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ABSTRACT

THERMAL rt:RFORMANCE OF BRICK RESIDENTIAL BUILDING OF
DHAKA CITY

Bangladelh i, basically a very lradit10nal society in tern" of lj,ing style, living

environment, construction methods and m"lerials. The dwe11Lngform that has

evolved in this region is the result of a long tradition of pnlcliccd tcchmques

a;semblcd by trial, error and experimentation, which became almost intuitive. The

basic thermal laws were implemented not knowing the complexities of laws of

therolD-physiological properties, bul intuitively.

Urban areas are growing [•.,t, life has become complicated and complexity in life
style, method, of li,'log, constructionsmethod and material, and use of modem

facilities, are being introduced. At the same time Bangladesh is one of thnse

unprivileged countries, where most of the people cannot afford luxury in their living

sly1c.

So in the context of Bangladesh, to achieve lhermal comfort, mechanical means

should not be the ,olution, but namral means by appropriate design of buildings that

promote thermal comfort through its natuml inleraction with the outdoor

environment.

This thesis focuses on indoor comfort in urban residential bmldings, in three steps.

F<rSI, the urban climatic situation of Dhaka was ~ludied and !he requirements of

!hermal comfort were established. The impact of climatic elements on comfort were

analysed and it was found that the people in !his area arc accustomed to and

comfortable in higher temperatures and humidity levels than people in the west.

Second, the patterns of urban development in residential areaSwere studied and three

types of development patterns were identified in terms of built-form. These are open

siles, medium density Sltes, and dense sites. The thermal behaviour pattern of these

categories of sites were studied and compared. It was found that dense .,ites perform

better than the other two categories of sites, as soiar radiation is the most important

guiding element for indoor environment in the context of Dhaka. The air-flow inside

the buildings studied wa, found to be insignific"nt, the dim:tions being

unpredictable, especially in dense and medium de"-'ity .,ites.

The thi~d and conclusive pari is concerned with design strategies for attempting

towards ,olutions of the problems In the different density sites.
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PREAMBLE

P.I. Introduction

The dwelling form that has evolved in this region is the result of a long

tnll.htion of practiced tcclmiques assembled by tnal, error and

experimentation, which became almost intuitive. Ultimately even the

basic thermal laws were implemented though not knowing consciously

the complexities of laws of thermo-physiological propertics, and the

resulting dwellings pwduced comfortable conditions. "Man has

inruitively learnt the art of creating comfortable living conditions

indoors. He has known the advantage of placing openings in the path of

the sun to heat thc interior space in cold climates or of placing them m

the direction of cold brccze to create comfort during warm humid

season"'. Locally available building materia\;, Ideally su,ted to the

climate, were used in indigenous techniques to create incredible

diversity of shelters since ancIent times. As man's occupational

requirements changed with the times, his dwellings evolved to integrate

the various climatic elements, making use of solar and wind cxposurc,

negating adverse impacts of the prevailing climate and creating

architecrure of tremendous sensitivity to the demands of the sun and

climate. The same situatIon can be noticed in case of Bangladesh. Many

features and building clements of traditionaVold designed buildings,

specially in the older parts of the cities of Bangladesh, seem to have

satlsfactory mdoor conditions from the thermal point of view. The

evolutIon of such structures took placc by a process of trial and error

where satisfactory ones continued and the less comfortable ones were

modified or rejected.

Sharma. M, R, Proc•• dmg, lnternati,mal Workshop on Energy Con<ervalion in
Euildmg, ( IIpril 2_7, 19M) Cmtml Building RCMOa,chRoorkcc, ,"rlita Prakashan,
Delhi, India. 19M, P.49
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This proccss of evolution has been interrupted in recent times. Our ncw

buildings do not expres>the ennched history of building methodology of

brick structures characteriscd by thc innovative use of brick as the

principal building matcriaL Moreover such recent brick structures are

also not functioning appropriately from the thermal pomt of view.

This evolution process of consHlenng >unand climatic aspccts in terms

of archItectural design was interrupted for various reasons.

a. Modern materials and technology: Incorporating the modem materials,

techniques and forms ha~e resulted in the destruction of effective use of

suitable environment in some instances,

b. Attitude towards environmental-issues: Applying the modem materials

and techniques without adopting or modifYing them according to our

climatic context.

c. Negligence of prevailing traditional passive techniques for solving the

environmental problems.

d. The tendency of solving thermal problems as and when they appear by

active means, rather than preventing the issues by passive means.

c. IdentifYingthe problem as a secondary rather than a primary onc, which

could have been taken care of as a major issue during the design period

and the construction phase. Instead, tackling the problems after the

construction is complete.

f. Unavailability and lack of chmatic information through which one can

make informed decisions for designing environmentally soood spaces.

g, Lack of information regarding envIronmental performance of locally

a~al1ablebuilding materials.

The force of modernity has to be integrated after careful

consideration of its advantages and disadvantages. Buildings built

before the intervention of modernity in this region, whIch stlll stand
. .



~Vll1

today, are found to have cool and thermally suitable environments

for the people of this reglon, But the process has been interrupted,

and newer buildings often fail to provide comfort. It is dear that the

present ,ituation needs to be changed in order to return to thermally

responsive architecture. Thc task now is to find steps of continuation

to present time~of the methodology of the past by developing a clear

understanding of the brick bUllt forms that had been developing

through the years and thereby to ~ereen out contradictions and

interruptlons in the process. Brick as a material is widely used in this

country. It is locally manufactured and is relatively cheap and

therefore maximum residential buildings in the city arc constructed

of this material. Considering it, pmfu~e application this study will be

limiting it,elf to the thermal properties and use of brick in residential

buddings in urban Dhaka.

P.2. Objectives ofthe Study

This research will help to increase awareness of issues related to the

thermal-environment, thus providing architects with the issues related to

savmg energy. 11aims to achieve the following:

a. Identify comfort reqUlremcntin the context of Dhaka.

b. Identify the present status of resIdential building in tenns ofthennal

conditions within.

c. Generate a guideline for considering thermal problems during

thermally re~ponsiveresidential building design.

Originally one of the objective, of this study was also to explore the

different details/combinations of brick walls in order to sec how these

interacted with the thermal environment within. However, the

prelimmary considerations in Dhaka revealed that brick is generally used
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In a very simple manner usually 3S 250mm or 125mm plastered and

painted walls. The w;c of hollow bricks has only just started and it was

felt that they do not yet form a typology. Cavity walls were also found to,

be very rare, However future work may be conducted to test the

environment in such ,paces to examine comparatrve conditions with

spaces of solid brick walls examined in this research.

P.3. MethodologJ

The methodology consi,ted of two broad parts

PART ONE: Background and Literature Survey; it consisted of

compiling prevIOus thennal research and climate related work to gather

secondary dala for the research.

This section comprised uflbe following steps;

• Study of the characteristics of the climatic factors of Bangladesh, in

conjunction with the micTO-climatic of Dhaka (Chapter one).

• Literature survey to document previous ,rudies on comfort related

is,;ues and comfort criteria in this context (Chapter two).

PART TWO; Thc Study; It consisted of the field survey, its findlllgs

and analYSIS based on primary data on existing thermal conditlOns

collected during this research. These findings were also later compared

with previous works both to analysis the results hsted in Part onc, and

justify to validate them.

This section comprised of the following steps;

• Investigation of the thermal com ton requirements for residence

design in terms of activity patterns in connection with typical life-

style lllsidc house (Chapter three).



• Determination of the critical climatic conditions which are to be

considered as the design conditJOns for comfortable space design

(Chapter four)

• Survey of the present sItuation of the different activity spaces of

residences in Dhaka city, to determine the main thermal problems,

which need to be addressed to achieve comfort in -brick domestic

buildmgs (Chapter five).

• Discussion and suggestions based on the findings of the entire

research.

P.4.1nstrumentatioll

Instruments were used during the research to gather quantitative data on

temperatnre, humidity and globe temperature, and dimensions.

The mSllUmcnts for measuring temperature and globe temperature was:

DigItal Maxi Min Thermometer: SOLEX DIGITAL MINIMAX

THERMOMETER ST3300.

It is a battery operated dual display thermometer, which is capable of

simultaneously displaying two temperatures on the c\car 13mm display.

The meter has an internal sensor and external sensor at the end of a 3

meter cable. Each display stores its O\\TI maximum and minimum

tempcratnres reached :;ince last reset, which can be recalled and

displayed at any time by pressing the appropriate buttons. The

memmring range is _40DCto +50 C measuring and accuracy is:!: I"C.

SPEClFlCAnONS

• Indoor temperature ranges: - SDCto +SO"C

• Outdoor temperature range: - 40" to +SO°C

• Supply voltage: 1.2S to l.bSV

• Resolution: O.loC
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• Accuracy:

Indoor: -OS"Cto+1SoC,+loC

Tndoor: 2S"Cto +50"C, j:zoe

Outdoor: - 40"( to - 20"e,:!: zoe

Outdoor: - ZO°Cto + 25"C,:!:: loe

Outdoor: 2S'C to + 50"C,:!: zoe

The instrument for humidity was:

Digital HumidityiTcmperature Meter: SOLEX HUMIDITY /

TEMPERATURE METER SEI27

Handheld humidity and temperature meter gives measurements of

humidity over the range 0% to 100% and tempendure over the range 10

-25"C to +SS°c. It is supplied complete with a 75% calibration standard.

fEATURES

•
•
•
•
•
•
•

High accuracy of relative humidity:!: 2%

Very fast response t~me

!ncolJlorntiotls ofa new CeB capacitance ~ensor

o to 100% RH measuring range

-25"C to+8S'C temperature measuring range

Slmple cahbmtion with standard supplied

Universal applications in laboratories and industry

SPECIFTCAnON

•

•
•
•
•

Sensor type:

Humidity-precision thin filter capacitance sensor

Temperaturc- solid state sensor

RH range: 0 to 100%

Temperature range: -2S'e to +8SoC

RH resolution: 0.1% RH

TempcraturcrcsoJution: o.Joe
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•
•
•
•
•
•

RH accuracy::!: 2%

Tempcraturc accuracy::!: O.5°C

Environmental storage temperature: -20"C to +60°C

Display: lO.4mm LCD

Measurement: RlI and temperature

Sampling time: 0.4 seconds

The measurement, of all the case study spaces were taken using standard

foot scale and these were farther converted into meters for analysis.

'~' ,
, '
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PART ONE
Rackgrouud and Lltemture Sunrey

• Chapt",r Ooe : Climate of Baogladesh and Its Clss.slnca.tlon
• Chapter Tow: Climate and Comfort
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Chapter One
CLIMATE OF BAi~GLADESH AND ITS CLASSIFICATION

J.llntreduction

Climate of a country is integration in timc of the physical states of the atmospheric

cnvironment. As weather is the momentary statc of the atmospheric environment at a

certain location, climate could bc dcfincd as the integration in time of weather

conditions. The climate of a given region is detcrmined by the pattern of variations of

several elements and ,their combinations. The principal climatic elements, when

human comfort and building design are bcing considered, are solar radiation, air

temperature, humidity, wind and precipitation.

Bangladesh lies betwccn Latitude 20"34' N and 26"33' N and Longltude XX"I'E and

92°41'E. On thrce sides it is bounded by land mass and on the south by thc Bay of

Bengal. The climate of this country pre,ents hot and hwnid conditions for a major

part of the year and is generally representative of what is, undcrstood as tropical.

Tropical climates are those where heat is thc dominant problem, where, for the

greater part of the year buildings need to keep the occupants cool, rather than wann

and where the arumalmean temperature is not less than 20"C1,

1.2. Characteristics of the climatic elements in Bangladesh.

According to Atkinson's classification of tropical climates, Bangladesh lies in the

'composite' or 'monsoon' climatic zone2, which is located on landma,ses near the

tropics of Cancer and Capricorn. This mne has three distinctive seasons, thc hot

humid, the hot dry and a third cool dry sea,on. The hot dry period is between March

and May when thc avcrage maximum temperature is 33.1°C with the rains and the

bcginning of the hot humid period (June July, August, September) this drops to

Koenig,berger 0. H, Ingersoll T. G, Mayhew Alan, Szokolay S. V, "Manual of Tropical HOl<singand
Buiiding", (Part o~c _Climatic design), Longman Group Limite<!, London, 1974.Page-13

Atkinson, G. A. "Tropical Architeciurc and Building Standard"," Conference on lropic.I
Archllecture I953



around 31"C. Throughout this period from June to September temperatures are more

or less constant, the average relative humidity is above gS% and rainfall is high

which is above 800mmlmonth in the north- eastern part of the country (ngure: 1.3e).

The cool dry season start, around mid October when the drop in temperature

becomes noticeable and lasts till about February. The average temperature during thiS

period is about 19"C (Figure: l.3a,l) with the mean minimum temperature going

dol'.'11to 11.8°C (Figure: 1.3a.3) in parts of the country].

More-over there are some differences within the patterns of climatic factors in

various parts of this country. The northwest part of the country is drier and hotter

whereas the northeast part of the country is wetter. The coastal parts of the country

have relatively moderate climate. The weather data of the five main cities located in

different parts of the country offer a basis for Identifying the different climatic zones.

These cities are Dhaka, the capital located centrally, Chittagong , the main sea port

located in the south-eastern part, Khulna, the second port city in the somh-western

part, Rajshahi , In the north-western part and Sylhet, in the north-eastern part of the

counn)'.

1.2a Temperature

In the hot-dry period, there are significant differences in temperature between the

regions. The hottest part of the country is the northwest (Rajshahi), temperatures

vanes from 3S.0"C to 22.3"C. The coolest is the northeast (Sylhet), temperatures

vanes from 30.8"C to lO"C. The coastal areas have lower temperatures (Table:

1.2a.l,)

H"e on molo"rol"b~cal data (from Bangladesh Meleorological Department) collected over a 10 year
pcriud (l ~87_96)



Table: 1.2a.l Average temperatures Gf the major cities during March, April Bud May
(Hot-dry Period) . (B"cd0" mcteorolog;ool <fa"of10y=l

Dhaka Chittall:onf! Khulna Raishahi Svlhet

Mean Maximum Air Temp. 33.2"C 31.9°C 34. 4°C 35.0"C 30,8°C

Average Air Temp. 28.0"C 27.5°C 29.2°C 28.5"C 25.7"C

Mean Minimum Air Temp. 22.8"C 23.1"C 24.0°C nyC 20.6 "C

Tn the hot and humid period, there are not i>ignifieant differences' in temperature

between the regions. The hottest part of the country is the northwest (Rajshahi), and

temperatures varies from 33.2"C to 25.9 "C, while the north-east (Sylhet) part is less

wann and temperatures vary between 31.3°C to 25,5"C. This part of the eountry has

the highest rainfall.

Table 1.2a.2. Average temperatures of the major cities during .Iune, July, August,
September and October (\VArm_humid period). (B••,d unmeo,oroi"g;"id," "f 10~,

Dhaka Chittap-onp- Khulna Raishahi Svlhet

Mean Maximum Air Temp. 31.5"C 31.3"C 31.5 °C 32. 4°C 30.7"C

Average Air Temp. 28.7"C 28.2"C 28.9°C 29.2"C 27.7°C

Mean Minimum Air Temp. 26.O"C 25.loC 26.4 "C 26.0"C 24.7°C

In the cool period the average maximum temperature is more or less the same for all

locations. January is the coldei>t month With mean minimum temperature between

9"C and 15.2"C.

Table 1.3a.3. A~erage temperatures of the major cities during Novemher, Decemher,
January and February (Cool_dryperiod). (B=don m'looroiu$Kaido",o[ 10,'=1

DMIm Chitta~on~ Khulna Raishahi Svlhet

Mean Maximum Air Temp. 28.1oC 28.3°C 28.7"C 28.2°C 27.3 °C

Average Air Temp. 22.2"C 23 "C 23.4 "C 22.2"C 21.6"C

Mean Minimum Air Temp. 16.3 "C 18.0"C 18.loC 16.I"C l5.9"C



Figure 1.2a.l. Monthly Mean Air Temperature of major citles of Bangladesh in 'C
Rased on m",oml"~"al d." ""II••.,,," 0'" 10 ,'e>t penod (19n96), CIJm"'" dIvision. R""Slod","
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Figure 1.2a.2 Montllly Mean Muimllm Temperature of major cities of Bangladesh In'C
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Figure 1.20.3 Monthly Mean Minimum Temperature of major cities of Bangladesh in "C.
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l.2b. Humidity:

Relative humidity IShigh throughout the year for the whole country combined with

high moisture content of the air. H is only eomparntively low in the hot dry period

March, April and May, when it is mostly between 60% and 70%. During (he hot

humid period June, July, August, September and part of October it I, between 80%

and 90% for all locations. Regional variations occur in the months of February,

March and April when the north-western part of the country has lower relative

humidity averaging around 59% as compared to the south eastern part where it

a~erages around 75%. In comparison the average for the rest of the country in the

same period is between 65% and 70%. In the cool period the humidity values for all

location are around 70%, The Dally values of relative humidity show high values in

the early mornlllg, with the level decreasing towards mid-afternoon.

Table 1.2b.!. Humidity ranges for the major cities in the three seasons.
H~,od 00 m",,,,,,log,,al JoL, rullocLoJ 0'" 10 """ ",,"oJ (1987_96), elm,,," ",v;"on. Bangl,desh
M",orulo~,,,,l DepoeL""n', Gov,mmenl o!lh, people', Rep"ol LCot Bangled"h.

Dhaka Chittagong Khulna Raj,hahi Sylhet

Hot dry 60-70% 70-~O% 65-70% 55-65% 65-75%

Hot humid 80-90% 80-90% 75-90% 70-85% ~0-90%

Cool dry 70-75% 70-75% 70-75% 70-75% 70-80%



Figure 1.2h Montbly Average Relative Humidity of major cities of Bangladesb iu %.
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l.2e. Predpitation

Rainfall IS high in the monsoon months specially in the eastern part of the country.

The northeast part (Sylhet) has the highest rainfalL From May to September there is

around 400mm of rainfall per month in all locations and the wettest months are June
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and July except in Chittagong and Sylhet. Sylhct in the north-east part has the heIght

rainfall reaching 850mm in the month of June alone, Rajshahi in the north-west part

has the lowest rainfall of only about 300mm in the wettest months. There is little

rainfall anywhere in the cool period.

Figure 1.2c.l\fonthly Average Rain fall of major cities of Bangladesh in mm.
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1.2d. Solar Radiation and Intensity

Solar Huilation data is not availablc for all locations in the country, Bangladesh

Meteorological Department office monitors sunshine hours and solar radiation data

only for Dhaka and Chittagong. Solar radiation for Dhaka has been aho measured by

some organizations for their own purposes. The Mechanical Engineering Department

of the Bangladesh University of Engineering and Technology has some published

accounts of Solar Radiation.

In the cool period, both Dhaka and Chittagong have more than 8 hours of sunshine

per day. During the Monsoon months this same value is low due to the cloud cover

and is about 4 hours of ,un,hine per day during the months of June and July, after

which it inerea,es steadily.

Solar radIation data for Dhaka shows maximum intensity in the hot dry period

(5kWh/m2/day in April approximately). During the humid monsoons the radiation is

mostly diffused due to cloud cover and is constant around 4kWh/m2/day. In

December and January it goes down to slightly above 3kWh!m2/day.

For other location the radIation values can be approximated based on general

conditions using relevant calculations. The drier and hotter north-western part is

likely to have more radiation for the whole year, whereas the wetter northeast even

parts lower values, with a relatively larger diffused component.

t.2e. Air Velocity and Direction

For c1imatle conditions like Bangladesh, air movement is an important element,

whICh is to be considered during the design process for making the environment

comfortable. Data from Meteorological Department of Bangladesh are based on

conditions measured in open 10e31ions.in the hot periods (hot-dry and warm-humid

seasons), the directions of the airflow are mostly from the south-east for all regions

in the country. Average wmd speed, are hlgher in the hot dry period than in the hot

humid period, particularly In the coastal city of Chittagong.
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In urban areas ns both wind speeds and dira:tioll5 are modernted by physical

chartlcteTistics e.g. building.~, surfaces, vegetation and surroundings, wind conditions

could be quill' diffen::nl from regional \'lllues•. The actual airflow condition M the

level of buildings is different from that of the regional values measured in open

space.

- T.hlc 1.21'. Monthl)' Averns:c ,,'Iad speeds' (mls) lad dlrl.'Ctlon.
D_ "" rno'_•••• it••• '" """"""'I •••.•• 10 r.- fIOrio<I(19l1096~CIiIr-. 4Imloo.. 04 '
M ukopolc; Gol,a or"'-,<'.~or8~,

DImk.o Chittugong Khulnn Rajshnhi Sylhet
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J.J. Urhan armnte

It is genernlly understood that the climate of urb~nbuill up nrens vary from that of

the surrounding ruml nre:tSdue to

nl 'changl'd surface qualilles (pawmcnls and buildings) - increased nbsorbllIlCc' of

rolor mdiation; reduced cvapomtion .

•
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b) Buildings - casting shadows and acting as barriers to wind" but also channeling

winds possibly with localised increase in velocity, also by storing absorbed heat

in thcir mass and slowly releasing It at mghL

c) Energy seepage - the output of refrigeration plants and au conditiomng

(removing heat from the controlled space to the outside air); heat output of

internal combustion engmes and electrical appliances; heat loss from industry,

especially furnaces and large tllCtories;heat input of large populations and their

anthropogenic activities.

d) Atmospheric pollution - waste products of boilers and dome,tic and industrial

chimneys; exhaust from motor-cars; fumes and vapours, which both tend to

reduce direct solar radiation but increase the diffu,e radiatlon and provide a

barrier to out-going radiation. The presence of solid particles in urban

atmosphere may assist in the formation of fog and induce rainfall under

favourable conditions The extcnt of deviations may be quite substantial.

Air temperature in a city can be 6-8 "C higher than in the surrounding

countryside5.

Relative humidity is rednced by 5 to 10%, due to the quick run-off of rain-

water from pavcd areas, the absence of vegetation and higher temperatures.

Wind velocity can be reduced to less than half of that in the adjoining open

country, bnt the funneling effect along a closely built-up street or through gaps

between tall slab bloch can more than double the velocity. Strong tnrbulenees

and eddies can also bc set up at the leeward corners of obstructions.' ~Thecity

of Dhaka lies between longitudes 90"20' E and 90"30'£ and between latitudes

23"40' and 23"55' N, wlth three sides bounded by the river 8urig(mga m the

Ahmod, Khandakcr Shabbir. "Approaches 10 Bioclimalic Urban Designjor the Tropics with Spe<'iai
Rejerence 10 Dhaka, Banglade,h" PhD The<;. (Unp~hli,bcd). Archilectural A<sociation Graduate
Sob",,1L~nd~n1995
Kornig,bergcr 0 H, lnge,"ol1 T. G, Mayhew Alan, Szokolay S, V. "Manaal vjTropicai lIaasmg and
Buildml< ", (Part one - CUmatic design), L<lngman Group Limlted, L<lndon, 1974, Page-37



south, the Tong! Khal (canal) in the north and the Turag river in the west. The

present city covers an area of256 sq, krn7.

1.4.Microclimate ofDhuka City

As it is presented in the preceding section the climatic characteristic of Dhaka city

differ from other cities of Bangladesh due to physical development and 10catlOn. At

the same time this climatic characteristic is further modified in different locations

within the city, depending on differences in surface qualities, density, heights (three

dimensional obJcct<l and other related factors. ThIs may seem to he particularly true

for the developed nations where the physical features of the urban areas have more

differences with surroundings, than in tropical cnvironmcl1ts, which arc mostly in

developmg eountries9. It is argued that in Bangladesh urhanisation is yet to make a

signilkant impact on e1imate of the citieslO for urhanisation is more of a

demographic rather than physical change. Published accounts of recorded

observations in Dhaka shows incoming solar radiation is 12% less than surrounding

rural areas", However, some unofficial observations in the central commercial area

of Dhaka in the hot dry period have shown temperature 6-8"C higher than the

maximum recorded by the meteorological office for the dayl1. At the same time,

some other parts of Dhaka city for example, Dhaka University Residential area,

Dhanmondi Lake area, lake side area at Baridhara etc. in the hot dry period have

shown temperature 2-6"C lower than the maximum recorded by the meteorological

office for the day.

,

,

Ahmed, Khandaker ShabbJr. "Approaches 10Biocl"nalic Urban De",gnfor lhe Tropics with Special
Reference 10 Dhahl, Bangladesh" PhD Tbesis (Unpublished), Arcbitectural Association Graduate
SchooL London 1995

Koemgsberger 0, H, IngersoU T. G, Maybew Alan, Szokolay S, V. "Manual ofTropicai Housing and
Building ", (Part one - Climalle design), Longman Group Linllted, London, 1974, Page- 32

Jauregui, E. Tropical Urban Climate: Review and assessment. Urban Clim.tology ""d it, .pplie.tion,
with speelal reg.rd Totropical areas Technical Conference On Tropical Urban Climate WMO, Dhaka.
March 1993

Hussain, Sullana and Ahmed A Study on the Physic.1 Rcl'lion,bip and InlL-raetion between Urban
and Ruml ClimaTe, "fBanglade,b. Technical Co"ferenee on Tropical Urban Climate. WMO, Dhaka.
March 1993

Haq, A. M. A. & Hassan, S. A. ' Giobal Solar Radiation on horizontai Surface in Dhalw' Technicai'
Con!cn;ncc un Tropical Urban Climale WMO. Dbab. March 1993



1.4a. Temperature

Temperature profile of Dhaka Clty based on metrological data shows highest

temperatures recorded in March, April and May, reaching a maximum temperature of

34.2"C in April. In the monsoon and post-monsoon period, from June to OClobcr Ihe

temperature remains steady at an average of around 28.l'C. In the winter season, the

temperature drops to a an average temperature of 20.SoC, while mean minimum is

II.SoC in January (figure: IAa.l)

Figure: 1.43.1 AIR TEMPERATURE ANDHUMIDITY IN DHAKA CITY.
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Overheating is a growmg environmental concern for Dhaka, Meteorological

observations m the pre-monsoon period have reported a maximum temperature of

36.5"C (1994), indicating a possible trend towards increased overheating.

The problem is best illustrated by Kannakar and Khmun based on data collected

over a number of years. Their estimate for Dhaka predicts maximum temperatures in

April as high as 39.1"C (once in 4 years), 40,2"C (once in 10years) and 41.0"C (once

in 25 years), whl1emlfllmum extremes arc 7.4"C (once in 4 years), 6.4°C (once in 10

years) and 5.6"C (once in 25 years)D

1.4b. Solar Radiation and Sunshine:

The micro climate or the site climate varies depending on the amount of solar

radiation received by the site and surroundings. So it can be said, the solar radiallon

is the single most deciding factor for assessing the climatic effects of site because it

influences the temperature and the density of air, and as a result air speed, direction

and humIdItychanges. The amount of radiation received by the site depends on

a. angle of incidence

b. atmospheric depletion, i.e, the absorption of radiation by ozone, vapours and

dust particles in the atmosphere.

c. durallon of sunshine, i.e. the length of the day light period.

d. the material characteristics of the surroundmg and the site itself, i.e. the

absorption, reflectance, etc. of the sIte and surrounding.

The sum total of the radiation received at a point on the surface of the earth is called

Global Radiation. Thc global radiation has three main components. a. Direct

component, b. Dcfuse componem, c. Ground reflected component,

The total amount of solar radiation lfl the city is affected by the microclimate of

different areas withm the city. The solar radiation data is not collected regularly by

the meteorological office in Dhaka city, only sunshine hours along with cloud--cover

in octas and a general description (i.e. fair, cloudy, rainy) of the weather is recorded.

" Karmllkar, S, & Khatun, A. On Ihe mriabilily and probabilistic a/rome, of.mme e/imalic ",emenl"
aver Dhaka, International Techmc.l conference on Tropical UThan Climate" Dhaka, I~~3.



However radiation data recorded over a six year period at Joydebpur Agro

Metrological Pilot Station (representative of rural area outside Dhaka city) and the

radiation data collected over a seven year period by the Mechanical Engineering

Department of the Bangladesh Umversity of Engineering and Technology (BUET)

are important references14. The data from HUET and the data from the

meteorological department arc not same, as is expected when the locations are

different.

Data measured by the BUET is in the urban context but the data taken by the

Meteorological department is in the rural context Diffuse radiation is higher in the

urban areas than the rural area8 due to the surrounding built form and hard surface

qualities, as a result the global solar radiation data of SUET are higher. The

comparison (Table 2.4b.l) show~ that thc difference bel\.veen two mea8ured values

varies between 13% and 20%, which is very high. Another reason for the higher

value of solar radiation in HUET, may be that the air over the city being more

polluted results in a marked decrease in atmospheric clarity, which caU8e8 a higher

proportion of dlfTu,e radiation. The radiation bcing incident on a higher percentage

of paving increases the net heat absorbed, when compared with the same amount of

80lar radiation falling on grassy area~.

For the purpose of this research the HUET data is taken into con,idemtion as the

survey area of the research is urban.

TablelAb.l COMPARTSONOF MONTHLY GLOBAL SOLAR RADIATION: BUET
Vs M.teorolol:ical department in Wh/m'/day

b" F,b M. AF' May J" Jol A"g SOF 001 No" 0"
BUET 3250 4DIO 4660 5050 4550 4010 3650 3750 3750 3600 3610 3150

Meteorological dept 2512 2619 3410 3530 3043 2795 2617 2561 2485 26% 2497 2307

Differencc in % IJ 21 15 18 20 18 16 19 " " I 8 l5

" Haq, A M A. & Hassan, S. A. ' Global Solar Radwlion on hOrIZontal Surface IIIDha~a' Technical
Cunfcroncc on Tropical Urban Clima!c. WMO, Dhaka, March 1993



Table lAb.1 shows that during the hot dry period, particularly dunng the months

March, April and May, solar radiation on a horizontal surface is high in comparison

with the rest of the year, and is maximum in April (5050 Wh/m2/day). From July to

November, i.e. from monsoon to post-monsoon, the radiation remains fairly constant

and the recorded minimum, 3150Whlm2/day is in December. Although there is not a

wide variation in the montWy average radIation dnring the months July to November,

yet the variation in cloud-cover during (his period is noticeable (Figure; lAb.2).

Figure: 1.4b.2 MONTHLY AVERAGE CLOUD COVER in Octet
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Another aspect of the high cloud cover during those month, over the city is that the

long wave radiation to the space IS impeded, particularly by the low and medium

cloud fOlTIlations.

Table: l.4bA Direct and Diffuse Components of Global Radiation: DHAKA Tn
APRIL

"'~"M'W''G/ 11TRian'-1 ~,DilIlili.",d i.ti,;ii __t~_'Ai>rjl,.!~m~~Jst,_Drr~l:!_~_<J,l~~'ll~,~P!-1!l'l':w.!'I'1'~,_" -,';_,_.,','~' .:,,,.~,.a,__, __~:'."~
:'Hour 'U," ,Horil;l>nlob',;"'''i'' ;?I~':'~::f;! g;~'l.t~ffi~Ei,I".\1,o 'Wiil'-/-0 iN~.~t!':mI:.~.~ji.l~?~;,!~;~~t':':':':,'~w.,,~".:'i'.,', ','_......,,~y'nWN'~ ._","'>: ,.,,' •0-

1;),___________,

• " D D D D " " " ", '" "' ., ., " " , m "• :l2D '"' W, w. w. , " DO ", m m '" m m , " '" "W '" n, '" n, '" , ., '"' "" ,n '"' '"' '"' '"' , w, '" "" no '" '" '" '" , m " "" on '"' 2117 '"' '"' , w, " '"w w, m n, n, m , "' " '"'" m '" m m m , " " 'M
W "" ,w '"' w, w. , n " DO

D '" " " " " " " " m
n " D D D " " " , "TOTAL 5329 1665 ..~ 1665 1665 " m 1117 1117

The solar radiations in April is 5050 whlm2 Iday on horizontal surface in the open

field bu.t it is reduced in vertical surface and varies depending on the surface

orientation (Table: L4bA). Table shows that the direct radiations in the east and the

west are higher than the north and the south. The north oriented surface receives the

lowest nld,ation and which is very neghglble.

In the urban situations the radiations both direct and diffuse are modified and vanes

dependlllg on the density as well as the height. For e.<ample, Table: IAb5 shows

that in the 3n1 floor level south onented surface received l878Whlm2 when the

distance of the nearest house is about l2.2m, l586\1!h!m2 when the distance of the

nearest house is about 6.lm and 906Whlm2 when the dIstance of the nearest house is

about 2.43m. Thc table also shows that in the same orientation the value vancs

depending on the height for example in the south surface when the nearest distance

of house is 12.2m, the ground floor receives 875Whlm2, 1" floor receives

1070\l!h!nl, 2,>:1floor receIves 1232\1!h!m2 and the 3'° floor receIVes almost dabble

of the ground floor (hat is I586Wh/m2.
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Dumtion of djffc~1I1sun shines received by the 5Urfnccin different orientations

vanes and these V1\r1alionsfurther modified depending on the density of me: site: and

its surrounding (Tobie: lAb.6)
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Table: l.~b.6 TIme When Sun Shinn on SUrf4C'rIn April

[lIH'ne< 0' .dml llOow: lUm ("'.'1<1001"1 Opttl '11t)

•••• N'" - "" We$! ..•.- No• 9:)0 II> 2;).0. 9;)(1.12;00 12;00_2:.1.0.

Fin, No. 9;OOlDJ:OO 9.00-12:00 12:00_3:00

"""' No. 8:1''''3:H 8:15-12:00 11:01l-NI

~ N•.•.•• hIOlD~:20 HG-12;OO 12;00_402.0.,..• SO'"eI' 1:).0.",.:).0. 6:3IHl:OO 12:00-':3.0.

"Dl<tn •.•• r ••.•,••' ""uoe: "\'" (•.•• ,1<1«1"1: !"",Ium ~••••Ily .Ur) .,
,.. N'" "'"" "" w~.. .
~ No. 11:00- 1:00 11:00-12:00 12:00-1:00,~ No. lDolo- 1:• .0. 10".20-12:00 12:00 _1:• .0.

"""' No. 10;00. 200 10:00- 12;00 12.00 _HIO

~ N~ 9:00- ):00 9;00-12:00 12:00 .);00,..• N~ 7:41).4:20 NO- 12:00 12:00 ..4:20

01••••••• 1••••.•.•, bo• ..., 2..1)", «n<ld.n.~ d••••• It<)

•••• -, - •. ... "" .. Welt.
~ N•.•u ,~ N." N","eI'
Fin, ,= Nrver ,= -"""' - II:SO-I2:l0 11:50-11:00 12:00_12:1.0.

Th~ - 1.0.,:10-1.1.0. 10-.$0-11:00 12:00-1:10,..• No. '1:)1).2:30 9:30-12:00 12:00-2;3.0.. .

1.4c. Humldlf)"

In the oomClll of Bangladesh, humidity 0 JllITlIrneter indicative of the comfort

conditions of nn area, is murkedly lower in the city in comparison with the

surrounding country-side, which VllriCSby 2-8%. Higher tempcmrures yield lower

relotive humidity levels, 011other conditions remaining the SlIme. Sinee the rndiations

IllId the air tcmpcrarurc depends on the density of the built form of the surrounding

orca 50 the humidity olso varies depending on the density of the surrounding built

form. MOR'Over lU1 increase: in paved IlI'CllSIlIId low absorbent surfaces in the city

allows fosler minl'lIler run-off, providing less lime for absorption. A study shows

thaI ••••ith 50"10 impervious cover, run-off incTCII5Cs200% compared with ruml



conditions, concluding that uman humidity nCllf lite surface decreases due to litis

rapid run-off'l.

lAd. Wind Sp~ lind l>Ir(!ellon

In Dhaka city when: humidity "aries between 80"10 and 85% during wlIrm humid

period, the air-flow plays an imponnnt role in lIterroal comfort. The meteorological

dalll based on conditions mell5ured in open locations (Table 1.4c.I), shows thnt wind

speed is higher in lite hot dry period than in lite hot humid period, and that lite

diltttion is south elIst when air flow inside lite building is preferoble, to mitigate lite

eITects of high humidity.

'm ". M. A"~ M" ,~""fuI ~ ~ ad Nov Ott

Wind spoN in mi. ,. ,., " J' •• J' T9 "IT "Ii" "'IT'" ,.• ,.,
Direction NW N ,W ,W , " """N ,w NW

- - - -

~1s:ur., Ud.l VARIATION 01' WIN"Il SPF:ED WITII
IU:1GHT A:-'D 1T,RRAIN" Kt;"\. (-..... :~M •••IJL"I~~_~''''',,~rr-.~Inti)

I. '"""'P'd_ ••.••_ •••••••,1. """.,.R_ .itA /oriPI "'..-.......,.,'<>1_.-J 1lW__ ••.••-.IoIl.1 __

is usually measured in

flat open 10000tions,such

as airports, at a height of

10m above grourtd level.

In order to con'lCrt Ihis to

an equivalenl wind speed

at 3m in flat urban or

suburban locations lItc

Th, variation m wind

'p=l bern'em ""~
mcteorological sllltion '"M' silc will '",," ~'0•
largely Ort gro~'coverM' lopography (Fig:

l.4d.l) The \virtd 'p=l

" Ahmed z.N. ',u,tzSmml of RaiJrnt,',d Sitl<' In [)Mio "11},Raped I" Sola, Raditliion Gail•• ' PhD.
1lIo3i. (Unpubli.bed). Dc MonIC,," Ullh"CfSlly In C"llabcnlion with the Univemty or Sheff •• ld. 1994



wind speed mu!'lbe multiplied by a reduction factor as shown in Table: l.4d.2.

