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SUMMARY

With increasing world energy crisis, energy consumption in building sector which
contributes majority of domestic energy consumption has become important. In particular,
research have been conducted on the energy-saving using wood which has low thermal
conductivity, carbon dioxide fixation, high wood with high rigidity.

However, relatively small amount of wood-based product has been used compared to
other countries. In this study, energy efficiency of high performance wood-based buliding
materials was evaluated and application guidelines were presented. Main purpose of this
study is to comparison of domestic and foreign building energy analysis systems and
thermal performance criteria, thermal performance evaluation of wood species used for
building materials, and building energy saving performance of wood and non-wood
materials. Also, optimal application method for wood finishing materials and application
guidelines were presented. Through this study, database of thermal conductivity of 60
kinds of wood species has been set and plywood and particle board with low thermal
conductivity were fabricated using fumed silica. Through the walls and roof design iIn
central and southern region, it was confirmed that wood-based material showed 25%
reduction of heating energy consumption compared to non-wood materials. The standard
and guidelines for building energy efficiency were presented and these results contribute

the future of the timber industry and building energy saving.
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29713 A3 547
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y conductivity, simulation
A A 364 487
FEE=TAT 64 84
A computational and experimental
= Thermal analysis of wood—based inveSticggrtlié)unct(i)git;hermal

test cells of particle reinforced epoxy

composites

8l<x]9 |Construction and Building Materials| Computational Materials Science

Rajlakshmi Nayak, Tarkes Dora P.,

A =} E.L. Kruger, M. Adriazola Alok Satapathy

AlAE = 2010 2010

A (%) 50 40
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FAR o A7 AR 24 R, AW 20 g 94 (FAEER) 37}
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oF 2217569 Y Eolal 5. tFEe] WIAES VT AE 2 EdAnFRo R ARgo] il
o] o
AN HE .
[% 214-1] =W 542 3434% Aarads (20099)
T &9 st PB MDF 2 Al
BAE 7 7R 5 4 13 20 42
ALY | A 777 1,012 1,924 385 4,098
AZPPAE | HAm 493 934 1,655 217 3,299
V& % 63 92 86 56 81
FHLF s} 982 207 690 960 2,839
A7+ AN ¢ 2,623 1,968 4,642 3,830 13,083
A7 A =K 6,013 1,263 797 600 8,673
= A63] = T3 MDF - FEFRE HAxAY
FHETIL mm QHDLT - ANRE7LE e mmHR  mm2U8
mm QIE2/0f wm J[E} wm 7|E} - Oj2IE
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e

<729 214-1> PB, MDF &%4 3 gH] &2
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3.1 -9 A& uyA AHAE & €45 F7HEHY
311 IH-¢ AE YA AFAE AL
7ho =9 AE YA BYE A
(1) "= AE dyA #4 A=
(7} HERS(Home Energy Rating System))

@O HERS®] 7l &
HERS+ 199210l A 88% Energy Policy Actd] Ui-= =712 zpdoA e AEBNUASH 7}

ol=elelel AP BH o Aol Hl%ﬁﬂ w9z AgE gk
of AEE AT 45 AR Aws] olo] AYs= FHAEL AL, FANFE
B3 A7lelE 2o ‘{P%Oﬂii, A v A A AR AUE AT Fere]

a1 glew, A4 Energy StarlSol= 28531 9t}

AF=9] dyx] &&-2 HERS index FX|o wet ofgfe] [ 3.1.1-1]1% #Zeo] 107} s+2
W7kttt HERS Index F217F @5 olUA&&o] =& AHE UehdY, 471 55
UuAgfo] ¥ AEZS oujdtt = HERS index 1002 v=rolA 7bd B#EZA A
(American Standard Building)9] 45952, HERS Index 02 oy A] &H|7} ¢l AEl(Zero
Energy Building)2 2]7]gt}6)

[3£ 3.1.1-1] HERS Index

i HERS Index ol = A
1 2. 0.0. 6 & 0 to 70 =
* % % Kk 71 to &
* ok ok + 86 to 90
* % %k k 91 to 100
* % K+ 101 to 150
* %k K 151 to 200
* K+ 201 to 250
* % 251 to 300
%+ 301 to 400
* 401 to 500

@ HERS®| %7y
HERS Index® A& oyA && H7pALe ot A ()3 21, <2d 31.1-1>3 &

5) http://www.energy.ca.gov/HERS/
6) RESNET, 2006 Mortgage Industry National Home Energy Rating System Standard, Table 303.3.3

_31_



AR AL FolE AEgolAd TR WS o] fFte] Al & FEFd
wob W oA 2B AFT, o F vEow AFFHe]
w4 F853E HERS index® Aitelal dld 5359 A5S Fojve
At
_ TDV Rated— TDVPV

HERS Index = TDV Reference x 100
TDVRated : #7581 2] TDV(Time Dependent Value)ol 4 A (kBtu/year)
TDVPV : X U] PV 71E} AlA o2 Alz=vls F3 AakE s TDV o 1= (kBtu/year)
TDVReference : %3 T2 TDV o4 X](kBtu/year)
HERS 055 9d|A+= RESNETOZHE AAS e A~
Al EnergyGauge ver.2.8% REM/RATE ver.1257} AF&% 3 Q).
o] %  EnergyGauge+ Calculation Engine® = Lawrence

Laboratory(LBNL)o| 4] 723l 54 A& oA

o 34
g-stel oia A1zhd

213 DOE-

3}(normalized) ¥

Berkeley

Y, o
al

s
‘l‘xo

2 & o

a0 o

(D

E9]0] 2 Algatolol ahn, A

National

2% A3 ol

2 7|wro g Wodw Jw g AsS AAtste] Hrrsg D
A4 gFFE g . d ST AN ST
ﬁ%“ﬂr'é]' '}L% [E] ?J.‘% ‘J—_F_Fﬂ‘i.'O_] H—E:F_ fx
Ay 2 gEFdo g - iy = S o E
ﬁ%], ]LZ],’}_E_%L}L% Oﬂ%i_E‘d]O']‘_-i:}_m
ATt Feo) 2F3d
R s -
2 AL A=
ATt Feo g23 9
3 - dgFY Retals )
= /ﬂ FLF_J'JO %
417 %9 9] HERS Index 1% T TR S e 1
6 H— 10
<219 3.1.1-1> HERS dUyA && H7P2
7 AeA, A8 AALAS 183 A diehd AojFrnlg B4 0 FEFES TR MeA WSy AF5gey A4
ARlate], 20119 024



(4}) Energy Star Home, Energy Star Building®

D Energy Star Home, Energy Star Building®] 71 &
vl 274 (EPA)Z A UA A (DOE)ANAM = anxte] 2Ao =z AF3A/NA D A& A
A HES YT F de FENESE 5H0R2 oyA 28 F(Energy Star Home)
IR IS 1973 FH dete] & SA

IMAZE 0 RRATE B F gl wdaaARERY el el AU A

o] s AWAFFALAA TS HFe= =

1991»3 19 °]%& EPAE W=
A&k golstAl Hrbek A WX
w9 54AH olyA Al T8
o= veho] 757 o] (M= Wl el 253 A E) ] 914
= AE2 EPACA AlF3tE ENERGY S

O

Mo

rr

g grpgy o s HERSSH vii7ibAlz &<l
Aol Z2adE o] gate] At B mEFE ] W, FRRE % oy
AbEshaL, ol & vtge s Wovhl, FERetE HERS index® AXbste] dAGH o)dd A
AAA2E F3b AAH] gl QIS vhAE 53 4 low, 919 <2y 31.1-2>
A= ~eF F9 A5A e Egoln

8) http://www.energystar.gov/
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(2) 95 AE AR #FH A=
(7}) SAP(Standard Assessment of Procedure910)

@ SAP9] 7ls

SAP A=+ 19931 BRE(British Research Establishment)®t DOE(& A} 2] DEFRA,
Department for Environment, Food and Rural Affairs)ol] *12 Al FQom o] & & =
g 7HA & A= SAP 20097F A& Folth. 719 A{R 9= 450m" o] st T =0l

of d
=EEH, T HE A= BE & 59 &3 At dejAdort 4&€.
217

_"

o5

== el
T = , =
SAP+= A1 F9 9] SAP rating(A T8 9] oly=] H]-& F7FA3L) L+ EI rating(217 +
2] AT H7HAE) FAA o [ 1.1-2]¢F o] 7T/ SHLOE QAFTS Fofdl
SAP rating %%+ EI rating& 437 ol YA g&0°] =2 HFHE YERT 53

SAP ratinge] 100%! 45 AUA M7 gl BEiE o

©
o

Ir
o
oy w
Jt

[3% 3.1.1-2] SAP &% T%
55 SAP rating =+ EI rating
A 92 or more
B 81 to 91
C 69 to 80
D 55 to 68
E 39 to 54
F 21 to 38
G 1 to 20

@ SAP B7}F %4
SAP+ [# 311-3]13 #o] AE dyAEaS &4 4719 X EE A-F3t}. SAP rating<

W w8, 3], 29 aga 1E S 717AE sl Ui oy AR &S vt e R AbEEh
158 1007419 #S 7HA 3 x7F =875 A duAb|&o] AA 57l AES
of vl 2
[3 3.1.1-3] SAP oA && H7F A%
B7HAE Y7t &
SAP rating AT qJUAHE FHUA R
EI rating AAFEe 37 JTA R
DER(Dwelling CO, Emission Rate) AAFE e A Ag COo, WEE
TER(Target CO, Emission Rate) XY dudg COo, WEE
EI rating® W, 9%, @7, 29, 1E& /78 Sol t@ o, WMEDS vgow 4
%3t} SAP rating® vFRFA 2 13E 100744 Q) S AAAH, o] =S4 E gfo] L
A2 oueth DERS WY, 39, 87, 29, 1ES /A Sl ta AAFde G
WAY o, WEPS, TERS EZFde weudw CO, WEde Sk £ <1
3.1.1-3> 9 &Ad 93] Zt7te] A xE AbEsta duyA] &S HrehH, Waste ASA =

9) o]z, HIgHES aefd A ST AAnd A4, olsted] dighd A58k, 2009 02¢

=

10) BRE, The Government’s Standard Assessment Procedure for Energy Rating of Dwellings Table 15, 2005
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<19 3.1.1-4>9 2t}

A3Fe] a9/ I D 39 Asge 528 wstel 4 o
e L RSk A2 Q% S, B EE BZelN 285 E
27U 20 A7 2o A2

Al

BFEY F ouAu & E

, AR A Q5 A
2005, Table 12) = &3}

iR o
A A=

1

AAFEL CO, WEFAS
(DER, TER, EI rating)

u FE J7)dA] A9 A2 ¥ CO,
S (SAP 20053, Table 12)2 Fa]A 4=

<79 3.1.1-3> SAP YA

Energy Performance Certificate
Address of dwelling and other details

5, BOWMORE PLACE Dwelling type: End-terrace house

KIMARNOCK Name of approved organisation: ~ BRE

KA3 1TF Membership number: BRE1-D-00158
Date of certificate; 02 November 2012
Refererence number: NIA

Type of assessment:
Total floor area:
Main type of heating and fuel:

SAP, new dwelling
81 m
Boiler and radiators, mains gas

The dwelling's performance ratings

This dwelling has been assessed using the SAP 2009 methodology. Iis performance is rated in terms of the energy
use per square metre of floor area, energy efficiency based on fuel costs and environmental impact based an
carbon dioxide (COj) emissions. COz is a greenhouse gas that contributes to climate change.

Energy Efficiency Rating Environmental Impact (CO2) Rating
Gurront_| Potental Current | Potental

Vo ety ey e 02
CTENAY

®1-81)

e ———r—,

B_

I Scotland .

2 i
[ Scotland e

The energy efficiency rating is a measure of the
overall efficiency of the home. The higher the rating
the more energy efiicient the home is and the lower
the fuel bills are likely to be.

The environmental impact raling is a measure of a
home's impact on the environment in terms of carbon
dioxide (COp) emissions. The higher the rating the
less impact t has on the environment.

Approximate current energy use per square metre of floor area: 138 kWh/mfyear

Approximate current COz emissions: 26 kg/m? per year

Cost effe

mprovements

Below is a fist of lower cost measures that will raise the energy performance of the dwelling to the potential

indicated in the table above.

r Tow energy lighting for al fixed outlets

A full energy report is appended to this certificate

iember 10 look for the energy saving
k and eas,

q 1 dentify the

For advice on ho

[Ieii¥l  eficient, call 080

<ad 311-4> = AUA A

ommendation fogo when buying energy-efficient products. It a
rgy-=fficient products on the marke!

io take action and to find out about offers available to help make your homa more
12 012 or vish www.energysavingtrust.org.uk
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(3) 54 A& dYA #E A=

(7}) ENEV 2009
IN 410894 AEsA7 dAstA] &= FF9
SlElE A gERe s o o

+ g

oz 73 »3}
1977d iy 20‘7 xqﬂo}Ei 7lEs kst 19904 71—??@@ oF o] % Ed2 FAHH
TRY 2 BAE zha 200597H4 CO2WEHS 25% dA7dvhe B R shol 1982 thy]
G U A& 25~30% AAehes A= Nt 1995 ol AAEHS

7H A 2t
a2 % HdoAe= 2002 olyA Mool Z7ste] EnEV U A A 7S A4 sHHA
A8 Zhststm o W 2 3] 29, 59 59 AU AE Hrtste] ds 7F A,
12 oy x aFFS 277 B2 FASAI, 20099 = 2007d K ]S B
Zstel A 30%0]de] ARE AE FH oY v FES A SIEE AT

m&"
r >¥ﬂ

Zé ok

ENERGIEAUSWEIS fiir Nichtwohngebéude Gemessener Energieverbrauch des Gebaudes

gemas den 4 15 1. Energieesnsparvercranung (EnEV} Enargliverttauchskonmwn©t

Berechneter Energiebedarf des Gebdudes 2 Dieses Geblude:
85,4 kWhi{m®:a)

Prima iehedarf

J:“'-Dieses Gebaude:
‘\'a kWhi{m™a)

0 100 200 300 400 500 §00 700 &GCI: 200 1000 =100

- —= Erarparvarbravcs b Vamrmmasss O patfaden
EnEv-ar - 1 matt et
Newtau | | medernisierer Attbau
COElssonn sgmia)
Verbrashuart s Hutzny und Warmasser
Machweis der Einhaltung des §3 oder§ 3 Abs. 1 der EnE\II {Verglemhswer!el " v
| primbeanarginbadan Qs Wrarpuiiper  Atecheurguust:  fiwataf-  Anied Wima: EnergevartrucEABnnwe i AR
e s [P ram ] dmm faba (rwitich barwinegl, bbmabermnigl
T it Wy Ere-anustemiegprenr Hy ey - . iy T e
Perm C1OTOD M) Jee 0 (I ] 19
' = kS b fge 14 Enn ! ] "
patcter
gtz Hduing Weirismsssi | Edngakeitn P | ot st Gebluse [T Gioted  Jwes  Tasoeo 0 " (] s
vt st tragus e
Durchecnam B4
Aufteilung = dart Vurglaichwwerte Endsnergubadart
oiacs [ Wt | Ebgeeats [T ] Gatiiuse
Haccting Hetesctng Irmga st
Frimarensrgie
Erneuerbare Energien Gebaudezonen
= et “ah Zorn Factm e | Arewira)
Lnfwngskonzepl
ke Llluny gl Sures
e
Laymsiain D | webue Zusen s Aotuge
Erlsptorungen sum Verlahem
EAMT, Daa g ¥or Lrarprrtrac ot grrmeren it Garth di Ererpemragurarsnnung vorgegeben D Warte ari soes
Bassct P——— 4 EHEV) oo, 1o v e tecra s a1 ik rlminciintia o Do bkl vty Ve ot Sy
Harntbwisursgen maEen o a g zeen Ly bt Somgunzeinzs. Gn wsgmni et wrmn i Ve L R B e et v At Ere g
Hecactpantie an! e uFtncte ditile <t a0 EHEY o Dadatrstat e
e 2 s 8 Al 1 E<EV Shcend
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_36_



(\}) Passive House(PHD)¢!=

(D Passive House9] 718

=d ASE9 dyA T35 MHAE ofg <29 31.1-6>1D 9 2o
oA ARE-EFell whel AA A7HAE A F ATk Ay A Aok AAV]Eo
Aol A deks) 2001 ol 228 B o] HUFEH oA AFHA T
2001 o] %9 174 A=+, 2002 AAFEH AdUA| A5=(72)% 34105= 19
AFEV)oNA 2013dFH AlFd=ol daiA] oFst= Al ® 1529 A

=] o A~
23 5 ek

N i
ins
i)

N

r_{
)
H

T W

kl
M Jo & —
Mool

=
A

RelMER HaE

2001y O|l& ZIBE

s HERE

2001 ¢

[3# 3.1.1-4] A B g2 d5 7]+

T& YA B -2 7|E
Hk e (AL F) 15 kWh/m'-a
o 4 =] w53} 10 Wh/m"-a
A 2% 12 A A8 120 kWh/m'-a
e FEFONS) 30 kWh/m'-a
3 3] U < 015 W/m"-K
A5 U < 011 WmK
94 7= _ HF% U < 015 W/m"K
frel, &, U < 08 W/m-K
gl APdw, AL ¢y < 001 WnK
71 A n50 < 0.63]/h
gy &g 75%(H Q)
ar171e A7) gA AEaR 0.45 W/mh
w71/8)7] bl &3o] 10% o]

11) 3= A4 AA7Y 2008, 8€3 7]&X]
12) http://www.passiv.de/
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Performance Regulation for Building(KENAK), =2¢°]2] EP Calculation Standard®l NS
3031(2007)°] om, = Z2ad; ECO2, CE3, BESS &°] At v <29 31.2-1>
< ISO 13790°] ALt #7383 v& 7|34 A3 dAE vebd Ao|ohln

16) THA, &7 uoae il WAE $1gt Alx A et A, olslold] digtd 15ska) uiAlelg] =, 2011 02€
17) ISO 13790 : 2008, Energy performance of buildings - Calculation of energy use for space heating and cooling
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Delivered energy for heating and
cooling, per energy camier

