creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

TN BT

v §28 4% Atel oo
e A A e
=FAY=A Hul 8

DIAE A

Analysis of Thermal Comfort Change according
to the Housing Complex Floor Area Ratio
Raising Scenario

— Focusing on areas to the Special Act on the

Maintenance and Support of Older Planned Cities -

20239 8¢

AL sa gy
F594A SALAGAF
A F ¥



FEHOR §HE AF
SESCE BRI BN
FAYEA A R A Qo] B

g =
PR E FAOE -

o] EEE FHHA FAEEOR ASY
20233 74

A TSt o3t
A EALATAHF
4%

AZH A FAEEL AFF

20233 74
4 43 A3 4 (21)
R o A % (1)




S
o8
Jeus 7]

,mﬂ
oﬁa E,_.mo
m% mwdomm?
o m_] ~ ,WJ]
w OMmfrwa 2w
= xﬁn_/no ong i
< mm,mroﬁ_. »Hlﬂmﬁ N
) N X
M ? o o 3y 2 AT T T
O ) — —
Mﬂ%ﬂomﬁ Qﬂ@ﬂ mmxﬂ Vﬁrﬂé BRI
ruﬁPﬁ. i ]ﬂ?aﬂ ARG i utma o_ezudlﬂo
= I S oy A T w < w0 T = i u <
;oﬂ. %Uﬂo% L EA Lf — :.L
MﬂﬂaumuMELMu _,ou@_lmuE MLMM%% uwcwﬁwlﬂﬂ Mm_*maﬂmwﬂ
Aow_ll — ﬂ‘ma B _z_ bz il 3
DI SE RN 415 2k Tk 3
w5 il o B gy H %0 o o” i T iod - 3 gl #_. w A
yr_,% I 2 = R ;B eI
kgﬂHAfz :_;b@ﬂ o o E%@_ﬂ _:ﬂgaw
m«J@%mﬂm frvwﬂﬂr ﬂ@_% I= mhmﬂﬂnﬂd@a
i N R X o_go_ o m_q71
mExﬂmﬂiz_.og HArJIanuV %Nroﬂ mrﬂroﬁwrv@ﬂ X a
) w P T o T g n N J.E Ty oy X ) _Wo
o)/ o 1u_ % %ﬂaﬂ, ﬂﬂo ﬂiﬁ = Bo dlé
o =T O#@%M ﬂ?L ibf%mg%oﬂuaeg
xAO ‘gE U#.E _ZTV o) Ow 1_ = " Z .ﬂ%. _Z ﬂ W O*E o ‘D| .60 o ‘wl.D_l .~
Euéamﬁm Mi_megqu% ﬂwm@ﬁéwg%
maAJ_/ﬂ_ormaJ MWHMEM@E%@@%EENWMEO !
@WH%%Q Egﬁuieﬂo%TQEﬂﬁW@%w 1
(i mﬂ_ﬁo J7|oﬂ = kd.ﬂ < LkA&ﬂ
&l qwqﬁﬁa@ﬁ;ﬁ@agfx@oLg _
A?m_ﬁa]A éggoyéﬁ%%ﬂﬂﬂé%@me
1mMomE_iuHaijg 3 @5%%%&4
%Mmﬂm_ﬂﬂbﬁmr.mokﬁu%ﬂﬂ%o@%
o X 1xgo_aéx gomaqo
Sy 2 ﬁla‘ﬂm_go_a imm*
Pﬂ%M%%J@% =
U%1oaﬂWﬂ;ggM
0 ~ ~
WWUWO_ELE@LZ.UWL
egmwémwa_ﬂ%
N _613_/11
ﬂﬁw_/ro



@_

o

oj

A a9t

o

N
™

pus

A, dsHAde] NdE %

3

A

~
file)

o

R

L_rL

A

Z]

B
2] ol o

o)
Ro3
L

7N

<

Fol AHg

B/

ol
=)

= 7l

A oA

i
)

o

T
-

3t

Al 7N

o
o7
o
ol
Np

il

of o

=
=

s A8% 3D

9

_(H

==
(i%e)

=] (o)
2S5

2 3t

A

Alute] 2o g Al o]

Aol wek WA o

1

k<)
pul

o] &

)

~
Ile}

N

bt

°©

44

A Aol

=

=

UTCI(Universal Thermal Climate Index)

%
R

¢

o

o
o

o

)

)

s

b1
F Qs gyel A3 WolAE A

S

23

KN
=

oo

A

UTCI #

A7 7}

Q

s

54 A

ol
=

e

[€)

T

i

R

N
T

AldEl e Ao 7] H=

ki3

at7] €

2%

KeX
=

A

Al g o]

ﬁo
B

ZO

il

_ii_



fife)
i)

A a4 Ad d

i

,AO
e

ol =okA

%
ox
¢+
ol

—_—

0

Hlo

5%
ox
-
o
o
o

oj

2 o] w2 ofshE =

ol
=

3)

= ol H]

3l

A =]

) 7HA =

[e)

Ads Bon 242 wiA S w=

W 1E9E WA EA

T
T

%
ox
¢

B

o
o

ol

3l A A

=
2%

A3t A7

Ed=z

o}

fu

pa

Ae) 29 Al o] 4

)

N

Eas

g 16.20%

[¢)

Zell m

ko>
il

&

el A

OF -
o 1
A& 452.88%0° Moderate Heat Stress H|& 9]

T&°l 2€°] HA

%

ox

¢+

5
o
o
il

E
__OL

.
file)

4

™
—_
fite)
o
G8

i+
KR
ﬂﬁﬂo

=S
fi’e)

4

(9

A

AW A

°©

A]

- 1l -



k)

3|
“

o

3

i A2

5]

kel o

0
o

=
%)

TR
No

Al e E A A ol

A

)

R

P ENEA, §HE A

1 2021-28526

F 2]

3w

_iV_



;(ﬂ 1 ;g— }\1% ................................................................. 1
A1 A AT A L BEF 1
1. Q1T MY creererreeremrsesseiseise s 1

2. 1 TEO] ILA] e 5

x-]] 2 A o:]:rL_,] Ho 9 H]—lﬁ ............................................ 6
1. Q0] Q] crrerririerieni e 6

2. 1 TEO] HEH ettt 7

dl 2 & O] E A L e 11
;q] 1 A %gﬂ d A 7]]/1\1 HEOE O L weeeenressneensninnnniinnniinncenne 11
1. DA A A B OB crvrererrrnrrrmrenirniieir 11

2. DI A TP L F] ceeerreerrerrerseee s 12

3. ANHHL AAsE FUDA WH A AP s 13

A 2 A UTCI Al EG o] A A o] Fff -oeeeeeeereeereeenenes 18
1. 374 AEBEHolAE 93 3D Fl FH] s 18

2. G AA] BAALS 23 UTCI A EH O] AL vemeereenennenns 19

3. EPWE o]&3F A= go]g 7|HF Al B o]A e 19

A 3Hd A5 FH FFS U= AZ QA e 20
Al 3 A A FHFH 25
Al 1 A Rhinoceros® Grasshopper 7]8F £24] oo 25

1. Grasshopperg ©]-&3 v x] AE stehu|y A e 25

2. 37 A EdolA AZLUE Ladybug e 25

3. 7 daglE 7Rk HH3 HIEFE Opossum 26

N



26
27
31

2. A

36

41

41

42

50
61

A2 A

71

78

To-

79

il
N

A5 A

79

33

3|
yil

A2A A7 o9 o

B
il

~L

I

XH

87

Abstract Geseceststecesttttecestttestattstactsettescastsetstscecctctscsscscascans

_Vi_



B

Bl

—

0

b}

W= A8 ol

12
15

-
it

[

21

22

2-6] H< 10

YA
ar

[

- 29

w
e
e
T
olo
)

3-3] Al

-
It

[

- 32

T
Gol

W

3-4] AA

YA
ar

[

- 33

;OO
=0

Gl

_Lmo

Hlo
N~
oy
)

Hjj #]

3-5] AA F& & FF Alvg e

=
T

-
it

[

34

Hc}t'*g;)

