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ABSTRACT

A STUDY OF THE FACTORS FOR THERMAL COMFORT IN RESIDENTIAL HIGI-\-RISE IN DHAKA CITY

SUON BEHARI SARMA,

Living in high-rise apartments has been accepted In "':lOgested busy Cltie. all over th& world and

Bangladesh IS no exception. A few years' back high-rise apartments were considered to have been so

costiy a. to have been owned by th& affluent people only, The recenl developments like reduced price,

availability of bank loan and government programs to accommodate government personnel in multi •• toried

buoldings have paved the ~ for the middle income people to live In such apartments With lhi. change,

however, a new responsibility has been piaced On fue shoulders of the deSigners ot such bUildings While

Ihe alliuent owners could afford to install and maintain costly gadgets 10 moderata climatic adversities, the

new owners and users, being less affluent can neitl1er afford to install nor maintain costly gadgets Also, Ihe

exees.",e uses of such gadgets shouid be discouraged In view of the power crisis In the country, specially in

the large Clues,

The new responsibility that has been placed upon lhe designers of high-rise apartments is to design user-

friendiy, ci,matically comfortable and energy-effldent apartments The succe.s of such design lies ,n lhe

optLmum utilization of natural light and ventilation for ensuflng thermal comfort, This .tudy project was

undertaken to study the existing srtuatlons of climates in.ide high-rise ap.anments One objective was to

understand the current problems and inadequacies, 10conduct stl>dles and investigation to fifld oul causes,

such that deSign guidelines for their improvement can be suggested. The l>enefit of prevailing wind may be

utilized in case of buildiflg, where the designer gets .cope to ma~euver its orientation and configurntion.

This is seldom possible In case of buildings to be constructed on smal~size plots Inside congested bu.y

cities Th. best Ymi to en.ure optimum naturai light and ventilation inside IS \0 have SUitable-sIZed windows

and olher opening' at sUlta.ble locatIOns The architects, ,n general, provide nece.sary opemng. and the

middle-income people are used 10 keep their wLndows open, of course with the use of curtains, for ge\tmg in

natural light and Ir.sh air. and also ror good .iews, With light and air .uch openings .1.0 bring In Ihe exlemal

temperature and humidity. These two important factors of dimalic comfort increase further due to pre.ence

of human Mlng and lheir gadgets. One novel way to keep this internal-extemal variation 'minimum' is to

Intelligently design the opening. by size, iocatLon., fragmen1ation and passive de.lgn elements. Becau.e of

Ihe" natural seltings the rooms at various cardinal 10catLons show dilferenoe in temperature and humidity.

So, MOIher intellLgent Ymi of optimum use of clirnatLc benef~ is to accommodate the appropnate type of

"ctiv~les at the proper location., One objecllve ot this sludy was 10 lind out the climatio charactenstlc, of

room. at .ariou. location. due 10 Iheir natural setlings

This sludy may be consider&d as a 'Po", Occu~ncy OccupatIOn Evaluation (POE) of high-rise apartments

in climatic aspect', that may aoqualnt the de.igners of such apartments 10 have understanding of various

factors responsible and contributing to the creation of 'comtortable' and 'uncomfortable' climatic condition.,

It is expected lhat this understanding would help them to have fue knowledge and underslandlng most

essential for designing 'cllmate-friefldly and energy.effident high-rise apartm""ts for Ih& le••.. affluent users',

"



ACKNOWLEDGEMENTS

I am both grateful and thankful to Dr. Zebun Nasreen Ahmed, Professor Architecture Department,,.
SUET and my supervisor In this project. Her timely advise was of Immense help in completing this

study,

I am thankful to Khulna University Authorities, especially 10 Prof, Nazrul Islam, Ex-Vice

Chancellor, Prof Zafar Reza Khan, Ex-Pro-Vice-chancellor and Prof, M. Abdul Kadlr Bhuyan,

Vice Chancellor for gran!lllg me study leave and extending ail sorts of cooperation I needed. I am

thankful also 10Md. Ali Naqi, Head, Architectural Discipline and Md Mejbah Uddin Ahmed, Acting

Head for their smcere help and cooperation.

Dr. Ehshan of Mechanlcsl Engineering Department and ,n charge of Heat Engine Laboratory,

SUET helped in comparing Thermometers in Heat Engine Laboratory, I am IhankfullO him.

I am grateful to Prof, Dr. M Shah,dul Amin, Prof. Faruq A U. Khan and other teachers of

Architecture Department, BUET for Iheir kind help I am also thankful 10 the Librarian and other

office personnei of Architecture Department.

During my works, espeCially In field surveys many of my friends, who now happen to work, as

architects in established consulting hrms extended their assistance by giVing me Imormation

regarding various aspects of developer's actlvlhes In Dhaka city. They deserve my thanks, Out of

that long list of friends I mention of two names, Md Jahangir and Md Shahnewazullslam. who

so aSSOCiated themselves with my works,

I am also grateful to a vast number of Consulhng firms and Developers, who supplied me

information at their own cost I cannot, however, mention their names because of technical

reasons Some of these companies requested me not 10 mention their names for reasons best

known \0 them.

Thanks may be inadequate 10 express my Indebt ness to Deb Kumar Sarma, my younger brother,

whose help was enormous in quanlity and innumerable In vanelies,

And lastly, I have to thank my family members, specially my wife and daughter, who offered their

best cooperation



TABLE OF CONTENTS

ABSTRACT

ACKNOWLEDGEMENTS

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

PREAMBLE

Ctulptar 1
BACKGROUND

1,0 INTRODUCTION

1.1 OBJECTIVE OF STUDY

1,2 BACKGROUND:
1 2.1 BANGLADESH AND DHAKA CITY;
1.22 GROWTH OF RESIDENTIAL BUIlDINGS IN DHAKA
1.2 3 CLIMATE, REGIONAL CLIMATE AND SITE OR MICRO.CLlMA TE:

(I)ComlX'f'l'l1l5of ClJm8le. (i,) Regional Cllmoteo, (i") S.'e or M«",_CIJm~,
('V) CI,meie 01Ohok~

1.3 TALL BUILDING AND HIGH-RISE APARTMENTS
1.31 TALL BUILDING:
1.3,2 HIGH-RISE APARTMENTS.
1.3,3 PAST INVESTIGATIONS REGARDING MICRO-CLIMATES IN APARTMENTS:

1.4 METHODOLOGY,

1 5 CONCLUSION

C~apterZ
CLIMATE

20 INTRODUCTION

2,1 TROPICAL CLIMATES
(f) warm Humid CI,mare, (Jt) W""" Humid Island CIJmme
(tii) Hot-Dry D.oert Climate. (IV) Hoi-Dry M.O!Jme ae..rl
Cllmaia, (v! Comp""le Or Moos<><» CI,maie, (Vl)TroplC.1
Upland CI,mai6

2.2 MICROCLIMATES

2.3 STUDIES ON MICRO-CLIMATES IN DHAKA CITY
2.3,1 HISTORICAL STUDY OF CLIMATES OF DHAKA:
232 STUDIES ON MICRO.CLlMATES IN DHAKA CITY:

(I) Korm<Okar8t .1'. <Judy"" ProIxrl,.I", E,ttemol"", I" 1993
(iIJ. Has","n et ai 's study DJl D,SCMlIc<t 1M"" In 19(13.
(I,,) Ho •• a,", E. et oJ'. study DJl GenOlllI Climate
(IV) Kilaieque ot ai', .ludy onMicro-Cli_leo af Dhaka City.

"
"



2,4 CLIMATIC COMFORT
2,4,1 MAHONEY'SCf-lART,
2,4.2 ACTIVITY CHART;

25 GLOBAL WARMING AND BANGLADESH

26 CONCLUSION

Chapt8r3
RESIDENTIAL HIGH RISE IN DHAKA CITY

3.0 INTRODUCTION

3,1 TRANSFORMATIONS OF HOUSES THROUGH AGES

3.2 SHELTER
(I) M""oric Bra"," K",er, (II) Swart, !<i') Rapoport (w) S<imuel Aron"
(v)WMd Heailh Or(I.",Z~I1oo, (YJ)!rft"",<lticnfJi Planning Asso"ates,
(ViI) V31l<Ouver COllie",n"", 00 Human ~WSm<Tfl18

3,2,1 SHELTER POLICY OF THE GOVERNMENT OF BANGLADESH
(a) Conso!/dion oflhe Poop",', RepubliC of B~"gJaclesh,
(b) F,M F,ve_y"'" Pion 1997,2002, (0) Dreft NailOllai Hou,"ng Polioy 1993

33 RESIDENTJAlACCOMMODATION IN DHAKA CITY
331 SITUATION OF RESIDENTIAL ACCOMMODATION IN DHAKA CITY
3,3.2 GOVERNMENT MEASURES TO MEET DEMAND FOR ACCOMMODATION

(I) 1M AM F,ve-yo,," PI"" 1997_2002:
(it) Dr.lff N.~onal Housmg Policy 1993 (A'm. and objeoh_, Sirateg,os, Poi""",)
("'!Bonglad •• " NailOlloi Buildmg Code HI9J, ('v) Buildrng C"",I",oIlOO Act 1996:

3.4 HIGH.RISE AND TAll BUilDINGS
3.4.1 HIGH-RISE BUilDINGS:
342 TAll BUilDINGS

3,5 HIGH.RISE RESIDENCES IN Df-lAKA
3.5,1 CONTEXT OF GROWTH OF HIGH.RISE RESIDENCES,
3.52 REASONS BEHIND THE GROWTH OF HIGH-RISE RESIDENCES,
3,5.3 CONTROLLING & REGULATORY MEASURES IN GROWTH OF

BUilT-FORMS IN DHAKA CITY
(i) BUILDING CONSTRUCTION ACT -1996'
(ii) BANGLADESH NATIONAL BUILDING CODE -1993:

(a) Purpore, fb) AppI",aIIOlls, (e) Object,ve (d) Scope,
(s) Clas.i~catron m 0<I0/9nal"'" offl<lt, (~) External open/n9,
i"! Opan 'Paor>, (0 Inremal caurlyaro W Comm"n~y spaC<>,
(k) HeJfIht afroom" (') OJ/nell'''''''' ofrooms, (m) l.""atron of
/>au", I",/,~Clc .(") Shaft" (0)VenNaIlon, Irghtm9 and
"""nalioo, (p)Am;rega18 ._ %pemng

3,6 CLIMATE IN HIGH RISE BUILDING. ,.
(I) D,r»cI aace38 mu/tj..•''''J' apartments "'Ih two units per """",aso,
Common,. On G,voni'. 3l>ove s'atement, M Toleronco of o"E'rllaIJorr comm""ls
on G,vorl'" statement. r"!Multi--8to!ybu,ldlng' with IOOll> I~"" two un~s por
8tai",~so, Commenl5 00 G"",m's IlIatomoor.

3.6.1 HIGH-RISE TOWER BUilDING'
3.S.2 ENVIRONMENTAL IMPACTS OF HIGH.RISE BUilDINGS:
3,6.3 ENVIRONMENTAL CONDITIONS IN THE HIGH.RISE BUILDINGS:

3.7 CONCLUSION



Chapter4
THE INVESTIGATION

4.0 INTRODUCTION

4,1 METHODOLOGY

4.2 SELECTION OF BUILDINGS AND LIVING UNITS
4,2.1 SELECTION OF BUILDINGS BY MICROCLIMATIC VARIATIONS
4.2.2 SELECTION OF LIVING UNITS DEPENDING ON DURATION OF STAY
4,2.3 BUILDINGS AND LIVING UNITS SELECTED'

43 QUESTIONNAIRE
4,3.1, ABOUT THE QUESTIONNAIRE:
4,3.2 USER'S RESPONSES;
43.3 ENUMERATOR'S COMMENTS

4.4 INSTRUMENT FOR MEASUREMENT
44.1 SAMPLE TESTS WITH THE INSTRUMENT:
4,4.2 MAXIMUM AND MINIMUM CHANGES OF TEMPERATURE

AND HUMIOITi IN HALF HOURLY MEASUREMENT,
4,4,3 VALIDATION OF READINGS OF THERMO-HYGRO CLOCK

WITH STANDARD THERMOMETERS

4.5 BUILDINGS AND LIVING UNITS SURVEYED
4.51 LOCATIONS OF BUILDINGS AND SITE PLANS
4.52 DESIGNATING ROOMS OF THE LIVING UNITS

4,6 MEASUREMENT OF TEMPERATURE

ra) Ouldoor l"",p.r.>I~", «Igro~nd level arouml the butlding, (b) Indoo,
l8,"p.rar~", in '00'"' ""d spaces, Ie) Eylom<>l'."'p".",'"

4 7 MEASUREMENT OF HUMIDITY

4,8 RECORDING OF USER'S RESPONSES
46.1 USER'S RESPONSES IN THE LIVING UNIT
4,8.2 USERS' RESPONSES IN ROOMS
4,83 SUMMARY OF USERS' RESPONSES

4.9 RECORDING OF ENUMERATOR'S RESPONSES
4,9.1 SUMMARY OF ENUMERATOR'S CLIMATIC RESPONSES

410 OTHER OBSERVATIONS

411 CONCLUSION

ChapterS
ANALYSIS OF FINDINGS

"

'"'

'"'
'"'
'""

5,0. INTRODUCTION 110

5,1 CLIMATIC ANALYSIS OF LIVING UNITS 111
5,1.1 ANALYSIS OF INTER.SPACE TEMPERATURE VARIATIONS'
5.12 LEGENDS AND CODES USED FOR IDENTIFICATION:
5.1.3, FINDING OUT INTER-SPACE TEMPERATURE VARIATION
5.1,4 IDENTIFYING LIVING UNITS WITH 'CON' (CONSIDERABLE) CATEGORY OF

TEMPERATURE VARIATION: .
51 5 RELATING UNITS UNDER 'CONSIDERABLE RANGE OF TEMPERATURE

VARIATION WITH THEIR (a) CARDINAL AND (b) VERTICAL POSITIONS,



5.1,6 IDENTIFYING LIViNG UNITS SHOWING 'NEG' (NEGLIGIBLE) RANGE OF
TEMPERATURE VARIATION

5,1.7 RELATING UNITS UNDER 'NEG' CATEGORY TEMPERATURE
VARIATION WITH THEIR (a) CARDINAL AND (b) VERTICAL POSITIONS

5.1,6 ANALYSIS OF INTER-SPACE HUMIDITY VARIATION'
5.1,g IDENTIFYING LIViNG UNITS WITH 'HIGH' INTER-SPACE VARIATION

OF HUMIDITY
5.1.10 RELATING LIVING UNITS WITH 'HIGH' CATEGORY OF HUMIDITY

VARIATION WITH (a) CARDINAL AND (8) VERTICAL LOCATIONS
5 1 11 IDENnFYING LIViNG UNITS SHOWING 'LOW INTER-SPACE VARIATION

OF HUMIDITY ,
5.1,12 RELATING liVING UNITS SHOWING 'LOW HUMIDITY VARIATION WITH

THEIR CARDINAL AND VERTICAL LOCATIONS
51.13 ZERO INTER-SPACE VARIATIONS OF HUMIDITY'

5,2. CLIMATIC ANALYSIS OF ROOMSiSPACES
5.2.1 CATEGORIZATION AND CODING OF RELATED FACTORS,
5.2.2 'AVERAGE' TEMPERATURE AND VARIATION OF TEMPERATURE

FROM THE AVERAGE:
5.2.3 CATEGORIZATION AND CODING OF TEMPERATURE VARIATIONS
5.24 'MODERATE' HUMIDITY AND VARIATION OF HUMIDITY FROM

MODERATE IN EACH ROOM
525 CATEGORIZATION AND COOING OF HUMIDITY VARIATIONS,
5,2.6 CODING OF CARDINAL LOCATION.
5.3,7. CODING OF VERTICAL POSITION

5,3 IDENTIFICATION OF 'HOT. AVERAGE, COOL' AND 'DRY, MODERATE,
WET ROOMS

5.31 SPECIFYING CARDINAL AND VERTICAL LOCATIONS OF ROOMS
UNDER 'HOT' RANGE.

5.3,2. ESTA8L1SHING RELATION OF HOTNESS WITH CARDINAL AND
VERTICAL POSITION,

5.3,3 IDENTIFYING 'COOL' CATEGORY ROOMS/SPACES:
5.3.4. ESTA8L1SHING RELAnON OF COOLNESS WITH CARDINAL OR

VERTICAL POSITION:,

5,4 IDENTIFICATION OF DRY, MODERATE AND WET ROOMS.
54.1 IDENTIFICATION OF DRY ROOMS
5,4.2 RELAnNG 'DRY' ROOMS WITH THEIR CARDINAL AND VERnCAL

POSITIONS
5.4,3 IDENTIFYING 'WET' ROOMS.
5.4.4 ESTABLISHING RELATIONS OF WET ROOMS WITH CARDINAL ANO

VERTICAL POSITIONS

5.5 IDENTIFICATION OF BOTH 'COOL AND DRY' ROOMS/SPACES
55.1 ESTABLISHING RELATIONS OF 'COOL AND DRY' ROOMS WITH

CARDINAL AND VERnCAL POSITIONS

5,6 INSTRUMENTAL FINDINGS AND USERS RESPONSES
5,6.1 SUMMARY OF COMPARISON OF 'FAVORABLE ROOMS"
5,6.2 CARDINAL LOCATIONS OF 'FAVORABLE' ROOMS BY INSTRUMENTAL

MEASUREMENT AND THOSE BY USER'S CHOICE,
5.63. RELATING 'PREFERABLE ROOMS' WITH THEIR CARDINAL LOCATIONS:

5,7 INTERNALANO EXTERNAL CLIMATES
5.7,1 INTERNAL AND EXTERNAL TEMPERATURE VARIATION:
5.72 INTERNAL-EXTERNAL TEMPERATURE VARIATION AND

CARDINAL DIRECTIONS
5,7.3 RELATING INTERNAL-EXTERNAL TEMPERATURE VARIATION

WITH CARDINAL DIRECTION
574 INTERNAL-EXTERNAL TEMPERATURE VARIATION AND VERTICAL

POSITION

'"

m

''"

'"
,..
'"



5,7.5 RELATING INTERNAL-EXTERNAL TEMPERATURE VARIATION WITH
VERTICAL POSITIONS

5.7.6 COMPARISON OF EXTERNAL TEMPERATURES BY METEOROLOGICAL
DEPARTMENT AND THAT BY MEASUREMENT

5.7.7 SUMMARY OF COMPARISON OF EXTERNAL TEMPERATURES BY
METEOROLOGICAL DEPARTMENT AND BY MEASUREMENT

5.7 BANAL YSIS OF INFORMATION AND SUGGESTIONS GIVEN BY THE USERS
(I) PROBLEMS OF HAVING UNCOMFORTABLE CLIMATIC CONDITION INSIDE
(II) PROBLEMS IN INTERNAL CLIMATES DUE TO CHANGES IN THE
SURROUNDING AREAS
(III) PROBLEMS OF WARM, HUMID AND SUFFOCATING CONDITION

IN ROOMS AT CENTRAL LOCATION
(iv) PROBLEMS OF RADIATION OF HEAT FROM THE ROOF
M PROBLEMS OF KEEPING THE WINDOWS OPEN
(vi) NATURAL LIGHT IN ROOMS:

5.B CONCLUSION

Chapter6
CONCLUSION

60 INTRODUCTION

6.1 CONCLUSIVE FINDINGS
6.11 INSTRUMENTAL MEASUREMENTS AND ANALYSIS OF THE FINDINGS.

, Trend at Inl¥_Spa-oe Temper.Nu'" Van.aO{) in uvm!! UMs,
,i Trend at Intor-Sf"lC<> Humidity V.notion m Uving Unih!.,"i Trend at
Tomperature V"".I,oo. of Room«lSp.""", Iv Tremi of Hum,djly

Vonol"",. of Room«lSpaco" v. Trend at Combined
ro.,parature.HumldJty V.nai,an In Cardinal om! VMicBl Loclllion.,
vi Comparison ofth. Variahons of In/I>m.I-&:Iemoi T""'f"ludu",.

6.1,2 DISCUSSION WITH AND COLLECTION OF INFORMATION FROM
THE USERS' (i) ProJ:iIem.of havJng uncomfortable d,.,alio cond,ban Imide,
(Ii)Probiem. In ,"~al climare,duo to 011_ In tne w""uodlng """",
r,i!Problem. of warm,humid om! su_a~ng wnrna"" in th~ "'om •• t cenlral

1"",,_ (.v) p",Of""', of radioIlon <>!he8ffrom tfJ~n><>I;(v) Problems ofk"'p'og
"'ndo ••• open, (VI) P;cb1em. of lighting ,"'<de ",om.

62 RECOMMENDATIONS

6.3 CONCLUSION

List of Tables

Chapter 1
Table 1_01, INTER-CENSAL URBAN POPULATION GROINTH OF

BANGLADESH 1901-2001

Table 1_02: ANNUAL URBAN GROINTH IN SARC COUNTRIES

ChlIpter 2
Table 2-01: VARIATION OF AIR TEMPERATURE IN COMPOSITE OR

MONSOON CLIMATE

Table 2-D2 WIND VELOCITY GRADIENTS
Table 2-03, CHANGES IN MEAN MONTHLY TEMPERATURE AND

HUMIDITY OF DHAKA CITY THROUGH 173 YEARS

Vlll

'"'
'"

m

'"



Table 2-(>4' : DISCOMFORT INDEX FOR DHAKA FOR 1991-92 AT
600 AM, BANGLADESH STANDARD TIME"

Table 2-05 : DISCOMFORT INDEX FOR DHAKA FOR 1991-92 AT 6,00 P M

Table 2-06 INSULATING EFFECT OF MAN'S CLOTHING",.

Table 2-07 ,APPROXIMATE METABOLIC RATE FOR VARIOUS ACTIVITIES

Table 2-06 'RANGE OF APPLICATION OF PHYSIOLOGICAL INDICES

Table 2-09 : HUMPHREY'S MONTHLY NEUTRAL TEMPERATURE AND
COMFORT ZONE IN DHAKA IN 1987

Table 2-10 : COMPARISON OF INDOOR COMFORT TEMPERATURES

Chapl"r 3
Table :3--01: STATE OF DWELLING UNITS (HOUSES) BY MATERIAL OF

WALL AND ROOF IN DHAKA CITY

Table 3-02 DHAKA CITY' POPULATION, AREA AND POPULATION
DENSITY FROM 1951-2001

Table 3-03: PERCENTILE VARIATION OF POPULATION, AREA
AND DENSITY IN DHAKA CITY THROUGH 1951 - 2001

Table 3-04' LAND VALUE INCREASE IN DHAKA CITY, 1974-199(j..2000

Table 3_05 : OPEN SPACE TO BE PROVIDED ON THE REAR AND TWO SIDES ..

Table 3--06 MINIMUM SIDE AND REAR OPEN SPACE REQUIREMENT

Table 3-07 , BUILDING HEIGHT AND INTERIOR COURTYARD REQUIREMENT

Table:>-oo: BUILDING HEIGHT, MIN. CROSS-SECTIONAL AREA
AND MINIMUM WIDTH OF SHAFT

Table 3-09 MINIMUM AGGREGATE AREA OF OPENINGS IN THE EXTERIOR WALLS

Chapter 4
Table 4-01 ,BUILDINGS AND LIVING UNITS SELECTED

Table 4_02 : ONE HOUR INTENSIVE CHECK WITH THERMO-HYGRO
CLOCK TO FIND OUT THE RATE OF CHANGE OF
TEMPERATURE WITH TIME

Table 4-02(a)' ONE.HOUR INTENSIVE CHECK WITH THERMO-HYGRO
CLOCK TO FIND OUT THE RATE OF CHANGE OF
HUMIDITY WrTH TIME

Table 4-03' HALF-HOURLY VARIATION OF TEMPERATURE AND
HUMIDITY IN 10 HOURS

Table 4_04: HALF-HOURLY VARIATIONS OF TEMPERATURE AND
HUMIDITY IN FOURTEEN AND HALF HOURS,



Table 4-05 : COMPARISON OF READINGS BY THREE THERMOMETERS.

Table 4.06 : BUILDINGS AND LIVING UNITS WITH LOCATIONS, DATE
AND TIME OF SURVEY AND CODES.

Table 4.07 TEMPERATURE RECORDED

Table 4-08 : HUMIDITY RECORDED

Table 4-09: USERS' RESPONSES REGARDING THEIR LIVING UNIT

Table 4-10; USERS' RESPONSES IN ROOMS

Table 4-11: SUMMARY Of USER'S RESPONSES

Table 4-12; ENUMERATORS' RESPONSES

Table 4-13 SUMMARY OF ENUMERATOR'S CLIMATIC RESPONSES

Chapter 5
Table 5.j)j : CODES OF APARTMENTS OR liVING UNITS

Table 5-02' MAXIMUM MINIMUM TEMPERATURES AND
INTER-SPACE VARIATIONS IN LIVING UNITS

Table 5.03: CARDINAL lOCATION AND VERTICAL POSITION
OF LIVING UNITS WITH CONSIDERABLE ('CON')
RANGE OF VARIATIONS OF TEMPERATURE ..

Table 5.04, FREQUENCY OF CONSIDERABLE INTER-SPACE
VARIATIONS OF TEMPERATURE IN CARDINAL lOCATIONS

Table 5-05: FREQUENCY OF CONSIDERABLE INTER-SPACE
VARIATIONS OF TEMPERATURE IN VERTICAL POSITIONS.

Table 5-06' CARDINAL LOCATION AND VERTICAL POSITION OF
LIVING UNITS SHOWING 'NEG' (NEGLIGIBLE) RANGE
OF TEMPERATURE VARIATION

Table 5.07, FREQUENCY OF CONSIDERABLE INTER-SPACE
VARIATIONS OF TEMPERATURE IN CARDINAL DIRECTIONS

Table 5-08: FREQUENCY OF CONSIDERABLE INTER.SPACE
VARIATIONS OF TEMPERATURE IN VERTICAL CATEGORIES

Table 5-09: MAXIMUM, MINIMUM & VARIATIONS OF HUMIDITY IN LIVING UNITS

Table 5-10: LIVING UNITS WITH 'HIGH' CATEGORY INTER-SPACE
VARIATION OF HUMIDITY AND THEIR (a) CARDINAL
LOCATIONS AND (b) VERTICAL POSITIONS

Tabla 5-11 : FREQUENCY OF HIGH INTER-SPACE VARIATIONS
OF HUMIDITY IN CARDINAL LOCATIONS

1able 5-12: FREQUENCY OF HIGH INTER.SPACE VARIATION
OF HUMIDITY IN VERTICAL CATEGORIES

Table 5_13, LIVING UNITS WITH 'LOW CATEGORY OF INTER-SPACE
VARIATION Of HUMIDITY AND (a) CARDINAL LOCATION
AND (b) VERTICAL POSITION OF UNIT

'"
'"

'"
'"

'"
'"

""

'"
'"



Table 5.14 FREQUENCY OF 'LOW INTER-SPACE VARIATION OF
HUMIDITY IN CARDINAL LOCATIONS

Table 5.15: FREQUENCY OF 'LOW INTER-SPACE VARIATION
OF HUMIDITY IN VERTICAL LOCATIONS

Table (;-16: UVING UNITS WITH 'LOW' INTER_SPACE VARIATION
OF HUMIDITY AND CARDINAL LOCATION AND
(b) VERTICAL POSITION

Table (;-17: AVERAGE TEMPERATURE I>VARIATIONS OF
TEMPERATURES IN ROOMS AND SPACES

Table (;-16' CATEGORY, RANGE AND CODE OF TEMPERATURE
VARIATIONS

Table (;-19' MODERATE HUMIDITY & VARIATIONS OF HUMIDITY
IN ROOMS AND SPACES

Table (;-20: CATEGORY, RANGE AND CODE OF HUMIDITY VARIATIONS,

Table (;-21 : LEGENDS OF CARDINAL LOCATIONS OF ROOMSfSPACES ..

Table 5-22, IDENTIFICATION OF 'HOT, AVERAGE, COOL' AND
'DRY, MODERATE, WIT CATEGORY ROOMS

Table (;- 23 :CARDINAL LOCATION AND CATEGORIES OF VERTICAL
LOCATION OF RooMSfSPACES UNDER 'HOT' RANGE

Table (;-24: NUMBER AND PERCENT OF 'HOT' CATEGORY ROOMS
IN VARIOUS CARDINAL LOCATIONS

Table 5-25' NUMBER AND PERCENT OF 'HOT' CATEGORY
ROOMS IN VARIOUS VERTICAL CATEGORIES

Table 5-26: RELATION BETWEEN 'HOT' CATEGORY ROOMS
AND CARDlNAL LOCATIONS

Table 5-27: RELATION BETWEEN 'HOT' CATEGORY ROOMS
ANO VERTICAL CATEGORIES

Table 5-28: CARDINAL LOCATION AND CATEGORIES OF VERTICAL
LOCATION OF ROOMS UNDER 'COOL' CATEGORY

Table 5-29: NUMBER AND PERCENT OF 'COOL' CATEGORY
ROOMS IN VARIOUS CARDINAL LOCATIONS

Table 5.30. NUMBER AND PERCENT OF 'COOL' CATEGORY
ROOMS IN VERTICAL CATEGORIES

Table 5-31' RELATION BETWEEN 'COOL' CATEGORY ROOMS
AND CARDINAL LOCATIONS

Table 5.32: RELATION BETWEEN 'COOL' CATEGORY ROOMS
AND CATEGORY OF VERTICAL LOCATlONS

Tabla 5-33' CAROINALAND VERTICAL POSITIONS OF
ROOMSfSPACES UNDER 'DRY' CATEGORY

Table 5-34' NUMBER AND PERCENT OF 'DRY' ROOMS IN
VARIOUS CARDINAL LOCATIONS

'"

'"

'"
'"

'"
'"

'"

•

•



Table 5-35: NUMBER AND PERCENT OF 'DRY' ROOMS IN
VARIOUS VERTICAL CATEGORIES

Tabla 5-36, RELATION OF 'DRY' ROOMS WITH CARDINAL
LOCATIONS

Table 5-37: RELATION OF 'DRY' ROOMS WITH CARDINAL
AND VERTICAL POSITION

Tabla 5-38: CARDINAL LOCATIONS AND VERTICAL POSITIONS
OF ROOMS/SPACES UNDER 'WET' CATEGORY

Tabla 5.39: NUMBER AND PERCENT OF 'WET' ROOMS IN
VARIOUS CARDINAL LOCATIONS

Table 5...J,O:NUMBER AND PERCENT OF 'WET' ROOMS IN
VARIOUS VERTICAL CATEGORIES

Table 5-41 RELATION BETWEEN WET ROOMS AND CARDINAL
LOCATIONS

Table 5-42 RELAnON BETWEEN 'WET' ROOMS AND VERTICAL
CATEGORY

Table 5-43: CARDINAL LOCA'rION AND VERTICAL POSITIONS
OF 'COOL AND DRY' ROOMS/SPACES .....

Tabla 5~: NUMBER AND PERCENT OF COOL AND DRY'
CATEGORY ROOMS IN VARIOUS CARDINAL LOCATIONS

Table 5.45: NUMBER AND PERCENT OF 'WET' CATEGORY ROOMS
IN VARIOUS VERTICAL CATEGORIES

Tabla 5-46: RELATION OF 'COOL+DRY'ROOMS/SPACES WITH
CARDINAL LOCATIONS .

Table 5-47' RELATION OF 'COOL+DRY'ROOMS/SPACES
WITH VERTICAL POSITIONS

Table &-4ll: COMPARISON BETWEEN ROOMS FAVORED
BY INSTRUMENT AND BY THE USERS.

Table 5.49 COINCIDENCE BETWEEN USERS' PREFERENCE
AND INSTRUMENTAL MEASUREMENTS

Table 5.50, CARDINAL LOCATIONS OF ROOMS FAVORED BY
INSTRUMENT AND BY USER'S CHOICE ,..

Table 5-51, PERCENT OF TOTAL AND NUMBER OF PREFERABLE
CATEGORY ROOMS IN VARIOUS CARDINAL LOCATIONS

Tabla 5-52' EXTERNAL AND INTERNAL TEMPERATURE _

Tabla :;'53 : VARIATION OF EXTERNAL AND INTERNAL TEMPERATURE

Tabla 5-54 NATURE AND EXTENT OF VARIATION OF INTERNAL
AND EXTERNAL TEMPERATURE IN FOUR CARDINAL
DIRECTIONS

Table 5.55, NATURE OF EXTERNAL.INTERNAL TEMPERATURE
VARIATION IN FOUR CARDINAL DIRECTIONS

'"

'"

'"

'"
'"

'"
'"
'"
'"
'"

'"
""

'"
'"



Table 5-56 ' NATURE AND EXTENT OF VARIATION OF INTERNAL ANO
EXTERNAL TEMPERATURE IN FOUR VERTICAL CATEGORIES '"

Table ", EXTERNAL-INTERNAL TEMPERATURE VARIATION
IN FOUR VERTICAL CATEGORIES. '"

Table 5-56: COMPARISON OF EXTERNAL TEMPERATURES BY
METEOROLOGICAL DEPARTMENT AND THAT BY
MEASUREMENT ... ,~

Table 5- 59: NATURAL LIGHTING AT CENTER AND NEAR WINDOW OF ROOM m
Table 5. 60: SUMMARY OF NATURAL LIGHTING AT CENTRAL AND

PERIPHERAL ROOMS ... ".
Chapter 6
Table 6-01 , INTER-SPACE TEMPERATURE VARIATIONS

Ta~le 5--02: INDICATORS FOR INTER-SPACE TEMPERATURE VARIATION

Table 5 03: RELATION BETWEEN INTER.SPACE TEMPERATURE
VARIATION AND CARDINAL AND VERTICAL LOCATIONS
OF LIVING UNITS.

Table 6.04. INDICATOR OF INTER-SPACE HUMIDITY VARIATION

Table 6-05 RELATION BETWEEN INTER-SPACE HUMIDITY
VARIATION AND CARDINAL AND VERTICAL LOCATIONS
OF LIVING UNITS.

Table No. 6,05: CARDINAL LOCATIONS OF ROOMS (FROM HOT TO COOL)

Table No. 6--ll7' VERTICAL LOCATIONS OF ROOMS (FROM HOT TO COOL)

Table No, 6-08 :CARDINAL LOCATIONS OF ROOMS (FROM DRY TO WET)

Table No 609 VERTICAL LOCATIONS OF ROOMS (FROM DRY TO WET)

Table No 6.10 CARDINAL LOCATION OF COOL + DRY ROOMS ...

Table 5 -11 : COMPARISON OF EXTERNAL INTERNAL TEMPERATURES

Listof Figures:

figure 2-01 - CHANGE OF TEMPERATURE OF DHAKA CITY IN 173 YEARS

Figure 2_02 - CHANGE OF HUMIDITY OF DHAKA CITY IN 42. YEARS.

Figure 3-01 INTER--CENSAL INCREASE OF POPULATION IN NUMBER

Figure 3--02: INTER-CENSAL INCREASE OF AREA OF DHAKA CITY
INSQ.KM .

Figure 3-03: INTER-CENSAL INCREASE OF POPULATION DENSITY
IN PERSONS PER sa KM

X1I1

'"
'"

'"

'"
'"

"



Figure 3.-1)4 PERCENTILE VARIATION OF POPULATION, AREA AND DENSITY IN
DHAKA CITY THROUGH 1951 "2001

Figure 3-05 LAND PRICE IN TAKA PER KATHA IN VARIOUS AREAS OF DHAKA CITY
IN BETWEEN 1974 TO 2000.

Figure 4-01' TEMPERATURE VARIATIONS IN ONE HOUR SHOWN IN GRAPH

Figure 4.02 HUMIDITY VARIATIONS IN ONE HOUR SHOWN IN GRAPH

Figure <Hl3 HALF-HOURLY VARIATIONS OF TEMPERATURE
IN TEN HOURS.

Figure 0\-.1)4 HALF-HOURLY VARIATIONS OF HUMIDITY IN TEN HOURS

Ftgure 4.05 HALF_HOURLY VARIATIONS OF TEMPERATURE
IN FOURTEEN AND HALF HOURS .. ,

Figure 4.06 HALF_HOURLY VARIATIONS OF HUMIDITY IN
FOURTEEN AND HALF HOURS

Figure 4.06a. SITE PLAN _01 ,APARTMENT "A" (WAHIDUZZAMAN BHABAN) AT 52 BK
DAB ROAD, DHAKA.

Figure 4.07 SITE PLAN -02: APARTMENTS "B" (EHL_1) AND "C"(EHL-2) AT
SHANTINAGAR, DHAKA.

Figure 4-00 SITE. PLAN - 03' APARTMENTS "0" AND "E" AT ELEPHANT ROAD,
O~~

Figure 4.09 SITE PLAN. 1)4: APARTMENT "F" (MOHIHAR, SHELTECH) AT FARM GATE,
DHAKA ... ,

Figure 4-10 SITE PLAN. 05' APARTMENT "G" (SQUARE TOWER) AT MiRPUR ROAD,
DHANMONDI, DHAKA

••

Figure 4-11 NATURAL SETTINGS OF ROOMS OF AN APARTMENT 99

---- ----- ------- ----

••



PREAMBLE

The principle objective of this war\< as outlined in Ihe proposal was "to find out factors responsible

for the climatic comfort and discomfort in high-rise residential bUildings in various locations of

Dhaka city, The study IS also expected 10 reveal if there exisls any relationship between the

inhabltanls' feelings of climatic comfort and the loealions/orientatlons of the rooms, architectural

design, matenals, finishes etc"

For the purpose of Investigation and sludies of mlcrocllmates in various rooms and spaces of

high-rise residential buildings 27 liVing units in 7 bUildings located at 5 different locations were

selected. The five locations of bUildings were (01) Old Dhaka adjacent to Bunganga river to

study the effect of the rIVer as additional element, (02) Shantinagar an the north of a busy road

and wothin agglomeration of bUildings (03) Elephant road - on the north of the busy commercial

road, (04) Farm gate: an area a-Nay from busy commercial road and Within agglomeration of

hlgh-nse buildings and (05) Dhanmondl residential area: on the east side of a busy road. Ali

these areas have got dlslinctively different site influences to have refiectlons on micro-climates,

The electronic Hygro-thermometer Clock was used for recording temperature and reiative

humidity, Also a questionnaire was used to record the commenls of the users regarding their

feeling of mIcroclimate inside the rooms, such lhatlhose could be compared with the measured

ones

Chapter One presents a background for this Investigation and study and includes in brief, such

Information like how the habilatlon of city changed from detached Independent rural house to iow-

rise bnck building, to four stoned "one-stair -serving-two' type apartments to the present high-nse

tower bULldings, how the cl,mate changed through years With gradual disappearance of green and

oplln spaces, fields, water bodies etc" how numerous industries and motorized vehicles

Influenced the city's climate and hawaii these factors created numerous small regions with

independent macro-climates throughout the clty_



The Second Chapter deals with the vanous aspects of climate in general and thet 01Dhaka city in

particular, as a basis lor understanding 01 the problem to be addressed in th,s work It also

mentions brief findings of some works on the climate 01 the city, conducted In recent years by

some researchers

The Third Chapter deals with various aspects ofhabitation end residential buildings, including the

role of architectural design elmed at satisfYing user's needs, comfort 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 01 apartments as a business. It also mentions the Urban

Construction regulations and bye-laws, which have relevance with climatic comfort of the users,

Chapter Four deSCribes how the investigation was conducted as per pre-determined

methodology. It may be mentioned that as per initial proposal various information regarding the

construction materials, internal color, linishes, furniture etc, were collected However, It was later

found that those were not much releventto the investigation, since those were found to have little

effect towards the mlcro-climates inside the rooms.

Chapter Five presents the analysis of the findings that were made Lnorder to find out whether any

reletion of climaticcond,tion can be establlshedwLlh the vertical position end honzontallocetion of

the room under study, whether or how lar the instrumental readings match with users'

preferences and so on. it also describes some 'unusual observatIOns' as observed during

investigation and also presents probable explanations for those.

In Conclusion, attempts have been made to use up the findings and analysis such that those may

be of use by the deSigners in their endeavor to design climatically beller and comfortable

apartments within the current bindings and limitations,
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Chapter 1
BACKGROUND

1.0 INTRODUCTION:

Dhaka, being the capital of Bangladesh is the most Important City of the country. In addition to

housing the central administrative and institutional facilities, the city now accommodalas nearly

10 million people (Population Census 2001) on an area 011533 square kilometers (Urban Area

Report 1997). These statistics have been presented in more details in respective Chapters,

However, .the above two figures Indicate density of about 6,500 persons per Square Kilometer. A

considerable portion of tand of the city is now u"der the control 01 law-enforcing authorities and

thal,n fact results in hlgher denSities In habitable areas Pressure of population on limited land

has ,nitiated construction of multi-level buildings lor habitation in the City, High_rise apartment

~uildings are now common scenes, According to the Climatologists. the growth of high_rise

bUlldLngs at close proxlmily and the use or vehicles have changed the general c,ty climate and

have created numerous micro-climates in some areas It is obvious that such changed micro-

climates affect the ctimates Inside the adjacent habitable buildings

The subjects to be discussed in this Chapter include such tOP'CS as Objective 01 study,

Background Information regarding Bangladesh and Dhaka City, Habitable uSes of tall and high_

rise bUildings with special leference to climatIc contexts, Melhodology for Investigation etc

1.1 OBJECTIVE OF STUDY:

The objectIve of Ihis study as outlined in the proposal for studies was to lind out the climatic

condltiorts InsIde rooms and spaces of high-rise buildings, to find out if lhose al higher altitudes

vary from that at the lower levels, il there exists any relationship between the inhabitants' feelings

of climatic comfort and the locatiorjlorientatlon of the rooms, their architectural deSign, matenals,

fimshes etc.



1.2 BACKGROUND,

A brief background regarding Bangladesh and Dhaka city, the vanous contexts and reasons

behind the growth of residential bUildings in the City, the factors affecting cilmate and micro-

climate inside lhe city etc. will be discussed hereunder, HOW€lver,the ralevant subjects will be

discussed In further details if) specific chapters DnIhat subject

1.2.1 BANGLADESH AND DHAKA CITY:

Bangladesh, one lime province of erstwhile Pakistan emerged out as ~n independent slate in

1971 Dhak~, being the capllal city of lhls new country wJtnessedtremendous rate of urba01zation

during the recent decades. Accommodations were 10be construcled for lhe government off1ces

and the people working there in, People from the rur~1and fringe areas rushed in to enJoythe

benefit of living in Ihe capital city, and Ihe vaSI number of wage-earners staying In the middle_

eastern countries wanted to have accommodation for their f~mllies here In such ~ context, there

was ~ trend to conslruct houses on ali available lalld, This lrend Increased the Prlte of land by

manifold, in most cases, beyond the limit of the common men Since the city is enclosed by the

river Buriganga on Ihe soulh, Ga"ipur reserve foresl on the north and low lands on the east and

west, iateral expaflsion was both difficult and expensive. Such a context prepared the necessary

background for the growth of high-rise bUildings in all poSSiblelocations.

RAJUK (Rajdhani Unnyan Kartlp~kkha), the organl"ation responSiblefor development and conlrol

of built-forms m the city prescribes lor leaving certain open space on all Sidesof a buildmg This

set-back depe~ds up on a number of faclors like plot-size, width of adjacent road, height of

building etc and thIs amounls from 0 to 2 melersl") After the developers found the constrUCILOfl

and sale of apartments as lucrative bUSiness, they were after util'"ing evary square meter of

available lafld, leaving the bare minimum land as specified by RAJUK and ~t times even

encroaching the same. in Bangladesh there is flOsystem of 'Mock_upflats' (", Of Post Occupancy

Evaluation (POE) ("31 as practiced elsewhere In the world, Thus there is no way of knowing, how

far these apartments fulfill the fleeds of the uSers.Since most, if not all of the developers are in
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the habit of corlstrucling apartmenls leaving more or less the bare m,n;mum open space

prescnbed by the urban authorities, the Intending purchasers of apartments gel I;tue scope of

comp<lrison and have to accept whatever is available. OrlOO inside the apartment the users have

to adjust to the sltuatLon that they often do by uSing electric gadgets Ilke ceiling fan, exhausl fan,

tight, alr-corldilione( elc. and suffer from the consequential cost of energy. Their dependence on

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

1.2.2 GROWTH OF RESIDENTIAL BUILDINGS IN DHAKA:

Situaled on 20° 30' - 26° 38' North LatitlJde and 88° 00' - 92° 56' East Altitude, with 12,31,51,246

population {O<Iin an area of 143. 992 sq. kilometers, with a density 01 834 persons per Square

Kilometer"') and a GNP per cap,la $ 350 (1998) (00)Bangladesh IS one 01 the third world

countries, endeavoring hard to rise out of her presenl label and leveL The land was part of

Bnt,sh-ruled India LIp 10 AU9ust 14, 1947, after which It became part 01 Pakistan, Alter a nine-

month long war for liberation that initJated on Ihe nJght of 25" March 1971, it emerged oul from

Pakistani as an independent state rule on December 16,1971.

Situated on 23" 43' North and 90° 24' East Dhaka has a population of 99,12,908, In 20,89,336

households with household size 4.7 persons per household (07)In Dhaka Statistical Metropolitan

Area, comprising 01 Dheka city corporation, Narayangonj, Kadamrasul, Savar and Tongi. The

population urlder Dhaka city Corporation is 53,78,023, in 11,07,474 households w,th househotd

size of 4,8 persons per household(OO)

The 'Urban Area Report' 01 census gives deta,ls regarding areas 01 urban cllies, number and

types of structures etc ThiS report of Ban91adesh Census 2000 IS now under prOC€ss and is

expected to be published In 2005. The urban area report of Bangladesh Census 1991 was

published in 1997, according to wh,ch the area of Dhske mega city is 1353 Square Kilometer,

with population 64,87,459 and households 11,74,282(0'), About 11 million people live in slums

and squatter settlements (101and 3,0 m,Illon live below the poverty Ilne!,1), According 10reports of
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tha United Nations Population Fund, by the yaar 2015 Dhaka will be the ninth largest mega-<:Ity in

the world 11:/), The counlry at present faces acute shortage of housing and the situation is

worsening with time, The inler-censal urban population growth of the country has been presented

in Table 1-01 below.

Table 1-01.

