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ABSTRACT

THERMAL PERFORMANCE OF BRICK RESIDENTIAL BUILDING OF
DHAKA CITY

Bangladesh is basically a very iraditional society in terms of living style, living
environment, construction methods and malenials. The dwelling form that has
cvolved in this region is the result of a long tradition of pracliced techniques
assembled by (rial, error and experimentation, which hecame almost intuitive. The
basic thermal laws were implemented not knowing the complexities of laws of

thermo-physiological properties, but intuitively.

Urban arcas are growing fast, life has become complicated and complexity in hife
style, methods of living, consiructions method and material, and use of modem
facilitics, are being introduced. At the same time Bangladesh is one of thoss
unprivileged countres, where most of the people cannot afford luxury in their living

slyle.

So in the context of Bangtadesh, to achieve thermal comforr, mechanical means
should not be the solution, but nararal means by appropriate design of buildings that
promoic thermal comfort through i natural imteraction with the owidoor

chvironment.
Thas thesis focuses on indoor comfort in urban residential buildings, in three steps.

Frrse, the urban climatic sitmatton of Dhaka was studied and the requirements of
thermal comfort were established. The impact of climatic elements on comforl were
analysed and it was found that the people in this arca arc accustomed to and

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

Second, the paticens of urban development in residential areas were studied and three
npes of development patierns were identified in terms of built-form, These are open
silcs, medium density sites, and dense sites. The thermal behaviour patiern of these
categories of sites were studicd and compared. It was found that dense sites perform
better than the other two categories of sites, as solar radiation 1 the most imporiant
guiding element for indoor cnvirenment in the context of Dhaka. The air-flow inside
the buildings smdied was found to be insignificant, Lhe dircetions being

unpredictable, especially in dense and medium density sites.

The third and conciusive part is concermned with design strategies for altempting

towards solutions of the problems 1n the different density sites.
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PREAMBLE

P.1. Introducton

The dwelling form that has evolved in this region is the result of a leng
tradition of practiced tcchniques assembled by mal, emor 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
resulling dwellings produced comforiable conditions. “Man  has
infuitively learnt the an of creating comforlable ]iv.ing conditions
indoors. He has known the advantage of placing epenings in the path of
the sun to heat the interior space in cold climates or of placing them 1n
the direction of cold breeze to create comfor durmg warmm humid
season’™. Locally available building materials, 1deally swted to the
climale, were used in indigenous techmques to create incredible
diversity of shellers since ancient times. As man’s occupational
requirements changed with the times, his dwellings evolved lo inlegrate
the various climatc elements, making use of solar and wind cxposure,
negating adverse impacts of the prevailing climate and creating
architeemre 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 traditional/old designed buildings,
specially in the older pars of the cities of Bangladesh, seem to have
satisfactory indoor conditions from the thermal point of view. The
evolution of such stnictures ook place by a process of trial and error
wherc satisfactory ones conlinued and the less comfortable ones were

modilied or rejectad.

Sharma. M. R, Proceedings Inwermational Workshop on Encrgy Conscrvation in
Building, { Apnl 2-7, 1984 } Central Building Rescarch Boorkee, Sarlita Prakashan,
Delhi, India, 1984, P-49
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This process of evolution has been interrupted 1n recent times. OQur new
buildings do not express the enriched history of building methodology of
brick structurss characterised by the innovative use of brick as the
prncipal building material. Moreover such recent brick structures are

also not functicning appropriately from the thermal pomt of view.

This evolution process of considenng sun and climatic aspects in terms

of archulectural design was interrupled for various reasons.

Modern naterials and technology: Incorporating the modern matcrials,
techniques and forms have resulted in the destruction of cflective use of

suitable environment 1o some mstances,

Attitude towards environmental-igssues: Applying the modern materials
and techniques without adopting or modifying them accordmng to our

climatic context.

Negligence of prevailing traditional passive techniques for solving the

environmental problems.

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

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

Identifying the problem as a secondary rather than a primary onc, which
could have been taken carc of as a major issue during the design period
and the construction phase. Instead, tackling the problems afer the

construction 1s complete.

Unavailability and lack of clunaiic information through which one can

make informed decisions for designing cnvironmentally sound spaces.

Lack of information regarding environmental performance of locally
available building materials.

The force of modemity has to be mtegrated after careful
consideration of its advantages and disadvantages. Buildings built

before the intervention of madermty in tms region, which still stand
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today, are found o have cool and thermally snitable environments
for the people of this region. But the process has been interrupted,
and newer buildings often fail to provide comfort. It is clear that the
present situation needs to be changed in order to retum to thermally
responsive architecture. The sk now is to find steps of continuation
to present times of the methodology of the past by developing a clear
understanding of the brick built forms that had been devcloping
through the years and thereby to screen out contradictions and
interruptions in the process. Brick as a material is widely used in this
country. Tt is locally manufactured and is relatively cheap and
therefore maximum residential buildings n the city are constructed
of this material. Considering its profuse application this study will be
limiting 1tself to the thermal propertics and use of brick in residential

buildings in urban Dhaka.

Objectives of the Study

This research will help to increase awareness of issues related to the
thermal-environment, thus providing architects with the issues telated to

saving energy. It aims to achieve Lhe following:
a. Identify comfort requirement in the context of Dhaka.

b. Identify the present status of residential building in terms of thermal

condilions within.

c. Generate 3 guwideline for considering thermal problems during

thermally responsive residential building design.

Qriginally one of the objectives of this study was also to explore the
different details/combinations of brick walls in order to scc how these
interacted with the thermal environment within.  However, the

preliminary congiderations in Dbaka revealed that brick is generally used



in a very simple manner usually as 250mm or 125mm plastered and
painted walls. The use of hollow bricks has only just started and it was
felt that they do not yet form a typelogy. Cavity walls were alsuﬂfuund to
be very rare. However future work may be conducted to test Lhe
environment in such spaces to cxamine comparative conditions with

spaces of sohid bnck walls examined i this research.

P.3. Methodology

The methodology consisted of two broad parts

PART ONE: Background and Literature Survey; it consisted of
compiling previous thermal rescarch and climate related work to gather
secondary data for the rescarch.

This section comprised of the fellowing steps:

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

conjunctlion with the micro-chmatic of Dhaka {Chapter one}).

» Literature survey to document previous studies on comfort related
1ssues and comfort criteria in this context {Chapter two).

PART TWO; The Study: 1t consisted of the field survey, its findings

and analysis based on primary data on existing thermal conditions

collected during this research. These findings were also later compared

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

justify to validate them.

This section comprised of the following steps:

» Investigation of the thermal comfort requirements for residence
design in terms of activiry pattems in connection with typical fife-

style inside house (Chapter three).



»  Deterrmination of the critical climatic conditions which are to be
considered as the design conditions for comfortable space design

(Chapter four)

» Survey of the present situation of the different activity spaces of
residences in Dhaka city, o delermine the main thermal problems,
which need to be addressed to achieve comforl in brick domestic

buildings {Chapter five).

» Discussion and suggestions based on the findings of the entire

research.
P.4. Instrumentation

Instruments were nsed during the research to gather quantitative data on

temperature, umidity and globe temperature, and dimensions.
The mstruments for measuring temperature and globe temperature was:

Digital Max/ Min Thermometer: SOLEX DIGITAL MINMAX
THERMOMLUETER ST3300.

It is a battery operaled dual display thermometer, which is capable of
simultaneonsly displaying two lemperatures on the clear 13mm display.
The meter has an internzl sensor and external sensor at the end of a 3
meter cable. Each display stores its own maximum and minimum
temperatures reached since last reset, which can be recalled and
displayed at any time by pressing the appropnate butlons. The

measuring range is -40°C to +50 C measuring and accuracy is + 1°C.

SPECIFICATIONS
» Indoor temperature ranges: — 5°C to +50°C
»  Outdoor lemperature range: — 407 to +50°C
= Supply voltage: 1.25 to L.b3V
»  Resolution: 0.1°C



Accuracy:

Indoor: —=05"C to +25°C, £1°C
Tndoot: 25°C to +30°C, £2°C
Outdoor; — 40°C to — 20°C, + 2°C

Cutdoor; — 20°C to + 25°C, + 1°C

Outdoor;  25°C to + 50°C, + 2°C

The instrument for hmmidity was:

Digital

Humidity/Temperature  Meterr  SOLEX  HUMIDITY

TEMIERATURE METER SE127

XX

I"I -

Handheld humidity and temperature meter gives measurements of

hunughty over the range 0% to 100% and lemperature over the range to

—25°C to +85°C. It is supplied complete with a 75% calibration standard.

FEATURES

High accuracy of relative humidity + 2%

Very fast response time

Incorporations of a new CCI capacitance sensor
0 to 100% RH measuring range

-25°C to+85°C temperarure measuring range
Smple calibration with standard supplied

Universal applications in laboratories and industry

SPECIFICATION

Sensor type :

Humidity-precision tmn hlier capacitance scnser
Temperature- solid stale sensor

BH range : 0 to 100%

Temperature range: -25°C to +85°C

RH resolution: 0.1% RH

Temperature resolution: 0.1°C
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» RH accuracy: + 2%

«  Temperawure accuracy: + 0.5°C

» Environmental storage temperature: -20°C to +60°C
» Display: 10.4mm LCD

*»  Mcasurement: R11 and temperature

=  Sampling time: 0.4 seconds

The measurements of all the casc study spaces were taken using standard

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



PART ONE

Backgqround and Literature Survey

* Chapter One : Climate of Bangladesh and its Classification
*  Chapter Tow : Climate and Comfort
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Chapter One
CLIMATE OF BANGLADESH AND ITS CLASSIFICATION

1.1 Introduction

1.2

Climate of a country is integration in time of the physical states of the ammospheric
environment. As weather 15 the momentary state of the atmospheric environment at a
certain location, climate could be defined as the integration in time of weather
conditions. The climate of a given region is detcrmined by the partern of variations of
several elements and thewr combinations. The principal climauc elements, when
human comfort and building degign are being considered, are solar radiation, air

temperature, humidity, wind and precipitation.

Bangladesh lies between Latitude 20034 N and 26°33° N and Longrtude 88°” E and

92°41'E. On three sides it is bounded by land mass and on the south by the Bay of
Bengal. The climate of this country presents hot and humid conditions for a major
part of the year and is generally representative of what is, understood as tropical.
Tropical climates are those where heat is the dominant problem, where, for the

greater parl of the year buildings need to keep the occupants cool, rather than warm

and where the annual mean temperature 15 not less than 20°C".

Characteristics of the climatic elements in Bangladesh.

According to Atkinson’s classilication of tropical climates, Bangladesh lies in the
‘zomposite’ or ‘monsoon’ climatic zone®, which is located on landmasses near the
uopics of Cancer and Capricorn. This zone has three distinctive seasons, the hot

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

and May when the average maximum temperature is 33.1°C with the rams and the

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

Koenigsberper {20 H, [ngersoll T G, Mayhew Alan, Bzokolay 8. V. “Mannal of Tropical Hovusing and
Buitding ", (Part onc - Climatic Jesign), Longman Group Limited, London, 1974, Page-13

Atkinson, G. A "Tropical Architecture and Building Standards” Conference on iropical
Architecture 1953
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around 31°C. Throughout this period from June to September temperatures are more
or less constant, the average relative humidity 15 above 85% and rainfall is high

which is above 800mm/month in the north- eastern part of the country (Figure: 1.3¢).

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

becomes noticeable and lasts till about February. The average temperature dunng this
period is about 19°C {Figurc: 1.3a.1) with the mean minimum temperature going

down to 11.89C (Figure: 1.3a.3) in parts of the cuu.nt[}fs.

Morc-over there are some differences within the patierns of climatic factors in
various parts of this couniry. The norihwest parl of the country is drier and hotier
whereas the northeast pari of the country is wetter. The coastal parts of the country
have relatively moderate climate. The weather data of the five main cilics Jocated in
different parts of the country offer a basis for 1dentifying the different climatic zones.
These cities are Dhaka, the capital located centrally, Chitlagong , the main sea porl
located in the south-eastern pari, Khulna, the second pod city in the south-western
part, Rajshahi , 1in the north-western pant and Sylhel, in the north-eastern pant of the

country.

1.2a Temperature

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

regions. The hottest part of the country is the nonhwest {Rajshahi), temperatures
vanes from 35.0°C to 22.3°C. The coolest is the northeast {Sythet), temperatures

varies from 30.8°C to 20°C. The coastal areas have lower temperatures (Table:
1.2a.1.}

1

Rase on meteorslopical daa {from Bangladesh Meteorological Depaniment) collected over a 1() year
period {1987-98)



Table: 1.2a.1 Average temperatures of the major cities during March, April and May
{Hot-dry Perlod) . (Bascd on metcoralogicat data af 10 years)

Dhaka | Chittagong | Khulna | Rajshahi | Sylhet
Mean Maximum Air Temp. | 33 50¢ | 31 90C 34, 4°C |[35.0°C | 30.8°C
Average Air Temp. 28.0°C | 27.5°C 29200 |28.5°C | 25.7°C
Mean Minimum Air Temp. | 53 gop | 23, 10C 24.0°C |22.3°C | 206°C

Tn the hot and humid period, there are not significant differcnces in temperature

between the regions. The hottest part of the country is the northwest (Rajshah), and
temperatures varies from 33.2°C to 25.9 °C, whilc the north-east {Sylhet) part is less

warm and temperatures vary between 31.3°C to 25.5°C. This part of the country has
the highest rainfall.

Table 1.2a.2. Average temperalures of the major cities during June, July, August,
September and October (WArm-hoemid period). (Bused vn meteoralogical data of 10

FTATE]
Dhaka | Chittagong | Khulna | Rajshahi | Sylhet
Mean Maximum Air Temp. | 37 se¢ | 31.3C 31.5°C | 32.4°C | 30.7°C
Average Air Temp. 28.7°C | 28.2¢C 28.9°C | 292¢C | 27.7°C
Mean Minimum Air Temp. | 56 goc | 25.10¢ 264°C | 26.0°C  |24.7°C

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

lecations. January is the coldest month with mean minimum temperature between

9°C and 15.2 *C.

Table 1.3a.3. Average temperatures of the major cities during November, December,
January and February {Cool-dry period). (Bauwed on meteorlogical data of b0 years)

Dhaka Chittagong { Khulna | Rajshahi | Svlhet

Mcan Maximum Air Temp. | 58 1o | 28 3 0C 28.7°C | 28200 |273°C

Average Air Temp. 22.2°C | 23°C 23.4°C | 22.2°C | 21.6°C

Mean Minimum Air Temp. | 1300 | 18.00C 18.1°C | 16.1°C | 15.9¢C




Figure 1.2a.1. Monthly Mean Air Temperature of major ciiles of Bangladesh in *C
Bazed on meteorologieal duls colleciad over 10 year penod (1987983, Climste division, Bangladesh

Meteorclopmeal Depurtment, Govermnment of the people’s Republic of Bangladesh,
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Figure 1.2a.2 Monthly Mean Maximum Temperature of major cilles of Bangladesh In °C

Dazed on metecralogical data colloeted over 10 year period [1987-26), Chmate division, Bangladcab
Meteorological Department, (rovemment of the people’s Repablic of Bangladesh.
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Figure 1.2a.3 Monthly Mean Minimum Temperature of major cities of Bangladesh in *C.

Based on meteorological duls collectod weer 10 vear penod (1987943, Climate division, Bangludesh
Metcotalogical Depurtment, Government of the people’s Ropublic of Bangladesh.
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1.2b, Humidity:

Relative humidity 1s high throughout the year for the whole country combined with
high moisture content of the air. Tt is only comparatively low in the hot dry peried
March, Apnl and May, when it is mostly between 60% and 70%. During ihe hot
humid period June, July, August, September and part of October it 15 between 80%
and 90% for all locations. Regional variations occur i the months of Febmary,
March and April when the nomh-western part of the country has lower relative
humidity averaging arcund 59% as compared to the sonth castern part where it
averages around 75%. In comparison the average for the rest of the conntry in the
same perod is between 65% and 70%. In the cool period the humidiry values for all
location are around 70%. The Daily values of relative humidity show high values in

the early momng, with the level deercasing towards mid-afternoen.

Table 1.2b.1. Humidity ranges for the major cities in the three seasons.

Fased on meteorological duts sollecled ever 10 vesr penod {L387-06), Clunate diviswon, Bangladcah
Meteorolopncal Depaclment, Government of the prople’s Republe of Bangladesh,

Dhaka Chittagong | Khulna Rajshaln Sylhet
Hot dry 60-70% 70-80% 65-70% 55-65% 63-75%
Hot humid | 80-90% 80-90% 75-90% T0-85% B0-90%
Cool dry T0-75% 70-75% T0-75% T0-T75% 70-80%%




Figure 1.2b Monthly Average Relative Humidity of major cities of Bangladesh in %.

Busel on meteoeolopical data colleeted over 10 year period {1987-98), Climate diviswm, Banylwbesh
Meteoralopieal Departiment, Government of the peapls's Repubhe ol Bangludesh
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1.2¢c. Precipitation

Ramfall 15 high in the monsoon months specially in the eastern part of the country.

The northeast panl (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



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 nerth-west part
has the lowest rainfall of only about 300mm in the wetiest months. There 15 little

rainfall anywhere in the coal period.

Figure 1.2¢. Moenthly Average Rain fall of major cities of Bangladesh in mm.

Baeexd ot mieteorelopical data colleemd over 10 year penod {(1487-96) Chmale division, Bangladesh
Metcorological Department, Ciovemment of the people’s Republic of Bangladesh,

—¢—Dhaka —— Chillagong —«— Khulna —0— Rajshahi —¢— Sylhet

QO

B00 A -~

700 1 - -

00 4-4--1
500 1--

400 o - -

Rain Fall {mm}

00 --

200 4 - -

100 1 -

Cool-dry Hot-dry Hot-humid Cool-dry
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Dhaka 7 J 20 | 80 | 120 | 270 | 400 | 350 | 320 { 260 | 170 | 40 | 3
Chittagong| 13 | 20 | 70 | 90 | 250 [ 590 | 690 | 530 | 280 | 250 | s0 | 15
Khulna 1w | 30 | s0 | s0 y 170 | 330 | 390 ) 285 | 230 | 170 | 40 | 10
Rajshahi s | 20 | 40 | 60 | 120 | 300 | 350 | 280 | 250 | 120 | 30
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1.2d. Solar Radiation and Intensity

Solar radiation data is not available for all locations in the country. Bangladesh
Meteorological Depariment office monitors sunshine hours and solar radiation data
only for Dhaka and Chittagong. Solar radiation fer Dhaka has been alse measured by
some organizations for their own purposes. The Mechanical Engineering Deparrment
of the Bangladesh University of Lngineering and Technelegy has some published

accounts of Solar Radiation.

In the cool period, both Dhaka and Chittagong have more than § hours of sunshine
per day. During the Monscon months this saine value 15 low due to the cloud cover
and is about 4 hours ef sunshiue per day during the months of Junc and July, after

which it increases steadily.

Solar radiation data for Dhaka shows maximum intensity in the hot dry penod
(SkWh/m®/day in April approximately). During the humid monsoons the radiation is
mostly diffused due lo cloud cover and is constant around 4kWh/m*/day. In
December and January it goes down to slightly above 3kWh/ mza'[]ay,

For other location the radiation values can be approximated based on general
conditions using relevant calculations. The drier and hotler 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 compenent.

1.2e. Air Yelocity and Iirection

For climatic conditions like Bangladesh, air movement is an impomant element,
which 15 to be considered during the design process for making the environment
comforiable. Data from Mctmmiﬂgica] Department of Bangladesh are based on
conditions measured in open locations. In the het periods (het-dry and warm-humid
seasons), the directions of the airflow are mostly from the south-zast for all regions
in the couutry. Average wind speeds are mgher in the hot dry penod than in the hot
humid period, parlicularly in the coastal city of Chittagong.



i3

[n urban areas ps both wind speeds and directions are modernted by physical

characterisiics e.g. buildings, surfaces, vegetation and surroundings, wind conditions

could be quite different from regional vatues®. The actual airflow condition ot the

tevel of buildings is difTerent from that of the regional values measured in open

space.

" Table 1.2e. Monthly Average wind speeds {(m/s) and direction.

Beved on mocordogics] dats colocied over 10 yowr et (1957 259%6), Clinats dhricion, Dasgtades
Merormiogios! Drpicttrment, Gereertrret of e pavogie s Lepetslas of B Lndeah,

Dhaka Chittagong Khulna Rajshahi Sylhet .

Wind | direc | Wind | direc | Wind | direet | Wind | direc Wind | diree

speed | tion | speed | tion | speed mn peed | tion peed | Bom

mfsec mVsec m'ses mfscc m/sec
January 14 | NW 1.7 NE 1.6 N 1.} N 2 E
February 1.6 N 2.1 NE 1.3 5w 1.3 NW 2 E
B R R A S T
AT BT SV TS TS pieaa 2 e ar S e me 63 | O SE v 2 2 SSE
Mayzzai ppad e 208310 ol SEA ST ] Sas il Ar 69 | B SEw] 2.3 ] SSE
T b i e e PR e R P P
Duly e 30 Bl SE N M2 B L SER 16 i SBR[ TannSERm 21501 £SE 2
pAugust2eel 12313 [RSEXlR2 6 imta SERta R Sl SH L Hiet 6 3 SE s o] 1 SF &
{Sepicinber i Be3d Sl ESE R ia A dte SEA BRI | R E B A 6 | ESEREETT g e
October 2.5 ™ o SE L9 NE 1.5 h] 1.9 E
November 1.4 NW 1.5 NE 1.3 NE 1.2 N 2 NE
December 1.5 NW 1.7 NE 1.9 N 1.2 MW L9 E

12, Urban Climate

It is generally understood that the climate of urban built up areas vary from that of

the surrounding rurnl areas due to

n) ‘changed surface quolitles (pavemenis and bulidings) — increased obsorbance of

solor rodiation; reduced evoporation.

‘. Lowry, W. Atmespherie Erology (or Designern et planners, ¥en Nostrand Rein bald 1991,
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b) Buildings — casting shadows and acting as barmers to winds, but also channeling
winds possibly with localised increase in velocity, also by storing absorbed heat

in their mass and slowly releasing 1t at might.

¢) fnergy seepage — the output of refrigeration plants and air conditiomng
{remnoving heat from the controlled space to the outside air); heat output of
internal combustion engmes and electrcal appliances; heat loss from industry,
especially furmaces and large factonies; heat input of large populations and their

anthropogenic activities.

d) Atmospheric pollution — waste products of boilers and domestic and industrial
chimneys; cxhaust from motor-cars; fumes and vapours, which both tend to
reduce dircct solar radiation but increase the diffuse radiaton and provide a
barrier to out-geing tadiation, The presence of solid parricles in urban
atmosphere may assist in the formation of fog and induce raimfall under

favourable conditions The extent of deviations may be quite substantial.

Air temperature in a city can be 6-8 °C higher than in the surrcunding

L'uuntrysides,

Relative humidity 15 reduced by 5 to 10%, due to the guick run-off of main-

walcr from paved arcas, the absence of vegetation and higher temperatures.

Wind velocity can be reduced to less than half of that in the adjoining open
country, but the funneling effect slong a closely built-up streel or through gaps
between tall slab blocks can more than double the velocity. Strong mrbulences
and eddics can also be set up at the leeward corners of obstructicns.” *The city
of Dhaka lies between longitudes 90°20" E and 90°30°E and between latitudes
23407 and 23"55° N, with three sides bounded by the niver H;;riganga n the

Ahmed, Khandaker Shabbir. “dpproaches fo Bivclimatic Urban Design for the fropics with Specia!
Reference fo Dhoka, Bangladesh” PhD Thesis (Unpoblished). Architectural Assectation Graduate
Schiml London 1995

Kocnigsberger O H, Ingersoll T. G, Mavhew Alan, Szokolay 8. V. “Manual of Tropical Howsimg ond
Building ", (Parr one - Climatic design), Longman Group Limuted, London, 1974, Page-37
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south, the Tongf K#al (canal) in the north and the Turag river in the west. The

present city covers an area of 256 sq. k',

1.4, Microclimate of Dhaka City

Ag it is presentcd in the preceding section the climatic charactenstic of Dhaka city
differ from other cities of Bangladesh due to physical development and location. 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 objects)® and other related factors. This may seem to be particularly true
for the developed nations where the physical features of the urban areas have more
differences with surroundings, than in tropical environments, which arc mostly in
developmg couniries’. 1t is argued that in Bangladesh urbanisation is yet to make a
significant impact on climate of the cities'” for urbanisation is morc of a
demographic rather than physical change. Published accounts of recorded
observalions in Dhaka shows incoming solar radiation is 12% less than surrounding
raral 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 meteorologicel office for the day”. At the same ume,
some other pars of Dhaka city for example, Dhaka University Residential area,
Dhanmendi 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 meieorological

office for the day.

Almed, Khandaker Shabbuir. “dpproaches to Bioclmeatic Urban Design for the Tropivs with Special
Refevence 1o Dhaka, Bangladesh' PhD Thesis {Unpublished). Architectural Assoctation Graduate
School. London 1995

Koemgsberger O. H, Ingersoll T. G, Mayhew Alan, Szokolay 5. V. "Manwal of Tropical Housing and
Building ", (Par one - Climatic design), Longman Group Linuted, London, 1974, Page-32

Jauregui, B Tropical Urban Climate: Review and assessment. Urban Climatolopy and its applications
wilh special regard 1o lropical areas Technicaf Conference or Tropical Uvban Climate, WO, Dhaka
March 1993

Hussam, Sullima and Ahmed A Siudy om the Physical Relationship and Interaction bebween Urban
and Rural Climates of Buangladesh. Techical Conference on Tropical Urban Climate. WMO, Dhaka.
March 1993

Hag, A. M. A. & Hassan, 5. A. * Global Selar Radiation on horizontal Surface in Dhaks " Technical -
Conference on Tropival Urban Climate WO, Dhaka. March 1993
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1.4a. Temperature

Temperature profile of Dhaka cily based on metrological dala shows highest
temperatures recorded in March, Apnl and May, reaching a maximum temperature of
34.2°C in April. In the monsoon and post-monseon perod, from June to October the
temperature remains steady at an average of around 28.7°C. In the winter season, the
temperature drops to a an average temperature of 20.8°C, while mean minimum is

11.8°C in January (figure: 1.4a.1)

Figure: 1.4a.1 AIR TEMPERATURE AND HUMIDITY IN DHAKA CITY.

Bused on melecrslogical data colleceed over 10 year periad (198796}, Clinmate division, Bunglulesh Meleorolomeul Departmenl,
Govemtnent of the people’s Ropublic of Bangladesh,

Yan | Feb [NLat | At [Way] Jun [:7al JAdg] Sép | Oct[Nov]Dee

Mcan Maximum Alr Temp ( deg CO)|26.2[27.9[32:3[342[33:0[31 831231357 [31.3[28 8[26.4

Average Air Tomp ( deg C) 19.0]21.2}26:0(29.0[29.0]28 3{28:7[28:6]28.8[27.5]23.5]19.8

Mean Minimum Air Temp ( deg C) [11.8{14.5]19.7123:8] 25125 8126.2126:1/125.9(23.7|18.2(13.2

Errpryrytull Bk hn il ':':l'CIE hiembmbuie fryn i ieieduindrnd

Relative Humidity (%) 69 | 63 |:61:]703] 73] 5 iiise:]8sitiser| 81 [ 75| 7

~=g-— Mavinmem A Temp ( deg C) —0— Mezm Air Temp { deg ©)
—&— Minirmum Air Tesmp { dep O3 —e— [etative Humidity (3o}

Arr Temperahre in deg C
5
Eelative Hummdiby in %

Ahmed, Khandaler Shabbir, Approach Ta Biocfimatic urban Design For Tropics With Special
Reference To Dhaka Bangludesh, Ph. D, research. Architectural Association Graduate School. 1993,



Overheating 15 a growmg environmental concem for Dheka. 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 Karmakar and Xhatun based on data collected
over a number of years. Their estimate for Dhaka predicts maximum temperatures in
April as high as 39.1°C (unce in 4 years), 40.2°C (once in 10 years) end 41.0°C (once
in 25 years), while minimum extremes arc 7.4°C (once in 4 years), 6.4°C (once in 10

years) and $.6°C (once in 25 years)'.

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 radiation
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 humidity changes. The amount of radiation received by the site depends on

angle of incidence

B

b. atmospheric depletion , 1.e. the absorption of radiation by ozone, vapours and

dust particles in the atmosphere,
¢. duration of sunshine, i.e. the length of the day light period.

d. the material characteristics of the surmounding and the site itself , ie. the

absorption, rellectance, etc. of the sife and surrounding.

The sum total of the radiation received at a point on the surface of the earth 1s called
Global Radiation. The global radiaticn has three main components. a. Direct

component, b. Defuse component, ¢. Ground reflected component,

The total amount of solar radiation wn the eity is alfceted by the microciimate of
different areas within the ¢ity. The solar radiation data is not collected regularly by
the meteorological office in Dhaka ciry, only sunshine hours elong with cloud-cover

m octas and a general descriplion {i.e. fair, cloudy, rainy} of the weather 15 recorded.

Kannpkar, 5. & Khanm, A. On the variabiliny and probabilistic extremes of some efimatic elements
over Dhaka,  International Technical conference on Tropical Urhan Climales, Dhaka, 1993,
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However radiation data recorded over a six year period at Joydchbpur Agro
Metrological Pilot Station {representative of rural arca outside Dhaka city) and the
radiation data collected over a seven year period by the Mechanical IEngineering
Department of the Bangladesh Umversity of Engincering and Technology (BUET)
are important references’, The data from BULT and the dala from the
metecrvlogical department are not same, as is expected when the Jocations are

different.

Data measured by the BUET 15 in the urban context but the data taken by the
Meteomlogical department is in the rural context. Diffusc radiation is higher in the
urban areas than the rural areas due to the surrounding built form and hard surface
qualities, as a result the global solar radiation data of BUET are higher. The
companson (Table 2.4b.1) shows that the difference berween two measured values
varies between 13% and 20%, which is very high. Another reason for the higher
value of solar radiation in BUET, may be that the air over the city being more
polluted results in a marked decrease in atmospheric clarity, which causes a higher
proportion of diffuse radiation. The radiation being incident on a higher percentage
of paving increases the net heat absorbed, when compared with the same amount of

solar radiation falling on grassy areas.

For the purpose of this rescarch the BUET data is taken into consideration as the

survey area of the research 15 urban.

Table 1.4b.1 COMPARISON OF MONTHLY GLOBAL SOLAR RADIATION: BUET

Vs Meteerological department in Whm?/day

Jan | Feb | Mar | Apr |May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

BUET 3250140104660 | 5050|4550 401013650 (3750|3750 (3600 | 3610|3150

Meteorological dept. |2512|2619 (3410|3530 | 3043 | 2795|2617 (2561 | 2485 | 2096 [ 2497 | 2307

Dillerence m % 1321 15 | I8 [ 20 I8 |16 | 19| 20 | 14 | 18 | 15

14

Hag, A M A & Hazsan, 8. A, ° Globu! Solor Radation or honizental Surface it Diaka ' Technical
Conlerence on Tropical Urban Climate. WO, Dhaka. March 1993
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Table 1.4b.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/m?%day). From luly to
November, 1.2, from monsoon to pest-monsoon, the radiation remains fairly constant
and the recorded minimum, 3150Wh/m’/day is in December. Although there is not a
wide vanation in the monthly average radiation during the months July to Noyember,

yet the variation in cloud-cover duning this period is noticeable (Figure; 1.4b.2).

Figure: 1.4b.2 MONTHLY AVERAGE CLOUD COVER in Octet
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Another aspect of the high cloud cover during those months over the city is that the
long wave radiation to the space 1s impeded, parlicularly by the low and medium

cloud formations.

Table: 1.4b.4 Direct and Diffuse Components of Global Radiation: DHAKA In

APRIL

S4EHEE (Globa| Radiationt}: Difude radiation in°Apfil iudvhim2 2); Direct Tadiation in April in-Whim? -2
 Hogr 357} tHorlzontal>oames [iNorth 335 South 32l Hhasd 227 | sWEH T3 iNOTtER | Saiith 72| IRaft o IWesL 8
6 4 13 i3 13 13 0 0 0 D

7 167 61 61 51 61 12 g =L |0

8 220 108 | 108 | 108 08 |0 I3 77 |0

g 475 151 51 151 5L |0 49 w6 |0

10 an7 185 TR WET & |0 52 08 |0

I 697 367|207 | 207|207 | O 105 15 |o

12 729 75 218 |25 |25 | O TER D

3 607 W7 200 |27 |27 |oO w5 |0 13

4 o7 185 | 185 | 185 85 |0 82 D 208

E 475 151 31 I51 5L [0 39 D 266

16 320 WE | 108 g |8 [0 15 5 77

7 167 &1 81 7 61 12 0 D 251

B 34 I3 13 13 13 0 7 D 0
TOTAL | 5319 1665 | 1665 | 1665 | 1665 | 24 s17 | 1117|107

{Sowne Alned, fehun Nasseen " dssessment o fesidential Siter i1 Divalur wivk respect to Sodar Sadertion Gain™ PhD Thesis)

The solar radiations in April is 5050 wh/m” /day on horizontal surface in the open
field but it is reduced in verical surface and varics depending on the surface
orientation {Table: 1.4b.4). Tablz shows that the direct radiations in the east and the
west are higher than the nerth and the south. The north oriented surface receives the

Jowest radiation and which 15 very neghgible.

