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1XH E2 (1-dimensional heat flow) : x= &&fO 20t HO| 0|=

MA Al A5 EHFE(W/mK, U-value)2 1A+ &

[WimK] :

1.600 r

0.180 E“

. 0.034 =
B

139 SR O]
*ZX: Jin-Hee Song, et al., Thermal Insulation Performance of Various Opaque Building Envelopes Considering Thermal Bridges, 2016 ASHRAE
Winter Conperence Proceeding

2%, 3Xt &= (2-, 3—dimensional heat flow)
AN HEUM= AE2| YEHRt Cifet B Z Qlol| y=, zRO =9 AR SA0f 24
Example of wall-floor and wall-wall junction

Z

2R+ BHE OfA| 3AHE EHE GIAl

*ZX: Jin—-Hee Song, et al., Thermal Insulation Performance of Various Opague Building Envelopes Considering Thermal Bridges, 2016 ASHRAE
Winter Conperence Proceeding
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@® Construction(material) thermal bridge (FZX/I2H Sl)
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exterior

\1 1

insulation

interior

steel anchor
*=X : Schock Ltd, Thermal Bridging Guide, 2018
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*ZX : Passive House Institute WS X2
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® Geometric thermal bridge (7151&X E1)

o LA FEHO| [HE 12| FEHOH| 2 EwE HO| Skl HEN UEE=H
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o L, QI HE0| JESH0| HEM/F S AKEIR= U 129 54 o BEA| Hlol= S HE

interior

exterior

*=X : Schock Ltd, Thermal Bridging Guide, 2018
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M& S (Linear thermal bridge) : 37| 370 & & SHLtS| £ 2t SIS HHHO| A

- linear thermal transmittance 2 LIEFH (W/mK)

& Zu (Point thermal bridge) : T 2XH = JHE ZOIEZ Qls &
o)

- point thermal transmittance2 LIEFH (W/K)

I
m
rir

S

%9l 520 Rl £9

interior exterior

interior

exterior

EEtm

*EX: Schéck Ltd, Thermal Bridging Guide, 2018
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Vi

H[
Lh

N

T,

L0 OO

T

TR

N
\

N
N

1,
(b) 2lcted AlAH=

S Tfiy] 8.5% XS

*E=T AA H= = = = o = ———
EX: $8F 2, 2009, HH ZEo ALE 2ot SUHMY HE SSTHQ| ST At Yo B 51t 24, o
- M | |O| =+E:ECﬂkﬂ= H |01 ldOI O=H IElé;AI |ECﬂkﬂ=£2 ;Fﬂ
A Al 2|=ot= HEES HH| S £ = Qlol| AlS & X HEEds2 XotE
— 0I5 A |O=IEEOQ |.|-| I. HE X & HELIE_O=| Ol |_T'_I:||-A| | |.|.O;O=IILE°QAI- I%F
SYot G GHFES 7ML, 43 & YE 3 HEXHC| A LAY M2} R& SHFE2 L0
S RS IARE L MAHA 2t REE R ZAFTSHIR
Concrete wall 10 013,
Paint-finished (C-1) Stone (C-2) Metal-sheet (C-3) . 014 .86
Internal insulation ‘External insulation (External insulation (External insulation (0.13) 0.8 :
system (C-1a) system (C-1b) system) system) 0.8 "
g . .11}
,-=- (0.09) 0.62
= 0.6 (0.08) 0.49
£ oos O3 @08
“Thermal v (0.05) (0.05)
Image E 0.4 027 0.29 0.33
g
= 0.2
Uce | 0.27 W/m K (0.05)"" 0.27 W/m K (0.05) 027 W/ K (0.05) 027 W/m* K (0.03) 0.0
Que | 14154 W (482.93)= 54.88 W (187.25) 82.53 W (281.59) 63.93 W (218.13) Ucode C-la C-1b C-2 C-3 S-1 §2a S2b 8-3
U | 0.74 W/m> K (0.13) 0.29 W/ K (0.05) 0.43 W/ K {0.08) 033 W/ K {0.06) .
(Bu/h fi*F)
Steel truss curtain wall _
Metal-sheet (5-2) S A AE 25
SO ED L emotiee asses fsulaton of et s | ME1E-PA2E1 6 ~ Paint-finished (C-1) With internal insulation
(5-2a) (S-2b)
Concretewalls | | o o o terior (c2) With external insulation
© system (C-1b)
~ Metal-sheet (C-3) |
Thermal
Image .
H Stone (S-1)
Steel truss No additional insulation to
i curtain walls (S) [ Metal-sheet (5-2) steel trusses (S-2a)
Uerae | 027 W/m? K (0.05) 027 W/m K (0.05) 0.27 W/m? K (0.05) 0.27 W/m K (0.05) 289 _ a
Qux 15434 W (526.61) 165.94 W (566.19) 9488 W 73) 119.71 08.45) Metal 1(5-3 Additional insulation to steel
Ul 080 W/ m? K (0.14] 0.86 W/m> K (0.15) 0.49 W/m? K (0.09) .62 W/m? K (0.11) 1 etal-pane (s-3) trusses (S-2b!

*ZX: Jin-Hee Song, et al., Thermal Insulation Performance of Various Opaque Building Envelopes Considering Thermal Bridges, 2016 ASHRAE
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* 22, 42 F2H 2571 0[0f Hols 55712 LEREEN HE I 7N R 22 EEM +5717F S5E/0 LYsk= e

- I 29| BHSE U F0l0) 3727} O ATHSE} EO0KIT ZHOI ATHSE 70-80% O/4Q!

ADNEE HHC-AHE 22/ 012 0124 At

© &1 M ZAOIE

1. Schéck Ltd, Thermal Bridging Guide, 2018 (www.schoeck.com)

2. Passive House Institute W At (Passivhaus Institut (passivehouse.com))

3. Jin—Hee Song, et al., Thermal Insulation Performance of Various Opaque Building Envelopes
Considering Thermal Bridges, 2016 ASHRAE Winter Conperence Proceeding

4. $53 9, 2009, EX S ot AL Slot WHAY 2HE SSTEO| ST A7t HRs HH

ST} M, (f5i7IEES
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Additional
heat loss
due to

the slab

d: Schéck Ltd, Thermal Bridging Guide, 2018
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o 2XHE BRI MES P

o X|5=H|Al (external dimension or internal dimension) AMEH
|5t MM Tz 7240 22 (LBNL THERM, Physibel BISCO 5)

w=(Q2D-Q1D)/ (length x AT)

Energy loss:

OILXIE7 AL &2

=X : Schock Ltd, Thermal Bridging Guide, 2018

A o
TS

Energy loss:

L=

QZD Q1IZ

Q1D =U:
Qp=y

_ 1
U_ Rsi+ R1+R2+Rse




X|Z=XA| (external dimension or internal dimension)
- QI X|HA 2 IR XA 5 0= DS MEHGHE KL, 2 MAHXOZE SIS X|+H|AIE A2
— X|Z=H|AIOff CoH2f *1§ CHZE U2 O 0| JOLt AE M| | 242 SUSHA| AlLtE

a T, &
O » j; - T;
] I
C
‘ & _
U, === Ux(a+b+c)
T,
T;
b
U<
(a) ATz H ol SA| (b) @Fx|FxAH Ol SAl P—
B vz xasss s usse Aoy R
B un 29 gnmes o 4EdE dAY v
*Z=2X: FEZE 2|, W, TS PR FAFE SEE | Q5 HEMS Mot Hx 24, SIS MH|E3| stad S| =27, 2012.10, pp. 87-90

2R GRY AMES o Mol =73
- 23 T2 73 : | BNL(Lawrence Berkeley National Laboratory)2| THERM
- sz ZZ= 78 : Physibel BISCO, HEAT &
M Sl A= OlA|
*E7 : Passive House Institute DS X2
Qpp= A" U ATy + A" U " AT,
U,=U,=1/(0.13+0.01/0.35+0.175/0.99+0.3/0.04+0.01/1 +0.04) Wim#K =0.127 W/(m?K)

Qp = AU AT, + AU AT, + ¥ 1% AT a2
Example: Q,p = 24.083 W/m as per HEAT2-6.0

\P= (QZD-A‘I * U1*AT'A2* UZ*AT) I I , ATmax“.z)
Example: ¥, = (24.083 — 0.127%2.25"25 ) W [ 1 m / 25 K = +0.678 W/(mK)

L=0495

4 1 Lot o
r 054 =20

w_=40.678 W/(mK) ¥ = ?;:;.'1 5Wi(mK) =7

Qqg4 = 56.95 kWhi/(ma) : b T, =16.9°C =] s

B i1 fre=0.88 [ s

I 004 _ - T=20 R=0.17_ ] F .m”
L-0.18 Ted 25 : s
I 5.5
I H . s

. 275

; Toin=16.2°C WY,

T=5R=004 T-20R-013 Trg = 0.85 E Y

I“ w=0.495 W/(mK) B3~
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1PN

FEF2 (X, Point thermal transmittance) : A& Sw0i| ChSH CHEMOI M2 TWIt X|HE, W/K
- G UM RIS ISt 2II|9| F MAZHQ3D)2 w7t gig 29 2m|e| & MEZH(Q1D) 2 X0|(QTB)E
S B M= L HEY, S5 W2 Q5 E

X=(Q3D-Q1D)/(n x AT)

- =T =T
= -

: - | /f 4" ///T N
Lap, | Loy Lap, - |

| | -~

i e R X=Lyp — § :U A, — E Wl

| [ ]

| | | A =1
Lypa U, ILap,2 |- I J

| L
e e e e e e —— ————— — |_—-/ |
Lipal Lyps ILSD,B

*ZX 1 1SO 10211 Thermal bridges in building construction — Heat flows and surface temperatures — Detailed calculation
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Q| FwEe| HAMLSS LESH| Llot, HXIEALA 7 IE [EHE11]01IA S22 AR
Ot 42 o|0lstH, 22 {70 M2t MY FUFE0| HEHES
[EE 11] QI QLY & JNE e || 2320 % ooy | o2
= 43 GRS - MY GRS
= X = = 4 =
= T Su g o (W/mK) = TEH QuEY e (W/mK)
— 0.520(0.800) . 0.530(0.820)
%’_l o 0.485(0.760) o § 0.485(0.765)
- o = 0.43000.6%) |, _, . Lé 0.435(0.710)
. IW////& 0.440(0.730) I 0.375(0.675)
s 0.415(0.695) 0.345(0.640)
0 e
0.370(0.640) 0.315(0.600)
7 us 0.465(0.600) 4% 7 u=s
é Q 0.390(0.520) § i 0.545(0.665)
% . . ]
T-2 § - L-2 .
o 0.445(0.585)
. | 2 0.450(0.565)
s 0.375(0.510)
= 08070 == 0.520(0.605)
i 7 . .
e 0.450(0.605) g
T-3 L-3 .
FW"W 0.540(0.700) “
2 un 0.410(0.520)
|~ o8 0.450(0.605)
Sl FHS 471K EfY, 267K 2= FE0I LHEOI ZAUM 7tse HEEs 02
Attt

ojo

0.730(1.000)

rir

®

0.720(1.000)

=]

"

Y

&3

2

0.710(0.975)

'*.
&

)
T
=

0.645(0.895)

ﬁ+
X
@)
¥

=

0.580(0.850)

263 |6

T

é

=
@
+

=)

0.530(0.790)

0.530(0.800)

@1 0.485(0.695)

T-8

8ls 0.700
DEEE 0.650
0.600
gls 0.605(0.740)
@ 0.605(0.740)

~,
]
~

&

0.570(0.705)

0.700

0.650

0.600

-8

[’///AW///%

T

O+@ | 0.565(0.700)
res) 0.580
@ 0.555
@ 0.550
0.515

X-b

b ]

o

ys®

0.465(0.885)

0.455(0.870)

0.435(0.850)

0.425(0.835)

0.395(0.800)
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7. Schock Ltd, Thermal Bridging Guide, 2018 (www.schoeck.com)
8. Passive House Institute 118 A& (Passivhaus Institut (passivehouse.com))