INTERoCENSAL URBAN POPULATION GROWTH OF BANGLADESH 1901-2001

CENSUS YEAR
1901
1911
1921
1931
1941
1951
1961
1974
1981
1991
2000

URBAN POPULATION
7,02,035
8,07,024
8,78,480

10,73,489
15,37,244
18,19,773
2l>,40,726
62,73,602

1,35,35,963
2,24,55,174
2,88,06,477

% OF NATIONAL POPULATION
2.43,eo
'"'.00,eo
'"'"8.78
""20 15
2339

Source: BBS, BANGLADESH POPULATION CENSUS 1991, Vol 3 Urnan Area Report, 1997 and I
BBS POPULATION CENSUS 2001. Preliminary Report. August, 2001"", ---l

The information regarding rate of population growth of the SARC countries In the urban areas IS

available up to 1991 and has been presented in Table 1-02, In Ihis table, it may be Seen that

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

Table 1- 02

ANNUAL URBAN GROWTH IN SARC COUNTRIES

'""

URBAN
POPULATION

GROWTH RATE

""'""

TOTAL
POPULATION

GROWTH RATE
2.17

"""U
"

COUNTRY YEAR POPULATION IN MilLION
Bangladesh 1991 1115
Bhutan 1991 1.5

I IMia 1991 853,1

I
Nepal 1991 191
Sn Lanka 1991 17.2

I Pakistan 11191 122,6i Mal Dives 1991 0,2

1;~:~;B:~:~g.~~:.~g~~~g-~.g~.~I~~-~~~~~~~~~i~:~~-i~:~~i~~~-I~,~d
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According to one researcher, during the period 1971-96 the urban pDpulation of the country

InCleased by 6% ("1

tn as early as 1958, for accommodating more people on less land, the firm of Minoprio, Spencerly

and Macfarlane suggested for "development of blocks of flals' to replace the congested old city"

1161,No doubt, they made this suggeslion in lhe then context of old Dhaka, where the buildings

were mostly two storied and four"story high bUilding were not in vision. By the seventies,

however, four storied buildings turned out to be a common scene in the city, especially In the

newer northern part, After the government initiated construction of four storied buildmgs, the

common people also accepted the idea as a means of 'accommodating more people on less

land, as followed elsewhere II was soon observed that With e.><panded urbamzatlon and ,

increased pressure On lands, four stoned reSidential buildings became the more common housing

type in Dhaka city 1"1,

Twenty years back Dhaka city dweliers were reiuctant to live in flats above four or IMl stories

high"!) possibly because of a change in liVing pallern due to dis-associalion from the ground But

In lhe later part of seventies, when the wage earners from the middle eastern counfries looked for

houses Ln the urban areas and wished to bye-pass the cumbersome process of acquiring tand,

getting plan passed and indulge Lnconstruction works, a new demand for ready-made apartments

was felt The developers came to meet thiS demand and consequently the conslruction of 10 10

20 story high apartment buildings was initiated Even though disliked at the initial stage for a

number of reasons, the Dhaka city dwellers by now have shown increasing Interest in owning and

iivlng in apartments. Some experts observe that high-rise buildLngs are generally construct'i'd to

ensure economical use of land in areas where land is scarce and Ils cost is hLgh1"1 ThLs i,s very

true ,n case of Dhaka tn such a context, Ihere had been a new trend of housing developments in

a mass scale maLnly in the pnvate sector, as a result of which Dhaka has experienced a newlype

of residential development, broadly termed apartmenl development The situation has been

expressed by an expert as "A recent trend observed in Dhaka's urban fabric is the rapidly growing
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number of high-rise apartment blocks, developed by real-€state developers in the lormal newsr

part ollhe 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' I''''',

The causes of construction of high-rise bUilding. however, vary widely from one country to

another and those .nclude factors ranging from creahon of corporate Image for the affluent firms

to means of makIng money Theoretically, a number of single.storled houses staying Side by side

on land, when placed one above the other, can form a hLgh-rise housing In practice, however,

the process IS much mOre complex and problematic. As so-on as such a house soars high up In

the sky, apart from englneenng compleXIties of construction and maintenance, there arises

problems relating to physical, psychological and climatiC environmentsl"l Of all these aspects of

high-nse building climate seems to be most important in case of residential high-rose because

such bULldings catsr for continuous occupancy and multiple actiVities talking place almost

conhnuously and simultaneously. The climate dependency IS grealer for this class of buildings,

where comfort conditIOns have to satisfy an extremely wide range of user population, rather than

for the single-use and Ilmitoo time occupancy class of structures I")

1.2.3 CLIMATE, REGIONAL CLIMATE ANO SITE OR MICRO_CLIMATE:

Ciimate plays crucIal and important roies in human habitation. The climate of the external nature

in its exactness IS not avaliable InSide built-forms, because these forms consLderably change

.Ihose. The microclimates Inside the built-forms are of utmost Importsnce for living comfort,

Various factors lIke components of climate in general, those affecting regional and micro and site

climates, how and to what extent those af!ect the microclimaleS in Dhaka city etc wLli be

discussed here

(i) COMPONENTS OF CLIMATE: ClLmete is the composite effect of a number offactors. Various

climatoioglsts have mentioned these factors in d.fferent ways, for example,

i). Jeffrey Eliis Aroinl"") In 'CLIMATE AND ARCHITECTURE' mentIOned components of climate as:
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(1 ) Sun, (2) Temperalure, (3) Wind, (4) Precipitation, (5) Lightning and (7) Humldily,

ii). KOenigsberger'24) In 'MANUAL OF TROPICAL HOUSING AND BUILDING' menhoned components

of climate as: (1) Temperature, (2) Humidity, (3) PreclpitaHon. (4) Sky condition, (5) Solar

Radiation, (6) Wind and (7) Vegetation,

iii). B. Givan;!") In 'MAN, CLIMATEAND ARCHITECTURE' mentioned components 01 climate as:

(1), Solar Radiation, (2) Long-wave radiation \0 the sky, (3) Air Temperature, (4) Humidity (5)

Wind and (6) Precipitation,

iv, Markus and Markus(26) in 'BUILDING, CLIMATE AND ENERGY' mentioned components of

climate as' (1) Temperature, (2) Humidity and (3) Air movement.

v), B Givonl::m in 'URBAN DESIGN IN DIFFERENT CLIMATES' mentioned components of climate

as: (1) Temperature, (2) HumLdity. (3) WLnd condLtion (4) Solar radlalion, (5) Long wave

noctumai radialEOn, (6) Fog and precipitation and (7) Turbulence and chemical composition of

air,

(ii) REGIONAL CLIMATES: While global climates composed of the above mentioned factors are

extremely variabie, the climatoioglst., depending on a number ot Simllarlhes or common

characteristics, have clasSified those into a number mator regional climates as mentioned

hereunder:

i). According to Koenlgsbergerl'" (MAl'JUAt. OF TROPICAL HOUSING AND BUilDING) various

regional climates are. (1) Warm Humid Equatorial Climate (2) Warm Humid Island Climate

(3) Warm Humid Trade Wind P'im'l\e (4) Hot 01)' Desert Climate (5) Hot 01)' Manne Climate
" , '

(6) ComposLte Monsoon Omate (7) Troplral Upland Omate,

7
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il) S, Givonim1 In 'MAN, CLIMATE AND ARCHITECTURE' mentioned the following as regional

climates (1) Hot Dry Climate (2) Warm Wet (a) Equatonal and (b) Tropical Mantime

Climate (3) Hot Dry and Warm Tropical Continental Climate (4) Warm Temperate (a)

Monsoon (b) Mediterranean (e) Continental (d) Manne and (e) Mountatn Climate (5)

Eastern Marginal Type Cllma\e (6) Cool Temperate Continental Climate (7) Manne ClImate,

iu) According to Martin Evansi3C
) (METRIC HANDBOOK) the regional clImates are (1) Warm

Humid Equatorial Climate (2) Trop,cal Island Cl,mate (3) Hot Dry Tropicai CI,ma\e (4)

Mantime desert Climate (5) Intermediate Composite or Monsoon Climate (6) EquatOrlai

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

(iii) StTE OR MICRO-CLIMATES: Regional climates serve no effective purpose to the designers

of built-forms, who need more intense Informa\ion for designing buildings in any ioca\ion In any

country 01 the globe MIcroClimate is the lerm usually used to denote the clImate of small-sized

and spec'fic areaS, In place ol us,ng the term micro-cllmate Koenigsberger, however, used the

term 'Site Climate' because accordIng to h,m '(micro-climate) can imply any local deviation from

the climate ol a larger area, whatever the scale may be. The botanist may conSider the

microclimate of a s,ngle plant leaf. with Its temperature and mOisture conditions, its populalLOn of

Insects and microorganisms, on the scale of a few centImeters. For the urban goographer the

term micro-climale may mean the cilmate of a wnole town""'),

In case ollivlng comfort In cities, what really matters is not the global climale. and no\ even the

regional climate, but the micro or site climate. tn large cities there may e~lst numerOuS

mlcrociimates due to the iocal influences of such factors as buildings and structures, roads and

pavemenls, green areaS and water bod,es. heat and gas generating 1aC!ories and numerous
, ':t "

vehicles According to Marku$ et al. regional climate on a honzontal scale varies up 10 1000,
kilometers, top climates extend up to 1i;l kllomt"ters hOrizontally and 1 Kilometer depth and micro-

climate$ I,mlt to "bo'ut 1 kilomeler horizq~ta!iy and 190 meter vertlcallyl''l.

" '"
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While vanous experts like Leonardo da Vinet") recognlzelJ 'influence of humidity', John

Arbuthnotl''''\, 'effecl of air movement', Thomas Tredgold(:l5)'radiant heat' elc. on human comforl,

C.P, Yaglod"l in 1923 published the results of his expenments, In which ho presented how the

effect of temperature, hum,dlly and air movement on human comfort could be measured, In

addition 10external c1lmahcfactors, human comfort also depends up on sublective vanallons like

age, sex, health condillon, clothing, food habit etc, of the subject or person under study. On the

baSISof their experiments and observations the experts nave formutated various scales in

combination with Temperature, Humidity and Airflow and those are now used to measure climatic

comfort In d,fferent climatic situations all over the world Even Ihough tne c1imat,c,cultural and

physical contexl prevailing In our country conSiderably vary from those of the other countries we

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

Humphrey(l7)In 1935 used a scale, uSing only Temperature to Lndlcatelhermal comfort within a

range of 17 "C to 33"C By his consideratIOnsince human were accustomed to live Within the

Ilmil of a maximum and a minimum temperature, they should logically feel comfortable at a

temperature near to the averege temperature. By experimenhng and collecting responses from a

number of subjects Humphrey "~"''''' that Neutral Temperature vaned from the average

temperature as expressed by the equallon. T" = 2.56 + 0.B31 Tm ('C) where T
m
stands lor

average temperature and T", for NeuJral Temperature His final comment was that nQrmally a

band 014" C (2° C above and 2' C below) centered around T" compnsed the comfort zone, The

designers of bUilt-forms, however, were aware thaI climallc comfort inside the build,ngs couldn't

be expressed through lemperature only

Whenever an open country turns Into a built-up City, there remains every possibilily for

temperature Inside the city to be higher than the surrounding areas The air flowing through fhe

open country skips the bUill structures, leavLng stagnanl air undisturbed In between the built-

forms Thus such pocket areas cannot have Ihe bene"t ot cool elr on one hand, and on the other,

the heat trapped there cannot escape. Water bodies, green trees, grasses etc reduce heat by lhe

9



process of evaporation of water. In a congested clly, these are gradually replaced by bUilt-forms,

roads, pavements, hard courts etc" which forst absorb and then emit heat Various machineries

and gadgets used in houses and factories, vehicles plyLng on roads elc, also COnlrlbule towards

Increasing of heat. Some climatDloglsts betleve that due to lhese reasons 'heat island effect'

which means an il1crease of heat from the surrounding open country, has already taken place in

Dhaka city, Numerous microclimstes, differing ;n temperature and humidity are now a common

experience In Dhaka city and may be easily experienced by one moving from one end of the city

say, from the bank of the river Buriganga to congested old Dhaka, through busy markets to the

less congested northern part These have been discussed in more details 10 the Chapter on

Ciimate.

(iv} CLIMATE OF DHAKA; According to some climatologistsl"') the climate of Dhaka IS lropical.

The climate is grealiy influenced by the presence of Himalayan mountain range and Tibet plaleau

in the north and the Bay of Bengal in the south, The climate is characterized by four main

meteorological seaSOIlS, namely, winter, pre_mollsoon monsoon and post monsOOn, Period May

to March falls under pre-monsoon III this season, maximum day temperature vanes between 37"

and 40" C, evell lhough it has been foulld to risa up to 440 C. From June 10 September Dhaka

city remains under the gnp of monsoon Humidity level dUrlllg this seaSOn remains over 80%; the

maxImUm lam perature vsries between 31' - 33' C,

It ISfDund that lhe range 01temperature in the pre-monsoon and monsoon seaSOnS are well over

. the comfDrt range of skin temperature, which lies between 31' to 34' C, In add,llOn, the

climatologists have discovered thaI lhe urban heat island (in Dhaka city) affects lhe minimum

temperature more than both the meall annual and mean ma~imum lemperstures. Analysis of

mean minimum temperature recorded at 14 differant mobile plscas on April 8-9, 1992 and July

6-71992 show lhat Ihe heat Lsland Inlensity at the time of mlmmum temperature epoch in Dhaka

c'ly in April was 2.5 and that of July, 0.6 (39) The fact that the urban area is always warmer than

the surroundIng villages has been extensivaly studied and documented around the world. it is

also found that the warmer temperalures are always associated With higher denslly urban
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dwellings forming urban heat ,slands. Mean annual temperalure, mean maXimum and mean

minimum lemperature indicale lhat Dhaka has an urban heal isiand effect (<0)

Since frictional effects become weaker with height above the ground I"iw;nd velocity, ;n general,

increases Wlth heighl In the congested areas of Dhaka cily the benef,1 of higher veloc,ty at

heights cannot be availed In areas where bUildings are closely spaced Again, In SOmeareaS lhe

w;ndows cannot be kept open due to excessive velocity of wind and in order to relaln privacy.

Similarly, radiant and reflected heat in general, decreases w,th the increase of height from the

earth's surface, In high-rise bwldings, the materials used as building envelope absorb radiant

heat 10 be transmittoo or emitloo later The more the hetght of the bUilding the more is Ihe

bUilding mass and so also is the absorption of heat In extremely congested areas, thIS radiation

may be trapped Inside narrow recesseS,

1.3 TALL BUILDING AND HIGH-RISE APARTMENTS:

Accommodating more poople on iess land is the immediate need in most (}f the imporlant cities

and tall and high-nse buildings are accepted solutions. In addition to acrommodal.ng working

space, those are now eldenslvely used for the purpose of habitation A brief diSCUSSionon lall and

high-rise bUildings, with speC'al reference to their climatic characteristics has been presented

hereunder.

1.3.1 TALL BUILDING;

The experts differ in opinions In defining the physical paramelers of lall buildings, According to

the "The council for Tall Buildings and Urban Habitat" a tall bUilding is not strictly defined by the

number of slories or Its heIght, The Important crilerion IS whether or not the design, uSe or

operation of the bUilding is influenced by some aspects ot 'tallness'(""I, Some experts attemptoo

t6 define tall bUilding from struclural aspects like, 'From structural design and construction point of

view it IS Simpler to consider a buitding lall when ItS structural analyses and design are In SOme

wayaffecloo by the laleralloads' 1""1.
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In order to simplify the collection and compilation of data, CTBUH decided to include in its

database on tall butldings 'any building nine or more stories in height' ,441,In addition, th,s made

some experts to use the term 'tall building' for any building over mne-slories In height, even

though this is contrary to the fact.

U.2 HIGH-RISE APARTMENTS:

There is no fixed parameter of height to denote high-rise building and the same depends upon

the conlext in wh,ch it stands, In order 10denote the height of the majOrity of the buildings of a city

the experts use the term 'urban canopy' All buildings above the urban canopy may be called

high.rise or sky-scrapper From a number of considerations like (01) Visual appearance, (02)

Structursl analysis and deSign, (03) Walk-up limit (04) Fire escape proVIsions and (05) Raja's

regulaMn it seems quite logical to opine that, in the present contexlm Dhaka c,ty buildings above

six floors may be considered as h;gh-rlse',

Apartmenl living is a western concept, but it is gradually finding its way in Our sociely. Even

Ihough there were many criticisms of living in high-rise apartments in the past, in VIew of acute

shortage of living accommodations in the large cities, living in such buildings have been socl'llly

and culturally accepted. The construction ot high-rise apartment bu;ldings at an ever-Increasing

rate are now changing the cityscape, In such a context, Ihe added moral resporJs,billty thaI has

been pieced up0rJ the built-form deSigners IS to ensure user_tnendly microclimate in Ihe

apartments at m,nomum cost of energy.

1.3.3 PAST INVESTtGATIONS REGARDING MICRO-CLIMATES IN APARTMENTS:

To the best available information, as of now there has not been any systematic atlempt to study

and evaluate the climatic situation ,nslde apartmenl bUildings The experts in general obser\led

that (a) High-rise residential buildings were being constructed by private developers along main

thoroughfares and al places proximate 10 central bUSiness d,slrict without conSidering vanous
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elfects (45) and that (b) Apartments have both ments and dements, They also ident,f,ed many

assocIated disadvantages with the Increase In nLlmberof apartments In Dhaka city, Many faults

related to planning, architectural design and construction were identilled In some apartment

bUlldLngs,which resulted In lack of proper ventilation and tlghtlng, dampness in watls etc 1"1

Even though several projects were undertaken to study the radlanl heat and humidity near the

earth's sLlrfaC€at various locations of Dhaka city, there has not been adequate studies to

investigate mlcroclimales In the high-rise bUildings

A study conducted on low-rise residences in 1987 revealed that cross-ventilation was extremely

important to feel air-movement under Dhaka's climatic conditions, In this study 147) single-sided

venlilated spaces were compared 10 those with cross ventilation, i.e. having bolh mlets and

outlets On opPOsiteor adjacent walls. In lhe comparison, It was clear that spaces with single-

sided ventllahon were extremely inadequate from the view of thermal comfort The study was an

Indication of lhe poor condition of ventilation in the residential bUildings,which iS,an outcome 01

the situations in which the desJgnersdesign buildings on small sized plots, leaving bare minimum

space as prescribed by the urban authorities, These rules were formulated when most of the

buildings In Dhaka city were two or four story high. Even after the authorities permitted

construction 01buildings Withmuch higher heights the Inler.bUlldlng spacing were not Increased

proportionally Therefore, In order to ensure comfort the users need to depend profusely up On

mechanical ventilation through electric fens.

The open spaces Inside the city are constantly diminishing to make way for more bUildings, roads

elc, thus further worsening the situation of airflow. Of all the large cities of lhe country, Dhaka

has the highest consumption of electricity and the higher consumption of electricity In SUmmer

rather than in winter is an Indication of possible Influence of the urben climatic factor on energy

needl""),
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104 METHODOLOGY:

For finding out the c!lmstlc condition insids high-rise sparlments, a numbsr of high-nse buildings

st different locstlons of the city were selected Arrangements were made to measure Ihe internal

temperature and humidity inside esch room and In the adjacent external spot, In addition, the

enumerstors were instructed to record lI'le users' feeling at other times of the year, their own

teeling of climatic comfort at the time of survey etc. such that a comparison between the

instrumental measurements and users responses could be made The investigation procedure

was designed to wllect climatic data's and Information In the lower and middle floors also, such

that a companson in between the upper, mIddle and lower floors could be drawn. Details of

methodology, investigation, study snd analysIs have been presented in respective chapter

1.5 CONCLUSION

What hss been discussed In this Chapter IS a bnef introduction of the sublects that might be

necessary for the understanding of this project It Included, a brief about the objective of study,

background ,nformation on Banglsdesh and Dhaka City, the context regarding growth ot

residential buildings In Dhaka city etc As a baSISfor understanding of climate inside high-rise

apartments related subjects like climate in general, site or microcllmates, microclimates of Dhsks

etc. have aiso been diSCUSSed,For a clear understanding of climates In tall and high-rise

buildings such top,cs as tall building and high-rise apartments, past investigations on

microcllmates in apartments have also been discussed. Finsliy, a briel discussion on

methodology and investigation for this study has also been InclUdedIn this bacl<groundchspter

In BanglaClesh,there is nOsystem of "Mock flats", Post Occupancy EvalUSl10n(POE) and Generic

ParlLc;patoryEvaiuation (GPE) 1"1as fotlowe<Jelsewhere Such systems ensure control of the

users over the providers of apsrtments I e d"s<gners and bUildersto meet their needs, including

climstlc comfort In absence of such measures It is quite likely Ihat climatic comfort did not get

due importance In the current design procedure and thattha users ara b"ing compelled to meet

such needs through artificial m"ans at their own and the nat;on's scarce energy
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Residential high-rise bUildings have been introduced in Dhaka CLtynot because it was the most

appropriate design solution in our context, but because of excessive demand of land for

habitation. T~e construction and sale of apartment IS a good bUSIness lor the developers, wh ••re

their responsibilities end up with their sales, and the use's cannot have any idea oIlhe probabte

mlcrocllmates inside, unlll of course, they have lived for at least one year, It is evident that

setback rules, locatiol'l al'ld size of openil'lgs, onentat,on etc, have profound Influence on

microclimates of bUildings, In such a cOl'ltext, this study Ol'l microcllmates may help to fil'ld out the

stale of climatiC col'lditlons, whLch are the outcome 01architectural designs and planl'lil'lg. It may

be ex:pected that the findings mighl be 01 help for the built-form deSigners in their el'ldeavor to

desigl'l apartments with user-friendly climate at least cost of mOl'ley and energy
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Cllapter 2

CLIMATE

2.0 INTRODUCTION

Climates, defined principally by Temperature, Humid,ly, Radiant heal and Airflow determine living

condition allover the world II IS quite evident that, being Infiuenoed by numerous factors the

global climates widely vary in nalure. The climatologlsls, on Ihe basis of oerta,n criterion have

classified the global climates inlo a number of cl,mates Such climates are seen 10 prevail in

regional basis In case of living comfort in buildings what really matters is not the globsl c1lmste,

but the microclimate, which Immensely vanes trom the regional c1Imates The miCro-climate inside

the built-lorm depends upon a number of lactors Inciuding deSign parsmeters, configuration and

locahons 01 spaces, enVironment in the adjacent area, heat and humidity genarstlng or absorbing

gadgets used inside rooms, construction matenals, finishes and color used elc The feeling of

climatic comfort slso depends upon acclimalizalLon, clothing and aclivity and even on the heaith

01 the subject in question, Since thIs Invastigal,on deals with the probable climatic dISCOmfort of

the mhabitaflfs In bUIlt-forms in the hot seasons, the forthcomIng discussions on c1Imates has

been kept limited to climates relatLng in tropical regions only.

2.1 TROPICAL CLIMATES

According to Koenigsberger, Tropical Climates are diVided into the loiiowing major groups (01): (i)

Warm Humid Ctimate: (II) Warm Humid Island CLimate (iii) Hot-dry Desert Climate (iv) Hot-dry

mantime desert climate (v) Composite or monsoon climate and (vi) Tropical upland climate. The

principle characteristiCS of these cljmates are:

(I) WARM HUMID CLIMATE: ThLs climate IS generally found in the equator e><lendlng 150 on both

sides There is little seasonai van at Ion lhroughout Ihe year with occasional appearance of more

or less rain gusty Winds and eiectric storm Air Temperature, i.e. Dry Bulb Temperature In shades

reaches a mesn maximum durjng the day between 270 C to 320 C, but occasionally nSBSover

the maximum value. At night, lhe mean m,nomum varies between 21 and 270 C. Humidity vsries
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between 55% 10 100%, annual precIpitation, between 2000 mm to 5000 mm, sky remains fairly

cloudy throughout the year. Wind velOCities generally remain low; with occaSional gusts of 30

mls., Growth of vegetahon is quick

(ii) WARM HUMID ISIJ\ND CLIMATE: ThiS climate is noticed within Ihe equatOrial belt with trade

wInds, Air Temperature i.e DBT in the shade reach a day-time mean maximum between 290 C

and 320 C, and rarely ri5e5 above skin temperature Night-time mean minima can be as low as

160 C, but It is normally between 160 C and 240 C, Relative Humid,ty varies from 55% to 100%,

Vapor pressure, 1750 to 2500 N/m2, annual precipitation 1250 mm to 1800 mm, sky condLtiorl

normally clear or filled with white broken clouds, wLnd velocity between 6 to 7 mis, vegela\Lon

growth is less luxuriant, and there are tropical cyclone or hUrricane.

(hi] HOT.(IRY DESERT CLIMATE: This climate occurs in two belts Within latLtudes 15" and 30° on

Nmih and South of the equator, Air Temperature L.e. DBT in the shade rises quickly aller sunnse

te a daytime mean maximum of 43° C to 49'C The ever_recmded maximum temperalure of 58

"C was measured in LLbya ,n 1922. During the cool season the mean ma,;mum temperature

ranges from 27"C to 32" C. Humidity varies from 10% to 55%, and annual precipitation, between

50 mm to 155 mm The sky condition remains normally dear and usually dark blue wLth a

ItlmLnance of 1700 to 2500 cd/mL, winds are only local C13f1)'lngdust and sand, vegetalion is

sparse and there are occasional dust and sand storms.

(iv) HOT_DRYMARITIME DESERT CLIMATE: This clLmate eccurs in two belts within 15" and 30" on

North and Soulh of the equetor Air Temperature i.e DBT In the shades reaches a day-time mean

maximum 01 about 38° C, but ,n the coot seasOn in remains between 21° C \0 26' C The diurnal

mean range varies belween 9' to 12' C. RelalEve humidity vanes between 50% \0 90%.

Precipitallon IS very low, sky condition normally clear and usually dark blue with a luminance of

1700 to 2500 cdlm2 Winds are only local, vegetalion is sparse and there are eccaslonal dust and

sand storms,
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(v) COMPOSITE OR MONSOON CLIMATE: This climate occurs In large landmasses neSf Tropics 01

Cancer and Capricorn Approx.mately two th.ras of the year IS Hot. dry and the other third Warm-

humid. Also there may be a third season like Cool-dry Air Temperature vallatlons may be as

shown In Table2-01'

Table 2-01:

VARIATION OF AIR TEMPERATURE IN COMPOSITE
OR MONSOON CLIMATE

SEASON HOT-DRY WARM.HUMID COOL-DR\'

Oaynightmeanmax 32°-43' C 27' _ 32"C u~ to 27' C
NIghltLm8mMnmn 21"-27'C 24"_27aC 4 _1DoC

: DI~malmeanrang~ 110_22"C 3'-6'C 11'_ UoC I
! s-o-~;';;~'~~~~~LOFTR-;~~~;~-HOUSING.~~.~-~~~~PINGK;:~:~~-;~rgeretal-p~.~~.;;".-----------".._.

Humidity ranges between 20% to 55%, dUring wet penod it rises to 55 to 95% Precipitation

remains betw'een 500 to 1300 mm w.lh no rsin dunng the dry season. Sky conditions markedly

vsry with the seaSOnS. The sky is heavily overcsst snd dull during the mDnsoOnS and clear w.lh a

dark blue color in the dry season. Winds are hot and dusty dunng Ihe dry season Directional

changes in the prevailing winds take place at the beginning of the warm humid season snd these

Include raln~louds and humid air from the ses Monsoon winds are fairly stfLlng and steady.

Vegetation is sparse, which is the chsract€ristic of hot-dry region. the ground IS mostly brown but

It chsnges rap,dly and dramatically w.lh rain Plants grow qUickly. In the cooler period vegelation

covers the ground, but diminishes as Ihe temperature nses.

(vi) TROPICAL UPLAND CLIMATE' ThiS climate occurs In mounla,nous regions mOre than MO 10

1200 m above sea level Air Tempersture i e the DBT In the shsde decreases wilh altitude. At an

altitude of 1800 meIerS, the dayt.me mean maxima may range from 24' C to 30° C and the

nighttime mLmmum, around 10°C to 13 DC At some locations It may fall below 4° C and ground

ITost '5 not uncommon, The diurnal range is great The annual range depends up on latitudes

Relative Humidity vanes between 45'10 to 99%, annual precipitstion IS less than 1000 mm, sky

condition, normally clear or partly cloudy Vegetation is not very luxuriant during wet season



There ma\, be heavy dew with radiation log at night and occurrences of thunderslorms and hail

with electric discharges

2.2 MICROCLlMATES:
While Globa! and Reg,onal climates are of general inlerest lor ali and especially for the

climatolcgists the designers of buill-forms are more concerned with microclimate In small areaS

where their structures are designed 10 successfully serve lhe purpose of human habilatlon While

the m,croclimale is Ihe term generally used to denote 'the area under consideration

Koen:gsberger ,",sed a different the term 'Site Climate' to denote the area to be considered by the

architect AccordLng to him "(mLcroclimate) can Imply any local deviation from Ihe climate 01 a

larger area, whatever the scale may be, The botanist may conSider the microcl,mate of a single

plant leaf, with its temperature and mo'sture conditions, its population of insecls and

microorganisms on the scale of a few centimeters For the urban geographer the term micro-

c1tmate may mean the clImate 01 a whole town"(Cf".

For lIving comfort, the inhabitants are intensely related wllh site or mluoclimates Site climate

establishes the scale: it implies the c1imato of the arc;:: available ~nd to be used for Ihe given

purpose both in horizontal extent and in helghtl",l, Even though Koenlgsberger did not mention

physical parameter of Site or mleroc1tmate, some cIlmatolcglsts ha,'e done thaI. For example,

Morris ~nd Markus opined that regional climate on a horizontal scale varies up to 1000

kilometers, top climates extend up to 10 kilometers horizontally and 1 Kilometer depth and mlcro-

ctimat,;s limit to abOut 1 kilometer horizontaliy and 10n m,;ter vertically'(4)

Since micro-climates are created by such faclors ss bUildings and structures, roads and

pavemenls, grean areas and water bodies, hcal-produclng factories, ,'ehlcles etc It IS in facl

extremely dlffLcult to fix any physical p.arameter to denote speCifiC 'mLcro-c1imate' or 'site climate'

Koenlgs!.>erger mentionad the following four faetors affec1ing or deviating the general climate and

to form microclimate of an area (3) Topography, u, slope, orientation exposure, elev~t:on,

presen"" of 1"1I!1~or valleys ~t Of rwar the ~ite, (1J) Ground ~~rfaoe, Wi')ethllr n~\ijral or rn~n-made,
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Its reflect«nce, perme«bil'II', soil temperature etc. Ie) Three dimensional obJeots e g. trees,

fences, walls and bUildings, which obstrucl air movement and cast shadows {d) Anthropogenic

activities, i e human activities by means of vehicular emIssions and wastes. smoke, dust, fumes,

vapor etc. from industries etc.

The site condition alters the air temperature depending upon the heat gain and toss, which

conSiderably depends upon sOil condition, The humidity in a SIte depends upon slope. soil type,

vegetation, and heat generatIOn by local faclors like factories, vehicles. air-conditioning

equipments elc. Both temperature and Humidity of a site depends upon sky conditions, which

apart from the general condition of clouds. depend upon smoke. dirl, sand partlctes etc,

suspended In the air. Other than IransparenC\' of atmosphere. solar rad'alion depends also upon

slope, orientation, presence of hills or valleys etc Air movemenl in any S'le ,s changed by slopa,

presenC€ of obstructing objects like bUildings and structures etc Table 2-02 below Indicates the

extent of alteration of wind velo~lty "t differenl heights due to the presence of various tl'pus of

obstacles,

Table 2-02

WIND VELOCITY GRADIENTS

I
i Height in Mete",
518'0"000

'""

velocity of
Urban Center

,CO

'"

wind in
Rough Wooded country

meters In
Opcn country

Source: MANUAL OF TROPICAL KOUSING AND BUilDING Koenlgsberger. ------------
Factors li~e thunderstorms, dust and sand storm, earthquake etc, a'so modify SIte or

m!croc!lmate.
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2.3 STUDIES ON MICRO-CLIMATES IN DHAKA CITY:

Before presenting same recent studies on micro-cllmates of Dhaka city i\ may be ulteresling \0

have a look at a study on the climate of old Dhaka underlaken 173 years ago. Due to lack of

authefllfclty afld illformatlOn regarding specific system of measuremeflts this study may not be

COflsidered as stafldard, but may still be accepted as 'HIstorical'. A companson between this one

and some recent studies have also been presenled.

2.3.1 HISTORICAL STUDY OF'CLIMATES OF DHAKA:

James Teylor, who worked as a surgeon afld was assigned to prepare a report on the physical

afld statIStical aspects of Dhaka pubiished his findings ill a bookl05) ifl which he gave ,nforme\,ofl

regarding Mean MOflthiy Temperature of Dhakafof the penod 1826-1836 Aflother data on Mean

Monthly Temperature and Humidily of Dhaka city for Ihe penod 1958-1962 is available ", Dhaka

District Gazetleef <(0) In Table 2-03 below the average of MOflthly average of 5 hat months, i,e.

April to August as found In the hlstoncal studies and recent studies have beefl presented

Table 2-03

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

APRIL M' JUNE JULY AUGUST
Sou",. ~n<>d: Temo. 110m. Temp, Hum. Iomp. Hom. Tomp. Hum. Tem•. Hum.

Tay1Q~1827-1836
(173years ago)
Average of ,0 years 29,7 • .... 30,8- - 30.1 .--- 30,1.• -- 29.7 ••• -

Dis! Gaze~eer
(42 Years ago)
Average of 5 years 298 _723 292-82.0 265-67.1 266-66 '" _893

Stat ••lical Yearbook
{8 years ago)
Year 1992 29,0 . 70

Slatlslical Yearbook
(3 years ago)
Year ,997 261~74

29,0. 79

28.6 - 77

28,7.88

30.2 - 82

286-86

291-86

286 -86

297 -84

In order \0 shaw the changes more VIvidly, Ihe above iflformation has been shown ", graphs

below.
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Figure 2-01
CHANGE OF TEMPERATURE OF DHAKA CITY IN 173 YEARS

--------------------- - _.
CrlA',GE OF TEWcilATURE "lHROUGII1fJ YEARS

--~I
I

'I,

i

Q ;;;;", ";;
z "" ","w

Figure 2-02
CHANGE OF HUMIDITY OF DHAKA CITY IN 42' YEARS

'Since there was no mention of HumidLty In Taylors account, the above comparison of Humidity

presents a period of 42 years only.

In the above Table and Figures there IS no ,ndication that there was any gradual increase or

decrease of temperature or humidity in Dhaka city through a period of 173 or 42 years ILlcase of

lemperature, gradual decrease may be noticed iLl the months oj April and May, decrease ;Ll July

and no change in June and August. In case of vanatlon of Humidity through 42 years there are

gradual decreases In May, June, July and August and increase in April

From a number of IndicatioilS like (a) melting of ice al the arctic regions, (b) ever Increasing of

dep05ll of CO' '0 the upper boundary layer etc the SCIenlists have arnved at the conciusion thaI

global temperature LSon Increase, It has aiso been assumed thai the deposit of CO, in the upper
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boundsry layer shall nearly double by the year 2030 lUll By those consideraHons the above lable

should have mdicaled some Increase in the temperature of Dhaka city through thLs period, but it

did not It IS a common experience thai wLtl1urbanization, trees, green areas and water bodies

constantty diminish. The materials used in bwlding, road, pavements etc. absorb l1aa!. Buildings

and structures retard air movement creating stagnancy and caUSing growth of 'heat island' This

makes Ihe data shown in Table 2-03 all the more fizzing and points to a possibility that the

process or system in which tl1e above measuremenls were taken might not be inaccurate t( may

be mentioned thst the readings were taken at different locations of the city, The old weather

statLon situated al old Dhaka, then Ltwas shifted to Kurmitota airport and waS later handed over to

the civil "malLon department. New waather station was established at Agargaon. When the

Meleorological department SUpplieS ctlmatlc data, they maintain continuity, even though the

measurements were taken from different locations, This might logically lead one to believe, evan

though the above dala have been collected from authentiC sources, they do not retlecllhe real

picture, Neverthetess the data is interesting as it shows that the generat populace In this cily have

been experiencing and becoming habituated lo very steady average condilions over large period

of time

2.3.2 STUDIES ON MICRO-GUMATES IN DHAKA CITY:

In the built-up areas wilh closely spaced tall buiidings, Ihere remains every possLbitlty that there

would ba stagnanl air Irapped Lnnarrow gaps in betwaan bUill-masses The air flowLng through

the open country might skip the buill structures. Cool air cannot enter In these areas; in addition.

heat trapped in narrow gaps cannot escape. Water bodies. graen trees, grasses etc reduce heat

by the process of evaporahon 01 water. In congesled cLties these factors constantly go on

decreasing, Various gadgets used In houses, factones and vehicles contribute to Increase of

heat. Due to such factors. some cilmatologists believe that 'heal island effect' which means an

increase of heal from the surrounding open country has already taken place In Dhaka City. In fact,

any person moving from the bank of the river to congested otd Dheka, through busy markets to
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the less congested norlhern p~rt might expenence numerOuS mlcrocllmales with differing

temperature and humidity ISnow a common experience.

(i) KARMAKAR ET AL'S STUDY ON PRABALISTIC EXTREMETIES IN 1993: On the besls of about 30

yeers (1960-1990) data regarding variab,llty and probalistlc extremities of climates elemenls in

Dhaka lOB) one researcher made the following observations:

(a) The mean maxImum temperature over Dhaka has ,ts lowest value in January and

progresses as the season progresses. II becomes maximum in April wIth a decreasing

tendency up to August The mean temperalure lnCreases from Jsnuary to April, then remaIns

almost constant up to September, and decreases up to Jsnuary. The mean minimum

lemperature is the lowest In January, increases up to June and remains fairly constanl up to

September and decreases after that

(b) The mean prevailing wind speed is mimmum in January and maximum In Apnl (No

menhon of directions).

(c) The mean rainfallincreeses sharply from January and attains maximum value in June and

July, after which it decreases.

(d) The me~n relative HUmidity has h,gher vslues dUring the soulhwesl monsoon and then

decreases sharply up to March.

(e). The probablhstlc high vslues of monthly hlghesl maximum temoerature in April are 39.1°,

40,2° end 41,0' C In one year out 01 4, 10 and 25 years raspechvely, The probabIlistIc low

values of monthly lowesl minimum temperature are 7.4°, 6.4° and 5 6' C in the same scale,

(I) The probabilLsllc high vslues of msxlmum wind speed In 1 case out of 25 cases are 108

kph. 123 kph and 100 kph ,n March, April and May respectivety (no menbon of dIrections)



(g) The months of December, January and February ~re the most comfortable months in

Dhaka, where as April through October are uncomfortable months.

(ii). HOSSAIN ET AL'S STUDY ON DISCOMFORT INDEX IN 1993; For measuring climatic comfort

Discomfort Index (D.I ) was suggested by Thorn's as:

01 = 04(Td+T,,)+15,

where To and Tw stand for Dry bulb and wet bulb temperature respectively in of scale In °c scale

it comes 10 be,

01 = 0,72 (Td+Tw)+406,

The comfort situation in Dhaka c,ty u'" terms of Dlscomforl Index (0 I) has been expressed as

the result of one research (001 in the following way:

(a) MARCH TO MAY: (Regarding time, the original work was done uSing UTe, which

corresponds 10 GMT and ,s less than Bangladesh Standard Time BST by six hours. For

easy underslamling Bangladesh Standard Time BST has been used here)

At 6.00 A M. BST Dhaka (whole Bangladesh) IS generally comfortable. Evening Hours 6.00

P.M, BST: Dha~a (and northem half of Bangladesh) is generally comfortable, In April, rest

of the country fells under discomfort with 0.1 value exceeding 75

(b) JUNE TO SEPTEMBER: 6.00 A M BST: Dhaka (whole Bangladesh) is generally under

discomfort with D I. Index exceeding 75, The weather is hot and dry.

600 P.M. BST Dhaka (whole of Bangladesh) ,s under discomfort, w,lh 0,1, Index

exceeding SO,

(c) OCTOBER TO NOVEMBER: 6.00 AM BST Dhaka (whole Bangladesh) is generally

under discomfort With 0.1 Index exceeding 75

6,00 P M BST: Dhaka (whole of Bangladesh) is under partl~l discomfort. with high value in

0.1. Index,
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(d) DECEMBER TO FEBRUARY: 6 00 AM. BST: In January and February Dhaka is under

comfort zone with low D.I Index. 6,00 PM. Dhaka Is under comfort zorle with low 0 I

Index

The 0,1, Irldex of Dhaka city, calculated by uSIng Thorn's Index arid using climatiC data from the

meteorologIcal Department at differsnt months at specified time hss been shown in Tsbles 2--04

and 2-05,

Table 2-04

DISCOMFORT INDEX FOR DHAKA FOR 1991"92 AT 6.00 A.M.
BANGLADESH STANDARO TIME

----_ .-. -------_ .._ ---_ .- --------- .-..

MONTH
January
F<ibruary
March
April
M"
June
July
August
September
October
November
Decembsr

TIME
6,00AM BST
6.00 A.M. BST
eOOAM,BST
6,00A.M BST
6.00 A.M. BST
600A.M BST
600 A.M BST
e,OOAM BST
600 A.M, SST
6.00 A,M. SST
6.00 A.M, BST
6.00 A M. SST

0.1. tNDEX
;0

""'"""'"'"'"'""""'

COMMEIliT
Within comfo~ range
Within comfo~ range
Within comfort range
Wlth;n comro~ range
Uncomfortable
Uncomfo~able
UncomfMable
Uncomfortable
Uncomro~able
Uncomfortable
WLthin comfo~ range
Wilhin comfort range

--_ .- ----_ .._ ...--- -----_ .._.---
SQUrCe Hoe~31n, A<ram, Poper HUMN! COMPORT IN THE URBAN AREAS OF BANGLADESH

in TechnLcal Conference on Urban Trop;cal Cfimate. 1S93

Table 2-05

DISCOMFORT INDEX FOR DHAKA FOR 1991-92 AT 6.00 P.M.
BANGLADESH STANDARD TIME

MONTH
January
February
March
April

I
,:t,
"""August
September
October
November
December

TIME
0,00 P.M, eST
oOOP,M BST
0.00 P.M. BST
600PM eST

6.00 P.M. SST
6.00 P.M. SST
600P,M eST
600PM BST
6,00 P M BST
6.00 PM, eST
6.00 P.M. eST
6.00 P.M. 8ST

D.I.INDEX
00

"n
'""'""'"'00

"""'

COMMENT
Wilhin comfort range
Within comfort range
Uncomlo~abls
Uncomfo~able
Uncomfo~able
Uncomfo~able
Uncomfortable
Uncomfortable
Uncomforteble
Uncomfortable
Within comfo~ range
Within comfort range

---_._-----------""---_.-------------_.------------------------_.-_----------_. __ .------------~I Source, Hossain, A.ram, Paper HUMAN COMPORT IN THE URBAN AREAS OF BANGLADESH
in Technical Confaren"" on Urban Tropical Climates 1993.
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(iii) HOSSAtN, E. ET AL'S STUDY ON GENERAL CLIMATE, On the basis of 40 years (1951-1990)

climatic data of Dhaka city cne researcher has prepared the following InformationM1:

(a) After sunrise, the day temperature increases at attains maximum value at 300 P,M.

SST. The day te'l1pelatule In urban area IS h,gher than suo-urban and rural areas The

mght temperature in rural areas is lower that that In urban areas.

(b) The relative humidity decreases at daytime and increases at night, the minimum value

being at 3.00 P.M BST, when the day temperature ISmaximum.

(c). Urbanization has profound effect in reducing the Wind speed.

(d). The heat island effect is less promLnent, the intensLly being 2.5 in April and 0.6 in July.

The less prominence is due to high humidity and surface Wind

(e) RelatLve humldlly is found inverseiy related to the local intensity of urban heat Island In

Dhaka.

(f) Total Incoming solar radlalion in Dhaka clly IS found about 12% lower than that in Ihe

fural areas.

(g) The amount of preclpI!ation is higher LnDhaka city except in August

(IV) KHALEQUE ET AL'S STUDY ON MICRO--CLIMATESOF DHAKA CITY: One group of researchers

on the basis of their studies on Tempereture and HumiditlLlI conducted in 10 points, v'z (01)

Agargaon, (02) Tejgaon, (03) Mot1theel, (04) Dhanmon<li, (05) Nawabgonj, (06) Mirpur, (07)

Kellyanpur, (08) Gulshan, (09) BakshL bazaar and (10) Airport, commented:

(a). On January 03, 1992 a! 6.00 A.M BST several wal1Tl pockets were discovered at

Tejgaon induslnal Area, Motltheel Commercie! and congested pari of old Dhaka.

(b) The cool areas were at Agargaon, Dhanmondi and Zia IntemahOna! Airport

(c) The maximum Intensity of heat Island or warm pockel was found in the order of 3.e
o

C

in Old Dhaka and Motijheel Commercial Area.

(d). DUring summer monthS (June 08,1992) heat ,sland intenSity was in the order of 0.08° C
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From the above observations they drew the following deductions:

(a) During winter months maximum Intensity of heal island in the order of :I e" C is

observed,

(b) Two peeks of heat island intensity are observed one at early morning and another early

night, but the early morning heat island ISstronger.

(e) The heat island or warm pockets found over the densely populated reSidential and hlgh-

rise building construction area. The cool areas are found over the well ventilated planned

residential areas.

(d) DUring summer months heat island effect is insigniticant

(e) Humidity Island has an inverse relalion to heat island whenever mOisture IS less, but

followed heat island Inlensity whenever moisture IS high.

2.4 CLIMATIC COMFORT

The effects of dLfferent cllmalic variables on human comfort have been slowly recognized by the

researchers through ages. The effecl of Temperature on human comfort was mentioned by

Vitruvlusl'" in the first cenlury B C Leonardo da Vinci recognized the influence of Humidity In lhe

fifteenth century. In 1733 John Arbuthnot published "An Essay Concerning Ihe Effecl of Air

Movemenl on Human Bodies" Thomas Tredgold in 1824 in his b<Jok 'Principles 01Warming and

Ventilating PublLc Buildings, Dwelling Houses, etc" pOinted oul that the people could be

comfortable from the radiant heat of an open fire even when air temperature was 100 low for

comfort, I'"'

The variOus components ot thermal comfort were not assembled into a single crllerion un1i11923,

in whiCh year C P. Yaglou 1"1 published lhe results of hiS experiments at the Pills burg Research

Laboratory of the American Society of Heating and Ventilating Engineers (ASHRAE) A number of

men were placed in a room where the temperature, humidity and air movemenl could be

controlled and measured. They were asked to nominate the conditions oJ temperature, humidity

and air movement that gave the same sensation of warmth while they were engaged in fight

physical activity and wore light cloth,ng The amount of clothing worn In this experiments have

been expressed in unit 'clo' and these have presented have in Table 2.06 and 2-07.
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Table 2-06

INSULATING EFFECT OF MAN'S CLOTHING
TYPE OF CLOTHING
Brief swim<ult
Shons onry
Shorts ond .hort-sleeved ohin
Shons, briefs and shM-sleeved shirt, <och and shoe.
Same but long lrou.ers
Same plus banyan
Lightweighl suit, colton underwear
Three piece winter SUit,cotton und.rwear, wool socks
Same plus overcoat
Hea"y clOlhlngdesigned lor outdoor

use beyond the arclic and Antarctic circles
Brief .wimsul!
ShMS only
Shorts and short-sleeved shirt
ShMS, briefs and short.sleeved shirt, <ocks and shoe.
S.me, but long lrous.rs
Same plus upper underwear
Lighlweighl suil, ootlon underwear
Three pie"" winter sULI,colton underwear, wool .ook.
Same pluo overcoat
Heavy clothing de.igned for ouldoor

use beyond the arctic andAntarellCclrclas

ce,
0.05
0.'
0.'
0.32
0;
00

""20-25
"000o. ,

"'0.320'
0.0
, .0

"2.0-25
'"

Source Yaglou, and Houghlon Delermination of the Comfon Zone, Tran. Amertcan Sociely of healing and
Venillatlng Engineers

The approximate Metaboll~ Rates for various actiVIties have been shown in Table 2-06

Table 2-07

APPROXIMATE METABOLIC RATE FOR VARIOUS ACTIVITIES

ACTIVITY
Sleeping
Resling, lYingdown
SiltLngand not working
Standing
Typing
Light manualwor!<
Cleaning a house
Heavy work
IJValkingon level ground at 6 kmlh
Walking up a 15° slope at 3 kmlh

META60LIC
Wlm<

""'""eo
"",eo"000'

""

M"M"
"'"., .0
""'"'",.,
""

Source' e Givom: The Effect Of Climate On Man' Developing Of A New Thermal Index, Proceedings
First International Congress of Elometeorology

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

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



Effective Temperature is the dry bulb temperature in that group of equal comfort sensations at

which tha relative humidity is 100% and air movement ISzero (10)

J E. HI1I1") along with other cllmatolO{jjsls prepared a comparatlVEl study of v"nous therm,,1

Indices and calculated their range of applieahon as shown In Table 2-08

Table 2-08

RANGE OF APPLICATION OF PHYSIOLOGICAL INDICES:

METABOLIC oaT WET AtRVELOCtTY
INDEX. PRODUCTtON CLOTHING 'c 'c 1m/sec)
ET Restonly SummerClo 1 43 1="43 0 1_3.5
RT Restonty LlghlClo 18.45 18-45 lJ1-3,O
KSU Restonty 0.6 Clo 15.6_36 7 56.34.4 <0.23
PMV 50llcalihrm ,25,.6 Clo 0 1
HSt 10(1.500 Un'pec,r.ed 27 .60 15- 35 0,25-1O.0(OrIg)
H$I 58.2Wim' 06 Cto 0 1
IT$ 10Q.600KCallhr Militaryoveralt 20.55 15-35 01-35
ET" 562 Wlm' 0.6Clo 01

I P4:~__ 1~~_-_~:~_.~~.~~~~_ _~_nly_~~.~~~....__ ~:_~~ ._ ...~~_~ --_ ..~~:.:_:s~urce'
, Hill, Kusud., LIU,Powell.A Propose<1Conceptfor Oeterminlngthe Needlor Air-Condilloning
I BUltdLng,Basedon BuildingThermatResponseand HumanComfort NBS,Washington.

The experiments detemlining Effective Temperature (E.T I have been progressively refined The

current standards are based on experiments earned out under the alJsp'ces of ASHRAE at

K"nsas UniverSIty and plJblished In 19731"1. These experiments were conductElll on college

students wearing clothing equlvalenl to 0,6 clo and SIlting in the test room without dr:lIngany work.

The mean radiant temperature (MRT) was equal to the dry butb temperature and the air velocity

was low, less than 0,17 mis The main vanables were Temperature "nd Humidity The comforl

zone as described by the subjects dunng Ihe experiment was then traced on a Psychometric

Chart The recommendation of the ASHRAE comfort Slandard is tlm,teu between relative

humiljjles, 60% and 20% and by the dry bulb temperatures, 22,8" C and 25' C.

In 1975 at an energy conservation measure higher deSign temperatures were recommended for

summer, and lower ones for winter'"I, At thiS stage the wInter temperature was still considerabty

higher than that considerElll appropriate in England before the energy cnsls of 1973. The
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preferred range of temperature for the British House of Commons In 1840 was 110 C to 22° C Sir

Douglas Galton In his article on "Heating" recommended a temperature range for living room as

12' C to 20' C and a temperature for bed rooms nolless than 4" C, 1'91. Dr Thomas Bedford

conducted an inqUiry In 1940 and recommended a temperature range on 195' C to 20° C, which

was found to be satisfactory. Differences in comfort vote are due to the differences In amount of

clothing customarily worn and this varies with time and place; but they atso reflect d,fferent

conceptions of comforf.