In the urban situations the radiations both direct and diffuse are modilied and varies
depending on the density as well as the height. For example, Table: 1.4b.5 shows
that in the 3™ floor level south onented sutface received 1878Wh/m® when the
distance ol the nearest house 135 about 12.2m, 1586 Wh/m® when the distince of the
nearest house is about 6.1m and 906Wh/m? when the distance of the nearest house is
about 2.43m. The table also shows that in the samec orientation the value varics
depending on the height for example in the south surface when the nearest distance
of house iz 12.2m, the ground floor receives S?SWh.f’mz, 1" floor receives
1070Wh/m’, 2™ Moor receives 1232Wh/m® and the 3 Noor receives almost dabble
of the ground floor that is 1586Wh/m®.
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Durntion of dilferent sun shines received by the surface in different oricntations

its surrounding (Toble: 1.4b.6)

Table: 1.db.58 Modlified Radlation: Obsirnctlon by Nelghboring Structures
Distance of ncarest house: 12,2m (considering open site) in April, Reading in Whim?

varies and these varations further modified depending on the density of the site and

morth E!n - South - Wh_t S

“m_.1° i B : . ¥ . E

sl e ts IE P le st e e s Bt telail
B |8 12 j@ {2 |B 8 [E . |E|E [E |22 |5 [€ |«
GR | 907 | 0 | 907 | 3 [ 907 [ 4% [ 1363 | &7 | 907 (47t (1378 ] 57 § 907 [ 219 | 1126 | &
[ST [T00L | @ | 1001 | 47 | 1001 [ 589 [ 95%0 | & | 1001 36 | 1537 | & § 1001 | 323 | 1324 | 58
D[N0 0 | & [10s| 757 {1916 | 8 | 1119 | 544 | 1663 | &8 | 1119 | 523 | 1642 | &%
D (12| 0 |12 8 [ [0 [2mr| W || 06 |15 | B j1zRfen | 198 ] W

Distance of nearest house: 6.im {considering medium density site) in April, Reading in Wh/m®

n: 1 North Exst . South . : Weal
= u f-l Lu- W l; i " % -
At s 4+ g de s |E[E iz ts t i l: |
SPET EYE | |EGE|E|E[EE )T [E€ VE [T }E
2 % |a -« |8 {8 {=.|< |EQE & |« |B 45 |r |«
GR | 657 0 81| I | &M o 68T | 27 | BT LR | VS | M | 67 a 451 | 1
IST | & o Ta|» | ™ o L | M | B MY [ MR 45 | AN | |8
o | 27 ¢ | M | R7 |3 |50 4% | 127 1 408 | 12| 51 | BT L ALS | w2 | B¥
JRD [ 1001 ] O [ 0001 | 42 | 1001 | 5B | 1590 | &6 ] 1001 | 335 | 1386 | & | 1OGE | 323 | 1324 | 55

Distence of nearest house: 2.43m (considering dense site) in April, Reading in Wh!m?

Nerth . "Enst Somth West

' ' . ' . b H ' H ' '
S E e e L e s
z (2 |8 | |48 [ |8z (28 {8 {z |8 [&{& {2;
GR | 439 1] 19 13 439- ] 19 -ll- 414 1] 439 } L 1] 115 ] 13
18T | 4 a 49 | 1 %9 a 9% | 9 1] 4% | 3 1] 4 ]|
IND | 354 L] M 3 i 1] - 2} | M 1] 554 L) 554 1] L5 )
JRD | &8 L] 657 | 27 | &5V | 150 | MDD M 67 | 49 | 906 | 13 &57 19 676 | 1

{Souree; Ahmed, Zetun Nacreen. “Assessment of Restdential Sitey in Dhaba with ropect to Solar Axdiation
Gain™ FhD. Thesis)

s



Tabte: 1.4b.6 Time When Sun Shines on Surface In April

2

Disapce of nedrest hbute: 171.3m (canshdering Gpén dlbe)

ik

Floor Morth South - Exst . West

Groved | Never 30w 0 53012700 1200~ 230
First Never £:00 to 1:00 9.00-12:00 1200 - 300
Second Never RN ER L E:15-42:00 12:00 - 343
Third Never T:AD 1 4:20 TAD-£2:00 1200 - 4:20
Fourth Never T:10 10 430 &:30-12:00 12:00 - 5:30
‘Dlstunce af mearest bonses b.lm {coasklering medlum denslty slie} - -
Fipor Nonh . South . Eat ‘F West

Ground Never 11:00- 1200 - il:‘tﬂ-—l!:ﬁ IZ:{.‘;.'HI:NIZ;“ =
First Never 10:20- 1:4D 10:20-12:00 1200 -1:40
Secomd Never 10:00- 2:00 10:00- 12:00 12.00 -2:00
Third Neve 9:00- 3:00 YAO0- 1200 12300 30
Fourth Never Tk0- 420 140 = 12:00 12006 -4:30
Distanre of wearest honse; 243m {constdering dense site)

Floor Noeth Seuth e Eam IWm :

G-';mmd Nn‘r; Hn'cr - Nrver Never -

First Never Never Never Never

Scvond Nover 11:50-12:10 11:50-12:00 12:00-12:10
Third Never 10.50-1-10 {0:50-12:00 12:00-1:10
Faurth Never $:30-1:30 $:30-12:00 12:00-2:30

[3owrey, Adarwd, Frisan MNoxwrn, "Aovrrmws o Renidestesl Siven dn Dfanle with reipiey b Sakt Kslianthis Cumb ~ Fid] Tietcu)

1.4c. Humidity

In the context of Bangladesh, humidity n pammeter indicative of the comfont

conditions of an arez, is maorkedly lower in the city in companson with the

surrounding country-side, which varies by 2-8%. Hipgher temperatures yicld lower

relative humidity levels, oll other conditions remaining the same. Since the rmdiations

nnd the air temperature depends on the density of the built form of the surrounding

area so the humidity nlso varies depending on the density of the surrounding built

form. Morcover an increase in paved arcas and low absorbent surfaces in the city

allows faster minwater run-off, providing less time for absorption. A study shows

that with 50% impervious cover, run-fl increases 200% compared with ruml



conditions, concluding that urban humidity near the surface decreases duce 1o this

rapid run-off**,
1.4d. Wind Speed and IMrection

In Dhakn ciry where humidity varies between 80% and 35% duning warm humid
period, the air-flow plays an imponant role in thermal comfort. The meteorological
datn based on conditions measured in open locations (Teble 1.4¢.1), shows that wind
speed is higher in the hot dry period than in the kot humid period, and that the
direction is south east when air flow inside the building is preferable, to mitigate the

efTects of high humidity,

Table 1.dc.l MONTHLY AVERAGE WIND SPEED AND DIRECTION in m/s

Jan | Feb | Mar | Apr | Moy | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Windspeedinmfs | 1.4 | 16 | 26 | 3.7 | 44 |28 |39 | 33 | 34 |25 114 | 1.5

Direction WW ] W | 5W | SW 5 S5E | 5E | SE | SE N |NW|NW

The +vmriation in wind

speed between 'ig
meteorological  station s
and sitc will depeod | %39
largely on ground cover w

and topogmphy (Fig:
1.4d.1} The wind speed

is usuvally measured in

hemgin gbove tha ground s matre
o @0

fat open locations, such

!

as airports, at a height of 0 o O 0 0 K00 Ko
ptreentoge of the wind 1pred meouared 2) K2m high o [lat open
10m above ground level. cowntry {g3 the wind txtondmg Feght 0f 0 meteorokogiced tation)

In order to convert this L6 Figure : 1.4d.1 VARIATION OF WIND SPEED WITH

. ] HEIGHT AND TERRAIN KEY (Kowrors : Evaws, Martie Thouting
an cquivalent wind speed i end Comfort * she Archizecreral Preai, Lomdom 1840}

Al 3Im in fat urban or i, Pl gpecd voprlation with krben comters,
Y. i spwesl variaiom wiih bripht in wsnsdled cowmery of reisertan
suburban locations the £rhal

3 Ml sorwed vorkotiom w LN lerfrkt In S swew conmiry

Y. Ahmed ZN. 'Acsessment of Reidential Sitex in Dhake with Reopect ta Sofar Rodiotion Gaing* FRD,
thesis {Unpubtished). De Montfon Unlvenity In Collsboralion with the University of ShefTield, 19494
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wind speed must be multiplied by a reduction frcior as shown in Teble: 1.4d.2,

Tahle 1.4c2 AVERAGE REDUCTION FACTORS FOR WIND IN DIFFERENT

LOCATION
Height Location Termain
Cpen, fiat Suburban Urban
unobrstrzcted or wooded
10m In ke open 1.0 0.5 03
In building with croas ventilalion 0.4 0.2 0.12
In building with ventilation 0135 0.07 0.04
Im [n (ke open 0.7 0J 0.15
In building with croas ventilation 0.3 0.12 0.0
[n building with ventilztion 0.1 0.04 0.02

Source: Evars, Marton ‘Howalng, Climate and Comfort ™ the Architvoters] Preo, Londen, 1980

This Lble also shows (he average reduction factor within dwellings with open
windows facing the wind. These reduction foctors will only give an approximate
indication of the likely variation and will not apply in very heavily built-up areas,
close to high-rise buildings or major obstructions. 5o 1he approximate monthly
average gir speed in different location can be predicied by using Table: {.4¢.1 and

1.4¢. 2. These values for Dhaka are shown in Table ; 1.4¢.3,

Table: 1.4c.3 MONTHLY AVERAGE WIND S5PEED a1t 2m and 10m In mfs for urhan

Dhaka.

Monthly averape wind speed at 10m level
Wind epeed in mfa Jan | Feb | Mar .ﬂg May [ Jun | Jub | Aug{ Sep } Oct { Nov | Dec
Dpen uncbstrucied orea | 14000 16001 2,600 3. 7008 4.4001 3.8001 3 500] 3300 3.400 2.5001 1.400( 1,500
Suburtan arca 0.7001 0,8001 1,300 1.8500 2.2000 1.9000 19500 1.6508 1.700 Lzs:i 0.700¢ 0.750
Prhu:lm 0.4200 048K 0.780 1.110¢ 13200 £.1400 11700 0.990 1.:120 0.750/ 0.420( 0.450

Muonthly average wind speed at Im level

Wind speed in mfs Jan | Feb | Mar [Apr EMoy | Jun | Jul [ Aug ] Sep | Oct l Nov | Pec
Open unobstructed area | 0.5950( 1.120( 1.8200 25908 3,080 2.660( 2.7300 2310, 2380 1.750 0.950 1.050
Kuburban area 0420 0.450 0.7800 1,110 1,320 1.1400 1.170] .99 1.026F 0.750 0420 0.250
rJrhan sres 0.210f 62400 0.3904 0.555} 0.66% 0.570f 0.585 0.495 0.5100 0375 n.zml 0.229

The maximum wind speed during the warm-humid period is 1.17m/s at 10m level
and 0.59m/s at 3m level in July in urban residential areas like Dhanmondi, Gulshan,
Indira Road, Jatraban, etc. While in open unobstructed areas like Joydebpur, Savar,
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etc. and suburban areas like Uttara, predicted average wind speed at 3m 15 3.8m/s,
2.67m's and 1.9m/s, .4m/s respectively in the same months. The wind speeds are
higher 1n hot dry period than the warm humid period, being 0.66m1/s and 1.32m/s at

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

While the wind mn open country side arca is predictable from season to season both
with respect to direction as well as speed, but the same is not true for the city.
Numerous obstructions are constantly medifying the prevailing wind direction and
speed. Avcrage wind speeds are much lower in cities. There may, however, be local
areas of increased winds due to funneling effects or turbulence created by the
presence of high-nise structures in an area otherwise conmsting of low buildmgs.
These effects are almost tolally unprediclable, The findings duning a clhimate-
workshop in Dhaka revealed air flows in a densely built-up part of Dhaka to be
extremely unpredictable, n cerlain cases almost exactly opposite the expected

direction from regional mdications.'®

Conclusion

From the point of view of the average temperatures of the whole year, Dhaka can be
considered to have only two periods, the hot period and the cool pericd, for the mean
temperatures of the hot dry and the hot hummid period are nearly the same, varying
between 27°C to 30°C. April is the hotiest month of the year, with mcan maximum
temperature between 30.3°C tw 34.8°C, and January is the coldest month with
minimum temperature between 9°C t015.2°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 minfall reaching only about 300mm in the wetlest months.

Discussions 1 this chapter show that the city with all s buili-forms end
anthropogenic  activities creates peculiarittes within the climale, substantially
different from the regional climate. This climatic deviation is furiher modified in

different locations within the city, by local conditions. As all buildngs are designed

Ahmed ZMN, “dssessment of Residential Sites in Dhaka with Respect to Solar Radiarion Gains” PLD,
thoais (Unpublished). De Montforl University in Collaboration with the University of ShefMield, 19594
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for this modified climatic simuation the designer needs te be aware of the vanability
of the microclimate and 1::-f the factors, which affect it. The meteorological data from
the nearcst mcteorological station may not give a lrue picture of the climate
experienced at the building site. In these cases it 13 necessary to atlempt to cstimate
the likely wvaration between meteorological station and site. However, such
estiuations are likely to be fraught with uncemainties since there are no simple or
reliable rules for adjnsting climatic data. If variations between metecrclogical station
and site are small, the desipn reqnirements can be based on the former. Technigues
may be adopted to assess the degree of climatic variation. That is to take ‘spot’
reacings at the site, which are compared with simultaneous readings at the met
station. However, a considerable number of readings are required for each season of

the year before any conclusions can be drawn.
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Chapter Two

CLIMATE AND COMFORT
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Chapter Two
CLIMATE AND COMFORT

2.1. lotroduwction

The idea of creating comfortable environments would invelve the consideration of
individual preferences, by which a majonty of the people would be at easc. Comfort
is a psychological phenomenon, which depends on the individual sensory

perceplibiliby.

Comfort within a space 18 based on specific thcrmal, visual, acouslical, and other
environmental quality levels, 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

himit the individual’s physiological and psychological processes become hindered.

* Comtort in the larper and real sense, embraces aesthetic and psychologrcal
parameters such as quality of light, vegetation, landscaping, safety, prestige ete, all
the more so because these are detenningd histoncally and are ofien the determming

factor in choice which could otherwise be incomprehensible.”"

2.2. Thermal Comfort

The definitions 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
ils surmoundings and 1s in the “absence of discomfort”. In terms of its effects on the
occupants 1n a building it is best defined as the conditions where most of the people
are unaware of the thermal conditions around them and do not fecl the need to adjust
to it.'® This could only be possible when the thermal balence ef the body can be
achicved 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, radiation, convection, and conduction) of the body

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

“Bin-climatic Architecture”, Do Luca Bdirore, Llaly-1983
Mallick ¥ H, “Thermal comfort for wban housing in Beaglodesh' PhD thesis {unpublizshed),
Architeclural Association School of Archileciure, London, UK, 1994 page-87.
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the decp-tissue temperature can be maintained at near 379C, and skin temperature

within the range of 31°C to 349C. This connolation can be expressed mathematically

in the following way:
lieat gain of the body: Met = Metabolism ( basal and mnscular)
Cnd = Conduction { contact with warm body)
Cnv = Convection { if the air is warmer than the bodies )
Rad = Radiation { from the sun, the sky and hot bodies )
Heat loss from the body Cnd = Conduction {eontact with cold body)
Cnv = Convection { if the air is cooler than the bodies )
Rad = Radiation { to night sky and cold bodies/ surfaces }
Lvp = Evaporation { of moisture and sweat }

S0 thermal balance of a body exists when, Met-Evp+Cnd + Cnv+ Rad=1 19

The amount of heat gamn of a body depends on the difference between the
temperamure of the body surface and the temperature of surroundings, but the amount
of heat loss depends on the therimal condition of the surroundings and the amount of
heat generated by the body through metabolism, The more work performed 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 will not mamtain thermal stability. The strain caused on the body
1n order to lose this heat resulls m a sensation of warmth or heat, depending on the

severity of the problem.

Koenigsberger . H, Ingersoll T. G, Mayhew Alan, Szokolay 5. V. "Mannal of Trapical Housing and
Huifdmg ", (Parr one - Climatc design), Longman Group Limited, London, 1974, Page-d3
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2.3. ¥Variables of Thermal Comford

Extemal factors that contribute to or influence the sensation of comfort can be
calegorised as personal and environmental variables. The conditions, which
charactense a place as comfortable, are not [ixed in absolule terms but are related to
the social, historical, political and geographical background. The concept of comfort

changes according to the period, region and social class.

Cntenia of total comfort depend npon each of the buman senses. That means the state
of comftort is also a statc of mind, which depends on (he psychological aspects of
human behaviour, and a person in distress is unlikely to feel cemfertable even 1o a
thermally agreeable environment. Human response to the thermal environment does
not depend on air temperature alone, Tt has been established beyond doubt that air
temperaiure, hummidity, radiation and air movement all produce combind thcrmal
effects, and must be considered simmltancously if human responscs arc to be
predicted. The sensation of comfor is also influenced by geographic location and to
long-term acclimatisation to a particular environment. Cultural differences account
for different preferences. Differences in socio-econemic conditions in the developing
countries are also said to account for differences m comfort sensations. In general the
variables of thermal comfort can be cateporized as environmental variables and

subjective variables.

2.3.1 Environmental ¥Variables

The control systems for achieving or mantaining thermal comforl have been
described without defimng limils within which comfort can be achieved without
strain on the physiological control mechanisms of the body. There are four factors of
thermal environment which affcet the rate of heat loss from the body and therefore,

thermal comfort.

2.3.1a. 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
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environment, If there is some form of simulianeous heat gain from the environment
(e.g. warm air) that also must be dissipated. So air temperature influences heat gain
or losses of the body through convection, radiation, and rcspiration, which affects
directly the comfort status of a person. The range of dry bulb temperatures (DBT)
wilhin which comfortable conditions may be established is approximately between
16 to 28°C, below 16°C excesstve clothing or high activity rates are required, and

even 28°C may be cool if activity ratces are low™,

2.3.1b Radiation and Mean Radiant Temperature (MRT):

Mean Radiant Temperature is an indicator of the combined effect of the temperature
of the surrounding surfaces, which affects the radiation heat exchange of a body. 1f
the MRT 15 more than a few degrees above or below air temperature, discomfort may
result. Dhscomfort may also be caused when the mean radiant teruperature is similar
to the air temperature, but results from intense mcoming solar radiation from one
direction and high levels of outgoing radiation to cooel surfaces in other directions.
Comfort is unlikely to be achieved if the globe temperature is above 28°C or below
I16°C and if the difference between MRT and ar temperature is greater than
5°degC.”

2.3.1c Air movement

Air movement affcets both the evaporation from the skin surface and the convective
heat exchange, depending on the moistire content of the air and the air temperature.
Wind speeds below {.1m/s may lcad to a feeling of stuffiness. Wind speeds of up te
1.0m/s are comfortable indoors when air movement is required, but above this level
discomfort and inconvenience increasc. Hair is moved, papers blow away and dust
may be raised. Ouldoors wind speeds of up to 2.0 m/s can assist 1n achieving comfor
under hot conditions, especially when the humidity is high * 5.0 m/s is the maximum
outdoor wind speed that is comfortable, but this limit is related to wind force rather

than comfort (see Apendix-4).

20

1

Livans, Martin ‘Howsing, Climare and Comjort The archilectural Press, Londeon, 14980,
Evans, Marlin ‘Housing, Climaie and Conyfort” The architectural Pross, Londor, 1230,
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2.3.1d Humidity

Relative humidity affects the rate of evaporation from the skin and through the lungs
whilc breathing. The relative humidity of the sumroundings 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 throngh problems of mould growth, mites etc. Whereas

low humidity can cause discomfort by the drying of mucous membranes

The Relative Humidity affecis the rate of evaporation from the skin and, values less
than 20% are likely to cause discomfort due to the excessive dryncss of the air; this
may cause lips to crack, eyes to become easily imtated and the throat to become

sore. Relative humidity above 90% feels elammy and damp.

The human body is sensitive to temperature, hurmdity, radiation and air movement,
At low temperatures no perceptible sweat 18 present, but as the temperamre rises
sweat increases, and the body, hke the wet bulb thermometer, becomes more
sensitive to changes in relative humidity. The skin, whatever the colour, 15 2 good
absorber of radiation and the body 1s sensitive to changes m mean radiant
temperature through a wide range of air temperatures. Increases m air movemert
increase heat loss from the body but unlike the kata thermomeder, the body becomes
moist with sweat nnder hot cenditions, and air movement increases evaporalive
cooling from the skin, as well as causing heat loss by convection. The conditions in
which comfort is achieved cen be defined by describing the combination of velocity
of air, its temperature, humidity, and radiation acting simnltanecusly. In additions to
these, however, the cffects of the subjective variables, specially those of clothing and

activities mmst also be considered in consideralions of comfort.

2.3.2 Subjective Variables

The sensation of comfort or discomfort depends primarily on the four climatic
variables discussed in the previous scction. Thermal prefercnces arc howewer also

influenced by a number of subjective or individual factors.

Fovans, Martin ‘Heusing, Climaie and Comforé" The Architectural Preas, London, 1930.
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2.3.2a Personal variable

Personal yariables relate to factors that are the results of human behaviour and habats.

The subjective or individual factors that influence thermal preferences are as follows

i.  Metabolic rate - Higher metabolic rates result in higher heat production, which
assists the ability to feel comforable when it is cold, while increasing the
sensation of discomfort at higher temperatures. The metabolism of older people
15 slower, therefore they usually prefer higher temperatures. Metabelic rate
increascs with activity level. The description of cemfortable conditions must

therefore be related the level of activiry and metabolic rate.

The heat produclion in a body varies with the overall metabolic rate, and
depends on the activities performed by the person. Human activity 1s classified
by the heat produced per square meter of body surface (from Dubms equation)
and is referred to as Met™. The scale of reference for human achivity 1s 1 met,
the metabolic rate of a pemson when seated (6Uwfmzj. The metabolic rateg for

SO0ME cOImmon activities are given m the Table: 2.3

Table: 2.3.2i. Metabolic rate of different achvities

Activities Wim* mel
Sleeping 40 .7
Reclining 45 .5
Sealed o0 1.0
Walking

Leisurely 104 1.8
Slow 115 2.0
fast 220 38
Reading 55 1.8
Writing 60 1.0
Lifting 120 2.1
Cooking 95-115 1.6-2
House cleaning 115200 2.0-3.4
Heayy machine work 235 4.0
Shoveling 135-280 4.0-4.8
Dancing 140-255 2444
Tenmis 210-270 in
Wrestling 410-505 7.0-7.8

{ Source: Mullick F H, *Thermal eomfmes for urban keuving & Bamgludesh * PhD theos (unpublished),

A thin person has a much greater body surface than a shor, corpulent person of

the same weight, can dissipate morc heat and will tolerate and prefer higher

L Markus amd Marris. ‘Building Climate and Erergy’ Pitnan, 1951 page-36
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temperature. As body proportion affects the Dubois equation, this also is related

to the ‘Met’ value.

ii. Clothing-, which can be varied at the discretion of the individual. The type of
clothing womn by a person forms an intermediale layer of insulation betwesn the
body and the exienor and thercfore effects thermal sensations. The greater the
insulation the lower 15 the level of cxternal lemperamre that a person 15 able te
feel coinforiable in. The clothing wom by a person can be convered 1 to “*Clo’
units to specify its level of insulation. The least clothing, which is likely to be
wom in the dwelling, 15 a pair of shors for men and a cotton dress and
appropriate underwear for women. This corresponds to an insulation value of
0.063m*deg C/W or. 0.5Clo units. A normal business suit, shirt and cotton
underwear corresponds to 1 Clo unit. The maximum clething, which could be
worn i the house without restricting movement fer normal household activilies,
15 Just over | Clo unit. A recasonable range to ensure both decency and

untestricted movement is taken to be 0.5 w0 1.0 Clo units.

Figure: 2.3.2-ii,  Col values for typical clothing.
{Source: Mallick F.H. *‘Thermal romfort for urbon Souning in Bomgladesh' PhIY thesis
[ petighed),

While sleeping, different values should be 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 mere than 2.0 Clo
units can be achicved. However, minor adjustments in the insulation vaiue of
clothing is often made o achieve comfort by, for example, leosenimg a te,

undoing a bution or furming up a collar.
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i State of heaith — This also influences thermal requirement, In an illness ihe
metabolic rate may increase, but the proper functioning of the regulatory
mechanisms may be impaired. The tolerable range of tempecratures will be

narrower and irregular.

iii.  Food and drink - Food and drink of cerain kinds may effect the metabolic rate,
which may be a reason for the difference in diet between wopical and arctic

peoples.

. Skin cofewr- It may influcnce radiation heat pain. The darker the skin colour, the

higher the radiation heat gain.

2.3.2b Historical and Social Varlables

The dwelling place, which was censidered as very comforiable to a group of people
of a specific time penod, may seem to lack in eomfor to their next generation as
time passes. For example a Moghal palace seemed a perfectly satisfactory
environment (¢ a nobleman of the sixteenth century, whercas it may be considered

unacceptable nowadays, cven for the less well-off.

A space may be perceived as very comfertable to a padicular social class, or a
society, while at the same time it inay seem to be uncomfortable to an olher society
or social class. The reason for this is that the expectation of comfort level vanes from
society to society, with changing in affordability, e.p. expectation range of thermal
level of higher-income gronp of people is not same as that for the lower or middle-
income social groups. It has besn observed that expectation range of thermal level
for comfort of higher income group is nerrower than that ol lower or middle-income
social group. In a parlicular thermal condition the people of agro-economic saciety
feel differently from the people of industnal society. People’s expectations nse as the

means to achieve comfortable environments come within reach.
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2.3.2c Geogruphlenl variables / Acclimatisation

Climatic conditions and therefore the environmental parameters vary from one
geogmphical location to other, Every geographical location hes its own
climotic/environmental  characteristic  and  the people of 1hat location
adopi/acclimatise according to that environmentnl charocter and they do not {ecl
comiontable in other geogruphical location with diflerent environmental chamcter.
Far cxample the people of cold arca rarcly feel comfortable in a hot geographical
arca. Different geogrophically located people feel differently even in the same
thermal condition. The reason for this is that there 15 physiological edjustment by the
body to minimise heat or cool siress, end this makes the body comfortable within

specific ranges of the environmental vanables,
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Again a person in USA may prefer an average room temperature of 219C in winter
but in the summer in the same place that person may find the some femperature
miher conl and would prefer o higher temperature. That is why it 15 obscrved, the
winter comfon zone and the summer comfon zone are not saome in the bio~climatic

chort of USA (Figure: 2.3.2¢). The major adjusiments made by the body to reach this
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state of acclimatisaton 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 assess the effects of climatic conditions on the body’s
heat dissipation processes, he is faced with the difficully of having to handle four
independent environmmental vanables simultaneously, and the wvanous subjective
factors. Many attempts have been maile and many expenments have been camed out
in order to devise a single scale which combines the effecis of these four factors and
somc include m addition the personal variables of metabolism and clothmg. Such

scales are collectively referred to as ‘thermal mdices™ or “comfort scales’.

The comfort hmits recommended in the lollowing sections of this chapter have been
denved from a number of different sources. The form in which they are expressed
has been developed after a study of different thcrmal indices, which have been
developed n order 1o combine the many environmental factors into a single
parameter. Some indices are based on subjective thermal sensation, while others are

relaled to physiological responses.

Some of these relate more readily to architects, while others are more relevant to air
conditioning and heating enginecrs or to professionals concemed with aspects of

human behavicur. A few of the most important are described m the following

paragraphs.

2.4.1 Effective Temperature

The Effective temperature is defined as the temperature of still, samrated
atmosphere, which would, m the absence of radiation, produce the same effect as the
atmosphere in question“. Whilst the Effective Temperature scale integrates the
effects of three vanables — onginally of temperature and humidity but the later form

included air movement- the Corrected Lffective Temperature scale also includes

Koenigsberger ©. H, Ingersoll T. &, Mayhew Alan, Szokolay 8. V. “Manua! of Dropical flousing
and Buildg ™, {Pan one - Climatic design), Lonegman Group Limited, Londen, 1974, Page-49
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radiation cffects.  Lffective temperature 15 one of the most frequently nsed scales of
thermal sensation, but it overestimates the eflect of humidity both at cool and
comfortable temperatures, and at very high temperatures (below about 20°C and
above 32°C).

2.4.2 The Index of Thermal Siress (ITS)

The Index of Thermal Stress is a biophysical model describing the mechanisms of
heat exchange between the body and the environment, from which the total thermal
stress on the body (metabolic + environmental) can be computed. B. Givoni
devcloped the Index of Thermal Stress, based on the quantity of swcat required to
maintain a skin temperature of 35°C. Comfort is achicved when the sweat rate is
between ¢ and 100 gm/hr. An additional check may be required to ensure that
sensible perspiration does not cause discomfort, by increasing wetness sensation,
when air movement 1s 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 tcmperature may be
used instead of air temperamre to take account of the mean radiant temperature of the
surroundings. These variables cover the range of conditions likely to he found in and
around dwellings in mest climates. llowever, the lower limit of air temperature,
where the ITS is reliable as an indicator of thermal stress, 15 20°C, below which

sweat no longer plays a part in the control of body temperature™,

2.4.3 Predicted Four Hour Sweat Rate (P45SRH)

This scale, which attempts to correlate subjective sensations and their physiologieal
manifestalions with climatic mcasnrement, is pimarily concemed with the objective
dotermination of physical stress, as indicated by the rate of sweat sccretion from the
body, by the pulse and by internal temperatire. The method of measnring the ratc of
sweating was doveloped during cxperiments carricd out for the British Naval

Authonties m 1947, intended to consider the special heat stresses experienced sea-

¥ Evuns Marlin, *Nousing Chimate and Comfort ', The Architecrural Press, Landon- 1980 p-22
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men. Mewbolic rates as well as clothing, air temperature, humidity, nir movement

and mean eadiant tempemture of the surmoundings were considered.

The sweat e scele was established on the basis of many difTerent combinations of
the above variables producing the same sweat rale, thus presumably the same
physiologicel stress. It scems to be the most relinble scale for high tempemture
conditions, but not suitable for temperatures below 28°C. The cooling effect of air

movements a1 high humidities is underestimated.

2.4.4 Olgyay's Bioclimatic Charl

It has been shown that under overheated-conditions, when low metabolic mies (light
activity) will already produce discomfort, the DBT values correlate much better with
subjective judgments than ET vulues. On the basis of this and similar doubts V
Olgyny emived at the idea, that there is no point in constructing a single-figure index,

as cach of the four compenents are cantrollable by difTerent means.
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He has consmucted a bioclimatic chart (Figure 2.3.4), en which the comfort zone is
defined in terms of DBT and RH, but subsequently it 18 shown, by additional lines,
how this comfort zone is pushed up by the presence of air movements and how it is
lowered by raduation. Although his conclusions are 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 communication®.

2.4.5. Neutral Temperature

Another entirely different approach to the definition of thermal comforr was
suggested by an examination of data collected in a large number of studies of
comfort, in a number of different climates”™. 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 exteraal
temperature, but the average of the internal and external temperamres to which the
individual is exposed). It was also found that the range of comfort conditions was
very consistent. This suggests that comfort 15 related to the temperature of the
environment at the specific time that comforl 15 required, or more specifically to the
average temperature of the environment which is expericnced over scveral days. The
population will in the latter case adapt to the environment to which they are subjected
by adjusting clothing, activities and by acclimatisation, The neutral temperature “Tn’

can be obtained from the mean temperamure, Tm, using the following equation:™®

Tn=255+ 05831 Tm

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

comforrable extends te a band width of about 4 deg C, around thermal neutrality Tn,

2
17

28

Koenigsberger Q. H, Ingersoll T. G, Mayhew Alan, Szokelay 8. V. “Manwal of Trapical Housing and
Burlding ", (Part ove - Climatic design), Longman Group Limimd, London, 1974, Page-5§

M. A. Humphreys, “Field Study of Thermal Comfort Compared and Applied”, Building Rescarch
Station Currecnt. Paper 7675, Garstion, Hertlordshire, 1975

Ahmed Z M. Assescmerne of Residentiafl Sitey in Dhake with Respect to Solar Radiotion Gaine" FhD
thests { Unpublished ). De Montlort Univensity in Collabomation with the University of SheiTield. 1994
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and that the centre of the comfort zone vanes linearly from about 16° to 31.5°C as the

average temperature experienced during the month varies from 16" to 35c?
2.5, Conclusion

Most of the comfor sudies quoted in this chapler have resulted form experiments on
subjects who ever used to climates largely different from that in Dhaka. Therefore, it
was felt necessary to find out the conditions by which Dhaka’s populations can

expenience comior. The following chapter endeavours to describe such conditions.

¥ DBvens Manin, ‘Housing, Climate and, The Architectural Press, London-1 %80 p-24
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Chapter Three
THERMAL COMFORT IN THE CONTEXT OF DHAKA

3.1 Intraduction

This chapter discusses the results of the field work on indoor comfort conducted as a
part of this research work. The objectives of conducting ficld investipation were to
identify the entena for comfort and the situations in which people fee! comfortable.
The field investigation was based on a survey of comfort judgments in different
ndoor situations and their comparison with measured temperature data. The random
sampling method has been used for acquinng comfort votes in this work. The
findings of this field srudy have then been compared with mcasured data to deline
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 later judged in relation with this study.

It has been observed and discussed in the pervicus Part one chapter one, that people
in Bangladesh expenience high temperatures and humidities for a maximum part of
the year and very high humidities in the monscon season. Because of long-term
acclimatisation to such levels of humidity, the delimton of thermal comfort for the
people in Bangladesh may vary from conventional definitions of comfort. The
objective of this parl of the study was to identify conditions, which imparn the sense
of comfort m the population of Dhaka

22 Methodology

The indoor comfert field investigations were eonsidercd during two assessmient
periods, the cool period {December-February) and the wamm period (April- October).
The stmdy subjects were of different age bands, mostly university smdents. Over a
number of days the subjects were asked to record their comfort sensations and
commespondmg values of personal and environmental vanables on forms provided for
this purpose (Figure: 3.2). They were provided with instrumnents (details in the

following section} to measnre the environmental vanables.



Figure: 3,2. Comfort Assessment Form for Investing Comfert Criteria.
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COMFORT ASSESSMENT FORM

Instruetions of Glling up the Comfort Assessment Form.

(RECORD OBSERYATIONS ONLY AFTER YOU HAYE DECK [N THE ROOM FOR NOT LSS
THEN 21 MINUTES)

Time: The nme of day or night when sensation is eing recorded.
Comlort condition; On o seale of -3 to 43 fill in the value you feel closest o

-3 -2 -1 | o +1 | +2 | +3

Warm hot

cold | cnnl ‘ comfortably cnn]| comfortahle | Comfertably warm

Air temperature: The air temperature of the spacc where you are. This can be measurcd Eom the Thgilal
Temperature: Humidiy Meter by clickiog wice,

ItH.: The relanve humodity of the reon, By chicking the same meter onee.
Globe Temperature: This by 1o be measured with 3 digits] thermmometer wilh the bluck ball on the semsor,

Clothing: Mention how are you dressed e.g. shin and mousers, pyjama punjabi | salwar kameez, saree, etc
Activity: Mention what arc you doing c.g. Sleeping, Reclining, Scated, Walking, cle

Air mevement: You don't have te measure s movement, When Lhe ceihng [an s on mention its spead as
SLOW, MEDTUM ot FAST and when Lhe geling fan 15 oot oo, menilly compare it with the speed of the
ceibng fan If there 18 no air movement mention WONE.

