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Abstract In responding to the recent framework convention on climate change, and the rise of the need for energy efficient
buildings, such as Zero Energy Buildings (ZEB), domestic insulation standards and energy conservation regulations are being
reinforced, to prevent heat loss. Accordingly, the Ministry of Land, Infrastructure and Transport have made amendments
in Chapter 21 “Enforcement regulations for building facilities standards etc.”, and Chapter 22 “Energy conservation standard”,
to reflect these changes. To effectively implement these regulations, it is required to propose air-tightness test methods, and
establish air-tightness standards, based on the air leakage characteristics of domestic apartment housings. This research has
been done primarily to collect basic technical data, to provide guidance for the establishment of domestic air-tightness standards
for new apartment housing, through studying air-tightness test methods, field measurement on air-tightness of new apartment
housings, and air leakage characteristics of major developed countries.

Key words Airtightness(”]'2), Fan pressurization method(3} 2 254 ), Apartment(&5 5 5)

¥ Corresponding author, E-mail: yglee@kict.re.kr

1. M E 7V FALE AE Uit 7EAd s V1S HAset,
A-g 7|hAd T FRE sk TEeks AlAst
H 7155t gs 2 dEANYA &g A At wEkA, SN E A5E9] AR a8
s flEte] ARoyA AE T AFEY] YA & 2 A A A F5S fdste] AdAd 7Y
&3} A7 diFgel we, sldAE AF5Ee] E s H7rEE el A, Sl FETHe FUIEA ¥
&2 A E 9k B9E gddv|E ¢ dux A A oF 58 7INte 2 3l AlF FETH digk 7HA
A7 Fol Zrshear vk s 7] A Bgo] Alud Ao R dekETh
ol st AHE duxdery AdE Avy|Ee] & 2 AFoA e T8 AXFe] AFE VEAds 3
HAR] A PE A= 72 o2 HdEQ T} #- ZHE 2 #A-[VES dolra, AF FETHdd o
H 71EAd T 715 AAAAR T azbEd Fwet Al st dFEA 2 VA5 BAS o U s
A7 A olgtar & 4 9 o] w7 EAAE et o R A% gETHe 7Y
drkd o g AE 9uo 7EA sl FHeFd A5, e 715 AARE A% 7|2 71EAEE gHstaz)
2E BAF9E B3 77](air leakage) 2 3 7](infiltra- s+ T},
tion)e] =& A alo] & F 9t} o= HE I E
e dEA SUE AR F7]olse] wE AR 2. 7|2Mds "ota o BHI|E
A A F = S E(cold draft)oll 2]3 AFAF E
Az 3, Er]dn|e] agA s 5 AEE AvEl 2.1 7|2MH s Sy
Al E A sHAd s Fust J&S XA "
=, 48 2§45 58 AT dude A= 71U S S48 Y= d=EA5HY
2 oYA] Au|E AHZro] golstal AF(o]&)Ae] (Fan pressurization method)¥} 7}2~52 " (Tracer gas method)

606 (© SAREK



Fe] k. dA sAHom &8 e T
Ao ZE= ASTM E 779, JIS A 2201 2 ISO 9972 59|

0]
2R

HQ) W R E o] EolE -

=4
ol A8t o] o] A9 e} 7

D AEx] = ddic), AWgE S Jolxdd 3
FHAZ AU FHAE S5t 54 Al A
o FUFrEeHs A E YHeR FVREHENQ
m'/hne A1)l o8 73 & glrh

Q = c(Aap) (H

B oA e dEAA e dek 718

AWkA o s
ZSAL EHAE 10 Paoll B 2F 60 Pa7}lA] 5~10 Pa
A SR SRS WSIAIZIHA ZF Al A o] &
Ve HS 545 AEfF FUHE 5SS I
ofslth. Unbr o7 H4 5709 53H4 e atelA &
75 SAs HrtelH, olE 2R G LH
dExH LAY oz Ao WAstE LA 9
sty WA o7 AMEE= FE A= 1 Pa, 2 Pa, 4
Pa, 10 Pa H=3= 50 Pa)oll A 9] 37| &%ds A8 +