Tallir Uc.2 AVERAGE REDUCTION F,\CTOR,<; FOR WIND IN D1FI':ERE••••'T

LOCA1l0~

lIeigbt """"" Tnrain
Open. o..t So"""",, """"unobstmcted m."'",om In the ope'II '.0 0.' OJ

In building "ith emu ~•••lila~on 0.' 0.' 0.12
In building "ith \'etltilltion O,IS 0,07 0.",. In the ope'II 0.' OJ 0.15
In building "ith emu ~•••lilation 0.' 0.12 0."
In buildin "ith ~•••tilltion 0.' 0." om

__ E.-- M.naL'n-lJtr- ~_e-{oI1."", .•_=-,"""",~,19'"

This tlIblc nlsc shows the average reduction factor wilhin dwellings wilh open

windows facing lhe wind. These reduclion flletors will only give an approximate

indiealion of the likely vurialion and will nol apply in very heavily buill-up areas,

c1Q1;eto high-rise buildings or major obslructions. So the approximate monthly

averuge air speed in differenl localion can be predicted by using Table: 1.4<:.1and

l.4c. 2. These values for Dhaka lire shown in Table: l.4c.3.

Tablr: 1.4c.3 MOXllfLY AVERAGE WIND SPEED al 3m and tOm In m1s for IImall

Monthly lvenge wind speed It 10m I.~el

inc! Ipeed in mil

unobstnxled •••••

Monthly I\"""ge"''ind speed It 3m level

ind speed in mi. Jill Feb Mil

unobs!nIcted urea O.'ll!

0.42."
Jul Aug Sep Oct Nov Dec

The maximum wind ~d during lhc warm-humid period is 1.l7m1s at 10m level

and O.59m1snl 3m level in July in urban residenlinl areas like Dhanmondi, Gulshan,

Indira Road. Jatrnbari, etc. While in open unnbslI1Ictedareas like Joydc:bpur,Sn\'ltr,



etc. and suburban areas like Uttara, predicted average wmd speed at 3m is 3.8m/s,

2.67m1s and 1.9m/s, l.4mls respectively in the same months. The wind specds arc

higher In hot dry period than the wann humid period, being O.66m1sand 1.32m1sat

3m level and 10mlevel respectively in the month of May.

While the wind in open country side area is predictable from season to season both

with respect to direction as well as spced, but the same is not true for the city.

Numerous obstructions are constantly modifying the prevailing wind direction and

speed. Averagc wind speeds are much lower in cities. There may, however, be local

areas of increased winds due to fimneliog effects or turbulence created by the

presence of high-rise structures in an area otherwl,e consIsting of low buildmgs.

These effectl; are almost totally unpredIctable. The findings during a climate-

workshop in Dhaka revealed air flows in a densely built-up part of Dhaka to be

extremely unpredictable, in certain cases almost exactly opposite the expected

direction from regional indications.16

1.5. Conclusiou

From the point of view of the average temperatures of the whole year, Dhaka can be

considered to have only two pcriods, the hot pcriod and the cool pcriod, for thc mean

temperatures of the hot dry and the hot humid period are nearly the same, varying

between 27QC to 30"C. April is thc hottest month of the year, with mean maximum

temperature between 30.3°C to 34.8"C, and January is the coldest month with

minimwn temperature between 9QC toIS.2°C. In the hot humid period the Relative

Humidities varies in between 70-90%. Sylhet in the northeast part has the highest

rainfall, having nearly 850mm in the month of June. Rajshahi in the northwest part

has the lowest rainfall reaching only about 300mm in the wettest months.

Discussions lU this chapter ,how that the city WIth all Its built.forms and

anthropogeniC activities creates peculiarities wlthin the climate, substantially

different from the regional climate. This climatic deviation is further modified iu

different locations within the city, by local conditions. As all buildings are deSIgned

Ahmed Z.N, 'Assessment of Residential Sires in Dhaka wirn Respect fa Saiar Radimian Gains' PhD.
the,i, (Unpuhlishod). Dc Montfort Uni,cT"ly m C'-<>Ilahorntlonwith the UnivffS'ty of Sheffield, 1994



for this modified climatic sirnation the designer needs to be aware of the variability

of the microclimate 3Ildof the factors, which affect it. The meteorological data from

the nearest meteorological station may not give a true picture of the climate

experienced at the building site, In these cases it is necessary to attempt to estimate

the likely variation between meteorological station and site. However, such

estimations are likely to be fraught with uncertainties since there are no simple or

reliable rules for adjusting climatic data. If variations between meteorological station

3Ild site are small, tbe design requirements can be based on the former. Techniques

may be adopted to assess the degree of climatic variation. That is to take 'spot'

reOOmgsat the site, which arc compared with simultaneous readings at the met

station. However, a considerable number of rcadings are required for each season of

the year before any conclusions can be drawn.
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Chapter Two
CLiMATE AND COMFORT

2.1. Introduction

The idea of creating comfortable environments would involve the con!;idcration of

individual preferences, by which a majority of the people would be at ease. Comfort

is a psychological phenomenon, which depends on the individual sensory

perceptibility,

Comfort within a space ISbased on specific thermal, visual, acoustical, and other

environmental quality level>,While perception of human comfort varies between

individuals, as well as within each individual, there are limits to the range of

environmental factors within which human comfort can be maintained. Beyond this

lim!t the individual's physiological and psychological processes become hindered,

" Comfort in the larger and real sense, embraces aesthetic and psychological

parameters such as quality of light, vegetatIOn,landscaping, safety, prestlge etc, all

the more so because these are detennined histoncally and are often the determming

factor in choice which could otherwise be incomprehensible.,,17

2.2.Thermal Comfort

Thc dcfinitions of thermal comfort emphasises the notion of thermal neutrality i.e,

the conditions under which the human body is in a state of thermal equilibrium with

its surroundings and is in the "ah,ence of discomfort", In terms of its elIects on the

occupants in a building it is best defined as the conditions where most of the people

are unaware of the thennal conditions around them and do not feci the need to adjust

to it. Ii This could only be possible when the thermal balance of the body can be

achieved without stressing its physical mechanisms. At the state of thermal balance,

the heat gain (through convection, conduction, radiation, metabolism) and the heat

loss (through evaporatIon, radiatlon, convection, and conduction) of the body

remains the same. Tnother words there is a wide range of conditions within which

"
"

"Bio_climatic Archileclum", Do Luo" Editoro, lIaly_t9S3
Mallick F H, 'Thermal comfort for urban hOUl'ing in Bangladesh' PhD lhe,i, (unpubli<hed),
Architeclural As,ociation School of Archilttlure, London, UK, 1994,pagc_87.
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the deep-tissue temperature can be maintained at near 370C, and skin temperature

within the range of 310C to 340C. This connotation can be expressed mathematically

in the following way:

Heat gain of the body: Met =Metabolism (basal and muscular)

Cnd = Conduction (contact with warm body)

Cnv = Convection (if the air is wanner than the bodies)

Roo = RadIation (from the sun, the sky and hot bodies)

Heat loss from the body Cnd = Conduction (contact with cold body)

Cnv = Convection (ifthc air is cooler than thc bodies)

Rad = Radiation (to night sky and cold bodies! surfaces)

Evp = Evaporation (of moisture and sweat)

So thermal balance of a body exists when, Met - Evp:!: Cnd :!:Cnv:!: Rad = 0

The amount of heat gain of a body depends on the difference between the

temperature of the body surface and the temperature of surroundings, but the amount

of heat Joss depends on the thermal condition of the surroundings and the amount of

heat generated by the body through metabolism. The more work perfonned by the

body, the more heat is generated. The body produces much more heat than it can use

up in any activity and this heat must be eliminated, or lost into the environment, as

otherwise the body 1'1111 not maintam thermal stability. The strain caused on the body

in order to lose thIS heat results in a sensation of wannth or heat, depending on the

severity of the problem.

Koemgsberger 0, H, Ingersoll T. G, Mayhew Alan, Swkolay S, V. "Manual of Tropical Housi"g and
Buiidmg ", (Part one - Climatlc design), !.<lngman Group Limlted, !.<lndOTI,1974. Page-43



2.3. Variables of Thermal Comfort

External facton; that contribute to or influence the sensation of comfort can be

categorised as personal and environmental variables. The conditions, which

characterise a place as comfortable, are not fixed in absolute terms but are related to

the social, hi~torical, political and geographical background. The concept of comfort

changes accordmg to the period, region and social class.

Criteria of total comfort depend upon each of the human senses. That means the state

of comfort i~ also a state of mind, which depends on the psycholob>1CalasPe\.-"tsof

human behaviour, and a person in distress is unlikely to feel comfortable even in a

thermally agreeable environment. Human response to the thermal environment does

not depend on air tempenlture alone. It has been established beyond doubt that air

temperature, humidity, radiation and air movement all produce combind thermal

effects, and must be considered simultaneously if human responses arc to be

predicted. The ~cnsation of comfort is also influenced by geographic location and to

long-term acclimatisation to a particular environment. Cultural differences account

for different preferences. Differences in socio-economic conditions in the developing

countries are also said to account for differences in comfort sensations. In general the

variables of thermal comfort can be categorized as environmental variables and

subjective variables.

2.3.1 Emironmental Variables

The control systems for achieving or mamtaining thermal comfort have been

de~ctihed without defimng limits within which comfort can be achieved without

strain on the physiological control mechani~ms of the body. There are four factors of

thermal environment which affect tbe rate of heat los~ from the body and therefore,

thermal comfort.

1.3.la. Air Temperature

The deep body temperature must remain balanced and around 37°C. In order to

maintain body temperature at this level, all surplus heat needs to be dissipated to the



environment. If there is some form of simultaneous heat gain from the environment

(e.g. warm air) that also must be dissipated. So air temperatnre influences heat gain

or losses of the body through convection, radiation, and respiration, which affects

directly the comfort status of a person. The range of dry bulb temperatures (DBT)

within which comfortable conditions may be established is approximately between

16 to 2S"C, below 16"C excessive clothing or high activity rates are required, and

cvcn 28°C may be cool if actlvlty rates arc low"',

2.3.1b Radiation and Mean Radiant Temperature (i'tIRT):

Mean Radiant Temperature is an indicator of the combined effect of the temperature

of the surrounding surfaces, which affects the rmhation heat exchange of a body. If

the MRT ISmore than a fcw degrees above or below air temperature, discomfort may

result. DIscomfort may also be caused when the mean radIant temperature is similar

to the air temperature, but results from intense incoming solar radiation from one

direction and high levels of outgoing radiation to cool surfaces in other directions.

Comfort is unlikely to bc achieved if the globe temperature is above 2SoC or below

16"C and if the difference between MRT and alr temperature is greater than

5"degC.21

2.3.tc Air monment

Air movement affects both the evaporation from the skin surface and the convective

heat exchange, depending on the moistUre content of the air and the air temperature.

Wmd speeds below O.lmls may lead to a feeling of stuffiness. Wind speeds of up to~
LOmls are comfortable lOdoon; when air movement is required, but above this level

discomfort and inconvenience increase. Hair is moved, papers blow away and dust

may be raised. Outdoors wind speeds of up to 2.0 mls can assist in achieving comfort

under hot conditions, especially when the hwnidity is high.22 5.0 mts is the maximnm

outdoor wmd speed that is comfortable, but this limit is related to wind foree rather

than comfort (see Apendix-4).

Evans, Martin 'Housing. Climale and Comfon' The aTchilcclund Pre", LonJon, W80,
E\'ans, Martin 'Housing, Climale and Comfort' The aTchitecrural Pre", London, t~~O,



2.3.1d Humidity

Relative humidity affects the rate of evap<Jrdtionfrom the skin and through the lungs

while breathing. The relative humidity of the surroundings is related to the

evaporative cooling potential of the body, and hence comfort. High humidity

contributes indirectly to general perceptions of the enviroument and hence comfort,

and can be undesirable also through problems of mould growth, mItes etc. Whereas

low humidity can cause discomfort by the drying of mucous membranes

The Relative Humidity affects the rate of evaporation from the skin and, values less

than 20% are likely to cause dIscomfort due to the exces<;ivedryncss of the air; this

may cause hps to crack, eyes to become easily irritated and the throat to become

sore. Relative humidity ahove 90% feels clammy and damp.

The human body is sensitive to tempenlture, humidity, radiation and air movement.

At low temperatures no perceptible sweat IS present, but as the temperature rises

sweat increases, and the body, like the wet bulb thermometer, becomes more

sensitive to changes in relative humidlly. The skm, whatever the colour, is a good

absorber of radiation and the body is sensitive to changes in mean radiant

temperature through a wide range of air temperatures. Increases in air movement

increase heat loss from the body but unlike the kala thermometer, the body becomes

mOIst with sweat under hot conditions, and air movement increases evaporative

cooling from the skin, as well as causing heat loss by convection. The conditions iu

which comfort is achieved can be defined by describing the combinatIon of velocity

of air, its temperature, humidity, and radiation acting simultaneously. In additions to

these, however, the effects of the subjective variables, specially those of clothing and

activities must also be considered in considerations of comfort.

2.3.2 Subjective Variables

The sensation of comfort or discomfort depends primarily on the four climatic

variables discussed in the previous section. Thermal preferences arc howevcr also

influenced by a number of subjective or individual factors.

Evan" Martin 'Housing. Climote and Comiort' The Arehiteetur"j Pre", Lond"n, 1980.



2.3.2a Personal variable

Personal variables relatc 10 factors that are the results of human behaviour and habits.

The subjectivc or iudividual factors that influence thermal preferences are a<;follows

1. Mewbolic rale _ lIigher metabohc rates result m higher heat production, which

assists the ability to feel comfortable when it is cold, while increasing the

sensation of dIscomfort at higher tempcratnrcs. The metabolism of older people

is ,lower, therefore thcy usually prefer higher temperatures. Metabolic rate

increases with activity level. The description of comfortable conditIons must

therefore bc related the level of activity and metabolic rate.

The heat production in a body varies with the overall metabolic rate, and

depcnds on the activities performed by the person. Human activity is elassified

by the heat produced per square meter of body ,urface (from Dubois equation)

and is referred to as Merl. The scale of reference for human activity is 1 met,

the metabolic rate of a person when seated (60w/m:!). The metabolic rates for

some common activities are given in the Table: 2.3.21

m"
0.7
0.<
1.0

1.8
'.0
3.8
, .0
1.0
2. ,
1.6-2
2.0-3.4
'.0
4.0-4.8
2.4-4.4
3.6
7.0-7.8

.00
115
'CO
"60
170
95-115
115-200
m
135-280
14G-255
210-270
410-505

Dancing
Tcnms
Wrestling
( so"",,, M.II;,k F H, 'Themml ,omf""jor "bo" hO"Hng in 8"ngiod"h' PhD Lh<", (u"pu'i;"],,J),

Table: 2.3 .2i. Metabolic rate of dlfTerent activitIes
Activitb Wlm'
Sleeping 40
Reclining 45
Seated 60
Walking
Leisurely
Slow
fast
Reading
Writing
Lifting
Cooking
House cleaning
Hea~'Ymachine work
Sho\'eling

A thin per,on has a much greater body surface than a short, corpulent person of

the same weight, can dissipate more hcat and will tolcrate and prefer higher

D . Markus amd Murris_ 'Building Climate and Energy' Pinnan, 19~1 p"gc_36



temperature. As body proportion affects the Duboi~ equation, this also is related

to thc 'Met' value.

ii. Clothing., whICh can be vaned at the discretion of the individual. The type of

clothing worn by a person fonn~ an intermediate layer of insulation between the

body and the exterior and therefore effects thermal sensations. The greater the

insulation the lower lS the level of external temperarnre that a person is able to

feel comfortable in. The clothing worn by a person can be comerted 10to 'Clo'

unllS to specifY its level of insulation. The least clothing, which is likely to be

worn in the dwelling, is a pair of ~horts tor men and a cotton dress and

appropriate underwear for women. This corresponds to an insulation value of

0.063m2deg CfW or. 0.5Clo units. A norma! business suit, shirt and cotton

underwear correspond, to I Clo unit. The maximum clothing, whIch could be

worn in the house without restricting movement for normal household activities,

is just over I Clo unit. A reasonable range to ensure both decency and

unrestricted movement is taken to be 0.5 to 1,0 Clo units.

•$ •., >.• .li5 3.Qcol

Figure: 2.3.2.ii, Col values for typical clothing.
{SOU"" Mallie. LH .• Th,,,••• , romf"" Jor ",boo '"",,,.g '" 9a"l!'odeoh' Phil ,h<sis
r''" puhH ,I>«! J.

\Vhde sleepmg, dIfferent value~ should bc used; in hot conditions, even when

sleeping in the nude without a sheet, the bed will restrict heat loss from half the

body_ThIs condition is equivalent to an insulation value of 1.0 Clo unit. With

thick blankets and a quilt, an insulation value equivalent to more than 2.0 Clo

units can be achieved. However, minor adjustments in the insulation value of

clothing is often made to achieve comfort by, for example, loosening a tle,

undoing a button or turning up a collar.



ii. Siale of health - This also influences thermal requirement, Tn an illness the

metabolic rate may increase, but the proper functioning of the regulatory

mechanisms may be impaired. The tolenlble range of temperaturcs will be

narrower and irregular.

iii, Food alld drillk - Food and drink of certain kinds may affect the metabolic rate,

which may be a reason for the difference in diet between tropical and arctic

peoples_

IV. Skill colour- It may influence radiation heat gain. The darker the skin COIOIJT,the

higher the radiation heat gain.

2.3.2b Historical and Social Variables

The dwelling place, which was considered as very comfortable to a group of people

of a specific time penO<l, may seem to lack in comfort to thcir next generation as

time passes. For e~ample a Moghal palace seemed a perfectly satisfactory

environment to a nobleman of the sixteenth ccntnry, whereas it may be considered

unacceptable nowadays, even fOTthe less well-off.

A space may be perceived as very comfortable to a particular social class, or a

society, while at the same time it may seem to be Wlcomfortable to an other SOCIety

or social class. The reason for this is that the expectation of comfort level varies from

society to society, with changing in affordability, e.g. expectation range of thermal

level of higher-income group of people is not same as that for the lower or middle-

income social groups. It has been observed that expectation range of thermal level

for comfort of higher income group is narrower than that of lower or middle-income

social group. In a particular thennal condition the people of agro-economic society

feel differently from the people of mdustnal SOClety.People's e~pectations rise as the

means to achieve comfortable cnvironmcl1ls come within reach.
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2.3.2c Geogrnphlcal vnrlllhlt'$/ Acclimaliutlon

CHmmic conditions and thcrcfon: the environmcntlll palUmdCTS V1Iryfrom one

geogmphiC1l1 location to olher. Every geogrnphical 10000Iion hIlS its own

climaticJenvironmental characteristic Dod the people of tbnt localion

ndoptlncclimatise pe<:ortiingIn that environmclItlIi charneler and they do. not feci

cnmfonable in other geogmphical location with difT=t environmental chnmcter.

For example the people of cold IlJl:llnrn:ly fccl oomfoltllble in a hot gcogmphicnl

Dn:a. Differml geographically located people feel differently even in the same

thermal condition. The rtlI5011faT lhis is that there is pbysiologiCllIadjuSlmcnt by the

body to. minimise heat or cool stress, nnd this makes the body comfortable within

specific lUngesafthe clwironmenlal \'lIriables.

o
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A person HI

may prefer an

The human body reaches

full adjustment in a ncw

environment in about 30

days and by that time the

thermal perfomtanee of

the individual will

avenge room tempemlure

change.

London

of [SoC but after

spending n few months in

Dhaka, may find the same

tempemture mlheT cool

and would prefer a

lempcruturc around 2JOC.

Again a pc:m1nin USA may prefeTan average room tempemture of 210C in winter

blll in the summeT in the same place thaI person may find the snme tempcroture

ro!heTcool and would prefer a higher temperature. ThaI is why it is observed, the

••••inler eomfo" zone and the summer comfon zone are nol !'limein the bilH:limatic

chart of USA (Figure: 2.3.2e). The major adjustments made by the body to reach this



state of acclimatlsatlon to higher temperature is a slowing of metabolism and heart

rate and an increase in sweating.

2.4. Thermal indices

When the designer wants to asses, the effects of climaUc conditions on the body's

heat dissipation processes, he i, faced with the dlfficuUy of having to handle four

independent environmental variables simultaneously, and the various snbjeetive

factors. Many attempts have been made and many experiments have been carried out

in order to devise a single scale which combines the effects of these four factors and

some include in addition the personal variables of metabolism and clothing. Such

scales are collectively referred to as 'thermal indices' or 'comfort scales'.

The comfort hmits recommended in the following sections of this chapter have heen

clem'ed from a number of different sources. The form in which they are expressed

has been developed after a study of different thermal indices, which have been

developed in order to combine the many environmental factors into a single

parameter. Some indices are based on subjective thermal sensation, while others arc

related to physiological responses.

Some of these relate more readily to architects, while others are more relevant to air

conditioning and heating engineers or to professionals concerned with aspects of

human behaviour. A few of the most important are described in the following

paragraphs.

2.4.1 Effectlve Temperature

The Effective temperature is defined as the temperature of still, saturated

atmosphere, which would, in the absence of radiation, produce the same effect as the

atmosphere in question14 Whilst the Effective Temperature scale integrates the

effects of three vanables - originally of temperature and humidity but the later form

inclnded air movement- the Corrected Effective Temperature scale also includes

Koenigsberger O. H, IngersoJi T. G, Mayhew Aiafl, Szokolay S. V. "Man",,1 of Tropical l1()using
and B,,;ldmg", (Pan one - C~mal1c design), Longman Group Limited, London, 1974. Page--49



radiation effects. Effective temperature ISone of the most frequcntly used scales of

thcrmal sensation, but it overestImates the en"ect of humidity both at cool and

comfortable temperatures, and at very high temperatures (below about lOnC and

above 32°C).

2.4.2 The Index of Thermal Stress (ITS)

The Index of Thermal Stress is a biophysical model deseribmg the mechanisms of

heat exchange betwcen the body and the environment, from which the total thermal

stress on the body (metabolic + environmental) can be computed. 8. Givoni

developed the Index of Thermal Stres" based on the quantity of sweat rcquired to

maintain a skin temperature of 3S"C. Comfort is achieved when the sweat rate is

behveen 0 and 100 gm/hr. An addiuonal check may be required to ensure that

sensible perspiration does not cause discomfort, by increasing wctncss sensation,

when air movement is low and humidities are high. The variables included in the

formula to establish the ITS are air temperature, humidity (vapour pressure), air

movement, solar radiatIon, metabolic rate and clothing. Globe temperature may be

used instead of alr temperature to take accollllt of the mean radiant temperature of the

surroundings. These variables cover the range of conditions likcly to he fOlllldin and

around dwellings in most climates, However, the lower limit of air temperature,

where the ITS is reliable as an indicator of thermal stress, lS 20"C, below which

sweat no longer plays a part in the control of body temperature".

2.4.3 Predicted Four Hour Sweat Rate (P4SR)

This scale, which attempts to correlate subjective sensations and their physiological

manifestations with climatic mcasurement, is primarily concerned with the objective

detennination of physical stress, as indicated by the rate of sweat sccretion from the

body, by the pulse and by internal temperature. The method of measuring the rate of

sweating was developed during experiments carried out for the British Naval

Authorihes in 1947, intended to consider the special heat stresses experienced sea-

" E,'an, Marlin, .Housjng Climale und Comfort '.The Architectural Press, LDndon- 1980 p-22
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men. Melllbolic rules as well ns clothing, air tempcrulUll:, humidity, nir movement

and mean rndinnllernpemtun: oflbe surroundings wen: considcm:l.

The SWClIlmlC SClllewas established on the basis of mnny different combinations of

the above variables produdng the SlIme sweat rnlc, thus presumably the same

physiological strtSS. Ii seems to be the most reliable seale for high lcmpmltun:

conditions, but nol suitllblc for temperotures below 2g<'C. The cooling effect of air

movements 01high humidities is underestimated.

2..•.4 OIg)"ny's lUodlmaUt Chnrt

It has been shown mal under ovcmeulcd-conditions, when low metabolic rules (light

nctivity) will nlmldy produce discomfort, the DBT \'lllues correlate much better with

!mbjeclin: judgments than 1;.! ",nlues. On the basis of Ibis and similar doubts V

01gyny nmvro. at the idea, thai thm: is no point in constructing 11 single-figun: index,

as ench uflhe four componcnts Bl'econtrollable by difTCTtnlmeans.
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He ha<;constructed a bioclimatic chart (Figure 2.3.4), on which the comfort zone is

defmed in terms of DBT and RH, but subsequently it IS shown, by addillonal lines,

how this comfort zone is pushed up by the presence of air movements and how it is

lowered by rad,ation. Although hi, conclusions arc seen to be perfectly valid, it is

felt that a reliable comfort index still has its usefulness as a guide and as a means of

concise communication2'.

2.4.5. Neutral Temperature

Another entirely dIfferent approach to the definition of thermal comfort was

suggested by an examinmionof data collected in a large number of studies of

comfort, in a number of different climatesl7. It was found that the temperature of

thermal neutrality (the centre of the comfort zone) could be related to the average air

or globe temperature experienced by the population (this is not average external

temperature, but the average of the internal and external temperarnres to which the

individual is exposed), It was also found that the range of comfort conditions was

very consistent. This sugge,ts that comfort is related to the temperature of the

environment at the specific time that comfort is reqUIred, or more ,peeifieally to the

average temperarnre of the environment which is experienced over several days. The

population will in the latter case adapt to the environment to which they are subjected

by adjusting clothing, activities and by acelimatl,ation. The neutral temperature 'Tn'

can be obtained from the mean temperarnre, Tm, using the following equation:'~

Tn = 2.56 + 0.831 Tm

The study referred to above indicates that the comfort range within which people feel

comfortable extends to a band width of about 4 deg C, around thermal neutrality Tn,

Koenigsberger 0, H, Ingersoll T. G, Mayhe", Alan, Szokolay S. V. "Manual a/Tropical Housing and
Ilullding", (part one _Climatic de<ign), Longman Group Llmited, London, j 974. Pago_5 j

M. A. Humphreys, "Field Study of Thennal Comfort Compared and Applied', Building Rcsoarch
Statlon Currcon!. Papcr 76/75, GaThtion, Hcrti"nl,hicc, j 975
Ahmed Z N. 'A."e.ument of Re"idenfial Sile.' in Dhaka with Re.'pecl 10Solar Radialirm Gain\" PhD
tho,i.' (UnJluhli,hcd). Dc Montfort UniveThity in Collab<lration with the Uni,'cT,ity of Sheffiold. j 994



and that Ihc ccntre of the comfort zone vanes linearly from about 16° to 31 ,S"C as the

average temperature experienced during the month varies from 16" to 3S"C.29

2.5. Conclusion

Most of the comfort srudies quoted in this chapler have resulted fonn experiments on

subjects who ever u<;edto climates largely different from that in Dhaka. Therefore, it

was felt necessary 10 find out thc conditions by which Dhaka's populations can

experience comfort. The following chapler endeavours to describe such condItions.

Evens Martin, 'HOUSIng, Climate and. The Archllecrural Press, London- i 980 p-U
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Chapter Three
THERMAL COMFORT IN THE CONTEXT OF DHAKA

3.1 Introduction

This chapter discusses the results of the tield work on indoor comfort conducted as a

part of thISresearch work. The objectives of conducting field investigation were to

identtfy the cntena for comfort and the situations in which people feel comfortable.

The field investigation was based on a survey of comfort judgments in different

indoor situatlOnsand their comparison with measured temperature data. The random

sampling method has been used for acquiring comfort votes in this work. The

findings of this field study have then been compared with measured data to define

the range of comfort temperatures as well as humidity for indoor conditions. The

impact of air movement on comfort was also identified. The performance of urban

housing in the context of Dhaka, was laterjudged in relation with this srndy.

It has been observed and discussed in the pervious Part one chapter one, that people

in Bangladesh experience high temperatures and hnmidities for a maximum part of

the year and very hIgh humIdIties lU the monsoon season. Because of long-term

acelimatisatlOnto such levels of humidity, the definitton of thermal comfort for the

people in Bangladesh may vary from conventional definitions of comfort. The

objective of this part of the study was to identify conditions, which impart the sense

of comfort in the population of Dhaka

3.2. Methodology

The indoor comfort field investigations were considered during two asscssmll1lt

periods, the cool period (December-February) and the warm period (April- October).

The study subjects were of different age bands, mostly university srndents. Over a

number of days the subjects were asked to record their comfort sensations and

corresponding values of personal and environmenhl1variables on forms provided for

this purpose (Figure: 3.2). They were provided WIth instruments (details in the

following section) to measure the environmental variables.



Figure: 3.2. Comfort Assessment Form for Investing Comfort Criteria.
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3.2.1. Instrumentation and Measurement

The air temperature and humidIty measurements were made 1.5m above floor level

with dlgltal thermometers, digital temperature-humidity meters provided for the

purpose (see Preamble seetlon- PAj. The Globe temperature measurements were

made by using digital thermometer with a blackened 38mm Ping"Pong ball housing

the sensor. Air vclocity was qualified by the subjects subjectively as Slow (no

perceptible movement) Medium (perceptible movement) and fast (high movement,

blowing of papers, etc). These were later quantified as by fan Speed Measurements

Scale i.e. SLOW (air movement of about 0.15m1s), :MEDIUM:(air movement of

about 0.3m1s), and FAST (air movement of about OA5m1s). The comfort

assessments were made continuously at the homes of the subjects as they went about

their daily activities. A, there were no cases of direct solar radlation, thiS latter

variable was not taken into consideration.

Thermal sensations were recorded on the basis of seven-category scale after the

Bedford and ASHRAE scale of thermal sensation. In accordance with convention, it

was assumed that the middle three categories (-1, 0, +1) out of the seven categories

accommodate the comfort range.

.;

Cold Cool

;

H",

Activity and clothing levels were recorded as the main personal variables, the

maximum value of the former being recorded as 2.0 Mct, while the maximum 'Clo'

value did not exceed 0.5 Clo for both sexes. The other variables like age, sex, and

location With in the room were not considered during analysis of comfort. All the

reading and the votes were takcn only after being in a place for at least 20 minutes.

All the information from the comfort investigation was placed in chart form for

analysis (Appendix: 2)



3.3. Comfort Surve~' Result

The measured air-temperature, and rclative humidity values were plotted against

each other for all mstanees of comfort vote-I,D, and +1 at the three dlfferent mr

speed levels (Flgure: 3.3.1, 3.3.2, and 3.3.3). The results show that comfort is felt at

much hlgher ranges of temperature and humidity in companson wIth studies in the

west. Without the presence of any air movement, the air temperarure and relative

humidity conditions for the three central votes range /Tom25"C to 31°C and 52% to

90% for all activity (Met value upto 2) (Figure: 2.3,2i, in ehapter-2) and clothing

(Clo value up to 0.5) ranges (Figure: 2.3.2ii, in ehapter-2). This range narrows down

to between 25"C to 29"C for people dressed in clothes of insulation value not below

OA or above 0.5 Clo engaged in sedentary and light activities.

With slow air movement i,e. up to 0.15 m1s , humidity levels above 90% were not

deemcd comfortable, though when air movement wa, faster, humidity levels upto

about 95% were felt within the comfort range.

Figure: 3.3.1 Comfort Conditionwith no Air Movement(shaded area for 0.8 to 2l\fel and

0.3 to.5 Col)
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Figure: 3.3.2 Comfort condition with UGair movement and with air movement ofO.15m/ •
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Figure: 3.3.3 Comfort condition with no air movement and with air mGVementofO.3m1s
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Figure: 3.3.4. Comfort condition with no air movement and with air movement of 0,45m/s

I. With no air movement CJ With air movement of0.45m1s 1

But for faster air movement at 0.30 mls when ceiling fan settings were at medium,

there was a rise in both the npper and lower limits of comfort temperatures by more

than 2"C. For higher vclocities of0.45m1s in the fast setting there was an appreciable

change in comfort temperatures, the variations of upper and lower limit were more

than jOe and the air temperature and relative humidity conditions for the three

central votes range from 28.1 °C to J6.1"C and 65% to 95% for all activity (Met value

up to 2) and clothing (Col value up to 0.5) ranges.

Another of the findings of the field srudy was that there is a noticeable tolerance for

high relative humidities, and in general that humidity tolerance varies with air

movement. In the abscnee of airflow people felt comfortable with temperatures

below 28"C and humidity conditions np to 95%. People also felt comfortable at

higher temperatures (31"C) even when the corresponding relative humidity was 90%.

However the effect of humidIty on discomfort diminished with airflow.

As a general trend in all SItuations of the field study the globe temperature was lower

than air temperature. This is likely due to design aspects. as in the absence of direct

solar radiation, the walls remain cool and in most houses these are of masonry



construction and the floor concrete slabs have smooth fimshes which accounts for

low mean radiant temperatures. This is probably more so in groWld floors, where

there is the additional cooling effect due to earth contact.

3.4. Conclusion

It is clear from the discussion in this chapter that thermal preferences of the

population of Dhaka are of much higher tempcrature range than in the industrialized

west. In addition they are used to high humidity values throughout the year. At high

humidity level, the population is accustomcd to using fans to induce air movement,

i>pecially when this is not available from natural sources, or when outdoor

temperature being highcr than that required for comfort, outdoor air is discouraged

entry. The tolerance to high humidities is companltively lower m still air conditions.

With airflow, relative humidities up to 95% is tolerated. The skin wittedness, which

results from high moisture content oftbe air, is a condition people are adapted to and

loose clothing styles and absorbent fabnci>lessen its impact on comfort.

A little or slow air movement up to O.15m/smakes very lillIe diffcrencc to comfort

temperatures. The mean comfort temperature for this range is 2S"C. For higher

velocities of O.3m/s and up to 0.45m/s the upper and lower limits of comfort

temperatures increase between 2_3°Cand the highcr limit of comfort temperature is

36°C. Relativc humidity therefore has not been found to playa major role for

comfort in Dhaka's climate. More important )s alr temperature, which is a deciding

factor to deterrnme comfort sltuation of an indoor space, and air movement acts as a

modifier.

,
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Chapter Four
THERMAL BALANCE AND DESIGN STRATEGIES

4.1. Introduction

We have a daily life cycle that comprises periods of activities, fatigue and recovery.

Bu.t It IS e~sential to recover the counterbalance of mental and physlcal fatigue

rcsulting from activities of the day through recreation, rest and slcep. Unfortunately

thc cycle can be disrupted by unfavourable environmcntal conditions, which results

in stress on b.ody and mind, causes discomfon, loss of efficiency, and may eventually

lead to a breakdown of health. Therefore the overall environmental condition and

climate is a very imponant factor during space design. The architect/designer should

attempt to create the best po,sible indoor environment out of unfavourable outdoor

cnvironmcnt. To achieve this, one has to understand the ovenlll behavioural

pattern/responses of a built-fonn under different climatic circumstances, identifYing

the most critical climatic elements, which may be responsIble for creatmg adverse

situations. Given such an understandmg, the archItect or designer may find the

design strategies required to overcome the problem.

4.2. Thermal Balance

Before establishing the design strategies, it IS useful for the architect/designer to

examine the heat exchange process, m order to determine whether the situation is

thermally balanced or not. This involves investigation of heat exchange process of

built form, to determine whether or not the heat gain and heat loss is equal withm the

24hour dIUrnal period. This is an extremely important criteria for thennally

comfortable condition~, which ensures the conditions of thermal-balance. Thermal

balance exists if the following equation is maintained.1

Qi +Qsj: Qcj: Qvj: Qm - Qe = 0 (all in Watts)

Qi = Internal heat gain, from human body, lamps, motors, light, and appliances.

Qs = Solar heat gain through transparent surface, i.e. windows, opening etc.



Qc ~ Conduction heat flow through wall, either inward. or outwards,

Qv ~ Convection heal fiow WIththe movement ofail either mwards or outwards,

Qm =Mechamcal heating or cooling.

Qe =Evaporative cooling.

Evaporation can take place on the surface of building (e.g. a roof pool) or withm the

building ( human sweat or water IIIa fountain) and as the vapours are removed, thiS

produces a coohng effect.

If the ~um of above equation is less than zero (ncgative), thc building will be cooling

and if it is more than zero, the temperature in the building will increase. But the

design analysis should be directed toward balancing heat gains and heat losses.

Wc can sce thc potcntial for trading heat gain for heat loss through proper design

decisions. The thcrmal balance model allows the visualisation of how different

strategies increases or decreases eertain heat gains or hcat losscs so that they

approach equality. Before taking any strategies for increasing or decreasing of heat

loss/gain, it is essential to identify the variable~ in the built-tonn, which influence

thermal balance, These arc as follows:

a. Size, shape, orientation and colour of the built form.

b. Size, shape, orientation, colour, texture and material of the building surface.

c. Size, shape, orientation, colour and material of openings.

d. External features ofthc openings i.e, projcetions and shading.

e. Size, colour and material of roof.

f. The Site aml its surroundings.

g. lntcrnal space organization/geometry.