Locatio | Date | Time | Camf. | Ape| Sex | Temp | RH| G.T | Air | Clothing | Aectivities
n in the Yote . Move
House
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3.2.1. Instrumentation and Measurement

The air temperature and humidity measurements were made 1.5m above Noor level
with digital thermometers, digital temperamure-humidity meters provided for the
purpose (sez Pregamble section- P.4). The Globe temperamre measurements were
made by wsing digital thermometer with a blackencd 38mm Ping-Pong hall hounsing
the sensor.  Air velocity 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 Mcasurcments
Scale 1e. SLOW (air movement of sbout 0.15m/s), MEDIUM (air movement of
about 0.3m's), and FAST {air movement of about 0.45mfs). The comfort
assessmenis were made continuously at the homes of the subjects as they went about
their daily activities. As there were no cases of direct solar radation, this latter

variable was not taken into consideration.

Thermal sensations were recorded on the basis of seven-category scale after the
Bedford and ASHEAE scale of thermal sensation. In accordance with convention, it
was assumed that the middle three calegories (-1, 0, +1) out of the seven categoncs

accommudate the comfort range.

; i 2 ,,,m_,_ : :L":ﬁﬁ
Cold J Cool “"tnﬁffmtaﬁji’r'('m] :|'22! 1a

Activity and clothing levels were recorded as the main personal vanables, the
maximum value of the former being recorded as 2.0 Mect, while the maximum “Clo’
value did not exceed 0.5 Clo for both sexes. The other variables like ape, sex, and
location wilh in the room were not considered during analysis of comfort. All the

reading and the voles were taken only afler being in a place for at least 20 minutes.

All the information from the comfort investigation was placed m ¢harl form for

analysis (Appendix: 2)
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3.3. Comfort Survey Result

The measured air-temperatures and relative bumidity values were plotied against
each ather for all mmstances of comfort vote-1, 0, and +1 at the three different air
speed levels (Figure: 3.3.1, 3.3.2, and 3.3.3). The results show that comfort is felt at
much higher ranges of temperature and humidity in companson with studics in the
west. Without the presence of any air movement, the air temperature and rclative
humidity conditions for the three ceniral votes range from 25°C to 31°C and 52% to
G0%% for all activity {Met value upto 2) (Figure: 2.3.2i, in chapter-2} and clothing
{Clo value up io 0.5) ranpes (Figure: 2.3.2ii, in chapter-2). This range namows down
to between 25°C 1o 29°C for people dressed in clothes of insulation value not below
0.4 or above 0.5 Clo engaged in sedentary and light activities.

With slow air movement i.e. up lo .15 m's , humidity levels above 90% were not
deemed comfortable, though when air movement was faster, humidily fevels upto

about 95% were felt within the comfort range.

Figure: 3.3.1 Comf{ort Condition with no Alr Movement ( shaded area for (.8 to 2 Met and

03 to.5Col )
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Figure: 3.3.2 Comfort condition with no air movement and with air movement of 0.15m/s
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Figure: 3.3.3 Comfort condition with ne air movement and with air movement of 0.3m/s
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Figure: 3.3.4, Comfort condition with no air movement and with air movement of (L.45m/s

* With no air movement O With air movernent of 0.45m/'s
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But for faster air movement at 0.30 m/s when ceiling fan settings were at medium,
there was a rise in both the upper and lower limits of comforl temperatures by more
than 2°C. For higher velocitics of (.45m/s in the fast setting there was an appreciable
chanpge in comferl temperatures, the varations of upper and lower limit were more
than 3°C and the air temperature and relative humidity conditions for the three
central votes range from 28.1°C to 36.1°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 smdy was that there is a neticeable tolerance for
high relative humiditics, and in general that humidity tolerance vares with air
movement. In the absence of airfllow people felt comforiable with temperatures
below 28°C and humidity conditions up to 95%. Peopie also felt comfortable at
higher temperatures {31°C) even when the comresponding relative humidity was 90%.

However the effect of humidity on discomfort dimimshed with airfllow.

As a general trend n all siluations of the ficld study the globe temperature was lower
than air temperamre. 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
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construction and the floor concrete slabs have smooth Amshes which aceounts for
low mean radiant temperatures. This is probably more so in ground floors, where

there is the additional cocling effect due lo earth contact.

3.4. Conclusion

It 1s c¢lear from the discussion in this chapter that thermal preferences of the
population of Dhaka are of much higher temperature range than in the indusmalized
west. In addition they are used to high humidity values throughout the year. At high
humidity level, the population is accustomed to using fans to induce air movement,
specially when this is not available frem natural sources, or when cutdoor
temperature being higher than that required for comifort, outdoor air 1s discouraged
entry. The tolerance to high humidities is comparatively lower 1n still air conditions.
With airflow, relative humidities up to 95% is tolerated. The skin wittedness, which
results from high moisture content of the air, s a condition people are adapted to and

loose clothing styies and absorbent fabnes lessen its impact on comfort.

A little or slow air movement up to 0.15m/s makes very little differcnec to comfort
temperatures. The mean comfort temperature for this range is 2B°C. For higher
velocities of 0.3m/s and up to 0.45m/s the upper and lower limits of comforl
temperatures increase between 2-3°C and the higher limit of comfort temperature is
36°C. Relative humidiry therefore has not been found to play a major role for
comfort in Dhaka's climate. More imporant 15 air temperature, which is a deciding
factor to determune comford situation of an indoor space, and air movement acts as a

maodilier.
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Chapter Four

THERMAL BALANCE AND DESIGN STRATEGIES
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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, fatigne and recovery,
But 1t 18 esgential to recover the counterbalance of mental and physical fatigue
resulting from activitics of the day through recreation, rest and slecp. Unfortunately
the cycle can be disrupted by unfavourable environmental conditions, which results
in stress on body and mind, causes discomfort, loss of efficiency, and may eventually
fead to a breakdown of health. Therefore the overall environmental condition and
climate is a very important factor during space design. The architect/designer should
attemnpt to create the best possible indoor environment out of unfavourable cutdaor
cnvironment. Teo achicve this, one has to understand the overall behavioural
patterm/responses of a built-form under different climalic circnmstances, identifying
the most critical ¢limatic elements, which may be responsible for creating adverse
sivations. Given such an understanding, the architect or designer may find the

design strategies required to overcome the problern.

4.2, Thermal Balance

Before establishing the design strategies, it 15 useful for the architect/desipgner to
cxamine the heat exchange process, 1n order to determine whether the situation is
thermally balanced or not. This involves investigation of heat exchange process of
bunlt form, to determine whether or not the heat pain and heat 1oss is equal withan the
24hour dwmal period. This is an extremely imporant criteria for thermally
comfortable conditions, which ensures the conditions of thermal-balance. Thermal

balance exists if the following equation is maintained.'

N+0s+0c+ Qv+ Qm-Qe=0 {(all in Waltts)
Qi = Intcmal heat pain, from human bedy, lamps, motors, light, and appliances.

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



33

{Qc = Conduction heat flow throngh walls either inwards or outwards.
Ov = Convection heal flow wilh the movement of air cither inwards ar cubwards,
(Jm = Mechamcal heating or coolng.

(Je = Evaporative cooling.

Lvaporation can take place on the surface of bullding {z.g. a roof pool) or within the
building ( human sweat or water in a fountain ) and as the vapours are removed, this

produces a coohing effect.

If the sum of above equation is less than zcro (negative), the building will be cooling
and if it is more than zero, the temperature in the huilding will increase. But the

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

We can sce the potential for trading heat gain for heat loss through proper design
decisions. The thermal balance modcl allows the wvisualisation of how different
stratcgies increases or decreases certain heat gains or heat losscs so that they
approach equality. Before taking any strategies for increasing or decreasing of heat
loss/pain, it is csscatial to identify the vanables in the built-form, which influence

thermal balance. These are as follows:

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

b. Size, shape, crientation, colour, texture and material of the building surface.
¢. Size, shape, oncntation, colour and matenial of openings.

d. Lxternal features of the openings i.c. projections and shading.

e. Bize, colour and naterial of roof.

by |

The Site and 165 swrroundings.

g. Intermal space organization/geometry.

Particular design sirategies can be used to increase or decrcase ceniain heat gaing and
losses to approach equality between the heat gain/loss valucs on the thermal balance

sirategies.

a. increase/decrease internal heat gain;
b. increase/decrease solar heat gain;

c. increase/decrease envelope heat gain or ioss;

Koenmgsberger (3. I, Ingersoll T.G, Mayhew Alan, and Szokolay 5.V, “Mamual of fropical housing
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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 stratepies, or options, heat gain or loss ramifications
should be considered for each strategy. For instance, using day lighting to reduce the
internal heat pains from artificial lighting will increase the solar heat gain if shading is
not used. As this study is conducted 1n a tropical location, where high temperature and
over-heating of the building 15 the main problem, thercfore the discussion en design
stralegies will concentrate on thosc, which deal with heat loss and ways to decrease

gains.

4.3. Internal Heat Generated within Buildings

Intemal gains are generally dowminant, with lighting usually the primary source of
internal heat. IHeat of occupancy or human use 15 affected by the schedule and
intensity of use. These heat gains can be reduced by spreading the use of the building
evenly over occupied pericds to level loads end reducing the maximum size of

mechanical conditioning ecquipment.

For a non air-conditioned building, it is impornant to match, as much as possihle, the

activities with the natural cycle of lermperature Muctuation 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 ete, in the kuchen), refnperator, washing machine, drying machine etc. in
utility spaccs. Equipment can contribute a considerable part in the internal heat
gcneration process and it is an casily identifiable scurce of heat pain. In semc cases,
this heat may be exhausted directly to the outside. Unless it contributes to allowable
heat gam, “throwing away” heated air as exhaust may be more encrgy-efficient than
refrigerating and reusing it. These source areas can also be separated from main
activity areas by using buffer space in between, like bathrooms, slores, ete.
Altematively, such source areas can be 1solated from the main structure so that they

can not mfluence the main activity spaces.

and budding ", Pan one : Climatic Desipn, Longman, London and New York, 1975, p-75



55

Lighting, the most sigmhcant intemal heat gain specially in commercial building, is
the one most easily modified. Electric light is created by the superheatng of a
filament or gas. According to one study, in fluorescent Lighting fixlures, 21 percent
of the energy used by lighting 15 converled to light. The remaining 79 percent is
converied to heat and radiated from the fixture housing to the air in the occupied or
celling space. In the case of incandescent lighting fixtures, only 5 percent of the
Energy used by hghting is converied to light. The remaining 95 percent is converted
to heat’. Rclative proporticns depend on the type and design of the hxture,
Therefore, clectric lighling not only consumes energy to produce hight, but also
produces space heat, which must be offset by other heat reducing methods, even with
air-conditioning if necessary, when 1t doesn’t contribute to allowable heat gain, as is

the case in Dhaka.

Any method of reducing the amouut of electnc lighting obviounsly rednces power usc
for both lighting and cooling. It 1s common knowledge that lighting standards tend to
be geuera] and, consequently, over- conservative, stressing guantity over quality. It is
possible to reduce lighting levels signilicantly if good lighting design techniques are

used for specific environments, cutting down on quantity while elevating quality.

More dramatic conservation may be achieved 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 electne hght, whils
producing less heat, as various glazing and shading techniques can be used to reduce
the amount of infrared radiation transmitied to the space. Seme 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 surroundiug
conditions, adequale lighting levels can be achieved from 18 to 28 feet from the
window wall with no electncal hghting. Light ¢an also be provided by skylights and
light counts. In single story buildings, addition of day lighting introduces minimal

constraints on form, because skylights may be uscd. In multistory buildings, the

Koenigsberger O H, Ingersoll T.G, Mayhew Alan, and Szokeolay 5V, “Munual of fropical housing
and building ™, Pan one : Climatic Design, Longman, London and New York, 1978, p-77
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building configuration must be relatively narrow to provide habitable space with

natural light.

This configuration increascs wall-surface area relative to [loor area, and thus the

potential for energy transfer through the building shell is similarly increased. In

addition, 1t implies the use of larger plass areas with high U values. In other words,

maximum use of daylight may mean a corresponding increase in envelope heat

rans/1osses.

Design strategies: decrease of internal heat generations for thermal balance

By Decreasing Intermal Heat Gain

Reduce Lighting Use by Employing Day lighting, while resimicting selar gaim.

Increase window size

Locate windows high in the wall

Control glare with drapes, shurters, etc

Eliminate dircet snnlight, reflect into spaces

Slope walls to self-shadc windows and reflect light
Use heat absorbent or heat rellecting glazing

Use light colors on interior walls

Use automatic dimming controls on electnic highting

Separate and Increase Wind Exposurc of High Heat Gain Areas

Increase local velumetric and/or ventilation loss of internal heat gain areas
Izolate heat gain sources and areas from 1nain activity spaces

Separate heat gain arcas from main activity arcas by using buffer space in
between

Utilise therme-siphon effect for heat pain areas to generate wind [low through

main aclivity spaces.

4.4, Solar Heat Gain

Solar radiation is a major contribulor to heat gain. Building configuration affects the

amount of exterior wall area and therefore the available area expesed for solar heat
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gain. Exterior wall-to-floor-area rafios are low in a residential-scale buildings, and
high m a multistorey buildings. Building configuration is normally represented by

the two variables of “length-te-widlh ratio” and “surface-area-to-volume ratie.”

The impact of these two variables depends on the amount of exterior wall, the
percentage of wall area exposed to solar radiation {orientation) and on the material
composition of external surfaces. Perceniage of east and west wall arca is critical as
these surfaces receive divect solar radiation, at certain times perpendicular to the
surface. Consequently, for a given floor arca, solar gains can be reduced by reducing
the external surface-arca-to-volume ratio. In general, this means that taller buildings
or bulldings with a deep or wide floor arcas receive less external gains. For two
buildings with similar surface-area-to-volume ratio, the building with a smaller

length-to-width ratio has less external gain.

If external factors are the deminant forces, confliguration can dramatically affect heat
loss by decreasing the surface-grea-to-volume ratio. The effect 15 most dramatic on
small or residential buildings and 1s refatively true for both shaded and unshaded

conditions.

Solar radiation 13 transferred through the building cnvelope direetly throngh windows
and skylights, as wcll as indircelly through wall and roof surfaces. Like that
transferred through opaque wall matenials, the amount of solar radiation transferred
through glass depends on oricntation and the heat-transfer characteristics of the glass.
The amount of radiation transfer can be aflected by changing the transmission
characteristics or size of the glazed opening and/or using shading devices. Reducing

Lhe area of the glass is the simplest methed 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 ¢lements for shading

—  Drent building to minimize insulation
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— Conligure building edge to provide self-shading
— Provide shading devices to Increasc Reflectance
— Use smooth surfaces to reduce film coctficient.
— Use light colors to reduce abserption

— Usc solar film on glazing to reduce transmission

Increase Thermal Transmission Resistance

= Decrease U value

Increase Heat Capacity

—  TIncrease thermal mass

4.5, Increase Building Envelop Heat Loss

Heat 15 transterred indirgctly through the building cnvclope by conduction through
building materials, The rate of transmission depends to a large extent on the mass

andfor tramsmission characteristics of the material

Heat energy 15 absorbed by the wall and “heating up” to the outside condition takes
place belore energy is transferred to the mmtenor. This 15 also true for internal heat.
The stored heat 15 relzased to both the nside and the outside when ¢ither temperature
drops below the wall tempemmure. Heat storape 1s obviously an unwanted
characteristic when cooling is the goal, as the impact of both solar radiation and
ambient air temperature is prolonged by storage. The heat-storage aspect ol mass
also affects s use as a mechamism to resist heat transfer or to msulate. This can be
accomplished more effectively by resistance insulation usmg light weight insulating
materials. It is impertant to note that placement of the insulation may be as impertant
as the amount, especially in conjunction with thennlal mass. In hot climates,
insulation should be placed on the extenor side of a high-mass envelope. In this way
excess heat can be absorbed from intemal sources duning 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 source of heat gain, shading may be the maore

effcetive overall heat-reduction stratcgy.
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Nevertheless, there are important reasons why a relatively high msulation value can
be desirable. The performance of the bwlding during the entire year mmst be
considered, in any heat balance computations and in the adoption of insulation
strategies. Normally, the extent of insulation wil} depend on the need for redncing
heat loss in the winter. In climate where winter heating is not compared, like in
. Bangladesh, the role of insulation 1s relatively unimportant, compared to other

thermal strategies.

There 15 one more consideration regarding the optimal amount of msulation, and that
is heat transfer out of the building envelope. In buildings wath high internal loads and
sufficiently inoderate outdoor femperatures, 1t may be advantageons to allow heat to
transfer from the mside to the outside. Obviously the amount of insulation would

affect this flow rate, In this case reduced insulation may be beneficial.

In a passive cooling example, buildings may actmally reradiate internal heat during
cooler mght periods, In this sifuation, ingulation could delay positive heat-flow to the

outside.

Whereas air temperatures fluctuate noticeably on a seasonal and even diumnal basis,
the temperature of the earth 15 relatively stable. In swnmer, the earth 15 generally
cooler than the atmosphere; in winter, warmer. Therefore, 1t 13 possible to use the

relatively warimer and cooler earth temperatures to heat and cool a building.
Design strategies: increase/decrease envelope heat gain for thermal balance

Decrease External Heat Gain: (Summer)
Decrease U, Increasing Thermal Resisiance
— Increasc insulation on oricntalions reeciving excessive solar input
— Use double moof with exhausted air space in between
— Texmre surface to increase film coefficient
— Protect insulation where used from mosture
— Use operable thermal shutiers, which can be shut when outdoor air
temperature rise above comfort levels
— Use insulation for roof slab which receives direct radiation
— Create exposure to protecied and intmoveried extenor spaces, ke courtyands

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 inlermediale

levels, terraces, etc.

Decrease Infiltration when outdoor temperature is higher than required for comfort.

Minimize wind effects by orienting major axis into the wind

Sile near existing windbreaks

Locate entrances on downwind side of building

Reduce building height

Use impermeable exterior surfacc materials

Seal afl vertical shafts

Vertically offset or stagger stairwells, elevater shafts, mechanical shafls to
avoid chimncey cffect

Amiculate surface with fins, recesses, etc.

Decrease the Temperature Differential

Use water, fountains to encourage evaporative cooling and decresase heat
buildup

Employ highly textured surface to retard smooth flow upwards

Reduce paved areas in vicinity of building

Plant deciduous trees adjacent to building to mederate surface temperatures

Decrease Internal Heat Loss (winter):

Decrease U, Increasing Thermal Besistance

Increase insulation

Use double roof with ventilation space in berween

Texture surface to increase film cocflicicnt

Protect insulation from moisture

Use multiple-layer glazing with vacuum to reduce heat transfer

Use operable thermal shutters

Decrease Exposure to cold outside air

Reduce surface area to enclosed volume ratio
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— Consider below grade location for par(s) of the building
— Consider compact configuration (low length/ width aspect ratio)

— Reduce floor-to-floor dimension

Decrease Infiltration
—  Mimmurse wind effects by orienting major axis into the wind
—  Site near existing windbreaks
— Provide vestibules for entrances
— Locate entrances on downwind side of building
- Reduce building height
— Usc impermeable exterior surface materials
~  Seal all vertical shalts
- Verically offset or stagger stairwells, elevator shafis, mechanical shafts to
avoid chimney effect

— Articulate surface with fins, recesses

Decrease the Temperature Differential
—~ Consider below prade location
—  Employ highly textured surface

~ Plant deciduous trees adjacent to building te moderate surface temperatures

4.6. Tncrease YVentilation for Heat Loss

The cffcetivencss of namral ventilation, whether induced by wind, thermally, or
mechanically, depends on the total effect of air movement, temperature and

humidity.

Any natural ventilaiion system operates by inducing the flow of large quantitics of
air through the building interior. The heat capacity of this air will usnally be in
excess of any intemal gains generated by the building; that is, 1f ventilation 1z
sufficient to salisfy occupancy cooling needs, 1t 15 sufficient to remove most inlermnal

heat gains.
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Alr movement 1 created by a pressure difference, ie., air moves from a higher to a
lower pressure arca. That pressure difference can be crealed by climatic condifions
{(wind) and temperature diffcrenee, 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 relizble but mvolves a capital
machinery cost and operating expense, The use of fans is a common method used in

Dhaka’s residences to mmduce air movement in intenor.

Besgides wind, another inethod of inducing air movement is to utilize a pressure
differential ercated by changing the density of air through heating, Heated air rises
beeause it expands to a lower density per volume than cooler air. This means of
creating ventilation is not used in the context where purpose of ventilation 15 not

heating but cooling.

Confined 1n a space, this creates ar movement as unheated air is pulled in at the base
of the air column to replace the nsing, highter air mass. Ths effect 15 1demtical to the
dralt caused i the Mue of a fireplace, hence the name “chimney effect.” Any source

of heat (solar, waste, process, combustion} may be used.

Like wind, the *thermo-siphon elfect™ can be used only to mduce air movement, not
to change the temperature or hurmdity of incoming air. The effectiveness of the
gystem, or the effective termperature created, 15 a product of air temperature and
mmidity as well as velocity. Unlike natural ventilation, however, the system does
not regquire an unobstructed wind Now or 3 certain bwlding onentation. Depending
on the source of heat, this system could be used in an urban area where the prevailing

wind 15 obhstructed or reduced.

Wind flow generated due to thermo-siphon may be effective in achieving a cerain
air change rate, and ofien the inovement will net be strong encugh to be perceplible.

Therefore it may not have a direct effect on thermal sensation of occupants.
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Design strategles: increase/decrease ventilation exchange for thermal balance

Increase Heat Loss: {Summer)

[ncrease Bate

Increase ventilation rate subject to maximum tolerable level (limited by noise,
alr movement)
Oricnt operable windows to windward and leeward sides of the building to

induce cross ventilation.

Decrease the Temperature Differential

Shade air intakes during hot periods

Censider evaporative cooling

Consider operable windows to shut off ventlation dunng maximum outdoor
temperature and to encourage wind intake dunng cool peniods.

QOrient heat generating spaces surfaces downwind of main activity space

Consider prassy surfaccs 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 Ffilter
contaminated air for recycling

Periodically shut down the system for a short time if allowable

Cred:t infilwration toward general ventilation requirement

Place operable windows on adjacent walls to reduce through ventilation

Decrease the Temperature Differential

Increasc solar radiation at air intakes during cold periods

Transfer cnergy from exhaust air to incoming air

4.7. Decrease Stored Energy

Thermal Mass establishes the heat storage capacity of the matenals of a building,

The ability of a building to provide a predetermined thermal environment in the face

of widely varying exterior and interior conditions is thus due in part to its thermal

Mass.
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The distinction berween thermal mass and thermal resistance (mmsulation) 1s
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 mn the

first place.

There are vanous means of increasing thermal mass by introducing high-mass
material mto the building envelope or intemally in the space. Such materials can
store heat for several hours, causing a time-barricr between the building’s interior
temperature and the outside temperature. This phenemenon, called thermal lag,

allows for the storage of heat and its subsequent release into or out of the building.

Energy dilfusion or decrement factor 1s the change of energy directly related to time
lag. In summer duning the day, the wall may have an average temperature cocler than
the exterior surface and, therefore, absorbs thermal encrgy. At night, becaunse the
wall temperature is warmer than the outdeor air temperature, some of the heat is

reradiated to the extenior and never aflects the wall’s interor surface temperatmure.

The thermal lag of a building is subject to manipulation through choices of strucrure,
clesure, and materials. The desirability of high or low thermal mass is a function of

climatic conditiens, site factors, design interior conditions, and operating patterns.

The most common method of utilizing thermal mass is to store sensible heat in solid
materials and thus prevent or delay and diminish its cflects in the interior.. The most

common materials of solid mass storage in Bangladesh include:

- brick; - most widely used building matenal 1n urban areas of Bangladesh

- adobe blocks: - used in mud houscs of rural arcas

- poured and pre-cast concrete block; - only very recently being used in a few
buildings of urban Dhaka

- concrete-masonry units; relatively rarely used in the context of Bangladesh

Water, with the highest heat capacity per unit weight of any matenal, ¢an also be

used by the designer as thermal mass for heat storage.

The space itself 1s the collector of heat. Heat can he stored in the building structure
(floors, walls, ceiling). Conerete, brick, stone, and containers of water are elfective

for dirget thermal storage. For thermal storage to temper the interior temperature
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fluctuations effectively, it must be insulated on the exterior wall surface. Large
expanscs of paving, adjacent to the building can also act as a heat store and should be

considcred during design stage.

Design strategies: decrease storage heat gain for thermal balance

— Decrease mass to reduce stored energy

— Plan spaces with activity so that space is in nse when heat release is not
taking place.

—  Co-ordinate fime lag and activiry patiermn.

— 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 15 an
impomant criteria for comfort inside. So understanding energy [low in 4 building o
achicvc thermal balance is a major step towards reducing heat flow inside the

building and decreasing storage of heat,

To fully understand the energy imphlications of a design concent, the designer must
understand not only thermal balance, but also the utility loads and cost factors that

can help identify an overall design stratcgy for the building.

A thorough picture can be developed through the usc of logical energy design
process. The purpese of this process is to develop primary enerpy design strategies
and evaluate their potential. In order to evaluate the potential of energy-conscious

design strategies, their relative impact on energy use end costs should be considered.

This chapter has given a preliminary discussion on the design strategies involved in
achieving comforiable mtenors m Dhaka. However the exact sequence and from of
the design strategics of specific buildings is sitc and microclimate specific and will

be dea! with after further investigation in the following chapters.
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Chapter Five
THERMAL PERFORMANCE OF URBAN BRICK HOUSES: Physical Survey and
Findings

5.1. Introduction

Dhaka iz growing day by day for accommodating people, providing services and
other facilities. Both government and privatc companies have taken the intiative to
develop residential areas for accommaodating the people of the city. In few cases,
individual groups of people have also taken Lhc responsibility of developmg ther
own residential area and buildhng their own houscs. While there are some examples

where the areas develeped organically.

In this chapter, twelve houses from the different residential area in the Dhaka ciry
have been taken to analyse the observalions on occupant ¢omforl and thermal
behaviour {Case study form and data details in the Appendices-5 and 6}. The housc
were chosen on the basis of the building matcrial, orientations of rooms,
characlenstics 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 empineal evaluation of comfort and factors that conmibule
to thermal behaviour, The comparative analyses between the cases have reference o
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
gite a8 a contributor to indoor thermal behaviour and offer the potential of

comparison between different sites.

5.2. Methodology

The held works on thermal performance of residential building were made in
different areas in Dhaka city. The cases were selected from the different paris of the
residential areas of Dhaka city and calegorised following a reconnaissance survey on

the basis of certain considerations discussed in the following section. The ¢limate



68

elements those are regponsible for thermal comfort and the physical characteristics
were studied in the three seasons of a year, Hot-dry season {April) Hot-humid

season {Scptember) 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 sdies

»  The physical characteristics of the case studies

» [nstrumentation and measurement of clements of thermal environment

* The thermal perfermance of the case studies

5.2.1. Design Reference and Characteristies of Case Studies

The thermal behaviour of a building and the cermresponding indoor cemfort
performance depends on constriction materials, onentation, geometry, colout, site
surroundings etc. which can be manipulated to create a desimable internal
environment within a given climatic context. The matenals with which it is
construcied have a direct bearing on the internal thermal environment. The design
professionals can manipulate the structural and environmental vanables during
design and construction penod to achieve comforable interiors.

Tnitially twenty case studies were sclected for survey after which twelve cases from
among these were analysed considering the common building typelogies and other
features of similarties. Other than the buildmg itself, the selections consider the
character of site and surroundings. The possible espects considered, which aflect the

thermal behaviour of building interior are:

The site and surroundings

Space organization and uses

Onentation of butlding

Exposurc

Constrction details, materials, compositions, etc.
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5£.2.1a. Site and Surroundings

The sitc and its surrounding conditions can modulate 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 conscquently the internal
environment {which are discussed in chapter 2}. So the site represents the existing
immediate environment of the building, over which control through design is himited.
In considering those issues, sites in the case studies can be classified inw three

categories:

Dense site:

These are locations where buildings are very

close io each ether, the distance between them

bemng less than 2.5m and the ground cover in | g

q

Dense sile

somc cases paved, with only a few mees. Within

densc sites there are two sub-types in terms of

geometrical prolile; bwldings of similar height

as that of the case study ie. either of lower
height or taller buildings and combinations of
lower beight and taller buildings. The residential
areas in Dhaka city, which developed

organically, are found in this calegory; for

ol

Medium density site: Medium density site

example, Jatrabari, Basabo, Shajahanpur etc.

In these the buildings are spaced apart at
distances. The distance between bwldings are
within 2.3m and 4.5m. The ground cover is a

mixture of paved and unpaved. The residential

i

ST 1o PRk

areas in the oity, which wcre developed

according to rigid rules of planning, are found in

Open area

this category. For example, Dhanmond,

CGulshan, Uttara etc. Figure: 5.2.1a, Dilerent in site conditions
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Open site:

Sitcs where there are no buildings within 4.5m of the reference building fall in this
calegory. Buildings are placed on more or less open ground with little paving. Some
arc government residential colonies and buildings in the periphery of the city like

Savar, Jaidebpur, ctc.

There ig an obyious conmection between

the angles a neighbounng structure

makes with any given space, which ///%% %

affects sky wiew and consequently ¥ >0

diffuse and divect radiations. Often Figure: $.2.1b  Angle of Neighbouring
individual spaces can be judged to Buildings

belong to 4 site categery of density less than 1t actually is located in, if sky view is
high, angle with next building is low, for instance, top floor spaces in medium
density site can he catcgorised as open site, as the angle a neighbouring structure

makes with this floor is very small, allowing quite an exposure of sky view,

5.2.1b, Space planning and Use Pattern

The use patterns of different spaces were surveyed. These are displayed in the figure
5.2.1b. 1t shows that the general conditions of occupancy and space use in urban
houses are an important ¢consideration for the cvaluation 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. Tt is only in
recent times that urban woemen have been involved in gainful employment. As result

the house is rarely unoceupied at any time of the daily cycle.
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Domestic help for honsehold tasks is common. An odd rclative or guest in the house

is very common in the context of Bangladesh, sometimes permanently.

The bedroom is a commonly occupicd space in the house and its functions include
activities other than only sleeping. It is important for the house to be comfortable at
all times, particularly from latc afterncons throughout the might when most of the

household 15 at home occupying the bed rooms.

58.2.1c. Orientation

Orientations of the houses were considered as a factor, which influence intemal
thermal conditions. Tradihonally norh-south orientated buildings are censidered the
best possible ortentation of building with respeet to ventilation and direct radiation.
In cases of dense sites the direct effect of orientation is not so apparent. But its effect
on medium density areas and open areas was noticeable. Orientation of window wall

was found to be particularly significant.

5.2.1d. Exposure to Solar Radiation

In the urban area, the exposure of a house is considered as an aspect of influence on
thermal behaviour, Exposurc to radiation depends on the building orientation and
exposure angles, which in turn influence the thermal behavicur of building mterior
and thus thermal comfor. Top floors are exposed to radiation through the roof
whereas intermediate (loors have the insulation effect provided by higher floors,

while ground floors are subject to heat exchanges with the earth. Ground fioors have
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morc shading from surrounding structures and trees parlicularly in dense and

medinm density areas.

58.2.1e. 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 i1s higher in high mass

building compared to light mass building (Table: 5.2.1¢).

Table: 5.2.1e. Time Lag for Brick Walls Different Thickness
Thickness of wall in mm 123 250 Zh5* 4 1%

Time lag in houwrs 3 ] 7 11

*Hrick wall vath 6Tmm cavity Fpace.
Sasurr gz Ahnbed, Febun Maaresn “Assessmen! af Ressdortiol Sies wa Dhaker wak respeet b Solar Radiation Gala ™ PhD Thess

So the daily temperature swing will be less in high mass building. In the past,
residences of old Dhaka made the usc of heavy masonry construction with high
ceilings for getting better thermal environment, while in recent examples the trend is
towards lighter construction and comparatively low ceilings for saving cost. Most of
the recent building fabrics are of either 125mm or 250mm. Space with 250mm walls
showed performance markedly better than space with 125mm walls. Buildings using

250mm brick masonry were selected for the case studies as they perform betler.

5.2.2. The Physical Characteristics of the Case Studies

The final choice of the case studies had o consider the practical problem of
availability of the houses for the detailed measurernents, collection of thermal data,
and information 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 m all cases, cxterior walls of 250mm bnck masonry are window walls, except
casc-12, where the external wall in the west 18 not a window wall. All windews are
shaded by overhangs of about 50mm cr in some cases by extended verandahs

{Appendin-5). All windows had scenrity grilles, and in addition some windows had
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netiing (Table: 5.2.2). Mosi windows of the case studies had curtains, genernlly of

synthetic matenials.

Tehte: 5.2.2. Charncerlstics of Case stodles
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The walls were plastered inside and outside and exterior surfaces were painted with

white colour except Cose One. The interior surfaces of the moms were painted with

white, green, pink, or ofl-white colour, with white being the most common. The

ceiling fan is a common feature of all cases.

The window: floor area ratios vary between 0.11 to 0.17 and the aversge is 0.13

when the room had window on one side anly, while the ratio with rooms on two
sides varied between 0.20 to 0.37, the average being 0.30, No roem had air-

conditions
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5.3. Instrumentation and Measurement

For companng thermal performance of residential building of Dhaka city the
lemperature measurements were made in the twelve buildings at three different
penods of the year, the hot humid {in Scptember}, the eool {in Janmuary) and the hot
dry peried (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 1.5m above
from the floor level with digital thermometers, digital temperature-humidity meters
{(Prcamble Secticn- P.4). During the temperature measurement ting the indoor
temperature was taken by placimg “mdoor temperature sensor’ of the digital
thermometer in the center of the room and simultanecusly the outdoor tempcrature
wag taken by placing the “outdoor temperature sensor’ of the digital thermomcter,

outside the window (Figure: 5.3).

| sECTION
| ¥ |

Figure: 5.3. Placement of Indoor and Outdoor Temperature Sensor
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The Globe temperature messurements were made by vsing digital thermometer with
6 blackened 38mm Ping-Pong bail housing the sensor, Air velocity was measured by
Fan Speed Measurcments Scale that are SLOW (air movement is about 0.15m/s}),
MEDIUM (air movement is sbout 0.3m/s), and FAST ( air movement is sbout
0.45m/s). The comfon assessments were also made during the measuremnent period

of rooms of the case shudies end filed up in the ‘Case Study Assessment Form'
(Appendix-),

The climatic elements tha ore responsible for therma! comfort were measured in
three seasons of the year, Hot-dry seasan (Apnil) Hot-bumid season (September) and
Cool-dry season.