6&:

Hjo

=
-

(

13}

Hjj %]

- 37

T
Gol

W

=
R

e A Al o] w

T
HX] B S = 1 ceereeremremeee

=z
75

38

=
T

& A Alvte 2ol

'{[\*
W= W - 2

=
T

. 39
- 43

-
It

[

- Vil —

——



50

E

Tz

A

A& o]

ﬁo
B

4-4] AA

-
it

[

9

Hjo

o

4-51 AA

-
it

[

60

Hlo

61

T

R

A& 2 o]

ﬁo

69

UTCI i+

70

UTCI #

4-10) AANAGE SHEF 500% HAAF AT} v T5

-
it

[

- 77

B

31

[1¥ 1-1] 50

0](2006~20221) -+ 2

=
T

Jf eeetetetececectiiiiiiiitatititititittt ittt ttetttetee

(29 1-4] HEA &

[1¥ 1-5]

TEEL e

- 18

ar
Bo

[2% 2-1] &7 A=l

27
30

[J% 3,1] —Sﬂfp(j). HH;‘(]EQ/] %Zl-z_}zﬂl

- Vil -

——



3-3]
3-4]
3-5]
3-6]
4-1]
4-2]
4-3]
4-4]
4-5]
4-6]
4-7]
4-8]
4-9]

_%47]. e HH ‘] HOP?'%]: 1‘/]—0]01:1\%] .......................
Fﬂj—ﬂ T F AT AU QL ATYHE e
LA F5 v x] Wkek q_o]o]:/_%l ...................
949 75 5 e 43 Adee 2age
‘jjg— UTCI }\]%EHO]}L 7{%34_ ...............................
33‘%— H}%L /\]%gﬂo]ﬁ 7554_ .................................
Z4 205 Auele UTC A%aol 4 A -
5% 205 Avhel e ubd AlBdel A At
Z4 25% AUl e UTCI A%dol4 A -
F% 255 Avhele ukg ABdeld At
Z4 302 AUl e UTC A%aold A -
5% 305 Avhele ubd AlBdelA A
F3% wjx Fob WP we

B A B O] A AT e

4-10] S2-1 =33 vt W& F7F A Alyd L

4-12] S2-1 F5& wof W3 F7F viA Alve

u}a":} /\]%aﬂ o]/ﬂ ZA T e

juy
-3
o
>
o
b
o,
[-a>~
iy,
)

_iX_



4-24] S3-12 E43 F

4-25] A E A

4-17]1 S2-9 =& ¥F F71 viA Aud L

=22
4-18] F% WA 7 gl we
7

4-20]1 S3-1 §&43d F& 34 AdzEle

H}EDL Al &Y o]/g AT e

4-21]1 S3-6 H&3 & N Al
3

UTCI A& dol4

4-22] 53-6 HEF T 8/ AluEl

Akt AlE o]

A
4-23] S3-12 48 F& 1671 Ayl

oflt

ot

4-26] F% v]x] G TFOJO] L EH coeveeris

4-27] &4 E 300%% 500%%] #H 23} 203] %I A

Convergence 1 a} T P PP PP

4-28] 71ZF8AE 5009 A A A OF B K| ceeveeveeeneenenn
4-29] 7184 & 500% A o At

UTCL A B 0] A Z T wrerereeerensremssessiesiseieens

4-30] 71+=8 2 E 500% A A o A ¢k

u]-%L /\]%eﬂ o]/ﬁ 75_34 .........................................



A1 AE

Ao w7

SERE D!

o] 74 1

=

2
Aol vt

=

-
)

R

]

0
HH

I
TH

7F 10 o]

i+

—

0

B

e
.Z# r
o

B
o

—

9|

10 ool #=%

=
K3

(791 15%)

9|

71 ¢

o

1973 - 2023

Fetey

afly

(78 1-1] 50 7+ B=¥

oy
l

B!

—

M

-

0

o

2

—_—

0

o
)
MJ

o}

B
0
eyl

o
R

—_
"o

o
o
i

%

R

oj



L
- W H T H %o o %
Er v T ED K I CO:
< oW = F = R i
- G I TR Tox
Wy 5 gz 2 L ° oz
o X B T W W = on @ = W W op = a
M I N s 2R W T
NN T ORLT O RRRT  E o o o E o
- 3 T 9 g Ll Njo = U ol L BT eI
S No K e N o° mON X T =
S EC - W < R0 R st B M
S F JV%# douf g @A g = |
. = = B 5 T B M W ~ o B T =N
P TRE 2T B Yoes D1 _F RTR
e 5 K o N B X o ® O — .
) AR W E " < ¥ 3 oM 2 B oL o
L | J— w.AI D J_,AI el ﬂ o 1»_|_ e
M " w hAl e o OT B o - .‘MI ) E#E ﬂ_1m 0 ﬁ&l
i N O — - 3 ™ B R — o R
I : B Hy o 4 | ol N - o N m X ‘W iy =Rl
T w e ML A w B g B = o2 A
e o e Ho B I — B X"
_ mlp ~ B > R B M o Wb = "o
™ _zﬁ —_ C..ﬁ ﬂ X ﬂ = I ‘mﬂ —_ < X T
; S T e = o B 1H y = " W Mo o o) o 14 wa
" ® 5 it s feFwmeTI® L
T L) e T o N0 — N ) IO
| ST T o = 4 < o g Y ol i
\\\\\\\\ m: - oy~ N R -y I 7o oo o -
| R T T oo " m ek T _— = ot
, — e — T oy o o MM W= ARG = X o
ﬁ‘\\ﬂ ﬂvﬂq%o%ﬁﬂmoaﬁ T Lﬂoﬁmﬂbﬂﬂm Wrwfa
\\\\\\\ i Defarlex Cdmw T2 =5
| DA xR VT _ o S§HET P o W = W
RO R s T S 7
e | w T o o M_A el R W W o WS
= | ‘_J| il ﬁ < = — — @E ]m
| — azfmn,mo_ﬁﬁrﬂﬂz.uh%Amﬁ%ﬂn W 5 B8
2 g 2.9 9 o o ZT HW X E oH T = ,UI — 9
ool B oz = P o T oT w2 o 2 A X
IR AN O P T o ¥ | FHTI
= o JﬁNO ;IJV‘ — 7 _ et JuDﬂm juig
N Jlorﬂ T T ‘_qul ~ mem./u/ o




7t 2 e

94 )
Hhao]

L

o
oF AA 7%

53
AR H 2T

‘o
H

A9 el7de] ahel W7o 7h
ED

;i

=

e

k<]
pid

ot

o oF

°©

Fol w4

SEE

=
=

oj’e] A

mr

700

t) 2l el

ah

SRR

I
ojo

why
X

olo

—_—

0

-
;OO
|
N
el
10©

jpase]

ﬁo
B

ol

oA AW

Bl o] AAlet 5|

3}

o A4

AN
A

Jol A Hhebi ool Ul ol

o]

B

o
o

i AlRlE o]

o

=

A 3 =] A

]

1:10

ZIRke = A}

o

=

i

Al
2

g

i

0]
T

o] ¥

SEEERE



#)