Particular design strategies can bc uscd to increasc or dcerease certain heat gains and

losses to approaeh equality betweeu the heat gaiuiloss valucs on the thermal balance

strategies.

a. increase/decrease internal heat gain;

b. increase/decrease solar heat gain;

e. inereaseJdecrease envelope heat gain or loss;

Koemgsberger 0, II, IngersoU T,G, Moyhew Alan, illld Szokolay S.\', "Manual ajtropical housing



d. increase/decrease ventilation heat gain or loss;

e. increase/decrease stored energy (heat or cold).

There are a number of available design options to accomplish each of these design

strategies. When selecting these strategies, or options, heat gain or loss ramifications

should be considered for each strategy. For mstance, using day lighting to reduce the

internal heat gains from artificial lighting will in~Tease the solar heat gain if shading is

not used. As this study is conducted 111 a tropical location, where high temperature and

over-heating of the buildmg lS the main problem, therefore the discussion on design

strategies will concentrate on those, which deal with heat loss and ways to decrease

gams.

4.3. Internal Heat Generated witbin Buildings

Internal gains are generally dominant, with lighting usually the primary source of

internal heat. Heat of occupancy or human u,e is affected by the schedule and

intensity of use. These heat gains can be reduced by spreading the use of the building

evenly over occupied periods to level loads and reducing the maximum size of

mechanical conditioning equipment.

For a non air-conditioned building, it is important to match, a<much as ros;ible, the

activities with the natlJral cycle ortemperature f1uctuallon in the building.

In residential buildings, specially in the context of Dhaka, another element, which

can also dominate internal heat-gain, are cooking equipments (range, oven, micro

wave etc. in the kltchen), refrigerator, washing machme, drying machine etc. in

utility spaces. Equipment can contribute a considerable part in the mternal heat

generation process and it is an easily identifiable source ofhcat gain. In some cases,

this heat may be exhausted directly to the outside. Unless it contributes to allowable

heat gain, "throwing away" heated air as exhaust may be more energy-efficient than

refrigerating and reusing it. These source areas can also be separated from main

activity areas by using buffer space in behveen, like bathrooms, stores, etc.

Alternatively, such source areas can be isolated from the main structure so that they

can not inf1lJence the main actlvlty spaces.

and building ", Pari Olle , Climatic Design, Longnwn, London and -"ew York;Ins, p_75
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Lighting, the most significant mternal heat gain specially in eommercial buildiug, is

the one most easily modified. Eleetrie light is created by the ~uperheating of a

filament or gas. Aeeording to one study, in fluorescent hghting fi~tures, 21 percent

of the energy used by lighting 1Sconverted to light The remaining 79 pereent is

converted to heat and radiated from the iixture housing to thc air in thc occupied or

ceiling space. In the case of incandescent lighting fixtures, only 5 percent of the

energy used by hghting is convcrted to light. The remaining 95 percent is converted

to heat2. Relative proportions depend on the type and design of the fixture.

Therefore, elcetrie lighting not only consumes energy to produce light, but also

produces space heat, which must be offset by other heat reducing methods, even with

air-conditioning if necessary, when it doesn't contribute to allowahle heat gain, as is

the case in Dhaka.

Any method of reducing the amount of electric lighting obviously reduces power usc

for both lighting and cooling. It i, common knowledge that lighting standards tend to

be general and, con,equently, over-conservative, stressing quantity over quality. It is

possible to reduce lighting levels significantly if good lighting design techniques are

used for specific environments, cutting down on quantity while elevating quality.

More dramatic conserv'ation may be achievcd by maximum use of natural light. Not

only docs this further reduce the need for electric lighting, it also offers several

distinct advantages, Natural light provides illumination equal to electric light, while

producmg less heat, as various glazing and shading tcehniques can be used to reduce

the amount of infrared radiation transmitted to the space, Some form of shading must

be provided for glass areas to prevent excessive direct solar gain if the use of day

lighting is to be effective.

Studies show that, depending on the window-wall section and surrounding

conditions, adequate lighting level; can be achieved from 18 to 28 feet from the

window wall with no electrical hghting. Llght can also be provided by skylights and

light courts, In single story buildings, addition of day lightiug introduces minimal

constraints on form, because skylights may be used. Iu multistory buildings, the

Koenigsberger O. H, Ingersoll T,G, M.yhew Alan, .nd SzokQJay S.v, "Manual oflropicai housing
and build",g", rart ou.: Chmmic Deslgn, Longman, I.<mdon and New York,1978, p-77



building configuration must be relatively narrow to provide habitable space with

natural light.

This configuration increases wall-surface area relative to floor area, and thus the

potential for energy transfer through the building shell is similarly increased. In

addition, it implies the use of larger glass areas with high U values. In other words,

maximum use of daylight may mean a corresponding increase in envelope heat

gams/losses.

Design strategies; decrease of internal heat generations for thermal balance

B)' Decreasing Internal Heat Gain

Reduce Lighting Use by Employing Day lighting, while restricting solar gain,

Increase window size

Locate windows high in the wall

Control glare with drapes, shutters, etc

Eliminate direct sunlight, reflect into spaces

Slope walls to self-shade windows and reflect light

Use heat absorbent or heat reflecting glazing

Use light colors on interior walls

Use automatic dimming controls on electric hghting

Separate and Increase Wind Exposure of High Heat Gain Areas

Increase local volumetric and/or ventilation loss of internal heat gain areas

Isolate heat gain sources and areas from main activity spaces

Separate heat gain areas from main activity areas by using buffer space in

between

Utilise thermo-siphon effect for heat gain areas to generate wind flow through

main activity spaces.

4.4. Solar Heat Gain

Solar radiation is a major contributor to heat gain. Building configuration affects the

amount of exterior wall area and therefore the available area exposed for solar heal



gain. Exterior wall-to-floor-area ratios are low in a residential-scale buildings, and

high in a multistorey buildings. Building configuration is normally represented by

the two variables of "length.to-width ratio" and "surface-area-to-volume ratio."

The impact of these two variables depends on the amount of exterior wall, the

percentage of wall area exposed to solar HI(liation(orientation) and on the material

composition of external surfaces. Percentage of ea~t and west wall area is critical as

these surfaces receive direct solar radiation, at certain times perpendicular to the

surface. Consequently, for a giveo floor area, solar gains can be reduced by reducing

the external surface-area-to-volumc ratio. In general, this means that taller buildings

or buildmgs with a deep or wido floor areas receive less external gains. For two

buildmgs wlth Similar surface-area-to-volume ratio, the building with a smaller

length-to-width ratio has less external gain.

If external factors are the dominant forces, configuration can dramatically affect heat

loss by decreasing the surface-area-to-volume ratio. The effect is most dramatic on

small or residential buildings and 1Srelatively true for both shaded and unshadcd

conditions.

Solar radiation is transferred through the building envelope directly through windows

and skylights, as well as indirectly through wall and roof surfaces. Like that

transferred through opaque wall materials, the amount of solar radiallon transferred

through glass depends on orientation and the heat-transfer characteristics of the glass.

The amount of radiation transfer can be affected by changing the transmission

characteristics or size of the glazed opening and/or using shading devices. Reducing

the area of the glass is the simplest method of reducing incoming radiation,

Design strategies: decrease solar heat gain for thermal balance

Decrease Solar Gain

Decrease Surfaces Exposed to Radiation

Reduce ratio of surface area to enclosed volume

Utilize site elements for shading

Orient building to minimize insulatlOn
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Configure building edge to provide self-shading

Pro~ide shading devices to Increase Reflectance

Use smooth surfaces to reduce film cocfficictll.

Use light colors to reduce absorption

Usc solar film on glazing to reduce transmission

Increase Thermal Transmission Resistance

- Decrease U value

Increase Heat Capacity

- Increa,e thermal mass

4.5. Increase Building Envelop Heat Loss

Heat is transferred indirectly through the building envelope by conduction through

building materials, The rate of transmission depends to a large extent on the mass

and/or transmissIOn characteristics of the materiaL

Heat energy is absorbed by the wall and "heating up" to the outside condition takes

place before energy is transferred to the IllteriOr. This 1Salso true for internal heat.

The stored heat i, released to both the Inside and the outside when either temperature

drops below the wall tempernllirc. Heat storage is obviously an unwantcd

characteristic when cooling is the goal, as the impact of both solar radiation and

ambient air tempernllire is prolonged by storage. The heat-storage aspect of mass

also affects ,ts use as a mechanism to resist heat transfer or to insulate. ThlS can be

accomplished more effectlvely by resistance insulation using I1ght weIght insulatmg

materials. It is important to note that placement of the insulation may be as important

as the amount, especially in conjunction with thermal mass. In hot climates,

insulation should be placed on the exterior side of a high-rna" envelope. In this way

excess heat can be absorbed from internal SOl.lreesdl.lring the day and released to the

spaces dunng the mght. The insulatIOn will work to reduce heat gain from external

sources.

Since radiant cnergy is the primary sourcc of heat gain, shading may be the more

effective overall heat-reduction strategy.



Nevertheless, there are important reasons why a relatively high msulation value can

be desirable. The performance of the buildmg during the entire year must be

considered, in any heat balance computations and in thc adoption of insulation

strategies. Normally, thc cxtcnt of insulation will depend on the need for reducing

hcat loss in the winter. In climate where winter heating is not compared, like in

Bangladesh, the role of insulation is relatively unimportant, compared to other

thermal strategies.

There is one more consideration regarding the optimal amount of insulation, and that

is heat transfer out of the building envelope. IIIbuildings with high mtemalloads and

sufficiently moderate outdoor temperatllres, it may be advantageous to allow heat to

transfer from the inside to the outside. Obviously the amount of insulation would

affect this tlow rate. In this case reduced insulation may bc bcncficial.

In a passive cooling example, buildings may actually reradiate internal heat during

cooler lllght periods. In this situation, insulation could delay positivc hcat-flow to the

outsidc.

Whereas air temperatures fluctuate noticeably on a seasonal and even diurnal basis,

the temperature of the earth IS relatively stable. In summer, the earth is generally

cooler than the atmosphere; in wmter, wanner. Therefore, it is possible to use the

relativcly warmer and cooler earth temperatures to heat and cool a building.

Design strategies: increase/decrease enveJope heat gain for thermal balance

Decrease External Heat Gain: (Summer)

Decrease U, Increasing Thennal Resistance

Increasc insulation on oricntations rccciving cxccssivc solar input

Use double roof with exhausted air space in between

Texrnre surface to increase film coefficient

Protect insulation where used from mOIsture

Use operable thennal shutters, which can be shut when outdoor air

temperature rise above comfort levels

Use insulatioll for roof slab which receives direct radiation

Create exposure to protected and introverted exterior spaces, hke courtyards

with modified and cooler environment.



Reduce surface area to enclosed volume ratio

ConsIder compact configuration (low length/width aspect ratio)

Reduce floor-to-floor dImension

Avoid elevated buildings, large overhangs, parking garages on intermediate

levels, terraces, etc.

Decrease Infiltration when outdoor temperature is higher than required for comfort.

Minimize wind effects by orienting major axis into the wind

Site near existing windbreaks

Locate entrances on downwind side of building

Reduce building height

Use lmpermeable exterior surface matcrials

Seal an vertical shafts

Vertically offset or stagger stairwells, elevator shafts, mechanical shafts to

avoid chinmcy effect

Articulate surface with fins, recesses, etc,

Dccreasc the Temperature Differential

Use water, fountains to encourage evaporative cooling and decrease heat

buildup

Employ highly textured 1Urface to retard smooth flow upwards

Rcduce paved areas in vicinity of building

Plant deciduous trees adjacent to building to moderate surfacc tempcraturcs

Decrease Internal Heat Loss (winler):

Decrease U, increasing Thermal Resistance

Increase insulation

Use double roof wIth venlllation space in between

Texture surface to increasc film cocfficicnt

Protect insulation from moisrnrc

Usc multiple-layer glazing with vacuum to reduce heat transfer

Use operable thermal shuttcrs

Decrease Exposure to cold outside air

- Reduce surface area to enclosed volume ratio



Consider below grade location for part(s) of the building

Consider compact configuration (low length! width aspect ratio)

Reduce floor-to-floor dimension

Decrease Infiltnltion

Miniml,<e wind effects by orienting major axis into the wind

SIte near existing windbreaks

Provide vestibulcs for cntrances

Locate entrances on downwind side of building

Reduce building height

Usc impermeable exterior surface materials

Seal all vertical shafts

Vcrtically offset or stagger stairwells, elevator shafts, mechanical shafts to

avoid chimney effect

Articulate surface WIthfins, recesses

Decrem;e the Tempcrature Diffcrential

Considcr below grade location

Employ highly textured surface

Plant deciduous trees adjacent to building to moderate surface temperatures

4.6. Increase Ventilation for Heat Loss

The cffcctiveness of natural ventilation, whether induced by wind, thermally, or

mechanically, depends on the total effect of air movement, temperature and

humidity.

Any natural ventilation system operates by inducing the flow of large quantities of

air thfl)ugh the building interior. The beat capacity of this air will usually be in

excess of any internal gains generated by the building; that is, If ventilatlon is

sufficient to satisfy occupancy coolmg needs, It IS sufficient to remove most internal

heat gains.



Air movement is created by a pressure difference, i.e., air moves from a higher to a

lower pressure area. That pressure difference can be created by climatic conditIOns

(wind) and temperature difference, or mechanical means (fans). In general, the

choice of a particular means of inducing air movement is related to the climate and

the reliability required of the system. Wind-induced cross-ventilation requires a

minimal commitment of resources, but at most urban location, is not highly reliable.

At the other extreme, mechanical ventilation is reliable but involve, a capital

machinery cost and operating expense. The use of fans is a common method used in

Dhaka's re,idences to mduce air movement in interior.

Besides wind, another method of inducing air movement is to utilize a pressure

differential created by changing the density of air through heming, Heated air rises

because it expands to a lower density per volume than cooler air. This mean; of

creating ventilation is not used in the context where purpose of ventilation is not

heating but cooling.

Confined m a space, this creates air movement as unheated air is pulled in at the base

of the air column to replace the rising, lighter air mass. This effect is identical to the

draft caused in the flue of a lireplace, hence the name "chimney effect." Any souree

of heat (solar, waste, process, combustion)may be used.

Like wind, the "thermo-siphon effect" can be used only to induce air movement, not

to change the temperature or humidity of incoming air. The effectivene,s of the

system, or the effective temperature created, is a product of air temperature and

humidity as well as velocity. Unlike natural ventilation, however, the system does

not require an unobstructed wind flow or a certain buiklmg orientation. Depending

on the SOnfCeof heat, this sy,tem could be u,ed in an urban area where the prevailing

wind ISobstructed or rednced.

Wind flow genermed due to thermo-siphon may be effeetive in achieving a certain

air change rate, and often the movement will not be strong enough to be perceptible.

Therefore it may not have a direct effect on thermal sensation of occupants.



Design strategies: increase/decrease ventilation exchange for thennal balance

Increase Heat Loss: (Summer)

Increase Rate

Increase ventilation rate subject to maximum tolerable level (limited by noise,

air movement)

Orient operable windows to windward and leeward sides of the building to

induce cross ventilation.

Decrease the Temperature Differential

Shade air intakes during hot periods

Consider evaporative cooling

Consider operable windows to shut off ventilation during maximum outdoor

temperature and to encourage wind intake dunng cool period>.

Orient heat generating spaces surfaces downwind of main activity space

Consider grassy surfaces on windward side to reduce internal air temperature.

Decrease Internal Heat Loss: (Winter)

Decrease Ventilation Rate

Use recycled air and minimum fresh air for large requirements, and filter

contaminated air for recycling

Periodically shut down the system for a short time if allowable

Credit infiltration toward general ventilation requirement

Place operable windows on adjacent walls to reduce through ventilation

Decrease the Temperature Differential

Increase solar radiallon at air mtakes during cold periods

Transfer energy from exhaust air to incoming air

4.7. Decrease Stored Energy

Thermal Mass establishes the heat storage capacity of the materials of a building.

The ability of a building to provide a predetermined thennal environment in the face

of widely varying exterior and interior conditions is thus due in part to its thermal

mass.



The distinction between thermal mass and thermal resistance (wsulation) is

important. It is entirely possible to have a building with high thermal resistance and

low thermal mass, i.e. a light weight building which resists the entry of heat in the

first place.

There are vanous means of increasing thermal mass by introducing high-mass

material mto the building envelope or internally in the space. Such materials can

store heat for several hours, causing a time-barrier bctwccn the building's interior

temperature and the outsidc tcmpcraturc. This phcnomenon, called thermal lag,

allows for the storage of heat and its subsequent release into or out of the building.

Energy diffUSion or decrement factor IS the change of energy directly related to time

lag. In summer during the day, the wall may have an average temperarure cooler than

the exterior surface and, thcreforc, absorbs thermal cncrgy. At night, because the

wall tcmperarure is warmer than the outdoor air temperature, some of the heat is

reradiated to thc exterior and ncver affects the wall's interior surface temperature.

The thennallag of a building is subject to manipulation through choices of structure,

closure, and materials. The desirability of high or low thermal mass is a function of

climatic conditions, site factors, design interior conditions, and operating patterns.

The most common method of utilizlOg thermal mass ;s to ,tore sensihle heat in solid

materials and thus prevent or delay and diminish its cffects in the interior .. The most

common materials of solid mass storage in Bangladesh include:

briek; - most widely used buildmg matenaI 1n urban areas of Bangladesh

adobe blocks; - used in mud houscs of rural areas

poured and pre-cast concrete block; - only very recently being used in a few

buildings of urban Dhaka

concrcte-masonry unit.,; relatively rarely used in the context of Bangladesh

Water, with the highest heat capacity per unit weight of any matenal, can also be

used by the designer as thermal mass t'lr heat storage.

The space itself is the collector of heat. Heat can be stored in the building structure

(floors, walls, ceiling). Concrete, brick, stone, and containers of water are effective

for d,rect thermal stonlge. For thermal storage to temper the interior temperature



fluctuatIOns effectively, it must be insulated on the exterior wall surface. Large

expanses of paving, adjacent to the building can also act as a heat store and should be

considered dnring design stage.

Design strategies: decrease st(lrage heat gain for thermal balance

Decrease mas, to reduce stored energy

Plan spaces With activity so that space is in nsc when heat release is not

taking place.

Co-ordinate time lag and activity pattern.

Use buffers to protect mass from thermal storage.

4.8. Conclusion

In the context of Bangladesh during the major part of a year, heat decrease is an

important criteria for comfort inside. So understanding energy flow in a building to

achieve thermal balance is a major step towards reducing heat flow inside the

building and decreasing storage of heat.

To fully understand the energy implications of a de,ign concept, the designer must

understand not only thennal balance, but also the utility loads and cost factors that

can help identify an overall design strategy for the building.

A thorough picture can be developed through the usc of logical energy design

process. The purpose of this process is to develop primary energy design strategies

and evaluate their potential. In order to evaluate the potential of energy-conscious

ueslgn strategies, their relative impact on energy use and costs should be considered.

This chapter has given a preliminary discussion on the design strategIes lllvolved in

achieving comfortable intenors in Dhaka. However the exact sequence and from of

the design stratcgics of specific buildings is site and microclimate specific and will

be deal with after further investigation in the following chapters.
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Chapter Five
THERMAL PERFORl\lAo."fCE OF URBAN BRICK HOUSES: Physical Survey and
Findings

5.1. Introduction

Dhaka is growing day by day for accommodating people, providing services and

other facilities. Both government and private companies have taken the imtiatlve to

develop residential areas for accommodating the people of the city. In few cases,

individual groups of people have also taken the respoll5ibiliry of developing their

own residential area and building their own houses. While there are some examples

where the areas developed organically.

In this chapter, twelve houses from the different residential area in the Dhaka city

have been taken to analyse the observations on occupant comfort and thermal

behaviour (Case study form and data details in the Appendices-5 and 6). The house

were chosen on the baslS of the building material, orientations of rooms,

characteristics of windows and opening, and the site and surrounding of the built

forms, details of which are given in Appendix-5. The measured thermal data

provides the basis for an empincal evaluation of comfort and factors that contribute

to thermal behaviour, The comparative analyses between the cases have reference to

the common design features, while at the same time, sources of internal and external

heat gains are observed and analysed.

Simultaneous outdoor measurements were also taken to provide the context of the

site as a contributor to indoor thermal behaviour and offer the potential of

comparison between different sites.

5.2. Methodology

The field works on thermal performance of residential building were made in

different areas in Dhaka city. The cases were selected from the different parts of the

residential areas of Dhaka city and categorised following a reconnaissance survey on

the basis of certain considerations discussed in the following section. The climatic
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elements those are respon~ible for thermal comfort and the physical charactenstics

were studied in the three seasons of a year, Hot-dry season (April) Hot-humid

season (September) and Cool-dry season (January).

The methodology of study to assess thermal performance of the cases consisted of

four steps

• Design reference and characteristics of case studies

• The physlcal characteristics of the case studies

• Instrumentation and measurement of clements of thermal environment

• The thermal performance of the case studies

5.2.1. Design Reference and Characteristics or ease Studies

The thermal behaviour of a building and the corresponding indoor comfort

performance depends on construction materials, orientation, geometry, colour, site

surroundings etc, which can be manipulated to create a desirable mtemal

environment within a given elimatic context. The materials with which it is

constructed have a direct bearing on the internal thermal environment. The design

professionals can manipulate the structural and environmental variables during

design and constructlOn period to achieve comfortable interiors.

Tmtially twenty case studies wcre selectcd for survey after which twelve cases from

among these wcre analysed considering the common building typologies and other

fcatures of similarities. Other than the building itself, the ;elections consider the

character of sitc and surroundings. The possible aspects considered, which affect the

thermal behaviour of building interior are:

The site and surroundings

Space organization and uses

Onentatlon ofbmlding

Exposurc

Construction details, materials, compositions, etc.
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S.2.la. Site and Surroundings

The site and its surroundmg conditions can mouulate the overall environmental

characteristics of the site i.e. the closeness of the surrounding buildings, their relative

heights, materials, the nature of surface cover and the location of trees and other

physical attributes influence site behaviour and consequently the internal

environment (which are discussed in chapter 2). So the site represents the existmg

immediate environment of the building, over which control through design is limited.

In considering those issues, sites in the case studies can be classified into three

categories:

Dense site:

These are locations where buildings are very

dose to each other, Ihe distance between them

bemg less than 2.5m and the ground cover in

some cases paved, with only a few trees. Within

dense sites there are two sub-types in terms of

geometrical profile; bUlldings of similar height

as that of the case study i.e. either of lower

height or taller buildings and combinations of

lower height and taller buildings. The residential

areas ill Dhaka city, which developed

organically, are found in this category; for

example, Jatrabati, Basabo, Shajahanpur ele.

Medium density site:

In these the buildings are spaced apart at

ulstanees. The distance between bu)ldings are

WIthin 2.510 and 4.510. The ground cover is a

mixture of paved and unpaved. The residential

areas in the city, which were developed

according to rigid rules of planning, are found in

this category. For example, Dhanmondi,

Gulshan, Uttara etc.

Don•• ,ile

Mrdlnrn den,itl' ,Ite

Opon orea

FigtlR: 5.2.10. DitT••.•nt in ,ite <ondilion,
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Open site:

Sites where there are no buildings within 4.5m of the reference building fall in thIs

category. Buildings are p13ccd on more or less open ground with little paving. Some

arc government residenti31 colonies and buildings in the periphery of the city like

Savar, Jaidebpur, etc.

,
p'

111gnre:~.2.1b Angle ofNeigbbouring
Buildings

the angles a neighbouring structure

makes with any glven space, which

affects sky vIew and consequently

diffuse and direct radiations. Often

individual spaces can be judged to

belong to a site category of density less than 11 actually is located in, if sky view is

high, angle with next building is low, for Instance, top floor spaces in medium

density slte can be categorised as open site, as the angle a neighbouring structure

makes with this floor is very small, allowing quite an exposure of sky view.

There is an obvious connectIon between

5.2.lb. Space planning and Use Pattern

The usc patterns of different spaces were sun eyed. These are displayed in the figure

5.2.lb. It shows that the general cond,tions of occupancy and space use in urban

houses are an important conSIderation for the evaluation of comfort. The patterns

described here also consider general aspects other than those from the survey

findings.

In general the older generation of women stay at home most of the day. It is only in

recent times that urban women have been involved in gainful employment. As result

the house is rarely unoccupied at any time of the daily cycle.
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Table S.2.lb. Time of u~eof Different Spen

Tim,

eo'
Living

Dio;ng

Kitche"

il1l111llllJJ415 llll11l4Ill';

IEl Space in use D Spa"O oot in use

Domestic help for household tasks is common. An odd relative or guest in the house

is very common in the context of Bangladesh, sometimes pcnnanently.

The bedroom is a commonly occupied space in the house and its functions include

activities other than only ,leeping. It is important for the bouse to be comfortable at

all times, particularly from latc afternoons throughout the night when most of the

household is at home occupying the bed rooms.

S.2.le. Orientation

Orientations of the houses were considered as a factor, which influence internal

thermal conditions. Tmditionally north-south orientated buildings are considered the

best possible orientatIOn of building with respect to ventilation and direct radiation.

In cases of dense sites the direct effect of orientation is not 50 apparent. But its effect

on medium density areas and open areas was noticeable. Orientation of window wall

was found to be particularly significant.

S.2.Id. Exposure to Solar Radiation

In the urban area, the exposure of a house is considered as an aspect of influence on

thermal behaviour, Exposure to radiation depends on the buildmg orientation and

exposure angles, whIch in turn influence the thennal behaviour of building interior

and thus thermal comfort. Top floors are exposed to radiation through the roof

whereas intermediate floors have the insulation effect provided by higher floors,

while ground floors are subject to heat exchanges with the earth. Ground floors have
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more shading from surrounding structures and trees particularly in dense and

medium density areas.

S.l.le. Construction Material and Thickness

The materials employed and the thIckness of walls and slabs determine the thermal

inertia of the structure. The response rate of high mass buildings to heat is slow as

compared to lighter construction. As a result the time lag is higher in high mass

building compared to light mass building (Table: 5.2.1e).

Table: S.2.le. Time Lag for Brick Wan~ Different Thickness

ThJcklle" of wall in mm m "" 2~5. 410"

Time lag in hOLl!s , • , "
'B",k .'~I ""th "rom ""~ 'PO'",
""","" Ah"~', ZoobunN",,," "As""rn •••' ofR"",,,",',1 S"" '" "hob w"h ""1'«1 "'Sol" Rad,,,I,, Ga', 'PIll> Th""

So the daily temperature swing WIll be less in high mass building. In the past,

residences of old Dhaka made the usc of hcavy masonry constru,,'tlon WIth high

ceilings for getting better thermal cnvironment, while in recent example, thc trend is

towards lighter construction and comparatively low ceilings for saving co,t. Most of

the reccnt building fabrics are of either 125mm or 250mm. Space with 250mm walls

showed performance markedly better than space with 125mm walls. BUlldings using

250mm brick masonry were selected for the case studies as they perform better.

5.2.2. The PhysIcal Characteristics of the Case Studies

The final choice of the case studies had to consider the practical problem of

availability of the houses for the detailed measurements, collection of thermal data,

and informatiou on site conditions, physical characteristics and the orientation of the

observed rooms. 12 houses with 31 different rooms were selected out of 20

possibilities (Appendix-5), detailed descriptions of which are given in Table 5.2.2.

Here in all cases, exterior walls of 250mm brick masonry arc window walls, except

easc-12, where the external wall in the west IS not a window wall. All windows are

shaded by overhangs of about 50mm or in some cases by extended verandahs

(Appendlx-5). All windows had security grilles, and in addition some windows had
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ncning (Table: 5.2.2). Most windows of the ca~ slUdies hlId curUlins,genemlly of
•synthetic materials.

Tlblr: 5.l.2. Chl.,,<1rrlslks orease stpdl~

Opt'n Site •
•

,
•

._. - ~.of
,_. "_1:,--'_ "- ,~~",~-- ~, ". "" __ 111M n4 Shr" ft. ~ ~.
~-I:-- SMlo 1 '""', I ••••

L.n 1_.11 l.1I L"I ••••••• "nO

e- sw,_Ol(o.-.l l'loool
.. ..•.- ,,- " o. ,. 1,1,1" • I.:hl._ • •• '- '" -- -- - " o. ,. • 1-"1._ 1,"',' • .~'" '" ,- -- - " w ,~I.hl'" • • 14,1,' .~'" '" ~ -e-S!IId1-(Q i'""""'l - ,

-, - " ,. '" • VI.1,' , '.0.1' .~'" '" ,- Oo<~\'~

-, - " .~<,'I , , 2.0..1.' • ••• '- ,- .- -<'-Slod,.m(,'"""'l
.. ,-- .- " '" ". , 1..1.' • • , ••• ,- ~ ,- -- .- " .~1.7< Ubi' • • , ••• '- ~ .- -e-Sooly.oo f!"l'fmt) -

-.- -- " on •• • I"'" .• • , 0,11 '- ~ ,- -- .- " on .~103,1' • • , ." '- ~ .- -
Mrdium drnsll}' Sltr
.'_01 - ••• ,_. ,,-.~. •• ,~."" ,~-- ~.'- ~- ••••••••••• JL ~ ,-- - '-

_. ~I- -. I.' II I,' H "" lIlI

c•••_•...,._(I.~
-' m_ " ,. 1.1' • l.hl. , • ••• '- ,- ••••• --, - " •• w , 1.1"" l.h'" • •n '- '- ,- 00I.t~•- - " ,. W lJ.I' , 1..1" •• • ••• '- '- s~ 0..1.\' •

•.•••S'"I_I'" floot)

".- -- " ,~••• , 1.3,1" 1.3,1" , '" ,- N& ,--- -- " ,~•• , ,",,'" , ,,,.1• .n '" •• -- --' -- " ,n ,., , , 1.lhlA , ••• '- ~ .--t••••••o<I, -t1 (I' 11Mr)

-, - " '" ,. , 1.l,IA , l.hlO '" '- •• ,--- - " ).6\ .., , , • 1.1''-' ." '- •• ..- -c... 51..". ..•• (('_ ~ - -- ,-._., ...- m_ " '" '" , l.bl" • l,hl. .n '- ,- s,-.;. -
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D~n.tSite>-- - ~.II -- ,,_.1:>••••••• ". ,~~'.. ,~•••••- -, ,.- ,.- ••• Stu •• II. - ,-- ~ .- ,~"~~- ,,~L.lI L.II L,n ,.• II
. .

C_ 5114,-1'1IT.,~l- ,,- •• ,. '" • • • 1.7.1.0 ." •• '- .--•.~ .- •• I,"' '" • I "',' • 1.1>',4 ." '- '- ,- Ooon ••

-, ".. •• '" J.14 • l.hl" • • ." ,. •• ,--~ .- •• '" '" • 1,61'" ,.•... '.• • ." '. '. .--ea.. ~'odj.1' (,' '_l . . .. . _ .. - .. -•.~ - •• J,I~ '" ,"",.• • • 1.1>.1._ '. '. '. -- o..av ••

-, - •• '" 1.14 1,10'" • • • ." ,. ,. ,---, .- •• UI '" lJ,l" • 1.1.1" • '" ,. ". ,--C•••s"",.11 (,. f\oorJ- - •• ,. •• , • , 1.7.1" 0,16 •• •• ,--•.~ - •• '" 'M • I.t..'" • 1.7••. , ••• ,. ,. ,- 0.."'"-, - •• '" l.I' • 1.1,'" • • 0,11 •• •• .---, - •• Ml '" • 1.6"" •);,1.' • ••• '" '" ~,-.;.-c... 51•••.•11 (I"~1
...~ - •• ••• ,. • IJ.l.' • • 0.'$ '" ~ - -- - •• ••• ••• IJ.'" • • • 0.11 ,. ~ - -

The "'1I1Iswere plastered inside nnd outside and exterior surfaces we~ painted with

while colour except Case One. The interior surfaces of the rooms were pointed with

wbile, green, pink, or off-white colour, with white being the most common. The

ceiling fan is 11common feature of all CllSC'S.

The window: noor area ratios VlIrybetween 0.11 to 0.17 nnd the lwertlge is 0.13

when the room had window on ont side only, while the ratio wilh rooms on two

sides \'nried between 0,20 to 0.37, the avernge being 0.30, No room had air.

conditions

•
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5.3. Instrumentation and Measurement

For companng thermal performance of residential building of Dhaka city the

temperature measurements were made in the twelve buildings at three different

penods of the year, the hot humid (in September), the cool (in January) and the hot

dry period (in April). Each observation period covered a twenty-four hour cycle with

the main readings taken at three hourly intervals.

The air temperature and humidity measurements were made at points 105m above

from the floor level with digital thermometers, digital temperature-humidity meters

(Preamble Section- PA). During the temperature measurement time the indoor

temperature was taken by placing 'indoor temperature sen~or' of the digital

thermometer in the center of the room and simultaneously the outdoor temperature

was taken by placing the 'outdoor temperature sensor' of the digital thermometer,

outside the window (Figure: 5.3).

PLAN

Figure: 5.3. Placement of Indoor and Outdoor Temperature Sensor
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The Globe tempcrnture measurnnents wcrt made by using digital thermometer with

IIblackened 38mrn Ping-Pong ball housing the sensor, Air velocity WIISmeasurnl by

Fnn Speed Measurements Scale thaI are SLOW (air movement is about O.lSmls),

MEDIUM (air movement is about OJmls), nnd FAST ( air movement is about

OASmls). The comfort assessments wen: al~ mOOt during the mcnsurement period

of rooms of the case studies and filed up in the 'Case Study Assessment Form'

(Appendix-4).

The climatic clements that Ort responsible for thermal comfort wen: measured in

three seasons orlhe reM, Hot-dry season (April) Hot-humid SClSOlI(September) and

Cool-dry season.

The day in April is representath'c of Il hot day. when temperatu~ Ill"C high lUld the

swing (between maximum and minimum) an: comparatively large, the day in

September is II typical day of the hoI humid period, the Il\'emgc temperature of this

month is slightly higher than the nvcrngc tempcmtun: for the SC:IISOnbut the swing is

typiC81by low, in January it is representative ofa cold day in the cool period. The

lIVCTllgellir letnpertlture, mClln mllltimum lind mean minimum lempcmrures, lind the

swing ofench monlh are shown in the TlIble: 5.3.

TDhl~:S.3Monthly M~.n Mnlmum, MinImum, .nd Avcrage AIr Tcmpcralurc In.C

Cnol-dry HOl--dry Hot.humid

0" No" ""
,~'ob M" :Apt M', ". '"' A', '"',,"crase Air Temp. '" 23.S 19,8 19,0 21.2 26.0 ,,.~.,.. 28.1 2M 2U

eM MllltimumAir Temp. '" 25.1 2M u., 27.9 '" 30 n> 31.8 '" )1.1 ) 1.1

1Cl111Minimum Air Temp. '" 18.2 0> II.S '" 19.1 as 2H 2H 26.2 76.1 2S.9

S",ing ,.• 10.6 lJ.2 ,1~,4 lH 12.6 10.4 •• • , , I"
"""" ••• ""'_ ••••• >.'>d """" _ ,.... 10 _ fI'1IO'l (19I1-9ll~ a- dlviDo<l.B""lI' 1 ~ 1I"",okJp:a!
f>ctA. ~' •••n.,,""' •••••.• p«IJIle', il<poIIl;: of.0,. ,

The temperature measurements were mllde in each elise for bolh interiors of the

surveyed rooms and the simultaneous exterior values within the respective site,

The thermal belwviour of each clIse wns then lInlll)'l'ed on the ohSC1V1llionsof

following aspects:
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a. The daily site outdoor temperature pattern as It compares with metrological data in

the three periods ofilie year.

b. The daily indoor temperature pattern as it compares with outdoor conditions in the

three periods of the year.

C. Times of the day when the house is warm or cool and how It relates to comfort

and with occupancy patterns.

d. IIow the exterior compares with the interiors, whether conditions are better or

worse, and the related times.

e. Consistency of indoor conditions, whether thermal conditions vary over time i.e.

the temperature swing in the measured 24hours period.

f. The changes in indoor temperatures in the seasons; changes in comfort conditions

in the spaces o~er the whole year.

g, The changes in indoor temperatures for spaces of different orientation.

h. The changes in indoor temperatures pattern with respect to different floor-levels

of building.

1. The changes in indoor temperatures pattern with respect to denSIty of built-form

within the :.ite.

5.4. Thermal Pattern of Different Density Sites and Meteorological Data

The data was taken on three different dates (April 9, 1993, September 7,1993, and

January 18, 1993) for different categories of sites on the basis of (a) average

temperatures, (b) the temperature pattern during the 24 hour measurement period,

(c)pattems of variation from the meteorological data as given by the differences

between site and meteorological data at three hourly intervals. The aim of the

exercIse was to identify similarities of behaviour between sites of similar

characteristlcs and to offer predietabi lity of their thermal pattems on the basis of

meteorological data. The meteorological data used for comparison were the ones for

the days corresponding to site measurements.
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Oprn Silt:

In April tempcrotures in open sites wc~ found lower on avcrnge in comparison 10

thai of mCleorologiClll dam. At the beginning of the day the sitt temperature can be

significantly lower than corresponding meteorological daUi (by around 8dcgC). This

difference lOll!-' lower during the day, and at night; temperatures al site were close to

or marginally higher than the meteorological datn. Both mllJ(imum lind minimum

temperatures of site were lower than meteorologicnl data IlJld the swing was

comparable.