The day in April is representative of a hot day, when temperatures ore high and the
swing (between maximum and minimum) are comparatively large, the day in
September is a typical day af the hot humid period, the average temperature of this
month is slightly higher than the avernge tempemture for the season but the swing is
typicsl by low, in fanuary it is representative of a cold day in the cool period. The
avernge sir temperoture, mean maximum and mean minimum temperntures, and the

swing of each month are shown in the Table: 5.3.

Table: 53 Monthly Mean Masimum, Minimum, and Average Alr Temperature in *C

Cool-dry Hot-dry Hot-humid

Oct | Nov | Dec | Jan { Feh | Mar Apr [ May | Jun | Jul | Aug | Sep

Average Air Temp. ns[as|ws|mo]nz|eo|molwo|ms|mr|2nes| 288

Mean Maximum Air Temp. [ 310 ] 28 | 264 | 26.2 | 229 | 323 342 [ 32 f3re | na )30 (a2

Mean Minimum Air Temp. |ae2| 2| ns|as e f2ae]aenjass|262]2. f259

Swing {rojrosfuazfiafafnzsfiosfea| s [ 3]s lls,s
, - LW

Rrxcd oo metmmispen! ditn erlioched ot 10 yoir peened (1917905, Clhmate divinos, Banglsdesh Meteorologyol
Orpartrmend, Tonormriemt of the propie’s Repobitic of Damgtudesh

The temperature measurements were made in cach case for both interiors of the
surveyed rooms and the simultaneous exterior values within the respective site,
The thermal behaviour of cach case was then analysed on the obtervations of

followang aspects:
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a. The daily site outdoor temperature patiern as 1t comparcs with metrological data in

the three periods of the year.

b. The daily indoor temperature pattern as it compares with outdoor conditions n the

three periods of the year.

c. Times of the day when the house is warm or cool and how 1t relates to comfort

and with occupancy patterns.

d. ITow the exterior compares with the inteniors, whether conditions are better or

worse, and the related times.

&, Consistency of indoor conditions, whether thermal conditions vary over time 1.€.

the temperature swing in the measured 24hours penod.

f. The changes in indoor temperatures in the seasons; changes in cemfort conditions

in the spaces over the whole year.
g. The changes in indoor tcmperatures for spaces of different orientation,

h. The changes in indoor temperamures pattern with respect to different (loor-levels

of building.

i. The chenges in indoor temperatures pattern with respect to density of built-form

within the site.

5.4, Thermal Patiern of Dilferent Density Sites and Meteorological Data

The data was taken on three different dates { Apnl 9, 1993, September 7, 1993, and
January 18, 1993) for different categones of sites on the basis of (a) averape
temperatures, (b) the temperarure pattem during the 24 hour ineasurement period,
{c)patterns of vanation from the metcorological data as given by the differences
between site and meteorological data at three hourly intervals. The atm of the
exercise was to idenhify similaritics of behaviour between sites of similar
characteristics and to offer predictability of their thermal parterns on the basis of
meteorological data, The meteorological data used for comparisen were the ones for

the days corresponding to site iIneasureinents.
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Open Site:

In April tempermtures in open sites were found lower on average in comparison to
that of meteorulogical data. At the beginning of the dny the site temperature can be
significantly lower than comresponding meteorological data (by around 8degC}. This
difTferenice was lower during the day, and at night; temperatures ot site were close 10
or marginally higher than the metearological data. Both maximum and minimum
ternperatures of site were lower than meteorological daln and the swing was

comparable.

In September the open sites were cooler on avernge and consistently so throughout
the 24-hour period. The difference was nat large varying between 0.4 to 1.3degC.
Site nnd meteorological valucs at the beginning of the day {06:00 hrs.) was nearly the
same. Maximum and minimum tempersture wos close and there is nat much

difference in swing.

Table 5.4.1: COMPARISON OF METEOROLOGICAL DATA WITH OFEN SITE

TEMPERATURES.

000 [ 09RO | 108 | 1540 ] 1300 | 2100 ] @000 080 § Aver. | Maa. | Min | Swig
APRIL,

e e e e
WET 300 | B8 | A | 63 | B [ 303 | mI [ B0 JIH | %3 | 1] 94
SHTET | 246 | 325 | 341 | %0 | 37 | 322 | 1T | 163 | 303 | 360 | 36 | L14
-5[]’1'!:.\1!.[']1 - O e - mammmrmEr i EmiLaEEE
AR E RN R EREREE AR
STET ] T8 | 195 | 341 | 23 | W0 | DO | M3 | 3o | 93 | 323 | 138 | 47
BANGARY = —
ST T T B T gy W s 5] ] W
SITET ] V3| 0 | 242 | B | B2 | 193 | 123 [ 47 | B8 | @2 | 47 | 93

In the cold seasan (Januery) the sitc temperatuncs were warmer on average at all
times. In 1the moming {06:00 hrs.) the site condition was warmer by sbout 3degC,
afler that it became close to meteorological data and stayed up 10 18:00 hours and
then it. Minimum temperature was found higher at site and the swing lower, than

meteorological value,
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Moderate density site:

In sites of moderate density, during the hotter period (Apnl) the common trend found
was that site temperatures in the beginning of the day were cooler by about 6°C and
rest of the day and night it was warmer. The maximum temperature sl site was close
to the meteorological value, but the minimum was lower, resulting in a lnrger swing

ot site.

Table 5.4.2 COMPARISON OF METEOROLOGICAL DATA WITH MEDIUM

DENSITY SITE TEMPERATURES.

iu:m 0 fEI80 |15 | 13 lem”;m 2500 "D Asver. T Man T Min T Swing -

AFRIL
LETUE e ST et . =
MET il s k2N LR H 113 %1 271 319 | 363 .l 4
SITE-S ¢ 163 Mo e 5 L)W M0 7 .1 N4 LA oy 104
SEPTEMBER ——— o P

e B

R AR N RERE NI TR
T

SITES ¢ 240 N3 ns Ly A kY | n2 i na %1 1.6 .o

JANUARY

y 1_===—n_n—t_hl-lﬁ———ll-'!—

————— et B N = TN W B

TMET J V8 | B M2 | 15 L] W 28 jem] B | ]

: SITE.S | 148 e 353 173 nl 202 122 151 p. 18 2 TF] 114

In September temperatures of medium density site was very close to meteorological
datn during the moming at 6:00 hours nfter which site temperatures were warmer up
to 18:00 hours then it become cooler or close to meteorclogicnl valies for the rest of
the day. Moximum, minimum temperatures and the swing ai the site were very closc

10 respective metearological values.

In the cooter period {(January), there was variation in site behaviour during the day.
The site temperatures were warmer &t all times of the day compared to the
meteorological values. Both maximum and minimum temperaiures were higher ot

site, but the swing was relatively lower than the meteorological datn,
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Tabie 543, COMPARISON OF METEOROLOGICAL DATA WITH DENSE
SITETEMFPERATURES,

: ""“'”i Dé-id | 9:1t I'I!;ﬁ] 1500 7 15:00 | 11:80 l 000 ] 00 | Aver. l Mar } M { Swing
APHIL il
MET ] V0 [ BE | T [ %3 [ 3 [ i3 [ X[ |um FAN L
SITEA12 [ 243 f 238 | 332 ¢ 35 | 3 | s | Bs [ 282 | 298 | 31 | 243 | 1098

SEFTEMBER - T - ) ) P T T

UL

|
W am a aemamay w s I e me eoes oo

MET | 222 | KB LY 121 k|| 94 o B4 | 086 2L N 537
SITEA1D ;| 2% | 325 | 356 | 323 3l K I P2l Ps 71§ s B 14
A i
MET 1 Ny 1% M2 i) W0 143 14 128 1697 11 1 14

SITE-L2 L3 19.2 n: 1) Fi ) 192 173 132 ni 13 13.1 112

Dense Site:

During the Hot-dry season (April), in the dense sites, at the beginning of the day the
site tempemture can be lower by rround 8degC than metearniogical dats, wherens in
the aflemoon 1o evening it was marginally warmer than meteorological dats. But at
night temperature were lower than meteorological value, Both maximum and
minimum tempemtures were lower at site thon metcorological data with higher

swing.

With low diurnal swing in Septemnber, moming tempemtures at site leve! were close
to meteorclogical conditions, Where the sumoundings are of similor height, the site
conditions were generally close or warmer than meteorologicel conditions although
the measured location was gimost always in shade, Maximum and minimum
temperntures of the site and meteorological data were close. The swing in

tempernture wis higher by shout 2degC.

5£4.1. Caomparison Between the Three Slte Categrories

Temperature datn for the city from the ineteorological office being the common
reference, the patterns of vanations from it in difTerent kinds of sites offer 4 degree
of predictability on a general level for open and dense sites. In medium density sites,
becouse of differences in physical charaereristics the behaviour was found di\r:;sc.

and therefore difficult to genemlise for all three periods.
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Figure: 54.1. COMPARISON OF METEOQOROLOGICAL DATA WITH THREE
HOURLY TEMPERATURE AVERAGE OF DIFFERENT SITES
ACCORDING TO THEIR 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, 15 used, measurements at site took into account air flow and the
radiative effect of summounding surfaces. At site, direct radialion was reached at a
later time of the day because of shade provided by surronnding structures accounting
for cooler site temperatures in the mornings in the hot periods. In this peniod dense
sites were cooler almost always in comparison with other sites and medium densiry

gites werc warmer almost throughout the day {(Figure: 5.4.1}.




Figure: 54.2. COMPARISON OF METEOROLOGICAL DATA
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WITH THREE

HOURLY TEMPERATURE AVERAGE OF DIFFERENT SITES
ACCORDING TO THEIR DENSITY IN SEFTEMRBER
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In the bot humid period (Scptember) the pattern was similar for all the sites,

throughout the day (Figure: 5.4.2). In this period, diumal swing was found very low

and the lowest tempemture for all cases wns about 28°C, while the highest

temperature was around 32.5° C for oll sites. The swing was highest in the dense site

and the lowest in the apen site,
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Figure: 5.4.3. COMPARISON OF METEOROLOGICAL DATA WITH THREE
HOURLY TEMPERATURE AVERAGE OF DIFFERENT SITES
ACCORDING TO THEIR DENSITY IN JANUARY.
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In the cool period ( January) the early moﬁling conditions 1n all cases were warmer
(figure: 5.4.3). In the medium density site, rest of the day was found warmer than
other sites. In the dense site and the open site, it was warmer during the moming and

the night time, while during the day time from 1100 to 1500 heur it was close to

metzorological value,




24

5.5. Thermal Behaviour Pattern and Comfort of Case Studies

The comfort assessments are based on the discussions in Chapter-3. The condition
when Lhe air temperature range between 23-31°C with no or very low air movement
is considered a comforiable sitalion for people engaged in sedentary activity and
weanng normal summer clothing, Winter comfort assessment was not found reliable
becuuse clothings were used to offset the effects of low temperaturc. A summary of
thermal behaviour pattern both indoors and outdoors and the thermal comfort
conditiens of all cascs are given in tables 5.5.1a, 5.5.1b, 5.5.1¢, 5.5.2a, 5.5.2b, 5.5.2¢
and 5.5.3a, 5.5.3b, 5.5.3c, and the detaled daily & seasonal temperature patiern

graphs for each case is given in Appendix-6.

5.5.1 Open Site

Draily and seasonal pattern of thermal 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 momings until about midday alter
winch the mdoors are warmer. The length of the cooler peried of day inside the room
varies from scason to season, also depending on the moom orientation and exterior

surface area of a room.

The temperamure graphs in the Apendix-5 shows, dunng the hot-dry and warm humid
period, north oriented room {Case Study-03, Dining), and north-east oriented room
{Casc Study-01, Master Bed) are cooler than the exienor, aluost all timues of the day
and the daily thermal patterns are almost same. On the other hand the south-east
oriented roown (case study- 01, bed room) and north-west oniented room (case study-
01, Kitchen) and south-west oricnted room {case study-02, bed room-2) are cooler

than exterior only from Lhe early morning te midday, being warmer at other tmes,
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Table: 5.5.1aH. Summary of the Therma! Pattern of Diurnal Cyxle in Open Site during
HOT-DRY PERIOD (IN APRIL)
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Table 5.5.1bH, Temperature Date (in *C) for all Case Studles of Open Slics during HOT-
DRY FERIOD {IN APRIL)
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The thermal bchaviour pattern of different seasons are neliceable, in the hot-dry

period the temperatures are higher and swings are higher whereas in the warm-humid

pericd temperatures are lower and the swings are lower. In Apnl (hot-dry penod),

though the difference between exterior and interior is higher yet indoor temperatures

are higher than in other seascns and usually above comfort levels in the allemoons

and evenings, exceptions being north and north-gast oriented rooms (not m the top

floor, Table: 5.5.1¢). In Septcmber the outdoor lemperarure is lower and with less

difference between indoor and outdoor temperature, and the possibility of comfort is

better than April. Almest in all cases both in the hot-dry and warm-humid period,

indoor conditions from late night to morning are comfortable, but these condilions

differ according to the orientation and the exposure of the room to the exterior.
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Table: 5.5.1a%W. Summary of the Thermal Pattern of DHurnal Cycle in Open Sltes

during WARM-HUMID PERIOD {IN SEFTFMBER)

Caae Stody =01 (Ground Floor)

Dwy Awerapr. Trmp n 'L Sighl Averagt Temp T | Mo Teop. o | Vi Tomp i U Serkict
Critew | iiem DN, F Dk | Pl T o T et o | | B |
WePed | honth-Eaxt M4 0 1.r ks 2 by 315 91 7.8 1E4 A7 1.1
[/ South-Eart M4 i [K] X3 MA =13 323 31 F4A] Py a7 1.4
Faba | NbWes | 304 | 234 | 1 | &3 | D3 | D8 [ 323 | W1 | 778 | w0 | 47 [ 1]
Casr Stndy -82 (1" Floor)
Chey Averagr. Trmy b °C My Averer Tenp ™ | M Prack a'C § MBTep BT vy
Twilnw | Wiww | G2 | Ovemw | e ot ] i | Ovilew | bew | Oview | oo
Bed} ] SewtheWent | ) Mo L i F k] a1 ni 30 mi nr LY | 13
D3 | Exm Wi | M3 [ B | M2 [ 9 | 08 | 313 § 01 | HS | s i1 e
Case Study =03 (1% Floor)
Dt Averagr. Tomp I 'C WAy Tewph | MnTep T | MeTep T Swimyg
Coblem | Sl or Cullin | uina Cwiior | walowr | Owiiewr | iww | Oviieer | e
I..i\'h: St D4 o 41 pii ¥z -1.7 113 .G 213 1 30 12
ey ] Math M4 ]Il A7 15.3 .5 -3 113 nx 73 M 30 [ ]
Cuse Study -4 (Tap Floor)
[y Avprazy. Trmy b X2 Sight Aveengr Trmp ™ | Mat Temp iU | Min Temp. i 'C furley
Cvilswr ] hicm bE | tvilewr | Bl “ovinwr | e | Ovilewr [ e [ Ovme | e
el | S M3 3. a4 1835 X3 33 T M E 171 303 [T 13
Dectoy | Worth ;s ¥4 [N] k4 oo 1.8 1117 TN 1R Hi 49 1.1

L

Table 5.5.1bW, Tempersture Data (in *C) far a1l Case Studies of Open Sites durdng
WARM-HUMID PERTOD ([N SEPTEMBER})

Care Stedy =01 {Groend Floor)

600 | P00 | 130 | 1580 | 1300 | 2LAD0 | OO0 ) MO0 f BEOD | A May | Mo | Swiny

M-bed In door ne a3 il Fﬂl'i! nl nx n1 ni I'HB"I 54 | 1 | o L.l
- : J

N-B Oudoor | 108 | s | 20 farsjf o0 [ 20 | us | a0 J[mrjf 295 [ 05 [ D3| 43
Pl Indoor | 205 | B0 | 00 Lty 0z | 00 | pa | 25 [ 38§ 199 f 3 [ B ) 2e
SE Outdoor [ 718 | s | I pasjf w0 [ we | ns [ w0 [|osj ss |05 [ns] &7
Kichen | Tndoor | 0 | 32§ 23 641 300 | 25 | 23 [0 [|mo) 22 01 | ®[ b
N-W  Owdoor | 278 | 248 § 321 *”;‘UI oo [ Po | #s [ 2o |20 i[ IR ED S




Case Study =2 (1" Floor)
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DEO¢ | U906 | 12000 | 1500 | 1800 | ZI:0 | 000 | 0300 | 06:00 | Ave | Max | Min | Swing
Bed-2 In daor w1 | ozos | s [E3esE 3o | 305 | s | BT p0sq 29B | 310 | 17 23
i ] R
5-W Ouldoor | 265 | 30% il 1z %31,31« M5 | 2ms | 271 ﬁm:;ﬁ 2o | w3 [ w5 | sE
Bed-3 i sl a4 p Ewmes 292 | 101 | 2 .
- [t dowot 29§ 291 | 245 ggs;}_;”h 6| 202 | 290 | W3 5‘\:3.8?“ LR 1.6
E Out door | 263 Jik 5 31 55325;% me W7 14 nl ;2&:5?* P I [ NEF 5B
Ly LR o
Case Study —03 (1" Floor}
D6:00 | 090 | 100 | 0500 [ 100 | 2000 | Mk ) 0300 | D60 | Ave Max | Minm | Swing
Tav ing In duor W0 [ w02 | ws pEslag] 307 | s | 301 | 198 igﬂ:m_s; T EN NN EE [
5 Chat door | 275 | 300 | 317 [3:3283%d 05 | 191 | 245 | k4 ;ﬂ:rsa o5 | 333 | 175 5
Iuk g
Duung | In door FEREETH EDRGLEE R EREIRIED ZEE EER R T 1.3
AR cﬁp i
i Cutdoor | 275 | 300 | 317 %32.5,5 W5 | ML | w3 | n% EEMSR] o5 | 325} 275 £
JHkE 3L
Case Study =04 {Top Floor)
0600 ] om0 | 1200 | 1500 | 1800 | 21000 | O0:00 | 0300 | 60 | Ave | Muz | Mo | Swing
M=l In door s | Wi | Mo -I ? 313 | | ws | s ;m&‘sg WF | MB ] WE 1.3
2 Outdoor | 278 | 6 | 321 *3} &ﬁ a3 | 21 | 4 | 28D ﬁ;’;sri: 05 | 127 | 18| 49
s
Dming | [n door 298 | M2 | M0E Eam, s | 02 | woe | 298 [s2eR& 2 [ 311 | 0% 1.3
..... ﬂ %_;.-\.'.-_):‘-:
s ] Outdoor | 278 | 2906 | 321 (&3 "rfé"i 03 | 21 | 284 | XEo [RITHES 29s | 3T | 2TR | 49
o T

Case study-01, 1n the evening north-east oriented room 1%

and north-west oricntcd rooms are hot or warm in April.

comfortable but south-cast

Tn the cool-dry period for

almost all cases, the indoor temperature 15 higher than the exterior temperature from

evening to early moming, while in the afternoon the exterior temperature is higher.

The out deor temperature swings are higher than in mdoors. In cool-dry period and

warm-humid period, the temperature swings are very similar in all cases except case-

(04 as 1t 15 on the top foeor and has 1ts own distmetive cxposure.
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Table: 5.5.1aC. Summary of the Therma! Pattern of Diurnal Cycle in Open Sites
during COOL-DRY PERIOD {IN JANUARY)

Case Stody —01 (Ground Fleor)

Tray Aviraps Temp I 'C Ngot Avrn Templn '€ | M Temp.n*C | M Temp i U Swhiy

[F— Tl [~] [ [ = - Dplalle laar Gy I [ Ifr
WMbed | NorheEen | 305 | 707 | 82 | 172 | 205 | A3 | 243 [ 20 | w7 | WL | 93 | 09
Boed | Sowtwban | 205 § 220 | -L3 | 171 | 205 | A7 | 242 | 2285 | 147 | 212 | %3 13
Faes | NorD-Wes | 205 | 210 | A% [ 170 | 206 | 34 | 242 | 215 | 147 | 200 | %% 4
Case Study 02 (1™ Floor)

Dwy Averge Trmp in'C WA TepeT | Minlmab'C | MeTeexn'C Farimy

== [ [- 4 Coaalaalel il [ [ [ Coplef I Pttt [ ]
B2 | ScuthWest | 24 | 214 ' 178 | 212 | 32 { 260 | D1 | 145 | 00 | (AN | 11
Bed-} | Ean 108 | 201 | ha | 172 | 198 | 44 § 163 | 210 | (45 | 190 | 1L0 | ZD
Cnse Study =03 {(1” Floor) ‘

Day Avarvge Temp  'C Nighl Averzgr Trmp " | Mox Teop i 'C | Mo Tomp In'C Sriny

Ty e B R = it A oy e ey g g e g
Liviag | Sooth T3 f IS | 07 [ 151 | 2tD [ 13 | 265 [ 225 | 134 J 202 | L | 1
Dxxg | Nob 133 | 07 | 1.8 | IEX | 204 | 21X | 263 [ 200 | 154 { 200 § 0L | 1.1
Cnse Stody 4 (Top Floor)

Dy Averege Trmp b Sy Areragr Tomy 0 Max Tomp b °C § Min Temp b 'C By

Domber [~ L, [ - -] [ [ [ ) Crnlbiir aiinin
MR | Sorh TO0 | 04 | %6 | 151 [ 159 | 8 | 263 | 198 | 157 | 18y | W1 | 3¢
Demarg | Morb 790 | M3 | 1.7 | 181 | ISt | A T | L | L1831 | 173 | 1.1 | ¢

Table 5.5.1bC. Temperature Data (o *C} for all Case Studles of Open Sites during

COOL-DRY PERIOD ([N JANUARY)

Case Stody =01 {Ground Floor)

0600 | W00 | 1200 | 1590 | 15:00 | 2100 | G0N0 | W00 | 800 | Ave | Maz | Mam | Swieg
Mbcd |Tndowr | 13 |7 | M8 HB| %9 | 08 | ®e |[AC)[ 03 | We [0[RI} o9
Mo [Dutdoor | 137 [ WB | 2 LHY|L B | W3 | NS [[57jf 67 [ W8 | %3 [W7 | 99
Bed | indoor | N0 (313 | B LE3 | DO [ Be A3 fRIgAS U [A3 [BI] 13
iE Ouidoor | 152 e | M2 ‘_a:_.ﬂj “ 03 9% 175 5!4? ii 112 115 Nz | 1t L]
Kiches [Tndoor | D1 | WA | 110 318 |63 330 o8 (81 ) W3 | E | NS [NT{ 14
ol Outdoor | 132 1o | 4l FH.! Ilﬁ L 142 e M2 | HT LE]

Gl

.




Care Study =02 (1% Floor)

P60 [ WS | 1708 ] 1500 | 4290 | T1:00 [ D000 | OGN § bacMd | Awe | May | M | Swing
Bee-2 | [n door 00 | mé | 20| B2 FUIF RO § DS | A2 le FIENELN D
sw Outdoor | W1 § 1221 | Bé zu" ne | mi} | W i:ul "8 | 183 | M3 | 114
Ded} | In door 50 | 135 | 2] iz:n‘ TN IR TN LN d R ETINEIEE
E Cntdoor | 140 | 222 | 54 F.f" TR T B |:.1_!_th “ IR R !
Case Study =03 {1° Floar)

wea foovil Y 200 | LAMEO | 100 | 1o p 00D | B3N g 00 | A Mo | M | Swimg

e |Tndoox | ®1{ B9 | 26 23 | 2|25 0 | B4 [P3) 21X | o35 | Bl 1
5 Cutdoor | 135 § 219 | 243 ‘n.:. T EEIRETE rm, 01 0 M3 | 1A ILE
Chning | In door NIRRT 1:1.1 WA | me | 204§ M ﬂ:m:- TR EEN LR
N Outdoor | 1S3 | 29 | 13 Im{ M RE TR EH “_u.l T REYE R EE
Cate Study =04 {Top Floor)

WeO0 | P00 | 120 | LS00 | JE80 | 110 | MO0 | @380 | D6dd | Ave | M | Mu [ Swheg

MBod | [ door s ns pnd nij nry§ w0l :u] W3 | 200 } 159 | WX | 34
Ot dooe | 135 ] IS | M3 EIS.’!H T [ My ] oIwe HI},I‘ TERE: TR ESEEHENIE

Dty | 90 door TONETLE T - BN B T A IO T 173 $
N ] MW PRl f ILL

Ot oo 153 I3 | 2 |HJ| i L] ll!.l l [FX] T

The thermal behaviour patterns of rooms in same oricntation with difTerent Moor are
very significantly difTerent. Rooms in the ground floor are comparatively cooler than
rooms in the other floors and during hot-dry period the tempermiures and the swings
tre tower. Thermal behaviour pattern of rooms in lhlt: top floor, are just opposite to
rooms in the ground floor. The rooms in ground floor are more or less comforuble
all 1ke time and the rooms in top floor are uncomfortable all $ime of the day specially

in the afternoon, evening and carly night.




5.5.2. Medinm Densily Site

Dzlly and Scasonal pattern of thermal behnvlour
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In April spendix-5 shows that the temperntures inside all houses (1" floor level) in

the Medium density areas are cooler than the exicrior, nlmost the whale day and

night except south-west oriented room (Case-06, Bed room=2). In this casc, indoor

temperature are cooler in carly momings until about midday, afler which the indoors

ore warmes. The survey dala #lso shows that, compared to the outdoor temperature,

the length of the cooler period inside the room of a day varies from season to season,

depending on the oricnwtion of the room and exterior surfuce ares of a room.

Table: 5.5.2aH. Summary of the Therma! Pattern of Divmal Cycle in Medium Density

Sites during HOT-DRY PERIOD (IN APRIL)

)

Case Study —0% (1 Floor)

Dup Avireps. Trmg b *C Nt Averspr Temp i °C Mu Trmp B | M Teepn'C Swimg

Ovdbee | b | D - ] [~ (=1 Copbr | bimbin | Gy | oW | Oubiwar | iedew
B2 Sty fi 1] M4 19 Filk s [ R e kLA 61 i %8 108 %]
Ded-] 3 SotheFan Mui HE) 71 Fi ) b 1 [ R ] a9 154 4.1 b3 104 &9
P-4 3 MirthEan Hi i 73 1kl X2 i [ %) B9 Joo Fi % 6.0 10ne 41
Case Stody =08 (1" Floor)

Dwr Avrrage. Tompin °C Nght Avragy Temp in *C ] Mat Temp la'C i M Temp In T bty

= [ = .4 Cwlimyr lin' o [ [ I - [ Dhlnfapr T
MBol | SoutheTatt 524 14 14 s by B 04 M9 332 FLE] x4 11,4 [ %)
Dad-1 | Sooth-Wet | 3280 | 1S | 1.} oL i) -lx e | MO 135 o 1A &0
Dad-1 | Exnt | EFE | o B I 13 »3 a3 3 »9 ns 151 1 114 6
Casc Stady —07 {1" Flear)

Ty Avirege Templm °C Xighi Averegy Tomp I T Mo Temp @ | MiaTrapn'C brring,

e miegly [ — [ Cublir § il B [ T - | Wbow | Dumwer | wtuer
Bed-2 Eewuth-"W 1l 114 ni: | &) N4 oA =11 151 M1 143 12 103 19
Doy | Wont 3T ni 1» mi >t i s 115 155 ns 104 4
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Table 5.5.2bH. Temperature Data (in ‘C) for All Case Studies of Medium Density
Sites DURING HOT-DRY PERIOD {IN APRIL)

Case Study -5 (1% Fluor)

Do | 0 | 2ol | 15000 | 1M | 210 | 00D [ 0300 | (WO ] Ave Min Min | Swing
Bed2 | Indoor 5 | a4 | JLE | 350 | 322 | Sl | 2BE | 08 | 2t | 298 | 33§ | 264 3
5 Ouldoor | 255 | 340 | 360 | 365 | 352 | IL0 | 297 [ 21 | 265 | 314 | 369 | 26 108
Bed-2 In doer 250 3 ns kX 1.0 nl g 4.5 28 a2 e 2a.5 50
S-E Outdour | 255 | 340 | 364 | 365 | 352 | 30 | 297 f61 | 165 ) 314 | 369 | 264 10.5
Bed-4 In door ) an? 85 o0 PR ] 9.5 N 280 26,8 8.2 £l a0 4
N-E Cutdoor | 265 | 348 | 36% | %65 | 352 | 318 | 247 | 261 | 265 | 314 | 364 | 5 08
Case Study 06 (1* Floor}

0600 | 000 | 120 | 1500 | 1800 | 21:00 | DB:00 | 0%00 | 06 | Ave | Max | M | Swing
MBel | Indoor 68 | 2 | 31 | 32 | 3301 | 32 | 95 | 265 | 268 | 298 | 331 | %5 67
3-E Ot door 55 11 180 36,0 ns i) o1 Al 15 309 a4 15,5 114
Bed-2 In door 21 na 1n 354 MO 132 E3R Tl i 3.8 | 340 1.1 £
8- Outdoor | 255 | 321 | 365 | 360 | 333 | 318 | 301 | 270 | 255 [ 300 [ 369 | 253 14
Bed? | Imdoor | 257 | 302 | 310 | 315 | 292 | 280 | 265 | 250 | 257 | 281 | 15 | 23] o
k Oucdoor | 253 | 321 | 369 | 360 | 135 | M5 | 300 | 270 | 255 | 308 | 8¢ | 35 | 14
Case Study 07 {1¥Floor)

0600 | DEOl [ 120 | 1Sak | LS00 | 2100 | 00300 | 0R0 | 0600 | Ave Min Ml Swing
Bed-2 In door 8.5 anz 1135 330 341 3%5 I 4.2 5 30 41 iz 59
SW Outdoor | 255 | %23 | 181 | 358 | 333 | 32¢ | 290 | 2.1 | 255 | 306 | 358 | 255 | 103
Dnicg Tn door IR0 5 30§ L3 32 340 295 e 2543 Jog X3 ng 4 &
W Ol door 255 323 iz 18 KR 320 0 Il 55 a6 5% 233 k!

In April (hot-dry period), though the difference between ouldoor temperature and

indoor temperaiure is higher yet indoor temperatures are higher and usually above

the comfori levels in the aflemoons and in samc cases in the everings, except north-

egst.

Tn this period the indeor temperaturc swings are higher and these vary between

4dcgC to 6.9dexC depending on the orientalions. The day average temperature

mnside the house is lower than the outside temperature and during the night the

avcrage temperature inside the building is very close to oulside average temperature.
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In this period, the difference of indoor and outdoor maximum temperatures are

comparetively higher than that of warm-humid period.

During warm-humid period, in the medium density sites, both tcmperature values

and the swings are lower compared to those in the hot-dry period. In September most

of the houses are warmer inside from evening to moming, but during afternoans

these are cooler instde in all orientations. The outdoor temperature is lower and

though 1he difference between indoor and outdoar tempernture is also lower, the

possibilities of comfort in this period are better than in April. For almost all cases

both in the hot-dry and warm-humid periods indoar conditions are comforteble from

late night o early moming, ¢xcept in rooms facing south-west and south-east.

Table: 5.5.20W. Summary of the Thermal Pattern of Diurnal Cyele in Medium
Denslty Sltes during WARM-HUMID PERIOD (IN SEPTEMBER)

Case Study 05 (1™ Floor)

Dy avetipn. Trmpla 'C Nighl Avvesps Trmp I 'C Mai Trmp m'C | M Temp ' [

Oy | o on Guline | Wicar ] et Conlowr | el ] Oubew : tew | Oviiewr §  lier
Bed-2 | Sowia ni -1 12 nli Fid ] I -1.3 R kK 270 Fe ) LX) 1.6
Bed-§5 | Sowth-Eas LT nl [ K] il Ful I -1.7 1A iLe 7.0 Ma 34 L&
Bed-d l NowrtheFaxt 32 »i 1 H s L) I i 12& ik 7.0 5.1 LT (I}
Case Study 06 (1% Floor)

Duy Average. Tmp ln 'C g Avirgpe Temp I *C Mo Temp T [ M Tomp = 'C Sniny

Gy ] Vit ey Calaivet | Inthor [ Cobr | bolest | Qeblicr § I | Osbiner | dmiewr
M-thted f Sy met i byl 06 FYE ] M0 «1.% 1112 10,1 171 LR 51 15
Bl | SoctirWerl | 309 | 297 | 04 | 215 | 1% | -2 [ B2 | 308 | v | :E | s | AT
Bl | Eo X1 Fed ) [ A ni m A4 12z Fal) 171 i 1 [ ]
Case Study =07 (1" Floor)

Day Averape. Trmgp i 'C Night Areregy Tempia | Mo TrapnC | Malma e 'T S by

Cviwer | b | O [ ] o O | O | b | Qe | dewr | Cuiew | dec
Ded-2 | Sowth-Wen o Mi at us I X3 = Jia na s Py ) 45 14
Mg | Wen o |-M35 13 Ha I b, 1 .7 124 Xl na InK 49 1.4
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Table: 5.5.2bW, Temperature Data (in "C} for All Case Studies of Medium Density Kites

DURING WARM-HUMID PERIOD {IN SEFTEMBER)

Case Study D5 (1" Floor)

B | pmpg | 1Zaw | iS00 | 18:00 | 2000 | MDD [ 03uM | G [ Ave Max | Min | Swing
Bied-2 In door Pk Pk 300 38 gl 98 pack 03 81 ks ng 4. 1.6
35 Ot doar R0 113 L6 ns e s 181 274 150 08 14 7 5.5
Red-3 Inn oot FL ] anag ElIE o s EDA | 208 244 ms Jog LG 94 1.6
5-E Cut door | 323 E4.] 35 08 M2 31 n 8.0 IR 126 ara 55
Bed-d In door B3 258 ] 208 M5 29 283 k1 283 s 08 2B 1.7
~N-E (ut door 2880 323 324 3Z5 0k 92 251 T 280 29.8 32.6 on 5.6
Case Study =06 (1* Floor)

Moy | 0500 |o1200 | 15200 | DG | XMcO | G000 (0300 [ 06D | Ave Max Min | Swinyg
hd- (Gl in door bl 292 298 na pk %l mo 288 WG 42 3.1 JEE 1.5
5E Ot door .} 29.5 320 332 L] 1749 ] | 1113 259 kra Tk 5.1
Bed-2 In door 8 P Al 19E 04 ns b0 FL ] 09 2B & 9.3 JthE e 17
b Ot door T3 o 3240 322 FL] 279 273 A T3 8.0 322 arl 5l
Bed-3 Tn door 50 mn 94 20 & | 225 281 274 0 286 236 iTs 1.4
E Dt dowor m3 s 2o il M5 g s .l T3 289 1.2 ] 51
Case Study —07 (1" Floor)

G | 0900 | 12200 | 0SB0 [ 1R:0d | 2100 | 00D | D300 | 063k | Ave Max Min | Swing
Mel-2 In door 5 0% 0.l s I3 3 kiR 11 208 Nz 313 ] 1.8
5w {ut doar 185 | 314 I 20 14 iz 0 il 173 1.5 ik 324 215 4.0
Thmarte. In dowor Mk 1 2923 I ns 29.8 .2 . ) 90 HE 294 302 IR E 1.4
W Cutdoor | 282 313 i 3240 324 ng 0 28] N ! ns Mo ] 324 s 49

In this period the indoor temperature swings are noticcably lower than outdoor swings

and these vary between 1.4degC to 1.8degC depending on the onentations.

