind condition {4} Solar radiation, {5) Long wave
noctumal radiation, {6 Fog and precipitation and {7) Turbulence and chemical compaosition of

ar.

{ii) REGIONAL CLIMATES: while global climates camposed of the abave mentioned factors are

exiremely varizble, the climatelogists, depending on & pumber of similanies or common

charactefistics, have classfied thase info a number majr Tegional climates as mentioned

hereundsr,

According to Koerigsbergsr™ (MANUAL OF TROPICAL HOUSING AND BUILDING) varfious

regional climates are. {1) Warm Humid Equatorial Climate {2) Warm Humid island Climate

{3) Warm Humid Trade wing {ilimate {4) Hot Dry Desert Climate (5] Hot Dry Marine Clumate
e '

{81 Composite Monsoon Clmate {7 Tropical Upland Chimate.



i) B Givoni™ in 'MAN, CLMATE AND ARCHITECTURE mentioned the foliowing as regional
climates {1} Hot Dry Climate (2) Warm Wet (a) Eguatonial and (b} Tropical Maritime
Cimate {3) Hot Dry and Warm Tropical Continental Climate {4) Warm Temperate {a)
Monsoon [b) Mediterranean (S} Continental {d) Marnne and (e) Mountam Climata (5}

Eastern Marginal Type Climate (8) Coot Termperale Cortinental Climate {7) Manne Climate,

i} According to Martin Evans™ (METRIC HANDBOOK) the regional climaies are (1] Warm
Hurmid Equatorial Ciimate (2] Tropical |sland Climate {3) Hot Dry Tropical Clmate (4)
Mantime deserl Climate (5} Intermediate Composite or Mansoon Climate (8) Equatonal

Upland Climate (7} Tropical Upland Climate (8) Mediterranean Climate

{iii) SITE OR MICRO-CLIMATES: Regional climates serve no effective purpose to the designers
of puilt-forms, who need more inkense information for designing buildings in any location in any
couniry of the globe MicraClimate is the lemm usually used {0 denote the chimate of small-gized
and specific areas. In place of using the term micra-climate Koenigsberger, however, used the
term 'Site Climate' because according to lum '{micro-ciimate) can imply any [ocal devigtion from
the climate of a larger area, whatever the scale may be. The botanist may consider the
microclimate of a single plart leaf. with s temperature and moisture conditions, its populauen of
Msects and microgrganisms, on the scale of a few cenbmaters. For the urban geographer the

term micro-climate may mean the climate of a whole tawn"®",

In caze of living comfort in cities, what really matters is rol the gicbal climate, and not even the
regional climate, but the micro or site climate. In large cities there may &xst NUMErous
microclimates due to the local influences of such faclars as buildings and structures, roads and
' pavements, green aréas arulcl 11?.-'6:.1!'3!' bGC!lEIS, heat and gas gensraling factories and numerous
vehicles According to Markus ?L al, regienal climate on a honzontal scale varies up to 1000
kilomelers, top climates exiend up to 10 I-qlprn,eters horzontally and 1 Kilomeler depth and micro-

climates mit to about 1 kilometsr horizgntally and 190 meter vertically™™.

' ' e

4



While various experts like Leonardo da winci™ recognized ‘influence of humidity, John
Arbuthnot™* effect of air movement’, Thomas Tredgald™ ‘adiant heat' eic. on human comiort,
C.P. Yagiou™ in 1823 published the resulls of his experiments, in which he presented how the
sffect of temperature, hurmudity and aif movemerd an human somfort could be measuwed. o
addition ta exlernal climatic factors, human comfor also depends up on subyective varniations like
age, sex. health condilion, clothing, food habit ste. of the subject or person under sludy. On the
basis of their experiments and observations the expens have farmulated wvarious scales in
cormbination with Temperature, Humidity and Airflow and those are now used to measure climalic
comfarl 10 different climatic situations all over the world Even though the climatc, cultural and
physical context prevailing in our country considerabty vary from these of the other countries we

<till have to use those scales, because no such scale was ever developed in our land.

Humphray® in 1935 used a scals, using only Temperature to indicate nsrmal comiort within a
range of 17 °C to 33 °C By his consideration since human were accystomed 1o five within the
'i|mit of @ maxmum and a minmum temperature, they should jogically feel comfortable at a
temperature near to the average temperature. By sxperimenting and collecting responses from a
number of subects Humphrey “® that Neutral Temperature vared from e average
temperature as expressed by the equalion. T° = 2.56 + 0.831 T ("C) where T™ stands for
averadge temperature and T, for Neutral Temperaturg His final commeni was that normally a
band of 4 C {2° € above and 2° C below) centered around T" comprised the comfort zone. The
designers of built-forms, however, were aware that climatic comfort inside the buildings couldr’t

be expressed through temperature only

Whenever an open country tums inte a built-up oy, there remains every possibility for
temperature Inside the city to be higher than the surrounding areas The air flowing through the
open country skips the built structures, leawng stagnant air undisturbed in between the built-
forms Thus such pocket areas cannot have ihe benght of cool &ir on one hand, and on the other,

the heat trapped thers cannat escape. VWater bodies, green trees, grasses etc reduca heat by the



process of evaporation of water. In & congested cily, these are gradually replaced by bult-forms,
roads, pavemenls, hard courts &tc., which first absorb and then emit heat Varous machineriss
and gadgets used in houses and factories, vehicles plying on roads elc, alse contribute towards
inereasing of heat. Some climatologists believe that due to these reasons 'heat island effect’
which means an increase of heat from the surrounding open country, has already taken place in
Dhaka city, Numercus microclimates, differing in temperature and hemidity ate now & common
experience in Dhaka city and may be easily experienced by one moving fram one end of the city
say, from the bark of the river Buriganga 10 congested old Dhaka, through busy markets 1o the
less congested norhern part These have been discussed in more details n the Chapter on

Climats.

{iv} CLIMATE OF DHAKA: According to soms climatologists™ the climate of Dhaka is ropical,
The ciimate is greatly influenced by the presance of Himaiayan mourtain range and Tibet plateau
in the rodh and Lhe Bay of Bengal in the south, The climate is characterized by four main
metecrological seasons, namely, winter, pre-monsocn moenscon and post monscon, Period May
ta March falls under pre=monsoon In this season, maximum day temperature vares between 37°
and 40° C, even thaugh it has been found to rise up to 440 C. From June to September Dhaka
city remains undsr the grip of monsoen Humidity level dunng this seasan remains over 80%; the

maximum temperature varies between 21° — 33" C,

it 1s found that the range of temperature in the pre-monsoon and Monsoon seasons are well over
“the comforl range of skin temperature, which lies batween 31% to 34" ¢, In addion, the
chmatmngi.'sts have discoverad that the wurban heat island (in Dhaka ciy) affects the mirumum
temperature more than both e mean annual and mean maximum lemperatures. Analysis of
mean minimurm temperalure recorded at 14 differant mobile places on Apnl B-9, 1982 and July
6.7 1602 show that the heat 1sland intensity at the time of mimmum temperature epoch in Dhaka
oty in April was 2.5 and that of July, 0.6 ®  The fact that the urban area is always warmer than
the surrouncing vilages has been extensively studied and documented around the world, 1t is

also found that the warmer temperalures are always associaled with higher densily urban

|



dwellings forming urban heat 1stands. Mean annual temperallure, mean maxmum and mean

minimum temperature indicate that Dhaka has an urban heat island efact 9

Since frictional effects become weaksr with height above the ground Y wind velociy, in general,
increases with height In the congested areas of Dhaka city the bélnem of higher velocity at
heights cannot be availed In areas where bulldings are clcaély spaced Again, in some areas the
windows cannot be kept open due to excessive velocity of wind and in order to retain privacy.
Simitarly, radiant and reflacted heat i general, decreases with the increase of height from the
sarth’s surface, In high-rise buddings, the materials used as building envelope absorb radiant
heat to be transmitted or emitted later The more the herght of the bulding the mare is the

building mass and s¢ also is the absorption of heat. In extremely congested areas, this radiation

may be trapped insids narrow recesses,

1.3 TALL BUILDING AND HIGH-RISE APARTMENTS :

Accommodating more pegpls on less land is the immeadiate need in most of the important cities
and tall and high-nse buildings are accepted solutions. in addition to accommodabing working
space, thase are now exlensively used for the purpose of habitation A brief discussion an talt and
migh-rise buildings, with specsal reference to their climatic characleristics has been presented

hereunder.

1.3.1 TALL BUILDING:

The experis differ in opiniors in defining the physical parameters of tall buildings. According to
the “The councii for Tall Buldings and Urban Habitat" & tall budding is not sirictly defined by the
number of stories or 1ts herght, The imporant criterion 15 whether or not the design, use or
aperation of the building is influenced by some aspects of tallness™, Some experts attempted
t5 define tall building from structural aspects like, ‘From siructural design and construction point of
view i} 1s simpler to consider a building all when s structural arnalyses and design are In some

way affected by ths lateral loads” ',
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I erder to simplify the collection and compilation of data, CTBUH decidsd to include in its
database on tall buddings 'any bulding rine or more stories in height' . In addition, this made
some experts to use the term 'tall building' for any building over nine-stories in height, even

though this is sontrary to the fact,

1.3.2 HIGH-RISE APARTMENTS:

There is no fixed parameter of height o denote high-rise building and the same depends upon
the context in whuch it stands. In order to denate the height of the mayority of the buildings of a city
the exparts use the term ‘wban canopy” All buildings above the urban canopy may be called
high-rise or sky-scrapper Fram a number of considerations ke (01) Visual appearancs, {02)
Structural analysis and design, (03) Walk-up limit (04) Fire escape provisions and {05) Raja's
regulation it seemns quite logical to opine that, in the present context 1n Dhaka city buildings above

six floors may be considersd as high-rise’.

Apartment living is a western concept, but it is gradually finding its way in our sociely. Even
though there were many criticisms of living in hugh-rise apartments in the past, in view of acute
shortage of Iiving accommodalions in the iargs cities, living in such buildings have been socialiy
and culiurally accepted. The construction of high-nse apardment buildings at an ever-increasing
rate are now changing the cityscape. In such a context, the added moral responsibiily that has
been placed upon the buit-form designers 15 to srsure user-frigndly microclimate in the

apartments at mewuwmum cost of energy.,

1.3.3 PAST INVESTIGATIONS REGARDING MICRO-CLIMATES IN APARTMENTS:

To the best avallable information, as of now there has not been any systematic attempt {o study
and evaiuate the chmatic situation nside apartment buildings The experts in general observed
that {a) High-rise rasidential buildings were being constructed by private developers along main

theroughfares and at places proximate to central business district without considering varous
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eflscts ©

and that (b) Apartments have both ments and demerits, They also identfied many
assoviated disadvantages with the increase in number of apartments in Dhaka city. Many faults
related to planning, architectural design and construction were identfied In some apariment

bulltings, which resulted in lack of proper ventilation and lighting, dampness in walls ste 1%

Even though several projects were undertaken to study the radiant heat and humidity near the
earth’'s surface at various locations of Dhaka city, there has nol been adequate studies to

investigate microclimates in the highise buildings

A study conducted en low-rise residences in 1987 revealed thal cross-ventilation was extremely
impartant to feel air-movement under Dhaka'’s climatic conditions, In this study 7 single-sided
ventilated spaces wers compared to those with cross venlilation, i.e. having koth inlets and
outlets on opposite or adjacent walls. In the comparison, it was clear that Epaces with single-
sided ventlation were sxtremely inadequate from the view of thermal comfort The study was an
ndication of the poor condition of ventilation in the residential buildings, which is an outcome of
the situations in which the designers design buildings on small sized plots, leaving bare minimum
space as prescribed by the urban authorities, These rules were formulated when mast of the
bulldings 1n Dhaka city wers two ar four story high. Even afier the authorites psrmitted
canstruction o buildings with much higher heights the inter-building spacing were not INcreased
pmparltona}ly Therefors, in order o ensure comfort the users need to depend profusely up on

mechanical ventilation through slectric fans.

The open spaces inside the city are constantly diminishing to make way for more buildings, roads
elc, thus further worsening the situation of aiflow. Of al the targe cities of the country, Dhaka
nas the highest consumption of efectricity and the higher consumption of electricity in summer
rather than in winter is an indication of possible influence of the urban slimatic factor an enargy

neagt ™,



14 METHODOLOGY:

For finding out the climatic condition inside high-rise apartments, a number of high-rise buildings
at different locations of the city were selectad Arrangements were made o measure the internal
temnperature E-!I'Id humidity inside each room and 10 the adjacent external spat. In addition, the
enumerators wers instructed to record the users’ fesling at other times of the year, their own
feeling of chmatic comfort at the time of survey etc. such that a comparison belween the
instrumental measurements and useérs responses could be made The invastigation procedure
was desighed to collect climatic data's and informabion in the lower and middle floors also, such
that & companson In between the upper, mddle and lower floors cowld be drawn. Details of

methodology, investigation, study and analysis have been presented in respective chaptar

1.5 CONCLUSION

What has been discussed In this Chapler is a brief introduction of the subjects that might be
necessary for the understanding of this project It included, & brief about the objsctive of study,
background information on Bangladesh and Dhaka city, the context regarding growth of
residential buildings 10 Dhaka city etc As a basis for understanding of climate inside high-rise
apariments related subjects like climate in general, site or microclimates, microclimates of Dhaka
efc. have also been discussed, For a clear understanding of climates 1n tall and high-rise
buildings suech topics as tall building and highHise apartments, past investgations on
microciimates in aparments have also been discussed. Finally, & briel discussion on

methedology and investigation for Lhis study has also been includad in this background chapter

In Eanglaﬂesh, there is no system of "Mock flats”, Post Occupancy Evaiuation (POE) and Generic
Participatory Evaluation {(GPE) ™ as followed elsewhers Such systems ensure cortrol of the
users over the providers of apartmants | & designers and builders to meet their nesds, including
climatic comdon In absence of such measures it is quite likely Ihat cimatic comfort did not get
due importance in the current design procedure and that the users are being compelled o mest

such needs through artificial means at their own and the nation's scarce anergy
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Residential high-rise bulldings have been intraduced in Dhaka cty not because it was the most
appropriate design solution in owr context, but because of excessive demand of land for
habitatian. The construction and sale of apanment s a good busmass for the developers, where
their responsibilities end up with their sales, and the users cannot have any idea of the probable
microclimates inside, until of course, they have lived for at least one year. 1t is evident that
sotback ndes, location and sze of openings, onenlation etc, have profound Influence on
microclimates of bulldings. In such a context, this study on microclimatss may nelp to find out e
state of cimatic conditions, which are the cutcome of architectural designs and planning. It may
be expected that the findings might be of help for lhe built-form dasigners in their endeavor ta

dasign apartments with user-friendly climate at least cost of meney and energy
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Chapter 2
CLIMATE

2.0 INTRODUCTION

Climates, defined principally by Temperatire, Humidity, Radiant heat and Airflow determine living
condition all aver the world L 15 quite evident lhat, being influenced by mumerous factors the
global climates widely vary in nature. The climatologists, on the basis of cerlam coterion have
classified the global dimates inlo a number of cmates Such climates are seen 1o prevail in
regianal basis In case of ving comfort in buildings what really mattars is not the global cimate,
but the microchimate, which immensely vanes from the regional cimates The micro-climate inside
the buit-form depends upan a numbear of factors including design parameters, comliguratien and
locations of spaces, enyvironment inthe adizcent ares, heat ang humidity generating or absorbing
padgets used inside rooms, construction matenials, fimishes and color used ele The feeling of
climatic comfort also depends upon acclimatizaton, clething and aclivity and even on the heallh
of the subject in guestion. Since thus nvestigation deals with the probable cimatic discomiort of
the inhabitants 10 bwilt-forms in tha hot seasons, the forlhcoming discussions on climates has

been kept limited to climates relaing in ropical regions anly,

2.1 TROPICAL CLIMATES

According to Koenigsberger, Tropical Climates are dinded into the following major groups (01]: {i}
Warm Humid Glimate: (i} Warm Humid 1sland Climale (i} Hot-dry Desert Climate {iv} Hot-dry
maritime desert climate (v} Compasite or monsoon climate and (vi) Tropical uptand climate. The

principle characterisiics of these cimates are:

{i) WARM HUMID CLIMATE: This climate 15 generally found in the equator extending 150 on both
sides Thers i3 littls seasonal vanation throughout the year with occasional appearance of more
or less rain gusty wirds and electric slorm Air Temperature, i.e. Dry Bulb Temperature in shades
reaches a mean maxmum dusing the day betwesen 270 C to 320 C, but oocasionally nises over

the maximum value. At night, the mean marsmum varies between 21 and 270 C. Humidity varies



between 55% to 109%, annual precipiation, between 2000 mm to 5000 mm, sky remains fairly
cloudy throughout the year. Wind velaciies generally remain low, with occasional gusts af 30

mis., Srowth of vecgstation is quick

{ii} WARM HUMID ISLAND CLIMATE: This chimate is noticed within the equatonal belt with trade
winds. Air Temperature L.e DBT in the shade reach a day-time mean maximum beélween 290 C
and 320 G, and rarely sises above skin temperature Nignt-time mean minima can be as low as
18 0 C, but it is normally between 180 C and 240 . Relative Humidity varies from 55% to 100%,
Vapor pressure, 1750 to 2500 Nfm2, annual precipitation 1250 mm to 1800 mm, sky condition
normally clear or filled with white broken clouds, wand velocity bebtween & to 7 mis, vegetation

growlh is less luxuriant, and there are tropical cyclone or hurricane.

(i) HOT-DRY DESERT CLIMATE: This climate occurs in two belts within istitudes 15" and 30° on
Nortn and South of the equator. Air Temperature 1e. DBT in the shade rises quickly after sunnse
to a daytime mean maximum of 43" ¢ to 49°C The ever-recorded maximum temperature of 58
¢ was measured in Libya in 1922, During the cool season the maan masmum temperature
rangas from 27 °C to 32” C. Humidity varies from 10% to 55%, and annual precipitation, batweer
50 mm ta 155 mm The sky condition remains normally clear and usually dark blue with &

lerunance of 1700 to 2500 cdim®. winds are only local camying dust and sand, vegetation is

sparse and there are cocasional dust and sand storms.

(iv) HOT-DRY MARITIME DESERT CLIMATE: This climate octurs in two belts within 15° and 307 on
Norih and South of the equator Air Temperature i.e DBT in the shades reaches a day-ime mean
meximum of about 36" €, but In the cool seasert in remains between 21° G to 26° C The diumal
maan range vaties betwesen g to 12° C. Relakve humidity varies between 50% to 90%.
Frecipitancn 15 very low, sky conditien normally ¢lear and usualiy dark blue with & luminance of
1700 to 2500 edim® Winds are onty local, vegetation is sparse and there are pocasional dust and

sand storms.
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{v) COMPCSITE OR MONSOON CLIMATE: This cimate occurs in large landmasses near Tropics of
Cancer and Capricorn Approximataly two thirds of the year 15 Hot- dry and the other thirgd Warm-
hurmid. Alse there may be a third season like Cool-dry Aur Temperature vanations may be as

shown in Table 2-01

Table 2-01.
VARIATION OF AIR TEMPERATURE IN COMPOSITE
OR MONSOON CLIMATE
SEASON HOT-DRY WARM-HUMID COOL-DRY
Diay night mean max 32%43° ¢ 27" -3¢ Up to 7'c
Nighttime mean mn 21%27% ¢ 24 _a27'C 4" 1P
Dhurnal mean range 119227 C "-s'C 11" 22°¢c

Saurce MANUAL OF TROPICAL HOUSING AND BUILDING Koenugsberger et a1 Page 28

Humidity rarges between 20% to 55%, dunng wet penod it rises to 55 to 95% Pracipitation
remains betweer 500 ta 1300 mm with no rain dunng the dry season. Sky conditions markacly
vary with the seasons. The sky is heavily overcast and dull during the monsouns and clear with a
dark Biua color in the dry season. Winds are hot and dusty dunng Lhe dry seasan Directional
changes in the prevailing winds take place at the beginning of the warm humid season and these
include rain-clouds and humid air from the sea Monsoon winds are fairly strong and steady.
Vegetation 'is gparse, which is the charameris’;ic of hot-dry region. the ground 1s mostly brown but
It changes rapwdly and dramatically with rain Plants grow quickly. 1n ihe cocler period vegatation

covers the ground, but dimnishes as the temperature nises.

{vi} TROPICAL UPLAND CLIMATE: This climate oceurs in mountamous reqions maors than 800 to
1200 m above sea level Air Tamperature 1 e the DBT In the shade decreases wilh altitude. Al an
altitude of 1300 metars, the daytume msasan maxima may range from 24" ¢ w 30° ¢ and the
mighttime mimum, around 10 o 10 13 'C At some locations it may fall below 4" ¢ and ground
frost 1s not uncommon. The diumal range is great The annual range depends up on latitudes
Relatve Humidity varies batwesn 45% to 99%, annual precipitation 1s less than 1000 mm, sky

condition, normally clear or partly cloudy Vegelation 15 naot very luxuriant during wet season




There may ke heavy dew wilh radiation fog at night and occurrences of thunderstorms and hail

with electric discharges

2.2 MICROCLIMATES:

While Global and Regmnal climates are of general interest for all and especially for the
chmatolegists the designers of built-forms are more concerned with microclimate in small areas
where their structures are desianed to successfully serva the purpose of human habitation While
the mucroclimate is ihe term generally used to denote 'the area under consideration
Koenigsberger used a different the term "Site Chmate’ to dencte the area to be considered by the
architect According to him "{mucroclimate) can imply ary \ocal deviation from the climate of a
larger area, whatever the scale may be. The botanist may consider the microchmale of 3 single
plant leaf, with its temperature and mosturs conditions, its population of ingects and
microotganisms on the scale of 2 few centimeters For the urban geogragher the term micro-

clrmate may mean the chimate of a whole town™.

For Iiving comforl, the inhabitants are intensely related wilh site of microglimates Site climate
establishes the scale: it imphes the chimato of the area available and to be used for fhe given
purpose both in hofizontal extent and in height™. Even though Keenigsberger did rot mention
physical parametsr of site or microzimate, seme chmatclegists have done that. For example,
Morris and Markus opined ihat regional olimate on & herizontal scale varies up to 1000
kilometers, top climates extend up 1o 10 kilemeters horizenl2lly and 1 Kilemeter depth and micro-

climates imit to abaut 1 kilomeier horizentally and 106 meter verticaity ™.

Since micro-climates are created by such factors as buildings and structures, roads and
pavements, green areas and water bodies, heat-producing factories, vehicles ete 1t 13 in facl
extremely difficulk to fix any physical parameter to denote specific 'mcro-climata’ or "site climats’
Koemgsterger mentionad the fallowing four factors affecting or deviating the general climate and

to form microclimate of an area (@) Topography, L& slope, oriertatidin exposure, elevation,

nresenge of Nils or yalleys at of near the site. (B} Ground syrfacs, whether natural or man-made,
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s reflectance, permeabildy, soil temperaturs etc. (o) Three dimensional cbjects e g. trees,
fances, walls and buldings, which obsatrucl air movement and cast shadows {d) Anthropogenic
activities, i @ human aclivities by means of vehicular emigsions and wastes, smoke, dust, fumss,

vapor etc. from industries etc,

The site condition alters the air temperature depending upon the heal gain and loss, which
considerahly depends upon sl condition. The humidity in & site depends upon slope, soil type,
vegetatian, and heat generaton by local factors ke factories, vehicies. ar-conditioring
eguipments ete. Both temperature and Humidity of a site depends upon sky conditions, which
aparl from the gensral condition of clouds. depend upon smoke, dirk, sand partcles etc,
suspended in the air. Other than iransparency of atmosphere, solar radiation depends also upon
slope, orientation, prasence of hills or valleys ete Alr movement in any site s changed by slope,
presence of obstructing objects ke buildings and structures ete Table 2-02 below indicates the

extent of atteration of wind velooity =t diferent heights due to the presence of various typos of

ohstacles,
Table 2-02
WIND VELOCITY GRADIENTS
Vetocity of wind in meters in

Height in Maiera Urban Centar Eough Wooded country COpen country
3T 100 - --
A0 gt -- —
3045 100 -
300 a5 -

75 -— —- 100
200 70 e 2[5
150 - g2 --
100 52 - 212
A0 40 b T8

Source: MANUAL OF TROPICAL HOUSING AND BUH DING  Koerugsberger.

Factors like thunderstorms, <dust and zand storm, eanthquake ete. alsn modify site or

microclimate.




2.3 STUDIES ON MICRO-CLIMATES iN DHAKA CITY:

Before presenting some recent studies on micre-chimakes of Dhaka city it may be wileresting 10
have a look at a study on the climate of old Dhaka undertaken 173 years ago. Due to lack of
authentioity and information regarding spacific syslem of measurements this study may nol be
considered as standard, but may still be accepted as 'Historical. A comparison between this one

and some recent studies have also been presenled.

2.3.1 HISTORICAL 5TUDY OF CLIMATES OF DHAKA:

Jarmes Taylor, who worked as a surgeon and was assigned (o prepare a reporl on the physical
and statstical aspects of Dhaka published his findings in a book™™ in which he gave information
regarding Mean Manthly Temperature of Dhaka far the period 1826-1836 Another data on Mean
Monthly Temperature and Humidity of Dhaka city for lhe penod 1958-1962 is available in Chaka
District Gazetteer ™ in Table 2-03 below the average of Monthly average of & hot months, i.e.

Aprif to August as found m the historical studies and recent studies have been presented

Table 2-03

CHANGES IN MEAN MONTHLY TEMPERATURE AND HUMLDITY OF
DHAKA CITY THROUGH 173 YEARS

APRIL MAY JUNE JULY AUGLST
Source Perod: Temp., Hurm, Termp. Hum. T=tap. Hum. Te=mp. Hom. Temp. Hum.
Taylor 1827-1826
{173 years ago)
Average of 10 years BT - - 30.8- —- 3000 - — e I

Chst Gazeftear
(42 Years ago;
average of 5 years 298 -723 282-8240 265-8T1 2BE-88 ZBE -BB3

Statialical Yearbook
{8 years agoh
Year 1992 290 - YO 29.0- 79 28,7 - 88 286 — 08 286 -88

Suatistical Yearbook
{3 years aga)
Year 1997 26174 286- 77 an.? - &2 291 -85 297 -84

[n order to show the changes more vwidly, the above information has been shown n graphs
bralow.
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Figure 2-01
CHANGE OF TEMPERATURE OF DHAKA CITY IN 173 YEARS
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Figure 2-02
CHANGE OF HUMIDITY OF DHAKA CITY IN 42" YEARS

i CHANGE OF HUMIDITY IN 42 YEARS

TEMFPERATURE

HUMIDITY [N % 42, § AND 3 TERRS AGD

*Since there was no mention of Hurmidity 1in Taylor's account, the above companson of Humidity

presents a pernod of 42 years only.

In the above Table and Figures there s no indication that there was any gradual increase or
decreass of terperature or humidity in Dhaka city through & peried of 173 or 42 years I case of
temperature, gradual decrease may be noticed in the months of Aprd and May, decrease in July
and no changs in June and August. In case of vanation of Humidity through 42 years there are

gradual decreases 1n May, Juns, July and August and increase in Apnl

From a number of indications like {a) melting of ice at the arctic regions, (b} ever increasing of
deposit of CO® " the upper boundary layer elc the seienbists have arnved at the conclusion that

global temperature 18 on INcrease, It has also been assumed that the deposit of GO, inthe upper



boundary layer shall nearly double by the year 2030 i By thosa considerations the above table
should have indicated some increase in the temperature of Dhaka ity through this period, but it
did not It 1s 8 common exparience thal with urbanization, trees, green areas and water bodies
constantly diminish. The materials used in budding, road, pavements etc. absorb heat. Buildings
and structures retard air movement creating stagnancy and causing growth of 'heat island’ This
makes the data shown in Table 2-02 all the more fizzing and points to a possibility that the
process or system in which the above measurements were taken might not be inaccurate 1t may
be mentioned that the readings were taken at different locations of the city. The old weather
station situated al old Dhaka, then ¢ was shifted to Kurmitola airport and was later handed over to
the civil avialion department. New weather station was esiablished at Agargaon. When the
Meteorological department supplies ¢imatic data, they maintain continuity, even though the
measurements were taken from different locations. This might logicaily lead one to betieve, even
though the above data have been collected from authentic sources, they do not reflect the real
picture. Neverlheless the data is interesiing as it shows that the general populace in this cily have
bean expenencing and becoming habutuated to very steady average conditions ovar large period

of time

2.3.2 5TUDIES ON MICRO-CLIMATES IN DHAKA CITY:

In the built-up areas with closely spaced tall buildings, there ramains every possibility that there
would be stagmant arr trapped 10 narrow gaps in between built-masses The air fliowing through
the open country might skip the built structures. Cool air cannat enter in these areas, in addition,
heat trapped in narrow gaps cannot escape. Water bodies, green frees, grasses etc reduce heat
by the process of evaporation of water. In congestsd cfies these factors constantly go on
decreasing. Warious gadgets usaed in houses, factones and vehicles contribute to Increase of
heat. Due to such factors, some climatologists believe that 'heat island effec!” which means an
increase of heat from the surrounding open country bas already taken piace in Dhaka city. Infact,

any persan moving from the bank of the nver to congested old Dhaka, through busy markets to



the less congested northern part might expenence numerous microclimates with dilfering

temperature and humidity 15 now a cCommon experience,

{i} KARMAKAR ET AL'S STUDY ON PRABALISTIC EXTREMETIES 1N 1993: Oin the basis of aboul 30
years {1560-1920) data regarding variability and probakistic extremities of climates elemenls in
Dhaka ™ ore researcher made the following observations:
{a) The mean mawmum tempsrature over Dhaks has U3 lowest value in January and
progresses as the ssason progresses. lt becomes maxdmum in April with a decreasing
tendency up to August The mean temperature increases from January to Aprl, then remains
almost constant up to September, and decreases up to January. The mean minimum
lemperature is he Jowest 1n January, increases up to Juns and remains fairly constant up ta

September and decreases after that

() The mean prevaling wind speed is mieumum in January and maximom in Aprl (No

mention of  directicns).

" (e} The mean rainfall increases sharply from January and attains maximum value in June and

July, after which it decreases.

{t)y The mean relative Humidity has higher values duning the southwest monsoon and then

decreases sharply ug to March,

{e}. The probambstic high vatues of monihly highest masumum temperature in April are 3g.1°
40.2° and 41.0° C in one year out of 4, 10 and 25 years respactvely. The probabilistic low

values of monthly lowest minimum temparature are 7.4°% 6.4° and 5 6" C in the same scale,

(] The probabilishic high values of maxmum wind speed m 1 case out of 25 cases are 108

koh. 123 kph and 100 kphon March, April and May respectively {no menton of dirgctions)



{g) The months of December, January and February are the most comfortable months in

Dhaka, where as April through October are uncomforiable months.

{ii). HOSSAIN ET AL'S STUDY ON DISCOMFORT [INDEX IN 1983 Foar measuring climatic comior
Discomfort Indax (0.1 ) was suggested by Thom's as.

DI =04{Ty+T,) + 15
where T, and T, stand for Dry bulb and wet bulb temperature respectively in F scale In"C scale
it comes to be,

Dt =072(Ta+ T, )} +406
The comfort situgtion in Dhaka oty w terms of Discomfort Index (D 1) has been expressed a3
the result of one research “ in the following way:
{a} MARCH TO MAY: (Regarding time, the original work was done using LITC, which

corresponds to GMT and Js iess than Bangladesh Slandard Time BST by six hours. For
easy undersianding Bangladesh Standard Time BST has been used here)
At 6.00 A M. BST Dhaka {whole Bangladesh) 15 generally comfortable. Evening Hours 5.00
P . BST: Dhaka {and northem half of Bangladesh) is generally comfortable. In April, rest

of the country falls under discamforl with D1 vatue excesding 75

(b} JUNE TO SEPTEMBER: 6.00 AM BST: Dhaka (whole Bangladesh) is generally under
discomifart with D |. Index excesading 75, The weather is hot and dry.

600 P.M. BST Dhaka (whole of Bangladesh) 18 under discomfort, wilh DL Index

excesding 80.

{c) OCTOBER TO NOVEMBER: 6.00 AM B3T Dhaka {whole Bangladesh] is generally
under discomfort with D1 Index exceeding 75
600 P M BST: Ohaka {whole of Bangladash} 15 ungder partial discomfert. wilth high value in

D.l. Index,
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{dy DECEMBER TO FEBRUARY: 6 00 A M. BST: In January and February Dhaka is under

comfart zone with low D lndex. 6.00 P M . Dhaka is undsr comfor zone with [ow D |

Index

The .1, Index of Dhaka city, caloutated by using Thorn's index and using climatic data from the

meteorological Department at diferent months at specified time has been shown in Tables 2-04

and 2-05,
Table 2-04
; DISCOMFORT INDEX FOR DHAKA FOR 1991-92 AT 6.00 A.M. N
BANGLADESH STANDARD TiME
MONTH TIME 0. INDEX COMMENT
January 600 AM BT Bl Within comforl range
February G.00 AM.BST 5e Within comfort range
March 600 A M, BET O Within comfort rangea
Apri] 6,00 A M BST 74 Within comfort range
May 6.00 A M. BST Fi=) Ungomfortable
June 600 A M BST 79 Uncomfedable
July 600 AM BST 3 Lincomfariabla
Algust 600 AM B3T iz Uncomfortable
September 6 00 AM. BST 78 Uncomforabie
Octaber .00 A M. BST FLs Uncornfortable
Movember 6.00 A M. BET 5131 Wittin cornfort range
Decanmiber E00A M BST 52 Wilhin comfort range
Scurce  Hossain, Akmam, Boper HUMAM COMFORT IN THE URBAMN AREAS OF BANGLAESH
in Technical Conference on Urban Tropical Climates 18593

Table 2-05

f DISCOMFORT INDEX FOR DHAKA FOR 1391-92 AT 6.00 P.M.,

BANGLADESH STANDARD TIME
MONTH TIME D.i. INDEX COMMENT
Jamuary .00 P, BST B0 Wilhin comfort range
February 6o0P.M BST T2 Within comfort range
March .00 P_M. BST 7 Uncomfartable
Apri EO00F M BST TS Uncomfortable
May 500 P.M.BST 81 Lincormforable
June 600 P.M. BST a2 Uneomforahle
Jury 6 00e.M BET 81 Uncoemforlable
Avugust & o0 F M BET E1 Uncomforable
Soptember g.00P M BET B0 Uncormfortable
Cctaber .00 P M. BET 74 Uncomfortable
Meowember 6,00 P BST 74 Within comfort range
December .00 P.M. B5T 67 Withtn comfort range
Source:  Hossain, Akram, Paper HUMAMN COMFCRT IN THE URBAM AREAS OF BANGLADESH
in Technieal Confarence on Urban Tropieal Climates 1983
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{iii} HOSSAIN, E. ET AL’S STUDY ON GENERAL CLIMATE: On the hasis of 40 years {1851-1990)

climatic data of Dhaka city cne researchar has prepared the following information’

{8) After sunrise, the day temperature increases at attains maximum value at 300 P.M.
BST. The day temperature 11 uikan area 1s hrgher than sub-urban and rural areas The
runht temperaiure in rural areas is lower that that in wrban areas.

{b) The relative humidity decreases at daytime and increases at might, the minimum value
being at 3.00 P BST, when the day temperature |s maximium.

{). Urbanization has profound effect in reducing the wind speed.

{d}. The heat island effact is less prominent, the intensity being 2.3 in April and 0.6 i July.
The less praminence is dus to high humidity and surface wind

{e} Relative humichly is found inversely related 1o the local intensity of urban heat isiand 0
Chaka,

{fi Total mcoming solar rachation in Dhaka oty 1s found abaut 12% lower than that in the
riral aregs,
(@) The amount of precipitation is higher it Dhaka city except in August

{1V} KHALEQUE ET AL'S STUDY ON MICRC-CLIMATES OF DHAKA SITY: One groug of researchers
an the basis of therr studies on Temperature and Humidity" ™ conducted in 10 points, viz {01}
Agargacn, {02} Tejgacn, {03) Motjheel, (04) Dhanmondi, (0S5} Nawabgon), (6% Mirpur, {07)

Kaliyangur, (08) Gulshan, (09) Baksh bazaar and {10) Airport, commented.

{a}. On January 03, 1892 at 6.00 AM BST several warm pockets wers discovered at
Tejgaon Industrial Area, Matjheat Commercial and congasted part of old Dhaka.

{b} The cool areas were at Agargaon, Dhanmondi and Zia Iniemationa! Airpor

{5} The maximum imMensity of heat sland or warm pocket was found in the order of 3B C
in Old Dhaka and Matiheel Commercial Area.

{dy. Duning summer months (June D8,1892) heat 1stand imensity was in the order of 0.08° C
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From tha above observations they drew the following deductions:

{a) During winter months maximum intensity of heat island in the order of 38 C s
ubserved,

(b} Two peaks of heat island intensity are observed one at early morning and anothar early
right, but the early morning heat island 15 stronger.

(¢] The heat island or warm pockets found over the densely populaied residential and high-
fise building construction area. The cool argas are found over the well ventiated planned
residential areas.

{d) Dunng summer manths heat island effect is insignificant

(e} Humidity 1stand has an inverse relation to heat island wharever moisture 1s less, but
followsd heat island intensity whenever moisturs 13 figh.

2.4 CLIMATIC COMFORT

The effects of different climatic variables on human comfort have been siowly recognized by the
researchers through ages. The effect of Temperature on human comfort was menticned by

% in the first century B C Leonardo da Vinci recognized the influence of Humidity in the

Vitruvius
fifteentn century. it 1733 John Arbuthnet pubished “An Essay Caoncerning the Effect of Air
Movement on Human Badies™ Thomas Tredgald in 1824 in his book *Principles of Warming and
Ventilating Publie Buldings, Dwelling Houses, etc”™ panted out that the people could be
comfartable fram the radiant heat of an open fire even when air kemperature was tog low for

P

comfort, !

Ths various componants of thermal comfort were not assembled into 2 single crniferion until 1823,

(14

in which year G P. Yaglou '™ published tha results of his expenments at the Pitts burg Research
Laboratory of the Amenican Society of Heating and Ventiating Engineers (ASHRAE) A number of
men were placed in a room wh?re the temperature, humidity and air movement could be
controlled and measured. They were asked to nominate the condifions of temperature, hurnidity
and arr mavemant that gave the same sensation of warmth while they were engaged in light

physical aclivity and ware light clotring The amount of clottung worn in this experimerts have

been expressed in unit 'clo’ and these have presentad have in Table 2-06 and 2-07.



Table 2-06

INSULATING EFFECT OF MAN'S CLOTHING
TYPE OF CLOTHING cLO
Brief swirmsuit .05
zhors onby N |
Shorts 2nd shot-slesved shir 0z
Sharts, briefs and short-sleeved shurt, socks and shoes 032
{ Same but long frousers 05

Same plus banyan 06
Lightweight suit, cotton underwear 10
Three piece winter suit, cotton underwear, wool socks 15
Same plus overcoat 20-25
Heawy chlhing designed for outdear

use bayond the arctic and Antarclic circles 40
Brief swirnsui 0 a5
Sharts anly 0.1
Sharts and short-sleeved shirt 0z
Shaorts, briefs and short-sleaved shurt, socks and shoes 032
Same, but fong rousers 0.5
Same plus upper underwaar 0.6
Lightweight suil, cotion underwvear 1.0
Three piece winter suit, colton undenwear, wool soCks 1.5
Same plus overcoat 20245
Heawy clothing designed for oaldaor

use beyond the ardic and Anlarcug circles 4.0

Souree  Yaglou, and Houghton Determination of the Comfon Zone. Trans American Scciely of healing and
Yenbiating Enginears

The approumate Metabolic Rates for various aclivities have been shown in Tahle 2-06

Table 207
APPROXMMATE METABOLIC RATE FOR VARIOUS ACTIVITIES
METABOLIC RATE
ACTIVITY Wrma Met
Slamping 41 a7
i Resting, wing down 47 0.8
Sitting and not working 58 14
Standing 70 1.2
Typing 80 14
Light manual work 120 20
Cleaning a houge 180 34
Heayy wark 270 4.5
Walking en level ground at 6 kmth 200 35
Walking up a 15” slope &t 3 kméh 270 43
Source- B Givonr The Effect Of Climate On Man' Developing Of & New Thermal index, Proceadings
First International Congress of BElometecrslogy

The combinations of temperature, humidity and air movement that gave equal sensations of

comfort were then designated as baving the same EFFECTIVE TEMPERATURE (ET), the



Effeclive Tempsrature is the dry bulb temperature in Hhat group of equal comforl sensations at

which the relative humidity is 100% and air movemert 1s zerp 1%

JE. HU"™ glong with other chmatologists preparsd a comparalive study of vanous thermal

Indices and calculated their range of applicaton as shown in Table 2-05

Table 2-08

RANGE OF APPLICATION OF PHYSIOLOGICAL INDICES:

METABOLIC DBT WHT AIR VELOCITY

INDEX PRCOUCTION CLOTHING °c *c {rmisec)

ET Fast only Sumimer Clo 1 - 43 1-43 01-35

RT Rest only Light Cla 18 - 45 18- 45 O01-30

K& Rest anly 06 Clo 156-37 56-344 <0.2%

DL S{kealhrm .25, 6 Clo —— 01

Hsl 100-500 Unspecified 27 - &0 15- 25 0,25 -10.0[ong)

H3k £8.2 Wim® 06 Clo 01

TS 100-6{0 K. Callhr Military overall 20- 55 12-3b 01-35

ET* 56 2 Wim® 0.6 Clo — o1

P45R 100-350 kealibr Only shars 27 - 55 15-36 008-25
-=Source:

Hill, Kuserda, Liv, Powell. A Propesed Concept for Determining the Need for Air-Condilioning
Bundings Based on Bulding Thermal Response and Human Comfort NBS, Washington.

