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Raise awareness on ‘Hhe
impor‘fance of we“ Jesiqnec‘

ur‘loan spaces for‘ Le‘ﬂer
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NEED FOR THE STUDY

The shiffowards active
fransport corttributes to
Le‘l’(’er ]neaﬂ']n, gives
resitjen‘fs a Sense of
L‘»elonqinq fo a p|ace, makes
peop|e ‘(’al(e possession of
s‘l'ree‘l's, anc‘ ]ne|ps improve

air CL“GH"'

Walkability %

Reduced CO, emissions Reclaim the streets
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WALKABILITY Land use

\l\!alka'piﬂ\i n ]_nc\ia s
inﬂuev\cec‘ 'o\f LanA use,
)nou.se)noH Jensﬂ'\i, .safe‘l'\f,

\\\\\

Density

accessi'oi'ff\’, aes‘ﬁne‘l’ncs

anJ ur‘loan streefscape,
environmenifal qualify,

comfor‘(' antJ infr‘as‘l'r‘uc‘l'ur‘e.

FeAesTrian -nnerma| comfor‘f

s IA.SMa”\f Y\o'{' ac\c‘r‘essec\

w)nile planninq ur‘loan

neiq)nloor‘)nootjs n ]_nf]ia.

WALKABILITY PARAMETERS
IN URBAN INDIA
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WHAT IS MISSING?

-”nermal comfor"t s M.SMS”\'

a.s.socia‘fec‘ fo .s)naJe anc‘ air

temperafure. The additonal

fac‘l’or‘s are Humizjﬂ'\f, infr‘arec‘

1 Air Temperature

i Direct Solar Radiation

%

‘ Air Humidity r‘aJia‘hon, w'mc\, anc\ c‘ir‘ec‘f

so|ar‘ r‘ac‘ia‘hon.

-”nis r‘esearc]n ‘l’akes in‘l‘o

: Thermal

; History /\PPPI\
@ ‘

Infrared Radiation

accoun‘l’, ‘Hhe inﬂuence of‘hme

on ‘Hhe ‘Hherma| comfor‘l' of a

pec\es“'rian.

Walking comfort: Duration (time) an individual might be able to walk before
experiencing discomfort in an outdoor setting.
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EXISTING RESEARCH
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Exis‘hnq research
suggests thatthe
temperafure of the <kin is
fransiert, i changes with
duration of exposure. FET
is not fime Jepenéen‘(’ lou’f
AO&S c]nanqe ‘Nl.ﬂ\ Mean

raJianﬁempera‘fure.




T SKIN
EVALUATION

Tskin var‘ia‘hon over 'hme

can ,oe EV8|V\8+BJ L\i

measurinq 'Hne skin

'femper‘a‘fur‘e v«smq a

INTERVIEWS EQUATIONS thermal camera or by
ITu= (Tskfn f{Id +facf . (hc =T+ hi’ . Tmﬂ)) / (1 f(lrcf +facf . (kc + hr))
Seore =M =W —(Q, 1 + Qe ee) = Qs

Sin = Qoo — (@ +0, +0,) ]j' WQMH ,oe ic\ea' -to use ‘Hne

where

T, 15 the air temperature;

usinq ‘Hne eclua‘hons.

f’mtJinqs fo propose

Ji; 15 the convention heat transfer coefficient;

A, 15 the radiant heat transfer coefficient.

In this way, transient T, oon. and other thermoregulatory parameters can be e lC len‘i’ Y]el%LLOY‘L\OOJ
caleulated by their temporal deviation from the set points.
time interval ranging from 1 sec to 1 min can be selected.

& ., is heat storage rata in core; A :

o N ’ esigns.