During the

day, indoor average temperaturcs arc lower than that of ouldoors, while the average

temperatures during night arc higher than the owldoor night average temperature. The

difference of indoor and outdoor maximum temperatures are very low and varies between

1.8degC o 2.8degC.
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During the cool-dry period in January, mosi of the houses in the medium density siics are

cooler inside from latc moming to evening. but during the night and carly moming these

become warmer than outdoor.

Table: 5.5.20C. Summary of the Thermal Pattern of Diurnal Cycle in Medium

Density Sites during COOL-DRY PERIOD (IN JANUARY)

Case Study =05 {1™ Floor)

Day Average. Tomp I 'T Night Aorerape Trmp i T Mut Temp m"C | Min Trwp ' Suhuy

[ =] O | Ouicar | o ot v | i | Owdewr | elewr ] Oviewr | mewer
Bod-l | ewth N4 N | AT 178 | 207 | -19 | 12| B30 | 48 | 204 114 13
Brd] | South-Exm | 213 | Il T 1T7E | T { 1% | 172 | IMT | 4B | 202 § 124 1
Bed4 § North-bast | 213 | 153 11 178 | LAS § 07 |} N1 | Mol 4% | 178 ] 114 13
Case Study —046 (1" Floar)

Doy Averege. Trmpim °C Nght Averops Trmp in C | Mo Trmp in*C § Min Trmp i *C Swrlag

Gutiow | MbT | OF | Oswe | b | D [ Owilete | Wi | Guiiws | Wowr | Ouminer [ ininer
Whed | ScohTat | 1785 [ 374 | &4 | DX 1189 | A7 | 24 | g TN 136 | 123 Al
Ded-? § Sooth-Wemt § 128 | 877 | LI 132 ¢ 1793 | <4 | 24 § W0 | 1] 161 123 1%
Bed-} 1 Extt 175 1L} s 13.2 187 -14 i 155 1.1 134 123 15
Case Study 07 (1" Floor)

[wy Avwtwpy. Temp ln 'T Nighn Avorspe Tomp in °C Mar Temp T | Min Temp Sming

Cower | bwww | DR | Ouiew | ieber =] el I R I e
Dedl [ SocteWen | 213 | N6 | &Y | I8s | NS [ AT | 265 | MO | 141 193 | L14 41
Doy | Wens | 213 ] 212 | 168 | NS | 47 L% s 141 1% 114 an
Table: 5.5.2bC. Temperature Data {in *C) for Al Case Studics of Medium Denslty

Sites during COOL-DRY PERIOD {IN JANUARY)
Cawe Srody -85 {1 Floor)

SO0 F 0RO | 1200 | 150 | IBD0 | ZI0 | W00 | maey | M | Ame | Man | M ] Swing
Bod-2 n dowor F o N8 ] s | Do | L8| DO o MI | M M| I 10| MI 19
5 Outdoor [ 146 § 220 [ 135 | 272 [ 220 [ 103 0 183 | 151 | B | 200 [ 22 | 4K ] 124
Bed-} n door W2 o oAy Ly N Dby P LR ) NA ] Mk | 4 f M)A B2 | N2 13
5F Outdoor | 143 § 20 1 235 F 172 | 221 | 2 7 1L | 101 | 143 | 200 ) 02 | M| 124
Bed<t | !ndooc B0 § 196 ] 195 § 200 | 188 | 191 3 A3 | g3k foIt8 | 128 ) My | 1T ] 13
N Cutdoor | 148 § 220 F 235 £ 272 ] 220 | 22 1 192 | W1 | 180 | 2 ] Ny | HE § i2e




Case Study —06 (1" Floor)
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06:00 | 09:00 | 12:00 | 1500 | 1800 I 21:00 i 000 | 030 | Dang | ave | Max | Min | Swinp
M-Bed | In door 156 | 165 [ k2 | & | 1Bl | 176 4 17D | e | 15 f LTL | LEE | 154 3.2
5E Ourdoor | 115 | 155 | 12 | 4 | oes {148 | 40 [ o | s | 1se | na | ot 23
Bed-2 1n door Wl | 164 | 176 | w0 | LBE | LBD | LTS [ 16 | 1&1 | 174 | awh | 141 10
W Outdoot | 105 | 155 § o192 | 34 | s | 45 | 40 | 1LY | 115 | WAG | 23a | 11 123
Bed-3 T door 156 ] 168 | 180 | 185 | »75 | L6 | E58 | 152 | 156 ] w66 [ 185 | 156 20
E Outdoor | 114 | 155 | 192 | 234 [ 185 | @3 [ &0 | 11 | J1s | 156 [ 234 ] 1L 12,3
Case Study 07 (1*Flouwr)

0600 | 0080 | 12:00 | 1500 | 1300 | 200 | 00 | 03000 | 06:00 | Awe | Max | Min | Swing
et Iz door 19% | (89 | 206 | 235 | 240 | 235 | 220 | 200 | (9% | 205 | 240 | iw8 4.2
5-W Outdoor | 141 | 89 [ 23 | 285 | 218 | 190 | 174 | 3 | @41 | 190 | s [ 4] 12 4
Dinng | In door s [ 1eg [ oz | 230 | 235 | 224 | MaA P 20 [ 095 [ 211 | 135 | 195 4
w Cutdoor | 141 | 189 [ B3 [ 2838 | 205 | 1ol § 190 | W3 | 141 | 190 [ 5 [ 141 124

In this pericd the indoor temperature swings are lower than cutdoor swings, and

these vary between 2.3degC to 4.2dcgC depending on the cnenlations. The indoor

lemperature swings are also lower than the swings in the hot-dry period bul higher

than the indoor swings of the warm humid period. During the day indoor average

temperaturcs are very close to the culdoor average temperaturcs, whilc the average

temperatures during night are higher than the outdoor night average temperature n

all cases.

5.5,3, Dense Site

Daily and Scasonal pattern of thermal behaviour:
During ithe hot-dry period in Aprl Apendix-5 and table 5.5.3bH show, the

temperatures of almost all cases {1¥ Mloor lovel) in the dense sites are slightly higher

in the very early momming than outdoor temperature, and during the rest of the day

and night, cocler than ihe outdoor. The data also shows, the thermal behaviour

pattern of moom of all orientations in this perind are very similar, except sonth-cast

and norh-cast oricnted rooms. As these rooms starling receiving solar radiation from

early morming, in the aftemooen they slart with an initial lemperature warmer than in

any other rooms. The day average mdoor lemperature in this season is lower than
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outdoor and the avernge termperatuce at night is very close to the outdoor temperature
{Table-5.5.3aH).

Table: 5.53aH. Summary of the Thermal Pattern of Diurnal Cycle in Dense Sites
during HOT-DRY PERIOD (1IN APRIL)
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Tahle: 5.5.3bH. Tempernture Data (in *C) for all Casc Studics of Dense Sites during
HOT-DRY PERIOD (IN APRIL)
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The indoors swing of the all cuses are very close to each other, (he exceptions being
north-gast orented room in case study-10, south-east orented room in case study-11
and the south griented room in case study-12, because the east side of the first two
room receive solar radiation from early morning, and the south oricated room in the
case study-12 has a solid wall in the west, as a result of which it receive solar

radiation from the west in the altermoon.

The thermal behaviour pattern of rooms in the top floor (case study-09) is markedly
different from that of moms in the other floors in all seasons. In Aprl (hot-dry
season) the indoor average temperature during the day and night of the top tloor in
differcnt oriented Tooms arc higher than ouldoor tcmperature and the indoor
maximum temperalures arc higher than the outdoor maximum, specially in south-

cast, south, and south-west orienied rooms (Table: 5.5.3aH).

The indoor temperature swings in top floor arc noliceably higher than the indoor
swings of the [irst floor. The temperature valucs of almost all roems (top floor) are
higher in all times of the day except is the west cricnted room in the casesudy-09.
Here in the laie mornings, the indoer is cooler than the outdoor until about midday

when the indoors are warmer.,

During warrn-humid period in September Table-5.5.3b shows that the temperature of
almost all cases (1% Moor level) in these areas are slightly higher in the evening to
gatly in the moming than the outdoor temperature, and dunng the afternoon, indoor
is cooler than outdoor. But the swings, both outdoor and indoor, are lower in this
period than m the hot-dry. The indoor thermal behaviour patterns are almost the
same in all cases irrcspective of orienlations, and indeoor swings vary belween
3.4degC 1o 4.5depC with most of the cases just above 4degC. The day average
indoor temperature in the wann-humid season is lower than the ouldoor average and
the average tcmperature at mght is markedly lower than outdoor night averape
temperature {Table-5.5.3aW).

In the warm-humid season therma! behaviour patten of rooms in the top floor (case
study-09) is markedly difTerent {from that of reoms in the other floors in all seasons.
The temperature values of almost all rooms {top [loor) are higher in all time of a day

except 15 the west oriented room in the casc study, where indoor temperature iz lower
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than the outdoor at 12 at noon, The indoor average temperoture dunng the day and

night of the top floor in rooms of difTerent orientations are higher than outdoor

temperature. The average indoor temperatures are more than 4dcpC higher than that

of outdoor, and the indoor maximum temperatures are also higher than the cutdoor

maximum, specially in south-east, south, and south-wesi onented rooms (1able:

5.5.3aW). The indoor temperature swings in lop oor are noticeably hipgher than the

indoor swings of the lower oors.

Table: 5.53aW. Summary of the Thermal Pattern of Dlurnal Cycle In Dense Skies o
during WARM-HUMID PERIOD (IN SEPTEMBER)
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Table: 5.53bW, Temperature Dota (In *C) for nll Case Studics of Dense Sites
during WARM-HUMID PERIOD (IN SEPTEMBER)
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In the dense sites, there nre some similarilies during the cool-<dry period and the
warm-humid pcriod, where overall tempertures are lower from ihe late moming to
afiernoon, But indoor swings are lower in cool-dry period than in the warm-humid
period, The outdoor swings in the cool-dry period are very high, that are similar to
the hot-dry period, while the indoor swings are very low compared o hot-dry period.
The indoor swing varies between 1,0degC to 2.3degC and the average indoor swing

is about 11.5degC.

Table: 5.532C. Summary of the Thermnl Pattern of Durnal Cycle in Dense Sltes
during COOL-DRY PERIOD {IN JANUARY)
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Table 5.53bC. Temperature Data (In “C) for all Case Studics ol Dense Sites doring
COOIL-DRY PERIOD (IN JANUARY)

Case Sty 0% {Groand Floor)

Ol | ¥RE0 g 020h | 15 | 130§ 20 | 00N | B3 | M | Amy War | Yim | Swbeg

Bl In doaow te I 19 {1 :Z'D.!I. n 193 191 tl}',l 19 194 m.l 155 [ 14
g Oz doewr | 14 I L M2 1,253 ! | L) 17.2 |13 I'l"- _u 1x8 | 353 | 14 11,8

Cuye Stody 09 [ Top Floor)

bty | e | 1200 g (500 | IN-BE | 1780 § li0 ) A3-0D ] DDD Avt Mar | Mm | Swing

Livmg | 1n door 1 p 95 | B2 | B0 [[RIY 8 ) 208 RIS 18 [ np [ 22| 18 | ez

w Ohrt door l4 )] ni 3] 1Ll (LN LEA | 113 L)) o] L4 12

Bed-2 | In choor 113 1#1 214

i Ilm IHIII g 12 s | i FT] TF] (Y]
S.E | On door " T 11

ny 13 o1 ; 113 Fold Fi%] 183 32
) Ot door H] 1] Hli

e [ 92§ 1 113 g4 1 ] 14 12
M-Sl | I'n dour TR BEE M Il b} ni 2 OETIS 13 | 212 N TT [}

I * |l NN SRR
Bed-) { [n door e  t%2 § 11 Ezul 1t
=W | Ol door 14 ] Ha I|

l‘ﬁ li i (L 1.1 3] rl_l L]y F. L ¥4

Case Stody =10 { 1™ Floor) '

MO0 | P | 110 l!:lIIIIﬂ 1100 | 400 F 1100 £ 0 | Avr Maz | M | Ywiny

Bd-I | Indooe W | 25 | 23 ll':u':m BIjnos |03 || @ | ®W8|d | B | if

NE [ Outdoor | 14 " :.u]]n‘n.l Wr{m Uy e T] 12

Pedd | In door 7 | 19% mim'ml M | 17 'M'l 7 | ;o[ 108 | 195 ] 1l

N Ot door L " nl 'Iﬁ I 1.1 I 1 1 13 r‘H Ll 16 14 13

M-bed | In door i ] ] .m11|3 il ns n TTHE-IREINEIL 1
HW | Out doar T 1] #l lH ] 2 | 192 ] 1%l 113 T LY ] 14 12

Case Study -L1( 1" Foor)

By f w00 | 170G | 1%80 3 KIS0 [ JIGb | 2400 | D080 | ORAD | Avr Mu jp Ma | Saisg

Livieg | In door TR AT BT N N TN R Y N TN R

w | Qut door T " FLY1 ]}ﬁim 182 [ 1%L | 153 14 ) T 4 12

Bed-2 | [n doar mlm 115 -,zulm ] M0 | 03 [y ke | U3 | M) (K]
5E | Ond door T | ] 25 I:ﬁ'm %2 170} 153 "o 11 14 12

5 | Outdoe |1+ W | 2 I ] 2 4 10§ 15 g o |I e | ™ T 12

sl | 1 door [LL) F.L ¥ 04

Pexd-Y | I odowor 1 n L) I H H Mr b1 ol o EI‘MII nl ]| L)} 11
]
]
b

Hm 111 | s ) T i] x5 zulm 14

| 2
|
W | Outdoor | 19 LD RN RS ES 151 B M || LLNSE N H

Cuse Stody -12 (1% Floor)

OEdd p OwE0 | 134 | R0 | 1900 | Tt | T4 | AN | kDO | Avr | Ma | Min | Nwimg

[

Onrt door 15 "3 ni 1 | F ] L] I7¥ 112 13 1 i 131 Ly

MM | 1o g x b 213 21.!1 112 nx L] I'Wj] b m; ns 155 13

Bed | Indoor 13§ 153 | 195 § 20 |l TENIEN .u TN RN 1l

4

Ot oo 13 152 | 17 H_zsjl Fr 152 | 173 .I!-JI 13 115 n T TR

—




104

During the day, the indoor average temperatures are very close (o out door average
temperaure in the cool-dry period, while during night, the indoor average

temperatures are higher than out door average temperature.

During hot-dry and warm-humid period in the densc sitcs, temperature swings ingide
the house are lower compared to there found both open and medium densily sites.
Both daily and seasonal thermal behaviour patlerns do not depend on the onentation
but on the exposurc lo radiation. Therefore in densc sitcs the thermal behaviour
patterns of diflerent oriented rooms are more or less similar to the thermal behavior

pattern of north oricnted rooms in the other sites, unless on the top floor.
5.6 Comparative Studies

The three site calegories are open sitcs, medium density sites and densc sites as
described carlicr. The condilions observed arc indicative of the influence of the sile
on indoor thermal condilions. Cases study =01 to 4 belong to open siies, case study-
03 o 07 belong to medium density sites and case study-08 to 12 belong to densc
siles. The case study-01, 08 are in the ground floor, while case sludy —04, 0% arc on
the top floor and all other case studies are on the 1™ floor. The case study-12 is on the
1* floor and it has an exposed western wall, as a result of which it received extra
radialion from the west. A comparison of the temperaiure radiation, relative humidity
and air-flow data in the differenl case shudies in different density sites were
underraken to judge the overall thermal performances of brick residential buildings in

different densiby sites.

Comfon condilions in cach space were also compared (Tables: 5.5.1¢, 5.5.2¢, and
5.5.3¢). The comfort status was determined on the basis of the surveyoer's subjeclive
assessmenis 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 arc jndged —1, 0 or +1 in terms of thermal sensalicns fall within the
‘comfort’ bracket. Lower {emperaturcs arc therefore indicative of Cool/Cold, and

higher values of Warm/Hot envirenment.

E Mallick F.B, ‘Thermal comfirt for wrban housing in Bangladesh’ PhD thesis {unpublished),
Architectural Association School of Architecture, London, LR, 19494
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Table 5.5.1¢. Summary of Comfort Conditions in the case studies of OPEN SITES

(Consider the temperatore between 25°C and 31°C are identificd as Comfortable)

Case Study 01 {Ground Floor) Master Bed Room(North-East Orlenwed Rogm}

Motming (06 00-12:00) Aftemonn {12 00-18 00 B erung { 18:00-00: 00} ight { [Rz08-04 00
April Comfortzhled Warm Haou' Warim Comforiable Comlorlable
Sepfemnber Combortable Comtortable Com(orizble Comfactable
January Cald Cocl! Cold | Cold Cold

Case Study —01 (CGround Floar) Bed

Room{South-East Oriented REoom)

Muorning (B6-00-12:00)

Aftprnaon [12:00-18 (K1)

Evening [ 15:00=00:50F

Might {DILA0-06 D0}

Aprl Comnlomable Hal Warm Comfortable
Seprerler (pmfortable Wit Comiomable Comfortable Cumlurtakle
Janmary Cuowl Cool Cual Cool

Case Srudy 01 {Ground Floor) Kitchen {North-West Oriented Eonm)

Morning (06:00-12400) | Afteemoan (12 018 0F)

Evening (18:00-00: 0]}

Mighil (410:H)-Chs W)

April £ omEortable Wt Hot Hat/ Warm Comliclable
Feplcmber Comforiable Comtortable Comfortable Comfurtable
Tunuucy Coldf Conl Cran] Cowl! Cold Cold

Crse Study —02 (1 Floor) Bed Room-2 (Scuth West Oriented Rovm)

Marming {TWa-0W1- 12000}

Aflernoon (20015000

Evening (18, 0-(H100)

Nghl (A O0-06 00}

April Cumfortable Wanw Hot Wwarm Cumlortable
Septermher Cuomforiuble Comfertablel Warm Comfortuble Comloriable
Jaruary Heol Wam Warm Cald

Case Sudy 02 (1 Floor) Bed Room-3 {East Oriented Room)

Momipg ((6:00-12:060)

Afternowon §12:00-1B-(i0)

Evening {13:00-00: 0}

Mghu (116)0W)-MHziW )

Apnl Comboriable Comfiartahle Comiustable Cornlettalle
Bemember Comfortable Caomforlable Comfonable Comtprtable
Yanuwry Cold Cold! Cocl Coll Cold

Cuse Study —03 {1" Flovr) Living Room (South Oriented Room)

Momning (06 00-12 00y

Aflernao {12:00:18:00

Evening (14 00-410:081)

“ight (M. 00-36 01F)

April ComPorlable Warm' Comfortatilc Comfortable Comioriehle
Seplember Comfortable {amfomable’ Warm Comlonable Comiortable
January Culd Coal ool Culd

Case Siudy 03 (1" Floar) Dining Room (Nerth CGeiented Rocny)

Marming fiw:H1-12:040) Aflermoon {12:00-12:00) Evening [ 145:00-00,00) Might (B0 D0-06.00)

Apmil Coanfogtabile Comforiable Cornlforlable Comfprtable
Seplember Comfortable Wahm Warm' Comfortahle Com[urtable
January Cold Culd! Cunl Cold Cald
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Case Study —04 (Top Floor) Maser Bed Roomi{Seuth Oriented Room)

Motnag, (06:00-12:00) Afemaoon (12 00-18 00} l Evenung (18 05-06-00) Maght ¢ 00:00-06:00)
Apnl Comfortuble Woarm 1T | Wam' Comfortahle Comfurteble
Seplember Comiortable Warm Warm' ComlLriable Coanfortable
January Culd Cool Coolf ¢ old Cold

Caze Study -4 (Top Fluor} Diniog BEoom (Morth Orented Room)

Mormumg (M O0-12:007 Adtemoon (1 2R-15.I8)} Evening (1R00-00 00 Might {00006 0}
April {omfartable Warm Comlbortalle Comfnrtable
Septemiber Comlurtable Confoctablel Wann Comiartahle Comlurtabls
Junuary Cotd Cuol Cualf Cald Cold

5.6.1 Tempcratore

In all cases considering the overall situation in the whole year, maximum indoor
temperaturcs vary wilhin 17degC considering all cnentations. But for samc
oricntations the varialion of maximum iemperatures of the whole year does not
cxceed 10degzC. A major parl of this change occurs between Lhe hottest and the
coldest pened, a change that takes place between January to Apnl, with
corresponding changes in comfort scnsations. The change in thermal cenditions

belween April and Scptember is less, about Ydep(C.

In September indoor temperatures are morc conducive to comfortable living than
April or January (Tables: 5.5.1¢, 5.5.2¢ and 5.5.3c). This is impertant in the context
ol year round performance, since the conditions in September closely match the

conditions for approximatcly half the year (Table-5.3}.

Although in January, the analysis show that lemperatures in all the houses are
generally cooler than that required for comfort (Apendix-6), specially at night and
the early morning, the cccupants may feel comforlable by wearing clothmg of higher
insulation value and with the use of warm bedding at might. This condition is
maintained for three to four moenths 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 siudy shows that in April, which is representative of hot-dry season,
temperatures and swings are higher both inside and outside. And it also shows rooms
of different houses m dilTerent sites, which can maintain a low swing as compared to

the cxterior are more comfortable.
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Table: 5.5.2¢ Summary of Comfort condiilons in the case studies of MEDIUM DENSITY
SITES (Consider the temperaturc between 25°C and 31°C are identified as Comfortable)

Case Study =05 (1™ Floor) Bed Room-2 (South Oriented Ruom)

rarming {Lbzoel-12:000)

Adlernocn | 1200018 4000 i

Ewvenung {1 80-00.040)

raght (L0 (a0

April Comiorabled Warnm Hol! Warm Comterahle Comforiable
September Countortable CamlnHable Comforlable Comfortable
Jaruary Cald! Coal Cool Coolf Cold Coldd

Cuse Study 05 {1¥ Floor) Bed Room-3 (Souih-East Oriented Room)

Moming [Q600-12,00])

Albermeon {12:00-13,00)

Evemng {18 Q0-00-00)

Night [y O-CI6-0

Apnl Comfortahled Warm Hot Comlurtable {Comfortable
Seplember Combortahle Comitortahle Comlotable Combsrable
January Cold! Cool ool Cool Cuold

Case Study =035 (1" Fluor) Bed Roomi— (North-East Orieated Room)

Marming {Th-d-12:001) Afternoon [ 12:TK)-18 K1) Cveniruz (1 3:00-00:00) Might {04 D06 00y

April Cumlorable & omforiable Comforahle Cuamlunable
September Comfortable Comlotiable Comforluble Comiomable
Jamary Cold Cold Cold Cold

Case Study —06 {1" Floor) Master Bed Room {South-kast Oriented Room)

Moming (06 00- 1206}

Afcrmoon (12,0018 O

Eveniny {18 Q0-00: 00}

Might (00 DA

Aprl Comforrable Warm Tat Warny Comfortable Comiriabls
Septeinber Cambortuhle Coumfortalla Comforiable Comicttable
January Culd Cold Cold | Caold

Case Study —06 (17 Floor) Bed Room-2 (Sonth-West Orlented Room)

i Wlormum {0aG:00-12:00% Afternoan (12:00- 130} Evening (13:00-00:50% Might {OrF 0006 1K)

April |  Comborable Warn Haot ol Warm Comfonable
Seprember Comtornable Comluriable Combortatic Comlorable
January Cold Cald Cold Cald

Case Study =06 (1" Floor) Bed Room-3 (East Orlenied ltoom)

Mg {06 00-12 01F)

Afternoon {12:0015:00

Evening {18 00-00.040)

Mg (0004000040

Apnl Comfortable Warm' Cornfocalle Comtonable LomEorlable
Bepiember Comfirabls Comfortable Comforable Comfurlable
January Cold Cold Cald Cald
Case Study —07 (1" Floor} Bed Hoom-2 {South-West Oriented Room)

Merming {06:00-12:00) Atteraaon [§2,00-18 1K) Exenung (18 (0)-00:00) Mgt {C0:00-06:00)
April Comlanable Watmn Hat Warm Comfortable
Reptattber {gmforable Comlforiable’ Wartn Warm/ Comfortdhle Cumlurable
January ' Culd Cold: Coal Caal Cool! Cold
Cuse Study —07 (1" Floor) Dining Room {Weat Oriented Roovm}

Momung (06:00-12:00) | Aftemoan {12:00-16:00) Evening {1 3:00-00: Might (0. 00-06_00)
Aprit {omforiable Warm Warm! Comfurtuble Comfortable
Seprember Comtomakle Camforlabls Comtbomable Combiriable
Tanuary Cold Cold: Cool Conl t Caold
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Table: 5.5.3c Table: 5 Summary of Comfort conditions in the case studies of DENSE SITES

{Consider the temperature berween 25°C and 31°C are identificd as Comfortable)

Case Study =08 (Gronnd Fhfmr} Bedroom {South Criented Room)

Wiormng (06 (0-£2:00)

Afemaoon {12 00- 15 Q0]

Evcning (14 0000 )

Mgl (0 a0- L)

Apnil Comfortable Comlunabla Comlorable [ amfortuble
Seplember Comfortahls  ~ Countomatle Cuomiriable Comforluhle
Tanuary Cold Cool’ Comfortuble Coal! Cald Cold

Case Study -9 (Top Floort Living room [West Oriented Room)

Moming {06 00 12 00)

Afternoon {12:00-15:00)

Crening 18:00-00H00)

Miht { 0000-06:00)

Aprd Warm! Tial Hin Hot Warm' Comfprable
September Wart' Hot 1Im Het! Warm Combartahle’ Warm
January Cald Coolf Comfartable Cool! Cold Cold
Case Study —09 (Top Floor] Bed Ruom — 2 {South-East Oriented Rovm)

Mormurnge (4001200 Aflermoon {1200 15: ) Huening [ 18:00-00 00 Might {00056 10y
April Warm! Hot Haot 1T Warm
September Warmy ITul Hit Hol! Warm Comlottable’ ¥Wamm
January | Cold Cool Cowi] Lold

Cald Case Study 0% (Tap Flun‘r} Bed Rouvm -3 (Suuth Orlented Itoom}

Mormnyg (D6 00- 12:00)

Aftermogn (12 00-15 00}

Evenng {18:00-410:041)

Sight (X000

Al Wanm' Hot Hat Hot! Warm Warim' Comfortable
September Warm' Hot Hlat | Hat! Wurm Warn' Combortable
Tanuary Cold Cool CraliCeld Cold

{15 Sudy =09 {Top Floor) Master Bed Room {South-West Ori¢nted Room)

Momng (6 0012 00

i Allectieon {12:00-15-(H1)

Everung (1E 000000}

Night (000006 1K)

April Warm Hot | Hul Het TulWarm
Seplenibser Warm Hot WarmF ol Cormntortables W arm
Janvary Cold CoolComforable Conl Cold

Case Study =11 {17 Flour) Living room (West Oriented Ruom)

Mornmg (06-00-1 2001

Afemnoon (12 00-E4:00)

Havening (§800-00 00

Might {00000}

4pm] Comfnrtable Warm Camfotlable Comfonable
September {'om fortable’ Warnn Wurm Warm /Comfartahle Comluriable
January | Coal Coot Cnal Cool

Cose Study —11 (1* Floor} Bed Room-2 (South-Fast {Oriented Room)

Mltning (06 06-1 24000

Alemoon {12:00-18.00

Evemmg | &-00-00:0)

Might o 0-0d.00)

Apnl Comforable Warm/Hut Comntonable Comlorlable
Sepiember Comferable Warm WarmHaor Wurm Comfortuble
Janyary Coaol Conol Canl Coul




Case Study =11 {1" Floor) Bed Room -3 (South Oriented Room)
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higrring (06 00-12:00} Albermoon { 12:00-18.00) Evening {15:00-00,067 Wipche (00 0)-05_ LW
Apnl Cuomiforlable Comforlable™anm Cumlonable Comfortable
Seplember Comioitable WarmsHaot Wanm Comfartahle
Janyary Cold Conl ! Caol L anlCold

Case Study —17 (1" Fleor) Master Bed Room (South-West Orlented Hoom)

Moning (96:00-12 00

Alternoon (12 .00-15:00)

Evamng {18 0000 00}

Night (00, 0016003

Al Comfortahle ComiFtable/ Warm Comfortable Comtiortahle
Seuember Comfonable Y am Warm't, amfimabte Warm Warm/ U omfortable
Janusry Culd ColdCocl Couol Caonl/Cold

Case Study —10 {1¥ Floor) Bed Room (- 2 Nurib-East Qrlented Room)

Momung {06.00-12 00)

| Afternoon {12 001600

Evening 18 0000 00}

M ight (110:D1- 06N

April Cotmfortahle Warm/Hot Comfortable Cotm ortahle
Semember {omforiahble W anm Warm'Comluriakle "omlurable Camilorduble
Jammary Coal Cianl Coel 1 Coal

Case btudy —10 (1* Floor) Bed Hoom — 3 (North Orlented Rowm}

M oy {06601 2:000 l Altermuon {12:00-] B:0H1§ Evemng {1E.Q0-Cilk 00} Might {00 00-06:00)
April Comlurable Comforlable Comforiatyle ‘o (urtable
September Comlomable W arm Comtortahlz Cointomable Colerlable
Janmary Cald Conl Cool Cold

Case Study -10 (1™ Floar) Master Bed Room (North-West Orlented Room)

| Mommung {06:00-12:00)

| Afermoun (12:00-18:00)

Evening (1 B:00-0HO0}

Might [ -06:00)

Aprif Combarlable i Comlrakle Warin Comiortable Comforiahle
Septernber | Comfortah le™ erm WarmA om fortuble Comtonable Comfortable
Tanuary Culd Cuool Coul Canl'Lold

Case Study ~12 (17 Floor) Master Bed Room (Seuth Oriented Hoom)

BeLiowtiirg (0 QL1200

Adlernoon (12,0018 Q0

Evening (1E-000-(H] §1iF}

N Eht {00:00-06: M)y

Apnl Comforable Comfortable/warm Comfortable Cornlbrtable
Seprattiber | Combrlable ™ anm WarmHuol Warm'Comfuruble Comfortahle
January 1 Cuoul Crl Cural Conl

Case Study —12 (1 Floor) Bed Room {Norih Oriented Room)

Mlartunp (G:00-12:041)

Alteenoon (1200- 150813

Cowvecwng [ L5 -000:0H1)

Nirzghl {000-06: 1)

April Comlerabic Comtortable Cotmfortable Contorable
September | Comfottable Comnfortable e Comfottable Connlortable
Januury 1 Cald Cold Cald Cold
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Sites in Dilferent Density Categories

1n the September, all the cascs have similarity in thermal behavioral pattern that is
low swing and low temperature compared o 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 densily sites. [n the surveyed data table: 5.5.3a shows
the swings vary from 3.4degC 1o 4.5degC in the dense sites and in the open and
medium density siles these vanes from 1.1degC to 2.3degC Because in the warm
humid period the temperature pallern is guided more by the diffuse radiations from
the surrounding built forms and vepctations than direct radiation from the sun, asg
sldes are overcast and the dense sites are surrounded by built forms. Even the
maximum lemperatures in the cases in thcsc sites are not very high and in the
aftemoon lemperatute inside the rooms become higher t(han rest of the day
irrespective of onentation. In the aftecrnoon and early evening indoor iemperatures in
dense siles are eithcr warm or hot (table: 5.5.3¢). On the other hand, indoor
temperatures in open and medium density sites at the same lime are lower creating
either comforlable or warm scnsations (table: 5.5.1¢, and 5.5.2¢). The indoor average
temperatures at night are higher than the values outdeor, in all cases and the indoor
and outdoor average temperalure difference at night in the dense sites varies bebween
0.9degC and 3.7degC, in the medium density and in open sites vanes approximately
(.4degC 1o 2.3depC.

In April indoor temperature patiern are very significant in all cases, The temperaturcs
arc in general higher in all cases and swings are higher than in warm-humid and
cool-dry seasons. The thermal behaviour patterns of nerth and north-east oriented
rooms in all sites are more or less same but in the other orientations differ from sile
to site. The swings in the dense sitcs 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 and in the open sites ihese vary between
4.1degC to 9degC.

In the morning and night during Apnl, indoor tcmperatures are comfortable n all
cases (1% floor) of differcnt sitcs, but in the afternoon in the dense sites they are

either warm or comfortable and also comfortable in the evening except south-west
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oriented rooms, which show higher temperature and therefore feel warm to hot, In

I¥ floor) are

the afiernoon and evening, rooms in the medium density and open sites (
either hot or warm execpt north, north-gast, and east oricnted rooms. These are cither
warm or comforiable, The overall situalions in the densc sites are better (han in the

other two more exposed sites.
Orientation:

Omientation plays a very impotent role during hot-dry and cool-dry periods. But
during warm humid period, ihe influence of orientation is lower than that in hot-dry
and cool-dry. As a result the temperature swings both indoors and outdoors are jower

in warmn-humid periods than in other penods.

The impact ol origntation on thermal behaviour pattern of open and medium density
sites are very signilicant but in the dense sites, this docs not play a very significant

role.

In the dense sites thermal behaviour patterns are similar in each case of different
orientations, being very similar to north oriented rooms in sites of lower density. For
example thermal pattern of west oriented room (Case study-11, living room) in the
dense sites is sitnilar to north oriented room (Table: 5.5,3¢). The swings (in 1* fAoor)
vary during April between 3.2degC to 4.7depC and the exceptions are south-gast
oriented room in case-11 and south room in case-12. In case-11 east side is exposed
io sun and reccives direct radiation, and in case-12, west wall receives direct
radiation from sun. Therefore in these two cases the temperalure swings are higher

than rooms with other orientations.

