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SUMMARY

I. Title: Development of the airtightness criteria and air leakage measurement

methods for the zero—-energy buildings

II. Research objectives

Establishment of air tightness standard for realizing zero—energy buildings
Suggestion of KS based air tightness measurement procedures
Providing airtight construction method and design procedures

M. Research scope

Development of building air tightness measurement methods: collecting
existing measurement procedures from the open literature, providing a draft
of KS.

Field measurements: performing field measurements of building airtightness
for over 4 test buildings

Suggesting building airtightness checklists useful at construction phase

IV. Research results

National airtightness criteria

Airtight measurement method for large buildings
Checklists for airtight constructions

Learning program for certified air leakage tester
Web-based database system for airtightness data

V. Use of research outcomes

To use as core technology and criteria for building energy conservation
Adopting into the national building codes and green building certification

Use as a tool for building energy conservation
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°l 7IE2 A= 4 7t mE AFER AEeA, & 7
29 % =& AHSHE A9l HgHolop Ik o, AE £FT FHE HIY &
Y AFFFo] TAHATT BUHW o] V1FS HET + Yot

2o FaFW wE TE2L o /129 AE YoM LY AFEolt WIASI} =
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L

ASTM E779 Standard Test Method for Determining Air Leakage Rate by Fan
Pressurization

ATTMA TS1-Measuring Air Permeability of Building Envelopes

CGSB-149. 15 Determination of the overall envelope airtightness of buildings by the
fan pressurization method using the building’s air handing systems

EN 13829 Thermal performance of buildings-determination of air permeability of
buildings -fan pressurization method

KS L 18O 9972:2006 @€ —Ad= 71€9Ad SA-9 7I144H

ISO 9972 Thermal performance of buildings-determination of air permeability of
buildings-fan pressurization method

(4) 8o} 9 Aol (Term and definitions)

7)1 A H(airtightness) & AE2] I AA == 9
U0 AFseE AEE DI HEL EAS dAste= 2
CMH50(m*/h): CMH50& w9l st=€xtS 50Pag frAsk7] s Aujol] Eo @AY
wjFolok & 7 FHES FHI A G0Pal 71Tz FFS Haskslr] 9F oy
22 oF 9m/se] nigo] Eoj& w Ayl 4o 483
ACH50(h™): CMH50%tS HAERI(SAHE A=



Air Permeability(L/hm?: CMH50%-& Q9 d Ao g2 U Aoz wuzg Fr|%
U= A5

ELA(cmYmd) = EqLA(cmymd): AAE & xtol A ubgsts Fr7] 2o A28t 71
o] FVIZ Yepd Aoz dukx o=z ELA(Effective Leakage Area)= 4Pa,
EqLA(Eequivalent Leakage Area):= 10Pa2] +&x}E oujslx|nt &<2lo] A Q3ir}

718 3(@ir barrienNs 371 FZHol AFste Ev ARG FFOoE FAAH o,
3R Fv FUMFTR)Y 2-ste FHFR)E FE T

k7] &(air change rate)2> oJ=d f7HY ZAE Tt F F77F At
Y= F7IFH AAAA g vE&S el o]zl ACHE, 1/hE sdH

o

"

=] . (o) =
718 (E= F7]&, air leakage rate)2 oEH A & HZE Folo] AuUF3tel]
4= 371HY “iﬂﬁ of i3l vH&S Wl o]A& ACHS0(Z], 1/E Ed T
=7)(air exf11trat10n)° AE QoA #8394 oJxstx] &S MFEE T3t UFE

Z717F a2 o8 FEEHE A

A 7)(air infiltration)+ A& A #E# Y=s1A g MFHE Tt YF
F7)17F ¢to g EojeE= A

37171 &(air permeability)2 AW FHA7E S0pad wf, 7] FUIEFS AHHHEF
< XFIH "HoE UFE A

71 F-%l(air leakage path)& 7|7} AEe] EVEs AR = ASARE &3 37

¢

7 EE2E AR
3 = F2F I (conditioned zone) AEAA WS HaE oH, 7|EH S
2 71d3o AA ddst= A T &3t
9]3) A A(envelope area)e % A 2ZHE AL YR Ao RedE AA wE
W 717717 He 33l Asdte W A5 WA, uigs dde £33
sHete 2t (fan pressurisation test)S AES] F7|F71HE SAHs= W

3.

A A A(nternal volume)> A=A A== F3He] AAAHY] Fo&2 7HAASTE
71ZEo 2 AR g

gh7](ventilation)= AH&AFe] o= & ISt AAA m= ZAIA Aol o8 AW F
717F FF = AAFHE A

7145 71+ (Airtightness criteria)

rr

= [e)

s AAE . AAHEE %@%)7} Ol%—%}% FHHE 99 =
2 Mo FIHe 5.0 ACH50 °]&te] 7
7 AFEo] dUAAFdE(EE

olgte] ZIHA T, AZRAUALE(EE HANEA=
ACH50 o]3te] 71dA s &5 TEdorge A4t
o, 1.5 ACH500]3}2] 71“ e 7 E AEL AFHAA aFstes FE3 37
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og
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Al
=
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Jal

6) AW (Test methods)
o T A=A 7IHA TS Hrteky] 9 SAWHeEE ‘KS L ISO 9972 @ 20064
—A4E 71U S JId’ == CISO 9972 Thermal performance of buildings
- determination of air permeability of buildings - fan pressurization method’ & W&

4

£ 0
o>

F e &5 oldd Ve BAS AT TS Ade SR AN Ve
1

o2+ ‘EN 13829 Determination of air permeability of buildings-Fan pressurization

method” & FzAch &, o AW BE FHANL FF L AdEe] AL
NWAE FFY F dvkn BAHY 619 A2 RAY F Aok
.Zl

s I FAEY SAYH JIFoEe ‘U3 aTAdE QY ZEAds SAEH
-Envelope Leakage Test Method in High-rise Building or Large Buildinge w2t} o,
&t 2 1305 FEL AU ddAE 4 (acceptable conditions)el whEk
7 kot

(7) 314 (Report)

HiuAdes Hojx b33 22 HHI} LgE ook g

o 7|¥9AS =A R A(airtightness test report)ell= ‘KS L ISO 9972 : 2006T+< —
71948 S - 7’ =& ISO 9972 Thermal performance of buildings -
determination of air permeability of buildings - fan pressurization method’ oA &7
st BHuA 7o AHE LFstofok g

 7EA T Zml‘iﬂ/ﬂc’ﬂﬁ ool ‘AE JUAE =AAT QoFAE & gokste] U}
Elujojof 3t o]E ‘7" AE database(V}A)’ ol 71& 3t oF gttt

s SAEITA B HAEAHT = FA5st AdEAAY 7]
ol i3k olaf o} MY ke *}%’“(EE% olel gt AbsH
o] A= WY AERE 7

o JIEEE R A9] o]3fe} s fal Hasitha AdEHE AFS 23 & Ut



CMHS50 ACH50 | Air Permeability AME | uHA n @ MZ|E
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1 Pressurize data

2 | Depressurize data

- Combined data
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U 718 s SAEHEEGH A

p=h

=i

2 AFoAE Ve s SANHS AYsh] Hste s AdE9] ZIEAds SRl
st ZASIG O AE SEHE FALAE, dFE4E, 3AEE Yol 7EAdF
Sy ALl tiste A B BASAT. WA AU 24 A% e 49
AZE U A3 2 E& oz VUASS A= AT 7w AW KS F
2292:2008)0] AoeH AE HAAE HFo=E st SAYHL SO 99728 HEg KS L ISO
99727} oy g4 A= F3 s F e VTl EE EFt w99 AS A=
o WS FAe BE NE A BASE JE] BYR AL 2AE B %
ASHLLGE ) o) o] Fie) 1WA T SHYHel UF 2AF HPFOT /UYS FH
HEH<s APt

® 8 =9 7|dAd% AW
CAN/CGSB-149 ATTMA TS
7| ASTM E779:2003 15:1996 EN 13829:2000 1.1:2010 ISO 9972:2006
=7} 0= 7h ot Y F=, FHAY = A
<20km/h(5.6m/s) <3m/s ground
535 = wind <6m/s wind (< 6m/s wind) wind or
AssE | Y71 <6m/s
Acceptabl . ~ (or 3 Beaufort .
0~2 m/s wind °|(Z) () . meteorological
e 10 =: scale) = 6m/s wind wind or
iti — i ™
NN | eignt x AT ¢ [0 | =g | MY AT P Sl |3 Beavfort scale
200mC 21~30 | =10 ° Height x AT <
31~ =15 250mK
AR AE: 10Pa
as g d‘j:
wE = AP 5~ | 10PawE = | ou Ce M
> A *E AT = 0 ~

Test 10-60 Pa e AL | =50Pae)100Pa

Pressure | (10Pa ©]a} 7+4, 0~75 Pa IR kA B

range 5~10Pa 7+2 AA) IR Rse (10Pa o]} +4) e A8 =

g e e AE(>4000m): = | (8~10Pa 7+7 T
25Pa

2oba o) (10Pa o]3} 7))

(10Pa °]3t x14) o

Numper 5~(7) B 5~(7) T~ 5~(7)

of points

Test Both . Both

direction Both } (one side 7}%) one side, Both (one side 7}%)

32 =
7.5mo] /ol ¥ TXRINE ol & —
71 e} 120 o] Ao A] Am =z Method A,B FAE Method A,B,C
AdEA =3

A= 719485 SAYE A 23, dEoAY 7E4d5 2 S HolHE 7|$2E 1 &
s me} el EEE D, AAHOR ATRE Fo wAUIE RS EASAY
71 EE AA R WS AEY AYe Agstel BT Ub AL AT
ARG F 8ollA HRo], ZAACE FTE&HE EF 7IE9Ad s SEUYHES AHE AHlY
A AzE, BlE FoA AE zol7h JYARE A= HAA e F9E JEAEES Hu

_48_




A 7HE ol A

At 2B 9]

o]

st

=
[}

ASTM E779, CGSB 149.15

L

)

b

A7|Fo =2

(<

=
=

bof el

°

=9 7|Hex

mE 7

|

=

=

€5

71

o

o
KO

nj
e

!
o]

Plo
T

T
=

Hu AEY] 7|7 AAE AEY Eol, ¢

GRS

1)

=i
=

2 HAE AAY 3=

% oatA oitw

o

be ol 4X o

o1 g3 7}
bof TlTFE ARe] 7)Y

S

=

=

3}7](Air handling unit)

Bzoxo]

o

o7
o

g W e

7129 FAE dEelA

A}, oFE AReA T

}

°
yal

o

By

fife)
o7
o
ojp

N
Jo

AHEEE BEolo]

JJo

pr
—
o

oo

o

A& AA S F71xst7] A

o
1948 %5<=

s

3} 7

I Z2e

9

=

=

=

#7

J

8

sl

Z
&

b,

°

7

|

gl
=i
=

=

o
= A=

o Aol oA Heof

=

=

R 2

1

e el Al =l HoluR)

S

.

AT A

=4

h=h

=
.

o
=

~
HO
el

e}
B

)

o

_
1o

5

Z7g oA

=

Jee Wtk ahey

ol
mR

1

=7l

o e}

Al
ol

.ol =, EAGRZT)

ahe 7]

o, Aol 7bs
ol-&3st] HHE L&A (

F7] &

S

shef of

23 dHE 7A

!

71

4 9+ 93 EA 9 RA ¢Fo] HE Ho|=

gl

o5 o} RA(

stA T =3 AA

¢

aho 7

S

ek

4 gloly]

- d
o

J

3

]

S
=

A

1

L

!
g 16)

gFE A=l 93 7

7

o)
o
ojp
NS

)
R

&+
Gl

W
=l

il

_49_

3]

%
S

a3

YFw Aol Al 7
JHI & =0]

L —

T

st

©

L=,

Aol A

2 AA
2 AgoAel A

H
T

AgoA aHA o s1tH 2B} 7}
e}



1

o
o

of o

LN

[€)

sk,

[¢)
Aolles &2 7184

S}
=

24

=

=

L

shof K A1A]

Aol A Qofit

o)
1=

}

Aol 7
o
= xestal vk 1 wek ol titR e 7)EA

‘04

"

0]
yil

3

4

9

be 9%
S

&

o

B AT A
Fat

A
OO

ilin

ox

B!
o
mo
mr

fjle)

o
=

o

SPACE

SA

Sealing
ON

DM
Control
(100% closed)

Sealing
EA 1
RA
DM

Control
(100% open)

Control
(100% closed) DM
OA
[ 78 29]

N
Th
Jﬁmo
Nr
Jo

N

N
Jo

ni-

2] &-(Blower+AHU, AHU)

H 2 & (Blower)

KO

S KSTHARDH + ¢8R

EXERE

]

A
=

s
_50_

FRE D A

=

S0 AE7HvrE 9

= dE J|Y9YE



b o
_ %5
Ty
Mﬁ e x
b2 i
& 5 R
\Iul
T = )
. ¥
g
o = AW
™ =
s 3
"5 s
2 =
o % Jo %0
s 3 % & B g
i © p z R iy umﬂ o
o= - < % T i R
Mo O ) o 2o oo 5P
= ® ~ do mw o+ ofo i
- N i o %
T Ho i~ K
" i i of J
o 0
Jo o g % Jm.m
TA T0
‘Ww —_ ,,mAE 17rL ~
N m ~ Ho =
M i R g R0
i s . N
= o o alo -
2 =y o s
= i s ML 1
i zﬂ w& um i
%o 50
Mo i ¥ 7o 1
W <
mc %O
= K
o]
g
n

i < 7
& ] o
- 5 23 5
M.LNFM-_._l 1_% ¥ i Porm
EA Aﬁ_nmoa JElzo _
el 54m¢w 5 = z
,_H_WL.._.HWBZ,._] .DIU.M.HJ — ,._.n_H
M%@M@H%% @mm
_moL a7nﬁn_A| i mom_
zfmwﬁhﬂmw 3
X ~ ) o
2 x .mf ¥ il il P © _ -
1maﬂob_ e R moqoul & = =
ulﬂ@&f_qm;z% ulfo; g )
N — Aﬁ N eH = ]P
%gw%m@%ﬁ > 5 = E:
u§4Lﬂ7uoﬂmﬂoLoPug7P m@ﬂn@u
ayU%W>ﬂu@ma%w mmmm@g
%ﬂ@57%)ﬂu1;w%zqf aTx@ﬁo
ﬁ.%zgonu%)7 DT%X_ nfwm.ymﬁwa@)
N dlo uT%uEﬂz_o)mu mHuTu./ ,ILHCB@_AT.Z_@
m%ﬁﬂﬁ.ﬁ%e.w..g#.Hmumﬁ.ﬁu:
ﬁz%.a%waﬂ%wqmmcmwﬂﬂ%
oo m o ™ _ﬁo _171_ JE Nr No T X0 B|m 1__V_.“_ o ~ o o
= BAhi_oL_o}ﬂ _— Eﬁfu T H_N
n B%Mw%%wW%m%g%%%m
gl ouo ﬂz n
s 77mw@%fmwﬁgﬂgif
A N ,%LA HmﬂL
o5 . aﬁ%xhunnﬂ
Bg.mluﬂg.z@ﬂﬁ =
Bﬂm%ﬂwu%@wﬁ
w \Jﬁm,i;._.u%ﬂﬁ%me
1;07 BMZ%UWE%
™ 3 mnam%
WEQ BM.&%
7mu BMG.
[~ —
o m
Y
i

e -



(D) BFHLTFA - AR 7Y ZH: FEAE ol &7 7Y

of FAL AZAMY AUA GuE Folx AT YRBFL 2HA7] AT Pk 7
WAS RRE DY) AT BHoE AFHUCH, 4B FEIE o18F NAH e
Age BABT AT AU AGRA Aol NFFS ZHSE NS Ve
ARG G el 4B BAZEH DB 99 Fr] 54 BB o] FAL AL
exatel we FSF 2Aol H8¥ & Atk RN ANE AW A, AP 24| of
gHolA Grhe AL AANE Aok webd FI MFT 2 WP L= ok Bt
of FAL AW A AWML AR 4 Fe] Yol B A2o] Basieh o
FAE B 7 A8 AR 999 /WY FHo] Aotk of FA B AsA o
F 79 AR YRE APAAG 9 T dEe FYs) FoEH BY FYoz
A,

of FAL AHAN AB /DA ZHo] BHolth A RAY Frlo) B 4B F
M AFEA gtk @4 240 At QAT An 2Pl A7) B B )
of thd S48 ohim RAst AE Slule] 4F Fglo] hF S} B olth wpeA
5A ABAe) WA AReAe] Avke Adde] AF Ave AXAA e & ATt

(2 & T4
2o Yeldle #4848 o] #40 JdLFHozZHN o] 7429 74 IdHE FAY. o]HT
& 142 I HAAS H 83

« KSLISO 9972 ¢8-1E&E 7I¥4d SA-A 7144

e [SO 9972 Thermal performance of buildings-determination of air permeability of
buildings-fan pressurization method

e (CGSB-149. 15 Determination of the overall envelope airtightness of buildings by the
fan pressurization method using the building’s air handing systems

e ASTM E779 Standard Test Method for Determining Air Leakage Rate by Fan
Pressurization

L 93 AR ARd A FAFEY
AR dutdor e 2o B et

of ¥AY wjFolof & JFHF e IVIGFIDE
« ACH50(h-1): 7 &) 50Pa9] tee] 2
H V| EEVE £ A2 Iht
ke Aoz vUre @83 A=
« EqLA(cm?m?): 10Pacl A LA sts 7] Fo 4-&shs 7o a7|2 49y 71as
e ELA(cm2/m2) ®=+ EqLA(cm2/m2): 4Paol| A =AY s} =

rlr
4
N
oft
=2
0%
olo
ol
o

_52_



. A i
ir Permeability(L/sm?): 7]
- T

il
3L
(¢}

- 53 -

_
= =
._OHLf NE
=
5 o ®
U oF | S
Bl _ Dr._ﬂD&_Dnmaaa
O#E S u leDlDlaaaa
oo 03 slelgig|elele
* 5 N glelelelelelelele] |
Ho M X LLUU_X .
e S = | > 2
W T ~ mﬁmﬁ_ﬂr
.m_vz:l L OH_OH_@u
—_ W ) | —|ol
9 i : S
% g ™ <F|<F M__:u_mw
ﬂpi_y m_ " ) %0 | %0 W RO
o Hﬁ W el 1| ) R)| ok | O | S SIS
—_— _— aE | BE | LQua ~1 | i -
3F 9 T KK OTOTL@_@ME&BLOIaﬁ T |H ||
=~ o il g o =~ ﬂ|0u <u | ,I,Q_,Ou_UJu KNI H
o N T o iy NINISEIEN ~ x| | DL
o NH .BI ,IWW o |__O o o | = 9 | " F I | = _._._O = ~NININ|—~ O._n_
o o T il zo|zo|“ o_E(\rI\r_o_.__A. .._Al.r|||C .
X H M W g = E_Eym_wﬁ%ﬂmaﬁ%ﬁ_w_w HTEMMM%&E Mo
R D, ___Ll_p.r_I_H 2l RE _
o ~ R 5y I &) _m__u__ Eoo o |Ho|ol|ol|x Y _H_ﬂo . |ot onm_ ol | ol | IF | ®® B/ | O
g N K . i%%%ﬂlﬂ? %HP%%(HESM&:
o L o ol I H S <~ B ="
I F e = 0|1 Hoa_wmmAT|QHM|
~ T0 il o) TR |_|_|||.__A.o__A_ﬂ._rA oz |5 | = |0l NIR N
N m‘xw_ X)) & a .../..../..pj_oééu._ KO momoﬁ_xﬂ.ﬁﬂ%g%zo
% BT T ¥m m_m% eI e e 0 | o zaﬁm%%@%a -
fPZuzr U= 7 o PEeRw |*" SREEET | |
- ) = i __wr__o_x_:i ol |of o1 | o
o ) W B IGS o | a o “
T = W o = N 1HO | tHo o m_o IT|ITII mo
T 8= g i 7 e | o =u] = 20 fl
Juwrma7u_a =B o —
Y & AN - B SEIE:
Mﬂiommz_ M £ nn &m = = |
m@@uumww_m S Ho <
i = |
= N % N o] T TS ol s N
. N — ™~ nDMaDlooo oS
¢ ~ TE Q| Y
e o o o —_ AAADA/D/D/C:W/W
— 3 W
I o < PQQOQQMQMH
SR



°} 60Pa7tA]

=

=

oted =}

U <]

12

A

o]

3

2
o

l

=
= O

= 971

A

1+

5 A Y

o —
LG
= 3
b5t
N e = A}~
— R ° PRI
0 T ~O m “L,E . EW h
0 = i o0 Mo
R° BoM oo 2 i ®O C o o _Lm_u Ll EICEECE =
© - ‘Dl ~X X o = T ﬂJl —
eERD 2 i s3=l feeo 5 3
T ° o o o T i o W oA e T
) \Aluﬂ ~N = X _*A -
ﬂl‘._ Wi O ]ﬂ 0 o i) ~ ul ~
O o v o < 8 o~ - ) o) - R
s > | B0 8 x T no Ik Th
g Tk o Z u o & B I - A
= < o £ G <
= Z.E " o 7 @) E.__n o o= E._o X _m_mo v
FL KO e .. 100 e s ® % Y rJ T X il
NI K o a2 s S22 3 o =
C,_ Zﬁ K I " i %w = _5_' X = = e MW _ﬁ ,ﬁ
ez T g S I J 2R D Ho
X° o < ) = £eéf $iF . n =5 L UNINC £y i =0 o 3
- Iy = HH i° oF K o W oor o X2
o o O W MI_ e M ~ B iy MQ 3 N =
Iric  ® i o m K P T oz ]
o Mo B o ; - ~ =
Sk w T 70 : 0 ) Ay G E
BN y - e DD
oo o g3 Q) FF3ITFE o T .
Jo o A o 38 © W e T ° = A~ w o B
e Ho Iy = @ = ) R AT K B o
X - = N = T U_.E = .ﬂﬁ == 3 N O
o N o ! = + w N il o 2 _ R
KO o %o / ™ ] dlo R . W:% Mo =) ru "
N T N L o o o o R LR o
- Nr o nju _ : _ = K o yl L — = F N ol w#r
IIIIIIIII i . . X ful — N
e, o o 2 S g o e B = N2
® ° o B | _ R BN G N, O
o ST | R S u| ) W o X T o i o W o
‘Ml ‘.uﬁer % K O ol * - _ I_III L .5, m_u o XN Ho ® o) Mo — = N 8 ) Ho Nr
2 X0 & RO oo 0 ||||__||||“H| __.a mm _uAr_. a B < ® i ML E = e AR T
+ ]zﬁm_o .W T = i} | | |_|L % %0 R B K Ho %o b U N
T T > L N X m oy R - A 7 = gt
T ol T < [ I R Ho No (- = ) 5 K
= 0 2y o . ! = 0 — - — ~ U_
5 oof B ot ® ) 5 518 234 ) LW R © xR T2 -
K ol B £l 835 e3s %) T I N
. AmMm_. il m_m.m o B ,HA_I iy Q_ o T A_ N - ﬁ
. E5¢ 3%z 2s = s N o W~ lﬂm/ow% o
¥ . e mw o B o Mo < ® S - 5 W
55 o o Wmug%%w}ﬂﬂlﬁmx;@
. AA@HWJ_{EWNH qmﬂ
© B io io | - _:_I X o=
= ° ° o QMO ﬂ — jans
. N o I

- 54 -



o7
o
i

YE @
EEREDE L

il g
;AO

)
K

alg

jond

o
or
-

wK

—_

_ZU

il

]
7A
ujn
o
ald

o}
Nm

0
Jo

7
Ho
)

B/

p—

0

_*Owl

Y

jont

)
—_
o

o
o
o

i

A7E

9] el Al

i

Sl F&o 2 A3t

}“E‘ Bo}'%]:

215

0
=

o

il

5o,

F71 &l

W s A eE o) g

=

717% A st

74|
™

i

- 43 Jhelet

Qsby et o8- 9

PN
T A

fe13
=

o
o
o
MK
)

ol i, utgto] A= WEF

b,

°
pal

.