EHIAFY KAl (M2

| .5 |

e
(=)
=

_
=

SHIAF GIA] (CH

St &
= o

BB e T T R T MR HE T #
;mmm . X0 o - ol 5 1__/w T B N W o OT N D B0
& - 5 | <
e B R R @Y Sr by Eal X k
g " ol S I o = M R @ X do o i W
z do & W e %0 U RO g m_wm e -
oA T Hm W T ngm B = Mﬂao_ew X0
fexEN wml =R Gy S
EORH o bl do ot Xy Ho o e 3
o e ® M g P oo o) L Exm R Xz
=n ) = T ™ oz X oo TOE W
— 9 < o — i T
o %K o B " o o o W K = & W
N o ,ﬂ :i J o — o
= T o = o W 0 = B T T
: e ACEE  dxg  oow lx o =
. my U el 5 ©l [T Al CIe
- X Lf ﬁo - E < Iy ~ =
Tl 4 wnT G N
N ﬁ % o0 R m e Wom i o
o ) e X
B %o T m HT_ mme ME o ‘DF @ M A_l \ﬂﬂl Lf o ZT ~ ﬂm_l‘w@
e _ — X 1 W W N — o X = =
< o ol o o X ° o}
= °coFE R T WO oo P T B ooy T© TI
— N — = o 5w o o eyl m o= o filgine i
mE O™ o= O oo I "I Mo
Mo o~ X oo @b = T oD Fl < Wz _ B 1 e
; -4 T ESTT = BT ST R P A
- o A = Y N — < N al
¥ Fews ST RIaFTEE Tsg0& R0
o o o oo B o o=, %o MR Sgm
I B C LS [t R %0 2 oo ) n =g w
" R o T P o = gy F oz © o A S e
n 2y T . oo N o o ° X ol 5T
= L REE BT g gy AT B kg TR
_ ; X = = — L3
i g TET R BTRTHN prosp® T 0 Som ¥
O F R xR T e m T i mre e Harn N |l
oy o W oAR S B B o mr T oo oM X GRS

H ":'} 1

-]

[,

.H .



oA A%ze] Feel w)

AYATES B

_
N 1:,_ O_ TO T _ ~ ,l
4 % T T TR HERe BE L TEDE
of No o ) &R oo ﬂr » U eI ﬂM _Wo ralliee o
W RO R I o By or
= R S G S =® B
B o el oo < T 9 My - A B <) Wiy ™ el
= B C S %WOL of & = 1 o
% = 7 I I RV A < mﬁ_ do B T R
o R mRaw 0T g
X X e N = 0
S "EgEefll JTiadr <
N T Fowr o X oo = of W i
Wﬁ%mﬁ Mz_luﬂ]ﬂeauobﬂdr Vu%Aﬂﬂ Gl ww
2% g do o ow o Poy T z o & <
RO Tge s o W oF o 8 W o Ul
= N A = T ooy R
i o A = TR o w P os a _r <
%ﬁ%% WMWW@%%% o oz B oE oo
o < o o o ™ oy T o T 5
™ W oge oL S R n T d
ok v 5 NN = o) o iy o] 9 oy L
N T ~ S0 Mok R A =S .
wrmo%ﬂn w«o@%%o_%dﬂw NEOW o X o
E X B T 5 S T T oo W2 o
of I ._mﬂ o A ﬂjl,_ s £y Ho W RS W oA X s £ )
No X ,@; Mw o o) ﬁ_@v o e - "R <0 Moo Hﬁ T %ow ~
T oy W T TR LT T B TR P
T T SR S -
B X ~ " U Gy N of
oo rs N # HwC P oy B MW ®Ew % Sl
% M OE b o of _ gl F0 X xF R KT L
PSR 3 RERTAC g g R AR R
~) o o X e M R o ®E T Iy . 2 — T T NJo E
T ko o W B Gl T o W e A
I . TR T F e Moo Moo
N NS m s o oor W B B oo oy



)
ar
N
)

A

ol

o

3

,_meo

"ol A

ol 71

o 3 4

gom T wae

el m3rh g =

%

X
=0
=
¥
—
TR
)

D dlolH

A=, A7)

5 292 ¢ 2, 2013,



TR
o

ol
N
14
oy
"
T
7K

<

2 AAs Alvee 2

=

o

Ao EEAA G020l
A}

b

HE

Felo] AAde 914
]

of w4 3%
o] aE o] &4 Fo] 500%7H4

°©
=]

hyA
a

oA =

500mel|
1

A
o

N
T

R

+
il
el

o
oF

—r

0

oF

o)
#o

o]

S}

R

A7t GA Ed

ol A 9]

3]
=)

] Al

A

o] WjHHolglo] ui

(e=]
—1

30m =29 37 LA AA

T

T

o

%

ox

¢

B

o]
o

50me] o 4231 7}
2 7Ase A

s

=

15

1

-

o]

<5

12.4%,

7HA 21

T

bt

=

S

=

=

2]
Aol WAL 1053722m &=

[e)
243.39%°]H 7

-

SEEE
o]

&

=]
RUn

/\01-

S
T

o
48

s

=0
o)
P

fEA

3

-

KA g A

ol
=

+od

S

]

g9l

=

A 2l

<]

Xé.(

=
=

CEEEREE

[e)

=

il o
, &

O

A8 4AS
g])/]

¥ 7
o A8 AN AgATe] AAYS

[e]
=

3

gy

!

=
L

|

o

7

B

B



o T =
E_E 1_7A|1_ A =
—_— ‘ul T T~
e o o — o
o8 Mo < 70
e = . o X B
o Ea 10° X mH
— = ~ X 0
T 0 _ O ™ o
S =~ o B g W
oo g 0 H -
;OE ‘Iyl o :
= e N - 0 b
° N w oA oy ki
= =y N o) =~ %
<) vA ~ OL ~
¢ o o q
4 o =M T X" .
L T E_.E O_ —_ _L T A Bl i
)A_I —_ = X bl
il gl T ™o w Bos )
o A < o= ol T el 5
ar ==X . £ AT g . 0
0O 3 ~ To¥ LR w0
Lt ..— gl.._ E#E X — ‘HLv 2 ik = MW_ =y ﬂ.n_mp_ _d.u._u..n_.._.J..E Wnﬂﬂ
— a Onh vA ﬁo _—0,._ L ﬂo.._._..m.._-r__.._ o E_} E ...Ad{_____o._ ﬁEﬁEM_ ___.__..._._.N._
K o ol sl 2o : ot T R
Gl = ™ol o 5 T F S % o ol i 5020
< b 2 = L T wFT 4 o Ta< m.ﬂwr____ 0y
oy = o o ~o I P B 3o ¥ Lol e | 2wl i o i
ridey 700 ~o of 7 ™ o) oK o w8 L w_. 3 ﬁ 2 3 5 < < p mﬂ. o
o —_ Mﬂ X ;OO o o o s N o K 764 M; .mGMdA_- ._ﬁoﬂ B0 0351
To 30 T 2o il = m.m_m P 4 L i Jjy o ]
ol ] ~ X =l » ol s |& & M_. jokt 0 D 4 © W
— EE X ‘;Iorﬂ ﬁE _..To " E._ﬂ_...__.______a =] v _ox ™ i < s w0
‘Dl O )AO X ‘wAI EE fam m.._% % .l.mj_w ofu m - _-Md 4+ .A_.m__m = = _E
o g I ~ olo o S o 4 <5 B 9 NE o Kol W wi -
o % o Ny o o @ - = KEE .m_. ol w8
(i r —~ oo 0 = g o < 5Ta
o] o ) —_ o G o e g 5
) T K 5 ey ol o NElE ._.m_.uﬂ 0
My © Y T m W oy i i it g
N Eem.urﬁ . ﬂ%ﬂ 3 N £
_L_I%A,_@Nﬂ@udlw_.ﬁo ® i
H of ©° . NTO= ol O & 7 of
w I T o o) _- ™ N o %5 | ZE ES
o) = = o & b2 s 5T
AT T PR & L =3 7 7
= 1 ° o ;@ wm B T % = | | 2E zn N b (0
= o LS ) v E® owr e 5
= B = s i 5 el m:c o &
N =0 = X0 o] Bl Lok aw 7 of e
" o B . @M HoF 5]
= B
N 2|




A7)

T

T

ol A

=

I [298 1-3]3 o] A

[

t7] 9l

°©

23

=
=

e Al e

LLRCIR=

3

Tl

=0

Hr

il G2 do] ofsh=
HARE Ao wiA] Fefel] wet

O

|

o
R4

)

o=

e

9

= o

S
o

o
£}

jpuze]

o
el

%

Mo

o
o
B

Al

fob A 2

9|

o

o
o

0
K
ol

)
BA

el
il

A WA AGe) et

o
Wy

K
olo
B

fife)

!