Non-recoverable
] ) thermal losses from
Energy use for heating and cooling Technical systams;
auxiliary energy
use
Simple Monthly Dynamic
hourly (or seasonal) simulation General
/ criteria and
Climate d Three (national) options for calculation of ‘;::::E?ens
building energy needs for heating and cooling P
Recoverable E’
Dynamic parameters The"“alfmm 8
Solar and intemal heat sources os:e.fs : 'En
Ventilation and transmission heat transfer teg rf' o
building =
systems E
£
Partitioning of building into zones for calculation, Criteria -§
including system criteria from g
systems >
2
2
Zoning rules, building part ]
2
2
. . Criteria a
Specified indoor conditions

Project data

Project data

Climate data

[

Data for existing buildings

<29 3.1.2-1> ISO 137902 Alat A 2 th2 7]F=3ke] A
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(1) PHPP(Passive House Planning Package)
PHPP(Passwe House Plannmg Package)t =9 A H A FI PHI)4 ol 1= A%
3]

) el S uReAE neE FEISAY
2

PHPP 2007 Z277)2 o4l 7|wke] 317e] f1aAER A= vk ouA 8579
A2 1SO137907 DIN V 18599, DIN 41085 &-&3l Ab&3alH, 1 ¢ thst DIN 4 3
EN 114 55 o83 du, 37|, F5Ed7E&, ALHES 55 ALso T3 gy
(et A HF ()] 3 ?i AolE = 5085 FaAF)S o8ty daE W
o s},

PHPPol A= €9 A4H (Monthly calculation method)¥ ¢37F Al4FH (Annual calculation
method) T oA AAF WHES Aed o ok Az AL A5 1d st Hd =258

AEet7] witel o] AAEe] = vkl Agols 4 &@ee] "HE2s H&ste
2 A S T8 Bu AgeA 3 2 Wy A a4 AEd g Ao B 7 x
Ao d&Fe wHgs = F dS BRE olle} AY FAFES o] &F Fur AIdF=
A ks & g glol, &% Wkel Aul fiel o7 JFEFs BT dotd U= F
Aol At

St

Otk Passivhans Endheus Kranichstein
Stndertund O Dasmstadi Kxanichstein Srataed puins e

Eavanr 1991

ZWE 1 T

Uibades Yohiens (I e Y 3

Porsonenzalt T ] P — —

" 1 wwors Tomposmmire o 1=
el s bone G 2.1 -
Spa T et 16 wrterts) vr
- . 0z n' s Yo
Ensepevmugstachs. 156.0  of PU-zestitikat: Erfulit? S 65 [ 20 wvem Non

Energiokenmort Hefewarme: 1“4 W (ma) 15 KWhim'a) v 37 Wownitrah
Druckiest Ergobnis: 022 W agh v - whi'a)
i

10 el

" 3 = wvee [ w6 e
PSP S Ceimma) 5 avetnny ==
36 W (ma) s nas a s’

(1 K{ma) 120 W)

3 W) W SR 1 1 RS el e IS e i

302 e ehianacerissi walses of the bulkiing. The cakelcony e
104 wim e ey ———

<719 3.1.2-2> PHPP
() BCO2RAF-& AFE M7 2 %%—% ﬂ%gzz%)
ZE AR U BYTEe B QTS

ebr] 98 TS F7F EECODS H7} wr e ?jxﬂoﬂ uhou gl ECO2%= 1SO

18) %

§4u], PHPPE o]&3 g3 Zolx oyA] FH & ouA] Ao 4, 2011 A543 FA =R
1'&:71%‘ Al 114 Al 2%, 2011. 10
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13790¥} DIN V 185995 7IE& A&38] 7dd 458 A& duA 28 5 B7F =72
A “hd AL (Monthly Calculation Method)”S 7182 #H7F 22102 AREd] =440 H
S Sttt 12 P4, HVAC A=, A UYAA| 28 Fo] dgo] 7lesin, ¥
H Gt 7 HolHE ol&ete] HE:e] ouA QS ST HAFAH R ALE oYy
A QTS A7) g AlaEY Aes s dEY duUA] A8%S ALE
Row EeHAYG Wk W 5H A= :er‘i"

= ¥ =, 1A, = )l Bal Ln}%/l A3
duet HPdus Mg F e FE2E FAHAJY s <2¥ 3.1.2-3>2 ECO29]
& s ot}
(5 zmaey= )

s 2 sEEs)
1 smuas
A

]

=

e aes
Eaens g
2 et ) @8 -50 50 150 250
2r ez

2 Amea
2 Nas —
o sas | ez [ asa - RGOSR

oAl ¢ Aoyl ¢ Yol | ZFojHA) ¢ @jouR A

912 DA A199 4) cco N A o rag 16 235 88 4937 218 0.0 1039
[Rre=crir=Y I H Uy lﬂ 7' E L;q: O 1afaas 0.0 657 244 553 599 0.0 2053

= i

fouest [H542] &% ASNE_A(193.4) oco [2010032000] [2013-00-05 09:10:13] [902B3414F70F] <TEHE|>

<% 31.1.2-3> ECO 2 34

(3) CE3 (Construction Energy Efficiency Evaluation)19)
CE3« HIZH71Ql @Az eVt st AE dquA] 2§ H7F 22082 759
A& YR A5 A %2l EPBD(Energy Performance of Building Directives)ol W& =] ¥

ISO 137903 =9 AEUAAS H7Ft24 DIN V 185995 uleto g = A Ao ukx
o] /idE Web 7IWt A= olvA ds H7F £F4Aolth ol F55E= Feol F7
D HFAE AE Ao 24 AF 294 £ AF AvH 54 9 duA 55
FEAEE THAHoRE et W, W, 2, 38 2 V) a7 HE dUAE FF
Ho=m AT F e ZEago|r)

<19 312-4>2 CE39 duyA ds &
ECO2¢} M=k 919 g5 7Hv 98 &=0] =
lon g = HolHEs ddz wEoM tes e 7 s FH
ECO2¢t sd3tAl Gl EAjo] ofgfzo] St

19) www.kilhoo.co.kr
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2w wgaol Azsu T fA4e]l 2 FHE A7 Wi, L FEE Aol
of Wg3 AT S W ELA] Ao FHe] gk ey Hee AFY
Ae @ W olu@d TAE © ol Aekiael 9 4 glom edlel 1 &89t
%o SuEn A A R nEwAAe gegdder waage

| AFEE ol&7 Aol e a2

ol
el

AR

o

=2, 4 g %k F ¥ 7l 91X (nodes) el A 3l &

FARAHe FHE ol4kst Wi oEl dutd o7 FEAEH(FDM : Finite Difference
Method), 32 AW (FEM : Finite Element Method) % 342 ¥ (FVM : Finite Volume
Method) &2 F423t3 Itk HVACe] AlE#H IS 98] d¥o +4 717]dAE Aul
Aajo] wEWAA ] Felm AW, old wj AZMFARiY Fojof dtal 53] wHEZQ]
Airel a3k A% FAHQ HHI 23HE o] FA dH

ESP-r, BLAST, EnergyPlus 5°] $X%<l ®HS o]&3)] AL Fdstes x4l i
2adolw 54 A WY F AEsta ALl HA o] wheEeithE A Al WH el A o
AFRAI AL QL= Aol A e s diAls Al 2 he A SRS A

(2) 4 A 44 ==

(7} EnergyPlus2)22)

EnergyPlusi= 7] o|UX|A(DOE)e] BLASTS} DOE-2 X213 :7HS Fil TS H s}o]

A olqx) 4 @ ARe Agdeld Zaaglon WEHHAEES SRaD 20014 49
12

ver. 12 324 R ¥ AT} EnergyPlus= 2A AEddAe} o] AlEHA

2% A& 583 74, 12 Plant 4418 B2 AN =053 olyA] &n]) 22 HVAC A2

=
3} Coll #3 2AES Qe A o AP 2(setpoin) S FAF] AT - by PaE

AAeth. EnergyPluse] F8 7)%S tha3 2}

- 129 §H(Response)d 13}, 22k Al=8o] AustAl Ajts ol A&} Al2=gle] FA]
A (Zgo we wHE ALE 4438)
- 314 AIZF ZFA(Time Step)d] A= A 43 Bx AIZF 7HA(Sub Time Step)9] AR

© 9% E(thermal zones)¥} FH SHQ(9]HF W) ko] Foz-8S flsf Bz B 259

y

do @k
}-UZ 2 oo

sl7] $1gk A W)
AN A U - o w9 FAle} tlF G35 TA AAle] 7MEsleE k=
7IHES = A 7W

AGPEE o8 WA, A%, v 53} gL A

|
=
>~

I Rt
|

]
% ol

|
> o
b1 ot

(transient heat conduction)
- 32 3 2R A% 2y o 4 7] dAIE B3 e S

=3 HVAC A&"E 7] Ao 285 et Ak 2oz 24 (se] b4

KeX
=

[e=]
- HAE= At goloj¥(layer-by-layer) B3 T+ F& 71X 5E Zo] RY(EMPD)C 2

21) DOE., 2010, EnergyPlus 6.0 Input Output Reference, US Department of Energy.
22) DOE., 2010, EnergyPlus 6.0 Engineering Reference, US Department of Energy.
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]
A
2HS JWAEE] 918k oA HE Ed(Anisotropic sky model)

2 |
- 7FEA A5 Bepels A7)¥EA f-8(electrochromic glazing), #ojold A dS x3kele
AEE Fo A 2 AdHow ol 7hsd WHiE #3 Ade gholBeld
- Q1T &3 Yr Ao, A3 A 9 Ale], AU 2% ALS E3ehe A A% s
- Node ¢} Loop 7|WFe 2 4w F9AA 2d+=(configurable) HVAC A]Z~¥l
- ASCII €¥l~E 719k 7|4 =g 9 9 . &2 3¢
- AE FALAe A BA4E $1% WINDOW 6 2 DElighte} 22 t& 38 A&y o]y
Ha AXUE A&

EnergyPlus= Al E#o]A X o g Open-Source FHZ FHrZE AFxo] vkt A=t
o] HA fwo Xt Al 3 A& QE H o] 2 (Third-Party User Interface)®] 7§o]
7Fs 3tttk @Al DesignBuilder, Openstudio 52 H] 53 t}kdt A 3 AF&A} Sl H o] ~E 9]
Mslo] Jgxa ot me A Agge] BE PAow FAE g FHLLE T
F 37 E S RS ot Jdom, Fak R ooy x] Alitel o AE, A~ FAES A
]_

= 3
TS FEst Ao <29 3.1.2-6>2 EnergyPlus®] +ZE yERH Aolt)

L Izl
b \
Building Description Bukding

F%

r (

}ol' i

EnergyPlus

Simulation Manager

Heat and o Third-Party
Mass | Building User
Balance Systems Interfaces
Simulation ‘ Simulatlon
Cundmon
Update
. Display
Calculation Results Results

e J

<19 3.1.2-6> EnergyPlus® %

(1) TRNSYS(Transient systems Simulation)23)

TRNSYS+ 197519 Wisconsin W82 SEL(Solar Energy Lab)oll Al Ej oA 2-8-A]2~H]
of thgk B H AlEHolAE A A A HAT 7)ol AE olyA A el =H
S T A Fol #™ Vsl oFglon} o]F thtd A+ 7]¥H(TESS, Transsolar, CSTB

23) http://sel.me.wisc.edu/trnsys
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)l S8 A&H wE A WA Q@A 17 HARA AWow AT ¥
A4S BE HVAC Axdlow 2239 7158 A4 a4 59 Ed A7 245

ol ARE-H AL Tt

TRNSYSE ASHRAEO A A A3 AEdt4(transfer function)yS o]&al T4 A4S &
sy, HVAC7]7], HElE nd 75 ZeEEY 2 HYE 1479 22 oF 6099719 %

% 7431,115 1:11:—]1,0_ Xﬂ%"?}ﬂ-,
EH TRNSYS= tg &1te 27v 7], eded e s< e + e 124
a4l dlxel COMISo| 7]¥kek TRANFLOW, ##3 =79 GenOpt dzlo] 7]uk
TRANOPTS A& &t w3k d=9 7staet?d F4S Bolstr] 91 CAD =219 (H
SketchUPS &3 349 EEly 712 AA )3 Aso] 7Fs3steh. Open Source & 202
T/ 84 (Component) F717F &olatH, 7| duoly 2 o 1S oF dEuds &8

stol 47 M 5+ 9t gl ok
Equation HEHEE o] §3) Qg 4 U= J4PT & gov, FHRE I 3
28 AREA T 5 Qo] G2 AN Zuage vs) 943 $gAo] Bk

longwave 3D
radiation transfer

external 3D
shading
(direct, diffuse)

userdefined
emissivities

longwave
point source

TRNSYS 17

3D distribution building model
of direct solar radiation
local
comfort
3D distribution multiple
of diffuse solar radiation airnodes

etc.

<29 31.2-7> TRNSYS HE|E g nd g4

(t}) ESP-r(Environmental System Performance-research)24)25)
ESP-12 =79 2~Egtx ZFgto]l= thgte] ESUR(Energy System Research Unit)oll A 7]t
Ho] EUNA &3t HE Aux] Alggold Z2allog {3t AAdHS 7|8 dugFo=
gt Ak H © wHZE FGAAY] HazdHeldd FEE Aw ouA AlEd
)
A

l
ojldo®m Ao A= WINDOW @A AlNAM = dde] 75 3ett.

24) http: //WWW esru.strath.ac.uk
25) Avd, A& A% HrF Ao #3 AF, izt sk AE3Fsk), 2008 02€



ot AEA AHEE S PEEST 53 2 aw FAHNAVIHEES EYste] FASE
7F e, REst @ i oy AAES St FFE S0l A Ha Ao E 9
7bFestH, d=9e 2dd A, A5 24 2 4% AdE &9 Z29d9 to|Huo] &
ststo] ARE2F QI H o]~ SHOAE B HE Alustil AT
ESP-r& EUS A3 A= 2 A EQ] Passive Solar Components and System Testing
o =7t 3 AT AYE T3 AS5 RdR FHZ FHolA 2] ol gy lon, A&
ol gJadol=rt AP vt ESP-ro| 7154 F2 AL vy 2
- 8ol & HE-FolA 9 v dAS(HF, A=, 54D &4
- @4 F(Thermal Zone)< & &3¢ F7](Well-Mixed) & 2+ o2 7H4
- v 7igto g §le9 T|eet dHE 7E ks
- @4 &9 ¥A(Surface) 52 WA, BAxA B 718e aga d93 B HA4E AA
a4 ow, PVEEoIY AWst Asss 23 75
- A, 229, 7171 S WiF o] A B Ao iR B A ddY vlE XA
- 44 &2 129 e dH™Hnode)oltt 7] AHE TIeloR S FEYSH, Tolu fE
Alo] = AAsH B A gkl oz 7] & ] A7
- HVAC, 571449, Air flow network, CFD, =%, 12]1. A3 ujd Alo]o] Aa 28 &4

|

O 0 0\ Project Manager: enquiries 1o esru@strath.ac.uk
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Usloone to the ESP-r Systen, Version 10,4 i«
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(65 Pofect Horwer Vet .k B e e e
of fpril 2003, Copyricht 2001 Energy

[Stast Fisist| Time | Save [AverageProSis_hjAid memoize
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i Zone RH

Tirne series plot
2 Result set
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4 Select zones

a Climate

b Temperatures
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5 Surface flux
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k Electrical demand

n Network airfwtr flow
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£3] EnergyPlust= ASHRAE 1051 Toolkits ©]-&3F 3f
Standard 140-2001¢] <]t 748 Z=2387F v (BESTEST) 59 vhefst 223 A=y HS
S st <2y 31.2-9> ‘ANSI/ASHRAE Standard 140-2001¢ 7]&s¥ WHo=
GARD Analyticsoll @&l 3§t 213 7+ vlw Axte] UKo
T, A, A AL, 7ol WEk F)olA g g = %!
ehllom Fag 64709 A Tl /e Aol Ant Hx V|EikY HAd@E 23son
3 A X 56% 0% A E 262D

olg]gk afA BolHI A4 HIEEES T3 AlFAd <8, EnergyPlusE # AT-olA 3
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e

BESTEST Comparlson (Denver; dryjcold) BESTEST Comparison (Denver, dry/cold)
High Mass Building Annual Coolin . L A
g EnergyPlus Version 120. Build 029, 5/6/04. 4 High Mass Building Annual Heating
EnergyPlus Version 1.2.0, Build 029, 5/6/04

EESP 60
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mool

50 1
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[CIDOE2.1E-RevWindow.
DSRES/SUN
WSERIRES
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N
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140P due to know
error
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004

E 10 20 950
‘Saun Wind indows i

BESTEST Case BESTEST Case

<% 3.1.2-9> BESTESTOA 9] wln ZAx(+u d)

26) GARD Analytics, 2013, EnergyPlus EnergyPlus Testing with Building Thermal Envelope and Fabric Load Tests
from ANSI/ASHRAE Standard 140-2011. US Department of Energy.
27) http://appsl.eere.energy.gov/buildings/energyplus/
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(1) PHYSIBEL29

PHYSIBEL> 7]o] PHYSIBELAFe of&f 7t AsxE9 7HE ddd a4

A Ego]olt}, PHYSIBEL TRISCO: A4 A &l af =

g 3zkd G, A= §A], dAFE AN 55 F¥sth EN ISO 102119 A4k w
3 ddd, ¥W A2 5 43, ISO 69460

Al #4(Thermal Bridge analysis)S 4 2]
°l o, prEN ISO 10077-2< o] 43}

3
ofal] Zol HEel 7 A B 2459 d FHES ALtE
[e)

o] A, FE(frame), &, ME ] € Ad5& d43th. PHYSIBEL TRISCO= 32k A/3-dH
AE o] 7bedt 4E de d dA ZraPoRA fFAkEWel os R FWAHAE o
Abshetel Ao ma Ei4d Juje] FxEel o L sjAe] Thedtal 74t w=e 2k
& Axtete S 7HAA v