In September the open sitcs were cooler on aVeT'lIgeand consistently so throughout

the 24-hour period. The diffrn:nce was not large wrying between 0.4 to l.3dcgC.

Site IlIIdmeteorologicnl values at the beginning of the day (06:00 hrs.) was nearly the

same. Maximum and minimum lempcT'llIUn:was close and there is not much

difference in swing.

TableS.4.1: CO~II'ARlSON OF Mr.TF.OROLOGICAL DATA WITII 01'(.'1/ SITE
TEMPERA TURF~<;.

"" ~:tO 11:01 "'" l!:IIIl 11:00-jlO:OI 'I aJ;M~ •••. ~111.-!~II •• - IS-t'l
••"\II. - - ....
_,IT )1.1 '" ., ., " '" '" lJ.l ,,~., n.l ••
SlTr~1 ,.. '" "' ,.. '" '" ,.. '" '" )6,0 ,.. l1.~

SIJ'n:'la£R -
_ ...__ .. -- - ._... ....,.....

- , ..... -
.'lIT '" ,.. " '" " "' " '" "" J1.I 27.1 "SITr~1 , '" "' '" '" ., "' '" ,.. "' '" '" '"'
JA~llAIl" - --- - " -

-" - ,~--" -"
MIT , ll.~ " '" " '" 11.7 " '" "" " " "SlT['1 '" ,.. '" '" '" '" '" 14,1 ,.. ., l~.7 "

In the cold season (January) the site tempemtures wen: ••••"lIrmer on average at all

times. In Ihe moming (06:00 hrs.) the site condition was wnrmer by nooul 3degC,

aftcr that it became close 10 meteorologiClil datil. ond stll.yed up 10 18:00 hours and

Ihen it. Minimum lemperuture W1\Sround highcr ot sile and the swing lower, than

meteorological value.
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Mod~ralt' drnsity silt';

In sites ofmoderotc density. during the hotter period (April) me common trend found

wos tim! site Imlpcratures in the beginning of the dlIy W~ cooler by about 6~ lllId

rest of the day lIlld night it was warmer. The maximum temrerature ~I sile WllSclose

to tbe mcteorologiClll \'Dlue, but !he minimum WItSlower, resulting in a llllllcr swing

lit site.

T.ble 5.4.2 COMPARISON OF l\IETEQRQI.OGICAI. I),I•.TA WITH MEDIUM
m: .•.••Sln' SITE TEMPF.RATUR~:S.

.----.--. .~.~1l:tO IS'" II," 11:011' - 'l:lO. "A\r','- .\hL .111•• -I $oobz-
,me .
Ml"T 12.1 3),1 ., '" • '" '" 21.1 ,,~"' 2J.1 .,
SIlT..!! '" ., •• "' '" ll.O "., 26,1 '" '" 16.1 '"
SE1'1T.\IUR

. .. -_ ... .. .__ .
. .

,MI:T n,] •• " '" " "' " '" "M 12.' 21.1 "SIn:-5 "' '" ll.6 '" ., "' '" no ".. 1l.6 no ,.
H~u.••Rr- -
i .'";T 11.9 " "' " ro, U.J " '" IUl " " ",sn[.! '" "' '" '" "., ro, '" Il,l ro, 21.2 '" '"

In September tempcrarures of medium density site Wl\5very close to meteorological

<lalllduring the morning lit 6:00 hours after which site temperatures were WIlrmer up

to 18:00 hours then it became cooler or close to meteorologicnl vnlues for the rest of

the day. Maximum, minimum tempeTlltures nnd the sv.ing al the site were very close

to respective meteorologicnl values.

In the cooler period (January), there wns VlIr1ation in site behnviour during the dny.

The site temperatures were \\wmcr lit all times of the day compllred to the

meteorological values. Both maximum and minimum tempeTlltures were higher 1It

site, but the swing was relntively lower than the meteorological dliUl.
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T.ble SA.J. CO:'oIPARISO:,,(Of MIITEOROLOGICAL DATA WITH DF-NSF:
SITETEMPERATURES.

."~.'1l:tlO 15:00 J~:.orll:tO - ." A •••• ~I.oL ~,.•. ,...•
"'I'RIL ,.. ---,-- _.~- -
.\lIT , )U "' "' "' " '" lU 2J.I ll.\l9 '" 21.1 U

SlT['ll • '" '" '" " "' '" '" '" 29,8 '" '" 10.9

Sf.f'Tf_'1Br.R .. - _. .- ... - .... --
,_ .._, ..- _.-.1

~ICT , ., •• " '" " ••• • ". '.M '" 27.1 ,.,
snT,..l1 , ". )2.S ll.6 '" " "., • , "' lS.6 " ,.•
JA-'IIARl" ' ._ ..... . ---- - ...... - _ . ._ .._- .. .-- . - ,..... ... .. - ,
)IIT '" " '" " 10.1 lU " '" 16,97 " " "SlIT.-ll " '" '" " " '" '" '" ". " 1J.l '"

Dense Sifr:

During the Hol.my season (April), in the dense sites, lit the beginning of the day !he

site lcmperntun: can be lower by nrollnd 8degC lhlUlmeteorological datll, whe= in

the oftcrnoon to evening it was marginally WfInnCTthan meteorologiClll data. BUI III

night lcmprnlNT'C were lower thlUl meleorologiClll value. Both maximum and

mInimum tempc:rntures wen: lower .eot site thWi ml:teorologiCfl! data with higher

swing.

With low diurnal swing in Sepu:mber, morning tempcrntures 111sile level ",-ere close

to meteorologiCllI conditions. Where the surroundings an: of similar height, the site

conditions were gencml1y close or warmer than meteorological conditioos although

the measured location WIlS almost always in shade, Maximum and minimum

tempa11tllTeS of the site and metcorologiCllI d.zIllIwere close, !be sv.'mg m

tClTlpernturewns higher by aboUl 2degC,

5.4.1. ComPllrlson Dem'el'n lhe Three Site ClIlef:orles

TClTlpel'lltliredam for the city from the meteorological office being the common

reference, the patterns of variations from it in diffCll:llt kinds of sites offer 11degree

ofprediclnbility on 11genel'lllievel for open and dense sites, In medium density sites,

because of differences in flhy:;ieal c!tMll.ete:nstics the behaviour WM found diven;e.

and therefore difficult to generulise for 1111three periods,
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Figure: 5.4.1. COMPARISON OF METEOROLOGICAL DATA "'lTH THREE
HOURLY TEMPERATURE AVERAGE OF DIFFERENT SITES
ACCORDING TO THHIR DENSITY IN APRIL
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In the hot period (Apnl) the temperature in the morning in all sites were cooler.

Unlike the measurements by the meteorological office, where a protective

Stevensons screen, is used, measurements at site took into account air flow and the

radiative effect of surrounding surfaces. At site, direct radiation was reached at a

later time of the day because of shade provided by surrounding structures accounting

for cooler site temperatures in the mornings in the hot periods. In this period dense

sites were cooler almost always in comparison with other sites and medium density

sites were warmer almost throughout the day (Figure: 5.4.1).
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FlS:IlTe:5.4.2. COMPARISOl" OF MF:TF.OROI.OGICAL DATA WITH THREE
HOURI.Y TF.MPF.RATURf: A\'ERAGE OF DIFFERENT SlTF".5
ACCORDING TO lltElR IlEl'S)TI'IN SEPTEMRf:R

/

I

-::<
-

~

I-

__ MEDIUM

"

"
••
••

,
"
,
•

,- •" ! ,
•

S~:P'lt~'18.:11(lrOl-lnJ~'ID) .. -
IlilO. 11oti0 11:011 ao~.rii~

,
K~ "~1l:1Il .,. Am. ."n ,'11•• ~Io:

'''T ,n ••• " JU II 19,4 1'1 2!,4 21.1 ." ll.' 2J ,I ,.,
OP1..••' 21.' "' ll,l '" "' "" '" '" 21.' 29.' '" ". •.,
MllIlUM "" '" ". '" •••• "' 11.1 T7F n,o 2H ll,6 no ,.•
D1:'XSE ". '" 11.6 32.l " .., • -.- 2!.1 JDJ JI,6 " ,.

-

[n the hot humid period (September) the pattern was similar for all the siles,

lhroughoul the day (Figure: 5.4.2). In this period, diurnal swing was found very low

and !he lowest u:mpcmtun: for all etlSesWl\Sabout 28"C, while the highest

tempellltun: WlISlll'tIund 32.50 C for all sites. The swing was highest in the dense site

and the lowest in the open site.

• • • •
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Figur~:5.4.3. COMPARISON OF METEOROLOGICAL DATA WITH THREE
HOURI"Y TEMPERATURE AVERAGE OF DIFFERENT SITES
ACCORDING TO THEIR DENSITY IN JANUARY.

~ I
1,,1

"
-

-
-
-

0 & & & D 0 0
D :g 0 D

N " " , N 0- T[J;"

'1ANUAlll' (COOIJ'[lR~j_'<:;i"_' __<"">_'>',:,:<-_~.''''''':~''-' """';"":.:::::.'<.,nm"'@",.""-"".W" K¥,::',c ~
" • __•• , __>_.__'._v_=~~m;~.MV"'~~'>'i,:X='''',,,%2;,.W~,'-:-."''',~;>,@,>f&si,::)&-" '?8ti-,~'*~
~'t~"ry 1-?~~j;,\!l';.m~'f~~.:gl,O~1 }UU, "l.1,;.U~,:.:!."'il(O:~::,I!J,:~u~)f!6;0i)}~~.~..) ,N.~H::i.~i.~;;~~~I~~g
MET 11.9 l~ 242 25 2Gl 157 14 12,8 11 16.97 25 11 14

orf.r; 15,2 1M Z-l.2 2SI 2~2 19.5 17.5 14.7 15.2 18.8 24.2 14.7 9,5

MEDIll}1 14.8 22.8 l,.l lH III 202 IU 151 148 20,l 27.2 14,a 12.4

DENSE I! 19.2 23.7 25 22 192 17.3 112 15 18.8 25 D,l 11.9

In the cool period ( January) the early morning conditions ill all cases were warmer

(figure: 5.4.3). In the medium density site, rest of the day wa, found warmer than

other sites. In the dense site and the open site, it was wanner during the morning and

the night time, while during the day ume from 1100 to 1500 honr it was close to

meteorological value.
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5.5. Thermal Behaviour Pattern and Comfort ufease Studies

The comfort assessments are based on the discussioll5 in Cbapter-3. The condition

when the air temperature range between 25-31"C with no or very low wr movement

is considered a comfortable situation for people engaged in sedentary activity and

weanng nonnal summer clothing. Winter comfort assessment was nOl found reliable

because clothings were used to offset the effects of low temperature. A summary of

thermal behaviour pattern both indoors and outdoors and the thermal comfort

conditions oiall cases are given in tables 5.5.1a, 5.5.1b, 5.5.1c, 5.5.2a, 5.S.2b, 5.5.20

and 5.5.3a, 5.S.3b, 5.5.3c, and the detailed daily & seasonal temperature pattern

graphs for each case is given in Appendix-6.

5.5.1 Open Site

Daily and seasonal pattern ofthennal behaviour

The thermal data of the open sites show (Apendix-6, and Table: 5.5.1bH) most of the

houses are cooler than the exterior in the early mornings until about midday after

which the indoors are warmer. The length of the cooler period of day inside the room

varies from season to season, also depending on the room orientation and exterior

surface area of a room.

The temperarnre graphs in the Apendix-5 shows, during the hot-dry and warm humid

period, north oriented room (Case Study-03, Dining), and north-east oriented room

(Case Study-Ol, Master Bed) are cooler than the exterior, almost all times of the day

and the daily thennal patterns are almost same. On the other hand the south-east

oriented room (case study- 01, bed room) and north-west oriented room (case study-

OJ, Kitchen) and south-west oriented room (case study-02, bed room-2) are cooler

than exterior only from the early morning to midday, being warmer at other tlmeS.
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T.ble: 5.S.IaU. Summal')"of lhr Thenn.l P.Ucm of DIurnal C~..,lcIII Oprn Sill' during

1I0T.DRl' PERIOD (IS APRIL)

en. Stad)'-(II (G~undnflClr)

u.,,,_1_1o'C ~~A>tnpT_II 'l: "n 1'''1-10'(' M•• ' •• ,. •••• , •••••- - • - - - - - - - - -.-- '" ,.. " "' 27,9 " ,.. '" ". '" 11,' ••- -", '" '" •• "' "' .., ,.. ". ,.. ". 11,' ••- ~\\" ... 12.1 ,.. " "' '" ., )~,O '" ,.. "' 11,' ••

Do,"''''fI. T..,'" 'C ~,.,.."...,...1..., •. 'C _T,"p.l.": ~T ••• "": .~- - - DO,' - - • - - - - - --, Soo!I>w"," JU ". ,., 1l.1 '" ." ". '" "' no .' u-, _.
)1.1 ,.. " 21.• m " ,. '" " •• •• .,

c.R Sllldy-(l3 (I~ 1'100')

"'7.•••••••.,_ II "t: r\lddA_t_ ••'t: M•• l_,"OC ,""'1_ II 'C .~- - • - - • - - - - - -- - lL7 "' " '" lU •• '" '" '" '" " ••- - "
lU •• " •• .- '" IH ,.. 2U •• "

en. Stud)"-Ool (Tap Floor)

o.,.,,_l_Io'C ~, .•_1_1o'C M••1...,.••'C Mlol..,.Io'C •••••- - - - - - - - - -.- - '" ". U "' )1,0 ., "' '" '" •• 10,1 "- - '" "' •• ". "' ,., "' '" "' '" '" "

T.b'. 55.lbll. T""p"".IU~ naIl (In 'c) fnT.ll Cue Sludle'l ofOpl'n Siles during I10T_

[lRY PERIOD (IN APRil.)

.~- Ll:03 1~:tIl 11:03 ~ - .~.~ '" ,'I" .~••••.- ..- "' "' ,,. no' 11,)
""iJ n. "' '" n' "' n, ,

•• ~-'" "' •• p~o no m '" "' i2< 6 - '" ., '" II.'- ,,- •• ., '" I" '" '" "ii'i'" 1$J~" "' •• no u
~ ~-'" '" ., )6.0 : no '" '" "if' H' '" •• '" '".- ,,- "' •• ., H' 1.142 I ""'jjO n. ~,n, "' •• '" •
N.•••• ""- '" '" •• no m '" "' .., '" •• '" II..

- - -
•



86

Cu.e Stud)' _02 (1" Floor)

06:00 IP'J:OO 12:00 15:00 11:00 21:00 00,00 ftH,l 06,00 ,,, M" M" Swl.~

""'_' In door lU m '" :~:',A )) 1 m m "i1.&l IJ,) '9,7 JJ.l l',~ "
SoW Outdoor on '" m ~J.% JW 30 1 21.0 '" ,on m m '" "':'"""",- -~,Tndoor 2; I Ii I 19'-llf" 18,9 '" '" "21_!;~' 261 27.9 ., '" ".,," -~'", Outdoor on m Jll ,lHi! '" '" 17,0 '" )H:; 29.3 '" on ;,'

:*w !,'.C;

Ca •• Study --1)3(l~ Floor)

UMIQ OUIII lUIII 15:00 13:00 )J:oo MOO 'lJ:OO 01\:00 A,< M" ~t;, S~;'g

"'" In door '" m '" W-FZ M' M' 29,2 ~ll,l" 15,j M' ,n '" CO",,-'~'-", O,,! door 1,,8 JI,6 JU illlU )3.6 m '" m Wti JO,8 ,n '" "
lli,ing Induor 1,.1 " '" ")89 ' 215 M' '" ;:~9' 2\ I :!M '" m n

"" ~"
M Out door m )1 6 3H ~y m 1M 31.4 29,5 H?:'JJ M' '" '" """. --

cu,. Stud)' -114(Top Hour)

06,00 0'):00 12:00 J~:OO J3:00 21:00 00:00 0):00 06:00 'M M" Mt, ,wi.~
M_Fl.o In door ". ,! 5 M' ~/

J; ) l),l 3~, 'CO ci'M,n M' ;e, M ",,,:¥, om door )4,3 )1 0 JJ j !!~~y'" 325 m ,eo !!:2°1 ;c, '" '" W.2=..:,'"
Di"LrJg In door '" '" '" 'pH',.. '" 30 Q '" '"' 'l,;:~ 2.,1 JJ.l l6,l ".,.".,.", Outdoor )4,) )1 0 .1.1S 'i.14.~ ;e, '" m ;c, '~'ll".l;; '" m '"' CO,'-< . {""."

The thermal behaviour pattern of different seasons are noticeable, in the hot-dry

period the temperatures are higher and swings are higher whereas in the warm-humid

period temperatures are lower and the swings are lower. In April (hot-dry period),

though the difference between exterior and interior is higher yet indoor temperatures

are higher than in other sea,ous and usually above comfort levels in the afternoons

and evenings, exceptions being north and north-east oriented rooms (not in the top

floor, Table: 5.5.1c). In September the outdoor tcmperarnre is lower and with less

difference between indoor and outdoor temperature, and the possibility of comfort is

better than April. Almost in all cases both iu the hot-dry and warm-humid period,

indoor conditions from late night to morning are comfortable, but these conditions

differ according to the orientation and the exposure of the room to the exterior.



87

•

Table: 5.S.IaW. Summll.T}' of the Thennal Pllneru of Diurnal C~'cleIn Optn SUn

during WARM-IIU;\IID Pf:RIOD (IS SEPTf:.'IBF.R)

Calt Stud)" -til (Gralllld floor)

,

,

I

Do,' .•••.•••.•••, II'C •'iPIA''''I.T_II'l: 'II'o T....,. •• ~. "..•..•... '(; -- - • - - • - - - - - -- ~ •• "' '.' "' Rl U '" •., n.' 1!.0 ., ,.,
~ -- •• ., " '" •• ." '" 31.1 n. ., ., ••
~ _W"" •• •• , ., "' ~ '" ., lU •• ., ,.,

Ibl ' ••••••. ,_""" _A_' ......" M•• I •••. II '(' ."10 T••••• II 'C .~- - • - - • - - - - - -~ _.. m ., " "' •• ., '" JI,O •• ., " "-, ~ •• "' U •• ,.. " '" , ., ., U ••
CueStud)' -II) (I- noo.)

!It}A_.T_Io'C "lPl""", T•.••' ••'C "n'",,""!:" ••••, •••.•• 'C .~- - • - • - - - - - -""" - '" 'U ~,'" •• _1.1 '" 11.0 '" ., '" "- - •• lLl ~,11.1 •• ." '" 31.' '" •• '" "
Cue Stlld)' 4 (fop 1'10>0.)

Do), ••••••. T_ 1I"t: '1010A.'"P T•• , II"C ••••r•••.•• l'I •• r•••.••'(.' ••••- - • - - • - - - - - -- - •• JI.l ~ '" ., ." 31.7 JI.' 11., •• •• "- - •• '0 .., '" ., ." )1-7 )1,1 '" •• ., "
•

T.ble 5.5.lh\\', Ttm~ntu •.•.D.ta (in "0 for .11 CaJt Studl"" of Oprn SilO'S durin!:

WARM_HU;\11D PERIOD (Ii'\"Sf:PTf:l\lBl:R)

C••• Sludy...{ll (Ground floor).~- IUIil l!:tO 11.-11C1 Il:Clll - .~ .~o• ~,.w. •••no"- -- ., ., 119.11 ., no ., ., rJ!Ol ,,. ., •• •••
m•• ~-"' 11,1 mi •• •• ., ., pHI ., '" n, 0'- ,,- m •• •• IJLl'1 ., •• •• ., I~J. •• ll,1 •• ,.
m

I
~ ~-"' ll,1 "'I •• •• 0> ., 1m! "' '" n, ",,- '"- To "' ., ,:J'ld I ., ., no ., 1l'l0 1 "' •• •• ,.,
".w ~-m ., ll,1 LJJtJ •• ., 0> ., ~.l!"' '" n, .,

- ..
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c ••• Study _02 (1" liloor)

06:00 U~:OO lHIII 15:00 13:00 lJ:oo 00:00 1l3:00 I 06:00 AI" .\1" M;, S";'i

Bod_' In door m .9 s )0, I t~!t~#m '"' m 18.1 :iill:t', "" m '" "
S.W Ou! door 26,S ;0' ;0 JLl "3D!!' '" 29.5 171 $'l6Y" '" )23 ;0' ,.%*" ~:m:<>l
",do) In door ,eo m m m~.l*, m m m .8 j ':18.9~ '" ;0' '" ",- ~~,, Out door l6,5 )~, " :mu ;0, m 21,S 21.1 ",;'~" 2KO ll.J '0> '"f,,,,,,!:~

Case Study -03 (I" Floo.)

06:00 OHIO lUIII 15:00 lS:OO .1:00 ~~ OCUIII 06:00 A", M •• Mi. SW"'I

I),;"" Indoor m ;0, ;0' ~l.",3G 1 ;0' 302 19& mJll-~z '0 , J 1.0 m "m~

l;,a ffi151, O\lt door no ,M JI.7 ':l~l- ;0' '" li , '" 32 j 17,5 ,
~-"; ,-',,,,»

DLttillg In door ;0' ;0' '" n:,~:-Jl.J lW '" '00 ,~:r~30,9 H,S )0,1 ", Out door 115 )0 Q JJ.) ~->' ., '" 19 j lJ.8 "'.J l" '" no no ,~,'3.",', ".,~

Ca,. Stnd)' -04 {Top Floor)

06:00 <)'1:00 12:00 1,:00 118:00 11:00 00:00 w:oo (1(,:00 A,< M•• :II", S~11lll

M.,,~L In doo, ,~, ;0' m '~2lW 31 ] 31.1 )0,3 .106 ~1N:~30.9 ". JG j ", Outdoor 21.8 m J11 ~l2,1 ;0' '" ," '" mc: ,9" 3l" l7.8 "
Dm;ng In door 29.! ", )0 6 ~;r:l,' 1Gl ., ;00 '"0 ,i29,~ll 1fJ2 '" '" u

J1Ilit'l;t1 3GJ
',,",'"

;0 Out dO<rr l'i! 19,6 '" '" '"" ~la CO, 12.7 no ",="

Case study-Ol, In the evening north-east oriented room is comfortable bm south-east

and north-west oriented rooms are hot or warm in April. ln the cool-dry period for

almost all cases, the indoor temperature 1Shigher than the exterior temperature from

evening to early morning, while in the afternoon the exterior temperature is higher.

The out door temperature swings are higher than in mdoors. In cool-dry period and

warm-humid period, the temperature swings are very similar in all eases except case-

04 as it 15on the top floor and has it, own distinctive exposure.
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Tablt: 5.S.he. Summar)' of lhe Thermal Pattern of l)Iurnnl C~'dl' In Optn Sifts

during COOL-DRY PERIOD (IN JANUAR'I1

e ••• Slad)'-(II (G•.••uadn •.••r)

Ilt}A_.t_lo'C ._"," A•.••.••• Tno, •• Jot" r ••••• lo'C !\! •• T••••••• '. ••••- - • - - • - - - - - -"- S<>tlb-Ea>o "' "' ., '" ., ~,'" 1l,0 '" "' " "_Eo. "' n, -" 11.1 11.9 •., n, n, 1<.7 '" " "- _w•••"' ""
., 11.1 "' ~.,n, " " "' ., "

CaK Study -(I! (Id fl •.•••)
0., , •....-.po. t••,lo'C ~lrIA••••••t.., •.'to ",.1 •••,. ••'1:: _'_II'C ••••- - • - - • - - - - - -~ _w... n' '" , '" '" ~., '" '" '" "' II.! "~ - "' "' u '" ,.. ~ ,

" '" 19,0 H,I "

c•••Stud)' -03 (I" floor) •
Uw,A_ T..,II'l' .•••••A••.••••I_ ••" •••.••T•••••.••'C MII'_Io'C ••••- - • - - • - - - - - -- - 1:.1 '" ,., '" ". _u '" '" IJ.A "' 11.l "- ~'"'" '" "' " '" "' _u '" 11.1 I$.~ "' 11.1 '-'

Ilt}A_'_lo'" ~""A_t..•••.~' .11•• 1 •• ,. •• _1•••..•• •••- - • - - • - - - - - -- - n., 11,' •• n,l '" -" -' J),I !l.t '" 11.1 "- - fU "' ,., '" '" -, ., n, 11.1 '" 11.1 "

Tobit S.5.lbC. Ttmptl11furt Dato (In "C) for nil Cnse Studies of Optn Sites during

COOL-DRY PERIOD (1:01JANUARl1

CII. Slad)"-ol (Ground Floor)- - 11~ 15-10 1 110M ll:llll - om - •• .'w ,~...,
"- ,.- ., ., ..- llJl:1 ., •• ., rJllr' ., ., '" ., ••
~ ""- '" '" '" :11.' .1 ., '" '" 11< J '" ". ,., ,.. "- ,.- '" ,., -.- "'I '" n, II" 111,1 I '" 21.' n, '" "
~ ""- '" '" "iiT ,,1B I ., '" '" ~ 147 i '" ,.. '" '" ".- ,,- ., ., "1Ti" 121$ " '" ., ,., •• ., '" .,

"
~'.W ~-'" '" '" 2H i ., '" '" L:~' '" '" '" 1<.1 "-



CD" Stud)' -til (I" I'Ioor)

, •

90

~.- ll,," ,~". 1t'" - •• •• ••• ~,~ -..•- ,,- = m 11.1 "' IlJ" = '" I m = '" '" •• "
>W ~-". n, "' '= n' ., '" 1<.1 '" I'.' '" '" '"
~ ,.- '" '" I m '" m '" m. 1t,1 '" ". '" ". ,
• ~-'" n, ". '" n,t ., '" 1',1 l~j I 19,t '" '" '"
en' Slud~'-til (I" floor)

"" - ll.iIO ,- 1':\10 I'" - •• - •• ~,~ ••••- ,.- ....,- ., II.• n, "' '" 11,0 ., ", '" "' m u

• ~-"iIi'" '" m, "' '" •• '" 11._ III I ., '" H,I 11.1- .- "1Di"1 .,
~

1\.1 •• •• •• m, = ., 1l.1 •• ", ~-'" I 11,' I"' II,' m. I '" '" 11,1 m' '" '" 11.1

Co,. Stud)'..l).4 (Top Roo.)

••
~

lMe 11"'1 1I:tO - •• •• ••• ~,.'1]0 ••••..- ,,- ,u 'u 1 llJ n, "' '" ., '" '" ., '" '" "• ~-'" '" I'" n, '" ., ,t,O Il.I '" •• '" 11,1 11.1- ,.- 11,0 '" ..- n' '" ., '" Iiii• ". ". "' '" •, ~-'" '" -.r PlJ I '" ., '" Ill.! I IIJ '" '" 11.1 11,1

The thermal behaviour patterns orrooms in !kIme orien~lioll with different floor an;:

very significllntly dirT=t. Rooms in the: ground floor ore comparotivcly cooler than

rooms in the other floors and during hot-dry period the lempcl1lturcs I1fid the swings

are lower. Thermal behaviour pattern of rooms in the top floor, ore jusl OpPOSiteto

rooms in the ground floor. The rooms in ground floor lin::more or less comfortable

011 the time and the rooms in top floor llfl: ullcomfortable all time oflhe day specially

in the aflernoon, evening and early night.

•

•

•
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5.5.2 . .'\Iediurn Tlensll)' Sile

Dall)' llnd Seasonal pnttcrn of thermal behaviour

In April opcndix-5 shows that the temperatures inside 1111houses (I" floor level) in

the Medium density =5 ll/l: cooler than the e:o;\crior, aimosl the whole dAy Dnd

night CXC1:pt south.west oriented room (Cnse.(J6, Bcd room-2). In Ihis case, indoor

ll;mpcT'Dturcare cooler in early mornings unlilaboul midday. after which the indoors

lire warmer. The SUl",cydata also shows that, compared to the outdoor u:rnpcrnture,

the length orlhe cooler period inside lhe room oft! dAy vnries from season to season,

depending on lhe oricnullion of the room lind exterior surface arell ora room.

Table: 5.5.2011. SUmmll'}"of lhe Thennll Pattern of Dlurnl C)'de in Medium Dens!!)'

Sil~ durin!: HOT-DRY PERIOD (IN APRIL)

•
C•• e Study -Os (I- Roor)

DolA•••••••T_" 'r ""'I" ~_ T_""C Mu T•••• 10'C "1 •• 1 •••• 11'1:: - "- - I • - - • - - - - - --, - I no ». ,.. n. ., " ~.Jl.l ~,~.,.. "-, -.f.•••I no '" u n. n. " '" lH n, '" ,.. -.r- N"""'~ no ., '" ., ., ., lU ". ., l~,O ". ••

c ••••Sludl'~ (l~n""r)
Do,A__ T_"~ •••••• A•••••• T• ., •• 'C Mo'T_Io'l:: I_T'"'I""''' -- - M - - - - - - - - -"- ~ '" ,,. I u ., n, •• •• JJ.l '" ~ '" "-, Soo<b-W"" ll.! '" " ., », .U •• •• '" l~_O '" ••-, ~ I '" ., I " ., ., , •• '" '" "' '" ••

Cur Stud,-..{I7 (IMl'1oar)

no, A••••••.T...,""C SIz:'lA'''''t' T_1o 'e ....T_ ..-e ••••T_ ••'C I -- - • - - , • - - - - - --, _w. '" 11.1 ., n. ». .1.1 ,u ., "' '" ,.. ,.•- W~ l~l ~ ••• "' nO •• I ,n ,u '" ".• ,.. ••
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Table 5.5.2bH.Temperature Data (in 'c) for All Case Studies of Medium Density

Sites DURlKG HOT-DRY PERIOD (IN APRIL)

c ••• Study -05 (1" Fluor)

<)(;,00 1'9,00 lMII 15:00 l~:OO 11,00 00.00 OJ:~O (10):00 Av< I M •• Mi, ~""i.g

Bod_' In door 17" '"' m JJ I 11-1 JG.1 '" l6,S ,7.' 29.8 I '" ,",j ", Oot door 26 j )4,0 '" '" n, 31.0 "''' ", I '" J 1.4 JM 26.1 W,S

Bod-.' In door 28,0 31,U III '" )),0 J~.J '" 26J " .'G,o '" 26.1 '"
"' Ollt door '0; 3M )0,' '" J\ 2 JI.O 29,7 '" '" 31.4 36,9 ,",I la,!

""~ In door 26 & I ,7,1 I '" '" 29,S 2~,l 29.1 I '" 26,! 1~,2 '"" I '" •"., Ou, dour 26.1 I )4.0 I ,,~'0; '" JI.O I HI 1201 26.5 l1.4 l;." I )6,1 1Q.8

c ••• Study -1)6 (l" Floor)

Il/i,Q~ 119:00 11:00 1",00 lS,UO 21:00 OO:UO ~J,(III I ()6,OO ,,, ~ Mo, 8,,;'g

M_iloJ Indoor 168 )O,l JU I m '" Jl.l 19,5 '" I '"' 29.g JJ l l.,j "
" Out door l~5 n, ),,9 3M I n' '" '" lJ,O hl 3~_? '" IS" '"
B«l.l In door 28 I )0,0 31.0 llA "" JJ.J Jl.. I n.n 28 I J~_9 J4,0 lKO ,
SoW Out door '" '" )6,9 )("U llj ,,, I la.1 no 1,,5 '"' '" 155 11.4

~.,In door 25.1 10,J JI,a ,u 29.1 2i.Q Th' 15,1 ", " , '" ",J ,.•
, Ourdoor J,.j I 32.1 I '" 36,0 JJ5 011 , 36 I ''" 15,5 30,9 J6,~ '" I '-4

c.,. Study--1l7(I~Floor)

06:00 O~:O~ 11:00 15,00 IS:oo 21:00 00:00 ijo':OO (16,00 ,. M •• M" S~jllll

""d.' In door l!,.' 3~.J 11\ JJ.Q 341 ll,l Jl.ij '1.1 '" JI.O '" lKl ",.. Out door lj,l 12J '" lS.! 3J.5 no I 2~.Q I 21.1 '" 3M 35,! ",j '"'
D,";,'.!l In door "0 '" '" Jl5 JJoS J2.~ 29.\ '" 28.G 30,0 Jl,j m "
w Oul door 25 j Jl,J ),,1 ,,, n, 32.0 19,0 II, I 2\.5 '"' '" 2lj 10,3

In April (hot-dry period), though the difference between outdoor temperature and

indoor temperature is higher yet indoor temperaturcs are higher and usually above

the comfort levels in the afternoons and in same eases in the evenings, except north-

east.

Tn this period the indoor temperarnre swmgs are higher and these vary between

4dcgC to 6.9degC depending on the orientations. The day average temperature

insidc the house is lower than the outside temperature and during the night the

average temperature insidc the building is very close to outside average temperature.
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In this period, the differt:ncc of indoor pnd OUldoor maximum temperatures an:

compnl1llivcly higher than that o("'8nn.hurnid period.

During w.e.rm-humid period, in the medium dellsity sites, both !cmpcf'lltun: wlues

and the swing.~.eon:Iowa compared to those in the hot-dry period. In September most

of the houses lU't: WIIrmeT inside from evening to morning, but during afternoons

these are cooler inside in all orientlliions. The outdoor lcmpcranll'l: is lower and

though the difference between indoor nod outdoor tempcrntun: is also lower, the

possibilities of comfort in this period are belief than in April. For IIIm051all cases

both in the hot-dry and "';ann-humid periods indoor conditions an: comfortnble from
hlle night to early morning, cxct:pt in rooms fllciog soulh-wC$t and south-ell5t.

Tahle: 5,S.2aW. Summary of the Thermal PIlUtrn of Dlurnfll Cycle In Medium

Density Sltf'S durin!: WARM.IIUMID PERIOD (IN SEPTEMBER)

c~~SI~dy~S(I- Floor)

Do,A'mp.T_Io'l: -t-i_A" ••••T••• Io'l: Job,T_Io'l: ••••T.-po10'I: -~
- - '"'-1- - '"'-- - - - - --, - ." •• " ., no I ." 11.6 ,. '" "' " ,.

-, -- IIJ m ••• ., "' I .1,7 1).6 11,0 no •• " ,.--~." "' , ., w I •• 11.6 •• n.. n.' ,. ..,

Ca.~Stud)'~6 (1- f1oor)

"'1 A•••••••1_10 'I: ~....A_ to"'!''' 'I: ,••••T•••••• 'I: MOo 1 ••••• 10 "I: -~- - • - - • - - - - - -"- -- •• w •• '" n. ." '" )0,1 Z7.1 •• ,. "~ _W... ,. ., •• '" w ., ". ., 21,1 ,.. ,. ..,
-, - ., no '.- m ., •• ". •• 27.1 ". ,. ••

c •• ~ Stud)'~J (1-l'Ioor)

"'! A••••••• 1_10 'C ~'cl<A_ T..,10 'C I rot•• T.-po••'I: _T •••••Io"l: -~,- - • - - • ,- - - - - --, Soolb-W." I ,,, ., U •• m ••• 32.' ". '" ., •• ••- WM ,.. ••• " •• •• •., ,,. '" '" lU •• ,.



94

Table: 5.5.2bW. Temperature Data (In 'c) for All Case Studies of Medium Density Sites

DURING WARM-HUMID PERIOD (IN SEPTEMBER)

c.,. Study-l)~(I" Floor)

<lO,OO 119,00 12:00 15,00 IMO 21:00 OO:~~ UJ:OO I 06,00 ,,. "" )U. S~j'g

Bod_' 10 door loJ ,n '"' 30.S JO.l 19,! ~,i '" I m 29,8 J~,9 '" ", Out door 110 Jl.J 3),6 .n., '" '" 28.1 ,7.• 1,,0 '" n, 27.0 "
Bcd-) In~oor 29" JO,a )0,0 no 30, )0,1 l~,! ,~.4 195 ;0" lW 19,'

",., Out door 18 a m )1,; Jl.l )0,8 '" 28 1 I no l8,~ '" 326 no "
B,d-4 In door 23 J 28,1 29,5 )9,8 '" no 2S S l~,1 18.1 '" 29.1 li.1

"
'i_E Out dOD' li,1I m 326 n, lO,! 29,1 21.1 no 2S.11 29,8 Jl.! 17,~ "
(:__«Stud)' "()6 (1" Floor)

01>,00 I o'H1~_gUJl) I!:~O lij,rn, lldlO 1lO,~~ 0),00 06:00 .,,. M" Mi. Swi""

",-""I In door 21_6 I 292 I 29,6 )0,1 ''" '" "' 28.8 '" '" lO.' I '" "
" Outdoor :U.l llJ 32.0 n,) l~.l 17,9 ,n 17 I 27J lB.9 JJ.1 H,' ,,
Bed.) In door '" 29_1 29_& )0,' )0,' "" '" '" I "" 19.5 J~., 1~8 ",>_w Out door 1l.J ,95 J2.n I '" '" ll,9 l1,\ l7.1 on 2£.9 J21 27,1 "
B,d_3 Todoor ,KO ,9,0 '" 2% I '" 28,5 28.1 l7.~ 1~0 28.0 on '" ", Out door on '" "0 Jl.' I l~,l ll,~ '" l7.1 m .8,9 Jl,2 17.1 ,,
Ca,. Slu~'..(17(I" Floor)

00;,00 ,,",00 Il,OO Is:llD 18,00 21:00 00:00 1l.I,00 U"OO M. /It" I "';" 8~;,.