On the basis of 40 fletd stud,es conducted In a Wide range 01 climatiC condttions Humphrey'sl")

commenled that neutral temperatures T" for adults range from 170 C to 35° C, depending on the

mean temperature experienced by the population, suggesting thai acclimatization indeed affects

the temperature required for thermal neutrality. Normally a band of 4° C (-' 2" C) centered around

T" comprises the comfort zone, 1fT'" is the mean temperature, then Tn may be predicted from the

equation:

T" = 2.56 + 0 831 T" (oC)

Tne standard error of prediction considered was 1.10 C It LS possible 10 predict T" fOI each month

of the year by examining the average temperatures Tm for the climate In question The Neutral

Temperature Tn and Comfort Zone in Dhaka city for the hot months (Apnl, May, June, July,

August, September, Oclober) lor twenty year average readtngs based on Humphrey's equation

was calculated by one researcher 120In 1987 Th;s has been presenled In Table 2-D9 below,

Table 2-09

HUMPHREYS MONTHLY NEUTRAL TEMPERATURE AND
COMFORT ZONE IN DHAKA IN 1987

28,6

'"2~,3
'"2~,3" ,
27,1

'"24.6
24.3

'"24,3
'"23.1

COMFORT ZOIlJE
"c "e

HUMPHREYS NEUTRAL TEMP
Tn "e

'"26,6
'"'"'"'"25.1

AVERAGE TEMPERATURETm'e
29.0

'""'"',ee
'"'"27,2 I

Ah~-~~~~~-;;8;:' ~np~~~;~he-~-";;-~;;;~~esi. on-~~-;;-.~.~e~~:;.CI;~~-t~ ~~~~~~~~;9~.~~d i
Location or Windows ror B~;ld,ngs in Bangladesh. I

MOlIJfH

AprilM.,
J~ne

'"'A~gust
September

I October

I ;-~~~;
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II may be relevanl to summarize the findings of expenments re{Jardlng comforl temperature in

Vanous periods and regions and to compare thosa against the temperature and humidity 01

Dhaka city of contemporary period In the hot months, The comparison has been presented in

Table 2-10 below,

Table 2-10

At R,HLJmtdlty80%,
air velOCity0.4 mis

Not mentioned
Not mentioned

Rei Humidlly 60% - 20%
No! mentIOned

Require. acclimatIZation
and va"al,on of clothing
and lakes into account
human behaVioral
adaptalions

Same

15'_37°

23.1- 28.6,

110_22'C
12"-20'C

2280_25'C
15,5" _2{)o C

COMPARISON OF INDOOR COMFORT TEMPERATURES
OTHER FACTORS
UNDER CONStDERATION

07 Neutral Temp for Dhaka
calculaled by Ahmed on
Humpnrey'. Equatton
(Average of Apnt-Octobar
Month'iTn 26.46°

06, Humphrey's neutral Temp Tn
17" _ 3S'C ((based on 40
fteld .tudies)

REFERENCE COMFORT TEMPERATURE
01. BM/;shHouse alCommons

Recommendations 1840
02. Encyctopedla Britannica 1880
03. ASHRAE comfort Slandard

011974
04, Of, Thom•• Bedford 1S4(l
05. ASHRAE expe"ment In

Singapore 1952

2.4.1 MAHONEY'S CHART:

Numerous research worl\ers and IheoretiClans have attempted to construct a schema or model of

the deSign process on climatiC considerations, C, Mahoney(22) deVised a number ot lables to

record Ihe essential climatic data for use by Ihe designers of built-forms In hiS Table he

proposed to record such Information as (1) Location (2) Longitude (3) Latitude and (4) Altitude 01

the Sile in conSideration Also the Air temperalures tlke (i) Mo~thly mean maximum, (Ii) Monthly

mean minimum and (iii) Monthly mean range, (iv) Ever highest temperature, (v) Ever lowest

temperatures, (vi) Highest Annual Mean Temperalure and (vii) Lowest An~ual Mean

Temperatures for each of the 12 months of the yea' were to be recorded in a chart, The Humidity
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data was to be mamtained in a similar manner, Other Climatic components like Wind and Rain

were to be recorded such that the designers may find out comfort ranges

2.4.2 ACTIVITY CHART:

The activrty chartl") is a chart is a chart having two parts, where the upper part shows in graph

the outdoor and indoor temperature changes with comfori zone super-Imposed and the lower part

gives a record of activities in various spaces of the building, The chart indicates the suilabrllty of

various rooms at various locations jar vanous activities, where the rooms may be specified

depending upon the duration and time of use.

2.5 GLOBAL WARMING AND BANGLADESH:
On the assumption afthe expelts thaI deposit of CO" in the upper boundary layer shall double by

the year 2030(24) the International Panel on Climate Change (IPCC) Group I workLng in

Bangladesh reported the following on the climate of Bangladesh and the surroundil1g area,

(i) There will be a gel1eral rise in surface air temperature, which ,5 likely to be greater In

percentage terms in winter than in summer,

{il) Precipitation forecast for winter seem to have wider range from a reduction to an InCrease

while during Summer there may be up to 15% nse jn rail1fall.

(ml Soil mOIsture forecasts seem to be qULteuncertain but are likely to increase up 10 10% during

summer,

It may be opined that due to Global Warming, the summers are likely to be warmer, more humid

due to higher rainfall aI1d the soil may be moister, Winters are likely to be warmer, possibly drier

and wjth possibly less soil mo,sture The IPee working Group 1 predicted that Ihe changes might

take place at the upper al1d lower ends of the range, keeping the mean value roughly the same

as b£!fore,
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According lo Masatoshi Yoshind") "(the changes in climate) may result in intenSIfication of heal

island, air pollutiorl, pollution dome over cities at night, sea-level rise and other urban

climatological phenomenon through the broadening of bUilt-up area, developing transportation

system arld other related industrial activities", Regarding sea-level rise he opines, "it is said fhat

72 millIons suffer and 70 cities sink in China by I meter sea level nse and 8 million suffers in

Egypt There are marlY similar results of assessment in Nigerle, Brazil, Malaysia etc ". In

Bangladesh, the low-lying areas especially those al the coastal bell will be affected due to rise of

sea level as arl after affect of global warming Thus even though this may not be directly related

with the aim and objective of this study, the designers of bUilt-formsmay attach Importanceto thIS

phenomel1on in theif designs, specLally,n the low 'Ying areas, The city of Dhaka may also be

considered as low-Iy.ng, since the area goes under floodwater in the years of extreme fiush

floods. The construction of a dam around the City, however, has stopped this propensity in the

recent years

2.6 CONCLUSION:

ThiS Chapler on ClImate in general discusses various aspects of climate including faclors of

climate, regional climates, micro- Or site climates. climates in Dhaka city, various factors

responsible for climatic comfort etc Most of the stud.es have been carried oul by the

climatologists, who are mostly concerned wnh climate of a large area The designers, however,

are in need of c1imalicirlformatlon of smaller area. may be of a particular city or part of a city and

such mformalion may not be available wLth the meteorological deparlment, the organlzallOn

responslbie for recording and preserving climatic data. Some of the studies by the climalologlsts

reveal that numerous mlcroclimates have already t>sen generated in Dhaka cily and that the

climates in lhese p<Jcket-areasWidely vary from the rest or adjoining areas. The success of a

bUIlding In point of climate, i e. the one utilizing climalicbenef,ts depends consIderably upon detail

and dependable climatiC data of the Site, The current system in which the Meteorological

Department collects climatic data cannot satisfy lhese cond.tions. If detail and dependable
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climatic data of a sile is available, the designers of built-form may make the use of VSrlOUSspaces

depending on their relative importance, time of use (through Mshony's activity chart), type of uSe

elc. it oshowever, a great problem thst In urban areas am! especoally in lhe congested busy cihes

microciimales vary qu,te rap,dly. The conslruction of each bUilding in a congested area brings

about new changes in microciimates due to its presence and associated activities, In case a

building IS not designed with due cons;derations of probable changes and developments in the

surrounding areas, there remains every p<:Jssibllitythat the bUilding may no! ensure the expected

benefit of nature's cl;mate
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Chapter 3

RESIDENTIAL HIGH RISE IN DHAKA CITY

3.0 INTRODUCTION:

The residential buildmgs that one may now see ,n Dhaka city are the product of recent decades,

Inlbally residences appeared in this land as trad>lional rural huts Through numerous changes and

transformations in configuration, matenal, construclion technique etc. those have attained the

present forms, A brief diSCUSSionregarding transformations of houses through ages in the site of

present Dhaka city has been preser'lted ,n lhis chapter such that one may have an understanding.

of the influence of climate on lheir design and planning Also there ara two IOp'CS, one on

'shelte~ that includas men's idealistic requirements ir'l shelter, as suggested by various experts

and the other On 'sheiter poliCies' taken by the government of Bangladash, The slata of residential

accommodation in Dhaka cily, the present situation of reSidential buildings, vanous meaSureS

taken by the Government to me..t the demand for accommodation etc. heve also been discussed.

It is nOWquite well known lhat in Dhaka, es elsewhere in the globe high-risa and lall buildings

have been accepted as effective solution to human accommOdation on less land There IS also a

topic on some aspects of the design of hlgh-ris" and tall buildings,

The conle>d.behind the growth of high.-ris" bUildings in thEl cily has been discussed ur'lder topic

high-nse residences in Dhaka. Because of their relevance 10 the c1imalic context vanous

controlling & regulatory measures enforced by the Government from time to lime to control the

growth of built-forms have also been discussed The topic on climate in high-ri5e building

discusses observations af1d recommendations by experts regarding environmantel Impacts of

and environmental conditions in high-nse buildings. The above-menlioned toplC5 have been

discussed in Ihis Chapter under the following sub.headlines

Transformations of houses through ages
Shelter
Sheller policy of the governmenl of Bangladesh
Rasldential accommodation In Dhaka city
Situation of resid"ntial accommodation in Dhaka city
Government measur&s to meet demand for accommodation
High.rise and tall buildings
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High-rise buildings
Tall buildillgs
High-rise residellces In Dhaka
Conlext of growth of high-rise residellces
Reasons behind the growth of high-rise residences
Controlling & regulatory measures In growth of built-forms in Dhaka
Climate In high rise butldillg
Climate ill High-rise tower bUilding
Envirnnmentallmpacts of high-<ise bUildings
Ellvlronmental condiholls in the high-rise buildmgs
Conclusioll

3.1 TRANSFORMATIONS OF HOUSES THROUGH AGES:

In Dhaka, as elsewhere in the world houses have suffered Irom changes due to ~ew Ileeds,

changes In people's attitudes towards livillg, introduction of new materials and technology,

changes in climatiC condllions, changes In the attitudes a~d policies of the government etc The

city of Dhaka, that at present stands as a mega polish and capital of independellt state,

Bangladesh initialed as abode of sOme bUSinessmen, With sOme traditional residential and

business houses. The houses were constructed with timber posts havmg sloping thatched roofs

ebove and thatched or mud walls around. As days went on those were gradually replaced by

brick walled, burnt-tile roofed, corrugated iron (c,L) sheet walled and rooled and finally reinlorced

concrete (r,c,c.) framed end r c.c, roofed slructures. Challges happened also in planning and

organi~ations Earlier, there was no dearth of land and various structures for accommodation

were placed far apart for ensuring privacy and having climatic priVileges The use of sloping roofs,

translucent walls, probable fire hazard elc. also neceSSItated distant placement. The '~troduction

of c,i, sheet and brick wall made closer placing or even COmbining several spaces under the

same rool pOSSible. The introduction of better.quality toilets and pipe-borne rendered It possible

to place tOllet and bath room very ~ear or even within the maill house The replacement of sloped

rools by flat r c.c. roofs made the concept of multiple level liVIng The scarcity of land and the

question of security initlated the use of boundary walls. The commercial viability of land edJacent

to main lhoroughfares allured the owners to use those for commerclal purposes, Wllh the

inlroductlon of mulli.level living concept, there was a telldellcy to use the lowar levels lor

commerCial purpose and the upper levels, lor residential accommodetlon, The colollial British
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rulers introduced bungalow type large house with lavish use of spaces Inside and open spaces

around, where secunly was maintained by d,stance, waler-bodies, walls and security guards.

Following them the local landlords introduced their own types .n whlCll they Introduced Introvert

lype of planning, w.th rooms arranged around closed courtyards. This design baSically differed

!fom the trad,tional type in the poinl thai in the lradltionaltype the inner courl was semI-enclosed,

The Introduction of agitation oj air, first by using manuat device and consequently by electriC fans

W<:lrkedas substitute for ventiiatlOn and this one, along with introduction of electric lights that

acted as substitute for natural light paved way to closer placing of slructures

In case of multilevel brock buildIngs 'one stair serving two' and 'havLng a south face type' became

very popular because of eCDnOmlCand climatic suilability. In such a deSign passage to all the

iLvabie spaces from the staLrcase was a dire necessity. The smaller plots of land available in the

city, however, made II dlfficull to avail the climatiC privileges In such a context more openings In

the internal walls and larger open space inside was a necessIty. As a design solution the liVing

room and dining room were combined into one, the ,nternal passage was replaced by a large

room to be used as dining space or family space High_windows or fanlights were Introduced to

retain privacy and maintain ventilation.

As soon as the buildings went up above walk-up limIts, elevators round the" use for vertical

transportation. The urban authontles made It obligatory to provide garbage chute for bUildings

above six floors. For easy installallon, maintenance and changes of service lines of water, gas,

electricity etc 'service duels' founo their uses In the multi-level buildings In their endeavor to

arrange the rooms of a house LniLmiled space, the designers often found It haro to provIde the

extenor windows, which were considered essential for toilets and kitchens As a 50lution they

introduced tOilet and k.tchen ducts Another potentialIty of duct for the purpose of ensuring natural

light from above not come out successful in high-rise structures because of non-avl111abillty of

adequate space,
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3.2 SHELTER:

Shelter IS considered as one of the three basIc human needs. By some other consideralions

shelter may be considered the highest and finest product of civilization. Undoubtedly every

human being requires shelter, a roof over his head, and for most 01the individuals, it means a

home, a permanent 'base' where a greater part of one's life is spent. That indicates, shelter is one

01 the most Important phenomenon In people's lives Various experts and organizatIons

endeavored to stress the Importance and scope of shelter in various ways Some of their

comments, thoughts and recommendations shaHbe discussed here.

(il Mar:zoricBraninKeizer:Marzonc Branin Keizer considers shelter as a greallorce in motding the

mond,character, attitude and behavior of men, In ils essence the phYSicalcharacter ot dweliings

affects the myriad daLtyactivities necessary for normal personal care and family life Undemably,

in poor housing there IS a high incidence of ,lIness and adult delinquency. Housing plays an

important role in the life of each individual Its phYSicalcondillon may facilitate or restrict every

day activities and may affect phys;cal and menial health 1011

(;'l Swan: Swart retains a slightly different v,ew from the above, He opined, the tfSditional

dehnillon of housing as "shelter", "a commodity" or "product" is not adequate because hOUSing

means more than just shelter{02>Housing is more appropriately defined as a process invoiving

the Interaction between an organism and its environment The organismmay be single individuat,

a family or a communal group The environment refers to natural surrounding along with political,

economical, social and cultural environments surrounding the organism. The logic behind this,
definition seems to be based on the principle that for most organisms environment is a well-

defined place In which they grow and reproduce. The longer lhe organism lives in these

surroundings the more perfeclly they are attuned 10 them Thus, human being' like other

organisms evolve their shelter by adapting to envLronment
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(jil) Rapoport: According to Rapoport, 'It LSa truism that vanOuS dwelling forms result from a

complex phenomenon which defies any single expianallOn'. (03)

(Iv) Samuel Aronl, Samuel Amni provided a comprehensive definition of human shelter saying,

every society, developed or developing, has a basic need tor housing For every individual. alone

or as a pert of a family unit, a house, be it a cave or castle is hopefully more than just physical

shelter. II should be a home, a resldLng place in which 10 try to fulf,llthe fundamental purpose of

human society, namely, a scheme rewarding happy or at leasllivable iife, In our society, whLch LS

sllil based on family as its fundamental umt, a house and home also represent an extended womb

for the young dunng the formalive years, during their phYSIcal, psycholo<;)lcal, educalional and

emotional development, so vital bolh to the person and 10 Ihe community Through Its nature,

physical locations and characterjsllcs a house provides lhe ermbllng or constraining inltuence On

a vanety of important services These include physLcal services such as power, water,

transportatian ar sewage: saclal serviCeS such as health, educahon or recreatlan, and econamLC

services such as opportunities for work and income Far the individual or the family. the house IS

both shelter and symbol, physical protecllon and physiological identity ot econamlC value and s

foundation far security and seil-respect. 1"1

(v) World Health Organization The World Heflllh Orgsnizalion dehnes hOUSing as "sn enclosed

environment in which man finds prolectLon and feels safe and secured from hostlte forces and

can funcllon wilh Increased comfort and sshsfaction as regards pnvacy 10the IndiVIdual and his

family. The environment must Include sll necessity, services faclillies, equ,pments and deVices

needed for physical and social well being of the family 01the individual. IOC)

(vi) International Planning Associates: According 10 International Planning ASSOCiates, USA

housing represents the mosl basLc human needs and has a profound impact on health, welfare

and produetlvity of individuals HOuSing is more than merely the dwelling unil, It is a compiex

product made up of a combination 0\ services. indoor liVing spaces, land, utilities, conlextual
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situstlons (with respect to work and community services), outdoor living space and relationship to

neighbors, family members and lrlends(OO). The baSIC Inputs of hOUSing sre: (s) Lsnd, (b)

Matensls snd (c) Finance Housing starts from one room and the combination of rooms creates a

house. The science of arrangement of these houses with the proVisions of all necessary

infrastructures IS' Housing". {WI

(vii) Vancouver Conference on Human Settlements, In 1976 the Vancouver Confarenoo on Human

Settlements, Habitat I formulated 64 recommendations for ImplemenlatlOn by the national

•
governments, UN system, donors and inteinational techno-f,nanc,al organizations, Qut of those

the following three recommendations relating to human accommodation may be mentioned here

(a) Human Settlement Policies and Strategies to make Ihe habitat as the place of reSidence and

economic and social development Within Ihe territoriall,mil of all countries for all, to prepare and

pursue national hOUSing pol,cy; and to the Issues of human settlemenls transparent for all

c,tizens, (b) Settlement Planning IS to be consistent with self-sustainabillty, CIVICfacilities and

hOUSing for all linking it with the urban and (ural areas and so on Ic) Sheller, Infraslructure and

SenJlces through Integrated approach, affordabllity, standard, local technology, Industnal and

commercial developments linked to households in communities like cooperatives, (d) Land tS to

be used optimally for all purposes through acquisition, as appropnate, preparation of land records

and ensuring security of tenure. (e) Public particlpat;on in ali developments In human settlements

and sheller and (I) EnVironmental protectlon(W).

(viii) United Nations' In November 1988, the United Nations In their 'Global strategy for shelter 10

the year 2000" adopted and called upon different governments to lake steps for the formulation of

a Nahonal Housing Policy In the light of 'the enabling approach to achieve the goals of the

strategy. The United Nations Conference on Environment and Development (UNCED) held ,n Rio

de Janeiro in June 1992 urged upon the governmenls to formulate national settlemenl strategies

to implement the recommendations of the UNCED In the field of promoting sustainable human

settlements 1Wl.
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3.2.1 SHELTER POLICY OF THE GOVERNMENT OF BANGLADESH:

The Govemment of Bangladesh has attached Importance in providing residential accommodation

for the citizens. Some of the steps taken by the government to thIs effect are givan hereunder.

The constitution of thB People's Republic of B.ngladesh advocatas lhal the people are the utmost

concern lor the state (Ihe Constitution 1972, Articles 15 to 20) "They (the people) are entitled to

enJoy the benef<ts of human settlemenfs for a healthy and productive life in harmony with nature

and ,n harmony with shared spiritual alld moral values and ethnical considerations Inadequate

InCOme, poor shelter and homelessness threaten health and security of life, particularly of the

helpless children, women and men." ('0)

In Fifth FiVB-Yea. Plan 1997-2002 of Bangladesh housing for people has beell given due

importance mentioning "Housing is Olle oflhe most Importsnl baSICneeds of life", I")

In the Draft N.tional Hc,"",ing Policy 1993 hOUSInghas been described as "one of the lhree baSIC

primary needs and is equally Important as food and cloth,ng It provides shelter, safety and a

sense of belonging to lhe owner. It also proVides pnvacy and promotes health and comfort.('2}

3.3 RESIDENTIAL ACCOMMODATION IN DHAKA CITY:

The Inhabitants of Dhaka city are having bitter experience regarding the acute shortage of

reSidential accommodation. The situations of reSidential accommodatIon along with vanous

government measures to meet the demsnd have been discussed hereunder,

3.3.1 SITUATlON DF RESIDENTIAL ACCOMMODATION IN DHAKA CITY:

The fifth Five Year Plan 1997-2002 cites thaI, there is an acute shortage of affordable housing

both In urban artd rural areas of Bangladesh I"i. There is housing enSIS In the country both In the
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rural and urban areas. Housing has been considered by the Government of Bangladesh as an

Integral part of overall improvement of human settlement and economic development" 1"1

In the draft Nalional Housing Policy 1993 Ihe problems regarding Housing has b""n descnbed

as, a senous one because of the large number of homeless households, rapid growth of slums

and unauthonzsd squatter settlements, spirating price of land and construction matenals, rampant

speculation and phenomenal increase in house rent, insufficient availability of water, sanitation

and basIc serVices to bulk of the populatIOn (lSI.

In 1991, the housing shortage was estimated to be 0,95 million units in urban areas and a total of

3 10 million unitsl"lln the country, In the same report the total housing shortage In 2.000 AD was

est,mated to exceed 5 million units,I"I, The Urban Area Report of 2.000 Census IS nOW under

preparation and is expected to be published in 2005 The same report on 1991 census has been

published in August 1997 As regards to dwellin9 units (Houses), malerials used in wall etc the

report presents Table 3-01 below.

Table 3-01

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

Straw, bamboo
Mud, un-bumt bnol<
C.l. sheet, metal
Wood
Cemantlb~ck

TOTAL

TOTAL NO. OF
HOUSEHOLD

3,42,820
1,25,467
1,42,319

2,96B
4,74,803

10,88,378

MATERIAL OF ROOF
STRAW BAMBOO

1,11,690
21,871

3,773

""1,704

1,39,286

2,31,130
1,03,500
1,38,546

2 721
1,76,462

6,52,455

CEMENT

2,96,637

2,96.637

Source, BANGLADESH POPULATION CENSUS 1991, Vol 3 UrbanArea Report, 1997

3.3.2 GOVERNMENT MEASURES TO MEET DEMAND FOR ACCOMMODATION:

The concern of the government of Bangladesh regarding hOUSIngscarcIty has been expressed in

the draft National HOUSing Policy 1993 as, "The government is conscious of this problem and the
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enormity of housIng crisis in the country. The government intends to create a favorable and

conducive environment In the country to give impetus to this sector The government wLtl

endeavor to provide housing to every citizen of Bangladesh through various measures,

incentives. motivation, planning and management, Special housing schemes Will be prepared tor

the low Income group, the disadvantaged. the destitute and the shelter less poor,"{101 Some of

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

(i) THE FIFTH FtVE-YEAR PLAN 1997-2002: (n the fifth year plan 1997.20(}2i"I, the following

objectives have been mentioned for the purpose of people's accommodation:

a, Development of low cost houses/multi-storied buildings lor housing / resettlement of slum

dweilers, the disadvantaged, the destitute and the shelter less poor and In-situ development

01 slum and of shellers lor squatters.

b. Development of sites and services for resldenliel eccommodation of low end middle.income

groups of people.

c. Construction of condominiums for low and middle-Income groups of people,

d, Construction of multi-storied fiets for sale to government employees at different places to

ease Ihe accommodation problem.

e. Construchon of housing facilities for working women.

f, Construction of (ow-eost houses in the coastal areas 01Bangladesh.
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g Involvemenl of the private sector with necessary incentives for its greater participation in the

housing sub-sector.

(hl NATIONAL HOUSING POUCY 1993lDraft): In order to cater for housing problems the National

Housing Policy 1993 was prepared and approved by the government The Aims and obJectives,

Strategies and Policies mentioned In this policy Include the following:

la) AIMS AND OBJECTIVES'

a. To ensure housing for all strata of sociely, and to accelerate housing produclion In urban and

rural areas With major emphasis on needs of the low and middle Income groups

b. To make suitably located land at affordable price lor various larget groups, especially for the

middle and low-income groups.

c. To mobilize resources for housing Ihrough personal savings and other ftnancial Inpuls.

d To ensure effective implemenlatlon of the housing prO>Jrams,promote use 01locally developed

materials and construction techrllques and increase production of forest based building

materials

e. To Improve and enhance the character, quality and environment 01 the eXIsting residentiel

areas in urban areas.

1 To promote inter-sectoral coordinatlDn within the framewor1< 01 national, urban and regional

plans,

g. To develop new strategies and undertake revision of the policy lrom lime to lime 10cope with

lhe emerging housing needs and problems In the country.
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h, Undertake action onenled research in all aspects of housing problems and 10 foster

minimi~ation of cos! and rent.

In order to fuifililhe allove objectives the following Stralegies and Policies were declared in Ihe

draft National Housing Policy 1993 <"":

11>1STRATEGIES:

a, Housing will be given due plionty in the nallonal development plans.

b, The role of the government will be primarily be to increase access to land, Infra-structure,

services and credit and 10 ensure availability of building malerials at a reasonabte price.

specially 10 the iow and middie income groups and 10 creale and promote housin9 finance

institutions, where as actual construelion of housing will generally be iefllo the private seelor

developers, the people themselves and the NGO's.

c, Austerrty will be maintained in building houses and efforts will be made 10 ecanomi~e housing

costs, discourage extravagant construelion, faclirtate incremenlal house building, ensure wide

application of low cost technology and optimum use of resources at the individual and nalional

levels both in public and private sectors.

(el POLICIES:

a, Tax concession will be given to those who build houses with Iheir own resources,

b Hire purchase syslem for hOUSingIn the pnvate sector will be encouraged,

c. Tenancy Act will be updated for renting houses in Ihe urban areas for mutual benefit of both

owners and the lenants.

d. Abandoned houses will be lurned into mulli-s1oried buildings by the Housing and Settlemenl

Directorate in phases for solving the housing problem.

e, The size of r3sidenlial plols will be limited 10 3 katha In Dhaka city and 5 katha in other places

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

/. Necessary action will be taken to strictly enforce Building Code of 1993.

g Arrangements for soft loans for housing will be made for the poor; to Ihis end, a speciat fund

will be created I>ythe government.

h. Rural hOUSingwill be 91VenemphaSIS by providing better access to land, finance and cheap

affordable and durable buitding materials and technol09Y following the Grameen Bank Model

i, Houses for working women will be constructed by the relevant cityitoWll authorities: and

j, t.ow cost houses in the coastal areas of Bangtadesh witt be constructed by the tocaillodies

and funded by the government.
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(iii) BANGLADESH NATIONAL BUILDING CODE lSS3: Bangladesh National Building Code 1993

was prepared with an objective 'to establish minimum standards for design, construction, quality

of matertals, use and occupancy, location and maintenance of all buildings within Bangladesh in

order to safeguard wllhin achievable limit, life, limb, health, property and public welfare', The

provision of this code IS applicable 10 all persons of Bangiadesh irrespective of class, creed,

culture, religion and sex,

According to PREFACE of this book "Buildings, be it for housing, industry and educatio~,

heallhcare or any other use, constitute the major part of constnlction for physical infra_structure

development of the country. A substantial portion of national resource is invested in bUilding

construction both in public and private sectors. In order to ensure optimum return of this

investme~t and to achieve salisfactory perfonnance of the building in tenns of serviceability,

health, sanitation and general welfare of the people, building construction needs to be controlled

and regulated. legislative measure for such control has been taken in the building construction

act of 1952 and olher relevant acts, ordinances and regulations.

(iv) BUILDING CONSTRUCTION ACT 1996: Ministry of Housing and Public Works, Government of

the People's Republic ot Bangladesh on July 18, 1996, on the basis of empowerment by Building

Construction Act, 1952 ml Section 18 declared Building Conslructio~ Act 1996, II has been made

obligatory for all to follow these rules and regulations, at the time of desi9n and construction of

bUildings and slructures In the urban areas of Bangladesh.

(v) NATIONAL HOUSING AUTHORITY: In 1993, in view of an eslimated housing shortage of 3.10

million units, and 'being conscious of this problem and enormity of the housing crisis In the

country' the Government of Bangladesh formulclted National Housin9 Policy. This policy was

revised and a law was made for the formation of National Housing Aulhorily (NHA) in 1999,

According to this law the Housing and Settlement Directorate (HSD) and the Commissioner

(Settlement) w~re to be allollshed and absorbed in the NHA. All the responsibilities, assets,



debts, law"suits, ot~ces and employees, contracts or contract of services were to be taken by the

NHA. The law was signed by the then presldenl on 11 July 2000 and the date of enactment was

fLXed10 have been 15 July 2001. In a gazette notification the Ministry of Finance Informed that Ihe

relevant aulhorilies okayed the posts and organogram for the NHA. The Ministry of

Establishment, however, pointed out Ihallhe organogram and charter of dLJlies for Ihe NHA were

nol appropriately formulated.

Sri.lanka formed a co.ordinaled organization for the purpose of solving housing crisis in Ihal

country in as early as 1979 and attained tremendous success, Even though the poliCY towards

such an organization was initiated in 1993 in Bangladesh. the same could nol gel a start even

after a decade, not 10 say anything about active ventures to solve housing crises in the country.

3.4 HIGH-RISE AND TALL BUILDINGS:

Even though high-rise and tall buildings were inilially constructed to meet corporate image for

large corporations, at present these are constructed to accommodate all possible types of uses

and a considerable number of those are used for residential purposes These are commonly

known as apartment buildings. Before going into the discussion of various aspects of apartmenl

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

3.4.1 HIGH-RISE BUilDINGS:

The term high-rise is a popular term that people use to identify buildings above the general height

of buildings. The experts in urban climates use the lerm 'urban canopy' 10 denote this general

height. So, in other words, all buildings above the urban canopy may be called high"rise or sky-

scrapper. That indicates, Ihe height of such buildings shall vary from place 10 place and from time

to lime, And 'one should not wonder;n ii, since the first sky scrapper of Ihe world was a ten-story
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building 1"1. In such a situation endeavor may be made to find QuI the parameter 01 hIgh-rise

building in Dhaka city from the following consideralions'

(a) Visual appearance Up to the sixlies most of the buildings ,n Dhaka were four story high In

the seventies a number of six-storied reSidential buildtngs were constructed both In the private

and public sectors The trend 01 the nineties, however, is to go for burldlngs with 10 10 20

stories or even more. But as of today, any building above Sl~ stories presents a 'high-rise

appearance' In the city,

(b) Structural analysis and design: In case of structural load catcutalions of bUlldtngs in Dhaka city

Ihe lateral loads needs to be laken care of tn buildings over six stories.

(el Walk-up lImit: For quite a long lime four story height was conSidered to be the walk-up lImit in

Bangladesh At present, however, people walk up to si~ story heights and they are beCOming

accustomed to this height

(d) RAJUk's regulation: Rajdhani Unnyan Kartlpakkha (RAJUK) In their Building Construcllon Act

has made lhe use of elevator, fire-escape sIal' and solid-wasle chule essential for bUildings

above Sl~ stories,.

Thus from lhe above jive consideralions viz. (al Visual appearance, (b) Structural analysis and

design, (c) Walk-up lImit, (d) RAJUk's regulalion it seemS quite logical to opine thaI, in the present

context in Dhaka city 'buildings above six floor height may be teken to be high-rise buildings',

3,4,2 TALL BUILDINGS

As of today there IS nothIng lhat defines the physical parameters of high-rise or tatl buildings in

terms of lhelr heLghts or number of floors The council for Tall Buildings and Urban Habital

concluded thaI 'a tall building is nol slrlctly defined by lhe number of stones or ils heigh!', The

importanl cntenon is 'whelher or not the destgn, use or operalton ollhe burlding is 'nliuenced by

some aspects of tallness'. In order to simplIfy the wort<;on collection and compilation of data for
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such buildings, CTBUH decided to Include ,n Its database on tall bUildings 'any building nine or

more stories Lnheigh.!' in their file{Zl), This however, led many experts to present various lypes of

comments like: (i) 'The bUIldings which are more than 9-storied in height are considered

Lnternationally as Tall BUildIngs' (24),(il) 'The definition of Tall Buiidlng is controversiaL In our

country as per proviSIons of RAJUK, any structure of six or more story is considered as a tall

structure. But a more international definition as advocated by councIl for tall structure IS a

structure with nine slory or more' I")

Some experts attempted to define tall butlding from structural aspects like, 'From structural design

and construction point of VI~ it IS simpler to conSider a bULlding tall when lIs slructural anatyses

and deSign are in some way affected by the lateral loads' (261

It is also interesting to note that many experts have conSIdered tall.bullding and high.nse bUIlding

synonymous Some of thell comments may be cited here. (I) The building With a height of 20

meter or more LSnormally called as tall (high_rise) bUIlding tn Bangladash 1"1 (II) 'Recent years,

however, have witnessed an ever Increasing trend towards constructLon of buildings which can be

classIfied as "high-rise" (nine stones or more("1

The term high-nse has always been used by the common people In a relative or comparative

sense. For exampte, (ij 'The relahve term HlghlLow depending on the height of the adjacent

buildings or obtects being compared wjth. has come up to whether the building is more or less six

storied in case of Dhaka city' <291(il) 'In a single story area a five story building WIll appear tall. In

Europe a 20-story building ,n a clly mey be called a high-rise, but the citIzen of a small town may

point to their skyscrapers of six floors In large CitIes, such as Chicago or Manhattan which are

comprised of a vast number of tall buildings, a structure must pierce the sky about 70 to hundred

stones if It IS to appear tall ,n companson wilh the immediate neighbors, Tall buildings cannot be

defined in specifIC terms related to height or number oflloors' (30)
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The most reasonable statement given by CTBUH goes on 'tall bUlld,ng is nol detmed by the

number of stories. heights or the question of structural analysLs. But a tall bUilding IS the one

havIf'lg 'some aspect of tallness in its design, use or operation' Even though CTBUH decided 10

Include all bUildings above 9 floor for the purpose of simpliCIty of collection and compilatIOn in its

database on tall buildings, thai does nol necessanly mean that 'any building abova 6 or 9 story

heighl, as commented by some experts, is a tall bUilding'.

3.5 HIGH-RISE RESIDENCES IN DHAKA:

In order to meBl the ever-increasing demand for residentiat accommodation in the limited iand of

Dhaka city the construellon of high_rise residanlial buildings was a natural and viable soiutlon, of

course w,lh natural consequences, The context and reasons behind the growth of hlgh..-ise

residential bUildings have been discussed hereunder,

3.5.1 CONTEXT OF GROWTH OF HIGH-RISE RESIDENCES:

During Pakistan period public seelor housing in genaral denoted sccommodallon for government

employees oniy. Bul gradually the hmizons of publiC housing have been extended to Include the

low to middle income groups, student hOUSing, housing for single working women, relief and

rehabil,tatlOn housing, worker's hous,ng. housing for squatters and the landless etc (31)

The Inadequacies in the then public hOUSingwas observed in the draft Nallonal Housing PoliCy

1993 as, "Public housing has, in general, faliad to slroke a balance between proper hOUSing

deSign, standard and architectural style on the one hand and use ot ,nnovative bUilding malenals

and affordable housing on the other. The public sector has generally followed a land development

policy, wh,ch largely benefited some higher and upper-middle Income groups. This has

particularly caused distortions in the land market and oftan led to sub-optimal development,,(.j2l,

Government efforts in providing housing primarily limited to government employees and some of

the urban public, could not make any signiflcant devBlopmenl in the urban hOUSing scene, W,th a
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huge backlog of hOUSUlg r1eed mountlr1g in the cities a new generation of real estate

entrepreneurs came into the picture. In some cases plots were subdivided ar1d sold oul, and in

others houses were constructed. some for individual ownership and others lor mull<-ownership oj

bUildings with ftats for indIvIduals (OJI

As soor1 as the policy to accommodate more people on less land waS In pnnciple accepted, the

inevitable solulion was to go for mulli-slOried resldenhal buildir1Q. Consequer1tly 'Ihe

IransformatlOn of pubhc housIng from single-famlly-on-slngle-Iot typOlogy 10 walk-up ftats had

been a significant change (3<1, Even though apartmentlLving is a western concept and although

aller1 to our culture, It IS now gradually finding Its way Into our society, 1""1

in 1993 in a seminar 0r1Tall buildlr1gs the planners expressed that, high-rise res,der1tlal bUlldlr1gs

were a new addilions In the capital city of Dhaka and that those were beir1g constructed by private

developers along main thoroughfares and at places proximate to central busir1ess dislnct"(361.

The fLrst residential hIgh-rise buitding was the 12 story high staff-quarler for Bar1gladesh Navy at

Bar1anl, Dhaka 1171The fLrst developer buiil hOUSIng was at PallabL, M,rpur In 1964 (36) In this

prOJect, the developer made an agreement With the buyers to develop the land and construct

complete bUilding just after an initial payment. The rest of the money was borrowed by the

company on t>ehalf of Ihe buyers: from a loan giving agency and the company constructed the

houses with the borrowed money. So, the buyers had only to invest in the land initially. The

project covered 1000 houses of different types ranglr1g from SOOSq Ft lo 1940 Sq Ft on plots of

25 to 5,0 Kathal30,.

The present scenano of construcllon and management of apartmenls, however, IS dIfferent,

beGause the pnvate eparlment developers operate in two different melhods In one method they

buy land Of) their OWr1,offer flats to probable buyers through advertIsements in newspapers and

start construction of flats with Installmer1ts paid by the buyers and bank loan, In the second

mathod developers come under proportional ownership arrangemer1t They make some down
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payments to the landowners and share apartments al 60-40 (developer: land owner)

arrangement. The quality of construction of apartment buildings is generally beller LnIhe second

method, since landowners try 10ensure the quality of construction 1"'1

In the urban housing sector, the most noticeable ~hange has been the ,ntroduction and the

growlh of housing colonies and Dhaka now prol,ferates with multo-storied apartmenls and flets,

The architect's skill now faces e new challenge: the challenge being to keep those marks of

Bengali Idenilly in buildings which (for the client) represent a commercial venture and as far as

apartment I,ving is concemed the living pattem and neeos that it serves, do not have a historical

reference wilhln the region but are part 01 inlemational phenomenon of urban growth How

architects respond to this challenge is indeed crucial, as it decides whether our cities will be

transformed inlO faceless concrele Jungles, or whether we wili be able 10 stamp our buildLngs with

our history of struggle for identity, The architect/planner has to negotiate between technlcel I

commercial requirements and architectural expression wh'ch evokes our hislory, our culture and

traditions (4'),

Apartment living is a westem concept and although allen to our culture It IS gradually finding its

way into aur society Developer bUilt housing In terms of hlgh.rise apartment living wili take Some

time, before its sOclo-;;:ultural 'mpact can be properly evaluated

Due to scarcity of land In Bangladesh, where rapid urbanization is taking place the Bengali dream

of a personal home ownership with a garden on the ground level, will remain a dream for mosl of

the peopie Unless Ihere is a revolutionary change in govamment policy and program on urban

housing, developer.built housing wili come 10be a significant housing supply system for the urban

dwellers who can afford It The developer-bu,lt housing, particularly the high-rise ones are already

changing the c,tyscape dramatically. Archi\ects and city planning authorities should make a

concerted effort so thai thiS newly emerging powerful form can proVide a definlle and desirable

add,tion to Ihe physical character of our cities. 142)
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3.5.2 REASONS BEHIND THE GROWTH OF HIGH-RISE RESIDENCES:

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

declared a targeted area of 401 Sq, Km. A flood control dam has been construcled enclosing

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

the recent years and Lt IS quite likely that the greater population of tile city shallllVs within the

area enclosed by the flood control dam. The Tables 3--02, 3-03, and Figures 3-01, 3_02, 3-03. 3-

04 show the Population in Dhaka City Corporation, Area 01 the cily and Populatio~ De~slly ,n

persons per Sq, Km from 1951 to 2001.

Table 3-02

DHAKA CITY: POPULATION, AREA AND POPULATION DENSITY
FROM 1951-2001

CENSUS YEAR POPULATION AREA IN SQ. KM. DENSITY tN PERSON / SQ.KM.

1951 335,928 n ,-
'00' 550,143 " 6,G46
1974 1,007,495 00 4,961
1981 2,816,805 '" 13,452
1S91 4,232,034 '" 15,333
2001 5.578,023 '00 14,939
-----------------_._--------------_._-----------_._----------------------------_.-
Source: URBANAREAREPORT, 1997, Vol. 3 of Bangladesh Popula!ion Census 1991 and

Preliminary Population Report, 2001 census,

Figure 3-01: INTER.CENSAL INCREASE OF POPULATION IN NUMBER

2816805

1607495

335928 550143 I- - ---
1951 1961 1974 1981 1991 '''"
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Figure 3-02: INTER-CENSAlINCREASE OF AREA OF DHAKA CITY
IN SQ. KM.

---------- ------------ ----_.~ -_ .._--

n

UlI, ,LI
1951 1961 1974

Figure 3.03: lNTER-CENSAllNCREASE OF POPULATION DENSITY
IN PERSONS PER SQ. KM.

15333 1~939

1951

Considenng lhe value of 1951 as 100 and lhe base, their percenhle variahOns in 1961, 1974,

1981, 1991 and 2001 may be calculated as follows:

Table 3.()3

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

1951 1961 1974 1981 1991 2001
ITEMS BASE VARIAT10N VAR1AT10N VARtATION VARIATION VARIATION

(t) Populatton '"' +65% +378% +738% +1160% +1561%
(ii) Cily Area '" +26% +32% +189% +283% -+-40\1%
(IIi) Pop. denS<ly ,"0 +29% ~% +188% +228% +220%

For easy understandIng the above Table has been presented in graph In Figure 3.04 below.
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Figure 3-04 PERCENTILE VARIATION OF POPULATION, AREA AND
DENSITY IN DHAKA CITY THROUGH 1951 - 2001
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•••
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With the increase of poputation with lesser increase 01 area, there was gradual Increase in the

price 01 land for habltahon The experts observed that, Dhaka experienced an unprecedented

increase In iand value since the &<3rlyseventies. In the past decade the city developed mainly

towards the north From sixlieS up to recent times RAJUK has provided nearly seven thousand

plots at subsidized rale malnty for the middle and upper income group.

The value of land in Dhaka city, mainly in Ihe central area, has increased at a rate much higher

than the rate of any other commodity. While between 1969 and 1979 the cost of living In Dhaka

has increased lour folds, the price of hlgh.dass residential land has increased approximately 25

to 35 times!"'}

In a seminar held in Dhaka in 1993 one expert mentioned that the land prices in Central Dhaka

soared from Taka 3.00 Sq. Meter in 1950 to Taka 8000 00 per Sq Meter in 1990, The expert also

observed that, III the absence of any land value records it was very dlfhcult to compare the land

value ovar the past decades'("')

The account published by the Center for Urban Studies (CUS), Dhaka UniverSity and Sheltech

regarding land price in different erea in Dhaka city In 1990 has been presented in Table 3.(l4.

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

city. But they replied there was no work In this field.

Organi~atlons like Rehab, (the assoc,atton of the Real Estate Developers 1n Bangladesh) was

contacted for latest information, but they also could not help In such a situation thiS researcher

contacted the developers, ThiS SOurCe Informed, they had an understanding among themselves

to pay around Taka 12 lac to 14 lac per Katha In areas where there is height restrictions and Taka

12 lac to 18 lac per Kalha where Ihere IS no such restriction, The land value is Taka has been

given In Table 3"04 and in Graph in Figures 3-05 below

Table 3.04

LAND VALUE INCREASE IN DHAKA CITY: 1974-1990.2000

,~,1974 YEAR 1990 YEAR 2000

'''' TAKA PER KATI-IA TAKA PER KATHA TAKA PER KATHA

Sandhara 25,000 500,000 1300,000
Gulshan 25,000 000.000 1300,000
BaMnl 25,000 600,000 1300,000
Mohakhali 25,000 600,000 1300,000
Dl1anmondi 25,000 600,000 1300,000
Amnpur 17,500 600,000 1300,000
Mohammadpuf 25,000 500,000 1000,000
Shantinagar 20,000 500,000 1000,000
00", 20,000 500,000 1000,000
Shamol, 17,500 300,000 1200,000
Utlara M Town 20,000 300,000 1300,000
canl Thana 20,000 ~OO,OOO 1300,000
Kam~lapur 17,500 400,000 1300,000
S.,dabad 17,500 400,000 1100,000
Gandana 10,000 400,000 1000,000
Bashaboo 2,000 300,000 1000,000
K.lyanpur 17,500 300,000 1200,000
M"pur 10,000 200,000 1300,000
Kachukhet 10,000 200,000 1000,000
Badda 4,000 200,000 1000,000
Goran 4,000 200,000 1000,000
Demra 4,000 200,000 1000,000
MotijheelC,A, 50,000 1,200,000 No informaMn
Karwan 8azar 41,500 1,000,000 No ,nformatlOn
Mohakhal,C,A, 33,500 800,000 1300,000.__ .._- - ---_ ..._._ ...- -----,._ ..._ ....- --~--_....._ ..._ ...._----

Source' CUS, Dhalla University 1974, Sheltech _ 1990,
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Figure 3-05 LAND PRICE IN TAKA PER KATHA IN VARIOUS AREAS OF
DHAKA CITY IN BETWEEN 1974 TO 2000,
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From Table 3.03 it may be sesn that from 1951 to 2001 the area of City Corporation increased by

about 400%, where as popula\10n has Increased by 1561%, This ,ndicates, there is tremendous

demand for land for the people who are now living in sub-standard houses or in the Innge areas.

The above picture shows only the people who have migrated snd are nOw living In the cIty. The

number of people who now live outside Dhaka and are willing to come to live in the city In the

near future has nol beef) considered in thiS account. The editors of the "Contemporary

Architecture Bangladesh" observed, ill the seventies the liking of aile sectioll of the m,ddle class

moved &Nay completely In a different direction. Bangla(leshi people working abrO<l(l were

remitting money to be Invested in land with the hope 01 building a house on It The developers

Were quick in understanding its potentialities They started produc,ng tempting condominiums on

prime land. Bangladeshi abroad S&N the chance of owning aparlments without the trouble 01

bUlld'ng houses on their owo. Thus a large amount of foreign currency coming In Ihrough the

wage-earner scheme was being "wested In developer-buill housing And housLng turned to be a

booming construction activity in Dhaka (45}

The only way in which the developers could provide more and more number of apartments on

limited land was to go 101more floors, or III other wo,ds, increase height that Increased the

bUilding height. The trend towards constructIOn of high-rise buildi~gs in Bangladesh is very much

connected With the very high pnce of land in important 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-

stoned construction (46]

Other than the wage earnerS working In the Gulf countries, there were demands of apartments

from another group of consumers. They were, a new group consisting of young urban

professionals and young couples, who preferred to break away from the tradItion of tha jOlnt-

family structure and 10 live Independently. For this group the developers were after producing

functional, sophistlcaled apartments with westernized living arrangements, consistent with their

litestyte and taste' (471,Developer-built housing has In time become a sign ot afftuence in the

cityl<Bl.The change in the clientele has effected internal organization to a large extent As new

clients are opting for contemporary ideas, spaces are becoming smalter and manageabte and a

paltern of sLmpllfiedliving is being developed.

Since these buildings have to compete on the open market, developers are nOwwilling to take

into consLderalLonthe psychologLcal, aesthehc and environmental needs of the prospectIve

buyers (.;0)

3.5.3 CONTROLLING & REGULATORY MEASURES IN GROWTH OF BUILT-FORMS IN
DHAKA CITY

The phYSical growth, architectural design and construclion of high-rise bUildings have always

been influenced by various proviSions, rules and byelaws imposed by the government Some of

these regulatory meaSureSconcerning the deSIgn of such buildings and related with climatic

thermal conditions inside the bUllt.space ISdiscussed here.

lil BUILDING CONSTRUCTION •••.CT _ 1995: It is obligatory lor all Architecls, Designers and

Developers 10follow the BUilding Construction Act of 1996 and hence Ihe deSign of residenlial

high-rise c:onslderably depends on these rulas and regulallOns, Following are some of the

relevant articles that contral the growth of raSldentlal high-rise bUIldings in Dhaka city''''1
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(a). Setback of building from the road: (I) There must be a 3 65 Mater w,de road laading to tha

site. In case at the road owned privately, the width may be 3,00 Meter wide. (II) One Meter by one

Meter space must be kepi open In case 01 two roads meeting at a corner. (iii) The budding musl

be placed at a minimum distance of 4 5 Meter from lhe center of the adtacent road, or it must be

al a dislance of 1.5 Meter from lhe sile line. The larger one is to be conSidered,

(b). Height of building: The maximum height of the bUilding must not be mora than lWOlimes of

width of the front road plus open spece in between the road and the building, PrOVided,

If this sum is 7.60 Meier, the maXLmUmheight of the building wLIIbe 9,50 Meter

If thiS sum is 10.60 -13,5S Meter, the maximum height of lhe bUilding wW be 12 50 Meter.

If this sum IS 13.60-16,59 Meter, the maXImum height of the building will be 15.SO Meter.