M is metabolic rate; qn

W is work;

@.,..* @, . is the total respiratory heat loss (convective and evaporative):

@, .. is the heat flow from core to skin;

0,5, i the heat flow from skin to core;

5., 18 the heat storage rate in skin;

@+ 0+ (, is the total evaporative heat loss at skin surface (convective, radiative,
and sweating).
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-nne c)nanqe n skin

temperafure over fime, and

n ‘Hne presence of s]nacle
was Jocumen‘fed. B s
seenthat skin femperafure
increases with constart
solar exposure. Ao, skin
Temperafure reduces
siqnifican‘ﬂ\i w]nen ‘Hhere a

' transifion from 'oemq
eXposeJ fothe suno

movinq To a s]naJeA space.




DESIGN HYPOTHESIS

|
|
|
: \l\nnen a petjes‘h‘ian walks
|
|

: mn ‘Hne a,osence of s]narJe,
: c\iscomfoft se‘ts mn. B\A-l'

whenthere is afransifion

in‘fo a s)nac\erJ space,‘ﬂne

wa"< Lecomes more

comfor‘tat)le. \I\n\en 'Hne
wa'k s comfor‘l'aue, ‘Hher‘e

1= a Jesir‘e ‘l’o walk

|on(3ef‘. \IJTHI\ 'oe‘ﬂer V\Y‘LSY\

Aesiqn, pec‘es‘l’r‘ians can

loe md‘wa‘l’ec‘ amJ remam

Comfortable Urban Design

X

ov\'hjoor‘.s longer‘.
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INDICES
COMFA

UTCl A,

—nner‘e are S&V&Y‘G'

\ \ / indices that been sued in

Humidex ‘Hne Pas‘t L)M_l' fof‘ ﬁ‘le
DISC \ Outdoor

Comfort

/
Indices \ D]_SC is v«.se(J. Di.sc is

purpose of'Hv\is s'fwjxi,

= LaseJ on 'Hhe )nea‘l'

La|ance mer' Of

/

PET
MEMI preJic‘hnq ‘Hnerma| comfor‘t

bitthe model evohves with
PMV SET

fime anJ is nat in s‘fearj\f—
. Relative thermoregulatory strain needed to bring about a state of thermal equilibrium stafe.

. Evolves with time, not steady state




THERMAL COMFORT INDEX CALCULATOR

INPUTS

Architectural Science
Professor Richard de Dear

Select Input Parameters

The University of Sydney

Environmental Parameters Personal Parameters

ambient temperature (°C) kX3 subject weight (kg) iRy

radiant temperature (°C) subject surface area (m?)

barometric pressure (hPa) clothing insulation (clo) [EEIEN

H»0 vapour pressure (hPa) metabolic rate (W m2)

relative humidity (%) work rate - external (W m2) [T
air velocity (m s) exposure time (min)

Form of Output

Transient Values

*PS: The result will be displayed in a new window.

The WWW Thermal Comfort Index Calculator by de Dear: https://web.arch.usyd.edu.au/~rdedear/

OUTPUT

Comfort Model STDOUT

Effective Temperature (ET") 42.39

Standard Effective
Discomfort (DISC)

Temperature (SET") = 42.56
3.87

Thermal Sensation (TSENS) 0.90 Slightly Warm

Predicted Mean Vote (PMV) 5.48

Predicted Percentage Dissatisfied (PPD) = 100.00

Heat Stress Index

(HsI) 217.41

DISC scale

o

comfortable, pleasant

-1, +1

uncomfortable but acceptable

-2, +2

uncomfortable and unpleasant

-3, +3

very uncomfortable

-4, +4

limited tolerance

-5, +5

intolerable

This tool developed by the
Universly of Sydney has
DISC as an odput. Using
npits such as ambiert
femperature, radiarit
femperafure, relfive
Lmia\fﬁ,, air velocily,
clothing factor, and
mefabolic rafe, the
discomfort of a pedestrian
can be caleulsfed over 3

per‘ioJ of‘hme.
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THERMAL MODEL B street has been

. . mOc]eleA, anA since ‘Hnis
Window (Double Glazing)  Ext Wall Ceiling (no glass)

Tboundary = Indoor temp. Tboundary = Indoor temp.  Thoundary = SKY
Inside surface gain = - absorbed energy

1S an ouﬂoor comfof"t

MOt'Jel, 'Hne Pr‘opefhes are

ﬂippeJ as comparec\ fo a
reoular indoor model. The
ceiling (no ofass ) is
assumed To have the
femperafure same as the
sky. The adjacertt walls
and windows have the

inc\oor‘ 'l'empera‘l'ure of'ﬂne
Luiltjinq.