8

S
=

e Tl

5}

o

s,

o

Hgro]l ZHE A= B 5 A= oY %o Im wolol ¥ ®G.2mm DD

48

M Ae 7Id= 54 43 =9 A

el
o

—_—

T

S

A& 24 B2 1m =0l

=
=

X0

ICER

243

Aol &

==
=

ol
H

A<l

i

Il
yul

I 7AL 52 A9

=

o

W 23 FES Ao (&, 7+

W

.
i

—_

;OL
;ou
2
el
nd

—

Y

54 2e 9% A4 F2E Ay

s

_55_

T T



o 2z
o A=A 7l

—_
N
=~ o}
by o s
W + 5 o E
iy %w AN EE T
wln A} B = 7 T = o
T T O_Elr‘_ m_.u_lLl —~ o_a o 1 #
o @W ﬁo%o W% ° T d..i%ﬂu
Cl ) v 2 o o E T o 2 ;1
- gl " s iy w5 oF A B o P oF
0 np — = _ i 0 —
9 X X — 0 i <0 0 G
5.0 =l .'uu T ,.__A ,ul_/,l,AE _H
: MM - Mﬂe T T JﬂWaL < W = iy
,Ulﬂ, T = T A o) 1 o 7‘,|nﬂﬂ1_; ) o0 =~ = . B
e = P ) o < X Yy SR =% N y
W H WW w o & ™ K o of = 2 vy Yy %mm %k < o o Ce
Pl _E el o5 %0 11_.4 ol oo - = of- pl TN B/ B
2 , i o @ N AT S ) ® ! i
b o v w ® o ui;ﬂﬁﬁ 2 B o o © =7
-} — ~ nl ) ~
m E w Wm 5 M q = 14%&% o Qm_m yarVE_
ﬂ,za dl.A% mMm oy ©] ° ﬂﬁuﬁrm_xl?ﬂw _ ﬂu_mmq mM7,c4
D o DR . Nt o R ) %uﬂw%q% e f oﬂ_f;o;
. O il o 5 kR o - o oW by B z .
oﬂ Mo o P g 7 oM 3 - T ~ o) N ) wm__ n Ll ) R < ma EEL
X B R RN ) Ko e . 5 N LA d | P
4l i BN oo o T %9} B o) ﬂoEm@
Ho o w0 KT < & ¢ o ] N my T W F R
o - o o B Egoobzoﬂré n Ho,mn_7 _Legaﬁ/
=K ﬂyldﬂ o_eul ,DI 7: o?]FEMﬂ‘rIJI oZ — T o=
ol X JIA ) Ao ]ZE. ~ N N_;ELHH_
T cﬂ e s ot . _Eewm,nme,_ - X J_/loMA,_ T T
Vmuwr.fwm(e z T o G p= e SIS Ay e T 7%&@.
5 i S0 2 g 20 5 2 E wo,aioa_wﬂr.m gl E W o w3
m_/n_mﬂioﬂ_weﬂ zTNe% uw__mﬂdu1ﬂvxﬂﬂxﬁ@dm@o zﬁﬂw @ﬂﬂ;ﬂ;ﬁeww]vr_qx
TE® L T 9 o aaz_i_i?ﬂm_xﬂm B AR ﬂ@ﬂw,@g%ﬂ
R S LB B 4H1ﬂ1g = . a s LT, E
EEJEEEU R0 T 0 .anrmlﬂn\ii X fﬂ%ﬂwﬁé
ﬁL%ﬁNﬂ%MﬂMﬂEe _z__..z:.du Naq_/Ad_,_mL 7A1o%._|u_r,A_ﬂ.u.1_e.__.mﬂ Um_._.._ mﬂMMEo_ﬂWWoi:f
Jo =W Ao C3 o o | HR w__m _ wm w T 1__/|# Mo & m,_ = % X0 @17 <~ o) N ol m
. b 222 meﬁﬂoﬁlw_gﬁ_rio}%ﬂ 5% :i;ogMoﬂ,
o o 7ﬂ1ﬂr WEPHOMovﬂ_axH = W %@@5]3%@
2 ~ o ) al ! B r X oh { = T o B g g = =
x . B oo T FoEK .1% 5 w T o o T
oS o ok oF B = s N
OL]ﬂnﬂra oy 1 g uﬁﬁosﬁLL
L] H‘AEO.H_H,I‘L:O“H _E _= T ‘NL O_W o
jo;oﬂ_z it < o < o Yo
. x_avkﬂwv o2 %L%ﬂMﬂﬂP
- o R %% ﬁL%ﬂ@maﬂﬂ_/
ﬁLT.d B maqoo_a
Mﬂﬂrv\_ok_uoT loﬂxﬂu
5 o BT W T N —
(. ozlmﬂfw,aﬁ_ﬂ
e o U
T

- 56 -



-

o A yslel el 0-75Pa o7} HES T A
e o g SAste] AU B AU, DA BEHYEA F3 A

5}
L ER AY EF ol8T g e dEvlolEE &lsta, AES

Apgey ‘ }
WlolEle] Eo] BaltA el

Fi) @Eg AE Sow 95 19 5 A7 3 £ gl o Mg &
glomz Ay £F FAR Helsteof B}

297 Bety, AY £F o848 & AES AT

A9 ZuE S v T, e g AR AY A 24 2 7128t (4 Ao
Fapo] YA, dFAte] WHo| AL W SHFE o] Erh)

© 7 Do) F7) FF, i), FF 2 QRN AU LE, ()i

@ 7 o) F7] FFol sl AP APy, (21234

@ %% 23 XA 7] 4, Py, (1234

F2I2 A% AUY YA 4L A BRol ol AL FAHOE FHERTH(E
=9 774 #=)

A9 T8 A BEVC HES 413 A4 A F, 9] WUNE 2e F HTH
% e

©
1>
o2
ul
2
)
09{‘:1‘1
>,
N

(A=, w3 A17h)

i g0
>
o
N
N
it
ftlo
2
Y
ol
K
i)
(m
AW
i)
3
o
s}
oft
A,
4
AL
o
2
Y
ol
£

J

=

= =
Ag N3, FF 45 A BAC HA FES dum] A5 e el

A

A FiE EE Y ARG A4 ) AIGA, E/V Shaft)

Pa,i=(APm,i + APo) , o714 i=1,2,34-
SA8E FTFE HolAY 2E(r), BA 250, 283 AW 252 2%
P i(t;+273)
(Qa)j,i = jA,i[Pa(tfanyi+273)
o] 7] o] A,
(i + AW 23 A AW =do ©E 7 oA BAZH F7F, Lis

Wt i + 273/ (8, +273)]2 (2], 1)

_57_



e T, Lis

=

=

2 Yehdth

oz

s 2t Mol A

9

=

Jol Ao F7%, C

i Z2AE FoAe thr|gd, kPa

- 9]7] 971, kPa

P TE 54 ZA ¢
7=

i
P,
7 O.2) QuilS vsS AP,

7] A,

=
T

(

T

BRI

ste] 10, 50, 75Pa

O]

o

3 ol ¢

L

2]
.
n Cgt< ol&

Slope

EA4L& o9 (
In (AP)

A7)
- 58 -

pzs

7]

In (Q) = IN(K) + 7-In(AP)

L AE9]

Q=c(AP)" (4. 3)

°

1o},

cF71%F A4, LiGs Pa’)
In (Q)
In (K)

L7l A

Cat< Q& P =

3|
C
n

bt

= of of
10Pa, 50Pa, 183l 75Pacl A<

ANA AP AEANAY 7]

1

kel
=



a. AP=10Pa¥ 4%, 7|
@ = C(10)"
b. AP=50Pa¥d 7d-%-, A7
Q50 = C(50)"
c. AP=70Pa¥ A%, 7%
Q.5 = C(75)"
23t = (Goodness-of -Fit) 4F4: &3t 7| BAE Es) 73 3)7do] HIATE of
o 22 ge T dddt
3 r

/\
[}
o

C(Ql - Qa,i)/Qaﬁi) < 006

(12) B34

ZIGAIE R IA = “KS L ISO 9972: &d-d&E 7144 SH-9 7IdH” == “ISO

9972 Thermal performance of buildings - determination of air permeability of

buildings - fan pressurization method” oA &3l =+ HRE E3sloof o)

%4 ﬂﬂx} w45 Ang zgselor A o W, F4 WA £ 4xA
= =go H

ol 71, B9 W ol % 7
e muAe olalsh S fal Westy BEE A4S 2RY 5 AT

_59_



ot 7143t FEL MNE

ZAGAR] AZL 017974 A oA LulFS @ Ll 60%7H4 2 A
9 2 20059 AUA FEOD o maksn MEASAEE 01T

9] 30% 7=, 20200 60% 7=, 2025 A RAUA] FEOE AFS oFF ste A
Qe ek AEAAS oA HF BLEAT FoA Hn Aok AEA A2 4
AE UA £ WFS A F/EI o] AR ouH 2uE Foly] AL /Y
=l @ solth

A% W) 2719 fFl ojus Rt YTl FE FI Lol 4 o] A
R 2E RAle FRH e(crack), AN AZES] BER 57 o] o] HA ¢
E TR o271 Thepshe A Wel AAlEl Atk 53, 1FAEY A WR 7
B 2qrol HUAoE Bold ATH D EA w3 ol WAF olo] U@ /W4l @
AAE A9k Brh oo AES AWskats] AsNA ATRUL B AAE selshe @
2= TS,

9. A8 7109 =4
T A C D E
AR gE EEER 3574 YR ]
TR A% 2% A 24% A 2% A 4%
T
EiR =

_60_



we LR o

1 B, RO WD ToHe W W

2 HE® UBO Ytte 29 W02 uz @71 - w9 =R
3 e FETUL B 2UR Weh03 1 e, o] WNTh Wtk w4 DeADL
4 uag WoA-D4 2 Ao RGP Bm
5 CL- L BT ] W-A-05 3 Sy 2% 03 gY7 D-A-03
6 | PEM  Wug Xl Yae w9 W06 4 SUBY BEOEX 48 2H DAt
7 TR T WeA07 5 - w7 Aol 8 D-A-DS
& MR M2 OR AR UtE R9 = 5 HEW 9iuel WIRH D06
9 24 W W NEIY YAAR N W01 7 OIFUHY MBS AT
1w 23 $ELYH HEYS HUBE 04 W03 8 a8 ME CHE QR Hote 29 D-A-DR
n S % 72 YRS gMES RN W03 9 HEW F9 Bt Yok ¥ A9
12 AN %4 WIINEY Hu3E vE WM-04 0 | 3 | ae AU ausE T
13 79 ¥ O8SU PEMY|UNL AABR BH  WMOS 5 29 9 S DEAD IWEE A oL
1 a4 BE7, 7 £ @A W06 12 | M e g e owan awas e PeePey
B 2 B2 ANBE X4 Ww 13 L By BRHL ADE ¥R D-E0L
® Al RS ORI e W 1 SuE BB ARN BEEE7L HOSE WA WY | DEWR
e ool ol o) hunod 15 HENAUE HHBFHE ANDE 29 D-£03
1= 2UE UE 29N, BETYPY, HCI2E YA B WED o M nusaue aves v —
B | gy |TSUNAS VUIIME AN U = Y BuE IHENY 2 D-£05
2 A¥E MEBRN AABE 29 WS xs ST e
# ERDS VY ol 1 HEW D 7|EM0)Y BELE B pcon
2 TR W BUE FHEA £ WEDT 71 ™ (e

2 UCI2E W S0iMOl MUY GuBE NH wes

u N6 N3 A TIUS HewEH [B 2 YHURAUSTE) 71U A Ma2am)

[ 3 QUARWRBINRE) 21§31 AR HA2LE

AE 71"d3) ke A4 A5 W 15 849 FH&o] He FAHJ] PHE AHHE S
st WA 4F =dEH FE 5o dE AAFFAAL ZIEs AHE YR,
Koy}

goz ola npebel PR, s vheel W TR TR 5 A7 TEA
Aol A1us S sttt AFHOE AR /U SARY L FAFAL 9
F APARE BEP 5 JES /WS B2 nHSE,

10

FETUN TRTH YO AYS FUNY W77 FUSE FURE Ainum System
Door S HUEE 8N WEPIE AN YU 7UHE GGl B
WEUE VUG SOAC 2Han0) HO{T2 Snien e oo NENTH WP 71U
0] FINSIZE Aumnum System Door Sk HMEE HBE WEUE AR

WY W T
- /< (IS Ry BTE UAEH |HIE Murriran Syvterm Docr 28]

[NEEUUR RO T

13N FRUT ANRUNE EUTTR TSR]

54 €04 [
BIZEPEN IHET Buk REL HF OR 8 AWANE UFNN U
RUMD olEM SREE AT U BUSHSR Y NANSE MHHD 2420
Wk GNE SN NNE WAE 5 UG

R SR ENAS B¢ BUF RN LFEN Ay

O SN Y AR
3 LT
el
O WE S B @IS ARANE SFWH]
[EIE T2 SUE UANH [2H19. Ahariren Sysem Dosr HH]

_6"_



7|ust mEQH

2004. 10

- BENNE ¢ HC-120C
LU ELE L

40| Rep NE

NS0 FUE W2 VUE BNE T8 W RS WY

2. NWHO LR
1 ¥ 8

- BRMEHE - 0T

« ROEN NS : 005m

- Wil ;250

- BN %e W NedRE Re NR

- 7ip W HOS WA SURAN WO U RS WY

arigw s W

o uns

- P OB DN 12572 “Articll chmiing structunes”

- BEN Y | HC-490T

- B NUED : 2Im

- EY R wousd 20 48

- Tl U BEH WM IUEAN S W 1EE WY
B2 AW G710 AL 6T @Y

o WEHD
U ¢ DN IBSAT * Sealing of eutside wal joints with impregnated sealing
Upes made of ool plunc - Impregnated sakng lpes -
Roguasements and testing”
- W@ EUE ¥H
o, RE
- BEHWAE ; A0C-90C
-N§: pUe Emaws

sun

- §HH DN 4108 Thesmal insulation and eneigy economy in Buldings”, SIA
180 Warmeschu Feuchteschetr und Raumkbma in Gebluden’,
ONORM BELLD-Z "Wameschutz im Hochbau™

EEHWHREE A : MIC- T

bl BT

-n

Re ABD LM
o By RPN ¥R

BX NEEc

WHOL FH0 G MIEECINE SNNER PUEA MEE ¥

1 HUE Pen e

ol

[REst

i3

=

L sng ¥
Bnw e

42 TS AR 8 The sitightnens checklist)
YR AUEA WA A CHRY MA22E U0 BANEEY RPN

ha s EELETY
[ W wole ww mem
[7ae7 wau An
. :-1'! W g BN A Hay
|gamoiE 82 yu BRE 4o Bean AN
UE MG Uhe 2E W 1RH 7IW AR
- [naw s vee zom ve 2w a2
|25 09A B AR 2avH AW NE
HUwath HEY YaE W N AF
[mEauas oo wa @ zaw ve A9 AF
TS E= AN S AR o
ARy A4 BB YT PANCAY) HEE BE ME o
IMMIMWXI@.N\:MMWDWKU o
:r-un BEN X HE
2 | e e $hAN 48
BUTAR G HY
|wpans wae uae 37 raaen § ¢ gese
Foino A -
[nuonas n ye Bun pes 43 a
:vq BEEN o
) BUAM ¥ SNE WY ¥3 59
ue YEA 4B F Y A %E BN
|s28e zass a7 8 wum iz o
Iﬂ-_‘ FWHNE AF A § HE O HE WE Ny
BE A&
[was sw uw 28w won um 20 Gx8 A3
:El ARE B ME T BEER Y AE
el aAnEr wn AR
[24s pEann w= 8 wa og 10 Agws 48 O
| 7iwaas |27 7igass om 5

[Fo d7HE 2o

o AEdAY EH 2AE B3 F8 FUIRAE HE
- ZY GEE HAE A 2A F3(smoke test, DI AE F3)
- U FAATE DAE 2004 A 53
o FAUE, AAHE 7St AF AT E vid
o TS ARE AR OE T A 71EE It nhd
o ASFANA Z&37] A AAET 2 5 e 71Ut 2F2F vt

= 7]e8 EF ofE

_62_




2APA =

3RPA =

FA, AR AE 2074,
JdFEE V4
blower door test %
A7 54

)4

23 A=A g

43} A I XE nd

d

71

7188} WARtR ZAL

7|8t A3 AE obd

AT HE od A7 A3E
Cl 714d3} AT 2~E BiA 20(JF-EAE/MHFREAE)
C2. 7143} AT 2E BIA 2AGFADE/ATEAE)
7143 T A | C3 AE 72s ek 27
C4. AE 7143} &< 1A
C5. FstEdE =8 14@ e ol = 8t3))

_63_




(D 7183} & AEA

=
=
WA T A= VBT S FEATII AR FH s AAHA.

(2 281 (Scope)

o B AAE IAF d5Edd A
ANt Aolrt. 71Hel &
ol mEt

o B AR AR KSTHE Ex o9t TF ol EH AAE AEES dFo=
ste, 71 9o BFA 9 AEd T3 Foste] A3 AAE AHEsESE 3.

o B AA ZAEHA & AR BeliAs AAuTH A ASITAE FFAYA A
w3t AlgstH, et AS EFar g A3 Y olste] A3

=
ofo
rl:l
H
HQLI
_0‘£
k]
hasd
o
g
o
of
_>|L
rr
:Cg
oft
ofd
>
>

!