The thermal behaviour patterns differ with onenlation 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 iemperaturc swings among reoms of difTerent orientations in the open
and medium density sitcs. In the same siles the norlh, ¢cast, north-east and north-west
orienled rooms perform better than rooms in other orientations considering

temperature swings, day and night average lemperatures, during warm humid period.
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Tn the hot-dry period when air temperatures both indoor and outdoor are considerably
high, the ternperature swing too is high. During this season in the open sites (1%
Moor}, day average temperatures inside the rooms m all oricntation are lower than
ouldoor average ifemperaturcs, while at night, average temperature inside the rooms

facing south-east, north-west and south-west are higher than the outdoor temperature.

Due o orienlation, the difference between indoor and outdoor average lemperatures
noticeably varies. In the open sites, north eriented room performs the best among all
room of different orieniations, the south-west onenled room being the worst. In the
north oriented room, the day average temperature 15 lower by 4.8degC than that of
outdoor and the night average tcmperature is 5.4degC lower than outdoor average
{Table:5.5.1aH). While in the south-west oriented room, the day average temperature
iz only 1.1degC lower than that of outdoor, and the night average temperature is
2.2degC higher than outdoor average (Table:5.5.1aH}. Table: 5.5.1aH, also shows
the south-east oriented room performs betier than south-west, and the south oriented
room perform better than either, This phenomenon is displayed in medium density
sites as well, but both day and night average indoor temperatures are slightly lower
than the room in open sites of corresponding orientation. For example; during April
in the norlh-east oriented room, the day average temperature is 10.2degC lower than
that of outdoor and the night average lemperature is {,7degC lower than outdoor
average (Table: 5.5.2all, case study-05), whereas in the south-west oriented room the
day averape lemperature is (.7degC lower than that of outdoor and the night average

temperature is 1.2degC higher than outdoor average (Table:3.5.2ak, case study-07)

5.6.2. Exposure to Radiation

In the context of urban Dhaka, the exposure of 2 housc is considered a significant
influence on its thermal behaviour, specilically the exposure to solar radiation both
direct and diffuse. This exposure to radiation depends on the building orientation and
on its proximity to neighbouring struchures, and that influences the thermal behaviour

of building interiors, and thus the thermal comfort of its occupants.
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The amount of radialion received by the building depends on the duralion of exposure to
radiations, the intensity of radiation, and the expanse and quality of surfacc sites. These
three variables detcrmine the amouni of solar heat that actually reaches the interior of 4

building,
Duration of Exposure

Duration of cxposure to radiatien is an importani guiding factor for conversion from
radiation energy to eflective heat energy because a masonry wall needs time to be heated
up and then it will transfer heat inlo the building through radiation and conduction. The
amount of heal transported from out side to the inside through walt depends on the length
of time of exposure. Table: 1.4b.6 (chapter one) shows, in Apnl durations of sun-shines
on the surface i.c. 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 sitcs at the same Moot receive
sun 6 hours from 9:00am to 3:00pm in the south, 3 hours from 9:00am to 12:00pm m the
east and 3 hours from 12:00pm to 3:00pm iu the west. The northemn facade is shaded all
day. Houscs in the medium density sites receive sun about half of the time duration than

houses in the open siles.

The siuation is similar on ciber [oor too, with houses in dense sites recciving solar
radiation for only short durations. So it can be said, houses in dense sites will be coeler
than the honses in the medium density and open sites, and honses in the medium density

sites will be cooler than the house in open sites.
Intensity of Radiation

The intensity of the radiation is one of the most important factors, determining the
quantity of heat transmitted inside the building. The more the intensity of the radiatien,
the greater is the hcat transmitted inside the building. The intensity of dilTuse solar
radiation is less dependent on the oricntation, on the conditions of the sile and
surroundings, whereas the dJirect radiation depends on the orieniation of the surfaces of a

building.

Table; 1,4b.4 {chapler one} shows that the diffusc radiation received by walls in north,

south, cast and west are the same, but direct radiation differs with orientation. It also
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shows, (he iniensity of direct radiation is negligible on the north side, the east and the
west sides receive the higher intensity from 7am to 11am in the moming and from 1pm to
5pm in ihe afternoon respectively, while south receives average intensity from Sam to
4pm. And the radiation received in a whole day is 1689W/m? in the north, 2282 W/m’ in
the south, and 2785 W/m’ in the east and west, Tl shows, that the north orientation is
beiter than the south orientation while the east and west are the worst erienlaliens in

terms of solar gain.

But these conditions of the radiation are modified by neighboring structures. As a result
the average radiation (both direct and diffuse) in the 1% {loor level on open siies are
42Wh/m’ in the north, 66Wl/m® in the east, 64Wh/m’ in the south, and 55 Wh/m’ in the
wesl, In the medium density sites these are, 30Wh/m® in the north and cast, 43 whim® in
the south and 33Wh/n® in the west, and in ihe dense sites these arc 21Wh/m’® in all
oricntations (Table: 1.4b.5 in chapter one). So from the point of view radiation exposure,
the dense sites are the besi siles and the medium density sites are better than the open
sites. Table: 1.4b.5 (in chapter 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

gast in the lower floors, and south is better than east and west orientalions m the upper

Tloors.

Figure: 5.6.2a Radiations at 1" Floar North Wall of Dilferent Density Site in Whim?
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The figure: 5.6.2¢, 5.6.2d, 5.6.2¢ show the same situations, which are mentioned before,
the figure: 5.6.2¢, 5.6.2d, 5.6.2¢ also show, the impact of direct solar radiations in the
south, 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 orientaiions in the 1¥ floor of

the dense areas.

Figure: 5.6.2b Radiations at 1 Floor East Wall of Different Density Sites in Wh/m®
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Figure: 5.6.2¢ Radiations at South Wall of Dilferent Density Sites in Wh/m®
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Figure: 5.6.2d Radiations at 17 Floor West Wall of Dilfcrent Density Site In Whim’
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Surface Arca

The surface arca is also very imporiant ¢lemcnt for which the amount of radiation
difTers. [n the case studies, north-easl orienlations means the room is exposed o both
north and cast, being a corer oom. Therefore, duc to increased surface area, the
norih-east oricnted room will receive radiation morc than gither north or east, south-
east onented mom will receive radiation more than either south or cast, south-west
oriented room will receive radiation morc than either south or west, and north-wesi
oricnted room will receive radiations more than cither north or west. 50 indeor
temperaturc of the rooms in these orientations higher than roems in other

orientations, cspecially this is appareni in the open and medium density sites.

In the top Moor receive the highest radiation because roof (horizontal surface)
receives 5320W/m’ in a day (Table: 1.4b.4 in chapter one) and top floors are exposed
to radiation through the roof whereas intermediate floors have the insulation effect
provided by other [loors. Ground [loors can lose heat throngh contact with the earth,
and have more shading from surrounding structures and irees, particularly n the
densc and medium density sites. The Appendices-5, and 6 show, the indoor
temperatures of the top floor are 3.5°C to 4°C higher than the inlermediate floors in

hat dry period, and 2.50C to 3.5°C higher 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 densily
categories, the diffcrence of outdoor and indoor relalive humidity was very
insignificant, Comfort assessments shows, the perception of comforl of the people
are more related to lemperature levels and are often not affected by high relative
humidities. Thus it was not a major consideration in the assessiments of the case

studies,
5.6.4. Air movement

Air movement is very imponant element, which can modulate the comfort condition
espccially in the comtext of Dhaka where indoor temperaturcs arc higher than

comfort level mosl of the time during the day of hot penod.

The Table:5.6.4 shows in the urban areas {(considered as dense sttes), the wind speed
inside the building is 0.07m/s in Aprl and Seplember, in the suburban areas
{considered medium densicy sites), the wind speed in gide the building is 0.15m/s in
April and 0.14m/s in September. Such movements are unperceivable, because up W

air spceds of 0.25m/s, i1 is considered as absence of air {Appendix-3).

In the open sites it is 0.37m/s in Apnl and 0.39m/s in September, in which people
feel comfortable up to 35°C and, with cross ventilaton people feel better inside the
room in medium density or open sites. Unfortunately though, air movement cannot

be puarantesd in urban arca duc o two reasons.

4, The air spced 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 o promote air-flow from
out side to inside. Becausc there is security gnlls on all windows without any
cxception, somelime in combination with insect netting. The use of curtain is also
anather commeon feare for privacy. On the ground floor windows are closed for

privacy and secunty during the day, in sume cases also at night {case study-08).

For this reason; ceiling fan is a common factor in all the case studies. This cnsures

study air movement required for comfort.
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Table: 5.6.4 The air flow both Inside and ontside of bullding.
{Caleutated by using wind reduction factors and metcarological dala)

jURAAN AREA { considered st dense iter)

Wind speed In mft 7= IJluIFrh Muar | Apr | May Jun!lut |Aug Sep | Ot Nnvl Dﬂ'_u
At 10m :
|l e ————— T ——

in open mpece 042 [0AR [O7A [ LIL {132 | 14 137 [ 099 [ 1.02 | 0.75 | 0.42 | 043
rnm;, with crom ventilstion | 068 [ 021 [ 034 [ DAZ {057 | 049 ] 0.51 | 043 [ 044 [ 033 | 0.1 | 0.20
Jin bidg. with vemitation 006 | 0.06 [ 010 § 0.15 | 015 [ 0.15 ] 0.16 f 0.t3 [ 0.14 | 0.10 | 0.06 | 0.06
(41 3m e e e/ T/ e -

O WL - IF e

fin open epace 21 [ 024 J 039 | 036 | 0.66 | 0.57 | 099 ] 030 | 0.51 [ 028 | 0.21 | 0.23
rnbldg,withnmwnﬁhtim 008 [ 010|016 022|026 023 (023020020015 ¢08 009
in;-im ventilation 003 §003]005 | 007|009 | 008 [ 0.0%]0.07 0070085 00) |00

SUBLURBAN ARFA [contddered as medinm denslty sftey)

Wind |prtdlnm.’i_——_—_i Jac | Feb | Mar [ Apr [ May ] Jun | Joi [Aug [ Sep ] Oct [Nov [Dee
At 10m o
Jio open apace 070 | 0.60 | 130 | 185 | 2.20 | 3.90 § 1.98 | 1465 | 1.70 | 1.25 ] 0.70 | 0.75 |
o bhdg. with oo veatilation | g6 | 032 | 032 074 ] o088 (076 ] 078 f 0.66 | 0.63 | 050 | 0.28 [ 030
gn Dhdg. with ventitation 040 | ¢.11 | a8 ] 0z2s ﬂlﬂﬂﬁ 024 | 0.8 | 010 [ 0.0
At Im TR, T TTmTT T, T "T ___"
o open spece 0.42 | 048 [ 078 ] 141 | 132 1.14 | 1.17 | 099 [ 1.02 | 0.75 | 0.42 | 045 |
fin bidg. with cross vemifation [ 9.17 [ 0.19 § 031 | 0.44 | 0.53 [ 0.46 [ 0.47 { 0.40 | 041 | 030 ) 017 | 048
[in bidg, with ventilation 0.06 [ 006 ] 010|045 | 018 F0.15 ]| 0.16]0.13 [ 0.04 | 0.10 | €06 § 0.06
DFEN AREAS

nd 1pred Ln ms ="'i'.lln { Feo TMar [ Apr [ Muy | Jun "Jul"]ﬁug‘ Sep ] Oct | Nov | Dee
AL 10m

I N e e s .
o open 140 1.60 | 280 | 3.70 | 440 { 350 | 390 | 330 | 340 | 250 | 140 | 150
Pr bidg. with eross ventiletion o5 {064 | 104 | 148 f 176 | 152 | 156 [ 132 [ v36 | 100 | 056 | 060
i bidg, with ventilation 02t | 026|039 | 056 | 065 | 057 Jose | 086 | 0d1 |oas| o |02
ALIm T o e — L EI
In open Kpace 098 | 192 | 182|259 308 | 266|272 | 235 | n2s |08 108
In bidg. with crons vemilation | 04z | oss |78 [ 10 ) 132 | 504 ] 117 | 099 | 1.02 | 0.75 | 0.42 | 0.43
fin bidg. with vemilation 004 |06 | 026 o7 |0aa | 038039 033|034 | 025 | 01a ] 0us

Faciors meerwe whal spucing ertwws bl by mind wisl perpomadersier o oifice:  window, Cran rearfieien mfm o oen with ol i e
wprrmity facwcivy stal vemitiaton e e reorss = window i Sy wibean] ey by,
[Somrres Eeiw, Mivchs = Phmany, Clonsir ol Comfort™ The Architecesrst Frew Lorsios)
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5.6. Conclusion

In the chapter the performance of brick residential building in Dhaka has been
surveved and analysed, and the on the basis of site and surroundings conditions three
types ef sites or areas have been identified,

a. Open siles (Casc study 01 o 04},

b. Medium density sites {Case study 05 to 07},

¢. Dense sites (Case study 08 to 12)
Tn the case studies, the use pattern of different activity spaces was determined
(Table:5.2.2). It was found that the bedroom is used for different purposcs, for
reading, relaxing, gossiping, watching TV, ¢lc, in addition to sleeping. Tt is occupicd
mast of the time of a day; living room is in use in the afterncon for about 3/4hours in
a day; the kitchen is used in the morning and aftemoon, and the dining room is uscd
three times in a day but for a very short spells. So bedroom should be comfortable all
the time in a day. Temperaturc and humidity levels were measured and comparcd
with simultaneous measured ouldoor values. The wvalues showed that highest
icmperature swings were found in the case studies in open sites, where the holtest

conditions prevailed indoors, both during the day and night.

Lower swings were found in houses n sites of higher density. The Dense siles

readings showed the coolest indoor conditions.

The values of temperature swings were alsc greatest in Apnl in the hol-dry season,

and lowesl in the warm-humid season.

Ormienlation was found to be an important faclor determining comforl within the
houses in open and medivin density sites, but had no impact in dense situations. Also
the cffects were most pronounced in April. The west was fouud o be the worst

oricntation, followed by the south-west and south.

Top floors even in dense sites were found to have the worst indoor conditions,

specially for west facing rooms.

In general air movement could not be relied on to provide, due to unavailability,
either due to obstructed flow, or because of use patiem, Thercfore radiation exposure

was found o be an important determinant in raising temperature of the rooms,
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Chapter Six
CONCLUSIONS AND SUGGESTIONS

6.1. Introduction

To create a thermally comfortable environment inside is ong of the imporiant duties
of an architect. In the conlext of Bangladesh the ouldoor environment is
uncomforiably hot or warmm most of the time dunng hot-dry and warm-humid
periods, as has already been discoursed in the previous chapters, The means of
crealing comfortable environment should be limited as much as pessible to natural or
passive ways for saving energy, since in the context of Third world economy it is not
always viable to achieve indoor comforl by aclive means. Reduction of energy
consnmption is of the first prionty, and only when passive means are not adequate

should active energy be utilized. In such cases energy efTiciency should be aimed for,

Brick is one of the building malerials, which is used widely in this area for structural,
nonstruciural and decorative purposcs. In this regard this research is concentrated on
the thermal performance of residential brick structure. [n this chapter are going to
discus an approach fo thermally responsive building design is discussed, with
particular attenlion to the pre-design phase. Undoubtedly the earlier energy
implications are considered, the preater will be the potential of the building lo save
on energy cosl.  When approaching thermally responsive design problems, design
professionals can be overwhelmed by the number of available popular options, The
designer may be tcmpted to select design based on familiarity with only a limited sct
ol possibalities. This approach can often be dangcrous, nnless the solutions are

considered in the light of their cncrgy conscrvation possibilities.

Buildings have difTerent uses, sizes, oceupancy patterns, sites, and other variables.
Successful encrgy design responds Lo a different set of variables for each given
bnifding. Therefore, understanding the key energy issues related to the design of
different building types and knowing the varicty of availablc options is of the utmost
imporiance,

The goals Tor designing encrgy-conscrving buildings shonld be: .

1) io ensure that the decision-making proccss relaled lo energy concerns is accurate,

and
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2) to make the resulting design responsive W other architectural concerns, such as

cosl, schedule, functicon, form and assthetics.

QOnee the basic framework of thermally conscions design is understood, the design of
successful thermally/energy-efficient buildings olten becomes intuilive, True
thermally conscious design always takcs thermal issues into account early in the
design process. Designers are then fully aware of the thermal problem for each

project and the range of possible solutions before begimning the design.

Expericnce wilh the use of the vanous design strategies cnablces design professicnals
to producc buildings that use less energy while maintaining the integrity of other
design criteria. In addition to establishing all of the conventional architectural and
cngineering program factors Jor new buildings, a pre-design ie. (hermal
environmental analysis may be conducted. The hasic steps for the analysis include

a. Problem Definiticns.

b. Identification of Design strategies.

¢. Programming/Tormulation of goals.

6.2. Problem Delinition:

In this stage the designer analyses and understands the thermal environmental issues.
The basics facts relaled to thermal environment for the building are collected and site
constraints, buwlding form and envclop factors, thermal comfort conditions, and sc

forth, are identilied.

6.2.1. Climatic Characteristic of the Microclimate of Dhaka

Understanding the clements of microclimate of urban area 15 a primary requirement
for designing a (hermally responsive architecture. The climatic clements relaled to
thermal environment are temperature, relative humidity, radiation and sunshine, 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 cases it is neccssary to

attempt to estimate the hikely vanation berween mctcorelogical station and site.
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However, such estimations arc likcly to be fraught with uncertainties gince there are
no simple or reliable rules for adjusting climatic data. If varalions between
meteorological station and site are small, the design requirements can be based on
the former. Tcchniques may be adopted to assess the degree of climatic varialion.
That is to take ‘spot’ readings at the site, which are compared with simultaneous
rcadings at the meteorological stalion, However, a considerable number of readings

are required for each season of the year before any conclusions can be drawm.

However after analysing the climatic characterislics of urban areus of Dhaka city, it

is necessary o identify the critical peried/seascn for design solutions.

It the context of urban Dhaka, April is representative of the hoi-dry season when
temperamres are high, the average temperalure is 29°C, the average maximum
temperature 34.2°C, and average minimum lemperature 23.8°C, September is the
represcntative month of the warm-hnmid 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 varies in between 70%-
00%.,

During the hot dry period, particularly during the months March, Apnt and May,
solar radiation on a horizontal snrface is high in comparison with the rest of the year,
and il is maximum in April (5030 Wb’mzfda}r} {Chapler one, Table: 1.4B.1). From
July to November, i.e. from mensocon to pest-monsocen, the radiation remains fairly
constant and the recorded minimum, 3150Wh/m%day is in December. Although
there is not a wide variation in the monthly average radiation during the months July
to November, vet the variation in cloud-cover and almospheric conditions during this

period is noticeable (Chapter one, Figure: 1.4b.2),

Considering all aspectls of climate in Dhaka city, the hol-dry and warm humid penod
are the critical penods, because thermal c¢onditions in Lhcsc scasons are
uncomfortable and ia the cool-dry penod people can adapt by using warm clothes
and blankets during the night. '
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6.2.2. Requirements for Indoor Comfort

1t is important to identi{y the requirement of indoor comford to find out the amount of
environmental elements, which need o be reduced or mncreased (o achieve the

desirable level for comlor,

In the context of Dhaka city, air temperature is the deciding factor o determine
thermal comfort. The air lemperatures for comfort with no air movement and for
people wearing normal summer clothing, engaged in normal household activity
indoors are between 25°C to 31°C. Tf there arc any provisicens for air movement
within 0.3ms to 0.45m/s (he temperature tolerance level can be raised up to 36°C
{Figure: 3.3.4}. Provisions for continuous air moveinent within 0.3m/s 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 comforiable environment,
inside the air temperaure should be limited within 25°C to 31°C. However use of
fans will raise the allowable limit significantly. Relative humidily, which also affects
comfort sensations is usually high, but air movement. Sigmficanlly cases the

discomfort at the general temperature experienced in the city.

6.2.3 The General Characteristics of Urban houses

For designing a thermally responsive house, it is necessary to understand the genceral
characteristics of houses and the use patlern of different activity spaces of the urban
arcas. From such a study a designer can identify the design stratcgics and goal for
thermally responsive architecture, as well as to what exient the elements of a

building have te be manipulated to achieve thermally comforiable interior spaces,
a. Physical Character

Most of the houses observed during this survey revealed that the exterior walls are of
250mm brick masonry and the interior walls arc of 125mm. Windows are shaded by
overhangs ol about 50mm and have securily grilles and in some cascs windows have
secnrity grill with netting {Chapter Mive, Table: 5.2.3), Windows use synthetic/cotton
curtain for privacy. The interior surfaccs of the rooms are painted with white, green,

pink, or off-white colour, white being the most common colour used.
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b. Occupancy pattern of different activity arca

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, Tablc: 5.2.1b}, and it is occupied most of the time of a day, living
room is used in the aflernocon for aboul 3/4hours in a day, kilchen is used in the
morning and in the aflernoon or early cvening and the dining room s used three
times in a day but for a very shorl spans of time. So bedroom being the most used

spacc should be comforiable throughout the day.

6.2.4. Present Status of Residential Buildings of Arcas in Dhaka city.

The survey further revealed that according o the site surrounds and buili-form,
Dhaka has three basic types of residential areas, open sites, medium density sites and

dense sites as stated in the chapter-3.

The thermal behaviour pattern of these sites were studied and comparcd. It was
found that dense perform betier than sites in other tow categories, as solar radiation is
the inost jmportant guiding clement for indoor environmenl in the context of Dhaka.
In this contexl, the exposurc of a house is considered as an mmportant aspect that
influences thermal behaviour, specifically the exposure to solar radiation, both direct
and diffuse. This cxposure to radiation depends on the building oricntation and that

influgnces the ihermal behaviour of building interior and thus the thermal comfort.

The amount of radiation received by the building depends on the duratien of
exposure to radiation, the intensity of radiation, the surfacc arca and ils quality.
These variables determine the amount of solar heat that acmally reaches the interior

of a building.

The duration and intensily are guided by characteristics of site and ils surmounding
struchires. As far as radiation 1s concemed, the dense siles are the best sites and the
medium density sites are betler than the open sitcs. Table: 1.4b.6 (chapter one) also
shows north orientation is (he best oricntation in all areas in different density

categories, and in the medium density and dense sites, east and west orientations arc
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beller than south orientation in all floors. In the open siles wesi orientation is betler
than south and east in the lower [leors, and souih is better than cast and west
oricnlations in the upper floors. Moreover the buildings in the open siles arc exposed
to sun for longer penods than buildings in the medium density sites, which in tum

are more exposed than those m densc sites.

QOrentalion 1§ another very imporant consideration for solar heat guin. Table: 1.4b.6
{ chapler one) shows north orienlation is best orientation in all densities sites, and in
the medium density and dense sites, east and west onenlalions are better than south
oricntation in all floors. In the open sites west onenlalion 15 better than south and east
in the lower floors, and south 15 belter than east and west oricntations in the lower
Noors. In fact in the dense siles orienlation does not play a very significant role,
because surfaces of the building in all orientations receive very little direct radiation,
except the south, which sometimes receives radiation from sun during early
aflemoon. Irrespective of dilferent density sites, horizontal surfaces rececive the
highest radialion, which is 5329W/m’ in a day in April (Chapter one, Table: 1.4b.4).
The amount of radiation reccived in any orientation is directly proportional to
amount of surface area of that orientation. Thercfore lop floor were found to be

generally hot and onentation dependent.

The air-flow inside the building was 10 be found insignificant, the directions being
unpredictable, especially in dense and medium density sites, where obstruction to the

steady wind (low prevented predictable flows.

6.3, 1dentification of Design Strategies

A range of design strategies for solving the thermal problcms may now be identified
for implementation al the design stage. This information wiil enable the design
professionals 10 select the proper solutions from a number of possibilities, and
prioritics for design strategies can then be established. The design strategies thus
cslablished will help delermine the envelope and fonm ef the building.

For cxample in the context of Dhaka, radiation 1s the most mmporant ¢himatic
element, which is responsible for heat gam, thus its elimination will be the gosl Lo

achicve the indoor thermal comfor. So the intentions of the designer should be 1o
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reduce solar heat gain. For this the following strategies can be taken, depending on

the characleristics of the sitc and surroundings.

Decrease Solar Gain

Decrease Surfaces Exposed to Radialion

Reduce ratio of surface area to enclosed volume

Utilize site elements for shading

Orient building to mirimize insolation

Configure building edge o provide self-shading

Provide shading devices

Use smoolh surfaces to reduce film coefficient.

Use light colors to Increase Rellectance

Use solar 1lm on glazing to reduce transmissicn

Use space planning to locaie main activilies away from excessive solar

radiation.

Inerease Thermal Transmission Resistance

— Decrease U value

Increase Heat Capacily

Inerease thermal mass

Whatever the sirategies are thesc have to be implemented during the pre-design stage

by mampulaling the design elements ic. Siting, Space Planning and Building

Envelope.

Siting: DBefore siting a building, general climatic data, i.c., solar radiation,

temperature, humidity and wind paiterns, must be analysed in conjunclion with

particular site elemenis that are topography, vcgetation, water conditions on site and

built forms, all of which can affect the site’s inicroclimate.

The climatic data and site elements should be considered in the sclection of the

buiiding orientation, form, envelope construction, and size and location of apertures

and their controls.
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Design solutions are generally more successful if internal functions and external

influences are idenlified concurrently.

Placement, orientaticn and configurations of building are imponant for sclecling a
strategy 1o achieve the goal. For example: norih-south elongated buildings may
have reduced solar heat gain in open sites but m the dense siles it will be opposite,
because buildings in the open sites receive the highest radiation from the east and
west but buildings in the dense sites receive lhe highest radiation from the south
{Chaptcr One, Table: 1.4b.5).

Space Planning: The planning of internal funclional spaces for buildings can
significantly affect the eflficicncy of the thermally respomsive house. The key
planning issues include internal heat gain, solar heal 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 imporant to classify and organise spaces according to (heir use pattern
and need of cooling time, lighting, and ventilalion. For example, heat producing
arens need separation from bedroom, and bedrooms should be placed in areas where

the solar heat gain is minimun, as it is occupied Ihrough out the day,

Building Envelope: The building envelope has mass that serves as thermal energy
storage and helps control temperature by resisting heat gain during the summer and
losses duning the cold season. Windows and opening in the bnilding envelope
provide for daylighting and ventilation and give the occupants a vicw to outside.
Windows should be operable to allow for adjusting ventilation rate when required.
Night time ventilation helps cool buildings significantly, The ventilalion can be

resiricted during the day w prevent the enlry 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 are surface area to
volume ratio, U value, charactenstics of extedor wall (wall sections, compositions,
etc), and r-value of materials. Through manipulating these vanables a designer can

reduce external heat gain and then inakes mdoors comforlable.
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6.4. Programming

The third component of the pre-design phase is to eslablish the program flactors
related to the considerations lor achieving thermal comfort. Thermal performance
largets or goals should be established. These targets should be established using the
base on information collecied during the first two sleps in the pre-design process.
These targets will help Lo determine thc appropriale response for thermally

responsive architecturc in the building design process.

The final task of the programming siage 15 to identify the best thermal comforl
related poals. These goals and opportunities should be a list of optimal solutions
rather than a selection of components or design concepts. These program stalements
should deal with approximate sizes, shapes, and rclationships, as well as the
quantitative information. This information should be clearly and concisely slated for

good communication among all of the design team members.

6.5. Suggestions [or Brick Buildings in Urban Dhaka

Bascd on the procedure for thermal desipn outlined above, and on the survey and
invesligation, and its analysis conducted during this study, a few suggestions fer
brick residential buildings in Dhaka have been put forlh in the following paragraphs.,

These define the third, programming aspect of thermal design.

— On a sile the side with preatest cxposure W solar radiations (i.e. greatest
distance 10 next building or other obstructions) allows the highest heat gain.
Therefore the main aclivity spaces shonld bc designed to be shielded from
this heat irpul area, either by restricting surface areas, or by creating buffer
spaces 10 prodect from solar gain, or by ntilizing site elements and providing

projections to protect from direct solar gain.

— PRooms in west may be planned for occupancy durmg the momings, but if
coincident with side of greatest exposure, will provide very hot conditions in
the afternoons and early evemngs. Such rooms can have low U-value, ie.

high thermal mass, to resist heat entry before the cooling off period stats.
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—  As temperatures fall alter 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 resiricted during pericds when the

outdoor temperature 15 higher than that required for comfort.

- Top floors need to be weated with special atiention to reducing solar gain
from roof as well as the exposed side, Roof mass can be increascd, shading
on roof can be used, while the top floor spaces can be provided with means
for ventilation so that night air can transporl much of the heat of the roofl and
walls before it enters the space. Time lag of these surfaces should be high

enough to facilitate this process.

— Qnly rcoms on nerthern side, even when far from a ncighboring structure,
were found to have low temperalure swings. Therefore such rooms are
relatively free from the constraints of thermal 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 rooms arg morc cxposed than rooms with only one exterior wall.
Therefore special care needs to be laken during the design of such spaces so

that the above mentioned poals can be achieved.

6.6. Conclusive Remarks

The inlention of this research is not to provide an exact solution of thermal design, as
that would restrict the role of the designer, but it nevertheless provides an
introduction or preliminary guideline for themally respemsive architeciure on the
basis of the thermal performance of brick residential buildings in Dhaka. Though this
research concentrated on the thermal performance of brick residential buildings, it
also gives an understanding of the thermal performance of buildings with different
materials. This chapler concentrates on reducing solar heat gain, but during the pre-
design period, it is also necessary to consider other environmental aspects like
daylighting, noise reduction cte. During the programming stage, considerations have
also to be {aken regarding the cost and time duration of construction. However such

considerations have been kept beyvond the scope of this study.
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The thermal considerations that have emerged as a dircet oulcome of this study arc
imporiant in producing euergy efficient design solutions. It is extremely uscful to
have such stralcgies in mind during the pre-design and design stages of buildings, as
passive solutions are ihose which allow buildings to blend with the environment,

thereby reducing energy consumplion.
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APPENDIX-01
COMFORT ASSESSMENT FORM

Instructions of lilling up the Comfort Assessment Form.

(RECORD OBSERVATIONS ONLY AFTER YOU IIAVE REEN IN THE ROOM FOR NOT LESS THEN 20
MINUTES)

Time: The time of day or night when sensation is being rccorded.

Comforl condition: On a scale of -3 to +3 fill in the value you fecl closest to:
s |2 a4 o [ | 2 |

cold l cool | vomfortably conl 1 comfortable | Comloriably warm I YWarm LTH]

Air temperature: The air lemperature of the where you are in. This can be measured
from the Digital Temperature/ Humidity Meter by clicking twice.

R.H.: The relativc humidity of the room, By clicking the same meter once.

Globe Temperature: This has to be measured with a digilal thermometer with the black
ball on the sensar.

Clothing: Mention how are you dressed e.g. shirt and trousers, pyjama punjabi , salwar
kameez, saree, etc.
Activity: Mention what are you doing e.g. Sleeping, Reclining, Seated, Walking, ete

Air movement: You don't have to measure air movement, When the ceiling fan 15 on
mention its speed as SLOW, MEDIUM or FAST and when the ceiling fan is not on ,
mentally compare it with the speed of the ceiling fan. If there is no air movement mention
NONE.