B
X

3}
=

S

4l

=

b1 )
3}

i o}

T4
o]o

1

e}
yul

sttt

[e}
¢l Rhinoceros®} Grasshopperel] o

oA 7}

28
=

o
=

SR

hyA

4% 3D

To-

fite)

(=
1o

er
=0

el

o
o/

o

o]

=
=

EEEREEERS

KA A

o
No

o]
=



—_
fiie)

ehelo] 47

=

7hol

S EERE

=]
24

A A e

ki3

A7) 2ol 7

T
-

3
LIS

b

ARl = o] of

s A4 7ho]

o]

=
-

ST

R

=
=

_10_



!

A2 F olEH 1

g
o)
=0

Y
3

"0

I

3

el thgk o

) 2

1.

sl 7]

T2

=

o] o}

o] W37t e ok

ol

B
N
ﬂ.m

o}
=

M
ol

B
o[

—_
fite)

Nd
o

N
Ho

B

TR

ap

oj

ﬁo
B

dl o -

A7 =

T

)Ao
;OO

el

o)
,.__AO
)
o

=0

o)

—

ml

IH
o)/

A

!

Adskr) 9

~
file)

o

Hlo

)

Wk oluel, A%, 917

X
)
N~

4
o

N

sl
o|J

2ol
N
ﬂW
ol

J)
~
Ile}

o

ol

)
o]

N

)

)
Gl
ol
;OO

‘.h_.v_vO

o

]
h
Q

A

L2, 2005, EAlEZE T

6) o1l ¢ 4, 2010, &3+ 2 G
A=,
6_[].

7)

312 A 63

A

_11_



Aol Wek = 1000 Eube] AAE A&
T 22 7]% dHeolHE xEsld
Comfort Index)”7} 7R AN Al 2=t S84 H7)

=
=
Aol 244 A= AALH HUHE A AAVFEE AT A

ol s Al 7o B AFoM= ¢}
¥ UTCI(Universal Thermal Climate Index)E ©] &
el

o] @] F-g3tol] et A

N

[ 2-1] UTCI A %

(%4 : www.utci.org)

UTCI(TC) Stress Category
above 46 Extreme Hot Stress
38 T 46 Very Strong Hot Stress
32 7 38 Strong Hot Stress
26 T 32 Moderate Hot Stress
9726 No Thermal Stress
079 Slights Cold Stress
-1370 Moderate Cold Stress
=27 7 -13 Strong Cold Stress
=40 T =27 Very Strong Cold Stress
below -40 Extreme Cold Stress

8) ke, 2016, @443} v/ 4R DL L B S9F1he] AAA
9) Victor Olgyay, 1963, Design with Climate: Bioclimatic Approach to Architectural
Regionalism, Princeton University Press

_12_



UTCI-Fiala 2&100]] 7]

T

T

UTCI

o

o
el

=
"o

—~
fiie)

1 2]

e
T

o

324 5

o
=

2.

o

Ho

0

oY

X
ol
el

T

fife)
ToR
N
)

o
M

Aoz YERETH)

ﬁo
B
B

%

0
o

o

0

o
IH

7}H4)

[}

]

A

=

7 ]

o

s 4=

T

el 7

Al 2

s
a-

vl
=

|

—~
10

oo
XH
i

B

)

o

3y

A

EoF =

)

—_
fite)

B

_13_

e

10) Dusan Fiala €| 4, 2011, UTCI-Fiala multi-node model of human heat transfer
&3 A 259, 9

and temperature regulation
11) The UTCI story hub (https://utci.lobelia.earth/)

12) ©]

13) H2



PN
T

[e1s
=

|

gl

=

nel olojAE AL

=

3}

9744

o
=

] 2] 7}

p s

o

o
TR

0
o

o] &% ATHIY

44

] of] A

ﬂwo
i

A} oA o]

T

=0

[e]

A

o] o}

HA, =AW E
S W HAR U A

SIS IEES

A

Na
S
o

=K

o
IH

[0l A7

ol | A

AM A EH= AUA=

wol &4

=
=

wiof] ol 1A

ilte
E

b

ﬂl
o

e

2 o]},

!
M
o}

o}

—

H
o

, A 7TA

o] AFEA 7]

DRk

e A=A,
~ 14 -

=

=

15) M54, 2007, =A<k}

A 2%, pl9



.......

D ASE, 2007, EAS

]

=

(

—_— = o my . almi
PHAES TR Oifl
dio Wooo X e A S i
F 9 oH T E pooox 8 ~
N ! Ho S o S
° 53 o !
| F @ a2 g w5 o
e Wy Ao X in oy 2 N | oS
N o =y wo = B! Ry — [ " 5 o< X
L S BLOREE e 8 XL
o I o . Tl x| ow o XN o = of
il | oy N B o o "F TR o2 =
L i T | o ! A )
S| 7 | ar = o W W R = < w.1 — %
0 Xo o} = w_r_v 2| iﬁ S .mwﬂ ‘_ﬁl! Ot ‘m} 7A o] ]M
“IElRl B sheSEReETEE
- \N N - [ —_—
A
_ XN o N ' P NF e
f —_— ‘@l ,.LL O?._
- =W em T N
= R it ol o m E.# J ojy m_.ml = _
(< Jp— % © U
R R S R A A
=|% d M2 R N Pox g g 2 B
SRS = || S |E g w W A B
EErEir D] B oPEoazpTaiie
N R P T I TIx| * " ) %ﬁom#mu% A
=] N b G L S P TS = o o M o X = M e =
il P )2 | = Ul i T w7 I ) - (= b - o] =2 B =
|5 | A e w T g ] LR o) &
Oga O# = O @E — ~o B —
ojn gy B s . ol ¥ e K
% uﬂ7ﬂgomMﬂu.wh__&mE
0 i P X xﬂ;ﬂﬂZXEo_]r TR
= W T TR|IFKR N = WA y Y - 9 e
leif|eif hgrzny ® o RgTaoE¥EzCg
Y il PR R o VRE K kS WS



AR

op
700

N

Ho

o))

00
o
N

371

[¢)

NFE @A Yz 59

X0

| &%=7} ol

H] 3]

)]
—_

TR

ik

o 2 A7t ol

=

=

o] Aol
ol wigEE
%

=

[}

g,

Z

o

91 %-ste]

=4
o T

=

A

a

ohy e} whtol

Fal Sl

=49, UAtg 9 wix

i
el
S
)
ol

0

47} o=

5

o] z+alwA Azt

3}

el

o
o

0

717}

Ho
o

AR E)

(2009)

L.Fleereko
per,M.Tal
eghani,M.

Tenpierik
(2014)

(2021)

Fs 2 A &

[}

I

—_
N
~
Ho o)
4w
3 onﬂ
G
5 7
Mo X°
Bl
o aW
T oo
oF =
s
o X
_ﬂ_ E.:v
T
ey
o fronl
wp AR
i
1o
S|
S
S
e
B

Outdoor thermal comfort
within five different

urban forms in the

netherlands

|
)
N
=
ol w_m
g o
% 5
o
M
iy
% £
|
o Oﬁ
o =r
I )
K MT
ﬁo
ol
N
o
©
3
)
Cllie
o 3
o
o ¥
w7
N 70
oW o
o T
<
of @

B
!

o

10°
Bo

ol
Bo
T
Tor
3w
hijl

2ol

xr
]

e

S

A

A

HAL ol

°©

s

il

1 2 €&

>
=

_16_

(2022)

W3l CEDA B ol B4




=3l FA vl A

!

o

1o
o
ma

o

<
W
&

)

~
o

—_

o
et

%

F7] wzel <

5]

Z]

17 2

=)
=

oj

Fek. (vl &, 2012)

{3

il

=

F53}e]

[S]

Nro
7
I
oR
+
ol

1
oF

<0
B

Jo oje Aoz w)

i

bk o

S

L3k (d g4, 2020)

i

o
N

X

B
mJ
=
ToF
{H
TR

of we v ) n

—_
fite)

o
Nfo

olo
o
o
R
"

—_
fite)

H

o

E
._OL

E
;oL

)
N

u whgtol

FekCGelv 9] 1, 2021)

A A Fe] wwe)

=

A

o
o

o]
H

AHA

Hjj %] 7]

o

=

o
Jjo

0

%

7A

ﬁo
o
B
mj

i
ol

—

0

o
N

To-

_—

o

Y
o

o

3

ol
Mo

.@_

N

ol

i
o
oj
T
it

xAO
B
™

—~
file)

o
=
B

i

E
;O...#

TR
el
o
ar

B

_17_



g
™

o

0

N
B

5
)
—~
10
o

ol
JJo

puze]

!

b
o}
5
N

iod

p—

=

1&g o] A

~

1 (www.nsdi.go.kr) ]

Hyg

A7} X

/6]—

2ol A o

P!