-

‘-“

=

i,
(2) HEAT30)
HEAT= 2309 2 330 A4 2 H] AAde A sixshy] e PCE Z2afioR

of Building Physics, Lund University)oll A 7ds]glom B335t ASQ8459 E/, 5 <€
of A 9 WA} AAE Folu IS T3 Y, vieeA V|22 dEd, AHR

’

o o, wheh WA sRe] Bk gdAe] AAs S AR Al AgHAY B3 F

7150 BAARYS 97 mE Fdo] /fEEol FE, T VK dFe4E, viHee
Crawl-Spaces 2] AltbollA AaE WA de ¢ e ARl dow BA =312 24 84

5o x7jere W & H =
215 AAbsl, A7 A (time-step) 2 AHs o2 AAbETH 3 AlAE W (mesh) 7 AREA}
o3 E=H4A el FHo]

29) http://www.physibel.be/vOn2tr.htm
30) http://www.buildingphysics.com
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S W7t AlgdEeld =R &8¥al Jrh
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o]
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31) http://windows.lbl.gov/software/therm
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No. =5 oH=g ged

1 oti| & apitong

2 e beech

3 NN = berch

4 o|& douglas fir

5 IIE= kapur

6 H=2A keruing

7 S larch

8 e maple

9 LR pine

10 ol b5kt Et 3 tanoak

11 ) bt é.H—}—T— cedar

12 AlO| A cypress
13 gb= gt ML F fir

14 TEGOSHE SELER hemlock
15 Ligk lauan

16 UCPeHzt CHELIE maple

17 Folstm o =2t mengkulang
18 ol & 5ta | 2HE| meranti
19 e == H 2 A2} mersawa
20 2hol gt 7t2H|LR spruce

21 PETHEH = sweetgum
22 o249 s tamarack
23 EH 0 ke St yellow poplar
24 =L Tt QE|LIE alder

25 o AFRFLES birch

26 ZelEad ALIR cedar

27 E&LE hemlock
28 EHELLS maple

29 o= ALERE redwood
30 JI=H|L R spruce

31 APA| LR aspen

32 ALE cedar

33 o|FLIE cottonwood
34 LR pine

35 P v LS basswood
36 EELIF poplar
(L) o7&

No. 25 =4 d&23

1 2IE| 2| o{MDF

2 1H|EMDF

3 U= FE(MDF) Z=H|=MDF

4 X H|ZMDF

5 Bl Z{MDF

6 U= FE(HDF)

7 &M FE(Insulation

Board)
8 A A& 7 E(Hard Board)

_64_



(ch) oE|22=(PB)

No. = =24 dEY

1 ols douglasfir
2 L fir

3 LS pine

4 a4 X} = white birch
5 HEHE red maple

6 AREHA sweet gum

’ gxEet yellow-poplar
8 =FUs eastern white pine
9 St AEMCEE (OSB) JIEH|LF spruce

10 ARA[LER aspen

1 LI AR jack pine

12 oAt 2 balsam poplar
13 g X} =k white birch
14 FaLE scots pine
15 S oA LER maritime pine
16 2| of Ep LT radiata pine
17 DELE rubber wood
18 TLEFA eucalyptus

19 ol EE (waferboard)

20 Z0|3E = (flkeboard)

21 Ez|EE (triboard)

22 S&sH (com—ply)

23 HEEEAM (LCL)

o4 =222 (wood wool

board

(CORSE

No £ g2y CED

- EHE Z R (LVL) AT aspen

2 sSxEe} yellow—poplar

3 EAEMEMZX(PSL)

4 CIAEMEXM SR (LSL)

5 CHEA S E(LVB)

6 o|&-HUgs

7 255

) Y (EZ)H Eap

g JtEEUE-ALR -5 5
10 e M
11 H =Y
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(1) NEHNAE F2A8 dd=s

Design Builder

Thermal

No. | Name Type Conductivity
(W/m-K)

1 Beech(Dry) Wood derivatives 0.15
2 Chip board Wood derivatives 0.15
3 Chip board (at 50C) Wood derivatives 0.07
4 Chipboard, bonded with melamine Dry Wood derivatives 0.12
5 Chipboard, bonded with melamine Moist Wood derivatives 0.25
6 Chipboard, bonded with PF Dry Wood derivatives 0.12
7 Chipboard, bonded with PF Moist Wood derivatives 0.25
8 Chipboard, bonded with UF Dry Wood derivatives 0.12
9 Chipboard, bonded with UF Moist Wood derivatives 0.25
10 Chipboard, perforated, at 50C degrees Wood derivatives 0.07
11 Cork Wood derivatives 0.04
12 Cork board Wood derivatives 0.04
13 Fiberboard, including MDF Wood derivatives 0.14
14 Fir, Pine Woods 0.12
15 Flooring Blocks Wood derivatives 0.14
16 Hardboard (Medium) Wood derivatives 0.08
17 Hardboard (Standard) Wood derivatives 0.13
18 Hardwood (Dry) Woods 0.17
19 Maple, Oak Woods 0.16
20 North Canadian gaboon (Derivatives, Dry) Wood derivatives 0.12
21 Oak, Beech, Ash, Walnut, Meranti (Dry) Woods 0.17
22 Oak, Beech, Ash, Walnut, Meranti (Moist) Woods 0.23
23 Oak, Radial Woods 0.19
24 Oriented Strand Board (OSB) Wood derivatives 0.13
25 Painted Oak Wood derivatives 0.19
26 Particle board (High density) Wood derivatives 0.12
27 Particle board (Low density) Wood derivatives 0.10
28 Pine (20% Moist) Woods 0.14
29 Pine, Pich pine (Dry) Woods 0.17
30 Pine, Pich pine (Moist) Woods 0.23
31 Plywood (High density) Wood derivatives 0.15
32 Plywood (Lightweight) Wood derivatives 0.15
33 Plywood (Low density) Wood derivatives 0.12
34 Red fir (Derivatives, Dry) Wood derivatives 0.13
35 Red fir (Derivatives, Moist) Wood derivatives 0.21
36 Red fir, Oregon fir (Dry) Woods 0.14
37 Red fir, Oregon fir (Moist) Woods 0.17
38 Softboard, at 50C degrees Wood derivatives 0.05
39 Softwood Woods 0.13
40 Spruce, Sylvester pine (Dry) Woods 0.12
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41 Tiber (at 50C) Woods 0.14
42 Timber Flooring Wood derivatives 0.14
43 Weatherboard Wood derivatives 0.14
44 | Willow, Birch, Soft beech (Dry) Woods 0.14
45 | Willow, Birch, Soft beech (Moist) Woods 0.17
46 Willow, North Canadian gaboon Woods 0.12
47 Wood fibres, compressed Wood derivatives 0.06
48 Wood particle panels Wood derivatives 0.12
49 Wood particle panels Hard Wood derivatives 0.29
50 Wood particle panels Soft Wood derivatives 0.08
ECOTECT
Thermal
No. | Name Type Conductivity
(W/m-K)
1 Balsa (Across Grain) Wood 0.084
2 Board Wood derivatives 0.040
3 Chip Board, Cement Bonded Wood derivatives 0.150
4 Chipboard Wood derivatives 0.067
5 Chipboard, Bonded With Melamine Wood derivatives 0.250
6 Chipboard, Bonded With PF Wood derivatives 0.250
7 Chipboard, Bonded With UF Wood derivatives 0.250
8 Chipboard, Perforated Wood derivatives 0.066
9 Coir Board Wood derivatives 0.038
10 Cork Wood 0.040
11 Cork Ground Wood derivatives 0.043
12 Cork Ground Regranulated Wood derivatives 0.045
13 Cypress (Across Grain) Wood 0.096
14 Fibre, Loose Fill(Soft) Wood 0.043
15 Fibres, Compressed Wood 0.055
16 Fir, Pine Wood 0.120
17 Flooring Blocks Wood derivatives 0.140
18 Hardboard Wood derivatives 0.290
19 Hardwood (Unspecified) Wood 0.050
20 Mahogany (Across Grain) Wood 0.130
21 Maple (Across Grain) Wood 0.176
22 Maple, Oak And Similar Hardwoods Wood 0.160
23 Multiplex, Beech Wood 0.150
24 Multiplex, North Canadian Gaboons Wood 0.120
25 Multiplex, Red Fir Wood 0.210
26 Norway Pine (Across Grain) Wood 0.151
27 Oak Red Black (Across Grains Wood 0.146
28 Oak White Live (Across Grais Wood 0.209
29 Oak, Beech, Ash, Walnut, Merantis Wood 0.230
30 Oak, Radial Wood 0.190
31 Oregon Pine (Across Grain) Wood 0.113
32 Particle Board Wood derivatives 0.120
33 Particle Panels Wood derivatives 0.140
34 Pine (With Grain) Wood 0.343
35 Pine, Pitch Pine Wood 0.230
36 Plywood Wood derivatives 0.150
37 Rattan Wood 4.184
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38 Red Fir, Oregon Fir Wood 0.170
39 Resinous Woods (Spruce, Sylvestes Wood 0.120
40 Shingle Wood derivatives 0.120
41 Slab Wood derivatives 0.055
42 Softboard Wood derivatives 0.047
43 Softwood Wood 0.140
44 Spruce (Across Grain) Wood 0.126
45 Spruce (With Grain) Wood 0.230
46 Teak (Across Grain) Wood 0.172
47 Timber Wood 0.140
48 Timber Flooring Wood derivatives 0.140
49 Virginia Pine (Across Grains Wood 0.142
50 Wallboard Wood derivatives 0.047
51 White Fir (Across Grain) Wood 0.109
52 White Pine (Across Grain) Wood 0.130
53 Willow, Birch, Soft Beech Wood 0.140
54 Willow, North Canadian Gaboon Wood 0.120
TRNSYS
Thermal
No. | Name Type Conductivity
(W/m-K)

1 Spruce_pine Wood 0.13

2 Beech_oak Wood 0.20

3 Common leafy Resinous Wood 0.13

4 Vert light wood Wood 0.12

5 Plywood (Low density) Wood derivatives 0.10

6 Plywood (Medium density) Wood derivatives 0.13

7 Plywood (High density) Wood derivatives 0.14

8 Hard_bo_h_dens Wood derivatives 0.17

9 particle_board (Low density) Wood derivatives 0.06
10 particle board (Medium density) Wood derivatives 0.14
11 particle board (High density) Wood derivatives 0.18
12 Wood siding Wood derivatives 0.14
13 Tiber flooring Wood derivatives 0.14
14 MDF(Low density) Wood derivatives 0.07
15 MDF(Medium density) Wood derivatives 0.12
16 MDF(High density) Wood derivatives 0.18
17 0SB Board Wood derivatives 0.13

2 olux ARl AS 93] @ol
Rol mzadel Adgre 2Aet

A7k A7 vekow o Bale dAEge] #

=477 we AAE e Aoz AzH. o

Bl B el weh AR ARG} e
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(2) NEHNAE TL FAAR dAd=E

Thermal Conductivity
(W/m-K)
Type No. Name Design
] ECOTECT TRNSYS
Builder
1 Chipboard 0.15 0.07 :
2 MDF 0.14 ) 0.12
3 Hardboard 0.13 0.29 0.17
M| = _EHxY 4 0SB 0.13 ) 0.13
5 | Particle board (M. density) 0.11 0.12 0.14
6 Plywood (M. density) 0.15 0.15 0.13
7 Wood Flooring 0.14 0.14 0.14
1 Fir 0.12 0.12
2 Red fir 0.13 0.21 )
A
3 Spruce 0.12 0.13 0.13
4 Pine 0.17 0.23 0.13
1 Beech 0.15 0.23 0.2
N 2 Maple 0.16 0.18 0.13
%I:I—l_
3 Mahogany ) 0.13 .
4 Larch 0.12 0.13 0.13
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ar

[

TRNSYS

0.20
0.13
0.13

ECOTECT

0.13
0.23
0.12

Design Builder

0.12
0.17
0.12

Species

Larch
Pine

Fir
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[¥ 321-2] 5= AE A5 A%

Component Material Thi(cmmkn)ess Thermal( W{;{%l;ct ivity

Gypsum board 20 0.210
Air 38X38@450 0.184
Polyethylene sheet

Roof Tnsalation 240 0.040
Wood stud 38<240@610 [Table 1]
Building paper
Air 38X38@450 0.184
Brick veneer 20 1.590
Gypsum board 10 0.210
Air 38380450 0.184
Polyethylene sheet

Wall (l}rllglsl?a{ ;Brelr 140 0.040
Wood stud 381400610 [Table 1]
0SB 20 0.130
Air 38380450 0.184
Wood siding 20 0.431
Wood finishing floor 10 0.125
0SB 20 0.130
Tnsaration 140 0.040
Wood stud 38>140 @510 [¥% 3.21-1]

Slab 0SB 20 0.130
e
Wood stud 38180 @650 [ 3.2.1-1]
0SB 20 0.130
Concrete 100 2.700

T EAEES 2R 4 ddste] A&, WA, AW SHEe] ddFa)

ato] Aldtetdnt. At A4 BAe] ddFES (%
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H
o
ol

>,
o
o
ofo
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[# 321-3] 2t #A¢ dBF&

Component | Species . . Thermal transmission (W/m*K)
Design Builder ECOTECT TRNSYS A (Upax~Unin)
Larch 0.172 0.174 0.187 0.015
Roof Pine 0.182 0.192 0.174 0.018
Fir 0.172 0.172 0.174 0.002
Larch 0.265 0.267 0.284 0.019
Wall Pine 0.277 0.290 0.267 0.023
Fir 0.265 0.265 0.267 0.002
Larch 0.124 0.125 0.132 0.008
Slab Pine 0.129 0.134 0.125 0.009
Fir 0.124 0.124 0.125 0.001

(th Hx2de J3 4 4

=~

ot

[ 321-4] o= 7k Algeelde] =5 2 A
[ 3.21-5] 7[&& 321-7] & A&
TRNSYS®} ECOTECTO A A € &
i, kel ddey das veh el

st

o] A

o
12

WEHW)E el el
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o HE Al EdFE,
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D
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[ 3.21-4] Algdeldel 5 d JgHolAel g

Connection | Species . : Thernal bridge (/mf)
Design Builder ECOTECT TRNSYS A (W oy~ Whin)
Larch 0.022 0.025 0.040 0.018
Rafter Pine 0.034 0.046 0.025 0.021
Fir 0.022 0.022 0.025 0.003
Larch -0.036 -0.033 -0.014 0.022
Roof-Wall Pine -0.022 -0.008 -0.033 0.025
Fir -0.036 -0.036 -0.033 0.003
Larch 0.051 0.051 0.053 0.002
Slab-Wall Pine 0.052 0.053 0.051 0.002
Fir 0.051 0.051 0.051 0
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[3 32.1-5] AlEdoldd 2uyo dd=8 48 A &4

TRNSYS ECOTECT
Kpin=0.13 W/mK Kpin=0.23 W/mK
RoOf~Upip=0. 174 W/mK RoOL=0pin=0.192 W/m*K
Upine=0.025 W/mK Upine0.046 W/mK
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[ 32.1-6] A3 WAL Algdoldd & A5 Aol

TRNSYS ECOTECT

Kpin=0.13 W/mK Kpin=0.23 W/mK
Wall-Cpme=0.267 W/mK Wall=0p,me=0.290 W/m*K
Wp;=0.033 W/mK Wpin==0.008 W/mK
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[ 321-7] € B Algdeldd & d5 Aol

TRNSYS

ECOTECT

Kpin=0.13 W/mK

Kpin=0.23 W/mK

Slab=0pipe=0.125 W/m*K

Wall=Upi,e=0.134 W/m*K

Upine=0.051 W/mK

Upine=0.053 W/mK
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AEAOIH W BPxe T2E SHSE ASHE £30 JAESS Fesug

Design Builder®] 4 #Hi# dd=&S 0.14 W/m'K, ECOTECTS 017 W/m'K,

TRNSYS+ 015 W/m'K ot =, 7} Al&EdolA t& EXH dHdx&2 ECOTECT,

TRNSYS, Design Builder = = I A}

7 FFo =SS 2HES A4 tddste] AS, ‘iﬂ,iﬂ, AW S B ddFE A
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Aol Aok vpRvbA R, A ddie Ha 0267 W/m2-Kel A FHh 0.290 W/m2 ]

f
lo =
N
v o
b

‘K,
H o EHE d3FE HA 0125 Wm2-KellAl Hdl 0134 W/m2-Ko] vskth. 1 Aol 7}
7} 0.023 W/m2-K#} 0.009 W/m2-Ke|Slth A&, #A, AW EHEe] Hd, H& dAF&
2ol 5 B \WA 0.023 W/m2-K, A% 0.018 Wm2-K, A1 &2 0.009 W/m2-K -ffii
UERSTE ol gt daAFE&o Aol 7 dE FAERE @9 WAY H5x ~HE7E AFA S
= "l & we} TS

