A Study on the Thermal Properties of Architectural Greenery
System Typology Based on the Contemporary Architectural Trend.
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Abstract

Recently, greenery system is frequently applied on buildings and artificial grounds to improve urban
ecological functionality. Specifically, architectural greenery is also known as an architectural language that can
meet the sustainable design concept of architects. Although the architectural greenery system can be optimized
through an interdisciplinary approach between architecture, horticulture and landscape- architecture, there is a
problem of communication on the ideal gap between them. Therefore, this study is expected to establish the
comtemporary architecture as hi—tech and the organic architecture in internationalism. Moreover, it can analyze
the case study on architectural greenery system designed by a Pritzker Prize winner who represents the
comtemporary architectural trend. In this analysis, we calculate and compare the U-value of the free-form
surface system based on the international standards: ISO and CIBSE etc. Moreover, we calculate a change of
artificial soil transmittance respect on compounding ratio of the bottom ash and pearlite. In the case of
California Academy of Science by Renzo Piano, total transmittance of the greenery system results in 48% of
domestic thermal insulation standard in dry condition. This result will be used as a basic study to promote
developing the advanced system based on the concept of consilience.
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Table1. semi-theoretical model: Maxwell-Eucken?)

Maxwell-Eucken 1 Maxwell-Eucken 2
(ME1) (ME2)
(k'= continuous phase, (K'= dispersed phase
k’= dispersed phase) K’= continuous phase)

Continuous
‘ Phase -«
Dispersed ‘
Phase

N
(o oy W
B =
o 1y
g g

2 o,
= 0
fu fg‘ 0
e g E
g
o

Ky

i

=~

o
il

ki

¥ N
¥o,

&

ne

2

ki

k1

2o e o

_L'|[‘,_‘
e
b}
=3

2
X
R
2
ER
ox

[e]
o e

Lo

Z o> e

Nl nt U

(L

A F 2 38H7] (IS0,
171 #(CIBSEY) 5ol A A&
A A s §olskA

o

mlOE,o
i ;

Al

NS

o

pine)

)

olN

™

o
2

il
Fooe
it

N

Y

frtl

*

Al

2

2

AlAlBEaL gith B
4% TAE EFES
CIBSE Guide Series& &3l t¥3 AF5HE7124
sttt A7) A ASA Al digk 4 24X T A
2 1S06946, 1SO10456, CIBSE Guide A: Environmental
Design 2006 oA & o= Agelsa o) vkd &)
U= KSollA d&5AA9 44 4Ad dg 15 HF

AASEL Qlovt e REHS HERZ AT

i
ot

—
oy
wn
o)

_c;L
rr
o2
I
o 1o
of!
[RANE
i)
30
i
N
B2 fo (N O fRomn o & op

M > RS e |

_,d
B

2) G. Buonanno, A. Carotenuto. The effective thermal conductivity
of packed beds of spheres for a finite area Numer. Heat
Transfer

