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1. INTRODUCTION

As the issues related to global warming and 

energy consumption are becoming important 

worldwide, related government policies and re-

search topics are changing to the direction re-

ducing greenhouse gas emission and energy 

consumption. To achieve the goals of those pol-

icies and researches, various methodologies 

have been developed to reduce energy use in 

the construction field. According to the year-

book of energy statistics in 2015 of KEEI 
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Among the energy consumption in building, the heating energy takes the largest part. Therefore, it is im-

portant to minimize the heat energy loss in building for the reduction of overall energy use in construction. The

most important points for the minimization of energy loss in building are insulation and airtightness. Especially,
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the researches on airtightness of wood buildings have been started recently and are very deficient especially 

in Korea. In this study, air leakage properties and airtightness performance were evaluated for light-frame 
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ACH50 for the houses after completion of construction work was 3.5 h-1 that was similar to Europe standard 

(3.0 h-1). ACH50 was proportional to EqLA per floor area but inversely proportional to the internal volume, the 

net floor area and the area of window. 

Keywords : air leakage, airtightness, light-frame wood house, air change rate, pressurization-depressurization 

method

1 Date Received October 27, 2016, Date Accepted December 9, 2016
2 Department of Bio-based Materials, College of Agriculture and Life Science, Chungnam National University, Deajeon 34134, 

Republic of Korea
† Corresponding author: Sang-sik Jang (e-mail: ssjang@cnu.ac.kr)



Sang-sik Jang⋅Been Ha

－ 148 －

(Korea Energy Economics Institute, 2015), the 

portion of energy consumption in buildings 

among total energy consumption was about 

33% in OECD countries and 24% in Korea. 

Although the energy consumption in buildings 

compared to the total energy consumption in 

Korea is somewhat less than that in other 

OECD countries, the energy consumption in the 

construction field is increasing every year in 

Korea.

According to the energy consumption survey 

in 2014 by KEEI (Korea Energy Economics 

Institute, 2015), the energy consumed for 

heating and cooling were about 34% and 

20% of total energy consumption in buildings, 

respectively. Therefore, it is necessary to mini-

mize heat loss through building components for 

the purpose of reducing energy consumption in 

buildings. According to the energy audits of 

high-residential buildings in Canada (Canada 

Mortgage and Housing Corporation, 1996), 

major factors for minimizing heat loss in resi-

dential buildings are insulation and airtightness. 

Although the thickness of insulation is increas-

ing in the recent construction technology, the 

heat loss in buildings are not reducing so much 

as expected in accordance with the increase of 

insulation. Two major reasons of heat loss in 

building are low insulation value and air 

leakage. Therefore, it is impossible to reduce 

heat loss in building by increase of insulation 

only without preventing the air leakage. It is a 

general trend in construction in Canada and 

USA to emphasize how to minimize air leakage 

in buildings. In Korea, a lot of efforts including 

researches and policy development are con-

centrated on the insulation for building enve-

lopes and windows. People in Korea generally 

do not have interest in the topics related to air-

tightness of buildings even though the heat loss 

by air leakage is very serious especially for 

timber buildings.

In North America, Europe and Japan, ex-

tensive researches on the topics related to the 

airtightness including theoretical analysis and 

field measurement have been conducted since 

1960’s. And the method to inspect and evaluate 

airtightness of buildings has been standardized, 

which became one of the major factors of en-

ergy conservation standard. However, researches 

on airtightness in Korea has been started since 

1990 and the standard for airtightness test has 

not yet been institutionalized.