In case lhe width of the lront road IS

between 4 55-7,5>1Meter. the maximum height of the building will be 18.50 Meter,

between 7.60-10,66 Meter, the maXImum helghl of the building will be 27.50 Meter.

belween 10.67- 15,24 Meter, the maximum height 01the building will be 42.50 Meter,

belween 15.25- 22,99 Meter, the maxImUm height of the buiidlng WIll be 60 50 Meter,

10).Light and ".,Illilot",n (I) There must be provision for light and ventIlation In all rooms through

door, Window, fanlight etc (ii) The kitchen must have an extenor wall,

(d). Reof overtumd, oernice and sunshade' (L)These must be constructed such lhat there must not

be drainage of water to others properties, (iL). Roof or cornice will be allowed 10 axtend

maximum up to O,SO Meter, (ill) Sunshade over door or Window shall extend maximum 0.50

Meter. (IV) ln case of seven or more stoned reSidential building, garbage chute must be proVIded

(el. Open space fer residenti.1 building: Open space to be provided on the rear and two Sides as

per Tabla 3.05 below:

Table 3-05

OPEN SPACE TO BE PROVIDED ON THE REAR AND TWO SIDES

AREA OF SITE

a. Up to 134 Sq. Meter
b. Frum 134-200 5q Mete,
c From 200-288 Sq Maler
d, Over 268 Sq, Meter

REAR OPEN SPACE

1.00 Meter
1 00 Meter
1,50 "'eter
2 00 Meter

OPEN SPACE ON BOTH SIDES

0,80 Meter
1 00 MeIer
1 00 Mete'
1.25 Meter

----_._---------------------~-------------------------------------_.~--------------
source: Building CoMtruotlon Act of 1996.
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(f) Special rules lor buildings over seven floors' (I) There must be elevator(s), (ii) There must be

an emergency generator, (Iii) There must be hre-hghling arrangements. (IV) Buildings over 45 70

Meter 1611must have indicator light for aViation (v) For bULldings with ten or more fioors there

must be 2,50 MeIer open space on both sLdes and 3.00 Meier at the rear side. (VI) For bUildings

with ten Of more floors 5% space must be provided as community space

(ii) BANGLADESH NATIONAL BUILDlNG CODE -1993:

(a) PURPOSE: The purpose of Bangladesh National Building Code of BNBC, as has been

mentioned in Chapler 1 Page "is to establish minimum standards for design, construction, quality

01malerials, use and occupancy, location and maintenance of all buildings within Bangladesh in

order to safeguard, within achievable lImits, life, 11mb,health properly and publiC welfare. The

Installation and use of certain equipment, services and appurtenances retated, connected or

attached to such bUildings are also regulated herein to achieve the same purpose (51)

(b) APPLICATIONS: As for range of application It has been menlioned "The provISions of this Code

are appllcsble to all persons of Bangladesh Irrespective of class, creed, culture, religion or sex

The Code doers not, ,n any way create or otherwise establish or designate any particular class or

group of persons who will or should IJ.e specially protected or benefIted by proVisions of this

Code" (52)

Ie) OBJECTIVE: The objective of the Code, as mentioned "is 10 insure publIC ssfety, health and

general welfare insofar as lhey are affected by the construction, alteralion, repair, removal,

demolition, use or occupancy of bUildings, structures or premises, through slructural strength,

stabIlity, means 01egress, safety from ether hazards. samtation, light and ventilation", (;.»

(d) SCOPE, The scope for SNBC has lJ.eenwritten as "The provisions of lhis Code shall apply to

the design, construction, use or occupancy, alteration, moving. demolition and repair of any

buiiding or structure and to any appurtenances installed therein or connected or attached thereto,

except such matters as are otherwise provided for In other mdinances and statutes controlling

and regulating buildings. (54)
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Buildings, be it for housing, industry, education, health care or any other use, conShtule the major

part of construction. A substantial portion of national resource is Invested in bUilding construction

both In public and private sectors In order to ensure optimum return ot this Investment and to

achieve satisfactory performance of tha building in terms of safety, serviceability health,

sanitalion and general welfare of Ihe people, bUilding conslruction needs 10 be controlled and

re<;luiated (55)

Some developmenl and construclion agencies of the governmenl h"ve their own rules and

established prsctices. However, these reguiatlons, ordinances, rules and praclices are not

comprehensive and needs updating, rationslizst,on and unillcstion It IS Imperalive thaI a uniform

standsTd of practice coving all aspects of planning, design and construction 01 building, induding

electricai, mechanicsl, sanitary and other services, be followed in the country Such s standerd

can be provided by a comprehensLve building code appropriate 10the needs of the country, tffil

(e) CLASSIF1CATION: tn Bangladesh Nstional Building Code 1993, (SNBC) ReSidential BUilding

has been classed as 'A' by Occupancy Clssslf,cation.

(f) DESIGNATION OF FLAT: According 10BNBC, Flats or apartments have been designated by A,2

and have been dehned as, "ny bUilding or portion thereof or group of buildings In which living

quarters are provided for more than one family, living independentiy of each other, with

Independent cooking facility for each family. FI"Is or apartments may be located in walkup

buildings, high-rise buildings or In housing complexes,

(gl EXTERNAL OPENING: BNBC has proposed thai at least one side of ail h"b,lable rooms should

be exposed to an exterior or interior open space or to a b"lcony or verandah Propossl l1"s also

been made such thaI all buildings facing" street snd having heighl nol more than 17 Meters or

five stories be construcled at a distance of at least 4,5 Meters from the center of the street or at

least 1,5 Meters from the road front property line which ever is greater,
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(h~ OPEN SPACE: All buildongs facing a street and haVIng heighl more then 17 Meters or five

stofies have been proposed 10 be constructed al a dislence of alleest 4.5 Meters from Ihe cenler

of the street or alleast 2 Meters from Ihe road front property line which ever is greater

The minimum s,de and rear open space requirement as per BNBC have been shown in Table 3-

06 below

Table 3-06

MINIMUM SIDE AND REAR OPEN SPACE REQUlREMENT:

_._----- .__ .---------- ----_._-_.- ------------- ---_.-- --------

I :ol'~'"",'"'l"l'f'''Res.dential,
NOlhigher than 10 slories
(or33m)

Not higher than jO stories'
(oT33m)

Nol over 135 m'
Over 135 to 200
Over 200 to 265
Ove, 265 10330
Over 330 to 660
Over660

'"'

'""1.75
"'""'.0

Nil
1,25
1,25
1.25

'"1,25
'.0

'M<nlmum open space allhe front 6.0 m.
Source' BANGLADESH NATIONAL BUtLDING CODE (BNBG) - 1993

(i) INTERNAL COURTYARD As lor Interior courlyard, BNBC advocates that if any room depends

entirety on an intenor open space for its light and ventilatIon, such inlerior open space should be

in the form of an interior courlyard open to Ihe sky over its enlire cross-seclion The dimenSion of

the courtyard shall depend up on heIght of the bUilding and shall vary as shown .n Tabie 3-07

below.

Table 3-07

HEIGHT tN METERS

"""'""~
"••
"'"

BUILDING HEIGHT AND INTERIOR COURTYARD REQUIREMENT
MIN. NET AREA OF INTERIOR

COURTYARD IN sa,M,
~

""'"'"m,..
'00

''"eo,

I NO. OF STORIES,,,
"""12-13

44_15
16--47
18-20-------"~-------"---------_.----_._-------_._---------------_.----_._--------_._-----
Source BANGlADESH NATtONAL BUILDING CODE (BNBG) - 1993



m COMMUNITY SPACE: In case of Community open space and amenities, BNBC advocales that

for all resldent,al or residential cum business buildings having ten or more stories, community

space at the rate of 5% of the total ftoor area needs to be provided either within lhe bu,ldlng or

outside Within the 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 residential

or residential cum business plots measunng more than 0.1 hectare, 10% of the area of land

should be left vacant to be used as children's playground ThiS playground should be conlinuous

and should have a length not exceeding 2,5 times liS Width, The playground may e~tend Into the

mandatory open space of the plot.

BNBC also suggests that for all plots on wIllch mOre than one residenlial or residential cum

business buildings are constructed. community space at the rate of 5% afthe total floor area of all

lhe bUildings should be provided either within Ihe bu,lding or outside w,th,n the premises and Ihat

roofs of such bUildings should not be considered as community open spaces.

(k) HEIGHT OF ROOMS: As for he,ghts of rooms, BNBC suggests Ihat all habitable rooms in non.

air-cond'!foned residential buildings, apart from k,tchen, store room utility loom, box room and

garage should have a ceiling height not less than 2..75 Meters measured from the finished surface

of the floor to the underside of the finished ceiling or false ceiling. A minimum of one third 01the

floor area of such habitable rooms may, however, have a minimum cetling height of 2 44 Meiers,

For air-cono,tioned rooms in such buildings, the minimum ceiling height should be 2.44 Meiers

(Il DIMENSIONS OF ROOMS According 10 BNBC every dwelling uf1ll In a reSidential building

should have at least one room, which shali have not '''ss than 9,5 Sq Meters of floor area with a

minimUm widlh of 2 5 Meters Other habitable rooms in the dwelling unit should have a minimum

area of 5m2 each with width of 2 Meters,
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(m) lOCATION OF BATHS, TOilETS ETC,: Every bathroom, tmlet and water closet should be

located against an exterior wall or wall on the interior open space, except """ere they are

vent,latoo through an interior I'ght,ng and venillation shaft w,lh minimum specmed d.mens,ons as

shown in Tabte 3-08 below

Table 3-08

BUILDING HE1GHT, MIN. CROSS-SECTIONAL AREA AND
MINIMUM WIDTH OF SHAfT

aUILDING HEIGHT
No. of Stories,

Oller 6

Heigiltlml
Up to 20
Over 20

MIN. CROSS-SECTIONAL AIlEA
OF SHAFT rrf

'0
"'

MINIMUM WIDTH OF SHAFT
inm

'.0,.,

Habilable rooms I'Ke .Ieeping, living study, d,n,ng etc,
Kllchens
Non_hab,table space. !i,e bathroom, .lore, staircase etc,

--------------------------------_ .._--_.--------_._------_._------------_._.
Source. BANGLADESH NATIONAL BUILDING CODE (BNBC). 1993

(n) SHAFTS' SNBC suggests thai the shafts of buildings exceeding six stories or a heighl of 20

Meters should be mechanically venlilated and that all shafts must be accessible at the ground

tloor level tor cleaning and servicing purposes

(0) VENTILATION, UGHTING & SANITATION: SNSC suggests that all rooms and ,nlarior spaces

designated jor human occupancy shall be provided w,lh means 01 natural or art,hciall'ghllng and

natural or artif,c,al ventIlation. All naturally ventilated and illuminated ,nterior spaces, staircases

and other areas ot human occupancy ,n a buildIng should have windows or vent,lators opening

directly 10the exterior or an intenor open space or \0 a verandah. SNBC suggests thai vent,laliorl

of bathrooms may be ensured through ventilalfon shafts

(p) AGGREGTE AREA OF OPENING: BNBC suggests that all habitable and non.habitable spaces

withIn a build,ng shoutd have the fotlowing mln'mum aggregate araa of openings ,n the exterior

walls, exc1uding doors Table 3-0S below shows the recommended open space expressed as

percentage at the net tloor area

Table 3-09

M1NlMUM AGGREGATE AREA OF OPENINGS IN THE EXTERIOR WALLS

'"'"'"
I

.- - - - .. - _-- --.--- .. --
_. Source. BANGLADESH NATIONAL BUilDING CODE (SNBG) - 1993
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3,6 CLIMATE IN HIGH RISE BUILDING

The climatic wnd.tion in a man-made urban environment may differ appreciably from those in Ihe

surrounding environment. Differences may exoslln (il Annual and diurnal patterns of temperature,

(il) Humidity, (iii) Wind cond,llOns, (iv) Solar radiation, (v) Long wave nocturnal rad,ahon, (vi) Fog

and precEpEtation, (VEilTurbidity and chemical oomposition of air elc. 1""1These tOPiCShave been

dLscussed In the chapter on Climate. Here diSCUSSiOnSwili be done on the climatiC Issues specific

10 high-rise residenllal buildings only

iiI DIRECT ACCESS MULTI_STORY APARTMENTS WITH TWO UNITS PER STAIRCASE: Givon!

mentIoned of clImatic problems and advanlages of thLSlype of multl.story apartments as, 'a much

teller design scheme than corridor type buildmgs, from the climatiC View pOint is to heve

sta>rcase serving directly two apartmenls on each floor. With this scheme each apartment has

two opposite external walls ami the whole bULlding, a block containing several such staircases,

can be Oriented optimally' (:>6)

This building type, in Conjunction With appropriate urban (neighborhood) design, WhEChprovided

sufficient exposure of the indivEdual buildings to the sun and lhe prevailing winds, can enSure lhe

polential for effechve crnss ventilation and solar heating fnr all the dwelling ullLls.

In contrast with the single loaded corridor lype, such buiidings do not compromise lhe privacy of

lhe inhabitants while the apartments are cross ventLlated According In Giovanni 'W,th lwo

apertments to a staircase each one of the external walls can serve as a solar heat source".

COMMENTS ON GIVONI'S ABOVE STATEMENT: Glvoni's above statement has been prepared on

the baSIS 01 conditions prevailing Encold counlnes. In tropical countries With less of Winter solar

heating is not essential, Rather minimiZIng the affect of solar radlahon from the weslern wall

presents problem.

67



(iii TOLERANCE OF ORIENTATION, The 'tolerance' of building orienlatlon, for providing cross-

ventila!lon is about 60 degrees On either side of the prevailing wind direction. Because of the

larger tolerance of the solar orientation the prevailIng wind direcllon, especially dunng lhe

evenings, should be the main factor ,n choosLng the optimal onentation of the bUilding block,

especiaily In hot hum;d regions.

COMMENTS ON ABOVE GIVONi'S STATEMENT: The statement of lolerance in orientahon is

idealistically correct and ISapplicabla only in cases where bu;ldlngs are constructed on vast open

iand. Blil this is not possible to apply in desIgning buildIngs in smail plots In congested built-up

cities.

(ill) MULTI.$TORY BUILDINGS wnH MORE THAN TWO UNITS PER STAIRCASE When three

apartments are accessed directly at each floor from a staircase the onentatlon issue becomes

more sensllive. Assuming that the third apartment projects at right angle to the overall bUIlding

block, It creales a Wind "shadow" When the wind is oblique to the bUilding and blowing towards

Ihe prOjecting apartment While all the apartments can stili have reasonable ventllahOn their

conditions are less favorable than in the case of two units to a staircase. When more than three

unit per floor are accessed from a staIrcase (or an elevalor) some of the Units will always suffer

from poor ventilahon and solar exposure conditions. Giovanni commenls, "Therefore such desigl1

schemes are not recommended for low incoma paople which cannot afford alr-condltioningl")".

COMMENTS ON ABOVE GIVONI'S ABOVE STATEMENT; G,von','s above statement is highly

applicable in case of hlgh-nse apartments in the context of Dhaka city.

3.6.1 HIGH.RISE TOWER BUilDING:

High-rise narrow tower buildings depand completely on elevators and olher sophlslicated

mechanicat systems for their functiomng, According to G,ovanm, 'they ale SUitable only for high

;ncome people, usuaily without or with very few children', Even though GIovanni comments
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'Consequently their applicability as residence in developing countries IS quite limlled', we find

such bUildings to be aptly used in Dhake city

3.6.2 ENVIRONMENTAL IMPACTS OF HIGH.RISE BUILDINGS:

High-rise Tower buildings, placed among lower building surrounding them, InCreasethe mixing of

air flOWingabove the urban canopy WIth air at ground level. AJ; a major source 01 urban air

pollution is vehicular exhaust at the slreets, the upper air stream is usually cieaner than the

groulld level air Increased mixillg of the air of these two layers reduces the pollution

COllcentratioll st the ground level, where lIs impacl 011the health of the urban population is al a

maxImum. III this way high-rise tower building lend to improve Ihe air qualily at the slreet level

around Inem

Another impact of such buildings on the ground level conditions around lhem IS a marked

Incresse in the speed snd turbulence of the wind. The wind speed In the streets sround high-rise

tower buildings msy Incresse up to 300% and In speCific localions even higher speeds could De

experienced, The deslrsbility of this effect depends, of course, on the 'normal' ciimatic condilions

In Ihe city In question. In cities experiencing InsuffiCientWindthis effect Wlil be welcomed, In cities

and during times wilh exceSSiveWinds thLsimpscl of high-nse building is a negative one (ffil.

3.6.3 ENVIRONMENTAL CONDITIONS IN THE HIGH-RISE BUILDINGS:

The environmental wndlhons of the inhabltan\s of the upper floors of high-rise bUildings are, to

some extent, different from those of the rest crfthe urban population. The main difference are in

lhe ventilation potentlsl and solar exposure snd exposure to storms and Wlnd-driven rain, as well

in the view from Ihe windows, Beceuse of Ihe generally higher wind speeds above the average

height of the urban canopy the upper fioors of the high-nse buildLngs enjoy beller venlilation

conditions dunng weak winds, but on the other hand, are exposed to more severe Winds during

storms I",
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PenetratiQn of wind-driven rain through openings and joints tS also a more serious problem at

these floor levels than for the resl of the urban buildings. Consequenlly more careful details of

windows and Joints bstween wall elemenls are needed there

Intelligent use of duct may help \0 reduce maintenance cost by removing hot a,L Mock Pearce in

his mixed-use building al East Gale, Harare, Zimbabwe made use of 35% less energy than six

conventioflal buildings In Harare combined 1\ saved S 35 mill,on in energy costs USing no air

conditioner''''l.

Philip Longdon observed, In a tropical region where many recent buildings depend on mirror

glass to keep out the fierce sun, Pelli (in Petronas TOWi'!f, Malays,a) is using a more srtlul cl,mate

control device, horizontal bars, tear-drop shaped In section, whLch wIll block 50 to 60% of the

solar gain and at the same lime give a sense of protection to workers stationed near the

windows!,,1).

One of the major envrronmenta1 advantages of the inhabitants of the h,gh-rise bULlding is the

belter vlffW offered from their w,ndows. Giovanni commented, "While the fest of the city

inhabitanls may feel theIr visual environment congested, those liVing ,n lhe upper floors of lhe

high-rise bUilding often enJoy a View of distant scenes", However such IS not the case In Dhaka

city, where most of the high-rise bUIldings ale placed al close proximity, lhus blocking distant

views.

The environmental nOise level at these upper floors is substantially lower than at the typical LJoban

bLJilOings, Bolh greater dlslances from the noi,e Source, and reduced reflection conlnbute to this

condLlion, ,"')

Complex interaction and feedback exists betwean the bulldings and their outdoor environment

The ,ndoor climate aM comiort condllLons Lnany given bu,ldlng Oepend on the Cllmat,c conditions

70

•

•



surrounding Ihe building At the same time Ihe building itself modifies the climatic condillons of

the air surrounding II The urban geometry and profIle, shape height and s,ze of the bUlldmgs,

orientation 01slreels and of bUildings and nature of lhe surfaces of lhe urban open areas, all have

impact on urban climates

Thus each urban man-made eiement viz buildings, roads, parkIng area, factories, water-bodies

etc. create around and al:>oveIt a modL!Ied climate WIth which Ll inleracts

The color of lhe buiidlng walls affects nol only the ,nl6rior climate conditions, but also the light and

gtare in Ihe street In this respect there is, in many Instances, contraoiclion between the

requirements of indoor climate and those necessary to reduce lile blInding glare In lile slreelS. (63)

Leaves of plants, due to eva-tranSPiration, are cooler Ihan other surfaces of malerials in the urban

environment They then cooi by convection Ihe aor flOWing pasl them. The resull is lilat the

temperature in areas covered by ptanls is a great deal cooler than in olher aress of the city, I.e

areaS ol exposed asphalt, concrete or sand I"')

In addition 10 lowering of ground and air lemperature, the trees also provide shade to the

pedestrians. W,lh deCIduous type of trees this effect is seasonal. they proVide shade in the

summer, when it is needed and allow for healing by solar radiation during winter months when il

is most desirable

3.7 CONCLUSION:

Before Dhaka turned to be the capital of Bangladesh the clly was congested In the southern part,

usually known as old Dhaka and was tJ.eing expanded towards the north Most of Ihe houses in

old Dhaka were construcled at a time when there were no effective rules and byelaws regarding

construction of buildings and structures enlorced by the urban authOrities. As a consequence Ihe

owners constructed structures according to their needs and will in a piece meal way, In case of
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expansion in the new northern part, the urban authorities allocated land according to a Master

Plan and rules and regulations enforced by them were 10 be followed dunng construdion.

However, all those were prepared and formulated to suit the need of a provIncial capital, arid not

the capital of an Lndependentstate. After the country became Independerlllremendous pressure

was lell on limited land to accommodate the demands of the capital, Since the land a!l around the

clly were low-lying, only excepting on north where there was the reserve forest lremendous

problem was to be encounlered to expand the city The people who constructed lheir houses in

the fringe areas were not will,ng 10 surrender their land for planned development and that also

acted as a hindrance lowards the city's expansion, The government addressed lhe problem by

conslrucling 'Maitree Sethu' over the river Buriganga and thus bnnging the soulhern bank of Ihe

river Bunganga under the city's junsdlclion, Also better roads were conslrucled to conrlect fringe

and sub-urban areas like Savar, Naray,ngonj, Gaz'pur etc. for Ihe purpose of expansion.

Erldeavors were made 10 earth-fill low-lying areas also. But the demand 01 land for hOUSIng

accommodation was much more than whal could have been prOVided. The resull was lhe

congested and unhealthy development of residential accommodalion, due to which lhe city now

suffers.

High-nse bUildingswith all its advanlages, disadvantages and risks are a realily in Dhaka city and

it Will remain so for a long hme. There were valid reasons for Iheir growth In lhe city and those

reasons slill exist Even if a high-nse building collapses by accidenl, there ISevery poss,bilily lhat

Ihe only option thai remains before the Owrlersis 10construct a similar bUlldirlg, such that rlone of

them are deprived of the" irllerest. In such a situation, such buildings may be conSidered

perenmal in Ihls land, Becallse of Ihe charlge of density and living condItion in hlgh-nse ;rl

comparison wilh Ihe trad,IIOflai low-nse bUlldrngs there has been mar1<edchanges in climatiC

conaitions w,fh.n Ihese buildings. These changes not only affect lhe thermal COrld.fionsand well-

beIng of lhe occupants, but also have an ,mpacl on energy efflc,ency 01the enclosures. In s~ch a

situat.on ensunng better climatiCsituation inside Ihese build;ngs may be of enormous benefit to

numerous usefSto retain good heallh within affordable budget

72



In the present chapter topics like Iransformatlons of houses through ages, men's idealistic

requirements in shelter. shelter policy 01 the government the resldenlial condition of residential

accommodation in the city, government measures to meet demsnd for accommodation etc. have

been discussed. Also various pOSitive and negetlve aspects of Iligll-rlse bUildings came under

diSCUSSion.in order to have an underslending of their microciimates the climatiC impacts climates

of high-rise building has also been discussed, The next chapter Will deal With the irlVestigation,

which primarily aims at finding out thermal and humidity condlltons in high-rise reSidential

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

4.0 INTRODUCTION:

This chapter d,scusses the methodology and Investigation procedure for surveying the climatic

conditions ,n various rooms of hlgh-nse apartmant bUildings in Dhaka My The discussions

include how the buildings and living un'ts to be surveyed were selected, how the responses of the

users regarding climatic comfort and discomfort in their apartment throughout the year were to be

known and recorded,what type of instruments to be used for climatic measurements etc,

For the purpose of climat<c Irwestigatlons a number of buitdings were selected from vanous

locations of Dhaka city so as to take care of the micro-climatic variations in different areas.

Apartments at various heights and cardlnai locations were selected to take care of ciimatlc

vanations, if any, at different heights and locations. The instrument SUitable for measuring

temperature and humIdity of rooms and spaces were selected. The Instruments were to give

instant and eaSily readable readings. Naturally electronic instruments were found to be supellor

to conventional mercury thermometers. However, in order to find out how far the readmgs of the

digital electroniC thermo-hygro meter were acceptable, the readings were to be compared With

standard mercury or other thermometers, Since the users of apartments are not usually trained to

express Ihe climatic condllions of their liv,ng environment the enumerators were asked to record

their own feelings of climate at the time of survey, such abnormai responses expressed by the

users, ~ any, mey be verified and checked This chapter also deats Withthe system in which the

readIngs information, comments etc, were to be recorded such that those could be made easily

avaitable for anaiysls and study. The Questionnairewas specJallydesigned to include the queries

end their probable answers at appropnata places, All these were considered necessary for

measunng and documenting information of them,crocllmates, such that those could be presented

in sUltabte forms to be usable 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 folloWlOg major sub-

headlines

Methodology:
Selection of buildings, I,ving units etc
Questlonna;re:
Instrument for measurement
Buildings and liVing umts surveyed
Measurement of temperature:
Measurement of humidity:
Recording of users' resPQnses
Recording of enumeralors' responses
Other observations:
Conclusion:

4.1 METHODOLOGY:

The methodology followed for the purpose of investigating factors for thermal comfort in high-rise

resldentiai buildings in Dhaka city comprised Ihe following steps: (a) A number of high-rise

residential buildIngs situated at verious 10000tionsof the city were selected for investigation and

study (b) A questionnaire waS prepared to record ,nformation regarding user's responses to

climatic comfort in their apartments, (c) Sketches of the rooms surveyed were prepared with

details of construction matenals, finishes, furniture, openings etc, recorded, (d) Temperature and

humidity readings were teken ,n all the rooms and spaces and (e) The enumerator's own

perception of climate Inside the room were also recorded.

After the above-mentioned information, data and sketches were available, those were to be

anelyzed to find out relationship, if any, between the various physical factors constituting the

rooms and spaces and the climatic conditions there in, to find out, if possible, the condition thai

ensure maximum climatic comfort for the users

4.2 SELECTION OF BUILDINGS AND LIVING UNITS:

The buildings for investigation were selected in areaS w,th conceivable variations In micro.

climates, These were located at such areas as Old Dhaka, Shantinagar, Elephant Road.
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Farmgate, Dhanmondl etc. Only those living units where the USerslived for nearly one year and

not over four years were selected for investigation This was done because the inhabitants need

at ieast one year to expenence the annual changes of climates On Ihe other hand, exposure

greater than four years may tead to such state of acclimatization that the inhabitants may

overlook importanl changes due to "r'lstom,zation and feelmg of familiarity,

4.2.1 SELECTION OF BUILDINGS BY MICROCLIMATIC VARIATIONS,

The various ways ,n whtch elements like bUildings, trees, plants, green fields, paved surfaces.

water-bodies, vehicles, factories, workshops, ports, water bodies etc, Influence the microclimate

of Dhaka city are:

Buildings: Buiid-masses regulate and divert airflow, cast shadows, abSOrb,transmit and

emjt heat and mOLSture,Human activities like cooking, iromng etc Inside the

bujid'ng also generate heat. Equlpments hke air-conditioner, dehumidifier,

water-heater, amplifier etc also generate heat

Trees and plants: Trees and piants cast shadow, absorb heat and emit water vapor, divert alrtlow

and reduce reflectivity 01ground surface.

Green Fields Grass fields absorb heat, emit water vapor and reduce reflectivity of ground

surface.

Paved Surtaces: Hard surtaces reflect, absorb, transmit and emit heat and reduce water

absorption after rain.

Water-Bodies' Water bodies absorb heat and em,t water vapor to Increase humidity These

also Indicate temperatures different from those 01the surrounding areas and

cause deiay In temperature and radLationeffects

VehIcles Various motorized veh<clesemit heat, gas and smoke,which Influences the stale

oItemperature and humidity and in-coming solar radiation,

Factones Factories and industnes generate heat and smoke,which Influence temperature,

humiciity and radiation jnput
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Since there is no homogeneous Or even distribution 01 these elements through out the city

considerable vanations of microclimate is experienced In djfferent areas I" the city buildings,

trees, plants etc considerably vary in heights and thus constitute an undulating urban canopy,

which profusely interfere with the velocity and d"ection of air.movements, All these factors

contnbute to the generation 01 differirlg types of microclimales at various locations. In such a

context the following critena were used for the selection 01 buildmgs and liVing unils;

(I) The bULldings should be located in the city in sreas With wide micro-climatic varia!>ons

(,i) The units to be surveyed should be Im:ated at various levels and carwnallocet,ons.

4.2.2 SELECTION OF LIVING UNITS DEPENDING ON DURATION OF STAY:

Subjective response to climate depends up numerous factors like clolhlng, aCClimatization, age

and sex, body shape, subculaneous fat, state of health, food and drink, skin color etc, 1"'1,While

the penod for acclimatlzellOn IStaken to be 30 days, a man needs at least one year \0 experience

clLmatic changes through out the year. However, prolonged living in the same unit for longer

penods accustom the subject to that situation and his response tawards the surround,ng climates

may not reflect the accurate picture. In order to lake thiS pOint into conslderatLan, the following

criterion was followed in the selection of units.

(ill) Only those living unlls where the residents have lived for a period of about one year

in the lower limit and four years In the upper limit were selecled for study and

Invesligation.
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4.2.3 BUILDINGS AND LIVING UNITS SELECTED:

By following the above criteria. seven buildIngs In live different lOC<\hons of Dhaka city were

seleded lor investigation. Twenty-seven living units at vanous heights and locations of these

buildings were selected lor inveshgation. The locations of bUltdings selected have been given In

Site plan enclosed at the Appendk The I'st of bUildings With location, address, helghl, height etc

has been presented hereunaer in Table 4.01,

Table 4-01

BUILDINGS AND LIVING UNITS SELECTED

LOC •••.TION
01. Old Dhaka.

BUILDING & •••.DDRE'S$
(01) Wa~idUZ!aman Bhahan

52. B,K Das Rood
Shyambazar, D~a~a

TOT •••.LNO_
HEIGHT UNITS
07Siories 24

NO. OF UNITS
SURVEYED

"'
02 $nanllnagar (02) EHL Building .01

68, Shantinager
Dha~a

(03) EHL BUlld,ng -02
66, $hantlnager
Dhaka

03, Elephant Road (04) Razzak Complex
223, New Elephant
Road, DI1al<a

(05) Reza complex
224, New Elephant
Road, Dhaka

1MFann Gale:

I 05. Ohanmondi:
(00) MONIHAR (7/1)

154/1, Monlpunpafa
Dha~a-1215

(07) Square Tower
M"pur Road,
Dhanmondi, Dhaka

"

27 Units7-16 storie57 BUILDtNGS5 Locations
....------_ ..._.__ ..- ---_ ...._----_ ..- ---_ ...- ----_ .._ ..- --_ ...- ---_ ...._--_ ..-
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4.3 QUESTIONNAIRE:

A Questior\llaire was prepared for recording responses and comments of lhe users, notirLg the

temperature and humidity conditions, recording enumerator's feelings etc. The objedive 01

QuestionnaIre was to collect the following dala and InformaHon:

i) Inlormatlon 01 the bUildings undBr study: These Included location 01 the building along wllh

layout map, rtumber of floors, detaEis about Ihe owner elc.

,,) InformatIon of the living units: These included floor plans and plan 01 the respective umt,

materials used lor conslruction and finishing, active and passive cooh"D deVIces used for

Climatic control, furniture ele.

IIi) Users' responses regarding thermal comfort: These included Information like, (a) users'

comme"ts and subjective responses to dimate (composile effect of temperature, humidity

and ventilation), (b) ventilation (effecl of stagnarLt air or tow rates of air change). (c)

dampne.s or dryness (d) air quality (e.g. odor from kitchen or bath room) in the roomS and

spaces, (e) Informahon regarding cost for energy required to cOrLtrolclimatic adversities.

The sample Quest,ortnaire has been enclosed at APPENDIX as Appendix 4--01

4.3.1. ABOUT THE QUESTIONNAIRE:

In the questionnaire, the building surveyed was first Identified With such information lIke location

of the bUilding (Address: Name if any), Road, House No, Number of floors, Number of units per

floor, Date on which surveyed etc. Temperature ana Humidity data near the ground were also to

be collected in all accessible d"echofls of the buildLng



As for general Inquiry, the user/owner was asked about the duration of stay This was aimed to

have an idea about their acustomizalio'l to the climatic CO'ldition prevailing I'l their apartmerll.

They were asked whether they were the Ow'ler or Rent payer, tt is a commo'l psychology that

the oWllers elldeavor 10 remai'l satisfied with their possession. where as the rent payers, In

general complaill. There were questions to find out how lhey felt in their house I'l the summer

alld winter, whether there was mr-flow in lhs rooms, whictl one was lhe coolest! most ve'ltilated I

hottesl room in the house etc These were done I'l order to verify how far lhe users' perception

vaned from the measured ones Due 10 time collstraints the survey was conducted during a

spec,tic period ,n the summer season. So, the only way to know the climatiC conditions ,n other

seasons waS by asking the users and their comments were recorded In the QuestionnaLre,

The users were asked about their perception of the hotlest month of the curre'lt and previous

years, whether they ever felt their ouildlng wail and roof to radiate heat elc. These were done wllh

the general idea that the top floor and the western wall mighl allow transmilled or rad,ated heal.

Since the respondent was supposed to express hiS perception from hiS own experience, and

since clothi'lg waS Important determinanl (}f cilmatlc comfort lhe enumeralors were asked to keep

a record of the clothing of the respondent at the time of Interview. A plarl of the apartment u'lder

study was eLther procured or prepared and malenals, !lrlIshes, cotor of the walts and roofs, aiong

With the th,ckrless of the walls were noled on thIs plarl, Those were done O'l the presumptlorl that

climatiC co'ldLtLorls might be cOrlsiderabty inltuem:ed by such factors.

There were provisions to note the number of people using the room urlder investlgailorls and the

numbar of electrical fixtures like fans, I,ghts etc. in use Provisions were also there lo note users

respollseS regarding most comfortable/urlcomfortable time of lhe day, percepllOn of temperature

humidity. sweatirlg, ventilation etc, in tha hot days at times and months beyond the specific time

of survey.
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There was an UlqUlry regard Lng the condition of natural light at the center and near external

window, and whether there was any problem in keeping lhe windows open, The questionnaire

had provisIons to record temperature and humld,ty at the center of each room and space of the

iiving unit It has been recognized by some experts that most of the users of such apartments in

Dhake are not traIned enough to properly express their subjecllve feeling regarding cl,matic

comfort. in order to take care of th,s inaDequacy and to have trained responses tne enumerators

themselves _re asked to record their own perception of climatic factors like air movement,

temperature, dampness etc inlhe house in a condition 01 no fan or air conditioner,

4.3.2
it was

USER'S RESPONSES:
recognized thet the general users were not trained 10 respond objectively to their

accustomed general enVIronment However their responses bear some weightage OrL the

conditions lelt Within and were therefore recorded Responses like hot, cool, dryness, dampness

etc. as lelt by the users in different rooms and spaces ,n various seesons were recorded by the

enumerators by placing Tick mark [n the specified place or noting comments where only tick

could not Indicate the situallon, Later lhese information were to be compared with the

Instrumental findings to determine relationship between users' perceptions and conditions

Indicated by instrumental measurements.

4.3.3 ENUMERATOR'S COMMENTS:
In add Ilion to the user's responses the enumerators were asked to record thelf own perception ot

Temperature, Humidity and Air flow In the space under survey and were instructed to note those

along with their comments in specllied place. This part 01 the Questionnaire Included the

following.

f EnoJmeratofScomment (ptea.e perceive the rollowing climalic cond,lion in the rooml allhe lime
of investigation Plea•• keep off Ihe lanlAC and teet)

AIR MOVEMENT: Percepltble I Impercept,ble
TEMPERATURE Hot I Comfortable/ Cool
DAMPNESS Whelher ConveniMt in indoor cond,tions or nol
ANY STAIN ON WALLS Yes or No.

COMMENTON PERCEIVl:D HUMIDITY INTHE SPACE;
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4.4 INSTRUMENT FOR MEASUREMENT:

The Instrumen! used for lhe measurement of Temperature and Humidity was 'Thermo-Hygro

clock' with the following speclhcatlons'

Instrument: THERMO-HYGRO CLOCK. Model No. J412-eTH

Specifications: 0 Thermometer/Hygrometer Wlt~ Alarm Clock

o Maximum and minimum temperatura and humidity records with optional
da,ly resellaa!ure

o Curren! lime, Indoor temperalure and Humidity display simultaneously"C
and OFrange selectable at any lime.

o Maximum and Minimum temperature and humid'ly memory function with
opllonal daily reset function.

Temoerature measuring range' _10CC to 50°C (23"F to 122"F) with
0.1'G ("F) resolution

o Hum,d,ty measuring range 20.99% with 1% resolulion.

The delail Specification and Inslrucllon manual of the instrument has been given at the

APPENDIx'

4.4,1 SAMPLE TESTS WITH THE INSTRUMENT:

In order to test the val,d,ty and performance of the above instrument the following sample tests

were carried out

(alOne-hour IntenSIve observation regarding variation of temperature and humidity with time.

(b) 10_hour and 14V,-hour observat,ons to record 'half-hourly' variations of temperature and

humtdity.

(c) Val,dation of readings with standard mercury thermometer and D,g'lal Delta thermometer

to check quickness of response to changing conditions

(oj ONE HOUR INTENSIVE OBSERVATtON: The Instrument was placed on the third floor of a four-

stoned build,ng at Zigatola, Dhaka on June 20, 2000 and every change of Temperature and



Humidity with lime was recorded for one hour slarting al 09.30 A M. \0 1030 A M. Tile objective

of this lest was to study the nature of varialLons of climates In the specifLsd season and to lind out

the 'response period' of the instrLlment. The observed readings of Temperature and HUmldily

vanations have been presentel'J In Table 4-02 end 4-G2(a) and as Graphs in Figures 4-01 and 4-

Table 4-02

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

TIME OF RECORDED TEMPERATURE

MEASUREMENT ELAPSED TIME TEMPERAT. VARIATION

Hour M" 'eo Hour M" Se9- In Peg In Deg.

"' " " "" 00 00 28.2

"' " " 00 "' M 28.1 ."
'" " " 00 "' " '" -0.1

'" " " 00 " " 27,9 "
00 " " 00 " " 27.B "'" " " 00 " " '" .0.1

'" " " 00 00 '" '" +0,1

'" "0 " 00 '" " 27,9 ."
'" " " 00 00 ., '" +0.1

._.- ...._ .._--~.....- ----_ ....- -_....- ---_ ....- _..._ ..._ .._ ...--_._ ....---
'Recorded on June 20, 2000, Time: 9,30 A.M, to 1D'30 A.M at 711, Zigalola, (2"' Floor). Dhaka.

Table 4-Q2(a)

ONE-HOUR INTENSIVE CHECK WITH THEj;!.~O-HYGRO CLOCK TO FIND OUT THE
RATE OF CHANGE OF HUMIDITY WITH TIME

TIME OF RECORDEO HUMIDITY

MEASUREMENT ELAPSEO "" HUMIOITY VARIATION

Hour M" ,-, Hour M" ,,, ,,% ,,%

'" " " 00 00 00 "''" " " 00 CO 00 " ."
'" " " 00 co 00 " "CO
00 ., " 00 "' " 00 ""
'" " " "" " " "' ."
'" " " 00 " " " ."

'Recorded 011June 20 2000, Time: 930 A M 10 10,30 A.M, .t 711. Zigalola, 12" Floor), Dhaka.
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Figure 4-01: TEMPERATURE VARIATIONS IN ONE HOUR SHOWN IN
GRAPH

------------ -----
TEMPERATURE VARIATIONS IN ONE HOUR

',-'--'-'"' ,-,-,-,-, ,-,-,-,-,-,~,-~

2H 1i:::1- "~"'" '" n, ---- ------~.~"~.
:;; '""' 27,8
>- 274 t., ..,-,-,-,-,.,., -,~ _', _-rr-,-, -, ,-" , , ,

ELAPSED TIME IN NEAREST MINUTES

The above changes In Temperature took place at time AM
(FromLeftto Righi), (1) 9_30,15, (2) 9'32,23, (4) 9-3455,

(9)9 39'37, (28)9'56:36, (33) 10,08-12,

Hour: Minute Secand
(6) 9,36.31, (8) 9_38-05,
(46)10 16.52,

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

,
z

HUMIDITY VARIATIONS INONE HOUR

90 -,~-,-, ,-,---.-----------,~,~~ •• ,-~-,-~---.-~~--,~~,-:
~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~'38L :::.,~__-__ ": _:-__<:'_"'" _N~~_N __':'._~ __~ '" "', ..•.~ __-:_ "I

ELAPSED TIME IN NEAREST MINUTE

The above changes in Humidity took place at tlme Hour: Minute Second AM,
(F,omLefttoRlght): (1) 9:30,15, (2) 932'23, (6) 9-3631,

(10) 940'25, (45)10,1513, (47) 10'16:52

The above Table and Figure Indicale the Shortest Duration of (i) Temperature and (ii) Humldlly

with time follows

,<S""OO"R"T<E.STT.D"""RA'"'T""O"'",--------------------~
(i), The QUICKEST variation ofTemperature was 0_1 Deg. C In 1 Min 32 Secol'\ds
(ii). ThE>QUICKEST variation of Humidity was 1% In 1 Min. 34 Seconds



In addition, the longest durations with same value of (I) Temperature and (ii) Humidity Were,

""0"N"G"'"5"'"0""""""'"10""N'0"'"5"A"M"''''R'''''0'I''N'G", --------------,
(i). Longest duration of same Temperalure,

(ii) Longest duration of same Hum,dlty'

09 Min, 36 Sec

34 Min. 53 Sec.

These readings were, however, taken in an enclosed space where relatively unchanged condition

reigned, ,-e changes were imperceplible to human observers In order 10hnd out how much time

the THERMD-HYGRO CLOCK takes to show any change in temperature and/or humidity, the

instrument was taken to different places w,th changed cond,lions of lempera1ure and humidity

and it was found thal,t takes about 5 to 10 seconds to record such changes

In such a situation ,n order to aVOid any probeble erro' In the reading it was decoded that the

instrument will be placed in each location for nolless than 15 seconds, and this procedure was

followed lhrough out Ihe entire survey work

b. 10.HOUR ANO 16 HOUR TEMPERATURE AND HUMIDITY VARIATION CHECK

In order to have an idea of how Temperature and Humidity varies through Oul the day Half-Hourly

variation of Temperature and Humidity ware recorded on the followong date, time and duration'

DATE

(tl June 21, 2000

(1i)June 22, 2000

FROM

11,DD A M.

6,00 A M

'0
900PM.

9.00 P,M.

DURATION ON HOURS

1D hours

14;<' hours

The results have baen shown In Tables 4.03 and 4.04 and in Graphs in Figure Nos, 4-03, 4-04,

4-05 and 4.06 below
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Table 4-03

HALF-HOURLY VARIATION OF TEMPERPo.TURE AND HUM!DITY IN 10 HOURS

READI~GS BY THERMO.I-JYGRO CLOCKREADINGS BY MET OFFICE
TEMPERATURE HUMIDITY

DATE MAlL MIN. MAX. MIN.
June 21,2000 30.S-C n.8"C 92% 75%

TIME
HOUR: M1N.
11 00
11 . 30
12 : 00
12 30
01 00
01 30
02 . 00
02 30
03 00
03 30
04 ,00

" '"05 00
05 30
06 00
06 :30
07 00
07 30
08 00
08 . 30
09 : 00

TEMPERATURE HUMIDITY
IN DEG. C. IN %
30.40 87
3040 88
30,10 85
29 10 87
29,00 87
29.20 88
29,30 BB
2910 86
2910 85
29.10 86
29.30 87
2951) 88
2890 89
28,80 90
30.00 92
3060 B6
3010 86
2B 40 8B
2980 89
3000 88
30 10 89

--_ _ ..----_._ .._----_ _.----_ _ ..-- -_._ _---_ _ ..-----_ _. --_ .._ -
• Recorded at 3D-Minute intervals on June 21, 2000 al 711, Zigatola, 2"" Floor, Dhaka

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

'""~:I'"'~ 30.
'"298'
~2~6j, w'j~ 29.2

"288 -I
286 1

W

HALF-f-lOURL Y VARII'ITION OF TEMP, IN 10 HOURS

"TIME IN HOURS

----- .. -- ----
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"~-----------------------

~ "' I
H

I eo~,-------~--,-,-"-''" ~-"-O-o-e-.-"-'"-O-,,-.-,-,-,,-"-O---- -----,
..________________________~_~ C

Figure 4-04 HALF.HOURL Y VARIATIONS OF HUMIDITY IN TEN HOURS

I

HUMIDITY
IN 'to

"""""M
"'"""'""""""0;
"""""M
""00

""""""M••"""M

TEMPERATURE
IN DEG. C.

2890
2690
2910
2g 50
29.80
30,00
3000
30.10
29,20
2910
3340
3340,,~
3340
3340
33.40
3030
31,00
31.10
3040,,~
30,40
30,40
3060
3030
30.30

""3030

""30.30

": 00

""": 30

""": 00

""","
"""00

; 30
: 00,"
""""": 30
00

": 00
: 30

""".00

"""

TIME
HOUR, MIN.

REAOlNGS BY THlORMO-HYGRO CLOCKREADINGS BY MlOT OFFICE
TEMPERATURE HUMIDITY

I/oAA, MIN. MAX. M!N.
324"C 234°C 89% 83%

N B The above readings on HumIdity corresponds 10Time:
AM. 11'00,11:30,12,00, P,M 12:30,1:00, 1:30, 2'00, 2:30 3'00, 3'30,

4,00, 4'30, 5:00, 5'30, 6.00, 630, 7:00, 7;30, 600, a'30, g,OO

Table 4-04
HAl.F-HOURLY VARIATIONSOF TEMf>ERATUREAND HUM!D!TYIN 14.5 HOURS

"'0;
0;

""""w
"""'""""""'"'""'eo
eo

"'"'"'""'""0;
0;

I "

I """". ~ - --_ - -----_ _---~ - ----_ -----_ -- ---_ - --_ - --_ _--
.i • Recordedat 3O_Mmuteintervalson June 22.2000 oj 7.'1,Zigalola,2" Floor,DhaKa

I
DATE
June 22, 2000

,
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Figure 4-05 HALF.HOURl Y VARIATIONS OF TEMPERATURE 14.5 HOURS

TIME IN HOUR, MINUTE, SECOND

,----------------------

,

_____J
,-----,

Figure 4-06 HAlF.HOURLY VARIATIONS OF HUMIDITY IN 14.5 HOURS

HALF-HOURLY VARIATION OF HUMIDITY IN 14.5 HOURS

-I

OOM % J
10 12 '_' '_" '_' "_jTIME INIiOUR, MINUTE. SECOND

~----------------

The above reedings on TEMPERATURE corresponds \0 Time,
A.M. 600. 6,30, 7:00,7.30, 8'00, 8:30, g-OO,930. 10:00,

11,00, 11030, 12,00,PM 1230, 1:00, 1'30, 2:00, 2'30,
3:30, 4:00, 430. 5'00 5:30, 6:00, 6:30, 700, 730,
830, SOO.
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The following deductions regarding Vanations of Temperature and Humidity may be had from the

above Figures It should however, baffle in mind thaI these deductions stand valid only for Ihe

spec,fied season, lime and place.

4.4.2 MAXIMUM AND MINIMUM CHANGES OF TEMPERATURE AND HUMIDITY IN
HALF HOURLY MEASUREMENT:

From the above Tables and Graphs showing Ten hour and F,llaen snd hsll hour hail-hourlY

varialion of lemperature and humidlly it is possible to find out, at what rale the ,ndoor

Temperature and Hum,dity changed Lnthis season. These are shown hereunder,

(I) Maximum vanalion (nse) of Temperature in % hour

(iil MaXimum vanallon (fall) of Humidity In Y. hour

450a9 C
6%

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

In order to compare and valldale Ihe (a) Thermo-Hygro Clock, (the instrument used to measure

lemperature and hum'd,ly ,n this sludy), lIs readings in identical condlllOnS were compared with

lhose of the following two thermomelers

(b) Digital Thermometer DELTA SK 1250 Therm,stor and K sensor

(c) Mercury thermometer ZEAL

The work was earned in the Heat Engine Laboratory, Mechanical Deparlment Bangladesh

Univers.ty of Engineering and Technology, Dhaka In order 10find oul the quickness of responses

the thr"'" thermomelers were taken to an engine em,tbng hoI exhausl

The comparative readings given by Ihree thermometers in ,dent,csl condllions are given in Table

4-05 These have also been shown ,n Graph at Ihe APPENDIX as Appendix 4-02
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From the above comparative readings of three thermomete~ it may be opined thaI'

(a) The Thermo-Hygro Clock gave Instant Digital read Lngup to 1110th of a degree in case of

Temperature and 1% m case of humidity, along with time,

(b) The Digital Delta Sk 1250 Thermometer gave Digital reading with full number Whenever

there was e propensLIy of vanatlon it showed by blinking lhe Immediele higher or lowsr

number depending on propensity of Increase or decrease respectively, In the above

Figure the propensity of Inc.-ease has been shown as + and thai of decrease by - sign

after the reading

(c) The Mercury Zeal Thermometer gave analogue readings and the fractions were reed by

'eye-estimation' With probable human errOrs

The digital Delta thermometer was equipped with a sensor and was found to have been more

sensitive 10 radiant temperature, as was seen when all the three was taken to a heated engIne. In

comparison WIth the digital one, the Mercury Thermometer was seen to respond to changes Ln

temperature OIla slower rate. The readings of the Thermo-Hygro clock was found to correspond

With those of the two other thermomelers It was found that the digilatthermomelers gave quick

readings and the mercury thermometer followed with a little delay,

4.5 BUILDINGS AND LIVING UNITS SURVEYED:
For ease of Survey, IdentLf,catlon and analYSIS the buildLngs and iLvlng Ul1lts under survey were

coded in the following ways

Building Code; The 7 nos of buildings have been Coded by alphabets, egA, 'B, C, D, E, F

and G.