® PHPP(Passive house planning package) A €l H9tH
IHA|EotRAE= CIZH &6t 4 A, £ Sl 228 MY SHFE H offd Z0|E AM| Y=olo Higet
[ e e l‘ra&;lﬂasm?r:(;ﬂg\‘ Pgr:.;n‘:x/ﬂ:nféww
Q,=UXxAXxG xf+UxIxG, xf,
G PR A T
Heat transfer Heat transfer
through building through thermal
envelopes; walls, bridges, as called — =
0.005 Wifm.K) -
roofs, floors, linear thermal bR |
windows transmittance CRel
(&X: passivehouseschool.com)
Input of
. Thermal bridge Group A Qua Length i thermal bridge heat loss W
. description Nr. igned 1o gronp ntity [m] coefficient WimK)
Wi{mK)
1 |Bxt. wall-basement 15  |Thermal bridges Ambient 1 24 85 Ext. wall-basement -0.039
2 Int. wall-basement 17 Thermal bridges FS/BC 1 11.35 Int. wall-basement 0.061
3 |Partition walls 15  [Thermal bridges Ambient 1 17.36 Partition walls 0.000
4 |Interior eceilings 15  [Thermal bridges Ambient 1 20.25 Interiar ceilings 0.002
5 |Partition wall-roof 15  [Thermal bridges Ambient 1 177 Partition wall-roof 0.005
§ |Ext. wall-roof 15  |Thermal bridges Ambient 1 2527 |Ext. wall-roof -0.061
7 |Ext. wall edge 15  |Thermal bridges Ambient 1 17.36 Ext. wall edge -0.062
° PHPP 2l )&k A E 2424 5101
X a
© H1 MH A AOIE
1. 2EWSE, HFE9| Of|LX[=AEA Y |E
2. mEUSE, o=0UXISH, A== LR IZEL 2A7|E siEM
3. ZEUSH, ISTHIQ A=YUX|E flet AV |E
4. ZENSS, SSTE Z2UX| HA 710[=2f2l
5. st=0|HXISH, HSHUHXIH7IZ=T3 (ECO2) + H7tX} D=
6. 727 9, L, QE A RS 27 AWo| 05t HIHLS Kot HE 24
SrRASTISE (el ske RIS ==F, 2012.10, pp. 87-90
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® MA|ESHRA Thermal-bridge—free Design

‘&

o T MA[E0IRA 8A 7|1&
VHE QL) THS &S, 1§58 Edl4 7|NA”, 17|UMS, "Thermal-bridge—free’

Ventilation with > 75 % heat recovery

ici .45 Wh/m3 N XS
T Electricity demand max.0.45 Wh/m*. s &8s
- Outdoor air’M Exhaust air Triple-glazing:
Heat protection: L 9 U, < 0.8 W/(m?K)

Uus<o '5'-_Wl(m2K) DES U5~ 5| A| AL mjgw T+

MW ( .B“WI(m‘K) %
m{mal brldge-fre N
Z L 21 é;-E | N, 3:::5'::~ ;

Extract air i Supply air

-

i

A
] ,
! JJ
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0.01 W/mK 2 A, A SE XS
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Q R =2 HEW =35 &

IHA[ESIRA0ML| "B U=

- om 20l0) T 4 % THES
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T

Thermal-bridge-free
designing

_¥,< 0.01 W/(mK)
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@ LS H2IX| 74 (HE) : Vent 27|
- 150kg (120) : front 300mm — rear 210mm : ®32
- 300kg (250) : front 320mm — rear 240mm : @44

@ LS 710 4 : H=5=0], Vent =0|
- 405 :850 ~ 1,850
- 705 :1,050 ~ 2,150
- 1005 : 1,350 ~ 2,750
* back-set : 28mm / 38mm

@z, ZAFZH(M.CxH)
- &4 1650 x 900 (150kg) / 700 x 900 (300kg)
- 2|0 : Vent 2|0 ME 2,000 x 2,700 (H&:
* Frame Z|Cf : A4t 74s X, RE| 44
*M.CYH /25 (H{(25xM.C)

% Vent £4|(kg)
= FFHMMXFZ(m)xF2 =0|(m)x2.54
+ ARA| 2AI(kg)



O At 14 (HY)
- Single (40) : Vent 27 60kg 0|5t
- Twin (80) : Vent 27| 60kg =1}, 120kg O[5t

@ 2, A FH(M.CxH)
- %A 1600 x 700
- Z|f : Vent 2A0f| =
1,500 x 2,400 (HZ)

Vent
=0| N

= =
o=

% Single roller

I i ]
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s
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Twin roller
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Entrance Door
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(® Window Basic : Simulation

* AIZ2014 T2 IS SE5/01, HUHs H52| H5S HIS5T FIOHLR0) St 47 20| 753

17 zesse

Sample Cross Section Sample Isotherm Results Sample Color Infrared Resuks Sample Curtainwall with Bolt Cross Section with Infrared Results
(Aluminum Slider Windows Frame) (Alum inum Slider Window Frame) (Aluminum Slider Window Frame)
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File Edit Libraries

i vindou o

Record Tools View Help

2H

k=1
o=

Sk
=

&ol0, Rel 40| [E HEdst

rim
i

J7|

>

[B3] ¥z

YeYSE 0|50| 7t5E

DEH| s B ) M|[BEaen; O % 2R
Lt 0# <!
Cale ) Name [Ficture —
Made |NFRC -
New 5|
Type | Fised (picture) =1 »|
Copy
Width | 1200 mm
M Height | 1500 mm
o svea [T m2
Repor e[ 9
Environmental Conditions:
I™ Dividers NFRC 1002010 -
Dividers
@ W74 - Glazing System Library (C#Users#PUbIICKLENLWWINDOW? aww7.mdg) e ele s
Doy node File Edt Ubraries Record Tooks View Help
Normal <] = TS E] e
o1 = % 2
Click t to display characteristic B4 I |’f LN e Wi o 7| %| |
Utactar [ 7. WimzK t M
SHECAT Dista sHoc [ WA —I D1 Name: [Vacuum Glass
— w2 Ea:: (F3) EW.,::,:Z;:L; 3 ﬂ e[ 80" 165 Height 100000 mm
|G| ew =
o[ NA = Conditions: |"VFFC 100-2010 16 wickh{1000.0( mm
Copy Comment:
Delete Overall thickness: [43.000 mm Mode: I~ Model Deflection

| For Help, press FL

save
Report =
Radiance
[Tio] Name [Mode] Thick [l Tsol | Ficoll | Reol2 | Tvie | Rvist [ Fis2 | Ti | E1 | E2 |Cond |  Comment
j Glass 1 #6358 HanGlas Clear Smm HGI 50 [Jfoss 0071 0071 0894 0080 0080 0000 0837 0837 1.000
Gap1 M 1 A 140
j Glass 2 6358 HanGlas Clear Smm HGI 50 [J|0s6 0071 0071 0834 0080 0080 0000 0837 0837 1.000
Gapz » 1 A 140
j Glass 3 »» 11334 PLT ULTRA N Smm SGI 60 [J[0672 0292 0225 0879 0045 0048 0000 0037 0837 1.000

Certer of Glass Fiesults | Temperature Data | Optical Data | Angular Data | Color Propetties | Radisnce Resuits |

Utactor SC | SHBC | RelHtGan | Tws | Ket | LaeriKel | GaplKeff | LoyerZKelf | Gap2Kelf | Loper 3Kelf
Wim2K Iz | wimk | wmk | wmK | Wk | wmk | Wimk
hES 0610 0531 a4 0712 00625 1.0000 00853 1.0000 00306 1.0000

Mode: NFRC_[SI[  [NUM Y

For Help, press F1
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'A' TYPE 'B' TYPE
[ - e e ] - | o[- [-]v]
MC1 MC2Z MC1 Mc2 MCl_MC2 MC3 MC4
'c' TYPE 'D' TYPE
:
MC1  MC2 MG MC4 MC1 MC2
'E' TYPE 'F' TYPE
| + | [ v = [ v e wf + [ « [ = |1 [ v + T v Jo
el v [ = [ v | | + [tc2 el v [+ T vl [+ [+ T + e
MG MC2  MC3 MCT  MC2  MC3 MGl MC2  MC3 MGl MCZ  MC3
'G' TYPE 'H' TYPE
-- e | T ] [ v ] [ v J
+ v + + +
Teo| v | v | | =] [+ e
MCT  MC2  Mcs MC1  MC2  MC3 MGl MC2 M3
'I' TYPE "' TYPE
[ + [ = 1 =1 [ v v [ v Jro | ‘ | ‘ ‘ |
Vv + + + + v
el v [ v [ v ] [+ = |+ e
MCT  MC2 M3 MCT  MC2  MC3 MC1 MC2  MC3 MCI  MC2  MC3
'K' TYPE 'L' TYPE
MCl_MC2Z MC3 Mc4 MGl MC2 _ MC3
'M' TYPE 'N' TYPE
e + [ v [tc To1] + ] [ v T v [ v Jo
TC2| v | ] + [tce Teel v [ v [ v || + |rc2
MC1 _ MC2  MC3 MCI__ MC2 _ MC3
'0' TYPE
TC1 + + v +_ [to
e o T e — % MC: SIBEE, TC: el
MG MC2  MC3 MC1_ MC2  MC3
'P' TYPE
01| + ] + [ v + ] + v |t
TC2| v | + | | + | v | | + | + |Te2
Mt Mo2 MC1 Mc2 MC1 Mo2 MC1 Mo2
'Q' TYPE 's' TYPE
el | = | [ v T v e TC1| + I [ v v |
= I T | < e el v [ v || + [T
MC1 Mc2 MC1 Mc2 MC1 MC2 MC1 MC2
'R' TYPE
e« T« 1 [« T « 1 [ v T +« 1 [+« T v e
T2 v | + ] | + [ v | ] + | + || + | + [Tc2
[ Mc2 MC1 Mc2 MC1 MC2 MC1 MC2
'T' TYPE
TC! + . | ‘ . I + | | v | . ‘ ‘ . v TC1
TC2 v | v 1 |+ ] + T2
MCt Mo2 MC1 Mc2 MC1 MC2 MC1 MC2
U TYPE
TCI - [ = ] + - TCt
TC2 | + | | + | TC2
MC1 MC2 MC1 MC2
V' TYPE ‘W' TYPE
e+ ]+ ] v [ror [ v o
Tez| v I + e L v e
MC1 Mc2 MC1 Mc2
X' TYPE 'Y' TYPE
'Z' TYPE '0' TYPE '$' TYPE
MC1__ MC2_ MC3
J EX: 0|UE3 R uSA=




® Door Basic : =2 7M

[B3] Bz HEE IS

(D Lock Technology

2 Door hinges

(3 Glazing, 7| E}

I X 0AES HRUSAZ
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B QAT

® Door Basic : {5 & StER|0] 2ok
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@® Door Basic : Lock Technology

O 2 2fiX|(Latch)2t ZE(Bolt)Z TEEH, 2iX]= 7HE, 2E= T3 82 M8
HZ & =X S)0i| Tt 52| 2ix|et 2E2 718 7ts
; bR B
| PR 4Ry
| i 3
| T P
cHX| E i E . Q
H ] ) o )
i TN & B
(Latch) | B: 4
s | g Lo
| Do O :
0 ]
i N ¢ g
i P
%E i ij\! ﬂﬁ@ g )
| LN
(BOlt) i i % N :
| B 1
E | é; JP
Ny |
{ I y Q
ARG AU/AIM E0E Ha= s o
,f" """""""" ~
[} A
i 1
[ T 1
: L
] 3 " 2 |
L L : 7 |
iy “ v . ! = . '
[ " o) 1
1
Double cylinder Half cylinder Cylinder with tumn Cylinder with round turn EICyIinderwith knuried turn E
\ 4
\‘ ,f

-
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® Door Basic : @l

09|

190 2026 H=EE

QA&

ZFQ M SIEYNHZ 505 / T™EQX|0ff w2t

Mounted Type

OILARIZ7HAL B

IX]

o
2l

Rollentirband aus Aluminium
Aluminium barrel hinges

Rollentirband aus Edelstahl
Stainless steel bamrel hinge

Barrel Type

|0, XX[olS Mt HE T2 2l o

VL-Band 100° eingebaut
Concealed 100" hinge installed

VL-Band 180" eingebaut
Concealed 180° hinge instalied

Consealed Type

.I

M2
1o

ook



® Door Basic : ot 7

=0 ofF 70| k2t Ci¥obA| 2=, ZHH 2ol M2t ME0| FHetd

1. Aluplast 2H|0|X|, www.aluplast.net

@ Automatic
door seal

@) Brush/
gasket seal

-

2. (F)0|4%tS 0]740710|2 EH|0|X|, eagon — main (eagonwindows.com)

3. https://blog.lotte.co.kr/20848
4. @FO|ES, 20194 ALY HEXI=

@) Threshold alt.