Q) 712N & AA

_64_



w9 Aol
CFM502 Aue] ¢4EAE 50PaZ FA5H7] 28l
CMH50 i /hr AN el
Aol Eof Yoo} & 7| [, FrIHHS %3
3t 50Pa2 °F 9m/se] uigto] Eol& W WY&
CFM50 | ft* /min | %9
71$29 ks HAaslEr] A%
AL 50Pad] feo] Agata S o AWE77t
& Azbsel 2 R 277 HevkE sdskes A=
ACHS50 - 1345 17} = - t 3t
AZ O 279 AEAA SAHE Fr1EFs vl
< o &3
Canadian National Research Council(NRC)el| A
AT |93 A e
EqLA i T2 10PacllA WA= Fr]7Fel &3t 7Y
7]
7 EY S EqLA@T75Pa AL
- Lawrence Berkeley National Laboratory(LBNL)ol| A
Y3 Fr1H3 A
ELA, EfLA o Eh L _
FE 4PaclA WA= T FSste 7Y
7]
. FrIEE AA YuHACE e dHET T
Air cfm/ft* , o .
. | F&s Uede 3%
Pemeabilit L/smt
Y " Y= 5 EUA F2AEE B9
(6) AEolAe H7] - F7184 4
- ogdEe Wy Y Rus Audn
o 978 dAH SRR} FSe 21, AUES dojErh g7] - vj7] - HVACA| 2=Hl&
AYe N3 B8 ATE - 28e Ay EE 9WE e 4F a5ETE A" ®
© TTE MY A S FHIET
. ZAA] AT AUAA AR s,
- ZR AR A AW 9 LR, FE AUWY, 24, 3P 5 /1202 3390
* Baseline pressureg =43t} 7FH A AlZ A, & 25 ZA3stH Blower doors] i
FE5 22 dHddA Ha4 0% ol SAHsIY Hie 7SI
e JIHHZEES S33th AAY WS 10Pa HE F7HIAZIHEA HA 35 o]4H563)



=}

5
¢

o

-

6) Al&H

o
fol

GASKETS AM&-3ht},

@ 7NH FFol wg} SASH 2 FRAME®] %
27l GLASS SUPPORT® GLASS BLOCK-S
AAANZ F FHE 2A T

HABE AN F FY B AYOE &Y
A

[EPDM GASKET]

o

AP A FRAA N E A E
E34o] Folof 37 o]l WAL AX|steiok
Ela= s

3 48 AA

O 4A A =Ag 150mm, 5% 500mm
o)z AA3g. EEZo] F AH(Z
150mm)e °o]F o2 Fhrh

@ BAY FEL AR o] g5 BAE




)
o

&

&
OE’, mo
ﬁ, —
o &
o
30
2 rTj
3 5
9
o
o i
) rru
o
Ijﬂi rr
n
L tlo

ulod
ML
o

o
bl o
2

o
flo
ot
o
o
NS
o
o
ol
o
2
[
S
( r‘?L
&

7 Al

2 o
ﬂllo_;_,‘_gd;:l
_\,_rsﬂlﬂi
T ¥
'

X by
N

ofr
-

paS
o
2
il

®
Al
it
At
Y
oZ
o

N =z
J}-‘} mu
NN
Y
o
o
o
r
it
é
Mo
i}

I ofy

oo
fru

t

=
o
fol

P3
o

™o
o
N
4
o
ojm
=
it
rE
e

gh

kl

=]
ra
rlo
)
)
x
N
_>~[|_A‘

o2
p‘lg
N £
o
gﬂ
rlr
ol
fol
il
k)
=
)

g 2 > o |

2 o4 ol

M 34

(RI D
no2 ok

o Ho
K d

M AN
2o o

| ¥
FH 23} stofof ot

D) A-g59]
2) 3590
3) WA %
Ao Zeo] Yol
AHoH F4e) &
H NF A R BF

3|
Gl
e o to

o)

r
i
Ju

il r_{m
>~
=
o
i
2
rﬂ‘.
(r
>
By
il

o
filo
sy’
rO
ol
ol
£
>
oH
e
do
=2

ot

AAAE A-&sted A A7
Agstedof st FSEF T
Er4e] vlE] ZA ddst=
AME HAast stodoF 3t
of wa} FAEHAY st Al

Aol e % glon] Eelo)

e
2

)
L2 ok
A
o

_67_




otk
8

e
714

Ej o] 3

D AFEES] mHe ¥ 151} OI%Q% A A g},

2) A4 X9 AFE
R i=

3) EAgFLE 4~5cm © ZA ddIrh

4) FE 49 == 8A A48 5 714
[T59 0l HeolzE F3gt

5 S(arO)F e 2 Ho|ZE Fastes Afole
H4 Sem7t FHEESE FAST

6) 7IgH ol BIAFAE Ah
HA=A gRlgh

7) Ho|Z Hthdo] Ag uEgE LS HIAAS
=¥ty 7EE RS

l

THKIB B 2EEE
wE BNH W

THE 225 NS AE B 290

TH 20 ANAE § BER0 BYNREY

IwaHE
THK 9.8 89 2PLY

WOOD BATTEN 30x30

(K5 7|2eox

A3 2]

W
714

Hj o] 3

D AHEE-9] EHe] M9} o] BHE AAG.
2) &AL ] AFE FAst JdEH =S

Atsto] F23nt

3) vl

4) 71deol = RS AT
HAREA FATT

5) w1 vhA e § 71 E 0|27} Kol
RE= vpzRin.

TERPERE
AERE)

_68_




3= A A
D) AE9 mRie] W9} o] BAL A AT,
2) WA T Ao)= L el B AEL
e g,
3) Mo =E AMo] 71¢ H WA, ¥ 5o
A4 Ao 22,
719 4 NLE o) = BAHo S Arh2 Hzto]
Blo] H=x F9lsit)
5) Aulg 7]de o] F9o] Yut 7)Y
HolZg ZrlHow Bise /LS B
F.
D) AR mRie] W9} o] BAL A AT
2) wjghe] Apo]zo| WA Aug 7)WL
Ak},
3) VW= W] 2 H WA, 9 5o
Ao 223,
N B A% gulste] 7 W X[ RE
Az,
w2 5) Aulg 7]dE o] F9o] Yut 7)Y
e HolZg Frlxog Risie /UL 1Y
CBE Riass BEEEERE

AlE 7]

Wi
v 7

_69_




ok
8

>
oK
of
%

N

L)
> 2

il

D AR o] WX e} oled e AT

2) AdAfolz, 1A Bl 7|k Wiy YA E
gt

3 HAel My 7jdut2s Fhlsta v
Witel A 5 A7 leA Fddt

4) AAApol= gl Aol ghA Zuks A
= WA o w3,

5 7|dutx FHo ZHE o2& FTt AlF

stol 71d84e AT

3y g L'_'_J mctyy

AgE

D AgR wHe] WAsh o] 24 AAR

2) FAPTASE ASAPTBE FA4E &3l
wel Egol o] ol AEE wrteT

3) AL Znw

) B3 guE YsA ATEE st Ha




AAY2E

o

5l

=
=
ul

dejulolH
4, A

o

—

jul

oF

o~
E

o
yj
o]

I
i
o

o

<l

Z

%9 71 AT

s w9l AW AF

S

gol A

d

Kl

s}

)

71

Ho

]

O

A
B

A

0

B

)

ke

Stainless Steel Door A%, Aluminum System Door A

1}

BREIA A A

F gomz o3

il

ﬁo
A
J-
N
Ho

o|J

e

5|

BEREFERE
o NF

Bos wdo HlE TR YE2 AZ

s

ERRE L

[e)

s

K
e
f——
o
o
mj
=y

ali

N

R I R [ R P S

73

A

|
<]

—

sl

N
N

(N Ns A= w2

TZA

_7’|_




% 7195 4B/ 2% L $4 G

b
R
_\|l_‘
‘R
_y
K
%

ool AL
g BAL 9lshe] 2

3
AzollAel oduxdefr gl AT e =4e =

N

o = 1
H/A =SS 93 ARV FAS 3 2§ T2 aRS ANTEdn s ZEIORS T4
ol 2 AF uFOE o]FolH Jom uFFRAY HEVF AFES Al LUIAA AF
< % AFAAE FFEAT. 1S APES 3 WA BAZANYAAS AT AASHA
b FX8 7N 3o ‘AEHFEY 7|EAdT ZI=KIAEBS C-1: 2013)" o wW& ‘dE&E
=24 HEVE S AT 1 A 20133~2014Wd0 2R F 339 8-S AAEY
o 80%H e HME7HE WiEstAth wS TR WEE HrE AAT A3, 908453
SA)olgte HEE E4T & A
F 100 g =203 9 AY 493
g Al wSHE 2 AFE A7k H] 3
7% o] & 2h | Building Physics
OE AEN A9 7]»‘?4_ 2h Bugmng Airtightn_ess |
ZIdAd s B U4 1h | Build Tight, Ventilate Right
A = 2h | KS, 1SO, ASTM, EN #d 24w
ZIWESARIA A 1h | Air leakage report
2013} AE7Y #E & FF 2h | Fek D FQ o] FEAFAL 29D
71E95H AF 3h | Fan pressurization method
ZI1h9&4 AE7F 7IAE Ih | FE-HS 710% o1 I5
W uzg azt 2344 Ih | Q%29 23 0 BuA 34 Pass




b Pl S

KTUNG o 3
[

CERTIFICATE of AIR LEAKAGE TESTER

KYUNG HWAN JI

LEVEL I : Air Leakage Tester for

Ko~ared oJ

[F8 ATUE 2ok

TR

H

o
El

7
nld

[e]
+ %

2
=]

33)9] WS ZTE]

3

- 2013d~2014\d o] 2 X

3R =

2P =

AP =

233 v

S 3¢
‘J:l"___

27 o
(Ol 2/AFIAE)

%

A

Jo

=7t 1S &

1~33]

Nr
!

2>

o
B

al?
3l

O

N

714

AT A

.@
— );O_r
< ¥ =
. < |ER
23 M_mm CI
ﬁE 0 ﬂo‘_lL
. IR LI
_,Tn_/nl TW_JH
SR B B el L
ﬁ_z_ﬂ EECEE
BT o o | o |
B AR A e E
P e
S O I B
ﬂ@ﬁﬂﬁﬁmﬂw
AR A
m&mmﬁ%%ﬂ%
R Sl I ol
;Oﬁ;Oﬁ
T T R T
N N
ol o g9ls o
N A A/iNA AlA A
N
olo uT_Wo
= RO
- ,.Z_.om_x
‘ml.._ .X—_loﬁul
L
N

_73_



r:

T8

W WE-FHe] uS Y
s Ad, a8 2 A4
Basic ©]&
UNIT
#25(Q): CMH, CFM
o9 sl Aksh, 9 SCALE:
WIND PRESSURE, Stack Effect
Combining Driving Forces
AEol Ao FEA
THERMAL LOADS
Leakage Function
AEERCE]
Leaky A &< #4117
719459 T8A
Leakage Function
71845 8, Reference =2k
Q, #=AH n
Airtightness Ratings
HHEEAY, WA, A
Fan pressurization method 471
Leakage Functiong ©]-83t data 4H&
718485 At AL A
7] VS 37
A& 7]¥As ACH50
A= 71745 ACH
U9 71E 3 3714
= 719485 7IE

371 AE

Build Tight, Ventilate Right

74 standard A7) 2 v

i3 standard A 2 W-&-(1SO 9972)

EN Method A/B 2

A A7 F27), K- m

ASTM E283/E783, NFRC-400

AEol A 7| DA ASTM E1186

Smoke Inspection

30m

=1
=

1h

Building Physics
30m g my

AEoA e 714 2h | Building Airtightness

=
W s

-

)

mE
o_>L
OK
>(E
rﬁ
o_>L
OK

1h Build Tight, Ventilate Right

[

()

ul
=

=il
=

S

KS, 1SO, ASTM, EN

2h ASTM E283/E783, NFRC-400
ASTM E1186

ISO 6891

Thermography Inspection (ISO 6891)

Blower door =7 %]
H
H

4w 84

Blower door
At A4
Air Leakage Report
1 g

1h
30m

B 24 Software 2§

2~
A4 A%

Air leakage report

71945 database A7 = o] A]

1h

9B 7k} 291
o (81 573} )

Jl’r
034.,
ruz
nl)

3h Fan pressurization method

_74_



uh. A% 7WAS dolEdels 75

2 Ao Ex=2 sta e 7IEAds TIEe FHE] HdAe el 7EA s Ast
o W& oduA &uE F7F R AWSE 43 T3 22 2AdE Ed ¢ =S 1y
stofof gt =3 7€ AE5E 2 ALAHA e ASEY 78T 4 A et |
Aol 7e FEe AYsty AL 71 F5o] Zasith a8y 2" Tt St FEE
A= 71845 HelHE 438t A= 9 2 vi=des 28 I S48 HolH=
How dT o As HolHER 7B xd Wao] thFstal 287 W&ol A
of A& A7t Bok 7B s & o 2 71+ s oHwol An

metA 2 AACME e VEAds Bd I8 A Y B Ve 28 ¢ A=
= Y A= 7EA4s HolHE st AT = e 8 71 dolHulojs Al
de 7ot =23 784 54 A2V wSZ2add & A2"Es s s
BAE ez 2 A2gY AGAR SR FErked o3 AFA e 78S ol

a1 flsi 22kl Al

Age] 784S HolHE st 3 2"s Fgsan. {47t
71878% 22kl dlolguolx A 2F2 A BAZAX A S AT 2(PAZEB) A e sth=
ANz"o g, 7 7D Ad s 22kl dolE o] 2o AFgAE Lo AFEAIHEE Hol A

etk W 1WA 2ekel HolEulo] s A s AbgARE HABAR
AUAAFAT LA 71D AR/ wgol FAF AR} W8S FEF ARsjlth 1
9 Azd W RS HolHE 233y AFEAY YPS Usts AgAe] B AL

i : N
=2hQl HolE o] 2= Al ='lo] ARstAl =W, 27F 493 71285 HolHE #eAvt
gl & A B9 FYATE HolHE &Rl &, RuA A o) dHE AAA HA
AbEAE 719485 HolHZE deld RuME 9T 5 Stk (2™ 20)

=W AdE9 784S HelHHol2E FA87] fste] Il =2 3 ATARE A
At 71€ AR W del 7EAds ARE st A7HE 7RSS HolEH| ol A
"o Aot T =& oF 308 = 7IEAd%s Holy 133719 A3 543 Hl ol
609705 A"l dHste 7B ds HelHE 439t

_75_



[F2 78 2]

Q710 714 ekl HolEuel s AxY TE

- http://koreanphi.org/airtightness/

71d4% dlolEwol2 &4

- OF 74097 TleolgHlo] 2~ JH (F 742/742 = 100% 4=)

= A& J|HY s Ho/E W)= 7=

IRPA =

2APA =

3RPA =

71E A= 71845 deoly

7> [A% 7194% doly 27

o> AT 3 Eel

Ae 71885 2o

tlolgmo] 2 A2’ F5

718735 HlolEfH|o] A

5

A7 g

#d AT ARE

A8 7194%
dloleulo) 2 75

EL 4714k 71945 22kl wlolefme] Axe 75

E2. 7124 Hlolgu|o] 2 F2]-oF 742997 HoJE o] U

_76_



HE 7|UAM L oo|E{Ho] A e e [ aune B il HET] el i e ey g

Building Airtightness Database >
3 A 22 W 4 51t S U AT PRI, OFY 24 S0 L A2 UL
- o 0y 3n G U0 & s Ee) O
_ FuusH 2 GUBD9 B Rolm) ©
279
s ) L LT e - S QUI VY & LNE W) @
AL = HA| S H 0 L X 25 ¢ P4 PAZEB)H M 8% uw v
UE 7| W54 HE7NA0000) £ HE 7|REH 2% 0| X Booond A sojghuct p—— o
ApBEPHETE Gl A0S YR e ELEET e

IPAZEBO] S SHA| 2 BT £7H8 AHS X} (000008 RE™) S-ILCH

EAE 2| U DEBASYE 2SS ALA YUY m m m m
THEUX U8 TUE #8572} 21U 7| F WY W SYYERS) WL
o) AEes FELEC

@AL8 Xt 219l
' R

®{IE BE o e £ = ag Wy n L

R o [ =sza JB S % g w0 w24 FY

l PR Pa
wYURR ms

OFYrYa L B U i '
wAYGSE %

@712SH00|E A

2. 7182 (Airtightness Results)

l £ @ 7 aw
o Airfiow Exponent n -
@éggul ﬁioda + Air Leakage Coefficient C L
1 Comelation %
Standard emor %

@g a @E Q’ﬂ Air Leakage Rate, 050 /S50

o Air Change Rate, ACHS0 1h@50Pa
1 Air Permeabily mATE50Pa
= . Effectve Leakage Area ELA L]
@Rt S !
Equivalent Leakage Area, EQLA m@10ea
1 Normalized Leakage, NL o/ m'@10%a
@UE 7IUMs BIN 5 LT e
Pressure difference (Pa) 1 2 3 4 5 6 7 8 9 10
1 THE (Pressunize)
T Depressunze)

U= 7|dds
7t 78R HS

29 19, 4719 719 s 22k HolEHo] 2 Al 2=H

_77_



o) DA ZOIK| HEARA

U= 7IE2HE E1N

BUILDING AIRTIGHTNESS TEST REPORT

UHHS: 201404-1606 UHLRE 20144 48 62

ul

2ds £3 U&7t =HE

(171§ EE (Building information)
a

| So=THTFAT D11/16BL
HERE |2&5FH F3Us |2014d
TEEEY |m 2TRE] pu i

(253 BE (Test conditions)

ie27t | 16065 2404%

HISIZE | oeo2m’ HE  |ooo7aret | omEH | 31005

B3z 2014-04-06 Y | CIYELTTE

EEAE |ASTMETD

gy |e=cC S5 % dolgy [e=< S5 %
(3E3 I (Test results)

Aerde]  |pa~Pa ACHS50 1/h 25
S7AIsO | 430574235 Qso m/h 7358
UK 3(n) | 05891 /05848 ELAGA ;

HEATRY |/ EqLA@10

(4573 gl (Test equipments)

E 20| =0 Blower Doon) Retrotec Ing/33005R

H|3: 1. 0] E1ME IjA|SH 20X HZ P L hitp/ wwwipazeborg)2] ' THE 7|1 HEs SH HET 4]
T2 1HWE 0|55t 7| YEE HE?HCertified Air Leakage Tester|0| 2|54 Z-E8 2L
2 0] EaMo] =3 Eate QA EHZHERHEA TS EEee
=70 AL

= Ad

3. BLSE E0 R SHUES BYE 0] 2042 BER0A AsUCL

J
4o
s
e
0%
ar
=
- C
Al
o
H-|
K=

20145 118 1Y

) AR RO UK ASHTA

T4 Mg BT NTS

38 20, SARTA A

_78_




o
X0 of )
o B = E
b |3
~ oy o M A
o | B w = |
- ol B N
U & R 2 W
~ 2R = B
gl z W ~
s AN me mK Jo B
OﬁH 1—_/|1_ lrL J_,NO L w :
o ~NH o ’ -
oy o B = muwr >
T M = N ~ | A . =
AE B slE R e =
T o | I R D W] g
~ Tl = H it =2 A S
TR R ~ T o | N E z RE:
B 7 = i 3 o | 52 g | =
M- oy X = Tk - ° ool - :
w > op T 2| ok ~ B H | A T | ® |5
) Wl ow B Tl "~ R iy T % T
j— O_E H_A| —_ —~ @] _Z T H._ T < 1
el X
—_— ~ —_ X J n_mo )
s | X N RN AR Xr
S ° T < T o I N 2
N .. AT AT ﬁl r —_ e X N - oW @ o
= | B B MEAEIERED W N R
I T ~ % A = = N hS " ™ ol \7/
NN XE wo| N ol N | e
% w gl on mm_ 1 o ﬂm N N Aﬂ oo ol o)
. NR R R N T S W o= & | & %
= a4 T oy o | oAk 1
[ N ~ A . | 3B g | o
7 F < T2 d g3 I I
S ~a K- B < = Mnu < X
o 0 o TE | w % | %
RO e Jo EE ISEReX =
B H_o YT | BT
oy
‘_Ir,ﬂ
w

-79 -



i
5
il

N

A9.

A=E9] 719A% 7|F=(KIAEBS 7|&20. 2 A=)

A10. %3] 2 7| dES(PAZEB 71&A v
All 718A8% 71& AYARKFEDL TR =

A%

A12. =9)8t&AIA = 12(JAABESCI-E)

Al3. =&)esaE =8 17(AIVC2012)

Al4. SR =2 10 553)

Al5 FUEEEE =5 1ARHAZ2187 40 813)

7le A4 =

< 2. = L= ) o) Al =
7-9,%—/\]-?,-']] -—iﬁ T7']Zﬂﬁoﬂfq-/] 7] =95
- A 4 ZHE
o A=A AE A% WAV EE BEFH JE ARE &
AeME |+ BEEF L SAASE AFARY /DY FOR
=]

3 3t9]
ER LY

A

Y
i
=2
£
N

)
A
o

AM A B} 7 EL

BHHE B T B 4 F4 7)o

S0 7WA% 7|

71
R=

LSEE WA BN AR SO 2R Rl 50 ADISO oS AW HkE AN B0, 20
A ORE QU RADRBTRADGET AR NG 10 A0 o{N2 AR ML T
WUNHGE T WO EIT N Wl 15 ACHID o8 AWHh ¢ECF FURE BUN

- B 1S ACHIOOIRT TR HNE FNE TRE DT R FNE NEE TS VN HH B2

WE SN B ;

5.0 ACHID
W21 (banic criteria)
10 ACHS0 S 1
LEEELE]
13 acHI0 ke
RemunoE ¢

H—MM(; Building (Qunaln wai |

I ' |
| al I
I | -
I L.

i | ]
ngh-rls'n Building (Punched Windbw)

i
Single Fgmily House ]

(Best as&mu 13.61)
|

Canaﬁa

R2000 H?ms
‘ Nelhnrlands

i
Mocharscal |s.gd1y 1" Naturd suppty '1
With de withoul | With of without |

Mecharscal extrict i Mechankal exract
IS witze | L
Nathral ventilation |
i

Balanced | | [Mochanical extract |
H |
| Belgium }
-
‘Baiar wﬂwm{ ‘sammmnnm
heat recovery |

I
| heat n ey :
Gemlany(quslwz Housel I
I
I
I

: &maw(snm
| h ' |
H | ] [ |USA(ASHRAE Standard)
Tight | L | Quiteight 1 L Momal
: :
A e e o
0 1 2 3 4 5 L3
ACHS0




Gl

18

ojn oF a9
£ 5 mw__mm_
° - T om | B A
El i 1 — |
- = = m oD o o
~, ~ O
= = o B o =
- i £ = LU
.WH .Z__! O ,ml ,Im /2\ /Qﬂ\u
) o o
m_-mo e il BH 0| o
s ) < A = B =
v | . PEolR oz o | =
~ o v |, 2 it 2 - £y
N :lmu o @) — o 1__/I ~ ‘m
o Lol Pwl |2 -~ | X o & £
Wm M_o ° = ~ N = = ~ bl M o | e 4
~ N o < = 7 - T X
" JJo x° i m__.|E X]_| = T & )_m N ) o N mlu ~ =
g 0 I G T r R g s o2 = S
= 3 ) M L ® r = | % o | B M Tl %0 ]
< - Jo = i o< o > | BT = | o | N % (3]
5% N o < = o] | ~ N s ~ -~ i w~ roloNr -
e o [ APR S| = G < xR Tl X
UT._._ ,UI .ﬁl N w - = 0 H_._ ui 1 w 70 L_O ath
i A =N o | | | S I I ® | -
e st . A =R PR
T iy A | N — |
T i Cow | F Jo Jo | Jo Plale S
b B | & | T Jo | Jo B
AT AT ﬁl E__l | ‘mE J‘..lmo ‘% ‘m.E ‘..IAO 70 &o m_v/#,n._v 1_,_Al_._ o
i PP 22 2E T EE
EEE i AR 25w g
NS o T mw.u_.c = AN No _E)o ali oy WH g
~~ — = o o C.._ &o 71_ E_.E = % s ]__/l.._ ak =0 oy
= S 2 ﬂ_(/_w A T N By Y oo T ol Ww\: N No _Em_v %o KO
g £ O O o S o | e O | oo i
o} ~X K X — Wm . ™ No N ﬂﬂ_ = Jo Jo
il 0 B =~ | /@ o~ 3ol A Mo | Ho = B
zo o o o R g L
B Jo I | BE |5E = S
70 Ul 70 o EE Sl |2 IR
pURCEY m @
iy
‘_Ir”
w