Living Unit Code' The Living UnitS under survey have been Coded with (i) a number indlcaling

lhe Floor and (nl a leller inn,callng Cardinal poslllOn as shown hereunder:

(I) CODES TO INDICATE FLOORS:

Floor
Indicated by

Ground fl"",r, First floor
2

Second floor,

91

. F,llh ~oor
5

Sixteenlh floor
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SOUTHWEST NORH-l.E'<ST NORTH_WEST I
SW NE NWI

SOUH-I-EI>.5T
SC

weST NORTH SOUTt!
W , S

(II) CODES TO INDICATE CARDINAL POSITIONS:

I Cardinal

I in~~:~by.
Thus a hving ul'li\ coded as, say, B 7 SW indlca!es that the Um! is located in Building B, on lhe

7'h floor and ,n South_West cardinal position.

The Table 4-06 below shows the locations of the buildings, dale and time of survey al'ld Codes of

the Ilvil'lg units surveyed.

Table 4-06

BUILDINGS Af,iD LIVING UNITS WITH LOCATIONS, DATE AND T!ME OF
SURVEY AND CODES

BUILDINGS AND STARTING HEIGHT OF LOCATION OF LlVI'lG UNITS

THEIR DATE TIME OF BUILD!NG
CODE ILOCATIONS SURVEYED SURVEY IN STORIES VERTICAL CARDINAL

" WAHIDUUAMAN 21,6,2000 10'17AM 7 Floo,," 4 th floor Nortl>-West A4NW

BHABAN 10 23A M, • North.Easl A4NE

52, S,t< Das Road 10,55A M , SoUlh-East A4SE

Shyambazar, Dha1<a 1;'20A,M, , South-Wes1 A4SW
ii,37AM , South.West AJ; SW
1150AM, , Sou1~.Wesl .,~, EHL BUILDING-1 23,6,2(l()() 1.40P,M 9 Floors , North '"88, Shanlinagar 2:i5 PM, , North '"Dhaka 235PM , NDrth '"

I '
EHL BUILDING-2 23.6,2000 10:05A.M, 16 Floors , Soutl>-East C4SE I
BB, Shant;nager 10'17 A.M. , NMh-Easl C4NE

Dhaka 10;30 A.M. ; South.Easl C 6SE ,
11'57 A,M, ; Norto-East C 6NE

,
12:20 A.M. " South.E.Sl C 16SE

" NMh-East C16NE, RAZZAK COMPLEX 25,62000 12,00 P,M 7 FIO<lr> , South ""223, New Elephant 12:20 P.M. ; South ""Road, Dhaka 1250 P.M , Soul~ ""; REZA COMPLEX 256,2000 10.30 AM. B FIO<lrs , East '"224, New Elephant 1100AM ; E.5t '"Road. Dhaka 1;'15A,,,", ; Easl '"; MONIHAR (711) 2162000 3.20 P.M. 7 Floors • North e"
5411, Mon;purlpa,a 3.42 P M ; North eo,
Dhaka .1215 4,05 P M , North '",SOUARE TOWER 296,2000 11:10AM. 14 Floors , North.Wesl G2NW

M;rpu' Read 1UOAM. ; Nort,-West G5NW

Dhanmondl, Dhaka 12'05 A,M, H North.Wesl G14NW

7 BUILDINGS 27 LIV1NG UNITS
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4.5.1 LOCATIONS OF BUILDINGS AND SITE PLANS:

The locatiol1s of the seven buildings inside Dhaka cily has been shown In Site plan enclosed at

the APPENDIX as Appendix 4- 03.

The site plans along with bnef description 01 the bUlld,ngs and the" surroundings are given

hereunder In Figures 4--06. 4-07, 4--08, 4--09,

Figure 4-0&. SITE PLAN -01 : APARTMENT "A" (WAHIDUZZAMAN BHABAN) AT 52 B.K.
DAS ROAD, DHAKA.

'"
j

I"'''''j Ef---
~-£..:;%-"1i£'f_[yj:..:~o
snr ".l~ 'll~ll, w."'~_>!l••

NORTt! uP-.\VARO

APARTMENT BUILQING"A'" is a sevel1 sloried building at BX Das Road, Old Dhaka, The building

faces B,K Das road on the soulh, On Ihe soulh side of the road IS"B,bir Maza~', a single storied

structure. On soulh of this, there lies Buriganga River. Thus lhe btiild"'g enjoys direct wjnd rushes

through the open river at south. The grouna floor 01the building has beel1 used for shops. On the

east, there is e !INo-storied building and on Ihe west, a three storied both used for commercial

purposes On the north of the building thsre are a number of two stoned reSidential buildings

In this build,ng tnere ere four living units in each floor The Ilv,ng units have been designaled SW

(South-West), SE (South-East), NW (North.West) and NE (North-East) 1 he totel number of living
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units surveyed In this building is SIXwith identities A07SW, A05SW, A04WS, A04SE, A04NE and

A04NW.

FIgure 4-117SITE PLAN -02: APARTMENTS "B" (EHL_f) AND "C"{EHL_2} AT
SttANTlNAGAR, DHAKA_

-,._-_.

" NQRlli.UPWARD

There are two apartment buildings, 9-stoned BULlding Band 16-storied Building C if) this slle

Both are approachabla from Shanbnagar Road, which is on the south There is a three-sloned

office building on the eesl and four stoned residential building On the eesl of the complex The

ground floors of bolh the buildtngs are used as store. A car-ramp runs from Ihe med to I~e flrsl

fioor level of l~e rear 16-sloried building. In this bUilding there is car park on the firs! floor level.
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APARTMENT BUILDINGB is a nine-stoned bu,ld,ng, having two living units per floor On both s,des

of a common staircase and elevator aisle The tong side of the bUilding faces west The number

of liVing untlS surveyed is 3 wIth identities 809N 807N and B04N"

APARTMENT BUILDINGC is a si;cteen-storied building, navlng four living unils in each floor, Thera

we two units on either side of a common 'staircase elevator' aisle. The adjacenlliv;ng Units are

separated by a narrow B-Feet gap. Tne number of living umts surveyed is 6 identified as C16NE,

C16$E, C06NE, CooSE, C046NE and C04SE,

Figure 4-G8 SITE PLAN - G3: APARTMENTS "0" AND "E" AT ELEPHANT ROAD,
DHAKA.

NORTIj UP-WARD

There are two apartment builmngs, Building 0 and E in this complex. The bUlIdlngs sland a little

away on the north Side of Elephant road There are two and Ihree storied bUildings on the south,

three storied office building on the west and three and four storied bUildings on the north of lhe

complex There is a vacant plot on its southwest corner The ground lloors of both the buildings

are used as car p<lrking.
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APARTMENT BUILDING 0 IS a seven-stoned building having two living unitS per floor on two s,des

of a staircase elevator shaft. The bUild,ng faces south The number of living units surveyed IS 3

,denlified as 0078, D05S and 0048.

APARTMENT BUILDINGE is an eight seven stoned building having two liv,ng units per floor on two

Sides of a staircase and elevator shaf\. The building faces wes\. The number of living units

surveyed is 3 idel1lrt,ed as EOOE,E06E and E02E.

Figure 4-09 SITE PLAN - 04: APARTMENT "F" {MDHIHAR, SHEL TECH} AT FARM GATE,
DHAKA.

'".~ NORTH UP-WARD
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APART.MsNT BUILDING F IS a se~an storied bUilding, situated among an agglomerahon of eight

apartment bUlidings of Sheltach-M<lnihar complex at Farmgate. Thare are ,even to nine storied

buildings at closa dist.lI1C<lon north, south and east side, where as On the west there ara low

single stoned butldings The apartmanl has got two IWlng units per floor on two sides of a stair

elevalor case and shaft The building faces East Tha number of liv,ng unils surveyed IS 3,

identified as FOm, F06N and F04N.

Figure 4-10. SITE PLAN - 05: APARTMENT "G" (SQUARE TOWER) AT MIRPUR ROAD,
DHANMONDl, DHAKA.

\

IIJ
'''' .C'. 'OR"', "''''' ",.to ,

NORTH Up.WARD

APARTMENT BUILDING G is a fourteen-storied buitdlng on the East at M1rpur road. There is large

~acant plot in between the building and lhe road and there are single stoned bUildIngs on far

West On the East there IS large ~acant land. On the North and south there are sixteen storied

apartment buildings, There are four Il~ing units in each ftoor on four sides of a stair and elevator

shaft The adtacent buiidlngs have COmmOnparty walls The number of living units surveyed is 3

Ident,fted "s G15NW, G5NW and G2NW.
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,,_Nine group._

4.5,Z DESIGNATING ROOMS OF THE LIVING UNITS:

For the purpose of this study the various rooms 01 a livIng Ul1lt were classed il1to SIXor nine

groups ss per their cardinal loc"tlGns as oullined hereUl1der_ The numbers wllhil1 p"renthes,s

tl1dicate 'types by locatiol1'.

c,c~""c,Cc>'o',',------""C)"'O"""~,.,w"",,,----,""C"O""""~,----,C'")',<o";',"~;.",,,,,,--,
(7) SOUTH-W~ST (B)SOUTH (9) SOUTH-~AST

(1) NORTH.W~ST (Z) NORTH (3) NORTH-EAST
(4) WEST (5) CENTRAL (6) EAST
(7) SOUTH-WEST (8) SOtJTH (9) SOUTH-EAST

111case ofllle presence of Dlank walls due 10staLfcase or any other reasOn the above groups had

a cl1al1ged classification as showrl hereunder:
r--- •. -'- - - -- •.•
(1)NORTH-WEST
(4)WEST
(7) SOUTH.WEST

--- - -,-,- --- .',
(2) NORTH

(5) CENTRAL ':
(8)SOUTH : :

-'-'- - - -_ ....' '-

Staircase
0<

solid wall

-"-"- - - _ .. - - - _ ..-- - - -,.-- --
(2) NORTH (3) NORTH.EAST '

, ; (5) CENTRAL (6) EAST :
_: (6) SOUTH (9) SOUTH.EAST i

'. - -,- -----_.,-,- --- -,-,------

The physical parameters of the above sub-groups In terms of exlernal walls with [lr wllhout

wll1dows al1d il1ternal walls may be explained as hereunder,

GROUP NA"'EOF
! 1!Q, GROUP

'01, North 10•• 1

"' NorthWest:

" Soulll East:

"' Soulh We.t_

" Central,

00 North

"' South

'" Easl

"' West

LOCATIONOFROOMOFLMNG UNlTWlTIl RESPECTTOCARDINALDIRECTION

Located In the North East comer of the unit with windows on North Md East
external wails

Located 111Ihe North Wesl comer 01the unit w,'h windows on North aod West,
edemal walls_

Located in the Soulh East corner 01the umt with windows on Soul~ and East
external walls

Localea in the South Wesl cornef of fhe un;l with windows on South and Wesl
extemalwalis_

located cenlrally inside the uoit, wilh no external wall or window

Located on t~e North side 01the unit, with w'ndows on [he North wall onty_

located on the Soulh side of the unil. with windows on the SOUlhwall only

Located on the East Sideof the unit, with window. on the East wall only.

located on theWest Sideof the uM. with windows on the West wall only_

The Mtural setllngs and views of rooms of al1 apartment have been shown LrlFigure 4-11 below,
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Figure 4-11

NATURAL SETTINGS OF ROOMS OF AN APARTMENT (9 GRID)

NORTH EMT
lO"O;+ •• ,"'" .nd ,,'
.t••.••of .,,' S,",

Ie ~~-C=-~---I-- ------
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I""""

1I-~--
I,, I"'''''' ,""" of"', no••• .~ ,IAffed,'''''' &m) (O"oct",,"'''' '"

II
, eN,"" .,. 'ff"" of ••••

(No ,,,oct ••• ""' •• ," ..,,
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4.6 MEASUREMENT OF TEMPERATURE:

While measunng Temperature in and around any Living Unit the follow,n9 three types of readings

were taken

(a) Quldoor Temperature at lhe ground in lronl of the building

(b) indoor Temperature in all rooms and spaces and

(c) External Temperature at lha seme level outside the apartment.

(a) OUTDOOR TEMPERATURE AT GROUND LEVEL AROUND THE BUILDING: Temperalure

at the ground level In the surrounding area of the bUilding was taken. For thIS purpose readmgs

were taken at the entrance and on all four sides viz, North, South, East and Wesl of the bUilding.

However, In case of some buildings il waS not possIble to ta~e readings on all sides because

those were nOI accessible, In some cases lhe ground floor was used as service floor, and hence

readings were laken on the first /ioor.

(b) INDOOR TEMPERATURE IN ROOMS AND SPACES: All indoor readings of Temperature

were taken by plaCing the instrument at the center 01 each room or space In order to avoId

excessive changes In outdoor temperature and humidity levels It was essential to take all the

measurements of a living unit wlth,n minimum time So, the inmates wera first informed ot the

matter and ali the rooms/spaces were mada ready for access, The enumerator flrs1 placed the

equIpment at the center of the liVing room, remained wailing for at least 15 seconds and declared

the reading, which was written by another enumerator, The f,rst enumerator then quickly carned

tha equipment to olher rooms/spaces and conducted similar operations

(c) EXTERNAL TEMPERATURE: Reading of the external lemperature at this level was elso

taken For thiS purpose South side was 9,ven the first preference In case the uOit lacked In soulh

aspect, easl or west (which ever available) was ul,liz"d. North, however, was avo-ded, For Ihe

purpose of measurement the inslrument was held oulsioe the room through the window or
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verandah 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 units

Table 4-07

TEMPERATURE RECORDED'

SL. LMNG EXTERNAL T E M PER A T U R E RECOROEO "NO.UNITCOOETE~PERATURELIVINGRM. MMTER BED CHtLP'S BED GUEST'SBED DININGRMlSP,

i 01. A7SW '" ,CO '" 30.6 '"" A SSW "6 '" "6 30.6 30,7

'" A4SW '" '00 29,9 29,9 '"eM A4SE "" 30.9 30.8 30,6 30.9

05 A4NE '" 30.4 30.3 '" 30.4

06 A4NW 30.5 "" 30.7 30,7 '"
07.6"' 31,7 31.8 31.7 31,8 '" '"06 om '"" m 33.0 '00 32.8 32,9

'" "N 32.7 33.0 32.8 330 en 33'

" C16NE 31,8 3" '" '" 32,0 31.8

". C16SE 31,7 31,9 "0 31.9 "6 32.1

" C6NE '" 31,8 31,6 on 31.6 '"B C6SE 31,7 '"' '" '" 32.2 32,0

" C4NE 31,1 31.1 ,CO ,0< ,0< ",0
15. C4SE 30.7 30.8 30,9 30,8 3" ,CO

'6 on '" 31,1 3CO 30.9 '" 31.1

" 0;5 '" 31,8 on 31.6 31.8 '"'6 0'5 33,2 33.4 33' 333 33.2 33,2

I 19. EBE '" 29.4 29.3 29,3 '" '"20 EOE " , 29,2 29,1 29.2 m 29.2

" E'5 '" '" m '" 29.3 'OJ

33 F 7N: East 31.2 3" 31.2 '" 31,6 31.5
West 31.4

33 ECN East m 30.2 30.2 365 30,6 '", Wesl: '"I
124. C<N East: '" '" '" 30.5 30,6 '", West 30,9,

75 G14NW 31.3 '" 31 ,1 31.2 '" 31.3
26,' G5NW 3Cl,3 30.3 30,2 30,2 '" 30,1

" G2NW '" 29,8 30' 300 30.2 29.9
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In order to have an Idea how far the inlernal temperature vanes 1rom o~e room or space to

another. the temperature in esch room and space of the living units have been given ar

APPENDIX as Appendix 4-04.

4.7 MEASUREMENT OF HUMIDITY:
In measuring Humidily In snd around the Living Unit lhe two types of readings taken were

(a) Outdoor Humidity at the ground In front ol the bUildIng

(al Indoor Humid.ty in ali rooms and spaces and external Humidily at the same level

outside the aparunelll.

All reading5 of Humidity were taken along WIth tile readings ol temperature mentioned above.

The measured readings of Humidity have be€n presented In Table 5 10.

Table 4-08

I
HUM!DITY RECORDED

I SL. LMl<ll EXTERNAl. " " • , , , , , ,,, 0 , 0 , 0 "'0. UNIT CODE HU~,:R'TV LIVING Rill. "'ASTER BED CHILll'S BEP CUlOsrs !lEO Oi"lINll ",,'S",.
, A07SW "" 00 .- .- ", A05SW " 00 .- "' 00

I ~. A04SW " " M ., "'A04SE "" 00 .- .- 00
!. 5 A04NE "' M "" eo "0 A04NW "' "' "' "' "', B9N " " " " "' ", B7~ "' " "' " "' "'
i ;0 "" " " 00 " "' "'C16NE "' " " "' " "" C16SE "' "' " " "' "" C6NE "' "' " " " ""~" " " " " "' "'" C4N~ " "' "' " " ", " C4SE "' " 0< " " "'" D078 " " "' " 0< "" 00," 0< " % % " %

'" 00" " % % % "' "'" E03E " " eo " "" "" E06E •• eo eo "" "" """ E02E "' "' " " " "'" FOlN eo "' " "' " "n F06N " " "' "' "' eo

" F04N "' "' M •• " "" G14NW M M " " " "
" G05NW "" " " " " "" G02NW "' "" " " " "'
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In order to he,a an idea how lar the inte",al Hum,dity ,aries from one room or WilCe to another,

the humidity 111each roOm and space of the tivlng units are shown In APPEXDtX at Appendix

4.05.

4.8 RECORDING OF USERSER'S RESPONSES:

At the bme of survey, the users' responses il1 their apartments regard,ng (a) extel1t of stay In the

apartment, (0) whether the Il1habitant was owner or rent-payer, (c) the" feeling of climate rn the

Summer (d) whether t~ere was air.flow in the rooms, (e) their feeling of cl,mate in the W,nler etc

were collected and recorded In appropriate place ,n lhe questlonnilire. The lmportanl information

collected has been presel1ted in Table 4..(l9 below.

Table: 4-09

USERS' RESPONSES REGARD1NG THE!R: UV!'-!G UN!T

(DURATlON OF STAY, OWNER OR RENT.PAYER, FEELI~G IN SUMMER, AlR-FLOW
APARTMENT, COOLEST ROOM, MOST VENTlLATED ROOM, FEEUNG IN WlNTER ETC.)
SL. L!VI"''' la)EXTE"'T Ib)OW"'ER I<)FEL!~I'" (d) A!!l (el F"-EUNG'N
l!Q. u!I!rrCODE OFSTAY RENT-!'AYER SUM"'ER FLOW W'!I!TER
01. A 7SW 1-3 Renl-payer Warm Ye. Warm
02. A 5SW 2-0 Renl.payer C<lpl Yes Cool
03 A 4SW 2-0 Rent-poyer Comfort Yes Comfort
G4 A 4SE 2.0 Rent'p~yer Comfort Yes Cool
05. A 4NE 2-0 Rent-payer Warm N.S Comfort
.06. A 4NW 1-4 Rent-payer Warm N.S. Cool
07. B 9N 1-3 Owner Hot N,S Cool.
1)8, B 7N 1-0 Owner Warm N,S, Cool
09 B 4N 1-0 Owne, HOI N S Comfort
10 C 16E 1.0 Owner HoI N.S Co-ol
11, C16E t.O Owner Hot Ye, Cool

112. C6NE 1-1 OWf1er Warm Yes Comfort

1

13 C 6SE 1-0 Owner Comfort Yes Comfort

,

;~ C 4NE 1-6 Owner HoI Yes Cool
,~ C4SE 1.2 Owner Wa,m Yes Comtort

I
t6. D7S 1-6 Owner Hot Yes Cool
17. D5S '-6 Owner ComfM Yes Cool

1

18 D4S '.7 Owne, W~rm N,S Cool
19, E 8E 1.8 Owner Comfort Yes C<lo;
20 E BE 2_0 Owne, Wa'm Yes Coo~
21, E 2E 1-8 Owner Hot Yes Cool
22 F 7N 2-0 Owner Comfort Yes Cuol
23. FeN 2-0 ONner Comfort Yes Comfort
24. F 4" 0-11 Owner W~rm N,S. Warm
25. G14NW 1-8 Rent.p~yer Warm Ve. Warm
28. G 5NW 1_3 Renl-payer Hoi N S Cool

I 27. G 2NW 1.6 Renl-payer Warm N S Cool
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'4.8.1 USERS' RESPONSES IN ROOI\I!S:

The users' responses ILke which one, according to the user was (he Coolest loom, which one,

according to the user was Ihe hotlest rOOm In the summer, use(s vole regarding hottest month in

1999 and in 2000, Ins" feeling of radiation, If any, from wall or roof, number 01 persons usually

occupYing or using lhe room/space. mosl comfortab'e and un-=mfo'!able time of the day, feeling

of temperature on the nottesl days, feeling of humidity, sweating and venl,lal;on etc. wndition of

natural lighl al lhe cenler and near lhe axterna' Window, whether the USef had any problem In

keeping the winoows open etc were collected and recorded in appropnale place Out of lhose,

the info'l1labon relevant to this study has been presented in Table 4.10 be'ow.

Table: 4-10

! USEf<.S' RESPOt,lSE5!N P:QOMS

I SL. LlVING

(b)HOTTEST (e) HOTTEST (d) HOT. (e) RADIATN, (f) RADlATN.

(a) COOLERST ROOII MOf\;TH MONTH FRO~' FROM

I NO UNIT CODt' ROO~ liII SUM~~ER IN 1999 IN 2000 ROOF W,~
01. A 7SW Cnild Sed UvnlDb J',~e J~~e ~jc Ye'

D2.A5SW Masler Bod LIVIng M" M" '" '"0; A4SW Master Bed Living Ap"l April " '"0- A4SE Child Bed Living M" June '" '"05. A 4NE Chitd Bed L",ng M" April '" '"06, A4NW Masler Bed liVing May Apr.! " "'0, ''" Master Bed Childbed june june '" ,,,
oe, B 7N Moster Bed Dining june Apr.1 "' "'0' '" Master Sed ChLldl>ed july june '" "'10. C 16NE Child bed D<ning '"" june "' ",
11. C 16SE CI",lld bed Dining Jul)l june " ",
12, C 6NE Mas1er Bed Dining june june "" "'
13, C6SE Master Bed Dining july June "' "14, C 4NE C~ild bed Living M" june "" '"15. C4SE Child bed Guest April june "' '"16. D 7S Master 8ed Dining July june " ",
" ""' Child bed D,olng May June " "'" '" Masler Bed Dining jun. june "' '"19. E BE Guesl Bed Childbed June june '" ",

12Q' E6E
Masler Be<1 Childbed July June '" ",

21 E2E Mas:e, Bed Ch,idbed M" M" " "22. F 7N MosIe' Bed Guesll>ed May 'hy ~1" ",
23 F6N LIVing Guestbed july june " "',24.F4N Master Bed Guestbed M" june "' "'I" G14NW Masler Bed " "' N,S, " "'," G5NW Master Bed L1vrWOin. July june " "i27 G2'1.W lJa,'er Bed Gue<tbed j~ne June ~o "'
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4.8.2 SUMMARY Of USERS' RESPONSES;

For the purpose of having a comprehensive idea about the use(s cl<malic responses, the above

informal,on may be exoressed in a summarized form as presented hereunder In Table 4-11

Table 4-11

SUMMARY OF USER'S RESPONSES

I (01) USERS' STATUS 66,7% 33,3%.

(a) YES (b)CA~'TSAY

I {02) AIRF~OW IN ROOMS '" 30%.

,
(a) COOL (bl COMfORTABLE I£LWARM (9J HOT

(03) FEELING IN SUMMER 3.7%. '"% 40.8% 30%.
WINTER .0% ,,, 11.2% "

(a) APRIL (b) MAY {c) JUNE (d)JUL Y.

(04) HOTTEST MONTH IN 1999. 0% 3W. 22% 26'1'•.

2000. 11% 11.2% 67%

(a) YES (b) NO

(05) RADIATION FROM WALL' " 100%.
ROOF' JO'Y. 70%,

4.9 RECORDiNG OF ENUMERATOR'S RESPONSES

The enumerators responses regarding (a) a" movemant, (b) lemperalLJre, (c) dampness, (d) stain

on wall etc. as observed and recorded at the time of survey have been presented in Table 4-12

below,
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Table 4-12

ENUM~RATORS'RESPONSES
SL LIVING
J:!Q. UNlT CODE (al;\IR MOVEMEliT (hITEMPERATUllE (cIOA""lIl"~" td) STa'~ D'l WAll
01, A 7SW Perceptible ~,' " ""02,A%W '" Hot " "03. A4SW Percepllble Comfortab'e " "
"' A4SE Perceptible Comfortable " ",
05, A 4NE '" ~,' " "06, A 4NW '"' Comfortabl~ " ,,,
07, a9N Not ""' " "'" em '" '" '" ,.,
oo e" ""' ~"' "" ""'" C 16NE Percepuble ~"' ,. "11.C15SE Perceptible ~"' ,. ""12. C6NE Perceptlbie Comfortable "" """ C6SE ""' Hot '" "" C4NE ""' Comfortable " "" C 4SE '" ~"' "" "" '" Percepfible ~"' " "
H. '" ""' ~,' " "" '" ""' Hot " "'" '" Perceptible ~"' " "" '" Perceptible ~"' "" ",
" '" '" ""' "" "22. ,m '" ~"' " "1" ," Perceptible Hot " "" '" '" '" " "" G14NW Perceptible ~.. "" "" G5NW '" ~"' " "
" G2NW ""' '" " "
4.9.1 SUMMARY OF ENUMERATOR'SCLIMATlC RESPONSES:

For the purpose of haVing a compreherlsive idea, the above Information regard'rlg erlumerator's

responses may be expressed In a summarized form as presented in Table 4_11 hereunder

'Table 4-13

(aj EERCEIVASLE; (b)IMPERMEABls
(01) Air movement: 40.8% 59.2%

I') ~o, (b)COMFORTASLE
(02) Temperature 81.5% 18.5%

I') '" (b) tJO
(03) DllmprleSS 00% 100%

(a) Yes (b) No
(04) Stain In wall: 11.1% 88.9%
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4.10 OTHER OBSERVATIONS:

At the time oj measuring Temperature and HumIdity all the related information that might come

to some use were collected and noled Later, however, It was found lhat some of (he ,nformation

could not be collected. For example. even though there was a program 10measure temperature

and humidity on all sidas of the building some of the Sides wera inaccessible, and In case of at

leasl one building there was no ground floor, because the entire are~ was belllg used ~s store AI

lhe beginning It was planlled thai readillgs on temperature and humidity shal' be made at the

center and near alilhe four walls of the roam. Later, however, It w~s found lhilt the readings Ln

general, remain the same through out the roam, only excepting near the w,ndows, where those

are affected to incoming air. Only in one case (F6N), a 0 l' C difference at the center and the

weslern extreme of the liVIng room was observed. This room was poorly ventilaled with external

wails on east, west and north and lhe kitchen was on the west. At the tome of survey, only one fan

was working in the east and cookillg was going on in the kitchen Tho,e were the probable

reasons to cause this m,nute varlatiotl.

Even though user's response were collected w,lh utmost care, In some cases it seemed as It they

gave the reply mosl reluctantly or without enough thought. For example, some opined their

western room as most comfortable 111sMa of few such exceptions, most of Ihe resOOnSe, alld

comments were consistent with whal could normally be expected. When asked about their

general percepllon in living In hlgh--rise apartmenls. one respondent ort 7''' floor in Eleo'1ant Road

complalnea that whenever there was strong wind especially at night ill the rainy season they

suffered from a very bad smell. The residenls of the same building ,n the lower fioors did not

make such complain
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Investigation of such a variable entlty like climale IS associated wllh enormOuS compleXllies. The

lillie variations in temperature that usually exist in belween various rooms and spaces cannot be

measured accurately with mercury thermometer Ttla digital thermomater was advantageous

because It gave Instant ana aas,ly readaOla readings Ln d'g''" Long habituahon with mercury

thermometers may raise question about the valldlly of digital reedings, To eradicate any doubt,

the digital thermometer was later compared witn one ~Iandard marcury therrromeler and another

digital thermometar It was revaaled that even though the three did not glva exactly the same

reading, Ihe vanat,ons were negl'g,ole. The mercury thermometer responaad a billately, and lis

fractions were to be read by eye.estima!ion, with probable percent of error. Tha two digital

thermometers were prompt In shOWing variations,

4.11 CONCLUSiON:

The taplcs discussed in lh,s chapter ,nclude metf1odology and investigation procedure followed in

this study, There Include how Ihe variOuS readings were taken and recordea, how the users' and

enumerators' climatic responses were collected ana recorded etc The apartment b",ld,ngs for

Invest,ga\ion were selected from areas so as to lake care of g""ater ranga of []lIcro-ctimatlc

variations in the c,ly Apartments or liVing unlfs were selected al variOUS levels and cardinal

10callOns. The questionnaire was prepared to record tile responses and comments of the

respondents, The enumerators were trained regarding how \0 conduct meas~,ements and collect

information and record in the Questionnaire. Before f;nalizing the invest:gatlon procedure a

number of sample tests, viz. ona.fl0ur inte~sive observalion, 10-hour and 14.5-hour temperalure

and humidity variat,on check elC were done with the Instrument Aiso the Instrument used was

validated against one standard mercury thermomeler and another eleclronic d:g:tall~ermometer.

The vailcat,on revealea, the readings given by the Instruments had conform'1y w:th those by the

standard themmmeters,
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Some of Ihe formals "1 wh,ch Ihe ool!ected data a~d information we'e recorded in the

Questlonna,re nave been presented ,n th,s Chapter The deta and informat,on were transformed

,nto tables Of gre;:>~sor summa,iz9'C so as 10 present co:nprehensive p,ctuces 0: I~m findings I"

add,t,on to lhose menlioned In rr:et~,odoiogy and q••e,t1onnalre the enumerators were esked 10

observe any other phenomenon, rei~ted t~dma's in and around the bu'id'f)g, en the pcesumpUon

mat mosa rr.ay also corr:e to use :or th,s study. Few sl1ch observaEons ~,a'm aloo bBBn presented

belter understanding of the t~,ermai sit"ation '" h;gh-ri~e apartmerrts
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Chapter 5

ANALYSIS OF FINDINGS



Chapler 5
ANALYSIS OF FiNDiNGS

5.0. INTRODUCTION:

The various ffndlngs includ,ng Instrumental measurement, skelches. user's responses,

enumerators comments etc., which were recorded in the previous chapters have been anaiyzed

,n this Chaoter 10 find out the state of m,cro_climate inside the high-rise apartments Various

com pan sons and analysis were made to find out the relatLonsh,p belween the inside and outside

temperature and humidity, between rooms of the I,ving units in d,flerenl card,nal locatlon~ and in

the rooms at different levels or stories. Attempts have also been made to f,no oul how far the

user's responses match those of lhe m~~suremenls. Most of the analyses were done w,lh the

objective SUCIl Ihal lhe expected results might be 01 use lor Ihe fulure aesigners of bu,lt forms.

This chapte, shall deal various aspects of analysis and studies under the fol!ow'ng major sub-

heads:

Ciimatic analysis 01 Living un,ls

ClimatiC analys,s of Rooms/spaces

Comparison of !nstrumentai findings and Users commenls

COmparison of Inlernal and External climates.

The micro-climate of a living unotOf of the rooms there 'n depends upon numerous faclors relal,ng

to (a) Physical characteristics like caMinal and vertical 10catLons (b) ArchLtecturai design I,ke

d,mens,on of rooms, s,ze and location of opemngs etc. (c) Maleria!s used conslruction and

iin,shes, (d) gadgets and jumiture used, (e) Internal heat generation and abSOlpl,on etc, Some of

these fadors cannot be quantified and some are extremely variable !n such a situation this Ihesis

project was aimed at jinding out the dmatic characteristics of liVing umt and oflhe rooms there In

with their physical characleristics only

,
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As for Internal climalic comfort, the Imporlant factors are (a) Temperature, (b) Humidity and (c)

Air-movement S,nce Air-movemenl Itself is a very targe topic and is such erralic in nalure that It

needs longer time and log'sllc facilities to study and investigale. By nalure Air_movement

demands indepenaent study thai may not be feasible w,thin limited lime For these reasons the

remaimng two tactors, viz Temperature and Humidity have tleen dea!t Witt>in thiS mesis

After the measurements of Temperature and Humidily is VariOUSrooms and speces In apartments

al vsriQUS card,nal and ver!icallocahons were la~en. endesvors shall be made 10 identify I,ving

units or rooms with ex:treme values i.e, High or Low range 01 Temperature Of Humlcli!y, after

which altempt shall be made 10 relale their climatic characteristics with Ihe;' phys;cal

characteristics.

For easy identificstlon as required lor analysis the rooms and spaces will be coded The physical

charactenstics i.e. Cardinal location, Vertical position etc, of the living units In the building and

lhose of the rooms In the building plan sha!l be found out and Coded. To ensure a simplif,ed

system of comparison, the range of vanatlon 0\'1 emperature or Humidity shall be grouped Into a

number of broad categor;es and Coded, Simi!a, categories shal' be made in caSe of vertical

poslt,ons elso, Flnelly endeavor Stlall ba maoe to relate the climatically extreme I,vings units or

rooms/spaces emong the tested samples with their phys,cal charactenst,cs. Endeavor shall also

De made to lind out 'comfOl1able rooms' from the readings of Temperature ana HumidLly and

those shall be compared w,th 'comfortable' commented by the users, A companson will be drswn

betwoon the Temperature given by the Meteorological Department and thai obtained by

measurement in the SLte.

5.1 CliMATIC ANALYSIS OF liVING UNITS:

tI has be<m mentioned In tha Cnapter on Invesllgatlon t~al readings of Temperature and HumLdi!y

were taken near the ground of each building, all rooms ,nSlde and immediateLy outside the I,v,ng

um\ of the selected I,ving units In analySIS attempts will be made 10 ,elate such phYSical factors
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like (a) Card,nallocallon of the living unit In Ihe total building plan, (b) Verlical position olthe living

Unil m the bu,ld,ng, (e) Cardinal location olthe rooms in the plan of the unit, (b) Vertical position 01

rooms ele wjlh their cllmalic character;sl;c, j e. levels or exlrem,ties as regards to Temperature

and Humidity,

5.1.1 ANALYSIS OF INTER-SPACE TEMPERATUl'lE VARiATIONS:

Since Ihe measurements of Temperature and Humidity could not be taken at one s;ngle ,nslanl

on a single day, it is not possible make any direct comparison 01one living unit with another The

data regard,ng temperature and Humloily In each l,vlng unit. however were taken a\ 'fairly' one

l,me So, it ,g possible to compare the read;ngs obtained in vanous rooms and spaces each unit

,naependently In every unit lhere was one HIGhEST reachng and one LOWEST readmg in

Temperature and Humid,ty The difference belween the two of any unit gLves the "INTER.SPACE

TEMPERATURE VARIATION"(ISTV) or "INTER_SPACEHUM,DITY VARIATION"(lSHV) oj Ihal uml.

Aller find,ng oullhe ISTY and ISTH 01all the 27 un;ts, Ihose were found 10vary trom one another,

While laking measurement il was found thai both INTER-SPACE TEMPERATURE AND HUMIDITY

varies from one liVing Unit \0 another The probable reasons for Ih,s varia:ions might be, (1) 5;\e

or location oj the bUiloing in the city, (2) Card,nallocallon 01the LiVing unit ,n the ent;re bUilding

plan, (3) Vert:cal posil;on of the I,ving unit in lha building etc. The time of taking measurement

also may have relevance,

Since it was nOl possible to take a'l those If'lctors into r:-ons;deration in suc~ a time and blldge'

constra,nt gludy, only the physical factors !,ke (1) Cardinal location and (2) Vertical posItIOns 01

the living unlls or rooms/spaces have been cons,dered for analysis

The findings and analyses regarding Temperature and Humidity varialion in loving units or

rooms/spaces shal! be presented lollow;ng in genera' the following sub-he~d';ne"'
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Finding out Inter .space TemperaturelHumidity varialiorLs

IdenlllYlrLg living uniisfrooms wIth 'Hot', Average' and 'Cool' ranges of inter-space

Temperature and 'Dry' 'Moderale' and 'Wet' range of Humidity vanatlons

Fm(ling out pl-.ySlcal characteristics of IWing unit, and fOOmSunder 'Hot', 'COOl 'Dry',

and 'Wet' categories

RelatIng the physical characteristics with prooable cause of such CII'I1at,c extremities.

Each of the above topics shell be alsc~ssed In general under lhe Tollov~ng minor sub.heads (a)

Brief Introduction, (b) Coding of physical chsracteristics (Caralnsllocatlon, Vertlcat position etc,)

of unitslrooms, (c) Categcriza\io~ "nct coding of Tempe,aturelHumictlty variat:o~s etc

5.1.2. Lt::GENOS AND CODES USED fOR IDIONTlFlCATION ,

For me purpose of analysIs variOUS apartme~ts, liVing unit5, room5, their Cardinal and Vertical

locatIons etc. heve been cOded, A!so LE:GI;;;NOShave been used to Indicate their CardlrLal and

Vertical locations. The LEGENDS lor CARD!NAL LOCATIONS am'

i CARDINAl CARDINAl CARDINAL ~ARDINAl

I l""P,"ON '-SBH,O LOCA!iOrl LEGEND LOCA!ION LeGEND LOCATION LEGEND

,
I EAST , WEST W NORTH , SOIITH 0

I NORTH. EAST "' NORTH-WEST 'W SOUTH-EIIST 0> SOUTH.WEST oW

The climate similar to thal at the ground is mostly felt in the lower flooes 01 the bu;'dings The top

Iloor of any ouilding suffers f(Om differences in cllmete due to the constant expcsure of its roof to

the sun ai oaylime, The floor immedlalely below II is partially affected by these factors. The other

floors in between the lower floor and the top floor enioy more or less equal type of climate The

toilowlng LEGENDS have been used 10 IrLd,cate 1he BROAD CATEGORY OF FLOORS of the

buildlrLg'

FLOOR

Top floor
M,ddle floo,,"

LEGEt.C'

Top or T
Mid orM
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Below top flocr
Lower 2 floors

LEGE1!G

High or H
Low or L



The various bUildings end their floors have also been coded, Table 5-01 shows lhe Codes of

bu,ldings and their Vertical category and Honzontal Codes.

Table 5.01 :

CODES OF APARTMENTS OR LIVING UNITS

CATEGORY
SERIAL CARDINAL OFVER.TICAL
NO. OF LOCATION OF LOCATION DFAPARTMENT ,o~ UNITS FLOOR SURVEYED UNIT SURVEYED UNIT CODEWAHID. BrtABAN , " " 'W '" A7SW

" " 'W Mid ","W
"' M 'W Mid A48W
M M " Mid A4SE

" M " Mid MNE
00 " 'W Mid M'WEHL BLDG.-1 , " e, , '00 '""' " , M. ,m
"' M , M,' '"EHL BLDG_2 , '" '" " '" C16NE

" '" " '0' C16SE

" 00 " Mid ~"" e, " Mid ~"" " " Mid ~"" "' " M,' ~,
RAZZAKCOMPLEX 0 '" " , '00 0"

" " , Mid ~,
" "' , Mid ~REZiI COMPLEX 01
" "' , '" '"" 00 , M,' '"" " , ~w ~,

MONIHAR , " " , '00 ,m
" "' , High '"'" M , M,' '"SQUARETOWER , " " "" ", G14NW

'" " 'W ." G',,"
" " 'W ,~ G2NW

5.1.3. FINDING OUT INTER-SPACE TEMPERATURE VARIATION:

It has been found thai readings of temperature In vanous rooms of a living unit vary from one

anolher. The (a) Maximum temperature observed In a living Unit, (b) Minimum temperature

observed In the same unit and (c) their vanations have been calculated out and presented In

Table 5-02, The ,nter-space varietion 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

clessed into three broad categories, viz Considerable, Average and Negligible and the following

LEGENDS have been used to Indicate those:
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TEMPERATURE VARIATION RANGE
0,5 - 0.8
03-0.4
0,1- 0,2

Table 5.02:

BROAD CATEGORY
Gansldereble
Average
Negligible

LEGEND

''"M,
""

MAXIMUM MINIMUM TEMPERATURES AND INTER-SPACE
VARIATIONS IN LIVING UNITS

~"G MAXIMUM MINIMUM TEMPERATURE lEGEND FOR TEMP,
UNIT CODE TEMPERATURE TEMPERATURE DIFFERENCE VARIATION
A07SW 30.9 30,6 ,., M,
'WW 30.7 '" " ",',~W 30.0 29,9 ,., "",~e '" 30.6 " ""A4NE 30.4 '" " ""A4NW 30,8 ", " M,
"" 31.9 ", " "",m 33,2 32,8 " M,
"" 33.1 on " ,,,
C16NE 32.6 31,8 " ~"C16SE 32,1 '" ,., ~"C6NE 31.6 '" " M,
C6SE 32,2 '" " "',C4NE 31.1 "" M ,,,
C4SE 30.9 W.' ,., ""'" 31.2 W, " ,,,
00' 31.8 31,6 " ""'" 33.4 '" " ",'e,e 29.4 29,3 " ""e,e 29.3 29.1 ,., """e 29.4 29.2 " "",m 31.8 31.2 ,.• M,
''" 30,6 '" " """" 30.7 OM " ,,,
G14NW 31,5 31.0 0.' ~"
G5NW '" '" " ""~"W 30.2 29,8 ,. ,,,

5.1.4 IDENTlFYING UVING UNITS WITH CONSIDERABLE ('CON') CATEGORY OF
TEMPERATURE VARIATION:

The living units with CON, AVE and NEG category of inter-space temperature variations have

been presented En Table 5_02 above, For the purpose of analYSISonly the extreme cases shall be

considered and the Average {Ave) range shall be avoided, The units under category _

CONSIDERABLE TEMPERATURE VARIATION and their Cardinal and Vertical locations have

been presented in Table 5-03 below
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Table 5-03 :

'-'C"A"'"O"IN"A"L'L'O"C'A"T'"'O'N"'A"N"O"V"E""T"'C'A"L'PO""S"'TTI"O"N"O'F"L1"'V""N"G'"U"N"IT"ScWI""TH"'-'
'CON' (CONSIDERABLE) RANGE OF VARIATIONS OF TEMPERATURE

INTER-.sPACE
TEMP.OIFF.
Con (.5. ,8)

UVING
UNITCOOE
C16NE
C16SE
G14NW

(a)CARDlNAL
LOCATION

""-
(b)CATEGORY
OF VERTICAL
POSITlON
T~
T~

;0'

5.1.5 RELATING UNITS UNDER 'CONSIDERABLE' RANGE OF TEMPERATURE
VARIATION WITH THEIR (8) CARDINAL LOCATIONS AND
(b) VERTICAL POSITIONS.

After Ldentifying the liVing units under 'CON' temperature variation category from Table 5-02 and

having known their physical charactenstlcs from Table 5-03, endeavors shall nOW be made to

relate the cause of this variation with such physical characteristics ilks (a) Cardinal tocation and

(b) Vertical POSitiOn,

The following are the OBSERVATiONS regarding relation of HIGHER INTER-SPACE VARIATION

OF TEMPERATUREw~h the physical charactenstlcs of the living units;

(a). CARDlNAL LOCATION: There are B probable Cardinal locations. VIZ. East, West, North,

South, Northeast, North-West, South-East, South-West for the living unrts under study.

CONStDERABLE tnter-space Temperature variations were observed in 7 locations viz, E, N, S,

NE, NW, SE, SW and none on the West. Out of these 7, 3 C<lmeunder the CON category and

these happened in cardinal locations, Northeast, Southeast and Northwest at the rate of 1 each.

The frequency in number and % of occurrences of CONSIDERABLE INTER_SPACEVARIATIONS

OF TEMPERATURE are shown in Tabte 5-D4

Table 5-04

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

CARDINAL LOCATION
North EaS!
South-East
North-West

OCCURRENCE IN NUMBER
1outof3
1outof3
1outof3
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OCCURRENCE IN %
33% (equal)
33% (equal)
33% (equal)



(II). VERTICAL POSITION: There are 4 categories of vertical positions, VIZ. Top, Htgh, Mid and

Low All the cases of CON category temperature vanatlons were observed on the Top floor So,

the frequency of CONSIDERABLE INTER-SPACE VARIATIONS OF TEMPERATURE are 3, The

frequency in number and % of occurrence of considerable illler-space Temperature vanations in

various vertical categones have been shown In Table S.(lS:

Table 5-05 :
FREQUENCY OF CONSIDERABLE INTER-SPACE VARIATIONS

OF TEMPERATURE IN VERTICAL POSITIONS

VERTICAL lOCATION CATEGORY
Top floor calego•••.

OCCURRENCE IN NUMBER OCCURRENCE IN%
3 oul of 3 100%.

On the baSISof above observations, INFERENCES may be drawn that,

01, There is greater possibility of Considerable Inter-space temperature variations to occur In

iiving units In cardlnat locations, Northeast, Southeast and Northwest

02, There is greater possibility of Considerable inter~pace temperature variations to occur on the

Top floors than on other poslhons

5.1.6 IDENTIFYING UVING UNITS SHOWING 'NEG' (NEGLIGIBLE) RANGE OF
TEMPERATURE VARIATION :

Table 5.(lS below shows the liVing units with NEG category of temperature variation aloog with

(a) Cardinal locations and (b) Vertlcai positions of the living unit

Table 5-06 :
CARDINAL LOCATION AND VERTICAL POSITION OF LIVING UNITS SHOWING

'NEG' (NEGLIGIBLE) RANGE OF TEMPERATURE VARIATION

INTER-SPACE
TEMP. DIFF.
(0) NEG(.l, 2)

UVING
UNIICODE
~'W
M'W
MNE
A4NW

'"~"~"'"M'
'00
'00~,
'"G'_
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(~}CARDINAL
lOCATION
'W'W
"-,
"00,,,,,,
'W

(0) CATEGORY
OF VERTICAL
POSlT10N

Mid
Mid",'0''0'Mid
Mid
Mid
Mid",M"
Cow
H;gh
Mid

,



5.1.7 RELATING UNITS UNDER 'NEG' CATEGORY TEMPERATURE VARIATION WITH
THEIR (a) CARDINAL AND (b) VERTICAL POSITIONS

(a). CARDINAL LOCATIONS: A total no of 14 cases were observed in 7 locations, none was

observed on the We5t. The frequency m number and % of occurrence of NEGLIGIBLE INTER-

SPACE VARIATIONS OF TEMPERATURE in vanous vertical categories have been shown In Teble
5-07

Table 5-07:

FREQUENCY OF CONSIDERABLE INTER-SPACE VARIATIONS
OF TEMPERATURE IN CARDINAL DIRECTIONS

CARDiNAl LOCATION OccURRENCE IN NUMBER OCCURREIltCE IN%
(1). East 30<11of'<4 ~%
(2), ,,~ 2 out of 14 14%

SO<llh 2 out 0114 '"North.East 2 out of 14 '"North-West 20utol14 '"South.West 20<11of'<4 '"('J So<M-East 1 out 0114 "
(b). VERTICAL POStTION: ToIal14 caSes were observed, The frequency in number and % of

occurrence of NEGLIGIBLE INTER-SPACE VARIATIONS OF TEMPERATURE in various vert,cal

categories Viz Top, Htgh, Mid and Low have been shown in Teble 5-D8.

Table 5-08 :

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

VERTICAL CATEGORIES
(1), Mid
(2), Top
(3) High

Cow

OCCURRE;NCEIN NUMBER
Bout 0114
4 out of 14
1 0<110114
10ulol'4

OCCURRENCE IN %

'"'"7%,

"
From the above analySIS. INFERENCE may be drawn to the following effects,

01. There IS greeter possibility 01 Negligible InJer-space temperature venat,ons to occur in

cardinal locations In the followmg descending order: (1) East, (2) North, South, Northeast,

Northwest and Southwest and (3) South-East.

02 The findings of negligible inter.space temperature variations in different vertical locations

were Inadequate to establish any relation,
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5.1.8. ANALYSIS OF INTER-SPACE HUMIDITY VARIATION :

The inter-space variation of HurnidLty shown in the last column of Table 5-09 varies from 0% to

3%. For the purpose of comp;lrison Ihls range have bee" classed into four broad categories, vt<:.

High, Mid, Low and Same and the follOWing LEGENDS have been used 10 Indicate those:

"

TEMPERA lURE VARIATION RANGE

",%
'"~

BROAD CATEGORY
Higher "aMelian
Middle variation
Lowe, variation
No .snellon

LEGEND
High
Mid,~
Same

The analysis on Inler-space humidity variation in living units have been done exactly In the same

way as was done in case,ofTemperalura. The Codas used are also Ihe same or similar. Table 5-

os below shows the Maximum and Minimum humidity, their variations and Legends in the liVing

units

Table 5-09 :

MAXIMUM, MINIMUM & VARIATIONS OF HUMIDITY IN LIVING UNITS

UVING MAXIMUM MINIMUM HUMIDITY HUMIDITY VARIATION
UNIT CODE HUMIDITY HUMIDITY DIFFERENCE LEGEND
A7SW 00 "" , ~w
A5SW 00 " , High
A4SW 00 00 , ,~
A4SE 00 "" , ~w
M" 00 00 0 same
M'W " " 0 ~m.