""I.' In door 29,5 I '" I 10,1 30" .11,) )'-" '", '" 29J 30,2 11.3 I lO.~ '"ow OuldoQr Ji,S I m I m J14 "" JQ,O ,9,1 )7" 21-' 29.9 32.4 I 21.\ •••
Dm,,'g In door ,I.~I m I '" 29,S )0,2 J~,O 19,7 "" I 21.8 29.4 3G..l "" "
W Ouldoor li5 I m I 12.Q 324 '" "0 29,1 27.5 I Ji5 29.9 llA on ••

In this period Ihe indoor temperature swings are noticeably lower than outdoor swings

and these vary bet\veen 1.4degC to 1.8degC depending on the orientations. During the

day, indoor average temperatllre, arc lower than that of outdoors, while the average

temperatures during night are higher than the Olildoor night average temperature. The

differenee of indoor and outdoor maximum temperatures are very low and varies between

1.8degC to 2.8degC.
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During the cool-dry period in Jmuary. most of the houses in the medium density sites are

cooler inside from late morning 10cvrning. bul during the night and carly morning these

beeomc wanner than outdoor.

T.ble: 5.S.2aC. Summary of the Thermal Pattern of Dlurn••1 Cycle In Ml'dium

Dtostl," Sltn during COOt ...DRY PERIOD (IN'JANUARll

Do,A_T..,Io'C ~~A_T_Io'C "'-,T•••••. 'C MOoT_io'r .~- - , • -,- • - - - - - --, - "' ,.. ., ,.. I ., _u n.> ". ,.. ., 11._ "-, ~ '" '" •• ,.. I ., ".• '" "' ,.. ., Il._ "- "'_t.•.• '" I '" " 17.! '" ~,11.1 •., ,.. 11,3 IH U

CalC Stud)"...(16 (I~ f1<HIr)

., A,tI'tf'.T•• ,10'C :-_t,"'lllot A••••••T•• ,Io"C "nt..,.. 'C MIoT•..,.;o"C I ---""-1--1"" - - - - - -- ~ ,.. n._ u I ').1 '" I "., "' 11,1 11.1 IU 'U ,.,
-, -."..•.• ,.. 1l.1 ., '" '" <., 2J,' ,.. 11.1 '" ,,, ,.•-, ~ ,.. ,u " ll,l UJ ." "' '" 11.1 '" ,U ,.•

Do,,,_, 1.., 10'(' ~.••••,,_ 1_10 'C I "nT..,.Io'C .••••T..,.Io'C .~- - , • - - • ,- - - - - --, -'w •••I ,.. '" I ~
~

.U '" '" IU ,.. lH "- W~ I '" '" I •• 161 lU <., '" "' ,oJ '" ,.. "

Table: 5.S.2bC. Temperatun.' Data {in"q for All CfIsc SCudleliarMedlum Density

Sill'S during COOl...l)RY PERIOD (IN JAlI'UARY)

.~- Il:tlll 1!:tIl 1!:tIIl ll:tll - .~.~'" M•• ,I. .~- ,...• ., '" "' n, n, :1.0 ~ ~ "' '" n, "' u

• "" ... ,.. n, n;- m u, ~ '" 11,1 ,.. ., m ,.. '"-, ,...• ~ '" ""'i1i' n, n, '" ., I
., ., 11.' n' I ., u

n;- -H "" ... ,.. n' m n' ~ '" I IJ.l ,.. •., n, ,.. ll.'- ,.... 11,0 ,.. '""iii" ., '" '" '" ,.. ,.. 11.9 .,
'" u

"' ~,... ,.. "' n;- m u, ., '" Il.l '" "' n, I ,.. '"-
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c ••• SIod)' "'()6 (1" Floor)~.09:00 ",00 lSdlll lMO 21:00 00:00 <)J:1lO 0;:'" ", M" M;. Swi,~

"_Ik' In door ].1,6 1o,) .e, ''" 11.1 11.' n, 16,1 1j,6 '" ,", '" "s_. Ou,door ILl I '" 19,1 lJ,4 ," I~J '" '"' II,S '5,0 lJ,' ," n,
B,u_2 In door 1'.1 1,,1 17,6 ," '"' 11.0 ,n I,,, 10,1 ,H ," 16.1 H

" Ouldoor 11.\ 11.5 19,2 lJ,' 195 14 , ," '"' ILl 15,6 2M 11.1 12.J

B,d_l Jo door 11.6 16.& JR. I!,j 17,5 '" '" 152 lH '" Ii,) I 15.0 ", Out door ," 15.5 m 1M 19.5 14,; ," '" 11.\ 15,6 23.4 I 11.1 IU

c ••• Study -07 (l"Floor)

D6:M Ol,1lO 11:00 15:00 11:00 11:00 ~~:OOOMO iI/i,OO '" M" Mi, S>lmg

"ool.' In door '" '" 1~,6 2).5 :<,0 '" 22.1 la.O '" 21.5 )4,0 I~,i "
" Out door 14,1 ,eo 151 26.5 2l.S 19,1 lJ,Q I H,J '" '" '" '" '"
Dimllg In Joor '" '" '" no JJ 5 .l,1 I 11.1 I '" '" '" '" 19,5 ,
W Out door I', I IK~ 1\ J '" 21.S 19.1 I 17.0 I 14.J II, I '" '" '" U.4

In this period the indoor temperature swmgs are lower than outdoor swings, and

these vary between 2.3degC to 4.2degC depending on the orientations. The indoor

temperature swings are also lower than the swings in the hot-dry period but higher

than the indoor swings of the warm humid period. During the day indoor average

temperatures are very close to the outdoor average temperatures, while the average

temperatures during night are higher than the outdoor night average temperature in

all cases.

5.5.3. Dense Site

Daily and Seasonal pattern of thermal beha\'iour:

During the hot-dry period in April Apendix-5 and table 5.5.3bH show, the

temperatures of almost all cases (1" floor level) in the dense sites are slightly higher

in the very early morning than outdoor temperahue, and during the rest of the day

and night, cooler than the outdoor. The data also shows, the thermal behaviour

pattern of room of all orientations in this period are very similar, except south-cast

and north-cast oriented rooms. As these room, starting receiving solar rndiation from

early morning, in the afternoon they start with an initial temperature warmer than in

any other rooms. The day average indoor tempernture in this season is lower than
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outdoor nnd the IIVCTl'1gctempel'!ture nt night is very close to the outdoor tempcT'!lluT'C

(Toble-5.S.30B).

Table: S.5..3nH.Sumrnnr)' of the Thcrmlll Pollern of Dlurn.l C)"de In Dense Siles

during HOT.DRY PERIOD (IN AI'RIL)

c•••.SInd}'-tll (Grtlund I'lI>ar)

0-, ~_ r_••.., ~••••Aontp1_," ~, ••t_ •.~ ••••t_ ••"l: I ~~- - ~
- - ""-j- - - - - -~ - lU n' I " ., n, ~ I •• I • I •• I " " "

Do!'A••••••• r.., •• "t: ~IPI.•••••••1..., ••'C ,""1..,..'1: ""1_"" ,.~- - ~ - - ~ - - - - - -"- •• '" ••• .',' n, "' ., .., •• n, • .., ••-,~-'" ,.. .U n, l),o ~,••• )1.• n' '" H.I ••-, - '" '" -I.' I •• ,u •., ••• '" 2),0 )'.1 1I.~ ••
"- , e .= '" "' .,' I n., "' ., ••• ••• '" I '" I 11,1 ••
eucSllldy_10 (I'" Roor)

Do}A_ t.." ••'t: ~~_T••,••'I: lot" '_!l"C llollo'_ ill"!: -- - ~ - - •• ,- -,- - - --, -~,,, 31,' '.' n, n, 4' I ••• "' ". "' .., ,.- - I ", ., I " n' "' ~ ••• '" ". n, """"i'i'i""" ,.,
"- _..

I ,,, .,I ••• n, n, " ••• ,u ". ,,, .., "
Cue Stod,.-II (I'" noor)

1107"•...,.1..,10" ~•••• A•••••• ,_ •• 'C .'1•• 1•••••• '1: JoIloT...,. 10'l: ~~- - ~ - - • - - - - - -""" ••• I ,,, ., , n, n, •• ••• " ". ., '" "-, --~:...I '" ,,, " •• "' 4' ". "' aD n, '" ,
-, - '" ". " n, •• ~ ••• '" 1),0 '" '" .,
"- -- '" ll.l ,., n, )0,' I ~ ,,, '" aD n, '" "
Cue SInd}" _11 (I'" Floor)

Do,••••••. '...,10 't: I ~._T_""c ••••1_ ••" M.t_ ••'C -- - • - - ~ - - - - - -".- - ,,, n, " 1!,7 n' ., '" '" ,•. ".
~ "~ - ,,, ., ,., ., .., ., I '" I ., ,,, ., 10-9 "

•

•

•
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Tnhle: 5.5.3bll. Temperolure ODlo (In 0c) for.1I C.~e SlUdlc~ of DrnseSlt~ during

HOT.PRY PF;RIOI) (IN APRIL)

~.- Il«l """ ". I,,, - &l:tII I lIt='O '" 1'1 •• ~ s••••- ,,- '" 1 :<1.1 "' 7sJ "' '" " IU '" ". " '" ", ~-:. pM • " " '" " " ., • •• "
Cur SInd) ~ (Top Floo,)- - 11,00 IloOO lloi11l 1I:tO - •• •• •• ~.~ ,..•
•••• "- " " I'" • 37.1 " ., '" I-'q •• )7.1 " .,
, ~,-" ., 'UI •• '" ., • '" " 1 ]1.1 •• " IU

-, ,.- '" • •• '" " ll,1 '" " '" 1
., n' '" ••

~ ~-" ., ~I•• '" I., • '" " 1 ]1.1 ., " 11.'

-, ,,- ., " •• ., •III ., )1.1 '" ., '" '" ., ", ~-" ., ~I~ '" ., • '" " 1 ]1.1 ~ " I '".- ,.- '" '" "' '" -l1J' '" "' '" '" 11,1 '" '" •
>W ~-" ., "' •• ,n ., I • w nJ ]1.1 "' " 11.1

- - II.• I!"'l 1100II 110110 14:00 &1:00 - •• 1'1 •• ~u• s••••- ,.- 1$1 JQJ JU "J.ll" '" ., "' '" w ., "' "' ,.."'"'i'i'l" ~- '" ., • "' ," 31.1 •• " '"-, '"- II) IU JO.l IIJ ., "' •• "' ,"' "' '" "' "•, ~,-~}4j »., '" ., • "' ," JI.I ~ " '"•.- ,,- IU lu 1)(11 JO.J- ",, •• •• •• '" '" l'.! "' "
N.W ~,-1$ wfli'1i;J '" '" I ., • "' " ]1.1 ". " '"
C••• S'udy_U(I" Flooot)- - ". ":tII IlotO 11"'1 - •• - '" ',", ", •••
•••• '"- '" , " '" II" ., '" '" w • " "' I "• ~-" "'-\rm' ~ '" ., • ., " ll.l "' " I '"-, ,,- ., ., '" "' '" '" "' "' ., )0,9 "' W •
•• ~-" "' ~ ., '" ., • w " JI.! "' n '"-, '"- ., "' '" I III '" ., .,

"' ., •• '" ., .,
, ~-" "' ., ., '" ., • ., " lD "' " '",,- ,.- •• I "' I '" '" 'llJ ., ., • t 29.1 ., '" '" ",w ~-II I j,ljra I ., I '" ., • w " 31.1 •• n '"

C••• Sl~' _11(I" floo,)- - II"," Il:fO ". II" - •• - 'n ~, •• •••.- ,,- '" '" I
, " '" " ., , '" ". '" " ", ~-'" "' "1l,ll " "' '" '" "' '" ., '"- ,.- •• II,l " •• ., • •• '" ., •• ••

" ~-'" w 'J " "' '" '"
----

"' '" IU 10.9
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The indoors swing of the all cases are very close to each other, lhe exceptions being

north-east oriented room in case sludy-10, south-east oriented room in case study-II

and the south onctltcd room in case study-12, because the east side of the first 1'1'.'0

room receive solar radiation from early morning, and the south oriented room in the

case study-12 has a solid wall in the wcst, as a result of which it receive solar

radiation from the west in the afternoon.

The thermal behaviour pattern of rooms in the top floor (case study-09) is markedly

different from that of rooms in the other floors in all seasons. In April (hot-dry

sea~on) the indoor average temperature during the day and night of the (op t100r in

different oriented rooms arc higher than outdoor temperature and lhe indoor

maximum temperalureR are higher than the outdoor maximum, specially in south-

east, south, and south-west oriented rooms (Table: 5.5.3aH).

The indoor temperature swings in top floor arc noticeably higher than the indoor

swings of the first floor. The temperature values of almost all rooms (top floor) are

higher in all times of the day except is the weRt oriented room in the easesrndy-09.

Here in the late mornings, the indoor is cooler than the outdoor until about midday

when the indoors are warmer.

During warm-humid period in September Table-5.5.3b shows that the temperature of

almost all cases (1" floor le~el) in these areas are slightly higher in the evening to

early in the morning than the outdoor temperature, and during the afternoon, indoor

is cooler than outdoor. Bm the swings, both outdoor and indoor, are lower in this

period than in the hot-dry. The indoor thennal behaviour patterns are almost the

same In all cases irrespective of orientations, and indoor swings vary between

3.4degC to 45degC with most of the cases just above 4degC. The day average

indoor temperature in the wann-humid season is lower than the outdoor average and

the average temperature at night is markedly lower than outdoor night average

temperature (Table-55.3aW).

In the warm-humid season thennal behaviour pattern of rooms in the top floor (case

study-09) is markedly different from that of rooms in the other floors in all seasons.

The temperature values of almost all rooms (top noor) arc higher in all time oj"a day

except is the west oriented room in the case study, where indoor temperature is lower
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than the outdoor III 12 lit noon. The indoor IIvcmgc Icmpcmture during lhe day lind

night of the top floor in rooms of different oricnllltions nre higher than outdoor

tempcruture. The overage indoor temperatures nre more than 4degC higher thnn thaI

of outdoor, lind the indoor maximum temperatures lire also higher than the outdoor

maximum, specially in south-ca.st, south, and south.west oriented rooms (table:

5.S.3aW). The indoor tempcmture swings in top floor are noticeably higher than the

indoor swings orlhe lower floors.

Tuble: 5.5.30 ,\'. 5u mmlll')" of the Thermlll Pllltern of DIurnal Cycle In f)en~c Site:; n

durin]:: WARM.HUMID PERIOD (IN SEPn:~18~:R)

C••eStudy~! (Groundn•••••)

•

DojA,,'"I'" r •• , •• "C ••••••Ao••.•••T_1o '(" I "nT_,"" t _T_,"'C .~- - ~ - - - - - - - - -~ ,- •• ., 1 u I 11.( no I .,. I • ll.6 I 'U 'u ,.. u

c ••.•Slud~'-0'1 (Topn ••••r)

I !hI A.....,. 1'"'1''' 'C ~l~IA_T_ ••'t" I Mnr_ ••••"C ""1.••.••"1:: .~,- - - - - - - - - - - -••••• '. ,,. n.! .1.D •• ll.! ., '" ,,, 71.• ,.. ,.. ,.,
-, -- ,.. "' .J.I •• lD •., ,,, m m ,.. ,.. U-, - ,.. "' ." I~O m ., ,,, JJ.l Z7,' m ,.• ,..
"- _.. ,.. ll.l ~ ". ll,7 .., ,,, )1,0 21,' '" •• "
c •••• Sradl' -10 (1~ F1MIr)

""l'_T_Io'C .'<1I:"'_1_1o'C ••••T..,.In'C ••••• T •••••• "'C .~- - ~ - - ~ 1- - - - - --, -~ll.! '" U ". ". ••• 1 '" I ". ,.. ,,, ,.. "-, - ]1.• •• , ". 1M ~.I '" '" m 11.0 ,. "
"- _",,'no ". )1.' •• ". ". ••• I ,,, ,,, ,.. 71,6 ,. ,.•

0',._1 •••••'C ~"IP',_ T.., ••or >ln1..,.1o'l,': ••.• T•••••• 'C ,.~- - ~ -,- ~ - - - - - -U>.••• ". ". II,' •• ~ ., ." ,,, ,,, 27.4 ". •• ••-, ~ ". ,,, ~.•• Il.l •., ,,, "' 27.' •• •• "_., - ". '" ~,,.. ". _l.' ,,, "' 27.4 )0.1 •• .,
~ Smd'- ~"" ". ". .1.1 ". ll.l •., ,,, "' n' )1.1 •• ,.
C••r Study_I! (l~ Floor)

DoJA_.r_"'" •••••••••.••••1_10 '(' .\l.o,r_to"C I","r..,.'"'C -- - • - - , - - - - - - -- - n.l ,,, .',1 ", ll.' ." ,,, "' , ". " "~ - n.! ". " ", '" .1.' '" " I " ". •• ••
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Tahle: 5.5.3bW. TcmpernlUre Dnln ([n 0c) ror nil else Sludlcs or Dense Sitts

durin!: W'\R;\I.HU;\IID PERIOD (IN SEPTEMBER)

ca •• S'lldy -liS (G•.•••II.d floor).~- Il:tll l!..tIl .1.• I,,,,, - f.J"" - '- ~,,, ~ S_1oc- -- n., " ,'16 t )1.1 ., , n. n. 27.'" "' n' •• u, ""- n ., ," 4" • n 2J.I 26,2 n "' " "' ,.
c ••• SlDdy"," (Top n ••• ).~- ll:OO ". 'Hill IbM - .~ .~ •• ." •• S••••

••••• '"- *" '" "- " n "1O,' " ,,. " " ,
•• ""- :rz.. 11.1 ••• lJJ I ., n, n n' no ., " n. ,.
-, '"- " " ,n

~
•• '" '" •• " n.) m •• """- "' '" "IT'" ., '" n 21.~ no ., " lU "~ '"-, -- •• " tbfil :-;u " " 1l.1 "' • lJ.l )7,1 "' ,.

, ""- n. ,,, 'J) '1 '" ., '" n 11,< 4 I!,' ., " 11,' ,.
"- ,,- m ,n n n, ~J1- 'n " n, '" ". " .,

I ",w ""- no '" " ,n ., n, n 11,' "' ., " •• ,.
0 •• Stad1_10 ( ,- floor)- - ll:to "" 1100II 1' ..M - 1).110 .~ •• ,'1 •• '" 5•••

-' ,,- ., m -II . n ., •• • "', •• .,
" '" "1'/.f. ""- •• '" " III I ., "' n Ill" I n' '" " n.' u

ni-, ,,- "' " " '" "' "' ," , "' "' '" n "
" ""- n. '" " ,n ., '" , Ill .• •• "' " 11.' "".- ,.- "' 11,1 m " " •• • 'U •• '" ,,, D' ,.
,.W ""- •• '" " '" •• I "' n 11,' D' '" " 17,' "- -
c•••Slclly_II(I" Floot)- - ,,~l~_-tII ,UO I,,,,, -.~.~,- "" ., ,...•
••••• ,,- n, " n, '" "Ill '" •• "' "' "' '" n I "
• ""- D' '" " ,n .,

"' , '" •• ., " ". ,.
-, -- •• " I '" '" " ".J '" I" •• 11.' '" • "~ ""- "' '" 1-)1 '" ., "' D n. n' ., " I 21.' ,.
-, ,,- •• " ll.' '" 11.' '" '" ., •• '" '" ., .,, ""- "' '" 1'1'" ,n I ., n, D '" n. ., " ,n n

"- ,,- •• '" m , '" m " '" ILl •• m '" )1,1 ,.
>W ""- D' ,n "l ,n I n, w D 11.' ". ., " 17,' ,.

c ••• Sl~ _11(I"floor)- - II" .!ole IUIil ". lUll' •• - .- ~.'" .~w,~ ,.- m " I ,n '" n, m '" ••• •• '" n, • ", ""- "' ,n " '" " I ., • " '" ., '" , ",~'"- •• '" " ,,. " n ., ,I •• 11.1 " • •, ""- n, '" ")l:lll ll.l I " I ., • 11.lU "1OT" ". " "
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In the dense sites, there IlI'l:some similariLies during the cool-dry period llJ1dthe

wllnn.humid period, where O\'croll temperatures an: lower from the latc morning to

afternoon. But indoor swings nre lower in cool-dry period than in the warm-humid

period. The outdoor swings in the cool-dry period are vcry high, thai 11ft similar to

the hot-dry period, while the indoor swing.~ an: ,-cry low compared to hot-dry period.

The indoor swing varies between I.OdcgC 10 2.3dcgC lind the nverage indoor swing

is nbout ll.SdcgC.

Table: 5.S.3I1C.SummaI'}' of the Thennni Pallern of Dlurnnl C)"clc in Dense Sites

during COOL-DRY PERIOD (IN JANUAR\1

Ca•• Sludf-oS (Ground noor)

"'""__ t_1o '{: ~il'l'_ t.., .•"C ••••1_10'1: !oLor_Io'l: -- - ~ - - ~ - - - - - -~ - I ~,19.1 I , 17,1 " ." I ,,, I ., •• '" '" "
en. Stad" -{l9(Tap ~loor)

II>!M.np. T.., •• 'C ~.•••."_t..,10'C "nT_moe .••••r•••.•"!: .~- - ~ - - ~ - - ••• - - -"- 0.• 21.0 ,,, ~ '" ., ., •• lJ.l ••• '" " "-,- 21,0 11.• ., '" ., ., "' ,.. ,.. '" " "-, - ,,, 21,1 ., '" ., ., u• n, ••• '" " "• -~,,, Jl.7 •., ll.l 21.2 • ••• n' ••• '" " U

Cne Stad~'-1 0 (1" I'Ioor)

Do)" ••••• T'"'I''' "t: ~loMA_T_Io"t: M" T_ In'I:: !'I"I_m"C .~- - ~ - - - - - - - - --, -- '" 11.1 .' '" ., ., ••• ,,. 1~,O •• " ,.- ". ., U 17,2 '" .U ,.. ., ,.. '" " ,.,.- -"'no ". ., U '" ., ., 16,0 ., 1~,O lU " ,.•
Calf' Stud)' _II (1~Floor)

DojA_ T...,Io"l;; ~••• ' A •••••• T••• , •• "C Mo,T~"'l:: •••• T•••• -.;: I -- - - ,- - • - - - - - -Livilll o. ". ., .., '" ., "' ,.. '" 1'.0 ., " "-,- ". 21.2 ~ '" ., •• ,.. 21.! ••• ., " "-, - I ". ., •• '" •., " M 21,0 ••• ,n "
,,-

"- _.~
I ". ., 0' '" ., •• I " ,,, ••• 19.9 " "

e•••Slud)" _11 (I" F1<MJr)

"'1 ,t ••••••• T_1o 'l: ~1PlA_T..,••"" ••• , T•••. " "C .'u.T...". io"C .~- - • -,- • - - - - - -".- - ". 21.1 ., ,.. ., ,," ,,. 21.K '" '" 11.9 "'" lIO-~ - '" ,., ,.. I 11.7 •., ., '" " '" "
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"
" • •

Tallie 5.S.3bC. TempHlltufc Dal. ([n "C) ror otl C.~eStudIes or Dense Silt'S durin!:

COOI •..IlRY Pt;RIOD (IN JANUARY)

~.- 11:/111 I'''' Ilot11 11:10 - lJ:tO •• '" "n - ,."- -- " 1 '" • .20.1 • '" '" '" " '" ., '" ",, "'"- " 1 " '" :21S " " 17.1 ".1 I' - ,.. ", " '"
c ••• Slit",' -09 ( Top f'loor)- - 11,. ",110 "'" ". ". •• •• o• '", M. -..-l.i>ins ..- '" 11,2 "' '" ,.. '" 17.5 ' " '" '" " "
" "'"- ..- " n.' ••• 11.1 I '" 11.1 ~ Fn-- '" , " "-, ,,- ""'iU ,n 11,' l' I "' 1 ". 1 11 ~ '" = " '" "•• "'"- ..- " '" "I 11.1 '" 1 Jl.1~ r. -1 '" , " "-, -- ""iii" ,n '" "' , n. '" lOlA llJ '" •• "' '" n, "'"- ..- ..- 1IT'" '" 11.1 ,n 17.1 I IIJ ' .. '" , •• "-- ,,- "'jjj'" lIT" "'iTT " I " "' U~ '" '" " '" 1 ">W "'"- ..- ..- 1IT'" , 11.1 '" IJ.I '" r:'l ". , •• "- - -

c•••St."" _10 ( ," FIooo,)

••••• "" ". I'''' I IloID IloilO 1401111 •• •• O• .'11, I -"110 •••••-.- 1QJ"'iTT-' ,,- 1"111 '" '" = ~ ," = '" 1 • "..- li'""11iTS.E "'"- , 11.1 'n IJ.l '" •• '" '" 1 •• "-, ,,- Lrr "'ii'i""liJ = = 1 • ,n
I " •.5 I '" •• •• '" "•• 0»,- •• ..- 1IT" , 11,1 1

.., 11.1 '" .,... ". " " ".'- -- ". -.- ..,- = '" " ~ , '" •• ., ,n ,
•• ,W "'"- •• " .", , ILl '" I 11.1 I '" •• ,n , " "- -
c••• SI."" -lIe ," "oor)~.- il:ii" i'!:iO ••• I'''' llotO •• •• ..- ~ ,.""•••• ,,- ., .,..- ..- -"'ii1"" '" •• ~ .,' ., ;;;-

'" •• 1 "
" "'"- •• " lIT'" , 11.1 ,n 11.1 ~ """ ToT • •• 1 "-, -- .,

1 11.1 1iT~ "'iT.i""" " ~ ~ ;;:;- ;u '" ., ".
•• "'"- " 1 •• 1rr-,T: "iiT" "'iiI"" :-m- :"""'j'jJ 'ii- -iii- , •• "-, ,,-

~I " ..,- ~ ., e" m- .,..- " ,n ", "'"- I. It 1l.1 I " "'ii'T "'iU m- ilT ~I ""iii"" , •• "-,- ..- ,n = •• " "ii1"'" 'iiT ;;:;- -.- \9.9 , ~ '" 1 1'-' ">W "'"- •• •• "' , "'ii'T m- "'iTT 'TIT •• , ". , 1 •• "- - - -
c ••• Sl1Idy _II (I" Floor)

•• - II"" 'l:/lll 'n ~.- ""-- ,,- • " '" 11.1 I ., m '" ", "'"- •• 'n "' " I 11-1 " 11,1 Lt••

~ ,.- ,n Il,J '" ., , I '" ". ., " U

•• "'"- " ,n "' " ,n '" '" I " ". " 11.1 II.'
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Dl.lting the day, the indoor average temperatures are very close (0 out door average

tempcrarnre in the cool-dry period, while during night, the indoor average

temperatures are higher than OU! door average temperature.

During hot-dry and warm-humid period in the dense sites, temperature swings inside

the house are lower compared to there found both open and medium density sites.

Both daily and seasonal thermal behaviour pallem, do not depend on the orientation

but on the exposure to radiation. Therefore in dense sites the thermal behaviour

pallerns of different oriented rooms are more or less similar to the thermal behavior

pattern of north oriented rooms in the other sites, uniess Oll the top floor.

5.6 Comparative Studies

The three site categories are open sites, medium density sites and dense sites as

described earlier. The conditions observed arc indicative of the innuence of the site

on indoor thermal conditions. Cases study -01 to 4 belong to open sites, case study-

05 to 07 belong to medium density sites and case study-08 to 12 belong to densc

sites. The case study-Ol, 08 are in the ground floor, while case study -04, 09 arc on

the top floor and all other case studies are on the 1,t floor. The case study-12 is on the

1" floor and it has an exposed we,tern wall, as a result of which it received extra

radiation from the west. A comparison of the temperature radiation, rdative humidity

and air-flow data in the different case studies in different density sites were

undertakcn to judge the o~e,,1!1thermal performanccs of brick residential buildings in

different density sites.

Comfort conditions in each space were also compared (Tables: 5.5.lc, 5.5.2c, and

5.5.3e). The comfort status was determined on the basis of the surveyor's subjective

assessments in conjunction with rating assessment from previous research of thermal

comfort in Dhaka'. In accordance with that study, temperatures within the range 25-

31°C, which are judged -1, 0 or +1 in terms of thermal sensations fall within the

'comfort' bracket. Lower temperatures arc therefore indicative or Cool/Cold, and

higher values ofWarmlHot environment.

, Malhck F.H, 'Thermal comj",-I ja,. urban hausing in Bangladesh. PhD thesis (unp"bhsh.d),
Arch,l.ctural A"ociotion School of Arch,t.cture, Londo", UK, IYY4
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Table 5.5.11'. Summary of Comfort Conditions in the case studies of OPEN SITES

(Consider the temperature between 2S"C and 31"C are identified as Comfortable)

C••• Study -1)1(Ground Floor) Ma,ter BedRoom(Nortb_E•• , Orlo.lOd ~oom)

Mon,;n.g(~6:00.I:!:~O) AfI<:mo""{12O~18OG) E""IJ'g (j8:~O.~O:OO)

Ap,;1 Comfumbld W""" Hot!W"m Com!mt"""

Comfocwbl,

CDld

Night (""I,orHIIi O~)

ComrM,bl,

CQmfortllble

Cold

Cas. Study -{ll (Gro"n~ Iiloor) HedRoom{Sonth_E.stOrient,d Room)

MorninB(!l6:00.12'OO) Aftomooo(IHKl_I&(0) E,',";"~ (18:00_00:00)

April

S'p<emb"

J,m,,'l'

C"m[Q~,l>l<

Comfm"'ol.

Cool

0"'
W'oW Com[o~,I>I.

CooL

W,n"
Comfort.bleC.,

Night (OU,<lO_CIiCO)

Comfortllblo

Com[o~,ble

Cool

Cas<:Study --l)1 (GToundFloor) Kil,ben (:'I.rlh-We,t Orlen«" Room)

Cn,. Stndy --112(1- Floor) lled Room_2 (South West Oriented RQ"m)

Moming(OMKl_12,OO) Aftento",(12:00.1g:~O) e",ning (Ja,OO-(IM~)

"pril Cumfort.bl, W,mliHot Wum

N'ghL (00 C(]..()6 CO)

Cum!Q~,i>le

Comfort,hle

0"

CQmron,blciW",m
w_

C"",!M,ble

C"ld

c.,. S'nd~'-Ol (I" floor) B,d Room_3 (E.,I OrionlCd Room)

c." Study -03 (1" FlQo,) Lhing Room (Sou'll Orlen'ed Room)

Mmn;og(Cli ()()_IlCO) An,moo" {12:00.18:00) Evcoing(I ~,OO-<JO,(H))

April Comro,ldbl, W"m1Cornrortllbic Cmnfm.""I,

S""kmber Cornrortllblc (ornf""""I,.' W,on CMlfortllble

C•• e S'nd~' -03 (I" Floor) Diuing Room (1'urlh Oriented Roo",)

Mommg (0<',"'_12,00) An""",o" (12,00_18:00) E""n;ng (I~,OO-OO,OO)

April

September

),""",

COmfQ",l>lc

Com!mui>l.

Cold

Coo,

lorn!""""I,
00_

Cold/Cool

lool

'-;;ght (OO.O(]'O, OG)

Cumro",bl,

Comtortllolo

Cold

Night (00 CO-1JIi.OO)

Com!o"""L,

Cmnf"""bl,
Cold



April

Sop''"''''
'"~

C••• Slnd~' -41 (Top Floor) Mo.", R,d l(oom(Soutb One.l.d Room)

Mor",og (D6:00_12:00) ,~ft<rno()n (L2 "O_l~ UO) E"""$ (1& OO_OO,W)

Comro""bl, W,m>'1M \V.",,,Comtortah"

Comfortabl, Warm W"rm/Comfortabl,

CoM Cool Cooll(old

C•• o Sindy -Q4 (Top Floor) Dining Room (Nortb OM,.I.d Room)

Mommg«(>6OCt-ll,OO) Aft'rnoon(IHHJ-WU<J) h,on;ng ('8,00-00 00)

Comfort,hle W"", COmfortable

Comfo",ble Comfort,bl,1Wann ("omro""I>'o

Cold c.,,,1 CoollCold

5.6.1 Temperature
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).I'ght (00:0(>,06:00)

c"mfun.hle

Comfortable

Cold

N,ghL \OO'DO-'J6:(0)

Com!.rtsbl"

Comf"~.bl<

Cold

In all ca,es considering the overall situation ill the whole year, maximum indoor

temperatures vary within 17deb>Cconsidering all orientations. But for same

orientations the variation of maximum temperature, of the whole year does not

exceed lOdegC. A major part of this change occurs between the hottest and the

coldest period, a change that takes place between January to April, with

corresponding changes in comfort sel15ations.The change in thermal conditions

between April and Septcmber is less, about 9degC.

In September indoor temperatures arc more conducive to comfortable living than

April or Janllliry (Tables: S.S.1c,S.S.2e and S.5.3c). This is important in the context

of year round performance, since the conditions in September closely match the

conditions for approximatcly half the year (Table-5.3).

Although in January, thc analysis show that temperatures m all the houses are

generally eoolcr than that required for comfort (Apendix-6), specially at night and

the early morning, the occupants may feel comfortable by wearing clothing of higher

insulation value and with the use of warm bedding at night. This condition is

maintained for three to four months of a year. So the remaining three months (March,

April, and .May)of the year are very critical for considering or manipulating comfort

indoors.