The experiments determining Effsctive Temperaturs (E.T ) have been progressively refingd The
current standards are based on experiments carmed out under the auspices of ASHRAE at
Kansas University and published in 197317, These experiments were conducted on callege
students wearing clothing equivalent to 0.6 ¢lo and snmng' inthe test room without doeg any work.
The mean radiant temperature (MRT} was egqual 1o the dry bulb temperature and the air velocity
was |ow, 1855 than 0,17 mis The main variables were Temperature and Humidity The comforl
zone as described by the subjects dunng the experiment was then traced on a Psychametric
Chan The recommendation of the ASHRAE comfort standard is Imited betwsen relatve

humitites, 60% and 20% and by the dry bulb temperatures, 22.8° C and 25° G,
in 1575 at an energy conservation measure higher design temperatures were recommended far

summer, and lower ones for winter''™, At this stage the winter temperature was stli considerably

higher than that considersd appropriate in Englang before the energy cnsis of 1873, The
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preferred range of temperature for the British House of Commons in 1840 was 11° C w0 22°C Sir
Douglas Galton 1n his article on "Heating” recommended a temperature range for living room as
12" C to 20° € and a temperature for bed rooms not less than 4° C. ™. Or Thomas Bedford
conducted an inguiry i1 1940 and recommended a temperature range on 18 5° C to 20° C, which
was found to be satisfactory. Differences in comfort vote are due to the diferences in amount of
clothung customanly worn and this vanes with time and place; but they also reflect different

conceptions of comfort.

On the basis of 40 field studies conducted In & wide range of climatic condttions Humphrey' s
commented that neutral temperatures T" for adults range from 17° G to 35" C, depending on the
mean femperaturs expensnced by the pepulation, suggesting thai acchimatization indesd afects
the temperature required for thermal neutrality. Normally a band of 4° C (=" 2° C) centered around
T" comprises the comfort zone, i T™ is the mean temperature, then Tn may be predicted from the
eqiiation:
T"'=2.56+083 T"{°C)

The standard arror of pradicuon considered was 1.1° C It s possible to predict T" for each month
of the year by examining the average tamperatures T for the climats in question The Neutral
Temperature T" and Comforl Zone in Dhaka city for the hot months (Aprd, May, June, July,
August, September, Oclober) for kvenly year average readings based on Humphirey's sguation

was calcutated by one researchier ' in 1987 This has been presentsd i Table 2-09 below,

y
L

Table 2-09
HUMPHREYS MONTHLY NEUTRAL TEMPERATURE AND o
COMFORT ZONE IN DHAKA IN 1987

MONTH AVERAGE TEMPERATURE HUMPHREYS MEUTRAL TEMP COMFORT ZONE

Im°cC Tn'C Tty - T¢
April 204 26 6 248 288
May 284 26.6 24.6 286
Juneg 2B 5 263 243 8.3
July 286 253 243 283
August 256 253 243 28.3
September 287 254 24 4 264
Dciober 27.2 251 231 271
Source:  Ahmed, ZN 1987, unpubhshed K Fhil. Thesis on The Effects of Climate an the Deszign and

Location of Windows for Buildings in Bangladesh. i




It may be relevant to summarize the findings of expenments regarding comfort temperature in
vanous periods and regions and to compare those against the temperature and humidity of
Dhaka city of contemporary period in the hot months, The comparison has been presenied in

Table Z-10 below,

Table 2-10

COMPARISON OF INDOOR COMFORT TEMPERATURES
OTHER FACTORS

REFERENCE COMFORT TEMPERATURE UNDER CONSIDERATION
Q1. Brfish Houge of Commons

Recocrmmendations 1840 11522 ¢ Mot mentioned
02, Encyclopadia Brtanmca 1880 12°-20°C Mot mentianed
Q3. ASHRAE comdort Slandard

of 1974 228°-25'C Rel Hurmidity 60% - 20%
04, Dr. Thomas Bedford 1940 195" —20° ¢ Mot mentisned
03, AGHRAE expenment in

Singapore 1952 27 ¢ AL R.Humudity 80%,

ar velocity 0.4 mis
08, Humphrey's neutral Temp Tn

17% = 35°C ((based on 40

field studies) 15" _ar® Reaquires acchmatizaticn
and vanalian of elathing
and 1akes inte accounl
human behawvioral
adaptalions

07 MNeutral Temp lor Dhaka 231- 284 Same

caleutatad by Ahmed on '

Hemphrey's Eguatian

{Average of Aprl-Geloher

Montns; Tn 26.45°

2.41 MAHONEY'S CHART:

Numeraus research wiorkers and theoreticians have attempded 1o construct 2 schema ar model of
the design process an chimakic considerations. C. Mahaoney™ devised a number of tables to
record the essential climatic data for use by the designers of built-forms  1n his Table he
proposed to record such information as (1) Location (2) Longituda {3) Latitucfs and (4) Alttude of
the site in cansideration Alse the Air temperaturas like {i} Monthly mean maximum, (ii} Monthly
maan minimum and {ii} Monthly mean range, {iv) Ever hughest temperature, {v) Ever |owesl
temperatures, {wij Highast Annual Mean Temperature and ({vii) Lowest Annual Wean

Temperatures for each of the 12 months of the year were to be recorded in a chart, The Humidity




data was to be maintained in a similar manner. Other Climatic somponents ke Wind and Rain

were 10 be recarded such that the designers may find out comfart ranges

2.4.2 ACTIVITY CHART:

The activity chan™ is a chart is a chart having two parts, where the upper part shows in graph
the outdoor and indoor temperalure changes wilh comfort zone super-mposed and the lower part
givas a record of activities in various spaces of the bullding., The charl indicates the suitability of
varous rooms at various locations for varous activities where the rooms may be specifiad

depending upon the duralion and time of use,

2.5 GLOBAL WARMING AND BANGLADESH:
On the assumption of the experts Lhat deposit of CO? inthe Upper boundary layer shal double by

the year 2030“% the ImMemational Panel on Climate Change (IPGC) Group | working in

Bangtadesh reported the following on the climate of Bangladesh and the surrounding ares,

(i) There will be a general rise in surface air temperature, which 1s likely to be greater |n

percantage terms in winter than in surnmer,

{I} Precipitation forecast for wimer seem to have wider range from a reduclion to an inorease

while during summer thers may be up 10 15% rise in rainfall.

(1) Soil morsture forecasts seem to be quite uncertain but are likely to increase up to 10% during

SUmmet,

i may be opined that due o Global Warming, the summers ars likely to ba warmer, more humid
due o higher rainfall and the soil may be moister, Winters are Ikely to be warmer, possibly drier
and with possibly less soll mosture The IFCC working Group 1 predicted that the changes might
take place at the upper and lower ends of the range, keeping the mean value roughly the same

as before.



According to Masatoshi Yoshing'™

{the changss in climate) may result in intensification of heat
isiand, aw polluion, polluiion dome over cihes at night, sea-levs! rise and other urban
cIﬁatulugiczl phenomanen lhrough the broadening of built-up area, developing transportation
system and other related mdustrial activities™. Regarding sea-level nse he opines, “it is said that
72 milhons suffer and 70 cities sink in China by | meter sea level riss and 8 million sufers in
Egypt There are many similar resutts of assessment in Nigena, Brazil, Malaysia atc". In
Bangladesh, the low-lying areas especially those at the coastal beli will be affecied due to rise of
sea level a5 an after affect of global warming  Thus even though this may nol ba direclly related
with the aim and objective of this study, the designers of buiit-forms may attach imporance o thus
phenomenon in their designs, specially w the low lying areas. The city of Dhaka may also be
considered as low-lying, since the ares goes under floodwater in the years of extreme flugh

flaods. The construclion of a dam arcund the city, however, has siopped this propensity in the

recent years

2.6 CONCLUSION:

This Chapter on Climate in general discusses various aspects of climate including faciars of
clmate, regional climates, micro- or site climates. climates in Dhaka city, various faclors
rasponsible for climatic comforl ste Most of the studies have been camied oul by the
climalologists, who are mastly concerned with climate of a larga arsa The designers, however,
ars in nead of climatic information of smaller area, may be of a particutar city of part of a cily and
such information may not be available with the metecrological depariment, the orgamzation
responsible for recording and preserving climatic data. Some of the studies by the climatologists
reveal that numerous mecrocimates have already been gernerated in Chaka city and that the
ciimates in thess pocket-areas widely vary from the rest or adioining areas. The success of a
bulding in point of elimate, | &. the one ulilzing climatic benefts depends considerably upon detail
and dependable climatic data of the site. The currerl systemn in which the Metecrological

Deparimen collects climatic data cannot satisfy these conditions. If detail and dependabls



climatic data of a site is availabls, the designers of built-form may make the use of vanous spaces
depending on their relative importance, time of use (through Mahony's aclivity chart), type of use
eic. Itis however, a great problem that in urban areas and aspecially in the congested busy cilies
microctimates vary quite rapudly. The construction of each buliding in a congested area brings
about new changes in microclimates due to its presence and associated activities, In case a
building 18 not designed with due congiderations of probable changes and developments 10 the
surrounding areas, there remains every possibility that the buikding may not ensure the expectad

bengfit of nature's chimate
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Chapter 3

RESIDENTIAL HIGH-RISE
IN DHAKA CITY



Ehapter;.w
RESIDENTJAL HIGH RISE iN DHAKA CITY

3.0 INTRODUCTION:

The residentia! buildings that one may now see m Dhaka city are the praduci of recent decades.
Wibaily residences appeared in this kand as traditional rural huts Through numerous changes and
transformations in configuration, matenal, construction technique etc. those have altained the
present forms. A brief discussion regarding transformations of houses through ages in he site of
present Dhaka city has been presented i this chapter such thal ane may have an understanding
af the influence of cimate on their design and planning  Also thers ars two topics, one an
‘shelter that inciudes men's idealistic requiremeants in shelter, as suggested by various experts
and the other on 'shelter policies’ taken by the government of Bangladesh. The state of residential
accommadation in Dhaka city, the present situation of residential buildings, vanous measures
laken by the Governmert to meet the demand for accommodation etc. have also been discussed.
It 15 now quite well known that in Dhaka, as elsewhere in the globe high-rise and tall buildings
have been accepled as effective solution to human accommaodation on less land There is also a

topic on some aspects of the design of high-rise and tall buildings.

The contexi behind the growth of high-rise buildings in the city has been discussed under topic
high-rise residences in Dhaka. Because of their relevance to the climatic contaxt varous
controling & regulatory measures enforced by the Government from time fo time to controt 1he
growlh of built-forms have also been discussed The topic on cimate in high-rise building
discusses obsarvations and recommendations by experls regarding environmental impacts of
and environmeantal conditions in high-nse buildings. The sboveqmentioned topice have been
discussed in this Chapter under the following sub-headlines

Transformations of houses through ages

Shelter

Shetier policy of the government of Bangladesh
Residential accommodation in Dhaka city

Situation of residential accommodation in Dhaka city
Government measures to meet demand for accommodetion
High-rise and tall buildings



High-rise buildings

Tall buildings

High-rise residencas in Dhaka

Context of growth of highise residences

Reasans behind the growth of high-rise residences
Contralting & regulatory measurss in growth of built-forms in Dhaka
Climate in high rise bullding

Climate in High-rise towsr building

Environmental impacts of high-rise buildings
Environmental conditions in the high-rise buildings
Conclusion

3.1 TRANSFORMATIONS OF HOUSES THROUGH AGES:

In Dhaka, as elsewhere in the world houses have suffered from changes due to new neads,
changes in people's atfitudes towards living, introduction of new materials and technology,
changes in cimatic conditions, changes in the attitudes and polcies of the governmant el The
city of Dhaka, that al present slands as a mega polish and capital of independent state,
Bangladesh initiated as abode of same businessmen, with some traditional residential and
business houses. The houses were constructed with timber posts having sloping thatched roofs
above and thatched or mud walls around. As days want on thoss were gradually replaced by
brick walled, burnt-tile roofed, comugatsd iron {c.1.) sheet walled and roofed and finally reinforced
concrete (r.e.c.) framed and rc.c. roofed structures. Changes happened alse in planning and
organizations Earlier, thers was no dearh of land and various structures for accommodation
ware placed far apar for ensuring privacy and having climatic privileges The use of sloping rowfs,
transiucent walls, probabie fire hazard ete. also necessitated distant placement. The miroduction
of c.i. sheet and brick wall made closer placing or even comining several spaces under the
same rogf pésmble. Tha introduclion of better-quality toillets and pipe-bome rendered it possible
to place toilet and bath room very near or sven within the main house The replacement of siopad
roots by flat rc.c. roofs made the concept of multiple level lving The scamity of land and the
question of security initated the use of boundary walls. The commercial vighility of land adjacent
o main thoroughfares allured the owners to use those for commercial purposes. Witk the
introduction of multi-level living concept, there was Ia tendency fo use the lower levels for

commercigl purpass and the upper levels, for residantial accommodation, The colonial British
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rulers introduced bungalow type large house with lavish use of spaces inside and open spaces
around, where securly was maintained by distance, water-bodies, walls and security guards.
Following them the lucal landiords introduced lheir own types i wihich they introduced introvert
type of pianning, with rooms arranged around closed courtyards. This design basically differed
from the traditional type in the point that in the traditional type the innar court was semi-anclosad,
The introduclion of agilation of air, first by using manual device and conseguently by efecirnc fans
worked as substituts for ventilaton and this ane, along with introduciion of electdic lights that

acied as substitute for natural ight paved way to closer placing of slructures

In case of muttileve! brick buildings 'one stair serving two' and *hawing a south face type’ became
very popular because of econamic and climatic suilability. In such a design passage 1o all the
lwable spaces from the starcase was a due necessity. The smaller plols of land available in the
city, however, made i difficult to avail the climatic privileges ln such a context more apenifgs 1N
the internal wals and larger open space inside was a necessity. As a design salution the Iving
room ard dining reom were combined into one, the niernal passage was replaced by a large
room to be used as dining space or family space High-windows or fanlights were ntreduced to

ratain privacy and makntain ventilation,

As spon as the buildings went up above walk-up Iimits, elevators found ther use for vertical
transportation. The urban authorties made it obligatory to provide garbage chute for buildings
above six fioors. For easy installation, maintenance and changes of service lines of water, gas,
electricity ste 'secvice ducls' found their uses in the mult-leve! buildings in their endaaver to
arrange the reoms of & house in lunited spacs, the designars often found it hard fo provide the
exterior windows, which were considered essential for toilels and kitchens As a solution they
introduced toilet and kitchen ducts Another potentiahty of duct for the purpese of ensuring natural
light from above nat coms out successful in high-rise structures because of non-avallability of

adeguate space.



3.2 SHELTER:

Shalter 13 considerad as one of the three basic human needs, By some other considerations
shelter may be considered the highest and finest product of civikzation. Undoubtedly every
human being requires shaiter, a roof over his head, and for most of the individuals, it means a
home, a permanent ‘base’ where a greater parl of one's ifg is spenl. That indicates, shealter is one
of the most enportant phenomenon in paople's lives Vanous experls and organizations
sndeavored to stress the imporlance and scope of sheiter in vanous ways Some of their

comments, thoughts and recommendations shall be discussed here.

{i) Marzoric Branin Keizer: Marzonc Branin Keizer considers shetter as a great {orce in melding the
mind, character, attitude and behavior of men. In its essence the physical character of dwellings
afecls the myriad daily aclivities necessary for normat personal care and family Ife  Underuably,
in poor housing there 15 & high incidence of liness and adull delinquency. Housing plays an
imporiar role in the |ife of each individual Its physical condition may facilitate of restrict every

day activiies and may affect physical and menlal health "

{i) Swart: Swarl retans a slightly different wiew from \he above. He opined, the tradilional
defimition of housing as "sheltar”, “a commadity" or “product” is not adequate because housing
means more than just shalter™ Housing is more appropriately defined as a process invalving
the witeraction between an orgamism and its environment The organism may be single individual,
a family or @ communal group The environment refers to natural surrounding along with political,
gconomical, social and cultural envirgnments surrounding the organism. The logic betund this
definition seems to be based on the principle that for most organisms environment is & werl-
defined place in which they grow and reproduce. The longer lhe arganism lives in these

surroundings the more perfectly they are attuned to them Thus, human heing’ ke ofher

organisms evaolve Lheir shelter by adapting o environmertt
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(i) Rapoport. According to Rapeport, ‘It 15 a truism that vanous dwelling forms rescit from a

complex phenomenon which defies any singte explanatior’. ©

fiv) Samuel Aronk Samuel Aromi provided a comprehensive defintion of humanlshEIter saying,
svery society, developed or developing, has a basic need for housing For every individual, alone
or as a parl of a family unit, 3 house, be it a cave oF castla is hopefully more than jusl physical
shelter. it should be a home, a residing place in which to try 1o fulfill the fundamenlal purpose of
human society, namely, @ scheme rewarding happy or at least livable life, I our socisty, which s
stil based on family as its fundamental unit, a house and home also represent an extendad womi
for the young during the formative years, during their physical, psychological, educationat and
emotional development, so vital both to the person and to the eommunity  Throwgh its nature,
physical locations and characteristics a house provides the enabling or consiraining influence on
a vanaly of imporlant services These include physical services such as power, waler,
transporiation or sewage; social services such as health, educahon oF recreation, and econome
services such as opportunities for wc;rk and income i:c:-r the individual or the family. the house 13
both shelter and symbol, physical protection and physiological identity of economic value and a

foundation for secunty and selt-respect. 7

{v) World Health Organization The World Health Organization defines housing as “an enclused
environment in which man finds protection and feels safe and secured from hastile forces and
can function with mcreased comfort and satsfaction as regards privacy to the indindual and his
family. The envircnment must include all necessity, services faciliies, equiprnents and deviees

nesded for physical and social welt being of the family of the individual. ™

{v) International Flanning Asscciates: According to International Planning Associates, LISA
housing represents the most basic human nesds and has a profound impact an health, welfare
and produchivity of individuals Housing is more than merely the dwelling unil, It is & complex

product made up of a combination of services. indoor living spaces, land, ubiiities, corlextual
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situations {with respact to work and community services), cutdoor living space and relationship to
neighbors, famly members and friends™. The basic wputs of housing are: (a) Land, (b)
Materals and {c} Finance Housing starts from one room and the combination of rooms creales a
Rouse. The science of arrangement of thess houses with the provisions of all necessary

infrastructures 15 * Housing™. ¥

tvii) Vancouver Conference on Human Settlements: In 1976 the Vancouver Corference on Human
Settlements, Habitat 1 formulated &4 recommendstions for implementation by the nalional
governments, UN system, donors and irrtgfnatinnal techno-financial organizations, Out of thase
the following three recommendations relating to human agcommadation may be mantioned here
(a) Human Setlement Policies and Strategies to make the habital as the place of residence and
economic and sccial development within the tertitarial imit of alf countries for all, to prepare and
pursue national housing policy; and te the 1ssues of human settlements transparent for all
ctizens. [b) Settlement Planning 15 10 be consistent with self-sustainakulity, civic facilites and
housing for ali inking it with the urban and rural areas and so an (c} Shelter, Infrastructure and
Services through wtsgrated approach, aflordabuiity, standard, local technology, indusinal and
commercial developments Iinked to households in communitigs ke cooperatives, (d) Land s 1o
he used gptimally for all purpeses through acquisition, as appropriate, preparation of land records
and ensuring security of tenure. (8} Public participation in all developments in human settiemenls

and sheller and {f) Environmeantal pmtecl:on‘m.

{viii) United Nations In November 1288, the United Nations in their “Global strategy for shelter to
the year 2D00" adogted and caled upon different govemments to take staps for the formulation of
& Natonal Housing Policy i the lght of 'the enabling approach to achieve the poals of the
sratagy. The United Natlmns Conference on Environment and Development {UNCED) held in Rig
de Janairo in June 1992 urged upon the governmerds to formulate nalicnal settlement strategiss
to implement the recommendabons of the UNCED in the field of promohing sustainable human

settlemants ™.
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3.2.4 SHELTER POLICY OF THE GOVERNMENT GF BANGLADESH:
The Government of Bangtadesh has sttached ymportancs in providing residential accommodatian

jor the citizens. Some of the steps taken by the government to this effect are given hereunder.

The constitution of the People’s Republic of Bangiadesh advocates ihal the people are the utmost
concem for the state {ihe Constitution 1972, Articles 15 to 20) “They {the people] are entitled to
enay the benefits of human settlements for a heaithy and productive life in harmony with nefure
and 1n harmony with shared spiritual and moral values and ethnical considerations Inadequate
Income, poor shetter and homelessness threaten health and secarity of life, particularly of the

helpless chitdren, women and men." '™

in Fifth Five-Year Plan 1297-2002 of Bangladesh housing for pecple has been given due

importance mentioning "Housing is one of the most Imporant basic needs of iifs". '™

In the Drafi Nationa! Housing Policy 1993 housing has been described as “ons of the three basic
primary needs and is equally important as food and clothing Il provides shelter, safsty and a

sanse of belonging to the awner. It also provides privacy and promotes health and camfort™'?,

3.3 RESIDENTIAL ACCOMMODATION IN DHAKA CITY:

The inhabitants of Dhaka city are having bitter expsrience regarding the acute shortage of
residential accommodation. The situations of residential accommodation along with various

government measures to meet the demand have besn discussed hereunder.
3.3.1 SITUATION OF RESIDENTIAL ACCOMMODATION IN DHAKA CITY:

The fifth Five Year Plan 1657-2002 cites that, there is an acute shorlage of affordable housing

bath In urban and rural areas of Bangladesh " There is housing crisis in the country beth in the
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rural and urban areas. Housing has been considered by the Govermnment of Bangladesh as an

Integral part of overall improvement of human settlement and economic development' "'

n the draft National Housing Policy 1982 the problems regarding Housing has been desenbed
a5, a zerious one because of 1he large number of homeless households, rapid growlh of slums
and unauthonzed squatier settlemants, spiraling price of land and construction matenals, rampant
speculation and phenomenal increase in house rent, insufficient availability of waler, sanitation

and basic services to bulk of the populabion ¥

In 15981, the housing shorlage was estimated o be 0,95 million units in urban areas and a total of
3 10 million units"® in the country. I the same report the total housing shortage in 2000 AD was
estimated to exceed 5 million units.!'”, The Urban Area Report of 2000 Census 1s now under
preparaton and is expecled to be published in 2005 The same reporl on 1821 census has been
published in August 1997 As regards to dwelling units {Housss), materials used in wall etc the

report prasents Table 3-01 below.

Table 3-01

STATE OF DWELLING UNITS {HOUSES) BY MATERIAL OF WALL AND
ROOF IN DHAKA CITY

TOTAL NO. OF MATERIAL OF ROOF

MATERIAL OF WALL HOUSEHOLD STRAW BAMBOO TILE/C.! SHEET GCEMENT

Straw, bambog 342,820 1,411,620 2.31,130

Mud, un-bumt knck 1,25 467 21871 1,03 556

o sheet, metal 142,319 IFT3 1,38 546

Wond 2 965 243 274

Cemeant/brick 474 803 1,7 1,76 462 2 96637
TOTAL 10,588,378 1,29 286 6,52 455 2,66 537

Source, BANGLADESH POPULATION CENSUS 1991, Wol 3 Urban Area Report, 1997

3.3.2 GOVERNMENT MEASURES TO MEET DEMAND FOR ACCOMMODATION:

The concem of the government of Bangladesh regarding housing scarcity has been expressed in

the drafl Hational Housing Policy 1993 as, "The government is conscious of this problem and the

43




enormity of housing crisis in the country. The govemment intends to create a favorable and
conducive enviropment in the country to give impetus to Lhis sector The government will
endeavor to provide housing {o every citizen of Bangladesh through various measures,
incentives. molivation, planning and management. Special housing schemes will be prepared for 1
the fow Income group, the disadvantaged, the destitute and the shelter less poor.""'™ Some of

the measures and polictes taken up by the government to this effect may be mentioned here.

(ij THE FIFTH FIVE-YEAR PLAN 1897-2002: in the fith year plan 1997-2002!"" the foliowing

objeciives have been mentioned for ths pumpose of people's accommodation:

a. Development of low cost houses/imulti-storied buildings for housing / resettiement of slum
dwellers, the disadvantaged, the destitute and the shelter less poor and In-situ development

of slum and of shelters for squatters,

b Development of sites and services for residential accommodation of low ang middis-income

groups of people.

¢.  Construchon of condominiums for low and middle-mncome groups of peaple.

d.  Construction of multi-storied flats for sale to government employees at ditferent places to

ease the accommodation problem. '

e. Construclion of housing facilities for working women.

f.  Construction of low-cost houses in the coastal areas of Bangladesh.
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g Involvemsnt of the private sectar with necessary incentives for its greater participation in the

housing sub-sector.

{i} NATIONAL HOUSING POLICY 1993 {Draft): In order to cater far'hnusing problems the Mational
Housing Policy 1993 was prepared and approved by the government The Aims and cbjectives,
Strategies and Policies mentioned In this policy inciude the following:

{a) AIMS AND OBJECTIVES®

a. To ensure housing for all strata of society, and {0 accelerate housing production In urban and

rural areas with maor emphasis on needs of the low and middle income groups

b, To make suitably located land at affordable price for various target groups, especially for the

middie and Ibw-income QroupRs.

e To mobilize msources for housing through persenal savings and other financial wnpuls.

d To ensure effective imptementation of the housing programs, promote use of locally developed
materials and canstruction techrugues and increase production of forest based building

materials

e. To improve and enhance the character, quality and environment of the esasting residential

areas in urban areas.

f  To promate inter-seclaral coordination within the framewark of national, urban and regional

plans.

g. To develop new strategies and undertake revision of the pokicy from time to ime ta cope with

the emerging housing nesds and problems in lhe country.



h. 'Underta:-ce action ofnenled research in all aspects of housing problems and 1o foster
minimization of cosl and rent.

In order to fulfill the above objectives the fallowing Straleqies and Policies were declared in ihe

drafl Natienal Housing Policy 1993 '

{b) STRATEGIES:

a. Housing will be given due piionty in the nalional development plans.

h. The role of the government will be primarily be to increase access o land, infra-structure,
services and credit ahd to ensure ayailabilily of building malerals at a reasonable price,
specially to the ow and middle income goups and to create and promote housing finance
institulions, where as actual construclion of housing will generally be left to the private seclor
developers, the pecple themselves and the NGO's.

¢. Austerity will be maintzined in building houses and efiorts will be made to economize housing
costs, discourage exlravagant consliuclion, facilitate incremental house building, ensure wide
application of low cost lechnology and optimum use of resources at the individual and national
levels both in public and private seclors.

{c] POLICIES:

#. Tax concession will be given to those who build houses with their own resources,

b Hire purchase syslem for housing in the private sector will be encouraged.

c. Tenancy Act will be updated for renting houses in the urban areas for mulual benefit of bolh
cwners and the tenants.

d. Abandoned houses will be turned into multi-sloried buildings by the Housing and Settlement
Direciorate in phases for solving the housing problem.

e. The size of rasidential plots will be limited to 3 katha in Dhaka city and & katha in other places

in housing estates developed by the government and the private sector.

f. Necessary aclion will be taken to strictly enferce Budding Code of 1993,

g Amangements for soft lnans for housing will be made for the poor; to 1his end, a special fund
will be created by the gavernmenl

h. Bural housing will be given emphasis by providing better access to land, finance angd cheap
affordable and durable building materials and technelogy following the Grameen Bank Model

i. Houses for working women will be constructed by the relevant cityf town authorities: and

. Low cost houses in the coastal areas of Bangladesh will be conslructed by the local bodies
and funded by the government.
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(i) BANGLADESH NATIONAL BUILCHNG COLDE 1833: Bangladesh Mational Building Code 1983
was prepared with an ahjeclive *to establish minimum standards for design, construstion, quality
of matertals, use and occupancy, location and maintenance of all buildings within Bangladesh in
order to safeguard wilhin achievable imit, Efe, imb, health, property and public welfare’. The
provision of this code 15 applicable to all persons of Bangladesh imespective of dass, creed,

culturg, religion and sex,

According to PREFACE of this book "Buildings, be it for housing, industry and education,
healthcare or any cther use, constitle the major part of construclion for physical infra-structure
development of the country. A substantial portion of national resource is invesled in bullding
construction both in public and private sectors. In order to ensure optimum return of this
investment and to achieve satisfaclory pedommance of the building in terms of serviceabiity,
health, sanitation and general welfare of the people, bullding construction needs to be contralled

and regulated. Legislative measure for such control has been taken in the building censtruclion

aci of 1952 and other relevant acis, ordinances and regulations®

{iv] BUILDING GONSTRUCTION ACT 1596 Ministry of Housing and Public Works, Goverament of
the Peaple's Republic of Bangladesk on July 18, 1988, on the basis of empowerment by Building
Construction Act, 1852 “Y Sedion 18 declared Building Construction Acl 1996, It has been made
apligatory for all to follow these rules and requlations, at the time of design and construclion of

bulldings and structures i the urban areas of Eangladesh.

{v} NATIONAL HOUSING AUTHORITY: In 19283, In view of an estimated housing shortage of 3.10
million units, and 'being conscicus of this prablem and enormity of the housing crisis 10 the
country” the Government of Bangladesh formulated Wational Housing Policy. This policy was
revised and a law was made for lhe formation of National Housing Authorty (MHAY in 19889,
According to this law the Housing and Setflement Directorale (HSDY and the Commissioner

{Settlement) were 1o be abolished and absorbed in the NHAL All the responsibilities, assets,
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dabts, law-suils, offices and employees, contracls or contracl of services wers 1o be taken by the
MHA. The law was signed by the then president on 11 July 2000 and the date of enaciment was
fuced to hiave been 15 July 2001, In & gazette nolficaticn the Ministry of Finance informed that the
relevant authorties okayed the posls and omanogram for the WHA. The Ministry  of
Establishment, however, poinfed out that the organogram and charter of dulies for the NHA were

not appropriately formulated.

Sri-Lanks formed a co-gdinated omanization for the purpose of solving housing crsis in that
country in as early as 1979 and altained tremendous success. Even though the palicy towards
such an organization was initiated in 1993 in Bangladesh, the same could not get & start even

after adecede, not to say anything about aclive ventures 1o scive housing crises in the country.

3.4 HIGH-RISE AND TALL BUILDINGS:

Even thaugh high-rise and tall buildings were initielly conslrucled to meel corporate image for
lame corporations, al present these are constructed to accommeodate all possible types of uses
and a considerable number of those are used for residential purposes These are commonly

known as apartment buildings. Before geoing inlo the-d.iscuasiun of vadous aspects of apartment

building, a brief discussion on high-rise and tall building shall be presented here

3.4.1 HIGH-RISE BUILDINGS:

The termn high-rise s a popular tenmn that people use to identify buildings above the general height
of buildings. The experts in urban climates use the tem 'urban canopy’ to denote 1his general
height. So, in other words, all buildings above the urban canopy may be called high-rise ar sky-
serapper. That indicates, the height of such buildings shall vary from place to place and from time

to Ume. And “one should not wonder in it, since the first sky scrapper of lhe world was a ten-stary
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huilding . in such a situation endsavar may be made to find out the paramsier of high-nse

building in Dhaka city from Lhe following considerations’

{2} Visual appearance Up to the sixties most of the buiidings in Dhaka were four story high In
the sevenlies a number of six-storied rasidential buildings were consiructsd both in the private
and public sectors The lrend of ihe nineties, however, is to go for buddings with 10 to 20
stories of even more, But as of today, any building above six stories presenls a ‘high-rise

appearance’ 1 the city.

fo} Structural analysis and design: in case of structural load calculations of buikdings in Dhaka city

the atera! Ioads needs to be 1aken care of in buildings over six staries.

(c) Walk-up hmit: For quite & tong time four étorf height was considered to be the walk-up mit in
Bangladesh At present, however, people walk up to six story heights and they are becaming
accustomed to this height

(o} RAJUK's regulation; Rajdhani Unnyan Karipakkha (RAJUK) in their Bullding Construchon Act
has made the use of elevator, fire-sscape stair and solid-waste chulg essential for buildings

ahove six stories .

Thus from the above five considerations viz. (a) Visual appearance, {9} Structural analysis and
design, (o) Walk-up hmit, (d) RAJUK's regulation it seems quite logical to opine hat, inthe present

context in Dhaka city ‘buildings above six floor height may be taken to be high-rise buildings’,

3.4.2 TALL BUILDINGS

As of today there 1s nothuing that defines the physical parameters of high-rise or tall buildings n
terms of their hewghts or number of floors The council for Tall Buildings and Urban Hakbitat
concluded that 'a tall building is not stnctly defined by the number of stores or its haight'. The
imporian! crtenon is 'wheth_er of not the design, Use or operation of the bulding is wiluenced by

some aspecls of tallness'. In order to simplfy the work on collection and compilation of data for
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such buildings, CTBUH decided to include in ts database on tall bulldings 'any buitding nine or
more stories in height’ in ther fire!™  This however, led many experts Lo prasent various types of
comments like: {i} ‘The builddings which are more than 9-storied in height are considered
internationally as Tall Buildings #9 (i) ‘The definition of Tall Building is controversial. In our
country as per provisions of RAJUK, any struclure of six or more story is considered as a tall
struclure. But a more intemational definition as advocated by councdl for tall structure 15 &

structure with mine story or more’ ©

Some experls attempled to define tall bulding from structural aspacts like, 'From structural design
and construction point of view it 15 simpler ta consider a buliding Lali when iis siructural anaiyses

and design are in some way affected by the lateral loads' ©¥

It is also interesting to note that many experts have considered tall-bulding and high-nise building
synonymols Some of their comments may be cited here. (1)) The building with a height of 20
meter or mare i normally called as talt (high-rise) bullding n Bangladesh *7 (1) *Recent years,
however, have witnessed an ever Increasing trend towards construchion of buildings which can be

classified as “high-rise” (nine stories or more)™

The term high-rise nas always been used by the comman peopie n a relative of comparative
sense. For example, (i} ‘The relatwe tarm HighiLow depending on the height of the adjacent
buildings or objects being compared with. has come up to whether the building is more or less six
storied in case of Dhaka city’ = (i) 'In & single story area a fve story building wilk appear tall. In
E-urc:pe & 20-story building 11 & cily may be called a hugh-nse, but the ciizen of 2 small lown may
point to their skyscrapars of six floors In large obes. such as Chicago or Manhattan which ara
comprised of a vast number of tall buidings, a structure must pierce the sky about 70 to hundred
storias if It 18 1o appear tall in companson with the immadiate neighbars. Tall buildings cannot be

defined in specific terms related fo height or number of floors” ™,
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The most reasonable statement given by CTBUH goes on ‘tall buildhng is not defined by the
number of stories. haights or the question of structural analysis. But a tall bulding 15 the one
having “some aspect of taliness in its design, use or oparation™ Even though CTBUH decided o
include ali buildings above 9 floor for the purpose of simplicity of collection and compilation in its
database on tal buildings, that does not necessanty mean that 'any buiiding above & or & story

height, a8 commented by some sxperts, is a tall budding’.

3.5 HIGH-RISE RESIDENCES IN DHAKA:

In order to meel the ever-increasing demand for residential accormmodation in the imited kand of
Dihaka city the canstruction of high-rise residential buldings was a natural and viable soiubon, of
course with natural consequences. The context and reasons behind the growih of highise

residential bulldings have been discussed hereunder,

3.5.1 CONTEXT OF GROWTH OF HIGH-RISE RESIDENCES:

During Pakislan period public sectar housing in general denoted accommadation for government
employees only. But gradually the horizons of public housing have been exiended o include the
jow 1o middle income groups, student housing, hculsing for single working women, relief and

rehabilitation housing, worker's housing. housing for squatters and the landless ete ©V

The inadequacies in the then public housing was cbsarved in the draft National Housing Policy
1893 as, "Pubkic housing has, in general, failed to stnike a balance between proper Rousing
design, standard and architectural style on the one hand and uss of mnovative building matenals
and aflordable housing on the ather. The public sector has generally followed a land development
policy, which largely benefted some higher and upper-middie income groups. This has

particularly caused distortions in the land market and often led to sub-optimal development™®?,

Gavemment efforts in providing housing primarity limited to government employees and some of

the urban public, could rot make any significant devslopment in the urban housing scene, With a
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huge backlog of housing need mounting in the cities a new generation of real estate
entrepreneurs came into the pidure. In some casses plats were subdivided and sald out, and in
others houses were constructed, some for individual ownership and others for multi-ownership of
huildings with flats far indmaduals &

As soon as the policy o accommodate more pecple on less land was In prnciple accepled, the
inevitable solution was to go for muMi-storied residenbal building. Consequently ‘the
transformation of public housing from single-family-on-single-lot typology o walk-up flats had

'

heen a significam change [ Eyan though apartment lving is a wastern concept and alihough

alien to our culture, 118 now gradually finding ILs way Into our saciety, ™

in 1993 in a seminar on Talt buildings the planners expressed that, high-rise residential buitdings
wers @ new additions in the capital city of Dhaka and that ihose were being construcied by private

developers afong main thoroughfares and at places proximate to central business district™*®.

The first residential fugh-rise building was the 12 story high stafi-quarler for Bangladesh Mavy at
Banani, Dhaka ®" The fwst developer built housing was at Paliab, Mupur in 1964 1 n this
project, the developsr made an agreement with the buyers 1o develop the land and construct
complete building just after an initial paymenl. The rest of the monay was borrowed by the
company on behalf of the buyers; from & loan giving agency and the company construcled the
houses with the borrowed money. Se, the buyers had only to invest in the land initially. The
project covered 1000 houses of differsnt types ranging from 500 3g Ft o 19240 Sg Ft on plots of

7 5 to £.0 Katha™

The present scenanc Of construchion and managemeant of apartments, however, 15 different,
because the prvate apariment developers operale in two different methods In one mathod they
buy land on their own, oMfer flats to probable buyers through advertisements it newspapars and
start conslruclion of flats with installments paid by the buyers and bank loan, In the second

method developers come under proportional ownership arrangement They make some dawi



paymenls to the landowners and share aparments at 60-41 [developer: land owner)
arrangement. The quality of construction of apariment buildings is generally better in the second

method, since landowners try to ensure the quality of construction ™

In the urban housing seclor, the mast noliceabia changs has bsan the introduction and the
growth of housing colonies and Dhaka now prolferates with mult-stonied apariments and flats,
The architact's skl now faces a new challenge: the challenge being to keep thoss marks of
Bengal dentity in buildings which (for the client) represent a commercial venture and as far as
aparment lwing is concemed tha living pattern and needs that it serves, do nei have a historical
reference within the region but are par of intemational phenomenon of urban growlh How
architects respond to lhis challenge is indeed crucial, as 1t decides whafher our ciias wili be
transformext indo faceless concrels ungles, or whether we will be able fo stamp our buildings with
our history of struggle for identilty. The architectpianner has to negotiale betwsen technical f
commercial requirements and architectural expression which evokes our history, our culture and

traditions ",

Apertment living is a western concept and aklkhough alien 1o our cullure it 18 gradually finding its
way into our society Developer built housing in terms of high-rise apariment Inving will take some

time, before its socig-cultural impact can be properly evaluatad

Due to scarcity of land In Bangladesh, where rapid urbanization is taking place the Bengali dream
of a personal hame ownarship with 8 gardsn on the ground level, will remain a dream for most of
the people Unless there is a revolutionary change in govemment policy and program on urban
haousing, developer-built housing will come to be a significant housing supply system for the urban
dwellers who can afford it The developer-buiit housing, particularly the high-rise ones are already
changing the cityscape dramatically. Archiects and cily planning authorities should make a
concerted affor so that this newly emerging powerul form can provide & definile and desirable

addition ta the physical character of our cities. ™



3.5.2 REASONS BEHIND THE GROWTH OF HIGH-RISE RESIDENCES:

The physical boundary of Dhaka city is growing almost every day. The government, however. has

declared a targeted area of 401 Sq. Km. A flood controi dam has been constructad enclosing

about 260 Sq Km. of land It may be noted that fiood has become a headache for Dhaka city in

the recenl years and it 15 guite likely that the greater population of the city shall five within the

area enclosed by the flaod contrel dam. The Tables 3-02, 3-03, and Figures 3-01, 3-02, 3-03. 3-

G4 show the Population in Dhaka City Corporation, Area of the city and Population Densty m

persons per 5g. Km from 1851 to 2001

Table 3-02

DHAKA CITY: POPULATION, AREA AND POPULATION DENSITY

FROM 1951-2001

CENSUS YEAR POPULATION AREA 1N 8Q. KM, DENSITY IN PERSON f 50.KM.

19561 335028 T2 4 665 !
16031 550,143 M 6,046

1974 1,607 4495 a5 4,961

1981 2,516,805 208 13452

1891 4,232 034 276 15333

200 5,578,023 B0 14,939

Source: URBAN AREA REPORT, 1957, Yol 3 of Bangladesh Papulation Census 1991 and

Frelminany Population Repor, 2001 cansus.