- 81 -



)
, il 3
_1 n.._mo 0
= T w W
3! o NL E._
‘,w O_
U_.E ﬂ M mo QO
SR s Mﬁ N
® | = L .
a ° e TR
e A X RO o B ook o Nr
~ 1.m T ) _ e
S lalslE|E|E 5 o N IR
Zlsig|z|z2 2|8 == 2o s x|
) ! ! ) X X0 T . =]
BRI IE IR D
. E nrm 2 s 0% e —_ — T 0 N N
= = 28] o° e M ih NN e oo I
= ° E ﬂ :IWL ]rL o ]r‘_ ]r.._ ) ~ e .Nﬂ
S = 3 v 33 ) (L R < %
SISl By o I =B
g I - G s T T 9 od T
wlwm | B w | il . S g O ow T
I I R o o o W=
L A I w T | |/ T T U o -
clx|slE|ElE|E| £, EEg
FR I I O I i = N w o5 O
i |2 o I BT I oy o = Nr o = o | s
o ol <A ﬂ_m_v._u ,;Lo._u ,;Lo._u i i U U_.E — 3
Ql \Alvﬂ \17_A|| ol N N ‘.;O _Z_._l o _ ‘Wﬁ w
T F | T T | @ o F
_:_._l _.Tl _.Tl _.Tl _:Tl _:Tl Q.,Tu N_«E n_mO ]__/11_ :.LO = HO M
cilszlz|ale FEF BT oW T R |
R 2|2 |52 | % |& & R U, -l o
K
i % . R
a B o< .
A " il 70 X W
= N~ =
7 i

- 82 -



FoF 7t

b

g}

—

3.3 7%

el ~N ;lo_ﬂ o ol
" T 2N A
W i 2R
o fio 4" N IE S
G3 oy & o F
iy m ™0 W
s e m = = 7 <
o U n "N = )
RT ~ o A TRy = 2
O )
T T W N S 15| ! 5
=0 ,M —_ ~0 ‘mu‘lrﬂ —~
< T T < o oo W] ° T
— S 3 s el Ne
T ™ %o < K| = = oY
N o < B~ Y LS 2 = I ~
B £ T T 20 |3 N oy Y ‘
ol R4 | B | a2 |5 ol ow i )
o T < o . ) mﬁ T 2
) a F N A X 2 N 2
F A °
o) T W = Mo o N | S
Np = R W m_w_ - c ﬂla HJ | N ml@ & I\ w
[ T
H o I Lw._ﬂ_. N U & W/ @) il oﬁo RS v
) oy oy " xET | P = <0 s I O B
,_Iz._ o o Jo Ho M. M X B ™ nﬂm_ " —
= Mo To T X T il il - %t al!
" © & A S N O BT B
Jjo ~ ~ ~ ) BB ] B
%o CIRTHE T || w8
o il 4 4 EEEAEAR:
— N . v N N =
< 4 4 4 GO NG I
o NN N 4 1| I ~ Hﬂ CERNCC )
oy ) ) o T o | g | e < |
T NS — = =~ | 8|08 ]38 |38
B oF G H EN CUREY 70 o) FE
0 = o s W | e w iy
W\ﬂ %0 Jo ™
mo nm_._._ U.__v n_mo ﬁc
BORE R

_83_



T . oy _
e Fo i =
ifo < R
W oju 3 N ;
X _r+o nmE MM |
o/ £3 el .
W 5 g To!
bl - . o .
c} o g o P HSE
; T ¢ g
Mo N 3 N
< & oo
Mo oy ‘o) B
K £3 ~n m_m
| K = X ﬂ
K| © Ho
™ - y <
oS N
" 2 Ll B
- 0 = ) = o
Mo A =
X g g o "
o oo P
oMo I
T o O Jo o gp ®ow o Jo ¥
X o SR R R
W W oW
0w O
] T WX X
T oM % R N Y
o ¥R W RN T
K

A% A
CEWE

71
A 31} 2]
U] A%+
Ay

_84_



X . o =
R I o P X il &
‘\W _\E L o~ <t
A i i TE W = i
— —_ Y 7O oy n
- T S e NJo 0 w ™ g, @ X
o - X = —~— ~ oo W D
o & ol > o N M)
o e oy i & & = mﬂ. N
70 "o CER & B < <
o A < W E o N
Tl Ma ) Z3 TT O E = | U
np mn e Cl W b w_ﬁ B | W %rm
- X %O ul
~ e - ol B —~
B W T 5K o B RS ~
o o e =l HJ = . B _ _Wwwﬂ
i o HOlg | 1 .gf < = | E
oju T o o KO 2] i o 14 <y _L_. f
© | =2 K o L | F | 2 & oo
N & e x ojn ofr Bl % 0 ~ o 2 ©
% gy 7 < 5 s | 3o | T E 5 S| B
Jo i ® ~ N = R
70 o X a % M o A E nb R ~ o | o | WO N
s Bz B8 T | 2% |8 F|F g ||
~ — X 0 o] == T AL
N ) o M_. E - & mw_ 0 or ol o 3 b o
oy oK CANIC RN X o E i T 8 =
o & < =k Bl R | % | ® <
T MO - T d g R0 E N © | B~
~ o ® | A MR R
) N9 L_M oS B r mM sl al! m/_.‘_ — wﬁ_
- n_Au .. T M_l o X 1_._A|1_ ) —_
o Jo T o CRRENTR o N " | 2|\
» | S5 N X A A A . o A B =
p jans o | ﬁ ) = "
5 NE i ¥ i D 5 25|53 4
iy 6o NN R
W o at . 1 mm__ Bl i oy il )
_(/\ ﬂ_(/_w ﬂ__/H Mm ™ Hﬁ on T 7 1__/|1_ 1__/|1_ ﬂ/ﬂ_ ﬂ_1m U‘W
~ = X 3 o = o . I N
Ho o X A A oDo M s o
el = G B S = A
= X |
el xe ﬂm 50 m& w% Hko 0 o) AR
%o T ~ o
K ~ Bl o e mo o
7
(Y

B ORR T T

- 85 -



2013 74 A1 AE VLS A2V A5 AA

(LEVEL | FAA /&R0 &)

A% A4 2 20133 84 A28 A= 7IES5AH AEZ7F als AA
8-/t (LEVEL | #AAE/&7FEAE)
20149 5¢ A33] A& 7ESFAE AEIE s AA
(LEVEL | FAAE/ATEDS)
7IE94% 574 Ui e KSsholl wet 7| A 54 2 HUkE AT
A dAYAE gbgo] A= PAystar, ol & #H A&7
ks FH ey SUE =
4 39
= o] A%
%!y AEdgo=w g A e 71885 tolg e F50] 7Hssta,
7IR8% S4e AT 71 AA 2 A o FUhe AAEH AA
Ao e s =T
1=
A5

_86_




g el(Em) Age AW e A e SHuolEE 24
] AL A&AQ 7Y T 7129 AE ¥ MAGESHE A=
A A
e TS A=A =Y =4 dataol] Wik A AHQA F2 o] Q83
o ; 2&AQ0 #H 7] HAE 2 HdS sk 7w =
Dz
o s FAL AL AR Aok oA
C1E7E ) 3U FEAA e
ASER | O $8) AnHow 24V} s chtete W
Ol7le = AA 7)) datat=o] AALH O R o] Fo XA &S
E3) SCI =% | BSCI=% | S/W 7] et
OO}:Z'—]] 3 1
dzk | Ad= - - — | @Eogmol s A2w
3 =)
31
Al
=k 3 . . o
A je ) 714 A% database =W 719 data 7-H]1& 100% (&3 90%)
d A=
il
o4 |,
g | e (¥ data 7|4/=U] =5 data 7]<$)*100
gy | T
EL 4715 7|95 222 diojguol= Al2H F=
E2. 719A% Hlolemo]s 2 -oF 70037} HolEwlo]~ U
A=

_87_




7l AA =

4 7IRE 22l 71945 deolgHolx A ZE'(FH ol A) =
2 A7HY 98 T AT A= 718 A% doly 600715 4 7wt

EEME .
71E =3d 714 s #d dT7ARE AR 10097 71 A5 dlolE
Q] =]
AEdUA Bs H7EE AT AFH V& A2 &8
#d U1 2 SAASE IS5 AR VdAdT 7IE FHol &8
7l .
b B Jlwe] AR ABUA Bk Bo AUAE NEoR A
FHA AT 249 24 Ase 2o 40T ABAUA A5 ARE B8
AR
7194 % delEHol2g AR Ffate] T AS5Eo] FES
eotstal 7T S AT Zled ek A 7o
ZHE 7|UME ) o|EH 0| A #7199 H0|E{H0|2 (Building Alrtightness Database) 1
Building Airtightness Database [ §
oY AN 4 UL O YD 47 STRL A A S R
219 1] LR
A Roeuct -
g [+1] as)
R s L st L e,
7" F/]' Ay x@oe PasEeUD B i
X]-E_ DE TINA e SO MO (Budding Alrtightness Database] a 28 710 GOIEI0] 2 Buiding S Ouband x
T -

1§ TRAYED Armpe b

_88_




iz C (| S
H 4 d4=E 29 H 2
41 A0 HFER @A4E
SE N E - - . ] .
R i FECE = 23x) | 9gA | A
U A2 TIKET ] Gy am =g | 48 | 300 30%
23 53
s | VA8 SAWW | G leRnd 3 | 3d |3 30%
229 (eh) g
1| TRV s e
AR A% (A&7} 37} 17D 17 1 20%
h KS ¢t ntdl
g Ao A0S |(AAANY 8 2AEIA |, | 0%
A2 ~E v 27) ©
A A 100%
TY AE JUHS| G AR S5 | 8d | 3D
=4 3 50%
NDA%E 1% AY | @248 1) o1
E2F48 12 A
NUAE | saae ey | D gt I B
2 | 1e 3 KS At (3358 17) 14 | 1
AP =
SEESSHE
R ERE EEASIX0.6 , "
=EAA A5 HE o) 8 &k 3 SN
=2 d55x0.4)
A A 100%
L T RS E
7]]:1%].}\6]'6' "—Tzé 71(:]_%7]' = POUET ZA ] 913 40%
Gl e S - el
283 93
775 | 28 e (@Y dta 7 % | 100 o
I 7R dta Py o G A0 | 0% | 100% | 40%
3 83k | A0 EE AN GBIA G2 L T
PAE | mzor An 7 07 opde] AzlrE n |7 °
(G A)
S 9 8| =8 715:2X0.6) P _
EEAA A5 NER DL d
=212 %0.4)
A A 100%




<
Bl

._I!H
S u
o S 1_%_ 1_,_%
K- S WK
Ho Mu gy Hw_ N
R X° o B Ho % T
W = T s > T
£} . < T N o hy =
it Jo = 3 o) T T 0
0 o ol N oy nb mh Np X — =
- o B M ) e
u]MEAE @ZTQH - mu_ﬂ_ UHH,MMJ. o) W
B/ ~ ol ol WM&OAL,‘WWL ,m.o‘_.f _ﬂ/nooﬂ_vu_‘.__/,luu_ O.JW_IA
_ %o p- % a G - 1
" g 4 5 o A s ¥
X o o R T i o 4 A Jo
R _:_H o ‘WE A_._.: ‘mw nmo =n
£ SO m i o~ & P 4|
X © A = o 2 4 4 N <
~ m % oo S A { "
L s = i s L B 4|
‘Ao ~ ! N —_—
R w7 - ki o EOE oY
~ N _ 0 T % % El G 0 U
o B o o T El B T =
pE W N A i =% Lo !
um mm ERt E e A iy N ' =
W%EEL %iwmw (i B e i fr
S e o 2
N ~TF 5 o A g M 88
B N > _ @ X Jo M= . S3
~ = — % ﬂ = = <
- N o ~ N mm = & + 3 8 &
I Jo = s Jﬂmmg.ﬂ o =
dv‘._ )AO X N Zwl /ﬂl oyt JH HO _L_l
U N gl T A _ =T @
~ S R0 == =5
N N O
hy nﬁ o N =
o y b Jo wu o
— [ » oz —_—
i S ~ 2 # o m °
= N ) g »
X o b ° 2 N o o
o) - ~ wﬁ E! mm
T2 S LN )
N B o ﬁ__/f N L_M
cwwn | 4
ﬁ T M °
N
T -
M~ B

- 90 -



42 A7 Ahe] FIEA

1 B4H 7@34(71@24 )
.« AzoUA AE THS 9T YArE ke FH

- OﬂLM%ﬂ_‘?J:Zi% EIHL 9T AT 7e TE
A

o AAAQN AE 7IEAET HIHAA 7=
- I EopETRe] ol =] Ao|A AZAY Frof Ff
= ui] 7]1:!1/(-1.‘:_ %7].\:1]— } E_Pr

o
st AR A7+

2

W2 AL A B

2. AFHA ZIHEHHEAH &)

o A Wby oA HlE Az 7E EFEAE O] 10%~20% A%
AZANURAAE A Y 20% FF ldsles 847|E5 &H)

o A4 A SAEFHE F7h Oy Z2AEWE 5-2099 d3

o AZHA #Y AR FHE I

o AA ALY Holo AR FHoff: vl ARY Holo] ALE= Al A

» SAAZFE AFASY ARAUAREETF FAAE 5 A AYH/AEE o
dop B7lolA, AEALA Rakel oF 30%A7HA ike AL
AA HeF EEE vwA He MR Y £ Yk /HE AFY 5 AS

=2 71

3. ATAAS 71d BEEL

o AU AF= AAVY =4S T AR 535
Ao A, HAE ASe] A g 3 4] 4
o AoUA, WAE AZE A HFD =W AT 71dE #d =<k

Agozs AAFT fAR el AFE AY 3

- TA QBB AT TIAE HEL FF H§7HsA o
- FT YRR AAE B3 WEol BF mK AN
- BB ARTH Y AW BAY 220 USH =N B 6
. AT AE AT A8 98 FA AL v

= A



3AUE FER7NA AN oA

o
=

Hgste 71494

2
iz}

R VR ¥y B |
e o =& &

A

oX

(FUR=)

alcw zaM 712
AA 7.7} @ A

= 1
E""/}i

SV
-4
A

o

i)

71848% T BE AAAH &3 FATFAH
1 US DOEY9] mp=Z™ w]=2] 1995 Model Energy Codeoll A &-3}31

= &,
o =

Feol thste] Fr]E-eol i3k A
Hl &0 2 wid $2009] A AFaAE
3 v ¥Y AEQ 7S 0.40cfm/ft* 2 0.25cfm/ftP= AT A
& o I Ee} 2ol

AR P A

4 g0,

15

10

Simple Paybéck Period (yrs)

["0.25 efm/ie?

|"0.40 cm/fe
bl

Fge e BA A

8=

Ao B oA Hg Ay BAY FgAT A

-

2) =< 3 AFE(Steven Winter Associates, US)Do] 7@ A %so] Holz] o= u] & Erlo]

[e]
ST

o) =

Z3E FME 7

2

< ¥
Jlh A= o3 &
T F7t E4E VAL
g ol Jag v&S
A% AA, AF, 39

glor, o i3 W=

rlo Y

O
o

s
=

A% Fd9 NUEE

s A

=

&t7] #1ske] dwkH o2 §20000 WA A @ Hewlgo] S, I A ddels $67, Wrel= $18
(1,300ft? 7]2)9] Azt o= "ok a2 714e 5 Aot o

2 36070

ANG A AdY B 52670 B
At 2d ool FAUI§E BT RS

7 Aol glofA] A8 7]

siiiiii i
i iiiiili

3) Sandberg, P.L

et al, The Effects and Cost Impact of Poor Airtightness-Information for Developers and
Clients, Proceedings of Thermal Performance of the Exterior Envelopes of Whole Buildings X International

Conference, 2007
4) US DOE, Technology Fact Sheet Air Sealing, 2000
5) US DOE, Building Technologies Program Air Leakage Guide, 2011
6) Alexander Z. et al,
Workshop Tight Vent Europe, 2012

_92_

Achieving Good Air Tightness in New and Retrofitted US Army Buildings, International



N

C AE ey A 10%, 20% & Azl 71

Ho

A

7198 s B AlE

AU AR Aol B}

73

<
D A Eoke AR 2 AAYo P Ao T

L

al
=

d AA

Ho

< A

|

AG AA D AF Tkl Eete
A% NAAZ & FIL B3 A8 AYY FH

BO]- o}

ATEe &8

% 11

2 g

o AEUA Azt

o A% 7Idke] AEstE dEolyA Bt £ 71w

UL g3,

FOo=

A2 A 371 7]

A=A A2

7€ &K

]

<P
o

A5E &g

=
=

« 349 24 ARE BT 49F AR o

e
or o
7o o]
ERS
<) TE
T A
N N
[
o oF
X0 o
Ei
N
)
o
My ¥
N
b U_.E
Mooy
o 1
TR
o No
X0 o
Zﬁ U_.E
Joo
TN
R
~ AT
i
™
&
A
Jo
_.._Auo
G
N|
oy
oyl

Jo o N

L
VRN
W er
o 7%
"
¥
o #
= T o
N
= W
Wy
o X o
T o A
o &7
do T T
o N
Lz
75
F o
< T
Jo 7o
Oy
o
‘/ﬂ\ ~

e

§—_]_,

3

o

&

*x

5 AlE 7ol =gkl

A%k A
ek AN A Az AE

AAA, AECM/ZE P A 9

Bl

el

€

s

T
9

A= AANEBY 7€

AANAAL=E 78

AEe=2 g8

=

7]

_93_



N
—_— ‘OI\_ -
N L Zea ey R
N ¥ " m._uuL_]uq, ~
T T o L T X ox_zxmour i B
e §i7@L_LWx bkﬁedﬂ%_%imuz]r kﬁ
g 4wagzyw S N o LD o B I
X o) | do o T _z_.e X . il ,Ll_m )] T iﬁ W X X T
R < A P R ﬂzﬂwm_s%vxﬁﬂvﬁﬁ N o Ho
i @ﬂ%@ﬂuﬂiirgugv% a5 " W = B %
T ﬂm,éﬂﬂr oxdzmoarlﬂaEmeﬂ T _— T
5ﬁaawﬁ2xa&lA_anlﬂJ i T
RN SR g o o o X 7o o g S )
< ® T of ™ T 0 IR Noam W oT _ m
BT TR R T o D =~ do _ W
O‘M;AU‘N iﬁmﬁ]ﬂﬂ ﬂ_/,._uplvﬂ]
i k% T
i - . ﬂrlr_zou
No ﬂ%%@%a_zwm © e TR
o AR mN — T
A 7 Moy Ho ) R - mo - Yo a-
a ﬂloz.vfzo_aﬂgao%uo S o A
T o leAﬂnO H‘m‘b X0 ~ = JH
= Zo,]dy}‘:lvﬁ._uro uwcx_v,ol_ﬁ_zT-AlolP 23 = =
A e mrA LS @ﬂ W B < o - < N No No o To o}
oW " o R B E @ G v w0 ow - M W
X PWT T x B M T o A x o om BN
zllomvﬂ___%%;al i o i o K — & &
ﬂgaﬂa%rgg%% w%ﬁﬁ% T N TN
= F Y A_.%m_.mﬁ&,_ T X of :
Njo iﬁﬂiﬁiﬁﬂv_ i ]dﬂ..@.m
o R Mo U o
Tm Aﬂaﬂ&o oy o) N B
o R B oo e |
o r@AﬂWEam@1 w rm o i
i P m WS X o ol b M -1 s
" ﬂﬂ%%ﬂm p I Mo o ,%o;;ﬂ o RO
T ﬂz:xﬂAlpooogH%% faﬂ}%%ﬂ W X e
B %%Jz@ovﬁﬂoﬁn« T T, X Z T =% o
A i B - A TGy S w oz T <~ 2=
o M S o B J%%P}%l751 N7 a2 g
£ ﬁmﬂmewww%%,%%syoaao & q%%ﬁ@ © w3
TEBLEE AN T E A Vm o hm ER
= = o N Mo o < ]
2 r® B 2 E Sgs
o 3 ° W %%wwﬂ@
= — of
o ;
= W
N R Np
w =
ﬂ,ﬂni ‘WE
~

- 94 -



Z 27

4

3

AUAEEETFAST Al AHA
e1710 A A2 3.038]/h @50Pa, €171l FxHF A2 1.53]/h @50Paz <

=&

Xl

o
A

-
=

)

[e)
*he

oA njel= Al 6.03/h @50Pag ¥Z Jg o] A&}

o
O
.Z__l
Jo

o|J

)

—
file)

O

+

—

0

W
—
o

B

,m_.\,,_wo

o Ragroz Aol 97

&tol 7)°

AR A7 EAAM=

AKS) F 2292 Aol <

i
o

Np
Jo

el

A 7]

2. 714

A& A

s

+
g
o
5
|

;OO
~
o

ro
Hlo
Ko

—_—

0

2

bel ole)

o

o
T

A

3

Fed oA

S

Jo

o

Jo

1 o]

3
pil

o] Jjde] Ho

g

o 7o
s
go | "
No o o
o Uo plo
— o
< <
= £ &
o Lo Lo
~ ® ®
x| = =
CYG) 3
Jo 5 ¥
n_Alo
=L
“lalg] g
ivmﬂ Lo Lo
~IRC) ®
~ = =
=2 2
o o0
o
< |
o |
o | o
Moo | N
o | RO ==
oj N X
il Y
JXI T T
= | ¥
ahy N
e 53
0

T
N

o

N
N

- =90 «
07]'11_‘2 —_

7184

7}A 2

o =
T =

o] ol o

K

o

H
B

o

b}

A== FAHo R Jfido] B8s

P
T

ol

N

_95_



o
=]