.

]

—_
file)

o
e

ojy

m
o

[0

B

gadl
N

H

& ok, of

=z
4 F

Z

%, e

3

AR

Fa

—_L
.

|

o

o

g wE £

5

3
=

2]

7}& 1km, A& lkm

T
T

il

b o,

(19 2-1] &7 Al&de]

_18_



THE 3D EdS o]&3 d3d BAS sy fdA = UTCI
Al B o)L &3l UTCI+= Universal Thermal Climate Index©] <F
A ol

|4 AAZ A= € AA9e 48] A
7 o

=2, 23 L FEo] QS 9 4% a}ﬂo] 371 R = R

e o}A 0°ColA Wt AAEE -10°C A%w =Ad S5 9}

olg A oF A 3t A7 x5 FAs= Zo] UTCIZF =43}
= Aol 7] 2= SAH A= Aol7t AA F U6

d 2E# s Ag(Heat Stress Index)i= UTCIS] A& F 10719
HE = FiEste] S5 4 2EHAA S50 & 2EYA7A] T
5o gt

o] ¢} o] Wd] L F o Fahe Zlo] oyt AAR Abgo] -7
= A 2EE dSste] 4 AXELS FAGH] Wil o 259 3l
= 235 g0 £ Qs AoR HAdFHo UTCI AlEHolAS st
Al = AT

3. EPWE o]&3% 2= do]g 7|W A& o]A

UTCI Al&dleld =3 v& 4 Algdolda vz = thakst
A dolEE Zvtew XdH 7] wjZo] ojud HolHE |Wtew &
.]

28 AFst=A 7 F 25

16) The UTCI story hub (https://utci.lobelia.earth/)

_19_



ole] AFgE =2 IH AHS Holg ol mA|HoE T Wol 2ko]
= 2 doly Al EPWH Y-S AL8359ith. EPWE Energy Plus
Weather-J Zow® "9 Department of Energy(DOE)e| 4] Energy

ok A @M dolHE FHste] 3

dolg= dA TMY(Typical

TMY &= dtde] XS wy 7 B2 A B4 Azl ALEH
a9l deolE AER Sid 73 Fete] &4 A HolHE nEow
4= dolHrt /b dd A A=(Typical Year)o] 2535 A4
atol

A% Eol 199 dolgE 20104, 5%ﬂ dlol el 2021 9) A%k
NAM 7FA L= Aok, 2#7] wiFol 15d3ke] X HolHE AHgdnt
steete 7 e o sfo d= H]O]Ei‘i A 3

o] = °]5H /\}9“1}7} d3tE 5

o123 TMY HlolE Al 7luke] EPWHAL alF loe & 7o
& A MY Fe A7) B 2Esb 39 10%0l Wl EF

s wgoz AYstel HA= AP DDY,

18l ele A dujebrt 71 ol

BASFE 1 T8UNA A7k Wl 5ARE 2047449 dolHE

_20_



Mo
o

1] ]

o)

T
T

el
ll
N
olo
N

Nfo

puze]

|

ol

A 3 A ol A

w2} 4]

-
) .

A skl om o 7]

Z

o

o 271&

il

AH 71He

Hlo

B

—

o
o

X
T

el

N

N

<

I8
=l

HAZ<

40 %0
T

)

)

No
xr
=

o0 o°

()

(+)
(+)

(+)

oo

=

N

)

HEE

1.0

)

(+)

37

()

()

(=)

~H
__i
M-
oF
™

ol
=y

he

A
No

A7

A

H
gl

A A 7

Hr
i

1
B

X

o

il

A TEAY A3B6A 6%

13
o

_21_

........



)

N

A4

of 42m =
%l

o Alve] e
}o]

o

p LN

F7] o

°©

] v

o

9]
pal

A

T

F e AvEer i

LN

zZ Aol ol ¥

o

j

o

al

&
vl

3

mhAupo 2 Al

=9}

........

I o L G X do B )
I F = o S il
< - o oy = - w NF T
n_w = B AR oy oy ~ T 0 N i) o~
) KO A ﬂAro _Z_o % _ZTn sl i Hlslo|v| 8| R x| OM 0 _ M 1
~ T = op X Hoon_%.%WOZ.%M.alua =
N e N o lalle|cs|s|?IRIcss|o oF CICCIY
n o] o WW H WM Mo = O vﬂ ¥ B
o A Po T bw} X M He = m i o]
E#E ;OH ‘HL ;OO ‘\—.Uﬂ.m ) 1|_/| ZT . 10 ﬂ ﬂM
¢ TR dLe,w Ir o
O N o= % W ) o M xT T C I
S Vg dur sl e llaleclslalslzzl TY =
~ oF oy = o o o == 2BIEIBE 59 —
I - - R | i -
0 ‘ml jo 0 OT.C j—
B —_ —_— o X
B o v H oo W T e T o ¥ - 2 !
Mﬂ go iy o 5% x| o o il X ~
: Nz T TN M G A a
T AF o o P X =r _—
‘Nﬂ k) 1 | E ~9 = X o,._ ﬂ_rm |
ac¢m”%ﬁwa.%zT@_A 5 & | = &14
]E z _l | E ‘m —_—
= o no - ¢ N I T e = = X
b B~ Mo o o X SIS —
~ = E E X X — oS || D S|Z3|lolH ~X ~
ol T g o N o ~ S AlSis|iS|sis|2|s|s|E 0
5 R e RO = 8 I
o = mo o) oF T 2l = N & do L = W
oo — T o o o W L LGS
Ay X Eo ﬁﬁ ‘_mw O ﬂo K
;Ir,” o g Z_l S — ‘Ur ZT — 2r X Q
o ~o M o = o N~ . A 7 "0
. < ﬂojﬁ ﬂ_OI 3o ‘UF z.m X
By W F e g ® KD ) G
T N ~o o <X¥ o gl J)
WAE M X o Ry o b b < °
= 5 - o A ~ ok || = | < A No w W | i ™
j'L ﬂ_% 1_ l’ _Al ‘_.ao ﬂ ‘Wﬂ 1: 1_ i B Jl ,m.L Eo —~ ﬂ _zo JI Xﬂ E Mﬁ Oﬁ Z,.# 1wrw_
® T & ) g0 %o E o = T qzﬂ__ NS ~| | ojm Lﬂl S
O ) |
Byt e s P aglpgx e - R
" o T o M N- = o Ao



Alube] &

] 0]
1w

ZIdko 2wl A

2-617 2%

YA
it

[

T

Faa g,

°©

A9
AERERREE

o
=

?‘/Eﬂ,—*

%
R

¢

0

[—

0
o

5 olfdll Alg<

rJ

A7k R A

o
o
el
b5
ol
jant

o7

sl
o
o
]
-
)

ﬂ/\g

[ex
(]

°]

[}

=

BRI

gl

[

FSA T

bl M= S==7F Hdh 30
o

K

R

+

o

ah

)

P
o

o
i

sk At

A}

jze]

Hlo

o)

,_@O

o
ol

o

ol

i)