N
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B QAT|E

FE2(Curtain Wall)

@® Curtain Wall

HEE2 U= Q=0 ZO0t s LA 2 AX|=l= H| L{HHO0|H, Stcik typedt Unit typeL 2 7128

c

Stick Type

192 2026 AZSO|HAIEIA B0 =



rim
Ihy
~
>

[BS] 7<|-2E1I7-|

® Curtain Wall Basic : 7| 2744
HE2(Curtain Wall): Z1229| 3158 SE5HX| %2 H(No-Load Bearing Wall)
— H|LH= &, O, "é*OHJHE H

ESeYVI=R OPED'E/AEI R2, Panel, 7IA7, etc.

=
- Ak 2120 XM SAS ZUsHH, 2120 7|59 70 A8ES HISS M
- D7 HES YR s MRS BRI RIEGH0! S de)

il &t
43 %‘XHH(%’EI ES :““-IH S ArE5t0] 2ok M A ¢

== O~

@ Curtain Wall Basic : &2 715

359} DEIIRIZ HY/7|2/4 /72 50| 4501 275/, S5| Sa152 XS0 thet org0] 528
52 212 AR Y WM Mb|o} 7S SROMT S0 S o
{
T Gl /Jja /48 Rx _
~ el EIUYUFSE(SHGC) - Sok=0l st oy
4 | RS/ Ust/ W - XES0M Chat o
f L - EIZ(BIPY)

Matural lighting

Prolection agarat UV-madiasion
Enaingy genarabion

<:I_j|> Ventiatian r.- .’ .

T
Push andl pull Tonsss ’) s ' i Irtariar loada
Trewn wind loads T

Vo affusion |

= L

, ;li—:’i' aeh!
. o ’,‘:‘l;li | LT
: L T T
View in s 7
- | [ f?{' r"”,, ] ot I ’
{ xf.:::"n“.f;n conbexd Seh-waight & B 2 -
i SK Chemical AtS
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(® Curtain Wall Basic :

XH
)

s 4 2|0}

OflA Z2

S

K
__On_

o

1

Stick type

OflA M2 Zaf| k2|7t

O X}
L OO

Unit type

e o II..r S—

\\\%w

7

.xxw m..w%

Unit Type

SﬂckType

SOHXIEI A B0

=
=
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T2 STICK SYSTEM UNIT SYSTEM
A o L | M2 orn1
WA | A7t 20fe molm gerstel Bajy migary | LN AT AU O ST EA B
T [ .
e I 712 ZRO0| BHOIM OISO{XIN HIYUME HxI2t
7tSS HElet 28, SR ASAN OIEANN | o0y “mapy zaye) et 2ok szE sexol
=2 QUALITY CONTROLOI BIuH 0180 S201 o5 xaigo2 =x0] 948X2 QUALITY
207l En. CONTROLO| #ict o
85 | zY s ey 7IsBY BN Ko oFses A | )
=7 | zEoM x@Es BHE ER0| Q4502 29,
G I, | SISO KR, AZS| OfZI90 O Wat M A58 | 510 b oo 2 o e
Gl S) | wslop| ot 2, B2 95 80l o4
ou | BN TKBSI0] BARC) AEIZ SUISIDE 20| | BHOIN 25| ZEE0| SYED2 24 VOLUMEO]
== | ot M, 7R Z2p7t QRSN SEM|0] HITX 20| ST,
. . L | BE 7 B BYM ZYEDR s3] T
22 Fd fMIL FYUM ZHEHIZ NS0l XD A 20| ZEOA Mu 4 H40| o ~ 904
ABH B S7| | HAZLO! SA 7172 MAN POWERM Sst 228 | 57 o) oy o aziny amae ooyl OWZ S0
21Ut U MAN POWERY 22 3717H ORI | oy uar: oLt o= TEE =S
_ ESeR=ES IS 0] o £ 2742 Ha|=of Q)
HMY | 7 SRl S, SIZEO) mat s, T2 MULLIONO| h= S2I=0| 20

TAHOE HIZRAE! BH0| Tt
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B A7l

® Curtain Wall Basic : £l 20f

o LMXIH= A WF(Anchor)2t 2&|(Mullion, Transom, Glass £)2 2 2=
o WA HEHY HES HESH= HXIE Y

- WEEE Y7 SES 2420 2Hol7| Lol £2iE0| Df&ot= XHY

- UHEE SRR SUHEE HASH= W2, A, S 0|E S =

- StAL  HEE AN 2 EISS HPot= 2E/HE, AIR S

2L

(fastener)

ol 72 2!{ anchor clip)

gl ®E
(embedment)

8 EX 0183 WRUSKZ

196 2026 HES0LXIHII H0S



24 YHS FHote F2 B
- X271 (Mullion) : Z(main) e
- +H=H(Transom) : R(sub) 7& —.—IHEM SoEn R2| XMHES

(RE| 3k501 st ME HE Q)

(Vision)7Zt: A ¥ I XU F7to=2 Q2|7 AX|=l= 717+

E2 7t MYO| AR e = RR0M RS & ofF7HK[S] 717t

(Ra, T, Ax S2 Orx X))

SAH2M TEH Y0l SR8

|
HCHS
=

- 59
A C
—I_

Egl-d(Transom)
FHEY 2 da|edo
Ax = =R

.M\x.\_
2 2|2 (Mullion) e e N
DA E2 2oig2 B
Fa=lo] S8 AUcle
58 FEEN
THK 24mm — >

izl 272l

[B3] Bz HEE IS

S8 (Spandrel)
{L Huje| 28 .E"'
HIEED} B[ W Ajo] B

H|H (Vision)
cEQo| st 88
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QA&

® Curtain Wall Basic : Z5I=

198 2026 7

LRt IO CHSt 7

|
WIND LOAD |

T<q

)

MULLION
%/— Ete=2f

‘aTA(.I( »LH\T

e

STACK JOINT
ANCHOR
C
FEWMALE
MALE:
T

I5(EstE)0l Cigt ™

iAhCHUH

o5t ZEJ Q7=

[—
MULLICH
ANCHOR
T
FEMALE
MALE
C

\ \ (ANCHOR PART) (MIDDLE PART)
\ 1 \
E.M.D SF.D  DEFORMED SHAPE
SAET 5188, SI8ME
O3 &X : 0|71%4s RS
A
Lol
] P4y
WIMD LOAD DEAD LOAD
b
L L 4
M
Lf4~L/8 L)’ﬁu:s
e Pd Pd
Wy P1C“—1‘ o TRAMSOM
gﬂﬂ[ m_mﬁnsom . :
T T é
o Td T
Td - Pd e BHE
_COMBINED BM.T Mern
r A ——
C 5.F.D e BISPL
d
CCIMBINED DISFL TORSKN
BENDING STRESS) {SHEAR STRESE)
SHEX CHE MHH HIEY, 512X
J8 &X: 0|AEs EUSKR

O

OESHUXIEIIA 2



® Curtain Wall Basic : ZF £X{H 20

/

—MULLION

SPANDREL

|, — PPENING FRAME

VISION

L

&
| TRANBOM

FAN COIN UNIT BOX—\

il
1
Il

Jli |

FEMALE
MULLION

K MULLION

TRANSOM

FSPANDREL PAR
5

4==mmmmm \/|S|ION PART

T E5 : OIS U

SOFFIT

HEEHE F£Q AZE 2L X-Mullion, =HEX-Transoml =2 2%t
UMM = 25 20| 7k5EH Vision T2t ST LR RE MRS 5817+ Spandrel 7222 128!
COFING
w FL.

I
f VISION SILL

Ti@ w FL

I
=
\— VISION HEAD
_J

- FL.

MALE MULLION

RUSAE

STACK JOINT

@ ANCHOR
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142
A6

143

146

206

220
225
A

7
LR
17
EIE]

]
]

a0

79

43

TRANSOM
TRANSOM
43
==

li24

0

&
s —

=|
=

=
L

] 1l
£kl 0 B FEL

MULLION
MULLION

t2t CAP typelt SG typeQ =2

oy =

< =)

01 R
K
RO o "
[=] & o
It a =
o g ®

=
® Curtain Wall Basic : 25012t EfQl

OURIZ7IAL B

=
==
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rim
{o

2|

1l
~
>

[B3] ¥z

® Curtain Wall Basic : 1%t 21 7{H| At

R ET Ot 2t 2Y|E #Ie 7HHFEO| o I E
=
T

2 Out ward Top hung type22 ZAgH=!

MULLION TRANSOM EFS 60 + EWS 60 SG
225
[1s = &0 [ |
4 43 [ | |
60
e ——
&
2
& w
g |8
g :: 3
= et =
g :D::D: B
e ...5 JR—
o e

@ Curtain Wall Basic : Glazing Option

Q= 012 Cap typelt SG typeLZ A #&2
SG type St 7tAZN 2 012%H 74! O A2|23 0|85h= &4 O E 1&2

<
<
- )ﬂ ZAA(dry)
gl Flush-fitted dry 7 }é;‘”
glazing
\\
U-shaped dry glazi‘ﬁg\\ ~. s
* S4(wet)
A Hel2
R, \\:‘\
L \\
) ~
Wet sealing Semi SG \_‘\\\
"‘*-.\
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B QAJIS

@® Curtain Wall Basic : 2874

FQ AXRE= SteelZ Glazing 222 AL = F85E= HEE

(E— g —

Glazing -

202 2026 HESO0|HXIHIA HSws



[B3] Bz HEE IS

(® Curtain Wall Basic : AX| Ef 0|

EE LY 40 M2t Cap =& Eft HI'=E EfI(Structural Glazing) 22 =& 4= UCH, 01521
70 = ArEE

Mullion-Transom Unitized Facade Window Fagade Ribbon Facade
Construction

Twin Wall Construction

= P=r
e

-]
2 i
g,
- [
|
-

gl )

203
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~N
ofl

A HAHE

[B.3]

SAU, +X AU, +31,9,

U. =

12| FetFE, W/mK S R3F0{0f &

Hx

= A
(=]

= Uw

A

)

FAIZ17] 2

A
o

2, W/mK

=B
2 o
© o [0}
L < £
O ©
T 5 w
£ 2 =
o = =
= %]
22
g-Xa
E o Bl =
s mv gl
o g ol
= &
2 g w &
= — 4 7
= t 4 Ok
= w @ O oK
0 44 E._m or
il "o oo
ol om o OV W
oW nE B oar
= oA X R
=T g s K fall!
ol o0 of X oo
o T o o &
o] Hl OoF OF HI
KO SRS
N &
= =)
o = Nl
E - =
g g E
[=E OR K
oo m B X
GO G 3l
=] OF OF OF
I [ I
< S < =
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DEre TR A 2 KE
BHxHe] 2

- 0I5, 0 &= 7127l

- Frame Depth =4

- QI 27} H(Z BT

- BQa|et Creatol @

Raico

omn

)

2He S

KJI'

Wicona

O
Y 2119 HEI|=2 0.8 W/mK 2| g5

Hueck

Therm+ A-l
0.80 W/m2K

Wictec 50 Hi
1.20 W/m2K

Kawneer

Schiico

1.0 VF 50
1.00 W/m?K

AA 100 HI
1.30 W/im?K

FW 50*.SI
0.80 W/m?K

206 2026 H=E0|HXIHIIA B4
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[Super Insulation Frame Sample]




[B3] Bz HEE IS

OUldODOI'S & $ Room Temperature
(0°C) (20°C)

