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ABSTRACT

Energy consumption statistics in 2005 from the Korea Energy Management Corporation show that building energy us-

age was about 24.2% of total domestic energy consumption, and 64% of total building energy usage was consumed by 

residential buildings. Thus, about 10% of total domestic energy consumption is due to the heating of residential 

buildings. Building energy can be calculated by the configuration of the building envelope and the rate of infiltration 

(the volume of the infiltration of outdoor air and the leakage of indoor air), and by doing so, the annual energy usage

for heating and cooling. Therefore, air-tightness is an important factor in building energy conservation. This investigate

air infiltration and various factors that decrease it in timber frame buildings and suggest ways to improve air-tightness

for several structural types. Timber frame buildings can be classified into light frame, post and beam, and log house.

Post and beam includes Han-ok (a Korean traditional building). Six light frame buildings, three post and beam build-

ings, one Korean traditional Han-ok and a log house were selected as specimens. Blower door tests were performed

following ASTM E779-03. The light frame buildings showed the highest air-tightness, followed by post and beam 

structures, and last, log houses.
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1. INTRODUCTION1)

  Historically, timber frame buildings were built 

only as country houses or detached houses be-

cause of prejudices that they are vulnerable to 

fire and difficult to maintain. However, the rate 

of timber frame construction has increased in 

the public housing market (multi-unit dwellings) 

as they have become well-known for reducing 

environmental destruction, helping low-carbon 

green growth, are healthier for humans and are 

highly energy efficient. They are the most com-

mon architectural form in many developed 

countries, making up about 95% of all houses 

in the U.S. and 93% in Canada.

  In Korea, the rate of timber frame construc-

tion fell to as low as 1% because many people 

had a negative perception toward timber frame 
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buildings and the construction technology nec-

essary to build timber frame buildings that were 

strong against temperature and moisture was 

lacking. However, timber frame buildings are 

gradually increasing in number. In 2005, the 

rate of timber frame buildings was only about 

5% in the new construction market for detached 

house, but by last year it had risen to 15%. 

The timber frame construction market is also 

prospering as advanced technologies from Canada, 

Japan and many other countries are introduced 

in Korea. The rate of the timber frame con-

struction is also increasing in the detached 

house and luxurious townhouse markets.

  Research on energy use in timber frame buil-

dings is still limited, and studies on air-tight-

ness, which affects heating energy, is almost 

nonexistent. Studies on timber frame buildings 

need to be carried out and separated from stud-

ies detached houses.

  According to the International Energy Agen-

cy (IEA, 2002 statistics), Korea was ranked 

10th in world energy usage and 9th in carbon 

emissions. Because Korea has large energy con-

sumption and carbon dioxide emissions, it will 

have to reduce industry production or purchase 

carbon credits from other countries because of 

the carbon dioxide quotas of the Climate Con-

vention which will go into effect in 2013, which 

is expected to decrease national competitiveness.

  There are two ways of measuring the air 

tightness of buildings: the gas tracer method 

and the blower door test. The gas tracer method 

measures variations in gas concentration as a 

function of time after emission. The blower door 

test calculates air flow using a fan or blower 

door with a consistent pressure difference be-

tween outside and inside. In the early years, 

both methods were used to measure air tight-

ness, but the blower door test has become the 

international standard as it is easy to install and 

execute. Furbringer (1994) reported that pres-

sure differences are important in measuring the 

air tightness of buildings and suggested a mod-

ification to study infiltration and air leakage. 

Stein (2000) performed the blower door test to 

compare houses with improved airtightness with 

conventional houses through the Home Energy 

Rating System (HERS) and emphasized the im-

portance of the HERS. In Korea, Park (2003) 

introduced the gas tracer method and the blow-

er door test. Through the blower door test, he 

computed the number of air change in the buil-

ding and urged the establishment of air tight-

ness standards.

  Since the blower door test has become the 

international standard for measuring air tight-

ness, research to construct building data base 

by actual measurement and the present con-

dition survey has become very active. Through 

the blower door test, the average infiltration 

rates of cities were measured in various country. 

Kalamees (2007) compared houses in Estonia, 

A. Sfakianaki (2008) in Greece, Chen (2012) in 

China, and Sherman (1998) and Dodoo (2011) 

in the U.S. Schnieders (200) selected passive 

houses in each area of Europe and undertook

the CEPHEUS project, which researched changes 

that could improve air tightness. In order to sat-

isfy the passive house standard, ventilation 

should be lower than 1.5ACH50, and air qual-

ity should be tested before and after installing 

the heat exchanger. Feist (2005), in addition to 

CEPHEUS project, measured air tightness and 

carried out simulations in houses with high 

air-tightness, heat exchangers, and super in-

sulation according to the passive house’s standard. 

In Korea, researchers (Goo et al., 2004; Shin et 
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Fig. 1. Timber frame buildings classified by structure type.

al., 2006; Yoon et al., 2008; Cho et al., 2010) 

selected tall residential buildings, low detached 

houses, and one-room apartment made of re-

inforced concrete and carried out the blower 

door test to measure airtightness and compare 

the results with those from overseas.