A% Azbe] JEgHel du Fg TRNSYSHA 53 dA=E&S ddstds o A4
0.025 W/m'K, ECOTECT®] dHo|HE AH&3t9S A5 Hd 0046 Wm-K=, 1 Ao]=
0.021 W/m-Kollth, AG-8A % Ad Su-¥x JF7o duelse A7te HaH
7d9-9F mpx7bA 2 TRNSYSOIA 4 ECOTECTOlA Hdigko]l A& H At A 5-94 #
SR dwgk 4 -0.033 Wm-KolAd Fdl -0.008 W/m-K, # BoulA) daugh Ha
0.051 W/m-KelA Hdl 0.053 W/m-K7} A4tE et 1 Aol 242}
W/m-Koldth o] wf, A &F-wx HJFFFolA= Be dagto] (-) %k
Aol A At dd WA s vl HAsHA & T
F&H v AR A7 JEE, Ae-HA @, AW EHE-EA JEEe Hu,
du ZolE HW A&E-#HA 0025 Wm'K, A% A7t 0021 Wm-K, A & E-
0002 W/m-K o2 vetst, HAel a2 A9 fAet & ¢ Qled, 1 9]
dAFEY Ao FUIA F9 Ho] T Ex AEHE7F A EE H &9 2ol A
i

l‘E —
>
o é‘é

U2 Aoz Eo}

L= O )

o

o (oo
(e
My e
ol

W N do & B op@ v
El
T
z
oZ

oy

ot

Ir Ir
o o
o g
fo Jr ox [
Mool rr o &
rlo olu o
FOOTOON

x F

r o

w rr &;

o o i T

Sl
9
o r
k1
2
N
X
)
2
ilieh
£l
X
r
X
x
(i)
ox
o
PR
o
fr
T
rO
v/

& = 7MF 2 Zo]E Holx= TRNSYSS ECOTECT|A
5] al, =5} ﬂoﬂ%ﬂﬁ 2 3}
)

s = g 3 SE TE

|

>~
By ™
[-4 1
ro
ke
w
DO
—
O
=
=
R
Ko,
2
X
re 1
il
rob
12
El
B0
o,
|
o g

_76_



)

Al 2

)

e]
i)

o

)

HES FxAHT O

I vhe

9

il

ToR

3-5-(ECOTECT)ell

L=,

0]

AH L, 2 Rl eR=

hya
ar

A=

B, TRNSYS®

=] Al

[e]

[e)

=

1

AHAEE°] 023 Wm'K

]_

S

]

1

-

=
e 1Y

=

=

Fol

to] &x=71 wf

°©

A A% el

S

A}

o

o] 0.13 W/m-K¢l ZA-$(TRNSYS)
T

[e)
=

E=C ORI

=
AT,

—_
file)

ol

0
o

A e e SA6 oA one

-
o

v 5

o)

o

ECOTECTS] 4% =2 7%

RS

I

HE G 2717 AA

-

R

2

°

bgt

7ol

ol s =4 010 Wm'K

A%g

Eis

]

[e)

4 olm A9} 5

Aol 7k Hajwe opel B A& Az A )

Wl

-
o)

o)

of Amel #e

1l

I

°ol7] o

ol

A=l 4

7z &

al

ToR
g

K
of
W
B
o
il
)

el
q_mo

MWO

mJ
M

_77_



3.2.2 A ¢

o o B R L
R S Nr
A o ° B Clls Ho
T ’ = ¢ v g
Py ©TF ch z W o iy
Lo TR AS ks % M0 A
oy o= B il < e :
- G- = o} B o Rl
ek ol N TN 53 ol ol RO o T
o N UT - %0
o X A vl Mmoo Nr — =
B oo BB 7! - ) . o 2
g Z T K Jo ¥ g
OE M Zﬁ .W/A ‘WE = Q#o - ﬂA| ‘uArO ﬁE MAI 30
b o o gy i z T B o
T X ol EAT uE e Nvmo oF W AMo mEmﬂ
%Hc&vaﬂ% i B W = lof ER
%xE_/Pm% X — T T ™ X
- B o 3 K = 70 o) <0
oo W B Nh El cTwE G
hoge 2N T B MY T =
3 El g ,UI I - © s —~ 0
Jo = w5 wWoOoF = N oo o X B
X o ‘m MH oR m.b L.C _.;L T ﬂArO E
eI O 5o Fo N S
o =) o o o Mwo S Zﬁ nﬂ B! Jo W e
Mo Lowod X TR P = X
= =~ N w N m W 7o o mw Lo %o
RN 5z wr =8% s
aqa%gm vE PR we= Z Z
% 1 o o] i M% _mmu T - o B 0 R° =
X T E o= 0 Mo s T xm o ¥
5o of ar < o M = In ;
Moo W R0 o LR B Jo &
mw w A W Ll ﬂ A mw 3 ) Y Hﬁ ww B % m
0 0 N <
2 T o A TR T wm o oow
A @ R < %
THE L rw F 3  ww® RV
TR = 4 IR N Tz ¥ <V
=g W L NI W ogr -
N o o] O o ¥ = C3CY Fm Mﬁﬂow = oA
T ER H Jo Nr Ly N WH NN ‘M__H B o m alo In
—_ — T —_
o5 o U T T 3 e m_-mm Y o < % ~ N m
X L 53 ~ )
TH

e A —]
<19 3.22-2>
- 78 -

#

A}

| A

= <4

2

| — @,

.

2

<ad 322-1> B

74 A z}__\

2T 47 ~
-



FA7E AR A

o
=

Foll 7}

0o] o] Al

= <23 322-1>3

Z

A g

O37F HATF HES Alojd

&

o X
=

B3

E3 Ay}
O2=03=00] =

I

3] %

= 92=03=

ol FH o
A dP=dlo] Ht} 2y AA A A

S

h=d]
N

d2

-
s

]_‘;_01
o =2

2 OPof|

&

B

—~
o

o]
B

]

go

2 @39 %

Fol @2

)

Ae olegn

-
T

% A

B 7t Al o] & A% @3

=]
£

o] @3

2o ¥3 d% PR

AF 04T WA T

goll =

o] WX

Eids )

ue] s of

LY

5|
pud

ot

o

ol A

N

Nd

I
ol

o
oy

2]

K
ol

B

~
fIfe)
-
~X
ol

ey

G

fite)
;OU
B

Hlo

7

!

o

H

sl 7k g Ul

88 Mol 9

ol
=

=K

—~
file)

3
B

13

o

3ol

23}

Kol
=

2K/m

ol

oh Aldu el <t

ki3

= PR

A
o

Fal A7} Aol

Al

il

[
o

o)

o|J

B
Mr

1
o}

N
Ho
o

0

A
]

1m2%3 271 9]

-
T

Al A

o
i
X

el
b5
a1
ok

Nk
o

o)

!

a8

el

<)

o]
1 oF

=
T
9|

—_—
o

| oo $uE Fo

o 0

_79_



2!

=)

O

w

)

o

oo

20T

-
.

LEE 10720C, 23}

wK

)l

A Ao

S % A

7}

=
=

25
K

!
o
s
ol

To

il

bo 1 Ake]

S

Al AR

0] 2=
A -

Aol =po] 7}

3
=

o A

(\th) KS F 2277 - Z359¢ @4

=

5}

) et

5E 7

<9 322-3>3 o] 2F 2000mm x 2000mm<e] 7§+

A3t Aol Wiel skl 3, A

AE A

M
0

NE
L

.

7
T T ) ) O X0
= I E R
SIS U = i

G el o2

— N M ©

G v R R
e o oty e
o %O gy RO W E.ﬂ»ﬂﬂ
ol B o) o T T uE R
PR ETTHNRT T W

<oy 322-2> AN@AHEA e

BH

N
N
2|

L
;OO

gyl
X

X
i

B
B

==
z &

ke
T

234 2l
(Ri, RO)

A
o

Mo

=K

& AWM 2 4

A 4

oA

2

—_
fi%e)

k)
i

~
;OO

gy
T
ol
N
==

r

)AO
i

—_
~

- A

QH(J, - QHS
QH s QC@

=f

_80_



- 4(2)

ch B Qca
* Qyy — Qs
=d/\

RS
ol 7] el A,

kel Ry

FHm? K/W)

gL
D7k A W e 2=(K)

o <d A

7
N
22

QHa

1
o}

B
BA

22
¥ir

2
o}

_—

o
N
22

QCS :

U 37 £%(K)

%
N
22|

(W/m-K)

KS L 9016°1 <]

o
o3
i
o

d

)
N
22|

10
K=

= 29

TC

-

S

R

B

!

X0

el
;oo
!
e
o
e
o

™

1

ofp

o
B

0

=
kK

—~
file)

fvze]
_ZTV
o

v

Mo
Mo

X

=

£
o

EK

21(3)

o

g

A

2l

lol <19 322-4> YERY

°

I

o

(el ¢

-k AR EANS AGA R B

Q
o] 7] ol A,

Al
2]

b
o}/

:n
22

b=

B

¥

yAO
P

o
B

N
B

QHS :

b
s

ﬁo
¥
o}
)
B
N
==

QCS :

Z(m2-K/W)

&

A

dd WA (m2)

o 4

Y
N
B

T
B
N
2

_81_



—_—

g $A% ged 37 L=

oyl Bue

0

oFgE BMie

<19 322-4> WA

o)

o

lwmo
Nr

o

22!

],
R)E A (B)ollA 2}

3

(el ¢

Al
2

)
of
ﬁo
)

0

m2-K/Wo] ¥ #|

7}

&

257

B

22

2 (4)

AR=

ﬂo

—

o
)
i

21(5)

(QH(J,_ Qaz) « A4

1

QH+ QF_ Q]

K

ol 7] ol A,

(W/m2-K)

A AT WA (m2)

et
e
o

A

°o]-&

4=

2]
=

25 E 1

X

wy A W)

ki3

—_
fife)

_82_



(2) =9 d¥7& 53 EF

ISO(International Organization for Standardization)= 1947\d %] AH®E WA FE-ZZ
(NGO)2.2 A AlA 160 M= =7FEw7]39] O:]?'S]-iﬂo]l:} dE R AE 2= FAIE
FE A& eta, A4, 38 Vs 9 AL EEorY g A %

2 #d g5S A7 A8 AdESdn SO =A%
A Adkst e e #3 SA BF AA-S Hdeih Wz
ISO9 thi-E2] I1SOY E—froﬂ welrbes FAolan A =7 F

st AFEAZE A T A BEHS AS 7 7] "ol IS0+
a9tk ISOY 397 dse '09.7¢9 dA A3 Y Member body)ell
10870 =, 3 %(Correspondent Member)dll 4870=, 7+ & -5 3] Y (Subscriber Member)©ll
= & F1657h=ro] 7FY), & stal Atk Syl 19999 o] FE &= Vs EFU(KAT
S : Korean Agency for Technology and Standards)e] A3 Qo z &% Folt} $guvert
A RS b AAolnE KSo EXE&e A BT IS0 At e &4
¥ Zol7F Ao, #HY Fo2 = (1) ISO 8990 Ax8 A ddd s SHUH
- oA A 2 BT AR (2) 1SO 12567-1 Fa e ddA Ay So] gt

-

T EFHS E £ 9 AE&EF
Thermal  insulation -  Determination  of
ISO ISO 8990 steady-state thermal transmission  properties —
Calibrated and guarded hot box KS L 9016
g A wads SA0Y - wA Ay o 0

KS | KSF 2277 W 9 ws e

Thermal performance of windows and doors -

I S O | Determination of thermal transmittance by hot KS A 32611
ISO ) . KS C 1303-3
12567-1 box method - Part 1: Complete windows and
KS C 1606
doors
KS F 2297
KS KS F 2278 A3 0] A A KS L 9016
KS M 3808
(3) v €@&F& 54717
A, FU oA dBFE =772 Azsts dAe Ay art dst d4, 5 o
Aol A AFE AdBFE =477 S Begstn Q= 7B 7)17]9 AFge ole e} 7EE}
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[ 3.22-2] <878 54717
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e i E R g | OFET
[}
Ag A "
U A= 2 EHAXAE 53 A 2dd e gAEE v
(1) HFM3} TCi €4 =& A9 vxu
T 959 dAEES HALFARES o]&s= HFMIF modified transient plane
source S o] 83F= TCi F7FA AHE Folo] AU, 449 = [£ 4-10]19 2o
W Aoz v ghe] EAEES YR AT HAje] ve dHAEER2 Q15
B ARdAE AL eAelE Addon olugre AAE vehi: AL o 5+ A,
Ave WA TCIE @ GAES B0 HFM ny Azgo] Hre 2

_84_



[ 3.22-3] 95 €d%=& HFM, TCi 443

o = AE49 WmK | CEEA
e (mm) | HFM TCi (W/mK)
1 | Ponderosa pine 19.3 0.09 0.11 0.12
2 | Red pine 18.9 0.09 0.12 0.13
3 | Southern Yellow Pine 21.8 0.11 0.12 -
4 | Batu 17.1 0.11 0.12 -
5 | Larch, Russia 14.6 0.09 0.13 -
6 | Red balsa,Indonesia 16.9 0.15 0.18 -
7 | Spruce 13.1 0.08 0.13 0.12
025+ “m HM |
® TCi
A Reference
__ 020
A
S ’
> 015 N
=
= A ?
5 A 5 o o i
-g 0.10 " .
S . #
= [ ]
£
D 005+
-
0.00 T T T T T T T
1 2 3 4 5 6 7
Species

<y 322-5> H¥ dH¥x=& HFM, TCi 54423
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6 6.0 0.09 0.11
7 6.0 0.18 0.07
8 yide=a 6.0 0.23 0.06
9 6.0 0.19 0.08
10 6.0 0.08 0.06
11 o 2 F Ao} 6.0 0.23 0.05
12 8.2
13 9.5
14 79
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11 R e - 0.094
12 A - 0.09
13 w5 7Y - 0.096
14 8 Eali_;}% - 0.097
15 ARAT - 0.101
16 e - 0.101
17 HHF ' 0.107
18 v - 0.107
19 7}l - 0.11

o ||

T

21 S - 0.11

22 A2 5-9Q — 0.111
23 ESPAN-S 0.114
24 T 0.117
25 7t 0.119
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27 o}z A g o} - 0.12
28 3% : 0.12
29 DAL 0121
30 &% - 0.122
31 2AT o4 - 0.122
32 o - 0.125
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(W/m"k) (kg/m*)
2H4YE
ZIYE F+Zx el 1.6 2,200 KS
(concrete)
2 oA E
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(2) NEHNA 948 =34
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- (#2¢he W/n'K) 97 A Ag 97 44 A
o e 011 (9.09) 0.11 (9.09) 0.043 (2325)
Hstzol o= A e 0.086 (11.62) 0.15 (6.66) 0.043 (2325)
Sl pi e e 0.086 (11.62) 0.086 (11.62) 0.043 (23.25)
TEFee 21 g 0,03 (11.62) - -
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[¥ 332-11] ¥a 4 % A5 EA4 (ASHRAE Handbook Fundamentals 2009)

L A= FA(mm) | €9=E(WmK) | 95kg/m') | 91€9J/kg k)
EETe 200 1.950 2240 900
o4 H =R 2 90 0.036 20 1210
PRTRE 125 0.160 800 1090
EELE 30 1.400 1920 900
qn EED 200 1.950 2240 900
R 170 0.036 20 1210
B TR 125 0.160 800 1090
2z T 125 0.160 800 1090
X —n EETNE 200 1.950 2240 900
NE=aeE 110 0.200 640 900
Ed | v s oege 30 1.400 1920 900
wh7t FA 3 0.072 430 1380
() 0 =age 50 1.950 2240 900
R %0 0.036 20 1210
A% [ z=ase 200 1.950 2240 900
gg | Ar=ase 110 0.200 640 900
R 30 1.400 1920 900
g 3 0.072 430 1380
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[ 332-11] ¥4 A4 2 A8 54 (ASHRAE Handbook Fundamentals 2009) —A] <—

[e= 1y 21wl =i = oé
£ A= A | G | e

A Apo]ddx 20 0.090 592 1170

Zage 200 1.950 2240 900

S IR=RC RERCR 90 0.036 20 1210

HNaRe 125 0.160 800 1090

EAN (A5 T 10 0.113 447 1630

A Apo] o 20 0.090 592 1170

TE2E= 30 1.400 1920 900

. Zage 200 1.950 2240 900

zage| % HEWL SR 170 0.036 20 1210
TE B 125 0.160 800 1090
+ EA (A4 79 10 0.113 447 1630
R AuRE 125 0.160 800 1090
n} 7} =4 ZagE 200 1.950 2240 900
HED | ey 71%%aﬂ5 110 0.200 640 900
H3IDEZE= 30 1.400 1920 900

EANSPFAIE) v+ 10 0.119 447 1630

HYg ZagE 50 1.950 2240 900

H =R 90 0.036 20 1210

3% Zage 200 1.950 2240 900

ZIa=s NEZIYE 110 0.200 640 900

HIREE = 30 1.400 1920 900

EA(SPFAG) v}F 10 0.119 447 1630

A Aleld 20 0.090 592 1170

0SB 11 0.135 800 1300

o1y FHAF ¢S4 | 90 | 90.7% 0.036 140 960

(22 9 | 9.3% 0.167 680 1630

HqaRc 125 0.160 800 1090

EAN (24 79 10 0.113 447 1630

A Apo] 20 0.113 447 1630

OSB 11 0.135 800 1300

2pz | qu FEAARF ¢EA | 200 | 93.8% 0.036 140 960
. (T2 200 | 6.2% 0.167 680 1630
- Hawe 12.5 0.160 800 1090
;;L SR () 7 10 0.113 447 1630
- OSB 11 0.135 800 1300
D | =5 [ gazge 110 0.200 640 900
n}e H3IDEE= 30 1.400 1920 900
EASPFAG) v}F 10 0.119 447 1630

g Z34E 50 1.950 2240 900
EIR=RC AR 90 0.036 20 1210

5 Zage 200 1.950 2240 900

n} et NEZITE 110 0.200 640 900

HIREE 2 30 1.400 1920 900
EA)(SPFAIE) v 10 0.119 447 1630

* FETEe AE 44 g
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[ 3.3.2-13] Case 02 (P-WI-WF) AdA % ¥ du &4
Case & 02 Case § P-WI-WF
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Q = 53718 W
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¥ = 0634 W/mk
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[ 3.3.2-16] Case 05 (P-W2-WS) ¥4 s 2 du &4
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[ 3.3.2-18] Case 07 (S-FW-WF) #
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Q = 55.761W
U, all = 0.337 W/mzk
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¥ = 0643 W/mk
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[ 3.3.2-19] Case 08 (S-FW-WS)

Case &

08

Case ¥

<A A R A 231>

<2x+4

[W/mK]
1.400
0.244
0.167
0.167
0.160
0135
0.113
0.090
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S S A e S
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L L odod Lo b b4
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Q = 40184 W
Uwa”: 0.323 W/mzk
W = 0213 W/mk
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[¥ 332-20~22]2 vy F2E = %—‘}%}%ﬂm SHo] uzatste= A3
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o] zpol2 MPFAFEL Case 6~-8KT) thai o ] e