#l

=

T

2 g8

=

© © o ﬂo < 3 [t
© A Mo r
a. [aW @ N ~— 5
28 |& 8] » am g
1_.% lo H_L 70
| 1S |7 5] M e S i rim i
‘I—Oyl X .Q H_I u —_ n
[N N = T PSS B = B o) — o =l (o B %o wo o o o
% — v — " ﬂ__lﬂl._u_/ Eoﬁo ﬂo.*‘_._&d1234
| Rl | AT T e W ol oo | | 5 O Tim 1z T 1z
fom o _m_a N _ B oo T o > 2 T R
e w_. = 3 o < K B S| do mK| R o op op o
< Wﬂ} el mﬂ ﬂﬂul__g_ii__g_
o ~ X &K KRXK
Ko £ 45 [ PR NZT Tz IT
"_n__v._ T o EO T = . T 43T T RD
—_ W oo No i B R IR T e
T S owm oo M o
o : L N R
o +® | B N NN
.« A o R Mo rm ro o
o — AN o <t
= 1k o Jo TR S
o < R N
Fo T | P mg
.M AT \NO ﬂ \M ‘Ul ‘Nﬂ a U_.E .......
~ ~ o . o) 3o
N 5
AW AW o] oy T e SIS o
S ol IR
B o . | [~
< X T W e o5 tlo ol X
o) ey P No zl TR % LY . A Jo iy o
o~ o S T - (= T X rm
(- = o Ak il B B
X N x w_a g o - 5s ~ N oy
.zl_o T by T N N o ™~ o o / n .- o
Gl I = TN RO op N N 3 I
ZITTL | N e g B w | (T T
— 0 —_—
Mo x Jo S| N KA o o E o °
S I H o 2 o| Ty
T It :,._ 3 OC 1;0 K OL
~ ~ N gl B oEw T " A
N o W

N oop W ON B

_96_

AeAUAEESTHE AT 719485 @l WdLE B+

=HAFAZNE WES SUsFe] T




QA

A

2o AquAFe AAVIZEE MDA B J1Fe] AU F HE olgdE
oBE o

Eo} 2ol AEFRE V|FOo 2 AA A

T TR 7= 7N Ul-&
AR 7188 FEE A8 B 71874 25 Helst &,
. 500nt w7k N _
AEE Hs SAH g 5% oldt & A&
C oA A A 2]
A7 ZE 2= = A}3) =
500nt o] 4 1715 ?—1 & 7
ol 1] %) & of 7145 4% = 5ACH30 » Sl AlETol=R]],
A & A 71BN E7IE A
A = AF = = =z o1al
ISt | A=2AUA | AB7E FHGACH0 ) A Asgeld ol
EEEEAT | mE s A A
o 48 < 5ACH50 v

A5Eel UA P HAZE £

AFEY dvREeF dANE

A27; A= A #I 7E, Al ASFE AAVIE
A6z ASHEY JFAY

4718 2 A2PA $E AT =X

Zh oA WED D uRelAe ARE BAsn wdRle] 4% A
gstel A2zxe] olste] BARAE Stelok S FARE D BT Aol
F7k g Aol ASEAIZA T BHE YEFE BIAY AhSo
) 3heof T,

3 wARes} Bk BAE P WEE L GGzt olojFol glo]
AFAAL olold A ol SRS B GIAT At HaFHES s,
GruE EL BHsEA BE 58 A48T 400 BAE olgyE
150mo] 4 FHHA AFSHL We4 HolZ HHA SO JUs nhad 2

D PEF) BRE URE BY FHol BANA DEF WS4 HolZ, AHA
o= /Us E 2

_97_




o A%E 95 BdRd AP, E 5
Abgste] ZIRSAl A Elsteiof kTt
D e AAE T AAAEE £ E)7} o] g FIHAE 9]
AAOE 8 Aoz EzhHe . s
AE FrdE FAsE 7
mET
2) 7 A==o] oA d ok =(
3.0 ACH50 °]ste] 71U4%, A

e U # UEE 2% h2A 58

(o

d

0 =
2452 BAss] A% PHOE The <

HUFH

O O
Yl A= 1.5 ACH50 ©]&te] 7| éo
ACH50°]sle] 7S 7R = TES

B
2 9rle] AA Welm 1% BE Aoz A4 YRS ASZ A9F of2o
e WETEE Shefok sk,

AZEY UAAS WANE A3

3 71dAdT 5 B AR H A g A

@) B 7IEAE olFFERJIAE A St AFPor

W%—Zl/iﬁﬂg ye A5 =4

4 - Envelope Leakage Test Method
in High-rise Building or Large Buﬂdlng% wEth o, a3zt ¢

2 1FH=9
TS SATHY dddE A8 ot Hrreoh

=] B 31 4(airtightness test report)ell= 919 U& SAF74
K 1A —’F%-‘H ARE xIstofof gt

_98_




Az duUAE} HAVE ASRE JEAY AT AUAAE Y& 2T
tel 2EAH AAsE UAAIALA o AEANE AE WSl
B7kg F7hach
AR7E &7 AR HE 2 7dAds SABHGS 7IASES st dFENUAEE
F BUERE A48 & IS A
T
o x| defA = A o3 FEA
1. Yukapgt
ey
= A& =
e Aese |ae ||
za2n ey ot | A EEH o
£2(83) 2 o) [FPEEE ot | R -
RE 212 23Y PRy
AEEYRt | 2 & = 4% &
a7 AsopH] M8 PR | IEAVE 24 2
2. gl
F 2 AR 9 Ex He L% Fi
9] & W/ndK
AR W/ndK
| #pEupE W/mK
?Qﬁ‘?f_;‘ angg | FERE AE WK = mY - pEg
BEZT A7ME WK
s W/
A 2 W/
¥ |owe vz gus | e VR
- SEE (% 2 B IY e o
g | wrnemy FREsERE
B ﬁ
g'l
2 @i midiadial kil [P
2} =2 2R TN A7iupe KW =RY o REY oHITTE
¥ = @Ed A sow
oves c PEEE B8 mx B = m o HY o RAY
= 71g $&AE -
IYEEE o A o HEY o By o ¥EY o HPE
@ 3= 71gds = 1 v 21 cHGg cRAY
o AB7E £ 4%
@ 3% 1948 oAY oAy
o 7|94 5E% ACHS0

_99_



.@
;Oﬁ _\)
b & i :
N ﬁo ‘4‘_ :.L m
Jo oy ~ :
i Hl T
T i~ W 5
: i i 5 o ,J
S| mleE = h °
~ 1_.@. v %0 ~ he
o | ® e = i m@ > | B
il (R o < kb
e o ) Bk o ,
e : ¢ "
iy £ H_l eyl o
o = Eo N Hﬁw
T ki :
~— :.L ._OL
= y :
;O_r .__dﬂ
= i :
| | F i X
: o o
3 ~
<
of
ﬂ,ﬁ
ﬂﬁl zﬂv TE | oo .
- | N | & ~ a3 |2
7 OL ‘No _El —~ ‘wﬂ ,I_. z_o ﬂ Mﬂ n
i | P F| R T~ I ¢
= zn [ on . P 2t
Wy | x| il el ¢l G B,
TITE 5| BERES . v v |5 3B s
A o == N R R e GhN il
jint N N Jl = g L.E 1_.E 2
~ = | | T i 5| 5|7 REE
< | B | ¥ Mﬁ =& wm B
41 |® 3 AL
of B

oF WL

ISO, =7}7]

w

i

)

No
T

s

713 (KCL, KICT, KIER)

=7}+7]

- 100 -

7}

=
T

AFAEAS} F271¢)
A% A
SEREEE
R&D(AF H])
4 AR A%




=
=

BN

2 A

U5 =2kl dolg o]

|

14

=]
il

2

247

Tor

1-2¢

i

)

No
@

oo

o
A

L847]

7}

=
T

1-v}

713 G A
22 713

R&D(AFG B])

[
L

AT AR A&
A7) A 3}

i

Ayo) 2 4}
A1 o) 2 A}
12 4 o] 2 A}

|
- 101 -

7}

=
T

7138 A4A

A7 NE A
4 AF 7%

ATAEAd =271
R&D(AFA H])

AFMEAY Al -HS7H




73 A

=

T

e Fdel o

o)
=

AAA B
oA A7 & A%

= 7]

—

st A5E 7]
=1}
=
3

95
SBEE
Hl &

o

=

=

T

T

7}l A

o

3

A= AA S}

=

o

AE 71845 Fdel
ol 4~85

=i
=

I

]

8

o] ®A s}
3z

53

==
LN

S

3l Heg AR w4

s

2

71&o] A

T
d s

11‘__1,/\

=7} 7]

2 2

LA (7] L 2L 9
al

=
=

al

L

-hour 24 A7t

A

3l man

o2

o

e

=z}
=y

d AlE

s

2)

ol

3

ofy

B

)A
OHT_
B
o ®
5 R
el
O ¢ =
A..q
R B o
w o
S
I
R S~
@%@
X
gﬂm
o N =
oW T 8
33
ﬂeﬂ;
X — To
ﬁW%
T of
muﬁﬁ
celling
T oo
Jo 3
\umo
NE
~
|

- oy A-
=

135 7]

u
=

]

4 &3} B ol
Aoz qof

7
A
TN

Hr

o =
T

0

180
40
220

SR

1

23}
80
20
100
- 102 -

15}
100
20
120

4) MEANZES test-bed 73 W =Y
3 A

AT
A o] R




2. 71953 A&7t 2§ ' AF AA #A

gF FIAE: 71253 HEL S

FJ|UEY HEV DR B HEI SN
- RELAXLER) A QB 7|2 AHBC 7|EX 4
- OIAXITIHAL, (FE)O|LIXIFICHALS] B BERGO2 F3

Ho|(E®) HE Sl= HE 7YY s FHE Fpt HE7L HHE ¢ 2 {pH

e Jas 7IEe] AEGE kMl e FHES TALAINN, SHLR| ofs) A Azl
oS 9IslME HAES BEMO| Bagl

=5 HE 7|YYs T Qe Uy 9 HEF-XOHX| AE WXL 0 s}
a FUALE BOpe] AlEE S WXL Hdo| Fof

J

TRy,
L

CERTIFICATE of AIR LEAKAGE TESTER
KYUNG HWAN JI

e Zero Tiscrgy Deilding s
Baving pased completetency lestafthoory snd peactical

LEVEL I : Air Leakage Tester for Residential or Small Buildings
Seonah Kowrra
Awguess 24, 2014

ey o i mm Q

Preeidon ot oo Pusates Bies By Buing
& s

3. 724 %5 database A|£2<Q] #AE H HHolE

#3 £ 7245 D/B 9| ]

" 7|YYS database X| X9l 2| U AGH[o|E
+ FER D/B ALY O]ZH(EE Sz 2t2))E ST MEY =
+ 2014@7bX| °F 8000f72| L 7|2 dE data A

Ho| (1) SHiS] 7|28 s 58 datad AYH22 BUSIH SHE 5 U=
web 7|2t2| database 75
SIS & 7|2Es 7|15 HE U NP EHE M=
Crerst ZE0AM Ch2el = datali CHEE MAIR el =30 Zad
=5 X&HQ 2 J|2o Mzt S AFE AT 7Y 7S
(95 oo HEFHE HBUHR Fof B

UE 712 d s OIoEH o]~
Building Airtightness Database

TE FRAY DR Eie T8 T WA 0 0] 5 HBIN0§ SR LICH

AR e DR e THe s
IPAZEBO] S8 %A1 9 BB 71E A B2 B RICH0nE 29 SR

aa B ERIREE OB L
HBASY 3§ B
ERERE

- 103 -



A 7129 WA 2 49S AT FBRAY @A L F3

37k Bl oA T o] BAR A4F AE B AFH el A7)
1202/ AAE AT AgAR VY THS AUAPRAE BELHE AT
Hs7lie) AE oRa(AR 23Rl AA4s AEES 1T WA

g FHUAME: 7|2Es 7IF YA X N AA

FURENUXZESSUSH AAYL
., dHHAL EHH - 71Y 8 2EE + QB
‘“@ Q17|37 W3 4 : 3.08)/h @50Pa Y AR (ALBX £HETD
— ouxIEESS 9I7|7 P A : 1.58)/h @50Pa U Y2 (ASK +HEZD

1. ofu| QIS THA|
HEL AYZIZECIYAMS 01 =Ho1M) HEF > 3.08]/h @50Pa YU \
MEf2: 7|UEs SHOE M HE > 7|UEs 2HSHLY ¥

2. B3 oA 7|YAI B2 OHBHAH S

MEL AMIIECILAS 01 HON) T4 OF HE F BY > zhe £ A58
(5: 3.08]/h @50Pa 21, §: 5.08)/h @50Pa 22 ocs & M= M

M2 IS ASEY U (SPUS MAISIK ROW 5.08)/h @SOPa YUE)

1
quyxlzEASSE HE -/

UREVUXZESSAUST Ml 7I1LYs FHU 43 - s4AFAS oY

l g2 FHUAE: 7|2Es 71E A U e A

-y Ve ah
@ OIUAESSE \' SHHAKAS

1. 7124 2IF BHF (MHIAF AH) 770 =FHAIR 87t
1. EX[0|g & 2E
2. 7|2dsA" MY = HH4 €H 2.0J4x & 9
(2T A8 5HI) {211 AR Eu N
) 1
| 13: u=B0IUREESS 152 U5 & |
0 I 28 : U=BMUX=8SE 253 U5 S |
¢ e ) i M=o o= = == |
| duRZ8USSE BA | {32 URBHX=ESS 3B US S |
: | 42 AZS20UXEBET 452 A5 §

Y

.

AFSHHXZES20 Wt ASHs FHSIE2 Sl /X

- 104 -



o

I

7F AAA

4

=
==

= 7954

T EWFER - %

A3y 71

8

A A o Hek

E A

=& 4423

7} AAA

=
AR

A

e
K

w.o
o

B F7

ol
=
N

—_
o

i
Ak

Nlo

N

AG71R - Adus HAA7de=

S

bo

0
"=
%0 7
@ e
™ ol
ol
0 0k
ofr ofr
=

CER-F

al

= =g

ERE (EY

[ Pl ~
i ol
1k ok
ofr ik oy
E| oy
Hore
e ]
RO 3
#
- 1
m~ ﬂ
i [ i<l
™ 3 ok
o Ul El
e _
L 1ol
ol o
b
TA
o
<k
il [
{if)
i w
KoE R M
M 51 oo o
S

{(gsUs>

md
<+
l
Fed
il
ol
el
od
T
&l
|

3=

L
=

=% e, 2au

=
o
=

h
=

A E

_

ol
30

Bl
or
2l

- 105 -



ALl
= Bf) ol U A 8t 3] ==

=

=

}

9
pi

4 A

o)
=

=2 7]

=

) A4 2
Age) 74

.

}
=

)
yil

0]
pi

o132
3, 2010.

=

=

=z
R

A==
R

o &

3T

o, 714 Alg &g w

, 2007.

]

=3t3]=w4, 2010.

sk, 2005
2. A4 9], Blower door

3, 2005

5}3] shedh
4, A2HA ¢, Blower Doorg o] &

o

3l==4, 2007.

%
N
<
Jo

, 2010.
Soistal ek, 2011
12. A¥= 9, "dEe 7%

g

3, 2011.

7 AZoA e

o 3] =23, 2009.

N

nld

o

[e]

=

7k, A

=i
=

A5 AT, e dAuAss =&, 2008.

3H9] =1, 2005.
=383 =23, 2005.

2010.

Ho

A

o

- 106 -



19.
20.

21.

22.

23.

24.

29.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Allard Francis, “Natural Ventilation in Buildings®“, James and James, 1998.

ASHRAE “2005 ASHRAE Handbook Fundamentals®, American Society of Heating,
Refrigerating and Air conditioning Engineers 2005.

ASHRAE Standard 119, “Air Leakage Performance for Detached Single-Family
esidential Buildings” , American Society of Heating, Refrigerating and Air conditioning
Engineers, 1988.

ASTM E779-03 “Standard Test Method for Determining Air Leakage Rate by Fan
Pressurization, American Society for Testing and Materials” , American Society for
Testing and Materials, USA, 2004.

ASTM E283-04, “Standard Test Method for Determining Rate of Air Leakage Through
Exterior Windows, Curtain Walls, and Doors Under Specified Pressure Differences
Across the Specimen” , American Society for Testing and Materials, USA, 2004.

ASTM E741-00, “Standard Test Method for Determining Air Change in Single Zone by
Means of a Tracer Gas Dilution” , American Society for Testing and Materials, USA,
2004.

ATTMA, Measuring Air Permeability of Building Envelopes, Technical Standard 1. Issue
2, The Air Tightness Testing and Measurement Association, 2007.

Brennan T., W. Turner, G. Fisher, B. Thompson and B. Ligman, “Fan Pressurization of
School Buildings” , Thermal Performance of the Exterior Envelopes of Buildings V,
1992.

Claus Reinhold and Robert Sonderegger, “Air Infiltration Reduction in Existing
Buildings®, 4th’AIC Conference, 1983.

Emmerich S. J. and A. K. Persily, “Multizone Modeling of Three Residential Indoor Air
Quality Control Options®, National (1) Institute of Standards and Technology, 1996.

CGSB Standard 149, Determination of the Airtightness of Building Envelopes by Fan
Depressurization Method, Canadian General Standards Board 1986.

CMHC, Energy Audits of High-rise Residential Buildings, Technical Series 97-100, 1996.
Fang Jin B. and A. K. Persily, “CONTAMS88 Building Input Files for Multi-zone Airflow
and Contaminant Dispersal Modeling“, National Institute of Standards and Technology,
NISTIR 5440, 1994.

Gulay B. W., and C. D. Stewart, “Field Investigation of Airtightness, Air Movement and
Indoor Air Quality in High Rise Apartment Buildings Prairie Region“, Canada Mortgage
and Housing Corporation, 1991.

ISO, Standard 9972, ““Thermal Insulation-Determination of Building Air Tightness - Fan
Pressurization Method” “, International Standards Organization, 1996.

LEED Reference Guide for Green Building Design and Construction V.3 2009-IEQ
PREREQUISITE 2 : Environmental Tobacco Smoke (ETS) Control

- 107 -



35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

92.

Lundin L. I, “Air Leakage in Industrial Buildings - Description of Equipment” , ASTM
STP 904, 1986.

Malcolm Orme and Nurul Leksmono, “Ventilation Modelling Data Guide“, International
Energy Agency, 2002.

Max H. Sherman, “The Use of Blower Door Data” , LBL Report No. 35173, 1998.

Max H. Sherman, Darryl Dickerhoff, “Air-tightness of U.S. Dwellings®, LBL-35700, 1998.
Max H. Sherman, Rengie Chan, “Building Airtightness : Research and Practice®, LBNL,
2004.

Perera M.D.AE.S, R. K. Stephen and R. G. Tull, “Airtightness Measurements in Two UK
Office Buildings” , ASTM STP 1067, 1990.

Persily A. K., “Airtightness of Commercial and Institutional Buildings: Blowing Holes in
the Myth of Tight Buildings®, Conference Thermal Performance of the Exterior
Envelopes of Buildings VII, 1998.

Persily, A. K. “A Modeling Study of Ventilation, IAQ and Energy Impacts of Residential
Mechanical Ventilation“, National Institute of Standards and Technology, NISTIR 6162,
1998.

Persily, A. K., Samuel R. Martin, “A Modeling Study of Ventilation in Manufactured
Houses®, National Institute of Standards and Technology, NISTIR 6455, 2000.

Persily A. K. and Elizabeth M. Ivy, “Input Data for Multizone Airflow and IAQ Analysis”,
National Institute of Standards and Technology, NISTIR 6585, 2001.

Persily, A. K, J. Crum, S. Nabinger and M. Lubliner, “Ventilation Characterization of a
New Manufactured House®, National Institute of Standards and Technology.

Persily, A. K. and R.A. Grot. “Pressurization Testing of Federal Buildings” , ASTM STP
904, 1986.Persily, A. K. and R.A. Grot. “The Airtightness of Office Building Envelopes®,
ASHRAE Special Publication, 1985.

Persily, A. K., W.S. Dols, S. J. Nabinger and S. Kirchner. “Preliminary Results of the
Environmental Evaluation of the Federal (29) Records Center in Overland Missouri®,
National Institute of Standards and Technology, NISTIR 4643, 1991.

Shaw, C. Y. “Air Tightness: Supermarkets and Shopping Malls” ASHRAE Journal, Vol
23, 1981.

Shaw, C. Y., DM. Sander and G. T. Tamura, “Air Leakage Measurements of the
Exterior Walls of Tall Buildings“, ASHRAE Transactions, Vol.79, Part2, 1973.

Shaw, C. Y., J. T. Reardon and M. S. Cheung. .“Changes in Air Leakage Levels of Six
Canadian Office Buildings.”, ASHRAE Journal, Vol. 35, 1993.

Shaw, C. Y., and L. Jones. “Air Tightness and Air Infiltration of School Buildings,”
ASHRAE Transactions, Vol. 85, Part 1, 1979.

Shaw C. Y., “Methods for Conducting Small-Scale Pressurization Tests and Air Leakage
Data of Multi Story Apartment Buildings” , ASHRAE Transactions, Vol. 86, Part 1, 1980.

- 108 -



93.

4.

90.

96.

o7.

58.

59.

60.

61.

62.

63.

64.

65.
66.

Shaw C. Y., R. J. Magee and J. Rousseau, “Overall and Component Airtightness Values
of a Five-Story Apartment Building” , ASHRAE Transactions, Vol. 97, Part 2, 1991.
Shaw C. Y., S. Gasparetto and J. T. Reardon, “Methods for Measuring Air Leakage in
High-Rise Apartments” , ASTM STP 1067, 1990.

Tamura G. T. “Smoke Movement and Control in High-rise Buildings“. National Fire
Protection Association, Quincy, Massachusettes, 1994.

Tamura G. T. and C. Y. Shaw, “Air Leakage Data for the Design of Elevator and Stair
Shaft Pressurization Systems” , ASHRAE Transactions, Vol. 82, Part 2, 1976.