Window (No glass)
Tboundary = Average indoor temperature of inside wall
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VARIANTS

70.0

60.0

50.0

40.0

MRT °C

30.0

20.0

Midnight

75% shading

BY | PALLAVI

CHIDAMBARANATH
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Base case ‘,.'

A

», <
Variant 3 “,’:

Variant 1 “,.:

f oo f

MEAN RADIANT TEMPERATURE_ 28" APRIL

Noon

- v
Variant 4 ‘,.:

50% WWR

40% absorption

MENTOR | TOMMASO BITOSSI

Variant 2 *'*

Midnight

», ‘d
Variant 5 “,.{

Thermal
mass

40% absorption

Starting with the. existing
scenario, the Mean radiart
femperafure is analyzed
for dfferext variarts on the
hattest day in Bangalore.

Varian'l's inc|ucle

Reﬂec’hve ﬂoorinq

]go/'a s]nac‘inq

Lower \c\!inc‘ow fo wa” ra’ho,

anrease n ﬁherma| mass

of ac‘_)acen‘l’ wa”s
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VARIANTS

Base case

45.00

40.00

35.00

UTCI °C

30.00

25.00

20.00
Midnight

Variant 3
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75% shading

v o
‘,.: Variant 1/“,’:
f md:sm[ﬁmi

UTCI_28t APRIL

Noon

A A

Yo \ <
q»’: Variant 4 -@:

50% WWR

40% absorption
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Variant 2

Midnight

», ‘d
Variant 5 “,.{

Thermal
mass

40% absorption

Starting with the. existing
scenario, the JICT is
anahyzed for dfferert
variarts onthe hatfest day
in Bangalore. The UICI
vahee reduces from 16° C
1o 35°C stthe hoffest

]nour‘.
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VARIANTS UTC]_ ]nas loeen s‘l‘uc\iec\ for‘

'Hne suns‘nine ]nour‘s
'Hhr‘ouq)n 'Hhe Year‘. B\i
aﬂ'er‘inq ‘Hne pavinc) ma‘l’er‘iaL

\IJ\IJK, pr‘ovic‘inq s]nac‘mq,

anc\'Hherma| mass o

A A A

\/? d >, d >, 4
Base case ‘,.' Variant 1 “.' Variant 2 *.*

v U

J0 041 04

UTCI_ Percentage of sunshine hours ‘acerit walls the anLer

a
v 100%
< e 2% 13% 13% 9% of hours that are in a
% 80% 36% 34% COmfor‘TaLle Y‘anqe
|.c|5 increase Le‘l’ween ‘Hne
L d varant 5
3 ase case an var‘nan'l' .
g % Tnthe best case, s'l'r‘opq
2 .
B ‘nea‘f s‘h‘ess s fe.ﬂ' ]_0 /° of
20%
& - Fhe fime.
o
0% UTCI Equivalent Temperature ()
Base Variant 1 Variant 2 Variant 3 Variant 4 Variant 5 PE|  cxtreme heat stress | BN
q“" \64 WA, | Very strong hez:{t stress 40
Variant 3 L Variant4 | Variant 5 “,.: Alrongheet SUESS
Y v ELE| moderate heat stress |

no thermal stress
Thermal
mass

N 40 absorption |

75% shading 50% WWR

slight cold stress

40% absorption
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28th April, 14:00
-ﬂne 'hme s‘l’ep af w]nic]n )
Tair 36.6 °C