3) ISO: International Organization for Standardization

4) CIBSE: Chartered Institution of Building Services
Engineers

67



P

KT rRT NN YW T W W g S W R N B do = W SHTMT
%ur«%iﬂr.%@.%%ﬂgﬂnﬂ% — - kgﬂ%?mm ) ﬂﬂﬂzﬂ%
X omgpo] e EWAAT LA R N A EVETA G S FARTT
e B MM 9 oy o < %o W oo B - Mo ™ S w ﬂw o Wi - = T ooy I yo
< o P K- Mo . ~ 5 E R 1&&4& ~o 2 - AT oy
IﬂH_AIdLVﬂoNIeW AToo&Mﬂﬂ‘mM Llo#mm.h;o 7Moov,A 5 oLﬂWz;Loum_lwl
PRERTIEILRYILYE FIvZedzirs 2 B, B0
2 N~ N s Pt o © U = " o] - X =  oR
| _ i i 7_|M ATuﬂtEtLl]E 4 o |
Mﬂ_.uﬂﬂﬁ%lﬂuw”dlﬂlnlﬂﬁhnw%ﬁ Urmxomwﬂxyo&wq% m _Mwugio‘_tmcﬂ_
BR LT N yr B Cg TP T TS S o AR = o gy e M
R E e ax ShdAos Lk Ewm g SACIE iy QR
oo G o H N Q8 Al NE <0 = 3 o A Ho [ oW e = Em M o
_ziﬂﬂ%a.wbo_ewrﬁm%ﬁa% ﬂ_%ﬁzomfﬁoﬁoﬂﬁ § - wb%_ﬂ
DER Ry ° m M g ! cuE NER R N 0 o) o SN g )
CIiUkTiETeg¥Ely  Feo85RTEI, mg TlGfcav
TR B = gl emPs o g W EVw g
o TEFTeLITogAko p weiTiiEade T8 dRiigre
_— R e B X n AT ol X PRI — " T TS w e
= aww%%@w»mwwgﬂa% uﬂmmﬂaﬂ»ma I
= p To° JlL_ o s Llﬂ - et 5 vz‘.m'l_/ovﬂ . | © s R
AT T R e R T B EENTn ot ] u.&__&_Aﬂh%ﬁmqﬂaﬂ
£ I - N e B Ml e o B <~ BT I g le g _mx N W i TTE g e
2 _.._l e ) T o R m o %o =0 M = ,Ul = _.._l M- ~ i - . o el = {F I8 i el o o —
Bt aa T p®e BRI il Ty _s@Y S X
T ER e T ENT ST TRy Y o Peibvse
¥ s T res " @3 N wds o®m T @ FEhT < ST T Z T dd
] o) W Mo of N oo Mo ) H o o T R LD Nromr b ST o= of B oo TR T E
iﬁﬂ_@ Mmm d,Mﬂﬂ %W% %nww ﬂ&ﬁwaﬂumﬂ%%& mmn
171_1wwLn_Eu Fele ﬂo%.m PoMM RS ,MuﬂNMﬂ A#\Luwil,ol Jm_.Ll
"0 T O 7 T S o AT @ Do oﬂ%%ﬁm%_&wéﬂg 9 %ﬁﬂr
R S . ®w3= L L e G m D e T : o
= mr o e = W o SEpe Mo ﬁm = : KNS . o mE T %0 o %o o bt
SRUELR I L =k S . Sz O o Z
o = : b T o oo oo W EECTU g
ho‘_l_mu\_lryl ﬂﬁi : ]mdﬂ Urmdlmmd b 1_|0f _H Q&oaﬁﬂ@a_ﬁul _/.#
.d_frﬂe% 5.3 %W ﬂqor S+ L Euhﬂoﬂr%ulﬁﬂﬁ ﬂﬁ
Y T *ET o W t 5% S T W
P LM.‘_ ol = = A TN 160 o) W E Dun o e = Mo "W o R o~ %o M jul 2!
T . N —_ - - j— . <
P T g g ” 5o & m T P B REE TR R )
Mmﬂ TR ME : T 2y o _ﬁ Poox T U R R T oﬁﬂ
— . N - - — - 0
Njo ﬂﬁqw gl ‘_._qmo‘ml Jl%ouﬂE o o We]ﬂﬂl + Wﬂo _Aﬂv.oMHEoKA :Lu_xwlﬂwo erﬂ
3 = < : a5 < o s 03 0y = o = T =
pese Fwd 1 %z Fogke § sl RIoTHTTEET Sz
: = W = T = o{ © ) =
e ww it FELOE & 7 WET . REL T A :
TEBT B e S N LI TR e T SO W i
W= wm  Row Eg Sy kWgeor  F 5 X T TER TR . X o
do 2 ® x___nznmﬂ : SR iy _A___ﬂLﬂwRE Rm S H%ﬂﬂoﬂhk17ﬂogl 17T oF
@E&%%ﬁ _.Ewrmo Sl o W T _.E_@iao\ ) = Mo m___eﬁlﬁﬂ%oﬂumﬂﬁo» s =
TTOME 5w I N pEw Jexgs & ~F w_ﬂ_é;ﬂg%wi%% oors
TE M T o T < TETH QR T < T ToQ B o TR o T s E
o WAFL b3 760 g (m\ T 1H i '_io iy ﬂﬁ = H B él E OE ‘H_OI KT B <