L=,

2} A18)9]

a

g

At}

7§ el

Aom AFAFolA npedFel whef
7

_23_




[32-6] i 1087 AF8%91 ¥ Feek] w48 Aba A}
= A&
277 GAan | 89E | F5ua | 0 | &% | Awse | o0 | TE
i HE =
et o aal - ]
B 91,359m’ 150%% =3y 2671 10 13044 of 0.014 | 2014
osE
oot golutE | 63968m’ 1599 =33 1570 12% 10704 oH 0.017 2014
A} E o) ] ]
e 52,327m’ 165%% 543 1470 155 7874 0.015 2014
ARG AE ]
48191 m’ 221% 2] 1470 205 9634t 0.020 2012
2} olulE
EptEs=r )
22,076 m' 239% =3y 77 23= 5454 0.025 | 2018
07 & ol 7 Z ¢l " ’ b ! I
2 o) eto] 4] ] ]
24 ¥ 2882 B 7 25% A .02 201
2ol st Zop i ,057m 83% = 671 5 6634 i 0.028 018
A= e P ‘ N
) 79,519m’ 249% 43 2074 29% 18594 tf 0.023 2019
] ] 5= A
Y x}o]olut E 75,815m’ 244% 33 1971 29% 18244 tj 0.024 2021
TEAES ]
B 72,986 m’ 2499 =3y 197§ 29% 17454 o) 0.024 2019
ool 2
e o A 44 3 ] ]
B 43 504 m’ 276% B 1274 335 11994 of 0.028 | 2020
daHMEL
vl obo) 2] 2 2] 2~ . ]
2 = A
15h4 o 78, 777Tm 258% =R 137H 353 1278 A4 of 0.016 | 2015
b o ) o ] .
B B 38,583 m’ 284% g 1179 4= 82941t 0.021 2018
olo]d} Ao} u E
Yol 2 H & 174972 249% =33 4170 4= 40664 th 0.023 | 2020
ol A Z e} A~ o 35,547 m'’ 369% B T 355 12214 of 0.034 | 2017
EE L LS | ] ]
e 98,561 m’ 249% b ! 3170 353 2296 A 0.023 | 2020
A= = A 207,860m’ 249% 43 5370 3= 49324 ) 0.024 | 2019
2 u] b < Hl] 57 55,763 m'’ 299% R N 1370 35= 19004 oH 0.034 | 2019
EEE - ]
162,113’ 2499 =3 5174 35% 365341 th 0.023 2016
S AEHolE
gjoj o] x| &}o| /| E | 64,598 336% &3y 15710 3H= 1996 A1) tf 0.031 2021
B a2} o o ~
F:} el 21,067m’ 462% =33 87 38% 95941t 0.046 | 2021
Iy e
_ 24 _



Al 3 A

rf

-'-FLH

O
oL

Al 1 A Rhinoceros® Grasshopper 7]8F 4

1. Rhinoceros®] Grasshopper

Grasshoppers= 3D = d# 2273 Rhinoceros? 7]%5< Uate
[e)

WA w4, 2@stel A8E &

=
=y
=)
o
(@)
D
=
o
wn
1o
@
re.
2
il
o
ofo
o
2
y
rlo
2

Grasshopperoll A/l 37 AlE# ol 7]5& AFs= Ladybugts X
7124+ dlo]lg el EPW 3 ¥S E8 59 sun—path, wind-rose 52 #4 %=
=

TE5 At dx% 59 A1 9 MRT(Mean Radiant Temperature),
UTCI(Universal Thermal Climate Index) Al &z old 52 Ay &
(A B

stA NdE AEXJEQ Butterflyes OpenFOAMY CFDAIZS A&

_25_



<

=

=

E

15|
=

o] | t(
o] UTCI

Opossum(Optimization
[e)

s}t A%

4

1

) .

7 a#lE UTCL Al Eeol A
A

J

97F QAR s

“

CEER
1=2]

o™ Ladybug®t Butterfly 73X
Solver, by Thomas Wortmann at Advanced Architectural Lab)2 A}-&

2 Ao FolFr)

1

A<
T

3lo] Objective x==9]

[}
Ladybug®] A& ¢ °]

Variables =9

[e)

b B

o

T

T

T

3 Opossum

227} o

o] &

3t tF Opossum
=

S

i P T TR ot
oF i) N &7 TR o n do I
N X B wm < W g = 1) T
To " RO T o & M o
Wo o sy o X T <o T
NI o o = xR 7 %0 =
) o —_ ﬂm
d B 2 T <~ R
| = R = T B o
ﬁ B Mo X° S Aﬂoﬂmwm
o wTE R X ®
0

i w w9 § woE o
o x = o ) T o] o
—_ . O#O N L= ‘Mﬂ e L.E
B o oo Me e ® o w 2N |
) B - RN Ry gE Ny ©
To Mw ‘ul oR o o 3 MMM B! ~ = o olp nﬂ
AL
o0 P T k < T B
O - A S S B

i T R ol B i o i
L 100 o W T o T O o )
B m o Wx_ =y " —_— ~o T —
N O nA_.o X EE i El N ﬂr M X Ml 17!
o 2 oy T o g Njo = X iy ° %
iy 7 Wy T H W) o X & et
& " o W T % W o ode W
oo % = o < T of an = KO = NJo el

o] piy B W el T

%) —_ o of A oF <7 s
22 ol < wox o = op =
G A\ o I % g <N D W oy
G2 —_ oo o N R B
(= X N = o of ®F E R/



A2 4g0] o g Wt

=

(=]
o] AL 45m=z, FF el wheh H ol 90m7HA]

A stel] et

Z59]

ol

o

o
M

[ 3-1] A= #jA

F ST

°©

}

k)
pl

A2 AS

o

=

el
e

q_mo

=

X
_Z_O

7¥ated 30

=
[}

= 5.34%4

A o] 486.79% 7} =

%

R

¢+

i

5
ojn

|

olo

94

_27_



R

)

=

©

S1-15 2=7F5=(29

)

o

=

S1-13 =3F=(27

_28_



Adge 95 | Eol | 35 | 43 g

S1-1 45m 15% 243.39%

S1-2 48m 16% 959.62%

S1-3 51m 17% 275.85%

S1-4 54m 18% 292.07%

S1-5 57m 19% 308.30%

S1-6 60m 20% 324.52%

S1-7 63m 2% 340.52%

S1-8 66m 2% 356.98%

S1-9 69m 23% 373.20%

S1-10 72m 2% 389.43%

S1-11 75m 25% 405.66%

S1-12 78m 26% 421.88%

S1-13 81m 7% 438.11%

S1-14 84m 28% 454.33%

S1-15 87m 20% 470.56%

S1-16 90m 30% 486.79%
THY =2 AgS e uf AMFolt AF tiAE aHF =0
Ao 2 Fo|xrt HQ = sk A5v WA ol AA| FEol Y
3t =45 X839 2 Grasshopper®] Number Slider AXJEZS o] &
st THH 3057tA1 9] Ayl digh 374 AEdolAS AsoR

=
BASE2 (19 3-2]9F Zo] AAstqdrt.

_29_






3}7]

S

2 Afed AYEEE Eole AU LE A4

X0
"
£y
ol

el

I

Flew of#HA &

5

o AA Y

Hio

= =
TS

b1 9 gel .

°©

shel .

5

1
- 31 -

o

3}
5]
I N .