Tamura G. T. and C. Y. Shaw, “Experimental Studies of Mechanical Venting for Smoke
Control in Tall Office Buildings” , ASHRAE Transactions, Vol. 84, Part 1, 1978.

Tamura G. T. and C. Y. Shaw, “Studies on Exterior Wall Air Tightness and Air
Infiltration of Tall Buildings” , ASHRAE Transactions, Vol. 82, Part 1, 1976.

The Building Regulations 2000 (2010 edition), Approved Document L2A Conservation of
fuel and Power in new buildings other than dwellings

The Building Regulations 2000 (2010 edition), Approved Document L2B Conservation of
fuel and Power in existing buildings other than dwellings

Walton G.N., CONTAMW-User Manual NISTIR 6476, National Institute of Standards and
Technology, 2000

Wilson A.G. and G.T. Tamura, Stack Effect and Building Design, Canadian Building
Digest CBD-107, National Research Council Canada, 1968.

Sandberg, P.I. et al.,, The Effects and Cost Impact of Poor Airtightness-Information for
Developers and Clients, Proceedings of Thermal Performance of the Exterior Envelopes
of Whole Buildings X International Conference, 2007.

US DOE, Technology Fact Sheet Air Sealing, 2000.

US DOE, Building Technologies Program Air Leakage Guide, 2011.

Alexander Z. et al.,, Achieving Good Air Tightness in New and Retrofitted US Army
Buildings, International Workshop Tight Vent Europe, 2012.

http://www.aivc.org
http://www.attma.org
http://www.airbarrier.org
http://www.clarkpublicutilities.com
http://www.cmhc-schl.gc.ca
http://www.enev-online.de

- 109 -



T
I+

A AE 7848T 71E BH

B A-¢F 6004 th

A4 = FARE 78S AR ILA

71845 SAHRIA-27) type

==

il

=

1

T
=

N4

54 HaA-zA,

A9, A=E9 7¥ds 7I=KIAERS 72 A9

3] 9 7|=id E&(IPAZEB 7]&AM "W

3

-
4

Al0.

A12. o8t AIA =& 1X(JAABE(SCI-E)

Al3. oSttt =& 11(AIVC2012)

B. 7144d% SRR AL

15AE123) 712

B3.

e
=

g B A - 2wl o] E

o=
s =

(263) 71¥

=
=

=

o

HuxM-7AEd A

XA, KPHI 7] &AHW)

B10. =9]st&AA =% 173 (Energy and Buildings)
Bll. =9|g&dE =% 174(Cold climate2012)

171 (AEBEST2012)

?:i_]_—

-
st

BI2. ZAAEAY =R

3))

=B el A

B13. muisteAIA =& 124

- 110 -



1

B16. =

QF A

KB
2

C. 7123}

CL 7|93} A=a8|2E HiuA 223(JF-&d=/tTE

C2. 71¥3g} A= 2=E B 27(

e ool L1 7] 8} 8))

s

3|

C5. =distatr® =7 17(

D6. =&t

E. A& 7194% HolgHlolx 75

El. $17]

714

do]EjH]| o] 2 Z=2-¢F 742037) ©]o]

T
s

]

E2. 7%

- 111 -



E‘L__l/\

E(¢F 6004 ) 7]

5 54 %

2 2E55Ye U4 &3

1 355799 72485 &3 M8
2 FEFHe 71L4s dolEHE G1n B /W4T JEALe JE AR &
3t7] ste, Il A HZo| AR FE5FTE 6T@A, oF 610AtHE o= 7dA
T 2He AN R Ee daFdAst AAFAA G 9AR FEFYe=
2010 ~ 2014¢0] EFHUh SHPH S BRo] Kol o] 43 NP R A4
stAT A td A=Y /M8 E ot £ 1 893t
%1 34 3 d= e
T A B C D E F
£ A g 55 UH F=3F
T+ % Hal FLx Flat slab +=%
I o .. | AseE | A2z | Astex | A2,
2 ;;933((’)% ;1]*? 270% A% AR A A
42~49% 11-33= 12~28= 23~32=
FHalxEo] - ¢F 161.1m ¢F 174.6m ¢F 108.8m - ¢F 104.1m
@2 Al 4 693 729 632 845 1,014 1,401
2=

“e‘*é% [

- 12 -




ACHS0

|
S J[ n
H i |
1
’ A Building B Building  CBuilding D Building  EBuilding  F Building
a9 1L 9 rdds 34 A
2. 7|45 HAE AN HF )
(SI Unit)
Building Floor Area(m) | Envelope Area(m) Volume(nt) ACH50
146 449 414 1.58
146 449 414 1.58
146 449 414 1.82
A Building 129 405 365 1.77
129 405 365 1.75
146 449 414 1.92
129 405 365 1.96
146 449 414 2.29
156 488 484 3.40
106 344 329 3.82
133 418 411 3.63
156 488 484 3.35
B Building 176 527 546 3.44
133 419 410 3.44
111 308 266 6.15
111 559 266 5.86
167 432 400 3.89

- 113 -




8

o

A% #98 710gs 34 =4
L #9048 7194% 33 e
=4 Aths & 6ATE )79 W Aol S7b 1A uE B3R P AE

274 2AE AR 55, 115, 13%011&1 g3ttt 4 A5t 2ol At
SAE Asigel ok & HTAN 338 Akt 23 4 asd AUAE Az
off BEP 5 92 o= BIEL 57 4 Al A% ARE B ws gt A
A ATGIED), ANDE, SN, BHS e O BHOR
=33tk

A te] d3Eo Blower doorE A x| & 7}k
=] o
o

S SAsIAT ol 2JF-<} Blower door7t AX|HE FXHe] o] LS
&

2 Qoj%ojo}

@ 93 9 374 7|EAd s 54 0 g9 71%‘*3%% 4817 A 7|9k |
g 9 E 7Id AY A 7IdAY 3o AT SAHSATE 71EAY A T
I 71 AE $ Fr)FY ApolE A4bete Q¥ rEdAdEsSs 78 T Ut
Q@ Aty 9@ 0 sHBE JEAdT 4 0 AUy I3 SPEe FAL
Blower door A28l 2t & o] &3l ofef 19 13 Zo] ZFAHLE Alolddl T ZAA
thel AFAM A sA 7HEASE AAE F Az 4¥A7F £0 Pa HEE 1A
st SANEES 53 F717F TSR Feth o] AHelA AN e =
At Al 7]‘?4_* 5 At Zol & AAtste & 5 Ut
¥ 1 34 A
E HP‘%"‘?@ T /‘ﬂﬂﬂ?“ﬂﬂ 21124
(m®) (m) (m?) (m?)
A type 103.85 3.1 342.71 321.94
B type 132.53 3.1 418.17 410.84

Moz S5kt

AEE AN &

DO A 712-s =4 . =
< SASAT. olw £ 7<) Blower door7t 2X| €

2. 9E 71945 54 WE
A 7124353 a(AED), AU, Sy, @71484ne] 7R4dse ds ¥

i =

A A e dTE o Blower doorE x|
Z7te] gtEo] BZYUEA

< FolFofof "{Lq

@ 99 R B4 AW S 999 ADYSE S ANA 91719 |
5 %




Q@ AMoizry 92 I3t
Blower door A]Z2~Hl
et A-FA Tl A
st SAUGE T3 Fr17F HA
Akl Mt 7]

e "
X ol

ad 1 Az 71R4ds 54

Qe 24 ARE 2 Ave A% asdAe] Bu) wlgw A
stel 19 20 AT 24 o AES AgrEel A @A) 7% 31~58 %E
), ol AL 1% FAEG AT EAY AN

=)ol SPust WA e T AEE
DO guol 4t At A FrEe 5~28 %
CER 27 sUnE B9 U7 3~32 %R

2 2
o w1 AW AA F71%e 3~19

5= ZastA aelsojol k. Jlg 7
~30 %] Tl AUARE, AnBER, A7) AR SlAe T2 wEm AR
29l 7] Rg) we} © 7] g vl o] U AT F7h2 Wasith

O Envelope Binterior Walls W Floor W Ventilation Equipments COthers
| Cae% 1 41% LE% 7 | 0%k ]
[T% 1 S5% B% ___15% BTG

- 115 -




S8 7B | (PAZAATAE TOP
Fo e | 9EFY U4 3 FP-47

S SHEE MRX[2| 547-1 THEFE J|USFPEHIN
TOPAA

1 7|12EH2E

1-1. 99 9 24
Q7|9 HellUe 7HT50| ME Aot HUZE Q7|8 =St 7t stAL,
2 AU 3718 ARE YEAMA 2UE UM £ HUiQ YHATL olol 43

ol ZERUE O Mol IYS FT5HH HHYe WY = FI¥E LED

rir

HA
=]
2

oz

) cC

HiMoz AMUjQ AXIE S0P

= ==
S ZESIY ¥ E= F|E

1]

1 ojael AR JtetsriLt LY 3 W
53

mo rir

1-2. 7|¥=x=HA
-OlF| RUoIME 71T B U 2745 JIF 50| YA MBI UK Yout,
7|2E2 2uE T F&H TN WRe Z2 Y AFAe g8 HHE S0
e ¥%S 0|y
- £Q PHI (passivde)if| A 7|E£ES de= IHA|EGRAQ| 7|YEHE 50pa < 0.6%|/h (50pa
dE W 2F 3712 &Y X0|§ 20|5t=0 F£22 WX|H of 8~9Im/s HE0|H,
He9xoz BHSIH OEH EfE2 =7| BHEM7| &)
P95 Tt 2ol F0 28 If HE WREE S02s SAMHEIES
20| AlZHE HUMZHS 0.63 HETH S0{et0f TiCt= AFO|0, 3 7|E H=20|

B8 As| ZgtE 7)Y £EY

okl

4 APA| I Che

0.

1-3. A Ardty
CEHY D (BROZO HAE Al EARE H7|2F FHA-CRM) / HE
HE (XS5~ E S0 HEHY x 19| ) = 00z|/h

2. 7|9ds &
2-1. 55
CBIHE SHEE ARXlE| 547-1 BEFY 30| 02 7Y 45 S

- 116 -



=0 S B 155 551 T S SN £

30 40 50 60 70 8090

20
Building Pressure (Pa)

=3
[=

| 7124

ol
of
o

ol

* Yk

0.6 0|}
2~3
3~4

7|2 (3l/h)

DA B2 A
2L APT

USESFE (PRAE)

3. Test Results

B S T e

T
1
1
|
1
1
]
1
1
1
)
I
L
1

R L T

T
1
1
)
1
1
|
1
I
1
1
1
-4
1

prm g e e e e e e o e ek e s e Dt el e e e

T
|
1
|
|
1
[}
|
I
|
I
1
i
ol e ol e e 8, e e e e sl e i o
1
Jhn_L*ﬁJn_J‘_Lﬁfh“ﬂ-H_-_u_ﬂu-J--_-.--
I
B e I L

dommd =
L Gt e

200
1007
% TV SR
w e -
70 +---
Building 50T
Leakage 50 T
ehm) oL
w T T

20

10

- 117 -

- v50 : 119 cfm(+/- 0.3%)

+n50 : 0.70 ACH(1/h)

+ w50 : 1.02 cfmm’ Floor Area

+ 50 : 030 cfmm’ Surface Area
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Abstract

Reliable airtightness data is needed to estimate the level of air infiltration and the thermal loads for
improving building energy efficiency and indoor comfort. While useful information on air leakage in low-rise
dwellings exists, there is little data available on dwellings in high-rise residential buildings (particularly those
with a central core plan). In this study, airtightness measurements using the fan pressurization method were
conducted on approximately 350 dwellings in 4 high-rise residential buildings in Korea. The results were
compared with the airtightness requirements for high performance buildings or several airtightness ratings.
The measured results showed that average ACHS0 (air change per hour at 50Pa) was 2.3. This is within the
range of 2~35, which is the level of 'quite tight' based on the ASHRAE airtightness ratings. The results of the
building component test showed that the parts of the dwelling that leaked the most were the internal walls

between the residential units.

Keywords: airtightness; air leakage distributions; high-rise residential building; fan pressurization method

1. Introduction

A building envelope's airtightness is important for
energy-efficient building constructions, particularly
in high-rise buildings, and is a fundamental building
performance measure that affects the heating and
cooling loads. Infiltration is the movement of air
through leaks and cracks in a building envelope.
Airtightness is also important because it impacts the
transport of contaminants between indoor and outdoor
air. Most residential buildings located in the United
States, Canada, and Europe are low-rise dwellings.
Many studies have examined the airtightness level
of low-rise dwellings. Sherman and Chan (2004)
reviewed a range of airtightness studies and practices.
This report reviews the most important publications
related to building airtightness. Many studies (Orme et
al. 1994, Hamlin 1997, Stephen 1998, Sherman 2001,
Chan et al. 2003, Yoshino 2008) presented data on the
airtightness of single-family houses. The measurement
methods of the airtightness of single-family houses (or
detached houses) and the airtightness standard for each
nation were also suggested. Over the last 10 years,
the type of housing being constructed in Korea, China

*Contact Author: Jae Hun Jo, Ph.D. / Assistant Professor
2N-690Ho, Division of Architecture, Inha University
Incheon. 402-751, South Korea
Tel: +82-32-860-7582 Fax: +82-32-866-4624
E-mail: jhjo@inha.ac.kr

{ Received Qctober 9, 2012 ; accepted March 15, 2013 )

and other Southeast Asian countries has been in the
form of high-rise buildings and multi-family housing,
where many units are adjacent to each other. In Japan,
however, more than half of the residential buildings are
detached houses. Hiroshi Yoshino (1986) conducted an
in-depth study of the airtightness performance of these
buildings and similar studies were performed in Korea.
Researches on airtightness performance have been
carried out in most of Asia, excluding Japan in recent
years. With regards to building airtightness. Japan (H.
Yoshino 2008, H. Yoshino et al. 2009) has considered
the impact of leaky envelopes on a building's energy
performance and indoor air quality. Studies on
measuring the airtightness performance were conducted
for early detached housing or experimental housing,
as well as for current high-rise apartment housing in
South Korea. Yun Jong-ho ef al. (2008) and Kim Ju-
su ef al. (2010) examined detached housing. Park
Seon-hyo et al. (2007) and Shin U-cheol et al. (2005)
evaluated experimental housing. Jo Jae-hun et al.
(2010), Kwon O-hyun et al. (2010). Koo Seong-han et
al. (2004), and Kim Seung-cheol et al. (2011) assessed
apartment housing. Most of these studies focused on
presenting one or several airtightness data only. They
presented neither the mean values nor established
criteria for the energy performance or airtightness
performance of a building. That is, most Asian
countries except Japan lack airtightness standards and
data. In addition, the measurement data or standards
for low-rise dwellings in the United States, Canada,
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and Europe are not applicable. Therefore, airtightness
data of high-rise residential buildings is needed to
provide airtightness standards.

This study presented the airtightness data and
air leakage distributions of dwellings in 4 high-
rise residential buildings in South Korea. The fan
pressurization method with a blower door was used
to measure the airtightness of approximately 350
dwellings, and the measurement results were compared
with the standards of other countries. The airtightness
of building components that form units of residential
buildings. such as the envelope, internal walls between
dwelling units and floors, were investigated.

2. Test Building Descriptions

The core was located at the center of all the buildings
tested, and hallways and each unit were on the
surrounding plane. In addition, the floor structure was a
flat slab, and the walls between the units and hallways
were dry walls. Therefore., compared to concrete walls,
it is difficult for airtight joints to be constructed in dry
walls, which degrades the airtightness. The exterior
wall was a curtain wall type for buildings A and B,
and a punched window type for buildings C and D.
Fig.1. and Table 1. summarize the typical plans and
construction outlines of the targeted buildings.

3. Airtightness Measurement Method

The test conditions presented by the ATSM standard
E779-03 were followed to measure the airtightness
of the unit and building components. such as the
envelope. internal walls between dwelling units, floors

and ventilating equipment. To measure the airtightness
of a dwelling unit, a blower door was installed in the
entrance door at each dwelling unit, and the pressure
difference was controlled to 5-10Pa intervals for the
measurements. To prevent the effect of the airtightness
of the adjacent units on the tested unit, large openings
(windows and doors) of units located above and below
were left open so that the situation could be set based
on the ambient conditions. The building components
were distinguished as envelopes, internal walls between
dwelling units, floors, and ventilating equipment
for their air leakage distributions. To measure the
airtightness of the envelope, its airtightness data was
measured twice (built condition and no air leakage
condition).

When the difference in the amount of air leakage
was calculated before and after airtight processing,
the airtightness of the envelope could be identified.
The airtightness of the ventilation equipment was
measured using the same methodology. To measure
the internal walls between the dwelling units and
floors, two blower door sets were placed on either
side of the measurement target. Pressurization and de-
pressurization methods were used on the measured unit
and adjacent units. Air leakage did not occur from the
measurement target if the pressure difference between
the two dwelling units was +1~2 Pa.

The amount of air leakage without leakage
through the internal walls was measured. Finally. the
airtightness data of the internal walls was obtained
from the differences between the whole airtightness
value of the dwelling unit and the measured value

Fig.1. Typical Plans of the Test Buildings
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ABSTRACT

Reliable airtightness data is needed to calculate the estimate of air infiltration and the thermal loads for building
energy efficiency and indoor comfort. While useful information on air leakage in low-rise dwellings does exist,
there 1s little data available on dwellings in increasing high-rise residential buildings (particularly ones with
central core plan). In this paper, we conducted airtightness measurement using fan pressurization method for
about 350 dwellings in 4 high-rise residential buildings in Korea. The results were compared to airtightness
requirements for high performance buildings or several airtightness ratings. The measured results show that
average ACHS50 was 2.3, and the ACHS0 value was within the range of 2~5 which are level of 'quite tight' on
the basis of ASHRAE airtightness ratings. The results of the building component test show that the most leak
parts of dwelling are the internal walls between residential units.

KEYWORDS

Airtightness, Air leakage distributions, High-rise residential building, Fan pressurization
method

INTRODUCTION

Most residential buildings located in the United States, Canada, and Europe are low-rise
dwellings. Many studies have been conducted on the airtightness level of low-rise dwellings.
Sherman and Chan(2004) reviewed various airtightness research and practices. This report
reviews the most important publications relating to the building airtightness. Many studies in
this report mainly presented the data on airtightness of single-family house. Measurement
methods of the airtightness of single-family house and the airtightness standard for each
nation were also suggested. On the other hand, most residential dwellings in Asia are
constructed as a multi-family house and high-rise buildings where many units are adjacent to

each other. Most Asian countries including South Korea lack airtightness standards and data.
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In addition, the measurement data or standards for low-rise dwellings of the United States,
Canada, and Europe are not applicable. Therefore. airtightness data of high-rise residential
buildings should be investigated to provide an airtightness standard.

This study presented the airtightness data and air leakage distributions of dwellings in 4 high-
rise residential buildings in South Korea. Fan pressurization method with blower door was
used to measure the airtightness value of about 350 dwellings, and the measurement results
were compared with the standards of each nation. The airtightness of building components
that form units of residential buildings—such as envelope, internal walls between dwellings

units, and floor—were investigated.

TEST BUILDING DESCRIPTIONS

The core was located at the center of all the tested buildings, and hallways and each unite
were on the surrounding plane. In addition, the floor structure was a flat slab, and walls
between units and hallways were dry walls. Thus, compared to concrete walls, it is difficult
for joints to be airtightly constructed in dry walls, which degrades airtightness. The exterior
wall was a curtain wall type for buildings A and B and a punched window type for buildings

C and D. The construction outline of the targeted building are summarizes in Table 1.
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Abstract

Apartment houses is constantly increasing as residential buildings in Korea. The buildings going to higher, infiltration and
energy consumption increase, too. To solve this problem, We have interest in airtightness for the residential buildings. However,
studies on the type of apartment houses lacks for airtightness. This study measured the airtightness of units in residential
building, and the results were compared with those of two residential buildings and several detached houses studied previously.
Also, by examining the overseas airtightness standards comparatively, this study provides the foundational data to suggest the

standards of airtightness in Korea.
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Abstract

In order to reduce whole energy consumed in the building,
charge of within the building should be decreased considering heat loss and gain of the building.

the ratio that heating and air conditioning take in
That is, heating

and air conditioning system should provide the required spare energy only by calculating the energy demand of the
building. The process of calculating heating and air conditioning energy demand is specified in EN SO 13790(2008)
and the calculation method is divided into quasi-steady-state calculation method and dynamic calculation method.

