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SUSTAINABLE DESIGN APPROACHES TO ENHANCE THERMAL
COMFORT OF THE CONTEMPORARY RESIDENTIAL BUILDINGS IN
HUMID CLIMATES

ABSTRACT

The ozone layer depletion and the greenhouse gas emissions such as CO2, CFC, etc are some of
the major concerns in today’s scenario. One of the major reasons for emission is air conditioning
the spaces. To reduce these emissions at a rapid pace, the air conditioning within the spaces has
to be reduced. Unless and until thermal comfort is achieved, people will use the air conditioning
systems. If thermal comfort is achieved by designing the spaces efficiently, air conditioning the
spaces will not be needed anymore. Thus, thermal comfort can be achieved by

o designing the openings with appropriate position and sizes,

o designing the most suited shading devices for openings,

e choosing the appropriate materials for the newly constructed buildings and also by
choosing the most suited materials for insulation of walls and roof in retrofit buildings

o designing the residence with courtyard and placing them on the right orientations

So, the best solution to these problems is to design the spaces in such a way that thermal comfort
is achieved and maintained well within these spaces.

This project majorly deals with the thermal comfort of residential buildings in humid climates,
the retrofitting and prototype design of the residential buildings with and without courtyard by
determining the position and size of windows, designing the appropriate shading devices,
insulating the walls and roofs, etc. The readings of DBT, WBGT, RH and VA are taken using
instruments such as heat stress meter, hot wire anemometer and to analyze the readings using
IMAC and questionnaire survey using SPSS software. Thus, the guidelines for a sustainable
residential design are framed.

Keywords: Sustainable design, Thermal Comfort, opening and operation of windows, shading
devices, U value

Abbreviations: CO2 (Carbon-di-Oxide), CFC (Chloro Fluoro Carbon), DBT (Dry Bulb
Temperature), WBGT (Wet Bulb Globe Temperature), RH (Relative Humidity), VA (Velocity of
Air)



AIM

To recommend sustainable design strategies to enhance thermal comfort in contemporary
residential buildings in humid climates. This study focuses on the readings to be taken in
dwelling units, questionnaire surveys and also on the manual calculations for finding out the
most effective and suited materials for the building envelopes and roof.

RESEARCH OBJECTIVES

To analyze the existing apartment in hot humid climate in terms of openings, shading devices
and insulation materials before and after retrofitting

To choose the individual villas with courtyard and without courtyard of the same scale from
warm humid climate and analyze in accordance with thermal comfort

To compare the passively designed residences with the contemporary residences in terms of
materials, construction technology, etc.

To frame the guidelines for a sustainable residential design by

o referring ECBC-R, SP 41 for doing manual calculations
o to determine the opening sizes,
o to determine the width and inclination of shading devices in different orientations,
o to determine the U value of the buildings

o taking readings of VA, DBT, RH and comparing those with the standard values

¢ administering questionnaire surveys to the residents of the dwelling units

RESEARCH QUESTIONS
The following research questions will be addressed through this study.

*  Will the position and size of the openings in different orientations play an important role
in bringing in thermal comfort?

* Will the opening of windows for air circulation during the day/night be an effective
solution? If so, should the windows be opened during the summer/ winter season? Should
the windows facing the particular orientation be opened?

*  Will the insulation for the building envelope be helpful to reduce the heat gain within the
building? What kind of materials can be used for different scenarios? What would be the
thickness of the materials used?



LIMITATIONS

The limitation of the project is that it is focused on contemporary residential buildings in
humid climates. Other climatic conditions or buildings other than the contemporary
residential buildings are not within the scope of this project. Only thermal comfort
parameters are focused and the other parameters are not within the scope.

The position and size of the windows, Shading devices, materials for walls, roofs and
insulation are under the major focus and no other parameters are taken into consideration.

EXPECTED OUTCOME

To find out the most effective ways to create thermal comfort in the living spaces of
apartments of Chennai in the existing setting by doing retrofitting measures such as
position and size of windows, appropriate shading devices and suitable materials for the
wall and roof insulation.

To find out the effectiveness of the individual villa with courtyard in accordance with
thermal comfort.

To design a prototype model for an individual villa and apartment building focusing on
the opening of windows, shading devices and materials used for construction.

To recommend sustainable design strategies for designing a contemporary residential
building in humid climates in accordance with thermal comfort requirements.

LITERATURE REVIEW

Madhavi Indraganti (2010) studied behavioral adaptation and the use of environmental controls

in summer for thermal comfort in apartments in India.

A thermal comfort field study conducted in 45 apartments of Hyderabad in 2008 collected 3962
comfort responses and the use of controls of over 100 occupants in summer and monsoon
months using Class-II protocols for field study. The indoor temperature in May was very high
and was moderate to high in the monsoon season.

Madhavi Indraganti (2010) did a field study in Hyderabad, India on thermal comfort in naturally
ventilated apartments in summer.