'" " " , Cow,m " " , ~w
'" 00 00 , M,
C16NE 00 " , ,~
C16SE 00 " , ,~
"" 00 " , ,~
CSSE " 00 , ,~
~" 00 " , Mid~" " 00 , Mid
00'" " 00 , Mid=, 00 " , ,~
00" 00 " , Cow
EOSE 00 " , Mid
'00' 00 00 , ,~
E02E 00 00 , High
F07N 00 "' , Cow

"FoaN 00 00 , Mid

"" 00 00 , High
G14NW 00 " , ""G05NW " 00 , ""G02NW 00 00 , High
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5.1.9 IOENTIFYING LIVING UNITS WITH 'HIGH' INTER-SPACE VARIATION OF HUMIOITY

After knowing the Inter-Space Humidity variations of the apartments in terms of High, Mid, Low

and Same calegories attempts sl1all be made to find out'" there exisls any relation 10 between

these variations with the (a) Cardinal location and (b) Vertical position of the unit. Table 5-06

below shows the liVing unitS wilh HIGH INTER-SPACE VARIATION OF HUMIDITY along with their

physical characterjslJcs:

Table 5-10 :

LIVING UNITS WITH 'HIGH' CATEGORY INTER-8PACE VARIATION OF HUMIDITY
AND THEIR (a) CARDINAL LOCATION AND (bl VERTICAL POSITION

CATEGORY OF
INTER.sPACE
HUM.DIFF.
High (3%)

u~oo
UNIT CDOf'
A5SW
E02E,~,
G02NW

(a)CARDINAL
LOCATION,W,,,w

(b)VERTlCAL
LOCATION
Mid,~
Mid,~

5.1.10 RELATING LIVING UNITS WITH 'HIGH' CATEGORY OF HUMIDITY VARIATION WtTH
(8) CARDINAL AND (S) VERTICAL LOCATIONS

The occurrences and % of HIGH INTER-SPACE VARIATION OF HUMIDITY as observed in 4 nos. of

hving units in Tables 5-09 and 5-10 are shown in Table 5"11 bellow

(8). CARDINAL LOCATIONS:

Table 5-11 :

FREQUENCY OF HIGH INTER-SPACE VARIATIONS
OF HUMIDITY IN CARDINAL LOCATIONS

CARDINAL I,OCAT!QN,..,,~"
South.West
Nort~West

OCCURRENCE IN NUMBER
1oulof4
1oulof4
1oulof4
1oulof4
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OCCURRENCE IN%
25% (equal).
25% (equel).
25% (equal).
25% (equal).



(oj. VERTICAL POSITION:

Table 5.12:

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

VERTICAL CATEGORIES
Mid category
Low Cat&g<lry

OCCURRENCE IN NUMBER
2 out 014
2outof4

OCCURRENCE IN %
~%
M%

From the ebove findings ~ may be opined that

(1) The HIGH Inter~pace Humidity variation is independent of cardinal location ofll1e liVing

unit.

(2) The HIGH mter-space Humidity variation is independent of vertical poSillon of the living

unit

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

Table 5-13 presents the living units with LOW INTER.sPACE HUMIDITY VARIATION along with (a)

Cardinal location and (b) Vertical position oflhe liVing unrt

Table 5-13:

LIVING UNITS WITH 'LOW' CATEGORY OF INTER.SPACE VARIATION OF
HUMIDITY AND THEIR (a) CARDINAL LOCATIONS AND lb) VERTICAL

PosmONS

CATEGORY OF
tNTER.sPACE
HUM, pIFF.
LOW (1%)

LMNG
UNIT CODE
A7SW
M'W
A4SE

'"'"C16NE
C16SE~"
""OO~
OO<S
E06E
F07N

(a)CARDINAL
LOCATION
'W'W
",,
"""",,,,
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(b)VERTICAL
CATEGORY",Mid
Mid",Mid,~,~
Mid
Mid
Mid
M'
M"",



5.1.12 RfLAnNG LIVING UNITS SHOWING 'l.OW HUMIDITYVARlAnON WITH THEIR
CARDINAL ANOVERTICAl. LOCATIONS

From Table 5-13 showing 13 nos. living units with 'LOW INTER-SPACEVARIATION OF HUMIDITY

in various cardinal locations and heights the pictures shown in Table No, 13 aM Table 14 may be

drawn :

(a). CAR~NAL LOCATIONS:

Table 5-14 :

FREQUENCY OF 'LOW INTER-5PACE VARIATION OF
HUMIDITY IN CARDINAllOCATlONS

CARDINAL LOCATIONS
(1). North

Sout~Easl

(2). North-Ea.l
South-WesT
South

(3) East

(b). VERTICAL POSITION:

Table 5.15 :

OCCURRENCE IN NUMBER
30'" of 13
3 0'" of 13

20ulof13
20utof13
20utof13

1 outof13

OCCURRENCE IN%

'"'"
15%

'"15%

FREQUENCY OF 'LOW' INTER-5PACE VARIATION OF
HUMIDITY IN VERTICAL LOCATIONS

VERTICAl LOCATIONS
(1), Mid
(2), Top

OCCURRENCE IN NUMBER
8 out of 13
5 oul of 14

OCCURRENCE IN %

'"'"
The following inference may be drawn from the above realifies'

01. The LOW inler-space Humidity vanatlon is independent of cardinal location of lhe living unit

02. Thera is greater probability lhat LOW inter-space Humrdity variation may lake place in Mid,

and Top category of vertical heights.

5.1.13. ZERO INTER-5PACE VARIATIONS OF HUMIOITY;

Zero or 110Inter-space variation of Humidity was observed in two living unils at Old Dhaka site on

tha 4" floor and on cardinal locations North-East and North-West, as shovm 1Il Table 5-16.
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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
tNTER-SPACE
HUM.OtFF.
Sama (0%)

LMNG
UNITCOOE
A(NE,,~

(aJCAROtNAL
LOCATtON

"~
(b) VERTICAl
lOCATION

Mid
MM

The data obtained were not sufficient to establish reasons for this zero-~ariation. ~ IS Interesling

to note the units located on the south 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 units, there was no or very little air-movement inside.

5.2. CLIMATICANALYSIS OF ROOMS/SPACES:

5.2.1. CATEGORlZA liON AND CODING OF RELATED FACTORS;

In analYZing the measured Temperature and Humidity In the rooms of the following procedure

has been followed (1) The Mean Tempera\urelHumidity of each living unit has been calculated

by adding the ever-h,ghest and ever.lowest temperaturesihumidifies observed in any unit and

dividing this sum by 2, (2) The variation of Temperature/Humidity from the Mean

temperature/humidity in each rooms/space has been calculated and presented by + for above

and - for below the Mean value. (3) In case at Temperature the Mean has been termed as

AVERAGE and that above as HOT and below as COOL (4) In case of Humidi\y the mean has

been termed as MODERATE, that above as WET and below as DRY, (5) Rooms/spaces under

each category have been identified. (5) The Cardinal and Vertical locations of the rooms/spaces

with extreme veriations (In case of Temperature _ HOT and COOL and In case Humid,ly DRY

and WET) have been found out. (6) Endeavors have been made to relate those with Cardinal and

Vertlcalloca\ions of the rooms or spaces.
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5.2.2. 'AVERAGE' TEMPERATURE AND VARIATION OF TEMPERATURE FROM
THE AVERAGE:

The inter.space temperature variation ,n rooms and spaces have been found out by first

calculating the AVERAGE temperature In the liVing Unit and then finding out the variations in each

room/space above or below the AVERAGE temperature, In every living unit there is one highest

and one lowest temperatura The summation 01 these two divided by 2 gave the AVERAGE

Temperature oflhat un~. The variation oItemperatura from the AVERAGE has been calculated in

terms of temperature above (+ ) or below (-) the AVERAGE temperature. Table 5-17 below

shows (a) AVERAGE Temperature in each liVing unit and (b) Vanatlons of temperatures in each

room or space like Living Room, Bed Rooms, Dining Room etc, above (expressed by +) or below

(axpressed by -) the AVERAGE temperature,

Table 5-17 :

AVERAGE TEMPERATURE & VARIATIONS OF TEMPERATURES
IN ROOMS AND SPACES

SL. UVlNG (_IMEAN
NO. UNITCOllE TEMPERATURE
01 A7SW 3ll,e
02. ASSW 3ll.e5
03 A 4SW 29 95
04 A4SE 3ll.e
05, A4NE 3ll,35
06, A4NW 31175
07. B9N 31.8
08 BlN 33,0
09. B4N 32,9
10. C16NE 32.2
11.Cll3SE 31,9
12. caNE 31,7
13, C6SE 320
14. C4NE 30,9
15.C4SE 3085
16. DlS 31,1
17. D5S 31,7
18.D4S 333
19. E8E 29.35
20. E6E 292
21. E2E 29,3
22. F7N 31.4
23. FeN 304
24. F4N 305
25. G14NW 31.3
26. G 5NW 30 2
27. G2NW 30.0

(b) TEMPERATURE YtJ!IA!lONS IN ROOMS AND SPACES
LOONGRM. !IL..IEIl CHILD'S BED G. BED DININGRMlSP.
+.1 00 -.2 +1
+.05 _OS -.05 +,05
+.05 -,05 -.05 +05
+.1 00 _.2 +1
+.05 _05 +.05 +,05
+.05 .05 -.05 +05
00 -,1 00 -1 +1
+.2 00 00 -,2 -,1
+.1 -,1 +,1 -,2 +2
+.4 -.3 -.3 -.2 .4
00 - 1 00 -.3 +2
+ 1 ".1 00 -.1 00
+.2 -.3 ".2 +,2 OIl
+.2 00 -,2 -2 +.1
,,05 +,05 "05 _.05 +.05
00 -.2 ".2 +,1 00
+1 00 -,1 +1 -.1
+,1 +1 00 ',1 ,,1
+05 -,05 -.05 +,05 +05

00 -.1 00 +.1 00
00 ".1 +,1 OIl 00
.1 -.2 00 +.2 +.1
-,2 -.2 + 1 +,2 00
-,3 -.1 00 +.1 +.2
+2 -,2 -1 -.3 OIl

+,1 00 00 00 -.1
.2 +.1 00 +.2 ".1
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5.2.3 CATEGORIZATION AND CODING OF TEMPERATURE VARIATIONS

It IS found that varialtons from the Average temperature ranges from -.05 to +.05 deg, C, On the

basis of their propensity to relat,ive 'Hotness' Of 'Coolness' this range has be classified into 3

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

Table 5-18:

CATEGORY, RANGE AND CODE OF TEMPERATURE. VARIATIONS

CATEGORY
Above Average
Average
Below Average

RANGE
+0510+,5

.0.05 to +0.05 (within and nol ir>clus;ve)
, ".05 to -,5

roo>
HOT (or H)
AVERAGE (Of Ave.)
COOL(orC)

5.2.4 'MODERATE' HUMIDITY ANDVARIATlON OF HUMIDITY FROM MODERATE
IN EACH ROOMS;

The Humidity measured in each room and space of the 27 living units of 7 buildings have been

presented in Table 4-07 in Chapter IV, In each living unit there is one highest and one lowest

Humidity. The summation of these two divided by 2 gives the MODERATE Humldllji In that unit

The van at ion of Humidity in ea~h room from the MODERATE has been calculated in terms of

Humidity above Or below the Moderate Humidity_ Table 5-19 below shows (a) MODERATE

Humidity in each living unit and (b) Variations of Humidity In each room or spaces iike LIVing

Room, Bed Rooms, Dining Room etc. above, expressed by + or below, (expressed by _ the

Moderate Humldlty
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Table 5-19:
MODERATE HUMIDITY & VARIATIONS OF HUMIDITY IN ROOMS AND SPACES

SL. LMNG (olMOOERATE
!:!Q. UNIT CQIlE HUMIDITY
01. A7fNIJ 89.5
02. A SSW 88,5
03 A4SW 85,5
04 A 4SE 89,5
as A4NE 66
06 A4NW 83
07. B9N 93.5
08. B7N 91.5
09. B4N 91
10, C16NE 91 5
11 C16SE 91.5
12. C6NE 91.5
13. CSSE 92.5
14. C 4NE 92
15 C4SE 93
16 D7S 93
17. D56 94.5
18.D4S 945
19 E8E 85
20, EaE 85.5
21. E2E 83.5
22. F7N 84.5
23, FaN 84
24, F 4N 86.5
25. G14NW B4
26, G 5NW 86
27, G 2NW 86.5

(b) HUMlplTY VARIATIONS IN
LMNG RM. ~ CHIW'S BED
+.5 -5 -.5
+15 +.5 .1.5
'.5 +5 +.5
+.5 ,.5.5
00 00 00
00 00 00
+,5 +,5 +.5
+.5 -5 -.5
00 .1 +1
+.5 +.5 '.5
. 5 +.5 +.5
+.5 ',5 •.5
+.5 .5 '.5
+1 -1 00
00 +1 00
+1 00 .1
.5 +5 +5
+.5 +.5 +,5
.1 00 00
.5 -,5 +.5
+15 .15 +.5
+.5 -,5 +.5
()O -1 +1
+,5 +1.5 +1,5
00 ()() 00
+1 00 +1
-.5 ',5 .1,5

ROOMS
G. BED

-.,,
00

'.',
'.'..,
00-,
".,
'.'"..,
'.'..,.,
-1,5.,-,
+1.5

ANp SPACES,
DININO RM/sr,,.,
'.'-.,
"00
00'.'..,
00
"'.'-.,..,.,
00
"'.'.,
""+1.5
'.>
"'.'.,
00-.,

5.2:.5 CATEGORIZATION AND CODING OF HUMIDITY VARIATIONS:

It has been found that that with respeclto MODERATE Humidity, humidity in other rooms vanes

In the range of -1.5 below 10 +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

Categories, ranges of variation and Codes have been gLvenin Table 5-20:

Table 5-20 :

CATEGORY

Below Moosrate
Maderals
Above Maderals

RANGE

,5 to 1.5
,,5 to +.5 (witI1inand not Inclusive)

,5 to 15
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5.2.6 CODING OF CARDINAl. l.OCATION:

In determining the <:ardlnellocatlons of rooms of the living units the eight cardinal codes as used

In case of living units were nol found sufficient. $<:lmerooms or spaces were found at the central

lor;atjon of the living unit, with no eJ<l.ernelwatl and no direct opening or windows, The cardinal

location of such room or space hav", been speclfLed as "CENTRAL". Thus the Cardinal locations

and lEGENDS of the rooms/spaces under study have b,*,n shown in Tabl", 5-21 below,

Table 5-21 :

'---'L'E"G"E'N"D"S"O'F'C"A"DD"'''N"ATL'L'O''C''A''n.O''N"SCO"FOo"O"O"M"S"ISCpDA"C"E"S'---'
I "~"~PP'~~~W",,'"'"'."NLEGEND

(1) East E
(4) South S
(7) So<rth.East SE

'""''~''~''''''~LQ~''",='''''(2) west
(5) North-East
(8) South.West

'''",,"'''''~''~'¥~~~T'.lli',~•••,~'~"- (3) North N
(6) North-We", NW
(9) Central C

5.2.7 COOING OF VERTICAL POSITION : The procedure for Coding of vertical positions have

already been descnbed In connection wLth Living Units and the same codes as descnbed here

under remains valid in case of rooms also.

FLOORS :

The topmost floor.
The floor immediately below the top fioor,
All ~oo,s in between the H'gh and Low floors,
The lower two fioo'S

CODE.

'oe
Hi9h
Mid,~

5.3 IDENTIFICATION OF 'HOT, AVERAGE, COOl.' AND 'DRY,
MODERATE, WET' ROOMS

Table 5-22 has been' prepared to identify th", HOT, AVERAGE and COOL (In terms of

Temperatur"'l and DRY, MODERATE and WET (in terms of Humidity) category rooms in each

living unit Also th", CardInal location and V",rlical eat"\lory of ",ach room have been shown for

easy understanding.
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Table 5-22 :

IDENTIFICATIONOF 'HOT, AVERAGE, COOL' AND 'DRY, MODERATE,
WEr CATEGORY ROOMS.

LMNQ ROOM OR (0) CATEQORYOF 1"' CATEGORY OF (c) CARDINAL (d) VERTICAL

"" ~ TEMPERATURE HUMIDITY LOCATION CATEGORY

A07SW Living Rm "N we; 0 '"Master Bed AVER. '" , '"'Child Bed 000' '" 'W '"'[);nlng "0' ~, 0 '"'
A05SW Living Rm. "00 we; 0 Mid

Master Bad 000) we; , Mid
Child Bed "N '" 'W Mid
Dining "00 we; 0 M,O

A04SW Living Rm, "00 '" 0 Mid
Master Bad COOL we; , Mid
Child Bad 000) we; 'w M"
Dining "N '" 0 M"

A(}4SE Living Rm. "N we; 0 Mid
Master Bed AVER. '" , Mid
Child Bed 000) '" " M"
Dining "00 we; 0 M,O

A04NE liVing Rm. "00 MOO 0 Mid
Master Bed OOOC MOO , Mid
Child Bed "N MOO "' Mid
DLning "N MOO 0 Mid

A04NW Living Rm. '00 MOO 0 Mid
Masler Bed 000) MOO , Mid
Child Bed COOL MOO 'W M,O
D;ning 'N MOO 0 Mid

'00' Living Rm AVER. ~, W '"'Masler Bed OOOC we; 'w ",
Child Bed AVER. we; , ",
Guest Bed 000) '" "' '"Dining "N we; C '"'

B07N Lilling Rm. '00 we; w Mid
Master Bed AVER. '" MW M"
Child Bed AVER. '" , Mid
Guest Bed OOOC '" "' Mid
Dining COOL '" 0 Mid

''', Living Rm. '00 MOO W Mid
Master Bed OOOC oe, 'W Mid
Child Bed "N we; , M"
Guest Bed OOOC MOO "' Mid
DLnlng '00 MOO 0 Mid
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Table 5.22 (Contd,)

IDENTIFICATION OF 'HOT, AVERAGE, COOL' AND 'DRY, MODERATE, WET' CATEGORY ROOMS

LMNO ROOMOR [a) eATEOORY OF ,., eATEOORYOF (e) eARlllNAL (d) VERTl<:AL
UNIT ~ TEMPERATURE KUMIOITY LOCAllON cATEGORY

C16NE LIVing Rm <0, wee , '"'Master Bed oom wee " '"'Child Bed COO, ce, " '"'Guest Bed com wee , '"Dining COO, wee 0 '"'
C'6SE Living Rm AVER ce, , '"'Mesler Bed com ~, " '00

Child Bed AVER wee " '"'Guest Be<J COO, ce, , '"'Dining <00 wee 0 '00

COONE Living Rm. <0, wee " Mid
Mesler Bed 000' ce, " Mid
Child Bed AVER 0"' " M"
Gue.l Bed com wee " Mid
D;ning AVER ce, 0 Mid

o~, Living Rm <00 wee , Mid

Mester Bed 000' ce, " Mid

Child Bed COO, ce' " Mid

Gue.l Bed <00 wee , M,'
D;ning AIIl:R wee 0 Mid

CCl4NE living Rm <00 wee " Mid
Mester Bed AVER. ce, " Mid
Child Bed 000' MOO " Mid

Guest Bed com MOO " Mid
Dining <00 ce, 0 Mid

""" Living Rm. com MOO , M"
Mesle, Bed <00 wee " Mid

Child Bed 000' MOO " Mid
Gues! Bed 000' ce' , Mid
D;ning <00 MOO 0 Mid

D075 Living Rm. AVER. wee w '00
Mester Bed 000' MOO " '"0
Ch,ld Bed 000' ce' , "0
Guest Bed <00 wee ,w '00
Dining AIIl:R. wee 0 '"'

D055 Living Rm. <00 ce, w M"
Mesler Bed AVER wee " Mid
Child Bed COOL wee , Mid
Gues! Bed ~, 0" ,W M"
Dining 000' wee 0 Mid

00" liVing Rm, <00 ~, w Mjd

Mester Bed <00 wee " M"
eNid Bed AVER wee , M,'
Guest Bed COO, wee ,w Mid
Dining COOL ce, 0 Mid
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Table 5-22 (Conld.)

IDENTIFICATION OF 'HOT, AVERAGE, COOL' AND 'DRY, MODERATE, WET' CATEGORY ROOMS

LMNG ROO,",OR (0) CATEGORY OF 'M CATEGORY OF (c) cARDINAL (OJ veRTICAL
UNIT ~ TEMPERATURE HYMIOITY LOCATION CATEGORY

EOSE LiYlng Rm. "0' 0"' , ''"Master Bed OOOl MOO " '"Child Bed OOOl MOO M '"Guest Bed "0' WIT " ''"Dining "N WIT 0 '"
EOGE Living Rm. AVER. 0"' , Mid

Masler Bed OOOl De' " Mid

ChUd Bed AVER. WIT M Mid
Guest Bed "0' WIT " Mid
OLnlng AVER. WIT 0 "0

E02E Living Rm. AVER. WIT , l~
Master Bed OOOl De' " (~
Ch,'d Bed "N WIT M ~w
Guest Bed AVER WIT " (~
D;ning AVER. WIT 0 l~

F07N Liying Rm. COOL WIT , '"Master Bed 000< De' " '"Child Bed AVER. WIT "" ",
Guest Bed "0' De' W ''"Dining "N WIT 0 ''"

F06N lEving Rm. OOOl MOO , High

Master Bed OOOl De' " High

Child Bed "0' WH MW High

Guest Bed "N WIT W High

Dining AVER. WIT 0 High

CMM living Rm 000< WIT , M,'
Master Bed 000< ~, " Mid

Child Bed ,~, WIT MW Mid

Guest Bed "N De' W Mid

Pining "0' WIT 0 Mid

G14NW liVing Rm, "0' MOO W ",
Maoler Bed 000< MOO MW ''"Child Bed 000< MOO W '"Guest Bed COOL WIT M '"Dining AVER De' 0 ''"

G05NW Living Rm. "0' WIT W Mid

Master Bed AVER. MOO MW M,'
Child Bed AVER. WIT W M,'
Guest Bod AVER. '" M Mid

DinLng oooe MOO 0 Mid

G02NW U,ing Rm. COOL '" W Cow
Master Bed "" '" MW l~
Child Bed AVER. '"' W l~
Guest Bed "', ~, M l~
Dining oooe '"' 0 l~
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5.3.1 SPECIFYING CARDINAL AND VERTICAL LOCATIONS OF ROOMS UNDER
'HOT' RANGE.

There are 48 rooms that lall under 'HOT' range, The Cardinal locations and categories olVertLcal

location of the S8 rooms have been shown In Table 5-23 balow.

Table 5. 23:
CARDINAL LOCATION AND CATEGORIES OF VERTICAL L.OCATION OF

ROOMSISPACES UNDER 'HOT' RANGE
ROOMOR CARDINAL VERTICAL

SL. NO. lIVING UNliT SPACE LOCATION CATEGORY

". A07SW Living Rm. Central 00'

" D;ning cenlral '0'

"' A05SW living Rm. central """ Child Bed Soutl1-Wesl ""00 Dining central ""00 AiJ4SW Living Rm. central """ Dining Central M"
00. A04SE Li.ing Rm. Central M"
" D;ning Cenlral M"
" A04NE Living Rm, Central """ CMd Bed North-East M"
" Dining Central ""n. AMNW living Rm Central """ Dining Central M"
" B09N Dining Central 00'

" B07N LIVing Rm West M"
" B04N Liv,"g Rm, West M"
'" Child Bed North ""'" Dining Gentral ""'" C16NE Li.ing Rm. M,clli 00'

" Cl6SE Dining Central 00'
". 000"' lLVLngRm. North M"
" CooSE Li.ing Rm. South M"
" Guest Bed South M"
'" C04NE Living Rm. NOI1h ""'" Dining Central M"
" C04SE Master Be<1 Soulh.Ea.1 """ Dining Central M"
" "''' Gue.l Bed South_We.t 00'

" "'"' lI","g Rm, West M"
" Guest Bed South-West M"
" D04S Living Rm WOO """ Master Bed Soulh-Easl ""~. EDSE l<ving Rm South 00'

" Guest Bed Soulh-East 00'
~. Dining Central '0'

" ED6E Guesl Bed Soutr.-East M"
" E02E Child Bed North COW

" F07N Guest BeQ Wesl 00'

" Dining Central 00'

" F06N Ch1IdBe<1 North-West HIGH

" Guesl Bed We.t HIGH
~. F04N Gue.t Bed We.t ""~. Dining Central M".- G14NW liVing Rm West '0'

'" G05NW Living Rm West M".- G02NW Masler Bed Nortr.-West COW

'" Gue.t Bed North COW
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Based on Table 5-23 above, the number snd percent of 'HOT category rooms in vanous

csrdinallocallOnS 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 , R 0 , , , , 0 C A , 0 ,
NORTH NORTH SOUTH SOUTH

J;a!!! WEST fI2Iill! SOUTH "" WEST ~""'" CENTRAL !Qlli,

Total no, of
Roomsl
spaces ,n
speclfic cardinal
locations (From
Tal>le 5-22) 0 " " " " '" n " '"
No. of 'HOT'
Rooms/spaces
(From Table 5-23) 0 , • , , , , , '" ••
Percent of HOT
Room~""ce>; •• '"% ~% '" " '" '" ""' ." ,,.

The number and percent of 'HOT' category rooms in various Vertical c.alegories have been found

out from Table 5-23 and presented in Table 5-25 below.

Table 5-25 :

NUMBER AND PERCENT OF 'HOT' CATEGORY ROOMS IN VARIOUS
VERTICAL CATEGORIES

VERTICAL CATEGOR ES
TOP HIGH MID LOW TOTAL

Total no. of room.
or spaces under
.pecific category
(From Table 5_22)

No. of 'HOT rooms
found (From Tabl•• 5'23)

Percent of rooms/
spaces

" ,
'"%
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5.3.2. ESTABLISHING RELATION OF HOTNESSWITH CARDINAl AND VERTICAL
POSITION.

From Table 5-23 it has been revealed that 37% of the total rooms/spaces surveyed fall under

'HOT" category, After deductions from the above Tables the following relation shown in Table 5-

26 is found to exist between the hotness of rooms and their Cardinal locations :

Table 5-26 :

RELATION BETWEEN 'Hor CATEGORY ROOMS AND CARDINAL LOCATIONS

OCCYRRENCES IN %

'"60%
00%

'",,%
'"20%,%
00%

RELATIVE POSITION
HIGHEST
2"" HIGHEST
3"" HIGHEST
~tH HIGHEST
5'" HIGHEST
6TH HIGHEST
7TH HIGHEST
aTH HIGHEST
LOWEST

CARDINAL LOCATION
CENTRAL
WEST
SOUTH-WEST
NORTH
SOUTH-EAST
SOUTH
NORTH-WEST
NORTH.EAST

~"

From Table 5-24 and 5-25 the following relation shown in Table 5-27 has been found to ex,st

between the hotness of rooms and Vertical categones:

Table 5.27 :

RELATION BETWEEN 'HOr CATEGORY ROOMS AND VERTICAL CATEGORIES

OCCURRENCES IN % BElATWE 'POSITION

HIGHEST
HIGHEST
2NOHIGHEST
LOWEST

VERTICAL CATEGORY

HIGH
M"we
cow

5.3.3 IDENTIFYING 'COOL' CATEGORY ROOMSiSPACES:

From Table 5-23, 52 nos. rooms have been found to have been under 'COOL' category, The

Cardinal iocalions and Vertical categones of these 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

ROOM OR CARDINAL VERTICAL

SL. NO. LIVING UNIT SPACE LOCATION CATEGORY

"' A07SW Child Bed South-West we

" A05SW Masler Bed ,,~ M,"
w. Child Sed Soulh_West M,"
~. A04SW Mastar Bed South M,"
"' Child Bed Soutf>-West M,"
00 AIl4SE Child Bed Soutf>-Ees\ M,"
"' AO~NE Masler Bed North M,"
'" A04NW Master BM ,,~ M,"
'" Child Bed North-West M,"
" B09N Master Bed North-West ,oe

" Guest Bed N<>rth-East we

" 00" Guest Bed North-Easl "'0
" Dining central M,"
" BO~N Masler Bed North-West ",0
" Guest Bed North_East "'0
" C16NE Master Bed North-East we
H. Child Bed South-East ,oe

'" Guest BM North we

" Dining Central we

" C16SE Master Bed South-East we

" Guest Bed South we

" C06NE Ma.ler Bed North-Ea.t we

" Gues\ Bed North we

" COOSE Master Bed South-East M,"
" Child Bed North-East "'0
" C04NE Child 8M Soulh-East M,"
" Guesl Bed North "'0
" CCl4SE Lilling Rm. South M,"
" Child BM North-East M,"
" Guest Bed ,,~ "'0
" 00" Master Bed &luth-East we

" Child Bed East ,oe

" 0055 Child BM East "'0
" Dining Central "'0
" ~, Gua.t Bed South-West M,"
" Dining central M,"
" E08E Master Bed N<>rth-East we

" Child Bed North we

" '00' Master Bed North-East M,"
~ E02E Ma.ter Bed North-East cOW

" F07N Living Rm East we

" Master Bad North"East we

". coo, Living Rm. Ea.t HIGH

M. Ma.ter Bed North-East HIGH

" FO~N LLvln9 Rm ~" M,"
'" Master Bed North-East M,"
" G14NW Masler Bed North-West we

'". Child Bed West we
•• Guest Bed North we
00 G05NW Dining central M,"
0'. G02NW Living Rm. WOO ",0
~ Dining central cOW
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Based on Table 5-28 above, the number and percent of rooms under 'Cool' range in vanous

cardinal locations have been presented In Table 5-29 and Iheir categones of vertical positions in

Table 5-30 below.

Table 5-29 :

NUMBER AND PERCENT OF 'COOL' CATEGORY ROOMS IN VARIOUS
CARDINAL LOCATIONS

, A , 0 , A , , 0 , A , 0 ,
NORTH ,NORTH SOUTH SOIJTtt

~ WEST !I9.BII:! ~ EAST "'" ~ "'" CENlllAL """
Tol.1 nO.
01 rooms or
.paces in thiS
category (From
Table 5-22) , " " " " " " , " '"
No. of COOL
Roomslspa<>es
(From Table 5-28) , , • • " • • • , "
Percent of Cool
roo= ." '" M% ,,% ." W% W% '" '" .0%

Table 5-30 :

NUMBER AND PERCENT OF 'COOL' CATEGORY ROOMS IN
VERTICAL CATEGORIES.

, , , , , • , ,• ,,G 0 .,,,
'" HIGH '" ,~ TOTAL

Total no. 01 rooms
or spaces (From
Table 5-22 ) '" , " " ".
No. of COOL rooms
(From Table 5_28) >0 , " , "
Pel"unt of COOl.. rooms '" W% '" >0% .0%
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5.3.4 ESTABLISHING RELATION OF COOLNESS WITH CARDINAL OR VERTICAL
POSITION:,

From Tables 5-29 and 5-30, the relation found to ex,st between Ihe 'Coolness' of rooms and their

Cardinal locations have been presented ,n Table 5-31:

Table 5-31 :

RELATION BETWEEN 'COOL' CATEGORY ROOMS AND
CARDINAL LOCATIONS

OCCURRENCE IN"".".>%,,.."«%
'0%
33%

'"'"

""~..,m",'c,"O%,,,m"O~N'
HIGHEST
2NDHIGHEST
3"0 HIGHEST
4THHIGHEST
5THHIGHEST
6THHIGHEST
7THHIGHEST
6THHIGHEST
LOWEST

CARDINAl. LOCAlION

~"NORTH-EAST
SOUTH-WEST
SOUTH_EAST
NORTH
NORTH_WEST
SOUTH
CENTRAL
WEST

Also, from Tables 5-29 and 5-30, the relation found to exist between the 'Coolness' of rooms and

the,r categories of Vertical locations have been presented in Table 5-32

Table 5-32 :

RELATION BETWEEN 'COOL' CATEGORY ROOMS AND
CATEGORY OF VERTICAL LOCATIONS

OCCURRENCES IN %

51%
~%,,.
'0%

RELATIVE POSITION

HIGHEST
2NDHIGHEST
3RDHIGHEST
LOWlOST

VERTICAL CATEGORY

we
HIGH
M"
COW

5.4 IDENTIFICATION OF DRY, MOcERATE AND WET ROOMS:

For thO'> purpose oIldentilylng room'Vspaces under DRY, MODERATE end WET categories, the

various Legends and Codes used in-~ of TEMPERATURE have been util,zed,
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SA.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 Cardinal and Vertical location categories have been shown in Table 5-33

below.

Table 5--33:

CARDINAL AND VERTICAL POSITIONS OF ROOMS/SPACES UNDER
'DRY' CATEGORY

ROOM OR CAROINAl. VERTICA/,.
~. LMNG UNIT ~ LOCATION CATEGORY

"' AD7SW Mosler Sed '"~ '"" Cl>ld Bed South-West '"" AD5SW ChiklBed South-West "'0
"' A04SW LimgRm, -, """ Dininll Centnll ""00 A04SE MaOler Bed '"~ """' Cl>lIdBed SoUlil-Eost ""00 B09N G""si Bod l>Iorlh-Eoot '"oo. BOm Mo5le,Bed Nortll.West ""•• Child Bed ~- """ Guo"Bod NortI1.Eo" """ Dlnin.li ~~, """ ,~ MOslo, Sod Nortll-West ""•• C'6NE Ch1ld Bed SoUlh-l::ost ,~
" CHISE lNirIg Rm.

0_
'"" GuestB.d

0_ ,~
" ~" M._Bed Nortll.Eost """ Cl>lldBed SQuIt>-Eo" """ Dining C.ntri11 ""~. C06SE Mo_Bed SouIh--I';ost """ Child Bed North-E.ol ""~ ~" Me_Bed North-Eool """. Dlo"'g Control "",. ~"' GLJeStBed ,,- """ D078 Child Sod ••• '"". D05S liIilng Rm. W.' """. 0__

So<!Ih-Woot ""'" ~O llilllg '"- """. '00' liIilng Rm, - ,.,
'" 'oo' LMng Rm. - """ M•• tor6ed North-East """. '''' Mo_aod North-Eest ,~
" FOm Mestera.d Norlh-East ,~
" Guest Bed WoO ,~
" '00' Maote, Bed NOf\h-Eo.t HIGH". '"' G"e"Bod W_ """ G14NW ~nlt19 -, '"• G05NW Guosta.d ,- ""'" G02NW LlVilg Rm. Wrn ,~
~. Mom, Be<! Nortf>-W.., ,~
" Child Bed Wrn ,~
" Dining -, ,~
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On the basis of Table 5-33 above the number and percent of 'DRY' range of rooms in vanous

Cardinal locations have been identified and presented along with their Cardinal locations and

category of verticalloca!ions in Table 5-34 and those wilh Category of Verticallocalions in Table

No, 5-35.

Table 5-34:

NUMBER AND PERCENT OF 'DRY' ROOMS IN VARIOUS CARDINAL LOCATIONS.

CARDINAL LOCATION

NORTH OORTH SOlJTH SOUTH
EAST ~ !IQ!!!!! SOUTH EAST !"1U1 ~ WEST CENTRA!.!.I!l:&

Total no
of Rooms!
spaces cardinal
locations (From
Table 5-22)

No. of 'DRY'
Rooms/spaces
(From Table 5-33) , , • , • •

,

•

'"

Percenl of DRY
Roomslspac:es

Table 5-35:

17% 33% 17% 51)% 56% 30% 31'10 50% 24% 33%

NUMBER AND PERCENT OF 'DRY' ROOMS IN VARIOUS VERTICAL CATEGORIES

• , , , , , , , ,,,,, Q ,, ,,
'0' HIGH "'0 'ow TOTAL

Total no 01 rooms
or spaces
(From Table 5-22) " , " '" ".
No. of 'DRY' rooms
Ispaces (From
Table 5-33) " " "
Pel'C9nt of 'DRY'
roomslsl"'cu ~% ,~ ." 00% ."
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5.4.2 RELATING 'DRY' ROOMSWITH THEIR CARDINAL AND VERTiCAL POSiTIONS:

Out of total 129 rooms, 42 nos. or 33% roomswere found to be 'DRY', The relalion found to exist

between DRYNESSand Cardinal location and Vertical poSitionSare presented in Table 5-36 and

Table 5-37 respectIvely

Table 5-36 :
RELATION OF 'DRY' ROOMS WITH CARDINAL LOCATIONS

OCCURANCE EXPRESSED IN %

00%
'0%%"
31%
30%
24%
H%

RELATIVE POSITION

HIGHEST
2"" HIGHEST
3~DHIGHEST
4THHIGHEST
5THHIGHEST
6T" HIGHEST
LOWEST

CARDINAL LOCATION

NORTH-EAST
SOUTH & SOUTH_WEST

~"
SOUTH-EAST
NORTH-WEST
CENTRAL
EAST and NORTH

Table 5-37 :
RELATION OF 'DRY' ROOMS WITH CARDINAL VERTICAL POSITION

OCCURRENCES IN % RELATIVE POSITION CARDINAL LOCATION

50% HIGHEST LOW
30% 2NDHIGHEST MID
28% 3"" HIGHEST TOP
20% LOWEST HIGH

5.4.3 IDENTIFYING 'WEr ROOMS.

There are 62 rooms under WET category. These rOOmswith Iheir cardinallocalions and vertical

positions have been presented In Table 5-38.

Table 5-38:

VERTICAL
CATEGORY

we
we
""""""""""""""

A()4SW

AOSSW

"~'V~"~"!;J""'''!AOrSW

'-'C'A"R"D"I"N'A'L'L"O'C'A"TI"O"N"SCAN=O'V"E"R"n""C'A'L"P'O'S"IT"IO'N"S"'O'F'R"O.O"M"S"/SoopA.C'E"s0-'
UNDER 'WET' CATEGORY

ROOM OR CARDINAL
SPACE LOCATION
LivingRm, central
Dining central
LivingRm. central
MaslerBed Sot.rth
Dining central
MaslerBed Sot.rth
ChildBed Soulh.Wesl
liVingRm. central
Dining central

I"*'..•'O~.iO,
"0%
"0;
0;

"'00
"'
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Table 5-36 (eonld.) :

CARDINAL LOCATIONS AND VERTICAL POSITIONS OF ROOMS/SPACES UNDER 'WET' CATEGORY

ROOM OR CARDINAL VERTICAL

SL. NO. lMNG UNIT SPACE LOCATION CATEGORY

" ''"' liVing Rm. Wesl ;0'
n Masler Bed Nor1l1-West ;0'
n Child Bed North ;0'

" Oining Central ;0'

" B07N Living Rm West Mm
" ~, Child Bed North Mm

'" C16NE Living Rm North ;0'
H. Ma.ter Bed Nor1l1.Eesl ;0'

" Guest Bed North ;0'

'" Dining Central ;0'
00 C16SE Master Bed South-Ea.t ;0'

" Child Bed North-East ;0'

" Dining Central ;0'
00 Cll6NE Living Rm North Mm

" Guest Bed North Mm
" eo," Living Rm. South Mm

'" Guest Bed "",, Mm

" Dining Gentral Mm
'". C()4NE' Living Rm, North Mm

" C()4SE Mas!er Bed Soutn-East Mm
00 00" Living Rm. West ;0'

" Guest Bed So<JIh_Wesl ;0'
". Dining Gentral ;0'
00 0000 Master Bed Soulh-Ea.t Mm

" Child Bed Eas! Mm
" [)jning central Mm

" 0'"' liVing Rm, Wesl Mm

" Ma.ter Bed South-Ea.t Mm

" Ch,'d Eled ~ Mm
00 Gue.t BeQ South-We.t Mm

'" E08E Gue.t Bed South-Easl ;0'

" Dining Gentral ,",
" E06E Child Eled "",, Mm

" Gue.t Bed South-East Mm

" Q;ning central Mm

" E02E Living Rm, South COW

" Child Bed North COW

" Gue.t Bed South-East COW

'" Dimng Central COW

" F07N LIVing Rm ~" ;0'
00 Child Eled North-We.t ;0'
". Dining Central ;0'

" F06N Child Bed North-West HIGH

" Gue.t Eled W •• HIGH

~. Dining central HIGH

" ''"' Living Rm, ~" Mm
" Ma.ter Eled North-East Mm

"' Child Bed North-We.t Mm
00 [);ntng Central Mm
00 G14NW Gue.t Bed North ;0'
00 G06NW Living Rm We.t Mm

" Child Bed We.! Mm
00. G02NW Guest Bed North COW
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On the basis of Table 5~8 above the number end percent 01 'WET' rooms in vanous

Cardinal and Vertical locations have been found out and presented in Table 5-39 and Table 5-40

respectively.

Table 5-39 :

NUMBER AND PERCENT OF 'WET' ROOMS IN VARIOUS
CARDINAL L.OCATIONS.

, , B 0 , , B , , 0 ,, , , 0 ,
NORTHNORTH SOUTH SOUTH~,~ NORTH ftQ!!I!:! ,~WEST "" ""-' CENJ!!AL TOTAl.

Total no,
of WET rooms
(From Table 5-22) , " '" " '" '" " , " ""
No. of
'WET' room&!
spa"""
(From Table 5.38) , , " , , • , , " "
Percent of WET
room" '" ." '" '" ,.. ..% ~% BO% ,,% ••%

Table 5-40;

NUMBER AND PERCENT OF 'WET' ROOMS IN VARIOUS
VERTICAL CATEGORIES.

,, • , , ,, , , A , ,,0 .,,,
,0' HIGH '" COW TOTAL

Total nO.ot WET
Roomsl spaces (From
Table 5-22) " , • " '" '"
No. of WET room'"
Spaces (From
Table 5-38) " , " ,
Percent of WET roomsl
Spaces ." ••• BO% ,..
5.4.4 ESTABLISHING RELATIONS OF WET ROOMS WITH CARDINAL AND VERTICAL

POSITIONS

Out of 12.9 rooms, 62 nos, or 48% were found to have been In the WET range The relatIOn that

has b,*,n found to eXist belw€len WET rooms and their Cardinal locations have been found out

and presented in Table &-41. Also that between WET rooms and their Vertical locations have

presentoo in Tebie 5-42 beiow.
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Table 5-41 ;

RELATION BETWEEN WET ROOMS AND CARDINAL LOCATIONS

OCCURRENCES IN %
67%
61%

'"'"'"'47%."40%
'"

Table 5-42 ;

RElATIVE POSITION
HIGHEST
2~ HIGHEST
3"" HIGHEST
4THHIGHEST
5TI<HIGHEST
6'" HIGHEST
7T><HIGHEST
aT><HIGHEST
LOWEST

CARDINAL LOCATION

~"
NORTH
CENTRAL
SOUTI+EAST
SOUTH-WEST
WEST
SOUTH
NORTI+WEST
NORTH-EAST

'--'R"EOLA'"'n'O'N"'B"E"TW""E'E"N"W""'E"r"R"O"O"M"S"A"N'"O"V"E"R"ll"C'A"L'C"A'T"E'G"O"R"V'----'
'O.'~'~"~'"'.'.'.""'-""'%'- 60%

'"'"'43%

RElATIVE POSITION
HIGHEST
2NDHIGHEST
3"° HIGHEST
LOWEST

'~.,."n~'~'~'"'O"T"'"G.O~"''''IHIGH
we
cow
Mm

5.5 IDENTIFICATION OF BOTH 'COOL AND DRY' ROOMS/SPACES

Theoretically speaking, COOL and DRY roomslspaces are climatically the most 'comfortable

roomslspacas' In tropical countries Ln hot seasons. The roomslspaces that fall in these two

categories have been idenliflsd from Tables 5-22 and have been presented below in Tabie 5-43,

along with their cardinallocallon and vertical categories.

Table 5-43:

CARDINAL LOCATION AND VERTICAL POSIT10NS OF 'COOL AND DRY'
ROOMS/SPACES

SLNO.

""0>.
""'00
"'"'"''""

LIVING
"IT
A07SW
00"'
B07N

B04N
C16NE
C16SE
C06NE

"""
C04SE

ROOM OR
SPACE
Child Bed
Guest Bed
Guest Bed
Dining
Master Bed
Child Bed
Gue.t Bed
Master Bed
Master Bed
Child Bed
Guest Bed
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LOCATION'W
""o,w
",
""",

(b) VERTICAL
POSITION".To.M,'
Mid
Mid".".Mid
Mid
Mid
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Table 5-43 (Conld.):

CARDINAL LOCATION AND VERTlCAL POSITIONS OF 'COOL AND DRY' ROOMS/SPACES

SLNO.

""""""'""

LMNG
UNIT
00"
00"

""E02E
F07N
F06N
G02NW

ROOM OR
SPACE
Child Bed
Dining
Master 6e<J
Master B&d
Master Bed
Master Bed
L,ving Rm
Dining

(a)CARDINAL
LOCATION,
C

""""W
C

(b) VERTICAL
POSITION".M"M"
M"
'00
High,~,~

On the basis of Table 5-43 above the number and percent of 'COOL and DRY' rooms in variOuS

Card,nallocalions have been calculated and presented in Table 5-44 below. Also those in various

vertical categorieS have been presented In Table 5-45.

Table 5-44:
NUMBER AND PERCENT OF COOL AND DRY' CATEGORY ROOMS IN

VARIOUS CARDINAL LOCATIONS.

CARDINAL LOCATION
NORTHNORTHSOUTHSOUTH

~ ~!!QB!!:! m ~ WEST ~ ~ CENTR,TOTAL
Total no.
of roomS (From
Table 5-22)

No. of
'Cool, Dry' room""
spaces
(From Table 5-43)

,

, , , • , ,

,

,
'"

Percent of Cool,
Dry roOmS 17% 7% 8% 50% 10% 15% 17%

Table 5-45 :
NUMBER AND PERCENT OF 'WET' CATEGORY ROOMS IN VARIOUS

VERTICAL CATEGORIES.
v E R T I C'A L CATEGORIES

TOP HIGH MID !,mY
TOTAL
Total no, of
Rooms! spaces (From
Table 5-22)

No. of Cool and Dry
rooms/Spaces
(From
Table ~3)

Pernanl of Ceol and Dry
womsJ!;paces

,

'"

,

,

'"'
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5.5.1 ESTABLISHING RELATIONS OF 'COOL AND DRY' ROOMSWITH CARDINAL
AND VERTICAL POSITIONS:

Out of 129, 19 nos or 15% were found to have boon both 'COOL and DRY' The relation that

exist between such rooms and their Cardinal locations have been found out and presented in

Table 5-46 Also, their relations with vertical positions have been presented in Table 5-47

Table 5-46:

RELATION OF 'COOL+DRY'ROOMSISPACES WITH CARDINAL LOCATIONS

OCCURRENCES IN "4

00%
H',..
W%.-
0%

"••

Table 5-47 :

RELATIVE POSITION

HIGHEST
2NOHIGHEST
3"" HIGHEST
4;H HIGHEST
5THHIGHEST
6THHIGHEST
7;H HIGHEST
LOWEST

CARDINAL LOCATION

NORTH-EAST
SOUTH.WEST & EAST
SOUTH-EAST
NORTH.WEST
CENTRAL
SOUTH
WEST
NORTH

RELATION OF 'COOL+DRY'ROOMSISPACES WITH VERTICAL POSITIONS

OCCURRENCES IN %
40%
'0%

'"13%

RELATIVE POSITION
HIGHEST
2ND HIGHEST
3"0 HIGHEST
LOWEST

VERTICAL POSITION
cow
HIGH
me"'0

5.6 INSTRUMENTAL FINDINGS AND USERS RESPONSES.
Theoretically, a cooler and drier room ;s comfortable in hot seasons. From the available data

regarding temperature and Humidity, II ;s possIble to find out such 'theoretically comfortable'

rooms. Dunng survey the users were asked about their own feeling of temperature and HumidIty

in various rooms and spaces oflhair units Also the enumerators documented their own feeling in

the lIving rooms. It is eVLdentthai beyond temperature and humidity air movemenl plays

sigmficant role In human comfort, and this movement or agitation is available either by airflOWor
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electric fans, It may be interesting to ha~e a look a comparison between 'comfortable rooms by

instrumental findings' and 'comfortable rooms prefelTed by the users'.

The 'comfortable rooms as per instrumental me.asurement' and those by users' responses ha~e

been presented In Table No. 5-48 below, Also there IS a column Indicating 'yes' or 'no' re~ealing

whether the users' preferences coincided with that by the instrument.