Figure 3-01: INTER-CENSAL INCREASE OF POPULATION IN NUMBER
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Figure 3-02; INTER-CENSAL INCREASE OF AREA OF DHAKA CITY
IN SQ. KM.

Figure 3-03: INTER-CENSAL INCREASE OF POPULATION DENSITY
iN PERSONS PER 5Q. KM.
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Considering the value of 1951 as 100 and the base, their percentle variahons in 1981, 1974,

1981, 1991 and 2001 may be calculated as follows:

Table 3-03

PERCENTILE VARIATION OF POPULATION, AREA AND DENSITY IN
DHAKA CITY THROUGH 1951 - 2001

1851 1961 1974 1981 1994 2001
iTEMS BASE VARATION VARIATION VARIATION VARIATION VARIATION
i1t Poputation 100 +65% +378% +138% +1160% +1561%
{ii} Cily Area 100 +26% +32% +183% +283% +H00 %

{13y Pop. densily 100 + 29% +Hi% +188% +2258% +220%

For easy understanding the above Tabte has been presented in graph i Figure 3-04 halow.
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Figure 3-04 PERCENTILE VARIATION OF POPULATION, AREA AND
DENSITY IN DHAKA CITY THROUGH 1951 - 2001
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wWilh the increase of population with |esser increase of area, there was gradual increase in the
price of land for habitation The experts observed thai, Dhaka experienced an unprecedentad
increase 1N land value since the early seventies. In the past decade the city developed mainly
lowards the north From sictiss up to mecent times RAJUK has provided nearly seven thousand

plots at subsidized rate mainly for the middle and upper income growg.

The value of land in Dhaka city, mainly in the central area, has increased at a rats much higher
than the rate of any ather commaodity. While batwesn 19569 and 1973 the cost of living in Dhaks
has increased four folds, the price of high-class residential land has increased approximately 23

to 35 times'

In & seminar held in Dhaka in 1993 one expard menticnad that the land prices in Central Dhaka
soared from Taka 3.00 5q. Meter in 1850 to Taka BODO 00 per Sq Meter in {99, The expert also
observed that, In the absence of any land valua records it was very diflicult to compare the land

value over the past decades™

The account published by the Center for Urban Studies {CUS), Dhaka University and Sheltech
regarding |and price in different erea in Dhaka city 1n 1990 has besn presented in Table 3-04.

While the price up to 1990 was based on information that on 2000 was their speculation This
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researcher contacted in September 2001 for tha latest information regarding land price in Dhaka

city. But they replied Lhere was no work n this field.

Crganizations like Rehab, (the association of the Real Estale Developers in Bangladesh) was
contacted for latest information, but they also could not help  In such g situation this researcher
contacled the developers. This source informed, they had an understanding among themseives
o pay arcund Taka 12 lac to 14 lac per Katha in areas wheare thera is height restrictions and Taka
12 lac o 18 lac per Katha whers there 15 no such restniction. The land value is Taka has baen

given in Table 3-0d and in Graph in Figures 3-05 below .

Table 3-04

LAND VALUE INCREASE IN DHAKA CITY: 1974-1990-2000

YEAR 1974 YEAR 1990 YEAR 2000
AREA TAKA FER EATHA TAKA PER KATHA TAKA PER BEATHA
Baridhara 25000 E00, 000 1300, 000
Gulshan 25000 600,000 1300,000
Baranl 25,000 600, 000 150:0,000
Mahakhal 22,000 600,000 1300000
Charmondi 25,000 600, 000 300,000
Anympur 17,500 GO0, 000 1300 000
Moharmmadpur 25000 500,000 1000, 000
Shantinagar 20,000 500 000 1000,000
DoHS 20,000 G000, D00 1000, D00
Sharmol 17,500 200,000 12010,000
Uiara M Town 20,060 300,000 1306,000
Cant Thana 20,000 400,000 1300,000
Kamalapur 17,500 400,000 1300,000
Sadabad 17,500 400 D 1103, 000
Gandana 10,000 400,000 1000,000
Bashaboo 2,000 300,000 1000,000
Kalyanpur 17 600 300,060 1200,000
Mirpur 10,000 200,000 1300,000
Kachukhet 10,000 200,000 1000, 000
Badda £ 000 200 000 1000, 600
Goran 4,000 200,000 1000, 000
Dermra 4 000 200,600 1000000
Muatijhesl C.A. 80,000 1,200,000 Mo informatian
Karwan Bazar 41,500 1.000, 000 Mo information
Mohakhah C_A. 33 500 B00, D00 1300,000

Source' CUS, Dhaka University 1974, Sheltech - 1990,
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LAND PRICE IN TAKA PER KATHA IN VARIOUS AREAS OF

Figure 3-05
DHAKA CITY IN BETWEEN 1574 TO 2000,
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From Table 3-03 it may be sesn that from 1951 to 2001 the area of Cily Corporatian increased by
about 400%, where as population has increased by 1561%. This indicates, there is tremendous
demand for land for the people wha are now living in sub-standard houses of in the fnnge areas.
The above picture shows only the people who have migrated and are now living in the city. The
number of people who now live outside Dhaka and are willing to come to bve in the city i lhe
near future has not been considered in this account. The editors of the "Contemporary
Architeclure Bangladesh® observed, in the seventies the Iiking of one section of the middle class
mavad away complelely in a different dirsction. Bangladeshi people working abroad were
remiting monay 10 be invested in land with the hope of building & house on it The developers
ware quick i understanding s potentialities They started producing templing condomniums <n
prime land. Bangladashi abroad saw the chance of owning apartments without the trouble of
bullding houses on their own. Thus a large amount of foreign currency coming 10 through he
wage-earner scheme was being invested in developar-built housing And housing tumed to be a

beoming construction aclivity in Dhaka et

The only way in which the developers could provide more and mors number of aparimenls on
hmited land was to go for more floors, or i other words, increase height that increased the
bullding height. The trend tawards construction of high-rise buildings in Bangladesh 1s very much

connecled with the very hugh price of land in impartant areas. Since land value is very high in the
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Inner city areas, one may quite logically think of Increasing population density through mulli-

storied construstion ™,

Other than the wage earners working i the Guif countries, there were demands of apartments
from anolher group of consumers. They were, a new Jroup comsisting of young urban
professionals and young couples, who preferred to break away from the tradition of the jont-
famity structure and to live independently. For this rgrr::up the developers were after producing
functional, sophisticated apartments with westernized living arrangsments, consistent with their
testyle and taste’ *7), Developer-built housing has in time become a sign of affluence in the
city'™®, The change in the cliertele has effectsd internal organization ta a large extent As new

clients are opting for contemporary ideas, spaces are becoming smaller and managesble and a

pattern of sumplfied iiving is being developed.

Since these buildings have to compete on the open market, developers are now willing to take
into consderauon the psychological, aesthahc and ernvironmental needs of the prospectde

buyers 5

253 CONTROLUNG & REGULATORY MEASURES 1N GROWTH GF BUILT-FORMS IN
DHAKA CITY .

The physical growlh, architeciural design and construclion of ligh-nse buildings have always

been imluenced by various provisions, rules and byetaws imposed by the governmeni Some of

these regulatory measures cencerning the design of such buildings angd related with ciimatic

thermat conditions inside the built-spacs 1s discussed here.

{i) BUILDING CONSTRUCTION ACT - 1988 it is obligatory for ail Architects, Designers and
Developers to follow the Bulding Construction Acl of 1996 and hence the design of residenlial
high-rise considerably depends on these rules and regulations. Following are some of the

relevan aricles that contral the growth of residential high-nise buildings in Dtiaka city'™
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{al. Setback of buitding from the read: (1) There must ke a 3 65 Meter wide road leading to the
site. In case of lhe mad owned privately, the width may be 3.00 Meter wide. (it} One Mater by ong
Meter space must be kept open in case of two roads meeting at a carner. {iii) The budding must
he placed at a minimum dislance of 4 5 Meter from the center of the adacent road, or it must be
at a distance of 1.5 Meter from the site ling. The larger ons is to be considered.

{b). Height of building: The maximum height of the buiiding must nat he more than wo limes of
width of the front road plus open space in betwsen the road and the building. Provided,
If this sum is 7.60 Meter, the maximum height of the building will be 9.50 Meter
If ttis sum is 10.60 -13.58 Mater, the maximum height of lhe building will be 12 50 Meter,
I this sum 1s 13.60- 16,58 Meter, the maxmum height of the building will be 15.50 Meter.

In case the width of the front road s
hetween 4 £5-7.58 Meter. the maximum height of the building will be 18.50 Meter.
between 7.60-10.66 Meter, the maximum height of the building will be 27.50 Metar.
belween 10.67- 15.24 Weter, the maximum height of the building will be 42 50 Meter.
between 15.25- 22 .99 Meter, the maximum height of the building will be B0 50 Meter.

{c). Light and vemtilaton {1} There must ba provision for ight and ventiation 1 all rooms through

door, window, fanlight ete (i) The kitchen must have an exterior wall,

{d). Roof averhand, cornice and sunshade’ (| These must be construcled such ihat there must not
be drainage of water to other's properties. (). Roof er cornice will be aliowed to axtend
maximum up o 0.50 Meter. (In} Sunshade over door or window shall extend maximum 0.50
Meter. {iv} in case of seven or more stonied residential building, garbage chute must be provided

{e}. Open space for residential building: Open space to be provided on the rear and two sidas as

per Tablg 3-05 below:

Table 3-05

OPEN SPACE TO BE PROVIDED ON THE REAR AND TWO SIDES

AREA OF SITE REAR OPEN S5PACE QPEN SPACE ON BOTH SIDES
a. Up to 134 Sg. Metar 1.00 Meler 0.80 Meter
b. From 134-200 3 Meter 1 00 Meter 100 Melsr
¢ From 200-288 Sg Meter 1,50 Meter 1 20 Melgr
d. Owver 268 Sq. Mater 2 00 Meater 1.25 Mealer

| Bource - Building Censtructon Act of 1598,
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{fy Special rules for buildings over seven floors: {i} Thers must be elevator(s). {ii} There must be
an smergency generator. (Hi) There must be firs-ighting arrangemens. {1v) Buildings over 45 70
Meter tall must have indicator light for awiation {v) For buildings with ten or more floors there
must be 2,50 Meter open space on bath sides and 3.00 Meter al the rear side.  {wi} For buildings
with ten or more floors 5% space must ba pravided as community space

{ii) BANGLADESH NATIONAL BUILDING CODE -1933:

{a) PURPOSE: The purpose of Bangladesh National Building Code or BNBC, as has been
mertioned in Chapter 1 Pags “is to establish minimum standards for design, consiruction, guality
of materials. Use and vecupancy, location and maintenance of all buildings within Bangladash in
order to safeguard, within achievable imits, life, Imb. health property and public walfare. The
stallation and use of certain equipment, services and appurtenances related, connected or

attached to such bulidings are also regulated herein to achieve the sams purpose =

{b} APPLICATIONS: As for range of application it has been mentioned "The Provisions of this Code
are applicable to all persons of Bangiadesh imespeclive of ciass, creed, cultufe, refigion or sex
The Code doers not, 1N any way create or othenyise establish or designate any particular class or

group of persons who will or should be specially pratected or benefited by provisions of Lhis

Code" B2 '

(¢} OBJECTIVE: The objective of the Code, as mentioned "is to insure subhe safety, health and
general welfare inscfar as they are alfecled by the sonstruciion, alteration, repair, removal,
demalition, use or occupancy of bulldings, structures or premises, through structural strength,

stabiiity, means of egress, safely from gther hazards, sandtation, ligh and ventilation”, (a8

{d} SCOPE: The scope for BNBE has been written a3 “The provisions of this Code shall apply to !
the design, construclion, use or occupancy, alieralion, moving, demclition and repair of any
butiding or structure and to any appurienances installed therein or connecied or attached thereto,
except such matters as are otherwise provided for in other ordinances and slatutes controling

and regulating buildings.
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Buildings, be it for housing, industry, education, health care of any other use, consbiule the major
part of construction. & substantial portion of national resource is invesled in building construction
poth in public and private sectors In order to ensure optimum return of this investment and to
achieve satisfactory performance of the building in terms of safsty, senviceability health,
sanitation and general welfare of the people, bulding construction needs to be controlled and

reguiated

Some development and consimuction agencias of the government have their own ules and
sstablished practices. However, these regulations, crdinances, rules and practices are not
comprehensive and nesds updating, rationatizatien and unification It s imperauve that a uniform
standard of practice coving all aspects of planfing, design and construction of building, including
electrical, mechanical, sanitary and ather services, be followad in the country Such a standard

can be provided by a comprehenswe building code approptiate to the needs of the country. Gl

{e) CLASSIFICATION: In Bangladesh National Building Code 19593, {BNBC) Resudential Building

has besn classed as 'A" by Occupancy Classification.

i) DESIGNATION OF FLAT: According 1o BNBC, Flats o apartments have been designated by A-2
and have bean definad as, any buiding or porion thereol or group of buildings in which living
quartars are provided for more than one family, living independently of each other, with
independent cooking facility for each family. Flats or apartments may be located in walkup

buitdings, high~ise buildings or in housing complexes.

{g) EXTERNAL OPENING: BNBC has proposed that at least one side of all habitable rooms should
be exposed 10 an exarior o interior open space or 1o 8 balcony of verandah Proposal has also
besn made such that alt buildings facing a street and having height not mare than 17 Meters or
five stories be constructed at a dislance of at least 4.5 Meters from the cerder of the street or at
least 1.5 Metars fram ihe road front properly Iine which ever is greater,
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(R} OPEN SPACE: All buildings facing a street and having height more than 17 Meters or five
siories have been proposead to be construcied at a distance of ai least 4.5 Meters from Lhe center
of the strest or at least 2 Maters from the road front property line which ever is greater

The minimum side and rear open space requirement as per BNBC have baen shown in Table 3-
05 below

Table 3-06
NMINIMUM SIDE AND REAR OPEN SPACE REQUIREMENT:
Cooupancy . Plot size Min. rear opan space Min, side gpen space
Reswdential :
Nel higher than 10 storias Mot over 135 m” 125 il
for33m) Cwver 135 ta 200 15 1.25
Cryer 200 to 289 172 125
Crear 265 1o 330 2.5 1.28
Creer 330 10 630 a0 125
Crver BEC 40 1.25
bot higher than 10 stores”  Any 4.4 3
{ar 33 m}

HArmum open space at the front 6.0 m.
Source- BANGLADESH NATIONAL BUILDING CODE (BNEC) - 1883

{ij INTERNAL COURTYARD As for imlerior courtyard. BNBC advocates that if any room depends
entirely on an interior open space for its light and ventiigiion, such interior open space should be
in the form of an interior courlyard open to the sky over ils entire cross-section The dimension of

the courtyard shall depend up on height of the buitding and shall vary as shown n Table 3-07

below.
Tabile 3-07
BUILDING HEIGHT AND INTERIOR COURTYARD REQUIREMENT
MIN. NET AREA CF INTERIOR
WO, OF STQRIES HEIGHT !N METERS COURTYARD IN S0.M.
B an ;|
T 23 43
B 26 B4
a 4 81
10 32 140
11 35 121
12-13 4 144
1415 48 196
1617 &4 £hi
18-20 &3 361

Source  BAMNGLADESH NATIONAL BUWLDING CODE (BNEC) - 1993
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() COMMUNITY SPACE: In case of Community open space and amenitias, BNBC advocates that
for all resideriat or residential cum business buildings having ten or more storigs, community
space at the rate of 5% of the total floor area needs to be pravided either within the budding or
outside within he premises solely for the use of the occupants of the building BNBC suggests
that roofs of such buildings should not be considered as community open spaces For residentiat
or residential cum business plots measunng more tﬁan 0.1 hectare, 10% of the area of land
should be left vacant to be used as children's playground This playground shouwld be continuous
and should have a length nol exceeding 2.5 times 11s widih. The playground may extend into the

mandatory open space of tha plot.

BNBC also suggests that for all plots on wihich more than one residential or residential cum
business buildings are constructed. community spacs at the rate of 5% of the tatal fleor area of all
the buildings should be provided ether within the building or outside within the premises and that

roofs of such buildings should not be considered as community cpen spaces.

{%) HEIGHT OF ROOMS: As for hewghts of rooms, ENBC suggests that all habitable rooms in non-
air-condiboned residertial buildings, aparl from kitchen, store room  ullity room, box room and
garage shoulld have a ceiling height not less than 2.75 Meters measured from tha finshed surface
of the floor to the underside of the finished ceiling or false celling. A minimum of one third of the
floor area of such habitable rooms may, however, have a minimum ceding height of 2 44 Melers.

For air-conationed rooms in such buildings, ke minimum ceding hesight should be 2 44 Metars

i DIMENSIONS OF ROOMS According to BNBC every dweliing unit in a residential building
should have at least one room, which shall have not 1ess ihan 9.5 Sq Meters of floor area with a
mirmum widih of 2 5 Meters Other habitable rooms in the dwelling unit should have a minimum

area of Sm* each with width of 2 Meters.
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m) LOCATION OF BATHS, TOILETS ETC.. Every bathroom, toet and water closst should be
located against an exterior wall of wall on the interior open space, except whers they are
ventlatad through an interior ighting and ventidation shaft with minimum specified cimansions as

shown in Table 3-08 below

Table 3-08

BUILDING HEIGHT, MIN. CROSS-SECTIONAL AREA AND
MINIMUM WIDTH OF SHAFT

BUILDING HEKGHT MIN. CROSS-SECTIONAL AREA MINIMUM WIOTH OF SHAFT
Ho. of Steries Heighi{m] OF SHAFT m" inm

8 Up to 20 5.0 24

Cver & QOver 20 g5 2.5

Source. BANGLADESH NATIONAL BUILDING CODE (BNBC) - 1833

{n} SHAFTS' BNBC suggests that the shafts of buildings excaeding six stores or a heighl of 20
Meters should be mechanically ventilated and that all shafts must be accessible at the ground

fioor level for cieaning and sarvicing purposes

{0} VENTILATION, UGHTING & SANITATION: BHMEC suggests thal all rooms and tlerior spaces
designated for human occupancy shall be provided wilh means of natural or aruficial ighting and
matural or artificial ventilation. AX naturally ventilated and iliuminated interior spaces, staircases
and other areas of human occupancy in a building should have windows or ventilalors opening
direcily o the exterior or an interior open space or {0 a verandah. BMRC suggests that ventilation
of bathrooms may be ensured through ventilation shafts

{p} AGGREGTE AREA Of OPENING: BNBC suggests that all hakitable and non-habitable spaces
witrun a building should have the following minimum aggregale ares of openings in the exterior
walis, excluding doors Table 3-09 below shows Lhe recommended open space expressed as
percentage of the net floor area

Table 3-09
MINIMUM AGGREGATE AREA OF OPENINGS IN THE EXTERIOR WALLS
Hahitable rooms like sleeping, living study, dimng etc. 15%
Kalchans 18%
Mon-habitable snaces ke bathroom, stare, starrcase eic, 10%

Source. BANGLADESH NATIONAL BULOING CODE {(BNBC) - 1293
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3.6 CLIMATE IN HIGH RISE BUILDING

The climatic condition in a man-made urban environment may differ appreciably from those in the
surrounding environment, Differences may exist In (i) Annual and diurnal patterns of temperature,
(i) Hurmidity, {ii) Wind condtions, {iv) Solar radiation, {v) Long wave nocturnal radiation, {¥i) Fog
and precyptation, {vi) Turbidity and chemica! compesition of air etc. 55 These lopics have been
discussed in the chapter on Climate. Here discussions will be done o the climatic 1ssules spacific

to high-rise residential buildings anly

(il DIRECT ACCESS MULTI-STORY APARTMENTS WITH TWO UMITS PER STAIRCASE: Givom
meroned of chmatic prablems and advanlagss of thus type of multi-stary apartments as, ‘a mueh
better design scheme than corfidor type buildings, from the ciimatic view pairt 15 to have
stawcase serving directly two aparimenis on each floor. With this scheme each apariment has
two opposite external walls and the whole building, a block containing several such staircases,

can be orianted optimally’ ™

This building type, in comunction with appropriale urban (meighbarhood) design, which provided
sufficient exposure of the indwidual buildings to the sun and the prevailing winds, can ensure the

potertial for eflective cross ventiiation and solar heating for al the dwelling urils.

In contrast with the single loaded corridor lypa, such buildings do not compromige the privacy of
the inhabilants while the aparments are cross ventlated According o Giovanni “Wih two
apartments o & starcass each one of the external walls can serve as a solar heat source”.

COMMENTS ON GIVONI'S ABOVE STATEMENT: Givon's above statement has been preparad on
the basis of conditions prevailing m cold countrigs, In tropical countries with less of winter solar
heating s not essential. Rather minimzing the affect of solar radiation from the western wall

presenls problam.
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fii} TOLERANCE OF QRIENTATION: The ‘tolerance’ of building orientation, for providing cross-
ventilation is about 60 degrees an ether side of the prevalling wind direction. Because of the
larger tolerance of the solar orientation the prevaling wind direchon, especially durng the
evenings, should be the main factor in choosing the optimal orentation of the building block,

especially in haot humid regions.

COMMENTS ON ABOVE GIVONI'S STATEMENT: The statement of tolerance in orientabion ig
iciealistically comrect and 15 applicable only in cases where bulldings are constructed on vast open
land. But this is not possible to apply in designing buildings in small plots in congested built-up

cities.

{ii) MULTI-STORY BUILIMNGS wWITH MORE THAN TWO UNITS PER STAIRGASE When thrae
apariments are accessed directly at each floor from a staircass lhe orentation issue becomes
more sensitive. Assuming that the third apariment projecls at rnght angle to the overall bullding
biock, it creates a wind “shadow” When the wind is oblique to the bulding and bowing towards
the proecting apartment. While all the apariments can stil have reasonable ventilabken their
conditions are less favorabie than in the case of two units to a staircase. When more than three
unit per floor are accessed from a starcase (or an slevator) some of the units will always suffer
from poor ventilalon and solar exposure conditions. Giovann comments, *Therefore such design
schemes are not recommended for low income people which carmot atfard ar-conditioning™" .

COMMENTS ON ABOVE GIVONI'S ABOVE STATEMENT: Givon's above statement is highly

applicable in case of high-nse apariments in the context of Uhaka City.

3.6.1 HIGH-RISE TOWER BUILDING:
High-rise narrow tower buildings depend completely on elevalors arnd other sophislicaled
mecharical systems for their functiomng. According to Giovanmu, 'they are suilable only for huigh

incama people, usually withoul or with very few chidren’.  Even though Giovanm comments
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‘Consaquently their applicability as resilence in developing countnes 15 guite limited, we find

such bikldings to be apily used in Dhaka city

3.6.2 ENVIRONMENTAL IMPACTS OF HIGH-RISE BUILDINGS:

High-rise Tower buildings, placed among lower building surrounding them, increase the mixing of
air flowing above the urban canopy with air at ground level. As a major source of urban air
poitution is vehicular exhaust at the sireets, \he upper air stream is usually cleaner than lhe
ground level air Increased mixing of ihe air of these two layers reducss the poliution
concentration at the ground level, where s impact on the health of the urban population s at a
maxmur. 1h this way high-rise tower building tend to improve the air quality at the street level

around them

Another impact of such buildings on the ground tevel conditions around lhem 15 & markad
inerease in the speed and turbulence of the wind. The wind speed i the streets around high-rise
tower buildings may increase up to 200% and in specific locations even higher speeds could ba
experenced, The desirabildy of this eflect depends, of course, an the nermal’ climatic condillons
in the city 1n gquestion. In cities expenencing nsufficient wind this effect wiil be welcomed., In citigs

and during tmes with excessive winds s impact of high-rise building is & negative ane =5

3.5.3 ENVIRONMENTAL CONDITIONS IN THE HIGH-RISE BUILDINGS:

The enviranmental condibons of the inhabitants of the upper floors of high-rise puildings are, to
some extent, different fram those of the rest of the urban population. Tha main differance arg in
the ventiation potential and soiar exposure and exposure to storms and wind-driven rain, as well
in the view from the windows. Because of the generally higher wind speeds gbove the average
height of the urban canopy the upper floors of the high-nse buildings enjoy betler venlilation
sonditions during weak winds, but on the other hand, are exposed 1o mare severe winds during

storms =
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Penetration of wind-driven rain thraugh openings and joints 15 also @ more $erous problem at
these floor levels than for the tesi of the urban buildings. Conzequently more careful details of

windows and joints betwsen wall elemenlts are negded there

Intefigent use of duct may help 1o reduce maintenancs Cosl by remaving hot aw. Mick Pearce in
his mixed-use building al East Gate, Harare, Zmbabwe made use of 35% less energy 1han six
conventional buildings in Harare combined 1t saved 5 3 5 milon in energy costs using o i

conditioner™.

Phillp Longdon observed, In a tropical region where many recent buildings depend an mirror
glass to keep out the fierce sun, Pelli (in Petronas Tower, Malaysia) 15 using a more artiul chmate
control device, horizontal bars, tear-drop shapad in sectien, whuch will block 50 to 60% of the
solar gain and at the same hme give a sense of protection to workers stationed near the

wirtdaws"™ .

One of the major environmental advantages of the inhabitants of the high-rise budding is the
heiter view offered from therr windows. Giovanni commented, "Whiig the rest of the city
innabitanis may fesl ther visual environment congested, those living i the upper fluors of the
high-Tise buikding oflen enjoy a view of distant scenes”, However such 15 nat the case i Dhaka
city, whers most of the high-rise buildings are placed at close proximity, thus blocking dislant

Yigws.

The envirormental noise leval at these upper floors is subslantially [ower than al the typical urban
builangs. Bolh greater distances from the noise sources and reduced reflection contnbute Lo this
condition, %

Complex interaction and feedback exists between the puiidings and their cutdoor environmant

The indoor climate and comfort condiions i any aiven budding depend on the climatc conditions
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surrounding the building At the same time the building itself modifies the climatic condilions of
the air surrounding it The urban geometry and profile, shape height and size of the buldings,
orientalion of streets and of buildings and nature of the surfaces of the urban open areas, all have

impact on urban climatas

Thus sach urban man-made stement viz buildings, roads, parking area, factories, water-bodies

ale. ereate around and above It 8 modified climate with which it imeracts

The colar of the building walls affects not only the miterior climate conditions, but also the light and
glare in the sreet in this respect there is, in many Instances, contragiction between the

requirements of indoor ctimale and those necessary 1o reduce the biinding glare in the streets. &3

Leaves of plants, due to eva-transpiration, are cooler than other surfaces of materials in the urbars
snvironment They then cool by convection lhe ar flowing past them. The result is that the
ternperature in areas covered by plants is a great deal coaler than in other areas of the city, L&

areas of exposed asphalt, concrele or sand 4

in addition to lowering of ground and air temperature, the trees also provide shade to the
padestrians. With deciduous type of tress this effect is seasonal they provide shade in the
surmmes, when it is needsd and allow for healing by solar radiation during winter months when it

is most desirable

3.7 CONCLUSION:

Before Dhaka turned o be the capital of Bangladesh the city was congested in the southemn part,
usually known as old Dhaka and was being expanded towards the nonih Mosl of the houses in
old Dhaka were constructed at a ime when there were no effective rules and byelaws regarding
construction of buildings and structures enlorced by the urban autherities. As a cansequence the

owners constructed struclures according to therr needs andg will in a pisce meal way. In case of
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sxpansion in the new northemn part, the wban authorities allocated land according to a Master
Plan and rules and ragulations enforced by them wers to be foliowed dunng construchon.
However, all those ware prepared and fommulated to suit the need of a provincial capital, and not
the capilal of an independent slate. Afler the country became independenil lremeandous pressure
was felt on iimited land to accommodate the demands of the capital, Since the land all around the
oty were low-lying, only excepting on north where thers was the reserve forest lremendous
problem was o be encountered to expand the city The people who construcled their houses in
the fringe areas were not willing o surrender their land for planned development and that aiso
scted a5 2 hindrance towards the city’s expanzion, The government addressed lhe problem by
constructing ‘Maitree Sethu' over the river Buriganga and thus bringing the southern bank of ihe
river Buriganga under the city's junsdiclion. Also better roads were constructed to connect fringe
and sub-urban areas like Savar, Narayingonj, Gazipur ete. for the purpose of expansion.
Erdeavors were made to earth-fill low-lying areas also. But the demand of land for housing
accommodation was much mare than what could have been provided. The result was the
congested and unhealthy development of residential accommodation, due to which the city now

suffars.

High-rise buikdings with all its advantages, disadvantages and risks are a realily in Dhaka cilty and
it will remain so for a long wme. There were valid reasons for their growih in the city and those
reasons still exist Even if a high-rise building collapses by accidenl, there 1s every possibility that
ihe only option that remains before the owners is to construct a similar building, such that none of
tham are deprived of thew interest. In swch a situation, such buildings may be considered
perenmual in it land, Because of the change of density and living condition in high-nise in
comparison wilh the traditonal low-nse bulldings there has been marked changes in climatic
congitions within these buildings. These changas not only affect the thermal conddions and wefl-
being of the accupants, but also have an impact on energy effictency of the enclosures. In such 3
situalion ensunng better climatic situation inside 1hese buildings may be of enormous benefii to

numeraUs users to ralain goord health within afordable budgst



In the pressnt chapter topics like iransformations of houses through ages, mem's idealistic
requirements in shelter. shelter policy of the government the residential condiion of residential
accommodation in the cily, government measures to meet demand for accommodation etc. have
besn discussed. Also various positive and negative aspects of high-nse buiidings came under
eiscussion. In order 0 have an underslanding of their microclimates the climatic impacis climates
of high-rise building has also been discussed. The next chapter will deal with the investigation,
which primarily aims at finding out thermal and humidity condirons in high-rise ragidential

buildings in various locations of Dhaka city.
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Chapter 4
THE INVESTIGATION

4.0 INTRODUCTION:

This chapter discusses the methodology and investigation procedure for surveying the climatic
conditions 1in varous rgoms of high-nse apanment buildings in Dhaka oty The discussions
inchuds how the buildings and living units to be surveyed were selecled, how the responses of the
users regarding climatic comfort and discornfort in their apanment throughout the year wera to be

known and recorded, whal type of instruments to be used for climatic measurements efc.

Far the purpose of climalc investigaions & number of buildings were setected from various
locations of Dhaka city s0 as to take care of the micro-climatc variations in ditferent aneas.
Apartmenis at various heighls and cardinal locations were selected to take care of climatic
vanations, if any, st different heights and locations. The instrument switable far measuring
temperature and humidity of rooms and spaces wers selecled. The instruments were to give
instant and eas[h.r readable readings. Naturally eledironic instruments wers found to be superor
te conventional mercury thermometers. However, in order to find out how far the readings of the
digital electronic tlhermn—hygrﬂ meter were accapable, the readings were to be compared wilh
standard mercury or olhar thermometers, Since the users of apartments are not usually trained to
express tha climatic conditions of their Iiving envimsment the enumerators were asked to record
their own feelings of climate &t the time of survey, such abnormal responses sxpressed by the
users, if any, may be verified and checked This chapter also deals with the systemn in which the
readings irdormation, comments el ware to be recorded such that those could be made easily
availabie for analysis and study, The Questionnaire was specially designed to inchude the queries
and their probable answers al appropnale places. All these were considered necessary for
measunng and doecumenting information of the microchimates, such that those could be presented

in suitable forms to be usabla by the designers of such apartments in the coming days. The
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above-mentioned topics shall be discussed in this chapter under the following major sub-

headlines
Methodelogy:
Setection of huildings, lwing units etc
Questionnaire,
Insirument for measurement
Buildings and living units surveyed
Measurement of tamperature:
Measurement of humidity:
Recording of usars' responsas
Racording of enumerators' responsas
Cther observations:
Conclusion:

4.1 METHODOLOGY:

The methodology followed for the purpose of investigating factors for thermal comfort in high-rise
residential buildings in Ohaka city comprised he following steps: (a} A number of high-riss
residential buildings situated at varous locations of the city were seleded for investigation and
study (b} A questionnaire was propared to record yformation regarding user's rasponses 1o
climatic comfort in their apartments, {c) Sketches of the rooms surveyed were prepared with
details of construclion matenals, finishes, fumiture, openings etc. recorded, (d) Temperature and
hurmdity readings weare taken in all the rooms and spaces and {e] The enumeratars own

perception of climate inside the room wers also recorded,

After the above-mentioned information, data and sketches were avaitable, those wers to be
analyzed to find out relaticnship, if any, bebween the various physical factors constituting the
rooms and spaces and the climatic conditions thera in, 10 find o, if possible, the condition thal

ensure maximum climatic comfort for the users
4.2 SELECTION OF BUILDINGS AND LIVING UNITS:

The buildings for investigation wers selecled in areas with conceivable variations in micro-

climates. These wers located at such arsas as Old Dhaka, Shantinagar, Elephant Road,
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Farmgate, Dhanmond etc. Only those living units where the users lived for faarly one year and
not over four years were selected for investigaton This was done because the inhabitants need
at least one year lo expersnce the annual changes of climates On lhe ather hand, sxposure
greater than four years may lead to such state of acclimalization that the inhabitants may

ovartook impertant changes due to acustomization and feeling of familiarity,

4.21 SELECTION OF BUILDINGS BY MICROCLIMATIC VARIATIONS:

The various ways mn which elements Iike buildings, trees, plants, green fields, paved surfaces,

watar-bodies, vehicles, faclories, workshops, poris. water hodies ate. influence the microclimate

of Dhaka city are;

Euildings: Build-masses regulate and divert airflow, cast shadows, absarb, transmi and
emit heat and mowsture. Human activities Ike cooking, irorung stc inside the
building also generate heat. Equipmeris hke air-conditioner, denumidifier,
water-heater, amplifier etc alsa generate heat

Treas and plants: Trees and plants cast shadow, absorb heat and emit water vapor, divart artow
and reduce reflectivity of ground suftace.

Green Fishds Grass fields absorb heat, emit water vapor and reduce refleclivity of ground
surface,

Paved Surfaces: HMard surfaces reflect, absorb, transmit and emit heat and reduce water
ahsorption aler rain.

Waler-Bodies:  Waler hodies absorb heat and emit water vapor to iIncrease tumidity These
also indicate temperatures different from those of the surrounding areas and
cause delay i1 temperature and radiation eflects

Vehicles Various motarized vehicles emil heat, gas and smoke, which influences the state
of temperalure and humidity and in-coming solar radiation.

Factories Factories and industries generate heat and smake, which influence temparature,

humidity and radiation input
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Since there is no homogeneous or even distribution of these elements through out the city
ci;msid-erable vanations of microclimate is experienced in differerd areas In the oity buildings,
Irees, plants stc considarably vary in heights and thus constitute an vndulating urban caropy, ‘
which profusely interfere with the velocity and direction of air-movements. All these factors
contrrbute to the generation of differing types of microclimates at various locations. In such a

context lhe following critena were used for the selection of buildings and Fving units;

{i} The bunldings should be located in the city in areas with wide micro-climatic varishons
{u} The units to be surveyed should be located at various lsvels and carginal locations.

4.2.2 SELECTION OF LIVING UNITS DEPENDING ON DURATION OF STAY:

Subjective response 1o clmate depends up numerous factors like clothing, acclimabzatian, age
and sex, body shaps, subcutaneous fat, state of health, foad and drink, skin calor ete, ™Y, Whils
the pencd for acclimatization 1s taken to by 30 days, a man needs at least one y&ar 1o experience
climatic 'changes through out the year. However, prolonged living in the same unit for longer
periods accustom the subject to that situation and his response towards lhe surrounding climates
may rot reflect the accurale picturs. In order 1o take this point into consideration, the follawing

criterion was followed in the selection of units.
{) Only those living units where \he residents havs lived for a period of about one year

in the lower limit and four years In the upper limit wema selected for study and

Irvestigation.
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4.2.3 BUILDINGS AND LIVING UNITS SELECTED:

By following the above criteria. seven buildings in five different locanons of Dhaka city were
selecled for investigation. Twenty-seven living units at vanous heights and locations of these
buildings were selected for invesugation. The localions of buldings sslected have Deen given in
site plan enclosed at the Appendix. The list of buldings wilh tocation, address, haight, height &tc

has been prasented hereunder in Table 4-07.

Table 4-01
BUILDINGS AND LIVING UNITS SELECTED
TOTAL NO. NO. OF UNITS
LOGCATION BUILDING & ADDRESS HEIGHT LNITS SURVEYED
Q1. Oid Dhaka . {011 Wahituzzaman Bhaban OV Slones 24 03
52 B.K Das Road
Shyambazar, Ohaka
02 Shanunagar {02} EHL Building -01 o8 16 03
B8, Shantinager
BChaka
(02} EHL Bulding 02 16 56 0
88, Shantinager
Dhaka
{3, BElephant Read {04) Razzak Complex av 12 3
223, Mew Elephant
Road, Dhaka
{05) Reza Complex oE 14 3
224, Mew Eiephant
Road, Dhaka
04 Fanm Gale : {06} MONIHAR (T} o7 12 3
1541, Monipuripara
Chak=-1215
05, Dhanmondi (07 Square Tower 14 52 3
Mirpur Road,
Cthanmondi, Chaka
5 Locations 7 BUMLDINGS 7-15 stones 185 27 Units
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4.3 QUESTIONNAIRE:

A Cuestionnaire was prepared for recording responses and comments of Ihe users, noting the
temperature and humidity conditions, recording enumerator's feelings etc. The chjective of

Cuestionnars was to collect the following dala and information:

i} Information of the buidings under study: These ncluded location of the building along with

layout map, number of floors, details about the owner el

u}p Information of the living unils: These included floor plans and plan of the respective und,
materials used for construction and finishing, active and passive cooling devices used for

cumatic condrgl, furniture etc.

i} Users' responsas regarding tharmal comfort: These included infermation like, {a) users’
comments and subjective responses to climate (composile effect of temperature, humidity
and ventitation), (b} venutakon (effect of stagnant air or low rates of air change}. {c}
dampness or dryness (d) ar guality (2.0, odor from kitchen or bath roam) in the rooms and

spaces, (€] iMformation reganding cost for energy raquired to control climatic adversities.
The sample Questiornaire has heen enclused at APPENDIX as Appendix 4-01

4.3.1. ABOUT THE QUESTIONNAIRE:

in the questicnnaire, the building surveyed was first identified with such information ke location
of the bullding (Address: Name if any), Road, House No , Mumber of floors, Mumber of units per
floor, Date on which surveyed etc. Temperature and Hurnidity data near the ground were also to

be collected in ali accessible directions of the building
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As for general inguiry, the userfowner was asked about the duration of stay This was aimed o
have an idea about their acustomization io the cimatic condition prevailing in their apartmert.
They were asked whether thay were the Owner or Rent payer. It is a common psychology that
the owners sndeavor to remain satisfisd with their possession. where as the rent payers, In
general complain. There were questions 1o find out how they felt in therr house 1n the summer
and wirter, whather there was aw-flow in the rooms, which one was the coclest! most ventilated !
hottest room in the house et Thase were dona n order to verify how far the users' perception
vaned from the measured ones Due to time consiraints the survey was conducted during a
speciic period i the summer season. 30, the only way to know tha climatie conditions 11 other

seasans was by asking the users and their comments were recorded in the Questionnaws,

The users were asked about their perception of the hottest month of the current and previous
years, whether they ever felt their puilding wall and roof to radiate heat elc. These were done wilh
the general idea that the top floor and the western wall might allow transmilted or rackated heat.
Since the respondent was supposed to express his perception from his own experience, and
since ciothing was imporlant determinant of climatic comfort the enumearators were asked to keep
a resard of the clothing of the respondent at the time of nterview. A pian of the apartment under
siudy was either procured or prepared and materials, firushes, color of the walls and roofs, along
with ihe tiwckness of tha walls were noted on this plan. Those were done on the presumption thal

cimatic condions might be sonsiderably influsnced by such faclors.

There were provisions 1o note the number of people using the room under investigations and the
number of alectrical fixiures like fans, hghts etc. in use Provisions were also there o note usears
responses regarding most comforiablefuncomfortable time of the day, perception of temperature
humidity, sweating, ventilation stc. in the hot days at times and months bayond the specific time

of survey.
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There was an nquiry regarding the condiion of natural light at the center and near external
window, and whether there was any problem in keeping the windows open. The queslionnaire
had provisions to record temperature and humidity at the canter of each room and space of the
living unit It has been recognized by some gxperls that most of the users of such apariments in
Dhaka are not tramed enough to properly express their subjechve feeling regarding clupabic
corfort. In erder to take care of this inacequacy and to have trained responses the erumerators
themselves were asked to record their own perception of climatic factors like air movemeant,
temperature, dampness etc i the housa 1N a condition of na fan or air conditioner.

432 USER'S RESPOMNSES:

It was recognized that the general users werfe not trained o respand objgctively to their
accustomed general envwonment However iheir responses bear soms weightage on ths
conditions felt within and were therefore recorded Responses like hot, cool, dryness, dampness
etc. as felt by the users in different rooms and spaces n vanous seasons wers recorded by the
enurnsrators by placing Tick mark m the specified place or noting comments where only tick
couid not indicate he situation. Later these information were to be compared with the
nstrumental findings 1o delermine relationship betwsen users' perceptions and conditions

wndicated by instrumenial measurements.

4.3.3 ENUMERATOR’S COMMENTS:

In addmion to the uzer's responses the enumeralors were asked to recard therr gwn perception of
Temperature, Hurnidity and Alr flow 1n the space under survey and were instructed to nate thosa
alang with their comments in specified place. This part of the Questionnare included the
following.