Al

T

L.

k

SHZIZS 7Pl X[ p—

A7k Jepd

s = Aldele s A4A

3k

S

-

=
o

H Ay e 2-1HFE 2-69 714

EEERIE L
2 ojul



Adee wE | 37 A B | 7% 5 | $58
S2-1 3971 248.82%
S2-2 407 253.83%
S2-3 _ 4170 260.53%

FEF W
— O,
S2-4 (A 427 267.86%
S2-5 4470 275.34%
S2-6 4671 283.17%
S2-7 4170 252.91%
S2-8 437 258.70%
= 3L 5k
$2-9 e 447) 266.04%
(%)
S2-10 4570 272.714%
S2-11 457 277.74%
S2-12 4671 283.17%

F7F FE5& ;MG GAA 5044 R TP B2 AltiETE wf A o
A= AEHA 84m 49 B FEe Abgsidler AUk FExd
of wel 43 A¥, F 2ol 60m olst= A &5t

A 5 5 el mE 4 Avge el (% 3-3]3 2o
F& T7F VN Sl met 8482 o 6%% F7hstel 105 A=
AP wo §FE0] 283.17%7F HE AS AT 5 A

_32_



/ s
/
[ ———————— I I

|_ — _—‘_ _

S2-3 Hj A &=

[3 3-4] AA F5 & &F Avged o wx] HsH(FFF v B3
FE
/-I— ] | I - /-I— [ | I I
- L] / [ [
—_— L —_—e—— - .
S2-1 WA = S2-2 " A=
- — (— — g — - (— -
/a I I I ’//- I— -— I I

/
[
| ooeen o = I I

I— — — -’—‘— —

S2-4 Hj A &=

S2-5 WA &=

S2-6 WA =

_33_



[ 3-5] A4 7% & 43 Aveed o A was(FES B

S2-11 WA =

///,//'— — ]
1 [ / I 1
L | -- L | --
I—I—— -, = = —_——— e, =
11 i ] = | i T =
™ - s . . - .
S2-7 wjA| & S2-8 mA &=
— - . — - .
- | | | - | | |
) . — - ] - s
n_l . =~ I 1= -
i i = | i =
- . - . - . - .
S2-9 WA &= S2-10 WX &=
—

S2-12 WA =

_34_



~ho R HlolREly 2@

[1% 3-4] AA =

A & 229

_35_

SRANFE: P




=9 ZA gl

HA R A

A

Ael e el

SEE =S 2709

[ESt

0

olFEE Ay GAER

EREEE

o et wjA

|

—_
o

A sela g

s

wel G Aol of g Wl

_36_



[£ 3-6] 943 F5 & & 4% Ao B £48 W

Adge ¥s | #4Y 557 | 999 755 [#98 Fee e 898
S3-1 3370 370 8.11% 245.23%
S3-2 3271 470 10.81% 249.21%
S3-3 307H 570 13.51% 254.72%
S3-4 297 671 16.22% 259.40%
S3-5 2971 N 18.92% 266.95%
S3-6(1€) 2871 371 21.62% 271.24%
S3-7 277N 97N 24.32% 276.82%
S3-8 2671 1074 27.03% 280.99%
S3-9 2571 1271 32.43% 290.68%
S3-10 247N 1374 35.14% 294.72%
S3-11 2371 1474 37.84% 298.93%
S3-12(2€) 217 1674 43.24% 303.68%

_37_



S3-1 Wi A &=(37))

[3 3-7] 943 F5 7 9& 23 Avged e vz ¥} - 1
T8
o — — I I_**; -
’/,/— o - ‘_I - ///- o - ‘_I - ¥
e = me B

- Jr e -

¥

—_— =T

S3-2 Wi A &= (47R)

S3-3 A =(570)

S3-4 A =(674)

/

/ — N
,f’/- f— = - b
o b=

.

S3-5 WA &= (77)

I— .

T — — N
//- I— - b
¥ yp =

_ &
o

S3-6 WA %=(87))

_38_



g Al Qo mE iz Wk - 2

8
///; : - ‘_I ¥ /- : - ‘_I ¥
—— v ¥ m—rrr -
S3-7 A %=(97H) S3-8 i %=(107H)
[ / ¥
S3-9 wiA :=(1274) S3-10 vi X =(137H)
//— R — b ,/— - - b
f‘/__',l' ”b‘: f'/_'_',l' "’»:
I ¥y ¥ I ¥y ¥
¥ ¥ ¥ — ¥ ¥ ¥ —
- ¥
¥ el _1_1I Py Nemai
S3-11 Ml =] =(1471) S3-12 M 2] =(1671)
_ 39 _



sRNYRRE P




Al 43 A3 2L uF

Al1AEHE ZF &3 AEdold 25

Ads glatr] d Hal 7)Eo]
gttt

= A3t Ay &4 F 243.39%, DHE 124%, =T
olAtt. o7l 7849 SAIFE 204 7FA 2] A AlEHoIAS A
A3 Hi UTCI 2685C, H <% 492m/s, Moderate Heat
Stress Hl& 56.22% No Thermal Stress H|& 43.78% = A3} o]w|X|=
[1¥ 4-1]3 Z Skt

lamsnern B @hall |

[ 4-1]1 A UTCI Al E#old 234

A3 oluAE wGe W B FRE 98 2ol 4Pl 0¥

_41_



)

il

o}

ol
K

—_—

=
TR

ﬂl
4

(29 4-2]¢F #o] =2 &

7 o] 2ol =

e

of WA HEOo

3%

R

+

o

ah

At

=o] UTCI: =

e @A Wl

289C & Moderate Heat Stressol & & sl

e

[e)
A&

42TCEe] Apo]E Hol=

T
T

o] 247C%2 No Thermal Stress << 3}

43}

A

A

(29 4-2] & & ntsh Al g o]

g2 [" 4-2]9] ol AelA thA

o

T—

3%

R

+

=
o
o
ol
S
)
b
i)

N
TH

il
I

u}]
s

i

B

AL
;00
s

4
_Z_O

g a7k AAH

oo =
—

MR W

T
T

SEEREES

_42_



A | sn | gqg | 2T | Az [ [ Modge No el
< B H & H#¥ UTCI | 37 UTCI
S1-1 15% 24339% | 492m/s | 26.85C 56.22% 28.38°C 24.87°C
S1-2 16% 259.62% | 5.06m/s | 26.63C 51.79% 28.26C 24.88°C
S1-3 17% 275.85% | 5.14m/s | 2651C 50.56% 28.14°C 24.85C
S1-4 18% 292.07% | 5.16m/s | 26.47C 49.66% 28.15C 24.82°C
S1-5 19% 308.30% | 525m/s | 26.35C 47.65% 28.04°C 24.81°C
S1-6 20% 32452% | 524m/s | 26.32C 46.42% 28.08°C 24.81°C
S1-7 215 340.75% | 525m/s | 2631T 45.97% 28.10°C 24.78°C
S1-8 2% 356.98% | 53lm/s | 26.24C 45.58% 28.05C 24.73°C
S1-9 23% 373.20% | 538m/s | 26.18T 44.46% 28.05C 24.69°C
S1-10 24% 389.43% | 546m/s | 26.13T 44.12% 28.02°C 24.64°C
S1-11 265% 405.66% | 552m/s | 26.10C 43.83% 28.06C 24.58°C
S1-12 2%6% 421.88% | 562m/s | 26.07C 44.61% 28.06°C 24.47°C
S1-13 21% 438.11% | 572m/s | 26.04C 44.14% 28.11°C 24.40°C
S1-14 28% 454.33% | 584m/s | 25.95C 42.50% 28.09°C 24.37°C
S1-15 29% 47056% | 587m/s | 2593C 41.99% 28.09C 24.37°C
S1-16 305 486.79% | 593m/s | 2591C 42.33% 28.09°C 24.30°C
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AgolA A 75 55 FFete]l $HES AR Adelee B
AEdel Al AhEE FEF E cos WAT AGHLD 531t

FEG W 3% o= WA Ao S37RE
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[E 4-3] A4 3% 5 3% Avele 87 Agdela A
g [IE | oo [oag| 32 | A%, [aciese | Moteaie o Thoml
' C v & B3 UTCI| 37 UTCI

S2-1 3970 |248.82% | 5.13m/s | 26.65°C 52.18% 28.28°C 24.88°C
S2-2 ] 4071 253.83% | 5.09m/s | 26.65°C 52.32% 28.24°C 24.91°C
S2-3 Z’;%E;‘} 4171 [260.53% | 4.89m/s | 26.79°C 58.12% 28.19°C 24.85°C
S2-4 o 4271 1267.86% | 4.06m/s | 27.50°C 69.23% 28.64°C 24.94°C
S52-5 4471 |275.34% | 3.49m/s | 27.98°C 77.31% 28.86°C 24.98°C
S52-6 4671 283.17% | 3.28m/s | 28.18°C 81.54% 28.91°C 24.96°C
S2-7 417 |252.91% | 4.47m/s | 27.14°C 62.73% 28.37°C 25.06°C
S2-8 437) | 258.70% | 4.26m/s | 27.31°C 69.14% 28.36°C 24.96°C
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= Moderate | Moderate [No Thermal
& |
Adge :EM} b4 LA E ‘E Z Heat Stress|Heat Stress| Stress
4 | ¥F ¥ 5 | vra Mg || UTCI| FF UTC