H

Sl AEe] ZlEAd sl Uik gk e S el
VF= WA e WMTCEsh =R VF 9=
o = Azt flste] ARVGE R 2 kAt
(15 &% 50 Pa)ollA o] F7|FF EE FrIHAoR
Edska ol

T8 A=A P st gl 7R 574 g,
71 A & AFAD ALY WA tha Aol
7F AL glo, dAH e hAS AN S wEge R
ofgh fAReH i Bl 9#& ZEal 9tk Table 12 5
8 Axl=e] e Vs HERY

2.2.1 CFM50

CFM50(Cubic Feet per Minute@50Pa, ft3/min)% A
o] GRS 50 Paz frA37] Sl Aol Eojyo]
oF & 7RIS oJnlh BAHoR ARFMlA
°F 20 mhel uhghe] i 49, A% vlel oF 150 Pa
Qo] ghelo] MAlSE o HA Yk

olelg BAS WP F ot A9NY AL 2A

at7] ko] AElH-E $37] o= ddger 7t

.

AEe] et HEAE I H o= £50 Pao] ¥=
frAskaL olme] U FEEs 713

(¢]

l

= T2 e
T W o® CPMS0 60()S wE ¥, B AA
o7 e gholth A71ek FEprt & AEe 74
S

g ez washr] 93 Ax= ol gEH v
=, Aut, F9 SolA Bel ARSEa it

Ul

CFM50 < 60

ACH50 =
CH50 Building Volume (cubicmeter)

@

2.2.3 EgLA(Equivalent Leakage Area)

A G711 A (EqLA)= 7t} NRC(National Research
Council)ol| A Aeter @ oz AE el &7}
10 Pasd wjell F7]¥= TV 2 & 277 Al
= oF2 9o T (sharp edge orifice)2] WA o2 1}
2=

2.2.4 ELA(Effective Leakage Area)

LBNL(Lawrence Berkeley National Lab.)ollA] 7Hd&
A FEF7IUAELA)S AE ey GEA) 4
Padd wjol] WA= w7 FLE 77 Aojurt
= 799 FA7]E Blower Door Fan9| Inlet¥} A}
Ao w SRE gholtt oju o] EEAlee ARt
Ao 0.61% 7Hg3et

2.2.5 NL(Normalized Leakage Area)

ASHRAE Standard 11994 748 A& &9 vt
WA FrHAd o s A& 7EAdS el A
oty W= F7|FeY 5T 4= NL gl ufe)
10HAZ o] Fo]F F7]5F(Leakage class)S A| A3}
3 A9 7|ex20 w75 He SEHYAE A
gk F 9 7189 NL gkel 38389 el de=A
Hrted ¢ Q=S skl Aok