F  Enumeratosrs comment  (Please perceive the following climatic condition in Lhe roamy at lhe lime
of investigation Prease keep off tha fanfAC and feel}

AR MOWVEMENT:  Perceptble ! tmperceptible

TEMPERATURE Hot { Comforlabls’ Cool

DAMPMESS  Whelher Convenient in indoor condtions  or ael
ANY STAIN ON WALLS . Yes or Mo

COMMENT ON PERCEIVED HUMIDITY [N THE SPACE :
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4.4 INSTRUMENT FOR MEASUREMENT:

The mstrument used for the measurement of Temperature and Humidity was 'Thermo-Hygro
clock' with the followmng spechications
instrument;  THERMO-HYGRO CLOCHK. Mode! No. J412-CTH

Specifications . 0 TharmometeriHygrometer vath Alarm Clock

3 Maximum and minimum temperature and humidity records with  optional
daily reset feature

0 Current time, Indoor temperalure and Humidity display simultanecusly °C
and °F range seleciable at any ime.

o Maximum and Minimum temperature and humidity memary function with
optional daily reset function.

] Temperature measunng range - -10°C to 50°C { 23"F 1o 122°F ] with
0.1°C {°F} resohation
5 Hurmechity measuring renge  20-99% with 1% resclution.

The detail Specification and Instruchion manuai of the instrument has been given ai the
APPEMDIX,

4.4.4 SAMPLE TESTS WiTH THE INSTRUMENT:

In erder to test the valichty and performance of the above instrument the following sample tests
were carmied out:

{@}0ne-hour intensive observation regarding vanation of temperature and humidity with time.

(b} 10-hour and 14%-hour observalicns to record ‘haif-hourly' vanations of temperature and
hurmnrdity.

{z) Validation of readings wilh standard mercury thermometer and Diglal Delks thermometer
to chack quickness of response to ¢changing condiions

{a} ONE HOUR INTENSIVE QOBSERVATION: The mstrument was plated on the third floor of a four-

storied building at Zigatola, Dhaka on June 20, 2000 and every changs of Temperaturs and



Hurnidity with lime was recorded for one hour starting at 09.30 A M. to 10 30 A M. The objective

of this test was to study the nature of variations of climates i the specified season and to find out

the ‘response period’ of the nstrument. The observed readings of Temperature and Humidity

variations have been presented in Table 4-02 and 4-02{a) and as Graphs in Figures 4-01 and 4-

o

Table 4-02

TIME OF RECCROED
MEASUREMENT ELAPSED TIME TEMPERAT.
Hour Min  &ec Hour Min  Se¢ in e

g9 M 13 a0 oF 0o 28.2

0 a2 23 00 02 08 281

0o 3 59 or 02 a2 2EC

ng 3 3 o M 36 278

0o 38 D5 Qo o1 K 278

Bs 3% 37 o ol az 27T

pg 58 36 oo 0B 39 278

19 08 12 Qg £l 35 278

10 18 52 oo 02 40 2540

ONE HOUR INTENSIVE CHECK WITH THERMO-HYGRO CLOCK TO FIND OUT
THE RATE OF CHANGE OF TEMPERATURE WITH TIME

TEMPERATURE
VARIATION

In Deg.
-1 1
-0
01
-t
-0
+2.1

+0 1
+.1

vRacarded on June 20, 2000, Time; 9,30 AM, to 10-20 AM at TH, Zigalala, (2”‘5 Floaor), Dhaka.

Table 4-02(2)

RATE OF CHANGE OF HUMIDITY WITH TishE

TIME OF RECDRDED
MEASUREMENT ELAPSED _TIME HUMITITY
Haur Min  Sec Hour Min _Sec In %

s 30 16 a0 00 OO 92

cg 32 23 oo G2 08 93

09 36 21 oo 04 o8 a5

03 40 25 oo 03 54 b
m 15 18 o0 34 53 g7

0 8 52 oo ™ M 98

ONE-HOUR INTENSIVE CHECK WITH THERMO-HYGRO CLOCHK TC FIND OUT THE |

HUMIDITY
VARIATION

n%
+01
+02
+01
+H
-0

* Recorded on June 20 2004, Time - 930 AM 101030 AM. at 711, Zigatela, (2™ Fisar), Dhaka.

!
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Figure 4-01: TEMPERATURE VARIATIONS IN ONE HOUR SHOWN IN
GRAPH

TEMPERATURE VARIATIONS [N ONE HOUR
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ELAPSED TIME !N NEAREST MINUTES

The above changes in Temperature took place at time: A M Hour Minute Second
(From Left to Righty. (1) 230015, {2)9:32.23, 4} 93455 {5 9.36.31, (8} B.3805,
(B 9 A%37, (28} 95836, 139 10,0812, (46010 16,352,

Figure 4-02 HUMIDITY VARIATIONS IN ONE HOUR SHOWN IN GRAPH

HUMIDITY VARIATIONS IN ONE HOUR,
Y R Al e |
Y
F o6 - pre- 6
z 5
= 04
= 3
%92 g2
EQD ||||||| =TT T T 11T T — T T T T T T =TT 1T 1 == =TT ||"':I|
T m e o s e w2 g RAKAES B 8E8 TS LY
g8 - - . = JLo T N AL =7
ELAPSED TIME IN NEAREST MIKUTE

The ahove changes in Hurnidity ook place at ime  Hour: Minuie Second A M.
(From Left to Righty: {1} 9:30.15, {27 93223, 6] 93631,
(10 94025 (45 10,15 18, (47 10-18:582

The above Table and Figure indicate the Shorest Duration af {) Temperature and (ii) Humidity

with time foliows

SHORTEST DURATION:
i (i), The QUICKEST variation of Temperature was 0.1 Deg. Cin 1 Min 32 Seconds
| {ii). The QUICKEST variation of Humidity was 1% m 4 Min. 34 Seconds
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in addition, the longest durations with same valus of (1) Temperaturs and (i) Humidity were,

[ LONGEST DURATION DF SAME READING:
(1. Longest duration of same Temperature. 02 Min, 36 Sec

{ii) Longest duration of same Humdity 34 Min. 53 Sec.

These readings were, however, taken in an enciosed space where relatively unchanged condition
reigned, 1.8 changes were imperceptibile to human chservers In order to fing out how much time
the THERMO-HYGRO CLOCK takes to show any change in temperature andfor humidiy, the
instrument was taken 1o differert places with changed conditions of temperaiure and humidity

and it was found that it takes about 5to 10 seconds to record such changas

in such a situation n order to avoid any probable error in the reading it was decided that the
instrumett will be placed in each [ocation for nob less than 15 seconds, and this procadure was

followed through out the entire survey work.

b. 10-HOUR AND 16 HOUR TEMPERATURE AND HUMIDITY VARIATION CHECK
In nrder to have an idea of how Temperaturs and Humidity varies through out the day Haif-Hourly

variation of Temperalure and Humidiy were recorded on ths following date, time and durafion

DATE FROM TO DURATICN IN HOURS
(0 June 21, 2000 MO0 AM. 900FM 10 hours
{iiy June 22, 2000 B.00AM  9.00FM 14 4 hours

The results have boen shown in Tables 4-03 and 4-04 and in Graphs in Figurs Nos, 4-03, 4-04,
4-05 and 4-06 below
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Table 4-03

HALF-HCOURLY VARIATION OF TEMPERATURE AND HUMIDITY IN 10 HOURS

READINGS BY MET OFFICE READINGS BY THERMOHYGRO CLOCH
TEMPERATURE  HUMIDITY TIME TEMPERATURE HUMIDITY
DATE MAX. MIN. MAX. MIN. HOUR: MIN. IN DEG. C. IN %
June 21, 2000 30EC 238 92% T5% 11 a0 3040 By
11 .30 30 40 a8
12 - 40 30,10 85
12 30 2910 ar
01 - 00 29.00 a7
a1 a0 29.20 &8
a2 - o0 29.30 BA
02 30 2910 Bg
03 . oo 2910 gh
a3 EL 29.10 ol
o 00 2830 87
D4 - 30 2950 53
05 - G0 28 90 a9
s ¢ 30 za.80 o0
05 . 00 30000 a2
DG 30 30 60 BG
or : 0o 2010 B8
o7 - 30 28 40 a8
0z 0Q 2980 89
05 . 30 3000 £E
o3 00 3010 a9

s Recorded at 30-Minute intervals on June 21, 2000 a 711, Zigatola, 2™ Floor, Dhaka

Figure 4-03 HALF-HOURLY VARIATIONS OF TEMPERATURE IN 10 HOURS,

} HALF-HOURLY YARIATION OF TEMP, tH 10 HOURS

TEMP. DES, &

10 12 14 16 1% 24 22
TIME IN HOURS
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Figure 4-04 HALF-HQURLY VARIATIONS OF HUMIDITY IN TEN HOURS

TEMP. IN DEG. C.

&0

TIVE 11 HOUR, MINUTE, SECOND

NB  The above reacings an Hurmdity corresponds to Time :
AM, 100, 11730, 12,00, PN 1230, 1:00, 130, 200, 2:30 200, 330,
400, 430, 500, 53, 600, 630, 700, a0, BOG 830, 9.00

Table 4-04
HALF-HOURLY VARIATIONS OF TENPERATLURE AND HUNIDITY IN 145 HOURS
READINGS BY MET OFFICE READINGS BY THERMO-HYGRO CLOCK
TEMPERATURE  HUMIDITY TIME TEMPERATURE HUMIDITY

DATE MAX, BN, MAX. M. HOUR: MIN. 1N DEG. C. IN %

June 22,2000 324°C  234°C 89% B3% s 30 28 90 52
07 . 00 26 90 82
07 30 2910 50
08 . 00 29 50 53
o8 30 20.80 B8
09 00 30.00 87
03 .30 30 0D 86
10 : 00 30,40 a7
10 a0 29,20 90
1 .00 29 10 g2
11 :30 33 40 93
12 - 00 33 40 93
12 30 33 40 g5
o1 W0 23 40 a5
01 ;30 33 40 95
0z » 00 3340 a5
oz 100 30 30 8g
03 - 0D 31.00 B6
03 30 31.10 B4
04 .00 30 40 86
p4 30 30 40 &5
05 00 30,40 86
05 30 30,40 a6
o6 - 0O 30 60 85
06 ;30 30 20 B4
o7 00 30.30 84
o7 30 30 30 g4
o8 .00 30 30 &4
08 30 30 30 B4
gg - 00 30.30 g4

+ Racorded at 30-Minute intervals on June 22,2000 at 71, Zigatola, 2™ Flogr, Dhaka
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Figure 4-05 HALF-HOURLY VARIATIONS OF TEMPERATURE 14.5 HOURS

HALH-HOURLY VARIATION OF TEMPERATURE DURING 14.5 HOURS

24 -
vy AL
32 -
31 -

30 -

TEMP. IN DEG. G

29 -

28

Figure 4-06 HALF-HOURLY VARIATIONS OF HUMITHTY IN 14.5 HOURS

HALF-HOURLY VARIATION OF IHIJM!DITY IN 14.5 HOURS
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MB. The above readings on TEMPERATURE corresponds to Time .
AM. GO0, B30, OO, 730, 800, 830, 200, 930, 10:00, 1030
11.00, 11:30, 1200, FM 1230, 100, 130, 200, 230, 340,
%30, 4:00, 430, 500  A%0, 6:00, 630, F00, 730, 800,
B30, EO00.
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The follownng deduclions regarding Varations of Temperature and Humidity may be had from the
above Figuwres It should however, burng in mind that these deducuons stand valid only for the
spectfied season, lime and place.

442 MAXIMUM AND MINSMUM CHANGES OF TEMPERATURE AND HUMIDITY !N
HALF HOUALY MEASUREMENT:

From the ghbove Tables and Graphs showing Ten hour and Futsen and half hour hak-houry
variation of temperature and humidity it is possible to find out, at what rate the indoor

Temperaturs and Hurmdity changed i this season. These ares shown hereunder.

‘ (1) Maximum vanation {nse) of Temperature in ¥ hour : 4508y G
-| {iiy Maxumum vanation {fall) of Humidity in ¥z hour ; G%

4.4.3 VALIDATION OF READINGS OF THERMO-HYGRO CLOCK WITH STANDARD
THERMOMETERS:

In order to compare and validate the {3} Thermo-Hygro Clock, (the instrurmant wsed ta measure
temperatura and humdity i1 this study), #s readings in identical condihens were compared with
those of the following two thermometers

{B} Digital Thesmometer DELTA 5K 1250 Therrustar and K sensor

{] Mercury thermometer ZEAL
The work was carmied in the Heat Engine Laboratory, Mechanical Department Bangladesh

Universily of Engineening and Technology, Dhaka In arder to find out the quickness of responses

the thres thermometers were taken to an engine emitling hot exhaust

The comparative readings given by three thermameters in dantical condiliang are givert in Table
4-D5 These have also been shown in Graph at the APPENDIX as Appendix 4-02
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From the above comparative readings of thres thermometers it may be opined that'

{a8) The Thermo-Hygro Clock gave instant Digilal reading up to 1/10th of a degree in case of
Temperature and 1% 1n case of humidity, along with time,

{b) The Digital Delta Sk 1250 Thermometer gave Digital reading with full number Yhenever
there was a propensity of vanation it showed by blinking the immediale higher or lowar
mumber depending on propensity of increase or decrease respectively. In the above
Figure the propensity of increase has been shown as + and thal of decrease by ~ sign
after the reading

{cy The Marcury Zeal Thermometer gave analogue readings and the fractions were read by
‘aya-gstimation’ with probable numan errors

The digitat Dslta \hermometer was equipped with @ sansor and was found to have begn mona
sensitive to radiant temperature, as was seen when a1l the three was taken to a heated enging. In
comparison with the digital one, the Mercury Thermometer was seen to respond tQ changes
tempetature at a slowsr rate. The readings of the Tharmmo-Hygre clock was found to correspond
with those of the two ather thermometers it was found that the digital thermometers gave quick
readings and the mercury thermometer followed with a little delay.

45 BUILDINGS AND LIVING UNITS SURYEYED:

For ease of Survey, identfication and analysis the buildings and Twving units under survsy were
coded in the foliowing ways

Building Code ; The 7 nos of buildings have been Coded by alphabets, eg A, ‘B, C.D EF
and .

Living Unit Code’ The Living Usits under survey have heen Coded with {i) a number indicating
\he Floor and (1} & letter indicating Cardinal position a& shown hereunder:
{1} CODES TO INDICATE FLOORS :

Floor - Ground figor Fastfloor Second fogr L Fifth Aigor ... .. Sixteenth floor
| Indicated by . 1 2 3 o 5 e o 16
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{1y CODES TO INCHCATE CARDINAL POSITIONS

| Cardinal
1I posilions EAST WEST NORTH SOUTH SOUTHEAST SOUTHWEST NORTH-EAST HORTHWEST
| Ingicated by.  E W N s SE =i NE MW |

Thus a lwing unit coded as, say, B 7 SW indicates that the Unut is located in Building B, on the
7" flaor and n South-West cardinal position.

The Table 4-06 below shows the locations of the buildings, date and time of survey and Codes of

the Iiving units surveyed.

Table 4-06
BUILTINGS AND LIVING UNITS WITH LOCATIONS, DATE AND TIREE OF
SURVEY AND CODES
BUIL DINGS AND STARTING HEIGHT OF LOCATION OF LIVMING UNITS
THEIR DATE TIME QF BUILDING
LOCATIONS SURVEYED SURVEY INSTORIES VERTICAL carDiNaL  CODE
1. WAHIDUZZAMARN  21.6.2000 117 A M ¥ Floors 4 th floor Motth-West A4 MW
EHARAN 10234 M. 4 Morth-East A 4 NE
£2, B.K Das Road G5 A M 4 South-East A4 5E
Shyambazar, Dhaka 1120 AM. 4 South-Wesl A4 5W
it 37 AM 5 South-West A5 5W
11 50 A M, 7 Sout-West AT SW
2 EHL BUILDING-1  23.6.2000 140 P M 2 Floors 4 Makth BAN
88, Shantinagar 2:15 P M. 7 Morth BTN
Dhakz 235PM o Morth B9HN
3 EHLBUILDIMG -2 2362000 10005 AM. 16 Floors 4 South-East C4SE
88, Shaminager 1017 A_M. 4 Hanh-East LA NE
Dhaka 10:30 AW ) South-East C 6 5E
1157 AM. & Horh-East CENE
1220 AM 15 South-East C 1BSE
18 Norh-East  C16ME
4 RAZZAK COMPLEX 2562000 12.00P.M 7 Floors 4 South . D4z
223, New Elephant 12:20 P.M. 5 Sauth DES
Road, Dhaka 12 50 P.M 7 South ovs
£ REFA COMPLEX 2562000 1030 AM. € Floors 2 East E2E
224 Hew Elephani 11 00 A M = East EBE
Road. Dhaka 1115 AM, 8 Eas! EBE
§. MONIHAR (71 2162000 320 P.M. ¥ Flaors 4 Horlh F4N
54/1, Monipuripasa J42FPM & Horth F&N
Chaka -1215 A05FP M 7 Moerth FTH
7. SQUARE TOWER 29 62000 1110 A.M. 14 Floors 2 MNorh-vyest GINY
Mirpuz Rzad 11:30 AM. ' 5 Nosn-West G5NW
Chanmeondi, Dhaks 12'65 AM. 14 Morth-WWest G14NW
7 BUILEINGS 27 LIVING UNITS
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4.5.1 LOCATIONS OF BUILDINGS AND SITE PLANS:

The locations of the seven buildings inside Dhaka ¢ity has been shown in Site plan enclosed at

the APPENDIX as Appendix 4- 03.

The site plans alang with brisf description of the buikdings and therr surrocundings are givan

hereunder in Figuras 4-06, 4-07, 408, 409,

Figure 4-06. SiTE PLAN -01 : APARTMENT "A" (WAHIDUZZAMAN BHABAN) AT 52 8.K.
DAS ROAD, DHAKA.

SITE PLAN FOR &7 WAWD BAARAN

"t

2 PAWWARD

APARTMENT BUNDING “A" is a seven storied building at B.K. Das Road, Old Dhaka, The building

faces B.X Das road on the south, On lhe south side of the road 15 "Bibir Magzar®, a singla storied
struclure. On south of this, there lies Buriganga River. Thus the building enjoys direct wind rushes
through the open river at south. The grouna floor of the building has been used for shops. On the
east, there is a two-storied building and on the west, a three staried both used For commersial

purposes On the nonh of the building there are a number of two storied residential bulldings

In thig buildmg tnere are four living units in each floor The living units have been designaled SW

{Soulh-West), SE {South-East), NW (North-West) and NE (North-East) Ths tolal number of living



units surveyed in this building is six with identties AOTSW, ADSSW, AMMWS AMSE, AGANE and
Al NW,

Figure 4-07 SITE PLAN -02 : APARTMENTS "B" (EHL-1) AND "C"(EHL-2} AT
SHANTINAGAR, DHAKA.

I'! y
A I ok
Pl h
, |‘I _J' | |
~ . *’\\"\.\:‘\ |h \‘& ] E i
©1F r:msi\t:fﬂ_:;\k‘t}_ I[-F““\ ;510;5 ! !' !
’eanu_!u!l.;'h] RS -'EIL"‘"\*J : ]
;t._,lrﬂ':; . N \%‘5\4, |

- NORTH-UPWARD

There are two apartment buildings, 9-storied Budding B and 16-storied Building C in this sits
Both are approachable from Shantinagar Road, which is on the south  There is a three-stoned
office bullding on the east and four stoned residentiai building on the east of the complex The
ground floors of both the buildings are used as store. A car-ramp runs from the road to the First

fioor level of the rear 16-staried building. in this building there is car park on the first floor level,
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APARTMENT BUILDING B is & nine-stoned building, having two lving units per floor on both sides
of & comman staircase and elevator aisle The long side of the buliding faces west The number

of living units surveyed is 3 with identitios BOSN BOTN and BO4dN,,

APARTMENT BUILCHNG C is a sideen-storied building, naving four living units in each floor. Thers
gre two units on either side of & common 'staircase elevator' aisle, The adiacert iving units are
separated by a narrow B-Feet gap. Tne number of living units suryeyed is 6 identified as G1GNE,
CA6SE, COBNE, COGSE, CO46NE and CO4SE.

Figure 4-08 SITE PLAN - 063 : APARTMENTS "D" AND "E" AT ELEPHANT ROAD,
DHAKA,

ELEPHANT ROAD

NORTH UP-WARD

There are two apartment builamgs, Building D and E in this complex. The buidings sland a little
away ol the north side of Elephant road There are two and three storied Buildings on the south,
three storied office bullding on the west and three and four storied buildings on the rorh of he
complex There is @ vacant plot on its southwest corner The ground foors of both the buildings

are used as car parking.
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APARTMENT BUILDING D 15 & seven-storied building having twa living urits per floor on two sides
of a slalrease elevator shaft, The building faces south The number of lIving units survayed 15 3

entifiad as DO7S, DO5S ang DO4S.

APARTMENT BUILDING E is an eight seven siorned building having two living units per floor on two
sides of a staircase and elevatar shal. The building faces west. The number of living units

surveyed s 3 identfisd as EDBE, EOSE and EQZE,

Figure 4-08 SITE PLAN - 04 : APARTMENT "F" {(MOHIHAR, SHELTECH} AT FARM GATE,
DHAKA,

1
R

B e e

= i e " szl NORTH UP-WARD
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APARTMENT BUILDING F 15 8 seven storied buillding, situated among an agglomeration of eight

aparimant buildings of Sheltech-Manihar complex at Farmgate. There ars seven to rune storiad
buildings at close distance on rorth, south and east side, where as on the west there are low
single storiad burdings The apariment has got two ving units per fioor on two sides of & stair

elevator case and shaft The building faces East The number of living unils surveyed 1z 3,

identified as FOTYM, FOSN and Fo4N.

Figure 4-10. SITE PLAN - 05 : APARTMENT "G" {SOUARE TOWER) AT MIRPUR ROAD,
DHANMOMDI, DHAKA

Marpor Roed

S1F Pkl FOR GHh, SQOUSRE FOWER

2

LP-WARD

APARTMENT BUILDING & is a tourieen-storied building on the East of Mirpur road. There is large

vacant plot in between the building and the road and there are singte storied bulidings on far
West. On the East there 15 large vacant land. On the North and sowth there are sixteen storied
apariment buildings. Thers are four living units in each floar on four sides of a stair and elevator
shaft. The adjacent buildings have common party waks The number of living units survaysd is 3

identifted as G15HNW, GHNW and GZHW.
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452 DESIGNATING ROOMS OF THE LIVING DNITS :

For the purpose of this study the various rooms of a living umit were classed into six or ning
groups as per their cardinal locations as oullined hereunder. The numbers within parenthes:s

indicate ‘types by location'.

i Six groups (1) NORTH-WEST {2} NORTH {3 NORTH-EAST
(7} SOUTH-WEST (8 SOUTH {9) SOUTH-EAST

i NIne groups . (1) NORTH-WEST {2} NORTH (3} NORTH-EAST
{4) WEST {5) GENTRAL (6} EAST
(7] SQUTHWEST (%) SOUTH {9) SOUTH-EAST ‘

In case of the presence of blank walls dug to staucase or any pther reason \he above groups had

a changed classification as shown hereunder:

.............................. q wmm = Chemmne = e = mme = = = meT = = = mrmss == —-—rme— = =

L (1NORTH-WEST (2] NORTH | ¢ Simircase ., (2INORTH  (3) NORTH-EAST !
b o(4) WEST {5) CENTRAL ¢ of '+ (5) CENTRAL (6] EAST
| (7) SOUTH-WEST (BYSOUTH * salid wall (i (B)SOUTH {9} SOUTH-EAST

The physical parameters of the above sub-groups in terms of external walls with or without
windows and internal walls may be explained as hereunder.

GROUP NAME OF

Ho. GROUP LOCATION OF ROOM OF | MING LN WITH RESPECT TO CARDINAL DIRECTION
1.  Horth Easl Located m the Morth East comner of the unit with windows on MHorth and East

external walls

02  Merth West © Located m the MNerth West comer of the unit with windows an Hordh and West
extennal walls.

03 South East Located in the South East corner of the unit with windows on Soulh and Easl
exienal walls

04, South West . Localed in the South Wesl corner of the unil with windows on South and Wesl
gxtemnal waks.

05, Cenirat. Lacated cenrally inside the unil, with no extemat wall ar window

06 Monh Located on the North sige of the unit, with windows on the North wall only.

a7, Souh - Locaiad on the South side of the unit. with windows on the Sowh wall only

08 East . Located on the Easl side of the unit, with windows on the East wall only.

09, West Lacated on the West side of the unit, with windows on the West wall only. |

The natural settngs and views of rooms of an apariment have been shown in Figure 4-11 belcw,
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Figure 4-11

NATURAL SETTINGS OF ROOMS OF AN APARTMENT ( 9 GRID)
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4.6 MEASUREMENT OF TEMPERATURE:

Whiie measunng Temperature in and areund any Living Unik the following three types of readings
ware taken

fa) OQutdoor Temperature at Ihe ground in front of the building
(b Incloor Temperature in all rdoms and spaces and
{c) External Temperature at the same level outside the apartment,

{a) OUTDOOR TEMPERATURE AT GROUND LEVEL ARQOUND THE BUILDING: Temperalure
at the ground leve! in the surraunding area of the buiiding was taken. For this purpose readings
ware taken at ihe entrance and an all four sides iz, Morth, South, East and West of the buiding.
However, in case of some buildings il was not possible to take readings on alt sides because
tose were 1ol accessible, In some cases the ground floor was used as servics floor, and hence

readings wera laken on the first fioor.

ib) INDOOR TEMPERATURE IN ROOMS AND SPACES: Al indoor readings of Temperature
were taken by placing the instrument at the center of gach room or space |n order to ayoid
excessive chanaes in outdoor lemperatdre and humidity Tsvels it was essential to take all the
measurements of a living unit withn minmum time  So, the inmates were first informed of the
matler and all the roomsispaces were Made ready for access. Tha ernumerater fiwst placed the
equipment at the center of the fiving roam, remained wailing for at least 15 seconds and declared
the reading, which was written by another enumerator. The first enumerator then quickly carmed

the equipment to other rooms/spaces and conducted similar operations

{t} EXTERNAL TEMPERATURE: Reading of the external temperature at this levsl was also
taken For this purpose South side was gven the first preference In case the unt lacked in scuth
aspeci, east or west (which ever available) was utized. North, however, was avoided, For the

purpose of measurement the insirumert was held culsige the room through the window or
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yerandah grill, avoiding direct sunlight, and the reading was taken. Table 5.5 (i) a shows the

Temperature measured In each room and space of the 27 living unils

Table 4-07

TEMPERATURE RECORDED

SL. LIVING EXTERMNAL TEMPERATURE RECORCED I M
NO. UNIT CODE TEMPERATURE LIMING RM. MASTER EEQ CHILD'S BED QUEST'S BED MMMING RWSE

01, ATSOW 308 g9 08 0 T 309
02 A SS5W 306 307 Aa 3086 — 30.7
o A 4G5W 304 ano 299 295 —- K 134
04 A 4SE 305 309 308 e —— 3049
05 A 4ME 301 304 303 304 -— 0.4
06 A 4ANW 305 a8 0.7 a7 e 308
07, BaN 317 3B Ny 31.8 M7 38
08 BTN aze 332 33.0 330 328 328
08 B 4N 327 3340 828 330 327 331
10. C1ENE 31.8 326 318 3149 320 1.8
1. C165E 3.7 3.9 318 3.5 3B 321
12 CEME 1T 318 31,6 7 16 Chird
13 CBSE 3 I 322 chird 318 32.2 320
14 C4NE 311 31.1 209 307 o7 3G
15. C45E 307 =0.8 308 308 308 309
18. DTS ansg 31.1 305 an.g 312 311
Y D S8 3t 9 1.8 3T 3G 318 314G
18, D45 332 33.4 234 333 3.2 332
19. EBE 297 29.4 29.3 293 294 294
20. EGE 280 289.2 281 29.2 203 292
2 EZE 281 293 292 294 293 2893
22, F¥N:East 31.2 913 2.z 314 B 31.5
West 31.4
23, FBN East 303 302 302 ans 0.6 304
Wesh 302
24, F 4W East 308 302 o4 an.s 308 307
West 309
25 G14NW 31.2 35 311 312 310 31.3
26, 3 BN 0.3 303 202 anz 30 2 anA
27 G ZNW aons 2983 301 aon 302 209
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in order to have an 1dea how far the internal temperature vanss from one room or space o
ancther, the temperature in each room and space of the lwing units have been given ar
AFPFENDIX a5 Appendix 4-04.

4.7 MEASUREMENT OF HUMIDITY:
in measuring Humidity in and arcund the Living Unit the two types of readings taken weare
(a)} Qutdoor Humidity at the ground in front of the building
(a) Indoor Humidity in ali rooms and spaces and external Hurmidity at the same level
oulside the aparmmert.
Al readings of Humidity were taken along with the readings of temperature mentioned akave,

The measured readings of Humidity hiave been presented in Table 5 10.

Tahle 4-08
HUMINITY RECORDGED

5L, LIVING EXTERMAL H U ¥ 1 O | T ¥ R ECORDED i M
NO. UNITCODE  HUMZTY LIVING RN, MASTER BED CHILO'S BER GUEST'S BED DINING RWST,
1, AD7SW a8 a0 a3 59 _ an
2. ADSSW 86 90 £9 37 an
3. ADASW 84 a5 86 85 - B85
4  ADASE 58 &g B3 £9 — a0
-5 ADANE E5 BA 85 B6 . 86
6. ADANWY 8z £3 53 B3 &3
7. BoN o4 94 g4 54 93 24
8 B7M g1 52 8] 62 91 g1
9 B4M 90 & 80 g2 g1 94
10 CI8NE 24 32 a2 91 g2 az
11, C165E & g1 g2 92 91 g2
12 CBNE o1 91 a2 g2 91 37
13. CBSE g2 83 B2 92 g3 &3
14, CANE o2 93 a1 g2 oz 81
15 C4SE g2 o3 o4 a3 g2 B3
16, DOTS =)} o4 a3 a2 94 B4
17. DOSS a4 94 g5 o5 94 a5
18. DD43 g4 o5 o5 95 =T 94
15. EG3E B4 B E5 35 B 86
20, EQBE B4 a5 85 BG 6 35
21 EQZE 81 85 az 84 B4 BS
2. FOTH a5 85 84 a5 B4 &5
23, FOEH 84 a4 a3 85 .85 a5
24 FO4M 85 87 50 1! 85 87
25 GI4NW B4 B4 g4 ¥ B5 a3
25, GOSNW 84 87 E5 87 85 86
27. GOZNW 85 a6 85 85 BB 86

102




in order to have an idea how far the inlernal Humedity varies from one room or space to another,
the humidity 1n each room and space of the Yiving units are shown In APPEXDIX at Appendix
4-05.

4.8 RECORDING OF USERSER'S RESPONSES :

Al the time of survey, the Lsers' responses in their apartments regarding (a) extent of slay In the
apartment, {i) whether the inhabitant was owner or rent-payer, {c) ther feeling of climate m the
Summer {d) whether there was air-flow in the rooms, (e} their feeling of climate in the Whinler eic
ware collecled and recorded in appropriate place in the guestionnaire, The wnportanl information

callecisd has been presented in Table 4-09 below.

Table : 4-09

USERS' RESPONEES REGARDING THEIR LIVING LINIT

(DURATION OF STAY, OWNER OR RENT-PAYER, FEELING IN SUMMER, AIR-FLOW IN THE
APARTMENT, COOLEST ROON, BMOST VENTILATED ROOM, FEELING IM WINTER ETLC.)

EL. LWVING | EXTENT b} DWHNER lc) FELXNCY 1N d) AR fej FEELINGIN
NO. UNT CODE QE STAY RENT-BAYER SLIMMER FLOAN WINTER
Q1. A TSW 1-3 Renl-payer Warm Yas Warm
0% . A H3W 2-0 Remt-payer Coal Va5 Caol

03 A 45W 2-0 FRent-payet Comfort Yes Comifort
04 A 45E 20 Rent-payer Comfart Yas Cagl
05, A 4NE 2-0 Renl-payer Warm H.S Comlort
06, A 4N 1-4 Rant-payer Yarm [ I Caoal
or. B BN 1-3 Crwrnier Huoit M5 Conl.
18, BTN 1-0 Cwner Warm M.S. Cool
1% ©dM 1-0 Chnrres Hal NG Comfort
1 CH6E 1-0 s Hel M.S Co
11, C16E 1-0 Cwymer Hot Yes Coal
{2. CEMNE 11 Cwerier Warm Yes Comfort
13 C6SE 1-0 Crwyner Comfor Yes Comfort
14 S 4ME 16 ChaTEET Hol Yes Coaol

15 < 45E 1.2 Crerner Warm fes Comfarg
16. O 7e 1-G Crnisr Hat Yes Cool
17. D ES 1-6 Owmier Cormfart Yez Cool

18 045 1-7 Cwner Yam M5 Zool
14, E 8E 1-5 Owiner Comlort Yes Cooi
20 ESE 20 Charter Warm Yes Cool
21, EZ2E 1-4 Crwrier Hat Yas Cool
22 FTH 2-0 Chepier Comfort Yes Cunl
23, FEM 2.0 Crnier Confor Yes Comfort
24, F 4N 0-11 Cremiar ET M5 Warm
25, G4 1-8 Rent-payer Warm Yas Warm
268, G BNWY 1-3 Rent-paver Hot M3 Coal
27, G 2NV 1B Rent-payer Warm NS ool
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-4.8.1 USERS' RESPONSES IN ROOMS:

The users’ responsas ke which one, according to the user was ihe Coolest fcﬁm, which ong,
according 1o the user was the holtest room in the summer, user's vole regarding hottest month in
1909 and in 2000 therr feeling of radiation, if any, from wall or roof, number of persans usually
occupying oF using the raomispace. must comforiable and un-comfortable time of the day, feeling
of temperature in the hotest days, feeling of humidity, sweating and venlation etc. condition of
natural light at the center and near the external window, whether the user had any problem i
keeping the windows open etc were coflected and recorded in appropriale place Qut of thase,

the information relevant to this study has been prasented in Table 4-10 be'ow.

Table : 4-10
LSERS' RESPONSES IN ROOMST
{pIHOTTEST [c) HOTTEST {d) HOT. (=} RADIATN. (A RADIATN.
5L, LIVING fa) CCOLERST ROQOCH MOKTH MONTH FROM FROM
ND  UNIT CODE RODMW 1N SUMMER iN 1999 IN 2000 ROOF WALL
01, A TEW Chilg Bed Liwnd Din Jinas Juns Moy Yag
[ A S5 Master Bed Living May May Mo Mo
03 A4SW Master Bed Livine April Apri [ Ho
04 A 45E Child Bed Living May Juna Ho Mo
05 A4NE Child Bed Living May April o Heo
08, A 4Ny Kasler Hed Livirg May Aan! ] Mo
o7 BSN Mastsr Bed Chidbed Jung Jung Mo Yes
ca. BTN Master Beg During June April No Ho
Lg B4M kasler Bed Childbed July Jung Ty MNe
16. & 1BNE Chiict bed Dariing July June MG ‘res
il. CiB3E Child hed Dining Juty June Mo Yas
12. CGNE Master Bed Ciirirg Jung June Y Mo
13. G 65E Master Bed Cuing Jduly June Mo [
14, G 4NE Child bed Living hay June Mo o
15. C45E Chiid bed Guest &l June Pler Mo
16. DTS Master Ded Dining July Juna Mo Yas
17 DA Chuld bed Duning Way June to Mo
18 D45 Masier Hed Dning Jung Juna Mo Ho
19, E BE Guest Bed Childbed June Juna Mo Yes
20, EBE Master Bed Childbed July Jupe Mg Mo
21 EZE Master Bed Chidbed May May 3 Ma
2z, FTH Master Bed Gugstbed May Mz Ko Yes
23 FBN Lrvirg Guestbed Jeely June Mo Mo
T 24 F 4N Master Bed Guestbed May Jung Mo N
25 G14N Mazler Bad [ NS M5, Mo e 14]
25 GESNW Master Bed Liyr Qin. July June Mo hig
27 G2 Master Bed Gueszibed Jdune June b Mo
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4.8.2 SUMMARY OF USERS' RESPONSES :

For the purpose of having a comgrehensive idea about the user's chmatic responses, the above

information may be expressed in & summarized form as presented hereunder in Table 4-11

Table 4-11
SUMMARY OF USER'S RESPONSES
(a) OWNER  {b) TENT-PAYER
{01} USERS' STATUS : 86.7% 33.3 %,
({)YES  (h) CANTSAY
{02} AJRFLOW IN ROOMS 70% 30%.
fa) COOL (b] COMEORTABLE  [c) WWARM {d) HOT
{03) FEELING IN SUMMER - 3.7%. 20% 40.8% 30%.
WINTER @ 63% 26% 44.2% 0%.
fa} APRIL (b} MAY o) JUNE {elJULY.
{04) HOTTEST MONTH IN 1898, 7% 33% 22% 26%.
2000,  11% 11.2% 7% —
(a} YES (b) NQ
{05} RADIATION FROM WALL' 0%. 100%.
ROOE  30% 70%.

4.9 RECORDING OF ENUMERATOR'S RESPONSES

The enumaratars responses regarding (a) aw mavemant, {b) temperature, {c} dampness, (d} stain

onwall ets. as observed and recorded at the time of survey bave been presented in Table 4-12

below.
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Table 4-12

ENUMSRATORE' REEPOMEES

5L LIViNG

NO. UNIT CORE  {ajAlR MOVEMENT {HTEMPERATURE [)DAMPNESS [y SETA™N ON WALL
1, A TSW Perceptible Heot Mo Mo
02 A S5W Mot Hol [ u] Mo
03 A 45w FPerceplibbe Comfortable Ma Ho
04 A43E Perceptible Comfortable Ma Yes
05, A 4WE Mot Hot M o]
08, A& 4N Mot Comfartable Ho Yeos
G7., B 9N bort Het Ho Ples
08 BTH Mot Hot Mo YeS
Lo BAM Mot Hat MNe Mo
10 C18NE Pereeplible Het Mo Mo
11. ©165E Ferceplible Mol . Me Mo
12. CEMNE Perceptiole Camfortable M L
13 CE5E Mot Het ko Mo
14 S 4MNE kot Comfortable Mo Me
15, C 43E Mot Hot o [+ Mo
18. DTS Parcepiible Hel Mo Ho
7. DBES fot Hot ] Mo
16, D45 Mt Haot Mo Mo
19 ESE Percephible Hat MHa Ma
a% ESE Perceptible Hat Mo Mo
21. E2E Mal Hot Mo Mo
2. F TN Mot Het M Mo
23 FEN Ferceptible Hot ] Mo
24 FaH Mot * Huat Mo Me
28, G1dNW Percaptible Hot [ J]a Mo
26 G ONW Mot Hit No Mo
27 G ZNW Mot Hoxk Mo No

4.9.1 SUNMMARY OF ENUMERATOR'S CLIMATIC RESPONSES :
For the purpose of having a comprahensive idea, the above mrdormation regardmg enumerator's

responses may be exprassed in @ summanzed form as presentad in Tabla 4-11 hereunder :

‘Table 4-13
SUMMARY OF ENUMERATOR'S C! IMATIC RESPONEES
(a} PERCEIVABLE i) IMPERMEAELE
(011 Alc movement 40 8% 59.2%
fa) HOT (b} COMFORTABLE
(02} Temperature B1.5% 16.5%
{a} YES (b) NG
{03) Dampness Da% 100%
fa) Yos fo) No
(D4} Stain in wali . 11.1% - 88.9%
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410 OTHER OBSERVATIONS :

At the tme of measuring Temperature and Hurmidity all the related infermation that might come
9 some use were collected and nolsd Later, howaver, 1t was found that some of the information
could not be collected. For example. even though there was a program lo measure temperature
and humidity on all sides of the building some of the sides wese inaccessible, and in case of at
laast one building there was nio ground floor, because the entire area was being used as store Al
the beginming it was planned thal readings on temperature and humidity shall be made al the
certer and near all the four walls of the roam. Later, however, it was found that the readings in
general, reman the same through out the room, only excepting near the wintdows, where those
are affected to incorming air. Only in one case (FEGN), a 0 1° ¢ diference at the center and the
western extreme of the lving room was observed. This room was poorly vertilated with external
wails on east, west and norh and the kitchen was on ihe west. At the bme of survey, only one fan
was working in the east and cocking was going on in the kitchen Those were thal probabie

reasons o cadse this minute variation.