  This study is a part of efforts to improve the 

air tightness performance of timber frame buil-

dings. For the first step, this study evaluated 

the air tightness of timber frame buildings in 

Korea and causes of air leakage were investiga-

ted for each type of timber frame building, be-

cause air leakage is one of the main factors to 

govern the energy performance of timber building.

2. MATERIALS AND METHODS 

2.1. Materials

  Timber frame buildings are categorized into 

light frame, post and beam and log house. Han- 

ok (Korean traditional) building can be classi-

fied into post-and-beam. 

  Six light frame buildings, three post and beam 

buildings, one Korean traditional Han-ok build-

ing and one log house were selected as subjects 

(Fig. 1).

2.1.1. Light Frame Buildings

  Six light frame buildings were chosen (Table 

1, Fig. 2 and Fig. 3). They were located in Bong- 

wha, Gyeonggi-do and have one of two con-

struction types: low energy or standard.

2.1.2. Post and Beam Buildings

  Two post and beam buildings were chosen 

(Table 2 and Fig. 4): They were located in 

Hongreung, Seoul, Gwang-reung, Gyeonggi-do 

and Jang-heung, Jeollanam-do. They were also

classified as either low energy or standard con-

struction types.

▪ Han-ok Building

  One Han-ok building categorized as a post 

and beam was chosen (Table 3 and Fig. 5): It 

was located in Jang-Heung, Jeollanam-do and 
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Bong-wha Village Jang-heung

BLA
*1

BSA
*2

BLB
*3

BSB
*4

JLA
*5

JLB
*6

Year 2011 2009

Location Seobyeok-ri, Bongwha-gun, Gyeongsangbuk-do
Wood-land, Jangheung-gun,   

Jeonlanam-do

Floor area (m
2
) 106.8 103.3 103.2 103.2 56.0 64.4

Volume (m
3
) 277.8 268.6 268.2 268.2 134.8 194.5

Envelope (m
2
) 273.0 264.2 271.6 279.7 153.5 238.0

Types detached house detached house

BLA
*1

:Bong-wha Low Energy. A, BSA
*2

:Bong-wha Standard. A,

BLB
*3

:Bong-wha Low Energy. B, BSB
*4

:Bong-wha Standard. B,

JLA
*5

:Jang-heung Light Frame. A, JLB
*6

: Jang-heung Light Frame. B

　  　　

　 

Fig. 2. Bong-wha village, light frame buildings (Top left : Low energy A (BLA), Top right : Standard A 

(BSA), Bottom left : Low energy B (BLB), Bottom right : Standard B (BSB)).

Table 1. Light frame buildings

was a Korean traditional timber frame building. 2.1.3. Log House

  One log house was chosen (Table 4 and Fig. 

6): It was located in Jang-Heung, Jeollanam-do. 
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Fig. 3. Wood-land, Jang-heung, light frame buildings (Left : Light frame house A (JLA), Right : Light frame 

house B (JLB)).

Table 2. Post and beam frame buildings

Test house Han-green house Guest house

HPB
*1

GPB
*2

JPB
*3

Year 2006 2009 2009

Location
Hong-reung, Dongdaemun-gu,

Seoul

Gwang-reung, Pocheon-si,

Gyeonggi-do

Wood-land, Jangheung-gun,   

Jeonlanam-do

Floor area (m
2
) 215.0 189.4 63.3

Volume (m
3
) 519.9 584.7.8 183.3

Envelope (m
2
) 545.0 589.0 273.0

Types detached house detached house detached house

HPB
*1 

: Hong-reung Post and beam test house,

GPB
*2 

: Gwang-reung Post and beam Han-green house,

JPB
*3 

: Jang-heung Post and beam guest house

2.2. Methods

2.2.1 Preparation for the Blower Door Test 

  Before measuring air-tightness, the drainage, 

vents and electrical sockets were blocked by 

PVC (Polyvinyl chloride) tape, as shown in Fig. 

7.

2.2.2. Air-tightness Evaluation by Blower 

Door Test

Air-tightness was evaluated by the blower door 

test following ASTM E 779-03. In this study, 

Minneapolis Blower Door Model 3 (The Energy 

Conservatory Co. Ltd.) was used (Fig. 8). The 

blower door was installed at the gate of the 

building as shown in Fig. 9. During the test all 

windows and other doors in the building enve-

lope were closed and the inside doors were 

open. For pressurization, the fan in the blower 

door blew air from outside to inside. The fan 

measured the air volume (CFM50) blown to 

create a pressure difference of 50Pa. For de-

pressurization, the blow direction was switched 

and the air volume was measured in the same 

manner. Four runs of pressurization and depres-

surization were carried out. The mean value of 

the four runs was used for analysis. 

  For air-tightness evaluation, the air-change rate 
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Fig. 4. Post and beam buildings (Top left : Test house (HPB), Top right : Han-green house (GPB), Bottom : 

Guest house (JPB)).