Aluminium : 160 W/imK
Thermal Break: 0.3 W/imK

Convection
Radiation
Thermally
Broken
SR A0 2 A5 st
T T2H0| 07t 01 5, T Z7t0| S R FEE SEF Frame?| HEHESS J4M
Frame2| Z(width)0|| CHSt StA| 1247t =St
- ]
d
; Thermal
4 Break
F 3 7Y N
] 2 d
//‘
1 3 g : ]
b S = pve g
E v p v . v
«—S80 2 70 5 5 e ,
Uf <2.8 W/im2K Uf < 2.0 W/m?K Uf < 1.6 W/m2K
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o U X 2AX|0f T2 g5 Hat

o SYT T2 Y FR0M BuRITHI(E2(0015)Q] HX|0f HE HEYS HalE A
Oo| Q0| LS HQL SR et 21X Zes HEsIRSM, 72 X EX==
IR I 7+ =2 HELSUNS &Y £ US

Thermal Break Positioning Code:
» M: Central

» E: External Close
» |: Internal Close

» Two Area: Sash - Chassis

2. Position of the sash thermal break

1. Position of the chassis thermal break

MM ME H

El

EE -V

Thermal Break Positioning

EM

208 2026 ==
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WX Z0J0] M2

s Higt
Ut I TAES 01510 LIACHTY(E2I00|S)2] ZO[BHS FFE 0f T2l Bk

Length of profile B; = 85.6mm
*Depth D; = 91.05mm
*Thermal break length= 44mm
Uy =2.55 Wim%

Length of profile B; = 85.6mm
Depth D; = 71.05mm
Thermal break length= 24mm
U= 2.86 Wim%k

Length of profile B; = 85.6mm
+Depth Dy = 71.05mm
*Thermal break length= 34mm
Ug=2.51 Wim%k

10 15 2

2% 0 3% 4 45
Length of Thermal Break(mm)

U8 HekE L

209



Vell

@® Glazing ®E4s(Ug)

L)
0%
olr
ol
ke

At

ool

Sev &
=5/45/ME REZ MZESH LIZLLL, Low-e glass 2| M, 2284 712 (Ar, Kr, etc)?| X8 S So10{
HEISS MHAAFIL US
E|2 ZIZR2IE S50 242 HEMSI SHGCY X8 7HKl= REI22 20| =T /S
2000 2007 2010 2015
n
Glazing
System
—
Glass depth Double pain IG Double pain IG with | Triple pane IG with Vacuum Glazing
Pt 22mm Argon 23mm Argon 42mm 27.25mm
U, value U,=1.7 W/m2K U,=1.4 W/mK U,=0.7 W/mXK | U =0.3~0.6 W/m>K

210 2026 HESOLXIHIA 4108




[B3] Bz HEE IS

Low-e 2| dst !IX[0f| IHE Glazing HEds Hl

2.000

1.800

1.600 ™

1.400

1.200

/\

L 4 g ‘\
0.800 A\ 7 N
0.600
#2 | #3 ‘ #2,3 #2 ‘ #3 ‘ #4 ‘ #5 ‘ #2,3 | #2,4 | #2,5 | #3,5 | #4,5 ‘ #2,3,5 ‘ #2,4,5
2572 MZ=93

=—4=—Single U-value 1.749 1.749 1.573 1.255 1.255 1.225 1.225 1.157 0.987 0.987 0.987 1.120 0.997 0.868
—@—Double U-value| 1.379 1.379 1.340 1.045 1.045 0.998 0.998 1.020 0.714 0714 0.714 0.972 0.701 0.698
=e=Triple U-value 1.340 1.340 1.318 1.021 1.021 0.972 0.972 1.008 0.686 0.686 0.686 0.958 0.679 0.677

Low-e 2| dst %[0l [IHE Glazing SHGC H|1Z

0.700

. A

0.500

A T T NN
O e NN

0.100

|

0.000
‘ #3 ‘ #2,3 #2 ‘ #3 ‘ Ha ‘ #5 ‘ #2,3 ‘ #H2,4 ‘ #2,5 ‘ #3,5 ‘ #4,5 ‘#2,3,5 ‘#2,4,5

=—4=—S5ingle SHGC 0.617 0.660 0.589 0.552 0.586 0.545 0.568 0.529 0.508 0.519 0.546 0.519 0.499 0.481

—#—Double SHGC| 0.377 0.451 0.356 0.344 0.407 0.374 0422 0.322 0.300 0.320 0.365 0.358 0.296 0.297

——Triple SHGC 0.272 0.372 0.256 0.249 0.335 0.279 0.363 0.231 0.210 0.233 0.293 0.266 0.208 0.207

211



2.704
2 544 mU-value(W/m2K) mSHGC wmVLT

2.5

2.0

0.5

0.0
Clear(air) Clear(argon95%) Low-e(air) Low-e(argon95%) Low-e(krypton 95%)

° SERLQ ZHSAHO0|A) 2t e g5 2E(NFRC 7|F)

m U-value(W/m2K) mSHGC =mVLT
1.6 1.552

Argon 95% 8mm Argon 95% 10mm Argon 95% 12mm Argon 95% 14mm Argon 95% 16mm

212 2026 HESUUXLIA 240



[B3] S A AHEHE
| oI =22 x S
@© Glazing Edge MASUZE (W) 2|28}
== 0 =
Cioizhe 52 U A5
CHROMATECH CHROMATECH . . .
Spacer plus CHROMATECH ultra Swissspacer TGl Thermix TXN SS Triseal TPS
1 0
- = ||
Various
Supplier Rolltech Rolitech Rolltech Saint Gobain Technoform Ensinger Edgetech Sealant
Supplier
Spacer bar Homogeneous Homogeneous Stainless steel Composit - Composit - Composit - . .
system Stainless steel Stainless steel with PC bridge plastic plastic plastic Sliicona foam | Thermoplastic
. Polypropylene Silicone with
Insulating Polycarbonate / Isobutylen /
. SST0,15 mm SST0,18 mm Polycarbonate Polypropylene | fibreglass desiccant
Material fibreglass armed implementad desiccant
Damp barrier | SST 0,15 mm SST 0,18 mm SST 0,10 mm SS;L?F}? ,‘_.’c')":“ "| ssto10mm | SST0,10mm p&gi'?:;y Isobutylen
roll forming & Extruded; Lenhardt
" ? Extruded & SSTIPP- g
Production . connect with SST/PP separate Foil & Robat
technology Roll forming Rollforming polycarbonat separate foi Co-extrusion fibreglass Acrylic glue application
b application co-extrusion ’
ridge application from drums
PSlvalue
WimK 0,051 0,051 0,041 0,034-0,045 0,044 0,041 0,035 0,039
PVC frame
- Variations with . . §
Corrugated Traditional e . PP Fiberglas & Triseal with Butyl !
Remarks austenitic SST austenitic S5T A“St':;“g'é"TST shed n":*::”h d‘;";"’ﬂ FE”“‘;;‘“' & | Giued Moisture barrier - diff The"“c"’“:snc
profile standard profile op . Pesl \?a\ia barrier Moisture barmier spacel
%O L SIAIS O
Hrol ds SES P HEUS ME
k=) S o = (=) AR o o o S XL I
TEESS AEok=s A0| Rl HEISH ==0| EH, 2 & H0M Fol0je Fes =X 14 EL

Example: Frame with Us 1.2 - Insulating Glass Unit with Ug 1.1 (940 x 1048 mm)

Spacer type PSI Exact Uw Rounded
Value value acc. to
[Wim K] [Wim? K] EN 10077
Aluminum 0.085 1.368 1.4
Stainless Steel 0.15 0.050 1.270 1.3
Extruded PP with Ferritic Steel foil 0.044 1.254 1.3
Extruded PC hybrid spacer with 0.041 1.245 1.2
austenitic Steel foil
Flexible silicone 0.035 1.229 1.2
[ZI=SME0] M2 TeMs 7(0lx]
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=0

7|

=
=

E85(Ug)0] 2| HEYS(UNZL

C|
—

oA
|28, Rl HX Z[

5

AL. Frame

S(Uw)

R
tH, Fe|2t L2

%ﬂ

t= x|

.
TH| 1124 |0{0F

o

5}

3

=]
=

| AEE Ol 7t

CIxe! %

OLXIEIIA B

>
==
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[B3] ¥z HEH IS
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Holk= o

B 2Aa7|a
© S2R1E XS X0 QIK}
* 201 KISR0} QXK= 2fiiss, Hlofiias, TRMIAE 22
ISR
CEHIVIE 0188t MIdS Solf 2t HOo{LL L12|F0| Qo A™E X0 M2t S2RIE M E &
Feks 0X|A| =H XtSHI02] i=H0ll= B fIX|, 2, 2|7]2, YAE S0| UZ
° Hjofisias
DAL R A20t 20| S2RIE XSHE Solf O|F 1A} ol etdds 2 SH7t MO = LIEHHH
SHI} SEET YSKIS BEHE 4 Y 5= 22
o ZRA
D H|0{e ZHE O|F7]| loff EMH2Z H|0{7} O|F0X|= YIS0 sHEok= A2 ATEL|0{2F 7|70 2lok
HSE Aot 0| Mt XiSsHe = SEGHA &
212 2(input variable) B Q|%|, 2, Q7|2, LA X M2 =3 MM
X|0{=~(controlled variable) xR AR -
Z™HZL(manipulated variable) Vertical Position, Slat Angle ATEQ0, 2E

OLXIEIIA B
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Vertical Position(&20] 7}2iX|= H|E), Slat Angle(&3H ZI=2 Q
18 Q= ITHE0 QU= SEHS0|H F 21} S2IE= B}

2 Hat O|RUXILt 2|F =4, A=,

AU

TP T PP PPN
! Vertical

—

Position

VP, 0%8)

Position (V)

A

"E&léavlvrr'

—= (/L) 2 10005%)

EEEEEEEEEEEEEEEEE

'I.I.IIIII

Temperature

(a) Vertical Position

from the

Outdoor

= Dynamic
- suN

LS|

[B.4] 7|2EEA L ASTIE

Sal0IC 0| 2510 ZEIHOR HilEl= F4 g

“Vertical
Position

(VP,100%) SRR

Building
""" (Envelope)

- Static
. =3

t Temperature
Illuminance.. 1—1

Indoor
« [ynamic

- ZLE
- Qutdoor, Building, Blind@l
a%yp| =gixos Ay

217



B QA=

© 22 S2RIE ME At

https://www.evb.co.kr/bbs/board.php?bo_table=evb_reference&page=2

218 2026 HESOLXHIA 408



[BA] 7|2EEHA L ASTIE

https://www.evb.co.kr/bbs/board.php?bo_table=evb_reference&page=2

1. 4RI, MRA 2Z0| 23 ds S flet HILIAIRF SRIE XtSH|0 &, MSTHstu et
2tAfele] =&, 2007.08

2. https://www.evb.co.kr/bbs/board.php?bo_table=evb_reference&page=2

219



HZ0|HX|7H= H 71208 | ZEB A|E7|&

ARAS 7=

El
Ho
Jio
FH

7| ote HA 2

NS 7=

7|2 AlZ2| 0|2 2 0|aH

© IHA|EotR AL Ag24

HygaEn
HegEns

UHUHE RAE + e
csgEAg Al

i
//
Y
e T T
- 71 H il
—r a;ug MY
wigs -~
= P
M
P M|
cross i LE
sE g=liE
A L A2 Al REAF S L AIS Al REAFE
1. o 1. A
2. e 2. PN g=
3. P y=) 3. 2|
4. | 4. =

220 2026 AESUUXTIA 240



© O X|=e} A7 =

AA=E9)

HILIXI=E2f
EADIE
oheAd

ZERDSETA| H2022-525,
2022. 1. 28, L2MHH.