Researches on airtightness in Korea are main-

ly focused on concrete and steel buildings, 

which include the followings : airtightness by 

field measurement of apartment, high-rise build-

ing and detached houses (Lee, 1995; Lee et al., 

2005; Yoon et al., 2008), air permeability of 

double glasses window in the apartment (Hong 

et al., 1999), test condition comparison of pres-

surization-depressurization method (Shin and Jo, 

2011), calculation method of air infiltration for 

detached houses (Kim et al., 2013), large build-

ing airtightness measurement standard (Lee et 

al., 2014), uncertainty experiment depending on 

testers in airtightness measurement (Choi et al., 

2014), and airtightness and heating energy de-

mand depending on building structural charac-

teristics for new apartment (Lee et al., 2015).
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Whereas, researches on airtightness of wood 

buildings in Korea have been started very re-

cently in 2010 and the number of researches 

are still very limited. Kim et. al. (2012) per-

formed the research on the influence of airtight-

ness on heat energy in post and beam building 

with exposed wood frame. Kim et. al. (Kim et 

al., 2014) evaluated the airtightness of various 

types of wood houses and found that 

light-frame wood houses showed better per-

formance than other types of wood houses in-

cluding post and beam type, Korean traditional 

Han-ok type and log house type. Even though 

some tests have been performed on airtightness 

of wood houses, the number of tests are very 

few and the data obtained from those tests are 

very limited.

This research was started to evaluate airtight-

ness of wood houses built in Daejeon and 

Chungnam area by applying field measurement 

method to collect the fundamental data on the 

airtightness performance of light-frame wood 

buildings. 

2. MATERIALS and METHODS

2.1. Materials

Seven light-frame wood houses constructed in 

Daejeon and Chungnam area were selected for 

field measurement of airtightness performance 

(Fig. 1). These houses were one or two story 

detached houses which are almost at the end 

stage of construction work before occupation. 

Table 1 shows the summary of Case 1 ∼ Case 

4 which were in the construction stage before 

interior finish work and Case 5 ∼ Case 7 

which were after completion of construction 

work. The average net floor area of 7 cases 

based on the center line of external wall was 

123.9 m2 and the average internal volume based 

on the net floor area and ceiling height was 

341.3 m3. Types of widows installed in the case 

study houses were system windows or double 

glasses windows, and the average area of win-

dows was 21.7 m2. In Case 7 house, airtight-

ness tape was applied to gypsum board between 

wall and floor, and wall and roof.

2.2. Methods

2.2.1. Pressurization-depressurization method

In general, airtightness of houses are meas-

ured by applying either one of tracer gas meth-

od or pressurization-depressurization method. 

The tracer gas method measures the change or 

difference of tracer gas concentration depending 

on time and estimates air leakage rate of 

building. In the pressurization-depressurization 

method, a blower fan is used to pressurize the 

internal space of building and again to de-

pressurize the same building. It measures air 

flow rate of the fan based on the preset refer-

ence pressure difference and estimates air leak-

age rate of building. 

Although the tracer gas method shows higher 

accuracy, this method is affected by weather 

condition and requires more cost and time. The 

pressurization-depressurization method is less 

affected by weather condition and requires less 
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cost and time, although this method is difficult 

to apply the exact condition of high and low 

pressure difference.

In this research, the airtightness of houses 

were measured by applying the pressuriza-

tion-depressurization test method in which 

blower door fan was used to apply pressure. 

Blower door tester used in this study was 

Minneapolis Blower Door Model 3, and 

TECTITE Express 4.0 software (The Energy 

Conservatory Co., Ltd.) was used to analyse the 

measured data (Fig. 2(a)). And the air leakage 

points in the test houses were detected by visu-

al inspection of air flow (fog movement) in 

which M-1 Mobile Fogger (Antari Lighting & 

Effects Co., Ltd.)(Fig. 2(b)) was used to pro-

duce fog.