Location Date | Time | Coml.| Age | Sex | Temp.| RH | G.T Air | Clothi | Activit
Yote Move, ne iy




134

APPENDIX-02

COFORD FIELD DATAS

CASE DATE TIME [LOCATION] C¥OT | AGE | SEX | ToC | RH T |[CLO [ MEL | ATR
16 10.11.96 15.30 BED il 20 | » 317802238 |05 |08 | F
16 10.11 96 20:51 RN 0 20 | M |31z |s7i2ea| 04 | 1B | M
16 10.11.96 §:36 LIV 0 20 | M |and|sea 27|03 |0 N
16 10 11.96 11.27 RED 0 a0 | M s |Rre oo | 04 f 0B | M
16 10 11,958 18.03 BED 0 a0 | M (297|871 269 | 04 | LE | 5
L] 10011 96 22 BN 1] | M [ 287 Bes5 |23 | 03 |08 | K
17 10 11 96 7.15 RED 0 19 | M |299 | 876 | 260} 03 ] 08 | N
17 1011 96 2,30 LD i 19 | M |2 (880|271 | 04 [ 08 [ N
17 111 56 5.0 RED 1] 19 | M 300|877 | 27404 [ 10| N
17 IR 23:30 LIV 0 19 ¢ M |00 |87 (270 04 |08 | N
LK 25.11.96 010 BED 0 4 | F |37 | 788|275 | 03 |08} 8
18 22.11 96 L:50 Liv 0 24 | F 297|806 264|005 | 028 | N
18 221196 2300 LIV i 24 F |[3lo|771 281 | 05 |08 | 8
18 231196 030 RAED 0 24 F |3n9|770]276| 05 | 058 | S
I8 2311.94 11.05 Z1HW] 4] 24 F |zw0)j7wa|256| 05| 08 | N
12 231195 14,2 DI i 24 F |05 |7wa|271]| 05 ] 18 | 8
I3 2511 06 19.00 Rz 1] 24 F |do0|l7ws|2we| 05 | 10| 8
18 231195 22.35 E1310) i 24 F |20 |m4|2en0l 035 | 08 [ N
1% 1418 06 100 1AV ] 24 F J297 | ™al2e4) 03 | 10| 8
1% 7411 96 20:10 LIV 0 24 | F |298 795|266 | 035 |08 | 8
14 241194 2345 TV f 24 F laog|79s| 278 | 05 | 0d | &
11 5 10 %6 21:20 BED 1 22 | M Jesa|eslf2e3| 04121t 8
11 5.10 06 23:30 BED i 22 | M |280(ssnl2o0 | nd |12 N
1 £.10.96 15.30 BED 0 2 | M (290 fo3plaza | oa | ag ] 8
11 714096 22400 BED f] 22 | M [0 |(wpl2e7| 04 |08 F
12 %1096 700 EED o 22 | M 2809202930412 | M
12 9, 10,96 900 BED 0 2 | M (283|920 30704 | 10 | M
12 10k 10106 2200 BED 0 2 | M |2nl940 |3z ee 08 | F
13 TR 18:30 BEL i 19 | M | 310 | %6é | 278 04 [ 10 | F
13 15.11.56 20010 BED i 19 | M |% |%86 27704 | 12| F
13 16.11.9¢ 1123 1y 0 19 | M |292 836|262 | 44 [ 08 [ N
13 16.11.56 15:30 BED o 19 | » lan2 | 848|271 |04 [ DR | N
13 16,1 1,96 23:45 BED 0 2 Y M |300 | 704|268 | 04 | lD]| F
12 17.11.58 14:30 1TV 0 19 | M |297|784]265 | 04 | 08 | N
13 17.11.56 1900 EED 0 15 | m |3g2|&00 272 64 | OF | F
13 18.11.96 13:10 EED 0 9 | M |25t Tue | el 06 [ Lo | N
13 18.11.96 1510 LIV 4] 9| M |[Ma|86T7 (270 04 08 | N
13 18 11,96 19.00 LIV 0 19 | ™ |3o0)818|270] 04 |0F | N
1% 011194 9:32 BED 0 20 M | 3W03{9l8 275 04 | 10 5
15 o111 94 15.03 BEGD 1] 0 | M [ 3065|904 (272035 |08 | 3
15 1T 96 20:45 BLD o 20 | M |34 [B96 (275|035 |12 | M
g 20,09 D 13:55 RED o 20§ M |35 |62l |35 05 | 0& | F
18 609,96 025 DIN ¥ 22 | M | 284 | 780|287 | 04 | L& | M
L 06,010,596 12:30 LOBBY 0 2| o {319 [sR2[32s5| 04 |20 F
10 7.9.06 9:30 QFFICE 0 22 | M |23 |7nl2salns |12 ] 8
L0 0.0,06 B0 DN 0 72 | M [286 674 |28R | 04 | 18 | M
tl £.10.96 R0 DIN 0 4 | F |[z27s|er7loga|os | i | M
L 7.9.56 13:30) EBED 0 4 F |28z |sgo]2ss| 0s5 | 10l M
11 7.9 06 22.30 BED fl an | F |28t} Ter|2ss5( o5 ol M
11 2005 15:15 BED 0 an | F |[27gféro 283 05| 10 M
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CASE DATE TIME |LOCATION] 30T | AGE | SEX | TeC | RIY G.T |TLO | MET | AIR
L 8.9.96 20:40 LIV 0 40 | F | 286|780 (293|035 | 1.0 [ M
L1 9.9.96 22:50 BED 0 40 | F |273 | 790283 [ 05 | OR [ M
L1 6.9.96 G:(H) BED 0 40 F |281|688 2584|0510 | F
il 7.9.56 2.0 BED 0 20 F |281 688|238 05 [12] F
11 7.9.96 9.00) BED i 0 F |278|680]282| 05|12 F
11 £.9.96 2300 BED i 20 F |21 |sopl284 ]| 05 | as ]| ¥
L1 £.9.96 T:45 (] ] an F [7a]63n (2823 | 05 b 18 | M
11 9.9.96 7330 EED 4] 20 F |287| 784 |29 | 05|08 | F
11 9,994 523 DIN 0 pls] F |284 782|288 | 05 § 18 | M
11 3 10.96 1230 | SCHOO ] | F |21 |skoefar7los | 1o | F
12 4 1096 £ 15 BEL! 0 22 | M | Maloro 2|04 | 12| M
12 19.9.96 22:10 BED ] 2 | ™M |0 |wo|3oo)] 04 )12 | M
12 B L9 21:30 BEL ] 45 F |34 |30 (3ol ns [ o8 | M
5 8.0 .00 LIV ] s4 | M |39 |mre |38 o5 | Lo | M
5 0996 220040 BED i s4 | M |32 olug| 02| 0| N
3 9.9 96 O DIN 0 s4 | W o l3aa 2 laa|os | 18] M
3 .90 21:00 BED o s4 | M 330 |wsol3a|o2) 13l F
3 0.9 %6 12:00 BED D s4 | w327 MIlnio| 02|08 F
3 109596 §:30 BED Q s4 | M [n13|%1]300| 04| 10 ] M
5 10 9.96 10,30 DIS f) s4 | M (325 |7s8lz02 |04 |12 M
5 10 9.96 L7.00 BED fl 4 | M [337|Msel321 |02 |08 | T
5 1t 996 22.00 BED 1] 4 | M [323|Molz3lo| 02 | e8| F
5 17 5.96 & 00 EBED 9] 4 | M [320]| 777300 05 | 08 ] M
] 11 9.96 z130 BED { 54 | M |30 |7as 26|02 ]oR | M
& 21096 2300 EED ] 4 | W | 37|76 320 02 08 [ M
f 3.10.96 18:30 LIV ] 25 | F |320|9d44 |4 05 )13 | F
B 31096 £30 LTV ] 25| F |32 |lwd2|mmn]os |12 | 8
b 3.10.96 11:34 BED L 25 F |330|oan |28l 03 | 13| F
& 4.10.96 15:30 1TV ] 25 | F |34 (a1 29alos |13 | F
& 5.10.96 20340 BED ] 25 | F |33.1 (w41 298|035 |13 | F
f 9.10.96 20300 BED 0 25 | 25 | 334 [w3g|a0n |05 |13 | F
ki 143, L. 06 23:10 DOTRM { 4| F [346|o3g|a1|os [12] %
7 11.10.96 0:10 DORM 0 24 | F 344|919 (306|035 | 12| F
7 12.10.96 11:25 DORM 1 M | F [3za|o03 |08 | 05 | 05 | M
7 12.10.96 12:30 DOBRM 0 24 | F |[M2|918lnslos | ok | F
7 17.9.96 {:30 DORM 4] 34 | F |3z7|(9tol3n3| o5 |08l M
7 18.9.96 1:35 STUDY ] 25 | M |300[71e 300 05 | 13 ) F
5 18.9.96 5:1% RED ] 25 | M |30s5|[716|305]| 04 |08 | F
5 18.9.96 21:40 BED i 25 | M 307|648 |3l0} 04 108 | F
5 19.9.96 23:30 13N i 25 | M |308|677|30) 04 |18 | F
B 19.9.96 10:30) LN 4] 25 | M | 312]625|313| 04 |08 | F
B 3.9.96 1515 LIV 0 25 | M (321 (643|319 | 04 |08 | F
1 3.9.94 16136 LIV 0 23 | F 328|722 | 284 | 05 | 0% | &
2 3.9.96 14:00 DIN ] 23 F |B317s|[2wo]os |18 m
2 3006 20:00 BELD 0 2| F |aza|mi|zzs|ns | 13| M
2 39046 22:34) BEL { 23 F |33 |7o0|2sins |13 | M
2 4996 G:(H) BLN 0 23 F |z20 (771202905 [ 18 | M
2 4.9.95 122040 BED it 23 F |30 |7an 200 |05 [ 13 | M
2 4.9 94 JELE LIv i 23 ) F |59 (030|035 ok | M
2 49495 21200 BED D 232 1 F |33 |70 (308 (05 |13 [ M
2 5.9 96 11:00 BED 0 23 Folaag|7n|306]| 05 | 10| M
2 5.9 04 14:00 DLN D 23 F {35 |755§j3515| 05|18 ] F
2 5.9.96 17:00 LIV 0 23 F |336|70]|s26| 05| o0k F
2 6.5.96 L0040 BED 1 X1 Fol3as|[7s8]aza |05 | 13| M
2 6 096 17:040 BED 0 23 F [341|736)l327]| 05|08 | F
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CASE DATE TIME |[LOCATION| C.VYOT | AGE | SEX | ToC | RII G.T | CLO | MEI | AIR
2 & 596 2000 BED 0 13 | F l3s|(ma0f322]|05 13| M
2 G306 .00 BED 1] 23 | F |39 [726 319|035 |0R | M
1 3 9.05 £.30 BED fi $2 t+ F |327 | 722|289 05| 13§ 8
1 3.9.96 20:30 BED 0 52 | F olsas|71niz2e8 | 05| 13 | M
l 3.9.08 22:00 RED 1 s2 | F {325 ([70l2ee| 03 | 02 | M
l 4.9.95 .30 DLM 0 52 F |30 |778l327| 05 1% | M
l 4.9.98 11:20 LIV 0 52 F o|[aza 7703210 ]| 05 | o8 | M
I 4.9.98 15:30 LIV 0 52 F |39 |772]3523| 05 ] 10| F
§ 4.9.98 21:30) BED ] 2 | F |330 |7 |s28lo0s 13| F
I 6.9.96 20:30 EED g 2 | F |37 |75 5330508 | F
I 5.9.96 2330 BED 0 52 Fo|330p732 (330 | 65 {08 | F
3 12.9.96 15400 LIV ft 25 | M |3szlTsa 40l Lo [ M
3 12 996 2100 DIy 4] 25 | M |Mo|7rsaf0] 03 |15 | F
3 13 4.9 10-00 BED 0 25 | M |33l 04| 20 M
3 13.9.9 13-3¢ LIV 0 35 | M |54 molssl o |20 | M
i 13.5.96 2000 BATH 0 25 | M |32 |Mof(320( 00|12 | N
3 13.5.96 2300 BEL L 25 | s |33 (744202 | 03 |08 ] %
3 149,96 00 BELD 0 25 | 0w |24 |73 (03| lOo ] W
3 14.9 96 20:04 BED it 25 | W | 323|706 03| 13| T
3 15.9 9 KIELE LI¥ 0 25 | 0M 330 | 74801319 | 04 | 08| 5
3 15.9 98 1700 BED 0 25 | M 36| 735|320l |0R ] F
4 12.9 96 0:3) BED 0 43 F o[3za|769)l290 ]| 05 | 10 | M
4 12.9.58 15:30 BED 0 45 | F |[3d43 |70 326 05|08 | F
4 12.9.56 21:30 DIN 0 45 | F |30 [758 300 05 |18 | F
4 13 9.96 9:30 BED 0 45 F 330743 (288 | 05 | 08 | M
4 13,994 16:30 BED 9] 45 | F | 35| 727|330 05 |12 | M
4 13 9.96 23130 BLD 4] 45 | F 326|731 | 320 05 |08 | M
4 14.9.96 2030 EED ] 45 | F |325 | 720|291 0 05 [ 0B [ M
4 49,596 1500 BED [ 23 F o35 |[757|31.1] 05 | 08 F
4 59496 800 BEL -1 23 F oj322 (703|300 05 | 08 | M
4 5.5.96 2200 BED -1 23 F |523|7a6|3s5| 0513 F
4 6,596 1200 BED l 23 F l3348 | 741|336 05 | 04 F
4 6.9 96 L 4:0H0 LN 1 23 | F |358|7mng331|ns | 18| F
2 3.9.06 TELE KIT 1 52 F I3z | 720299 | as | 20| N
2 3.9.98 14:30 BLN 1 52 | F [330|726]279| 03|18 | M
P 4.9.95 14:30 DLN 1 £2 1 F |3ap|779]|33¢| 05| 12| F
2 £.9.96 12:30 KIT 1 52| F [3so|molzda| 0520 ] N
z 6.0.96 16:30) BED l 52 F |345 |70 |33 05 ] 13| F
2 12996 0.0} BEL 1 25 | M (33| 770|293 | 03 |08 | M
3 12.9.96 12:00 BED l 25 | M [336]| 76|06 03 V13 | F
3 13.9.96 16:25 TOLL ! 25 | M [3so0]lms|najor [ 1e | N
3 14.9.96 3400 BED -1 25 | M [3zsl 73y 28| 03 |08 | M
E 15.5.96 700 EBEL: -1 25 | M |32 |75 6l 04 | 13 g
3 15.5.96 (&S] BLH l 25 M350 | 7323291001 | LB | M
d 15,5 96 2100 BED -1 25 | 0w |24 | Mof(3s| 00|13 F
4 13.9 96 14:040 DLN ! 45 F |350 (73033003 |t | M
4 14.9.96 R:30 BED -1 45 ¥ o|lsao|7265284 | 05 | 201 M
4 15.9.96 734 BED -1 45 F lszo 750316 08 | 20 | M
g 15.5.58 T{1: 30 KIT 1 46 | F [dda|Mal3xé6| 05| 20| N
4 15.9.56 L MLE DN l 45 F o|3sa 75832005 | 18 M
5 5.9 96 18:00 EED 1 45 | M (343 |2 |35 05 )08 | M
5 5.9 06 19:30 DLS 1 54 | M [324| 760|318 05112 | F
5 0,9.96 1700 BED 1 54 | M [350[768 M| 03 |08 | F
5 10.9 95 [3:45 BED 1 a4 i 40| 751|313 0.4 2.0 F
5 11.9 9 1 82040 LIV 1 s4 | M [352|Mo (33304 L0 | F
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CARE DATE TIME |LOCATION| Covidnr | AGE | SEX | TeC | RII T | CLO | MET | AIR
5 2.10.96 21.15 KIT 1 25 | F [326 |33 ns|1g | N
3 11096 16430 BET: 1 25 | F |332)939|29s|us |08 | F
& 3.10.96 2200 VER L 25 | F [328]%3v |48 05|08 | 8
& 4.10.96 IEL] RBED | 25 F |326|viv|292) 05113 | F
& 4.10.96 161 BED i 25 | F |azal9ose |0 o5 |08 | F
& 5.10.96 12410 BED [ 25 | 25 |[M1{uiof30s]| 05 | 08 [ M
b 5. 10.96 15:3¢ LIV L 25 | 25 |m3onioms|we]os |13 | M
f 5 1096 10 BED [ 25 | 25 |33 |75 05 |0k | F
7 9 10 04 L1005 DOEM 1 M| B |37 |vle|(2s8]05 | 12| F
7 G 10 96 L2:30 DORM | 24 | F |34 | %41 (302|035 | 10| F
7 G 10 O L7:45 DORM 1 24 | F |32 |94 (31605 10| F
7 P1.10.98 § 230 DORM 1 Ml 0F |3 |92l | 03|16 F
7 121056 0303 DORM ] 24 | F [s37|928]20e7 | 05| 13| F
7 111096 22:15 DOBRM 1 24 | F [s32|9olxnafos |2 M
8 17 998 0:30 STUDY 1 25 | M |[2990|El2ee | 05| 13| F
8 17996 10,30 | STUDY 1 25 | M |[296| 717|298 05| 13| F
8 17 996 11.30 LIV 1 25 | M |96t 687|290 05 {08 | F
8 17 9.96 17.00 | STUDY 1 25 | M [300]|6R5 |31 05 | D8 | F
B 18 596 21.30 LIV 1 25 | M [305| 657|307 04 | DB | F
B 14 5.94 11,30 BLD 1 25 | M |3alszg|(313l0a |08 | F
B 20 9.96 1030 | STUDY [ 25 | M |32 |20 (313|035 |08 | F
g 20.9.96 LLog | sTunDYy 1 25 | M |298[s33[208| 05 |10 | F
B 209 96 1600 | STUDY I 25 | M 306|617 [a0e | 03 | 1A F
g 20.9 96 17:0H LY 1 2500 M 307|616 [307 |05 |08 | F
g & 000 L6040 LIV 1 2| M | 224 |6BO[201 | 05 | 10| B
9 6.9046 230 BED 1 22 | M (224 | 8030287 [ 04 | GBI M
9 7.9046 1530 BLD 1 22 | M (280 | SRO 278 [ 04 | OB M
9 7996 18:00 | OFFICE 1 22 | M 283 |a3o]2e2| 65 | J0 | N
g 7.9 06 030 BED 1 22 | M |25 | gL ]293 | 04 | 0B | F
9 .4 Ui 800 DIN 1 22 | M [ 2% | 7TE 203 | 05 ] 1B | M
9 K098 20,25 BED 1 22 | M |27 |72 (293 04 J OB | S
9 9.0 96 12.00 VER | 22 | M (3222|328 04 | L0 | M
9 9.9.96 20:00 LIV 1 22 | M [264 722|278l 04 01| 5
g 49.9.96 2230 BED i 22 | M | 283|750 | 188 | G4 | DK | F
10 §.10.96 12.00 VEIR 1 40 | F [3nz2]721 32205 [ 12 | M
10 §.10.96 2000 | STUDY [ 40 | F [274 [ 720|283 05 | Lo | N
11 9.10.96 22:30 LIy [ 40 | F f28.] |Md0|202 |05 |10 | F
10 7.5.96 00 1IN [ 40 | F | 272 | 640|281 [ 05 [ 12 | M
10 7.9.96 21 30 LIV { 40 | F [274[s8i 283 | 05 |08 | F
1o £.9.96 540 KIT 1 40 | F [284 | 540|293 05 | 20 | N
0 E.9.96 17:00 KIT 1 40 | F |281 630|286 | 05 | 20 | N
10 90,95 1 K40 QUT 1 4 F |283 660|288 05 | 18 &
10} 9.9 94 i) BED 1 40 F |282|794l296| 15| 08 | F
1t 6,949 18:00 LAWN 1 20 | T |20 |adiy |28 05|20/ 8
11 6.9 D 004 BED 1 20 Eo|284 |70 |295| 05 | 08 | F
11 7.9 04 12.00 VER 1 20) Eo|agl [ 370|321 05120 | 8
11 7.9 U4 1600 | FRIEKD l 20 | F [2mafjenz g3 05|10 | M
t 7.0.96 19,00 ECD 1 20 Eo|271fer2]a83|os | 12| F
11 £ 096 1515 CORE 1 20 Fo|2&|s80 28705 | 20| 8
11 £ 096 16.45 BED 1 2] Fo|2re|s20 2800512 | M
11 £.9.96 20,00 RED I 20 | F |26 7028805 |13 | F
11 9,996 16.00 | FRIEND 1 20 F [283 V681782105 ([ 10 5
1 9 9 og 2300 BED 1 20 | F [286isn4 28705 [ o8 | W
11 1.10.96 1100 LIV i 22 |0 (30l |920 32004 | 18| M
11 11096 12.30 EED ! 22 | M |[3ps |sop32s{os | 1o | F
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LCASE DATE TIME |LOCATION| CAYOT | AGE | 5EX | TaC | RH GT | CLO | MET | AIR
12 3.10.96 19.00 BED 1 22 | M [300 | BRp N0 0S5 10 | M
12 4.141.96 9,15 BED 1 22 | M [901930 |12 04 |12 | M
12 4 10.96 17.00 BLED 1 2 | M [302 |90 320305 10 | M
12 4 10196 2030 BLED 1 2 | MW Wl (32l os |12 [ M
12 5 10.96 9,00 BLD 1 22 | M |37 ing |12 | M
12 51098 1B:00 LIV [ » | M |3wo|ezs|307 |04 )10 | M
12 5. 1608 L9010 RED ! 2 LM |33 04 |12 [ M
12 &, L{ 95 9:04) RED 1 22 | s lapa|ves 32|04 12| M
12 & 10,95 20:3 BED 1 22 | M |[aro|sRo]33 | os | 12 0 M
12 6.10.96 22:00) BED 1 22 | M (s w030 04 ) L2 | M
L5 7.10.96 Ba00) BED l 22 | M [0 |23 |32 o4 | L2 | M
£3 7.10.96 15:41) BRED 1 22 | M [oy9e |[ne |04 |12 | F
15 8.10.96 a0 BED i 22 | M [ 2s|mo|nTiod | 12| M
L3 £.10.96 1R} EBED [ 22 | M [mrle2olas]os |12 | F
L3 £.10.96 200 BEL: 1 2 | M | s |(wdof32olod |12 F
15 9,10.96 10l BED [ 22 | M |20 |oyof33s| 04 |12 F
15 9,10,96 1030 BELD 1 2 l0m |[2o|93ofzs|o04 |12 F
15 9,10,96 F2:3) BED ] 22 b | 307 (S8R0 [3LE ) 05 | GE QM
15 L0, 10,56 B0 BED 1 2200 320910333 04 | 12 | M
15 193, 10.56 10:00 BED ] 220l M (330950338 [ 04 | 12 ] M
13 110,93 18:00 BED 1 20 M 320 90n]33s|og |10 | M
16 16.11.93 18:30 BED 1 W | M |305|8s1t9]|275 | 04 | 4% | N
L& 15.11.93 2230 EED l 19 | M |302| 8080270 04 | L2 | N
i6 15.11.96 2330 BED l 19 | M |30st788 270 04 |08 | N
17 L1156 1601 EBED I 19 | M |35 | AR89 |253 405 | 08 | 5
17 21196 1500 BED [ 19 | M | 37| 892|298 05 | 08 | 8
17 2.11.49% 17:00 LIV 1 19 M | 3210880 289 0.5 | 1.0 g
17 2.11.96 200 LIV 1 19 | M |34 | 857|280 05 | Lo | 8
17 4.11.96 7:40 1Ty L 19 | M j2rn (859|235 (05 [ 12 | M
17 4,11.96 9:30 LIV 1 1% | M |280 | %52 | M35 |05 [ 12| N
17 41196 [§EL IV 1 19 | M |29 |85 | 20|05 |12 ] N
17 4.11.95 [BELE LIV 1 19 | M J2zn &8sy 20405 [12 ]| W
17 1.11.58 12:45 BED 1 20 M [sne|optl27é] 04| 10| K
17 2.11.56 041 EED 1 20 | M |13 |&s2{27a| 04 | 10| N
L7 2.11.56 1%:25 EED l 20 | M [3e (B8R |287 04 |08 | F
17 31196 2032 BED 1 20 | M [ ZRe 873|253 03 3 L0 | N
17 2,119k 000 LIV | | M |3olard|arn] 03 |08 | N
17 9119 2215 EED [ 19 | M | 304|877 (274 05 |08 | N
17 1011 96 12:20 BED [ W | M 2876|270 |04 [ 12| N
17 11.11.96 16.15 BLD I 19 | M |35 (875327205 (08 | N
17 11.11.96 21.00 LIy I 1w | M |304 | 868277 04 |12 ] N
17 12 11 94 9,15 L1V I 19 [ M 207 |860[266] 03 |12 | N
19 21.11.95 LI:LD RED | M | F |[297 (800|266 | 035 |10 | N
19 211196 LMD RED 1 4| F lagy|mal27ie| 05 | 10| N
14 2L.11.96 22:30 BED 1 24 F |32 | 7593274 05 | 0| 8
19 201196 14:30 BED 1 24 F |3na|%09|274]| 05| 08 ] §
1% 22.11.96 16:30 LIV 1 24 F |30 o222 | os 10| N
19 24.11.96 12:30 BED 1 24 F |292|7w4a1258| 05 | 10| K
9 24.11.96 15:30 B 1 24 F |28 |75 |268 | 05|08 | N
] 21096 15.00 HED -1 25 | F [330 )56 |92 | 05 |08 | F
6 4.10.96 2300 BED -1 25 | 25 |327]|93e|9sfos o8 | F
6 5. 10.96 o) LIV -1 25 | 25 |3sn|o4n|we]os | 13| &
) 5.9 05 1400 { OFFICE -1 22 | M |2s1lsgef27elos | 1s | M
tl 7.0 96 15.00 BED -1 4] F |20 &r1|272]| 035 |08 | F
L5 15.11.96 15:30 LIV -1 19 | M |31 867276 04 | 0B | N
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CASE DATE TIME [[OCATION] CVOT | AGE | SEX | Teil | RH G | CLO | MET | AIR
15 15,1194 17:0i RED -1 19 | M |30 | 8a9 |26 04 | 12| F
13 15.14.56 2330 BED -1 19 | M |35 | %62 | 278 04 | 10D | F
15 14.11.56 2230 | LIVING -1 19 | M |30 | 837|272 04 [ 08 | N
15 17.11 94 22:30 BED -1 1M | M 300 |23|270| 04 | 12| F
13 17.11 56 73:30 BED -] 19 | M |05 | 786 (268 | 04 [ 10| M
16 17.11 96 8:30 BED -] 1w | s 202|920 (26205 [ 10| M
16 1.11.56 13:50 | LIVING -1 1o | M |30 (908268 |05 |10l N
16 1.11.56 20400 | STUDY -1 19 | M |298 (888|264 | a5 [ D] N
16 21196 3:00 STUDY -1 W | M |300|879 277|055 10 | N
16 21196 22.00 BED -1 13 | M |306|8§7.71275( 05 | 08 | N
16 3.11.96 9.15 BED -1 v | M | 298 | 873|268 05 10| N
16 3.11.96 14.50 DN -1 19 | M |2910865(2352| 05|18 | ¥
L& 31186 19.06 [LIVING -1 19 | M |2s8less|zen|ns 12 | W
(L] 311.96 2122 [LIVING -1 19 | M |286l8s2|254f 063512 | N
16 31106 23,00 RED -1 19 | M |279 1862 |40 05 [12 [ N
lé 4.11.96 21:54 RED N 19 | M |288 |850 (271 |05 [ok | N
17 1.11.93 21:15 RED -1 20 | M 204 | 896 (263 ] 05 |15 [ N
17 2.11.96 0010 BED -1 20 | m | 300 [#82[270 | 03 | 0K | 8
17 4.11.96 B:40 BED -1 20 | m | 283 (867 [260 | 03 | 1D | N
L7 4.11.56 1%:30) BED -1 0 M [3pa]seaf2r2|n4 )10 ] 8
L7 4.11.56 20030 LIVING -1 20 | M [aps|®e2l2z7 |04 |08 | N
i7 4.11.96 72:30 BED -1 2 | M [2ws(sas)lae3 | a4 a0l N
13 9,11.96 2050 LIVING -1 19 | M |30 (863|276l 05 12 | M
13 10.11.%6 730 BED -1 19 | M |99 [876 269 04 |12 | N
18 10.11.96 1445 [LIVING -1 19 | M |306]868 274 05| 08 | M
L3 10.11.96 tog  [LIVING -1 19 | M |33 |868 (276l 05 10 | M
13 11.11.96 745 REI -1 19 | M |2971874 265 04 [ 12| N
18 12.11.96 110 RED -1 19 | M |97 |20l 10| N
18 12.11.96 715 BED -1 19 | M |297 |80 |286) 03 |12 | N
18 12.11.94 16:45 RED -1 19 | M |30l | B8 [270{ 04 |12 | N
18 (2.11.96 17:15 BED -1 o | W |30z |#59|270| 04 | 12 | N
1§ 12.11.96 1800 |LIVING -1 1 | M |30 | 856|272 [ 04 [ 08 [ M
|2 21.1 .96 13:20 [LIVING -1 4 ] F |36 808276035 | 08| 8
t2 23.11.96 B3 BED -1 24 F lzop|7@et259|0s | ok | N
3 5.9.98 14.30 | THNING 2 s2 1 F |3sa|[7a0)33t |05 | 18} F
5 12.9.96 245 [KITCHEN 2 45 F [340 76l ]2334| 05 | 20| N
4 4.10.96 1300 [RITCHEN 2 25 F |s37|938|207| 05|20 | N
B 5109 1500 | LIVING 2 24 | F |30 |®aalynalos | ogl F
& 10 1096 10030 LIVING 2 24 F [341 937 (306 | 05 [ 12 F
B 10 10196 14:30 | LIVING 2 24 F |3sofwar|3zzs| a5 |10 | F
g 10 10 06 16,50 | LIVING 2 24 F |31 |ods|328| 05 |08 | F
g 10 10 96 20,00 | LIVING p 24 F |35]|sws || 65 12| F
8 11 10 94 £.50 LIVING 2 24 | F |3seloxt 31|05 | 10| F
S 11 16 96 130 | LIVING 2 24| F |M2 |93 (0705 | 12| F
] 11.10 96 14:15 | LIVING 2 24 | F (346 |%97 (38|05 | 08| F
g V210 Y6 t3:30 | LIVING 2 24 | F |3s1|on? |34 | 05| 08| F
9 1%.9 95 14:45 STUDY 2 25 | W |an4|es7|aed| 04 | 13| F
g 159,96 7:30 DINING 2 25 | M 316|627 (30704 | gB | M
Ly 6.9 96 1:10 | OFFICE 2 2 | M {32 |e3s)323 | 04 | 10y 8
L0 7.9.96 12:00 | LOBBY 2 22 4 M |30 [s80]31E | 05 | 10| N
10 £.9.56 11:00 | OFFICE 2 22 1M |36 s4nl3sa|os [ 12] 8
3L £.9.5& 1730 | OFFICE 2 22 | M (276 |520l283 | 04 |10 N
1 0.9 5 17.00 | STUDY p 22 | M |[291 | Msl30n | od 13 ] 5
11 010 56 17T:00 |KITCHEN| 2 4 | T |wo|milnr|os )22 | 8
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CASE DATE TIME [LOCATION| C.YOT | AGE | SEX | 1eC | RH G.F | CLO | MET | AIR
11 0.9 95 2100 KIT 2 a0 | F |2ek|maz|29s) 05 |18 &
12 £.9 96 12:00 SHOP 2 W | F 323 [#10f3azs| 05 |20 | N
12 6.9 DG 21:00 KIT 2 wm | F o l2es (740200 | 05 | Lk | §
12 0.9 5§ L0, 10 COLL 2 20 |l F [318]636l323|0ns | 10| 8§
13 3.10.96 15.00 BID 2 s | M [320(ssn]330|os |08 ] F
13 4.10.96 13.30 DIN 2 22 | M [310(sepnl33s| a4 18] F
L3 & 10.95 14.00 BFD p 22 | M [332 |89 340 | 04 J 08 | F
4 7 10.95 12.00 CLAKS g 22 | M [323 900|330 05|10 | F
14 E. 1096 12,30 DIN . 22 | M [3z0]9n |33 | 04 ) L8| M
14 010,06 11:30 CLASS 2 2 | M |3olero|me]|os (10| F
14 9, | {95 L3:30 1IN ) 2 | M 332 siofl3zsios |18 | F
14 b 10,96 Ll RED 2 22 0 M |34 580351 |n4 ) 12| F
15 17.1L.96 12:34 LIV 2 19 | s |7o2|sis|262 | 04 |08 | N
16 1.11.96 12:20 LIV 2 19 | M |31.3|#ek]|283 |04 [ 20| N
17 4.11.96 {320 EED 2 20 | M |7279 838250 04 0B | N
11 9.9.96 12:000) SHOF 3 ap | F |rs|s1o)3z8]osl s | N
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APPENDIX-04
CASE STUDY SEARCH SHEET Sample no: |:|

This is a survey to identify the thermal performance of a house with it’s envelope.
Please provide a brief descnption of the housc or flat where you live or have access to
providing the information requested.

ADDRESS:
YEAR OF CONSTRUCTION : | |
SOURCES NAME:
SURROUDINGS: Dense Moderate Sparsc

Trees and Yegelation. |:| I:] I:I
Built forms I:I |:| I:]
Paved area I:I I:] |:|

Gap with other Buildings. North. South. I:] East. | West |:|
Building Exposed to E \:\ \:\ [ ]

COLOUR OF THE BUILDING
SURFACE MATERIAL OF THE BUILDING
BUILDING DATA

In the space provided below pleasc Diaw sketches as required and if mere space 15 needed
please add new sheets .

Site Plan in Scale:
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Plan in Scale and {show grientation and dimension of room)

O

Building Section in Scale:

Section through wall showing materials Plan and Scetion of Window with
and thickness projection/shadmng devise(show dimension}




ASSESSMENT OF ROOMS IN THE HOUSE/APARTMENT

No { Namc Time of usc, celour | iength of the Windows Exposed to and size in ft. | No of | Type Cortains Iz room air
TO4Hm Fans in the windows conditlo ned
Moemin | Noon Alter night North- | Rast- Morth | South | East West Cotton | Synthetic | Yes | No
E noon South West L x H .""I.-;. ?E H"" ) L x 'H' ]'_ X H
01 M. Bed to to o o x X x x
02 Bed-2 tor o b i x X x X
03 Becd-3 tor to b o x X x X
04 | Bed-4 to to o to x x x X
_{}5 Draw_iflg_—m__ "] l-l}_ ) "] B X X X X
_{}6 F L]v_illi oy _ Ly Ly Ly _ X X X X_ N
{-_}? Kltchen to 1] 1] to x X x ¥

143
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COMFORT ASSESSMENT LEVEL OF ROOMS

Insiructions of filling up the Comforl Asscssment Form

(HECORD OBSERYATIONS ONLY AFTER YOU HAYE BEEN IN THE ROOM FOR NOT LESS TIIEN 20
MINUTES}

Time; The time of day or right when scnsation s being recorded.
Comforl cenditon: On a scale of -3 to +3 fill in Lhe value you fecl closest o

-3 -X -1 ] +1 | +2 | +3

¢old caol

comforiably cool [ comfortable | Comfortably warm | Wirm | hot

Air temperature: The air temperamre of Lthe where you are in. This can be measured from the Trigilal
Temperature! Humidity Meter by clicking twice.

R.H.: The relative humidine of the room. By clicking the same meter once.

Globe Temperature: This hag 1o be measured with a digital thermometer wilh the black ball on (he sensor,
Clothing; Mention how arg you dressed ¢ shint and irousers, pyiama punjabd | salwar kameez, saree, etc.
Activity: Mention what are you doing ¢.g.

Air movement: You don't have to measure air movement, When the ceiling fun is on mention ily specd as
SLOW, MEDIUM or FAST and when the ceiling fan 15 not on , mentally compare it wilh the speed of the
ceiling fan. If there is ne air movement mention NONE.

Exi. temperature: Reading of out side lemperature.