[3 3.3.2-20] Case 09 (S-PW-RF) d¥Ads % du &4

Case & 09 Case H

<#A 4 9 AA =24>

[W/mK]

1.400

. 0.200

0.160

0.036

-

okl L S =N

R

N33

<ef A A >

Q =31641 W
Uwa”: 0.347 W/mzk
¥ = 0.383 W/m.k
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[Z 3.3.2-21] Case 10 (S-PW-WF) AgAdS L du 24

Case & 10 Case ¥ S-PW-WF
<HzA T4 D AA =271> LAY Lx Bye>

I

<a4] >

Q = 30606 W
[]wall: 0.337 W/mlk

¥ = 0.365 W/mk
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[¥ 3.3.2-22] Case 11 (S-FW-WS) AdA 5 2 du £
Case & 11 Case § S-FW-WS
<HA T4 L BA =31> LAY eE FEE>
] [W/mK]
[£]
1.400 -fZ
M
0.244 E:Z
. 0167 :
. 0.160 i
0135
i | ‘om ‘
| | 0090 ;
0.03% :
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Ex
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<339 A ¥-9 G
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<A A >

Q = 28.821W
vaall: 0.323 W/rnZk

¥ = 0.147 W/mk
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[ 3.32-23~25]% 9w via&grel odo] watshe Ao dd
ot} 2 HHe} da H 29l Case 149 AFIdAFEo] 0
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ZE)S} B (EFR)9 Fx PFAHo Aolo] og Ao w AmET

[ 3.32-23] Case 12 (S-GW-RS) ddA % 2 g £4

Case & 12 Case ¥

<#lA 4 DL AA 21> LAY 2

H

[Wimk]

2000

1.950

1.950

1.400

0.200
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<A Ad>

Q = 35825 W
Uwall: 0.347 W/mzk

¥ = 0440 W/mk
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[ 3.3.2-24] Case 13 (S-GW-WF) AgAd% 2 du 4

Case & 13 Case § S-GW-WF

<HA 4 2L BA =21> 2AY e BELE>

]
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Lot 4o o bl oL E N s e
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<A A

Q = 32389 W
Uwall: 0.331 W/I’Ilzk

¥ = 0363 W/mk
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Case A& 16 Case ™ S-RW-WS

<A A R A 231> LAY L= BEIE>

[WimK]
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[3 332-28] Case® Ad&d 9 AFdA7E vl
a5 €% Case 1 Case 2 Case 3
T (Conc 215 2u7Y | (Con'cFZ B2z | (H7z 5 dvgh
1 | P-WI-RF 2 | P-WI-WF 3 [P-wi-ws

-

Q = 63294 W Q = 53778 W Q = 33760 W
Y = 0782 W/mk Y = 0634 W/mk Y = 0111 W/mk
\ \ 4 | P-WI-RF
B &
‘r:jﬂ SN\
S I A
L) =4 2 0
D G . \.‘ /
I
- Q= 19352 W
Y = 0.134 W/mk
5 | P-W2-WF

. A

Q = 28282 W
¥ = 0.095 W/mk
6 | S-FW-RF 7 | S-FW-WF 8 |S-FwW-ws
@44‘ -
SERnOEID N
= = == = .‘ ® \
= = L L I
BRI
 GEaDOEIng
T T Q=588 W Q = 55761 W Q = 40184 W

¥ = 0713 W/mk

¥ = 0643 W/mk

¥ = 0213 W/mk

* P-WI-RF : 914 - 5977
[$14 ok P @¥ | S @ v
[#9] AT W o9 T:us R:A%, F: 3% 82, G:olg &du , P A
[74 k4] RF : 2o Banig, WF : 22¢ 2240k, WS : 2722 an)g)
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3.5 5A7d 1gdg

3.5.1 E&7]q

A a7+ A Proto-type A& 2

agg AUrtZAA Proto-type A&

7h AWelrd A AFe A4 9d A Y E2

2ol A ),
ol =oAL 3

J
= -
by A e ARAS Euse W
A

K-300& ARgskslon 7]22]1 A 59

R =
s 4

)

351-1>3 2tk o171 &l A 0.04W/mKe 9AdE8S Ygua glon
AHAEE TS 918 v F&sicta AzZEoh

[% 35.1-1] Fumed silica®l &4

Specific Surface

Area

pH

Tap Density

SiO2-content

300+30 m*/g

3.7747

507100 g/1

>99.8

Fumed Silica 1 CSTB
Fumed Silica 2 CSTB o d
Precipitated Silica CSTB / o
Fumed Silica ZAE s '

107 Wim.K

1 PU Foam / Pt
20 /

Thermal conductivity

Pressure fiPa

<71¥ 35.1-1> Fumed silica® €34 x=&
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g EEE oy 7HA7E o dnbdgom Alge] yie 37

] stAIRE EA o] A 7] 2EA SR TFA AL 9l
lom gk by SAfell A &-8}7)
Agst7] A= FZA A ] 37t |
ﬁPEq 7VA o] Aof gttt weba] i ATolA = AT =49l
= fl8te] AFESFEA Y Fumed Silica® OCI A%
2Ae [ 351-1]7 zon dA%S

¢] Konasil
&8 <a¥

= 29

=X: CSTB



SIiCl, + 2 H, + O, — SiO, + 4 HCI

EX: WACKER

proto- primary aggregates agglomerates
particles  particles

Ceramic
<% 35.1-2> Fumed silica® Az W

o
H
c
=
@
[oR
2,
6’—.:
Q
m
(ot
o
rot
11'..?_15
=3
L
2,
X

(1) &9 A=

veneer?] HZE 93] melamine-formaldehyde 72|

g Az olgsgom FA
A AA(ER), FFAGTEEIE TS FAAE AzAAT 42kl MR
ofbeff [® 351-2]¢F #Zo] AFH|o] we} fumed silicas FHFALT A HEe F5s

s 74
w7] lskel FH fumed silicadl Fol whek A7HAS] Fe Az
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[ 351-2] @A s Asts A F2A g

H 3] Bt 1% 3% 5% 10%

Al 100g 100g 100g 100g 100g

7 3} A 0.1g 0.1g 0.1g 0.1g 0.1g
HA7HA (AW E) 10g 9g Tg 5g Og
SHEAGIEE) 5g 5g 5g 5g 5g
Fumed silica Og 1g 3g 5g 10g

=¥ S 18g/layer, WA ZFS 305, AUAAITHS 10kgf/64, AU E+= 115CE S A%
=

(2) Azd 7tE59 He 24 % 1F

A Axd FHS (29 64l el A

1l

<a¥ 351-4> AxH gFH AR
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80000 - =

J Fm—viscosity
70000 - —B— thermal conductivity __—f—*f. | | 014
60000 I =
D
1 L 012 &
50000 3
o
b0 1 = i o
£ 40000 S
> ~010 2
a - 'Q'_
Q30000 ~ - =
n || —_
= . ﬁ
20000 -0.08 2
1 I 3
10000 - 2
E—— ] |
INEEEESY e n L 0.06
[} -
I ! I ! I " I 5 I
Ref. 1% 3% 5% 10%
<29 351-5> Alxd Y ddxs 9 A ay=
[ 351-3] Alxz¥ e dAd=s € =
A ) Wz=T 1% 3% 5% 10%
A =(cP) 2288 4048 5616 6864 72800
FHAEE
0.088 0.109 0.137 0.14 0.06
(W/mK)
A 8(%) -23.9 -55.6 -59.1 31.8

AP A= <3y 351-5>¢ [ 351313 2tk Alxd el HEs 5%7HA AA
Halo] glolon} 10%olME Ax7F 5 AEe He 2uk upE A o] A

G I'5% 7M1= Aw7F A 2358 Aol &olgk AdE HYoW o]= fumed
silica7b A=A 2k Wy o] o] Afolo A & A Els = AzEnh AR 10%00 A

Lol B WEE st A mEh 44 2t
QAwg A o3 99 I AdoR Aoet AnE wdow 10%E 79
@ A% gamgel 1E B "olHE e U)ol fumed silica’t HFE F
S AFAE Frotel A MEsk A5E A% GARg] F5F Aom AZHw
10%° A= A 2Aloll B8] th=Fe] fumed silica?b FRE o] vl A B &=5o] Azt

fumed silica®] A50] e} A Ego] vrold Aoz AztE)
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(3) Az 7FEE9 718 AAY B

A3 AFEE fumed silicat= 10kg/bagol 121,000 F+uigt 4 9lom AnkAl
o] Abo]zell fumed silicas H-&-3ra HokS w 206ge] 25039 £, A 12
x 1220mm x 2440 mm ARo]=¢] 7hA o] 27,0000]t}h. webas] T Aol 30% FE T
el 7hA AsEol 10% vrte 2 & AF ] 7H4 AAHE 7HA AL 3

5

. Fumed silica® %3 g F RE=9
TFE S REE AZE9 Ay i
S OhEE 3ol ALE

B2 neo 9HEg

Lh)

A =
i Qe E35 7ht, Ewlolx W uf

=
o fumed silicaE &85

=l

P
b

%0,

o

e =2
2

1

o

>

r

o

T

lt

o
WE
e
R
X
ol
32
i)

(1) Fumed silicag ©] &% JEHER =S Ax
fumed silicaZs o] &3 3] Azt 2] H2A9 fumed silicaZ 434 =W H2A 7}
e S & Holx Foermm HAAS} JEFS EFT F fumed silicaE FAsI] HE=
=2 Azt
Aol AFEE HRAG} BE I DAMA Fud AEE ol&stdlen 1y o
2

65%21 FAZE o] gt core®t surface?] A&
170°C Z7 A 34kg/cm®e] 8o =2 150% E<F 7}%}013}.

[% 351-4] 3HF BE=9 AxWH

CORE SURFACE
T F | 2¥E | v F LIQUID | SOLID LIQUID | SOLID
¢ (kg) (kg) ) (kg) (kg)
EETA 65% 1.275 70 89.25 58.0125 70 89.25 58.0125
W/E 40% 0.96 5 4.8 1.92 4 3.84 1.536
H20 - - 5 5 15 15
73 HA
20% 1.06 9 9.54 1.908 - - -
(NH4C1)
Al 39 108.59 61.8405 89 108.09 59.5485
= 3 ¥ = 1.2201 1.2145
i ghs = (a2 ) 56.949 55.092
ki A & 8.50% 11.90%
CHIPE & 2%
BOARD3H& 8%
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<19 351-6> AZH fumed silica £ JE|FHE

(2) 2843

JEE FAWY] 1710%9] fumed silicas E§sto] Azt o, A3 7% o]
fumed silicas YT 45 fumed silicad] o] Wol HE=9o] FE7} <Fs|A <29 351-6>3
o] £ Fio] FAAH nEF HEV ZAHom AXHA Gt ddEE&S fumed silica
o FYgEol SETE volA e AHE BIow 75%°A 0097 W/mKe| 7HE o2& gt
S Holial glom HAAHoT FFo] FUATE HESE APHom doixeE ARE
T} 7.5%01]/\1 7Hd b2 3S Hl olf & fumed silicad] AU EFoz Q14
75%9 10%E =3 HE]ZFHE=9] fumed silica EFo] Az A Yo} FHIE
fumed silica® 13+ Ao =
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Thermal conductivity (W/mK)

0.16 -

0.13

0.12

0.1

0.10

0.09

o o
[ it
» o
1 L

0.0 25

T
5.0

Fumed silica wt.%

<9y 351-7> Alzxd FEEHE=S AAEE

[ 35.1-5] A

¥ FEEFRE

o)
AdATZE

Fumed silica
9%

(fiber A Fhn])

5 i

2.5%

5.0%

7.5%

10%

& =& (W/mK)

0.157

0.140

0.129

0.097

0.111
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352 HA7Wt 1dd AuvidA 9 L&A XAzt

of
Fi
>

7b AlEEClA A

o AW ALA] oA A3 a3 HuwE 9 A whgHA)

dEFE)S gido® AE duA §4 s AlEd oA

Yo 9 Fo A e s AT A

)= ol Y X F-(Department of Energy)”’} BLAST$} DOE-29] A& 2

Uz A Azl EnergyPlusE ©] &3t EnergyPlus® %3 715 2 HVA

T4 2 2 (Object)ell off &t ‘?JE—’?%E(Fleld) 7}X]*’ Jom 53 & ¥ 2

Alole] dEwS E3 E3H
al

whel A8 T2 7ke] HuwE E é%% Eiz%‘olﬁ}.

1) —3]]}\-] 2d

A el A5 A= AyA AlgdeldS A x5 A=l O 7ol glel, = F
Awste] Wats g bdd dEFE dAEE AHHoR AsudlE FolEFH
FEAAE=A 79 T stUE AAs cluA AlEeldS Fdskt Y B 2l
& Tl ETAtl A AAG 201249 F-ojEFEH REAAEY T wd-12-26-7F #9
S o] g3t oH B F 10719 AR FAHE 8464 (258 F)Q) ©EF FEoR A 74 B ¥
AL [® 352-11% 2ok <19 352-1, 2, 3> 54 A5 Hgel B2 AF oJux o
F s A% oA g BHe] 2E guE, el

38) FarEolEFAL, FolEFH REAEARY, 2012
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X4

X3

(x2)

X1

1,100,

2
=]
&
L

1700,

1.800

100

&
4

1.700

e e

(s

=

1.100

3,800

3.900

w
b
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<9 352-2> &N 24
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<9 352-3>
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[3 352-1] 4 o A= e

e i z 2 A% ol
ek W 13.69 4.8 2.4 o
A A 20.04 4.8 Var. o
HAA 1 9.36 4.2 2.4 o
A 2 8.64 4.2 2.4 o
59 12.58 4.8 2.4 faacly
s}g4 2.89 4.8 2.4 bty
& A 4.90 4.8 24 )
% 3.96 4.8 2.4 LIRSy
2dud 2.54 4.8 2.4 H]
8= 6.04 4.8 2.4 CIRes
3 A 84.64 w7 v e 3
[ 35.2-2] ¥Al 4 2 EAFk(Case 1: Reference Case)
R = O
As TA@D) | k) (ke/m) St
ulkg = A 12.5 0.720 1856 840
ZAYE 200 1.950 2240 900
B H =W H 23 65 0.036 20 1210
SRR 12.5 0.180 800 1090
A B A 1 0.170 - -
o) ATE AF 3 0.040 1120 1260
O} AT E T ux 2 0.190 - -
LEE= 30 1.400 1920 900
A& ZaYgE 200 1.950 2240 900
H =W 5 23 110 0.036 20 1210
MU H =« 125 0.180 800 1090
SHA] | A e 1 0.170 - -
Hy F3E 50 1.950 2240 900
PE &= 2 0.210 - -
H| = 123 70 0.036 20 1210
IRy F3YE 200 1.950 2240 900
VNEEAYE 110 0.200 640 900
H3IHREZE=E 30 1.400 1920 900
=] 3 0.072 480 1380
ZEE= 18 1.400 1920 900
el ZAYE 200 1.950 2240 900
HEE= 18 1.400 1920 900
A% Mup= 125 0.160 800 1090
F1) 8 X 1 0.170 - -
= A 45 0.150 608 1630
953 PVC+Low-e&-% AP F&(W/m>K) 1 24 (8715 24), SHGC : 056

¥ Case TA wa A5 ¥wA
w0 GAFE AHA A9
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(2) 714 olH
ANEG)AS 93 7|4t o]E]= EnergyPlusol A Al &3t IWEC 213 A 99 epw &
71 HolHE o] &t en, 7ol T8 Qe 9 Hygke e [E 35.2-3] %

.