Table 5-48 :

COMPARISON BETWEEN ROOMS FAVORED BY INSTRUMENT
AND BY THE USERS

FINDINGSBY FINDINGSBY
LMNG ROOMOR INSTRUMENTAL USERS' WHETHER

SL NO. UNIT SPACE MEASURf;MENT COMMENTS COINCIDED

" A07SW Child Bed COOL'" DRY COOL ",". "'" Child Bed COOL'" DRY 000' ,,'
" eo"~ Master Bed COOL'" DRY 000' ,,,
M. C16NE Child Bed COOL .••DRY 000' ",". C06NE Master Bed COOL'" DRY 000' ",00 COSSE Mastsr Bed COOL'" DRY 000' ,,,
"'. E02E Master Bed COOL .••DRY 000' ",00 FOlN Masler Bed COOL'" DRY 000' ",00 0""," Living Rm. COOL"'ORY 000' ",
5.6.1 SUMMARY OF COMPARISON OF 'FAVORABLE ROOMS' :

Data's regarding Temperatura and Humidity were obtained in cases of 129 rooms/spaces in 27

living units, Since the users ga~e selection of rooms as 'the best' In thalr living unit the number of

such cases ware to be 27 By comparing the comments of the users with the m,*,sured result it

may be seen that, out of 27 cases users preferences, there were coinCidence in 9 cases. The

case of coincidence expressed in per cant (%) of Iota I casas have been presented in Table 549

Table 5-49:

COINCIDENCE BETWEEN USERS' PREFERENCE AND INSTRUMENTAL
MEASUREMENTS

TOTAL NO. OF CASES
FORCOMPARISON

"
NUMBEROF
CASES COINCIDED

09
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5.6.2 CARDINAL LOCATIONS OF 'FAVORABLE' ROOMS BY INSTRUMENTAL
MEASUREMENT AND THOSE BY USER'S CHOICE;

It has been found that the preferences given by the users did not In all cases coincide with that

obtai •.•••d by instrumental measurement, Table 5--50 shows such moms preferred by either 01 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 CARDlIIW.
UNIT SPACE PREFERENCE-l PREFERENCE-2 lOCATION
A07SW Child Bed BY INSTRUMENT BY USERS South Wo.t
A05SW Mastor Bed BY USERS &>0.,~W MaslerBed BY USERS South-, Chtld Bed BY INSTRUMENT BY USERS South East
A04NE CI1ildBed BY USERS North East
A04NW Masler Bed BY USERS ,,~
B09N Ma.ter Bed BY USERS NorthWest

G""sl Bed BY INSTRUMENT --- North East
B07N Masler Bed BY USERS North East

Gue.t Be<; BY INSTRUMENT ~-- North East
Dimrlg BY INSTRUMENT -- central,~,Master Bed BY INSTRUMENT BY USERS NorthWesl

C16NE Child Bed BY INSTRUMENT BY USERS SoL!ll1East
ClesE Child Bed BY USERS North East

Guest Boo BY INSTRUMENT SOlJlh

'"'" Mastor Be<! BY INSTRUMENT BY USERS North East

'"''' Masler Bed BY INSTRUMENT BY USERS South East
Child Bed BY INSTRUMENT North East

'"''' Child Bed BY USERS Soult1East

""'" Child 8ed BY USERS NOl1hEa,t
Guest Bod BY INSTRUMENT --- ,,~

D07S Master Bad BY USERS SolJlhEasl
Child Bod 8Y INSTRUMENT ----- East

00;' Child Bed BY USERS East
00" Master Bed 8Y USERS South East

Dining BY INSTRUMENT --- Central,~,Guest Bed BY USERS South East,re, Uving Rm. 8Y USERS South
MasterBed BY INSTRUMENT North Ea.t

E02E Master Bed BY INSTRUMENT BY USERS North East
F07N Masler Bad BY INSTRUMENT BY USERS North Ea.t"., U.;ng Rm. BY USERS ,,,'

MasterBed BY INSTRUMENT ---- North East,~,Ma.IerBed BY USERS North East
G14NW Gue.t Bed 6YUSERS North
G05NW Guest Bed 6YUSERS North
G02NW UVlngRm. SY INSTRUMENT BY USERS WeSI

Dining BY INSTRUMENT ----- Central
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On the basIs of Table 5-50 abo~e the number and percent of 'Preferable calegory rooms' in

various Cardinal locations have been calculated and prasented In Table 5-51 below

Table 5-51 ;

PERCENT OF TOTAL AND NUMBER OF PREFERABLE CATEGORY ROOMS IN
VARIOUS CARDINAL LOCATIONS

, A R , , A , , 0 , A , , 0 ,
NORTH NORTHSOUTH SOUTI!..., "'" NORTII W~" EAST ~

"'" "'" CENIML IQI!I.
%(No) %(No) %(No) %(No) %(NO)%(N<» %(N<» %(No) %(Nol %(Nol

Rooms found
fa~orable by
Instrumental
measurement
(From Table 5-50) ." G(') ." ." ~(a) ." 15(3) ." 15(3) 100%(20)

Rooms preferrad
8ythe users (From
Table 5-50) '" ." 11(3) 11(3) 3U(6) Ill) 2&(7) ." 0(0) 100%(27)

5.6.3. RELATING 'PREFERABLE ROOMS' WITH THEIR CARDINAL LOCATIONS:

Some of the Important re~elatlO!1s regarding relation of 'preferable rooms' wilh their physical

characteristics and the characteristics of users' preferences are the following:

(a) ..The Instrumental measurement Ind,cated 15% climatic suitability for CENTRAL location,
where as the users expressed 00% preference for this location.

(b) The im;trumental measurement Indicated
location, the users also preferred

North East as the most preferable cardinal
North East as the most preferable.

(c) By instrumental measurement
the least preferable cardinal
localions are : West, South West, North, East, South. North West,.
The sarrw by users' preference are: Wesl, South West and Cenlral.

5.7 INTERNAL AND EXTERNAL CLIMATES;

While taking measurement of temperature and Humidity in the apartment buildings external,
temperature and humid~y near the ground were also measured. Such measurements were taken

at the ground le~el or on the first floor le~el where ground floor was not accessible. External
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temperature and humidity In eact1 of the living unit were taken either in the adjacent veranda or by

holding the instrument outside the window in the accessible directions. Suct1 verandas or external

windows were avarlable on limited cardinal dlreclions only.

5.7.1. INTERNAL AND EXTERNAL TEMPERATURE VARIATION:

Information like date and time of Survey work, Temperature near the ground, Time of Surveying

the living units, External Temperature immediately outsIde the living units, internal temperature

nearest to this spot etc. have been presented In the Chapter on Investigation. Some of these

information, like Date and time of survey, Maximum and minimum temperature of Dhaka city on

that date, External temperature measured in liv;ng units, Cardinal dlrection(s) ,n which the

measurements were taken, Internal temperature next to too spot of taking external

measurements etc, have been presented in Table 5-52 below. The readings of temperature have

been noted under the major cardinal directions. I.e East, West, North and South and under sui:>--

head "Exter", meaning externat and "Inter", indicating measurement laken inSide and nearest to

the external spo!.

Table 5-52 :

EXTERNAL AND INTERNAL TEMPERATURE

Temp.from Temp. TEMP.INANDOUTOFROOMSON DIRECTIONS
51. DateBldg. MAl;Office at 5ut'Vlly E A 5 T W E 5 T NOR T H g 0 U T H
No. Uvlng Unit Max. Min. Groynd Time Ener. ~~ Inter. Exter. Inter. ~ Inter.

I!'~'W~AH!I!'O~'~"~_~~Dale'20,00,2000,31.7-25.0' 32.1C: 11:20
01, A07SW 11:50
02. A05SW 11:37
03. AIJ4SW 11:20
04. AC4SE 10:55
05. ACI4NE 10'23
06. A04NW 10,17

B : EHL BLDG-2
Dale' 23 06.2000:31.8-25 5 '32,1C :12:00
07, S9N 12:50
08 B7N 12:05
09 B4N 11:35

148

M.'
30.5

31.7~"'"

30.8
30.7
30.4
30.5

30,. -~,-

317-.
33.0 _
32.6 -

30.6
30.7
29.9
30.6



Table 5-52 'Contd.':
EXTERNAL AND INTERNAL TEMPERATURE

Temp. from Temp. TeMP. IN AND OUT OF ROOMSON DIRECTIONS". Date Bldg. Met Office •• Survey EAST WE S T NORTHSOUTH
No. Living Unit Max. Min. Ground Time Exter. Inter. Exter. Inter. ~ !J:!!:!!:,. Exler. Inter.

C: EHL BLDG._1
Date :21,00.2000: 30.8-23 8. 30.0C: 2:40
10. C1SNE 2, 15 . - _ . .- - 31.8 31,9-- ---
11. C16SE 1 : 40 - .- --- - - - '" 31,7
12. COSNE 1 : 25 - - - - 31.7 31.7 - -
" COSSE 12 :50 - .- - - - - 31,7 31,6
14. C04NE 12 :22 - - - - 31,1 30.7 ~ -
15. C04SE 12'10 - - - .- - - w] W.
D: RAZZAK COMPLEX
Date ,22.06,2000: 32,4-23.4: 29.9C' 10:00

" 00" 11.30 - - - - - w. ",
" 00"' 10:55 - - - - _. '" ".18. D04S 10:15 - - - - --- '" 33,2

E : REZA.COMPLEX
Date 22.06,2000: 32.4-23.4: 28,8 C: 2:40

" E08E 4:15 _. - - - - '" 29.4

" "" 3:40 - - - - - 29,0 '"" E02E 3.05 - - - - _. 29,1 29,3

F: MONIHAR COMPLEX
Date '25.06.2000 :30,6--23.9: 30.3 C ,12:40

" F07N 1:25 31.2 31.2 31.4 31.4 - - -
" '0" 1:00 30.3 30.2 30.2 30.5 - - -
" ,~, 12:1530.9 3004 30.9 W, - - -

G : SQUARE TQWER
Date :29.06.2000' 32 00-26.6 :29.8 C: 10:40

" G14NW 11:00 _. _. 31.3 31.2 - - ---
" G05NW 10:25 _ - 30.3 w., - - -
" G02NW 10:00 - - 30.8 WO - - -

5.7.2. INTERNAL.EXTERNAl TEMPERATURE VARIATION AND CARDINAL DIRECTIONS:

In the above Table 5-52, thsm are variations between e><temaland internailemperatures in each

living unit. These variations have been found out and presanted in Table 5-53 below, In all cases,

case lhe extemallemperature has been considered as O{Zero) and the inlemal temperature have

been presented as above (by +ve) or below (by -vel of this value.
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Table 5-53 :

VARIATION OF EXTERNAL AND INTERNAL TEMPERATURE

>.,>.,
o>.,>,>.,

EXTERNAL INTERNAL TEMP VARIATIONS IN CARDINAL DIRECTIONS
EAST WEST NORTH SOUTH
--- ------ ------ -,

--- ----- 0-,>,

81. Date Bldg.
No. Living Unit
01. NJ7SW
02. AOSSW
03, A04SW
04 A04SE
OS, A()4NE
08. All4NW
07. B9N
08. B7N
09. B4N
10. C16NE
11. GleSE
12. COSNE
13. G06SE
14. C04NE
15. C04SE
16. D07S
17. DOSS
18. D04S
19. EOflE
20. E06E
21. E02E
ZL F07N
23, FOON
24, Fll4N
25, G14NW
26. G05NW
27. G02NW

o-,-,
o>.,
•••- ,- ,-,

>,>.,
- ,
o>.,>.,>,

As many as 30 readings of external temperature were taken in 27 living units The number of

readings taken In various cardinal directions have been shown below:

CARDINAL DIRECTION

01, East
02. West
03, North
04. South

NUMBER OF EXTERNAL READINGS TAKEN,,
•n----------_ ..._ ....__.- ----_._. __ ..._ ...

Total 30

In Table 5-54 below Ihe temperature vanation in various cardinal directions have been presented

in descending order and the highest variations haves been shown in bold lelters.
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Table 5.54:

NATURE AND EXTENT OF VARIATION OF INTERNAL AND EXTERNAL
TEMPERATURE IN FOUR CARDINAL DIRECTIONS,

OAAD'~ NO, Of ,, 0 ,, o , ,,A , " • ,,,,,DIRECTION ,rom 1 , , , ,, I , • " 11 " ""''' , 0 ~, ~,
WEST , '.' ., 0 , ~, ~,
NORTH: , •., ., ., ., ., 0 0 ~.
SOUTH: n ., ., ., ., '.' •., 0 0 0 ~, , ~,~,

From Table 5-54 it may be seen that internal external temperature ~anatlon were In the range of

+ 4 to •. 8 deg. C, Temperature inside rooms usually increases due to heat by such heat-

producing agents es electncal and electronic gadgets, human body, rad,ation and convection

from the walts and roof, cooking acti~ities etc. Howe~er, the present study did not always find

lower temperature outside, The cases of lower external temperature could ha~e been caused due

to In-coming cooler air In the Table 5-53 above It may be seen that out of 30 cases of internel-

external temperature variations, there are 13 cases of increase, 10 cases of de<;rease and 7

cases with no change. In order to investigate if there exists any relation between extamal-intamal

temperature ~anation with cardinal direction, the findings from the abo~e Table have been

presented in Table 5-55 below. In this Table the cases of Increase, Decrease or No variation

have been presented as percent of total number of cases, However, in expressing ~ariation in

each cardinal locations, those ha~e been presented as percent of total cases in each category of

~ariatlon,

Table 5-55:

NATURE OF EXTERNAL.INTERNAL TEMPERATURE VARIATION
IN FOUR CARDINAL DIRECTIONS

NATURE CASESOf C A • D' ,A , D , • ,c , , 0 ,
AND % OF VARIATION "'" wm NORTll SOUTH
VARIATION '0 (%J '" (%) '" ('!l» '" (%1 '0 (%)
Increa•••• (43%) n (100) 00 " (8%) " (42%) re I"')08cr'Qae (33%) " (100) "' (20%) M (40%) " (10%) M (40%)
No Changa(23%) " (100) " (14%) " (14%) "' (29%) "' (43%)
Total spots "

151



5.7.3 RELATING INTERNAL-EXTERNAL TEMPERATURE VARIATIONWITH CARDINAL
DIRECTION

Some notable fX)lnts regarding variations of internal and external temperature In various cardinal

locations, as found In Table 5-55 and 5-56 have been presented hereunder:

(a). In comparison with the external Temperature, the Internal temperatures were found to be
higher in 43% cases, lower in 33% cases and consistent in 7% cases,

(b), The range ofvarlatlon of intemal-exlemal temperatures was betwean + 0.4 to _0.8 deg.C.

(c) Maximum cases of increase of internal temperature happaned In cardinal direction
South (50%), followed by North (42%) and West (8%).

(6) Maximum CaSes of de<:rease of internal temperature happened In cardinal direction
West (40%) and South (40%), followed by East(20%) and North(10%)

(a) Maximum cases of no change in intemal ..••xlemal temperature happened in South (43%),
followed by North(29%), Easl(14%) and West (14%).

(f), The maximum increas& of Internal temperature was +.4 deg. C in West cardinal direction

(g), The maximum decrease of internal temperature was -.8 deg. C in West cardinal direction.

5.7.4. INTERNAL-EXTERNAL TEMPERATURE VARIATIONAND VERTICAL POSITION:

In order to find out if there exists any relationshiP between the axlemal-internaltemperalure and

vertical position the informaMn presentad in Table 5-52 haw bean analyzed and presented in

Table 5-56 below.

Table 5-56:
NATURE AND EXTENT OF VARIATION OF INTERNAL AND EXTERNAL.

TEMPERATURE IN FOUR VERTICAL CATEGORIES
~,~NO.OF • P Q ,• Q , • • • • Q ,• • • • ,CATEGORY SPOTS , g ! ! • • l • • " II g II H "- H
'" " .., +.2 +.2 + 1 , , , , ~, ~.,
HIGH , '.' ~~,cow , ,~,~.•
Mm '" ,.• +3 +.2 +.2 '.' '.' Q Q , ~, ~, ~, ~., ~A ••• ..,

Total spots : 30
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In order to find out if there exists any relation between extemal-intemaltemperature varialion and

vertioal categories, the vanatlons ot extemal-intemal temperature have been shown under four

vertical position categories In Table 5-57 below.

Table 5-57 :

EXTERNAL-INTERNAL TEMPERATURE VARIATION IN
FOUR VERTICAL CATEGORIES

NATURE CASES OF ,,.TIC A C , A ,,G OR , ,,
AND'll. OF VARIATION m' HIGH .'0 COW
VARIATION '0 f%} '0 1%) '0 !%l '0 !%l '0 (%)

In""".sa (43%) " (100) , (23%) , (6%) , (62%) , (8%)
~rease (33%) '" (100) , (20%) , (10%) , (60%) , (10%)
No a..OIl ••(23%} " (100) , (57%) , , (42%) ,

5.7.5 RELATING INTERNAL-EXTERNAL TEMPERATURE VARIATION WITH VERTICAL
POSITIONS,

Some notable points regarding vanatlons of intemal and extemal temperature in vanous vertical

categories as found in Table 5-58 have been presented hereunder:

(a) Maximum cases of increase of Internal temperature happened in Vertical category
Mid (62%). followed by Top (23%) category.

(b) Maximum cases of decreese at Intemal temperature happened in Vertical category
Mid (60%), followed by Top (20%) category.

(c) Maximum cases of no chenge in Internal~xtemal temperature heppened in Top (57%).
followed by Mid (42%) category,

(d). Maximum variation of internal temperature higher than the external was.4 deg. C in the
Mid vertical category.

(e). Maximum variation of internal temperature tower than the extemaltemperature was
.8 deg. C in the Low vertical category.

5.7.6. COMPARISON OF EXTERNAL TEMPERATURES BY METEOROLOGICAL
DEPARTMENT AND THAT BY MEASUREMENT:

The measurement of Temperature near the bUilding at the time of survey Indicated the

temperature of the micro-climate at that sile and at that time. In may be interesting 10 know how
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far the temperalure of the micro-climates near 7 buildings in 5 different sites vary from the

temperature given by the meteorological department lor thaI day and time. The Meteorological

Department given maximum and minimum temperature of Dhaka on a 24 hour baSIS By using

Evan's' monograph tt is possible to substitute temperature given by the meteorological

department for that day and time of survey and to compare the same WJththe measured data on

the site.

Table 5,58 below shows the Me, building surveyad, date and time of survey. Maximum and

Minimum temperature given by the Meteorological Department lor that day, substituted

Meteorological department's temperature lor the lime and day of survey, temperature measured

near the building on the dale and time of survey and the var;ation of the sUMtiluted temperature

ov(>ror below the measured temperature.

Table 5.58 :

COMPARISON OF EXTERNAL TEMPERATURES BY METEOROLOGICAL
DEPARTMENT AND THAT BY MEASUREMENT

TEMPERATuRE
AS PER MET. TEMP.

SITE IIU'ARTMENT DATE OF n""E OF llEPARTMENT llERlVED ""EASURED
BUILDING suRVEY SURVEY MIlX ""IN. TEMPERATuRE !l!..!!!I< VAR"'TION
1 Old Dhaka I
A Wahid. Shaban 20.6.2000 11,20 31,7 -25.0 30.~ 32.1 1.U

2. Shanlinagar I
B: EHLBldIJ-2 23,6.2000 12,00 31.8 -25.5 30.96 30.0 0."

3. Shanlinagar I
C, EHLBldg_1 21.6.2000 2:40 30,8-238 ".• 32.1 ,.

4. Elephant Road I
D , Rauak Complex 22.62000 10,00 32.4 _23.4 "., 29.9 U

5 Elephant road I,Re4'l Complex 22.6.2000 2:40 32.4 _23,4 32.1 28.8 ..,
6. Farmgate I

F: MonlharComptex 256.2000 12:40 30.6 -239 30.3 "., ••,Dhenmondi I
G, Square Tower 29 6.2000 10:40 '" - 25.5 30.2 29.8 •••
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5.7.7. SUMMARY OF COMPARISON OF EXTERNAL TEMPERATURES BY
METEOROLOGICAL DEPARTMENT AND BY MEASUREMENT;

Some notable points regarding variations of substituted Met. Office temperalure data and that

obtained in the site as revealed in Table 5-45 above have been presented hereunder

(a). The Maximum upper variation of the s,te temperature from the substituted one was found

3.3 deg. C, at site Elephant Road.

(b) The Maximum lower variation of the site temperature from the substituted one was found

1.74 deg. C. at site Old Dhaka.

(c), The Minimum variatIon between the two was found to be 00 (No change) at site Farm gate.

(d) Ai; per variatIon of temperature of the micro--cl,mates, the above 7 building sites arranged in

descending order are: (1) Elephant road _ E, (2) Shantinagar- B. (3) Dhanmondl--G,

(4) Farmgaie - F,

(7) Old Dhaka - A.

(6) Elephant Road. D (6) Shantinagar. C

(e), The existence of different variations at the same locality (for example, both .•.3 3 and

-1,2 at Etephant Road, both .•.0.96 and -1 ,6 at Shantinagar) indicates the existence

of further micro-

climatic vanations in the same locality.

5.7.8 ANALYSIS OF INFORMATION AND SUGGESTIONS GIVEN BY THE USERS:

During Investigation the users, specially the owners 01 high-rise apartments gave some

information and suggestions regarding their problems and aspirations in high-rise apartments.

The owners, in generat opined that they couid not have idea about the reai situations inside the

apartment before they came to live here. Ai; regards to intemal dimate they told, they expected

much better situaMn, From colorful plans, descent external views and drawings they could not
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have Idea of the current situation and the colorful presentations of three-dimensional computer

presentations were mis-leading. Their commenls and opinions having direct or indirect relevance

with Internal climatic comfort have been discussed below,

(i) PROBLEMS OF HAVING UNCOMFORTAB~E CLIMATIC CONDITION INSIDE: According to some

users, the nice looking elevations, parspective VIews and large windOWSthat once allured them to

purchase such apartments, were later found useless, because the elevations were no more

viewable due to presence of other buildings In the Immediate surroundLng, and the large windows

could not be kept open for the reason 01 privacy After they started living, whal mattered most

were the internal climate, lighlLng and acoustical SItuations etc., about which they failed to form

any prior Idea.

(11)PROBLEMS IN tNTERNAL CLIMATES DUE TO CHANGES IN THE SURROUNDING AREAS;

According to some users, when fhey first came to live in the apartment the large windows on

south ensured ventilation and the WIndowless wall on fhe west saved them from solar radiation

and heat. But the situaMn was abruptly changed after apartments were constructed on lhase two

sides, Little a,r came from the south and ,n the changed situation wLnd tended to enter from the

west, but there was no wLndow on this side.

(III) PROBLEMS OF WARM, HUMID AND SUFFOCATING CONDITION IN ROOMS AT CENTRAL

LOCATION: AccordLng to some usars, they find some of the internal rooms especially those in

the central and western locations suffocating. The situation worsens further as more end more

buildings sprawl up In tha surrounding areas,

(iv) PROBLEMS OF RADIATION OF HEAT FROM THE ROOF: The problem of radialion of heat from

the roof wera reported by the users IlvLng on the top floors of high-rise apartments No user,

however complained of radiation from walls. It may be mentioned here that all the apartments

under thiS study had 10 Inch thid< exterior walls.
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(V) PROBLEMS OF KEEPING THE WINDOWS OPEN: According \0 some users, they cannot keep

windows at certain locations open because of privecy and due to close localion of adjacent

buildings. The closing of windows solve visual and acoustic problems, but creates ventilation

hazard, Use of curtains maintain ventilation to some extent, but cannot solve acoustic problems,

especially due to high-.pitch muSICcoming from the near-by bUilding.

(vi) NATURAL LIGHT IN ROOMS: In the Questionnaire the users were asked, whether there were

adequate naturallighl at the center of the room and near the external window The findings in all

the rooms and spaces oflhe living units under investigahon are presented in Table 59 below.

Table 5-59 :

NATURAL LIGHTING AT CE.NTER AND NEAR WINDOW OF ROOM

SL. tMNG UViNG ROOM MASTER '" CHILD'S BED GUEST'S '" DINING RMISP.

NO. UNIT CODE -~-~ --- ~ - ~

01. A 7SW ". '0 '"' GOOD '000 GOOD '0 '0.
02 A SSW ~,POOR. '000 GOoo. GOOD GOOD. '00' '00'
03 A4SW '0 '0. FAIR GOOD GOOD GOOD '0 '0
~ AWE POOR '0 POOR GOOD. GOOD GOOD ,"0' '0
05. A~NE '0 '0 '"' GOOD, GOOD GOOD. '0 '0.
00. A~NW '"0' POOR. '"' GOOD. '000 GOOD. '00' ,"0'
01. B9N. '000 GOOD. '00' GOOD. GOOD GOOD. GOOD GOOD. '00' FAIR.

Oa,1l7N. GOOD GOOD. GOOD GOOD. FAIR FAIR. GOOD GOOD. POOR NO ••

09. 84N, '"' GOOD. GOOD '000 '"' GOOD '000 GOOD '"0' NO ..

10. C1SNE ,"0' FAIR GOOD '000 '000 GOOD. GOOD GOOD, '00' NO •.

1t. Cl6S~ '"' GOOD '000 GOOD. GOOD GOOD. '"' GOOD. '00' "12, C5NE '00' GOOD. '00' FAIR. GOOD GOOD '"' GOOD. POOR POOR.

13, C5SE FAIR GOOD. 0000 GOOD. GOOD GOOD FAIR GOOD. '"'" "14. C4NE POOR GOOD. 0000 '000 POOR GOOD. POOR '000 POOR POOR.

15. C4S~ '00' GOOD '"' GOOD. FAIR GOOD. FAIR GOOD, '00' '00'
lS. 0 IS GOOO GOOD, GOOO GOOD. GOOD GOOD. GOOD GOOD. FAIR GOOD

17. D5S '"' GOOD '000 GOOO. GOOD '000 '000 GOOD. POOR POOR

18 D4S FAIR GOOD. '000 GOOD. GOOD FAIR. '000 GOOD, '"'" "19, E 6E '"' GOOD. GOOD GOOD GOOD GOOD. GOOD GOOD POOR NO ..

ZO, ESE FAIR GOOD. GOOD GOOD, GOOD GOOD 0000 '000 '00' "21.~.E '"' GOOD. GOOD GOOO, '"' GOOD. 0000 GOOD, '00' NO •.

22. F7N '"' GOOD. GOOD GOOD '"' GOOD. POOR FAIR. '000 '000
23. F5N '"' FAIR POOR FAIR. '000 GOOD. GOOD GOOD '00' "24. F4N FAIR GOOD '000 GOOD. GOOD GOOD. GOOD GOOD POOR "25. G14NW '000 GOOD. '"' GOOD. GOOD GOOD. '"' GOOD. '"'" "26 G5NW '00' GOOD. FAIR FAIR. POOR FAIR. POOR FAIR. POOR '"'"27, G2NW FAIR GOOD. '"'" '"' '"' GOOD, POOR FAIR. '"'" POOR
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COincidentally all the Doning rooms in this study are localed at the central location, with no direct

external opening Also the living rooms In apartment bUilding A (Wahiduzzaman Bheban) are at

the central location. All other rooms, however, have got external windows. In such a situation

analysis have been drawn to find out the Ilghling siluation in the central rooms and lhose at the

periphery. This has been shown In Table-60 below,

Table 5-.60 :

SUMMARY OF NATURAL LIGHTING AT CENTRAL. AND PERIPHERAL. ROOMS

N",TURAL , , 0 H TIN G CONO ITIO ,
LOCAllON NUMBER ATTllECENTER OF ROOM NEAR EXTERNAL WINDOW
QFROOMS BOOMS GOOD FAIR POOR '" 0000 '"' POOR '"
TOTAL "" " " " • ~ " " •
PERtPHERAL
ROOMS ., ;0 " " 0 "' " 00 00

CENTRAL
ROOMS " " " " , 00 " " "

Regarding naturallighllng conditions at the center, the following summary can be drawn from the

above Table.

LIGHTING AT THE CENTER OF THE ROOM'

GOOD lighting condition was found in 79% in case of all rOOmS
52% in case of peripheral rooms

and 03% in case of centrally located rooms,

NO or Zero lighting condition was found in 111%in case of all rooms
None in case of peripheral rooms

and 61% in case of central rooms

COMPARISON OF LIGHTING CONDITION NEAR EXTERNAL WINDOW AND CENTER.

While
only

61%
40%

of the rooms indicated GOOD light neartha window
indicated the same at the centel'ofthe room.
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5.8 CONCl.USION

The data's and ,nformation collected and presented in Chapter IV on Investigation have been

analyzed and studied in this chapter to have more understanding of how climate acts In

residential bUildings The investigation and studies were concerned with (a) Living units in a

number of locations In Dhaka city, (b) Rooms and spaces of a number 01 living units. The aspects

of investigation concerned temperature and humidity in those spots. The analySIS was aimed at

finding out how the two elements of climate, viz. Temperature and Humidity varies from one

locality to another and one rooms to another Another objective of study waS fo find oullf there

eXists any relation of fhe physical characteristics, I.a location inside the City, cardinal location of

the living unit, room or space under study, its vertical position etc And the final objective was to

find out whether or how far the climatic comfort, as experienced by the users coincide With that of

instrumental measurements. A number of Important phenomenon have been found from the

analysis and have been presented mostly in tabular form for easy understanding However,

before those may be taken accepted and useful for the buiit-form designers, there IS need for re-

checking those especially on the context in which those were achieved. This work shall be done

In the next chapter on ConclUSion, such that the results of analysis and findings may have a

strq~\l and sctentlflc base,

-------------- ---------------
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Chapter6

CONCLUSION

6.0 INTRODUCTION:

The aim of the project, "A STUDY OF FACTORS FOR THERMAL COMFORT IN RESIDENTIAL

HIGH-RISE IN DHAKA CITY'. as mentioned In the proposal was, 'to find out the factors

responsible for comfort and discomfort In high-rise residential buildings in various locations of

Dhaka city,' In addition, it was expected that the study would 'reveal if there exists any relationship

between the inhabitants' feelings of thennal comfort and the location! orientation of the rooms and

their geometries, architectural design. etc.'.

The current chapter, being concluding one, shail discuss the important f,ndings of this investigation

related With and relevant to the fonnulatlon of guidelines and recommendations regarding the

improvement of internat climates of high-rise apartments through architectural design. In addition

recommendations Will be formulated relating to design of high-rise apartments as well as for furthar

studies to Increase understanding of the thennal problems In such buildings

6.1 CONCLUSIVE FINDINGS:

The conclusive findings presented hereunder were obtained as direct result of the investigation as

discussed in the chapters 4 and 5 of this work, They may be subdivided Into findings obtained by

(a) Instrumental measurements and analysis of the findings and (b) Discussion with users and

collection 01 information, These shall be presented independently under headlines:

6,1.1 INSTRUMENTAL MEASUREMENTS AND ANALYSIS OF THE FINDINGS
6.1,2 DISCUSSION WITH USERS AND COLLECTION OF INFORMATION.'
6.2 RECOMMENDATIONS
6,3 CONCLUSION

6.1.1 INSTRUMENTAL MEASUREMENTS AND ANAL YSI$ OF THE FINDINGS:

The various findings obtained by analyzing the results of measurements In the buildings under

investigations are presented under the following heads:



L Trend of Inter-space Temperature Variallon in living Units
II Trerld of Inter-sp<lce Humidity Variation in living Urlits
iii. Trerld of Temperature variations of rooms/spaces
iv. Trend of Humidity vanatlons of rooms/spaces
v. Trend of combined temperatura-humidity variation In cardinal and vertical iocations:
VI Variations of External-Internal Climates,

A brief discussion of t~ above flrJdings along with causes are presented hereunder:

i. TREND OF INTER-SPACE TEMPERATURE VARIAT!ON IN LIVING UNITS: The temperature

measured irl vanous rooms of the living Units indicated some variations. The difference between

the maximum and minimum readings of Temperature In a living unit have been termed as Inter-

space Temperatura. The inter-space temperature vanations as indicated in twenty-seven living

units are summarized In Table 6,01:

Table 6-01

INTER-5PACE TEMPERATURE VARIATIONS

,e tnnNG TEMPERATURE 'e tMNG TEMPERATURE 'e LMNG TEMPERATURE". "'" VARIATION (Deg.C)
"" "'" VARlATIONjU@g.C)

"" .!H:!!! VARIATION (C)

" A07SW 0' 10.- C16NE 0.' " '" "~.,",w 0.' " Cl6SE 0.' W '" 0'
" "'" 0.' " C6NE 0.' " ~, 0'
~. A4SE " " eSSE " " '" o.
" A4NE ,, " ''"' OA n '" ,.,
00. A4NW ,, " ~" " " '" "" '" " " "" " " G14NW "" ,m OA n. '" " '" G5NW ,.,
" '" OA " ~, " " ""w ,.

In thiS study project the topmost floor of a building has been Identified and coded as TOP

(abbreviated as T ), fioor immediately below it as HIGH (or H), the lower two floors as LOW (or L)

and others as MID(M), The Variation Indicators may be expre~ed by numerical numbers 110 8, for

variation magMude of a 110 0,8 respectively. The investigated living units arranged in descern:Mg

order of Inter-space variation oflemperature are shown In Table 6-02.
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Table 6-02

INDICATORS FOR INTER-SPACE TEMPERATURE VARIATION
INTER-4PAce
TEMPERATURE
VARIATION
INDICATORS , , , , 0 , , r ,• C16NE (T)• C1SSE (T) caSE (M) Gl~NW(T) '" ,~• ,~'"' C4NE (M) '" In G2NW(L) Aa7SW(T), A4SE '" ''" In e~ '", '" en caNE (M) 00. ,. ~ ,. m ,. E2E(L) F6N (H) G5NW (M), ASSW (M) AJ,SN (M) AoINE (M) MNW(M) C4SE (M) E6E (T)

In order to frnd oulrf there exists any relationship between Inter-space temperature variation and

the cardinal and verticellocations of the apartments the above table may be re-arranged showing

the Cardinal and Vertical locations of the units under their respective Inter-space temperature

variation Indicators, and this has been shown in Table 8-03 below.

Table 6-03

RELATION BETWEEN INTER-SPACE TEMPERATURE VARIATION AND
CARDINAL AND VERTICAL LOCATIONS OF LIVING UNITS

INDICATOR' INDICATOR!! 'NllICATORi INDlCATOR3 INDICATOR> tNprcATOR1CARDINAL "' SE, SE " "' ~, " " "" sw,SW,
LOCATION ~,' N,NW, , , • ~, ~,

~ ., , ., "'NW,S

VERTICAL '"" Top, M<d Mid, Mid Ml~.Top, Top, Mid, MOl, Mid
LOCATION Top, Mid Top, .- ., Mid, MOl, MOl, ,.

r~ ~, '"' Top, ,.
Mid, Mid

In case of CARDINAL LOCATION, the above Table shows that while NE Cardinal location showed

the highest value (Temperatura variation ind,cator) in one case, the same showed the lowest in

another. The other cardinal locations also showed varying indicators ,n dffferent cases. This

indicates that, according to thiS study there exists no relation between Inter-space Temperatura

variations and cardinal locations ot units.

In the same way, in case of VERTICAL LOCATION the Table shows that while Top Vertical location

showed the highest value in one case, the same showed also the lowes! in another. Similar !o

cardinal locations, the other Vertical locations also showed varying indicators In different cases.

ThiS indicates that, there eXists no relation betw~n lnter",-,pace Temperatura variations and

Vertical locations of units,
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CONCLUSIVE STATEMENT, From the above findings of INTER-SPACE TEMPERATURE VARIATION

IN LIVING UNITS ;1may be opined that,

Infer-space Temperature variations are independent of the Cardinal and Vertical locations
of the living units,

ii. TREND OF INTER-SPACE HUMIDITY VARIATION IN LIVING UNITS: The humidity measured In

various rooms of the living units Indicated variations, The dJfference 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 0,1,2 and 3. In Table 6-04 below the 27 living unlls have been shown with their

respective cardinal end vertical locations and Inter_space Humidity Variation Indicators

Table 6-04

INDICATOR OF INTER-5PACE HUMIDITY VARIATION
INTER--SPACE
HUMIDITi
VARIATION
INDICATORS , , , , , , , , , ,, A5SW(M), FIl{N(M), E02E(L), G02NW(l), B4N(M), C4NE(MI. C~SE(M), D07S(T). EOOE(L), F06N(H), Gl4NW(T), GOSNW(M), A7SW(T), MSW(M), MSE(M), B9N(T), e7N(M), C16NE(T), C16SE(T), C6NE(M),

CSSE(M), 005S(M), OCl4S(M), E06E(MI. F07N(T)

0 MNE(M), MNW(M).

in order to find out jf there exisls any relationship between Inter-space Humidity vanatlon and

cardinal and verticallocalions 01 tM apartments Ihe above table may be re-arranged showing the

Cardinal and Vertical locations of the units under their respective Inter-space temperature variation

Indicators, and Ihls has been shown in Table 6-05 below

Table 6-05

INDICAIQRD
NE,NW

Mid, MidMj~, Mid, Mid
Top. Low. High,
Top. Mid

Mid, Mid, Low,~

RELATION BETWEEN INTER-5PACE HUMIDITY VARIATION AND CARDINAL
AND VERTICAL LOCATIONS OF LIVING UNITS

INOICAIQR3 INC!lCAIQR2 IN"'CATOR'
SW,N,E N,NE,SE, SW,SW,SE,
NW S,E,N,NW, N,N,NE,

NW SE, NE, SE,
S, S, E. N

Top, Mid, Mid.
Top, Mid, Top,
Top, Mid, Mid
Mid, Mrd, Mld, Top

CARDINAL
LOCATION

VERTICAL
LOCATION
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In case 01 CARDINAL LOCATION, the above Table shows that while NW Cardinaltocations showed

the highest value (Humid~y variation Indicator), the same showed also the lowest one, The olher

cardinal locations also showed varying indicators in different cases. This indicates that, this study

could not establish any relation between Irrter"space Humidlly vanations and cardinallocallons 01

units.

In the same way, In case of VERTICAL LOCATION the Table shows that while 'Mid' Vertical location

showed the highest value tn two cases, the Same showed also the lowest in another two cases.

The other Vertical locations also showed varying indicators in different cases. This indicates that,

there eXIsts no relalion belwl'len Inter-space Humidity variations and Vertical locations 01 living

units.

CONCLUSIVE STATEMENT, From the findings 01 INTER-SPACE HUMIDITY VARIATION IN LIVING

UNITS it may be opined that,

Inter-space Humidity variations are independent of the Cardinal and Vertical
locations of the livmg units.

Iii. TREND OF TEMPERATURE VARiATIONS OF ROOMSISPACES:

TEMPERATURE VARIATION AND CARDINAL LOCATION _ The rooms at various cardinal locations

show difference In temperature and humidity because those are affected differently by the east,

west or south sun, entrance and exil 01 air, transmission of heat through walls or roofs etc Thus, it

is a matter of common experience that rooms of an apartment ind,cate independent climatic

characterislics like Hot, Cool. Dry, Wet etc due to varying amount of Temperature and Humidity

they get because of their cardinal locations, The Temperature and Humidity that one may measure

in the rooms 01 an apartment are the composite affect of solar radiation. a,r temperature, air-

movement, humidity etc, along With such internal modifiers as internal heat and humidity

generation In addition, the internal climate is also affected by extemal modifier like the distinctively

different mlcro--climates m small pocket areas In Dhaka city The meaSura of temperature and

humidity in the rooms of a living uM IS sure to reflect Jts natural climatic characteristics and the

rooms at variOuS cardinal locations are expected to reveal a trend. This project hes created a
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scope to find out whether or to what extent the internal and extamal modifiers afl'eelthe natural

trend of climate.

To find out the above fael, the rooms With temperature variation of.05 deg. C to ,05 Oeg. C above

the average value has been shown as HOT and those below as COOL rooms. The cardinal

locations 01 the HOT rooms as found by measurement ara presented in descending order of value

i e. from Hot to Cool in Table 6-06, In a similar way the cardinal locations 01 the COOL rOOmshave

also been presented hereunder in descending order of value, I.e from Hal to Cool In the same

table.

Table 6.Q6

CARDINAL. L.OCATIONS OF ROOMS I FROM HOT TO COOL.)
~OT: CENTRAL,WEST, SOUTK-WEST.NORTH.SOUTH_EAST,SOUTH.NORTl-I_WEsT. NORTH_EAST,EAsT

COOL: WEST, CENTRAL,SOUTH,NORTl-I.WEsT,NORTH.SOlJTH_EAST,SOUTH-WEST.NORTH_EAsT,EAST

In the absence of internal and external modifiers the cardinal locations found by the above two

considerations should have shown exactly the sama trend, In the above Table it 's Seen that the

trend IS as expected at the extramllleS, such that Central and Wesllocations are stili the Hottest

and North-Easl and East locations are the Coolest. However, at some locations, the trend is not so

predictable, This indicates that the Internal and external modifiers have already modified the natural

micro-<;I,matic trends of rooms at some cardinal locations. The results, however, show that the

natural clima!lc trend of the rooms with extreme values are stili val,d to a great extent.

CONCLUSIVE STATEMENT: Due to varying Influences and affects of air-movement, exposure to

solar radiation etc., it ISnalural for the rooms al vanous locations to show varying temperature, and

Ihus to show a natural trend in such changes In vanous rooms of an apartment The above

findings, however, could not show any such trend. This indicates Ihat
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The natural micro-climatic trends in tenns of TEMPERATURE of rooms at
various cardinal locations in aparlment buildings in Dhaka city have been
considerably changed due to internal modifiers and external micro-climatic
affects.

TEMPERATURE VARIATION AND CARDINAL LOCATION _This lnvestigabon revealed the extent of

relationship between the climatiC characteristics 01 a room with Its vertical posrtion The cardinal

location of rooms arranged In order of 'HOT to COOL' above and below the Average Temperature

has been shown in Table 6-07

The above Table shows that while the trend of temperature variation in vertical location categories

in case of HOT range IS: HIGH, MID, TOP and LOW, the same In case 01COOL range IS LOW,

MID, HIGH and TOP.

CONCLUSIVE STATEMENT: This above findings indicate non-existence of no relation between

Temperature variation and Vertical locations of rooms So, it may be opines that,

Temperature variations in rooms/spaces of a living unit are independent of their
Vertica/locations,

IV. TREND OF HUMIDITY VARIATIONS OF ROOMSJSPACES

HUMIDITY VARIATION AND CARDiNAL LOCATION - In case of Humidity the rooms below average

value have been classed as DRY and those aoove, as WET. In the above mentioned way the

cardlnallocatiOrls of rooms arranged from DRY to WET have been found as shown In Table 6-08

Table 6-08

CARDINAL LOCATIONS OF ROOMS (FROM DRY TO WET)

ORY; NORTH-EAST, SOlITH&SOUTH.WEST, WEST. SOIJTH.EAST, NORTH.WEST, CENTRAL, NORTH & EAST

WET. NORTIf-EAST, NORTH'WEST.SOUTH. WEST, SOUTIf-WEST, SOUTH-EAsT, CENT!l~L, NORTH, EAST
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Similar to Temperalure data, in case of Humidity also the nalural climatic Irend In not found to exisl

in its entirety

CONCLUSIVE STATEMENT: In Table No, 6.08 the nalurallrend may be found 10 exist in extreme

cases, vo~.North-East location IS still seen to be most Dry and Central, East and North locations,

most Wet SO, ,I may be opones that,

The natural micro-elimatic trends in terms of HUMIDITY of rooms at various
cardinal locations in aparlment buildings in Dhak.a crty have been
considerabiy changed due to intema! modifiers and external micro-climatic
affects.

HUMIDITYVARIATION AND VERTICAL LOCATION:

The readings relating Humidrty variation with verlFcallocatlons are shown in Table 6 09.

Table 6.09

'---"V<EORTY'"CCiA'L'L'OC>c.A"yiiIO"N"SCO"'FOR'OO""."SC'''F''R"O".iiiDORVyCyiiOiOiWiiE"Y'l---'
DRY: LOW, MID, TOP, HIGH

WET: MID. LOW, TOP, HIGH

The above Table shows that while the trend of Humidity vanation in verlFcallocation categones in

case of HOT range is : lOW, MID, TOP and HIGH, tha same In case of COOL range is , MID,

LOW, TOP and HIGH Even though the last two values have coincidence, lhose were nol swfficient

to prove any definite !rend.

CONCLUSIVE STATEMENT, This above findings could not prove the eXistence of any definite lrend

between Humidity vanallOn and Vertical locations 01rooms So, it may be opines that,

Humidity variations in rooms/spaces of a living unit may not have any relationship
with their Vertica/locations.

Y. TREND OF COMBINED TEMPERATURE-HUMIDITY VARIATION IN CARDINAL AND VERTICAL
LOCATIONS,

By instrumental measurements some rooms were found both cool and dry, while others were not.

The cardinal and verticallocalions of such rooms arranged in descending order 01 "COOL+DRY"

have been shown in lhe following Table,
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Table 6.10

CARDINAL LOCATIONS OF COOL + DRY ROOMS (IN DESCENDING ORDER)

NORTH_EAST, SOUTH--WEST&.l'CI\ST, SOUTli-EAST, NORTH--WEST, CENTRAL, SOUTH, WEST, NORm

VERTICAL LOCATIONS OF COOL + DRY ROOMS ( IN DESCENDING ORDER)
LOW, HIGH, TOP,

Even though there is possibility of North-East location to be cool and Dry, and the North to be Wet,

It IS less probable that West is WET and South-West is Hot. There is possibility that ""tural

Temperature and Humidity conditions of these rooms were interfered by internal and external

modifiers, However, the studies in this aspects are not adequate to give any conclusive statement.

vi. COMPARISON OF THE VARIATIONS OF INTERNAL_EXTERNAL TEMPERATURE.

The climates Immediately outside the living unit were measured in the verandah or through the

Windows In all accessible dlreelions and were compared with those in the nearest location inside

the rooms The external readings were considered as 'base' and the variations of internal

temperature were classed as InCrea5e, Decrea5e or No change. The notable points of this

comp<:lrison In Temperature are the following

(a) Internal temperature showed increase in 43% cases, Decrease In 33% and No change in 23%

cases

(b) The extent of variations in four cardinal dlrec/ions (I e. East, West, North and South) arranged

In descending order are as tollows:

Table 6 .11

'---CCiiO.M"P"A".'S"OiiNCO""F'EiiXTTE"'.N"A"L""N"T"E"'N"A'L'TE""M"P<E'RAii'TU"'""ES'---'

INCREASE:

DECREASE:

NO CHANGE:

South (50%),

South (40%)

Soulh(43%),

West (40%), East (20%),
North (42%).

North (to%)

N0r1l1(29%),

We.t (08%), East (00%)

West (14%), East (14%)

N.B. External Teml"'rature has been con.idered as Ba.e. Increase, Decrease or No change IndiCIIle
readings of temperature inside,



The variation of external and internal Temperature depends upon a number of factors I,ke time of

measurement, direction of air movement, position of the sun, location of other buildings etc. In

Dhaka city in the summer season air in general enlers through the external windows on South,

East or West and escap€ls through East, Wesl and North, unless 01 course the directJon IS

drastically changed by surroundrng obstacles. Therefore there is Ihe tendency 10 bring close

equality betw€len the external and Internal values of temp€lrature However, the temperalure of air

enlering inside may either increase due to internal activilies or decrease due to modification

caused by the built-form The above Table demonstrates that in the tested cases no strong trend

can be noticed in the external-1I1temal temperature comparison. External temperature on South

was found lower than the Internal in 50% cases and ,n the North in 42% caSes The Table further

shows that In only 8% 01 cases was it found that temp€lratures In West facing rooms were higher

than external, but this would be expected, as most of the read,ngs were taken before 2 p,m" when

the western rooms start receiving direct solar radiation and hence temperalure hikes.

6.1.2 DISCUSSION WITH AND COLLECTION OF INFORMATION FROM THE USERS:

During investigatron information were coilecled trom user regarding Ihelr perceplion ('Coolest',

'Airiest', 'Hottest' etc) of rooms, If they have any problems like change of int"rnal climates due to

changes In the surrounding areas, any cases of warm, humid and suffocating conditron in the

rooms at central location, problem due to radiation of heat from wall or roof, problem in kooping the

windows open etc.

The comparison between instrumenlally favorable rooms and those favored by the users have

been presented in 5,6 Chapter 5 (Page 144"146) Also the findrngs regarding user's responses

have be<ln presenled in 4,8, Chapter 4 (Page 103-104) and also in 5.7.7 Chaptar 5 (Paga 155.

156). For the purpose of haVing conclusive statement salient features 01these two topics shall be

discussed now,
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COMPARISON OF "COOL+DRY ROOMS" BY INSTRUMENTAL MEASUREMENTS WITH

'COMFORTABLE ROOMS' ADJUDGED BY THE USERS. The relatively "COOL+DRY ROOMS' as

ind'cated by the instrument were compared with the "MOST COMFORTABLE OR COOL ROOMS"

voted by the users. The notable findings 01this comparison are the following'

(a) The Instrumental measurements and users' preferences COincided comptetely in only 33%

caSes

(b) Both the instrumental measurement and user~' preference indicated North-East as the BEST

or most preferable cardinal location.

(e) Both !he instrumental measurement and users' preferences Indicated West and South-West

as the WORST or least preferable carclinallocalion.

(d) The instrumental measurements lIldicatad "Cool+Dry" rooms at 'Central' carclinallocallOn In

15% cases, where as the users voted lor this location In 00% cases.

From the aoove tlndlngs the following conclusive statements may be drawn

CONCLUSIVESTATEMENTS,

(i) It. was lIatural that all the .CooI+DI)''' rooms as Indicated by the Illstrument shOuld have
been adjudged 'Comforlable' by the users. But the two coincided only in 33% cases,
indicating either the peculiarity of subjective variations or atbtchment of other mctors
with users' comforl conditions.

(Ii) Thegeneral coincidence of Instrumental findings and Users' vote regarding BESTand
WORSTcardinal locations indicate that in spite of the presence of the Internal and
external modffiers, the micro-cllmate inside the rooms still continue to show the natural
trend in extreme cases.