The subjects used traditional ensembles and slowed down their activities adaptively to restore
thermal comfort. Clothing adaptation was found to be impeded by many socio-cultural and
economic aspects.

Madhavi Indraganti (2010) studied the adaptive use of natural ventilation for thermal comfort in
Indian apartments

The occupants adapted through clothing, metabolism and the use of various controls like
windows, balcony and external doors and curtains. The subjects operated the controls, as the
indoor temperature moved away from the comfort band. At comfort temperature, maximum use
of openings was found, which correlated robustly with indoor/outdoor temperature and thermal
sensation.

Huibo Zhang, Hiroshi Yo Shino (2010) analyzed the indoor humidity environment in Chinese
residential buildings.

The indoor humidity environment in the investigated houses has strong correlations with outdoor
humidity level, heating and cooling system (type and operation hours), human behavior as well
as in building airtight performance.

Ricardo Forgiarini Rupp et al. (2015) did a review of human thermal comfort in the built
environment

Several research topics are addressed involving naturally ventilated, air-conditioned and mixed-
mode buildings, personalized conditioning systems and the influence of personal (age, weight,
gender, thermal history) and environmental (controls, layout, air movement, humidity, among
others) variables on thermal comfort.

TOOLS NEEDED AND THEIR COST

S.NO | TOOLS NEEDED | USED FOR BRAND /MODEL COST
FINDING
1 HEAT STRESS WBGT, DBT,RH | EXTECH HT30 Heat stress Rs
METER WBGT meter 13,434/-
2 HOTWIRE VA TENMARS TM-4001 Hot Wire | Rs
ANEMOMETER Air Velocity Meter 14,500/-




BUILDINGS CHOSEN FOR CASE STUDY

1. Rajparis Harmony Apartment in Medavakkam, Chennai for HOT HUMID
APARTMENT RETROFITTING

2. A contemporary individual villa in Medavakkam, Chennai and a Mylapore house for
PASSIVE AND CONTEMPORARY RESIDENCE COMPARISON

3. A contemporary individual villa with a courtyard and another contemporary individual
villa without courtyard for INDIVIDUAL VILLA WITH AND WITHOUT
COURTYARD STUDY
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The Syndicate of the Anna University hereby maKes Qnown‘ that
VAINAVI S fas been admitted to the DEGREE OF BACHELOR OF
ARCHITECTURE under the Faculty of Architecture and Planning,
having completed the pr;escn‘ﬁez{ programme of study and having been certified by the
duly appointed examiners to be qualified to receive the same, and has been placed in
FIRST CLASS at thie Examination feld in NOVEMBER 2011.
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NATIONAL INSTITUTE OF TECHNOLOGY
TIRUCHIRAPPALLI - 620 015, TAMIL NADU, INDIA

TRANSCRIPT

NAME VAINAVI § ROLL NO. + 201118017
DEGREE MASTER OF ARCHITECTURE DEPARTMENT + ARCHITECTURE

SPECIALISATION - ENERGY EFFICIENT AND SUSTAINABLE
ARCHITECTURE

SESSION SEM SUBJECT CREDIT PASSED IN
JULY /2018 ENERGY, ENVIRONMENT & BUILDINGS 2 DEC-2018

BUILDING SCIENCE & SUSTAINABILITY DEC-2018
SOLAR PASSIVE ARCHITECTURE DEC-2018
ASSESSMENT OF BUILT ENVIRONMENT DEC-2018
BUILDING ENERGY ANALYSIS STUDIO DEC-2018
ENVIRONMENT & BEHAVIOUR DEC-2018
POST OCCUPANCY EVALUATION OF BUILDINGS DEC-2018
JAN /2019 ENVIRONMENTAL LIGHTING MAY-2019
BUILDING ENERGY AUDIT AND MANAGEMENT MAY-2019
GREEN ARCHITECTURE MAY-2019
LIGHTING DESIGN MAY-2019
ENERGY EFFICIENT LANDSCAPE DESIGN MAY-2019
BUILDING MODELLING AND SIMULATION LAB MAY-2019
RESEARCH METHODS MAY-2019
JULY /2019 DISSERTATION PHASE | DEC-2019
JAN /2020 DISSERTATION PHASE - 1I JUNE-2020
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NIT-T/ 001948

2019

SYSTEM OF EVALUATION

The Course for the award of M.Tech. /M.Arch. /M.Sc. Degree comprises 2 years
(4 Semesters) and the medium of instruction is English.

National Institute of Technology Tiruchirappalli follows grade point average system.
Grade points are assigned as:

S-10;A-9;B-8,C-7;D-6; E-5;F- 0 (FAIL)

CGPA (Cumulative Grade Point Average) is the ratio of sum of product of number
of credits of course with grade point scored in that course, taken for all the courses
in the programme, to the sum of the number of credits of all the courses in the
programme,

Candidates who get a CGPA of 8.5 and above and who complete the programme in
the minimum period, passing all the courses in the first appearance itself, will be
declared to have passed in first class with distinction. For this purpose, withdrawal
from examination (vide regulation M.8) and authorized break of study (vide
regulation M.9) will not be counted.