2013. 2

Figure1. Side and green roof view of Educatorium®
Journal of the KIEAE Vol. 13, No. 1

W 2ol

[e)

i=]

R ki

68



NS W A5

AF7IE 822 Education®} Toriume FAAZ WS
Folet= YulE AYa Q. 7|4 F3kae vie, ¥
AL A A5 YRS s Hoz F4sy

= [e]

g1} AEY F4g TS 3 FEASY AES A
Yalol ol £t ol s FAAAR I AV FFE
g Frister) A8 AP 24 AQntE 25
3otk Aol AEE Ane SAmHAATL £
T8 AFA=FA 2~ A Q1 ZincoAl ] AlEFS AFE-SH
Ak §4%, 5w, P PFoR FHY AFHQ
A AR 02 A dHe vhe H29F 2
Table2. The details of ZinCo system
Cross Section®) Layer
1. Sedum
2. Alumasc ZinCo sedum carpet
substrate

3. Filter Sheet SF

4. Floradrain® FD 25-E dranage
layer

5. Alumasc Roofmate TF/A
insulation

6. Hydroguard 40 root barrier

7. Hydrotech MM 6125
waterproofing

8. Roof construction

R e ] 1 i
:

(2) WA 2™ (Therme Vals, Vals, Switzerland) : TEl FE]
LH AAAC 9H FEHE 19439 292 v A &=
1 ZYPZ2ALES Ao 2 of -2

AL 4GS e A7 A% 4FS nalvh

3
= =
= 29 AAIA sl A ATAAE olsistr] f s
Ao AAxredel Avkghe AFAANE L83 HFTHe
= A5 E vhdet stk Aol 1w E o] B4 6ve]
AN ve= ddd AFAL T wse] HrhH $A
x3k5 oA Ak oI5 Fuisketr] g8 A& Sl
Awe g = =S A gstel FHAHe] A543 5
Aede] Adsed Fd& ThsshA sk

5) http://www.archdaily.com
6) Almasc_zinco Brochure
7) http://www.greenroofs.com

ok
H
=
Auj
ok
N
M
i
1o

3|=2%& Vol. 13, No. 1 2013. 2

(1) AE=a| 4+E2{Musee du Quai Branly, Paris, France)
1 & el

gl o] dAlFsEER A BEEE AAe F E
2 19459 x5 AR FAY AF7F FolA AdF9
Ao e AF902 =dsta gl Aot
E£3] & B=glofZ(Jean Baudrillard)$}2] #4291 =&
< B8 AY ASAAE Wazen, suele g% v
B8 27w AiEda 20089 ZE=ANS A
o 59 AEgH Apde] YAlE slolHaA dES Fa
ZA 9 2171e] FAE AL AASE FEAETE Hola
ATE 2B I AAIAR] 17]' HEY &% (Patrick Blanc)
7 A BFgE, 7t2ud BAL 59 @YS T AF540E
AEZESE AA wE A

©
©
Q1
rL
Hz
i}
>
H
>
£
=
Q

<!

s

92}

aQ
o E.
=

Q

= C

K=

FE aWete dAEsdE et —LF“éWJr %‘771] 3@5&
A Zd95(Gilles Clement)«] NE S A =402
A ETe] ARG FF3FAT O]a ALz F4sy
= oA B Prié Wl A = (mur végétal) Al 2~ o] &
& Hed orldle T, 98, U]—Zr 92 FEelA =9H
15099 15,0000]52] 21 &Eo] °F 800 WH|E o] Ydel 2
AN Qch Alzgle] AR dAlE o ﬁSJJr Fda=

Table3. the details of “mur végétal”

Cross Section? Layer

—

. Reinforced polyamide Felt

. Polypropylene 30mm irrigation
tube

. Reinforced polyamide Felt

. Polypropylene Geo—Textile

. PVC panel

. Steel structure

. Waterproof Layer

. Concrete
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Figure5. Top and green roof view of California Academy of
Science!?)