0,
ﬁllHRT z fJc peJesTrian storts o Teel

Clo 0.65
Walking speed  1.4m/s MY\COMfOft-aL)Ie w]ni|e wa"ﬁnq

Metabolic Rate  150W/m?
a“' ) .speec‘ of Lﬂm/s )na.s

loeen anal\’seé. ].Y\ ‘Hne

Uncomfortable + unpleasant

exis‘t’mq .sfl’ua'hon, a

peAe‘tsrian can wa"< 6

minu‘i’es loefore feehng
uncomfor‘faue anA

unp|esan‘|'.

DISC scale
com rtable, pleasant
i
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28th April, 14:00

Tair 36.6 °C

RH 32% ]_n variavﬂ' g, w'nere 'Hne
MRT 41.4 °C

Clo 0.65 , ,
avino material, WWR
Walking speed  1.4m/s pavng 12l )

Metabolic Rate  150W/m? )
etabolic hate /m ‘ﬂ‘er\mal mass Of aJ-)aCen_l-

Uncomfortable + unpleasant
@ 10mins wa”s )nave loeen aﬂerecl

ancl sLaclinq e|emen'|'s Lave
| 8] been odded e MRTis
T

seento reduce. fs per
| the fime sfep analysis,

here thermal disscomfort
sets after waking for 10

min fes wfl'L\ an average

Velocﬂ'\i of ]..d[m/s.
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DESIGN INTENTION

Tnthe best case scenaro,
discomfort sefs in affer
walking for 10minites. For
severa| people, a commite
can be grester Fhan
850meters or 10mindes.
For this purpose, cool
o con be deaigred 4
850 meters or 10minite
waking irfervals. &
pedestrian can stop by at

» COOL FOCKET, cool

c\own anc‘ con‘hnue wa"(inq.

Transsolar
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40.00

35.00

30.00

UTCI °C

25.00

20.00

Variant 5

75% shading

Variant 6 v
3 /
100% shading : :

i ¢ &

15.00
Midnight

Variant 7

UTCI_28t" APRIL

Noon Midnight

», d
Variant 8 3.:

-”ne 'Hnefma' rme\e' of‘l']ne

cool pocket was modelled
wsing the properties of the
base variant of the freet
canyon. The. varifion of the
cool pocket include. 1007+
hading, addion of evapo-
transpiration L\; having a
wa‘ferLoJ\, and green walls,

ancj eleva'ferJ wincj speetJ of

2"\/5.
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B\i ]nav'mq ].007° s’nac‘inq,

acu 'mq evapo~

Variant 5 v Variant 6 v
| % /

75% shading 100% shading : :
e e gt e

b

=

'fr‘anspira'hon SY](J eleva‘hnq

'Hhe in]tJ speetj,'ﬂhe
numLer‘ of ]nov«r‘s ‘Hna‘f are

UTCI_ Percentage of sunshine hours

100% 3% 1%

80%

mn 'Hne comfor‘faue range

60%

20% 8% increases, ].n ‘Hne Les'f
° (]

case, no 'Hner‘ma| stress is

feltfor 817,

UTCI Equivalent Temperature (T)

20%

PERCENTAGE OF HOURS

0%
Variant 5 Variant 6 Variant 7 Variant 8

Vo Y
Variant 7 '.' Variant 8 q’.:

extreme heat stress

very strong heat stress

strong heat stress

~ moderate heat stress

no thermal stress

slight cold stress
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28th April, 14:00

Tair 36.6 °C
RH 36 %
MRT 30.5 °C
Clo 0.65
Metabolic Rate  70W/m?2

Comfortable in <2mins

WALKABILITY IN URBAN INDIA

The cool pocket has a mean
radiart femperature much
lower than the. surrownding
streets. When a pedestrian
evfers the cool pocket and
spends less than 2
mindes inthis space, the
body requlates the thermal
stress, reaching a stafe of
comfort. Having sperit 2
mindes standing(JOW/m )
or srfhnq>, a pedestrian

can con‘l’mue wa"(inq n

co mfo Y‘T

Transsolar

acadenw




ENHANCED SCENARIO If cool pockets were to be

Aesiqnetj for‘ ‘Hne L)ase case
scenar‘io,‘ﬂne\i wouH Le
placeJ at 500m iifervals,
w]nic]n s no‘l’feasiue m a