The standard method for the pressuriza-

tion-depressurization test has not yet been for-

mulated as KS in Korea, but The US, Canada 

and Japan already have their own standard such 

as ASTM E 779 (ASTM international, 2010), 

CAN/CGSB 149.10-M86 (Canadian General 

Standard Board, 1986) and JIS A 2201 

(a) (b) (c)

(d) (e) (f)

(g)

Fig. 1. Light-frame wood houses utilized for airtightness test in this study: (a) case 1, (b) case 2, (c) case 3, 

(d) case 4, (e) case 5, (f) case 6 and (g) case 7.
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(Japanese Industrial Standards Committee, 

2003). And the international standard for meas-

uring airtightness by fan pressurization method 

was made in 2015 as ISO 9972 (International 

Organization for Standardization, 2015). In this 

research, the measurements for airtightness of 

houses was conducted in accordance with ISO 

9972 Method B (test of the building envelop).

2.2.2. Airtightness evaluation

Airtightness is evaluated by air leakage rate 

or leakage area at reference pressure difference 

to minimize the variation of test results. In this 

research, air leakage rate (per hour) at 50 Pa 

(CMH50), air change rate (per hour) at 50 Pa 

(ACH50), equivalent leakage area (EqLA) and 

EqLA per floor area were measured to evaluate 

airtightness of houses.

CMH50 means the air leakage rate of a 

house while maintaining 50 Pa of pressure in 

the interior of the house, and can be calculated 

by Eq. (1). ACH50 is a standard term express-

ing the airtightness of a house depending on the 

size and form, and can be calculated by Eq. (2).

 

 ·································· (1)

 



····································· (2)

Where,  : air leakage rate at 50 Pa (m3/h)

 : air change rate at 50 Pa (h-1)



 : air leakage coefficient (m3/h⋅Pan)

 : air flow exponent 

  : internal volume of building (m3)

EqLA is a standard term representing the 

leakage area, which is named by Canadian 

Construction process Symbol 
Type of 

window

Net 

floor area (m2)

Internal volume

 (m3)

Area of window

(m2)

Before interior finish 

work 

Case 1 System window 120.7 329.9 21.0 

Case 2 double glasses window 67.8 169.6 12.6 

Case 3 double glasses window 92.4 221.6 13.9 

Case 4 double glasses window 130.0 373.1 21.4 

After completion 

Case 5 System window 172.2 450.2 34.8 

Case 6 double glasses window 141.6 394.6 24.3 

Case 71) double glasses window 142.3 449.9 24.1 

Total average 123.9 341.3 21.7

1) In Case7, airtightness tape was applied to gypsum board between wall and floor, and wall and roof.

Table 1. Summary of light-frame wood houses

(a) (b)

Fig. 2. Instruments used for pressurization-depressuriza-

tion tests: (a) Minneapolis Blower Door Model 3 and 

(b) M-1 Mobile Fogger.
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National Research Council. EqLA is the area of 

hole required to leak air that is the same rate at 

10 Pa in building, and is used to evaluate air 

change rate under natural environment. Leakage 

area can be calculated by Eq. (3) and EqLA 

can be calculated by Eq. (4) with the discharge 

coefficient (CD) of 0.611. EqLA per floor area 

was calculated by dividing EqLA by the floor 

area of the house in order to compare airtight-

ness of house excluding the effects of size and 

form.







 






∆


 ························ (3)

 







················································ (4)

Where, 

 : air leakage area (m2)

 : equivalent leakage area (cm2)



 : air leakage coefficient (m3/h⋅Pan)



 : air density at standard conditions (kg/m3)

∆

 : reference pressure difference (Pa)

 : air flow exponent 




 : discharge coefficient (0.611)

3. RESULTS and DISCUSSION

3.1. Air leakage rate and leakage area

Table 2 shows CMH50 and EqLA measured 

by pressurization-depressurization method. The 

average CMH50 and EqLA for 7 tested houses 

were 1 305.6 m3/h and 48 010 mm2 during de-

pressurization process, and 1 484.4 m3/h and 

53 060 mm2 during pressurization process, 

respectively. CMH50 and EqLA for pressuriza-

tion process were 13.7% and 10.5% higher than 

those values for depressurization process, 

respectively. Higher values for pressurization 

process compared to depressurization process 

was considered to be caused by the perform-

ance of building envelope (house wrap) pre-

venting air infiltration during depressurization 

(Kim and Park, 2015). And the standard devia-

tion values were also higher for pressurization 

Construction process Sign of houses

CMH50

(m3/h)