Table4. the details of SWA system

Cross Section!2) Layer

1. Coconut fiber tray

2. Engineered Soil 3.5 Fabric
filter

4. Drainage board

6. Insulation

7. Protection board and
waterproof membrane

8. Concrete

9. Stainless steel gabion basket

10. Trrigation system
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olH A, wAFYH U A5H ] dxgozZA FAY
%7 %S dEaths A4e] s
webd wobie] e Lol whetgjste €Y A, B
9] DDPE Bty BE MdAste] FE vl ot o 714
Z1edo gz 7 AR o] FHES ISO694600 4 A A8k
T EEHFE AU S B8 5 B4 S AEH
el 7154 H7ME Ak
i i 14)
Tableb. the details of Unit Box 30 A|AE E=AME
Cross Section Laver AzEe] ARFE AES e FAT ATES 34
b et 2 WEE sl gyl e duFE WS W
2. Net hook ) } ) )
3. Irrigation Hole Atk AFEUYZETLE AT AFE 3o AFEHIET} =
4. Partition rib olx 1 9= AL A vE o 4 (Bottom Ash)$} &g}o]
2 i?ne h"tlfo 1 E(Perlite)] ZTS 82, 6.4, 46, 2.82 o] MEL,
. 1r ven verriow - - - - -
7. Trrigation pipe support ME2 29d& 2 &ste] EFATEFS] dd=es 535t
8. Waterway At o] EFELS AL EAAe A mjdolgs
9. Water storage A spol 5 Bglel B, ] 5 e Bed 208 )
o . o Ashe e,
POP unit2 7 8&m, A AstE 72kg/m e =4 A
Table6. Cross Section of selected green roof system: Type A - California Academy of Science!d), Renzo Piano
s secti L Material Thickness| Conductivity | Specific Heat | Density Thermal S
cross section aver atena (mm) (W/m-K) (J/kg-K) (kg/ma) Resistance(m*K) ource
1 Artificial Soil 50.8 table8 - ME 1, 2
. 2 Coco coir tray 254 0.06 1090 520 - CIBSE
\ 3 Artificial Soil 76.2 table8 - ME 1, 2
PREESTABLISHED PLAT NATERAL 4 | Fabric layer 1 05 1000 1700 - CIBSE
SRS | 6" MINIMUM SOIL MIX (INCLUDING TRAY)
|~ FILTER FASRIC 5 Air gap >=25mm 38.1 - - - 0.18 1S0O6946
WAVAY ;P
f J NSULATION LATER. WHERE DOCURS 6 Fabric layer 1 0.5 1000 1700 - CIBSE
prve L 4 N 7 | PIR Bord 101.6 0.02 920 32 - CIBSE
a [~ ROOT BARRIER (BY OTHERS)
FHISERON MoMBRARE (B OTHERS) 8 Root barrier 1 0.5 1000 1700 - CIBSE
9 Asphalt waterproofing 1.5 1.15 840 2330 - CIBSE
10 Aerated concrete slab 152.4 0.16 840 500 - CIBSE
13) http://www.seouldesign.or.kr
14) ()= =A =3 15) California Academy of Science : SWA
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Table7. Cross Section of selected green roof system - Type B : Dongdaemun Design Plaza'®), Zaha Hadid
. . . . Conductivity Specific Heat Density .
Cross section Layer Material Thickness(mm) (W/m-K) (/kgK) (kg ) Source
S o e vATER OO 1 Artificial Soil 80 table8 ME 1, 2
D BOARD GRBTLM 2 |HDPE 3 05 1800 980 15010456
scouercsneETomn 3 | TPO Roofing Sheet 15 006 1000 1090 CIBSE
KemoseK T, 4 | Rubber Sheet 1 0.17 1470 1500 CIBSE
5 OSB Board 11.1 0.13 7700 650 1S010456
6 PIR Board 64 0.02 920 32 CIBSE
7 Acoustic Sheet(PVC) 3 0.04 750 100 CIBSE
8 PIR Board 64 0.02 920 32 CIBSE
2 A7e AL waAaug st 2ol 4 42 EA=Y YHEE ME
VNE7)we AT dHIEE, dRFE 59 €4 244 SA7INEA e AlEH = EEATEY] dA=EE 4
of gk A4S Fal AEH Alad FrHeks Ajbste %37 g8 Fo18 mdo ME 22& # &3tk ME &=
d Ak ek Azswl e AREES 1506946, A fAREN} A& EE BAEE #A¢ TRIE =
ISO10456, CIBSE Guide A 59 ®EXE A§3sto I 24 ZpE I @A migelel wek MEL ME2 222 7%
FE&S EEstaA s L=
0471011/\1 THERJAFEG AFEH vy dAEE
4, g3 2 D3 £ k1, AAE vie® HAeal, deolEe LS
k2, ﬂ]”a V2R &lo] ElTEY IdAEL kE FF
41 AAY FHE ¥R £& StATE o714 AAE v eF HefolES] T 4
ISO, CIBSE 5& E3 A2 dA=EE #43 wo} LELE KS L 901694 Algste FHAEFAHE 3l A
9] 5}01 A SO E TR AAZS A 9d A =¥ grolvh. A= b #8% Zh
o] 67H = < 192.5mm, ?ZXﬂ% e A= 107
, & 449mm=E o] F o] Xﬁ . A ALEke ®6d 7 Table8. Thermal Conductivity of Composite Artificial Soil
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Table9. System Thermal Transmittance of Type A and Type B: depend on Soil Composit