[BA] 7|228A L AS7I&

vt 2=as2 24 H2022-525 UG

> 7|LYS 5t TX| B OLXIYSXIE(BYALR) A4

20| 7|LE01Z A8 S 7|2 s Zst ZA| Al BHE HO5H= HURIYSARISEE 68 &=) MM

« A5 AEEC|J|MS YU RE6P| ol &77H Y| A2 & X 2T PAAS BERIOIRS B

@ o0 x| 3

KOREA ENERGY AGENCY

> Y20 HE IS Y8 XX

« 71245 Yat BRI HE
— e ] ; T

) HISS Hels 9 7| ULS Y5t ZAIS KB HOR O], 7IUkS U3t HER R o

EA|o] #8l0] EHOR UHS0| TK5aH0F 8

=S T

E

HZ0[ojo} 5t

7|UYS 3t ZRIS Ao 27100 2 Boli= PRI B A 2)0] S0l H-st= MES 37IF
IHY 9 S540| H2 HES AEYSI0{0F 5101, KS F 2607(SM22| £&4 SFUH)0 T2 57137

(MEAOl S| M310{0F 5101, &S 7201 T2 REA HAK| S HESH XS LR510{0F 8

- U&E0 P2 FF A T HX| ARI0) et 7| UHS0| FtE £ AT M MEAA= 2HE5E o
FOll = AISAE RISSH0{0F S, ASF- HAXH-ASAHE AYMS SE25] HESI0 HBORE T

3L, IR} LMBIX| QS AIB510{0F B
© J1UYS B TR HBHIS At
710 57 Bi3t M0 3 2 8 3 71245 Yot ZAV} HEE
23 2o Bixio| g x
<4710 2 Bt 7149] & 2 20| el &

o JIUEE AR _

xgdig

100(%)

- O & o 20| TEMR HElohs A Sl 7|28 23t ZAIE $ PR AP HBH B A 2o o

HOR MY

7|2E0|2E EEUS 7ISS Sl HQAZ 7|LE0|2e UE T|SS She AUS 7|LE0IRE RIE SY

- HoiE, QIRIE, JMEDIE SO EAS Saff 20710 21 It 4AI| & o 20i T3t 7|2 LBIRA| |

g 028 17|

221



Winddichtheit Luftdichtheit
h
HEA X A I
SES [ $EE
xTH I 7198
I_I
—
L L

—p HUSTUAS . HULES L 4o oo

2z ==) SOUHZE (S ) (227

A U 7| ”EA T

222 2026 ASSULXIEIA B4 S



2lot O X|ds Kot Hlw

0.6/h
3L

1/h
34L

2/h 3/h 4/h
41L 4.7L 53L

5/h 712ds

59L OUHX|ds

[B.4]

J|2=HEEA A ASTIE

223



kritische Anschlisse

#} 100% 71L&l oF sl=7}1?
/ AN

« U] ZEC]
+100% ? s—

« AFA = T aFEA ‘

_EsE BEE 2= o =] T
YRS B@ £5719) o5 Solof afni..
_Xo9lo o - 5 '
=9 A9 WA aPAL ; .
— ES L [e] - n
71 %3717 P = AT nso < 3,0 h-! |
i —_
v = > - o - /
7123717 AAE = A ng, < 1,5 ht /
SRR — N
AN — N
SRR — A
DN, — R
SN A
SIESpd(f=T2=1 HItsp=2 = ol &l Ad = = 1 PR ORI
P HENOLE HLt o] HZ ZTE FOI7| FHME ng=10(h) o PP e SRS
AN NN NN NN NN
» ILH}\] =] gl._?_)\gl 7[3:!_?_0.“% JE‘IQ.IE n50 =06 (h'1) PURL R R R R R LY R R R
—_— — 7

7|2E A F2lE 7200k st 74,
& X|: RWE-Bauhandbuch 13.Ausgabe, germany

224 2026 HFSO|UXIBIIA B0



7|2 EA R ASTIE

[B.4]
OIS B7| AR TE: XIQIET| L 71|
|
Zee0] 7| USHAIRH O LX) BT
S5 L) MTISE7H A5 27150] RISt
Aol ERet #7120] 25342
o2 |
O E[X| 042 EM2 &717} HEOIPIN HANSS
HO{E 2] A2 9 FHOIH47IE 21010] 5

225



B QAT|E

© HtH= 20| 7| =[=2H?

eoo0esos

O Ay g

b

s -
i I i
T

I'" 'J' b
x I 5
o
a1

L5 LT
90000
1'I'IT
J.I

T
LY

r
L

J|ZEE0| HELH ?

ftstr?ung (Konvektion)

226 2026 HESOLXIHIA E408



[BA] 7|228A L AS7I&

© 371903

5712 0I5 S IHE ZHDEE OIS EZ2

1IR3
i
i}
~
I
08

ol

ot= AHoM Moiots A2 =7ts

227



ol
ol

WESIEE
Sq#t=30m

Y&52 SO123)

Sdet - SJIS2 S
S0t Sitok= Mgl 3%

im

1 14 cm -
l 1 Institut fur Bauphysik, Stuttgart
m £Xx:0BZ12/89, HIOIXI 1639ff

am

0l gli= 2 0,5 g &H4/m2 x 24h (24D S01 8= 3 U-Wert=0,3W/m

1 mmel S: 800 g &4/m? x 24h (CH) I mm 2| & U-Wert =1,44W/m?k

&719Z0F 1600 b d8ds2 a4 4.8l

228 2026 HESOLXIHIA E408



[B.A] 712=HEEA L NS &

© Z=2t 5&0(9| ofXiAfz

e 37|
=225

zer37|

© Z=9} sizer

o
W%l PEB &S WHF02 Wl Y BE(AL), BEEB)FS AAdE A5
v X N X v v
Winter Sum.r:ner Winter Summer
eg. SOLITEX — — SOLITEX— =
wall PE sheet WA, UDor || WA, UD or
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outside inside cold X warm warm cold
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->No Condensation on -> Condensation on -> Vapour control to the -> Vapour control outside
outside layers inside layers outside -> Optimised protection
-> No risk of mould -> Risk of mould -> Optimised protection against mould
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Software for calculating the coupled heat and moisture transfer in building components

| WUFl{Waeme und Feuchte instationaer, Transient Heat and Moisture)

9|0 =EE OSSR HEQLSHM MY Eo 2AHEHE S5 B2 0|
O|5E YHNCR AMFe 2uE0

Op2|o M GOJEI S H| 2B a0 pC M A 85= 255 ME0|M E2TH
22 Y 7|22 HfE“’E Huat?| o 20 HH Y 7i0E o ojE S HSET
Z2l2oH BP9 HEY HAY HEAHNM B2 5 2 ED A4 H2s ey
AT

255 MEY0M E 24 (Hygrothermal analysis)
» 583 £4 (Critical moisture conditions)
= 44 (Fros)
= 4] (Corrosion)
» ZH0| 24 0% (Microbial growth)

A 2R 2|20 23 & MERTE O

Case: V01 EIFS EPS 50mm OSB11 Wallpaper (Sdi=1,2m)

EERENNBRBIPossN  Oricrtstion/Inclination/Height | Surface Transfer Coeff  Initial Conditions |

Layver Name Thickn. [m]
Oriented Strand Board (density 553 kg/m®) ocon
Material Data |
Exterior (Left Side) Intenor (Right Side)
0004 005 0.011 014 0.010,0095

[@ﬁ Sources, Sinks J

[ #% Newlayer |
| B  Duplicate ]
2x6 5 . 7 u Delete ]

Edit Assembly by:
@ Graph
) Table
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V08 EIF3 EPS 50mm ESB12 Intello Wallpaper (3di=0,3m)
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0,304 § 12 14 010,350,935
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Mmneral Plaster EPS ISOVER ULTIMATE Klemmiilz - 035 Gypsum Board
Gypsum Board
Cross Section [cm]

Rel. Humidity [%]
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Planung

1. Bauart, Wandaufbau, Statik und Fensterlage erarbeiten, ggf. Aufnahme der
Einbausituation vor Ort

2. Fenstermaterial festlegen

o 86

3. Fensterart festlegen
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Figure 6.97.1

Schematic of desk ventilation, air
supply from pressure cavity into

furnishings

/
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Figure 6.97.2
Air supply via stair vents

2 &X: Klaus daniels, Advanced building systems, 2003
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- 3712 U2 WOl M QU= W2 TESS F71H HA0 2E &712 &= 032)

=

//////////
1"' _]

% r_. "'l 4

i

W%

. é
= [|]
770

© &7|=st BHO =R

& 24l 04X (BOH, Heat Medium)2| S&0] [t

1. HS7184

(All Air Systems)

2. T4

(All Water Systems)

3. 4-37| |

(Water-Air Systems)
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2| S0A AMAE H3 H&F&
. Zone Re-heat
SHACIE(SD, Single Duct) )
FH=Zer Al Terminal Re-heat
&=7| | (CAV, Constant Air Volume System) O0I=HE(DD, Dual Duct)
IR 3013 HEIE(Three-Deck MultiZone)
=ot BZ2f ghAl SIS E(SD, Single Duct)
SS
Al (VAV, Variable Air Volume System) 0IZHE(DD, Dual Duct)
K01 R4 gl (Induction Unit)
22| - — - 2/3/4 BA
BIY S WA | B3 K4 + Duct E8
HEAI
- SAMLHE A+ Duct HE
AU A LA (FCU, Fan Coil Unit System) 2/3/4 &4
& b
S I 9HA! (Radiant Heating and Cooling System)
S0
I =il B r=7)|
DIIK KK Al (PAC) _
ghal ghal &g
SIEET

H&7| gl (All Air Systems)

SESU SES7IE SN d, Y1 5, 7HaE SAM =

Zt zoneLZEE UL 7= 20| HiIS(EA)Z|LL, LIHX|(RA)= AMEH 2|7|(0A)2F EBHMA)LI, E8E7 1=
B7|Z817|(AHU, Air Handling Unit)2] W e TS SEtet0] X E Z7|2 CHA| 2t zonelll 32(SA)

Exhaust Air Sp ace
Return Air

ixe Supply Air
Air
Outdoor Air

Filter I Heating Humidifier
Cooling Coil
Coil
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PART

B QA=

27|Z38}7|(AHU, Air Handling Unit)

-
D1 DISCHARGE SECTION

LAC ACCESS SECTHON wiSOUND ATTENUATOR

F5 BOTTOM OR HORIZONTAL CUTLET PLENUM
SUPPLY FAN SECTION

| -AC COQUNG COIL SECTION [wHEATING COIL)

CC COOLING GOIL SECTION

AC ACCESS SECTHIN

F3 HIGH EFFICIENCY FILTER SECTION (BAG wi2® 30% PRE-FILTES)

R4 OUTSIDE / RETURN | EXHALST AR/ INLFT SECTION

g
1. 285 7198, 71 Mo 80|
24U 7IREEILES
3. 231 LE=E SS 7/IMEZE LTS AlIA, S& 28 H FAIEE He
4. U0l b=, =AH|, M, TH S 2X[6kK| 0t E
b. 3X HIYHXS X XX|(RE space SH)
6. &S oFX| 11T 27|15 HOtS0 HUE S5 AR 5= AS(71dY)
7. zoning, 5= M0 H SZ17| d, 40 FHH0| A=
8. 3 AL{of| 0| ZQ OS2, OA 717|0fl E LioH S S
9. 7l&1 & Hof 80| (M12H 715 80))
=
1. 9E space 7t 311, HE 7O =2 Qlol S11 Tt
2. 87|19 dEs 7| o=HE
3. 85 5201 2
4. ST 7|ALS ?let 2 BY 2+
5. HEEH A|AR2 O] SHO|M H2EX

Economizer Cycle
1. Q7|12%7t S25| HOtM 2|7|Z 0|E510] MLHE et o~ UCHH, Mo = =2 20 Mixgt 37|(RA
H2 2E2| 97|(0A)E MAst HIZE 28lot0] WUT Y(Cooling Coil)2 OIZ3HX| 21k MM 2756k=
29 Z7|(SA)E MHS = UZ

2. 0l2{gt HHO 2 SRIPH|N 0| X|E HYfot= 1P :Economizer Cycle
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® T4 &AL (All Water Systems)