Cfl-\f ].Y] ‘Hhe en’nancerj

scenario, coo| pocke’l's are
Aesiqnetj at 8g0m

in‘l’er‘va|s. -nnese coo|
pocke'ts anc‘ loe'ﬂ'er‘ s'tree'i'
Jesiqn pr‘ovirje ]neaﬂ']nier

v«r‘loan s‘l'r‘ee'i'scapes,

Cool pockets @ 850m mSES) Better: EEEESSEN) |MPROVED WALKABILTY

o Urban streetscape environmen'l'a| clua|ﬂ'\1, .socia|

in'fer‘ac'hon ancl safe't'\f, anc‘
‘Hner‘ma| Comfor"t' for‘

peJe‘fsr‘ians r‘e.suﬂ'mc)

enr‘ic)netj walka,oikf\f.

* Social interaction and safety
e Comfort

|
|
|
|
|
|
* Environmental quality |
|
|
|
|
|
|
|
|
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NEXT STEPS

Walkability
parameters

] Infrastructure |

Environmental Quality

Comfort

Urban Streetscape

Accessibility

safety

Density

Land Use Diversity

Urban Design

Target Stakeholder e et sfp would be

r‘eac)n out to non—
qover‘nmen‘fal or‘qaniza‘hons

L _Hha_{- WOY‘k on urloan iIssues,

L e woderctonding it ol
rban desion that address
wakabilty paramefers is

key for sustainable fiving in

I
I
I
I
I
I
I
I
b

: urpba€n areas.
I
|

THANK YOU!



DPISC = 5%(w-0.06)

w, the average wettedness of the skin
W= Esk [/ Emax

Ersw = wrsw Emax

where wrsw = Asw/AD the “skin wetteduness”, the area of body surface
exposed covered by a film of sweat (Asw) as a fraction of the DPuBois
area.




From the area covered by clothing the sweat will evaporate by
diffusion:
Ediff = (1- wrsw) 0.0 Emax

but in the absence of regulatory sweativg, if Ersw= 0
Ediff = 0.0 Emax

Geverally, for resting subjects, if 40770<RH<O%0 and
PBT<20°C

Eresp + BAiff is about 20-25%% of the metabolic rate.

The total skin evaporation, adding the above two terms, is:
Esk = Ediff + Ersw = (0.0 + 0.4 wrsw) Emax

or substituting the Emax expression (€4.2.2):

Esk =16.7 (0.06+0.94 wrsw) he (psk-pa)Fpcl




The evaporation heat loss (€) has three components:

Ediff = due to vapour diffusion through the skin

Ersw = due to evaporation of regulatory sweating from the skiv
Eresp= respiration latent heat loss

These components can be estimated in the following way:

Eresp = 0.0173 M (5.7 - pa)
where 5.57 kPa: the saturation vapour pressure at lung temperature: 25°C
PA = Vapour pressure of ambient air

The seusible heat loss is:

Cresp= 0.0014 M (24 - +a)

where 34°C is the exhaled air temperature
ta = ambient air temperature (DBT)




hr = radiation conductance (from surface to MRT)
he = convection conductance (from surface +o air)
h=hr+he

hel = clothing conductance

he = evaporation heat loss coefficient

The maximum possible evaporative heat loss from the body surface is
Emax=10.7 hc (psk-pa) Fpel

where psk = saturation vapour pressure at wmean skin temperature
pa = Vapour pressure of ambient air (kPa)

Fpel = vapour permeation efficiency from skin throungh clothing
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