Semi-Theoretical Model ME1 ME2
Conductivity(W/m-K) k 0106 | 0.096 | 0.086 | 0.078
Conductivity(W/m-K) kl1: Bottom Ash 0.116
Volume(m®) vl 08 [ 06 [ 04 [ 02
Conductivity(W/m-K) k2: Perlite 0.07

02 [ 04 [ 06 [ 08

Volume (m®) v2

43. €Y JdHFE L&

2 Ao el s RepolEo ERABEY R
Hlol whE EFASH BB ARFLE A2WRS Y
B 499 gl 9 TxAE e 492 FEee 2
F3harh

$4 slobwe] B A BLA L FEAS nel@ A
8ol ABAFEL 0119~0125 W/m* K EXE Ho]
Gepol £ whgul kol wheb of 5% vwel AN EAE

(Soil Composit Rate = Bottom Ash : Pearlite)

Type A Type B
Thermal parameter
80:20 60:40 40:60 20:80 80:20 60:40 40:60 20:80
System included R-Value (m*K/W) 7.981 8.106 8.260 8.411 7.492 7571 7.668 7.763
insulation (ISO6946) U-Value (W/m*K) 0.125 0.123 0.121 0.119 0.133 0.132 0.130 0.129
System excluded R-Value (m*K/W) 1.945 2.070 2.224 2.376 0.932 1.010 1.107 1.203
insulation (ISO6946) U-Value (W/m*K) 0.514 0.483 0.450 0.421 1.073 0.990 0.903 0.832

16) DDP : ISS consortium
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Figure7. System Thermal Transmittance of Type A and Type B: depend on Soil Composit Rate
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mogen verschiedener stoffarten and aggregatzustande,”
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