Even though user's responss were collected with utmost 1-:.are, In some cases it seemed as 1 they
gave the reply mosl reluctantly or without enough thought. For example, some opined their
wastern room as most comfortable In sote of few such exceptions, most of lhe responses and
comments ware consistert with whal could normaily be expecled. When asked about their
general percepbion in iving in high-ise apanments. one respondent on 7% floor in Elephant Road
complained that whenever there was strong wind especially at right in the rainy season they
sufferad from a very bad smell. The residents of the same building In the iower fioors it not

make such complain

107



Investigation of such a variable entity like climate 1s associated with enormous complexties. The
little variations in temperature that usually exist in belween various rooms and spaces cannet ke
measured accurately with mercury thermometer The digial thermometer was advantageous
because 1t gave inslant and easdy readable readings 0 digits Lang habituation with mercury
thermometers may raise question about the validily of digital readings. To eradicate any doubt,
the digital thermometer was |ater compared with one standard mercury thermometer and another
digital thermometer It was ravealed that even though the three did not give exactly the same
reading, the vanauons were neglgibie. The mercury thermometer  responced a kil lately, and its
fractions were to be read by oye-estimation, with probable percent of error. The two digital

tharmomaiers were prompt n showing variations,

4.11 CONCLUSIOM:

The topics discussed in this chapter nclude methodology and investigation orocedure foliowed in
this study, There include how the vanous readings were taken and recorgaq, how the users’ and
enumerators’ chimatic responses were collacled and recorded etc The apartmem buildings for
Irvastigation were selscted from areas 5o as to lake care of greater range of mecro-climatic
variations in the city  Apaniments or liwng units were selected al vanous levels and cardinal
iocations. The guestionnaire was prepared to record the responses and comments of the
responderits. The enumerators were trained regarding how to conduct measJremants and collect
information and record in the Questionnaire. Befare finalizing the investigation procedure a
number of sampte tests, viz. one-hour intessive observation, 10-hour and 14.5-hour temperature
and humidity vanaten check eic werg done with the instrument Alsa the instrument used was
validated against one standard mercury thermometer and another electronic cigtal thermometer.
The valgation revealed, the readings given by the nsiruments had conformity with thoss by the

standard thermometers,
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Some of the formats ny which the collected data and informaton were recorded in the
Cluestionnaire nave been presemied in this Chapter The data and information were vansiormed
Into tables or grasas or summanized 50 25 o presant comprehensive pictures of the findings In

zdditicn to those mentioned m methodology and gueshonnaire the enumeraiors were ashed o

b= i

L L&)

abserve any other phenomencn, related to clmate in and around the oy 'kding, on the presumption
that thoea may also come te use for this study, Few such observations nave aisc been preseried
in this chapter. These caia's and information shall be anaiyzed in the lo'inveng Chapers for 2

better understanding of the thermal situation w high-nise apartmanls
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Chapter 5
ANALYSIS OF FINDINGS

5.0. INTRODUCTION:

The wvarious fndings including instrumental measuremant, skeiches, user's responses,
enumerators commsnts etc., which wers recorded in the previous chapters have been analyzed
i this Chabter 1o find out the state of micro-climate inside he high-rise apartments Various
compansons and analysis ware made to find out the relationstp between the inside and outside
temperature and humidity, bebween rogms of the ving units in different cardinal locations ard 1n
the rooms at different levels or stories. Attempts have also been made to fing out how far the
user's responses match those of the mansurements, Maost of the analyses were done with the
obyective such that the expected results might be of use for the future aesigners of bult forms.
This chapter shall deal various aspects of analysis and studies under the following maior sub-

heads .

Chmatic analysis of Living unts
Climatic analyss of Roomsfspaces
GComparison of Instrumartal findings and Users comments

Comparnson of Internal and External climates.

The micro-climate of a fiving umt or of the reoms there n depends upon numerous factors relatng
to (a) Physical characieristics like caminal and verlical locatons (b} Architectural design like
dimension of racms, size and location of openings ele. (c} Materials used construclion and
fwmshas, (d) gadgets and fumiture used, {e} Internal heat gensration and absorplion ez, Some of
these faclors cannat be guantified and some are extremely variable 1n such a situation Lhis thesis
project was aimed at finding out the chmatic charactanstics of fiving umit and of the rooms there in

with their physica! characleristics only



As for internal chimatic comfort, the important factors are (a} Temperature, {b) Humidity and {c)
Ar-movement Since Air-movement itself is a very large topic and is such erratic in nature that it
needs longer time and logistic facilities to study and investigate. By nature Air-movement
demands independsnt study that may not be feasible within limited time For these reasons the

remaiming two tactors, viz Temperature and Hurnidity have begn dealt withan this thesis

Afer the measuremenls of Temperature and Humidity 15 vanous rooms and spaces in apariments
at various cardnal and vertical locabions were laken, endeavors shall be made to identify lwing
units or ropms with exirems values ie. Hiah or Low range of Temperature or Humidity, after
which attempt shall be made to relate their climatc characteristics with their physical

characteristics.

For easy identification as requwed for analysis the rooms and spaceés will be coded The physical
characierstics 1Le. Cardinal jocation, Vertical position ete. of the living units in the building and
those of the rooms In the building plan shall be found out and Coded. To ensure a simplified
system of comparison, the range of vanation of Temperature or Hurnidity shall be grouped intoa
nurmber of broad categories and Coded. Similar categories shaill be made in case of verical
positons alsa, Finally endeavor shall be maae to relate the climatically extrems lwings units or
ropms/spaces amony the tested samples with their physreal charactenstics. Endeavor shall atso
pe mads to fma out ‘comfoniable rooms” from the readings of Temperature ana Humidity and
those shall be compared with ‘comfortable’ commented by the users. A somparnson wilk be drawn
between lhe Temperature given by the Mateorological Department and that obtained by

measurament in the sike.

5.1 CLIMATIC ANALYSIS OF LIVING UNITS:

it has been menticnad 1 the Chapter on investgalion that readings of Temperature and Humdity
were laken near the ground of each building, a'l rooms nside and immerliately outside the hving

urit of the selected living units In analysis attempts will be made to relate such physical factors

111



like (g} Cardinal locaton of the iving unit in Lhe total budding plan, {b} Verlical position of the living
Wnit in the bulding, (e} Cardinal lecation of the reoms in the plan of the uni, b} Verlical position of
rooms ete with their climatic characteristic, i e. levels or extremities as regards o Temperature

and Hurmidity,
£1.4 ANALYSIS OF INTER-SPACE TEMPERATURE VARIATIONS:

Since the measurements of Temperature and Humidity could not be taken at one single inslant
on a single day, it is not possible make any direcl comparison of one liwing umit with another The
data regarcing temperature and Humigity 1in 2ach living unit. howeyer were laken gt 'fairly” one
bme So. it s possible to compare the readings obtained in vanous rooms and spaces each unit
ndependently it every unit there was ona HIGHEST reading and one LOWEST reading in
Temperaiure and Humiddy The difference belween the two of any unit gives the “INTER-SFACE

TEMPERATURE VARIATION{ISTV} oF “INTER-SPACE HUMIDITY WARIATIONT(SHY) of that unit.

After finding out the ISTV and 18TH of all the 27 units, those were found to vary trom one another,
While {aking measurement it was found that both INTER-SPACE TEMPERATURE AND HUMIDITY
yaries from one living unit to another The probable reasans for this variations might be, (1) 5te
or iocation of the budging in the city, (2} Cardinal location of the Living Lnit i the entire buliding
plan, {3) Vertical position of the living unit in the building ets. The tme of taking measuiement

also may have relevance,

Since it was not possible to lake alt those faclors into consideration in such a time and hudgse!
constraint study, only the chysical factors hike (1} Cardinal iocation and (2} Vertical positions of

the living urits or rcomsfspaces have baen considered for analysis

The findings and analyses regarcing Temperature and Humidity variation i lwing units or

roomsfspaces shall be presented following in genera’ the following sub-hesdlings -



Finding out inter-space TemperaturefHumidity varialions
Idlentifying lang uniisfmoms with 'Hot', Average’ and “Cool’ ranges of inter-space
Temperature and 'Dry’ 'Moderate’ and ‘Wet' range of Humidity vanations
Finging out physical charactensucs of iving units 2nd 1o0ms under 'Hot', "Cogl 'Dry’,
and “Wet' categories

Relating the physical characteristics with probable cause of such Climatic extremities.

Fach of the above tooics shall be aiscussed 1N general under the rolloving minor sub-neads  {3)
Brief Introduction. (b} Coding of physical characteristics {Carainal tocation, Vertical position eic.}

of unitsfrooms, (o) Categerization and coding of TemperaturefHumidity variations ele

5.1.2. LEGERDS AND CGDES USED FORIDENTIFICATION :

For the purpose of analysis various apariments, livwng units, rooms, their Cardinal and Vertical
locahens elc. have besn coded, Altso LEGENDS have been used to indicate ther Cardinal and

Veriral locatons. The LEGENDS for CARDIMNAL LOCATIONE are

AR DAL TARDIMAL CARDIMAL CARDINAL

LOVANIN LpsEND LOGCATION LEGEND LOCATION LEGEND  LOCATIGN LEGEND
EAST E WEET W NORTH ™ SONTH 5
NORTH-EAST ME MORTH-WEST My SOUTH-EAST SE SOUTH-WEST  SW

The climate similar to Lhat at the ground is mostly felt in the lower floors of the bui'dings The top
floor of any building suffers from differences in climate due to the constant exposure of its roof to
the sun at aaylme. The floor immediately below it is partially affected by these factors. The othar
flonrs in between the lower floor and the top floor enioy mora or less et type of climate The

foliowing LEGENDS have been used 1o indicale the BROAD CATEGORY OF FLOCRS of the

building
FLOOR LEGENT FLoOo LEGELD
Top flaor Topor T Betow lop flocr High or A
Middie fioors Mig cr . Lowar 2 floors Loww ar L




The various buildings and their floors have also been coded, Table 501 shows the Cades of

buildings and their Yerucal catsgory and Horizontal Codes.

Table 5-01 ;

CODES OF APARTMENTS OR LIVING UNITS

CATEGORY
SERIAL CARDIMAL OF VERTICAL
NO, OF LOCATION OF LOCATHIN OF
APARTMENT CODE  LNITE FLOOR SURVEYED UNIT SURVEYED UNIT CODE
WAHID. SHABAN A o o7 =1 Top ATSW
02 05 sSw Mid ASSW
03 ™ W Mid A4SV
Q4 o4 SE Mid AASE
05 04 NE Mid Ad4NE
oG Q4 Ny Mid AdNWY
EHL BLS.-1 B o7 o5 N Top B8N
a8 o7 N Mid B7N
0g ™ N M B4M
EHL BLDG -2 C 10 16 KE Top C1ENE
11 16 SE Top C1GSE
12 [ HNE Mid CANE
13 & 8E Mid CSEE
14 04 NE Mid C4NE
13 04 SE M CASE
RAZZAK COMPLEX D i3] o7 5 Top 073
17 a5 5 Mid D&5
18 04 s Mid D45
REZA COMPLLEX 04 19 og E Tap E8E
20 06 E Mg EGE
21 0z E Lowr EZE
MONIHAR F 22 a7 M Top F¥N
23 #]5 N High FEN
24 o N Mid F4N
SQUARETOWER & 25 14 Ny Top G4y
26 05 HwW Mid GoONW
27 02 M Levar G2ZNW

5.1.3. FINDING OUT INTER-SPACE TEMPERATURE VARIATION :

It has been found that readings of temperalure In various rooms of a living urit vary from one
ancther. The (a) Maxmum temperaturs observed i1 a living unit, (b} Minimum temperature
observed in the same unit and {c) their vanations have besn calculated out and presenied n
Table 5-02. The wrer-space variation of Temperature shown in the last column of this table varies
from 0.1 to 0.8 deg. C. For the purpose of comparison and analysis, this range have been
classed inlo thres broad categories, viz Considerable, Average and Neghgible and the following

LEGENDS have been used to indicats those:
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TEMPERATURE VARIATION BANGE BROAD CATEGORY LEGEND

0.5-08 Cansiderable Con
03-04 Average Ave
0.1- 8.2 Bl e Mep

Table 5-02:

MAXIMUM MINIMUM TEMPERATLURES AND INTER-SPACE

VARIATIONS IN LIVING UNITS
LIVING MAXIMUM MINIMUM TEMPERATURE LEGEND FOR TEMP.

LUNIT CODE TEMPERATURE TEMPERAT\IRE DIFFERENCE YARIATION
0.3

AOTEW in.e 306 . Ave
A 55w 30.7 20 6 o1 MNeg
A 45 a0.0 24,9 0.1 Meg
A ASE 39 a0.8 0.3 MNeg
A aMNE a0.4 33 01 Neg
A gNW 08 30.7 01 Ave
E BN s M7 0.2 MNeg
B7H 3.2 328 0.4 Aye
B 4N 331 T 0.4 Ave
C16NE 26 ME 0.8 on
C165E 321 MG 0.5 {an
= EME 31.8 216 0.2 Aye
g 32z T 0.5 Meayg
C 4NE 31A 3T 04 Ava
C 45E 30.9 ang Q.1 Meg
D38 3.2 3 e 03 Avra
D53 21.8 3.6 02 Mg
D45 334 332 0z Peg
E 3E 25 4 203 01 Meg
E &6E 29.3 281 0.2 Neg
EZE 29.4 792 0.2 Neg
N 3te 3.2 o 04 Ave
F &M .G 305 02 Meg
F 4M 307 30.4 3.3 Ave
Gl4Mw 3.5 310 0.5 Con
GaMNW 303 301 az heg
E2ENYY 0.2 285 .4 Ave

5.1.4 IDENTIFYING LIVING UNITS WITH CONSIDERABLE {‘CON') CATEGORY OF
TEMPERATURE VARIATION :

The living units with CON, AVE and NEG category of inter-space temperature variations have
been presentad i Table 5-02 above. For the purpese of analyeis anty Lhe exireme cases shall be
considerad and the Average {Ave) range shall be avoided, The units under category -
CONSIDERABLE TEMPERATURE WARIATION and ther Cardinal and Verlical locations have

been presentzd in Tabla 5-03 below
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Table 503

CARDINAL LOCATION AND VERTICAL POSITION OF LIVING UNITS WITH
‘CON’ [CONSIDERABLE) RANGE OF VARIATIONS OF TEMPERATURE

(B)CATEGORY
INTER-SPACE LIVING [&)CARDINAL CF VERTIGAL
TEME. DIFF. UNIT CODE LOCATION FOSITION
Gon (5 -.8) C16NE NE Top

C165E SE Top

G14MYY MY Top

5.1.5 RELATING UNITS UNDER ‘CONSIDERABLE' RANGE OF TEMFERATURE
YARIATION WITH THEIR (@) CARDINAL LOCATIONS AND
{b) VERTICAL POSITIONS.

Afler identifying the Inving units under ‘CON' temperature variation category from Table 5-02 and
having known their physical characteristica from Table 503, endeavors shall now be made to
ralate the cause of this variation wilh such physical characterstics 1ke {a) Cardinal localion and
fb} Vertical position.

The following are the OBSERVATIONS regarding redation of HIGHER INTER-SPACE VARIATION
OF TEMPERATURE with the physical charactersiics of the living units ;

(a). CARDINAL LOCATION : There are 8 probable Cardinal locations, wiz. East, West, North,
South, Northesast, North-West, South-East, South-west for the living unds under study.
CONSIDERABLE Interspace Temperature variations were cbserved in 7 localions viz. E, N, 5,
ME, NW, 5E, 5W and none on the West, Out of these 7, 3 came under the CON category and
these happenad in cardinal locations, Northeast, Soulheast and Norlhwest at Lhe rate of 1 each.
Tha fraquency in number and % of cccurmences of CONSIDERABLE INTER-SFACE VARIATICNS
OF TEMPERATURE are shown in Table 5-04

Table 5-04

FREQUENCY OF CONSIDERAELE INTER-SPACE VARIATIONS
OF TEMPERATURE IN CARDINAL LOCATIONS

CARDINAL LOCATION OCCURRENCE IN HUMBER QCCURRENCE IN %

Morth East 1 out of 3 33% { equal)
South-East T ot of 3 33% { aqual)
Marth-¥West 1 outof 3 33% { equal)
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{b}. VERTICAL POSITION : There are 4 categories of verlical positicns, viz. Top, High, Mid and
Lerw Al the casss of CON category temperature vaniations wera observed on the Top floor 5o,
the frequency of CONSIDERABLE INTER-SPACE WARIATIONS OF TEMPERATURE are 3. The
frequency in number and % of cccurrence of considerable imer-space Temperalure vanzations in
various vertical caleqones have baen shown in Table 5-05 .

Table 5-05 :

FREQUENCY QF CONSIDERABLE INTER-SPACE VARIATIONS
' OF TEMPERATURE IN VERTICAL POSITIONS

VERTICAL LOCATION CATEGORY OCCURRENCE IN NUMBER  OCCURRENCE IN %
Top floor category Joutof 3 10 %

On the basis of above observations, INFERENCES may be drawn that,

01. There is grealer possibility of Considerable inter-space temperature variations to accur in
living units in cardinag! localions, Northeast, Southeast and Northwest.,

02. There is grealer possibility of Considerable inter-space temperature variations to ocaur on Lhe
Top floors than on other positians

516 IDENTIFYING LIWING UNITS SHOWING ‘NEG (NEGLIGIBLE) RANGE OF
TEMPERATURE VARIATION :

Table 506 balow shows the Iving units with NEG category of temperature variation along with
fa) Cardinal locations and (b} Vertical positions of the living unit

Table 5-06

CARDINAL LOCATION AND VERTICAL POSITION OF LIVING UNITS SHOWING
‘NEG’ [NEGLIGIBLE} RANGE OF TEMPERATURE VARIATION

{b) CATEGORY
INTER-SFPACE LIVING (a¥CARDIMNAL OF VERTICAL
TEMP. DIFF. UNIT CODE LOCATION POSITION
() NEG1, 2) ALEW Sy Mid

AASW SwW Mid

ALMNE ME Top

AW NW Top

BoN N Top

CENE ME Mid

CASE SE Mid

D&s 3 Mid

DdS 3 Mid

EBE E Top

EGE E Mid

EZE E Low

FeM N High

CHMY MY Mid
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5.1.7 RELATING UNITS UNDER ‘NEG' CATEGORY TEMPERATURE VARIATION WITH
THEIR (&) CARDINAL AND (b} VERTICAL POSITIONS

{). CARDINAL LOCATIONS : A tolal no of 14 cases were observed in 7 Io-catncns,l none was
obsarved on the West. The frequency in number and % of nccurrence of NEGLIGIBLE INTER-
SPACE VARIATIONS OF TEMPERATURE in varous verdical categories have baen shown in Tabie
5-07

Table 507 :

FREQLIENCY OF CONSIDERABLE INTER-SPACE VARIATIONS
OF TEMPERATURE IN CARDINAL DIRECTIONS
CARDINAL LOCATION OCCURRENCE IN NUMBER OCCURRFENCE N %
{1). East 3 ourl of 14 22%
{£). Morh 2 out of 14 14%
South 2 out of 14 14%
Marth-East 2 out of 14 14%
North-West 2outof 14 14%
South-Wast 2 ol of 14 14%
{3) Soulh-East 1out of 14 TH,

[b). VERTICAL POSITICN : Total 14 cases wers cbsorved, The frequency in number and % of
occumence of NEGLIGIELE INTER-SPACE VARIATIONS OF TEMPERATURE in various verical
calegories viz Top, High, Mid and Low have been shown in Tabla 5-08.

Tabla 5-08 :

FREQUENCY OF CONSIDERABLE INTER-SPACE VARIATIONS
OF TEMPERATURE IN VERTICAL CATEGORIES

VERTICAL CATEGORIES CCCURRENCE IN NUMEBER OQCCURREMCE IN %

{11, Mid B out of 14 57%
{2). Top 4 out of 14 20%
{3) High 1ouof 14 .

Low 1 out of 14 T,

From the above analysis, INFERENCE may be drawn to the following eflects,
01. There 1= greater possibility of Negligible inter-space lemperature vanations to occur in
carding! locations in the following descending order : (1) East {2} Norlh, South, Mortheast,

Nerthwest and Southwest and {3) South-East.

02 The findings of negligible inter-space temperature variations in different verlical iocations

were Jhadequste to establish any refation,
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5.1.8. ANALYSIS OF INTER-SPACE HUMIDITY VARIATION :

The imer-space variation of Humidity shown in the [ast column of Table 509 varies from 0% to
3%. For the purmpose of comparison this range have been classed into four broad cateqories, viz.
High, Mid, Low and Same and the following LEGENDS have been usad o indicate those:

TEMPERATURE VARIATION RANGE BROAD CATEGORY LEGEND
3% Higher variation High
2% Middle vartaiion Mirt
1% Lower vanalion Low
% Mo vadation Same

The analysis on Inter-space humidity variation in living units have been done exactly in the same
way as was done in case of Temparature. The Codes used are also the same or similar. Table 5-

05 below shows the Maximum and Minimum humidity, their variations and Legends in the lving

units
Table 5-09:

MAXIMUM, MINIMUM & VARIATIONS OF HUMIDITY IN LIVING UNITS
LIVING MAXIMUM MINIMUM HUMIDITY HUMIDITY VARIAFION
UNIT CODE  HUMIDITY HUMIDITY OIFFERENCE LEGEND
ATSW 9o BY 1 Low
ASSW Bo 87 3 High
A4S B6 as 1 Lerw
AASE al Bg 1 Low
A4NE 56 RG ¥ Sama
AdNW 83 B3 ) Sama
Bal =¥ = 1 Lerw U
B7N 22 =3 1 Low :
BN g2 B0 2 Ave
CIBNE a2 o1 1 Loy
C165E a7 91 1 Low
CaNE Gl 8§51 1 Lo
CBSE a3 92 1 Low
CANE Ba . a1 z Mid
C45E B a2 2 Mid
DTS 24 =, 2 Mid
DO5S 95 B4 1 Low
o045 Bs a4 1 Lérw
ED8E BE B4 i Mid
EDSE BG B85 1 Lerw
EQZE 55 . az 3 High
FOTN 85 B4 1 Lenw
"FOBM 85 83 2 Mid
FO4N Ba &5 3 High
G14NW 8BS B3 2 Mid
GOSMW 87 BS T2 Mid
GOZNW g8 BS 3 High
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5.1.9 IDENTIFYING LIVING UNITS WITH ‘HIGH' INTER-SPACE VARIATION OF HUMIDITY :

After knowing the Imler-Space Humidity variations of the apartments in terms of High, Mid, Low
and Same categories attempts shall be made to find out if there exists any ralation 1N between
thase varialions with the {a} Cardinal location and (b} Vertical position of the unit. Tabla 5-08

balow shows the Eving units with HIGH INTER-SPACE VARIATION OF HUMIDITY along with thar

phyeical characleristics :

Table 5-10:

LIVING UNITS WITH ‘HIGH' CATEGORY INTER-SPAGE VARIATION OF HUMIDITY
AND THEIR {a) CARDINAL LOCATION AND {b) VERTICAL POSITION

CATEGORY OF
INTER-S8PACE LVING {a)CARDINAL (B)VERTICAL
HUM. DIFF. UNIT CODE LOCATION LOCATION
High (2%) ASSW SW Mid

E0ZE . E Low

FO4N N Wid

GUZNW N Low

§.1.10 RELATING LIVING UNITS WITH 'HIGH' CATEGORY OF HUMIDITY VARIATION WITH
{a} CARDINAL AND {B) VERTICAL LOCATIONS

The gocumences and % of HIGH INTER-SPACE VARIATION OF HUMIDITY as gbserved in 4 nos. of
lwving units i Tables 5049 and 5-10 am shown in Table 5-11 bellow

{a}. CARDINAL LOCATIONS :

Table 5-11 :
FREQUENCY OF HIGH INTER-SPACE VARIATIONS
OF HUMIDITY IN CARDINAL LOCATIONS
CARDINAL | CATION QOCURRENCE IN NUMBER DCCURRENCE IN %
Eaxt 1 out of 4 25% {equatl).
North 1 out of 4 25% (equal).
Bouth-West 1 out of 4 26% {equal),
Morth-West 1 outof 4 25% (equal).
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{¢}. VERTICAL POSITION:
Table 5-12 :

FREQUENCY OF HIGH INTER-SPACE VARIATION OF
HUMIDITY IN VERTICAL CATEGORIES

YERTICAL CATEGCORIES QOCCURRENGE IN NUWMBER QCCURREMNCE IN %
Mid category 2 outof 4 50 %
Loy Category 2 autof4 50 %

From the above findings it may be opined that

{1} The HIGH inter-space Humidity variation is independent of cardinal location of the lving
unit.

{2} The HIGH inter-space Humidity variation is independent of vertical position of the living
unit

5.1.11 IDENTIFYING LIVING UNITS SHOWING ‘LOW' INTER-SPACE VARIATION
OF HUMIDITY :

Table 5-13 presants the living unils with LOW INTER-SPACE HUMIDITY VARIATION along with (a)

Cardinal location and (b} Vertical position of tha Iving und

Table 5-13:

LTVING UNITS WITH ‘LOW’ CATEGORY OF INTER-SPACE VARIATION OF
HUMIDITY AND THEIR {a) CARDINAL LOCATIONS AND (b) VERTICAL

POSITIONS

CATEGORY OF
INTER-SPACE LMNG (#)CARDINAL (B)VERTICAL
HUM, DIFF. UNIT CODE LO 0 CATEGORY
LOW [ 1%) ATEW SwW Tap

A4S 1) Mid

A45E SE Mid

BSN M Top

B7N M Mid

C16ME NE Top

C165E BE Top

CBNE MNE Mid

CESE SE Mid

DO5S s Mid

Dis 3 Mid

EOSE E Mid

FOTHN N Top
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51,12 RELATING LIWVING UNITS SHOWING ‘LOW HUMIDITY VARIATION WITH THEIR
CARDINAL AND VERTICAL LOCATIONS

From Table 5-13 showing 13 nos. lving units with 'LOW INTER-SPACE VARIATION OF HUMIDITY
in varieus cardinal locations and heights the piclures shown in Table No. 13 and Table 14 may be

drawn :

{). CARDINAL LOCATIONS :
Table 514 ;

FREQUENCY OF 'LOW' INTER-SPACE VARIATION OF
HUMIDITY IN CARDINAL LOCATIONS

GARDINAL LOCATIONS OCCURRENCE IN NUMBER OQOCCURRENGE IN %

{1). Morth 3 out of 13 3%
South-East 3ol of 13 23%
(2). North-East 2 outof13 15%
SHth-YWesT 2 outof 13 155
South 2 out of 12 15%
(3} East 1 out of 13 8%

(). VERTICAL POSITION :

Table 515 :

FREQUENCY OF 'LOW INTER-SPACE VARIATION OF
HUMIDITY IN VERTICAL LOCATIONS

YERTICAL LOCATIONS  OGCURRENCE IN NUMBER  OCGURRENCE 1N %
(1), Mg 8 out of 13 62%
{21, Top 5 cut of 14 38%

The following inference may be drawn from the abova realities -
(1. The LOW inter-space Humidity vanation is independent of cardinal location of the [Bving urmt

Q2. There is greater prabability thal LOW inter-space Humidity variation may take place in Mid,
and Top calsgery of vertica! heights.

3.1.13. ZERQ INTER-SPACE VARIATIONS OF HUMIOITY ;

Zem or no Inter-space variation of Hurnidity wes observed in kwo living units at Old Dhaka sita on
tha 4" floar and on cardinal locations North-East and North-Wast, as shown i Table 5416,
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Table 5-16

LIVING UNITS WITH ‘LOW' INTER-SPACE VARIATION OF HUMIDITY AND
CARDINAL LOCATION AND (b) VERTICAL POSITION

CATEGORY OF

INTER-BPACE LIVING {a}CARDINAL {b) VERTIC:AL

HUM. DIFF. UNIT CODE LOCATION LOCATION

Same [ OW) A4NE NE Mid
ANV NwY Mid

The data oblained were net sufficient to establish reasens for this zero-variation. B 15 imterasting
to nole the units localed on the soulh or above these two units indicated variations of humidity.

One probable reason for no change in humidity may be, since these two units were located on

the north of other unis, therg was no or very Little air-movement inside,

5.2. CLIMATIC ANALYSIS OF ROOMS/SFACES :

§.2.1. CATEGORIZATION AND CODING OF RELATED FACTORS :

In analyzing the measured Temperature and Humidity in the rooms of the fullowing procedure
has besn followed (1) The Mean Temperature/Humidity of each living unit has been calcutated
by adding the sver-highest and ever-lowest temperatureshumidifies observad in army unit ard
dividing this sum by 2 (2} The varation of Temperaure/Humidity from the Mesan
temperaturefhumidity in each rooms/spacs has been caleulaled ang presented by + for above
and - for below the Mean valus. (3} In case of Tempersture the M=san has been termed as
AVERAGE and that above as HOT and below as COOL. (4) In case of Humidity the mean has
been termed as MODERATE, that above as WET and belaw as DRY. {5) Roomsispacas under
each calegory have been idenlified. (5) The Cardinal and Verbical locations of the rooms/spaces
with exireme variations (In case of Temperature - HOT and COOL and 1n case Humidity DRY
and WET) have been faund aut. (6) Endeavors have besn made to relate those with Cardinal and

Vertical focations of the rooms or spaces.
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5. 1.2. "AVERAGE' TEMPERATURE AMD VARIATION QF TEMPERATURE FROM
THE AVERAGE :

The inter-spacs temperature variaton i rooms and spaces have been found out by first
caledlating the AVERAGE tempearature i the living umit and then finding oul the vartalions in each
roomispace above or below the AVERAGE temperature. In every living unit thers is ohe highest
ard one lowsast tempergtura The summalion of these two divided by 2 gave the AVERAGE
Temperature of that unit. The variation of emperatura from the AVERAGE has been calculated in
terms of temperature above {+ ) or below (-] the AVERAGE {emperature. Table 5-17 below
shows (a) AVERAGE Temperature in each Inving unit and (b Varations of temperatures in aach

room or spaca like Living Room, Bad Rooms, Dining Room etc. above (expressed by +) or below

{expressed by -} the AVERAGE temperaure,

Table 5-1T7 :

sL. LMING (a) MEAN
NO. UNIT CODE TEMPERATURE
MM ATSW ans
02 . A DEW 085
43 A 45W 2885
04 A 45E o8
05, A 4ME 3035
05, A 4NW N TE
7. B8N e
08 B7N 33.0
09, B4N 2.9
10, C1SME 2.2
11. C185E Mo
12. CBNE n7
13, CEBEE d20
14, C4MNE ang
15, C4SE 249 55
16. DTS 21
7. D58 37
18, D45 2333
18. EBE 20.35
20. EGE 2823
21. EZE 203
22. FTN 314
23. FaN 20 4
24. F 4N 20 5
25 G14NW 313
26, G SNW a0 2
27. G ZNW 20.0

AVERAGE TEMPERATURE & VARIATIONS OF TEMPERATURES

1IN ROOMS AND SPACES
(b} TEMPERATURE VARIATIONS IN _ROOMS AND SPACES
LIVING RM. M.EED CHILD'SBED 6. BED DINING RMSP,
+1 00 -2 —— + 1
+05 -5 =05 —— +05
+ 05 -03 -08 — + 05
+.1 oo -2 — + 1
+.05 -05 +.(5 ——— +.05
+.05 -05 -05 S +05
00 -1 00 -1 +1
+.2 0o LY -2 -1
+.1 -1 +.1 -2 +2
+.4 -3 -3 -2 -4
L1 -1 aq -3 +2
+1 -1 0a -1 0o
+2 -4 -2 + 2 01
+2 0a -2 -2 +1
=05 +.05 - 05 - 05 +.05
oo -2 -2 +1 ao
+1 00 -1 +1 -1
+1 +1 on -1 -1
+05 -05 - Q5 +.05 + 05
(4] -1 0g +.1 oo
(31# -1 +1 00 o0
-1 -2 o +2 +.1
-2 -2 +1 + 2 o0
-3 -1 (4]4) +.1 +3
+2 -2 -1 -3 o0
+1 (0] a4 00 -1
-2 +1 oo +.2 -1
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5 2.3 CATEGORIATION AMD CODING OF TEMPERATURE VARIATIONS
15 found that variattons from the Average temperature ranges from -.05 to +.05 deg. C. On the

basis of their propansity to relative *Hotness” or 'Caoolness’ ihis range has be classified inte 3

categories and Coded as shown m Table No. 5-18:

Table 5-18 :

CATEGORY, RANGE AND CODE OF TEMPERATURE VARIATIONS

CATEGORY RANGE CODE

Above Average +05 to +.5 HGT { er Hy
Averaga 0,05 to +0.05 {within and not inclusive) AVERAGE {or Ava.)
Below Averags -08 to -4 Cool{ord

524 'MODERATE HUMIDITY AND VARIATION OF HUMIDITY FROM MODERATE
IN EACH ROOMS ;

The Humidity messured in each mom and space of the 27 {iving units of 7 buildings have baean
presertad in Tablg 407 in Chapter V. In each living unit thera is one highesl and one lowest

Humidity. The summation of these two divided by 2 gives the MODERATE Humidity 1in thad unit

The vanation of Humidity in each room from the MODERATE has been calculated in terms of
Humidity abova or below the Maderate Humidity. Table 3-19 below shows (3) MODERATE
Humidity 1 sach living umit and (b) Vanalions of Humidity 1in each room or spaces ke Living
Room, Bed Rooms, Diung Room etc abowve, expressed by +  or below, {expressed by - ths

Moderate Humidty
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Table 5-19:

MODERATE HUMIDITY & VARIATIONS OF HUMIDITY IN ROOMS AND SPACES
SL. LIVING  {a} MOOERATE  (b) HUMIDIYY VARIATIONS IN __RODMS  AND __ SPAGES,

NC. UNTT CODE HUMIDITY LIVING RM. M.BE[ CHILD'S BED 0. BED DINING RMISE
Q1. ATSwW 595 +5 -5 -8 -_— +.5
02 . A S5W ga.s +1 5 +5 -1.5 - +.5
03 A 45W 85,5 -5 +5 +5 — -5
4 A ASE 88.3 +5 -5 -5 — +5
05 A 4MNE BG Q0 oG oo — (1]
08 A 4NW a3 414} o a0 —— oo
07. BaN 835 +5 +5 +5 -5 +5
0d. BYN 91.% +.5 -5 -5 5 -5
0z, BdAM a1 o0 -4 +1 og o0
10, C16MNE 3 I 5 +5 -5 *5 +5
11 C16%E 91.5 -5 +5 +5 5 +5
12. CBNE 91.5 +.5 -5 -5 *5 -5
13. CHSE 92.5 +.5 -5 -5 +.5 +5
14. CANE g2 +1 -1 Qo LN -1
158 C45E B3 oo +1 00 -1 O
16 D75 a3 +1 Qo -1 +1 +1
17. 055 g4 5 -5 +5 +5 -8 +5
18 48 44 5 +5 +5 +5 +5 -5
14 EBE &h -1 ad o +1 +1
20, EEE a5.5 -5 -3 +.4 +5 +3
2. E2E 83.5 +| 5 =15 +5 +5 +1.5
22 F7TN 845 +.8 -5 + 5 -5 +5
23, F&M B4 0a -1 +1 +1 +1
24, F4N B6 5 +5 +1.5 +1.5 -1.5 +.5
25 G14MW B4 ag o [4]0] +1 -1
26, G OHNW BE +1 Qo +1 -1 (4]
27. G 2NW BE & -5 =5 -1.5 +1.5 -5

525 CATEGORIZATION AND CODING OF HUMIDITY VARIATIONS :

it has been found Lhat that with respect to MODERATE Humidity, humidity in other rcoms varss
in the range of -1.5 below to +1.5 above the MODERATE. For the purpose of analysis and study
this range has been classed into 3 categories, viz ‘DRY', 'MODERATE' and "WET" The

Categorss, ranges of variation and Godes have been guven in Table 5-20:

Table 5-20 :
CATEGORY RANGE CODE
Below Moderate 5 to 1.8 DRY [ O
Moderate . =5 to +.5 fwithin and not molugive} MODERATE (MOL)
Above Moderate S 15 WET (W)




5.2,6 CODING OF CARDINAL LOCATION :

In determining the cardmal locations of rooms of the ving units the sight cardinal codes as used
in case ol Iiviﬁg units were not found sufficient. Some rooms or spaces were found at the central
location of the living unit, with no extemal wall and no direct apening of windows, The cardinal
lacation of such reom or space have been specified as "CENTRAL". Thus the Cardinal Locations

and LEGENDS of the reomsfepaces under sludy have been shawn in Table 5-21 below

Table 5-21 :

LEGENDS OF CARDINAL LOCATIONS OF ROOMS/SPACES

CARDINAL LOGATION LEGEND CARDINAL LOCATION LEGEMND CARIHNAL L OCATEON LEGEKD
{1} Easl E (21 West w (2} Morth N
{4y South 5 (6}  North-East ME {6) Norh-¥vest NW
{7} South-East SE (8  South-yest W {9) Ceniral C

5.2.7 CODING OF VERTICAL POSITION : The procedure for Coding of verical posilions have
already been described In conneclicn with Living Units and the same codes as described here

under remains vatid in case of rooms also.

FLOORS : COBE.
The topmast foor. Top
The floor imtmediately below the top floar, High

Al floors in between the High and Low flcors, Hid
Tha lower two floors Low

573 IDENTIFICATION OF '"HOT, AVERAGE, COOL' AND 'DRY,

MODERATE, WET' ROOMS
Table 522 has been prepared to identify the HOT, AVERAGE and COOL {in terms of
Temperature) and DRY, MODERATE and WET ( In terms of Humidity} category rooms in each
lving unit. Also the Cardinal location and Verlical category of each roum have been shown for

easy understanding.
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Table 5-22:

IDENTIFICATION OF "HOT, AVERAGE, COOL' AND 'DRY, MODERATE,

WET CATEGORY ROOMS.
LMING ROOMOR  {a) CATEGCRY OF it} CATEGCRY OF {c} CARDINAL {d) VERTICAL
LINIT SPACE TEM RE HUMIDITY LQCATION CATEQAQORY

ADTEW Living Rm HOT WET c Top

Master Bad AVER. CRY 8 Top

Child Bed CooL CRY S Top

Chning HaT WET c Top

ADSESW Living R, HQT WET C Mict

Master Bed COOL WET =) Mid

Child Bed HOT ORY By Mid

Chning HOT WET C M:id

AQASWY Living Am, HOT DRY [ Mid

Master Bed CooL WET 3 Mid

Child Bed COOL WET SW M

Gining HOT DRY c Mid

ACASE Livirg Rm. HOT WET C Mid

Magzier Eed AVER. ORY 5 Mid

Child Bed COoL DRY SE Mid

Chriing HOT WET C Mid

ADANE Living Rm. HOT MOaD c Mid

Master Bed COoOoL MOD M Mid

Child Bad HOT MaD HE Mid

Cuning HOT MOD C Mid

AD4NW Living Rm. HOT MCD c Mid

Master Bed oL . MO M Mid

Child Bed COoOL MO WYY Wid

Cning HOT MOD c Mid

BOEMN Living Rm AVER. WET W Top
Mazter Bed COoOoL WET MW Top

Child Beed ANER. WET M Top

Guest Bed SO0 ORY ME Top

Crning HOT WET c Top

BOTM Living Rim. HOT WET W Mid
Master Bed AVER. DRY N Mid

Child Bed ANVER. DRY M Mid

Guesl Bed COO0 DRY NE Mid

Dining CcooL CRY C Mid

BO4N Living Rm. HOT MOD W Mid

Master Bed COooL DRY MW Mid

Child Bed HOT WET N , Mid

Guest Bed COoL MOD NE M

Durung HOT MOD c Mid
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Table 5-22 (Contd.}

IDENTIFICATION OF 'HOT, AVERAGE, COOL' AND 'CRY, MODERATE, WET CATEGORY ROOMSE

LAING
UNIT

C1ENE

C165E

COGME

COE5SE

CHNE

CHSE

Do7S

Doss

Do4s

ROOM aR
EPACE

Living Rm
Mastar Bed
Child Bed
Guest Bed
Cining

Living Rm
Masler Becd
Child Bad
Guest Bed
Dhring

Living R
Master Bed
Child Bed
Guest Bed
Daning

Living Rm
Master Bed
Child Bed
Guest Bed
[¥ning

Living Rm
Master Bed
Child Bed
Guest Bed
Dining

Livirng Rm.
Master Bed
Child Berl
Guest Bed
Dining

Living Rm.
Maxzter Bed
Child Bed
Guest Bed
Qining

Living Rm.
Master Bed
Child Bed
Guest Bad
Dining

Living ®m.
Masier Bed
Child Bed
Guest Bed
Dining

fa) CATEQORY OF
TEMPERATURE

HOT

CooL
CooL
COoaL
COoL

AVER
COOL
AVER.
COooL
HOT

HOT

CoL
AVER.
CooL
AVER.

HOT
CooL
COoL
HOT
AVER.

HOT
AVER.
CooL
COoaL
HOT

COoaL
HOT
COOL
CooL
HOT

AVER.
CooL
COoL
HOT
AVER.

HOT
AVER
COOL

CooL

HOT
HOT
AVER.
COOL
CooL

(k) CATEGORY OF
HUMIDTY

WET
WET
ORY
WET
WET

ERY
WET
WET
ORY
WET

WET
CRY
DRY
WET
DRY

WET
CRY
CRY
WET
WET

WET
DRY
MOD
MOD
DRY

MO
WET
MOD
CRY

MCD

WET
MOoD
CRY
WET
WET

DRY
WET
WET
DRY
WET

WET
WET
WET
WET
DRY

c] CARDIMNAL
LOCATION

{d) VERTICAL
CATEDORY

Top
Top
Top
Top
Top

Top
Top
Top
Top
Top

Mit}
Kid
Mid
Mid
Mid

Mid
Mid
Mid
Mid
Mid

Mid
Mid
Mid
Mid
Mid

Mid
Mid
Nid
Mid
Mid

Top
Top
Top
Tap
Top

M
Mk
Mid
Mid
Mz

Mid
Mid
Mid
Mid
Mict
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Table 5-22 (Contd.)