Namc of Obscrver Axc Scx Oceupation Date
Time comfort Vote | Assessment of temp. R.H | Clolhing | Aciivilies | Ext. temp
(500 Air Movement
with with with with Adr Clobe
Fan ot [an fan out fan
M. Bed
Bed-2
Bed-3
Bed-4
Drawing
F Living
Kitchen
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Name of Obscrver Aye Sex Occupation Date
Time comfort Vote | Assessment of temp. E.H | Clothing | Activities | Ext. temp
2:00 Air Movement
with with wilk with Adr {rlobe
Fan ot Fan fan out {30
M. Bed
Bed-2
Bed-3
Bed-4
Drawing
F Living
Kitchen
Name of Observer Age Sex Ocecupation Date
Time comfort Yole | Asscssment of temp. R.H | Clothing | Activities | Fxt. temp
12:00 Air Movement
with with with with A Globs
Fan | outfan| fan | outfan
M. Bed
Bed-2
Bed-3
Bed-4
Drawing
F Living
Kitchen
Name of Observer Aye Sex QOccupation Date
Time comfort Vote | Assesstnent of emp. R.H | Clothing | Activities | Ext. temp
15:00 Air Mavement
with with with with Air Globe
Fan out fan fun oul fan
M. Bed
Bed-2
Bed-3
Bed-4
Drawing

F Living
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Mame of Observer Age Sex Occupation Date
Time comfort Vote | Asscssment of temp. E.H | Clothing | Activities | Ext. temp
18:00 At Movement
with with with with Aar Glube
Fan | outfan | fam | outfan
M. Bed
Bed-2
Bed-3
Bed-4
Drawing
F Living
Kitchen
Name of (Jbserver Ape Sex Occupation Date
Time comfort Vote | Assessment of temp. R.H | Clothing | Activities | Ext. temp
24:00 Air Movement
with with with with Air Globe
Fan out fan fan oul [3n
M. Bed
Bed-2
Bed-3
Bed-4
Drawing
F Living
Name of Observer Age Sex Occupation Date
Time comfort Vote | Assessment of lemp. R.H | Clothing | Activities | Ext. temp
06:00 Alr Movement
with with with with Adr Gilobe
Fan ot fan fan oul [an
M. Bed
Bed-2
Bed-3
Bed-4
Drawing

F Living
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APPENDIX-5

Case study Descriptions and Temperature Graphs for All Cases
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Temperature Graphs For Case Studie-01 (Ground Floor) Master Bed (North-East)
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Temperature Graphs For Case Study —01 {Ground Floor) Bed Room(South-East)
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Temperature Graphs For Case Study —01 {(Ground Floor) Kitchen (North-West)

Temperture 1"C
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CASE STUDIES
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Temperature Graphs For Case Study —02 (1" Floor) Bed-2 Room (South West)

Temperatiers in“C
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Temperature Graphs For Case Study 02 (1* Floor) Bed Room-3 (West)

Teanperanurs 1n"C
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CASE STUDIES
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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 -4 (Top Floor) Dining Room (North)
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Temperatire Graphs For Case Study —05 (1% Floor) Bed Room-2 (South)
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Temperature Graphs For Case Study —05 (1* Floor) Bed Room-3 (South-East)
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Temperature Graphs For Case Study —05 (1* Floor) Bed Room-4 (North-East)
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‘Temperaturc Graphs For Case Study —06 (1% Floor) Master Bed Room (South-East)
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Temperature Graphs For Case Study 06 (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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Temperaturc Graphs For Case Study —07 {1 Floor) Bed Room-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 Studie-08 (Ground Floor) Bed Room (South)
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Temperature Graphs For Case Studie-09 (Top Floor) Living Room (West)
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Temperaturé Graphs For Case Study —09 (Top Floor) Bed Room-2 (South-East)
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Temperature Graphs For Case Study —09 (Top Floor) Bed Room -3 (South)

Temperature n“'C
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Temperature Graphs For Case Study —09 (Top Floor) Master Bed (South-West)
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Temperature Graphs For Case Study 10 (1* Floor) Bed Room-2 (North-East)
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Temperature Graphs For Case Study —-10 (1* Floor) Bed Room — 3 (North)
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Temperature Graphs For Case Study —10 (1* Floor) Master Bed (North-West)
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Temperature Graphs For Case Study —11 (1" Floor) Living Room (West)
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Temperature Graphs For Case Study —11 (1* Floor) Bed Room-2 (South-East)
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Temperaturc Graphs For Case Study —11 (1* 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 —12 (1" Floor) Master Bed Room (South)
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Temperature Graphs For Case Study —12 (1" Floor) Bed Room (North)
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APPENDIX-6

Temperaturce Data for all Case Studics
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Table: App.6.1. TEMPERATURE DATA (in °C) FOR ALL CASE STUDIES OF OPEN

SITES

Case Study —01 (Ground Floor) Master Bed Room({North-East Oriented Room)

060 | 00:00 | 1200 | 15k | TR | 2000 | kMR I 0300 | D= | Awe Mux Min | Swidg
Agpril Indovar temp. 252 e k1R 3540 31t s 28t i 254 53 B8 10 250 B
CutdhT temp, M6 I 125 341 360 132 323 B a3 M6 303 360 4.6 1.4
Sept Tndaar temp 240 8.3 iy 2l 5 2813 8.2 WI I a4 8.4 b R0 L.l
Owrdoor 1emp 7.8 9.5 32 325 o 290 85 %0 l 0k pl A LY T8 4.7
lan, LrubatT Gearip M3 | 205 23R ILo I N pi 2 04 Wl 281 LT | 210 m ]
Ouidoar iemp. 152 184 .2 251 | mz2 195 175 14.7 15.2 5.4 '| M2 147 45
Case Study —01 (Ground Floor) Bed Room(South-East Oriented Room)
G | DAcO | 1200 | 1500 | 1800 [ 2100 | dd | 03eibd | D6 | Ave | Max | Min j Swing
Aprnil Indaar temp Ul ElN| 12 k2R i3z t EyAll iz 158 241 302 46 258 | BB
Cutsloew tenap pEY k) 34.] 3640 i I 12 PR 263 24.6 3.3 36.0] 6 | 14
Sepl. Indaar lemp s | L 304 311 2 306 ok 20.5 05 209 3] 185 1.6
Ot temp e ] ms 321 325 na 290 8.5 .0 NE okl L5 7.8 4.7
Jun Tnulosad cormp L0 213 It 1z 1o 24 218 1.2 ! 21 214 25 i 13
Churdpor 1emop, 3.2 5.8 132 151 2 195 175 14.7 ] 15.2 13.8 41 47 3.5
Case Study —01 (Ground Floor) Kitchen (North-West Oricnted Room)
G | 090 | 1E:00 | 1500 | LS00 | 2100 | G000 | OF:0E | 0680 [ Awe Mlax Min | Swing
April Indaor L=mp. 2546 i t 00 g 341 110 321 232 134 295 kLD 252 ]
Outdaar temp. | 2445 15 | .1 G 332 ir2 28R 2613 245 3.3 360 pLE 114
SepL Tudvr teing. 230 L 203 9.6 Wl | 9.5 Pk N 200 203 A 910 1.1
Outdaar omp 2TE i 31 323 o I 90 IR % 2840 278 20.5 323 178 4.7
Jam, Indaor ternp. L B s 214 1% I 1.9 Ptk 2kl | 202 204 25 i H | 14
Chatikair Kewrp 152 1840 M1 251 .z 19.3 LT3 147 l 15.% 188 2 147 25
Case Study —02 (1° Floor) Bed Room-2 (South West Oriented Room)
06:00 | 00 | I O1S:00 | 1800 | 200 | OO0 | 0300 | BR0Q | Ave | Max | Min | Swing
Aprl lodoor iemp 272 i v | iz 315 320 N na 1.2 87 i3z 70 6.3
Ouchwr g | 252 321 1% I 336 320 .z 274 6,1 2 263 336 252 54
Sepr. Indoor femp. 4.1 M3 £ N s 310 mns 29.B LA PR 4R o %7 23
Ol terup. | 2605 305 3l 32 323 LA 294 Ha S 296 323 265 58
Jan. Indooc 1emp. U M6 i H n2 23 2z0 213 201 0.0 2.2 111 Pl 11
Dutdaar temp, 148 1.2 I 234 63 124 M 17.R 147 14.5 1849 6.2 14.3 1.8




Case Study —02 (1* Floor) Bed Room-3 {West Oriented Room)

192

UA:00 | 0900 | 12:00 | 15:00 | 19:00 | 2000 | 0400 | D3:00 | 0600 | ave | Max | Min | Swmg
Aprl | Indeerremn | 381 | 251 | B8 | 302 | 9 | 5 | 273 | B8 | 1 | 278 | 302 | 258 | 44
Owdoortemp | 252 | 541 | 985 | 6 | 320 | W2 | 208 | 21 | 352 | B3 | 36 | 252 | 84
Sepl | Imdvortep | 289 | 292 | D95 j 300 | 296 | 92 | 206 | 285 | 280 | 29.2 | 00 | 23 | 16
Durdowr emp. | 265 | 305 | 31 | 323 | 299 | 267 | 28 | 271 | 265 | 269 | 323 | %5 | 3R
V| Wndeoremp | 194 | 193 | 03 | 21% | 285 | 02 | 0 | 191 | 190 | 9% | 100 | 190 { 2
Cudsaciemy. | 14§ | 23 | 336 | 363 | 25 | W1 | DB | 147 | 13 | W9 [ %3 LS |00
Case Study —03 (1* Floor) Living Room (South Oricnted Room)
06:00 i 09:00 | 12:00 | 1500 | 1800 | 2008 | 00:00 | 00:00 | 00d | Ave | Max | Min | Swing
Al | Tndsrwmp | 255 | 270 | @ | 312 | 05 | 308 | BE | B2 | B3 | 281 | N3 | B2 | ab
Gubwortemp | M98 | 318 | 338 | 347 | Ji6 | 330 | 34 | 295 | ME [ 308 | 27 | 208 | 99
Sept | Twdearwemp | 00 | 302 | 305 | 1D | I07 | 05 | W2 | 298 | 36D | 303 | 310 | WE | 12
Oudeorcomp | 213 | 308 | 317 | 325 | 308 | 291 | %S | 278 | 25 | 25 | 323 | 25 | 3
Jan. | Imlewmp | 32 | DB | 216 | 125 | 222 | 203 | 200 | 04 | 22 ] 20 | 228 | 02 | 23
Do temn | (58 | 219 | 265 | L | 218 | 204 | I8 | 134 | 158 | 202 | 265 | 154 | 111
Case Study 03 (1°° Floor) Dining Room (Nerth Oriented Room}
o600 [ 0900 [ 1200 [ 1500 | 18:00 [ 20:00 ] 00:00 | 0300 [ 9600 [ ave [ Max | Min | Swing
April | inkmreemp. | 50 | 38 | D0 | 389 | 275 | 263 | %61 | 43 | 231 | 264 | 289 | ME | 41
Cutdoormp | 248 | 318 | 38 | 35 | 336 | 10 | 314 | 295 | W8 | 308 | 47 | 28 | 998
Sept, | Umdoertamn, | 305 | 308 | 310 | 318 | 313 | L0 | 308 | 306 | 305 | 309 | 318 | 365 | 13
Ouidoorewp | 275 | 30D | 37 | 325 | 305 | 289 | 285 | 208 | 275 | 205 | 325 | 293 | 5
Yan | Wndoorwwp | 200 | 205 | 208 | 211 | 28 | ID§ | 204 | 201 | 206 | 205 | 711 | 20D | 11
Ouidvor lemp. | 158 | 119 | 185 | 252 | 218 | 204 | 188 | 154 | 58 | 202 | 265 | 154 | ILI
Case Study —04 (Top Floor) Master Bed Room(South Oriented Room)
0600 | 9930 | 1200 | 13:00 [ 1800 | 21:00 [ 0000 [ 0k [ et [ oc [ Max | Mo [ Swing
ApAl | ndoocwmp. | 268 | RS | 300 | 353 | 343 | 324 | W5 | 30 | 8 | 305 | 353 | 268 | 63
Owdoor e | 943 | 310 | 335 | 345 | 334 | 325 | 303 | Bb | 243 | 304 | 45 | 243 | 1032
SepL | Indooctemp. | 0S5 | 308 | 314 | 318 | 313 | 311 | 30 | 306 | 305 | 309 | 318 | 305 | 13
Outdoor emp, | IT8 | 296 | 321 | 327 | 10F | 21 | 284 | 280 | 27k | 295 | 327 | 278 | 49
Tan macortemp. | 65 | 198 | 215 | I8 | Dz | 212 | 23 | 18 | I3 | 23 | BB | 182 | 5%
Oodeoromp | 155 | 203 | 262 | 53 | 22 | %03 | 0 | 131 | 155 [ 200 | 282 | 151 | MM
Case Study —04 (Top Floor) Dining Room (North Oriented Room)
D6:00 | 09:00 | 12:00 | 15:00 | L%:00 | 2100 | D0:00 | 03:00 | 0600 | Awe | Man | Min | Swlng
aprl | Idsarwemp | 262 | 268 | 253 | 935 | 324 | 3p | 24 | 10 | 262 | 234 | B35 | 2 | 73
Cudoorte, | 243 | 316 | 333 | WS | B4 | 325 | 35 | 36 | 343 | 304 | 345 | 13 | 1e2
Stpl | Indoortemp | D96 | 302 | 306 | LI | 305 | 0% | 300 | %8 | 298 | 302 | 311 | 28 | 13
Cutdoorromp. | 278 | 294 | 320 | 317 | 303 | 21 | =4 | 280 | 278 | 283 | 327 | 1B | 48
Tan Tndoor temp | B0 | 189 | 206 | 225 | 205 | 208 | 19 | 175 | 180 | 186 | 23 | 175 | 3
Gudoor wmp, | 155 | 215 | 263 | 35 | 22 | 203 | 90 | (31 | 155 | 200 | 262 | i50 | LLI
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Table: App.6.2. TEMPERATURE DATA (in "C) FOR ALL CASE STUDIES OF MEDIUM

DENSITY SITES

Case Study —05 (1* Floor) Bed Room-2 (South Oriented Room)

06.00 | 09:00 | (2:00 | 15:00 | 18:00 l 2000 | 0000 | 03 | 0600 | Ave | Max | Min | Swing
Aprl | lndooctmp. | 215 | 1 (318 | 351 | 322 | 301 | 285 | 268 | 275 | 208 | 33 | 268 f3
Outloortemp. | 263 | 30 | 369 | 365 | 352 | 318 | 297 | 281 | 265 | 314 | 369 | %E | 103
Sept | Tndoorlemgp. | 293 | 198 ] 300 | 308 | WZ | 298 | 298 | 293 | 293 | 298 | 303 | 93 | 1%
Oudowwemp | 280 | 323 | 326 | 328 | WE | 292 | 281 | 278 | 150 | 29.8 | 326 | 170 | 5.6
Jan, oo temp. | #E § 30 | 225 | B0 | 135 | 20 | s | 263 [ 1 | 202 | 16 | W1 | 25
Oudoortemp, | 188 | 228 | 255 | 212 | DI | 2 | 1B2 | 151 | 1B | 201 | 272 | 148 | 124
Case Study —05 (1* Floor) Bed Room-3 (South-East Oriented Room)
MO0 | 050 | 1200 | IS | LR0D | ZLoMp | DDCO0 | OXDD | MM | Ave Max Min Swing
Aprl | Indsrwap | B0 | 110 | 523 | 14 | B30 | 303 | B0 | %5 | X | 02 | B4 | ;K 6.9
Outdoor temp, | 265 | 360 | 369 | 5 | 352 | 310 | 17 |21 | 265 | 314 | 369 | 261 | I0E
Sept | Undoorwcmp | 295 | 300 | 306 | 310 | 05 | 301 | 298 | 294 | 295 { 300 | N8 | B4 | 16
Oudoor tcmp | 2B0 | 323 | 426 | 325 | 08 | 292 | 181 | 270 | 50 | 298 | 326 | 220 | 56
Tan oo ey | 101 | 210 | 27 | BF | 223 | 208 | 106 | 4 | 22 | 214 | BT | 12 | 33
Oudoertomp | W8 | 28 | 238 | 212 | 21 | 2 | 182 | 51 | 148 | 31 | 22 | W% | 124
Case Study —05 (1* Floor) Bed Room-4 (North-East Oriented Room)
0500 | 0%l [ 212:00 | 15:040 l 18:00 | 21:00 i 00:00 | 0500 | bcM) [ Ave | Max | Min | Swing
Aptil | Indowrtemp. | 268 | 277 | 283 | 300 | 98 | 295 | 91 | 260 | 268 | 282 | 300 | 60 | 4
Oudoorieng | 365 | 340 | 369 | 365 | 352 | 310 | 27 | 251 | 63 | 314 | 368 | 261 | 108
Sepl. | Indooriomp | 283 | 288 | 295 [ 298 | 295 | JE8 | 285 | 281 | 283 | 288 | 9B | =1 | L7
wdoorremp | 220 | 323 | 326 | 325 | W08 | 2L | 281 | 270 | R0 | 295 | 326 | 218 | 56
Tan Todoos oy | IS0 | 104 | 195 | 201 | 198 | (92 | 185 | 178 | 180 | (89 | 201 | 178 | 23
uwdoortcmp | 148 | Z08 | 255 | 273 | 221 | 2 | 132 | 181 | t4s | 200 | 212 | 4E | (24
Case Study —06 (1* Floor) Master Bed Room (South-East Oriented Room
06:00 | 99:00 | 120 | 1500 | 1808 | 20:00 1 0000 | 0300 | 06:00 | Ave | Maa | Min | Swing
April | totcorvemp. | 268 | 302 | 313 | 32 | B0 | 312 | B | 35 | 8 | 299 | B2 | By | 67
Owiduoriewg | 255 | 0 | 365 | 360 | 335 | 315 | 301 | I8 | 225 | 309 | 63 | 255 | 114
Sept. | lodoortomp, | 236 | 292 | 196 | 300 | 208 | 193 § 20 | 88 | 26 | 292 | 0 | 286 | LS
Gudvoriemp, | 773 | 25 | 10 | 322 | B | W9 [ &5 | w1 | 73 [ w9 | @2 [ B[ 5
Tan imboor teny | 156 | 16 | 182 | 188 | 181 | 176 | 170 | W61 | 156 | 171 | 188 | 156 | 32
Ougoorienp | 115 | 155 | (9 | 234 | 195 | 145 | 140 | 11 | 105 | 156 | 34 | 110 | 123




Case Study —06 (1* Floor) Bed Room-2 (South-West Oriented Room)
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D6:00 | 09:00 | L2:AM) | 15:00 | (R:00 | 20:00 | 00:00 | 03:00 | 06:00 | Ase | Max | Min | Swing
Rom | indowrteap | 261 | 300 | 0 | 34 | W0 | B3 | OL0 | 80 | ZE | 305 | M8 [ 33 | 6
Oudooricmp | B85 | 321 | 363 | 360 | 33 | 315 | 301 | 18 | 5 | W9 | 39 | 355 | Il4
Sepl | Uoortemp, | 288 | 291 | 28 | bs | 305 | 360 | 295 | B0 | 2 | 295 | 365 | 388 | 17
Oudoorvemp, | 273 | 295 | 20 | 32 | 15 | 278 | 275 | W1 | 713 | 288 | 322 | 21 | 51
Tan Todooremp | 160 | 168 | (L6 | 150 | 184 | 100 | 175 | 165 | 161 | 174 | 120 | 161 | 28
Oudoortemp, | 105 | 153 | 191 | 234 | 198 | 145 | W@ | (L1 | 15 | 156 | 234 | i1l | 123
st
Case Study —06 (1” Floor) Bed Room-3 (East Oriented Room)
IW:00 | 09:00 | 12:00 | 15:00 | 18:00 | 20:00 | 0G:00 | 0300 | 06:00 | Ave | Max | Mm | Swing
Apnl | Medertwep | 257 | W2 | 30 | 33 | 92 | 280 | 265 | 230 | 233 | 20 | 315 | &L | 64
Cuioortemp. | 255 | JEE | 363 | 204 | 335 | 315 | 300 | 274 | 255 | 308 | 369 | 255 | 114
Sop | ledsorwwg. | 250 | B0 | D4 | 26 | 291 | 383 | W1 | 8 | B0 | 36 | 9§ | B8 | 18
Outbortonp. | 393 | 85 | 20 | 322 | 25 | 23 | 75 | 21 | 23 | 8y | 322 | 20| 83
Wa. | Indoociemp. | 156 | Ib& | 180 | 183 | 173 | 162 | 158 | 152 | 156 | 166 | 185 | 156 | 23
Gdgerwemp | 113 | B35 | 092 | 334 | B3 | 13 | 140 [ 11 | 15 | 156 | BA | (LI [ 123
st .
Case Study —07 (1™ Floor) Bed Room-2 (South-West Oriented Room)
6 | 03:00 | 13:00 | 1500 | 16:00 | 24:00 | 00:00 | 03:00 | 06:00 | Ave | Msx | Min | Swing
Apnl | Indoorlemp, | 263 | 303 | 3.5 | 0 | 31 | 325 | 310 | 28z | A5 | 30 | M1 | =2 | 39
Oudoor omp. | 355 | 323 | 351 | 5% | 395 | 328 | BA | 700 | 255 | J0& | B | 255 | 103
Sept | Indowremp. | 226 | 29 | 301 | 305 | 313 | 310 | 5 | 301 | 295 | 302 | W3 | W5 | 18
Outdecrtomp | 085 | 315 | 320 | 324 | 308 | 300 | 201 | 275 | 285 | 298 | 324 | 275 | 489
Jan. moce ey | (98 | 199 | 206 | 55 | M0 | 35 | D1 | W0 | 198 | 215 | 248 | 198 | 42
Cuibwortern | 141 | 188 | 253 | %5 | 38 | 181 | 170 | 143 | 141 | 130 | 23 | W1 | 124
-1 P -
Case Study 07 (1" Floor) Dining Room (West Oriented Room)
Ge:00 | 000 | L2 | 1500 | 1%00 | 210 | 000 | 03:00 | Ol | Ave | Max | Min | Swing
Aptil | Indoortemp. | 260 | 295 | 308 | 3L5 | 325 | 2D | 15 | 209 | 2D | 300 | 325 § 178 | 46
Qudvortcmp | 5 | 313 | 3851 | 38 | 33 | 310 | W6 | 271 | 255 | 306 | 358 { 55 | 183
Scpt. | Uwboorwemn, | 288 | 92 | 25 | M8 | 302 | W0 | B7 | Ma | & | 294 | 02 | WE | 14
Oudoertemp, | 255 | 514 | 320 | 324 | B8 | W0 | 201 | 275 | 85 | 299 | 324 | 275 | 49
T, odoor emp, | 193 | 196 | 202 | 20 | 235 | 228 | 208 | W0 | 185 | 211 | 35 | 93 | 4
Ouidworterp, | 161 | 189 | 23 | 25 | 25 | 196 | 170 | @3 | @1 | 150 | %5 | ML | 124
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Table: App.6.3. TEMPERATURE DATA (in *C} FOR ALL CASE STUDIES OF DENSE
SITES

Case Study —08 {Ground Floor) Bed room (South Qriented Room)

M | 05900 | 1204 | VS0 | 15 | LM | 000D | 000 | 060 | Ave Max Mm | Swinx

Aptl L Indoer vemp, TS | W2 | 295 |30 291 | 265 | 28 PR T I S R e O 1 s |23

Cutdoor temp. | 24 334 | 38 AT EL mis | 4 2 | e 24 J12

Sept, Induwar Ly rr i ] CL I8 T I O A I B s B | 2eH ) 270 42 | N | 2BE ] 48

Cuuldrew wrup | 27 2 | 34 EX| 3] 24 7 | 262 |27 93 | 34 252 | TE

loo. Indoor femp. 14 192 | 20 201 20 25 | 1=l 185 | 1% 194 [ L1 1835 | 16

Cuubow [Eenp 14 ) M3 | 55 |2 % 172 | 131 4 188 | 255 | 14 [15

Case Study —09 (Top Floor) Living room {West Oricnted Room)

G0 | e | 12:00 | 1508 | 1R | 2000 | GG | 0300 | D600 | Ave Max Min | Swinp

April | Indaor temp. K] | i 35 a 71 15 34.1 L 2 T e | 371 | il a.d

Chutdoorisep | 25 M5 | 3B | 304 (335 | 305 | 3 853 | Ik | 368 I PL HE

Sl Indoor temp KN | s | M 3435 | 36 4 32 4 | 3l 34 | 36 al 5

Cuidourfemp. | 284 | 318 | 35 33F | 3ol 285 | 15 274 | B4 | 302 | 35 74 | N6

Jan Tndoar cemp 13 195 J20.2 | 23] (242 | 228 | M3 | 178 [ IR 214 | 242 | 13 6.2

Omtdoor temp 14 i9 251 | 26 21 192 | 171 153 14 19 25 14 12

Case Study —09 (Top Floor) Bed Room — 2 (South-East Oriented Room)

MM I 0 | 130G | 1500 | LR:0D | ZL:0 | DO:BD | 03iM) I i) | Ave Max Min | Swing

Appr] Ioduur temp, s 15 367 3.l 1 Ly ad 32 ] I MY 181 L5 b

Quidaar wag. [ 25 M5 Jad 3ab [ 1as ns klH 3 5 3l i Ing 13 108

Zep, tndoor temp, 1 34 Iag | ATI I b5 352 s 304 3| EXin) 72 KiHES 1)

Cutdoor wnp | 284 L) I 35 EER I il 283 1K N4 254 0.2 15 T4 14

Jan Inuaor i 143 194 a1 n:2 28 il 18.2 185 208 24 &2 34

Dutdoesr omp [4 19 151 I ik1 191 Tl 15.3 4 150 2 14 12

Case Study 9 {Top Floor) Bed Room =3 (South Oriented Room)

i) | ki) | 120 I 18:00 | 1804 | 21:00 | G0 | 0300 | B6:00 | Ave Max Min | Swinp

April Indour - g is k1 I 6 h 72 347 111 ils 1) 31E | 311 307 a5

Quedoor iemp | 25 L I Ik I ] 335 s 0 k3 15 .0 | 364 o 1.5

Sept. Indoar mp. 03 i 151 m L 35 Ly i) 0 % I N 20,5 15

Chardoor temp | 284 318 13 133 30l b3 i3 T4 2h4 e |35 74 EA

Jaa. Indoar pmp- 184 141 1 5 g s 08 B3 6 L] 55 183 il

Cucdoor womip 14 1% PAR 6 211 9.2 171 5.3 14 [LAY 24 id [




Case Study 09 (Top Floor) Master Bed Room (South-West Oriented Room)
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D600 | 05:0¢ | 12:00 | 15:00 | 18:00 | 2100 | D00 | O30 | O | Ave | Max | Min | Swiog
April | Indoortomp | 325|352 [367 [ 372 | 385 |58 |0 |32 135 [351 p385 [325 |6
Guibew e | 35 | 345 | 368 | 366 | 335 | 305 | 30 | 283 | 25 I ETHIE 114
Sepl. | doartemp | 302 |35 [36 | W3 |3 1385 [ R TR7 [3s 340 | @ R EE
Mudooriomp | 284 | 318 |35 | 338|300 | W3 | B T4 | W4 [ 30T Y35 EIER:
Jom, ndocremp. {18 | 125 [ 17 (W [ (31 | 43 | & | 212 {25 155 | &5
Owdoortemp | 14 B | Ha [ [ar [T prl sy [ 120 |26 14 12
5t . '
Case Study —11 (17 Floor) Living room (West Oriented Room)
0 | g:00 | 1200 | 1500 | 18:00 | 21:00 | 00:00 | 600 | 0600 | Ave | Max | Min | Gwing
Apil | (nbsrtemp | 2R3 [ 1% | 3 32 | 12 W1 294 | w0 [2w3 130 [32 | 283 |43
Cutdaor tomp. | 29 SRR ENERE LY [ %8 |25 [nis
Gept | Indoorfomp | 265 | 3! 1 [ 326 | 326 |36 |30 | /e [ 25 w5 [34 [ |34
Unidoor lemp | 184 | 31& | 35 | 338 | Jo0 | 285 | 28 4 A | Wz |3 |24 |76
hn Indoorfemp | 200 | 200 | 2] M3 |5 |04 |03 |20 |20 [z06 |25 [0 {13
Dubdaor teimp L4 19 151 16 L1 19.2 1Tl 153 14 19 M 14 12
5t .
Case Study —11 (1" Floor) Bed Room — 2 (South-East Oriented Room)
o | 00D | 12:00 I 15:00 | 1N:AWF | 27:000 I iz [ 0300 [ 060 [ Ave M Min Swing
April | dooriemp. | 255 | 304 | 321 pMs [333 [315 Y 9% | B35 [IR5 | 309 |35 jIS |6
Culdoar tomp. | 25 335 | 36E | 36 | 335 | W3 | 30 w3 |6 311 | 368 | 25 ILE
Sept. | indoerwemp | D5 | 33 | 333 | M3 [ 32 7 38 W5 [IL8]343 [50 |43
Ouedoor ccmp | 263 | 316 | 35 BE | 301 [ w3 W |4 [Bma [z [ 74 | 18
Jom., oor emp. | 201 [ 2L | 206 [2F | 213 |2 ms jwr [ [EE [ [l [ L7
Culdeortomp | 14 INENEEENEENEEE 50 | % 14 12
st .
Case Study —11 (1™ Floor) Bed Room -3 (South Oriented Room)
i) | 0900 | k00 | $5:00 | 16:00 I 00 | D l 0300 | G:Mk | Ave | Max | Min | Swing
Apr) | Endooricmp | 2B.5 | 294 | 314 [ 332 [ 318 (305 [l 295 [ 285 [ a4 [ 352 [285 |47
Cutdoor femp | 25 I E YN TN ENEERE NN IETRES 108
Gepl | Uedoorcemp | 33 | 33 | 32% | 342 | 308 | 305 | 3LZ |30l | A0S [ 318 [ a2 G0l | 4
Oudour temp. | 2hd | 318 | 35 | 338 | 30 | /S |28 | 274 P2R4 |0z |35 [ 274 | 74
o lndooricmp | 198 | 20 | 205 | 2 wr |05 [200 |20 g |03 |2 195 |12
Untdoar temp, | L4 197 a1 [ Jra [B2 [ |15 | 190 | 6 4 12
14 .
Case Studyv —11 (1" Floor) Master Bed Room (South-West Oriented Room)
I 600 | 00l | 124 | 1500 18:00 | 2000 | OO | D300 [ DD [ Ave I Maz | Min | Hwing
Aprl | Mndecrwenwp | 220 [ 293 [ 316 [ 322 {33 [ |05 [ [0 [307 43I [ 191 [42
| Dudooremp. |23 | 345 [ 363 [ 366 |35 [0S [ [BI [ L0 {368 | 5 113
Sept. | Indoorfemp | 306 | 331 | 133 [ Ms |28 [ & T EENEEEENEIN R E
Outdoor tecop | 284 | 318 | 35 138 | W01 | 285 [ | 174 | 284 | 302 |35 X ED
Fan. ndoor lemp. | 199 | 202 | 206 |} 21 N3 |22 W5 |20 158 | 208 | 213 [ 199 | L&
Lililsxw e 14 19 251 L) R 192 171 15.3 14 1940 26 14 12




Case Study —10 (1* Floor) Bed Room- 2 (North-East Oriented Room)

197

06:00 | 0900 | 12 | LS00 | 1300 | 210D | O0:00 | 0300 | D6:00 | Ave | Max | Min | Swing
Apal | Indeocwemp | 285 | 305 | 320 {343 [ 315 [ 63 1295 [ 91 [2B5 [ 305 |33 | M5 | 58
Cutdoortemp | 25 W | I6& | 366 | 335 | 5 |30 FES a1 | 368 | 28 115
Sepl. | ndvortemp | 2901 | 31%F | 1 n EEEERE SIFEINEREE T3 | 4.5
Cutdoor tewp. | 284 | ILE | 35 R EINNERRE S EFEEREEREE 4|78
1an doortemrp, | 2 | & | 213 |24 |26 | MI [208 | 205 [0 EEETRE ]
Dutlour lemp. | 14 ] 19 2l | 2 TN TFIN NC AR I D S 4 12
Case Study —10 (1* Floor) Bed Room — 3 (North Oriented Room)
I 06:00 | 0900 | 3200 | 15:00 | I8:00 | 2100 | 0000 | 03:00 ] 06 | Ave | Mus [ Mia | Swing
April | doortmp. | 283 | 204 | 302 [ 315 300 [BWE[ 0 |25 [23 {295 |38 | W3 |32
Cutdeor temp, | 25 M5O 368 | 36 BS | S3| 3 M3y |25 311 | 366 | 3 1.8
Sept. | lndoortemp. | 285 | 32 EEENET R w3 [299 [R5 |8 4.5
Gudowrtorp, | 284 [ 3B [35 | B8 [301 | ws | T4 | B4 |32 [3F |74 |18
T Tndoartemp. | 197 [ 199 [ %2 | W6 [ 204 |20 198 | 5 | 197 | 200 |206 | 195 | LI
Cutdoor temp, | 14 1% LI 1 | e [ |3y [ o0 | 26 14 12
Case Study —10 (1™ Floor) Master Bed Room {(North-West Oriented Room)
MM L 0eEn | (R0 | 1500 | 150 | M | M I L | D& | Ave | Max | Min | Swisg
Al | Iwvorwerp. | 23 | B8 [ 302 | 309 [3l& [ [21 (8% [ 283 | 297 [31E | B3 |33
Owloortemp. | 25| M3 [ 368 | 36 N EEED 73 | 2 L1 | 368 | 25 18
Sept | odeoreemp | 202 ] 311 [ 325 |32 il CEED 26 |22 |35 [125 |26 |38
Ourduur erip. | 204 | 318 | 35 I ETNESEE 714 | %4 | a0z | 3 4 | T8
Tan Indoor temp o8 |20 T ENERE HE | 10 195 | 204 § 204 | 49& |1
S rm— T 19 B0 (2% | Zr (19T [n |53 [ M 99 |26 | ™ 12
Case Study —12 (1" Floor) Master Bed Room (South Oriented Room)
a0l | el | 1M | LS | 1808 ( 21:00 ! (W | O3=t | 0600 [ Ave Mux | Min | Swing
Aprl | lidooe lemp. | 275 | 278 | 29 3z 323 | 1 w2 [ T8 | 294 | 323 |2 53
Cntdoortemp | 243 | 248 | 352 | 3% 543 | 323 | 275 | 262 | 43 | 298 |38r | 243 | 108
Sepl. | Indoartemp | 306 | 33 T EEEEEEEEIRE WE |23 [ M5 [0 |45
Chidooremp | 288 | 325 | 156 | 328 | 3l Wz | 29 T ®a (07 [3E [H |76
Tan Tibestt cokraps 0 a 2.3 218 212 Hif 03 i 195 I mn7 1.8 143 I 13
Outdonciemp | 18 wr [nr [ 7w (13| B2 58| 2 ENEE
Case Study —12 (1* Floor) Bed Room (North Oriented Room)
B | 09:00 | 12:00 | 15:00 | 100 | 2100 | DD | O30 | 0600 [ Asc | Max | Mis | Swing
Annl Indoor emp 48 Itz | % L I N 30 ¥ |23 | 68 | 283 | 3] 5 | 346
Outlonc emp. | 243 | 285 | 352 | 38 #3325 | s |61 |43 [298 [382 [ M43 [ 109
Sepl. | [ndverwemp, | 295 | 315 | 32 SIS 1 w5 [0 (e [0 | » ) 4
Outdooe terp | 288 | 325 | 356 | 325 | 31 2 | @ ; -
Fan, Iodor emp, 143 157 195 | 2l o7 192 b
Cutdoar temg. | 13 2 |27 | = 1 TFEE
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