(iii) Theusers' zero vote for the Instrument's prefeIable 'Central' cardinal location indicate
that the users attach such psychological factors as good views, natural light and air
etc. with climatic comforllndices.

" FINDINGSFROM DISCUSSIONWITH THE USERS - The users comments and complains have been

discussed in Chapter 5 Page 144-145. Those problems In brief, along With suggestions shall be

presented hereunder.
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(I) PROBLEMS OF HAVING UNCOMFORTABLE CUMATIC CONDITION INSIDE: The problem was,

from the drawings and animations the owners could not get vivid and adequate picture, inctuding

probable internal climatic conditions at the time <;Ifpurchase,

SUGGESTION: For the purpose of giving the intending purchaser every details of what they were

going to have in their apartment, the system of "Mock-flat" is in practice in the developed countries

for quite a long lime It may be suggested to Introduce this system in Bangladesh, Since thiS

system LnIts exactness may be expensive,

It /s suggested that each developer may be asked to constwct at least one "Full-
scale model" of the apartments, such that the purchasers may get a scope to
examine the probable situation and have better ideas.

(II) PROBLEMS IN INTERNAL CUMATE8 DUE TO CHANGES IN mE SURROUNDING AREAS: These

problems were caused due to constructl<;ln of new buildings ,n the surrounding areas

SUGGESTION Whatever might be the then situation around, the immediate surrounding of an

apartment building is liable to change with time, specialty when there are vacant lands around, The

aoove natured problems anse in case the architect designs a building without consideration of

probable tuture developments in the surrounding areas,

It is suggested that the architect should design apartment buildings considering
and simulating "optimal developments"ln the Immediate sUffOundlng.

(til) PROBLEMS OF WARM, HUMID AND SUFFOCATING CONDITION IN THE ROOMS AT CENTRAL

LOCATION: some users reported 10 have found the internal rooms especially those In the central

and westam lor;ations suffocaling.

SUGGESTION, The rooms at central localion naturally suffers from lack of ventilation due to

absenoo of adequate air in-let and out-iel. The Situation worsens With sprawling up of more

bUildings around,
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It is suggested that techniques like venliJatof, venlilation duct etc. be uliJized to
expel 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 Irom

the roof were reported by the users living on the top floors only.

SUGGESTION: The radiation Irom roof CIiln be m,nimize<! in a number of ways like (a) Construction

of a second roof (example: Teecher Student Complex building of Dhaka University), (b) Use of

hollow rool tiles (A project taken by the Departments of ArcMecture and Mechanicat Engmeerirlg,

BUET proved Ihat hollow roof tile can considerably reduce tranSm'SSlOn of heat through roof), (c)

Use of shading devise like walls, plantation bed etc. to keep the roof shaded and cool,

If is suggested that the roof of the top floor be rendered heat-resistant by using
suitable means.

M PROBLEMS Of' KEEPING THE WINDOWS OPEN : According to some users, some windows

CIilnnot kept because of the close proxlmfly of adjacent buildings make it difficult to maintain

privacy.

SUGGESTION; Large clear windows, though having aesthetic appeal might create such problems

regarding pnvacy.

Suggestions may be made to use windows with wide vertical or horizontallouvans,
or smaller windows, slit-type wmdows, which might minimize the problem of views
from the adjacent buildings. This may cut off in terms of daylight, in which cese
some form of energy-saving supplementary lighting may have 10 be used.
Alternately, rooms which am privacy-sensitive should be iocated at positions
where distance between buildings is at a maximum,

(Vi) PROBLEMS OF LIGHTING INSIDE ROOMS .It has been seen in Chapter 7,7,7 that Ihe rooms

located at the central location lacks naturallighllng, This study indicated that, while 67% of the

rooms irnjicated GOOO light near the window only 40% indicated same at the center. in fact the

dining room arranged In most cases at the centrallocalion get only diffused light from other rooms

and at times from distant walls. Also it has b!len seen that rooms at the periphery enjoys bett!!r
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light, as ware seen in the findings, at the center of rooms, GOOD hghting condition was found in

79% in case of all rooms, 52% in case of peripheral rooms and 03% m case of centrally located

rooms.

SUGGESTION. Natural lighting in all the livable spaces IS essential precondition of healthy

enwonment. Even though not uood for longer time the dining room is used by all the members of

the family and fairly at one time, Also this one of the mostly used room for CfOSSmovement. It has

been lound that some designers have been successful to ensure some amounl of natural light and

ventilation and the users of such apartments appreciated the design.

Suggestions may be made that the designers should endeavor to ensure natural
light and ventilation in ali the rooms and especialiy in !he rooms used by all the
members.

6.2 RECOMMENDATIONS;

The experience gained thruugh this projed has rendered It possible 10 make specific

recommendations regarding the deSign of high-rise apartments in Dhaka city With due

considerations of dlanged environment and mICfO-<;limates,The categOrized recommendatiOT1s

are presented below:

(01) The freid-survey of this project may be considered as a Post Occupancy Evaluation in limited

scale for a given clImatic aspect. In the absence of full-fledged Post OccupclncyEvaluation (POE),

it is not possible for architects and designers to have access to GfUcial information regarding

Intemal environment and micro-<;llmates in high-rise apartments created within high"rise

apartments in Dhaka City In this context

It IS recommended to introduce POE to get feedback from users so that this
infonnation can be used as an effective means of improving the design
considerations and technologies of such buildings.

(02) In absence of tha system of "Mock-flats" the purchasers cannot have prior ideas, especially

regarding the internal climates of the apartments. Since construction of "Moc:k-flats" may be
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expensive for the developers at this stage, because of the limited number of proto-type of

apartments

It is recommended that each developer should be asked to complete
constroction of at least one life-size model of the type of apartments they
are going to sell in the markel, at the early stages of the project.

(03) Architects are required to design ep;ortment buildings with due consideration of the eXisting

situation. However, because a building constructed amidst 'unsaturated growth' of buildings around

may face abrupt changes, affecting external and Internal climates as surrounding areas develop,

therefore

Recommendations are made to the effect that the erchitects should design
such buildings with due consideration of ''fullest possible growth" of
buildings in the surrounding area.

(04) ArcMacts in their design depend greatly upon air movement for expelllr;g out hot and stale air.

Construction of bUildings at close proximity decreases arf movement and creates problem in

expelling hot air. In such a situation

It is recommended that traditional 'ventilators' at levels higher than the living
zone within individual rooms, or 'ventilation ducts' of shafts running the
entire height of the buildings leading from individual rooms/apartments, may
be utilized for expelling hot and stale air,

(05) The users experienced that nice-looking eievations With large windows thaI was one of the

persuasive forces for purchasing their apartments, soon turned useless since there was no

adequate space around to see the elevations. What mattered more was the absence ofwindows at

certain locabOfls and problems of marinating privacy near large windows In such a situation it is

recommended that whila designing openings the architects should give more importance on

internal climates than external views. In such a situation

It is recommendad that climatically useful windows like small and slit type
windows, windows placed over and below eye-leve/s, windows with wide
honzontal and vertical louvers etc. may be used for air and iight.
considering the negative effects of too much sunlight penetration,
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(06) It has been revealed that the climatic characteristics of rooms at various cardinal locations do

no! follow the expected natural trends due to much modification. In such a situation

It is recommended that the architects of aparlments should not blindfy follow
the principle of relating 'activity pattern' with 'comforlable cardinal/ocations',
because the second concept has suffered from considerable changes.
Each site should be evaluated adequately for characteristic deviations from
the general expected climatic trends.

(07) It is a common experiance that natural ventilation keeps the climatic situation rnside rooms

healthful by expelling hot air and bringing in fresh air, The retardation of air mOV!!lllent due to

c1osely-spaced high-rise buildings have retarded thiS activity also, It has been found in case of

some rooms the escape route 01 air is closed as soon the doors are clOSed, In such a situation

It is recommended to make use offanlight, high-window, louvered wall etc.
for the purpose of enhancing internal air~movement and exchange.

(08) Inter-building spacmg and burlding height determine air movement through the built-up areas

As Inter-building space presaibed by the Urban Development Authorrties was originally formulated

when the building deosity and building height In the city was low, these recommendations are not

found to be adequate for present-day Situations. The reduced alr-moverrnlnt due to present-day

development results in pockets of stagnant hot and humid air m between buildings In such a reality

It is recommended that research and investigation should be carried out to find
out how far the present recommendations and regulaUonsregarding infer-building
spacing can ensure favomble climatic ronditions inSide and out-side high-rise
aparlmenls.

(09) With approximately 10 deg C diumal difference displayed in the external temperature 01the

tested month, it is ciear that while air temperature is very comfortable at night, it is about 3 to 3

degrees higher than the comfortable range during the holiest parts of the day. Such a situation

leaves B scope of trapping cool night air in unusable spaces ( say, In between double rool over
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store room, toilet, corridor, ve",ndahs etc.) and re.using this dUring hot times in any preferred mom

or in the one with worst climatic condition (Refer to Schematic Figure below)

~",_' £_' _i'_*"_"_'_'_!i~T_RA_'_'~_:_;_D_"_"~_\~_B_H_"'T_.TI_'_~_E_.~_D_'_~_'i~_'A_"~_R_""_'_'_'_' _' _'_'''_''_'_'''"'''_' _'_I

'"",
•'( CONTROL DEVICE

• '''-' -
ROOM REQUIRING COOL AIR
(NORMAL VENTILATION TO SE RESTRICTED)

COOL AIR A T HOT HOURS.

,
" ,,

OOUBlE-ROOFED DOUBlE-ROOFED DoIJBlE-l\OOFEO OOUBlE-ROOFEO
CHAMBER CHAMBER CHAMBER ABOVE CHAM""R A"OVE
ABOVE TOilET ABOVE STORE CORR'OOR VERANDAH

CONTROL DEVICE ~=::,

""'''''1'". ~
ROOM .

ROOM
REQUIRING HAVING

GOOD WORST
CUMATE CUMATE

SCHEMATIC FIGURE SHOWING THE SYSTEM OF TRAPPING OF NIGHT-T1ME
COOL AIR IN CHAMBERS AND REUSING DURING HOT HOURS IN SELECTED
ROOMS.

In such a context,

It is recommended that research and experiments be carried out to find out
the affectivity of the re-use of trapped cool-air at hot hours for the purpose
of improving the climatic situations Inside high-rise apartments.
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(10). Because of the change of users ofhigtHise apartments from affluent to middle income people

and scarcity of electric power in Dhaka city the need of the time is to design climate-friendly

apartmer1t5 which are energy..afficient. This can be done only after having in-depth knowledge of

the various aspects of climate and understanding the climatic situations including problems

prevailirlg In the apartments. This project is a study and investigation of the same and was to be

done within limited time and logistic facllitias, Even though the study and investigation have

revealed some findings Ihat may act as guides for Ihe archileets, it created the need and sc:ope for

further studies and investigations in this and other c1imate-related aspects. So,

Recommendations are made to undeltake fulther research and study
projects in the climatic aspect of building design in the greater benefit of the
society. Studies to enhance the 'passive' aspects which can improve energy
efficiency of the buildings stock is vital in order /0 keep 'active' energy
usage to minimum levels.

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 measurement. Any single measurement at one time at a few spots bears

the possibility of inherent errors due to unseen or hidden factors. Since this O/1eis the only study on

thiS aspect of climate, it may not be wise to formulate general building design guidelines on its

basis On Ihe other hand, it is suggested to carry out further study and research projects on this

and other aspects of climate for the purpose 01formulating dependable gUidelines.

This study was c:onduded with limited logisfic support, manpower and equipments and within

constrained time frame as allowed in the Masters program, Despite these limitations thiS project

has indicated how the present trend of construction of high-rise apartments at close spacing have

changed the micm-<:llmaleS to such e><l:entas to conSiderably affect the climates inside the

buiidings, It may be logically expected that the micro-dimate inside the city would change furtOOr, if

the present trend in building construction continues. Because of less land available in Dhaka for

accommodating people, construction of high-rise buildings seems to be the lone acceptable option
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in the present context. Definitely such a situation calls for in-depth studies, investiga~ons,

experiments and researches on this important aspect of human habitation.

The moral responsibility of the Architects and designers of high.rise apartments is to ensure

enVIronment_friendly and user-fnendly apartments for all types of users. Needless to mention that

this can be achieved by opumum utilization of natural wealth like light, ventiiation etc The increase

of Inter-buiiding space can improve the situation of micro-;;Iimates by eradicating the creation of

'hot and warm' pockets In congested areas. Various techniques like change of window types and

designs, use of ventiiators and ventilation duct etc. are capable of Improving the internal climetes

And lastiy, 'ttle principle !rapping and r&4.Ising cool air dunng hot hours' that has never been tried in

this land has been proposed here as a means of for ensunng comfortable Internal climates.

From his experience gained in thrs project this researcher finds reasons to be convinced that the

micr()-{;limates Inside high_rise apartments in Dhaka city has changed considerably due to a

number of r611sons. Post Occupancy Evaluation conducted at regular inteNals in such apartments

may reveal the problems and inadequacies wRh further details, The publication of the findings of

POE may Increase understanding among architects and urban development authorities regarding

the nature of problem, It IS hoped that understanding of the related problems and the co-ordinated

efforts by the Architects, Planners, Engineers, Urban Development Authorities, academioians,

apartment owners and users shall be instrumental in determining effective solutions, that will lead

to beUer climatic Situations inside future apartments,
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SPECIFICATIONS AND INSTRUCTION MANUAL FOR
THERMO-HYGRO CLOCK

'NSTlU!CT'<).~ ~1AN'-','L

THI:RMOMETERIIIYGRO~ETl"R "ITIl ALA"-V1 CLOCK
"",dmum Andmi",mum Iemp<raM. ""d homiJi,y ,,,,,,J, ,~Lh oP';oo,' d,;ly '"'' ,,,'"'"

FEATUR£S
• J rO"" Lcn d"p['y,
• CIOO"(I! ,~24 0""'" ,<lo,l,b,,) WI'" '000'"" ,I",," It"''';oo,
o Cur:'o' tim<::,JnJoo< "mp"""'" ,"J l,u",Lully"i,p"y

"mult.",o,,-"Y.
• "C0'"' '''''go "kd,bl, " ""y "m,.
• M="m ill'L<JMUllm"," "'mp"""" "J '.nmid 'y memor)'

["o",on ""th opliQn,' d,ily res" ",nOlL"'L
• T<ml"'f"'"'" m",uno" ""];., _w'e Lo,O"C ('3"" Lo122',)

",tit ~.I'C('F) ,,",ol"tloo. .
flu,",<Ji!)'",,,,,,,;ng """g' , :10. 99%
"ith' % "",I",ion.

rNSTALLlJI;G AND REI'LACING THE BATTERY

'II;RI'.lIl1~pa
ClOCK

'" '

ThClh,rmomct<r us", on, 'AAA' ,12, ban,t;' (I 5V DC).
Follow these stops '0 j"'~lll or r<pl."" Ih" b"l<ry;

""
"' "'

J412.CfH
I. Open ~le ~"!eryeovo<,bel~w ,he ,,,"d.
!, Ins"" tho battery" ,.,heoted I>ytile pol",L~ 'y",I,,:, (' ""d _)maTh,<I,",ode 'he """'} "mp,~m,"l
l, R,p!,,,,, ,1>0b""r)' ,ovcr,

OI'ERATlO~

TliMP£Mru~E AI/V HUMIDITY MEASURE'
Th" unit,.;11 m""m' ,he tomp""lu" ""d homidity ,",";m'Do,')' "o'e,", 'il" "-'" " '''''''~ ,I" d"ek '" ,1,In".
The t=il"'''"'' ""II be di'il1aycd;" 'c or"f u,,;' TI" ""L "" b, ,d""d OJ ,,~,d""j; ,h, '"re ,I,u< ",.;,d,
."he b,ck OftllCunit.

Dlspur
1. TIl<"pr" LCD "<>pl>}',hows eith""""'LlL ,illlo 0' .Li"m ';mc(",,,, AL ""1- Tho "'"' Cd" ''''Loh 0<".",,,

them by.p""ing SlIT key, I, ai,o di'pl.y the IlEl:L "'''' "h"h md;"" Lho,n/ofr ,""" of the ,I""n,
2. The midJk =d lo"~r d;,p"y ,nows Ie"'por.,"", ""d il'.lIll,d"y =p""'c!y. To, "-'" ,an vi,,,, th,

m.nJmum ,nd tnlm,"ulll ,"mp""=!hu<md,,y ,,,,-,,,J, by p"",ing MA)..IW:'i "y, I; Lh, cu"""
temp"""" i.abo" or below the ,",,,",,,b~,"",', tho flHll Q' LLL ",11 b, ,110,,"•.

CL(]CKmSPl.;Y
Th, "0" 0,," I" '" 120' " flour,,Il. "''' "" ",~"I, ,b, 1,0"' 'j'Lo", '''" ,,' tl" d"h OJ to'lo"'"g ,',,'"
""P'"
;, ).lake ,ute ,hal tlle e""on' 'im, i,di,~I'ym~ '" ,he "Pi'" LCD""pl,y hy P"""E ;>:T "y,
2, !'res, "" SET key frn-,bou' 2 =,,"d5. tile "PP" [.CD Ji'pl.,y ",II ,how ,,~,cr 12h, '" ,,' h, ""h b1",i'g,
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:;, Pro," Ihe l:-C key Lo,dj"" lIour digits, 1'"" ",,"w'" 'he "I ,,, "Jv,,,",' L11e"',''-' co"""",,,,,I),
6 Pross lil<SET "'l ,gai". "~, M;o"'" e,gi'. w,lI hli",
7. 1',,,, u" mc '"y '0 "J",I M,nu" (h~il-, Pn;5>."" hDld11" key'0 "","co 11" "~;" ,o",i""I\",I~' '" 5

Lncrert't<"1< "op.
'8. Aft" fL""h""mg. pee" ,he sn k,) to '.'" ,he "";"1; ",ode 0' i' wiil "' exLtcd''''0""''.,,,11, if,,,, "'"

do,","' P""'""Y ''l' lor I to! mim"".

Ol"'f""lg moe, ••"i I~, J"12.( m
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APPENDIX 4-01 ,QUESTIONNAIRE Appendix Page - 03

QUESTIONNAIRE SURVEY ON USERS' RESPONSES

Pmj'ol: A STUDY INTO THE CLIMATIC ASPECTS OF RESIDENTIAL HIGH-RISE IN DHAKA

PART-ONE
W'f'l1C.'lll.E FOR Tl<' BUiLDiNG)

,.J2000.

Locatio<!oft"" building: Addre •• , Nom•.
Rood ..
No. of Floors ...
Dalo on whlcl1"""'y«l :

rlOLJ5eNo..
No. of "nilS por fioor .

i. Meo""",men! of oLJl~oorTomp, & Humldrty on oJl5id•• : RecordOlGTime: A.M.IP.M.
Front IE WII S) Tomp. . Deg. Hum" %
Lell (EWIIS) Tomp Deg. Hum %
Ril1lI (E WN S J Temp, " DoS. H"m.. "" %
Re.r (EWNS J Temp Deg K"m..... %

ii.The BlJjdlnS h•• go! extEmai wall, 01\sid••. E.sf, West, NMh. South, NE, IIW, SE. SW

". Me.""rement of ,,"ldoor Temp. & rlumidity.t the ennonco et 1lle time of leol'ing ,
Re<»fdlng TIme, Temp.. Oeg. Hum,

(SKETCH A LOCATION MAP HERE)

PART - TWO
(N'PlXOABl.E. 1'0" """" "'''''_NT)

Labe~C<>~e '''''''''' Floor: ..

1. GENERAL INQUIRY:

Looolion: (EWNSJ Con",<:IT.I.No,

,Ve"", Months
Owner / R"n' payOrlOth.,
Coo!' Comforf1lblel WannI
Ve.f 110

A How long hav. YO"be.n you lllrirlgin 1his hmJs. ?
B. Are ~ou the <IWTlefor rent P"l""?
C. I" summer how woLJldyou descrt>e ~our house?
o Is there .,,_now In1ll. mo"", ?
E, 1_~1ytho cool••.• room Inyour house ( """,,on In pion)
F Idennly the airiest mom Inyour _ •• ( I"",,",on In p"") """"",, .
G. In ~ how would you describe your house? CocIl Comta,"ble lW8fm I Hot
H. IdenliIyfhe hottest room ill your house inwinttr (Ioco~on In pIa<l).
I Whloh in your opilioo was the ho!leSt month In (0) 1999 ? Marr:h IAPJlII May I Jun.1 July I Augu.t

(l>)ZOOO? MarcJtIAprii IMay / June IJuly IAugus!
J. Old 100 ever feel (al 'fW' bu;ldingwal..,t or to •• d,ale heat? Yes I No.

(b) y<JU'bUlldinllroof hoI 0' to rodi"'" heOf? V•• f No

ENUMERATOR Ple.se mark !he dr"""e. of!tle re..,.,.,dento _t 111.time of Into"'J"",.
(Fomr8I orws (Pont j SMt I !.JJngiI Shlngl<>tIOtll"", (specffy)



Appendix Page - 04
2. I"IFORMATIO"IABOUT INOEPE"IDE"IT ROOMSfSPACES ;

A. Physical'lrUclIlre :

LIVING ROOM
( Abb"',;a!ed .sLR)

"'"Wa~01
WaN02
WallO;
W.II~'00'"-

MATERIAL FINISHES COATING COLOUR REMARK

Delill\!;ofWlldow' Window_l size
Wildow -2, "'"

S"""o.de (in "" •• of ox!e"",1 window )
Frome "'"len.1
Shutt.r materi.1
Typ•• 'gIaso
Nettmg
Grille

............ X Open to E:xteriorI Verondah
X . Open to E:xtoriorI Verond.h

Nol Top lBo, IThreo-,1ded I olhors
AI"minum ISloei IWood 10000rs
GI."" I Timber !0tI1.,.
Plain I Frosted/ Oroull<llDo,,;gtled I OtI1ors
Yes INo
Yos 1 NQ,

B. Foc;IJtl•• :
EJoClliofa""
81r-.,ond~ioner
Eleetlic Ugh!O

In"""_"',,11 Bull>

T"bol.ight
Chandol •••

Wildow curtain
Floor

36"i48" No.. Ema"si fam. No / YO$( sire __ )
Yes, (Size Ton., Typo: SpldIWirn;fow)1 No
( oonsider onII' tIlooa ""'""" are kept on "' the time of ""NOV)
...... ",WeU, . Nos Wert Noo, ,,, W.tt ..N".,

Won N... . WolI, Nos. ..,."""Wetl .. No<.
'" Foe! , Nos. F•• I"""Nos. Feel " Nes
Y.$! No, ! Othe",(SpeCl!)')
Yes (Tj'J>e1""lor __ . ,'
C"'I'eloo Yes/ No
Matl!!d Yo.1No. / Othors (S.,e<l!)')

c. U•••~. _""" •• dmv,1I hollll<lrllm
1. No. of peo~le USIJ"~ o~ng the roomlspaoe 01/02100104105/ 0w07l0fJlfW ..
2. Most oom_ble timo of the <fay Mommg, Noon. Ailef-flOOll,EVll"mg, Nigh!, Late_IlIgllt
3. MOst",'-.,omfurtable bme of"'" dily Mommg, NOO", Affi>r.noon, E"""mg, N,ght, l..Bre4ligllt
~, Teml"'",tlJre Inthe hottest days U"~arable, Moderate. SatlS""'to')', Other. ,
5. F";ng of humL<il>i E,tcemely humid, Moderare, SatrsfadoJy. 0010'"
0, Fool"'9 of Sweeting Extreme .",,»flOg, M«Ieo*, SaI,staclo')', OtI1e",..
7. F."1tig of venIMbon E<<:&Ilent Salisfaclary, NOf1-'II8Ii.faclory,0111••• ,
8•. How •• ",,_, Ignt.t the oenler of tho room? Good I F.,,! Poor
Sb How" n.u...II'ght ""., lIle e_ window 7 Goodl Fair!Poor
9. Do YO"haw problemo In <eeplng the window!! "pon ? Yes I No

(If v.,. spoel!)' tho <eaoons)

D. M•••• uroment oIlndoor Temp<>ratun>mel Humidity ,

At"'" center oIl11oroom
N•• rFronIW.~
Noa, R.or Wall
Neor Right W ••
Ne.r Left Wa'
No., Window-<l1:
N•• r Wind-.02'
Neor Wlndow-Ol :
N•• rWlIldow-04'
NoarDoo,--<ll:
Near 000'- 02 ,
N""rD""'-<l3:

Tomp
Tomp
Temp
Temp
Temp
Temp
Tomp
;.~
Temp
Tomp
Temp
Temp

.. """""Deg.C.
....Deg.C.

......".",Deg C
......... Deg.C.
............Deg,C
~.c,

........ De9.C.
,Deg,C,

,,,,,,,,,,,,Oog.C.
............ 0011 C
""",Deg,C

...... .Oeg.C.

Hum ••• "'"'''' %
Hum" " .• __ % .
H"m, %
Hum. """ •••••%.
Hum .,,%.
H\ffTI. • %.
Hum" """ %.
H"m ",,%,
Hum... .%.
Hum, %
H"m "",,%
Hum. " •••••%.
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MASTER BED ROOM

(Allbrelliated os MB)

(PREVIOUS QUESTIONS REPEATED)
(PREVIOUS QUESTIONS REPEATEDI
(PREVIOUS QUESTIONS REPEATED)
(PREViOUS QUESTtoNS REPEATED)

A. PnY"io.1 51ruo1u ••
B. Faoilili ••
C. u •••~•••• """ •• during hot months
D. Mea.u<ementof Indaor Templlr:dlJre""" Kumkllty

CHILDREN'S BED ROOM
(AIlb'O'Iiol<d as ee)

(PREVIOUS QUESTIONS REPEATED)
(PREVIOUS QUESTIONS REPEATED)
(PREVIOUS QUESTIONS REPEATED)
(PREVIOUS QUESTIONS REPEATED)

.••• Phyoicol5lrul:lu",
B. Facil_
C. ll...,~•••••"""•• durmg hoi months
D. Maa."""""ntof indoor T_",tun> and Humidity :

GUESTS BED ROOM
(Allbrovialed •• GB )

(pREVlOUS QUESTIONS REPEATED)
(PREVIOUS QUESTIONS REPEATED)
(PREViOUS QUESTIONS REPEATED)
(PREVIOUS QUESTIONS REPEATED)

A. Phy.iolIl .tnJctu •.••
B. f.cllili ••
C. U.~. "'._ dllring hot monlll.
D., M•••• urnment 01 inlloor Temper:dlJ"' ••.•• Humidity :

OINING ROOM/SPACE
(Abbntlliated os 0)

.••• Phyoieo! .tructure
B. faoilltios
C. 1I..,~. I'Hpon.e during hot month.
D. _,"",menlol indoorYemporellJ",end Humidity

(PREVIOUS QUESTIONS REPEATED)
(PREVIOUS QUESTlONS REPEATED)
(PREVIOUS QUESTIONS REPEATED)
(PREViOUS QUESTIONS REPEATED)

E. Enumerator pte. ••• ~oh 0 r~ furniture layoLJl

F. Er>lJrn.,._ oommen!: (P.re.11te 1l>e fo1loMlg in 111.SIl"o. WIII1aut ",,",AC)
AIR MOVEMENT : P<mep~'ble! imperr;ep"bl&
TEMPERATURE: Hat! Camforlable! Cool
DAMPNESS ' \M1e~r Can""m,."lm indoor rondi~ons or no'
My 5blin on wollo : Yes or Na.

COMMENT ON PERCEIVED HUMIDITY Of SPACE.

DOCUMENTATION: Survoy oondtJcted by:.

SUp""'ioed by
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Appendix 4-02 COMPARISON OF READINGS BY THREE THERMOMETERS

COMPARISON OF READINGS OF THREE THERMOMETERS
FIRST BREIIOINGS, TIME 3 05P,M. TO 3,23,20 P.M

, ,

__ 3;'911 ,2811 .3U~

" ":fiIjj
5 6 7 6

COMPARISON OF REAOlNGS OF THREE THERMO"'ETERS
SECOND3 REIIDINGS TIME: 3.17 P,M. TO 3,22 P.M.

, ; , • , • •

COMPARISON OF READINGS OF TMREE THERMOMETERS
TrflRD a READINGS. TIME: 3.22.40 P.M. TO 3 31 ,55 P.M,
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COMPARISON OF READINGS OF THREE THERMOMETERS
FOLRTH8 Fe\CN3S. TIVE: 3,34,05 P,M ToH2.15 PM

0 33.2 33 33 -33 a:r 33 33------3-3
~ 33 28
w 32.8 "_. 2.60
z 32,6 ,32. -32.• 324• 32.2w
" 32

1 2 3 4 5 6 7 8

COMPARISONOF READINGSOF TIiREE THERMOMHERS
FIFTH a REAIJINGS. TIME: 3.43.00 P.M. TO 3.50 10 P.M.

COMPARISON OF READINGS OF THREE TIiERMOMETERS
lJ\ST 11 READINGS, TIME. 3.50 ~oP.M, TO ~ 05.00 P ,M,
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(LOCATIONS OF APARTMENTS IN DHAKA CITY)
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UNIT PLANS WITH TEMPERATURE AND HUMIDITY READINGS

Child 3.o.6C59%
Master 305C 89%

Exler Temp 30 BC
Exler. Hum B8%

I
-~

'f~lI' ,
'I

\

LIVINC eM

QtNiNG
30,9C 90%
30.9C 9D%

Dining
L,vlng

CODE: A07 SW WAHIDUZZAMAN BHABAN PLAN: t" Floor

-'I'
, -)

Dining 30.7C 90% DINlli.G. JII~
Living 307C 88% !

r- l.!>'1t,KLRM
Child 30,6C 87% '-.~ ~ I
Master 30.6C 9{)% . I' ./

~::~~:;;:~C1~~QjjjW~I~j~,
CODE: A 05 SW WAHIDUZZAMAN BHABAN PLAN , 5~ Fk>o<

CODE: A04 SW

.-

L
L

Dining 300C 85%
Uving 30.0C 85%

Child 29 9C 86%
Master 29.9C 86%

Exler. Temp. 304C
Exler Hum. 84%

~
, LMNG RM.
C "~

" I ~" '4iJWB 7\J
. r=""'-'-'\j M.J@

WAHIDUZZAMAN BHABAN PLAN: 4'" Floor



CODE: A 04 SE

if \ ,7-beL
WAHIDUZZAMAN BHABAN

, ,,

Append;;' Page" 10

309C 90% Dining
309C 90% liVing

3D,BC 89% Child
3D,BC 89%M~Slet

£x/e, Tamp 30.5C
1';<1"(.Hum. 88%

PLAN, 4'" Fk>o,

30,3C 86% M~sler
304C 00% Child

304C 86% Dining
304C 86% LJvmg

Exler Temp 30.1C
bier. Hum. 85%

-"IV
\

CODE. A 04 NE WAHIDUZZAMAN BHABAN PLAN. 4~ Floor

'. Me,le, 30.7C 86%
Ch;ld 307C 86%

Dining 308C 83%
LIving 30,8C 83%

bier. Temp. 30.5C
bier Hum 82%

COOE: A 04 NW WAHIOUZZAMAN SHABAN PLAN: 4~ Floor



i
,

l

L
I

ChLid 31.BC 94%
Guest 31.lC 93%

Master 31 7C 94%

Dining 31 9C 94%
Livln9 31 ac 94%

Exter Temp 317C
Exler Hum 94%

CODE: B09N

Child 33.0C 92%
Guest 32 BC 91%

Ma5wr 330C 91%

Dinln9 32,9C 91%
living 332C 92%

E,ter, Temp 32 BC
Exlec Hum, 91%

CODE: B07N

Child 330C 92%
Cue.! 32.7C 91%

Master 32.BC 90%

Dming 33,1C 94%
living 330C 91%

Exter. Temp 327C
Exler Hum. 90%

CODE: B 04 N

QUEST BED

EHL BUilDING _1

EHL BUilDING - 1

EHL BUILDING _1

Appendix Page - 11

PLAN: 9th Floor

PLAN' 7th Floor

PLAN' 4th Floor
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I M BED

31.SC 92 % MaslerC
32 DC 82% Guest

[' 32,6C 92% Livln~
- I;J-----" 3t,BC g2% Dining
~ !m:!!!ili

Le J-; f' 31 9C 91% Child

__ CHilD BED Emr, Temp 31.8C

~n
Extor Hum '"

CODE' C 16 NE EHL BUILDING - 2 PLAN: 16th Flaor

,
r

I 31 Be 92% Ch,ld

32.1C 92% Dining

31,se 91% L;,mg
316C 91% Guest
315C 92% Masler

Exler Temp 357C
Exler Hum 9J%

CODE: C 16 SE EHL BUILDING - 2 PLAN' 16th Floor

~__,.. i _. _
'\ GUESi--BEPr~ , MBED
llV1NG RI>!, ~

! I = ~_ L~I ~H~~DBEP"

I If-'--n' I

31.6C 92 % Master
316C 91% Guest
318C 91% L,.ing

31.7C 92% D,ning

317C 92% Ch,ld

Exler; Temp 3J 5C
Exler Hum 91%

CODE, C 06 NE EHL BUILDING _2 PLAN 6th Floor



'r
f-=-

CODE: C 06 SE

,---,,

CODE C 04 NE

-r

LIVlNG RM,

,---

EHL BUILDING - 2

EHL BUILDING - 2

CHILD BED

Appendix Page - 13

31 ec 92% Ctliid

32.0C 93% Dining

32.2C 93% living
322C 93% Guesl
31.7C 92% Master

Exler Temp. 31 Be
Ex/eo Hum, 92%

PLAN: 6th F!oor

309C 91 % Masler
307C S2% Gu.",t
311C 93% LIving

31,DC 91 Dining

307C 92% Chdd

Exler. Temp. 31, Ie
Exier. Hvm. 92%

PLAN: 4lh Floor

i
conE: C 04 SE

I

EHL BUILDING. 2

CHilD aw
I! 30.Be 93% Child

30.9C 93% Dloing

308C g3% living
3Q.BC 92% Guest
309C 94% Mas[er

Ext~r.Temp. 307C
bier Hum 92%

PLAN: 4th Floor



•

Living 31,1C 94%%
D1nlng 31.1C 94%
Child 30 9C 92%

Master 30.BC 93%
Guest 31.2C B4%

Exler, Temp, 30 BC
Exler Hum g2'%

CODE: 007 S

,._. '.---

RAZZAK COMPLEX

I
. ,.
•
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PLAN: 1" Floor

Child 31.6C B5%
Guest 31,8C 94%

Master 31.7C 95%

Dining 31 5C 95%
living 31 8C 94%

Exler. Temp. 31.9C
Exler Hum. 94%

Master 334C 95%

Dining 33 2C 94~"
Living 334C 95%

Exler. Temp. 33.2C
Exter. Hum 94%

Child
Guest

CODE, D 05 S

33,3C 95%
33,2C 95%

RAZZAK COMPLEX

, .. _, c .,

"

PLAN'S"' Floor

CODE: D 04 S RAZZAK COMPLEX PLAN' 4'" Fk>O'



CODE: E 08 E

CH!lD!l,

REZA COMPLEX

Appendix Page - 15

293C 85% Child ~,
293C 85% Mastor

29.4C 86% Dining

29 4C 84% Livl~g
29.4C 86% GueSI

Ex!"'. Temp. 292C
Exler Hum 84%

PLAN : 8~ Roor

29.2C 86% Child
29,lC 85%Maste,

29 2C 86% Dinln9

29.2C 85% Living
293C 86% Guest

Exler. Temp. 290C
Extec Hum. 84%

CODE: E 06 E REZA COMPLEX

CHILD e

PLAN: 8" FIOilT

CODE: E-02 E' RElA COMPLEX

29.4C 84%c~,'d
292C 62% Master

29.3C 85% Dining

29.3C 85% Living
293C 84% Guest

EKler.Temp 29.1C
Exler. Hum 81%

PLAN : 2"" Floor

'.. l
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31.4C 85% Child

312C 64%Ma.ler

31.5C 85% Dining
31 3C 85% Living
31 BC 84% Guest

Exter Temp E' 3l.2C.
W'Jf 4C

Exler Hum E.W 84%

, J
' '

CODE: F 07 N MOHINAR COMPLEX PLAN: 7'" Floor

305C 85% Ch,ld
302C 83% Master

304C S,% Dining

302C 84% Living
306C 85% Guest

Extec Temp E.30,3C
W:30,2C

Exler, Hum E.W84%

coce, F 06 N MOH\NAR COMPLEX PLAN, 6'" Floor

30.5C 88% Child
30AC 38% Master

30 7C 87% Dining

30 2C 87% LLVLng
306C 85% Guest

E,fer. Temp. E:30,9C
W:30,9C

E,ter, Hum E W84%

CODe' F 04 N MOHINAR COMPLEX PLAN: 4'" Floor



MaSler 31.1C 84%
Guesl 30.0C 85%

Child 31,2C a4%
Oming 31 3C a3%

LIving 31,SC 84%

Exler. Temp JUC
Exler, Hum. 84%

Appendix Page -17

I
lIYING RM

.,-1

CODE: G 14 NW SQUARE TOWER PLAN: j,l'" Floor

'.il_

lS
~r

LIVING RM,

I

Masler 302C ""'
,

Guesl 30.2C "" "-""
.,

Child 30.2C 87%
Omlng 30,1C ""'
living 30.3C 87%

CHilO B'
Exler. Tamp, 303C
Exler. Hum. ,0% ,.

CODE: G 05 NW SQUARE TOWER PLAN: 5"'F~r



I
'\

CODE: G 02 NW

( ['
\'"

LIVING RM.

SQUARE TOWER

Appendix Page _18

MeSler 30 1C 66%
Guest 30,2C SS%

Child 30.OC B5%
Chnlng 29 9C 88%

Living 2B,BC 86%

Exler Temp 30.Be
E'ler Hum 85%

PLAN, 2"" Floor

,
11~'
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Appendix 4.(14 (II) VARIATIONS OF TEMPERATURE IN VARIOUS ROOMS AND

SPACES IN THE LIVING UNITS

AfJ7 SW

LIving Master Child Guesl

Chi~

o
E 31 I
• 3O,9~1-_

~ i~'~EII'--30.7~-~--~-----'OO".~-------_
,'"'-=-~1IlF~ 30.5 - , _
'" 30.. .___ '_--- __
~ LIvlng Master

AU.SW

Dining

o

g 30,05_ 30'-------------------- -10-~
~ 30 t- ,-------------------
I:;~:.-I~~~~~:-=-~-~-~-~-,.;.-:-=-~-~-~-~-_--~-~-=-~-=-~-~-=--_',I-.
~ Li'ling Mo.ler Child O"o.! Di,,;ng

A4SE
o

I::ILL1 1
~ lll'ing Master Child Guest Di'li'lg
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A04 NE

30,4 304 I.. I=-----=-E
Child Guest Dining

A04NW
0•~ 30.85 - --30,8 30.8• ~.•" 3075"~ ~]

••~">
Guest• Living Master Child Dining"

'"
i 313~1 3U 31"B ~

i~:::Ell.: -. . ' "g:"'" ' lII:::::::m=_,_Iu--
"""'9 Moster Child GU"l [)jnir>g

""

Chid

o
:i' 33.3 332

~ '" J="1iiiliii~~:~~-. . ,m . IiiII
l!! living Dlnmg
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B4N

C16 NE

~"'LQ 32.1 3U
.E 31.9
~ 31.7
!!! 31.5

LII't1g Ma.ter

C16 SE

Ciljld

32,1

~_.~fI~
Gueot OOling

,----------=0------------.-,,~
o

l 32l3if~31.a
.E 31.6 ~
~ 31.4
;:: LiJih!l

31.7 ,,.
~tiliW'J

Guest
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C6SE

0

; 32.4

'".5 32

"::I' 31 a '• 31,6

Uving Master Child Guest Dining

C4NE

0
31.4 J

~

•0 3~~1=i 309,
" • '"' '"'• 3O.S '

r;:;:;;;;;;:;;; "='w 00'w
liItillj) """,, ~" G"""t llnillj)

C4SE

~ 00", J~' ~ •.,~ 30.9~~:~i=3D~- :::::::-~-.,,.------,-,-,-----_--1
~ 30.75~, -_--~,~ _ _I

Lrling Master Child G"""t Lining

0"

309
ii

31 2

G"ost -=1
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DOS

--", ~I--~
DoingGuest~,'Ma.!er

o "'Eimi 31.6

,5 31.7
0: 316. __
l~ 21.5

L.ivln~

D4S

0 33.5 ". 33.4,'"C., 33.3,
'"••~ 33.1

i..JIling -, Child ""rn Dining
~~~-

'"
~ 29.45 I 294

i,:',:tI:t 29,3
~ 2!l~ __

Lil'ing

29.3

M.ster '"'

29.•

Guest c.ning

'"
u 29.5 i
'" 29,4~"Ii"'; 29 2•:t 2S1." ilL_ill

LMng Master Child Guest Dlnlog
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'"~.
~I 29:3

e
CMd Guost DiningMasler

i:::gj'.5 29.3 ~--_,",' ~
"," 29,2 ,___'
~ 291, .~ .~_~

i.'IO"ll

F7N

~::-:.1= '
~ 3U~L3 312

~ 312 t=I&t---lIiiiiilI---•.. 31. -,_ _ __

u,;ng _r Child

DiningGuestChildMaster

t ::~ '.~' 'I'" '1'" '. -j" 30.5 -----M.... ~__

~'" j--"'" .~,-='_" ."-J>- 30.1 l ~ ~, __ ~__ -J
LIVIng

F6N

Maoter Child Gu••• D<ning



G14NW

''''[Ii''Ii 31.5
.531.3.. ~ -=_,_,_, .31."..
~ 31.1 ---'. _ ". ."
l!! 30 9 . "~ IttlIl1m

U.i09 Moster Child G"".!

G05NW
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~ 30.4

E 303
.5 30"
':301,.'"

30.3

- ",' ,'( 1l~2
.' • , . , , '. 30:1, - , :., ,", > ',' .' , ., , , ,,

'-' 30.3• eo,
<! 30.1
.5 30 .
.: 29.9
~ 29.8

29.7
U.in9

Moot.r Child

G02 NW

Dining

•
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Appendix 4_04 (b) VARIATIONS OF HUMIDITY IN VARIOUS ROOMS AND SPACES IN THE

LIVING UNITS

A7SW

DiningChilOMosler

E!EI~---~-~-~--,--------='-:~-,----'-------==,=B3
Li\ling

ASSW

DiningGue ••

~nti"" ijooI::- ----i -17" -~

% ~ , --. --~-" ---

lMng MaSler CIUlo

A4SW

i Ii
CMo Gu••• Dining

A4SE
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A04NE

• "'I I,
~

865 86 "" ,e iEj~ ""Ell E_III, 85~:,
LNlng ,-, Child 0_ Dining

A4NW

GU"'" Dining

,II
~'';:gj~ 915 I! 91
~ 90.5

LMng

i i
."

1- 9, I
I

iiiiiii::]



Appendix Pege - 28

~---------------------------------_ .."

C16 NE

,
~=!3i"" "'"ij~"'---,.- 11-.i ~o- --- --- . ---

li'uirl;J Maol.r Child Guest DOling

C16SE

U=~====:i_._Ii.-=__lij
"'''"'9 Master Child Gueot Dilling

C 6 NE

,
i:::1 " " Jij"' III II "'
'" 90,8 = ....."...,

~"'" Master ~" Guesl Oning
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C6 SE

_.
C4NE

-=:EI.__
,"
.5 93
~ 92.
9
!i 91
:I: 90 _

•

Child

C4SE

Dining

M_r ChJld

D7S

13""51
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'"

"
Dining

'"

_.
•

I{I
"""

•

"'"'''''
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FU7 N

fD6 N

~ : I "'
•• ••

-~1:1=11= •• • •!iiriIlf!,..
'- .., Oh,," '-" Dm,,"

F04N

=,============1
-----------~~~~~~~ ..-.-,--.~~~-.---,-•••-"---i~

• gg,-91,:tI~ '" '"~ Nl ""'"-~,
••

Living M_' ,.,

"'.
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G14NW

[lIning
ChildM.ster

,00] •• j~: J=j]--M-,-----.-.-'---~~~E-M-,,-----I, ,- a:J--=
:i 83 - ",', - '--- '---~,'" ,P' I0: 82 I ,. "--- ._--' ,-,. --.----- -

Lilting

G05NW

~::EII iJ i - .~I:, ~

Living M •• 1<r Child c"~ 0;"';09

G02NW

Guost Dining

,~:~iMl •• ---\ft==l." ,
t:t=fi 1M! ~ J-. 5ifid
0: LMng Master CMd



APPENDIX.03 EXTERNAL VIEWS OF APARTMENT BUILDINGS
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WAHIDUZZAMAN BHABAN, AT B.K.DAS ROAD DHAKA
RIVER ON SOUTH (BELOW)



•
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,

"

AT SHANTINAGAII:
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".\\~n~'" ,. ,," ',' \'" .",'.' '\ "i\ .:\ ,. ,'~,

. '", ' '~
, '

~'

"t't ',j .
','

RAZZAK & REZA COMPLEX AT ELEPHANT ROAD DHAKA
WINDOWS OF REZA COMPLEX
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'.
\

MONIHAR~SHELTECH BUILDING AT MONIPURIPARA, FARMGATE



Appendix Page - 37

~,,"''''l"'" ,,':~;~"'"
"".0' "~~'g-. .- '.
-'~"-~9..',~~,::-.L' ','
~_'" .,'''_0.." .•••,'i:l ~,'";
/i •.-,,> ••
T~~'ii',..
-"!A' .r"',iJ ,.
~"2'-'*'J f,',il. ,_0;

S(~!:J¥ Ii',-h'
T

'7"'3~,..-. ,H,"::

~.\r ;.::;j\~!1il'"
~~liSn'U,,,,J

••1 ','" .~\!t!\'
~ ,c 'It ~,"", ,

~ """,,r;;i f
!ll"t "',,"" '0'\" ',i
r'l".~"~~." •.":!:j"
-:n'm~~"
rr'1 -''f T<%l ,.
~ O\',~, Wti "L

l'!l"l' jr.

SQUARE TOWER
AT MIRPUR ROAD
DHAKA
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MINIMUM VENTILATION RATES WHERE DENSITY OF OCCUPATION
IS KNOWN

en,,' '" ".P" "" """'" ,1J''';'lA" , 1'''' ".,. ,."~,, ",,"'"'' ,HI," k",,,,,,,,,,',,'
I,,) ('",ok'o,",',m;"~" 1.'''"'"''''0) \1,o'm"m

"'(,
'"
"'4'"

".(,
'D_'
H

"

Il' .

",.,
0'

SOURCE -

APPENDIX _06

NEW METRIC HANDBOOK Ed,ted by Patrid. Tut! "nd D",id Adler Published by
The Architectural Press, london1970 Page' 384

HEAT PRODUCTION BY PEOPLE

;"','" of "";''',

,,,,,".,, ,,,'
'.,hl ",,,k
1'."";0"'0'"
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U-VALUES FDR VARIOUS CONSTRUCTION
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APPENDIX -13: THERMAL PROPERTIES OF BUILDING MATERIALS.
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APPENDIX - 14: SURFACE RESISTANCES OF BUILDING ENVELOPE

T.b~ X'X ',<1'", ",""',"" It,m'KI\\'

H,,' .mo".",. 1.0. 'm;,,,.",
E•• " ":=00'-------_._-_.
" ,;, \("

" '0' " ".•
" "" " .,"
0'"'' ""0.0" II'"''
" ')J om

"" r, ."
" "" o OS'
<l '" ""-'
0.'")

'~'''"" 0' ",of>, '"' 0' ,'''''od
FlOON.h", "ow "own",
"lL,,,,, .,," ""ON h,,' '''W "".,,.,,,'
(J,," i,l, ,'I"!""', ".-
",' II" "., lL",j I"O,m,' ", ••,,,

,m« «P""'«
Roof, .• h,LLmd

"",,,I "po,""
"'"'" "PO'""

"'''"', "d,,,;,k "p"'"'" ,,;,

"""""' ,",pm. N"

W,"", ,,,,,, "ow hu, ,,~"',"

• ) mi"'.i,;,,, 0","'''' 0""".' ,,''''',.'> ""
doll "',,"m"m " ,
,ol"h,d ,'"m"",", ""'

t "~,,,,-,,em, S;,ltmd_,p " ,I.,," no", Ie.01" "'""" w"d 'l"'" L"':,
""",,,I_m"" "'"'''' "oJ wool,)' h."",,,,,, lOr,,, "",t>

0"", '" <It, ",m" wi,,,1'I~"" 3m"
"''''_0", IJ'"" "" ",e"""', "r"'''' 00"'U"''', ""', 0''"0

fl""" ,,,"0'""' 0' '"'",~', "b"" ,i", "0<",'" ",.
""'Ie'< w",,' 'roo" "m",

SOURCE: NEW METRIC HANDBOOK. Edited by Pa,r;cla Tull and David Adler. Puollshed by
Tho Architeclural Press, London1970, Page, 393

APPENDIX - 15: SURFACE RESISTANCE OF UNVENTILATED AIR-SOACES
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APPENDIX -17, SOLAR GAIN IN BUILDINGS
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