[DENTIFICATION GF 'HOT, AVERAGE, COUL' AND 'DRY, MODERATE, WET' CATEGORY ROOMS

LMNG ROOMOR  {a) CATEGORY OF (b} CATEQORY OF {c) CARAINAL  {d} VERTIGAL
UNIT SPACE TEMPE RE HYMIDITY LOCATIO CATEQOORY
EO0BE Living Rm. HOT DRY =] Top
Master Beg CooL WMOD ME Top
Child Bed COoL Moo M Top
Guest Bed HOT WET ' SE Top
Cining HOT WET c Top
EIGE Living Rm. AVER. DRY = Mid
Master Bed ool DRY MHE Mid
Child Bed AVER. WET N Mid
Guest Bad HOT WET SE Migd
Dinmg AVER, WET c Mid
EQ2E Living Am. AVER. WET S Low
Master Bed CoOL DRY ME Lcrey
Child Bed HOT WET M Lo
Gest Bed AVER WET SE Lowy
Chning AVER, WET c Loy
FOFH Living Rm. CooL WET E Top
Masker Eed COaL ORY NE Tep
Chitd Bed AVER. WET Y Top
Guest Bed HOT DCRY W Top
Dining HOT WET c Top
FOSN  Living Rm. COOL MOD E High
Master Bed COoL CRY HNE High
Chuld Eed HOT WET My High
Guest Bed HOT WET W High
DHning AVER. WET c High
FodN  Liwving Rm CO0k WET E Mid
Master Bad COooL WET HE Mid
Child Bed ANER WET MWW hid
Guest Bed HOT DRY W Mid
Biring HOT WET c Mid
GlaWw  Living Rm. HOT MOD W Top
Waster Bed COaL MOD MW Top
Child Bed COOL MO W Top
Guest Bed COo0oL WET N Top
Dinng AVER CRY c Top
GOENW Living Rm. HOT WET W Mid
Master Ded AVER. MOD MW M
Child Eed &VER. WET W Mid
Guest Bad AVER. CRY N Mig
Dintng COOE MGoD C M
GO2MW Living Rm. CooL DRY W Low
Master Bed HOT DRY Nw Lorw
Chid Bed AVER, CRY W Low
Guest Bed HOT WET M Low
Dirung CooL Oy c Low
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5.3.1 SPECIFYING CARDINAL AND VERTICAL LOCATIONS OF ROOMS UNDER
‘HOT' RANGE.
There are 48 rooms that fall under 'HOT' range. The Cardinal locations and categories of Verlical

lacation of the s8 rooms have been shown in Table 5-23 below.

Table 5- 23:

CARDINAL LOCATION AND CATEGORIES OF VERTICAL LOCATION OF
ROOMS/SPACES UNDER ‘HOT RANGE

RCDM OR CARDNMAL YERTIGAL

SL. NOQ. LIVING UNUT SFACE LOCATION CATEGORY
o1, AOTEW Living Rm. Ceniral TOP
0z. CHning Central TOR
03, ROESW Living Rm. Central MID
04, Chitd Bed South-Wesl MID
{5 Cining Central MID
o6 ASW Living Rm. - Central MiD
o7. Diring Cemral KD
Q8. ADASE Living R, Central MID
Q9. Dining Central MID
10, AD4NE Livirtg Rm. Central M1
17. Child Bed Marth-East D
12 Cining Centrat MID
13, A0 W Livitig RmM Central MID
14 Dimng Ceniral MiD
15 BOSN Cining Cemral TOP
16, BOFN Living Rm Wasl MID
17, ED4N Living R, Wesi MID
18 Child Bed MNaorth MID
14 Dining Central MID
20. C16NE Living Rm. Worth TOP
2. C165E Qining , Central TOP
22, COANE Lwing R Morth MID
23, CO8sE Living . Sauth MID
24, Guest Bed South MI1D
25, CO4ME Living Rm. MNorth MICH
pil Cining Central MID
27 CO45E Master Bed South-East MID
28 Dirurg Central WD
28, Dats Guest Bad South-WWest TOF
30, DO5ss5 Living Rm. West MIC
3. Guest Bed South-West "
32, o045 Living Rm Wesl MID
33 Mastar Bad Sculh-East | MID
a4, EQBE Living Rm South TOP
35 Gueast Bed South-East TGP
36. Cining Canirai TOP
3y, EOBE Guest Bed Southr-East MIDO
ag. EDZE Child Bed Morth LOW
39 Foim Guest Bed Weast TOP
40, Dhining Central TCP
41, FOEM Child Bed Morth-Yest HIGH
42, Guast Bed Wast HIGH
43, Fa4M Guesi Bed West MG
g, Qinng Central ML
45 Gy Liwing R West TOP
45, GOSHYY Living Rm Wast MID
47, GOZNW Master Bed Morth-West LOwW
48, Suest Bed Maorth Lo
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Based on Table 5-23 above, the number and percant of ‘HOT category rooms in vanous

mardinal locations have been found out and presented In Table 5-24 below,

Table 5-24 :

NUMBER AND PERCENT OF ‘HOT' CATEGORY ROOMS IN VARIOUS
CARDINAL LOCATIONS

C A R D | N_A L L 6. ¢c A T + O N
NORTH NORTH SOUTH SOUTH
EAST WEST NORTH SOUTH EAST WEST EAST WEST CENTRAL TOTAL

Total na, of
Rooms!

spaEcEs M
specific candinal
lzations (From

Table 522) 6 15 18 12 16 10 12 B 33 129
Mo, of 'HOT!

Rooms/spaces

(From Table 5-23) 0 ] & 3 1 2 4 3 20 48
Percent of HOT

Roomsispaces 00 60% 1% 25% 6% 20% 1% 0% 51% 3T

The number and percent of 'HOT' category rooms in various Yerlical categories have been fountd

out from Table 5-23 and pressnted in Table 5-25 below.

Table 5-25 :

NUMBER AND PERCENT OF ‘HOT' CATEGORY ROOMS IN VARIOUS
VERTICAL CATEGORIES

cC A T EGQ OR_LE S
D LOW TOTAL

Teda! ne. of rooms
or spaces under
spedfic category
{From Table 5-22) ag 5 75 10 129

MNe. of ‘HOT rooms
found (From Table 5-23) 12 2 k1] 3 45

Parcent of rocms!
Spaces % 40% 0% I0% 37%
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532 ESTABLISHING RELATION OF HOTNESS WITH CARDINAL AND VERTICAL
POSITION.

From Table 5-23 it has basn reveated that 37% of the tolal rooms/spaces surveyed fall under
‘HOT" calsgory. After deductions from the above Tables the following relation shown in Table 5-
76 is found to exist between the hotness of rooms and their Cardinal locations |

Table 5-26 ;

RELATION BETWEEN 'HOT CATEGORY ROOMS AND CARDINAL LOCATIONS

OCCURRENCES IN % RELATWE POSITION CARDINAL LOCATION
61% HIGHEST CENTRAL
BO% 2"C HIGHEST WEST
EQ% 3 HIGHEST SOUTH-WEST
33% 4™ HIGHEST NORTH
3% 5" HIGHEST SOUTH-EAST
5% 6" HIGHEST SOUTH
20% 7 HIGHEST NORTHWEST
G% 51 HIGHEST MORTH-EAST
(0% LOWEST EAST

From Table 5-24 and 5-25 the following relation shawn in Table 5-27 has been found to exist

between the hotness of rooms and Verbical categeries

Table 5-27 :

RELATION BETWEEN "HOT CATEGORY ROOMS AND VERTICAL CATEGORIES

OCCURRENCES N % RELATIVE POSITION VERYIGAL CATEGORY
1% HIGHEST HIGH
41% HIGHEST MID
1% oMNO HIGHEST TOP
308 LOWEST LOW

5.3.3 |DENTIFYING ‘COOL' CATEGORY ROOMS/SPACES :

From Table 5-23, 52 nos. rooms have been found to have been under ‘COO0L' category. The

Cardinal locations and Vertical caiegoriss of thess rooms have been shown in Table 5-28 below.
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Table 5-28:

CARDINAL LOCATION AND CATEGORIES OF VERTICAL LOCATION OF ROOMS

UNDER ‘COOL' CATEGORY

CARDIMAL

ROOM OR YERTICAL
SL. NO. LIVING UNIT S5PACE LOCATION CATEGORY
a1 ALTSWY Child Bed South-West TP
a2 AOSEWY Masler Bed South MID
03, Child Bed South-vWest MDD
Qut, SO04A5W Master Bed South MID
05, Child Bed South-West ML
06, ADSE Child Eed South-East MiD
Q7. ADANE Masker Hed Marth MiD
08 AN Master Bed MNorth wiD
(=] Child Bed Horth-wWest MIC
1a. BOGN Masier Bed Marth-VWest TOQP
11 Guest Bed MNoth-East TOP
12, BOTM Guesl Bed Horth-East MID
13, Dining Camral M
14, BO4MN Masler Bed Morth-Yest NiD
15 Guest Bed Morth-Easl WD
16. C16ME Master Bad MHorth-East TOP
17, Child Bed South-East TOP
16 Guest Bed MoTth TOR
19 Diring Central TOP
20. C165E Master Bed South-East TOR
2% Guest Bed Bouth TOR
22, COEMNE Mazter Bed Meanh-East TOP
23, Guast Bed Morth TOP
24, CosSE Mazler Bed South-East MiID
25, Chitd Bed Morh-East MID
26, CO4ME Child Bed Sauth-Ea%t KiD
27 Suesl Bed Morlh M
28, CO4SE Living Rm. South MID
28 Child Bed Marth-East MID
30. Guazi Bed Morth MID
31, Do7s Master Berl South-East TOF
3z Chitd Bed East TQP
33 DosS Child Bed East MG
34 Cining Central MIC
35, Do Guest Bed Saouth-West MiD
38, DAning Cantral MID
37, EOSE Master Bed Morih-East TOF
38 Child Bed Horth TOP
3g, EDEE Mashar Eed Morth-East MiD
40 EQZE Master Bed Monh-Easl LOW
41 FOTM Living Rm East TOP
47, Master Bed Morth-East TOP
43, FO6MN Living Rm. East HIGH
44 Mzsier Bad Morth-East HIGH
4%, FOdM Living Rim East MID
45, Masler Bed Morth-East M0
47. GidMwy Mazler Bed Morth-vWast TOP
43, Child Bed West TOF
45, Guesi Bed Morth TQP
50. GOSNW Cining Ceniral MID
a1, GO2MWY Livirg Rrm. West WD
52 Cining Cantral Lo
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Based on Table 5-28 above, the number and percent of rooms under 'Conl’ range in vanous
carginal locations bave been presented in Table 5-28 and their calegones of vertical positions in

Table 5-38 below.

Table 5-29 ;

NUMBER AND PERCENT OF ‘COOL’ CATEGORY ROOMS IN YARIQUS
CARDINAL LOCATIONS

c_ A R D I N A L L 6. C A T | O N

NORTH .NORTH SOUTH SOUTH
EAET WEST NORTH SOUTH EAST WEST EAST WES] CENTRAL JYOTAL

Taotal no.

of rooms or

gpaces in this

category (From

Table 522} & 15 18 1z 16 10 13 5 33 129

Ne. of COOL
Roomefmpaces
{(From Table 5-28) 35 2 8 4 13 ) g 4 & 82

Parcent of Cool
rogms 83% 13% 4% A% B1% 0% A5% 6T 18% 40%,

Table 5-30 :

NUMBER AND PERCENT OF ‘COOL’ CATEGORY ROOMS IN

VERTICAL CATEGORIES.
vV E R T 1 € A L CATEGOTRIES
TOP HIGH MID LOW TQTAL
Total no. of nooms
or spaces {From
Table 5-22 ) 34 ] 75 10 129
MNo. of CDAL rooms
fFrom Table 5-28) 20 2 28 2 52
Parcent of COOL rooms 51% a40% I 20% 40%
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534 ESTABLISHING RELATION OF COOLNESS WITH CARDINAL OR VERTICAL
POSITION:.

From Tables 5-26 and 5-30, the relation found to exist between the ‘Coclress’ of rooms and their

Cardinal locations have been presented in Tabls 5-31:

Table 5-31 ;
RELATION BETWEEN 'COOL' CATEGORY ROOMS AND
CARDINAL LOCATIONS
QCCURRENCE I8 % RELATWE POSMON CARDI OGCATION
830 HIGHEST EAST
81% M0 HIGHEST NORTH-EAST
67 % 30 HIGHEST SOUTH-WEST
46% 4™ HIGHEST SOUTH-EAST
44%, 5™ HIGHEST NORTH
405 6™ HIGHEST MORTH-WEST
33% 7™M HIGHEST SOUTH
184, B HIGHEST CENTRAL
13% LOWEST WEST

Also, from Tablss 5-29 and 5-30, the relation found to exist between the '‘Coalness' of rooms and

thew categories of Vertical locations have been presented in Tabte 5-32

Table 5-32 :

RELATION BETWEEN 'COOL' CATEGORY ROOMS AND
CATEGORY OF VERTICAL LOCATIONS

OCCURRENCES N % RELATIVE,_POSITION VERTICAL CATEGORY
51% HIGHEST ToP
A0%, 2" HIGHEST HIGH
7% 3P HIGHEST MID
20% LOWEST LOW

5.4 IDENTIFICATION OF DRY, MODERATE AND WET ROOMS :

For the purpose of identifying rooms/gpaces under DRY, MODERATE end WET categories, the

various Legends and Codes used in-casg of TEMPERATURE have been utilized.
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5.4.1. IDENTIFICATION OF DRY ROOMS

in Table 5-23 42 rooms have been found to have been under ranges DRY category. Thase
rooms along with their Cardinat and Vertical location categoriss have been shown in Table 5-33

b o,

Table 5-33:

CARDINAL AND YERTICAL POSITIONS OF ROOMS/SPACES UNDER

‘DRY? CATEGORY

ROOM QR CARDINAL, VERTICAL
2L ND. LRNG UNTT SPACE LOCATION CATEQQORY
1. AOTSW Mester Bed South TOR
az. Chiid Bed South-West TOP
Q3. ADSSW Child Bed South-West MIE
a#, ADSWY Living Rm. Centrat MID
04, Dining Cemrat MiD
s ADSE Master Bed South MiE
ar Chile Bed Fouth-Eact MIC
08 B0SN Gued Bad Maorth-East TOP
09, BOTH Mazter Bed Norh-Wesl MID
10 Chilgl Bed MNardh MIC
11. Guewsl Bed North-Earl MID
12. Clamg Centret MID
13. BO4M Master Bed Morth-West MID
14. C16ME Chnld Baed South-East TOR
14, C183E Lnang Rm. South TOP
18, Guest Bed Soagth TP
17, COGMNE haster Bed Morth-East MID
18, Child Bed South-Easl MID
18, Dinng © Gemral MID
0. COasE Master Bed South-Fael MWD
21, Child Bed Morth-East MID
72 CNE Master Bed Morth-Eagt MID
23 Diring Coenitral [ [w]
24 CISE Guest Bed Horth D
25, Davs ChItd Beel East TOR
8. Doss Living R, Yilmat MO
27. Guest Bad South-West MG
23 Crind 5 Dinng Certred Mo
29, E08E Liing R, Saouth TOR
30, Eoes Livng Rm. Sonth MID
3. Masier Bed Morth-East Mo
3. E0ZE Master Bad NorthrEast LW
33 FO7TN Magter Bed Marth-East TOR
. Guest Bed Wenl TOF
35, FOEN Master Bed Wovth-East HIGH
. FON Guest Sad West MIC
7. GHNW Dining Certral TOP
M, GOSN Guest Bed North MID
3% GHZNWY Lring Rm. West LW
i, Masber Bed North-West [Ra L
e Child Bad West ECHA
a2 Dining Central LW
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On the basis of Table 5-33 above the number and percenl of ‘DRY' range of rooms in varous
Cardinal incations have besn identfied and presented along with therr Cardinal [ocations and
category of verlical locations in Table 534 and those with Category of Vertical locations in Table

Ho. 5-35.

Table 5-34 :

NUMBER AND PERCENT OF ‘DRY’ ROOMS IN VARIOUS CARDINAL LOCATIONS.

C A RKE D 1 H A L L o ¢ A T 1 O N

NORTH MORTH SOUTH SOUTH
EAST WEST NOATH SOUTH EAST  WE3ST EAST  WEST CENTRAL JOTAL

Total e

of Rooms!

spaces cardmnal

lccalions (From

Table 5-22) < 15 18 12 15 10 12 & 33 129

No. of ‘DRY'
Rocms{spaces
{From Table 5-33) 1 g 3 8 3 3 4 3 8 42

Percent of ORY
Reoms'spaces 17%  33% 1% 5% S56% 30% M%  S50% 4% 33%

Table 5-35 :

NUMBER AND PERCENT OF ‘DRY’ ROOMS IN VARIOUS VERTICAL CATEGORIES

Y E R T | & & L € AT E G 9 RI E S
TOP HIGH MID LOW TOTAL
Total ng of moms
of Spaces
(From Table 5-22) 39 5 b Lt 129
M. of "DRY' rooms
Ispacas (From .
Tabla 5-27%) 11 01 s 0= 42
Percent of 'DRY
reome/spaces 8% 2% I33% 50% 3%
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54.2 RELATING ‘DRY" ROOMS WITH THEIR CARDINAL AND VERTICAL POSITIONS :

Out of total 129 rooms, 42 nos. or 33% rooms were found to be 'DRY'. The relation found to exist
between DRYNESS and Cardinal location and Vertical positions are presented in Table 5-36 and

Tabte 5-37 respechvely

Table 5-36:
RELATION OF 'DRY' ROOMS WITH CARDINAL LOCATIONS
OCCURANCE EXPRESSED IN % RELATIVE POSITYON CARDINAL LOCATION
56% HIGHEST MORTH-EAST
50% M Y GHEST SOUTH & SOUTH-WEST
33% 30 MIGHEST WEST
31% 4 HIGHEST SCUTH-EAST
0%, 5™ HIGHEST NORTH-WEST
24% 6'H HIGHEST CENTRAL
17% LOWEST EAST and NORTH
Table 3-37 :
RELATION OF 'DRY' ROOMS WITH CARDINAL VERTICAL POSITION
OCCURRENCES IN % RELATIVE POSITION CARDINAL LOCATION
5% HIGHEST LY
30% 2N HISHEST MiD
a8 3 HIGHEST TOPR
20% LOWEST HIGH

5.4.3 IDENTIFYING "WET ROOMS.

Thers are 52 rooms uhder WET category. These rooms with their cardinal locations and vertical

postions have been presented in Table 5-38.

Table 5-38:

CARDINAL LOCATIONS AND VERTICAL POSITIONS OF ROOMS/SPACES
UNDER WET' CATEGORY

ROOM CR CARDINAL VERTICAL

SL. NO. LIVING UNIT SPACE LOCATION CATEGORY

o1 ADTSW Living Rm. Central TOR
0z, Dining . Central TOR
03 ADSSW Living Rm. Central MID
04, Master Bed South MID
Q& Dhning Centraf MID
0a, AMSW Master Bed Soulh MID
a¥ Child Bed South-West MID
0e ADMSE Living Rm. Central MO
09, Dhining Central MID
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Table 5-38 (Contd.) .

CARDINAL LOCATIONS AND VERTICAL POSITIONS OF RODMS/SPACES UNDER WET CATEGORY

SL. NO. LMNG UNIT

1 BOSN

14, BO7N
15 C18NE
20, C16SE

23 COENE

25 COGSE

28, COaMNE’

8. CMSE
30 DaTs

36, D=
41, EDSE
42, EDBE

45 EOZE

49, FOTN
52, FOBN

55. FldN

59, G140
& GOoNW

B2, GOINW

ROOM OR
SPACE

Living Rm.
Master Bed
Child Bed
Dirning
Living Rm
Child Bed
Living Rim
Master Ded
Guest Bed
Dining
Mashar Bed
Chitd Bed
Diring
Living Rm
Guegst Bed
Living Bm.
Guest Bed
Ciming
Living Rm.
Masier Bed
Living Rm.
Guest Bed
Dining
Master Bect
Child Bed
Chning
Livirg R,
Master Bed
Childl Bed
Guest Bed
Guest Bed
Ciming
Childd Bed
Gueast Bad
Cwning
Living Rm.
Child Bed
Guest Bad
Dimng
Living Rrn
Child Bed
Qining
Child Bed
Guest Bed
Cining
Living Rm.
Mastar Bed
Child Ead
DWntrg
Guest Bed
Living Am
Child Bed
Guest Bed

CARDINAL
LOCATION

Waest
Morth-Yyast
Horth
Carral
¥est
MNaorth
Morth
Horh-East
Morth
Ceniral
South-East
Norlh-Easl
Central
Morth
Herth
South
South
Centrat
Morth
Sauth-East
VWiast
Soulh-Yest
Cantral
South-East
Easl
Central
Waest
South-East
Easi
South-West
Soulh-East
Central
Morth
South-East
Central
South
Morth
South-East
Central
Easi
Morh-West
Ceairal
Marth-West
Yimsl
Central
Easi
Maorth-East
Marth-YWest
Central
Morth
Wast
West
Marth

VERTICAL
CATEGORY

TOPR
TOR
TOR
TOP
MID
MID
TOP
TOP
TOR
TORP
TOP
TOR
TOP
WD
MID
MDD
MiD
Mo
MID
MID
TOP
TOR
TOR
MID
MID
MiD
MIC:
MID
MID
MDD
TOP
TOP
WD
MID
MDD
LOW
LW
Loy
LOwW
TOP
TOr
TOP
HIGH
HIGH
HIGH
MID
MID
MID
MO
TOP
MiD
MID

Lo
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On the basis of Tabie 5-38 above the number and percent of “WET' rocoms In varous

Cardinal and Verueal locations have been found out and presented in Table 5-39 and Table 5-40

raspectively.
Table 5-39 :
NUMBER AND PERCENT OF "WET’ ROOMS IN VARIOUS
CARDINAL LOCATIONS.
c A R D I HWN_ A& L | L 0o & A T | 9 N
NORTH NOARTH SOUTH SOUTH

EAST WEST NORTH SOUTH EAST WEST EASY WEST CENTRAL TOTAL
Totai no,
of YWET rooms
(From Table 5-22) 5 15 18 12 16 10 13 51 33 129
No. of
WET' reomef
spaces
{From Table 5-33) 4 7 1 5 3 4 7 3 13 a2
Percent of WET
ronms 7% 4™ B1% A2% 15% 40% S54% 50% 55% 48%
Table 540 :

NUMBER AND PERCENT OF WET' ROOMS IN VARIOUS

VERTICAL CATEGORIES.
v E R T I C A L c ATEGO RIES

TGP HIGH MID LOW TOTAL
Total na. of WET .
Rooms! spaces (From
Tables 522} 39 5 ¢ 75 10 129
Mo. of WET rooms/
Spaces (Fram
Table 5-38) 2z 3 32 5 62
Percent of WET rooms! i
Spaces 56% 50% 43% 50% 48% |

5.4.4 ESTABLISHING RELATIONS OF WET ROOMS WITH CARDINAL AND VERTICAL
POSITIONS

Oul of 129 rooms, A2 nos. or 48% were found to have been in the WET rangs The relation that
has bean found to exisl between WET rooms and thair Cardinal locations have been fourd out
and presented in Table 541. Alsa that between WET rooms and their Verlical locations have
presantad in Table 5-42 below.
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Table 541 :

RELATION BETWEEN WET ROOMS AND CARDINAL LOCATIONS

OCCURRENCES IN %

&7 %
81%
33%
54%,
S0%
47%
42 %
40%
18%

RE: ATWE POSITION CARDINAL LOCATION
HIGHEST EAST
22 MGHEST NORTH
3™ HIGHEST CENTRAL
A HIGHEST SOUTH-EAST
5™ HIGHEST SOUTH-WEST
6™ HIGHEST WEST
7™ HIGHEST SOUTH
8™ HIGHEST NORTH-WEST
LOWEST NORTH-EAST

Table 5-42:

RELATION BETWEEN "WET' ROOMS AND VERTICAL CATEGORY
RELATIVE POSITION

QCCURRENCES iM%

E0%
56%

S0%

43%

HIGHEST

"0 HIGHEST
3™ HIGHEST

LOWEST

VERTICAL CATEGORY

HIGH
TOP
LOWY
MID

5.5 IDENTIFICATION OF BOTH ‘COOL AND DRY’ ROOMS/SPACES

Theoretically speaking, COOL and DRY roomsfspaces are climatically the most ‘comfortable

roomafspaces’ N tropical countries 1n hot seasons. The momsa/spaces that falt in these two

calegoriss have baen identified from Tables 522 and have heen presented below in Table 543,

along with their cardinal location and vertical calegories.

Table 5-43:

CARDINAL LOCATION AND VERTICAL POSITIONS OF *COOL AND DRY'

LIVING
UNIT
AQTEW
BOSN
BOYN

EO4M
C16MNE
C168E
COSME
COASE

CO45E

ROOMS/ISPACES

ROOM O
SPACE
Child Bed
Guest Bed
Guast Bed
Diining
Master Bed
Child Bed
Guest Bad
Master Bed
Master Bed
Child Bed
Guest Bed

{aYCARDINAL

LOCATION

=
ME
NE
e
N
SE
s
ME
SE
NE
M

b} VERTICAL
POSITION
Top
Tap
M
Mid
Mid
Top
Top
hid
Mid
Mid
Rl
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Table 5-43 (Contd.):

CARDINAL LOCATION AND VERTICAL POSITIONS OF 'COOL AND DRY' ROOMS/SPACES

LIVING ROCK OR [(*JCARDINAL  (b) VERTICAL
SL_NO. LUNIT SPACE LOCATION FOIITION
12 Dars Chitdt Bed E Tap
13 Do4s Chiniregy G Mid
14, EOGE Master Bed NE Mid
15 EQZE Master Bad HE Mid
16. FOTN Master Bed HE Top
7. FOSH Master Bed HE High
18. GO2NW Living Rm W Loww
189, Dinmng c Lo

On the basis of Table 5-43 above the number and percent of 'CCOOL and DRY' rooms in various
Cardinal locations have been calculaied and presented in Table 5-44 below. Alsa those in varicus

vortical categones have been presented in Table 5-45.

Table 544 ;

NUMBER AND PERCENT OF COOL AND DRY’ CATEGORY ROOMS IN
VARIOUS CARDINAL LOCATIONS.

c_ A R D | H A L L O C_A T 1 O N
NORTH NORTH SDUTH SOUTH

EAST WEST NORTH SOUTH EAST WEST EAST WEST CENTR, JOTAL

Tatal no.
of rooms (From
Table 5-22) L) 15 18 12 16 14 13 7] M| 129

Mz, of

‘Cocl, Dry' rcomed

spaces

(From Table 5-43} 1 1 i 1 8 1 2 1 3 18

Percemt of Cool,
Dry rooms 1™ ™% &% B% %0% 10% 15% 1% ¥ 5%

Table 545 :

NUMBER AND PERCENT OF ‘WET’ CATEGORY ROOMS IN VARIOUS

VERTICAL CATEGORIES.
v _E R T 1 _C A L C ATEG ORI ES
T0P HIGH MiD

g

TOTAL

Tolal no. af

Rooma! spaces (From

Table 5-23) 39 5 i i 129

MNe. of Cool and Dry

ropmslSpaces

{Fram

Table 5-43) & 1 10 2 19

FParcant of Cool and Dry
TOOMSs/spaces 15% 20% 13% 40% 15%
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5.6.1 ESTABLISHING RELATIONS OF 'COOL AND DRY" ROOMS WITH CARDINAL
AND VERTICAL POSITIONS :

Out of 129, 19 nos or 15% were found lo have been bath "GOOL and DRY' The relation that
exist between such raoms and their Cardinal locations have been found out and presered in

Tabls 5-46 Also, their relations with verlical pasitions have been prasemed in Table 5-47

Table 5-46 :

RELATION OF ‘COOL+DRY' ROOMS/SPACES WITH CARDINAL L QCATIONS

OCCURRENCES IN % RELATIVE POSITION CARDINAL LOCATION
50% HIGHEST HORTH-EAST
17% "0 HIGHEST SOUTH-WEST & EAST
15% 32 HIGHEST SOUTH-EAST
10%. 4" HIGHEST NORTH-WEST
9% 5™ HIGHEST CEMTRAL
A% 5 HIGHEST SQUTH
7% 7H HIGHEST WEST
5% LOWEST NORTH
Table 54T :

RELATION OF ‘COOL+DRY' ROOMS/SPACES WITH VERTICAL POSITIONS

OCCURRENCES IN % RELATIVE_POSITION VERTICAL POSITION
0% HIGHEST LOW
20% 2" HIGHEST HIGH
15% 3"0 HIGHEST TOP
13% LOWEST MID

5.6 INSTRUMENTAL FINDINGS AND USERS RESPONSES.

Thacoretically, a cooler and drier room is comborlable in hot seasons. From the available data
regarding tempsrature and Humidity, i is possibie 1o find out such ‘thecratically comfortable’
rooms. During survay the users were asked about their own fealing of temperature and Hurmidity
in various rooms and spaces of their units Also the enumerators documented their awn feeling in
the lwing rooms. It is ewdent Lhat beyond temperalure and humidity air movemert plays

significant role 1in human comdar, and this movermant or agiation is avalable ethar by air flow or
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gtectnic fans . It may be interesting to have a lock a comparison between ‘comfortable rooms by

instrumental findings’ and ‘cormforlable rooms preferred by the usars'.

The 'comfortable rooms a5 per instrumental measurement’ and those by users’ responses have
been presenlad in Table Ho. 5-48 below. Alsc there 15 a column indicaling 'yes' or 'no’ revesling

whether the users’ praferences coincided with thal by the instrument.

Table 5-48:

' COMPARISON BETWEEN ROOMS FAVORED BY INSTRUMENT
AND BY THE USERS

FIHDINGS BY FINDINGS BY

LIVING RDOM OR INSTRURENTAL USERTZ WHETHER
SL. NG, UNIT SPACE MEASUREMENT COMMENTS COINCIDED
. ADTSW Child Bed COoL + DRY CO0L Yes
o2, ADLSE Chid Bed CoOOL + DRY oL Yos
G3. BN Master Bad COOL + DRY CooL Yeg
0, C1GHE —hild Bed COOL +~ DRY COoOoL Yos
Q5. COENE Master Bed COoL + DRY COoL Yes
05, COBSE Master Bed COCL + DRY CooL os
a7, EnZE Master Bad COOL + DRY CooL Yes
08, FOTM Master Bed COOL + DRY COooL Yes
09 GOZNYWY Living Rm. COOL + DRY SO0 Yes

5.6.1 SUMMARY OF COMPARISON OF ‘FAVORABLE ROOMS’ :

Dsta's regarding Tempserature and Humidity were cbtained in cares of 129 rooms/spaces in 27
living units. Since the users gave seleclion of Tooms as 'the bast’ in therr living unit the number of
such cases were to be 27 By comparing the comments of the users with the measured rasult it
may be seen thal, out of 27 cases usars preferences, there were coincidence in 9 cases. The
case of coincidance expressed in per cent (%) of total casas have been presented in Table 5-49

Table 5-49 :

COINCIDENCE BETWEEN USERS’ PREFERENCE AND INSTRUMENTAL

MEASUREMENTS
TOTAL ND. OF CASES NUMBER DF PERCENT OF
FOR COMPARISON CASES COINCIDED CASES CDINCIDED
27 09 33%
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562 CARDINAL LOCATIONS OF ‘FAVORABLE' ROOMS BY INSTRUMEMNTAL
' MEASUREMENT AND THOSE BY USER’S CHOICE :

It has been found that the prefarences given by the users did not in all cases coincide with that

oblained by instrumental measuremert. Table 5-50 shorws such rooms prefermed by either of the

ways, along with their cardinal locations.

Table 5-50 :

CARDINAL LOCATIONS OF ROOMS FAVORED BY INSTRUMENT

AND BY USER’S CHOICE
LIVING ROOM OR CARDINAIL,
UNIT SPACE PREFERE -1 PREFERENCE-2 LOCATION
ADTEWY Child Bed BY INSTRUMENT BY USERS South West
ADSSWY  Masier Bed _ BY USERS South
AMSW  Masler Bed —— BY UBERS Bouth
AMSE Child Bed BY INSTRUMENT BY LBERS South East
ADANE Child Bed —_ BY USERS Merth East
ADANYY  Master Bed e BY USERS Maorth
BOaN Mazter Bad BY USERS Marth West
Guest Bed EY INSTRUMENT —_—— Morth East
BOTH Master Bad BY USERS Marth Eaxt
Guest Bad BY INGSTRUMENT ————— Morth East
. Ginmng BY INSTRUMENT —_— cantral
BO4N Master Bed BY INSTRUMEMNT BY LUSERS North West
C1ENE  Child Bed BY INSTRUMENT BY USERS South East
C63E Child Bed BY USERS Morih East
Guest Bed BY INSTRUMENT Sotah
COGME Mastar Bed BY INSTRUMENT BY USERS MNorih East
COESE Master Bad BY INSTRUMENT BY USERS Soulh East
Zhild Bed BY INSTRUMEMNT Morth East
CO4NE  Child Bed _ BY USERS South East
CO4GE Child Bed — BY UBERS Marth East
Guest Bed BY INSTRUMENT e — MNarth
DO7s Master Bad BY USERS Sotih Easl
Zhid Bad BY INSTRUMENT mmm—— East
DOss Child Bed BY USERS East
DO4S Master Bed BY USERS South Easl
Cining BY INSTRUMENT - Carmral
EDBE Guesl Bed ————a BY USERS South East
EDSE Living Rm. _ 8Y USERS South
Maater Bad BY IMSTRUMENT Morth East
ED2E Mastr Bed BY INSTRUMWENT BY USEES Morth East
FOTM Master Bad BY INSTRUMENT B8Y USERS MNorth East
FOEM Living Rm. —_— 8Y USERS East
Master Bed BY INSTRUMENT e e Morth East
4N Masker Bed e 8Y USERS Morth Essl
Gl4NYY  Guest Bed —_ BY USERE Horth
GOSNW  Guest Bed _ oy USERS Morth
GRENYW  Living Rm. BY INSTRUMENT BY USERE Wesl
Bining BY INSTRUMENT —————— Central
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On the basis of Table 5-50 above the number and percernl of 'Preferabls category rooms' in

varicus Cardinal locations have been calculated and presermed in Table 551 balow

Tahle 5-31 :

FERCENT OF TOTAL AND NUMBER OF PREFERABLE CATEGORY ROOMS IN
VARIOUS CARDINAL LOCATIONS

C_A R D I N A L L 0. C A T | O N
NORTH NORTH SOUTH SOUTH

EAST WEST NORTH SOUTH EAST WEST EAST WEAT TOTAL

%iNo) %(No) (No) %{No] %{No) %(Na} %(No) F(MNol %(No} %{No)

Rooms found
favarable by
Instramentat
measuremernt

{From Table 5-50) &1}  &{1) B} 51} 0B B 1531 B 1S 100%20)

Rooms preferrsd
By tha users (From
Table 5-50) T2 41} 1M 11(3) ey A &N 1} o 100%(27)

5.6.3. RELATING 'PREFERABLE ROOMS' WITH THEIR CARDINAL LOCATIONS:
Some of the imporlant revelations regarding relation of ‘preferable rooms’ with their physical

characteristics znd the characteristics of ussrs’ prefsrences are the following:

{@).. The instrumental measuremend indicated 15% dimatic suitability for CENTRAL location,
wheare as the users exprassed 0% preference for this location.

fb} The instrumental messuremend ndicated North East  as the most prefesrabla cardinal
location, the users also preferred North East as the most preferable,

{c} By instrumental measurement
the least prefarable cardinal

locationz are : West, Soth West, North, East, Soulk, Horlh West,.
The same by users' preference are: West, Soulh West and Centrsl,

3.7 INTERNAL AND EXTERNAL CLIMATES :

While taking measwrement of tempsraiure and Humidity in the apariment buildings externsl
)
termperalure and humidity mear the ground were afso measured. Such measursments were taken

at the ground level or on the firsl floor level wheré ground floor was not accessible. External
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temperature and humidity in each of the living unit were taken sither in the adjacent veranda or by
Rolding the instrumert oulside the window in the accessible dirsctions. Such verantdas or external

windows wers avarlabte on limited cardinal directions anly.

5.7.1. INTERNAL AND EXTERNAL TEMPERATURE VARIATION :

Information Iike date and time of Survey work, Tempearature near the ground, Time of Surveying
the living unils, Exlernal Temperature immediately oulside the living units, internal temperature
neargst to this spot ele. have been pressnted in the Chapler on Investigation. Some of these
imMarmation, like Date and tme of survey, Maximum and minimum temparature of Dhaka city on
that date, Bxernal temperature measursd in living units, Cardinal diractionfz} in which the
measurements wars taken, [nternal tempersture next to the spol of taking external
measuremernls stc. havs been presemed in Table 5-52 below. Tha readings of temperaturs have
been noted under the major cardinal directions, 1.8 East, West, Horlh and Souwth and under sub-
head “Exter”, meaning axternal and “Inter’, indicating measurement taken insids and nearest to

the extemnal spol.

Table 5-52 :

EXTERNAL AND INTERNAL TEMPERATURE
Tamp, from Temp. TEMP. IN AND OUT OF ROOMS ON_[MRECTIONS

Bl. DOate Bdg. Mat Office  at Survay EABST WEST HNORTHSOUTH
MNo. Living Unit Max. Min. Ground Time Extor. Inter. Extar, Intar. Exter. Inter. Extar, |rtsr

A : WAHID BHABAN

Date' 20.06.2000 : 31.7-250 321 C; 11:20

J1. AO7VSW 1150 — —_ — — —_— — 208 306
02 . ADSSW M3y — — - — —- — 307 307
03, AMSWY 1120 — - - — — — 304 29.9
04, ADMSE 10EE — - - - — - a0k ine
Q5. AD4NE MWEd - e — - 301 a4 — —
08 ADANW s — - -_ —— 30.% A TF— =

B : EHL. BLIM;-2

Date 23 052000 : 31.8—255 2.1 C 1200 '

oY, 89N 12:50 - — — — KE ) 37— —_
03 BVM 1206 — —_— _— - 28 330 — —
0 BaN 11:36 — —_ - — 327 328 — —
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Table §-52 {Contel.}:

EATERNAL AND INTERNAL TEMPERATURE

Temp. from Temp. TEMP. IN AND CUT OF ROOMS ON DIRECTIONS
El. Datn Bldg. Met Cffice  at Burvey EAST WEST NORTHSOUTH
N¢, Living Unit Max. Min. Ground Time Exter. Inter. Exter. Inter. Exter. limar. Exter. Inter.

C:EHL BLDG. -4
Crate 121.06.2000: 20,8238 . 30.0C : 240

0. C1GNE 2.15 — — - — 3B 31— -
1. C18GE 1:40 — - e — — — H7 a7
12. COBNE 1:25 - — = — a7 3F - —
13, CO8SE 1250 — - = — — — 317 e
14. CO4NE 1232 — _— - - M1 307 — —
1%, CD4GE 1210 — —_— - - -— — 37 1]

D : RATAK COMPLEX
Pate 22.06.2000: 32.4-23.4:288C f0:00

16 DO7sS 130 - _— — — — MR 31 1
17, D055 S5 — - — — -— M7 by
18. Do4dS 11E — - — - - aa.2 332

E : REZA COMPLEX
Date 22062000 32,4234 : 288 C: 2:40

18 EQGBE 3 I — = — — 292 294
Z0 EO&E 340 — -_ - —_ - 22.0 292
21 EQZE N — - - - e 28.1 29.3

F_: MONIHAR COMPLEX,
Date '25.08 2000 :30.6--23.9: 30.3 C:12:40

22, FOTM 128 3.2 3.2 314 314 _— — —
23 FOGM 100 30.3 0.2 302 305 _— - —
24 FO4M 1215 308 304 309 i — — —
G : SQUARE TOWER

Cate :29.06.2000' 32 D0-26.6 29,8 C; 10:40

285 Gl4NWyY 11:00 —- -— M3 3.2 — — -
26 GOOMWY 10:25 — — 303 .2 — — —
27, SN 10:00 — - 308 300 — —_ -—

5.7.2. INTERNAL-EXTERNAL TEMPERATURE VARIATION AND CARDINAL DIRECTIONS:

In the above Tebie 5-52, there are variations betwesn external and internal temperatures in each
living unit. Thess varialions have been found out and presented in Table 5-53 below, In al! casas,
case the exienal temperature has been considered as 0{Zere) and the intemnsal temperature have

been presented as above (by +ve) or below {by —ve) of this value.
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Table 5'-53 :

VARIATION OF EXTERNAL AND INTERNAL TEMPERATURE

8. Date Bldg. EXTERNAL INTERNAL TEMP VARIATIONS IN CARDINAL DIRECTIONS
No. Living Unit EAST WEST NORTH SOUTH
01. AD7SW P — o 3

02 . ADSSW ——m — ——— O

03, AD4SW — _— —— . _5

o ADMSE SR _— —_— 1

05, AO4NE —_— N +3 S

08, ADSNW N —_— +2 e
07. BSN - —_— I

08. B7N S ——— -2 —

05, BN S _— +1 ———ae

10. C18NE — e +1 .

1. C165E _ ——— - 0

12. COBNE . N Q

13. COBSE _ oo

14, CO4NE S ——— -4 —
15. CO4SE — —_— —— 4

16. DO7S - —— —— 4n

17. DO5S _ e I —

18. DO4S — S —— D

19. EOAE S —— - 42

20. EOGE — - —————— 43

21. EORE -

22. FO7N 0 0

23, FDBN -1 +3
24, FO4N -5 rd
25, GT4NW R 1
26. GOSNW - -1
27, GOIZNW —— -8

As many as 30 readings of exiernal lemperature were taken in 27 living units The number of

readings laken in various cardinal directions have been shown below :

CARDINAL IRECTION NUMBER OF EXTERNAL READINGS TAKEN

1. East 3
02. West =
03, Morth g
04, South 13

Totat a0

in Table 3-34 below the temperature variation in various cardinal direclions have besn presented

in descending order and the highsest variations haves been shown in bold lettars.
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Table 5-54;

NATURE AND EXTENT OF VARIATION OF INTERNAL AND EXTERNAL
TEMPERATURE IN FOUR CARDINAL DIRECTIONS.