0ff OJ5t AEHDHO 2 L LitISH= HFAl

=
SY0f| YIX[3t Chiller, Heater, Pump, PipeE 0|&3510 22 Sall & =t
REX]
ooa

I

1. 7HE Mo, 7HE 28 7ts
2. A|ARIO| 2|7} 271, Duct SystemO] ZQ A
3. Duct Space, 38X 7|AA0] ZQ5HX| ks
4. HEESE0| X
g
Bk, FBE, VIRER Mo 22
. AILHOY pHf2 2R
27| =Tt
s s+

- ZEEH0 tiet 112 2L

He
HAO

o A WON -

© —&7| WAl (Water-Air Systems)

1. /A MO0l 2fet JHEMA 7Hs

2. 29| Lo} FEHO| JIHHOZ 302 FHIA|AHIO Z7HS =Y
(Duct Space, X 7|AA9| Space)

3. &2 L2 NHXIE &&th|7|= bl M2 ©

4. NAHIO| Li71H0| 23

CEx
| B e |

OIQ
YN

3| et =2y

 TB7| A0 HIH HOf 0124
CSQXHZHH|UA 2

AU 20| X3, Q0| 145 LEIS A8
. AlLjol] -820] L3I0, 20 2

RO Ha B AN £0] Eol &

D oA WN -

H0| 271E (HS7| Y201l Hloh HE5S

[B6] &

[Pe
nx

H| 7|

>

Alje| 20t SEE THGH| 9o, B2 B7IS 510 2 2

271 5Y SEAOIM &, HYEI0], 012 zoned| 28

21 5 TR0 B, s, Ao B3| o Pump 0185101 Pipe Hg
S

=ESE
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1. 20N, ZHE, U2, B2, 01201, HEY, TE4, 2015, HEMHAIAL, 725,

2. M&E], 2021, TIgHES 2ot ASHH|A|=l, LTIAL
3. Nobert Lechner, 2015, Heating, Cooling, Lighting—Sustainable Design Method for Architects(4th), Wiley.
4. Richard R. Jains, William K.Y. Tao, 2019, Mechanical and electrical systems in buildings, Pearson.

5. Walter T. Grondzik, Alison G. Kwok, 2015, Mechanical and Electrical Equipment for Buildings(12th), Wiley.
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[B.6] 3X4H|7|=

S
e ———

(M Al

[SAbLEr gral]

[CHR e hAl]

M| JHE
S| G wet 5 SAHE MECQ| H|E0| 50% O &1 'HiAH) HAl
[ASHRAE, ASHRAE Handbook 2020, HVAC Systems and Equipment, 2020]

o
Al 0|2 QI HEETHS kol 0}Zats )
z7to2 B MY

|

@ =4

=4 TS 08 st =
- Y2} e JIHE SAF BROREE Wikyo| WO
- UKl SAPHLHY AIARIO| 22, ZAL U S & MY HIBS 70% : 30% HE

-
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B QAT |

© HSH IAIHE Al
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[B.6] 3x4H 7=
© =Lkl S

o RHAKE 2HA ofef
- 37|12 OLL2 BREARE(MRT)H T FSF — Total Human Comfort2 A THEAIZ
- iR AAR0) H]SH # U AL 2/ 2k 22
- ZQ BV 012/9] 7|9 SE(7IF)0| LS| 42
- AW 371F 74 St (HX] SO HAMO| gleH, 2R 2X S RLUSHA| 210t YIAA)

-H2 A3 YY

A

[ Z00Btu/h |
H THERMALLY | TYPICAL | |
| ACTIVE SURFACES i i

D et aptomatargr |
v | oot |
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UA2EE O SAHLH(EY) RAI(HY) |6 SYsH Aty Sut 24
2 QI5HOfL{X| 2 Tks
0| 2 E= EZ ArEoIEZ, 25 O K| AH| &
- CHE 0] B3 ATHEOR M224 Lg, T4 Wil 75
- O COP &&= Qlot Of|L{X| H &t
- I o X[e] 28 VHsd =2 (dE Al XIE heat pump 20| SAILHY X8 7t5)
100% Peak Power . Fan 2 Motor S& : 30% &2

. XgS0ot:9 4% "*3*
. B S RO N&:7.4%
37.5% L TEEIT E% 0 1.5% 3ot

Fan & Motor
- 54.7%
l.5%*-l’umDs
18.5%| | Load from Lights 5%
© chiller ) 3% L Air Transport Load . ?Zgé
é2.5%<
34.4% Other Loads 34.4%
air \. 3
Conventional Radiant Cooling
HVAC System HVAC System
£ 37|19 Y0l Hioh 8328 (L LIS & 2 3,467HH) [SArAEE AIABLIO| 0L K] B2 H5(ARL)]

- US YHUAAR F SAPLE A|ARIO| 74F 0|HX| Mz 7+540| 7He 2 A2 2 E11(0|= DOE, 2002)

Table 4-1: Energy Savings Potential Summary for 15 Options

Technical Enel
Technology Option T’g':t‘:::“ Savings Potenzlgayl
(quads)

\ Adaptive/Fuzzy Logic Controls New 0.23

Dedicated Outdoor Air Systems Current 0.45

Displacement Ventilation Current 0.20

Electronically Commutated Permanent Magnet Motors | Current 0.15
\ Enthalpy/Energy Recovery Heat Exchangers for Current 0.55

Ventilation

Heat Pumps for Cold Climates (Zero-Degree Heat Advanced 0.1

Pump)

Improved Duct Sealing Current/New 0.23

Liquid Desiccant Air Conditioners Advanced 0.2/0.06"

Microenvironments / Occupancy-Based Control Current 0.07

Microchannel Heat Exchanger New 0.11
\A’Q{i’&?zﬂ@ﬂ[&&% [or e L PUPPP VX TICY A

Radiant Ceiling Cooling / Chilled Beam Current 0.6 d
\' Smaller Centrifugal Compressors | Advanced | 015 |

System/Component Diagnostics New 0.45

Variable Refrigerant Volume/Flow Current 0.3

% DOE, Energy Consumption Characteristics of Commercial Building HAVC Systems : Volume Ill, Energy Savings Potential, 2002
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% 7|E}
- &0 MZH 2l 0|2 QIS EXHH| B g1t
DE|IA Q7T EQlotH £B=, IR Hsh £371, HE 3 S2lig AO|= MY

- Aol MX|=l= 71717t 2R YUQER, HFI M AJARIO| REX[St= HE Xz
-BEoVV|E ARE LEAZE R QICEZ, 21E S EHATIX| US
- T SSFHQ FR, 7|E HY S Eo1H 4H| EBEE =Y = USEE FAHYR)
MG Al LAY
- BSAIRI0| A E Tsd EX
- SIZ Ko X2| 7HsSolH, HE Fot M2| Al 20| ZX| HHIE)
= B

PSS
S

r
ro
|.n
MHI
=
0g!
ne
0=
d
ofr
0x

54
- Zf tube?t tube spacingO|

© SAYHLS EF

k ZE FENAS| STUR/SH A HE 72

Radiant Embedded surface Thermally active
heating & cooling heating & cooling building systems
panels systems (TABS)

3 7
FAAWAL

S EN
‘A2 PE(slab) 2t ELIHCZ 229 FZI(slab) ® E= - A2 PEX(slab) LIS
Tl U B AlS Orchet Sc|HL=z S§f g8z S8t

& ASQ IEHY SHOZ Fl(H) B AR EHOZ 2e AL PEMY SHOZ S
-UEHNO| A SAHEHY THE 2 (22m &8) 22 2ER(slab)0fl HHZS D&
NS a1 X|==0} Ch -J1ES BIS SAK SR AIASL

LS RO HIA WA E
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A EBI0| 9%(0] M2 7

Y SALE AIAE
HIS, SAH LR AIAR

J
Wi
ol |
i)

i

i

i
o e o E
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[B6] SZEH 7I&
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2026 AZS0|UAIEIA HRUR | 47|15

FAIFEt| 7|= Ofaf

FHS7] A 2)2 S8 L BEYEHS| £t 0laH

MIo| =T Uit O TJISH2 0|5

HE IS S0HXI7IA X 28227 | XS] M=o OfsH
HES7)2 5E7H Y 2 Fore= olah

E37| 1S E0HX|7 X M= Of5H

TeE HI/MT|E

******

o A9l go
— T Et2(shear force)0| ZIEUS W 10| S| ALt X2 HEHMO = HHSH= 2 SR
o 7H2 R
- HIZSE KAl - JX0 &=0] 7S W 2Eo| Hatst GiCt.
E, 718, dR2lEE 5)
- Y=d {A - FA0| LHO| 7RIS T 20| a7t QUL
&E71, 712 8)

o RYEH0| IS OX==28 L RS EY
- e, M, Y0lEX 4, 45 B, QUE A5, 2FAIS, 37| o, AHIEHOIN, = S

o FH2 MiiEl= HOlEE A7t A, DAlE MEH2{0| 2F86HH AKMO 2 HEHA| Q11 DA AL HEE

o RS 5P| HslMe fA2l 5 4 Ol6H5H0{0f &

o U p=m/V (m: B kg, V: HH md), UT= 20 M2t Bt

o BEZ7I9 Y= 1.2 kg/m3 (KS B 6311), BEZE 29| Ur= 2F 998 kg/m3 0|Lt 1 000 kg/m?3 7FEEHKS B
6301)
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3
HEx I(Contlnuum)QE 71
7|12 2212t X+2(dimension)

- 712 S ZE(M), Z0I(L), AZKT), 2%(T)

S kg(E=T1#), m(DIE)), sec(xE), K(ZH)

- X 712 S22

- KS A 1SO 80000 series &1 (www.standard.go.kr)
%ﬂl(ﬂuid) Qf OE(ﬂow)

- 7A

- RS

E=OGH
o 17

S| (Fluid dyamics) : SA|29| S2ZI22 AL,
QX HYSK(Fluid statics) : Q|7 I*XI?_* SEHO| A 212
HALH|(continuum) : EF Z+2 CHAMO] Hl
2LiZl= SIGHTHA)S BEEC= A

= opn|
°
ZHHILE(K) : MMLE +273.15

=
TRl RHE2 THE (m/s2 km/his THlE T2, X2 23)

KS A 1SO 80000-1 &F 2 £Ho| — F|1 & : QHIALSE
KS A 1SO 80000-2 ¥ 2 £ - H|2& : 43t

KS A ISO 80000-3 & 3 2| - HMI3E : Stk A[ZF

KS A 1SO 800004 ¥ ! £ - Mj4L : &5t

KS A 1SO 80000-5 2 2 T+ - X|55 : FHA5t

ASRE S5 /A2 BTt Al S0 M2t HalolE2 WS o2 F g = Qs
HIZ=E S5 RAIQ L7t A, S0 SEEI0| PHoIH RS o2 Flgd =

GEHRAIPHLA) FI(b),

[B.7] NasHI/M J|&

Z210|(inch), AlZKsec)
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- Zl2F HZEO| Xl (mass conservation)
- 252 HE9| HXl (momentum conservation)
HZ0| #XI (energy conservation)

1 1
Psy +5pVi' + pghe = Psy + 5 pV7 + pghs
- ¢ HIMAL (Continuity equation)

Q=V,A4,=V,4,

Ayvy=Agve

OILIX| B0 HAlS Sof HI25010] WHA0| RS, AR SZOH SSULIXI9 AR 213!
SRR Y2HS WOFE. Hol YOI HfHY

=Y et O S FAIE = s Y RS0UM U T2t {X| (Xt 23 WX, 21X ALK, 7S

a
STUHAT S AXWHAIL Q0| STl THE LIEHS WHAIS 5K Ut 2olo| 5 B2 H7H
CIOIAIZIES QUEl= 9Tt QEEN= Q0| Z0[0f SITH: XIS BIEA | YHAQ! HYHTUIYAS HlelEX
QA0 HBHS ZP RIS WHA

© & MY ZAOIE

1. Q2 ZX09| 0[5H (2018.03.26), SHEEZEISIATLL] Q7|2
2. White, “Fluid Mechannicx”, 3rd edition, McGraw Hill

r
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[B.7] NasHI/M J|&

B0l Ho|
- QIR(RE, A2 FE OLXIS B WOt KAIS HOIT(SAS), 3t LojLh= 717 (lers2)