The study shows that in April, which is representative of hot-dry season,

tcmpcratures and swings are higher both inside and outside. And it also shows rooms

of different hou.,es in different sites, which can maintain a low swing as compared to

the cxterior arc more comfortable.
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Table: 5.5.2c Summary of Comfort L"tIodltlonsin the case studies nr MEDIUM DENSITY
SITES (Consider the temperature between 2S"C and Jl'C arc identified liSComfortable)

Co,. Study -05 (1~Flour) DcdRoom-l (South Odented Room)
Morning 1'11>,00_12,00) Afternoon (I:!:~O-l ~,UO) E,,","~ (18'00,<)0.00)

April

~ep"mb"

'"~

Cmnlortoble! W,n"

Com!,,,,,t>'.
("IJI Cool

~oI"W."n
ComfM,bi,

Cnol

Comfortable

Lomforl.<bl,

CooliCold

"'ght ILi4JoOO-OOoOG)

c:.,mfo",ble

Com!o","lc

Col"

CO" Study -Il5 (I" Floor) Bed Room-3 (South-!!:." Oriented Room)
Moming I06:QO-] "U~) M,m",,", (12:0(1.13,('0) "v,">og (18 O(t.OO'~O)

Comfortabl,

Cold/Cool

Comln •• ok

Cool

Comfortahl,

("omfockhl,

c ••• Stud}' ...(IS(1~Floor) Bcd Room-l (Nortb.E.,t O,ieot.d Roo,")
Morning ('",-00_12,00) Aft<J1lQon (12:00-la 00) E,',n;n, (18:00_00:00)

April C"",!on,ble lomfmbbl, Comfonablc

&r"mb" Coml,,",oi. (amrM,ble Comfortuble

Cold

Night (Oil OU--<JO~O)

c:.,rnfurt.l>l"

Comlonoble

Cold

Case 8tudy --1l6(I" Floor) M..t<r B«I Room (South_!!.•• t Orient,d Room)

."mniog (00 OO_ll'OO) Afternoon (llm-' ~ 00) Ev,m"" (18'00.00:00)

April

September

J,nuary

Com(octo,l, Com!o",bl, Cornlmtabl,

Cold

NLght (~O U<)-U<\o(i4J)

Comfo,",",
Comfombl,

Cold

C.,e Slull}'-06 (1~ Floor) il<d Rnum-2 (8oulh-West OrIente<! Room)
MUITU"g (06:00_12;(>0) Aftom""o (12000_13000) E,"";ng (13:00_00:00)

April

Sep"mb"

),nllOlY

Comr"",ble'W"m ~ol IIoVW"m

c:.,mro,""le

Cold

Night (Off ~O--<J' U(\)

Comfo_le

Cmnrm,,,bl,

Cold

(:a,e Stud)' ..{I6(I~ Floor) Bod Room-3 (East Oriented Room)
Morning (OO~O--Il 00) All"noon (ll:00--1 !:OO)

Cold

W,rm! c:.,mfo,",ble

Com!on,bl,

Cold

booing (18 ~O-1JOJi4J)

Comto,",bl,

Cornlortubl,

Cold

N;gh' (~Oooo_06:oo)

Lomfmidhl,

COmfo,",ble

c ••• Stud)' --117(I" Floor) 110<1Room_2 (South_We.t Ori,nted Room)

Momrng (06000_12:00) Aft<Jl\Qon (1.,00-18 U(\) E,',mog (13 oo_OOoOG) N'ght (00:QO.06:QO)

C•• , Study --117(I" Floor) Illnlng Room (W••t Orieuted Room)

Mom'"ll (Q6:QO.ll:W) Afternoon (12000_18000)

April

S'ptember

J,n.,')'

All,,1

Sep"mb"

JOIm,,}'

Colo

(:omfDrtubl,

COlllfomblc

Cold

Cold; Cool

Warm

c:.,mfockbl,

Colo,' Cool

E'eJlJng (18:00-00:00)

W.eml c:.,mfort.bl<

ComlonoNe

Cool

Comlomblc

C"rn["~,ble

Cool! Cold

Night (OO.OO-1JO.OO)

Comfomblo

Cmnf",iabl,
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Table: 5.5.3c Table: 5 Summary of Comfort condition. in the case studies of DENSE SITES

(Consider the temperature between 25"C and 31'C are identified as Cllmfnrtable)

en •• Study -118(Gruund Floor) B«lroom (South Ori'Dlod Room)

c ••• Study _09 (Top Floor) LI~llIg room (We,1 Oriented Room)

Mom;ns {O,;M_ll OG) Afternoon (12000_1&00) E,,,,,;og (13:0(>-O~,"")

Ap,,1 IV,,,,,.' I10L ""' ""
SC~_OO- Worm' Hot not Hot! IV"""

hn"" r,old CooV Comrort.obl, COOveOI"

Cas. Study -{19 (Top t'loor) B<d Room _ 2 (Soulh_East Oriented Room)

Mo,,""g (lI6:0G-IH'lJ Aft""",on (12:00.( S:00) E,"<"i"S (18,00_00 00) Night (OV,UO-{)6 DO)

April W,rmtHot ",' lIot Wm

Sep"mb" IV,emllI", H"t Hot! Warm Cumru,""I,1 W.rm

Jano,')' Cold Coo, Cool lnlrl

(:.,d Cn", Study -1l9 (Top Flour) Bed Room -3 (Sou'b Orlent,d Room)

Mom'"g (~6_00_12:00) Afi<;m"o" (12 ~O_18 00) EI'enLllg ))8:UO-<JO,tl<J) )O;;~h!(O<H)lJ.(Io5:OG)

,,~1 W'""" Ho' lIot Hot,' W",n W"""I Comfortable

Septomb" Warm' Ho' lIot HoUW""" W"rml Comfon"le

'"~ Cold Cool Coo)/Cold Cold

{"a", Study _09 (fop F1""r) J',1a,tor Bod Room (South_W.,t Ori<nlod Room)

Momln3 (00 lltl-ll OG) Allen,,,,," (ll:OO-) i-OlJ)

AprH W"mlHot ""',,,,,"",1><1' Wmn ""'
J,nu,')' ~" CooUComfm"'bl<

c.,o Study _II (I~ Floor) Lhl"g ,,,,,,n (W,,, Oliouted Room)

Mom,"g ((Io5-00-IH>(11 AlkmtlOn (12'OO_li:OO) ~Y<n;"g ('8,00_00 00)

~~) Comfort.hl~ Warm (om[omb),

S'ptember ('ornf""""I.' Worm W."" Warn> IComfortabl<

January Coo, ~"' Cool

c." Study -11 (I" Flooc) lied Room-2 (SOOlb-F.•• ' Orlouted Room)

Mon,;'\! (06:00-I~,UO) Aflemoo" {j~:OO.li,OOJ bonmg {18'OO.j)O:00) Night (UO,OiJ-06,OO)

A""I Comfoewbl. W"",,/Hot Com!o"."', Comfombl,

Sept,mb..- Comfol1ablc!W""" W,tmiHm Wm (-omfo""bl,

),nuary Cool Cool Cool Cool



1:." Study _ll (1" F10<1') B«l I{oom -3 (Sooth Oriented Room)

C ••• Stud)' -11 (I" Floor) M •• "" Bcd Room (South_W ••• Od"ctod Room)

Mon',<\! (06:00-12 00) An,moon (ll,W-' ~,OG) E_"g(l!m-O~OO)

April Comforuhl, C~mroltabk"W=n Cornl.""bl,

S'[>!<rni= COllltbrtobl,.'I\' orm W,emllomf","'bl, Wm

J",,= CoM C,,\d;Cool Cool

Ca •• Sludy _10 (1" Fluor) B,d Room (_ 2 'lurth-E." Orlent,d Room)
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'.10IDLllg (Oo,M-ll 00) Aftomoon (11 OCI-]i.OO) Evoning (1i O~O DO) Nigh, (OO,OO_OM)tJ)

,~p!il Comforuhl, W,rm/Hot Comfo""bl, Comfort.ohl,

S'frl=bet Comf"",",l"""-,,,,, W,nn'Comf"",bl, "omr","'bl, Comfo""b],

J.",,,ry Coo, Cool Cool Coo,

Cue Mud)' -10 (1" Fluor) R,d Room - 3 (Norlh Orl.ute<! Room)

Mmnmg {06:00.1l:0UJ A~,moo" (12,00.13000) Ev"","" (I 8.0(1.00:00) N'ght (OGOO.j)6:00)

Ap"l Comr"""ble eumfortabl, ComfotL,ble Cmnrm••bl,

S,pt<:mbco C"",fon,bl<lW,em C"mion,bk Com!oruble Comfon,bl,

I,nuary Cold Coo, Cool Cold

Ca<e Stud)' _10 (1" Floor) Moster B,d Room (I'orlh-We'l Oriented Room)

M",m"~ (06:00_ll:00) "lie",,,,,,, (ll:00_18:00) Evenmg (1&00-00:00) Night 100 00-06000)

April Comfort"ble Com ["",ble'W "m C"mfun,ble Comfrnidbl,

S",,"mber Comfortah 10'\\' """ W"""iComfurt.bl, Comt"rtabL, Comfortable

Jon",'}' ~'" ~" Cool CooP'-old

c.,. Slndy _12 (1" Fluor) M.,loT Red Room (Soulh OrioDtod Room)

Mo'","g (00 OLJ.-12.OO) Afternoon ('2,00-1 i 00) E',"';ng (IBoOO-(Hl00)

,,' Comfortable Com!on,blo/W,nn Com!on,t>lc

S'p"mb" Comf"rt.<bl,llVann ",,,,,!HoL W,,,,,'Comfort.hl,,

Jam,,')' ~" Coo, Coo,

c." Stndy -ll (I" ~Iooc) Bed Room (Nurth Orient,d Room)

MOrnJ"g (00;00-12/10) An,moon (ll;OO-I$oOO) E"m"~ 11&:00-00000)

Ami Comfortable Com!ort>blc Comfort>ble

Sop"m,,, Comfortable Com!ort>b I,rw ,m> Comfortable

J,nu"" Cold Col" Cold



110

Sites in Different Density Categories

In the September, all the cases have similarity in thennal behavioral pattern that is

low swing and low temperature compared (0 ApriL But still there are some

variations, the temperature swings in the dense sites arc higher than the temperature

swing in the open and medium density sites. [n the surveyed data table: 5.5.30 shows

the swings vary from 3.4degC to 4.5degC in the dense sites lind in (he open and

medium density sites these varies from LldcgC to 2.3degC Because in the warm

humid period the temperature pattern is guided more by the diffuse radiations from

the surrounding built forms and vegetations than dir~t radiation from (he Scm,as

skies are overcast and the dense sites arc surrounded by built forms. Even (he

maximum temperatures in the ea~es in these sites are not very high and in the

afternoon temperature inside the rooms become higher than rest of the day

irrespective of orientation. In the afternoon and early evening indoor temperatures in

dense siles are either warm or hot (table: 5.5.3e). On the other hand, indoor

tempenllures in open and medium density sites at the same lime are lower creating

either comfortable or warm sensations (table: 5.5. 1c, lind 5.5.20). The indoor avemge

temperatures at night are higher than the values outdoor, in all ca,es and the indoor

and outdoor average temperature difference at night in the dense sites varies between

O.9degC and 3.7degC, in the medium density and in open sites varies approximately

O.4degC to 2.3degC.

In April indoor temperature pattern are very significant in al1 cases. The temperatures

are in general higher in lIll ea,es and swings are higher than in warm-humid and

cool-dry seasons. The thennal hehaviour patterns of north and north-east oriented

rooms in all ,iles are more or less same but in the other orientations differ from site

to site. The swings in the dense sites arc lower than open and medium density sites

and the swings vary between 3.2degC to 6degC, in the medium density sites the

swings vary between 4degC to 6.9degC lind in the open sites these vary between

4.1degC to 9degC.

In the morning and night during April, indoor temperatures are comfortable in all

cases (1" floor) 01.different sites, but in the afternoon in the dense sites they arc

either wann or comfortable and also comfortable in the evening except south-west
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oriented rooms, which show higher temperature and therefore feel wann to hot. In

the afternoon and evening, rooms in the medium density and open sites (I" noor) arc

either hot or ""ann except north, north-east, and cast oriented rooms. These arc either

warm or comfortable. The overall situations in the dense sites are better than in the

other t\vo more exposed sites.

Orientation:

Orientation plays a very impotenl role during hot-dry and cool-dry periods. But

dlJting warm humid period, the influence of orientation is lower than that in hot-dry

and cool-dry. As a reslJ1t the temperature swings both indoors and outdoors are lower

in warn-humid periods than in other periods.

The impact of orientation on thermal behaviour pattern of open and medium density

sites are very significant but in the dense sites, this docs not playa very signiilcant

role.

In the dense sites thermal behaviour patterns are similar in each case of different

orientations, being very similar to north oriented rooms in ,ites of lower density. For

example thermal pattern of west oriented room (Case study-I 1, living room) in the

dense sites is similar to north oriented room (Table: 5.5.3e). The swings (in 1" floor)

vary dunng April between 3.2degC to 4.7degC and the exceptions are south-east

oriented room in case-I 1 and south room in ease-12, In case-II east side is exposed

10 sun and receives direct radiation, and in ease-12, west wall receives direct

radiation from sun. Therefore in these two cases the temperature swings arc higher

than rooms with other orientations.

The thermal behaviour patterns differ with orientation of rooms in the open and

medium density sites.

In the warm humid periods the swings are lower than the hot dry. But there is some

difference in temperarnre swings among rooms of different orientations in the open

and mediwn density sites. In the same sites the north, cast, north-east and north-west

oriented rooms perform better than rooms in other orientations considering

temperature swings, day and night average temperatures, during warm humid period.
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In the hot-dry period when air temperatures both indoor and outdoor arc considerably

high, the temperature swing too is high. During this season in the open sites (I"

noar), day average temperatures inside the rooms in all orientation are lower than

outdoor avenlge temperatures, while at night, average temperature inside the rooms

facing south-east, north-west and south-west aTC higher than the outdoor temperature.

Due 10 orientation, the difference between indoor and outdoor average temperatures

nollceahly varies. In the open sites, north oriented room performs the best among all

room of different orientations, the south-west orienled room being the worst. In the

north oriented room, the day average temperature is lower by 4.8dcgC than that of

outdoor and the night average temperature is 5.4degC lower than outdoor average

(Table:5.5.1aH). 'Nhile in the south-west oriented room, the day average temperature

is only l.ldegC lower than that of outdoor, and the night average temperature is

2.2degC higher than outdoor average (Table:5.5.laH). Table: 5.5.1aH, also shows

the south-east oriented room performs betler than south-west, and the soulh orienled

room perform better than either. This phenomenon is displayed in medium density

sites as well, but both day and night average indoor tempenllures are slightly lower

than the room in open sites of corresponding orientation. For example; during April

in the north-east oriented room, the day average temperature is 1O.2degC lower than

that of outdoor and the night average temperature is O.7degC lower than outdoor

average (Table: 5.5.2aIl, case study-OS), whereas in the south-west oriented room the

day average temperature is O.7degC lower than that of outdoor and the night average

temperature is 1.2degC higher than outdoor average (Table:S.5.2aH, ease study-07)

5.6.2. Exposure to Radiation

III the context of urban Dhaka, the exposure of a house is considered a significant

influence on its thermal behaviour, specifically the exposure to solar radiation both

direct and diffuse. This exposure to radiation depends on the building orientation and

on its proximity to neig;hbouring structures, and that influences the thennal behaviour

of building interiors, and thus the thermal comfort of its occupants.
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The amount of radial ion nx:cived by the building depends on the duration of exposure to

radiations, the intensity of roo iali00, and the expanse and quality or surface sites. These

three variables determine the amount of solar heat that actually reaches the interior of a

building.

Duration of Exposure

Duratlon of exposure to radiation is an important glliding factor for conversion from

radiation energy to efTectivc heat energy because a masonry wall needs lime to be heated

up and then it wil11ransfcr heat into the building through radiation and conduction. The

amount afhea! transported from out side to the inside through wall depends on the length

of time of exposure. Table: 1.4b.6 (chapter one) shows, in April durations of sun-shines

on the ,utrace i.e. the surfaces are exposed to direct radialions of different oriented

surface in the different density sites. In the dense sites at the 1" noor (as most of the cases

are studied of thermal performance in the 1" floor) level the surfaces in different

orientations do not receive sun, while houses in the open sites at the same floor receive

sun 6 hours from 9:00am to 3:00pm in the south, 3 hOlles from 9:00am to 12:00pm in the

east and 3 hours from 12:0Opm to 3:00pm in the west. The northern facade is shaded all

day. Houses in the medium density sites receive sun about half of the time duration than

houses in the open sites,

The situation is similar on olher floor too, with houses in dense sites receiving solar

radiation for only shorl durations. So it can be said, houses in dense sites will be cooler

than the houses in the medium density and open sites, and houses in the medium density

sites will be cooler than the house in open sites.

Intensity of Radiation

The intensity of lhe radiation is one of the most important factors, determining the

quantity of heat transmitted inside the building. The more the intensity of the radiation,

the greater is the heat transmitted inside the building. The intensity of difTllse solar

radiation is less dependent on the oriemation, on the conditions of the site and

surrolllldings, whereas the direct radiation depends on the orientation of the surfaces of a

building.

Table: lAbA (chapter one) shows that the diffuse radiation received by walls in north,

south, cast and west are the same, but direct radiation differs wilh orientation. It also
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shows, the intensity of direct radiation is negligible on the north side, the east and the

west ,ides receive the higher intensity from 7am to 11am in the morning and from 1pm to

Spm in (he allemann respectively, \vhile south receives average intensity from Sam to

4pm. And the radiation received in a whole day is 1689W/m1 in the north, 2282 W/m2 in

the south, and 2785 W/m2 in the east and west It shows, that the north orientation is

belter than the south orientation while the east and west arc the worst orientations in

terms of solar gain.

But these conditions of the radiation are modified by neighboring stmcrnrcs. As a result

the average radiation (both direct and dIffuse) in the 1st floor level on open ,siles are

42Wh/ml in the north, 66Whlm2 in the east, 64Wh/m1 in the south, and 55Whlm1 in the

west In the medium density sites these are, 30Wh/m:! in the north and cast, 45Whlm1 in

the south and 33Whlm2 in the west, and in the dense sites these are 2] Whlml in all

orientations (Table: 1.4b.5 in chapter one). So from the point of view radiation exposure,

the dense sites are the best sites and the medium density sites are better than the open

sites. Table: 1.4b.5 (in ehapter one) also shows north orientation is best orientation in all

sites, and in the medium density and dense sites, cast and west orientations are better than

south orientation in all floors. In the open sites west orientation is better than south and

eaSI in lhe lower floors, and south is better than east and west orientations in the upper

floors.

Figure: 5.6.23RadlationJ all" Floor North Wall of Different Den!ily Site in Whim'
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The figure: 5.G.2r, 5.6.2d, S.6.2c show the same situations, which are mentioned before,

the figure: 5.6.2e, 5.6.2d, 5.6.2e also show, the impact of dired solar radiations in the

somh, east and west orientations in the 1" floor of the open areas and medium density

areas and there is no impact of direct solar radiations due to orientations in the I" floor of

the dense areas.

}<'igure:5.6.2b Radiations at 1" "'[OOt East Wall of Different Density Site. in Whim'
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Figure: S.6.2d Radiation. at 1~ Floor West Wall ofDitTerent Dcn,ity Site In Whim'
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Surface Area

The surface area is also very important clement for which the amount of radiation

differs. [n the case studies, north-east orientations means the room is ex.posedto both

north and cast, being a corner room. Therefore, due to increased surface area, the

north-east oriented room will receive radiation more than either north or east, south-

east oriented room will receive radiation more than either south or cast, south-west

oriented room will receive radiation more than either south or west, and north-west

oriented room will receive radiations more than either north or west. So indoor

lempemturc of the rooms in these orientations higher than rooms in other

orientations, especially this is apparent in the opon and medium density sites.

In the top floor receive the highest radiation because roof (honzonta] surface)

receives 5329W/ml in a day (Table: 1.4b.4 in chapter one) and top floors are exposed

to radialion through the roof wherea:. intermediate floors have the insulation effect

provided by other floors. Ground floors can lose heat through contact with the earth,

and have more shading from SLlTToundingstructures and trees, particLllarlyin the

dense and medium density sites. The Appendices-5, and 6 show, the indoor

temperatures of the top floor are 3.SoCto 4°C higher than the intermediate floors in

hot dry period, and 2.5oC to 3.5"Chigher in warm humid period.
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5.6.3. Relative Humidity

It has been observed during the survey of the cases in different sites in density

categories, the difference of outdoor and indoor rdative humidity was very

insignificant. Comfort assessments shows, the perception of comfort of the people

are more related to temperature levels and are often not affected by high relative

humidities. Thus it was not a major consideration in the assessments of the case

studies,

5.6.4. Air movement

Air movement is very important dement, which can modulate the comfort condition

especially in the context of Dhaka where indoor temperatures arc higher than

comfort level most or the time during the day afhat penod,

The Table:5.6.4 shows in the urban areas (considered as dense sites), the wind speed

inside the building i, O.07m1s in April and September, in the suburban areas

(considered medium density sites), the wind speed in side the building is 0, 15m1s in

April and 0.14m1s in September. Such movements are unperceivablc, because up to

air speeds ofO.25m/s, it is considered as absence of air (Appendix-3).

In the open sites it is O.37m1s in April and O.39m1s in September, in which people

feel comfortable up to 35"C and, with cross ventilation people feel better inside the

room in medium density or opcn sites. Unfortunately though, air movement earmot

bc guaranteed in urban arca due to two reasons.

a. The air speed is not constant and direction of air IS also uncertain, due to

obstructions

b. The use pattern of the house is such that it does not help to promote air-flow from

out side to inside. Because there is security grills on all windows without any

exception, sometime in combination with insect netting. The usc of curtain is also

another common fearnrc for privacy. On the ground floor windows are closed for

privacy and security during the day, in same ea~e~ also at night (case study-08).

For this reason; ceiling fan is a common factor in all the case studies. This ensures

study air movement required for comfort.
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5.6. Conclusion

In the chapler (he performance of brick residential building in Dhaka has been

surveyed and analysed, and the on the basis of site and surroundings conditions three

types of sites or areas have been identified,

a. Open sites (Case study 01 to 04),

b. Medium density sites (Case study 05 to 07),

c. Dense sites (Case study 08 to 12)

In the case studies, the use pattern of different activity spaces was determined

(Tablc:5.2.2). It was fOlJnd that the bedroom is used for different purposes, for

reading, relaxing, gos>iping, watching TV, etc, in addition to sleeping. It is occupied

most ufthe time of a day; living room is in use in the afternoon for about 3/4hours in

a day; the kitchen is used in the morning and afternoon, and the dining room is used

three times in a day hut for a very short spells. So bedroom should be comfortable all

the time in a day. Temperature llIld humidity levels were measured and compared

with simultaneous mea,ured outdoor values. The values showed that highest

temperature swings were found in the case studies in open site" where the holiest

conditions prevailed indoors, both during the day and night.

Lower swings were found in houses in sites of higher density. The Dense ,ites

reading, showed the coolest indoor conditions.

The values of temperature swings were al,o greatest in April in the hOl-dry season,

and lowest in the warm-humid season.

Orientation was found to be llIl important factor detennining comfort within the

houses in open and medium density sites, but had no impact in dense ,ituations. Also

the effects were mo,t pronounced in April. The west was found to be the worst

orientation, followed by lhe south-west and south.

Top floor, even in dense sites were found to have the worst indoor conditions,

specially for west facing rooms.

In gene,,,l air movement could not be relied on to provide, due to unavailability,

either due to obstructed flow, or because of use paUern. Therefore radiation exposure

was found to be an important delenninant in raising temperature of the rooms.



Chapter Six
CONCLUSIONS AI'ID SUGGESTIONS



121

Chapter Six
CONCLUSIONS AND SUGGESTIOl':S

6.1. Introduction

To create a thermally comfortable environment inside is one of the important duties

of an architect. In the context of Bangladesh the outdoor environment is

uncomfortably hot or wann most of the time dunng hot-dry and wann~humid

periods, as has already been discoursed in the previous chapters. The means of

creating comfortable environment should be limited as much as possible to natural or

passive ways for saving energy, since in the context of Third world economy it is not

always viable to achieve indoor comfort by active means. Reduction of energy

consumption is of the first priority, and only when passive means are not adequate

should active energy be utilized. In such cases energy efficiency should he aimed for.

Brick is one orthe building materials, which is used widely in this area for struetuml,

nonstruetuml and decorative purposes. In this regard this research is concentrated on

the thermal performance of residential brick structure. tn this chapter are going to

discus an approach to thermally responsive building design is discussed, with

particular attention to the pre-design phase. Undoubtedly the earlier energy

implications are considered, the greater will be the potential of the building to save

on energy cost. When approaching thermally responsive design problems, design

professionals can be overwhelmed by the number of available popular options. The

designer may be tempted to scleet design based on familiarity with only a limited set

of possibilities_ This approach can often be dangerous, unless the solutions are

considered in the light of their energy conservation possibilities.

Buildings have dilTerentuses, sizes, occupancy patterns, sites, and other variables.

Successful energy design responds to a different set of variables for each given

building. Therefore, understanding the key energy issues related to the design of

different building types and knowing the variety of available options is of the utmost

importance.

The goals for designing energy-conserving buildings should be:
•

I) to ensure that the decision-making process related to energy concerns is accurate,

md
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2) to make the Tew1tingdesign responsive to other architectural concerns, such as

cosl, schedule, function, form and aesthetics.

Once the basic framework of thermally conscious design is understood, the design of

successful thermally/energy-efficient buildings often becomes intuitive, True

thermally conscious design always takes thermal issues into account early in the

design process. Designers are then fully aware of the thermal problem for each

project and the range ofpossiblc solutions before beginning the design.

Experience with the use ufthe various design strategies enables design professionals

to produce buildings that usc less energy while maintaining the integrity of other

design criteria. In addition to establishing all of the conventional architectural and

engineering program factor, for new bnildings, a pre-design i.e. thermal

environmental analysis may be conducted. The hasic ,teps for the analy,is include

a. Problem Definitions.

b. Identification of Design strategies.

c. Programming/fonnulation of goals.

6.2. Problem Definition:

In thi, stage the designer analyses and under,tands the thennal environmental is,ues.

The basics facts related to thennal environment for the building are collected and site

constraints, building fonn and envclop factor" thermal comfort conditions, and :'0

forth, are identified.

6.2.1. Climatic Characteristic oftbe Microclimate of Dhaka

Understanding thc clemcnt, of microclimate of urban area is a primary requirement

for designing a thermally responsive arehiteetllre. The climatic clement, related to

thermal environment are temperature, relative humidity, radiation and sun:.hine, and

air movement and direction.

The meteorological data from the nearest meteorological station may not give a true

picture of the climate experienced at the building site. In these case, it is necessary to

attempt to estimate the likely variation between meteorological station and site.
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However, such estimations arc likely to be fraught with uncertainties since there are

no ~imple or reliable rules for adjusting climatic data. If variations between

meteorological slation and site are small, the design requirements can be based on

(he former. Techniques may be adopted to assess the degree of climatic variation.

That is to take 'spot' readings at the site, which are compared with simultaneous

readings at the meteorological station. However, a considerable number of readings

are required for each season of the year before any conclusions can be dravffi.

However after analysing the climatic characteristics of urban areas of Dhaka city, it

is necessary to identify the critical period/season for design solutions.

In the context of urban Dhaka, April is representative of the hoI-dry season when

temperarnres are high, the average tempemture is 29°C, the average maximum

temperarnre 34.2"C, and average minimum temperature 23.8°C. September is the

representative month of the warm-humid season, when the average temperature is

28.8°C, the average maximum temperature is 31.7°C and average minimum

temperature 25.9"C.

Relative humidity is higher in the warm humid period and its vanes in between 70%-

90%.

During the hot dry period, particularly during the months March, April and May,

solar radiation on a horizontal surface is high in comparison with the rest of the year,

and it is maximum in April (5050 Whlm1/day) (Chapter one, Table: 1.4B.1). From

July to November, i.e. from monsoon to post-monsoon, the radiation remains fairly

constant and the recorded minimum, 3150Whlm1/day is in December. Although

there is not a wide variation in the monthly average radiation during thc months July

to November, yet the variation in c1oud-eo~er and almospherie conditions during this

period is noticeable (Chapler one, Figure: IAb.2).

Considering all aspects of climate in Dhaka city, lhe hot-dry and wam1 humid period

are the critical periods, because them1al conditions in these seasons arc

uncomfortable and in the cool-dry period people can adapt by using warm clothes

and blankets during the night.



124

6.2.2. Requirements for Indoor Comfort

It is important to identify the requirement of indoor comfort to find out the amount of

environmental elements, which need to be reduced or increased (0 achieve the

desirable level for comfort.

In the context of Dhaka city, air temperature is the deciding factor to determine

thenna! comfort. The air temperatures for comfort with no air movement and for

people wearing nOlTIlal summer clothing, engaged in normal household activity

indoors are behveen 2S"C to 31"C. If there arc any provisions for air movement

within O.3m!s to 0.45m1s the temperature tolerance level can be raised up to 36°C

(Figure: 3.3.4). Provisions for continuous air movement within O.3m1s to 0.45m/s by

natural means is almost impossible because natural air speed is nol constant and

directions are unpredictable in the city. So for achieving comfortable environment,

inside the air temperarnrc should be limited within 2S"C to 31°C. However use of

fans will raise the allowable limit significantly, Relative humidity, which also affect~

comfort sensations is usually high, but air movement. Significantly eases the

discomfort at the gcncral temperature experienced in the city.

6.2.3 The General Characteristics of Urban houses

For designing a thcrmally responsive house, it is necessary to understand the general

characteristics of houses and the use pattern of different activity spaces of the urban

areas, From such a study a designer can identify the design strategies and goal for

thermally responsive architecture, as well as to what extent the elements of a

building have to be manipulated to achieve thermally comfortable interior spaces.

a. Physical Character

Most of the houses observed during this ,urvcy revealed that the exterior walls are of

2S0mm brick masonry and the interior wal1~arc of 125mm. Windows are shaded by

ovcrhang, of about SOmm and have security gnlles and in some cascs windows have

security grill with netting (Chapter five, Table: 5.2.3), Windows usc synthetic/cotton

curtain for privacy. Thc intcrior surfaces of the rooms are painted with white, green,

pink, or off-white colour, white being the mU8t common colour used.
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h. Occupancy pattern of different activity area

The bedroom is a commonly occupied space in the house and its functions include

activities other than only sleeping, like reading, living, gossiping, watching TV, etc

(Chapter Five, Table: 5.2.1b), and it is occupied most of the time ofa day, living

room is used in the afternoon for about 3/4hours in a day, kitchen i, used in the

morning and in the afternoon or early evening and the dining room is used three

times in a day but for a very shorl spans of time. So bedroom being the most used

space should be comfortable throughout the day.

6.2.4. Present Status of Residential Buildiul:s of Areas in Dhaka city.

The survey further revealed that according (0 the site surrounds and built-form,

Dhaka has throe basic types ofresidenlial area~,open sites, medium density sites and

dense sites as stated in the chapter-5.

The thennal behaviour pattern of these sites were studied and compared. It was

found that dense perfornl better than site~in othcr lOWcategories, as solar radiation is

the most important guiding clement for indoor environment in the context of Dhaka.

In this context, the expo,urc of a house is con,idered as an important aspect that

influences thermal behaviour, specifically the exposure to solar radiation, both direct

and diffuse. This cxposurc to radiation depends on the building orientation and that

influences the thermal behaviour of building interior and thus the thennal comfort.

The amount of radiation received by the bLlilding depends on the duration of

exposure to radiation, the intensity of radiation, the surface area and its quality.

These variables dctcrmine the amount of solar heat that actually reaches the interior

ofa building.

The duration and intensity are guided by characteristics of site and its surrounding

structurcs. As far as radiation is concerned, the dense sites are the best sites and the

medium density site, are better than the open sites. Table: 1.4b.6 (chapter one) also

shows north orientation is the best orientation in all areas in different density

categories, and in the medium density and dense sites, east and west orientations are
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beUer than south orientation ill all floors. In the open siles west orientation is better

than south and east in the lower floors, and smdh is bettcr than cast and west

orientations in the upper floors. Mort'over (he buildings in the open sites arc exposed

to sun for longer periods (han buildings in the medium density sites, which in tum

are more exposed than those in dense sites.

Orienlation is another very important consideration for solar heat gain. Table: 1.4b.6

(chapler one) shows north orientation is best orientation in all densities sites, and in

the medium density and dense sites, east and west orienlations are better than south

orientation in all floors, In the open sites west orientation is belter than south and cast

in the lower floors, and south is belter than east and west orientation, in the lower

floors. In fact in the den,e sites orientation does not playa very significant role,

because surface, of the building in all orientations receive very little direct radiation,

except the south, which sometimes receive, radiation from sun during early

afternoon, Irrespective of different density sites, horizontal surfaces receive the

highest radiation, which is 5329W/m' in a day in April (Chapter oue, Table: lAbA).

The amount of radiation received in any orientation i, directly proportional to

amount of surface area of that orientation. Therefore top floor were found to be

generally hot and orientation dependent.

The air-flow in,ide the building was to be found insignificant, the directions being

unpredictable, especially in dense and medium density sites, where obstruction to the

,teady wind flow prevented predictable flows,

6,3, Identification of Design Strategies

A range of design strategies for solving the thennal problems may now be identified

for implementation at the design stage. This information will enable the design

profesSlonals 10 select the proper solution, from a number of possibilities, and

priorities for design strategies can then be established. The design strategies thus

established will help detemline the envelope and fonn ofthe building.

For example in the coutext of Dhaka, radiation is the most important climatic

element, which is responsible for heat gain, thus its elimination will be the goal to

achieve thc indoor thermal comfort. So the intentions of the designer ,hould be to
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reduce ~olar heat gain. For this the following strategies can be taken, depending on

the characteristics ofthc site and surroundings.

Decrease Solar Gain

Decrease Surfaces Exposed to Radiation

Reduce ratio of surface area to enclosed volume

Utilize site elements for shading

Orient building to minimize insolation

Configure building edge to provide self-shading

Provide shading devices

Use smooth surface,; to reduce film coefficient.

Use light colors to Increase Reflectance

Use solar mm on glazing to reduce transmission

Use space planning to locale main activities away from excessive solar

radiation.

Increase Thermal Transmission Resistance

- Decrease U value

Increase Heal Capacity

- Increase thermal mass

Whatever the strategies are these have to be implemented during the pre-design stage

by manipulating the design elemcnts i.c. Siting, Spacc Planning and Building

Envelope.

Siting: Defore siting a building, general climatic data, i.c., solar radiation,

temperature, humidity and wind patterns, must be analysed in conjunction with

particular :.ite elements that are topography, vcgetation, water conditions on site and

buill foms, all of which can affect the site's microclimate.

Thc climatic data and site elements should be considered in thc selcction of the

building orientation, fOID],envelope construction, and size and location of apertures

lind their controls.
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Design solutions are generally morc successful if internal functions and external

influences are iocnli fled concurrently.

Placement, orienlation and configurations of building are important for selecting a

strategy to achieve the goal. for example: north-south elongated buildings may

have fedllced solar heat gain in open sites but in the dense sites it will be opposite,

because buildings in the open sites receive the highest radiation from the east and

west but buildings in the deu,e sites receive the highest radiation from the south

(Chapter One, Table: 1.4b.5).

Space Planning: The planning of internal functional spaces for buildings can

significantly afTect the efficiency of the thermally responsive house. The key

planning issues include internal heat gain, solar heat gain, zoning and the time lag

which operates in heat transference.

Internal heat gain is heat added to a space as a by product of human activity and has

significance in the heat balance calculations.

Zoning: it is important to classify and organise spaces according to their use pattern

and need of cooling time, lighting, and ventilalion. For example, heat producing

areas need separation from bedroom, and bedrooms should be placed in areas where

the solar heat gain is minimum, as it is occupied lhrough out the day.

Building Envelope: The building envelope has mass that serves as thermal energy

storage and helps control temperature by resisting heat gain dlJring the summer and

losses during the cold season, Windows and opening in the building envelope

provide for daylighting and ventilation and give the occupants a view to out5ide.

Windows should be operable to allow for adjl.lsting ventilation rate when required.

Night time ventilation helps cool buildings significantly. The ventilation can be

restricted during the day to prevent the entry of hot air.

With careful design, the building envelope can be made thermally efficient almost to

the point where it provides comfort in all seasons. The variables arc surface area to

volume ratio, U value, characteristics of exterior wall (wall otttions, compositions,

etc), and r-value of materials. Through manipulating these variables a designer can

reduce external heat gain and then makes indoor, comfortable.
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6.4. Programming

The third component of the pre-design phase is to establish the program factors

related to the considerations rOTachieving thermal comfort. Thermal performance

targets or goals should be established. These targets should be established using the

base on information collected during the first two steps in the pre-design process.

These targets will help to determine the appropriate response for thermally

responsive architecrnrc in the building design process.

The final task of the prognullming stage is to identify the best thermal comfort

related goals, These goal:. and opportunities should be a list of optimal solutions

rather than a selection of components or design concepts. These program statements

should deal with approximate sizes, shapes, and relationships, as well as the

quantitative information. This information should be clearly and concisely stated for

good eotrununieation among all ofthe design team members.

6.5. Suggestions for Brick Buildings in Urban Dhaka

Based on the procedure for thermal design outlined above, and on the survey and

investigation, and its analysis conducted during this study, a few suggestions for

brick residential buildings in Dhaka have been put forth in the following paragraphs.

These defme the third, programming a"peet of thermal design.

On a site the side with greatest exposure to solar radiations (i,e. greatest

distance to next bu.ildingor other obstructions) allows the highest heat gain.

Therefore the main activity ~pace~should be designed to be shielded from

this heat input area, either by restricting surface areas, or by creating buffer

spaces to protect from solar gain, or by utilizing site elements and providing

projections to protect from direct solar gain,

Rooms in west may be planned for occupancy duting the mornings, but if

coincident with side of greatest exposure, will provide very hot conditions in

the afternoons and early evenings. Such rooms can have low U-value, I.e.

high thermal mass, to resist heat entry before the cooling off period stats.
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As temperatures fall after sunset, therefore night ventilation can be utilised to

cool rooms with greatest exposure so that they can be used at night. However

ventilation in these rooms should be restricted during periods when the

outdoor temperature is higher than that required for comfort.

Top floors need to be treated with special attention to reducing solar gain

from roof as well as the exposed side. Roof mass can be increased, shading

on roof can be used, while the lOp noor spaces OWlbe provided with means

for ventilation so that night air can transport much of/he heat cflhe roof and

walls before it enters the space. Time lag of these surfaces should be high

enough to facilitate this process.

Only rooms on northern side, even when far from a neighboring structure,

were found to have low temperature swings. Therefore such rooms are

relatively free from the constraints of thennal design, except when on the top

floor. If on top floor, north rooms also need to have adequate roof treatment

to stop heat flow indoors.

Corner room:. are more exposed than rooms with only one exterior wall.

Therefore special eare needs to be taken during the design of such spaces so

that the above mentioned goals can be achieved.

6.6. Conclusive Remarks

The intention oflhis research is not to provide an exact solution ofthennal design, as

that would restrict the role of the designer, but it nevertheless provides an

introduction or preliminary guideline for thermally responsive architectu.re on the

basis of the thcrmal performance of brick residcntial buildings in Dhaka. Though this

research concentrated on the thermal performance of brick residential buildings, it

also givcs an understanding of the thermal performance of buildings with different

matcrials. This chapter conccntrates on reducing solar heat gain, but during the pre-

design period, it is also necessary to consider other environmental aspects like

daylighting, noise reduction etc. During the programming stage, considerations hav~

also to be taken regarding the cost amI time dllmtion of construction. However such

considerations have been kept beyond the seope of this study.
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The thermal considerations that have emerged as a direct outcome of this study arc

important in producing energy emcient design solutions. It is extremely useful to

have such strategies in mind during the pre-design and design stages of buildings, as

passive solutions are those whleh allow buildings to blend with the enviroruncnt,

thereby reducing enerb'Yconsumption.
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APPENDIX-OJ
COMFORT ASSESSMENT FORM

Instructions of filling up the Comfort Assessment form.
(RECORD OBSERV,\TJOr-"S Ol'iLY AFTER YOU IIAVE HEIi'lIK THE ROO:\'I FOR /'iOT I.ESS '1H[!'i 20
MINUTES)

Time: The time of day or night when sen,ation is being recorded.

Comfort condition: On a scale of -3 to +3 fill in the value you fed closest to:

,old ro.' ""mfo'lobly""ol comforn.bl. C.mfotlobIY"inn Warm ..,
Air temperature: The air temperature of the where you are in. This can be measured
from the Digital Temperature! Humidity Meter by chcking twice.