Regarding quasi-steady-state calculation method, its

calculation method, but its accuracy is not good. So
condition of steady state is needed in order to raise

factor are established for that reason. Gain and loss

calculation

the

the accuracy and the

process is simpler comparing with dynamic
alternative that have the dynamic effect even in the
concept of gain and loss utilization

utilization factor are the experiential value and thev gets

different along the variables of ey, and 74, and those variables are decided by each country, however, they are

current status that the values regulated in EN ISO 13790(2008) are used in domestic country not the values that

are adequate for domestic environmental conditions. So this paper is willing to calculation method of the variables

ay, and Ty,

domestic standards.

to decide gain utilization factor that is adequate for domestic conditions through foreign and
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237 A 4498 ay o9t Ty e E Y5 o
889 @& AAse o] Fas

399

An

o8& &F

31 7z 7te] € 85 o8&
311 9%

Gl E 20100 2 F5 o &Eo dE HwdE
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e 24 delHE J1F0E 1 5o ue tekstA Edsh,
QAT ATRE B WAL B9 TAFE EAHAL

A EA7h wASE BAe] Ade Agstel BAST Ak Toe WAl B
gt gel wek Adel Holsk glov AgEe] Wit HTH EAPPL ol &3
WoEth e slzelt BEdN F= A}%—-az Q= Juds B Pels
CFM50, ACH50, ELA 5°] 9o 71 /fdy 3 HS Aynd g3 2o

(1) CFM50/CMH50(Cubic feet per minute at 50Pa, ft3/m /Cubic meter per hour at
50Pa, m3/h)

CEM500]& Au-¢] 4 AE 50Paz FA3l7] fste] Ao Eo] Yojof & 7|7/
S vt} 50Pae] ¢Ee tiEA o2 20mph(Mile per hour, ¢F 9m/s)e] Hlgo] A
o] Ao A Eojg uw] Ar]= dHolth CEM50L HAEoA Alojyris npEel <
A gt F A 7] wwed dEY VEATS et e 7HE &3] 2ol &
Tolt}, vy w9 Metric units)E AFE3t= = 7Fl A= CFM50 th2l CMH50S A3}
7| % 3

flo Ml o

4

(2 AES ZVE BES & 7|EAET

(D ACH50(Air change rate per hour at 50P, 3]/h)

AR OE 719 dEolA F8E 7IEA85S Hustr] st A= 50Pacl A g7

&(Air change rate per hour)-& Hlwsld ) 50PaclA 2] $7]8(ACH50)S F317] 9
1

st A= CEM50e 60D = w3 3 =9 AFezE vrd dArh. ACHS0 d&=9
olsoll 50Pac) grEel 2Hgatn e W A Fr7h B W Br] HEAE Gehach
@ wslubgEAY A7)Cr7)%at 50Pa)

S WA A7 CFIDFS CAMS0S Z4ARe ngadom Yoy 18 4 9
. A% veHAe oo AYE $He J1FoR BYUAY ANCrNBE E
A Aol
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© @A HA T 7] at 50Pa)
MLR(Minneapolis leakage ratio) 2% &# & A= o] g2 CFM50E F717F & F 2
= A& ¢y WA (Above grade surface area)o. 2 UFojx 33 4= 9t MLRES &
3 EA AES 71" Feto] {&35hA 22o]w, MLR 1.0 o]4e] &4l e 7™
sHA] %skar, MLR 0.5~1.09 HA A& vlnd 7|dsitga ddd 5 ok MLRY

2=~ 0] H

A1 Above grade surface areas T+ W= F717F d& & e EE

Z G5 ofo} St

A=e F71Fes SAHAE W, 7717 dojues 449 A 984S &F @S o
st A% f&3tt. FrIHA S A= e BAEY Z71E 44 34 5 JA 3
T, A9 FEdA A= H7] FE & A & F= H7] BE2E o] &ste U
o= dasdtth FrIHAL (4 2DDs ol&std ALT F Jdor, FrIHE S T3]
fAstAXE B2 ZoE o] &sted EA 49 gAY FriHFs St doh ¢
ZIHd e Uetlle AE2XN JE5F7|H93 3 Fayriidoe] 7 w@ol 2olw 11 Jj
3 o3 2o
P
2AP,
A, =10,000 Q, o *] 2.1
o 7] A,

A CAGERAA(RFEF IR A), cm?®

Q. D AP SIAM S 715, mY/s

P D 7)o A% ke/m’

AP AUe] ¢¥EA, Pa

Cp A, FA

O A3+719 2 (Equivalent leakage area at 10Pa, EqQLA, cm2)
EqLA+= Canadian national research counciloll A A H3 F=7]HZA 2 zo]H, 10 PadA
A st= FrlEgd 22 o 77 Al oFS 399 283 2~(Sharp edge orifice) <]

272 e

@ &5 7]1H A (Effective leakage area at 4Pa, ELA, cm2)

ELA+= LBL(Lawrence berkeley laboratory)oll4 A H3% 7/l d o= LBL 7] mdo 2
1Yt ELA+= A& Wio 4Pad] o] BT A9 w7 22 F717F Aojurt
+ 7Y I7E EEY Eo WY FUREH FAS =0 R g gholth




T T Er
T3 718 AlSheta Aty Ed
F2 W& dFedE 7eds SAYH =4 3
d58dE 719485 SATH =4
1 A&

T ME 2 AFH AEoAe 7E3E 3 duAAte FoAde Ut
ZIA= 71E R 7193 Algel tid AEZA A77F o] FoA L #Y A B2 8
e o] F JTh1960E - Flm-AUTE SAHCE o8 4 & 5SS FAHL
2 B2 A7V AgHA o, dBEoAE 1980d dEAZSIE FAHOE BHE
FAst AEAH]D 77 ol FAAL . e B - AW EoF AAYALE R} HE
AR s AT 712AA ARE A4ste] A7|ZHe] AdH A=A sEHow

o ()= NIST % ABAA-Air Barrier Association of America, Zlyth: CMHC, £9:
AIVC, €. dEAZTS] - 9y 9 7|dx B3hrl Ha A JgEa o, A«
AAA Y] dAstE Tl O ZIEAA 2D FHol s Qi

AR FE&EHE 23 VIR AU S AR, SAARL, SN S
N MZ ZolE Holi AR AEHAA e F9E JV|dAsS Hn3 A&EsH
ARz Jrtd e TF8He VM e 5EFE EAdu. @A 7P el &8
Hi e 719 7EE SH7|F2 &2 ASTM Standard E779 [1], CGSB Standard 149.10

=
[2] To] Aot T2YY o2 FE L7E AE H
A& 71W=Aol| 9lo] Blower Door test, Trace Ga |hdE=Hea ol A
ZHA| 9] F7]123}7](Air handling unit)E ©] 83k 7} (pressurizationH2-EZ 7|H&E
SAste= o] tiy g uFAEY J|EE 54 ZEA2E AYHEO e

1 TE3 o 25t Bahnfleth etal. [4] ©
NPIAE == 23AE U 7=

[e)
pu
FTx7|E olZwutolA RE® ASHA Fx7] 718 FEe =4

e SAYEeE din. 3

wn
~ it of
oft
o
N

|

=49 A% :
shel Aje] JPIEE WBAA 9)u)e] JUE E4E YohE WHoR W0dY &
WRE n3dEd @ /L% ZAwye) e 288w Uk [5)

of 3 v Ve AYsta #d dEc] JIdHIL JH A
=

AA o] F271E o8&t Tt H2ER A& VEEE 546
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CAN/CGSB 149.15-96 7} 7} ZdA18] vk ok skA9E, ASTM E779 o A=
3278 olgstel RFARCINS F7F HiE Bhel Ed =elrh AyH
g, ol

=
[e) =
sol Ao A7 Fe =4

A7A WEH AT 4P =TS ulw BN o5 Yo Ul 1§
sd A8 T2E ol4F NEABIAY JUE Ao VY J1EL vpAT

2. 39 71845 A VE 8%

2.1 =971

e CIBSE TM23:2000 - Air Leakage Pressure Testing [6]

ASTM E779-10: Standard Test Method for Determining Air Leakage Rate by fan
Pressurization

« CAN/CGSB 149.15-96 - Determination of the Overall Envelope Airtightness of

Buildings by the Fan Pressurization Method Using the Building” s Air Handing
Systems

e EN 13829: Determination of Air permeability of Buildings - fan Pressurization
Method (H]az: ISO 9972:2006& 7|F=o.2 2A) [7]

e ISO 9972:2006 - Thermal performance of buildings - Determination of air
permeability of buildings - Fan Pressurization Method [8]

o (W]a: EN 138298 71&Eo2 #A)

2.2 W&

. olAZA AYE FEe 9
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Building Details
Building: Elevation: om
: Daelim Co. Height above ground: om
Building Volume, V: 63,488 m3
Test technician: Jae Hun Jo Total envelope area, At par 7,089 m2
Test company: Inha University Floor Area, Ap o m2
Building exposure to wind:
Accuracy of measurements: 0%

Testing Details

Fan Model: Retrotec Fan SN: Gauge Model: DM-2 Gauge SN: 202848
3000SR

Pressurize set
Date: 2012-11-18 Time: 11:39 to

Environmental Conditions:
Barometric Pressure:101.3KPa from Stand. temp. and pressure.

Wind speed: o: Calm

Temperature: Initial: indoors 13 ®*Coutdoors 13 °C.
Final: indoors13 °Coutdoors 13 °C.

Test Data:

Bias, initial

[Pa]

Building Test | 70.0 | 62.0 | 45.0
Pressure [Pa]

Bias,

final[Pa]

Door 2033 | 2417 | 1004
FanPressure,

[Pa]

Range(s) Open | Open | Open
Used (22) (22) (22)
Total flow, 2209 | 19911 | 1309
V,[ms3/h] 055 | 4.3 23.2
Corrected 2179 | 1964 | 12910
ﬂow’ 00 00 0
Venv[mafh]

Error [%] -1.8% | 2.5% | -0.7%
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Induced Pressure

Induced pressure
f Pressurize

&0 I

70 }

&0 ] *
_ =0
g hd
:
# 30
[«

20 T

10

0

-10 i

] 1 2 3
Readings
Induced Pressure vs. Flow
Flow vs, Induced Pressure
“ Pressurize
1D00000 —
L o essuriee r + 99.68

100000
<
E

10000
1000 - === ==
10 100

Pressure (Pa)
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Building Air Leakage Test Results
AE AA 3270 L o83 7128 s 43 S48 2 BIA

8
B A7 o3 de A F2ET FEE AAT dE A4 24 AAS o=
|zt lew A5k 35, A 12522 o] FoH vy i
E gl 722 AE I 70,164m3oH AE UolEs 2719 A
o] S Fojol 3rhe] dejulolEzt A= An. AFE&o= AMEE=
b 150 2HZ A glon 257 RS7HA A4 8 deojde 7
AR AE Maee F 1o e AT

T W &
i NeA SETF FAE
# = Aot 3%, A 12
= o] 62.4 m

7 = EEEEC R
A=A 20350.42 nt

- 148 -



AeE W 32 B2 T 32 A2EoRE 745 o AFE Fx7I(CAVIZH
Agxo vk 2 FxVIe At 3Tl 270(AHU-L2), &% 1% 27§1(AHU-3,4)7} 9
23kl AAT A 5F 350 A% AHU-1, 2= 1504 557149 F2& F93siar ¢
o, g7132 7} 34000m3/hel A4 FHES 7HAL Joh S 159 #1A3 AHU-3,
4= 6~12%9 FxE F9stal dem w719 2 39400m3/h, 64500m3/he| B4 F
Fe 7HAA AT
2. 438 s
2 dFolAE d3t 15 A=Y 7Hgs 53 7EA8 TS S48 #d 43S 19
sk A 71 e 2012 119 18Y0l™ T2 We ol gatd AEL JIgtele
AZF(TEST D& A8t & 23S 53 7129 =7]F W& A= uE o4Y
AW HASTM E779-10 Standard (9), CAN/CGSB 149.10-15(10)) & Blulslo] # & 9]
dd ZAPE =Eelon V12 dEEy ke O B4 e A
AR =2 °1Wt =9 71he 58 78 TS B3] A% g 7IEE0] v
Hol YTk o] T A=Y FTERIIE o] &3 Ik A@Wel A3 =9 7|E
CAN/CGSB 149.10-15 [10]&= AW el 48 54 Al 29 b8 J3SHFek 55
g FEHoz sty A9 gPer AN, A FHe AR FNFL JE
oz FAsha ok
® 2.2 7E 2 Y A A
7l & W &
ASTM 2+ AE Y e Y FE A (HE EAY A FA)
o] BE 102 ol WYEE R FTF APAS olgatol jre 23
3% olge] AZol A o= Im ol 4ol gIXolA gFe 23
ATTMA « B9 HzZoA ¢y =3
(141« Al 4 2 A, W EE ukge] Gl e Aol F3
o H3E 2 SAEo] B Ao ¢HF AR FhEo] Ay e X
¢ =4
CAN/CGS » mpghe] o] A9 gle X - AololA 13 54
B« uhgo] ozt B X - 7 del tialA Yol o 43 ZHste] B
[10] At AR
o nlgto] Wol R R - widel ol YEFH ol Qo] =
(capillary tubes, bx o] =H3slo] HF)
- Ao FUFOIA 4Y 34, 1% A8 A9 ANE oY 3A
EN13829 « A& o8 A A 48 FEI} Hge] dFES A G5 s, T-
[12] o] o Fhrke] Be] MAFAY EE AR EE FE ol g3t ui
o YFE A Y= 43
USACE « H&4 199 A= 9dA oy A, 135 A=9 A Ul o Za
[13] o AU 4 AAE 17 AT H U4y =4
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Sa 7@ | s

g
208 | ARE AE 1EF deioly T AW 45e 53

QTEST 7 2
+ [fj4F HE : R5 Project

- TEST 1j8

v 7

v IE

waluo]E = sliding door 7|25 =3 (A B tower 47])
WolHO]E] & SUE FH L7|59 T (A B tower 3|2 59|, smoke test)

2=
=

2=
=3

+ TEST YUX}:2012. 112 8~9Y
+ TEST AJ : QI5{CHst e AZSAAAE HAH, ZXY

O TEST 5=
- JEES OHEIH"()IE.I = ;Iu1£0.|_| 7I|:|Ugr_ 7| ol
- Z1E e 57|79 TE (SARA 7| 2R A8)
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Fan Pressurization Method (7} 22 2H2)

O Q = K(@r)"
* Q = the air flow rates applied to the building in m3/sect
+ AP = the pressure differential across the building in Pascals
+ K = the air leakage coefficient in the m3/sec-1 Pa™"

* n = an exponent normally between 0.5 and 1.0

O 7|2 TEST STANDARD (AIR INFILTRATION & EXFILTRATION TEST)
+ ASTM E783, Field Measurement of Air Leakage through Installed Exterior Windows and Doors
+ ASTM E2319, Standard Test Method for Determining Air Flow Through the Face and Sides of Exterior Windows,
Curtain Walls, and Doors Under Specified Pressure Differences Across the Specimen
ASTM E283, Standard Test Method for Determining Rate of Air Leakage Through Exterior Windows, Curtain Walls

and Doors Under Specified Pressure Differences Across the Specimen

3.1 7|E% HEIH0|E & SUE

O HUz=dFT HE
+ Sliding door2| 7|24 TEST: air leakage report
+ Tower A 27} 4, Tower B 27|

ekttt il
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1. 71285 538 A 77|74 Ut

QO TEST 7} =
* [k 2 : R5 Project
« TEST L&

v 115 HEHO| +7]% 2 T tH(smoke test)

+ TEST €¥x}:12¢ 2122
- TEST Al3l : QIoilatm S AL H7A, x|

i

ot

O TEST ==
+ HEEO dot=dE HEr R W HAHL £ R T (SAMA RERE)
7

(1705 M HEE 220 s 7|25 TEHEIE field test= § &2 Al=0 O 7]

g of o
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Fan Pressurization Method (7} 22 2H2)

O Q = K(@r)"
* Q = the air flow rates applied to the building in m3/sect
+ AP = the pressure differential across the building in Pascals
+ K = the air leakage coefficient in the m3/sec-1 Pa™"

* n = an exponent normally between 0.5 and 1.0

O 7|2 TEST STANDARD (AIR INFILTRATION & EXFILTRATION TEST)
+ ASTM E783, Field Measurement of Air Leakage through Installed Exterior Windows and Doors
+ ASTM E2319, Standard Test Method for Determining Air Flow Through the Face and Sides of Exterior Windows,
Curtain Walls, and Doors Under Specified Pressure Differences Across the Specimen
ASTM E283, Standard Test Method for Determining Rate of Air Leakage Through Exterior Windows, Curtain Walls

and Doors Under Specified Pressure Differences Across the Specimen

3.1 174E HEZE 0| 7|8 ¢] Ttk smoke test)

HI2| 4 7159] T (BAM] 7| 2R 8)

@ | =@ |

LOL N .
LO

@
O
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+: key issues

¥ There is currently only one industry standard for the measurement of envelope leakage in tall buildings:
CG5B Standard 149.15. ... Tall buildings require refinement and extensions of established procedures because
of obstacles to accurate measurement not present in small buildings, including large envelope leakage area,

interfloor leakage, vertical shafts, and large wind and stack pressures. (4SHRAE Fundamentals)

» Housing / Low-rise residential building : ISO 9972, ASTM E779, EN13829 ...
= High-rise Building, Large Building : CGSB standard 149.15 + @

2= =11

—— . =

i i s i

Large zone

4 Fa A

H37/n578 ool 7|L4s S (Ks FHo| Fos BESYW)
(Envelope Leakage Test Method in High-rise Building or Large Building)

ot

HOverview)

0

1. 7| A}
X

s

« HEZ22% g Hol(Purpose and Scope)
- H&HT|E 9 2 0{(Referenced Documents and Terminology): CGSB 149.15, ASTM E779, ATTMA TS1

2. =7 ZHd|(Test Equipment)

3. =& ZF71(Determine Test Condition: stack effect, wind effect)
4. =7 =H|(Prerequisites: Checklist prior to test)
+ AE2=(Building Volume) 2! 2|I| H= (Envelope Area) AE: LH8HE=o| AAZEA, 2|24 7|1F
« QZF AHE: AHU EE = Blower = 5ACH * Building Volume
» K}SI7|Z: F| 4 25Pa, 50Pa O) A MEH
« S5/ 33] 0|4, 53 AE
- A2 E: 374 0|4 3~53 TH9| averaging, 15 M2 2F + .. + BUE + .+ 4D
5. =7 g-ei(Test Procedure)

6. Data £49 gl A 4H(Data Analysis and Calculations)

7. H 1M (Report), £ =(Appendixes) [ SEEE R B
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39 718 | AFdsn Agdw
F4 e | F2VE ol8W BFWLFARS 9971UHS 24 P KS FA

KS A XXXX

B2 & o 72
HE 7|24 £F - 3Z7|E 0| 3¢E 7IYH

Determination of building airtightness

— Fan pressurization method using air handling systems

185 9 Hguel o FAe ABINAY ouA JuE Folm ARG ANBAE 247 AF PAA L
4% 4 @47 A8 SHos AZANeH, A8Y FXAE 8@ AW Y A8 FA 24
A9 AGRAIA Lol RS FARE WS e ARTH GAY 29 3 BAYE AF 9
99 57 54 9@ o FAL 4 LEAs % F 220 8T 4 drk A4 448 A9
A%, 4% 20l 4WA woke Ag AAdol Goh webA 2E vhesh 2 UAR eRge Adok B
o #Ag BUS Agas) A 5% sd 349 Aeol U A4 Besd o #Ee YU 79
o g 499 ALY ZHo) KA. o #A9 A AN 3 P VgL URE APHAL AR 7
o g FASA FozA BY P AR

JB e

of #Ae WA A& /WY THo| KAt A FAY ool dE AL Yk AFHA B @
4 230 Ane Q3T A 2NN AN B 2A9 ¥ G B4 ohn pA% g 999 @
2 ool We BA87 Aotk mekd YA 71940 @7 APl An 49do A9 Ansk WA

oS 4 9l

2. 287348 ool vebds w32 o] v dEgegA o v A die A o8 d 9% w3
< 2 YRS Fgen.
KS L IS0 9972 @ad-1% 7144 4 -4 794
IS0 9972  Thermal performance of buildings determination of air permeability of buildings fan
pressurization method
CGSB—149.156 Determination of the overall envelope airtightness of buildings by the fan pressurization
method using the building's air handling svstems

ASTM B779 Standard Test Method for Determining Air Leakage Rate by Fan Pressurization

3. 39

31 80 ° 779 F3HE do & &9 FoE A8

311 7|YWESCIEE) A8 Ad9dA == d5E FAsE sy A9 FrRadd AFes e o
A og ogs #e SEEor vehic

1) CEMBO(ftY/min) EE CMHE0(m*h): Q) ¢HaE 50Paz #7&k7] 9ef Aol o] @olo} ¢ 7] 7%
EE ANCFIDEE £7

2) ACHEO(h™'): 218l 50Paf] StEe] Zfetm gl df, A F7)7 & A7 Sk 4 W 75018 Hd6
E HER 9Wt3os CFME0 BE CMHS0E 78 EE A9y Aoz vyres @

3) EqLA(em®/m®): 10Paol s A& E ool 438s 799 Ira 43yray

4) ELA E=E EfLAlcm®m®): 4Pgolld S8l )%kl 458 79 272 Favyra4

5) Air Permeability(L/sm®): *F71%g AAl d9ddog he @924 Fr%e vehds 45
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3.12 ZE 2/m HEY Fx7) oFeAE s 2u4s B, A%, vd e &4
313 A" 379 ol HEY 7Y BEe AHHEET} o RolA s 208 EHAE |, A va WA Y &4
314 2= 2 R 2R 2 S5 =dde 37

315 778 AE 4=l 54d 5HS 94 d=xoe= A ATH
32712 o WA AHEHE 7129 F9 B dAE oedl gEd

71z 2 =% 7=
c 5 AT QF 2487 HE A L/sPa"
il i A Qe 238 |9 Aw -
I g F1 dizlzt kPa
APy do] FHEaA gAY 298 d 49 1 Aug 4HE Pa
APy, Wol aFotA AU AEH9S 4 4% F Aus FEA Pa
AP, ol ahFata] @A dudGdes uf A HE A Pa
APy F3AE A9 £¥A (1=1,2,34-) Pa
APy HAg Ade] &gat (1=1,2,3,4-) Pa
2 By =4 8o iz|sh lzPa
FPran 5 F3 2AAAY dirg kPa
i 4 #AE F FHE T L/s
Oni L/s
& RAT FF (554 C) L/s
Q FHoR A4E 7R g (£54 C) Lis
Qo Aue] 3rE A 10Pad We] 712 @ L/s
5o Ao 9FE A 50PaY WY FldE g L/s
Q25 Aue] ¢ 76PaY We) ARE @ Lfs
B3 Al (BEH C)
R =719 71A e Jeg~K
S 78 99 #4 m
ta 7 2% T
tfm 2% 53 #AdAMY B2 & (o
o 7] A= ke/m’

4. Mg B

41 Fu7] ROEE xR0 AL 97 E oldele & Ug] FEAFT eF s0ParhA] wHE 5 qlofof ¢l
42 o= 9 #K| ¥ 54 AAE 5% oY 48w 1Py @9 FA0 7hestelop foh = 0~75Pa
AolA SA ] 7bsdtedol &t D A el @t

43 22 5@ "N FF 5 AAE #VIHE Al F 7 2= AR A 2A 2 AATE Solofoof ¢
o % 549 485 549 FHY9 o 5% mgelojop &} (2 1 =)

44 257 2% 33 G AMely, £1C 9 FFER -10C-35T Ae 53Ad + Yook dch
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Feasibility of building envelope air leakage measurement using
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ARTICLE INFOD ABSTRACT
Articiie histary: An air-handler fan pressurization method can be used to estimate envelope leakage in large or tall build-
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ings. Howewer, because the size of a building’s air handling system is designed only to meet heating and
cooling demands, there may be many unanticipated problems on the test site. For example, one may not
be able to perform the envelope leakage test using the air-handler fan(s) with relatively high pressure
differences across the building envelope (eg. 50-75Pa). In order to overcome the insufficient pressur-
ization problem faced during the air handler fan pressurization test, a combination of an air-handler and
a blower door is proposed and verified by performing a pressurization test in an office building. It was
found that the proposed method is feasible for evaluating the overall envelope leakage in large or tall

Blower door test ——
Envelope leakage buildings.