CARDINAL NO.OF S P O 1 S Q_F W EASUREMERNT
DIRECTION SPOTS 1 2 3 4 5 & I & § 10 11 12 13
EAST . 3 0 -1 -5

WEST . & +4 £3 0 -1 -1 -&m

NORTH 8 +3 +2 +2 +1 +1 0 0 -4

SOUTH: 13 +3 +2 +2 +2 +1 +1 O 0 0 -1 -1 -2 -5

From Tabls 5-54 it may be seen that imernal external temperaturs vanation ware in the range of
+4 to - B deg. C. Temperalure insids rooms usually increasss due to heat by such  heat-
producing sgents es elecineal and electronic gadgets, human bedy, radiation and conveclion
from the walls and roof, cocking activities elc. However, the presem study did not atways find
lower temperature oulside, The cases of lower extarnal ternperature could have been causad due
to in-coming coaler air  in the Table 5-53 above 1t may be 2ean that oul of 30 cases of internal-
extarnal temperatures varialions, there are 13 cases of increass, 10 cases of decrease and 7
cases with no change. in order to investigate if thare sxists any relation between exlemal-imemal
temperature vanation with cardinal direction, the findings from the above Table have been
presemed in Table 555 below. In this Table the cases of Increases, Decraase or No variation
have been presented as percenl of tolal number of cases. Howsver, in expressing variation in
gach cardinal locations, those have been presented as percent of tolal cases in sach category of

variatian.

Table 5-55:

NATURE OF EXTERNAL-INTERNAL TEMPERATURE VARIATION
IN FOUR CARDINAL DIRECTIONS

NATURE CASES OF C A RO NAL DIR EGCT IO N
AND % OF VARIATION EAST WEST NORTH SOUTH
VARIATION NQ (%] NO (%) NO __ {%] NO __ {%) NO (%]
increase (43%) 13 {100) 00 — O (8%} 05 (42%) OB (50%)
Dacrmass {33%} 10 {100} 02 (20%) 04 (40%) 01 (10%) 04 (40%)
No Changa(22%) 07 (100} 01 (14%) 01  (T4%) 02  (29%) 03 (43%)
Total spots 30
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5.7.3 RELATING INTERNAL-EXTERNAL TEMPERATURE VARIATION WITH CARDINAL
DIRECTION
Some notable points regarding vanations of inlemal and exlamal temperaturs In various cardinal
locations, as found in Table 5-55 and 5-56 have been presemed hereunder ;
{a}. In comparison with the extemnal Tempsrature, the Internal temperatures were found to be
higher in 43% cases, lower in 33% casss and consistent in 7% cases.
(k). The range of varlation of intemal-exemal temperatures was betwaan + 0.4 to - 0.8 deg.C.

{c] Maximurn cases of increase of internal tempara'tura happsened i1 cardinal direction
South (50%), Followed by North (42%) and West (8%).

{4} Maximuem cases of decrease of internal tempsrature happened in cardinal direclion
West (40%) and South (40%), followsd by East{20%) and Marth{10%}

{8) Maximum cases of no change in iMemal-sxsrnal temperature happened in South (43%),
followed by North(298%), East{14%) and West {14%).

{}. The maximum increase of \nternal temperature was +.4 deg. C in West cardinal direclion

{g). The maximum decrsase of intemal temperature was -.8 deg. C in WWest cardinal diraction.

5.7.4. INTERNAL-EXTERNAL TEMPERATURE VARIATION AND VERTICAL POSITION ;

_Inorder to find cut if there exists any relationship betwean the sxdemal-intemal temperature and
vertical position the information preseried in Table 552 have been analyzed and presenisd in

Tabla 5-58 below.

Table 5-56:

NATURE AND EXTENT OF VARIATION OF INTERNAL AND EXTERNAL
TEMPERATURE IN FOUR VERTICAL CATEGORIES

VERTICAL NO.OF S P O T S o F M UREMERNT

CATEGORY SPOTS 1 2 3 4 § ¢ 7 8 ¢ 10 11 32 13 14 15 16

TOP : 10 +3 +2+2+1 Q0 o o -1 -2

HIGH 2 +3 -1

10w 2 +.2 -8

hIC : 1 +4 +3+2+2 1 +1 0 0 0 -1 -1 -1 -1 -4 -5 -5
Total spots : 30
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It order to find out if there exists any relation between axternal-internal temperature variation and
verlical categories, the variations of exiernal-intemal temperature have been shown under four

verlical position cateqories in Table 5-57 below.

Table 5-5T7:

EXTERNAL-INTERNAL TEMPERATURE VARIATION IN
FOUR VERTICAL CATEGORIES

NATURE CABES OF VERTICAL CATEGORIES
AND % OF VARIATION  TOP HIGH MID LOW
VARIATION NO (%} NO (5] KO %] NO__ (%) NO _ [%]
Incramse  (43%) 13 (100} 3  (23%) 1 8% 8  (62%) 1 (8%)
Decrease (33%) 10 (100} 2  (20%) 1  (10%} 6  (50%) 1 {10%)
No Change(23%) 07 {100} & (57%} O — 3 (42%) [ S

5.7.5 RELATING INTERNAL-EXTERNAL TEMPERATURE VARIATION WITH VERTICAL
POSITIONS :

Some notable peirds regarcding vanations of internal and extemal temperature in vanous verlical

caegones as found in Table 5-58 have been presented heraunder :

(@) Maximum cases of increase of iremal tamperature happened in Vertical category
Mid (E2%), followed by Top (23%) category.

(b) Maximum cases of decrease of internal temperature happened in Verical catagaory
Mid (60%), kllowed by Top (20%) calenory.

{e] Maximum cases of no change in wiernal-exiemal temperature happanad in Top (57%),
followed by Mid {42%} category.

{d). Maximum variation of internal temperaiure higher than the exismal was .4 deg, C in the
Mid verlical category,

{e). Maximum varlation of imMsmal temperature lower than the external temperaturs was
Bdeg.C inthe Low verlical category.

5.7.86, COMPARISON OF EXTERNAL TEMPERATURES BY METEQROLOGICAL
DEPARTMENT AND THAT BY MEASUREMENT :

The measurement of Tempersture near the bwilding at the time of survey indicated the

temperaiure of the micro-climate at thal site and at that time. In may be interesting to know how
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far the temperature of the micro-climates near 7 buildings in 5 different sites vary from the
temperature given by the meteorological department for that day and time. The Melscrological
Department given maximum and minimum temperature of Dhaka on a 24 hour basis By using
Evan's' monegraph i is possible to substitute temperaturs given by the melsorological
department for that day and time of survey and to compare the same with the measured data on

the site.

Table 5.58 below shows the site, building surveyed, dats and time of survey, Maximum and
Mwumum temperature given by the Msteorological Department for that day, substituled
Metesrological depariment’s temperature for the tme and day of survey, tsmpsralure measured
near the building on the date and time of survey and the variation of the substiiuted tsmperalure

over or below lhe measured remperature.

Table 5-58 ;

COMPARISON OF EXTERNAL TEMPERATURES BY METEOROLOGICAL

DEPARTMENT AND THAT BY MEASUREMENT
TEMPERATURE
AR PER MET. TEMP.

BITE f APARTMENT DATE OF TIME OF DEPARTMENT DERIVED MEASURED
BUILDING _ SURVEY _SURVEY MAX, MIN. TEMPERATURE ATSE  VARIATIO
1 Old Dhaka /

A Wahid. Bhakan 2062000  11:20 3.7 -250 30,28 321 1.74
2. Shantinagar /

B: EHL Bldg-2 2362000 12.00 31,8 - 255 30,95 30.0 0.96
3. Shamtinagar

. EHL Bldg -1 21 82000 240 wWE-228 M5 321 1.6
4_ Elephant Road /

D . Raxzak Complax 22,6 2000 10.00 A 4 -23.4 .7 289 1.2
5 Elephant road /

E Reza Compiex 226, 2000 2:40 J24 -234 321 26.8 33
& Farmgale / '

F: Monihar Complex 2552000 12-40 ns -239 3 s 3 1)
¥ Dhanmondi /

| G.Sguare Tower 2062000 10:40 321 -255 30.2 29.8 0.4
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5.7.7. SUMMARY OF COMPARISON OF EXTERNAL TEMPERATURES BY
METECROLOGICAL DEPARTMENT AND BY MEASUREMENT :
Some notable points regarding variations of substitied Met. (Hfiice temperature data and that

obtained in the site as revealed in Table 545 above have been presented hersunder

fa). The Maximum upper variation of the stte temperature from the substituted one was found

3.3 deg. C. &t site Elephant Raad.

(b} The Maximum lower variation of the site lemperaiure from the substituted one was found

1.74 deg. C. at site Old Dhaka.

{c). The Minimum variation between the twa was found to be 00 (No change) at sits Farm gate.
(¢} As per variahicn of temperature of the micro-chmates, the above 7 building sites arranged in
descending order are : {1} Elephantroad-E, {2) Shantinagar — B, {3} Dhanmond -G,
{4} Farmgale - F, {5) Elepham Road -D {6} Shantinagar-C

(7} Old Dhake - A.

{8). The existence of different variations & the same locality | for example, both + 3 3 and
-1.2 at Elephant Road, both +0.96 and - 1.6 at Shantinagar } indicates tha existence
of further micra-

climatic varations in the sams locality.

578 ANALYSIS OF INFORMATION AND SUGGESTIONS GIVEN BY THE USERS :

During investigation the usars, specially the owners of high—ise aparimeris gave some
imMarmation and suggestions regarding their problems and aspirations in high-rise aparimsnts.
The owners, in general opinad thal they could not have idea about the reat situations inside the
aparimsnt before they came to live here. As regards ia intemnal climate they told, they expected

much better siluation, From colorfu! plans, descem exiernal views and drawings they could net
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have |dea of the current situation and the cotorful presentations of three-dimensionat computer
presentations were mis-leading. Their comments and opinions having diract or indirect relevance

with internal cimatic comforl have been discussad below,

{i} PROBLEMS OF HAVING UNCOMFORTABLE CLIMATIC CONDITION INSIDE : According to soms
users, the rice locking elevations, perspective views and large windows that once aliured them to
purchase such aparimants, were |ater found useless, because the slavations werg no more
viewable due to prasence of other buildings in the mmedigle surrounding, and the [arge windows
could not be kept open far the reason of privacy After they started living, whal matlered most
were the internal cimate, Fighting and acoustical situations etc,, ghout which they failed to farm

any prior idea.

(il PROGLEMS IN INTERMNAL CLIMATES DUE TD CHANGES IN THE SURROUNDING AREAS ;
Aceording to some users, when they first came to live in the apartment the large windows on
south ensured ventilation and tha windowless wall on the west saved them fram solar radiation
and heat. But the situation was abruptly changed after apartments were constructad on these wo
sides. Littie air came from the south and in the changed situation wind tended to enter from the

wast, but there was no window on this side.

(I} PROBLEMS OF WARM, HUMID AND SUFFOCATING CONDITION IN ROOMS AT CENTRAL
LOGATION : According to some users, they find some of the internal rooms especially those in
e central and western locations suffocating. The situetion worsens further as more and mona

buildings sprawl up in the surrounding areas.

{iv} PRODLEMS OF RADIATION OF HEAT ERCM THE RCOF : The problem of radiation of heal from
the roof were reported by the users lving on the top floors of high-rise apariments No user,
howsver complained of radiation from walls. It may be mentioned here thal all the apariments

under this study had 10 Inch thick exterior walls.
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{V) PROBLEMS OF KEEPING THE WINDOWS OPEN : According o some users, they cannot keep
windows at certain Ipcalions open because of privacy and dus to close location of adjacent
buildings. The closing of windows solve visual and acoustic problems, but creates vantilation
hazard. Use of cunains maintain ventitation to some extent, bul cannct solve acoustic problems,

especially due to high-pitch music coming from the near-by buikding.

fvi) NATURAL LIGHT iN ROOMS : in the Questionnaire the users werg asked, whether there ware
adequate natural light at the center of the room and near the axternal window The findings in all

the rooms and spaces of the living units under investigahion are preserisd in Table 59 balaw.

Table 5-59 :

NATURAL LIGHTING AT CENTER AND NEAR WINDOW OF ROOM

SL LMING UVING ROOM MASTER BED CHILD'E BED GUEST'S BECQ DINING RMMSP.
NO.UNITCODE  cENTER  wWmDow GENTER  WINDQW  CENTER  Wewoow SEWTER  VANDOW — CENTER  WANDOW
bi. ATEW NG, NOD FAR GOOD GOOD GOOD  — -— NG NO.
a2 A SSW POOR  POOR, GOOD  GODD, GOOD  GOoB. — — POOR  POOR
01 A4SV NGO NO. FAIR  GOOD G000 GOOD  — — ND WO
4 A 4SE POOR  NOL POCR GOOD. GOOD  @&O0D  — — POCIR  NO.
05, A 4NE MO, NO. FRlR  GOOD. GOOD  GOOD. — —_ NG [T}
D6, A &NW POOR  FOOR. FAIR  GOOD GOOD GOOD. - — POCR  POOR
D7. B9N. Goobh GOOD. POOR  GOOD. GOOD GOOD. GOOD | GCOD. POOR  FAIRL
08, B 7M. GODOD GOOD. GOOOD GOOD. FAIR  FAR.  GOOB  GOOD, POOR NG
09. B 4N, FAIR GOOD. GODD GOOD FAIR  GOOD GOOD GOOD PQOR NO.
10. C1EME POOR FAIR GOOD G000 GOOD GO0D. GOCOD GOOD. POOR MO
11, C185E FAIR G000 GOOD GOOD. GOOD GOOD. FAR  GOOD. PORR NO,
12, CBNE p0OR  GOOD. POOR FAIR.  GOOD GOOD FAIR  GOOD. POOR POUR,
13, CSSE FAR GOOD. GOOXY GOOD. GOOD GO0OD FAR GOCD. POOR NO.
14, CAME POOR  GOOD. GOOD GOOD POOR  GODD. POOR GOOD POOR  POOR.
15, CASE POOR  GOOD FAIR GOOD. FAIR GDOD. FAIR GOOD, POOR POOR
16. D78 mO0D  GOOD. GOOD GOOD. GOOD GOOD, GOO0D GO0 FAIR - GOOD
i7. DES FAIR GOOD0 GOCOD GOOD. SOOD GODD GOOD GOOD. POOR  FPOOR
18 D48 FaIR ool GoOD  GOCD. GOOD FAR  GOOD  GOCOD. POOR  NO,
19, EEE FAIR GaoD. GO0D GOOD GO0D  GOOD. GOOD GOOD  PODR MO
o0, E&E FAIR GO0D. GOOD GOOD. GoODD GOOD G000 GOOD POOR HO.
M. EZE FAR GOOD., GoOD GOOD., FAIR  GOODD. GO0OD  GOOD. POOR NO.
2. FTN FAIR GOOD. GOOD  GOOD FAIR  GOOD, PODOR  FAR. G000 GOOD
23, F&N FAIR FAIR POOR  FAIR. GOOD GOOD. G000 GOOD POOR NO.
24. FAN FAIR GO0D GOOD  COO0D. GOOD  G00D. GoOD  GOOD  POQR NO
25, GlAHW GOOD  GOOD. FAR cooD, G000 GOOD. FAIR  GDOOD. POODR NO,
25 G SHW POOR  GOOR. FAR FAIR. POOR FAR. POOR  FAIR. PODR  POOR
27 G INW FAIR GOOD. POOR  FAIR  FAIR  GOOD. POOR  FAIR.  POOR  POOR
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Coinciderally all the Dining rooms in this siudy are located et the cantral location, with no direct
external opening Also the living roems In ap-érlment building A {Wahiduzzaman Bhaban) are 2l
ihe central location. All other rooms, however, have got external windows. in such a situation
analysis have been drawn to find oul the ighting situation in the central reoms and those at the

periphery. This has been shown in Table- 60 below.

Table 5-60;

SUMMARY OF NATURAL LIGHTING AT CENTRAL AND PERIPHERAL ROOMS

HAT UR AL LIGHTINKG coNDITION

LOCATION NUMBER AT THE CENTER OF ROOM NEAR_EXTERNAL WINDOW
QFROOMS  RQOME  GODD [FAIR POOR NO GOOD FAIR POOR NO
TOTAL 129 51 M6 55 43 10 20

PERIPHERAL

ROOMS 95 50 a0 18 O 84 12 00 Qo
CENTRAL

ROOMS 33 o1 o1 25 8 02 01 10 20

Regarding natural lighting conditions at the canter, the following summary can be drawn from the

abova Table.

LISHTIMG AT THE CEMTER OF THE ROOM

GOOD lighting condition was faund in - T8% in case of all rooms
£2% in cass of pertpheral rooms
and 03% in case of centrally located rooms.

NO or Zero lighting condition was found in 18% in case of all reoms
Nene i case of peripherat rooms
and B1% in case of central rooms

COMPARISON OF LIGHTING CONDITICN NEAR EXTERNAL WINDOW AND CENTER.

While &7%  of the moms indicated GOOD light near the window
onty 40%  indicated the same at the center of tha room.




5.8 CONCLUSION

The dala's and information collected and presenied in Chapter IV an Investigation have been
analyzed and studied v this chapler to have mare uniderstanding of bow climate acls 0
residentia! buligings The investigation and sludies were concerned with {a) Living units in a
number of locations 11 Dhaka city, (b} Reoms and spaces of a number of living units. The aspects
of investigation concemed Llamperature and humidity in those spots. The analysis was aimed al
finding out how lhe two slements of cimate, viz. Temperature and Humidity varies from ong
locality to anather and one rooms to another Another objective of study was to find out if thers
exists any relation of the physical charactenstics, 1.e lecation inside the city, cardinal location of
the Iiving unit, room ar space under sludy, its verlical position etc And the final cbieclive was to
find aut whether or how far the climatic comfar!, as experienced by the users coincide with thet of
instrumental measuremenis. A number of important phenomenon have been found from the
analysis and have been presented mestly in tabular form for easy understanding However,
before those may be laken accepred and usefl) for the built-lonn designers, there is need for re-
checking those especially on the context in which those were achieved. This work shall be done
im the next chapter on Conclusion, such thal the results of analysis and findings may have a

strang and scientfic base.
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Chapter 6

CONCLUSION



Chapter &
CONCLUSION

6.0 INTRODUCTION :

The aim of the praject, *A STUDY OF FACTORS FOR THERMAL COMFORT IN RESIDENTIAL
HIGH-RISE IN DHAKA CiTY', as menlioned in the proposal was, ‘to find out the factors
responsible for comfont and discomfort 10 high-rise residential buildings in varous locations of
Dhaka city.' In addition, it was expected that the study would ‘reveal if there exists any relationship
between the inhabilants’ feelings of thermal comfort and the location/ orientation of the rooms and

their genmetries, architectural design, sta’.

The current chapter, being concluding one, shall discuss the impeorant findings of this investigation
related with and ralavant to the formulation of guid=lings and recommendations regarding the
impravemsnt of intemal climates of high-rise apariments thraugh architeciural design. In addition
recommeandations will ba formuiated relating to design of high-rise apartments as well as for further

studies to increase understanding of the therma problems in such buildings

6.1 CONCLUSIVE FINDINGS :

The conclusive findings presented hereunder were obtained as direct result of the investigation as
discussad in the chapters 4 and 5 of this work, They may be subdivided inte findings obained by
(a) Instrumental measurements and analysis of the findings and (b} Diecussion with users and
coflection of information. These shal! be presented independently under head|ines:

6.1.1 INSTRUMENTAL MEASUREMENTS AND ANALYSIS OF THE FINDINGS
6.1.2 DISCUSSION WITH USERS AND COLLECTION OF INFORMATION.:

8.2 RECOMMENDATIONS

63 CONCLUSICHN

8.1.1 INSTRUMENTAL MEASUREMENTS AND ANALYSIS OF THE FINDINGS
The various findings oblaned by analyzing the results of measurements In the buildings under

investigations are presented under the following heads :



1. Trend of Inter-space Temperelure Variation in fiving Units
i Trend of Inter-space Humidity Variation in living Units
fi.  Trend of Temperalure variations of roomalspaces
v.  Trend of Humidity varrations of rooms/spaces
v.  Trend of combined temperature-humidity variation in cardinal and vertical localions
v VWarigtions of External-fiternal Climates.

A brief discussion of the above findings afong with causes ara presented hereunder

l. TREND OF INTER-SPACE TEMPERATURE VARIATION IN LIVING UNITS; The temperatura
measured in vanous rooms of the tiving units indicaled some variations. The difference between
the maximum and minmum readings of Temperature In a living unit have been termed as Inter-
space Temperature. The iner-spece temperature vanations as indicaled in twenty-seven living

units are summarized in Table 6.01:

Table &-01
INTER-SPACE TEMPERATURE VARIATIONS

SL  LMING TEMPERATLRE S LWMING TEMPERATURE SL  LVING TEMPERATURE
NC. UNTT  YARIATION {Deg.C) NQ, UNT  VARMATIONM=G.C) HO. UNIT  YARIATION (C)
01. ADTSW 0.3 10.  CABNE 0.8 19. ES8E 01

02. ASBW 0.4 1. C18SE 0.5 20, ESE 0.2

03 A4SW 0.1 12, CBNE 0.2 21, EE 0.2

04. A4SE 03 13. CBSE 0.5 22 FIN 0.4

05. A4NE 0.1 14 C4NE 0.4 23, F6N 0.2

0. AANW a1 15 C45E 0.1 24 Fai 0.3

07. BON 02 18, D75 0.3 25 GIANWY 0.5

08. BYN 0.4 17, D58 0.2 26, GSNW 0.2

09, B4N 04 18, D43 0.2 27. GINW 0.4

In this study projsct the topmost floor of a building has been identified and coded as TOP
(abbreviated as T ), floor immediatsly below it as HIGH (or H), the lower twao floors as LOW (or L)
and others as MID(M). The Variation Indicators may be expressed by numerical numbers 1 to 8, for
variation magnitude of 0 1o 0.8 respaciively. The investigatad living units arranged in descending

order of Imter-space variation of temperature are shown in Table 6-02.
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Table 6-02

INDICATORS FOR INTER-SPACE TEMPERATURE VARIATION
INTER-BPACE

TEMPERATURE
VARLATION
INDICATORS L | Vv 1| N 6 u N 1T ¥
[ CIGNE [T} )
5 CIBSE(T)  CESE (M) GI4NW(D 87N (M)
4 BAN (M) CANE (M} F7N (D GINWIL AD7SWT
3 MSE (M} DIS (T} FaN (M)
2 BON (T} GGNE (M} D53 (M D45 (M) ESE (M) E2E(L) F&N (H) GSNW (M)
1 ASSW (M} A4SW (M) AMNE (M) AMNWIM) CASE (M) EBE(M)

In order to find oul f there axists any relationship between Inter-space temperaturs varialion and
the cardinal and verticel lacations of the apartments the above table may Do re-arranged showing
the Cardinal and Verlical |ocations of the units under their respective Inter-space temperature
variation indicators, and this has been shown in Table 6-03 below.

Table 6-03

RELATION BETWEEN INTER-SPACE TEMPERATURE VARIATION AND
CARDINAL AND VERTICAL LOCATIONS OF LIVING UNITS

IN CHCAT INICATORD = INDICATORY — TNDMCATOR 3 IMLACATOR 7 [NDCATOR 1
CARDINAL ME EE, SE M, ME, S, 5, H, NE, SN, SN,
LOCATION MY, N i, WY, N 8 E Y, SE,
W E, N, E, MNE
Nw, 5
VERTICAL Top Top, Md Mid, Mid Mid, Top, Top, Mid, Mid, Mid
LOCATION Top, Mid Top, Low Mt Mid, Mid, Mid, M
Top Low, High Tep, Mid
Mid, Mid

In case of CARDINAL LOCATION, the sbove Table shows that while NE Cardinal location showad
the Mighest value {Temporature varigtion indicator) in cne case, the same showed the lowest in
another. The other cardingl locations also showed varying indicators in different cases. This
indicates that, according to this study thera exists no relation between imer-space Temperature
variations and cardinal locations of units,

In the same way, in case of VERTICAL LOCATION the Table shows that while Top Vertizal location
showed the highest value in one case, the same showed also the lowest in another. Similar to
cardinal locations, the other Vertical focations also showed varying indicators 1n diferent cases.
This indicates that, there exisis no relalion betwssn Iﬁter—spane Temperature varfations and
WVertical locations of unils,
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CONCLUSIVE STATEMENT : From the above findings of INTER-SPACE TEMPERATURE VARIATION
IN LIVING UNITS it may be opined that,

Inter-space Temperature variations are independent of the Cardinal and Vertical locations
of the living units.

ii. TREND OF INTER-SPAGE HUMIDITY VARIATION IN LIVING UNITS: The humidity measurad
varicus rooms of the living units iIndicatad variations. The difference between the maximum and
minimum readings of Humidity in a living unit have been termed as Inter-space Humidity variations.
Humidity varied in the range of 0 to 3%, hence the indicators of Humidity vanations may be
assumed to be 01,2 and 3. In Table 504 balow lhe 27 living urits haye baen shown with Lheir

respective cardinal and verucal locations and Inter-space Humidity Variation indicators

Tahle 604
INDICATOR OF INTER-SPACE HUMIDITY VARIATION
INTER-SPACE
HUMIDITY
VARIATION
INDICATORE L | ¥ | N @& u N T s
3 ASSWIM), FON{M), EOZE(L), GOZNW(L}
2 BANIM),  GANE(M), C4SE(M), DO7S(T), EOSE(L). FOAN(H), GTANW(T. GOSNWIM)
1 ATSWIT), ASWIM), AASE(M), BONIT),  B7N(M),  CIBNE(T). CIBSE(T),  CBNE(M),

CBSE(M), DOSS(M), DOMS(M), E0SE(M), FOTN(
[} AUNE(M),  ASNVM).

In order to find oul i there axists any relationship bebwaen Inter-space Humidity variation and
cardinal and vertical locations of the aparments the above table may be re-arranged showing the
Camdinal and Vertical locations of the units under their respeciive Inter-space temperature variation
Indicators, and this has been shown in Table 6-05 below

Table 605

RELATION BETWEEN INTER-SPACE HUMIDITY VARIATION AND CARDINAL
AND VERTICAL LOCATIONS QF LIVING UNITS

INDICATOR & INHCATOR 2 INHCATOR 1 INDICATOR p

GARDINAL SW.NE M, ME, 5E, 5w, 5W, SE, ME, MW
LOCATION MW g, E, M, MYy, M, M, ME,

N SE, NE, 5E,

3 S E N

VERTICAL Mid, Mid, Loy Mid, Mid, Mid Top, Mid, Mid, Mid, Bid
LOCATION Ly Top, Low, High, Top, M, Top,

Fop , Mg Top, Mid, Mid

Wid, Mg, Mid, Tap

163



in case of CARDINAL LOCATION, the above Tabie shows that whils NW Cardinal locaticns showed
the hignest value {Humidity variation indicator), the same showed also the lowest ene, The olher
cardinal |locations alse showed varying indicators in different cases. This indicates that, this shidy
could not establish any relation betwsen Imter-space Humidity variations and cardinal locatians of

units.

Iﬁ lhe same way, 10 case of VERTICAL LOCATION the Table shews that while 'Mid” Vertical localion
showed the highest valus m two cases, the same showed also the lowest in arclher two cases.
The other Vertical locations also showed varying indicators in different cases. This indicates thiat,
there exsts no relation between inter-space Humidity variations and Venlical locations of fiving
units.

CONCLUSIVE STATEMENT . From the findings of INTER-SPACE HUMIDITY VARIATION IN LIVING
LUNITS it may be opined that,

Infer-space Humidity vaniations are independen! of the Cardinal and Vertical
locations of the living units.

iii. TREND OF TEMPERATURE VARIATIONS {F ROOMS/SPACES ;

TEMPERATURE VARIATION AND CARDINAL LOCATION - The rooms at various cardinal locations
show difference 1n temperature and humidity because thoss are affecied diffarertly by lhe east,
wast or south sun, entrance and exil of air, transmission of haat through walls or rools stc Thus, it
is & mater of common experience that rooms of an apartment indicate independent climatic
characteristics like Hot, Cool, Dry, Wel etc due to varying amoum of Temperature and Humidity
they gel because of their cardinal locations. The Temperalure and Humidity that one may measure
in the rooms of an aparment are the composite affecl of solar radiation. ar temperature, air-
mavement, humidity ete. along with such internal modfiers as internal heat and humidity
generation in addition, the internal climate is also affected by exlemnal madifier like the distinclivaly
diffarent microclimates in small pockst areas in Dhaka city The measure of temperature and
humidity in the ooms af a living unit 1s sure to rsflect its natural climatic characteristics and the

racmns at various cardinal locations are expected to reveal a trend. This project has areated a
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scops to find cut whether or to what exterd the irtemnal and extsmal modifiers affect the nalural

frend of climate,

Ta find out the above facl, the rooms with temperalure variation of .05 deg. C tu .05 Deg. C abave
the average value has been shown as HOT and thaose below as COOL rooms. The cardinal
lacations of the HOT rooms as found by measurement are presented in descending order of value
1 e. from Hol to Coof in Tabie 8-06. In a similar way the cardinal locations of the COOL ronms have
also been presented hereunder in descending order of value, i.e from Hot ta Cool In the same

Lable.

Table 6-06

CARDINAL LOCATIONS OF ROOMS { FROM HOT TO COOL}
HOT:  CENTRAL, WEST, SOUTHAVEST, NORTH, SOUTH-EAST, SOUTH, NORTH-WEST, NORTH-EAST, EAST

COCL: WEST, CENTRAL, SOUTH, NORTH-WEST, NORTH, SOUTH-EAST, SOUTHMWEST, NORTH-EAST, EAST

In the absence of imMernal and external modifiers the cardinal locations found by the above two
considerations shouid have shown exaclly the same rend. In the above Table it 13 seen that the
trend 15 as expecled al the extremities, such that Central end West locations ars stil the Hottest
and North-East and East locations are the Coolest. Howaver, at some |ocations, the trend is not so
prediclable. This indicates thet the internal and external modifiers have already modified the nahral
micre-climatic trends of rooms at soms cardinal (ocations. The resuits, however, show that the

natural climatic trend of the rooms with extreme values are still valid o a great exterd.

CONCLUSIVE STATEMENT : Due to varying influences and affects of air-movement, exposurs to
sclar radiation etc., it 1s natural for the rooms at various locations to show varying temperature, and
thus to show a natural trend in such changes in varous rooms of an apartmert The above

findings, howewver, could not show any such trend. This indicates that
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The natural micro-climatic trends in terms of TEMPERA TURE of rooms atf
various cardinel locations in apartment buildings in Dhaka cily have been
considerably changed due to infernal modifiers and external micro-glimatic
affects.

TEMPERATURE VARIATION AND CARDINAL LOCATION - This mvestigaton ravealed the extent of
relaticnship between the climatic characteristics of a room with ILs vertical position The cardinal
location of rooms arranged in arder of 'HOT to COOL' above and bslow the Average Temperaturs

has been shown in Table 6-07

Table 607
VERTICAL LOCATIONS OF ROOMS {FROM HOT TO COO0L)
HOT ; HIGH, MIE), ToOP, LOW
COoOL ; LOW, MID, HIGH, TR

The above Table shows that while the trend of temperature vanation in vertical location categories
in casa of HOT rangs 1s ; HIGH, MID, TOP and LOW, the same in case of CQOL range 15 LOW,
MID, HIGH and TOP.

CONCLUSIVE STATEMENT : This above findings indicate non-existence of no relation between
Temperature variation and Vertical focations of rooms @, it may be opines that,

Temperature vamalions in rooms/spaces of a living unit are independert of their
Vertical locations.

IV. TREND OF HUMIDITY VARIATIONS OF ROOMS/SPACES :

HUMIDITY VARIATION AND CARDINAL LOCATION - In case of Humidity the rapms below average
value have been classed as DRY and lhose above, as WET. In the above mentioned way the
cardinal locations of reoms aranged from DRY to WET have been found as shown in Table 6-08

Table 608

CARDINAL LOCATIONS OF ROOMS (FROM DRY TO WET)}

DRY : MORTH-EAST, SOUTH & SOUTH-WEST, WEST, SOUTH-EAST, MNORTH-WEST,  CENTRAL, HORTH & EAST

WET . NORTH-EAST, NORTH-WEST, 3OUTH, WEST, SOUTHWEST, SOUTH-EAST, CENTRaL NORTH, EAST
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Similar to Temperaturs data, in case of Humidity also the natural climatic trend in not found to exist
in its entirety

CONCLUSIVE STATEMENT : In Table No, 6.08 the natural trend may be found to exist in extreme
cases, viz. North-East [ocation 15 still seen to be most Dry and Central, East and North locations,

most YWet So, it may be opines that,

The natural micro-climatic trends in terms of HUMIDITY of rooms at various
cardinal locations in separtment buildings in Dhaka city have been
considerably changed due to internal modifiers and external micro-climatic
affects.

HUMIDITY WARIATION AND VERTICAL LOGCATION -
The reactings relating Humidity variation with verlical locations are showr in Table 6 09,

Table &-09

VERTICAL LOCATIONS OF ROOMS { FROM DRY TO WET)
DRY : LOW, MID, TOR, HIGH
WET: MID, LOW, TOP, HIGH

The above Table shows that while the trend of Humidity variation in vertical [ocation categanss in
case of HOT range is : LOW, MID, TOP and MIGH, the same in case of COOL range is , MID,
LOW, TOP and HIGH Ever though the last two values have coingcidenca, those were not sufficiant
to prove any definite trend.

CONCLUSIVE STATEMENT . This abave findings could nol prove the existence of any definite trend
between Humidity variation and Vertical locations of ooms So, it may be opines that,

Hurnidity vanalions in rooms/spaces of a living unit may not have any redationship
with their Vertical locations.

v. TREND OF COMBINED TEMPERATURE-HUMIDITY VARIATION IN CARDINAL AND VERTICAL
LOCATIONS :

By instrumental measurements some rooms were found bath coal and dry, while gthers were nol.
The cardinal and vertical locations of such rooms arranged in descending onder of “COQOL+DRY"

have been shawn in the following Table.
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Table 6-10

CARDINAL LOCATIONS OF COOL + DRY ROOMS { IN DESCENDING ORDER)
NORTH-EAST, SOUTHAWEST & EAST, SOUTH-EAST, NORTHAWEST, CENTRAL, SOUTH, WEST, NORTH

VERTICAL LOCATIONS OF COOL + DRY ROOMS { IN DESCENDING ORDER)
LOW, HIGH, TR, MID l

Even though there is possibility of North-East location to be cool and Dry, and the North o be Wet,
it 1s |ess probable that West is WET and South-West is Hot. Thers is possibility that natural
Temperature and Humidity conditions of these rooms were interferad by intemal and external

madifiers. However, the studies in this aspscls are not adequate o give any conclusive slatement,

vi. COMPARISON CF THE VARIATIONS OF INTERNAL-EXTERNAL TEMPERATURE.

The climates immediately cutside the living unit were measured in the verandah or through the
windows 10 all accessible direclions ang were comparad with thoge in the nearest location inside
the rooms The external readings were considered as 'base’ and the vanatons of intemnal
temperalure wers classed as increase, Decrease or No change. The notable points of this
comparison in Temperature are the following

(8} Internal temperature showed increase in 43% cases, Decreass In 33% and No change in 23%

cases
(b} The edent of varations in four cardinal directions {1 e. East, West, North and South) amanged

in descending order are as follows

Table 6 -11
COMPARISON OF EXTERNAL INTERNAL TEMPERATURES
INCREASE :  Sguth (50%), Narth (42%), West (08%), East (00%)
DECREASE:  South {40%) West (40%), East (20%), Morth {(10%;)
NO CHANGE :  Soulh(43%), Morth{29%),  West [14%), East {14%)
M.B. External Temperature has been considered as Ba=a. increase, Decrease or No change indicate
readings of temperature inside, ]
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The variation of external and iremal Temperature depends upon a number of factors lke tme of
measurement, direction of air movement, position of the sun, localion of ofher buildings ete. In
Dhaka city in the summer season air in general enters through the external windows on South,
East or West and escapes through East, West and North, untess of course the directon 1s
drastically changed by surrounding obstacles. Therefore there is the tendency to bring close
equality between the external and internal values of temperaturs However, the temperature of air
entering inside may either increase due to inernal activities or decrease dus o modification
caused by the built-form The above Table demonstrales thet in the tested cases no strong trend
can be nuticed in the axternal-nlemal temperature comparison. Exlemal temperature on Soulh
was found lower than the internal in 50% cases and in the Norlh in 42% cases The Table further
shows thal in only 8% of cases was it found that temperatures in West facing rooms were higher
than external, but this would be expecled, as most of the readings were taken batore 2 p.m., when

lhe western rooms start receiving direct solar radiation and hence temperature hikes.

6.%.2 DISCUSSION WITR AND COLLECTION OF INFORMATION FROM THE USERS:

During investigation information were coflected from user regarding therr perception {'Couolest,
‘Airnest’, "Hottest' ete) of ooms, If they have any problems like change of imemal climalss due to
changes 1n the surrounding areas, any cases of warm, humid and suffocating condition in the
rooms at cemral location, problem due to radiation of heat from wall or roof, prablem in keaping the

wingows open etc.

The comparison between instrumentally favorable rooms and those favored by the users have
been presenied in 5.6 Chapler 5 {Page 144-148) Also the findmngs regarding user's responses
have baen presented in 4.8, Chapter 4 (Page 103-104) and also in 5.7.7 Chapter 5 {(Paga 155-
156). For the purpose of having conclusive stalemert salient fealures of these hwa topics shall be

discussed now,
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1 COMPARISON OF '"COQOL+DRY ROOMS" BY INSTRUMENTAL MEASUREMENTS  WITH
'‘COMFORTABLE ROOMS' ADJUDGED BY THE UBERS - The ralatvely "CODL+DRY ROOMS" as
indicated by the instrumern were compared with the "MOST COMFORTABLE OR COoL ROOMS"

voted by the users. The nctable findings of this comparisan are the following -

(a) The Instrumental measurements and users' preferences coincided completely in only 33%
cases

{b} Both the instrumental measurement and users' preference indicated North-East as the BEST
ormost preferable cardingl location.

{¢) Both the instnumenlal measurement and users' preferences indicated West and South-Wesat
as the WORST or least preferabie cardingl location,

(dy The instrumental measuremens indicated "Cool+Dry" rooms at 'Central' cardina losation in
15% cases, where as the users voted for this location 1in 00% cases.

From the above findings the following conclusive stetemenls may ba drawn
CONCLUSIVE STATEMENTS ;

{) #t was naturai that all the "CoolHDry" rooms as indicated by the instrument should have
been adjudged ‘Comfortable’ by the users. But the two coinciged only in 33% cases,
indicating either the peculiarity of subjective variations or attachment of other factors
with users' comlort condifions.

(i) The general coincidance of Instrumental findings and Users’ vote regarding BEST and
WORST cardinal locations indicate that in spita of the prasence of lhe internal and
external modifiers, the micro-climate inside the rooms still continue fo show the natural
trend in extreme cases.

{iil} The users’ zero vote For the Instrument's preferabla ‘Cendral cardinal location Indicate
that the users altach such psychological factors as good views, paturs! tight and &ir
ete. with climatic comiort indices.

I FINDINGS FROM DISCUSSION WITH THE USERS - The users comments and complains have beesn

discussed in Chapter § Page 144-145, Those problems in brief, along with suggestions shall he

presanted hereunder.
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(I} PROBLEMS OF HAVING UNGOMFORTABLE CLIMATIC CONDITION INSIDE : The problem was,
from the drawings and animalions the gwners could mal get vivid and adequats picturs, including

probabie irtemal climatic conditions at the time of purchase.

SUGGESTION : For the purpese of giving the imending purchaser every detaiis of what they wers
gaing to have in their apartment, the system of "Mock-flat" is in praclice in the developsd counlries
for quite a long tme It may be suggested to introduce this syslem in Bangladash. Since this

systam in 115 exaciness may be expensive,

it 15 suggested thet each developer may be asked fp construct af least one "Full-
scale model” of the apardments, such that the purchasers may gst a scope o
examine the probable situation and have befler ideas.

() PROBLEMS IN INTERNAL CLIMATES DUE TO CHANGES N THE SURROUNDING AREAS : These

prablems were caused due to construction of new buildings i the surrounding areas

SUGGESTION Whalever might be the then situalion around, the immedate sumounding of an
aparment building is liable to change with time, specially whan there are vacant lands arcund. The
above natured problems arse in case lhe architect designs a building without consideration of

probable future developmenls in the surounding areas.