R.H.: The relative humidity of the room, By clicking the same meter once,

Globe Temperature: This has to be measured WIth a digital thermometer with the black
ball on the sensor,

Clotbing: Mention how are you dressed e.g. shirt and trousers, pyjama punjabi , salwar
kumeez, suree, etc.
Activity: Mention what are you doing e.g. Sleeping,Reclining,Seated,Walking,etc

Air movement: You don't have to measure air movement, When the ceiling fan is on
mention its speed as SLOW, MEDIUM or FAST and when the ceiling fan is not on ,
mentally eompure it with the speed of the ceiling fan. If there is no air movement mention
NOl\'E.

lM:.lion Date Time Comf. A" Se~ Temp. RH G•• Air Cloth; A'l;vil
Vote Move. " ,.
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,~,DATE 'lIME LOCATION C.VOT AGE SEX '"' m, 0' 00 M" I ".•• 10.11.96 15.30 BED " '" M 31.7 89,2 n_~
'" '"

,
•• 10.11.96 20:5 j m" , '" M 3U 8~_7 2g.4 "' "

M

•• 10.11.96 a:36 l,lV " '" M 30.4 89.1 27.7 "' '" "•• 1011.96 11.27 BED , '" M JO,~ H7.9 28.0 '" '" M

" 10 11.96 18,03 BED , '" M 29,7 ~7_1 '" '" "
,

•• 10 II 96 n BEll " '" M 28,7 i6 ..l 2(d '" '"
,

" 101196 7,15 flED " " M 29,9 '" '" '" '" "" 10.1 1 96 2,30 flED " '" M 30.2 ~8!I no "." '" "" 10.1 I 96 5.30 flED " "
M 30,0 m '" '" '" "" 10.1196 23:30 '" " •• M 30.0 87. I 27.1 '" '" "'" 2'.11.96 0:10 ,W " " , 30.7 7S,8 27.5 " , '" ,

'" 22.11.96 1:50 '" " " , 29.7 80.6 2~_4
'" '" N

'" 22.11.96 23:00 LlV " " , J 1.0 77-) 2~_1 "' '"
,

'" 23.1 1.96 0:30 IlED " " , 30,9 no 27.6 "' '"
,

'" 2311.% 11.05 BEll , " , 29,0 N4 '" '" '" N

•• 231196 14,20 DJ:' " " , 30,9 79.0 '" '"
,., ,

•• 231196 19,00 [lI,D " " , 30,0 m '" '" '" ,
•• 231196 22.35 IlhD " " , 29,0 79,4 "" '" '" N

•• 241196 10:00 UV " " , 29.7 'H '" '" '" ,
'" 24.1196 20:10 '" " " , 29.9 79,5 '" '" '"

,
'" 24.1196 23:45 ],IV " " , 30,g 79" 27.~

'" '" ,
'" jlll96 21:20 BED " " M 28.1 98,1 29-:1

'" " ,
'" ,.1096 23:30 BED " " M 28.0 96.0 29.0 '" " ,
" 6.10.96 19.30 ,W " n M 29,0 9l.0 32.1 '" "" ,
" 7.10.96 22'00 BED " " M 29,0 92.0 29.7 "' '''' ,
" 8,111.96 7-00 ,W " n M .. " 92.0 29.3 '" " M

" 9,10.96 9'00 ,W " " M '0; 92,0 lO.7 '" '" M

" 10,10,96 22.00 "" " " M 29,0 ~"]02 '" '"
,

" 1511.96 19;30 B~[) " " M 31.0 86,6 ;n "" '" ,
" 15.11.96 2MlO ,W " '" M 30.8 '" '" '" "

,
" 16.11.96 11:3!1 ,m " " M 29.2 X.16 26.2 H '" N

" 16.11.96 15:30 ,W " " M .111.2 84.8 27.1
'" '" N

" 16.11.% 23:4S ,W " " M 30.0 79,4 26.9 '" '" "" 17.11.% 14:30 ,m , " M 29,7 78,4 26.5 "" '" N

" 17.11.96 19:00 ,W " " M '0; 80.1 27,2 "" "., ,
" 13.11.96 13:30 ,W " " M 29.S '" 26,6 '" '" "" 18,11.96 I s-JO '" " '" M 296 '0; 27,0

'"
0.' N

" 1811.96 19,00 '" " " M 30,0 31.3 no
'" "' ,

" 1111196 9:32 ,W " '" M 30.3 91.3 27,5 "' '" ,
" 011196 1l.03 BED " '" M 30.6 90,4 27,2 '" '"

,
" 01.1196 20.45 BEl) " '" M 30,4 89,6 n, "' " M

" 20.0996 I l:l5 ,W 0 '" M 30.5 62,1 30 ..\ co '" ,
W 1}6.09.96 9:25 "''' , " M 2M 7g,1 2~.7

'" " M
W 06.09.96 12:.10 LOBBY , " M .11.9 56.2 31.,

'" '"
,

W 7.9,96 9:.10 OrFJCE , " M 28.1 71.0 n.4 II 5 " ,
W 9.9,96 3:00 DO" , " M 28,6 67.4 2~.H "' " M

" 6.10.96 8:lIO Dm , ~ , 27,~ 67.7 28.3 "' '" M

" 7.9,96 lJ'lO ,W , ~ , '"' 5~.O 28.8 '" '" M

" 7.996 22..10 ,W " '" , '" 79.7 28.5 '" '" M

" 8.996 15: 15 BED " '" , ,n 62.0 28..1 '" '" M
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<;A~E DATE TIME LOCATION cu.n AGE SEX Toe m, 0.' ~"MET AIR

" S.9,96 20;40 CO, , '" , 2&.6 78,0 29.3 " ,., M

" 9.9,96 V,.Il1 !lED 0 '" , 27.3 79,0 H.3 " 0.' M

" 6.9,96 9,(HJ BED 0 '0 , 28.1 68,8 2S.4 '" '0 ,
" 7.9,96 9;{KJ BED 0 co , 28.1 6S,8 n.6 00 " ," 7,9,96 9.00 ow 0 ,e , 27,S 6S.0 28.3 " " ," 8,9.96 2.1,00 BED 0 '" , 28, I 80.0 28.4 "' '" ,
" 8,9.96 7:45 Ol~ " '" , 27.4 63.0 28.3 00 " M

" 9,9.96 22:30 "'" " '" , 28,7 78.4 ". !I.5 0' ,
" 9,9.96 9'23 om " '" , 28.4 78.2 ''" 0' ,.. M

" J 10.96 12'30 SCHOO 0 '" , 32 I '" '" e, ,., ,
" 4 10.96 8' 15 ,rn 0 " M '" "" '" e, " M

" )'.9,96 22:10 ,rn 0 " M 29.11 "" '00 ,.,
"

M

" g 9.96 21:30 ,rn 0 " , :12.4 ;;, ,,., 0.' O. M, ~_9_96 8.00 ,W 0 " M 31.9 m 30.8 0' '0 M, 9.996 22:00 "'0 e " M 32.2 ,"0 31.8 02 "' N, 9.9,96 9:00 Dm , " M 32.1 m 31.1 00 " M, 9.9,96 21:00 ,rn " " M 33.0 7.1.0 32.1 "' " ,, 111.996 12:00 ,rn , " M .12.7 74.7 31.0 "' "'
,, 109.96 &:30 ,rn " " M 31.3 76.1 30.0 "' "
M, 109.96 10JO 0", , " M 32.5 75.8 30.2 "' "
M, 109.96 17,00 BED 0 " M m 74.6 32.1 "' "'
,, 119.96 22,00 BED , " M '" 74.0 31.0 0' "'
,, 11 9.96 '"" ,rn " " M "" 77.7 30.1 0' 0' M, 11 9.% 21 '30 ,rn " " M 3.10 ?3.S 32.6 "' 0' M, 2.111.96 23'00 ,m 0 " M '" 73.6 "" 0' 0' M

" 3,10.96 18,30 ,W 0 " , 32,9 ~A '" 0' u ,, 3 10.96 8'30 ,W 0 " , 32,1 ~,'"" e,
"
,, 3,10.% 11:30 ,rn 0 " , 33.0 94,!I '" , "' "
,, 4,10,96 15,30 ,W 0 " , 33.4 94,1 ~9.4 "' U ,, 5,10,96 20:30 ,m 0 " , 3J.1 94,1 ~9,8 " U ,, 9,10,96 20:30 ,m e " " 3J.4 93,8 30.0 " U ,, 10.10.% 23:10 OO~ e " , 34.6 938 31.1 '" " ,, I LlO.96 0:10 OO~ 0 " , 34.4 91.9 30.6 00 " ,, 12.10.96 11:25 DORM " " , 32.& 90.3 30.8 "' "' M, 12.10.96 19,JO OO~ , " , J4.2 91.8 30.~ 00 "'
,, 17,9.96 0:30 DORM , " , 32,7 91.0 30.3 "' "' M, 18,9.96 1:35 STUDY , " M JO,O 71.6 30,0 0'

"
,, 18,9.96 5,35 BED , " M '00 71.6 30.5 0' 0' ,, 18,9.96 21 :00 BED , " M 30,7 M' J 1.0 e, 0.' ,, 19,9.96 2J:JO DLN " " M '"' 67,7 31.0 e., ,.. ,

• 19,9.96 10:JO OeN , " M 31.2 62,5 31.3 ,.• ,.. ,, 3,9,96 1"1, LlV , " M 32,1 64.3 31.9 OA ".. ,, 3,9.96 10,)0 '" 0 ;; , 32,8 72.2 28.4 e, "" ,, 3.9.96 14,00 om 0 B , 33,1 71,6 ~7.9 0.'
"

M, 39.96 20:00 ,rn 0 B , 30 ..1 '" '" 0.'
"

M, 3.996 22:30 ,rn e B , 32-3 '"" '" 0.' U M, 4.996 9:00 BL:-l e B , 3".0 '" ,., 0.' U M, 4.9,96 12:00 "'0 e B , 34.0 ,eo 29.9 0.' U M, 4.996 1&:00 ,W e B , 32.9 75,1 31.0 0' 0.' M, 4.996 21:00 ,m , B , 3U 75,0 30.8 0' U M, S.996 11:00 BED , B , 3J.9 76.0 30.6 00 '0 M, 5.996 14:00 DLN , B , 34.5 75.' 3U
'"

U ,, S.9,96 17:00 '" , B , .13.6 75.0 32.6 00 "" ,, 6,9.96 [0:00 ]JED " ;; , 33.3 7S.8 32.1 "' U M, 69.96 17:00 ,m , " , 34.1 73.6 32.7 "' " ,
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CASE 1>An: TIME LOCATIO)oI C.YOT AGO: ~"X '.C m, C., CLO I MEr M", I> 9.96 20.00 ,W " B , 33.8 73.0 32,2 "' U M, 69.% 0,00 BED " " , 32.9 72.6 31.9 "' 0' M, 39.96 8,30 BED " " , 32.7 72.2 2~.9 e , u ,, 3.9.96 20:30 ",0 0 " , 32.8 71.0 26.8 CO U M, 3.9.96 22:00 flED " " , 32.5 71.0 26.6 "' "" M, 4.9.96 9:30 Dll': " " , 33.1 7H 32.7 CO U M, 4.9.96 IUO '" " " , 32, I 77-0 32.1 CO "' M, 4.9,96 1~:30 UV " M , 33,9 77.2 32.3 "' '" ,, 4.9,96 21:311 '" " M , BO 76.1 m "' u ,, 6,9,96 211:30 '" " M , 3.17 73.5 m "' "'
,, 6,9,96 2BO ,W " " , BO 73.2 B" "' "'
,, 12,9.% 15'!l1I '" e B M 352 75.2 B' "' ,.e M, 129.% 21 '00 'N " B M B" '" )0,0 "., ,., ,, 139.% 10'00 ,W " B M 33.3 74,1 29,2 M '" M, lU.% 13'30 '" " B M 35.4 72.9 31.6 "., '" M, lJ.'J.% 20:00 BATH " " M 33.2 BO 32,0 "" U ,, lJ.9,% 23:00 ,W " B M 33.1 '" 29.2 "' "'
,, 14.9,% 8:00 ,W " " M 32.4 '" 2U "' '0 M, 14.9% 20:00 ,W " B M 32.3 72.0 2&.6 "' U ,, 1'i.9% 10:00 'N ° B M 33.1 74.6 31.9 "' "'
,, 1'.996 17:00 BED " B M 34.6 73.5 33.2 e , "' ,, 12.996 9:30 '" " " , 32.& 76.9 29.0 "' ,e M, 12,9,% 15:30 '" " " , '" 7S.0 32,6 "' "'
,, 12.9.91> 2UO ,m " " , B" 75.8 30,0 "' "
,, J:l9.% 9:30 '" " " , BO 74.3 28,9 "' "" M, 13,9.9h 16'30 '" " " , B' 72.7 33.0 "., " M, 139.% 23 30 BED " " , 32,6 73, I 32,0 "' "" M, ]4,9.% 20'30 ,W " " , 32.5 72,0 29,1 "' "" M, 4,9.96 15'00 ,m , " , 34.8 '" 31.1 "' "' ,, 5,9.96 8'00 ,W , " , 32.2 '0; 30.0 "' "' M, 5,9.96 22,00 ,m ~," , 32.3 746 31.5 "' "
,, 6,9.96 12:00 ,m , " , 34.B '" 33.6 "' "'
,, 6.996 14:00 lJI.N , " , 35.8 74,0 33.1 '" " ,, 3.9,96 11:00 m , " , 33.9 72.0 29.9 '" '" N, 3.9,96 14:30 'CO , " , 33,1 72.6 27.9 "' " M, 4.9,96 14:311 OW , " , 34.~ 77.9 33.9 CO

"
,, 6.9,96 12:30 m , " , 35,0 7M 34.R CO '" N, 6.9,96 16:30 ,m , " , 34,> 74.0 .143 "' " ,, 12,9.96 9.00 BED , " M 33,1 77-0 m "' "' M, 12,9.96 12:00 ,m , " M 33,6 76,6 30,6 0.3

"
,

; 13.9.96 16:25 TOLL , " M 35,0 73" 31.1 o , ,e N, 14,9.96 )'011 ,W ., " M 32.6 7:\1 '"' 0.3 0' M
; 15,9.96 7'00 ,m ., " M 32.2 '" Me 0' "

,, 15,9.96 14,00 'W , " M 35.1 '" 32.9 " , " .M.-
; 1,.996 21,00 ,W ~," M 32.4 '" 31.6 " , 1.3 -'-, 13.9% 14:00 oeN , " , 3>.0 73.0 33.1 0,>

" .M.-, 14.9,96 8,30 '" ~," , 32.0 72.6 28.4 "' '" .M.-, 1>.9,96 7,30 ,m ~," , 32.0 75.0 31.6 e' '" M, 1>.9,96 10:30 m , " , 34.4 74.6 .12.6 CO '" N, 1>.9,96 14:00 ,m , " , 35.1 73.8 32.9 CO
"

M, ~.9 96 18:00 '" , " M ,,; 76.2 35,1 "' "' M, ~.9 96 19:30 ,~ , " M ,n 76.1 31.8 "., U ,, 9.9,96 17:00 BED , " M 35,0 76.8 34,1 0.3 "' ,, 10.996 13:45 BED , " M 340 75.1 '" 0' '" -'-, 11.996 18:00 'N , " M '" 74.0 33.3 "' '" -'-
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CAS>: urn ~,LOCATION ('.vl)r AG~ S[X ',c ~ 0.' ceo MJ:T "", 2.10.96 21.15 m , " , 32,6 ~,28.3 "' "
N, 3.10.96 19:1I1i 0," , " , 33,2 93.9 " , "' "'
,

• 3.10.96 22:00 "" , " , 32,8 93.9 '" "' "0 ,
" 4,10.96 9'30 "" , " , 32,6 93.9 '"' "' U ,
" 4,10.96 16'110 "" , " , J:JA ." '"" "' "" ," 5,10.96 12'00 ''" , " " HI ". '0 , "' "" M

" 5,10.96 15:30 UV , " " :1.1.9 m '00 "' U M

" :; 10.96 1'00 ''" , " " 33.3 ." 29,5 "' "" ,, 9 1096 10:05 "'~, H " 33.7 "" 298 0' U ,, 91096 12:30 "'~, H , 34.0 94.1 30.2 OJ '" ,, 91096 17:45 OO~ , H , 35.2 "" 31.6 0' '" ,, 11.10.96 IUO OO~ , " , .1J.1 92.1 30.9 0' '" ,, 12.10.96 9:30 D"~ , H , 33.7 92.8 29.7 0' U ,, 12.10.96 22:15 "'~, H , 33.2 92.0 31.3 0' U M

" 179.9b 0:30 SruDY , " M ". 70.8 29.9 "' "
,, 179.96 10.30 ,=V , " M '"' 71.7 29.& "' U ,, 179.96 11.30 LIV , " M '"' 68.? NO' "' "" ,, 179.96 17,00 ,=V , " M ;0" 68.5 10,1 "., "." ,, 189.96 21.30 UV , " M 30,6 65,7 30,7 ••• "" ,, 199.96 13.30 BED , " M 3lA 63,a 31.3 ••• "'
,, 209.% 10,30 STUOY , " M 31.2 62,0 31.3 "' '" ,, 20.9.96 j 1.00 STUDY , " M 29.8 63,3 29,8 "' '" ,, 20.996 16:00 STUDY , " M 30.6 61.7 30.6 OJ U ,, 20.996 17:00 L1Y , " M 30.7 61.6 30.7 0" "'
,

0 69.96 16:00 eN , " M 23.4 68.0 29.1 0' '" ,0 6.996 23:00 'W , " M 23.4 80.3 28.7 "' "' M
0 7.996 j 5:30 BED , " M 28.0 88.0 27.8 "" "' M
0 7.996 18:00 OFFICE , n M 28.3 63.0 29.2 "' '" N
0 7.996 0:30 BED , n M 28.5 80.1 29.3 "" "' ,0 8.996 8:00 DW , n M '" 77.8 29.3 "' "

M
0 8.9.96 20,25 "" , n M '" 78.2 '" "' "' ,• 9.9.96 12,00 '" , n M ,n 71.2 m "" '0 M

• 9,9.96 20:00 MV , " M 26.4 72.2 27,8 "' '" ,0 9,9.96 22'30 BEll , " M 28,3 75,0 28,8 "' "" ,'" 6,10.96 12,00 VEil , ON , 31.2 72,1 32,2 "., U M

'" 6,10,96 20,00 STUDY , ON , 27.4 72.0 28,3 "' >.0 N
W 9,10,96 22:30 '" , ON , 28.1 74,0 29,2 "' '" ,W 7,9.96 8'1111 OM , ON , 27.2 64,0 28.1 "' U M

'" 7,9,96 21 30 '" , ON , 27,4 68.1 28,3 "' "'
,

'" 8,9.% 8'00 KIT , ON , 28,4 54.0 29.3 "' '" N

'" 8,9.% 17:00 KIT , ON , 28,1 63.0 '"" 0.5 '" N

'" 9,9.96 1~:OO Oill , ON , 28,3 66.1 28.8 "' "
,

'" 9.996 0:00 "" , ON " 28,1 79.4 29.6 " "' ,U 6.996 18:00 LA""'!' , '" " 28,1 M." 28.8 0; '0 ,
U ".996 0:00 "" , '" C "" 78.0 '0; "' "" ,U 7.996 12,00 ve, , '" C '" 57.0 '" "' '" ,U 7.996 16'00 FRJEl--"D , '" " '" 611.2 '0; "' '" M
U 7.9.96 19,00 BED , '" C ,n 67.2 '0; "' U ,
U 89.96 15' 15 moe , '" ,. 27,8 53.0 '" "' '0 ,
U 89.96 16.45 BED , '" C 276 52.0 '"" "' "

M
U 8,9.96 20,00 om , '" , 28,6 79,0 28,8 "., U "U 9,9.96 16,00 FRIEND , '0 , 28,3 68,1 78,8 "' >.0 ;
u 9996 23'00 ,m , '" , 28,6 80.4 28,7 0..\ O.H M

U 3.10.96 11'00 UV , " M 30, I no 320 e" '" M

U 3.10.96 12.30 "" , " M 30.6 90,0 32,5 "' 1.11 C
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om DAT~ TIME LOCATION c'VOT M;~ s~x ',0 ro, "' ,w ME'] ,,"
" ].10.96 19,00 BED , n M 30,0 g9.0 JI,O '" '" M

" 4.10.96 9,15 BED , " M 29,0 93.0 31.2 "' "
M

" 410.% j 7 ,00 BED , " M 30,2 ql.O nu c, ,.. M

" 4 10.9& 2030 BED , " M 30, j Q2,O 3l.2 (I.,
"

M

" 5 10.96 9,00 ,eo , " M 29.3 92,0 30,7 U.4
"

M

" 51096 j 8:00 L1V , " M 30.0 92,5 :\0.7 ., '" M

" 5,10,96 19:00 BED , " M 30.3 00" :ILl "' " M

" 6,10,96 9;00 BED , " M 30.1 '" 32.0 "' " M

" 6.10,96 20;JQ ,m , n M JZ.O 8~_O 33.3 "' "
M

" 6.10,96 22,00 "" , n M JI.S ~9_0 32.0 "' " M

" 7.10.96 s:oo ,m , n M 29,(1 92.5 30.2 "' " M

" 7.10.96 19:00 "" , n M JO,O 92.0 "" "' " ," 8.10.96 ~:]O ,m , n M '" 91.0 n, "' 1.2 M

" 8,10.96 18'00 "" , n M 31 I "" n, "' " ," 8,10.96 20'00 ,m , " M 30.5 "" 32,0 "' " ," 9,10,96 10'00 ,m , " M 32.0 n. '" "' " ," 9,10,96 10:30 "0 , " M 32.0 n. 33.5 "' " "" 9,10,96 22:30 "0 , " M 30.7 8~,O 31.8 "' "0 M

" 10.10.91> R:OO "0 , " M 32.0 91.0 33.3 "' "
M

" lO.lO.9~ 10:00 ,m , n M 33.0 95.0 33.9 "' "
M

" lU.IO.93 1&:00 BED , n M 32.0 90,0 33.5 "' ," M

•• 16.11.9.1 18:30 ,m , " M '"' 81.9 27.\ "' " ,
'" 18.11.93 22:30 ,m , " M '"' 80.8 27.1 "' " "'" 18,11.96 23'lO "" , " M '"' 78.~ no "' "., ,
" 1.11.96 16'00 ,m , " M 30,9 &8.9 '" "' "'

,
" 2.11.% 15'00 "" , ," M n' &9.2 29,8 "' "., ,
" 2.11.% 17-00 eN , " M '" '" 28,9 "' "" ," 2.11.96 20'00 eN , " M 31,4 '" '"" ., "" ," 4,11.96 7:40 eN , " M no '" 23.5 ., " M

" 4,11.96 9:30 eN , " M n.o '" 24.5 "' U ,
" 4,11.96 II :W eN , " M 29.1 '" 26.0 "' " N

" 4,11.96 lS:(){1 eN , " M 32.0 85.7 29.4 "' " N

" 1.11.96 12:45 ,m , '" M 30.6 90.1 27.6 "' ,. "" 2.11.96 9:41 ,m , '" M ,U 8&.2 27.& "' '" "" 2.11.96 18:29 ,m , '" M ". ~8.~ '" "' "'
,

" 3.11.96 20:32 "" , '" M '"' &7.3 '" "' ,. N

" 9.11.% 9:00 e" , " M '00 n, 27.0 "' "., ,
" 9.11.96 22'15 ,m , " M 30,4 en 27,4 "' .., ,
" 10.11.96 12'20 ,m , '" M 30.2 n, 27.0 "' U ,
" 1Lll.96 16,15 BED , '" M 30.5 87.5 27.2 "' "' c-"-" 1Ll 1.96 21.00 '" , .- M 30.4 86,8 27.7 "' " c-"-" 121196 9,15 UV , .- M 29.7 86,0 26,6 "' U ,
" 21.1 1.96 11;10 BED , " , 29.7 80,9 26.6 " , '" "-
"

21.11.96 16;W ,eo , " , 30.7 79,6 27.6 "' '" "-" 21.11.96 22:30 ,eo , " , 30.2 75.9 27.4 "' '" L" 22.11.96 14:30 ,m , " , 311.4 80.9 27.4 "' "'
,

" 22.11.96 16:30 LlV , " , 30, I 80.2 27.1 "' "" N

" 24.11.96 12:30 "" , " , 29,2 79.4 25.& "' "" N

" 24.1 1.96 1,:30 BFIJ , " , 29,& 79.5 26,S "' "' "• 2.10.96 1,,00 BED , " , 33,0 54,6 29,2 "' '0 ,• 4.10.96 23'1111 ,eo ., " " 32,7 93.6 29 :; ., "' ,• 5.10.96 9'lIli '" ., " " 33,0 "" ,n "' u ,
• 8.996 14'00 OFFICE , " M '" "" ,n "' "

M

" 7.996 l6,lIO ErD , '" , "" 80, I 27,2 "' "' ," 15.11.96 15:30 I.IV ., " M 31.1 86,7 27.6 "' ., N
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CASE DATE Tl~n; [ O(:A"'O"l C.\'OT ,e, ,~,~AA G." (.1.0 MET '"" 15,11.96 17,00 ,m ., " M ,1 0 '"' 276 " "
,

"
15,11,96 23,30 ,m ., " M 30.5 '" 278 ,.. ,., ,

" 16.11.% 22,)0 LIVING ., '" M 30.1 '" '" 9' "' M

" IV I% 22:30 "0 ., " M 30.0 eo, 27.0 "' U ,
" 17.11.96 23:30 "0 ., " M 29.5 ''" 26.8 " "

M

" 17.11.96 8:30 ,m ., " M 29.2 92.0 26.2 "' "
M

" 1.l1.96 10:50 LIVING ., " M 30.1 90.9 26.8 "' "
,

" Lll.96 20'00 ,=, , " M 29.& 8&.8 26.4 " '" M
M 2.11.96 9:00 ,=, , " M ;0' 87.9 27.7 " "

,
M 2.11.96 22,00 BED , " M 30,6 87.7 27,5 " "' ,M 3.11.96 9,15 BED , " M 29,& 87.3 26,~ "' , , ,
M 3.1 1.96 14,,0 DIN , " M 29,1 86.5 25,9 " ,, ,
M 311.96 19,06 LIVING ., " M 28,8 S6,5 Z6,O "' "

,
M 311.96 21.22 IVING ., " M 28,6 S6,1 25.4 0'

"
M

M 311.96 23.00 BEl) ., " M 27.9 36,2 24,0 0'
"

M
M 4,11.96 21:54 [lJ;D ., " M H.9 35,0 27. I 0' II_~ M

" l.lJ.93 21: I, IlED ., '0 M 29.4 89,6 26,3 "' "
M

" 2.11.96 0;00 BED ., '" rn 30.1 88,2 27.0 " "' ," 4.11.96 SA{I BED ., '" rn 2a.3 86,7 26.0 0; , ° ,
" 4.1 1.96 18:30 "" ., '" M 30.1 86.1 27.2 e, ,, ,
" 4.1 1.96 2U:30 LlVING ., '" M 30.8 86.Z 27.7 e, "' M

" 4.11.96 12,JO ,m ., '" M 29,5 84.5 26.0 "' '" M

'" 9.1 1.96 20:00 L1Vll\G ., " M 31.0 86.9 27.6 '" " M

'" 10,11.96 7:30 "" ., " M 29,9 87.6 '" "' "
,

'" 10,11.96 18'45 lVII'G ., " M 30,6 86.~ n, " "' M

'" 10,11.96 21 :00 lYING ., '" M 30,3 ~6,~ 27,6 0' '" M

'" 11.11.96 7:45 ,m ., " M 29,7 ~7 .4 ,., 0.4
"

M

'" 12,11.96 1:Oll "D ., '" M 29,7 82,8 27, I 0 ..1 '" M

'" 12,11.96 7'1.1 liED .,
"

M 29.7 86, I 21>,6 {U U M

'" 12,11.96 16:45 "D ., '" M 30.1 85,8 27.0 " U M

'" 12.11.96 17:15 IlliD ., '" M 30.2 85,9 27.0 ". U M

'" 12.11.96 I~:OO LIVING ., " M 30.1 85,6 27.2 " " M

" 21.11.96 I~:20 IVNG ., " , 30.6 80,8 27.6 " " ," 23.11.96 ~:o(l "" ., " , 29.0 79,6 25.9 " '" ,, 6.9,96 14.JO DINING , " , 35.8 74.0 03.! 0' " -'"-, 12,9.96 2:45 ITCHEN , " , 34,0 76.1 03.4 0" ,0 -'-• 4.10.96 IHIli TCHEN , " , 33,7 93.8 00.7 0' n, -'-, 9.10.% 15'00 L1VTh'G , " , 35, I 94.0 J 1.4 '" "' -'"-, 10 10.96 10'30 LIVING , " , 34, I 93.7 .10.6 "' " -'"-, 10 10.96 14-30 LIVING , " , 35,9 94.1 '" "' '" ," 101096 16,50 UVING , " , '" ~,'" "' "' ," 101096 20,00 LIVING , " , H8 R9.R '" ,.,
"
,

" 11 1096 8,50 IJVING , " , 33.6 '" '"' ,., ,., ,
" 11 1096 11:30 LIVING , " , H.2 ""' '" " "

,
" 1LlO 96 14: 15 LlVI~G , " , 04.6 " , '" ., ., ,, 12.1096 13:30 LlVI~G , " " 35.1 '"' 30A "' "' ,, IS.996 14:45 ,=, , " M 00.4 "" 30A "' "

,, 19.9,96 7:00 DINING , " M 31.6 62.7 31.7 "' 0' M

'" 6.996 10:10 OFFICE , n M 31.2 63.5 32.3 " "
,

'" 7.9,96 12:00 LOBBY , n M 31.0 6~.0 OU 0' '0 ,
'" 8.9,96 11:00 OFFICE , n M J3,6 54.0 0'.1 '" " ,'" 8.9,96 17'30 OFFICE , n M 27,6 52.0 n.o '" '" M

'" 9.996 17.00 ,=, , n M '" 70.6 30.1 "' "
,

" 9.lIl 96 17:00 [(]TCHE~ , "" , 29 (I 70.1 30.7 "' " ,
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c~, D"" "- TIME LOCATION C.'-OT AGE s>:x 'I.e ~ 0.' CW MET ".
" 9.996 21:00 m , '" , 2&.8 74,2 29,5 " '" ," b.99(, 12:00 SHOP , '" , 32.3 81.0 32.5 " '" ," ".496 21;00 '" , ,. , 28.8 74,0 29.0 e, '" ," 9.996 10,10 COl.!, , ,. , 3U 63,6 31-3 ,, '" ,B 3.10.96 15,00 oro , n M 32,0 86.0 3J.1 '" " ,B 4.10.96 13.30 DII' , n M 33,0 86.0 3J.5 "' " ,B (, 10.96 14,00 orD , n M 33,2 87.0 34.1 "' "'

,
" 710.% 12,00 CLASS , n M 32.3 90.0 "" ., ,.. ,
" 8,10,96 13,30 "'" , n M 32,0 93-0 )] I ., '" M

" 9,10,96 lUO CLASS , " M 33,0 92(1 139 "' '" ," 9,10,96 13;30 Dll\' , " M 33.2 gl{1 n, 0' '" ," 10.10,96 16:00 "eo , " M 34.0 58,0 35.1 " "
,

B 17.11.96 12:3l1 '" , " M 29.2 81.8 26.2 "' "' N

'" 1.11.96 12:20 '" , " M 3l.3 89_~ 28.3 "' '" N

B 4.11.96 0,00 "eo , '" M 17.9 83.8 25.0 "' ." ,B 9,9,96 12'00 SHOP , '" , ,n 81.0 32,& ., '" N
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APPENDIX-04
CASE STUDY SEARCH SHEET Sample no: I
This is a survey to identify the thennal performance of a house with it's envelope.
Please provide a brief descriptIOn of the house or flat where you live or have access to
providing the information requested.

o
o
o

Sparse

o
o
o

Moderate

o
o
o

Dense

Paved area

Trees and Vegetation.

Built forms

ADDRESS: _

YEAR OF CONSlRUCTION :

SOURCES NAME:

SURROUDINGS:

Gap with other Buildings.

Building Exposed to

Nonb. 0 South.

o
o
o

East. o
o

West o
o

COLOUR OF THE BUILDING

SURFACE MATERIAL OF THE BUILDING

BUILDING DATA

In the space provided below please Draw sketches as required and if more space is needed
please add new sheets.

Site Plan in Scale:



Plan in Scale and (show orientation and dimension ofIoom)

Building Section in Scale:

Section throlJgh wall showing materials
and thickness

Plan and Section of Window with
projection/shading devise(show dimension)



ASSESSMENT OF ROOMS IN THE HOUSE/APARTMENT

J"

N. Name Time ofn,e. eolonr length of the
room

Window, Expo,ctl to and ,ize in ft. No of
Fan.

Type Curtain<
in lhe windows

"mom ai.
condlflonoo

OJ
02
03
04
05
06
07

,,--"''''''''. """"""---. """'._-- ""''''''''''''''''''.''',
""'-,-- ""''''''''''''''''''.'''

, ,
, ,
, ,

Cotton

r-
Syntllelic ,", "

--
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COMFORT ASSESSMENT LIW"L OF ROOMS

Instructions of filling up the Comfort ,\"'c."mcn! Form

(RECOIl.P OB8ERVATlOl'iS m,lY AITER YOU HAVE BEE~ IN THE ROOM FOR "'OJ [,f.SS Tlm!,. 20
MINUTES)

Time: The hm. of day or night "hen son,.tion i, being recorded.

Comfort condition: On a """Ie of-3 to +3 lill in the value yM fcol c1ose't [0'

_1 U +1 +2

OOld 0001 comfort.hly<001 comfort.bl. Comfort.hl)'••orm Warm ."
Air temperature: The ait temperamre of the where you are in. ThIS can be measured from the Digital
T=rcralurel Humidity Meter by cllckmg tWice.

R.H.: The rel.tivo humidity of the room. By clicking the ,arne meter once.

Globe Temperature: Thi< has 10be mea,ured wilh " digital thennometer willi the black ball on the senoor,

Clothing: Mention ~ow arc Y(J~dTI,<,"cdC.g shirt .mllrou<=, pyjama punjab; , salw", kaJneez, s.aree, elc.

Aotivit)-: MentIOn what are you doing C.g.

Air moycmem: You don't haw to meosUTf air mo,-emCllt, "''hen the ceiling fan is on mention its 'peed os
SLOW, MEDIUM or FAST and when the ceiling fan" not OIl, mentally compare it with the ,peed of the
ceiling fan, If theIe is no alI mowment mention NOl\"E.

En. temperature: Readtng of onl stde lemperarure,

Name ofObs~.ver Agc S" Occupation Date

Time comfort Vote Assessment of temp, RH Clothing Activities Ext. temp
06:00 Air Movement

with witll with with Air Gtobe

"" out bn ,," out fan
M.Bcd
Bcd-2
Bcd-3
Boo-4
Drawin
F Livin

Kitchen



'"

Name ofObsCfvcr A," S" Occupation Date

Time comfort Vote Assessment of temp. R.H CJolning Activities Ext. temp
9:00 Air Movement

with ",ith wilh ~ili Air blobe

"" out fan ''" out fan
M.Bed
Bed 2
Bed 3
Bed 4
Drawin
F Livin'
Kitchen

Name ofObscrvcr Ag' S" Occupation Date

Time comfort Vote Assessment of temp. R.H Clothing Activities Ext. temp
12:00 Air Movement

with with with with '" Glob<:'m out fan ,., oul r""
M.Bed
Bed-2
Bcd-3
Bcd-4
Drawln
F Livin
Kitchen

Name of Observer Ago S" Occupation Date

Time comfort Vote A,,",smenlof temp. R.ll Clothing Activiti., Ext. temp
15:00 Air Movement

"ili with with with '" Globe
,,' out fan ,,' oullim

M. Bed
Bed 2
Bed 3
Bed-4
Drawin
F Livin



'"

Name of Observer Ag' S" Occupation Date

Time comfort Vote Assessment of temp. R.H Clothing Activities F-"t. temp
18:00 Alr Movement,,' with with with " Glob<:,. out f,n [.n out f""

M.Bed
Bed-l
Bed-}
Bed-4
Drawin
F Livin
Kitchen

Name of Observer Ago S" Occupation Date

Time comfort Vote Assessment of temp_ R.H Clothing Activities Ext, temp
24:00 Air Movement

WIth "' ",ith ",jIll ,,, Glob<:

''" 0111 ran ,. oul fan

M.Bed
l3ed-l
Bed-}
Bed-4
Drawin
F Livin

Name of Observer Ago S" Occupation Date

Time comfort Vote k,e,srnen( of temp. R" Clothing Activities Ext. temp
06:00 AIr Movement

",' W1t11 whh with Ai, Globe,. out fan ,. ou( r,n

M.Bed
Bed-l
Bed-}
Bcd-4
Drawin
F Lhin
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APPENDIX-5
Case study Descriptions and Temperature Graphs for All Cases
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CASE STUDIES

~

10-i--:---.lI .K'r). . .\c. II .
Ire 1 _
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! '. I

!+" 0 ....8J
.-1-:-.,_ -'- .-.------- .. - --------

. ($'.' . o;\Ja.'s.
Siteplan-@-
O"ft-,- ,. ,

llflAWlN~I
~NIN~

lO'Xn'-6"

•
/

Site Section
'l..--JierL Alt

Exterior wall Section- -Floortlan $-
~ kt 1

,
•ft
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Temperature Graphs ""orCase Studle-Ol (Ground Floor) Master Bed (North-East)

~ I;e
u "," /

0 - - -," - / - April
/1 -

~ 30 _0_ Indoor I<mp,
! 2~- /

I FF - Outdoor temp.!~, I
I I I I - -

~ M
-

II
I I I I

w I I I I I I I
6:00 '00 IUI{I 1,00 l~:OO "00 000 3;]C) .00

TlIl>e

" I I I;;

'-' 31 '
I I I -, I I

~ 29 --/• I," ~pt.mb<r

")j 25 _0_ Imoor to_

R 23 - • Outdoor temp .