- O|LX| AF220| IR &1, 2 Sk A WY B2 gt 2

DS
&) 1
WA > | P =D HE | (O MLRH

FE H2 X0 U= FHIE YEY E= TAE SS 0180610 FAM| Hit K22 Thot0] Hi2t £22 0|SAIHA

=

Eiﬂ_g TgE vees otate - mfmmm
. ﬁ A % 1
Do = 1 =1 IF=R Nz AY ) =1 (W =t
=] . = =14 i ,l.ﬂﬂ_ — i /=1 | \ T -
1 H' J ] i = > ] L ;;:_D&
1.8 Sy 2. BH & 3, % &g PR —
WREE-SWY wRE-DYSY HEE_ =z s 5. %% gy wRE 6. CleH2eh MRS

12, gRE 13. Hg 14, 28

8. Cigh & Ty 2y 9. Chet iE AHola¥

AE I e G i "

oo e s 2. CIIE MY = 3. W Das HE
(med i eien (=Ello|e] L wien)

——
= LN =2
O T R
G; o g | - = i VANl <
= E—-":ﬂi_ [E o (e
. = 12 Elels chal B =
= Ry 13. CHEM LAl B= 14, % EE 0B @
O S (Ew me e M. T we mam [EXN)
8. @I AIA M= (=aer mer mEla . T e CHEE LA
24 8) = B = (3LbAN
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CELEH

43848 B

HENEVEL LT +3NE/25 8
S [0fl QIH{EIS RIS 741 I} EQUEl= FA
UBCIEHHIE SAEHIAAOR OIIE 2 TS A8 UY
DER0|XI7 XS] 90%7} QIHCIEHHm]

o Me AE

(Pump performa nce test)

HE 45 AI¥2 KS B 6301 (UM I, AR HE I
22 WIo| N Y AA W)Y KS B 6302 (HE

:
o
Jpp
03
0%

B ol 275t ARl

HOL Q2 YOIt Hag
Q2T QS TI9BH SRIZ0| OfL|T Rl S

302 2026 AZSO|UXIHIA E4-0S

& A (m)

(k=2
=

BTE0% Hgk1 ¢

4528

"

-
- %A (Total Head)

- EE2F(Flow rate)

» 228 (Shaft power)

- H= 88 (Pump efficiency)
.

s
EInk-3-2]

E &2 (m¥min)



[B.7] O/ J|E

kl
ol
o
1=}
I H

W
=
x

‘ 7i[dl -.ﬂ=2~ﬁmm
L / L>2d
| P4

i)
i
I
0
4
11

ZHO ALBElE 2= AS7IREA, YA, A, 28 £ )= LE0| 7L =71 &0 2540]

22 E|0{0F &

HUH - YL+ AE S5+ 924

6 6 A
hd:10G+Zd and hS:10G+ s
PE PE

017IM, HE HMY¥A (m)
he ‘.’JE-*. 5 (m)
=45 £5 (m)
z= 92 I 5 (m)
o =89 Ux (kg/m3)
= 32145 = (9.8 m/s2)
AHolx| ¥ (MPa)

HE h—h+

If D; is the same as Dy, H=h; -

|r

G

rir

N 0| 32, EY E2 A2 2 9x|o| &0| AHo|7}
of ¢ | ) gon g A5 ()L 0ol
A : Suction port B : Discharge port
U0 ZH7IEEE SotH HIEH(specific weight, HMAEY 20| =[O, AAHM= HIZH v 2 Hoig &
| SH/ISEE SotH 0| &, SI YA M= SFH2 AHEoX| 41l &l 5 Ne= By

TN=1kg*1m/s?
98N =1kg*9.8m/s? =1 kgf
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047|1M, H= HA (m)

Eﬁ hd = g=+5 (m)
Power vde=£E45 (m)
[Heiey Flow meter zd = #A$5F (m)
p =29 Uk (kg/m3)

gE 47452 (9.8m/s2)
G = AlOIA Y (MPa)

‘ &R 42 (EE 2 1000 mm) &

3

+BDEMHIO| AR B4 SIS 3=

E%IIEOI%Om Ol&2 FLHOIM w7H0| 27+55101 2I0(weinS ArE S

oo

A HO S8
54 258 (Pump efficiency)
(Hydraulic power) (Shaft power)
P h
_ _P8gOH p_p ) .- P
h — 60 1 0 3 s C X nm g
X S8 a8
O7[M, He HH (m) Pc &= Q™Y (kW) (Total efficiency)
Q= HHFE (m¥/min) nm=HE7| E8 (%)
£ 89 UE (kg/m3) gEFUNISE(9.8m/s) P,
n, = _P

Power
Meter [—> P :u21z37|2 238 e g

Spec. tag FEYO| SH2 25 Y

2 HHUT Ol 3E

1, 4571 58 %)

RE(m3/s) Y (Pa)ys ZotH XH0| YE(Watt)0| LES. pgH| HPl= Pa
=SS HO|UHZ0[HE 018010 AT EFot= A AUAS. el *ES =UE
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[B.7] 1&8HO/M 7|%
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DS EO|HX|7 | XX EZSTI0]| 245t FYAMASAXI2E A H[2021-166F, 2021.10.25)

o
Oo—

- £5779| SHX|Z0] 2,200 0[5/ B3 B

HDBEH _
ASE(%):
== Q0 . : § R e e e M1
- | AEE(%
B0 M 28(%)
' + | B=2(%)
t : 70 T T
& 1 i §60
) U
" : : g so
[ 1 Bl 5 T
p i : L i
1
\ H H 40
: : -
i ] 1 30
_l L L 1
70% E&Z(mYmin) 110% O it s 5 8 g g e |
HDBRE )T SH IT2270 %~ 110 % #el 0.01 0.1 1 10 100
E&(m’/min)
>~
=22 (m/min) 003 005 002 01 [015 02 03 04 | 05 | 06 08
AZE%) 433 473 508 | 528 | 57 603 66 69 | 706 | 716 | 736
E;; BEE(%) 39.9 429 445 465 | 489 S0 542 572 | 592 607 | 632
101 ES¥nming 10 | 15 20 | 30 | 40 50 E0 80 | 100 | 150014
AZE(%) 746 76 | 77 | 785 | 79 795 80 805 | 81 815
- BEE(%) 642 66 68 | 695 | 705 715 72 73 | 735 75
70% E&E(m¥min) 110%

DS INES ESH IESZT0% ~ 110 % 2

2025.01.01LRE S LFE HI= s 2|7 |AIHEHLIB)22 O¢E
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[B.7] I1eg8HT/M J|&
® &37| LHt
535719 F9
Quz] = 2EQ| 3| 2FOZ 7|NHIE LS5, 7| Y=iH| 1.3 0lo0f| HE
(KS B 0062 2Z7|-2=7| 201 1001)
- B2 £Z7|(turbo fan, blower) {-) %35 £Z7|
FE7HZAM, BN 371, MRES7|, 55 5871 59 &3

U™z 3|1M RS2 7|0 0|LXIE

- To—

- YA £27|(centrifugal fan) (=) SF £Z7|

M7t YHZE BIXE WO Z 22 LI7t= 371
7| backward inclined fan, 213 £Z7| airfoil fan, Lt £Z7| multiblade fan /

3o

AL
p oY)
HMakl £2 7| /forward curved fan)

- £5F £E7] (axial-flow fan)

ZIX7t 7010 CHol SR E RS
- A& £Z7]| (mixed flow fan)

7|M7t AEHO| ZHfe O ZAE 411 S = S37|

=g

i
op

uIsloR 955

.H>|I

ME 25, AR 2H)oil= 1.1015t $371,

w
2
T
8]
o
FI)I
Pl
N
wm
FH
HA
=2

37| LHH|(RCHEH]) 1.

1.1~2.0 229, 2.0 =1 f‘?:.*—f‘ﬂli-n_-n-rom_
SER= 83719 et 3R
QI2}R1 £Z7|(in-line fan)= U

239 £E7|(plenum fan) fA £E7|9| st EF
AL
T

220| FOLt X HE{0)| T2t 20| ZO0HE
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B A7l

© 5571 3s&74

o 58719 87| d5 ALY
c 1SS/ HHE EE

- KSEZ:11& (=Xt:3%, 1SO (IDT) : 8%)
- I1SO/TC 117 Fans (www.iso.org)

- AMCA International (www.amca.org), DIN, BSI, KARSE (gt=AH|7|&&3)

* @

8 AMCA Connect / Members Login

@ ChangeRegion Q.

: *n‘\\‘ 5
SI& =C WISELY.
SPEC AMCA.

SAVE THE DATE FOR THE AMCA 2024 ANNUAL
MEETING!

24-26 OCTOBER 2024 IN HONOLULU, HAWAII ...
EARLY BIRD REGISTRATION TO OPEN SOON!

WE ARE AMCA ©

()

To advance the knowledge, growth, and integrity of the air movement and control industry.

o 0|29 AMCA International (Air Movement and Control Association international, INC.)7} £Z7| £09|
ARAAL EZ=0I

R |

o Bl BES

KS B 63112 AMCA standard 2102t 90% Ol £
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[B.7] NasHI/M J|&

- KS B 1SO 13350 4 %3 7I-HESS7|9 s

- KS B ISO 5802 AAEBES7|[-2T X0 [E HSAIE

- 1S0O 5801:2017 Fans — Performance testing using standardized airways

- 1S0 5802:2001 Industrial fans — Performance testing in situ

- 1S0O 13350:2015 Fans — Performance testing of jet fans

- ANSI/AMCA Standard 210-16 / ASHRAE 51-16 | Laboratory Methods of Testing Fans for Certified
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Buildings Commercial buildings = 5,000 sq.ft.
Standards IECC 2006/2009 and ASHRAE/NESNA 90.1-200172004/2007
Requirement Interior lighting must be automatically shut OFF when not in use
Lighting General lighting; task lighting shutoff encouraged
Methods Scheduling Occupancy sensor Other system signal
Notes Schedule controls  Lights OFF within 30 Examples: BAS,
lights in max. minutes security system
25,000 sq.ft. space,
not more than 1
floor

8. &X: IES seminar-Lighting controls for nonresidential buildings, SEM4-M-09

2t 719 St &0 et 2EH0 -8 MIFot0 £4ot=F of il /US.

Ot 2] A= LEAHO|A Al SO THE|H0| TYMX| BX|E R0 E4E[0{0f of= 8= 20 =1
o2

MO

A Es2 1_1‘ HO| HEE|0{0F ot= SS9 HH L AlZES Folil US.

ZEHO0] 222t QtARLS LIEH Y RO, ZEA02] TA|IX21 WEEL MAlotH ZFH|07t S&hs| M=
FUACE ¢

schedule for more than 2 hours
* Area controlled <5,000 sq.ft.

* If building/space mall, arcade,
auditorium, single-tenant retail
space or arena where captive-
key override used, override can
exceed 2 hours and controlled
area must be <20,000 sq.ft.

Spaces Interior spaces enclosed by ceiling-height partitions
Standards IECC ASHRAE/NESNA 90.1
Requirement Lighting must have at least one  General lighting must be
manual control independently controlled
Methods Manual control located where Manual control if 24-hour
user can see controlled lights, or operation, otherwise manually or
remote control with controlled via occupancy sensor; 90.1-
lights annunciated 2004/2007 requires occupancy
S8nsors in some Spaces
Notes *Control cannot override time *Control cannot override time

schedule for more than 4 hours

* If enclosed space <10,000 sq.ft.,
then control coverage area
cannot be >2,500 sq.ft.

* If =10,000 sq.ft., control
covarage area is 10,000 sq.ft.