It is suggested that the archilect should design apartment buiidings considenng
and simulating "optimal developmenis” in the immediate surmounding.

(i) PROBLEMS OF WARM, HUMID AND SUFFOCATING CONDITION IN THE ROOMS AT CENTRAL
LOCATION : Some users reporled to have found the imsmal moms especially those n the cantral

and western locations suffccating.

SUGGESTION: The rooms al central losation naturally suffers from lack of ventilation due to

abserice of adequate ar in-tet and out-let. The stualion worsens with sprawling up of more

buildings around.
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ft is suggested that techniques like ventilator, ventilation duct slc. be utilized to
expef hot and stale air from rooms at central and odd locations.
(iv} PROBLEMS OF RADIATION OF HEAT FROM THE ROOF : The problem of radiation of heat from

the roof were reporied by the users living on the top floors only.

BUGGESTION: The radiation from roof can be menimized in a number of ways like {a) Construclion
of a second roof {example: Teacher Studert Complex building of Dhaka University), (b Use of
hollow roof tiles { A projact taken by the Departments of Architecture and Mechanical Enginesring,
BUET proved that hollow roof tile can considerably reduce transmission of heat through roof), {c)
Use of shading devise like walls, pfantalion bed elc. to keep the roaf shaded and coal,
It is suggested that the roof of the top floor be rendered heal-resistant by using
suitable means.
(¥} PROBLEMS OF KEEPING THE WINDOWS CPEN : According to some users, some windows

cannot kept because of the close proximity of adjacent buildings make it difficult to mamtain

Brivacy.

SUGGESTION: Large clear windows, though having aesthetic appeal might create such problems

regarding privacy.
Suggestions may be made fo use windows with wide vertical or horizonial fouvars,
or smalier windows, slit-type windows, which might minimize the problem of views
from the adjacent buildings. This may cut off in terms of daylight, in which cese
some fonm of energy-saving supplementary lighting may have to be used
Altemnately, rooms which ame privacy-sensitive should be located at positions
whare distance between buildings is at a rmaximum.

(Vi) PROBLEMS OF LIGHTING INSIDE ROOMS ‘It has been seen in Chapler 7.7.7 that the rooms

located al the central tocation lacks natural lighting, This study indicated that, while 57%  of  the

moms indicated GOOD light near the window only 40% indicated same at the center, In fact the

dining room arranged in mosl cases al the centrat location get only diffused fighl from other rooms

and at times from distard walls. Also it has been seen thal moms at the periphery enjoys better
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tighl, &s were seen in the findings, at the center of reoms, GOOD hghting condition was found in
79% in case of all rooms, 52% in case of peripheral rooms and 03% in case of centrally located

nooms.

SUGGESTION . Natural lighting in all the livable spaces s essential precondition of healthy
environment. Even though not used for longar tims the dining room is used by all the members of
the family and fairly al one time. Also this ons of the mostly used room for oss movement. It has
been found thal some designers have been successful o snsure some amount of natural light and

vorttilation and the users of such apartments appreciated the design.

Suggesfions may be made that the designers should endeavor to ensure natural
light and ventilation in all the moms and espedially in the rooms used by all the
members.

6.2 RECOMMENDATIONS :
The experience gained through this prapped has rendered 1t possible o make specific

recommandations regarding the design of high-rise apartments in Dhaka oty with cdue
considerations of changed environment and micro-climates. The categarzed recommendations
arg presemed below ;

{01) The freld-survey of this projact may be considered as a Post Occupancy Evatualior in limited
scale for a given clmalic aspect. in the ahsence of fufl-fledged Post Occupancy Evaluation {POE},
it is not possible for architects and designers to have access o qrucial irformation regarding
ntemal environment and micro-climates in high-rise aparments created within high-rise

apariments in Dhaka city In this conpext

It is recommended to infroduce POE o get feedhack from users sa thet this
information can be used as an effective means of improving the design
considerations and technologies of such buildings.

{02} In absence of the system of "Mock-flats" the purchasers cannot have prior ideas, especially

regarding the inemal cimates of the apartments. Since construdlion of "Mock-flats" may be
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expensive for the developers at this stage, because of the limited number of proto-type af

apariments

i is recommended thal each developer should be asked to compiote
construction of al ieast one life-size mode! of the type of apartments they
are going to sell in the market, at the early stages of the project.

(03) Architects are required to design apariment buildings with dus consideration of the existing
situation. However, because a building constructed amidst 'unsaturated growth' of buildings around
may face abfupt changes, aflecting external and internai climates as surounding areas develop,

therefare

Recommendstions are mads fo the effect that the architects should design
such buiidings with due consideration of ‘fullest possible growth" of
buildings in the surrounding area.

(04) Archrtects in their design depend greatly upon air movement for expelling out hot and state air.
Ceonstruction of builldings at close proximity decreases ar movemert and creates problem in

expelling ot air. In such a situation

It is recommended that traditional ‘ventilators' at levels higher than the living
zone within individual rooms, or ‘venlilation ducts' of shefls running the
entire height of the buildings feading from individual rooms/apartments, may
be utilized for expelling hot and stale air,

{05} The users experienced thal nica-looking elevations with large windows that was one of the
persuasive forces for purchasing their apartments, soon tumed useless since thers was no
atequate spaca around to see the elevalions. What mattersd more was the absence of windows at
certain locabons and problems of marinating privacy near large windows In such a situation it is
recommended thal while deaigring openings the architects should gve more importance on

imemal climates than external views. In such a siluation

It is recommendad that climatically useful windows like small and slit type
windows, windows placed ovar and beolow eye-levels, windows with wide
horizontal end vertical louvers ete. may be used for air aend light
considenng the negative effects of foo much sunlight penetration.
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{08) It has been revealad that the climatic characleristics of rooms at various cardinal locations do

not follow the expected natural tfrends due to much modification. In sush a situation

It is recommended that the archilects of apartments shouid not blindly follow
the principle of relating ‘'activity pattern’ with ‘comfortable cardinal locations’
because the second concept has suffered from considerable changes.
Each sile should be eveluated adequately for characieristic deviations from
the general expected climatic trends.

(07} It is a common experiance that natural ventilation keeps the climatic situation nside rooms
healthful by expelling hot air and bringing in fresh ar. The relardation of air mavement due to
closely-paced high-rise buildings havs retarded this activity also. It has been found in case of

some rooms the escape route of air is closed as soon the doors are dosed, In such 2 situation

It is recommended to make use of fanlight, high-window, Jouvered wall efc.
for the purpose of enhancing internal air-moverment and exchange.

{08) Inter-building spacing and building height determine air movement through the built-op sreas
As Inter-building space prescribed by the Urban Development Authorities was ariginally formulated
when the building density and building height 1n the city was low, these recommendstions are not
found 1o be adequate for prasent-day situations. The reduced air-movemant due to present-dey

davelopment results in pockets of stagnant hot and humid air 1n between buildings In such z reality

It is recommended that research and inveshigation should be carmied outf to find
out how far the present recommendations and regiiations regardfing inter-building
Spacing can ensure favorable dimalic condiions inside and out-side high-nise

apariments.
(09} With approximately 10 deg C diumal difference displayed in the exiemnal temperature of the
tesied month, it is clear that while air temperature is very comfortable at right, it is about 3 to 3
degrees higher than the comforlable range during the hottest parts of the day. Such a situation

leaves a scope of trapping cool night air in unusable spacsas ( say, n batwean double oof over
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store room, toilet, corridor, verandahs etc ) and re-using this during het times in any preferred room

or in the one with worst climatic condition (Refer to Schematic Figure beicow)

e e v
M DUICT OF PIFE

el . i Tom.,
" CONTROL DEVICE

1l Flad il L 8,

ol g C Pl Ak K

OOM REQUIRING COOL Al
{NORMAL VENTILATION TO BE RESTRICTED)

COOL AIR AT HOT HOURS.

DOUBLE-AOOFED
CHAMBER ABOVE
CORRIDOR

DOUBLE-RCGOFED
CHAMEBER ABRCWE
VERANDWH

I

§i CHAMBER
i AHOVE TOILET

CHAMEBER
ABOYE STORE

T LB R e 3
CONTROL DEVICE

ROOM
REQUIRING
QooD !
CLIMATE CLIMATE

SCHEMATIC FIGURE SHOWING THE SYSTEM OF TRAPPING OF NIGHT-TIME

COOL AlR IN CHAMBERS AND REUSING DURING HOT HOURS IN SELECTED
ROOMS.

In such a comext,

it is recommended that research and experiments be carried ouf to find out
the effectivity of the re-use of trapped cool-air at hot hours for the purpose
of improving the climatic situations inside high-rise apariments.
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{10}. Because of the change of users of high-rise apartments from aflfuent to middle income people
and scarcity of sleciric power in Dhaka city the need of the tme is to design clirnate-friendly
apartmerts which are energy-afficient. This can be done only afler having in-depth knawledge of
the various aspects of climate ang understanding Lhe climatic situations including problems
prevailing in lhe apartments. This project is a study and investigation of the same and was to be
dons within lillnited time and logistic facilities. Even though the study and investigation have
revealed some findings that may acl as guides for the architects, it rsated Lhe need snd scope for

further studiss and investigations in this and other climate-relaled aspects. So,

Recommendations are made fo undertake further research and study
projects in the climatic aspect of building design in the greater benefit of the
sociely. Studies fo enhance the ‘passive’ aspects which can improve energy
efficiency of the buildings stock is vital in order o keep ‘active’ enermy
usage fo minimum fevels.

6.3 CONCLUSION:

Climate is an ever-changing phenomenon and any decision on it should come out as a result of
long time observation and measuremsnt. Any single measuremard at one time at a few spols bears
Lhe possibility of inherent ermors dus to unseen or hidden factors. Since this one is the only study on
this aspect of climats, it may not be wise ta formulale general buiiding design guidelines on its
basis On the other hand, it is suggested to carry out further sludy and research prorects on this

and other aspecls of climate for the purpose of formulating dapendable guidelines.

This study was conduded wilh limited logistic support, manpower and eguipments and within
constrained time frame as allowed in the Master's program, Cespita these limitations this project
has indicated how the present trend of constuction of high-rise apaniments at close spacing have
changed the micro-climates to such exteri as to considerably affec] the climatss inside the
buildings. it may be logically expected that the micro-dimate inside the City would change funbher, if
the present frend in building construclion cominues. Because of |ess land avaifable in Dhaka for

accomrmodating people, construclion of high-rise bufldings seems m be the lone acceptable option

177



in the present context. Definitely such a stualion cafls for mn-depth studies, investigations,

experimants and ressarches on this important azpecl of human babitatian.

The moral responsibility of the Architecls and designers of high-rise apartments is to ensura
environmer-friendly and user-friendly aparimenis for all types of users. Needless to rmention thel
this can be achieved by optimum utlization of natural wealih like light, verdilation etc The incresse
of inter-building space can improve the situation of mico-climetss by eradicating the creation of
‘hot and warm' pockels 10 congested areas. Various technigues like changs of window types and
designs, use of venilators and ventilation duct etc. are capabie of improving the internal climates
And |astly, 'the principle trapping and re-using coo!l air dunng ot hours® that has never baen tried in

this land has been proposed here as a means of for ensuring comfortable Intemal climates.

From his experience gained in thrs project this researcher finds reasons to be convincsd that the
microclimates inside high-rlsé aparimers in Dhaka city has changed considsrably due to a
number of reasons. Post Oceupancy Evaluation conducted at regular imervals in such apartments
may reveal the problems and inadequacies with furlher details. The publication of the findings of
POE may increase understanding among architects and urban development aulhorities regarding
the natura of problem. It 15 hoped that understanding of the relsled problems and the co-ordinated
sfforts by the Amchitects, Planners, Enginesrs, Urban Development Anthorities, academicians,
apartment owners and users shail be instrumental in determining effective soledions, that will lesd

o better cimatic situations inside fulure apariments,
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APPENDIX - 01 SPECIFICATIONS AND INSTRUCTION MANUAL FOR

THERMO-HYGRO CLOCK

INSTRIMCTHIN FMANUAL

THERMOMETERITY CROMETY R WITH ALAMY CLOCK
maximuarn And pinimum tmpatre and henidisy records with aptionzl daily rese: (oature
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INSTALLING AND REPLACING THE BATTERY : e
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J412-CTH
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GFERATION

TEMPERATURE ANLY HUMIDITY MEASURE
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BISPLAY
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2. The middle and lower display shows temperanre and Teemdiy respectively. The wser can view the
masimam and puaunom emperaliathuneddy eosds by pressing MAMMIN ey, 17 Lhe cumes
temperabire is abave or below the measureable range, the FIHIE or LEL wili be showr,

CLOCK DISPLAY

“Fhe ciock can e 12 o 2d Houwr, the vser can sumieh e 1lowr aystom and set the cloch =y tollosweng these

shep:
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Press the SET key for abowt 2 seeonds, the wpper LA display wall show sither 12 he or 2 e wath bhinking,

Press the ENC key to topple botween 12 a2 24 hour.

Press the SET ke again, the current me will be <dowm agaio with Elear dipgiss Bk,

Trress Lhe DNC Ley Lo adiust Llour digits, Fress mul hold e bep ondvinee e dipns connnnes |y,

Press Lhe SET hey apain, the binutes digits wall blink

Dress thie TNC Key 1 adjust Mmute hgits Press anud hold 1he key o advance the dipils ensumeeosly m 5

LACTETETIES SLeT).

"B, Adfier firnsh setling, press the SET key tooeas the sesting made o 0 wiel 20 cted auoniatcally 35t oser
doesn’t ress any key for 1 ta 2 ininuies.
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APPENDIX 4-01 : QUESTIONNAIRE Appsndix Page - 03

QUESTIONNAIRE SURVEY ON USERS' RESPONSES
Project: A STUDY INTO THE CLIMATIC ASPECTS OF RESIDENTIAL HIGH-RISE IN DHAKA

PART - ONE

(AFPLIGABLE FOR THE BUILTHNG }

Location of the bafiding : Address © Mame - .

I D - e HOUS8 NGu s - e e e e oo ot e e -
Mo, BF FIOOIE ovoiiiiinn rrerirs oo oo oo - - b brasie s e o . Mo, of uals perfloor s
Date on which srveyed @ . 1 .. 2000,

i, Measurement of ouldoor Temp, & Humiddy on all sdes: Recording Time ... AKLP M
Fromt {EW NS Y Temp . . Deqy. Ham, oo e
Lel (EWMNST ) Temp ..Deg. Hum W
Right ([EWNS ] Temp. .conn D HUM. .ccennernn ¥
Fear (EWN S | Temp, .. - Deg [ 1)/ M Y
ii. The Bullding ha= gol extemal walls on sidex - Faxi, Wesl, Norfh, Soufh, NE, W, SE, SW
6. Measuremert of ouldaor Tamp. & Humidiy at the entrance at the ime of leavng
Recoming TIE | . Temp... . Deg. Hum ...
[(SKETCH A LOCATION MAP HERE )
PART - TWO
(APPLICAR F FAR EAGH APARTHENT }
Lebektode e, FlOOF: Loceton ; [EWNS ) Contact Tel. Mo, e

1. GENERAL INQLUIRY :

&  How long have you baen you lving in this ose 7 L CYears Motz
B. Are you the owner of reqt payer ¥ Qwner/ Rent payar SOther

. I sumnner how wolld you descnbe your house 7 Coolf Comfrtabley  Wem' Hol
0 Ig thers ar-flow in the reoms 7

Yes/s Mo
E. [denbiy the coolest rocm In your house [ kecatoon in pkan )
F Identfy the ziriest room n your house { locatian n ptan §
5. bn wArber how woould you daseribe your house 7 Cogl / Covnfortable £ Werm £ ol
H. Identify tha hottest room in your howse in wisker Jocaton inplamd . . -
I WWhich in your opinion was the hottest mordh in (@) 1883 7 March AApnl £ Mey £ duned July £ Augusk
o) 20007 Merch Aped F May £ June Aty AAugusd

J. Did you ever fesl (a) your building wall ot or to radiate heat 7 Yes /Nao.
) your building mocf hot ot radiate heat 7 Yes £ MO

EMUMERATOR Flease mark the dresses of the respondents at the titne of Tntenamy.
(Formal dress ¢ Pand / Shurt # Lungi # Shinglet £ Others (apecry)
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2. INFORMATION ABOUT INDEPENDENT ROOMS/SPACES :  — -

LIVIN

G ROOM

{ Abbrevizled az LR)

& Fhymicat structure :

LABEL MATERIAL
Wvall G e

¥val 02
Wall a3
Wall O
Reonf R
Fleor

EINIHES

Dataks of Window
Window -2, wre
Sunshade [ in case of sternal window |

COATING

Window ~1  size HE X

Cpanta Exterior / Werandah
e KL Open ko Exienor f Verandah
Mg/ Tap/ Box f Three-sided ! othars

Frame material S Alumimim FShesl SWood | Others
Shutter matenel t Glass / Timher S Others
Type of plaes Piain ¢ Frosted / Ground / Designed { Cthers
hteHing Yes /Mo
Grile Yes & Mo,
B. Facijnles:
Electric fans WA Mas. Exhatisl fans Mo f Yes { size ... )
Air-cenditionsr 1 Yem [(Bize .., Tons. Type: Spft FWindow 14 fo
Electric Lights { consider only thosa which are kept on at the time of survey )
Incandescem Bulh - iR, L Nes v Watt .. Mog, . ... Walt Mg,
e . WMEAR L Mos. L Walt, | hes. L Watt .. MNos.
Tubeliget = ... Feel _____, Hos. vewo Fuat,, fos . Feel ... ..Mos
Chande)ey Yas Mo, hers(Spectf) v
Windaw curtair: ToYes (Typedoolr i - e s avaanie i ! Mo
Fleer . Campeled ;o Yes /Mo
Metmd Yes No. S Orhers (Speaify} o © - e
C. User's responsa during hot months
- No_ of people usually occupying the raomispace OF £ 02703 7 M4 08 7 DB 087 059 .

- Meet comfortable ime of the day

. Moést uncomfortable tme of the day

. Temperature In the hettest days

- Feefing of humudty

. Feelng of Sweating

. Feuling of ventiaton

8& How ms natural Night gt the errter of the roam ?
&b How i netural light rear the extermal windew 7

= M th = o by

Momung, Moon, Alernoon, Evening, Night Late-rught
Moming, Noan, Affer-noon, Evemng, Might, Lede-night
tnbearatie, Maodersle. Satsfactory, Others ...
Extrernely humid, Moderate, Satisfactory, Cthers .
Exireme swaating, Moderate, Satisfactory, Others. .. .
Excaltent Safisfactary, Non-selisfactory, Others ... ...
Good ¢ Farir / Poor

Good £ Fair # Poor

8. Do you have problems in keeplng the windows open 7 Yes /No

(1 Yesg, specify the reasons ] ..

L. Measuremer of Bwicor Tempoarature and Humid#y :

At the certer of theroom @ Temp ... Deg. C. Hum, ... .. ¥

Mear Fromt Vyal Tamp ........... Deg. C. Hum, . ... %
Mear Rear Wall Temp ........[eg C Hum . W
Mear Righl ¥yall Temp .. ... Deg. C. Hom. . e
Mear Lefl Wall Temp Deg, C Hum e
Mear Windaw-01: Temp .. Deg. C Hum Uk,
Mear Window-02 Temp | ... Deg. C Hum -
Near Window-03 - Temp ... . Oeg C. Hum M,
Mear Window-04- Temp ... Deg Hum. . ... .
Mear Choor-01: TEMP e Deg © Humi, | e o

Near Dogr- 02 | Temp .. ... Ceq. G Hum e 3

Mear Door-0; Temp e Deg. . Hum.. | ..05%.

-
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MASTER BED ROOM
{ Abbreviated as ME)
A. Physical stncturs :  {(PREVIOUS QUESTIONS REPEATED)
B. Facilities :  (PREVIOUS QUESTIONS REPEATED
€. User's response during hol months : (FREVIOUS QUESTIONS REPEATELD)

0. Measwerent of indoor Temparature 2nd Humbkdity : (PREVIOUS QUESTHKINS REFCATED)

CHILDREN"S BED ROOM

(Abbreviated as CEY
A, Physical structure : {PREVIOUS QUESTIONS REFEATEL)
H. Faciltes H (FREVIQUS QUESTIONS REPEATED)
L. User's response durmng hol months ' (PREVIOUS QUESTIONS REPEATED)

0. Maasurement of indoor Termpemture and Humid ity : (FREVOUIS QUESTIONS REPEATED)

GUESTS BED ROOM

{Abbreviated as GB )
A. Physical structurs : (FREVIOUS QUESTIONS REFEATED)
B. Farlitjes : (PREVIOUS QUESTIONS REPEATED)
C. Users resporebe during hol months T (PREVIOUS QUESTIONS REPEATED)

C., Measurement of mcoor Tempersure and Hienidity : (FREVIOUS QUESTIONS REPEATED)
DINING ROOM/SFACE

(Abbmuviated as D)
A, Physical structure :  (PREVIOUS QUESTIINS REPEATED)
B. Faclitk= : (FREVIOUS QUESTIONS REFEATED
C. LUser's response during hol momths i [PREVIOUS QUESTIONS REPEATELD)
D. Maasirement of indoor Temparature and Hurnidity :  {PREVIOUS QUESTIONS REFEATEL!

E. Enumerator Pleass skelch a rough umitue lyout

F. Entmerators comment: { Percolve the fallowing in the space without, fan/AG)

AR MIWEMENT - Parceptible’ imperceatibie

TEMPERATLIRE : Hatf Camforfabie’ Cool

CAMPMNESS Whether Canvane! in indoor conditions or not
Any stain on walk : Yes or Mo,

POCLIMENTATICH - Survey conducled By . L e o Babe, e,

Supervised by e« wnsrrem s Date
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Appendix 4-02 COMPARISON OF READINGS BY THREE THERMOMETERS

COMPARISON QF READINGS OF THREE THERMOMETERS
FIR3T & READINGS; TME 205 P M, TOAZ2.20P M

g' a5 o v
“ o
(1} i -
S ., 34T N5z ML N
z : =
|« B
T
i
28
| e 3 '

COMFPARIBON OF REANGS OF THREE THERMOMETERS
SECOND 8 READINGS TIME : 217 P.M. TO 3,22 PW.

-~ -

TEMP. INDEG. C

COMPARISON OF READINGS OF THREE THERMOMETERS
THIRD 8 READINGS. TIME : 3.22.40 P.M. TC 3 31.55 P.M,

TEMPF. IN DEG. C
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COMPARISON OF READINGS OF THREE THERMOMETERS
FOURTH & READINGS. TME: 3.34.05 PM TD 3.42.15 FM.
¢ 332 733 33— —33 33 33 33 33—-—33
. La ] =3 -
g 2TTee % N 7R X2 B N
a == 25 "~ a2b 325 ‘
Z 326 {329 =324 —~324: . 3 b —324
o 324 - . ) Al -— ] -1
= 300 ,, E * : ’ -
B ' Bl -
1 2 3 4 5 6 7 B
COMPARTSON OF REAINNGS OF THREE THERMOMETERS
FIFTH 8 READINGS. TIME : 34300 P.M, TO 3.50 10 .M.
=
ol
=
£
o
F 3
b

COMPARISON OF READINGS OF THREE THERMOMETERS
LAST 11 READINGE, TIME . 3.50 40 P.W. TQ £ 05.00 P.M.

¥
34 ;

32 -

an

TEMF IMTEG C
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Appendix 4 - 03 SITE PLAN ({LOCATIONS OF APARTMENTS IN DHAKA CtTY)
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Appendix 4 - 04 UNIT PLANS WITH TEMPERATURE AND HUMIDITY READINGS

Dirving  30.9C 90%,
Living  30.9C 50%

Child  2p6C BY%w
© Master 30 8C 8%

Exfer Temp 30 8C
Exler Hum  S&%

cooe: A 07 SW

Dirng 2070 S0%
Living 307C BE%

Child 3060 87%
Mastier

Extar, Temp 30 8C
Exier, Hum BE%H

cooe: A 05 SW

Dining 20 0C 85% .
Living 30.0C B5% !

Child 29 9C BB -
Master 20.9C A5%

Exter. Termp. 30 4C
Exler Hurm  54%

cooe: A 04 SW

Pl srele

=

v - o T

T

WAHIDUZZAMAN BHABAN

l

A0EC BO%

_lji'='

HITYANIRE:

PLAN - T Floor

I_/ IT E l—‘_‘ r ]
L j’f*\ ZaEs o
Sl R 0
- DINING i%kh1[ﬁ ) {
t\'_-' L-;NG BEM. r{. A%
e “4
WAHIDUZFAMAN BHABAN

FLAN - 4™ Flaar
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30 9C 80% Dining
a0 8C F0% Living

30,62 B85 Child
00T B9% Master

Exfer, Temg 30.5C
Exfer, Hum., &8%

cone: A 04 SE PLAN . &" Floor

A0.3C BBY% Master
30 4C Bs% Child

2045 Bg%  Dining
30 4C BB Lnwng

Exter Temp 30.1C
Exler Hum &5%

cone. A 04 NE WAHIDUZZAMAN BHABRAN PLAN , 4™ Floor

Masler 30.7C 85%
Child 30 7C 88%

Lining 30 8C a3%
Lving 30.8C 83%

Exter Temp. 30.50
Exter Hum B2t

cooe: A 04 NW WAHIDUZZAMAN BHABAN PLAM 4" Floor
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Child  21.8C 894%
- T Guest I1.7C 93%

Masier 23170 94%

- Dining 31 9C S4%
Living 31t 8C 94%

Exter Temp 3170
- Exler Hum  94%

cone: BOS N EHL BUILTHNG - 1 PLAN . 8th Floor

&

Child  33.0C 92%
Guest G2 8C 91%

Master 32 0C 91%

Ckming 32,90 91%
- Lving 23220 92%

Exter, Temp 32 8C
Extor, Hum, 971%

B cope: BOT N EHL BUILDING - 1 PLAN - 7th Floor

j Child  330C 92%
— Guest 3A27C 3%
i Masier 2282 S0%
L Dwing 33.1C 94% |

Living 3300 91%
3 Exter. Temp 32 7C
— Exter Hum, S0% h“ JH -

cooe: B4 N EHL BUILDING - §

PLAM * 4th Floor

l._ —_—
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31.9C 32 % Maoster
3200 H2% Guest
JIZ6C 2% Living
I1.8C 2% Dining
319C  91% Chid

Exter, Temp 31.8C
Extor Hum  971%

cope: © 16 NE EHL BUILDING - 2 PLAN : 16th Floar

JJ 31 9C 892% Chibd

[ g... o “:L}.h[ 3210 2% Dining

t i DINING o g .30 9195 Living

L ] e § . A1EC 1% Guest
l:’ e 1 EC 029 Master

y ™ LAANG_RM Exter Temp 3870

]S l GUEST BED Exter Hum 91%

cooe: C 16 SE EHL BUILDING - 2 PLAN * 16th Flaor

F1.6C 92 % Masier
3180 1% Guest
31 8C 91% Lving
31,70 92% Dhning
TS 82% Chiid

Exter, Temp 31 5C
Exter Hum 97%

cone. C 06 NE EHL BUILDING - 2 FLAN 6th Floor
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3 8&C 2% Chid

22.0C 93% Dining

Bttt S

322C 93% Living
A2 20 93w Guest
V0 52% Master

LAING RM,

Extar Termp, 371 8C
camc ek GHEST BED

Exter, Hum, 2%

#

cone: C 06 SE EHL BUILDING - 2 PLAN : 6th Floor

08C 91 % Masler
I TC 92% Guewl
31 1C 93%  Living
3.0 91 Dining

A0 To A2% Chid

Exfer Temg 311G
Exter. Hum. 92%

cooe © 04 NE EML BUILDING - 2 PLAN - 4th Eloor

30.8C 93% Child

30.9C 93% Dining

a0 ac 893% Living
INEC 52% Suest
a0 S8C 894% Masler

Exter. Temp, 30 7C
Exler Mum 92%

cone: C 04 SE EHL BUILDING - 2 PLAN : 4th Flaor



Living 31.1C 94%%

Cheung 31.1C 94%
Child 3080 92%

Master 3080 83%
Guest 31.2C 94%

Extar, Ternp, 3082
Exier Hum 32%

cooe: DO S

Child
Guest

31.8C B5%
31.80C 4%

Master 31.7C 99%

Cining 31 6C 95%
Living 31 8C 9d%

Exlar. Temp. 31.3C
Exfer Hum  94%

cooe. D ﬂ5h S

Chitd
Guest

33,20 95%
33.2C 95%

Master 33 4C 956%

Dining 3322 S4%
Living 334C 95%

Exter. Temp. 33.2C
Exter. Hum  94%

cooe: D04 S

i
|
.-.-"'l
el oy

Eorakrl
;

RAZZTAK COMPLEX

RAZZAK COMPLEX
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PLAN - 7™ Floor

PLAH ' 5™ Flaor

PLAN - 4" Floor

Jl



cooe: E 08 E

cooe: E 06 E

cooe: EO2 E

REZA COMPLEX
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20 3C 855 Child g
29 3C BhY% Master

29.4C 86% Dinng

2040 84% Living
29.4C 88% Guest

Edder Temp. 2820
Exter Hum  84%

PLAN : 8™ Flaaor

29.2C BE% Child
2018 854 Master

29 20 B8% Dinng

29.2C B5% Living
29 3C BEY Guest

Exter. Temp. 29 0C
Exter, Hum  54%

PLAN - 8™ Floor

20.4C B4% Child
28 20 B2% Master

29.3C 85% Diung

25.3C B5% Living
29 3C g4% Guest

Exter. Temp 28.7C
Exter. Hum  B1%

PLAN - 2™ Flaor



cooe- FOT N MOHINAR COMPLEX

—— .'-"E-P"'H_'rﬂ-'r
.| CHELDEED
:II’*-I_ ) -

Y guesTEED |
Coa

.

cooe: FO6 N
1

P vl i 5 2
L= - O+ L . .

CHILD BED

'

r
5

. Wjﬁ‘zﬁ

-n ;
r -
e
SIS i
FER My
posil _Fe |3

cooe- F 04 N

MOHIRAR COMPLEX
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31,42 BRY% Child
31 2C B4% Master

31.5C 85% Dining
31 3C 83% Living
316C B4% Guest

Exter Temp E-31.2C
Warqg
Exler Hom  EW 84%

30 BT BS%L Chald
20 2C 83% Master

30 4C 85% Dming

3028 84% Living
30 6C 85% Guest

Exter, Temp E.30.3C
W-30.2C
Exler, Hum  EW-B4%

PLAN : 5" Flpor

30.5C BAY Child
30,40 O8% Master

307C §7% Dining

30 2C B7% Lwang
IN6C BI% Guest

Exfer. Temp. E:20.8C
WoFo.ec
Exfer, Hum E W.84%

- 4" Floor



Master 31.1C
Gugsl 3000

Chifd 31,20
Ciming 31 3c

Leving 31,50

B4%
E5%

£4%
83%

&4

Exfer. Temp 31.3C
Exler, Hum, 84w

cooe: G 14 l'iw

Masier 30 2C
CGuest 30.2C

Chifd 3020
Diing 301C

Living 30.3C

BE%
83%

B7%
6%

87%

Exler. Tamp. 30 30

Exter. Hum

cooe: G 05 NW

86%

SQUARE TOWER

SQUARE TOWER

e [ L
[} E=r
S—C) !
N
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PLAN : 14™ Floar

PLAN : 5™ Floor



il

cope: 3 02 NW SQUARE TOWER

fyr.
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Masler 30 1C BBY%
Guest 30,20 BBY%

Chifd  30.0C BS%
Chring 2592 8504

Living 29.8C 85%

Exter Ternp 30.8C
Exter Hum  85%

PLAN ¢ 2™ Flaor
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Appendix 4-04 {a} VARIATIONS OF TEMPERATURE IN VARIOUS ROOMS AND
SPACES IN THE LIVING UNITS

ADT 5W
Qo
o
a8 o KLTR)
z — -
o
: LT
u r r r r _ {
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TEMF. in Deg. C
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Appendix 4-04 (b) VARIATIONS OF HUMIDITY IN VARIOUS ROOMS AND SPACES IN THE

LIVING UNITS
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APPENDIX - 03 EXTERNAL VIEWS OF APARTMENT BUILDINGS
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MIN(MUM VENTILATION RATES WHERE DENSITY OF OCCUPATION
IS KNOWN

APPENDIX - 05 :
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MEW METRIC HANDCBOOE Edied by Patricia Tutt and David Adler Published by
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APPENDIX - 05 : HEAT PRODUCTION BY FEOPLE
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e diwm work, ;I::m:ms_ 65
Meary worrk 444

SOURCE - NEW METRIC HAWNDBOOY, Ediled by Patricia Tuft and David Adler Publishod by
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APPENDIX - OF7 INFILTRATION THROUGH WALLS
Talike ‘r'rlrll'il-lralhm thruugh wally in I|!rm'|;n|"\i
11pe Paeviore difTere ke (Yt
s 15 5n F 10
Thee itk plun 1325 uTay 1 T 1ig o
plasizred el AINOT nglr ono? nng
Tikricz plin 0135 i Bk 1n 17 ERE
LT ool il b-iied R o piee
Laih and plastee ] [Nk 51y gy neds  nn:T
SOURGCE : NEW METRIC HANDEDOK Edited by Patficia Tutt and Dawd Adler Publisned by

The Archilectural Press, London 970, Page 384



Appendix Page -39

APPENDIX -08 : WINDOW INFILTRATION CO-EFFRICIENTS
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The Architectural Press, Londen 1970, Page . 3685
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APPENDIX - 10 : RECOMMENDED DESIGN VALLES FOR INTERNAL ENVIRONMENTAL
TEMPERATURES AND EMPIRICAL VALUES FOR AR FILTRATION AND
VENTILATION ALLOWANCES
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{  MECHANICAL VENTILATION RATES FOR VARIOUS TYFES OF

BUILDINGS
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APPENDIX - 12 ; U-vALUES FOR VARIQUS CONSTRUCTION

U ¥alue (Wim' *C)

Mocoial

Const ructen

Shellered  {Stendard) Severe

A External walls, masoory sonstrsction
Arckenrk .
1 Solid wall, unplastersd

135mm 340 -3 16
20mm R 3 24
335mm LK 17 I

7 Mol wall, with LEmm plavier onosids

Tace

ford Wnh dense plisier 5w 2-% 3N iz
Timm 20 210 112
355mm 16 147 [

{E) Wil liphiwcip b plasier Msmm 23 15 27
2N mm 13 19 20
A5 N, 1-4 1:5 14

3 4olid wall, wirh §0pem plasiceboard

Timing fized wr brickwork with plaster dabs
105 mim P 24 L]
20mm 14 14 k3
335mm 1-3 Ln 1.7

4 Caviey wall fuawentdazed] with LOfmm

ouoter wnd fuser leaves with 16w plaster

o inside face ThH0m

fir) With dewze plaster 14 1-5 L&

(& Wwhih hghtweipht plaster 13 I3 13

5 A5 4, bul with 2 1 outer beaf wld

105 mm inner leaf 1T5mm

o) Witk dense plasier 172 112 12

B Wl hpnraeight plosce 1-1 11 L1

Hackwarlfighiweght coreree block

£ Cavrty wall funwonlatedy, with LGS om

brivk cuter leat LOOmA: hghlweight

rancraic kBlock inner feal ool wich Lémm

Jonse plasiel ol insds G LU T TR L IR U

T, Axds, ot with 13ma espanded

molystycetie DORrd in cavaty 4 nd k70 07

faphin iy hr conerpne bluok

9 Solich wall, 150mm verared concrele

block, weth Wi hangiog cxlernally and

with b&mr plisler an nsele Do {105 047 L4

9 Cantly wall [uoveatidaled) wik 7300

aerated gancrete Black vuree leak,

rencteeed externally, 100 MM aerad

corerete hingk tnoer leaf and wilh 1fom

piaster @n nside Taze Shmm cdrny I L-Ed I

Conrrete

W) Cast 150mm 30 R a9
Nomm AE 11 LIE

11 Cast, L50man tlachk, wich 3mm

woddwonl slab pernanerl shulieonng 07

neside Face Frishost wnh Léma dese

plagier L1 11 1

12 Ac 1L T 200mm thick 11 L1 11

1% Prre-canl puneis, Trmim ik iy 4 7 -3

14, As |3, but wilh 30mm cavily and

sardwich lzdng panels. gnmpuesed of Smm

asbgsins-cement sheel, 35 mm esponded

peslynsyrena 1ndd | plastarl=ird oy [ dn 112

15 Brc-edst samdasich ol comaprising

Thom denne coazrein, 23 mm eapaidod

prilytiyrens and { 3Nmo hehtseigh®

onnere Le [l i il
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U Value (W/na? 5

) Fearmnl
Canzdleucthan Sheflered  (Staadard) Sevece
5 Wb mallion prog ctmg msade anal
e
gl cnasiruchon 11 L= 1'f

& L w 2 2
Curuiter wetifog promifiog wal o,
Fendgiegy o el el srnefien £ 500 s Sl
Hle
kOl mullean propeckang ootsicdh, Mish
atrsle
Parc] cormiruciom 1 12 (- I-3
1 17 17 1-4
T Wil mullon profecty insily, and
putsie,
Panel constradion 1 2 ] in
3 7 i ] an
T Gindng, wiibour frame
gl wadow g2iring KRl 5 N
Browihle windsrs glarsne s an s
MRS IRETNCITIN & M1 o In
1 2nn Lk AT n .
forp [l L 1l Mo
dmr [4m) 1 bl g}
Trple windaw gRuzing winh 23 s
Shmm oo nrore 3 10 an 1]
129 Ll 1 1 a2
o [l 2% AT D
lrm [} M 1-0 11
Roo! glazing skylight ' 57 -G 7.0
Hazizantal laylight wilh skylight or lantern
lighs over
Yenntaled 3-5 R} 4.2
Unventilaled 14 3-0 -3
E Typical wlindaws
1) rolues for vlalob
Fraction ol expdure [¥Whn' *C)
AECE Do
Windaw Iygme by frame Sheltercd  Mormal  Severe
Single wlazing
Wood frame 3 14 43 50
Sdecal frame 20N, 3-i 5 T
Deuhle pluaog,
Wowst Frane A0TH, 2-1 5 »T
telecal Erame @it
therana! becak 2 e 32 53
U ¥alue (Wi "0y
MNormal
Consiruetlon Ehelicred  (Srwwlurdd] sovere
F Pliched rools (157 shope)
1. Tiles on baleens, Foofng felr and raliers,
with rocf space aml alunomun linkbackel
Eirmuta plasterboard eming on joiss 14 [ 1h
2, Ax ], bet with boarding on raflers 13 e 13
3 As2 hel with 50mm glass-fbre
insulalicn between pumes O0-bamds N0 =0 il
4 Corrogaled ashestan-cement shevling 53 gl 72
5 Asd, b with cavity ond aluminium
Fodl-backsd Lorans plasieetwiazl oz LE 1% 10
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Consiruction

U Value (Wi’ *C)

Shelterced

Mornml
Cundnrd) Scvere

16, Pre-gast pangls M rmm on umber
bultens and Eraming with 10mm
Plasterbarrd Limmg and 3G mm plass-filee
Insulaticen in caviy

[Assumed 1% acea of glass fibec Taoidged
by timber)

a1

06l

B External walls, [ramed construcibnn
Tie fengray

b O tmber balens and framing wilh
Tumm plisterbuasd mng Somn,
wlvss-fihce wealatgn in the cavty aml
Buldrg paper behind she batns
{Aitumed 10% srea of gligs filre bndge.d
by timber)

Weatherhoardimy

. O bumber frasting with 1itmm
plasiestuaed fening, S0mm ghass-fbee
insulatign in fhe cavity anu buldng papur
behim! the bearding .
[Assumed PO area of glass fibre hodfoca
by mber)

Lorrugated sheerime

- 3mm 1hick achestos-rement
{Ioallowance has besn made fos e ol
enrdugationd an heal ussh

4, As 3, bat with Lavary and @umiaion
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SOURCE ; MEW METRIC HANDROOK Edited by Patricia Tutt and Dawvid Adler Published by

The Architeciural Press, London1970 FPage : 380-397
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APPENDIX - 13 : THERMAL PROPERTIES OF BUILDING MATERIALS.
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SOURCE " NEW METRIC HANDEGOK. Edited by Patncia Tutt and Dawid Adler. Published by
The Archilectural Press, London1870. F'qge - )
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APPENDIX - 14 : SURFACE RESISTANCES OF EUILDING ENVELOPE
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S0OURCE : NEW METRIC HANDBOOK, Edited by Patncia Tutl and David Adler. Published by
Thae Architectural Fress, Landen 1970, Page | 383

APPENDIX - 15 : SURFAGE RESISTANGE OF UNVENTILATED AIR-SOACES
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SOURCE NEW METRIC HAMDBOCK. Ediled by Patnca Tult and David Adler Published by

The Architeciural Press, Londeni197] Fage 393
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APPENDIX - 16 : THERMAL RESISTANCE OB YENTILATED AIR-SPAGES
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SOIRCE ; NEW METRIC HANDBOOK. Ediled by Palnoia Tull and David Adler Publizhed by
The Architectural Press, London1870 Page : 293

APPENDIX - 17 : SOLAR GAIN IN BUILDINGS
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SOURCE - WEW METRIC HANDBOOK Edited by Patncia Tult and Cavid Adier. Published by

The Architectural Press, London1970. Page |, 3893
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