~ 21
I I
I I

" I I I
" I I I
" .00 .00 12f1O 15:00 18W 2lill '00 .00 '00
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Temperature Graphs For Case Study -01 (Ground Floor) Bed Room(Sollth-ElIst)
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Temperature Graphs For Case Slud)' -01 (Ground Floor) Kitchen (North-West)
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Temperature Graphs .ForCase Stud~'-02 (1" Floor) Bed-Z Room (South West)
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Temperature Graphs For Case Study....{J2(1" Floor) Bed ROOll-3 (West)
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Temperature Graphs For Case Study -03 (1" Floor) Living Room (South)
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Temperature Graphs For Case Study -03 (1" Floor) Dining Room (North)
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Temperature Graphs For Case Study -04 (Top Floor) Master Bed (South)
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Temperature Graphs For Case Study -04 (Top Floor) Dining Room (North)
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Temperature Graphs For Case Study -05 (I" Floor) Bcd Room-2 (South)

161

'"
'"00

c "Os 32

"~ 30

~ l~

~ 26

""
'"

,

I
I

-,f +-:,-
I I

I

1-
_,

=P-c
I
I

b---

April

-O-Indoo'lemp. I
• Omooortemp_

I++

"""!-' 31
-~ 29

,"
~ 25
F' lJ

"W
"

'00 9:00

I I
-L

-.j __1---
.' - I

I
I

"-00 11,00T;;n,

.-
I I

J:~O

_0_ !ndooro,mp.
• - Omdoort~llp.

6:00 9;00 12.00 15M ,a<Jo 210G GOO HI<) 6,00
1",me

,0
""1-' 24,"

] :w.,
~ l~

~ 16,

""W

-"" ;'

,
~
I
I
I
I

I
I

I I
I

I

:i:
0_ bl<loor"''''p.

---+- Outdoor _~,

6:00 9:00 lUO 0,00

" -1+"
I e-

" _~L I
I -. I I I

" --'I • AUp'rIod~ - •- , I of ••• )'",
"

, •,
" >- I ' I -1 -(>-April, I + -~

~ 25
--+-- >'!'t<mh«,

" ~
__ January

-~ --;.--
" '-' 1-1- -.--- Iw I-I

"
I I

6:00 ,. IHI<J 1,,00 IBM 21~O ~,OO ,00 , 0"
TLlll'



Temperature Graphs For Case Study -05 (I" Floor) Bed ROllm-3 (South-East)
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Temperature Graphs ••'or Case Study -OS (1st Floor) Bed Room-4 (North-East)

163

'"
'";0

~ )4
n

I,"
f"
~ 26

"
'"

I I
I I

I I
I ,
I '
!

6,00 9,00 12,00 ",00 la~o 2l.~O O:~O J,[J() 60G
T,me

April

-O-Indoco-Lemp
• - Outooo, _~,

"""u 31,
"

'"I~;'
~"

"""

I
I

4-'I
I

•,, r
I I

I
I

~- -'--

I
I
I I I

Sep •• mber

-o-Inrlooo-t=r
---+- Outdoo, l<mp

<5:00 9:00 \200 15-00 18,00 21'OG G:OO 3:00 MUb"",

,.
"W.

Jonu,ry

_0 _ Indoor lemp. I
__ Ou'Ooorlornp.

6:~O 1,,00 2UKJ )'00 6:110

,'"• n

!:~
"
"

l=,

,
~

I

Allperlod
"fl""y'"

-o-Apnl

~-S'pt_"
_____ Janu,1)'

,'00 9'00 U:UO 1,,00 18,00 noo ono 3;O~ 6'00,.,



164

CASE STUDIES

~

,. .,'

Site Section
~;-~. ft

"

,"
..,"_ ..-., .•.,.;"~'"

1'>1"; .

•

Site Plan--$--'!-" ft. "

-l------ -l

Ellterior wall SedionFloorPlan ~
~_. }ft\:}!- " :



Temperature Graphs For Case Study -06 (1" Floor) Master Bed Room (South-East)

165

.w 34
5 32

~ 30-

!::- *1
"n
'"

I
~ I-c,-

3!$'
I
1 I

April

-<>- lndoo, temp

__ O,Woor "",p.

6:00 9,00 12,00 15-00 IS:~O 21:00 0,00 J 00 ",00
TI~

<.J 31.

" 2'

!~:
""n

,

60tH) '"0 12.00

l-
I I
1 1

11-00 IS:~O
TI~

,1:00

"I
I

0:00 3:00

Sc,>ltmber

--0- ,,""'"t<mp.
__ Outrlooo-t=r

,,24
-0 2,

~ 20

t ::
""co

I
I

+
I I

+'

-#
I I

-G '.

J,nuary

-O-Indoo!<emp.
__ Outdoor temp.

P 19
,~ 27

l "III
c "

"n
"

6'00 9:00 12:00

I I,
v,.,

-- ,
I

15:00

.',
I

0:00

I I
I
,~'

I I
I
I

i"
I I
I I
I I
I I

!
All period

.['h.1''''
-O-Apr11

_A S'plember

-.-J,""aJ)'

6,00 900 1,:00 11,00 18:00 21:00 0:00 3:00 6:00
TI"



Temperature Graphs For Case Stud)' -fl6 (1" Floor) Bed Room-2 (South-West)
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Temperature Graphs For Case Study -06 (1" Floor) Bed Room-3 (East)
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Temperature Graphs For Case Study -07 (1" Floor) Bed ROOll-2 (South-West)
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Temperature Graphs For Case Study -07 (1" Floor) Dining Room (West)
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Temperature Graphs For Case Sludie-OS (Ground Floor) Bed Room (South)
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Temperature Graphs For Case Studic-09 (fop Floor) Living Room (West)
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Temperature Graphs For Case Stud)' -fl9 (fop Floor) Bed Room-2 (South-East)

• I I'0 ,

I ,
'0 , ,

, , •.••••••~
~" ,, , *=, 0---0-_ April"I

, ,,"0 , I ," _0_ Indoort<m~,
i'

, ,

~ 28 I
• Ouldoor ocmp .

" , ,- 10 ,
" I
" I ,
" '00 '0' 11:~O 15:0G - 11 00 ',00 ],110 6:0G

" I I -1., I
" ---; " -
" / --,-- I ,

" - ,
,0 I I I -," I I--.-J September,
"

,
i I - -o-Im""rr ''''''po" -j- --
I" + I ,

-+- OuLdoo, ""'P

" +"
I

'"
, + I ,

"
, I I I I

6:00 9:00 12;110 Il,OV l~W 11 tlO 0'" '00 6'00
T,me

" I I"
" ,

,

I , , I• ,
,0 " /<>-- I II '- ~_I I• "

I , Jon",r}'

" _~o//
~

,. , I' ,
; 00 f I , --0- Indoor"""p_

i:: • --+- OuL""", ","p
I "

,
, - I

'"
"

, I , ,
'"

, I , I , , ,
'" ~:oo Il:OG 15:00 If.:OO 21:00 ""' .HI<l ,",me

" I I " I
" ,,' ,, ,
" , p~' I , , I I

~" -, ~- All period
I ,," , orth. )"",," ,

l I • Ap[li

" _____ S,pt<ml>cr
• I
! " , I I

__ Janu,')'

" , I I - ,
" ~.

I •.--- I I I ,
" --r I I , I
"

,

'00 000 12,00 15 OG 18000 21:00 O:QO 3:00 6:00"-

175



Temperature Graphs For Case Study -09 (Top Floor) Bed Room -3 (South)
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Temperature Graphs For Case Study -09 (Top Floor) Master Bcd (South-West)
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Temperature Graphs For Case Study -10 (t" Floor) Bed ROOffi-2(North-East)
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Temperature Graphs For Case Study -10 (1" Floor) Bcd Room - 3 (North)

~

I"
I I I, I" , •

I , I
"" I I

-, +f-0 ,"-,,r
I , I ___4-_

--.1 ,~ ,",'
h ,

I -
'~

--<>-!Jxbrbrp,

~2~ I , •, ,
0

~
I I + -'-O.•oo.:.-u:nt>

~ 26 I""W
= '00 12ill 15'll) 1Ilui:? 21.00 = }:OO 6'11:)

" I I
"

I I
I , , I).1 - I," " 1 - - - LL,

'"
, , 0 S.ptember

i I I • , C ,,

" I I I -Q-In<iooo-t<mp

i" I I I -+- OuW"" t<mp

" "
'" + I I i""

I
6:~O 000 'HI() 1.1.00 I R,OO 210G O'~O 3:00 6:00

lim,

" I
"

I I I

"
I I

"
,

I I
",0 + I IE 22

J,nu.ry, 1+ , I I

!::'
0 ,

--0- !nJ,m ''''''p_

T' I I '. , I, - OuL""", [emp
I , I

I + :+ +:""' I

'"
I I

6'~O 9,00 12:00 15:0G ~:OO 21 :00 0:00 '00 '00~.
"
"

I I I I

"
I I

• ---' I I Allp"lod," " -, , - ~ I I, fl - .1<"" Y''''
" I - ,

I" I --~ ---<>- Apnl

I I I --+-- '>ep"mb",
I" __ J.n""')'
" " I
" ~, • ...--L-.i~ , ,
" I I ITT
"

I
MIO '"' "'00 IHIO WtRll 2101)0 0:00 1:00 6:00

180



Temperaturc Graphs For Case Study -10 (1" Floor) Master Bed (North-West)
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Temperature Graphs For Case Study -1J (1" Floor) Li"ing Room (West)
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Temperature Graphs For Case Study -11 (t" Floor) Bed Room-2 (South-East)
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Temperature Graphs For Case Study -11 (I" Floor) Bed Room -3 (South)
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Temperature Graphs For Case Study -11 (1" Floor) Master Bed R (South-West)
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Temperature Graphs For Case Study -]2 (l.t Floor) Master Bed Room (South)

'" I
'"

I I

'"
I

I ,
p " - , ,-, - -

", , - -c._ , Ap,1I

3 J~ -

J ~:
,

, I , I ---0- I,""", ","p.
, -

I • __ O"door temp.
-~ ,

I I - ~,
" •

" ,
'"

I

'"" 000 Il:OG 15,00 lKOO 21:00 0,00 • 0" 6:~O
T,m,

""
IL -- ,

II / I -
p '"

, - - -, , - - --, , - Sop"mh.,-," I I I I - - -- -in , ,=F --0- lml"", temp.," I
__ Outdoo,"'",!"

,... lJ , I I
""

I I ,
"

I I I
(,000 9,00 12,00 15:00 ~""21000 ~'OO J:~O ootH!,~

'" I ,
"

I I

" I
"

I

,e .', LL I Jo"""ry
~ 22 0 I• '0 ,,'

I

, --0- Indoor "'mp_,I;! - __ Ou,dooo- temp

I I,
'""

I .1

"
I I ,

w
, I I I
'0" ~'oo 1:!:QO 15;00 ~O" 21,00 0,00 J:QO ",~O.,

" +"
I I
I , , ,

, , I
" •

"
n -:-. - All .,doo

, I , - or'h.y •• ,,
" -I, --1-- + U,n -o-April

115 I -+ II • S<r"mo"
I I , __ i,mary

," , ::ln - I +-
" I I
" 0.00 9,00 12,00 15;00 l!.O~ 2ioelU 000 ],00 6:00

Time

188



189

Temperature Graphs For Case Study -12 (1" Floor) Bed Room (North)
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APPENDIX-6
Temperature Data for all Case Studies
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Table: App.6.1. TEMPERATURE DATA (in 'c) FOR AI.L CASE STUDIES OF OPEN

SITES

Case Study -01 (Ground Floor\ Master BcdRoom(!'iorth-East Oriented Room)
06:00 o~:ou Il:UO ",00 18,00 lUO 00:00 I 03,00 0;:00 '" "" Min I Swl.~

Arml Jndoo"<m._ 2S 1 I l~,O JI,i 33.0 11 1 '" '" I lO,O ll,l lKS "" 21.0 I "
0""."" "'"p. 146 I '" '" 3'.0 JJ,l 32,J '" '" '" lO.J l6,0 ". I 11,4

;., 10d00< "rnp lioO I 2!.J '" 19.1 18 \ 28 J lS,l ,n I li.O 28.4 '" '" U

o.,doo"""p 27,8 29,3 12.' JB ,eo 29.0 lKl 2\1,0 I "-~ 2H '" '" ,.,
J,", Ln'Jo,,),,~", 10 J 20 j W.I 11.0 I la,' 20.! '" "' w., ,OJ; I 21.0 1O,' 0'

O.woo",,,mp. 152 11.0 '" ),,1 202 19.\ '" 14,7 lS,2 II,! 1<.1 '" "
Case Studv -01 (Ground Floor Bed Room(South-East Oriented Room

06:00 ~HIO 12<00 15,00 13:00 121:00 00:00 I OHIO OMIli ,,, "" ~ ~••.i.~

April !ndoo,_, 1;,1 ,0< '" 34.6 JJ S I )1,0 3l.l I '" ,., 10.' '" 2S,8 I "0"",,,,, """ 24.6 I Jlj 34,1 30,0 J) 1 I '" '" 26J 24" 30.3 JM '" I '"
S'pt. 1nd"""''''r 19' I 19 i ;eo 31.1 )~,l I JO,U 19$ 1~.5 29.5 19.9 JI,I 195 I ,.

O''''''''''"mr 178 I '" 32.1 m )0,0 l',ij Ii,' 21.0 2l.i 29.5 J2,5 II,! ,.,
'- 100"""'"," 2l.0 11,) " 11~ '" 22.. 2l.! 1Ll I 11.j 21.9 '" '" U

00"00;'''''', 1j,2 lKij )'.1 15 1 I 102 19.5 17,5 1~,1 Il.l 11-$ '" '" "

Case Study -01 (Ground Floor' Kitchen (North-West Oriented Room)
(11,,00 Il'l,OO11M~ 15,00 11:00 21:00 ~.ij,:OO 06:M '" M •• 't\;n Swinll

Apt;] '.""' "'"',. '" '" I ''" "0 '" )),0 3J.l 25,1 2M )9., '" m ,
O_~ml'- 24." ll" I )4,1 no 33.1 )12 2i.S '" 14,6 30.3 )0,0 24.0 11,4

"" T"d,,""e, ••• 29.D '" 29.3 19,6 )ij,1 I l~,l 29.1 29.1 '" 29.J )~,I '" I ' ,
0,,,,,,,,, "'"" ng 29,5 J2,1 J1.l .1~0 I "0 2i 5 2i.0 27.& 29.5 Jl,5 l7.! "

J", 1nd"",~"'", W,l '" "0 21.~ '" no 10,! JU.I I JO.l '" 11 5 "' "Oo,"""',~", '" ,eo ;u '" 10,2 19,1 I),j '" I 15.1 li.S ,n '" "

Case Studv-02 (lot Floorl Bed Room-2 (South West Oriented Room'
(11,:00 09:00 12:00 IO:M 1~:00 l1:oo 00,00 ~J,oo 06:~~ ,I" Mn M;n S~mi

Apnl "'00;'''''' 27,J JH 19,1 I )22 '" m "0 21.0 l7,2 29,7 JJ5 '" .,
0"1,,,,, ~",,,. 252 32.1 '" I 11.6 3J,ij )0,2 27,ij 26,1 2\ 2 '" 33.6 ;u "SepL I.'""",,",,, 2~.1 19 ~ '" ;e, 3L~ )0.5 J9,& 2!,7 "' '" .11.0 21.7 "
0,,",-,",~"I' 26.5 1~.5 " on m Jl.l ,n )),1 '" 29.6 m 26.1 '"'- lrul,,"""'" NQ "" I 2Ll 222 23.1 22,0 2U 20J 20,a 2l.2 '-.1,1 2G.~ "
O_~mp, 14.& Il,2 I 20,' n, 22.9 10 I 11.& '" 14,j 19,9 1~.J 145 IIJ
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Case Study-02 " Floor) Bed Room-3 (West Oriented Room)
~,," 0'),(10 lldlil 15,00 11,00 21,00 00:00 11HQ M,OD ", M•• ~ti, ;"mi

Aprel !mO.."'''"r '" 21.1 ", I lO,l li.9 1~5I '" 1~i " , 27.9 JO,2 ""S ",,,,,,,,,t<m, ",J J2.1 J", I n. "" ., I 17,0 26,1 1>.1 m "" m .,
S'pt, '0'00;'","' '"' 1~_1 "' 10,1 29.0 ~,l 2~_O '"' '" 29.l )Q,I n., ,.

0",000' ~"'~_ '" M, n Jl.J "" lKl 21.5 n, '" lK9 Jl.J 16" I '",,, 'o'''''''''P 19,0 195 I 10,) n. 20.S 20,1 M.•I I', I 19,~ ," 11 a '" ,
O,Moo''''"",. lU n,) I 15,' '" 22.9 '"' on 14.1 14,) '" '" '" ",

Case Study 03 (1'1 Floor) Livin Room (South Oriented Room.~U9:00 12:00 15:1'" l&il~ 1bOO 00,00 ro:oo I ~oo '" M" M;. S~i'g

Apnl Jndoo't<m._ 25 j I ,l,a l'. I )1.1 ., 30.0 on MO I ,5,5 :!!,l 31,2 '" ..,
0",_""" 14i I '" "" '" )),6 3),0 31.' 29.\ I 24.8 ,", JU 24.i ••

S,~t T,<doo,"'"p ., 10,2 ]a,s 31.0 )0.1 JilJ ,., on 3G.O JO,3 I ll.O 19,1 "
o"""""""'P ll,j JO,U JIJ 31., I ,0; nl 18 \ no 275 29,5 I '" 27,1 ,

J,", J,,",," ~mr '" '" 21.. llO ,l,J 2LS ll,a 1M " , 21.1 22.1 '" "",,,lo,,,, '''"' ,;e '" 16.1 '" I 21,S 'M IS,S I j,' "" 2~.2 26.1 '" '"
Case StudY-OJ (1st Floorl Dinin!:Room(NorthOriented Room)

VI,", (W,OO 12,00 IS,M 11,00 21:00 I 00:00 OJ:VU <J6:00 •• ".. M;n Soi,!

April ["",,,n,,"p, )l, I ;0 11.1 '" 2Jj ", I ,1,1 ,",' hi 26.4 '"' 24.8 "ow,"""""' '" JI.o JJ,! )4,7 ". ''" I lL4 '" '"' JO.S J4,7 "., 9,98

S,pt, '''''''''' '''"e, '" 3G.8 '" '" m J1.0 3a,~ )0,6 )~,l lO.~ no JG.I "0,',"0", ~'''~ '" l~.~ '" I '" JO.s '" JS.s 27,! 21,5 )9.l n,l 21.1 I ,,,, 'o'"""",,p 20~ M.' 20,S ,1,1 W.9 lO,6 2M I 20,1 '" 10l '" 2~.O I "0,,",,, ~"p. Il,~ 119 '" '" 21.8 '" lU I 1l.4 15,! 20,2 l6,l IS,4 I 11.1

Case StudY -04 (T~oor) Master BedRoom(SouthOriented Room)
0000 ~l.VO 1500 1300 ll.OO 0000 '''''' '''''10 A" M""

!lpnl "'''''''''''''' 268 185 I lOa JlJ 3H I Jl' 1~5 3~D I 2,8 3H 31J
o,,,,,,"~",,, 14,1 II 0 I JJ 5 J4J JJ' I 31j J I.J 21.6 J4.J 30.4 l',l

S""l lrul"",!<mp. JGS )O,S I JI.U JI.! 31.l 311 lOi 30.' JG.I 309 31.8

Oot<ioo<""",, J7.! l~,' )2,1 32.7 JUJ 291 18. 21.0 2U 29.5 32.7

'9,U 11,

1~5 19,5 ,1.S JJ,! l3,) 2l.2 lO,l

IS; 21,5 J6,J ll" ll.l J'Ll
'"

Mi,

'"l4,1
'"21,S

11.1 1G.I I 13.8 li2

15.1 1~.0 16.2 III

..,
'0,1
U,..
"
'"

Case Studv -O~D Floor
1l/i,00I 09:00 12:00

Apnl !ndoon,,,,p 26,2 I ,",S J9J

O,"""",,me, 14,1 I 11ft JJJ

Out"""',,,"p, IS" JI.5 Jo,J

5\\'iJlI

"W.2
"
",
11.1

29.8

JJ.8

11.1

15.1

26,J

'"
3J5

34.1

31.1

32,1

H,
2'.2

29,1

30,4

'"29,S
'"
'"

'"Jj.J
'"no
'"
'"

'"0
JK6

"'"0
,"
'"

'"ll.J
)D.ft

2i 4

19,ft

,"

3ft.n

325

ll,)

l"

n,
)0"

'"
]4 I

I )2,6

I
J 1.I I
I
I
I

ll,;

31,7

Dinin!!Room(NorthOriented Room)
Il:OO I!:UO 11:00 OO,lIlI ill,lIlI 00,00 A"

liO IS9 :W.O

1:98 10, J~.
o",,,,,,,,,,,"p, 17,S 19.o .1J.I

J."
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Table: App.6.2. TEMPERATURE DATA (in 'c) FOR ALL CASE STUDIES OF MEDIUM

DE~'SITY SITES

Case Studv -05 (l't Floor) Bcd Room-2 (South Oriented Room)
oo .• o~,oo [l,VO lS,OO J3:00 ll:UO 00:00 U.':OO DO:OO •• ~1•• Mi. I Swi.~

~pril ''''''''tcm._ 21.l '" '" 3J.I m lO,1 2lI.~ I .6,1 l7..' 19.! 33,1 ~,I "
O,tdoo< ""'p. '" ., 36,9 ".5 JU ll,a 29.' I 26 1 '0; J 1.4 '" 26.1 10.8

><e' ,,,""" ~"'''- l?J '" '" 30.S '"' '" '" '" 29.3 :!9,S )0,9 19.J I ,.•
0""""" ""'I' '" l1J n, Jl.5 '" '" '" 2J.Q ". :!9.& )2,6 1I,O I ")". In""", ~mp, lij,1 , ll,~ n,) no 11' '" '0; 2GJ 20.1 21.2 n, '"' ",
O,,_~mp, '" I '" '" 21.1 111 ,eo Ii 1 IJ.I 14.1 '" m '" 12.4

Case Study, 05 (l'1 Floor) Bed Room-3 (South-East Oriented Room)
Il/i,O~ 09:00 12:00 J~:1lIJ 18:00 21:00 00:00 ro:oo 0(;:00 M, M" M;' ",ing

',' I"'""" ""'I' '" JW 3J.5 )],4 I )J,O ,OJ 29,0 '" " .W,2 I JJ.4 l~,l M

0""."" '''"po l6,; J',~ )'.9 ){>,' I )',2 )1.0 '"' 2•. ' '" '" I 16_~ '" '"',~1.01"", "m, 195 '"' JG.6 '" '" JG.1 '" ". 29.\ JO,O I )LO 29,4 ,.
,,",,",,-, ''''"P '"' 32 J 32.6 Jl.5 10,S '" 28.1 27.0 ., 29,8 I 32.6 2W ,.

J", '''''''''' ""'I' '" '" 22.1 m I 21S 21.0 '0; '"' 2G.1 '" I 23.1 '" "0,,,,,,", ''''''I' ," '" 25J '" I '" 2G.l '"' '" 14.8 '" I on ,.. 12.4

Case StudY-05 fl,t Floor) Bed Room-4 (North-East Oriented Room)
~6,~O 09,00 12,00 15,00 [1,00 21,00 ~~,OO 113,00 06,00 ", lli, Mi, s"i"ll

April [OO"""""P' 26,S 2J.1 IS j I JU,O ,9,! 295 I 29,1 16,0 ., 2g,2 JU.O ". •
,,"';oor1<mp 16,5 '" .16,9 J6,5 35,1 .11,0 I 19,1 16,1 16,5 31,4 '" 26.1 10.8

Sept. I"""'" '''''P 2S.J 2S.S m 29,S '" m I '" 2S,1 2i,j 28,9 '" 2SJ
""",doo,_, '" 32J J26 ll,j 30 ! ~ '" 2i.0 29,8 no 21.0 ",,' ['''''''''''"'1' '"' I~.O '" '" '" '" '" '" '" [8.9 '"' 11.S """"",,,,,,,,,,, '" no m '" '" '"' '" [5 I '" 20.1 m 14.1 '"

Case StudY -06 (1" Floor) Master Bed Room (South-East Oriented Room)
00;,00 <J'J:OO Il:OO 1[5'00 13:00 21:00~.03,00 ~6,00 ,.. ".. ~ S~i,.

AprLl ,,,do,,,,,,,,, 26,S JO.l Jl,j I JJ,J 3J,1 Jl.l ,9,S 26,,' l6,S 29,9 JJ,l '" "o"hi","'''p 25,S J2.1 J6.9 I JM '" 11.5 JO.I 17.~ 15,5 30.9 36,9 15-l 11.4

Sept. ,,,door',,,,,, 28.6 '" 19,6 I )0,1 29,i 19.J I no li,i lK; 19,1 JO,[ '!.6 "
"",",", 1<m" l7,) ,9.5 Jl,O I Jl" ,9,5 )),9 ,7,5 17,1 ll') 18.9 Jl.l "-I ,,

" '0"""",,"' [5,; I;.j 1S,) I Ii,! I!, I 11,0 1),0 16,1 1>,6 17,1 la,s Il-{i """'d,,, "", '" 15.5 ,n I '" '" ,n 1'.0 ," ," 15.6 ".. 11.1 '"
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Case Study -06 (1" Floo~Bed Room-2 (South-West Oriented Room)
Mi. S,.;n~1lIi:~~ 09,00 11:00 15:~' li,OO 1],00 110,00OJrlIO 116:00 A" I M1Ll.." I"'""" ""'I' lKI Ja,~ Jl.~ )),4 14.0 JJ.2 ..,

"" 2i.1 JO,9 I 34.0 2M 0

"",,,,,", "''"I' 11\ 32 I 36.9 '" lJ.l JU )0,1 11,0 " J~,9I 30.9 '" 11.4

S'pL. '"""'" "mp. l!,! l'. I 2~_~ )n 4 I '0; lG.D '" '"" .., 29.5 3G.S I ,8,1
"""""",,"p. II,) '" ,J.n 111 I '" 21.9 .., '" m 2&,9 JJ.l I 27,1 ,,

'- [D'.'''''''''p 16,1 ••• IU I~,O l~,l '" .., " , '" '" I~_O '" "
""","" 'omp. II.l l'.j .., 234 .., 14.\ ••• '" .., 15,6 JJ.4 11.1 11.J

Case Study -06 (l't Floor) BedRoom-3 (East Oriented Room'
(JM)() Il9dlil ll:00 15:00 18:00 lJ,Oil ~.U.':OO 116:00 '" ~1" "'" Sw;.~

Apnl '0""","',"' 25.1 3ill .., '" m 28.0 26 S ,5,] l,.J IS,I Jl.l " .'Outdo""'",,. 2l,S )l,1 J!,9 3M Jl.j lL,j )0.1 .., 155 JO_~ ,.. 2J.\ 11.4

'"' 'od","'"'. 21.0 .., '" 296 29.1 l!Oj 2!.1 l7,~ l!,~ 1M 19.6 ns "O""""",,n]>. 2lJ "' 32,0 31.J 29,S )7,9 275 I 27.1 II,) '$.~ )1,2 21.1 I ",. ]"", "m,. Il.!> I,,~I ,eo '" 11.1 '" IH I '" 150 16.0 18.5 15,6 "
00'"'-"" lorn" lU .., I '" 23.4 19.\ I '" '" ILl '" lS.o 2M ILl 12,]

Case Studv -07 n' Floor Bed Room-2 (South-West Oriented Room)
(16,00 I UI,UO IHMI 15,00 ISdlO lbOO 00,00 ro:oo (16:00 A,', I ~In "" SWIIlll

A~nl JOO", """,, ,~"I J~,J Jl,l .11 n "' '" ,;; '" 21.\ ,.. I 34.1 ;e, "0",""""",,, 25.5 I J2.J 35,1 )5,8 JJ.l Jl,ij ., 27,1 2,1,5 3M I 35,S 2~,5 10,)

S'f'! I,"""",,,,,.
~

'" 1ij.1 .., 1Lij '0; 10.1 29.1 '" I ;u '" "0""""""", li5 Jil Jl.ij J24 '0; JO.~ "' 275 2S5 29,9 '" 27,5 "Joo, ''''"'",~"'l' 1",8 I I',' ,,'-. 13' I '" 21.5 121 '" 1~.8 '" 2•. ij ," "0,,,.,,,-,,,=, '" IK~ 2$.1 ,.5 I 1Ll I~.I '" '" 14.1 '0; I '" '" 12.4

Case Study -tl7 (l" Floor Dinin Room (WestOriented Room)
06,O~ ~.11:00 Il,OO 11,00 21:00 00,00 ro,ou (16,00 M. "" ~li, i»>ing

April [••••• "mp, )8.0 ,9,5 J~ 8 J 1.5 I )l,j .11-0 19,$ 17,9 H' :lO~ 12-l 21.9 "O,,,d,,,,, 'om, )5 \ m JJ.I ,;; I '" 3l.0 '" '" 25,\ 30,6 35.8 l5j W.J

Sc~, LooJox" "'"', lK! '00 29,> "' '" 1ij.O I '00 "' '"' '" 1ij.l 2'.8 "a.,do,",=" l8.l Ju no n" I la,1 .W,O I 29,1 '" '" "" 12.4 '" ",,,, [o"""",,"p, 19,5 ••• W, l3,1 ,J,l n,8 I 21,S )0,0 19,j '" U, '00 ,
o.,,",,n=p, 1\,1 I'." 1l.J ,.. '" '" I '" '" ,,, "0 ,.. 14.1 '"

•



195

Table: App.6.3. TEMPERATURE DATA (in "c) FOR ALL CASE STUDIES OF DENSE

SITES

Case Study -08 (Ground Floor' Bcd room (South Oriented Room)
ll/i;rn, •• ,~D ,HNI 15,00 1&00 lUIll 00.00 ro,oo U"OO 00, "" ". ~""i,~

AprJI '"~oo;'''"r, ,,, I 29.2 29.5 " '" IB.l " I ng n5 lM '" 27..' I l,S
Ootdoo,remp. " I 3J.4 ;0 35,5 H ,. '" " " J~_l ;0 " "

S,I'1, ,"~,"",,"", '" " '" '" 30,2 '" 28.! 26,8 I :!7, 1 '~_2 )1.6 '"" "
O,Ldoo< ""'P " J02 " H '" '" '7.1 '" I" '" " '" "

I". I,doo""",p. '" '" '" '" ,e 195 19.1 1S,5 " I~,4 2<Ll ,g.5 "0,.'". ""'r " '" 24,2 25,\ I" " 17.l )5,1 " ,." I 25.5 " '"

Case StudY -09 (TODFloor LiviD!! room (West Oriented Room)
00;,00 m>,oo II:'" 15:00 lR,OO lldlO lIlhOO 01,00 iI/i,O~ 00. M" I ~tin -,

Ap,iI lndoo,~mp, " " l.' .' ;0 '" •• 34.1 ]3.' " 34,6 37,1 I" e,
o.,~oo''''"' " n, '"' Ji5.6 m lO,5 " lKJ " JI.I J(>,~ " 'l,g

Sept lndoo< "mp. " )J,5 " )4.5 " " " lOA " 33.6 ;0 " ,
o."oo"""p. 2~" lU " Hi '" ", " 27.4 '" 30,2 " 27.4 ,..

'n !ndoo< ""'P '" 19,5 ll.l :!J,l 2',Z '" 2l,.\ Il-R '" 21.0 '" " ..,
Ou<d",_, " " I .'.1 '" nl 19.' '" I 15.3 " " " " "

Case Study -09 (Top Floor Bed Room - 2 (South-East Oriented Room)
Il/i,OO1119'00 ll,oo 15:00 I!:O~ 11,00 00:00 0J.l:00 I ~oo '" MOl Mi, s.-i.~

ApfJI ',d"""""" Jl" I" 36,7 31.1 " )S, I m " I )1 J ,n '" 3Ll ,.
0""","' ~"',.. " .., '" 36.6 1m 30 J " ,n " 31,1 I )6,1 " 11.1

S,l'1, ,,_'''"', " " 3l,6 .17.2 '" ,,' '" lGA " )).7 1m '" "0""",,,,,"" '" '" " m I )0,1 1S,S '" 17A ,SA la,l •• n" ",- 1'0'0","',"' ," '" 1L4 •• 1] 1 ll.i " 11.1 IS5 '" " 18.1 ,.
I O,tdoo< t<'"P " " 2l.1 " 11.1 '" 1),1 Il.l " W.O " " "

Case StudY -09 (ToD Floor) Bed Room:"'3 (South Orieuted Room)
(10:00 09:00 1l:00 115:00 11,00 ll:OO Ililhoo ~l,UO !I6,oo ,,, M" '1\;. S"ln~

April "J"", I<m •. 1~,7 " 36 j I )6 i '" 34.7 'H '" 30.' m 3J1. '" "0,,,,,,,,,",,,,,, " 34J 36.S I J66 lJ,l '"' I" 1i.J " JI.I J;.~ " 11.8

Sept, "J"",~m" J~,l " 31.' I J11 " " 'H "' " 3J, I 3J.l 29,l ,..
au",,,,,,,,,,,, 28.4 3Li " I )J,S JO,I 1i5 " n,' 'I,' .'01 " '" "!~,. "J"", ~m" 18,; 1~.1 11,L lJ,1 no 22.5 "" '" '" '" 235 '" "O"'_"''''P " " '" I'" ll.l 19,2 17,1 Ij.l " 19,0 " " "
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Case StudY -09 (TODFloor Master Bcd Room (South-West Oriented Room), Il6,O~ U lMO IS:1lO 118:UO 21:00 ou:oo <JJ:~' I 01>,00 ", '- Mi, S~;'l

Apnl ,,'''''.''''"' m J,2 36.7 Jl.l I J!.l ", 34,1 '" Jl.5 '" '"' m ,
I 0",,,,," ""'" " '" 36.S '00 lJ.l 30.5 , 21U " ,J 1 I l61 " 1 La

S<pL Ind",_. )1,2 '" " no " Jl.5 " '0; 315 )4,0 I' J~,7 n
<lu,,,",,, ""'" '"' JLS " I )),8 )0,1 :!lI.l " '" liA '" ;; 21,4 ",. I,;",,, ~rnl' '" I~J '" " " m I" Ia,; 11.R 21.1 ;; '"' "
o.,doo,""", " ;; Il,1 " '" 191 I 17 I '" " 19.0 ,. " "

CaseStudv-l1 (1' Floor) Ul'in room (West Oriented Room)
Il6:OO I Vl,O' 1'}'olI 15,00 18000 I lUll 00:00 11IJ:OO 06:00 '" "" I ."in Swi.~

A]lfil r",J"w"mr 21.J ;; " m " I )0,1 '" Il~,I lR.) " " m "Outd,,,,,,",,. " J4.l 3o,! 'M JJ-, 1105 • m " Jl.I ){;,! " II,!

S'f'! ,,''''''''''"' 2R.\ I" 32,1 JJJi JU )1,0 l~_L ,,, '"' '" '" n I 5,4

0,,",,,,, 'om, 1S,4 ll,i ;; JJ.i " n, " ,7.4 l!,~ lO" " 21.4 I",- I 'od""n""p 1~,1 lO,1 n ~U '" 'M ., 20.1 n, 10,6 1l.5 •.,
"I 0,,,,,,,,, "m" " ;; 25,1 " ll.l 19,) 17,1 '" I" ;; ,. " "

Case Stud 11 (1" Floor' Bed Room 2 (South-East Oriented Room)
1

0,;,00 09:00 12:11(1I 15,00 ,",00 lldlll I 00,00 ~),OO <16,~~ ;;, ~ I "" ,..
April ',doo;,,,,,,, lKl )0,1 Jl.l M; ;;; 31.\ '" ;;; '" lO,9 34.5 l8.l "

Outda""",p. " '" 36.S )6,6 lJ.S J05 " li.J " )L1 '"' " '"
S'pt. 'ml"'""""r 3~,j " 3l.\ '" " '" JU I'" )0,5 J 1.9 J4.J co 1 4.3

0"""",,,,,,1' '" JL& " JJ,S la,l IS" " 1 27,' 28,' 30,2 " 11.4 ",. L"""'"~"'I', 20,1 11.1 121.6 11,1 '" I " '0; 1101 '" '0; m lOJ
"Outd","mp " " 21,1 " 11.1 19,2 17.1 1 IS,) " 19,0 " " "

Case Studv -11 (1' Floor) Bed Room -3 (South Oriented Room)
<16,00 I U9,00 12:00 15:00 I!:oo 21:00 00:00 I 00,00 0,;:00 ,,, ~l" Mi, Swi'i

April ",,',,""'"' 21.1 '" '" 33.2 m lO,5 JG.I 129,5 li,5 JQ.' J3,2 '" .,
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Case Study - 10 (1" Floor) BedRoom- 2 (North-East Oriented Room)
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