EqLA

(mm2)

Dep Pre Average Dep Pre Average

Before interior finish 

work 

Case 1 1 107.0 1 477.0 1 292.0 43 230 58 280 50 760 

Case 2   986.0 1 030.0 1 008.0 31 610 31 730 31 670 

Case 3 1 363.0 1 395.0 1 379.0 51 590 53 950 52 770 

Case 4 1 494.0 1 770.0 1 632.0 51 030 63 430 57 230 

Average 1 237.5 1 418.0 1 327.8 44 370 51 850 48 110 

After completion 

Case 5 1 282.0 1 384.0 1 333.0 50 620 47 160 48 890 

Case 6 1 558.0 1 703.0 1 631.0 56 300 58 510 57 400 

Case 7 1 349.0 1 632.0 1 491.0 51 700 58 390 55 040 

Average 1 396.3 1 573.0 1 485.0 52 870 54 690 53 780 

Total average 1 305.6 1 484.4 1 395.1 48 010 53 060 50 540 

Table 2. CMH50 and EqLA by pressurization (Pre)-depressurization (Dep)
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stage than depressurization stage.

3.2. Airtightness performance and air 

leakage points

Table 3 shows results of airtightness perform-

ance including ACH50 and EqLA per floor 

area. The average ACH50 and EqLA per floor 

area were 5.1 h-1 and 470 mm2/m2 for the hous-

es before interior finish (Case 1 ∼ Case 4), 

and 3.5 h-1 and 360 mm2/m2. for complete 

houses (Case 5 ∼ Case 7), respectively. The 

houses before interior finish showed poor air-

tightness compared to the houses after com-

pletion, which was caused by many gaps be-

tween floor and wall, and holes for wiring and 

plumbing (Fig. 3(a) and 3(b)) located in the 

houses before interior finish (Ji et al., 2015).

The houses with system windows (Case 1 

and Case 5) showed 3.5 h-1 of ACH50 and 350 

mm2/m2 of EqLA per floor area. In other 

Construction process Sign of houses
Type of 

window1)

CMH50

(m3/h)

ACH50

(h-1)

EqLA

(mm2)

EqLA per

floor area

(mm2/m2)

Before interior finish 

work

Case 1 SW 1 292 3.9 50 760 420 

Case 2 DW 1 008 5.9 31 670 470 

Case 3 DW 1 379 6.2 52 770 570 

Case 4 DW 1 632 4.4 57 230 440 

Average 1 328 5.1 48 110 470 

After completion 

Case 5 SW 1 333 3.0 48 890 280 

Case 6 DW 1 631 4.1 57 400 410 

Case 72) DW 1 491 3.3 55 040 390 

Average 1 485 3.5 53 780 360

Total Average 1 395 4.4 50 540 430 

1) SW is system window and DW is double glasses window.
2) In Case 7, airtightness tapes were applied to gypsum board between wall and floor, and wall and roof.

Table 3. Airtightness performance of the tested houses

(a)

(b)

Fig. 3. Air leakage points of the houses before in-

terior finish: (a) between floor and wall, (b) holes 

for wiring and plumbing.
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hands, those values for the houses with double 

glasses windows were 4.8 h-1 and 450 mm2/m2, 

respectively. Therefore, we can see that the 

houses with system windows showed better air-

tightness than the houses with double glasses 

windows. Kim et al. (2005) presented that air-

tightness of system window was more than 3 

times higher than that of double glasses 

window. In this study, it was also identified 

that double glasses window shows more air 

leakage compared to system window (Fig. 4(a)).

Fig. 4(b) shows that the area around the en-

trance door is another air leakage point. Lee 

and Shin (2013) evaluated airtightness of newly 

built apartment and also found that the air leak-

age at the area around the entrance door was 

high.

In Table 3, Case 7 in which airtightness tape 

was applied to the gypsum boards between 

floor and wall, and wall and roof (ceiling) 

showed relatively high airtightness but air leak-

age was developed through the double glasses 

window. Therefore, Case 7 showed poor air-

tightness compared to Case 5, the house with-

out airtightness tape but with system windows.