607



Table 1 Comparison of airtightness standard of the developed countries®
Airtightness Standard of Overall Buildings
Country . o
Standard Pre.diff. Target Buildings
2.5 ACH Single family house
Norwegian energy requirements 1.5 ACH 50 Pa | more than two floors
Norway .
(2010) 3.0 ACH Minimum value
0.6 ACH passive house standard(NS 3700)
N Standard 268 0.4~0.72 ACH(min) 0 |
- ass
Nether tan‘ ard NEN 7 1.4-2.24 ACH(max) Pa
lands requirements
0.72~1.15 ACH 2 Class
3.0 ACH Natural ventilation
Germany | DIN 4108-7 and EnEV(2008) 1.5 ACH 50 Pa Mechanical ventilation
0.6 ACH Passive house
The Belai Lt 3.0 ACH
. e Belgian ventilation o
Belgium standard NBN D50-001 1.0 ACH 50 Pa balanced ventilation
0.6 ACH Passive house
Sweden | Swedish Standards Institute 3.0 ACH 50 Pa Mechanical ventilation
CIBSE technical memorandum 10 m*h - m naturally ventilated
7 3 50 Pa - o
T™23 5 m/h - m mechanical ventilation
UK Buildine Reeulati 10 m’h - m minimum
uilding Regulations I ]
2008 TGD-L(Dwellings) 7 m’/h + m 50 Pa good prac.tlce
3 m¥h -+ m? best practice
4.4 ACH 50 Pa Residential(Averages)
USA | ASHRAE :
1.4~2.1 ACH 50 Pa Commercial(Averages)
Japan Energy conservation standard 3.3 ~ 8.3 ACH 50 Pa Each regional
7.0 m*h - m? Single family house
France | RT 2005 9.2 m*h - m? 4 Pa Other house., office, education etc
162 m*h - m? Other
Finland | 2007 2.0 ACH 50 Pa
1.0 ACH ventilation systems and WRG
Czech 1.5 ACH ventilation system without WRG
. The Standard CSN 73 0540 50 Pa —
Republic 4.5 ACH all the rest of the buildings
0.6 ACH passive houses
Canada | R-2000 1.5 ACH 50 Pa dwellings
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Table 2 Overview of target apartment
A B C D E F G
(Busan) (Daejeon) (Goyang) (Incheon) (Seoul) (Suwon) (Dagjeon)
Total unit 1012 752 445 1172 397 980 704
Target unit 6 9 6 6 6 6 6
Type 84m~132m° |132m~163m | 84m~111m" |130m~155m’ | 115m~144m’| 36m~51m" | 56m~115m’
Floors 21 23 17 22 26 15 22
Vent. Mech. Mech. Mech. Mech Mech Natural Natural
Table 3 Measuring equipment of airtightness ZF AlopE 714 S 4H(ACHS0)2 Fig. 33 2T},
=40 B 237 Sl A 27 AakEa F02,
Blower door system |___KNS-4000K Agre 249 4%, 24 Avgtel A 55
. EE AlSlsha B SA A AshE e,
100
9.0
80
Figure T
= 60
8 50
T 40
g 30 1
e 20
- 10
w } 00
Flow rate | 34~10,700 m/h 1~9,999 m’/h e 0@@ SETF S
& O
Max. Press. + 1,250 Pa + 147 Pa & &
Method ISO 9972 IS0 9972 Fig. 2 Results compared with other standards.
Location Entrance door Window
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Nimber of medsred apartrent units Fig. 3 Comparison of airtightness performance on each
Fig. 1 Results of measured ACHS50. apartment.
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Table 4 Airtightness performance of entrance door

a) Apartment

A(busan)

KNS-4000K
Blower door -
Normal |Taping of Ent.
Middle Floor | 631 m/h | 772 m’/h | 550 m’/h
of 203 Bldg. | (3.23 I/h) | (3.95 1/h) | (2.81 1/h)
b) Apartment B(daejeon)
KNS-4000K
Blower door -
Normal |Taping of Ent.
Middle Floor | 504 m’/h | 689 m’/h | 588 m'/h
of 302 Bldg. | (3.82 1/h) | (5.22 1/h) | (445 1/h)
Middle Floor | 565 m'/h | 782 m’/h | 742 m’/h
of 303 Bldg. | (3.81 I/h) | (5.92 1/h) | (5.62 1/h)
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Table 5 Airtightness performance on opening level of natural ventilation

ACHS50 | Lowest unit of | Middle unit of | Top unit of | Lowest unit of | Middle unit of | Top unit of Ave.
(1/h) 107 Bldg. 107 Bldg. 107 Bldg. 105 Bldg. 105 Bldg. 105 Bldg.
close 3.90 2.93 3.00 2.34 242 2.83 2.90
half open 442 3.37 3.65 3.04 3.10 3.49 3.51
open 5.92 5.10 4.98 3.81 4.47 4.39 4.78
S48kl ACH50& Wlalstginh. S4dx}, A7 Q) 71845 545 A% W(fan) 5o A A ot
S R AWHEE Mol Ao 592, H & 381 2 oF 33%¢) 710 Apol7t vebd oz, du
2 543, 9ehe 9t A 390, H2 2340 Foll AXe] UASS SASE Pel U@
= Uebstth A gy Adn] o] sl el uhE ACH50 W AAEZ gk 2o ehgc)
St At 1872 F Ao|7h A Ao L‘rEP () 5@ AAEAn7E AAE TEFYt 7| Ag
st 717487 AAE TS AR Blal S5 2
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