[ 352-3] 7|4 dlolEle] & elxpd AT 7t

4 AFEE | =AeE | AdeE | +RRAINF ==
() (t) (%) (KWh/m2'mon) | (m/s)

14 -2.2 -11.9 47 62.03 3.3
24 -0.3 -6.7 62 78.46 4.6
34 4.3 -15 66 107.35 3.3
44 10.3 4.9 70 134.85 3.8
5¢ 15.8 10.5 73 142.54 3
6¥ 20.5 15.3 74 140.28 3
74 23.6 211 86 107.79 2.5
84 25 217 83 107.07 3.7
94 20.8 15.4 73 98.13 2.2
10¢ 145 7.4 66 86.09 2.1
11¢ 76 1.6 67 60.87 35
124 12 -5.7 59 50.44 2.7

ANEYolAE 3t 7| Jgy AL [F 352-4] 3 ) &4 mde HVAC A=
Alz=gl A o] o H4dS Huig wiAlskr] 9@ ‘Ideal Load Air System(©]/d#
TZ A2E)S A3t Ideal Load Air System’S £o|A 7% J-vhik Halrp F
SFo] M FFR A" 2" 88 100%) o8 HelEE oz sHAsY, (A"
3 719 EF(E71+97)E e Ay Ao ols|Ant Fal ALES s At
Eo AA 2FEE

U] A d A7 ol uwel HAAFFRoH A yPE dAHE
Fundamentals(2009)2] 7]+ FZ3sFAthAD ar-Uje] A2 A o]
A& A He Fd 2AZL o] A A+ L W 7FS FEFY
7] 2 2 #de A =AY LA dHsE e, HUlek 7]
&

WE glol A4F Aoz gt

9] 2 3} ¢ T} 42)43)
T ARk

7 &

39) DOE., 2010, EnergyPlus 6.0 Engineering Reference, US Department of Energy.
40) ITEIHUE 1A A 2010-103135, AEE] o= def HA7|E

KR
grE 7Eol = FA8

Al
2

2

AL ol b O rlo

ASHRAE Handbook

2
gt
=

41) ASHRAE, ASHRAE Handbook Fundamentals, American Society of Heating, Refrigerating and Air- Conditioning

Engineers, Inc, 2009.
12) ANF, FEFue A4 FFeE e B <
1 A

43) 48, A4, FA A% g @

, Feroeha sk, ARSI, 2001,
|28 7bs e B4, e Eets] O}ﬁ]ZLAHLﬁ, pp. 683-686, 2011.
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[£ 352-4] ABdolA 4Y =7

A

o

2

Heating : 20C, RH 50%,
Cooling : 26°C, RH 50%

A =A=

00:00~08:00, 18:00~24:00

100%

08:00~18:00

30%

117 W/person

=" 3y 5.4 W/m®
717) & 30 W/m®
AFEA} 4= 3 person/unit
AN 0.2 ACH
37 % 10#¢ / sec-person
HVAC Ideal Loads Air System
7173l ol g

Incheon, Korea (.epw)
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o1 P 2AL ol 3 CaseWZ ABHIAS £ A Yoy ouH] LTFL
A Ashe [F 352-613 2vh Ak E 483 Case 1] 8] wd 4ol
& B wpgAl(Case 2, 39k AW B w9d Aoekd A Case 4, 5F A S ol w
g U aFge gastn ¥ dud aTFe b FsE A0 v

NUA 8FF F/HEA s dg oUA 8T FhaEo] A

[ 352-6] <Az Wbl dyA e %F

c dio v x| Yo A % A4dA
ase
LTFGD | Hl&%) | &7FG) | HE&%) | &7FG) | HE&(%)
Case 1 17.52 100% 5.06 GJ 100% 2258 GJ 100%
Case 2 17.46 99.6% 5.06 GJ 100% 2252 GJ 99.7%
Case 3 17.31 98.8% 5.09 GJ 100.6% 2240 GJ 99.2%
Case 4 16.95 96.7% 5.13 GJ 101.4% 22.07 GJ 97.8%
Case 5 16.17 92.3% 519 GJ 102.6% 21.36 GJ 94.6%
18
17.5
g 17
0
|1.
E 16.5
[
I
s
2 s
15.5
15
Casel Case2 Case3 Case 4 Case5
(Gypsum Board) (Red Dak) (Red Cedar) (Proto Type) (Proto Type 25mm)

<19 352-6> Case®d A3t Ftolyx Q=

- 172 -



sda FAL A AFEL AL Case 49 A 33%0) W oA ATE yEde
W, TS 202 59 Case 59 Aol 7% ARS vehith A AE i A
gwrom Wi U 2 F A Aol M Aow An

= ol AL AEL AR A8 A 2GR} 2 A

st

W, 53 Wy Pt 2
<31

NEEES

5.15
5.1
5.05
5
4.95

Casel Case 2 Case3 Cased Case5
(Gypsum Board) (Red Dak) (Red Cedar) (Proto Type) (Proto Type 25mm)

Lo L4 X| 27L2H(G))

<% 352-6>C ase® AzF Wbl yx Q=

22.80

22.60

22.40

22.20

(G))

= 22.00

r'_
of 21.80

-_'l_ 21.60

0
‘_'l:l 21.40

=n
" 2120

21.00

20.80

20.60
Casel Case2 Case3 Case d Case5
(Gypsum Board) (Red Oak) (Red Cedar) (Proto Type) (Proto Type 25mm)

<a¥ 352-7> Case® A7 Foyx Q-+
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3534 4

A= duAders st Atz AMEEH = iy SdEFEE v =S
S 7ML & fumed silicaE EF3te] EAxg e AUt AE Al sy dae H&
Alell fumed silica® 23 Edste] Axetd o HE S HEs JRA S E5teo] ¢4ad 9

Zo) fumed silicas &3sle] A %35

AgA7 EFHEE fumed silica®] EFHo] S7/HEFE EAEgo] GolAE AAE H
Rom F@pe T TAEFE HAEE SIS 10%E FEE AS dAEE] V)
& div] 30% sk S Bk ol e EQl fumed silica?t HAAE S8 fumed
silica®l EHAEEo] F53l7] Witoz Kol 10%olA4 = a9 fumed silica’t EFHEo=
°13lo] fumed silica®l W2 A ESo] wWyo] Alolo] &S nx]7] wjFEo 7 AyZtH

A7 ngd Auepzial el Aol wE ouyA dxk aaE vastr] flste, 2012d 5
oz iTAAER T ‘FH-12-26-7F ¥S U+ E’_%‘(Base Model) & 2 3Fo] H] &
= 7

HA 2 5247 add v A E 483 & 5 Casedll sl Al & o]

2) Mk AF A8 Al Case 4(125mm)e] 745 3.3%°] W dyx] A7rs vedlon,
Naet AEFe] FAE F wlZ 59 Case 5(26mm) 4 $-oll &= 7.77hA o= dAzto] 7}
S AoR BAHNY Y AF] vihAl AEwroz ik oA 8 F oA 4
o] 7hsd Ao R AtgHW, 53 4 Fart Z FAL A=l Y AES vHbA
2 ALY A5 1 2 3 AoR Atsd
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[3 36.1-3] T5FA #HAl +4 2 4%

A= FA(mm) | A=&(W/m'K) | E=(kg/m’) | 8] L (J/kg-k)
v-g A 125 0.720 1856 840
ZagE 200 1.950 2240 900
21 H = H 23 65 0.036 20 1210
AR Ex 125 0.180 800 1090
=] B ] 1 0.170 - -
olATE AT 3 0.040 1120 1260
OF A~ E 3 2 0.190 - -
T2g= 30 1.400 1920 900
25 ZagE 200 1.950 2240 900
H =R 25 110 0.036 20 1210
Za AR 125 0.180 800 1090
e T B A 1 0.170 - -
2z He ZAgE 50 1.950 2240 900
- PE Z S 2 0.210 - -
H =¥ H et 70 0.036 20 1210
Ela=s ZaE 200 1.950 2240 900
NEEZATE 110 0.200 640 900
HEW2EE 30 1.400 1920 900
2% 3 0.072 480 1380
HEgs 18 1.400 1920 900
i = ZagE 200 1.950 2240 900
naga 18 1.400 1920 900
4% AuRE 125 0.160 800 1090
- B %) 8] %] s 1 0.170 - -
5 A 5 45 0.150 608 1630
%3 | PVC+Low-e®= 4 #F4(W/m2-K) : 3.0, SHGC : 0.56
=2 Afol e« 12.5 0.120 510 1380
OSB 11.3 1.950 800 1300
T FEEA
o iz 89 0.047 194 1027
TAAEE 38 0.050 136 750
AuRE 125 0.160 800 1090
EA (M) FH 125 0.120 510 1380
A Aleld 125 0.120 510 1380
0SB 11.3 1.950 800 1300
fFraEldaadA
A% iz 140 0.047 194 1027
= FAAEE 38 0.050 136 750
__[; AuRe 125 0.160 800 1090
- EA (A4 FH 125 0.120 510 1380
uhet ZagEe #+zx9 ¢
EAEEE) 9 12.5 0.120 510 1380
0SB 11.3 1.950 800 1300
(e] pSKe ]
e Wa( i;gf‘ A 140 0.047 194 1027
0SB 11.3 1.950 800 1300
EAAHS) T 12.5 0.120 510 1380
A AuRe 125 0.160 800 1090
s 4] 1 A e 1 0.170 - -
* =7 5 45 0.150 608 1630
T S S & &7 (W/m2-K) : 22, SHGC : 0.56
* Case T wEk AR WA,
wx o ABFE A A9
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[ 36.1-4] S5 #HA +4 2 24%

A 2 FA(mm) | @3E=E&(W/m-K) | @=(kg/m’) | ¥ 9 (J/kg k)
upzHg Wl g A 125 0.720 1856 840
EER 200 1.950 2240 900
o H = W25 50 0.036 20 1210
AT H 125 0.180 300 1090
=] B A% 1 0.170 - -
olrBE AF 3 0.040 1120 1260
O} T E F 7w 2 0.190 - -
T EE 2 30 1.400 1920 900
x] - EETi= 200 1.950 2240 900
! 90 0.036 20 1210
AT H 125 0.180 800 1090
=3 FhA) 18 4] s 1 0.170 - -
g E Wy ZAE 50 1.950 2240 900
7z PE = Exx 2 0.210 - -
N = 52 3t 70 0.036 20 1210
n ZaE 200 1.950 2240 900
=R 110 0.200 640 900
Wo 22 30 1.400 1920 900
A7) 3 0.072 480 1380
22 18 1.400 1920 900
R EERE 200 1.950 2240 900
T EE e 18 1.400 1920 900
4% EErE 125 0.160 300 1090
Sk 2] | A s 1 0.170 - -
= RV 45 0.150 603 1630
4% | PVCtLow-e2= QA& (W/m2-K) : 3.3, SHGC : 0.56
=2 Aol o« 125 0.120 510 1380
OSB 113 1.950 800 1300
[e] (e}
o)y “aﬁ;g?ﬂ 89 0.047 194 1027
AR 125 0.160 300 1090
B Fis 125 0.120 510 1380
=2 Apeldx 125 0.120 510 1380
OSB 11.3 1.950 800 1300
L | e
2] - Gz 140 0.047 194 1027
- AR 125 0.160 800 1090
;; BT Fx 125 0.120 510 1380
= g Zage Fx9 Y
B () i 125 0.120 510 1380
OSB 11.3 1.950 300 1300
2] e A
) Cze) 140 0.047 194 1027
OSB 11.3 1.950 800 1300
B Fix 125 0.120 510 1380
] R 125 0.160 800 1090
A% .
A A o 1 0.170 - -
= e 45 0.150 6083 1630
33 245 A 75 & (W/m2-K) : 2.4, SHGC : 0.56
¥ 1 Case 74 wel As ¥,
w1 ARFS A 29
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(3) 714 olH
ANEGAS 93t 71AdlolE = EnergyPlusoll A Al &8t IWEC ¢l1d 3 35 %9
epw P2 ZIAHOIHE o]&etdon, T]AdHolEH F ®

36.1-5, 6]3 Zt}.

ko
ro
by
lo
e
o
4
)
o o
O
o

[ 36.1-5] 5 A 71Zdlely e Fa A dg+ 3

P AT =HEE FHHALAF 5
(C) (C) (kWh/m2-mon) (m/s)
14 -2.16 -11.92 66.84 3.3
24 -0.34 -6.66 74.86 4.6
34 4.81 -1.53 77.35 3.3
44 10.84 4.83 90.04 3.8
54 15.84 10.55 89.57 3.0
69 20.53 15.28 72.93 3.0
74 23.58 21.06 33.98 2.5
84 2497 21.72 36.02 3.7
94 20.78 15.41 52.13 2.2
10€ 14.49 7.45 65.27 2.1
114 7.55 1.62 55.33 35
124 1.23 -5.70 4493 2.7
[ 361-6] &F AW 7|Adelge F2 QAxd T gt
2 AFLE R FHUAGAF &
() () (kWh/m2-mon) (m/s)
14 0.62 -5.17 67.44 2.88
24 2.84 -3.83 71.97 2.41
34 751 -0.22 97.48 2.21
44 13.22 454 130.13 2.70
5¥ 17.94 11.99 140.87 2.52
69 22.08 17.56 92.57 2.65
74 25.76 22.65 83.86 2.05
84 26.01 21.09 75.88 1.79
94 22.04 17.37 100.52 1.61
104 15.77 9.33 114.67 1.79
114 9.54 455 79.37 1.90
124 3.72 -0.92 64.02 2.47

o3t HHE Hulg wiAs7] 98] ‘Tdeal Load Air System(e]’d%]
ks % t}h. ‘Ideal Load Air System’2 £oA] 4% Y- v Halr7p F
Z A z="l(A 2" Z& 100%)°] ol&) Aeu = RAer 7Hge, AAd
w718 @+ E e A"y zpell ofsfjA vt Hat AME s TS it A
=0 AA 2-Fhe duAdedAvEd el AAstdow 6 R dFHS5S ASHRAE
Handbook Fundamentals(2009)9] 71&<s 32t thdD =-je] 4lgdo] drE 7]Fo] gl

=]

= g ilA
gk 71 d9g =S [E 36.1-7]9 2t &A 2o HVAC Al~H
] gl
&

]

45) DOE., 2010, EnergyPlus 6.0 Engineering Reference, US Department of Energy.

46) TE U 1A A 2010-1031%, AFE2 olUx]deF AAV]+=

47) ASHRAE, ASHRAE Handbook Fundamentals, American Society of Heating, Refrigerating and Air- Conditioning
Engineers, Inc, 2009.
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U AlEEHOIA 24 43

(1) 52 AFS F8 A dE dvx d3e
524 AES Adw FEE A8 daEs duAdnEe vlasty] s m

A(ZAYE)+H5d 327 289 7le Ed(Case Dol Auiebzdkal, Aojvpdz), Fs
TEANA FE AEE AE WeE dAEE WA AlEdelds st
Caseoll Wel Algelolde sqFPor, 71 da= v [F 361-8], <2

o},

o
wW
(@)}
T
NN
V
fo
U

[ 36.1-8] A HHAAF A&l wE dyA 27

Case 74 Wz | e | ¥EddA | "R A Hl &
Case 1(Base Model) 1752 GJ 100% 5.06 GJ 100% | 22.58 GJ | 100%
Case 2(IF) 17.31 GJ 98.8% 5.09 GJ 100.6% | 2240 GJ | 99.2%
Case 3(OF) 16.93 GJ 96.6% 5.27 GJ 104.2% | 2220 G] | 98.3%
Case 4(WD) 1595 GJ 91.0% 5.34 GJ 105.5% | 21.29 GJ | 94.3%
Case 5(ST) 14.95 GJ 85.3% 541 GJ 106.9% | 20.36 GJ | 90.2%
Case 6(IF+OF) 16.74 GJ 95.5% 5.29 GJ 104.5% | 22.02 GJ | 97.5%
Case 7(IF+WD) 1574 GJ 89.8% 5.37 GJ 106.1% | 21.10 GJ | 93.5%
Case 8(OF+WD) 15.36 GJ 87.7% 5.57 GJ 110.1% | 2093 GJ | 92.7%
Case 9(ST+IF) 14.82 GJ 84.6% 542 GJ 107.1% | 2024 GJ | 89.7%
Case 10(ST+OF) 1461 GJ 83.4% 5.55 GJ 109.7% | 20.16 GJ | 89.3%
Case 11(ST+WD) 13.37 GJ 76.3% 5.72 GJ 113.0% | 19.09 GJ | 84.5%
Case 12(ST+IF+OF) 14.49 GJ 82.7% 556 GJ 109.9% | 20.05 GJ | 88.8%
Case 13(ST+IF+WD) 13.24 GJ 75.6% 5.73 GJ 113.2% | 1897 G] | 84.0%
Case 14(ST+OF+WD) 13.03 GJ 74.2% 5.87 GJ 116.0% | 1890 GJ | 83.7%
Case 15(IF+OF+WD) 1517 GJ 86.6% 5.58 GJ 110.3% | 20.75 GJ | 91.9%
Case 16(ST+IF+OF+WD) 1291 GJ 73.7% 588 GJ 116.2% | 18.79 GJ | 83.2%

 AWEARZY ¢ IF, A8 Awz @ OF, 552 : ST, 54133 WD

g
7 145
I 14
S
70 135
- 13
125
12 - .
 Casell
115 - i i — 1 Case12
" Case13
-  mCaseld
105 - - - - Casel5

u Case 16

Casel Case2 Case3 Case4 Case5 Case6 Case7 Case8 Case9 Casel0 Casell Casel2 Casel3 Casel4 Casel5 Case 16

< 361-4> SHA HAAE A& g oA

- 183 -



o
iy
o
L
Y
¥
2
0

a
[}

T AL Aldde 9.0% e 4

45 102% <l|qA7F Az Qlar, 9

48 & A
TE o] A3 Aol 123% FolyAsE AzbE .
B4z2E 489S A9 147%9 v xzE AaE A, Al v Az 4 Aol =
154%, 95 mtgA7tA] AEWS AoE 166%2 ol uA 7t Azl A wpzt
A, o, FRAE AR 2APS Fole 263%2] i olyx Hido] shsdlont, Wk
AqUAE ta Asete Aoz BAHY. & odux aFFHe W dyx a7 % S}
Zof nla] W X @G 7Fe] Aol A 168% st AoE e
S Ao E SHEANY FAdSA WEF FHo AMV|FE 9 AT HApE
THo] Fou ARFES AL v EH FRAZIYE) AED wp@Ad vE 2l
(Case Dol =52 AFY

g
g WS AdvibAl, devigAl, 3E, BPEE wAHow
o AS

o5 [# 36.1-9], <719 36.1-5>7 T}

(% 36.1-9] FHAY BAAF 48] B2 A 27

Case 74 ggddA [ We [ 9EdA | ue | w4 | We
Case 1(Base Model) 14.05 GJ 100% 9.24 GJ 100% | 23.29 GJ | 100%
Case 2(IF) 13.84 GJ 98.5% 9.25 GJ 100.1% | 23.09 GJ | 99.1%
Case 3(OF) 13.39 GJ 95.3% 9.56 GJ 1035% | 2295 GJ | 98.5%
Case 4(WD) 12,77 GJ 90.9% 952 GJ 103.0% | 22.29 GJ | 95.7%
Case 5(ST) 12.12 GJ 86.3% 9.27 GJ 100.3% | 21.39 GJ | 91.8%
Case 6(IF+OF) 13.21 GJ 94.0% 9.56 GJ 1035% | 22.77 GJ | 97.8%
Case 7(IF+WD) 1256 GJ 89.4% 953 GJ 103.1% | 22.09 GJ | 94.8%
Case 8(OF+WD) 12.12 GJ 86.3% 9.85 GJ 106.6% | 21.97 GJ | 94.3%
Case 9(ST+IF) 1197 GJ 85.2% 9.28 GJ 100.4% | 21.25 GJ | 91.2%
Case 10(ST+OF) 11.70 GJ 83.3% 952 GJ 103.0% | 21.22 GJ | 91.1%
Case 11(ST+WD) 10.83 GJ 77.1% 9.56 GJ 103.5% | 20.39 GJ | 87.5%
Case 12(ST+IF+OF) 1157 GJ 82.3% 952 GJ 103.0% | 21.09 GJ | 90.6%
Case 13(ST+IF+WD) 10.68 GJ 76.0% 957 GJ 103.6% | 20.25 GJ | 86.9%
Case 14(ST+OF+WD) 1042 GJ 74.2% 9.82 GJ 106.3% | 20.24 GJ | 86.9%
Case 15(IF+OF+WD) 1194 GJ 85.0% 9.85 GJ 106.6% | 21.79 GJ | 93.6%
Case 16(ST+IF+OF+WD) 10.28 GJ 73.2% 9.82 GJ 106.3% | 20.10 GJ | 86.3%