* Control must be readily
accessible with lights visible, or
remote for safety or security

e
2. &X' IES seminar-Lighting controls for nonresidential buildings, SEM-4-4M-09
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Light is not just for vision anymore:------

RPI Lighting Research Center, U.S.
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- i v v
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[B.9] ENH, BIPV 4H| 7|&

Ef QBT 7| XA

© EHJOILAX| A+

* KIER 4IZfA40f| L X|ci| O | E{ 44l
X}9IX| £ (RES-MAP), 1982 AR E{ =
16704 ZHX|H(ERLH |2 H2)e

o2 SHeIReIY, UM &
1791 s =5
o 1982~2012(3U'—=1), HIA™H
(&4 : https://www_kier-solar.org/)
o L HET LUXMMUAZ: 3.48 kWh/m2.day = 2,993 kcal/m’.day
o =L AMAMUAZE 1,270 kWh/m2.yr = 1,092 Mcal/nf.yr
WORLD MAP OF GLOBAL HORIZONTAL IRRADIATION Genhlndel
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Best Research-Cell Efficiencies IEINREL

Transforming ENERGY
52
1II-V Multijunction Cells Thin-Film Technologies Hybrid Tandems (2-terminal) 33’726"2 FhG-ISE.
(2-terminal, monolithic) © CIGS (concentrator) A Perovskite/Si . (3,302 ) NREL (4, 655%)
sk Boeing FNG-ISE/ (6,143%)
LM = lattice matched ® CiGS A Perovskite/organic Spectrolab Solard Soitec (4-) x
MM = metamorphic O CdTe ) _ O Perovskite/CIGS (3, 364%) preg
IMM = inverted, metamorphic O Amorphous SiH (stabilized) [ JIRVAT Spectrolab | FhG-ISE SpireSemicon NREL (4-J)
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[EHYTX] BFE MX| ¥ 2E2| MA| £11E& H|iW | Best Lab Cells vs. Best Lab Modules]
&7X: Photovoltaics Report - Fraunhofer Institute for Solar Energy Systems, 29 May 2025

https://www.ise.fraunhofer.de/
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Production 2024 (GWp)

W Thin film* 16
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W Mono-si 687

10% Total 703 (ITRPV)
v onsidered

Thin-Film Market Share of Total Market

0% 1100l 4
O 0 o O Vo 0 P D P ® A >R WD A AV A 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
R N A
(=% : Photovoltaics Report - Fraunhofer Institute for Solar Energy Systems, 17 May 2024

(&X : Photovoltaics Report - Fraunhofer Institute for Solar Energy Systems, 29 May 2025 https://www.ise fraunhofer.de/)
https://www.ise.fraunhofer.de/)
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e E . . ) ) - Most Efficient Residential Solar Panels 2025 *  vs0 vara0zs
1&8 2E:Mono, N-type, PERC, TOPCon, Half-cut, Singled, HJT, : MBB(Multiple micro-wire, Smart-wire), IBC, MWT/EWT, IBC -
Manufacturer ‘ Model Power Rating Cell Technology Efficiency
s o
Fileg 25:485W, 24.3% AIKOF | v | w e
maxeon ‘ Maxeon 7 asw B 201%
S H8|20| (2 12 ERFHA| 28Nt i )
= O-3%  Solar Cell Types and Panel Efficiency va|| inké” | eermsosoney| sisw Wipetonen | 2a%
= Polycrystalline -15t0 18% e yp Y <com e P
N Monocrystalline -16.5t0 19% QECOM. | shackTiger series | 460w A= 236%
= Polycrystalline PERC -171t019.5% &SPIC | angromedeso | asow v noc 26%
i - 9
- Monocrystall!ne PERC 17.5 to 20% LONGI Solar ‘ HLMO G Scentist | 4S5W e e 3%
. Monocrystalline N-type -19to 20.5%
- Monocrystalline N-type TOPcon -201t022.4% GHUASUN | Himalaya G12R asow NTe tT 20%
. Monocrystalline N-type HJT -20.5t022.6% S¥ CanadianSolar | TOPHiKuG a70w NType TOPeon 20%
- il -1 =
Monocrystalline N-type IBC 20.81022.8% &8 WINAICOT | wsT-NGX-D3 asow N-Type TOPcon 23.0%
B LM‘? Solar Panel Efficiency - Cell type comparison chart * Trinasolar Vertex 5+ 255w N-Type ToPCon 28%
Poly PERC Mono PERC Half-cut Mono PERC Shingled Mono PERC ‘
2 R Py B R @ wsoLar [RepowerNGizRas|  assw Neype ToPcon 28%
2 I JASOLAR Deep Blue 4.0 assw NType TOPeon 28%
22
3 20 DASOLAR DAS-DHIENE assw NType TOPcon 28%
2
g I Q seorcor | ssronss aasw e Torean na%
E 18
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17 Soles”
16 BHONO ‘ Helios 40w NeType T 25%
£ ! QCEUS | amonmer | 0w W Type Topcon 25%
14 TS e
Poly Mono PolyPERC  MonoPERC N-Type TOPcon N-Type HIT  Netype IBC Mono FERC MED N-Typs TOPcom N-Type HIT ¥ Type BadcContack valiSuan ‘ Panda 3.0 Mini aaow. N-Type TOPCon 25%
20-21.8% 21-22.5% 21-23% 21-24% .
W, info L n info SHARP NU-IC440 asow N-Type TOPcon 225%

4 : https://www.cleanenergyreviews.| |nfo/ * Residential panels - 54, 60. 66 celis (108, 120. 132HC), or 96 & 104 full cell. Does not Include commerclal panels >2m

PVEE £Z0M &8 7HM I8t 7|&2 THEH, PERC, N-type, TOPcon, HJT & Bi74EH IBC 7|& S
20254 58 7|& A5t £Z0| MA| 2|17 M5 BE2 AIKOALS| n—-type ABC ZE(EH 485W, &8 24.3%)
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3 Principles of good Architecture
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Engineers (2008)
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[Invisible Solar Module] ;
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(BIPV Field Test Facility @REAL, $Histm)
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HoE A2 AS, Mar. 2023)
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@ BIPV HEIHQ| 7|= it AARE | &i012] T2{CtY Hat

o

104cH A1z o1

A 814 m2, HFA 22

Red/brown digital ceramic printed,
monocrystalline G2G type frameless
BIPV module

HEAEC| e TN 20t XS0l EfuH
EfjO| TSty | AX|HbAl
74kWp, 800m2

(& : http://www.scherrer.biz/)

a2 FHZAE BIPV A= Al|, Wohnhuas Solaris, Zurich, 2017

(B2l =HAH gBlP@ %hn as Solarls Zurich, 2017)

Tk\\ 4 -
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2.7 hr/day
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1200 hr/day 1
1000 990
922
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Normalized efficiency
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© BIPV AAH H5 S0k AX[Z: 2EA

2 N ST 4B B AVYH A2
(RFFE, 2020 ~ 2022)
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(Z4] : The Assessments of Operational Performance for p o
North-facing PV System based on Measured Data, Journal of # - = ki / \
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® An example of EHP | EHP Of|A|

(a) Heat engine (b) Refrigerator

Oh=Q + W

* More heat is exhausted to the kitchen than is removed from the refrigerator

What is the COP?
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@® Electric Heat Pump (summer case)

Low prassure 4|W High pressure
Low-prassure vapor Suction valve

Cool

/Discharge valve Ve High-pressure vapor

Warmer water ===l — 1 . i
raturns — ~ E j AR E LR O IR EORRRS S AR Er NI _H. = . ml“;g?ng
Warm Vapor 7 “ Compressor T e Vapor
= | = .
WA}
Cool Vapor - f/ ) fmw Liquid
AN EAASE
— A Sy Y Warmer water
& ; $ T _L']V—\q ;:"-f 1T =210 cooling towar
Chilled watar 25— -——--—~—-':5 8 T = S
S Closed refrigerant cycle High pressure liquid
Evaporator Expansion valve Condenser
Low pressure 4} High pressure
Q. i Y=ol 2C=? I

2
28}

| (ex. 35C)
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® COP in GCHP vs. EHP
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Q. Source & 2 =7

Heat and moisture gain

Cooling Tower
Major heat disposal here

Pt

S

—

Condenser Water
Carries the heat to
the coaling tower

Shell and Tube Heat Exchangers

Heat Gain
Solar and transmission Exhaust
Some heat lost
\ Ventilation
\ & ‘
\ N
\ S 4 :
e g
-~
1 7 ~
| Heat and
moisture
=3
Chilled Water
F Serves the air-
. handiing unit
Air and vapor Fan 5
'

Air-Handling

Cooling and dehumidification

Water

Water
pump

Evaporator Compressor Condenser
Compressive refrigeration cycle
(could be an absorption machine)

To additional units

4 —y__Manual season heating/
EF): cooling master switch
welingmaste

24 Pum

S
:

2L

Ay
\
Heat pump-} \\
4 Pressure relief tank

Heat pump
temperature controls

=/

at coils here
[ Pump
:ﬂ 1
= = iH 1T W:— =i
W7 tEfT} ZSHE PNl SlE T Xl 3]

1. Mechanical and electrical equipment for buildings, W.T. Grondzik and A.G.Kwok,12ed

2. Presentation of ECW, Geothermal Heat Pump Systems: From Basics to Hybrids
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» Systems can be combined to give optimal solution
» Adopted system will depend on the local geology, geography and geometry

Borehole HX

CLOSED LqOP
BUREHCI‘E
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Configuration
500m deep
12-15m away from others
Typically X6 (vs. BHE)

Direct contact
Higher heat transfer rate

Well field size is smaller
Fewer wells required

Difficult in sizing

370 2026 H=S0|UX[HI Eeu s

Ground Surface

Soil

(unconsolidated)

SteelCasing —___ |

| Rock

(consolidated)

typically ~ &in.

borehole wall (uncased)

dia.

conduction

pipe walls

through ‘

convective mixing
in borehole

conduction + convection
at borehole wall

| perforated intake area

| Deptn = several hundred feet

..... v

‘| Water Table

|

submersible pump
(if installed)

-

water
recharge to
formation

T

buoyancy-driven
flow in formation

===

| heat advected by regional ground water flow |
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Drilling

Borehole HX

U-pipe

BOREHOLE

Grouting
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4, g,
B B o
‘] ..... ‘~| J Heat pump
other heat pumps Le
—-Tin ground %
’ pump > <D
g (WS @ Z out,ground
to other boreholes 9
Grout
T
| Pipe
!
_I_
T, g
Ly
= }/ j >
Ground heat exchanger Borehole Ground
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@ X|& 2EHat with BHEs

EWT
Ground

Temperature (

0 5 10 15 20 25 30
Years

© & MY ZAOIE

1. https://www.tccmaterials.com/product/tenon-thermaseal-geothermal—grout/
2. https://www.changeenvironmental.com/project/geothermal-design/

3. https://www.profs.polymtl.ca/michel.bernier/Open_geo.htm
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To size (determine the length) properly:

h@%ﬂ—

L ?

R N

OIEEIC| Source= £ot — XAI=SF6t

Acceptable Temp. to HP
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® Impact of the length of GHX

40 T T 40 T T T T T —
- [ L= 39 °C
35| L=75m . i 350 L=67.5m “ ]
325°C t
30f 8 30t ‘ | \ E
— 25f . — 25 \ I .
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% 20+ g g 20r | B
£ 15; . £ 150 :
7] (0]
= — r \
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I ) I
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I
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0 2000 4000 6000 8000 0 2000 4000 6000 8000
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building
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GLHEPro
GLD software
EED
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© X3 8=

Data Acquisition —] [ ][ ]
Amp Volt
Flow meter Oocoo
o 0 Insulation
2.7 W/mK
|
2,6 W/mK Q /Q
2.5 W/mK Pump Heater
2.4 W/mK
2.3 W/mK
Ground Heat Exchange
2.2 W/mK
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Heating load = 1

)

b

3338 W —

e

(needed from
the source)

v
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kW

COP =3

Cooling load

T

=1kW

5

COP =3

A

— 333 W

|

I
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(rejected to
the sink)
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Figure 5. Simulation results for the EWTs (A: GLHE; B: DST and TRNOPT).
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COP(Coefficient of Performance, &%)
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Fig: Representation of dry compression on P-h diagram
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Representation of dry compression on P-h diagram
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“Total solar heat gains for DSA glass (based on  ground reflectancs of 0.20)
Ehial-day totak computed by Simpson's rule, time interval = 10 minutes.

Solar Intensity and Solar Heat Gain Factorsa for 16° N
Latitude (I-P units)
£X: Walter T. Grondzik, Alison G. Kwok, "Mechanical
and Electrical Equipment for Buildings
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