S3-1 3/M09) | 245.23% | 5.16m/s | 26.69C 54.02% 28.21C 2491C

of o

S3-2 47 249.21% | 523m/s | 26.62TC 51.43% 28.23TC 24.92C
S3-3 574 254.72% | 527m/s | 26.57T 51.44% 28.14°C 2491C
S3-4 671 259.40% | 5.0lm/s | 26.82C 59.05% 28.22°C 24.81C
S3-5 7 266.95% | 5.02m/s | 26.77C 56.19% 28.27°C 24.85°C
S3-6 31 | 271.24% | 5.12m/s | 26.67C 54.99% 28.22°C 24.77°C
S3-7 971 276.82% | 4.82m/s | 26.86C 59.71% 28.20°C 24.86C

S3-8 1074 280.99% | 4.93m/s | 26.78C 57.37% 28.25°C 24.81C
S53-9 127K 290.68% | 4.70m/s | 26.95C 61.98% 28.30C 24.76°C
S3-10 137K 294.72% | 4.61m/s | 27.01C 63.32% 28.30C 24.78C
S3-11 1471 298.93% | 4.77Tm/s | 26.84C 60.29% 28.19C 24.79C
S3-12 | 1670(2%) | 303.68% | 4.24m/s | 27.32TC 66.10% 28.98C 24.85°C
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Abstract

Analysis of Thermal Comfort
Change according to
the Housing Complex Floor

Area Ratio Raising Scenario

— Focusing on areas to the Special Act on
the Maintenance and Support of Older
Planned Cities -

Jongmin Won
Interdisciplinary Program in Urban Design

The Graduate School

Seoul National University

The ongoing increase in urban building density through increased
floor area ratio, coupled with significant climate change, is threatening
the urban living environment with the intensification of the tropical
night and heat island phenomena and hindering the comfortable
thermal environment for citizens.

The total built-up area of the country has been steadily increasing
over the past 15 years, and the number of tropical nights, one of the

main effects of deteriorating thermal comfort caused by high building
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density in cities, has been increasing, with five of the seven years
with more than 10 observation days occurring within the last 10
years.

Although the urban environment is deteriorating along with the
increasing gross floor area, the densification of the city is expected to
continue due to the proposed reorganization of the zoning system in
the 2040 Seoul Urban Basic Plan, the relaxation of the maximum
height limit for apartments in Seoul, and the increase of the floor
area ratio of old houses in the center of the first phase of new cities
by up to 5009 through the Special Act on Old Planning Cities.

In response to this upward trend in floor area ratio, we believe
that the main discussion needed in the future is how to increase the
floor area ratio rather than how much to limit it, so it 1S necessary
to analyze how and in what direction to lead the increase in floor
area ratio of buildings.

When we analyzed previous studies, we found that even the same
size building shows a difference in thermal comfort due to the effect
of ventilation that varies depending on the layout of the building,
which leads to a difference in radiant cooling effect, so we started
the study by hypothesizing that the thermal comfort may vary
depending on the form of the increase in floor area ratio.

This study aims to identify the physical elements that have the
greatest 1mpact on the increase in floor area ratio and set up
scenarios for the increase in floor area ratio for each element to
verify the hypothesis that thermal comfort changes as the scale of
each architectural element increases.

The goal of the study is to propose a plan for increasing the floor
area ratio of housing complexes that can secure thermal comfort even

if the floor area ratio is increased through the analysis of these
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scenarios, and the following three steps were carried out to check the
performance of securing thermal comfort through the optimization
design of the design example derived based on the results.

First, we conduct preliminary research on the concept and
measurement principle of thermal comfort and analyze the existing
preliminary research on the principle of thermal environment
improvement to conduct research on the principle of thermal
environment improvement, and prepare an environmental simulation
for the study based on this.

In addition, the selection criteria for which building elements to
analyze for the scenario of increasing the floor area ratio are
identified through prior research on building elements that affect the
floor area ratio.

Second, understand the 3D tools used to create scenarios and set
up each uplift scenario based on the uplift building elements selected
through prior research.

Third, through the analysis of the environmental simulation results
of each scenario, we propose a plan to increase the floor area ratio to
improve thermal comfort and conduct a comparative analysis of the
current floor area ratio environmental simulation results based on the
design example derived through optimization design to verify the
performance of thermal comfort improvement.

In this order, first, the theoretical review confirmed that it 1is
appropriate to use the Universal Thermal Climate Index (UTCI),
which measures external thermal comfort, in this study according to
the measurement principle of thermal comfort and the development of
research.

To conduct the UTCI analysis, we selected a residential area with

the lowest thermal comfort among those subject to the Special Act
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on Older Planned Cities, and selected the Rose Village Kolon
Apartment Housing Complex in Bundang, which was judged to have
the highest redevelopment potential and thermal comfort improvement
effect by increasing the floor area ratio.

As the basis for setting scenarios for environmental simulation, we
selected the number of floors and household density that have the
greatest impact on securing the maximum floor area ratio through
prior research, and divided the method of increasing household
density into an increase in the number of existing main buildings and
a mixed arrangement of tower-type main buildings with high
household density.

Based on these criteria, the number of floors, the total number of
main motors, and the ratio of top—type main motors were set, and
the environmental simulation of each scenario was conducted.

The results showed that the increase in the number of floors in
the scenario of the increase in the number of floors resulted in a
consistent improvement in thermal comfort due to the strengthening
of the wind speed by increasing the scale of the buildings comprising
the wind path, but the deviation in thermal comfort in the area where
the wind cannot enter deeply into the complex due to the cluster of
plate—type main motors was intensified.

In the total number of motors scenario, the order of increasing the
number of motors was divided into the main wind direction and the
opposite direction of the main wind direction, and the thermal comfort
deterioration was the same in both cases, but the thermal comfort
deteriorated faster when additional motors were placed in the main
wind direction than when additional motors were placed in the
opposite direction of the main wind direction because the wind path

was blocked at the beginning.
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In the scenario of increasing the ratio of pagoda-type columns, the
thermal comfort was maintained even when the volume ratio was
increased until the pagoda-type columns were placed in the first row
through the complex, but when they were placed in the second row,
the wind dispersion caused by the pagoda-type columns was
overlapped, and the wind speed dropped significantly, causing the
thermal comfort to deteriorate.

Based on the simulation results of each scenario, the number of
floors was maximized, the number of main motors was minimized,
and the floor area ratio was increased in the line of not having two
rows of tower—-type main motors to plan a design example through
optimization design. As a result, the floor area ratio was 452.88% and
the moderate heat stress rate was reduced by 16.20% compared to
the current situation, confirming the effectiveness of the thermal
comfort mitigation plan when the floor area ratio is increased.

After deriving the optimal solution, UTCI simulation was
conducted to reflect the evaluation score, and regression analysis was
conducted with the current floor area ratio design projection, and it
was once again confirmed that it was easier to maintain or improve
thermal comfort by increasing the number of floors without
increasing the building area as much as possible with a mixed
arrangement of the main motor type.

The significance of the study is that it suggests effective thermal
comfort mitigation measures when planning to increase the floor area
ratio through setting up a scenario of increasing the floor area ratio
and quantitative analysis of each environmental simulation, and
confirms that the change in thermal comfort varies depending on the
architectural elements, so that increasing the floor area ratio does not

necessarily worsen the thermal comfort, so that guidelines for
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improving thermal comfort should be considered when implementing
the floor area ratio policy.

The limitations of the study are that it was not possible to
implement environmental simulations of specific and realistic scenarios
with detailed conditions such as albedo and tree cover, and it was
not possible to propose specific guidelines for increasing the floor
area ratio to improve thermal comfort based on the thermal comfort

mitigation measures identified through the study results.

keywords : Urban Environment, Floor Area Ratio Raising,
Thermal Comfort, Environmental Simulation
Student Number : 2021-28526
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