Candidates who get a CGPA of 6.5 and above but below 8.5 and who complete the
programme in the minimum period plus authorized break (vide regulation M.9} will
be declared to have passed in first class.

Candidates who get a CGPA of below 6.5 and who complete the programme within
the maximum prescribed period after joining the institute, will be declared to have
passed in second class
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3) Nationalty
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)
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8) Conduct and Character

Date : 22+Jul-2020

NATIONAL INSTITUTE OF TECHNOLOGY
TIRUCHIRAPPALLI - 620 015, TAMILNADU INDIA

TRANSFER AND CONDUCT CERTIFICATE

Roll No : 201118017

+ VAINAVIS
+ 04-Jul-1989
. INDIAN

+ 28-Jun-2018
+ June-2020

: MArch,

ARCHITECTURE

ENERGY EFFICIENT AND SUSTAINABLE
ARCHITECTURE

* REFER GRADE CARDS
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Associate Dean (Academic)



E)’cel COLLEGE OFARCHITECTURE & PLANNING 1le

; Approved by Council ofArch;tecture New Delhi, No. CoA/S/Academlc/TNZZ ‘ E]
_ : Affiliated to Anna University, Chennai :

Ref.: SRET/ECAP/Ser.Cert/2020-21/79 02.03.2021

EXPERIENCE & RELIEVING CERTIFICATE

This is to certify that Ar. S. VAINAVI worked as Assistant
Professor in the Department of Architecture in Excel College of
Architecture and Planning. During this period, her Conduct and
Character were good. She was relieved from the duty on the afternoon of

14.08.2018.

S.No Post Held From To

1. Assistant Professor |21.08.2012 31.03.2013

2 Assistant Professor |28.10.2015 14.08.2018

Wﬂ\w’“

DIRECTOR (TECH)

NH-544, Salem Main Road, Pallakapalayam, Sankari West Post, Komarapalayam Taluk,

Namakkal District - 637303, Tamilnadu, INDIA, Mobile: +91 98427 16900, Tel: +91 4288 227361 to 68,
E-mail: excelarch@gmail.com, excelarchoffice@gmail.com, Web: www.excelinstitutions.com

’




9 Vivekanandar Street, Erade — 638009

99433 51336, 97360 33355

'a

~ info.srisaiarchitectureworksi@gmailoom

9
SRI SAI ARCHITECTURE WORKS www srisaiarchitectureworks.com

I B[P

March 30, 2021

EXPERIENCE CERTIFICATE

This is to certify that Ms. 5. Vainawi has been working as an ARCHITECT in our

fim from
1. 19.06.2030 to 04.08. 3020
2. 01042013 to 14042013

She bears excellent conduct and character.

B
1

MANMAGING DIRECTOR

(G Senthil Kumar)




\@ 'R.V.S. School of Architecture

S X
(/,/
{/) (Approved by COA, New Delhi & Affiliated to Anna University, Chennai)
N ¢  Kumaran Kottam Campus, Trichy Road, Kannampalayam, Coimbatore - 641 402,
RVS GROUP Phone : 0422 - 2681123, 2681124, Fax:0422-2680047

CTUCATEOA METITUTYWS,

22.01.2016

EXPERIENCE CERTIFICATE

This is to certify that Ms.Vainavi.S, has been working as Assistant
Professor in our Institution from Apri} 15, 2013 till October 27, 2015.

She bears excellent conduct and character.

DIRECTOR

\ Dl';’(.\.l L"\‘\
\ RV.S. SCHOOL OF ARCHITECTURE
| KUMARAN KOTTAM CAMPUS

y N AN AT
LUY RCAD, RANNAMPALA




ADEMY OF ——
SANBEEN e

Iitec ture, New Delhi)
(AMated o Ania Untversity, Chennal | Approved by Coun it of Anch X

27.1.2021

EXPERIENCE CERTIFICATE

This Is to certify that Ms.Valnavl.$ has been working as Assistant Professor In our Institution from
August 5, 2020 till January 26, 2021,

She bears excellent conduct and chapgcter;’ \ ff\ F |
U.}_ '/:-‘ A |

Pl

DIRECTOR

SAN ACADEMY OF ARCHITECTURE

Director, _

San Acadomy of /\rchn.u(;%\:)x o

Ace Pirivu, N.\v;\l\k.\r.lu (.» 0),
Coimbatoro - 641 105,

: (m ?rmay. ACC Plrivu,
9943098810 sanarchitecture7245@gmall.com Colmbatore to Palaka . g) g gy
98403 11101 www.sanarch.in Navakkaral Post, Colmbatore,
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