WS IR, Aol EAvt @ OF, %% @ ST, 54343 : WD
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i Case 12
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HCase 15
55 - u Case 16
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Casel Case 2 Case3 Case4 Case5 Case6 Case7 Case8 Case 9 Casel0 Casell Case 12 Casel3 Case14 Case15 Casel6

<I¥ 36.1-5> FHAY H24AE A Sl mE Gy

ool L X|(6n)

85

FRAge 95 FRANI fA, 2 PR A B4 hgAZ 48 Aol
:: A7k AzEgen], A9 rhEAlE Hg A 47%, 9% BA 4§
A7 Aoz Utk B4 339 48 A 9.1%9)

aztel MeRon, Qv v 35 Zo] 4§ T Aol oF 106% ol

UAZE AR, S eaAeh 35S o] 488 Ao 13.7% WieuA st Azt

£ A480e 4% 137%2) WAzt AAAL, A A ARA g Aol
148%, 9% wAAA AL0e AolE 167%0] dl A}t AZE e A9 w7
A, FE T

As AF wAYS drole 268%2 I oy "ol Jbegow, W
= Aoz BAHNY. F duA ade I dvA e St
2o nls] W o] @FFFe] Aol 7 137% AL PAhdE oz UEth

(2) B 27& 940 7t53% 57 dAS(d#78) 7l 9

o]de] A+E T Hd AFe A&S 3 @A TY FrivlE F9 v dely A
87 25% A7 EAdo] Jhsek S RISt oo AAE RE U= X A&
gdAdo] 7hsdt WA, A, FEe dF(EHAFE) 7SS v AEYNAS F§ S
2ol ettt HEARUAE FAgEFXe} HEAuRAE AR I8AFTE oY
= T daFE 7lFo] Hed 7l Ed(Case 1o, HARAE ELzol EAulzt
ANE AFE3 7] thH] 25%2 Wk o x] HiF ExE dA 29 (Case 16)°0] T}
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. 22 FEE A EdelAd 74 A
nEAEe ol8d FU% AT A GRS A A g FuEARA,
FAu)E 7kxl 36709 Caseol thaf A (TH, @), F2EMEdrd 2drd) A
sHloldSs s [# 36.2-212 A AT AlEgdeld 239E, [% 362-3]2
RAY A% ABdold AnE veran,
[% 3622 F¥AW 95 AR WeldA vl
AR 2 Ao }ofl I X
9% Case | Buyra | AFE AN L A O g A0
Case 1 72 x 12 50.0 20 16.60 12.28 26.0
Case 2 72 x 12 50.0 30 18.41 13.35 275
Case 3 72 x 12 50.0 40 20.48 14.71 28.2
Case 4 72 x 12 50.0 50 22.43 16.07 28.4
Case 5 7.2 x 10.8 60.0 20 22.65 16.98 25.0
Case 6 7.2 x 10.8 60.0 30 24.94 18.33 26.5
Case 7 7.2 x 10.8 60.0 40 2751 19.97 274
Case 8 7.2 x 10.8 60.0 50 29.91 21.56 279
Case 9 10.8 x 7.2 60.0 20 22.21 16.53 25.6
Case 10 10.8 x 7.2 60.0 30 24.35 17.72 21.2
Case 11 10.8 x 7.2 60.0 40 26.82 19.26 28.2
Case 12 10.8 x 7.2 60.0 50 29.17 20.82 28.6
Case 13 72 x 144 66.7 20 28.70 21.15 26.3
Case 14 7.2 x 144 66.7 30 31.49 22.76 277
Case 15 72 x 144 66.7 40 34.36 24.66 28.2
Case 16 7.2 x 144 66.7 50 37.49 26.52 29.3
Case 17 144 x 7.2 66.7 20 217.78 20.72 254
Case 18 144 x 7.2 66.7 30 30.28 22.06 271
Case 19 144 x 7.2 66.7 40 33.15 23.80 28.2
Case 20 144 x 7.2 66.7 50 35.92 25.56 28.8
Case 21 10.8 x 10.8 75.0 20 29.71 22.55 24.1
Case 22 10.8 x 10.8 75.0 30 32.27 23.97 25.7
Case 23 10.8 x 10.8 75.0 40 35.16 25.70 26.9
Case 24 10.8 x 10.8 75.0 50 37.84 27.39 276
Case 25 10.8 x 144 85.7 20 37.22 28.57 23.2
Case 26 10.8 x 144 85.7 30 40.25 30.25 24.8
Case 27 10.8 x 144 85.7 40 43.62 32.27 26.0
Case 28 10.8 x 144 85.7 50 46.76 34.15 27.0
Case 29 144 x 10.8 85.7 20 36.74 28.08 23.6
Case 30 14.4 x 10.8 85.7 30 39.60 29.60 25.3
Case 31 144 x 10.8 85.7 40 42.84 31.44 26.6
Case 32 14.4 x 10.8 85.7 50 45.84 33.25 275
Case 33 144 x 14.4 100.0 20 45.73 35.44 22.5
Case 34 144 x 14.4 100.0 30 49.02 37.17 24.2
Case 35 144 x 144 100.0 40 52.68 39.28 254
Case 36 144 x 14.4 100.0 50 56.09 41.21 26.5
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[ 362-3] A AT Algdeld ey A B

AR AR S a4 X (G
A% Case | AWA @_l;@» © (%4> | u]%ayc_}@] 1 Lizi\a@ AF =)
Case 1 72 x 72 50.0 20 1359 10.42 233
Case 2 72 x 72 50.0 30 1491 11.10 256
Case 3 72 x 72 50.0 40 1654 12.10 26.8
Case 4 72 x 72 50.0 50 18.12 13.15 274
Case 5 72 x 108 60.0 20 1850 14.15 235
Case 6 72 x 10.8 60.0 30 20.13 1494 258
Case 7 72 x 108 60.0 40 22.09 16.08 272
Case 8 72 x 10.8 60.0 50 23.97 17.26 28.0
Case 9 108 x 7.2 60.0 20 18.08 13.74 24.0
Case 10 | 108 x 7.2 60.0 30 19.60 14.42 26.4
Case 11 | 108 x 7.2 60.0 40 2153 1552 279
Case 12 | 108 x 7.2 60.0 50 23.42 16.68 28.8
Case 13 | 7.2 x 144 66.7 20 23.43 17.59 249
Case 14 | 72 x 144 66.7 30 25.33 1850 27.1
Case 15 | 7.2 x 144 66.7 40 2772 19.78 28.6
Case 16 | 7.2 x 144 66.7 50 29.95 21.11 295
Case 17 | 144 x 72 66.7 20 2254 17.16 239
Case 18 | 144 x 72 66.7 30 24.29 17.88 26.4
Case 19 | 144 x 7.2 66.7 40 26.53 19.09 28.0
Case 20 | 144 x 7.2 66.7 50 28.74 20.40 29.0
Case 21 | 108 x 108 75.0 20 24.11 18.66 22.6
Case 22 | 108 x 10.8 75.0 30 25.86 19.39 25.0
Case 23 | 108 x 10.8 75.0 40 23.00 2053 26.7
Case 24 | 108 x 10.8 75.0 50 30.08 2171 278
Case 25 | 108 x 14.4 85.7 20 30.18 2359 218
Case 26 | 108 x 14.4 857 30 32.20 24.42 24.2
Case 27 | 108 x 144 85.7 40 34.64 25.67 259
Case 28 | 108 x 14.4 85.7 50 36.93 26.94 27.1
Case 29 | 144 x 103 85.7 20 29.70 23.13 2.1
Case 30 | 144 x 103 85.7 30 31.60 23.83 24.6
Case 31 | 144 x 103 85.7 40 33.96 24.99 26.4
Case 32 | 144 x 103 85.7 50 36.26 26.21 277
Case 33 | 144 x 144 100.0 20 36.91 29.13 211
Case 34 | 144 x 144 100.0 30 39.05 29.89 235
Case 35 | 144 x 144 100.0 40 41.64 31.10 25.3
Case 36 | 144 x 14.4 100.0 50 44.12 32.33 26.7
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[3 362-5] FH-A% Fudnle] o3 ddoyx dibs

e %
ZH A
(%) 12572 | 12x108 | 10.8x7.2 | 72x144 | 144%72 | 108x10.8 | 10.8x14.4 | 14.4x10.8 | 14.4x14.4
20 23.3 235 24.0 24.9 23.9 22.6 21.8 22.1 21.1
30 25.6 25.8 26.4 27.1 26.4 25.0 24.2 24.6 235
40 26.8 27.2 279 28.6 28.0 26.7 259 26.4 25.3
50 274 28.0 28.8 29.5 29.0 27.8 27.1 2017 26.7
30.0
29.0
280
- -=-7.2x1.2
E20
oft -+~7.2x10.8
:.‘,‘,;] 2640 —10.8x7.2
T 250 ——7.2x14.4
% 24.0 . ~o-14.4x7.2
g—ﬂza.o W il 10.8x10.8
e ~+-10.8x14.4
220 i
14.4x10.8
210
+14.4x14.4
200
20% 30% 40% 50%
HURH %)

<Y 362-2> WRAM FAAEA g% PguA FFE Fol

(2) AB/FAA Y

[ 362-619 <79 362-3>& FRAWe 2B/ AAAn] Wsfo] wE vy
WaE e glelth A%/ d WA n v} =
EEEICE: %
olell 1) 5}
Al e 8-
s e 44

fr

[ 3.62-6] T5A A/ HdAno] o3 oA dit&

Gl - o
A5 /H A F A FE A0 20% | FAAR 30% | ZH A0 40% %‘H@HT%SOQ

A %/;'%_X;'Zm :50%) 26.0 275 28.2 28.4

(A %/13.%2]0;3:75%) 24.1 257 26.9 276

(A 3/ ;45_);41;2:100%) 225 2422 254 %35

- 191 -



32.0

YA 20%

- 30%

A 40%

R s0%

30.0

22.0

20.0

7.2x7.2 - 50%

10.8x10.8 - 75%
XS/q x|

14.2x14.2 - 100%

<39 362-3> FFAY A

=]

s/

=2)

=

RELIEIES

3 o

pul

ol Al A& Fol

[ 362-7] FFAT Ag/quzgud o3 dkoly d3s (%)
e %
A B/ A | FHEAH 20% | AHEAH 30% | FAHH 40% | FHAH 50%

7.2x7.2
(A 2/4 = §]:509%) 23.3 25.6 26.8 274
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[ 3629 »Pd dAFE&S H&3 FHAL AS Al EHA 23

B Cee | mEmA | gLE | RN O g | AE#00
Case 1 72 x 12 50.0 20 16.60 11.67 29.7
Case 2 72 x 12 50.0 30 18.41 12.80 30.5
Case 3 72 x 12 50.0 40 20.48 14.21 30.6
Case 4 72 x 12 50.0 50 22.43 15.62 30.4
Case 5 7.2 x 10.8 60.0 20 22.65 16.13 28.8
Case 6 7.2 x 10.8 60.0 30 24.94 17.56 29.6
Case 7 7.2 x 10.8 60.0 40 27.51 19.25 30.0
Case 8 7.2 x 10.8 60.0 50 29.91 20.92 30.1
Case 9 108 x 7.2 60.0 20 22.21 15.69 29.4
Case 10 108 x 7.2 60.0 30 24.35 16.95 30.4
Case 11 108 x 7.2 60.0 40 26.82 18.56 30.8
Case 12 10.8 x 7.2 60.0 50 29.17 20.18 30.8
Case 13 72 x 144 66.7 20 28.70 20.09 30.0
Case 14 7.2 x 144 66.7 30 31.49 21.78 30.8
Case 15 72 x 144 66.7 40 34.36 23.75 30.9
Case 16 72 x 144 66.7 50 37.49 25.69 315
Case 17 144 x 7.2 66.7 20 27.78 19.65 29.3
Case 18 144 x 7.2 66.7 30 30.28 21.07 30.4
Case 19 144 x 7.2 66.7 40 33.15 22.89 31.0
Case 20 144 x 7.2 66.7 50 35.92 24.73 31.2
Case 21 | 108 x 10.8 75.0 20 29.711 21.40 28.0
Case 22 | 108 x 10.8 75.0 30 32.27 22.91 29.0
Case 23 | 10.8 x 10.8 75.0 40 35.16 24.71 29.7
Case 24 | 108 x 10.8 75.0 50 37.84 26.48 30.0
Case 25 | 108 x 144 85.7 20 37.22 27.10 27.2
Case 26 | 108 x 144 85.7 30 40.25 28.88 28.2
Case 27 10.8 x 14.4 85.7 40 43.62 30.97 29.0
Case 28 | 10.8 x 144 85.7 50 46.76 32.97 29.5
Case 29 | 144 x 108 85.7 20 36.74 26.61 27.6
Case 30 | 144 x 108 85.7 30 39.60 28.23 28.7
Case 31 | 144 x 108 85.7 40 42.84 30.17 29.6
Case 32 | 144 x 108 85.7 50 45.84 32.07 30.0
Case 33 | 144 x 144 100.0 20 45.73 33.58 26.6
Case 34 | 144 x 144 100.0 30 49.02 35.43 21.7
Case 35 | 144 x 144 100.0 40 52.68 37.62 28.6
Case 36 | 144 x 144 100.0 50 56.09 39.68 29.3
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[ 36.2-10] HAH dAFE
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HEA AT AlEdela 2

hml pud [e] jm
S
W5 Case | Wumg | oo TR nggq”“‘ D e
Case 1 72 x 72 50.0 20 13.59 9.79 28.0
Case 2 72 x 7.2 50.0 30 14.91 10.52 29.4
Case 3 72 x 7.2 50.0 40 16.54 11.58 30.0
Case 4 72 x 7.2 50.0 50 18.12 12.68 30.0
Case b 72 x 10.8 60.0 20 18.50 13.29 28.2
Case 6 72 x 108 60.0 30 20.13 14.16 29.7
Case 7 72 x 10.8 60.0 40 22.09 15.37 30.4
Case 8 72 x 10.8 60.0 50 23.97 16.61 30.7
Case 9 108 x 7.2 60.0 20 18.08 12.88 28.8
Case 10 108 x 7.2 60.0 30 19.60 13.64 30.4
Case 11 108 x 7.2 60.0 40 21.53 14.80 31.3
Case 12 108 x 7.2 60.0 50 23.42 16.04 315
Case 13 72 x 144 66.7 20 23.43 16.52 29.5
Case 14 72 x 144 66.7 30 25.38 17.52 31.0
Case 15 72 x 144 66.7 40 20.72 18.87 31.9
Case 16 72 x 144 66.7 50 29.95 20.28 32.3
Case 17 144 x 7.2 66.7 20 22.54 16.07 28.7
Case 18 144 x 7.2 66.7 30 24.29 16.89 30.5
Case 19 144 x 7.2 66.7 40 26.53 18.17 315
Case 20 144 x 7.2 66.7 50 28.74 19.57 31.9
Case 21 10.8 x 10.8 75.0 20 24.11 17.50 27.4
Case 22 10.8 x 10.8 75.0 30 25.86 18.32 29.2
Case 23 10.8 x 10.8 75.0 40 28.00 19.53 30.3
Case 24 10.8 x 10.8 75.0 50 30.08 20.81 30.8
Case 25 10.8 x 144 85.7 20 30.18 22.12 26.7
Case 26 10.8 x 144 85.7 30 32.20 23.06 284
Case 27 10.8 x 144 8.7 40 34.64 24.41 29.5
Case 28 10.8 x 144 85.7 50 36.98 25.78 30.3
Case 29 144 x 10.8 85.7 20 29.70 21.67 27.0
Case 30 144 x 10.8 85.7 30 31.60 22.47 28.9
Case 31 144 x 10.8 85.7 40 33.96 23.73 30.1
Case 32 144 x 10.8 85.7 50 36.26 25.06 30.9
Case 33 144 x 144 100.0 20 36.91 27.29 26.1
Case 34 144 x 144 100.0 30 39.05 28.17 279
Case 35 144 x 144 100.0 40 41.64 29.50 29.2
Case 36 144 x 144 100.0 50 4412 30.84 30.1
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IJ#F & ¢ 0.130 W/m’K

<719 36.3-1> CEPHEUSY]

51) Helmut Krapmeier, Eva Muller, CEPHEUS(Cost efficient passive houses as european standard) Wohnanlage Kuchl,
CEPHEUS P/N BU/0127/97, 2001

52) Dr. Wolfgang Feist, Climate neutral Passive House Estate in Hannover-Kronsberg : Construction and Measurement
Result, CEPHEUS P/N BU/0127/97, 2003
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Fe wHAY £
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B %) GdZ/7E S T4 AEE 50 e
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o z
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W Euk A 23 Ful or uHEE= 12.5
[33.63-4] THAY ¥ A<k ALy A3
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W ]
B
1
d#FEU) 0.290 W/m’K AAFEU) 0.280 W/m’K
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- 198 -



o2 [# 3635]¢ & = IS 7)|FS wEAZ
A ¥WA FAAME YER 3lela, [# 36.3-612 dld Ao AdaEA
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o, upA el Gd Aol Alg ofFof uwel CaseE FE3tAth Case 29 2
S A= Aol AT Fasd, A% 57z A4S wasd 4=