Because there is no standard for airtightness 

in Korea, the airtightness performances of Case 

1 ∼ Case 7 were compared with overseas 

standard with the values for ACH50 (Fig. 5). 

The average ACH50 for the tested seven cases 

was 4.4 h-1, which is higher than the required 

values in the countries other than the USA and 

Czech. ACH50 of Case 5 ∼ Case 7, the hous-

es after completion, were similar to or slightly 

higher than the European standard of 3.0 h-1. 

However, ACH50 of these cases are much 

higher than R 2000 standard of Canada and 

Passive house standard in Europe. 

3.3. Relationships of ACH50 with other 

variables

Fig. 6 shows the relationships of ACH50 

with EqLA per floor area, internal volume, net 

floor area and area of window, and all the co-

efficients of determination (R2) representing 

(a)

 

(b)

Fig. 4. Air leakage points of the houses after com-

pletion of construction work: (a) double glasses win-

dow, (b) entrance door.

Fig. 5. Comparison of ACH50 for Case 1∼Case 7 

with the standards of other countries.



Airtightness of Light-Frame Wood Houses built in Daejeon and Chungnam Area

－ 155 －

these relationships were high. ACH50 was pro-

portional to EqLA per floor area (Fig. 6(a)) 

while it was inversely proportional with other 

variables including internal volume (Fig. 6(b)), 

net floor area (Fig. 6(c)) and area of window 

(Fig. 6(d)). Yoon et al. (2008) indicated that 

the relative area of leakage points decreased as 

the volume of building increased, and the same 

trend as EqLA per floor area decreased as the 

floor area increased was observed in this study 

(Fig. 7). Therefore, EqLA per floor area de-

creased as the floor area and the internal 

Volume increased, which is the reason why 

ACH50 is inversely proportional to the floor 

area and the internal volume as shown in Fig. 

6(b) and 6(c). Yoon (2013) presented that the 

area of window increased as the net floor area 

of building increased, and it was also observed 

in this study that the area of window increased 

as the floor area and the internal volume in-

creased (Fig. 8). Therefore, ACH50 showed the 

inversely proportional relationship with the area 

of window as shown in Fig. 6(d). Actually, 

ACH50 is closely related to the kind and qual-

 (a)        (b)

 (c)      (d)

Fig. 6. Relationships of ACH50 with the other variables including (a) EqLA per floor area, (b) internal volume, 

(c) net floor area and (d) area of window.
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ity of window rather than the area of window. 

ACH50 did not show any clear relation with 

the area of window per floor area or the area 

of window per internal volume. ACH50 also 

showed no distinct relation with EqLA even 

though it was proportional to EqLA per floor 

area as shown in Fig. 6(a).

4. CONCLUSION

In this study, the airtightness performances of 

7 light-frame wood houses before occupation 

were evaluated by applying pressuriza-

tion-depressurization method. Among 7 tested 

houses, 4 were in the construction stage before 

interior finish and 3 were after completion of 

construction work.

The airtightness of 4 houses at the con-

struction stage before interior finish was lower 

than that of 3 houses after completion of con-

struction work because interior finish work can 

increase the airtightness performance by filling 

the gaps and holes. The airtightness of the 

houses in which system windows were installed 

was higher than that of the houses in which 

double glasses windows were installed.

ACH50 of the houses after completion of 

construction work were similar or slightly high-

er than Europe standard of 3.0 h-1, but those 

values for the houses before interior finish were 

mush higher. ACH50 was proportional with 

EqLA per floor area, but inversely proportional 

with the internal volume, the net floor area and 

the area of window. The area of window in-

creased as the floor area and the internal vol-

ume increased, and EqLA per floor area de-

creased as the floor area increased.

Using the fog machine, it was observed that 

the air leaked through the gaps between floor 

and wall, the holes for wiring and plumbing, 

the double glasses windows and the entrance 

door.
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