© 2013 Elsevier BV, All rights reserved.
1. Introduction and exponent (n) of the power-law equation (Eq. (1)} is determined

Envelope leakage is caused by pressure differences across a
building envelope, that are generated by wind and/or stack effects.
Unbalanced air flow introduced by a centralized HVAC system or
by mechanical ventilation equipment may also affect the amount
of envelope leakage [ 1]. Air leakage or infiltration in buildings may
Cause an increase in heating and cooling demands, noise, conden-
sation and mold growth problems on the exterior wall surface. The
building air tighiness has become an important factor affecting
indoor air quality and energy consumption in a building [2-4].

Generally, there are two methods of measuring air leakage in
a building: the tracer gas method [5] and the fan pressurization
method [6]. The former has better accuracy than the fan pressur-
ization method, but requires well-trained experts and has a higher
measurement cost. Therefore, the latter, which is relatively inex-
pensive and simple, is more widely used.

As for the fan pressurization approach, the blower door test
method [7,8] is commonly used in residential or small buildings.
Envelope leakage is measured by pressurizing (or depressurizing)
the building using a fan installed on a door or an operable win-
dow. The pressure inside the building is increased to 70Pa by the
blower door fan(s) and reduced gradually at 5-10Pa intervals by
modulating the fan speed. By measuring the pressure difference
and coincident blower door fan flow rate, the leakage coefficient (C)

* Cormesponding awthor. Tel.: +82 2 2230 2370; fax: +E2 2 2230 1945,
E-mumil mddress: jiwarc@hanyang.ac kr (].-W. Jeongl
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http: i dx.doi.org /10,1016 jenbuikd 2013.03.034

16,9-11]. The values of C and n represent the leakage characteristics
of the building envelope.

Q=C-(APF (1

where Q is the air leakage rate, m?/s, C the leakage coefficient,
m?{(s Pa"), AP the pressure difference, Pa, n the leakage exponent,
dimensionless.

In general, the blower door test approach can also be applied
to air leakage measurement in large and tall buildings. However,
it may require high air flow to reach the initial target differential
pressure (i.e. over 50Pa), s0 one may need to use many blower
door fans or a large fan [12]. On the other hand, the CGSB 149.15-
96 standard [12] and some literature [13-17] recommend the use
of air-handlers that already exist in a test building for measuring
air leakage, especially in a large and tall building. The air handler
fan pressurization is a practical solution to measure the envelope
leakage in tall or large buildings. However, since the capacity of the
air-handler fan is commonly selected to meet the ventilation and
air conditioning needs of the zone, the airflow may not be sufficient
to make the pressure difference exceed 20 Pa. In order to solve the
insufficient pressurization problem in the use of the air handler
fan, the combination of both air-handler and blower door fans is
suggested in this research.

In terms of envelope leakage measurement in tall and large
buildings using the air-handler fan, there are some existing mea-
surement standards which can be applied. ASTM E779-10 [6] and
CIBSE TM23 [10] refer to the measurement of air tightness using a
large fan. 150 9972 [9] and EN 13829 [11] indicate the typical fan
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Fig 1. Airleakage test configuration using air-handler fan and blower door.

door cannot reduce the zone pressure below a certain level. The
proposed approach has not been suggested before.

24, Combination test process

In the preparation stage of the test, one should consult mechan-
ical drawings and visit the test site to identify the location,
accessibility, and service zone of each air-handler. The outdoor
air inlet and exhaust air outlet locations, and the controllability
of dampers and fans in each air handler should also be checked.
After sealing leakage components which should not be considered
as envelope leakage, one may activate the air handler at 100% of
the outdoor air mode (e.g. economizer mode) and check the maxi-
mum pressure differential built in the test zone. If thezone pressure
reaches the target pressure, the test can be performed by the air
handler only. Otherwise, one should determine whether to use
the blower door in parallel with the air handler. Once the test is
started, the rest of the procedure is identical to the conventional
fan pressurization test approach.

241, Supply air flow measurement in the air-handler fan
pressurization test

In order to measure the outdoor air (or supply air) flow rate
in the air-handler fan pressurization test, Bahnfleth and Yuill
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113] suggested a tracer gas or orifice plate method. Jeong et al
|14] used fan inlet sensors installed at the inlet of the supply air
fan. One may also use existing air flow sensors installed for a
building’s mechanical system control if sensor accuracy can be
secured. Otherwise, conventional duct insertion type portable flow
measuring devices (e.g. pitot tubes) can be used [25.26], which
would reduce the accuracy of the measurement.

242, Preparation of air-handler for the fan pressurization test

When an air-handler fan is used for the pressurization test, the
air handling unit should operate in 100% outdoor air mode (i.e
economizer mode). The exhaust air outlet (or damper) and retum
air damper of the air-handler should be closed and sealed (Fig. 2).

If the exhaust air outlet and return air damper cannot be sealed
since they are not accessible, all the exhaust air grills inside the test
zone should be sealed.

24 3 Test site preparation prior to air leakage testing

Elevator shaft vents and toilet vents on the roof should be
sealed if they are accessible. Otherwise, all elevator doors and toilet
exhaust grilles on each floor should be sealed. All the interior doors
should remain open to make the entire test zone reach a uniform
pressure differential during the test.

CGSB-149.15[12] recommends that the outside pressure should
be measured in at least three different locations (i.e. the first, the
middle, and the top floors), and then averaged to get an instan-
taneous averaged outside pressure. As for the inside pressure, the
CGSB standard recommends that it should be measured at the cen-
ter of the middle floor. Bahnfleth and Yuill [13] and the ASTM
standard [6] suggest measuring the outside pressure by averag-
ing pressures measured in four different directions of the building
envelope so as to minimize the effect of wind.

24 4 Testing procedure

In the fan pressurization test, the indoor-to-outdoor pressure
difference should be reduced gradually from the maximum (e.g
50-60Pa) to low pressure in 5-10Pa intervals. Both the air-handler
and the blower door are operated until the pressure difference
reaches the maximum target pressure, and then the zone pressure
decreases by adjusting the blower door fan flow. It is relatively eas-
ier to adjust the flow rate of the blower door fan than the air-handler
fan in the field test. When the blower door fan flow reaches zero
and the zone pressure is further reduced, the air-handler fan flow
begins to adjust. The air flow rate of the air-handler can be adjusted
by modulating the inlet vane of the fan, the fan speed, or the sup-
ply air damper. The indoor-to-outdoor pressure differences before
and after the test should be measured to perform the zero-pressure
correction.

SPACE

SA

Fig. 2. Preparation of air handler for the fan pressurization test.
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Practical Stack Effect Study to Minimize the
Problems related to Pressure Difference in
Severe Cold Climate

Jae Hun Jo, Ph.D. Hoi Soo Seo, M.D. Myoung Souk Yeo, Ph.D.  Kwang Woo Kim, Arch.D.
Member ASHRAE

ABSTRACT

Stack effect is a natural phenomenon which occnrs in all butldinge. In tall buildings, especially during the winter season, it ts considered to
be the most sertons isswe than any others which are commonly raised snob as wind effect. This paper presents a practical siudy fo minimize the
wmpact of stack gffect m a 42-stortes office butlding in extveme winter conditions, -13°C. Both architectwral and mechanteal drawings were
revieved i order fo understand the L'i)_ ffam .@'}.‘:ramz'.cr and ﬁﬂ'::é’- measurements were carvied out fo Lenerale i.é«?jm?.r.rwa distribution cansed I&'y stack
effect. Two recommendations weve suggested which can veduce the stack effect problems most effectivedy: tneveasing the avitightness of building
emelope and addmng compartmentaiigation or separation to provide aw bavvier to the avflow path inside the budding. In terms of mechanical
approaches, it is sugpested that stack. effect pressuve at bigher part of the butlding can be managed by pressuvizing the building using HV.AC
systeans. In order to invesiipate the pressure and the airflow rates within the building, a detailed network model of the building was developed based
on as-butlt drawings. VVarions scenavios of airflow simulations were carvied ont to evaluate the tmpact of stack effect, wind and the operation of
HUVAC systems. 1t was found that stack effect problems can be solved py inereasing the airtiphtness of building envelope by adding architectural

compartmentalization, and by nsing HVZAC systems.

INTRODUCTION

-1

difference of the weight of air columns inside and outside of the building causes stack effect. During the winter season, in
particular, when there is large vanance between internal and extemal temperatures, this causes severe airflow mside the
building which leads to many serious problems. In previous studies (Tamblyn 1991, ASHRAE 1993, Jo 2007), buildings

In Korea, the number of tall buildings over 30 stories has been increasing recently. In such high buildings, the

suffering from stack effect problems were diagnosed in both design stage and post construction stage. Solutions and
guidelines were suggested in order to minimize the airflow and to reduce stack effect problems. In spite of these efforts,
problems in the reality are not entirely resolved in most cases due to many reasons such as analytic misinterpretations,
insufficient awareness, and inapproprate application of procedures. Moreover, as the stack effect problems mostly occur
around vertical shafts, e.g. elevator doors and stairwell doors, the solutions are normally applied only to those areas only as
temporary methods. Since stack effect 15 determined by many aspects of the entire building, it 15 necessary to understand
the pressure distribution of the whole building before investigating the problems and establishing effective solutions. This
paper presents a practical case study of the stack effect problems to suggest possible solutions for tall office buildings

through actual measurements of pressure distnbution of the building,

Jae Hun Jo is a professor in the Division of Architecture of Inha University. Hoi Soo Seo is a director of POSCO E&C. Myoung Souk Yeo
and Kwang Woo Kim are professors in the Department of Architecture of Seoul National University.
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PRELIMINARY DIAGNOSIS OF CASE BUILDING

Building Description

The case building 1s 203m high and has 42 stones (42 stones of office space and 8 basement floors). The building 1s
located in Seoul, Korea and 1t is directly connected to a underground subway station. The details of the building are briefed
in Table 1. Most of the underground floors are used for parking spaces except the first and the second basement floors
where retails and employee cafeteria are located. The ground floor 1s used for lobby, 27 floor for convenient facilities, and
3 to top floors are used for office areas.

In terms of the characteristic of the building affecting air flow, there 1s an open space which penetrates 1° to 3% floors
and there is a roof garden on 7™ floor. As the area of the lower part of the building, 1% to 6 floors, is much larger than the
area of 7" floor and above, air leakage (or infiltration) is expected to increase on the lower floors. In terms of vertical air
flow, there are 37 elevators and two stairwells in total. The bulding is designed as a multi-zone type and groups of elevators
serve different ranges of floors. 3 shuttle elevators serve ground floor and all underground floors. 8 low-rise elevators serve
1F to 19F, 7 mid-rise elevators serve 1F, 19F-30F, and 8 high-rise elevators serve 1F, 30F-42F. There are also 12 elevators
for other purposes such as emergency. Figure 1 shows show a typical floor plan and a section of the bulding. It is
presented that the airflow from the underground parking area moves into the elevator shaft, stairways and flows into the

upper part of the building through transit floors such as 19% and 30% floor.

Table 1. Building Summary

Classification Details
Building location Seoul
Number of stories 42F(B8)
Building height 239m(including the basements, 36m)
Building use Office

Figure 1. (a) Case building, (b) Typical plan, (c) Section

Identification of Stack Effect Problems

Preliminary diagnosis and field measurements were carried out on a day when the temperature difference between
inside and outside of the building was approximately 22°C (19°C and -3°C). This enabled the authors to observe and
wdentify stack effect problems for which the bulding manager requested solutions. Below 1s a brief summary of the stack

effect problems identified during the field measurements and the request from the building maintenance team.
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Analysis of the Stack Effect Pressure
in Vertical Shafts with a Passive Cooling Condition

Jae-Hun Jo

Division of Architecture, Inha University, Incheon 402-751, Korea,

Abstract

The stack effect occurs zeriously in winter having great temperature difference between the indoor and the outdoor.
Because of this, there are problems related to the pressure difference and excessive air flow. Vertical shafts such as a
elevator and a stairwell are the main airflow paths in the building. One approach to minimize stack effect problems is to
lower the temperature of the vertical shaft, and reduce the magnitude of stack pressure difference on each floor. This
study deal with investigation of the effectiveness of the passive shaft cooling. To do this, we measured the temperatures
in the ingide of the shafts{One is located in the middle of the floor, the other iz located in the perimeter area), and
analyzed the effect of the shafi’s cooling on the pressure distribution caused by stack effect. The temperature of the
vertical shaft with the passive cooling was lower than the one without the passive cooling. These results showed that the
vetical shaft with passive cooling is the effective method to reduce stack pressure problems.

Keywords: Passive Cooling, Vertical Shafts, Stack Effect, Pressure Distribution, Measurement
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Abstract : Airtightness standards using fan pressurization method are normally used for measuring small
buildings, detached houses, and apartment units. And, it is easy to conduct airtightness measurement through this
fan pressurization method. However, it can be difficult to achieve sccurate measurement results for the large
buildings as the height and volume of the buildings have been increased. In this paper, we studied the principle
of airtightness method by fan pressurization. And, we reviewed the measurement process described in 150 9972,
EN 13829, ASTM E779, ATTMA TS 1, CAN/CGSB 145.15, and JIS A 2201. Then, we categorized the methods
items according by air flow rate{ @} and pressure difference( AP} As a result, we made a comparison analysis
on the measurement methods appeared in each standards. And, we achieved 5 test conditions about air flow rate
and pressure difference to state requirements for large buildings airtightness measurement.

Key Words : 7] 843 5 (Airtightness), 8 & #}(Stack effect), 7] (Air leakage), 573 " (Measurement method), £F
(Standard}, 7}/7Z % (Pressurization/depressurization method)}
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A Study on the overall envelope air leakage measurement methods of large buildings
using an air-handler fan pressurization approach

o & & 7|+ = E M- Ht F e
Han, Seul-Ki Jo, Hong-Jae Park, Joon-Young
2 ol e MO e
Kim, Min-Hwi Jeong, Jae-Weon
Abstract

Over the las decades, many large scale or high-rise buildings have been constructed. In these buildings, air tightness
is critical issue for raising the space cooling and heating lcad and occurring the stack effects. Therefore, it is important
to measure the airtightness and air leakage rates in components of building to save energy. However, conventional bloor
door test could not be suitable to measure the air tightness in large scale buildings. In this paper, air leakage test
method using building air-handler unit is introduced. And it could be also provided that the practical way to estimate
envelop leakage in large scale or high-rise building where a blower door test is not using. CGSB 149.15 was well known
fan pressurization and de-pressurization test standard using air-handler fan. Based on CGSB 149.15, this paper provides
information about the procedure of the air-handler fan pressurization test method.

FIE : gand, AWFs1d, AF44, &7, AEdelad

Keywords : School Classroom, IAQ, Building Material, Ventilatior, Simulation
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Building Envelope leakage measurement

using the air-handler fan pressurization approach

og&I =BAN oA
Han, Seul-Ki, Cho, Hong-Jae Jeong, Jae-Won

Abstract

This research is a case study performing the air-andler fan pressurization test in a real building. The test has been
performed follwing an exiting test method(ie. CGSB 149.15-96 Standrard). The test building is a 5-story office with a
square (324m = 324m) footprint built in 2001 at Dae-jeon. The test building gas four air-handling units, but the unit
located at the basement was out of order. Consequently, the 3 air-handling units installed at the 1% floor and 5" floor
were used to pressurize the building. To measure the whole building envelope air leakage, the SA airflow rates in each
air handler, operated at the 100% outdoor air mode with closed return and exhaust air dampers, were monitored together
with the building pressure. This paper provides some practical information acquired in the field measurement of envelope
leakage using the established air-handler fan pressurization test method,
FIAE : FR7E ol ¢ JIHZE, A& 7IUE, W 7%t HZE, A& JAF
Keywords : AHU pressurization test, Air-tightness, Air leakage test, Buildling Envelope
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Abstract

Airtightness measurement for small buildings can easily be conducted by using fan pressurization method. However, for large

buildings, it is difficult to achi

results as the height and wval
In this paper, we studied the principle of fan pressurization method. And, we revi

of the build
ed the

have been i
process described in

ISO 9972. Then, we investigated EN 13829, ASTM E779, ATTMA TS 1, CAN/CGSB 14915, and JIS A 2201. As a result, we
made a comparison analysis on the measurement methods appeared in each standards. And, we achieved test conditions about

pressure difference, building scale, climatic conditions, and so on to conduct airtightness
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A study on the airtightness performance analysis of low-energy house
in korea
Ahn, Na*, Cho, Min-Goo*+, Choi, Jung-Mann++*
*Researcher, ZARIM ENC, TOFP Architecture & Associate R&D(apink0324@ gmail.com),
«*Managing Director, Passive House Institute Korealchomg0301@gmail.com),
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Abstract

Importance of building airtightness performance to reduce energy consumption has been on the increase.

Building airtightness is essential for concrete realization of the national energy saving policy. The most
important factor is achieving airtightness level of the new building in the developed world needs to building
energy saving standards. However, there is no standardized method for building airtightness criteria in Korea.

This research presents the airtightness performance of the housing with high airtightness and insulation.
The purpose of this study establishes development of airtightness criteria in the housing through airtightness
performance analysis of low-energy and passive houses
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CERTIFICATE of AIR LEAKAGE TESTER
SO RA KANG

has been certified by Institute for Passive Zero Energy Building as
having passed completetency tests(theory and practice):

LEVEL I : Air Leakage Tester for Residential or Small Buildings

Seoul, Korea
September 26, 2013

Kwang Woo Kim &MM

President of Institute for Passive Zero Energy Building
Division of Korean Institute of Architectural Sustainable Environment and Building Systems

nc-&‘n

&

£

LEVEL I : Air Leakage Tester for Residential or Small Buildings

Congratulations, you have completed IPAZEB’s Training Course, and successfully passed our
exam including the practical exercise with a mark over 70%, demonstrated calculation skills
and the ability to use an air leakage test system(blower door) on a single zone like residential
or small buildings. Topics related to measuring air leakage included:

+ Fundamentals of ventilation and infiltration

» Fundamentals of airtightness measurement

* Air leakage report contents

= Practice measurement

« Standardized test methods : /SO 9972 (KS L ISO 9972), EN 13829, ASTM E779

This certificate will serve to fnform vour clients of your gualifications

If elients ave any questions about your test procedure or test results, they may contact us directly at infof@koncanpli.org

Kwang Woo Kim ld”\-

President of Institute for Passive Zero Energy Building
Division of Korean Institute of Architectural Sustainable Environment and Building Svsiems

(+82-2-552-1012, wwwipazeh.org)

i —— et
Instiyte for Passive Zore anengy Buiding Name : SO RA KANG
iPazeell MAENZAYNAEAIL E-mail : shell719@naver.com
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A Study on Uncertainty Experiment depending on Testers
in Airtightness Measurement of Buildings

Chal Ji-Sung*, Ji Kyung-Hwan*, Lee Dmg-Seak*, Jo Jas-Hun*
“Dapartment of Architectural Enginearing, Inha Univarsity, Incheon, Korea

Abstract
Thus 15 the expermental study on antighimess measwements of 40 testers m ocxder to idennfy the wmeertamty of data by testers
i the anrtighmess measwement of bwldngs. It 15 ot easy to 1dentify exact auhghiness because awhghmess contmns a lot of
uncetainty et by meanmement methods, meanmement condifions. testers. Therefore. we compared testers” arhishiness meanwament
results by canying out education of the same contents during the same penod and using the same environmental conditions and
equpment. We reviewed uncertainty about the result of anrtighitness by comparing and snalyzing awtighiness data of the same
bulding mezsured by testers. Accordmz to analysis results uncertamty by testers was found to be lower than other uncertamty
factors. Through umcertanty analysis research, when measining airtghiness, the mam ewor cause and degiee of uncertainty by
testers can be easily identified and can be usefully uhlized m Improving mezswred experimental values.
7] §l = 198, #8474, 94, #=2¢ =4, 7R
Eeywonds : Airtightness, Uncertainty, Testers, Blower Door, Fan Prezsurization
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A Research on Uncertainty of the Results of Building Airtightness
in Accordance with Testers
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Choi, Ji-Sung Ji, Kyung-Hwan Lee, Dong-Seck
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Jo, Jae—Hun
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Abstract
In order to understand uncertainty of data in accordance with testers when measuring building airtightness, this study
conducted measurement of airtightness with 40 testers. Since airtightness involves lots of uncertainty depending on

measuring methods, situations of ement and

, it is not easy to understand accurate airtightness. After the

education about the contents, each tester measure airtightness in the same environmental conditions during the same
period of time by using the same equipments, and then the results of their measurements are compared to each other.
Also the results of their measurements are compared in accordance with their experiences. By comparatively analyzing
the measurement data of the same building airtightness depending on testers, the uncertainty of the mesults of
airtightness is reviewed. In case of the test for airtightness measurement, we use the fan pressurization using blower

door.

FISME @ FldAy, E04d, §44 #20] =0, Fhzby
Keywords : Airtightness, Uncertainty, Testers, Blower Door, Fan Pressurization
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(D)AH= FHE (Building information)
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==5732 | 150 9972
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