A gdd Aol A7 A AAe 4 AEFL vpAAE 88 #HAE

o ¢t 72 9 A =5 FA(mm) | @FFEW/m'-K)
Q] BulzkA 33t A Aol (Red Cedar) 12.5-20
Q) F-up A 2% 0SB 11.1
ALT. 1 Qv kA 13} OSB 11.1
89mm ~ GlassWool + Stud 0.380
o par
(mpgrmy | A (Z-4) 74 400mm) 89 (71%:0.375)
+7bH Y5 ek Al 12 0SB 11.1
Y EulzkA 23¢ MilRE 12.5
H F-up g2 3% MIHE & Fn} 125
Q] Fup g2 23 A Aol (Red Cedar) 12.5-20
ALT. 2 Q] Fwulkz) 13} OSB 11.1
89mm GlassWool + Stud
g 7t .
wa | S (24 774 400mm) 8 G,
(2g = GdZ/7ES T4 dAZE 10 e
F7h) oA 13 OSB or Al11H= 12.5
Bulzk A 23 F1} or MIHE 125
[3£3.6.3-6] FH-AGHA FA ALl 2
ALT. 1 8mm ¥ A (v}Z A F71) ALT. 2 89mm ¥ A(FEZ= F7P)
Wll___ll I
Bl |
| | |
d#A7FEU) 0.380 W/m’K d#AF&U) 0.380 W/m’K
FHEHFQ) 1381 W FHLEHFQ) 1366 W
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& [E 36371 B ATl AN
FRAY WA TS e Ao, [

Bl Aolt}. 2x4” 724, 2x6” F2AE ol&F AT TAHASE =EFsA e, Case 19
2

}:‘:l -11"1
w
o N
N
ole
o,

b Bz A% 4 AuHQ U olFudR FAse] ATEe] vde kol
FAolth S AN el BAANE FAA T A9 Fehr ol FEAE AA
stol Mlmolup Sl A MATE olzl o8] FARA FES Ao, ude ¥
4% B9 EPS 2 UeE 2ol FuH4e]l £ BAAE AHgstolor R Fetagol
PR @4 e 5 Ao

[3%3.6.3-7] TFAY A5 71F AA

o or =9 A = FAmm) | €F4FE(W/o'-K)
L Fulzk A 2xF =2 Aol (Red Cedar) 12.5-20
Q] Fupb A 13 OSB 11.1
GlassWool + Stud
o4 zr
ALT. 1 | A (zt7) 22 400mm) 89
89mm o GlassWool + Stud 0.200
g | TEA A (1Al 244 400mm) 8
ddZ/rEE TAAEE 30
Ul B ulzkbA 13} OSB or A1 H = 125
B a2 22 Fu} or IR E 12.5-20
L F a4 2xF =2 Aol (Red Cedar) 12.5-20
ALT. 2 Q] Fupb kA 13 OSB 11.1
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0y A
Ay | EERA (741 212 400mm) - 0200
+ GdZ/7ES TAAEE 70
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[3£3.6.3-8] THAL A& 17 oA
ALT. 1 89mm 9 A ALT. 2 140mm 9
TR

A H7E ) 0.200 W/m’K dHFEWU) 0.200 W/m’K
THAFQ) 735 W THAFQ) 722 W
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(2) FEA A& FA<t
5 [ 3639l 2 dAFoA AA E4x Ago dA5 7T UHSAZ
GEAH HA A okS ER Aola [# 36.3-1012 T FAete] Ads| Ay
Eb Aot} 2x47 FZ2A, 2x67 ?ZZHE o] &3k A g FANS =EF3AT
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o <tk 74 A = FA@mm) | €¥4FE(W/m-K)
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R A 13 OSB 11.1
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=R pa
ALT, 1 | EEA s A (ZHA) 77 400mm) 89
89 mm o L GlassWool + Stud 0.250
B G - A (7F4) 7+7 400mm) 38
GdS/7ES TAAAE 30
WHE-w k2] 14} OSB or AaB = 125
w2 2%} F8l or B E 12.5-20
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2 B G - 2 (ZHA) 27 400mm) 140 0.250
+ GdS/7ES FAAAE 25
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Boalzkz) 23} Ful or B E 125
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T TR T
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——

[ ] [ |
e | —

d#FEU) 0.250 W/m’K d#FEU) 0.250 W/m*K

FHEFQ) 92.8W FHEHQ) 912 W
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& =2+ ST E gy e dFuE Ui SR AF
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3.72. YA ARS AT F7F A Tloj=8<d

[ 372-1] BA7F Fele) 298 AuFa

A 9
B X ¥ (W/nik) 57 (W
4
AdH 8716 AFAE 0.290 0.375
ANxE A% 97]e HHAg 0.200 0.250
T LE 971 AHA 2.200 2.400

7h @A% 71Ee wE WA F9 A

(1) THEAE G2 A A<t

[ 372-20% FHAY 9¥e) dRFE /e VAL 5 A FALoIT
A, 2x67 FERAE o] &3 WA P, ALT 1+ 2x4" TE2AE ol &d) &
oz FA% Jeolm, ALT 2& 2x6” TF2AE o] &3 F4dtelt}

[ 3.72-2] HAY ¥4 74 2 dAF&
= =]
T J = =
o < A s (mm) TR = (W/ii-K)
=7 Alold(Red Cedar) | 125-20 "
OSB 11.1
GlassWool + Stud 89 0.990
s SE B )
ALT. 1 +4 AAE 50 (715:0.280)
OSB or Ju1H= 12.5
Ful or AHEE 125 j-

=40 AFo]Y(Red Cedar) | 125-20 "B

0SB 11.1
| 0.280
ALT. 2 GlassWool + Stud 140 (7] 2:0.280)
OSB or 1R = 125

Fukor 4R E 125 e
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]_o

o] Ag- 9AT 7|+l Yol 2x4” FERAWS o]&d WA FALS =EFAUT ALT 12
A E o] &ale] 208 FAS Fejolw, ALT 2& A& F7ksk FAeroth

[ 372-3] 74 HA 74 2 daFE

T 3| SUTE
R A =B (mm) TA = (W/m*K)
24 Abol g (Red Cedar) 12.5-20 Il |
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GlassWool + Stud 89 B 0.380
ALT- (7] 2:0.375)
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T | ||

=4 Aol (Red Cedar) 12.5-20 ]‘-"
||
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ALT. 2 (715:0.375)
4 ARE 10 o
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o or Aans 125 w
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ol & TAMNE AHgstolok Wi Fekago] ¥4

lo

- 209 -



[ 3.7.2-4] FHAY A5 F4¢ 2 dAF{F&
| 47
A Aol (Red Cedar) 12.5-20
OSB 11.1
GlassWool + Stud 89 = = = 0.200
ALT. 1 GlassWool + Stud 89 .
A AE 30 ] l:i (7152:0.200)
OSB or v x= 125
Fu} or uHEE 12.5-20
A4 Aol (Red Cedar) 12.5-20
OSB 11.1
GlassWool + Stud 140 0.200
ALT. 2 DA 70 ! (7]7:0.200)
OSB or A 1H = 125
F8} or uHE 125
(2) % A% 7]% A Al
[ 372-5]v EHAY A& dAFE 772 HHAZ F dE FAgeIY 2x47 &
A, 2x6” %L}_ZH—E— o] g3t A& FActoln ALT 1< 2x4” FZA 2x27 Z4AE o|FT o=
T4 Fulolvl, ALT 2= 26" TEAT AHEeE AW FALNA AUE GdAE
=< FHejolth
[ 3.7.2-5] HHAL A& FAG 2 dAF{F&
7 Q#AFE
o< A& (mm) ™A= W/ -K)
A Aol (Red Cedar) 12.5-20
OSB 11.1
GlassWool + Stud 89 0.320
ALT. 1 GlassWool + Stud 38 ]—I .—l .
ZRAADE 33 (715:0.375)
OSB or 1R = 125
Ful or aHE 12.5-20
&) Aol (Red Cedar) 12.5-20
OSB 11.1
GlassWool + Stud 140 0.375
ALT. 2 FHAAE % i . (71%:0.375)
OSB or Ju1xx= 12.5 ‘
F8} or uHE 125
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A e & AL AdolA sEet sfelAdsr=d-

6.1 3¢ A3t7|e HR

— A A}o] < ol oAyl =9 7:1)\ 3T =0 2= Jes cmg_
u-wert.net PAANA Aulx Ha Je dIFE AL 2o Aae XAesy T2
ol =3} AHAFE, YA ALLE WA LETH|E AAbslFE AHAE AEs) Q) ©
2] = - =
It ARFE, olUA A8, HAe] LETWE ANEFE Auas AFeiu glo
= AATL A 2o AHE A F} QL. H AFoA sl AT EQ o]} H]=D
Tt AAY 49 o g BEE ATt de & A A g AT ES H] =3k
1290 _H;_O] 010111 TEO o].gH ]—O]Eﬂ— 7ro] olnylo ol ;(—1:.01 2 k=3 ol Z2=0] D]:—ﬂoﬂ
B\ = 3—7‘}/\-4 o]:‘ A - E =2 v U H v H:’l ) S -l ==
< A 2t
o 1= T
Temperaturverlauf || Feuchtigkeit = Hitzeschutz | = U-wert | Hinweise
Temperaturveriaut
20F 7 — Temperatur
(1) i — Taupunkt
15| 2 Tauwasser
(1) Anhydritestrich (60 mm)
519 (2) Bitumendickbeschichtung (3 mm)
£
]
£ ol
&
; 5
™\ u-wert.net die Seite fiir 6
Einloggen  Onlfine-Rechner  Hiife & Infos i D Forum - -10
U-Wert Re:hner o 10 20 30 40 50 60 ]
Neu hier? Kurzanleitung - Beispiel laden fndo, www.u-wertnet AuBen
Dieser U-Wert-Rechner hilft Thnen bei der Planung Threr Warmedammung und gibt hilfreiche Tipps zur Stirke der Erliuterung ainblenden | Abbildung herunterladen | Schnitt: anzeigen falls Balken/Sparren vorhanden
Isalierung und zur Vermeidung von Feuchtigkeitsproblemen. Weiter lesen.
Schichten (von innen nach aufien)
e = D& BR Folgende Tabelle enthalt die wichtigsten Daten aller Schichten des Bauteils:
# Material A R Temp. [°C]  Gewicht Tauwasser
. - . [W/mK] [m2K/W] min__ max __ kgfm? %
U-wert: 4,21 W/mK
i = geREie ke . | HizeSehiks Warmeibergangswiderstand 0,130 3,6 20,0
1 &cm Anhydritestrich 1,200 0,050 -2,7 36 1260 0,3
] 5 0 Tauwasser (kg) 1 Temperaturamplitudendampfung: 1.1 2 . = A
ENEV Bestand* | U<0,24 WinFK Oberfl3¢hartamperatur (nsn zu nisdrig Phassnverschizbung: 1.5h 2 Gawm Bitumendickoesehichtung Q10 na1d 29 %2 Lo
‘drmeiiber stand 0,040 -10,0 -5,0
6,3 cm Gesamtes Bauteil 0,238 129,2
Innen A u
1 Anhydritestrich v 50 e 12 15/25 = i Oberflachentemperatur derlnnense\.le: 3,60 °C
Oberflichentemperatur der AuBensite: -5,00 °C
2 |Bitumendickbeschichtung v |3 mm  0.17 Seq =4 2
Schichten exportieren (CSV)
3 |Flexible Holzfaserdammplatte v mm  0.039 1/5 =
4 |Neopor WLG032 v mm 0032 2050 = & 4
Ihre letzten Anderungen 53)
AuBen |Direkter Ubergang zur Auenluft ¥

11:31:06  U=4,21 W/m2K Geaindert: AuBenseite: Direkter Ubergang Riickgangig machen
11:31:01 2 Geandert: AuBenseite: Hinterluftete Dachhaut
11:30:48 Eingefiigt: 0.3cm Bitumendickbeschichtung
11:30:44 U= Eingefiigt: 6cm Anhydritestrich

11:30:35 U Berechnung geladen

Leeres Eingabeformular

Riickgangig machen

[§] =
aAolth, A4S WAEty] e olEa AWdwe tE oled Fewnk ohet U=,
il A 7k A% A8E dolguolastate] AlA Tk EF

,ﬂ
oy R o

[e)
A s &4 U
o] &7} 20%=
AREA FEA o] Hrhs

53) www.u-wert.net
54) Oak ridge national laboratory, Thermal performance of wood and wood panel products for use in buildings, 1988
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Table 1.

Thermal conductivity measurements

reported in the literature

Number of Number of
Type s
YP RRESR data sets’ observations
Solid wood MacLean (11) 56 457
Wangaard (15) 216 235
Rowley (16) 306 306
Griffiths and Kaye (17) 29 29
Jespersen (18) 11 11
Plywood MacLean (11) 1 12
Rowley, Jordan, Lander (19) 18 18
Iund, Lander, Kanninen (20) 9 9
White and Schaffer (21) 1 3
Fiberboard Lewis (1) 21 84
Ratcliffe (22) 10 10
Rowley, Jordan, Lander (19) 18 18
Rowley et al. (23) ] 4
Ball (24) 12 12
Pratt and Ball (25) 14 14
Particleboard Lewis (1) 9 36
Ward and Skaar (10) 1 23
Flakeboard Nanassy and Szabo (26) 7 7
Ward and Skaar (10) 3 70
White and Schaffer (21) 1 3
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=9 3 =5 01
. Thermal conductivity and thermal expansions of aluminum/carbon
Title .
composites based on wood templatesd®)
Journal materials letters
Author Tian-Chi Wang et al

2 == = Fa AT e

55) Tian-Chi wang ef a/ Thermal conductivity and thermal expansions of aluminum/carbon composites based on wood
templates, Materials letters 2007, 61, 1849-1854
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Title Thermal conductivity of wood-models for different stages of combustion6)
Journal Biomass & Bioenergy
Author Henrik Thunman et al.

Fo AFuE

B oepe B0 4RSS 47 FHT F 9k UE, ¥58, #5852
Folo] AAEES oFFE YU HWHy gdom B dAELS
FEoRVEH 9 F At JuE B vad 44 gL AAsn Aot

Tangential

=9 FI =& 03

Thermophysical characterisation of tropical wood used as building

Titl ) ) .

e materials: With respect to the basal density®?
Journal Construction and Building materials
Author P.S. Ngohe-Ekam et al.

o ATug

bz e du #9549 550 d9Es e 44, B
I Z4stgth 49e Bal Bre W B4 AW gy wE
2 ZAHGT, F4S Ba vd L APAES AEG

HE o]mA

Incandescent Lamp

Reluctant Surfaces

| .

latinum

Sample

56) Henrik Thunman et al, Thermal conductivity of wood-models for different stages of combustion, Biomass & Bioenergy

2002, 23, 47-54

57) P.S. Ngohe-Ekam et a/ Thermophysical characterisation of tropical wood used as building materials: With respect to
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9 i =T 04

Characterization of hygrothermal properties of wood-based

Titl .

e products - Impact of moisture content and temperatured®
Journal Construction and Building Materials
Author Oly Vololonirina et al.

8 A7ue

2 =R 57 A58 A5, 5AF3EA, OSBE ddo R
dAEE, FUF s 2 FEAAFE SAAh A5 dolE ol =
TES 9% gAY ATE theke AWy 9 S 4% A4 5
Heokshar 9tk

HE o]mA

o Specimen
,. P p \

Sealing

™ *beeswax +paraffin —
(548~ pargfti

*Grease (Waed fibre)

50%RH 20°C

ﬁ?ﬁiﬁ

Ring

i
|
50%RH 20°C SEAL TN _ ;
| (he_*.rgh'r according to the
S7%HR, 115 mm i thickness of the sample)

saline solution

3cm

Rirl‘nzrfo:'.ce

Rmareria!
S5em §-

Rair_layar

the basal density, Construction and Building materials 2006, 20, 929-938

58) Oly Vololonirina et al Characterization of hygrothermal properties of wood-based products

content and temperature, Construction and Building materials 2014, 63, 223-233
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N 7% &Fa=2d

1. A& A8 A3 05
2. A63] k= I-MDF-SE|FHE A EAA
3. EPLF(European Producers of Laminate Flooring) & 7l

4. 200072014 A=s7F 2 2y TA, A

ol

http://www.energy.ca.cov/HERS/

6. RESNET, 2006 Mortgage Industry National Home Energy Rating System Standard,
Table 303.3.3

R
A
ol
il
R
=
-0,
1
ox
2
_{
N
oo
M
1%
o4
offl
N
)
o
ofN
>,
o
fr

8. http://www.energystar.gov/

0. o] 57, HEEES 1T UL FEFY AARD A, osfoly) Yot A%

¥, 2009 02¢

10. BRE, The Government's Standard Assessment Procedure for Energy Rating of
Dwellings Table 15, 2005

11.

ot

o ARG AT 2008, 8¥ 5 V)&= A

12. http://www.passiv.de/

13. A e, d2duxdead T A=dsA=e] 54

’

14, BAF, OB Yo AUA A4 4% AR, A sk tekel, A4 =2, 200349
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Z8 5} whAeke] =8 20119 2%

17. ISO 13790 : 2008, Energy performance of buildings - Calculation of energy use for

space heating and cooling

ul PHPPE ©]&3% =3 Z82 dyx] T AE olyXA Mde w4, 2011 A
g3 FA SR E I =g A 1198 A 25, 2011. 10

A5

N
r_\q'_, oLy
o X

=3
=

19. www .kilhoo.co.kr

20.

TBL

A, A& Yy Ay A Y 4 ds AlEdelad, Fajsta distd, A =1, 2003d

21. DOE., 2010, EnergyPlus 6.0 Input Output Reference, US Department of Energy.

22. DOE., 2010, EnergyPlus 6.0 Engineering Reference, US Department of Energy.

23. http://sel.me.wisc.edu/trnsys

24. http://www.esru.strath.ac.uk

25. AuE, AE DG4S B/ Aol B AT, AstUsta ek A% T, 200849 02

’

o

26. GARD Analytics, 2013, EnergyPlus EnergyPlus Testing with Building Thermal
Envelope and Fabric Load Tests from ANSI/ASHRAE Standard 140-2011. US Department
of Energy.

27. http://appsl.eere.energy.gov/buildings/energyplus/

28. ISO 10211 Thermal bridges in building construction - Heat flows and surface
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