Jang-heung traditional Han-ok building

 JTH
*1 

Location
Woodland, Jangheung-gun,   

Jeonlanam-do

Floor area (m
2
) 45.0

Volume (m
3
) 128.9

Envelope (m
2
) 96.5

Types detached house

JTH
*1 

: Jang-heung traditional Han-ok building

Table 3. Traditional Han-ok building

Fig. 5. Jang-heung traditional Han-ok building (JTH).

at a pressure difference of 50 Pa (ACH50) is 

widely used. The calculation of ACH50 re-

quires the air flow (CFM50) to keep a specific 

pressure difference between inside and outside. 

CFM50 was measured by the blower door test, 

and the ACH50 was calculated by Eq. 1.

 V

CFM
ACH

6050
50

×

=

                (1)

Where ACH50 is the air-change rate (h
-1

) ata 

pressure difference of 50 Pa, V is the volume 
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Log house

JLH
*1

Year 2009

Location
Wood land, Jangheung-gun,   

Jeonlanam-do

Floor area (m
2
) 43.7

Volume (m
3
) 121.0

Envelope (m
2
) 146.4

Types detached house

JLH
*1 

: Jang-heung log house

Table 4. Log house

Fig. 6. Jang-heung log house (JLH).

  

  

Fig. 7. Blocking for the blower door test.

of the building (m
3
) and CFM50 is the total air-

flow through the building envelope (ft
3
/min) at 

a pressure difference of 50Pa. In Eq. 1, the 

number ‘60’ is used to change the units from 

minutes to hours.

3. RESULTS AND DISCUSSION

3.1. Air-tightness Results

  Eleven timber buildings were tested by the 

depressurization (DEP) and pressurization meth-

od (PRE) using the blower door. They showed 

large differences according to structural type. 
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N
*

DEP (h
-1

) PRE (h
-1

)

Max Min Mean Max Min Mean

Light frame buildings 6 23.41 3.10 8.47 23.58 3.66 8.92

Post and beam frame buildings 3 59.16 5.74 24.97 61.25 6.07 26.13

(Han-ok building) 1 74.12 89.47

Log house 1 66.29 68.39

N
* 

: Number of buildings

Table 5. Air-tightness results

Fig. 8. Blower door test equipment.

As Table 5 shows, light frame buildings showed 

the best air-tightness, and showed only 1/3 of 

the heat loss of post and beam structures.

  Among the light frame buildings in Bong- 

hwa village, two were built using a special wall 

designed for low energy consumption. In the 

wall of low the two buildings, PE film was in-

serted between the gypsum board and the frame 

(Fig. 10, Source : Kim et al, 2012). These types 

of buildings showed 122% and 154% better 

air-tightness (DEP) than similar sized houses 

built using standard walls. Based on this com-

parison between low energy and standard light 

frame buildings, we confirmed that PE films 

contribute to air-tightness, as shown in Table 6.

  Wood-land in Jang-heung showed worse air- 

tightness than the one in Bong-hwa village. 

JLA and JLB in Jang-heung (Fig. 3) were built 

in 2009. However, these two buildings showed 

different air-tightnesses, even though they were 

built at the same time and had the same wall 

detail. The volume of JLB was 126.39% more 

than that of JLA, but the air-tightness was 

2.12ACH50 higher than JLB. JLA was placed 

on columns without a wall system on the first 

floor, so the effective building envelope area 

exposed to the outdoors increased from 173.57 

m
2
 to 237.97 m

2
. Based on this comparison, the 

area of the building envelope exposed to the 

outside had a significant effect on air-tightness. 

As the low energy light frame buildings (BLA 

and BLB) showed, PE film can increase air- 

tightness. If a large exposed floor is required in 

the building design, a special floor design such 

as a PE film should be considered.

  Four post and beam buildings were tested. 

HPB (Fig. 4) was built in 2006 and showed 

air-tightness almost twice as good as GPB (Fig. 

4 and Table 6), built in 2009, which was con-
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Fig. 9. Floor plan and location of the blower door (arrow).

Fig. 10. Composition of standard and low energy walls.

structed using double glazed windows, while 

some windows in HPB and the post and beam 

guest house in Jang-heung (JPB, Fig. 4) were 

single glazed. It also had larger area using glass 

fiber insulation. HPB was built using a semi- 

passive construction method. JPB built in Jang- 

heung, Wood-land showed a lower air-tightness 

of 43.51 (DEP, h
-1

) and 47.35 (PRE, h
-1

), as 

shown in Table 6.

  The air-tightness of the traditional Korean 

Han-ok building (JTH, Fig. 5) was also eval-

uated by the blower door test. It can be catego-
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Type Location Name
Air change at 50Pa

DEP PRE Mean

Light frame

Bong-wha villige

BLA 3.10 3.66 3.38

BSA 4.76 5.21 4.99

BLB 3.41 3.82 3.62

BSB 4.16 4.50 4.33

Jang-heung
JLA 10.72 11.43 11.08

JLB 23.41 23.58 23.50

Post and beam

Hong-reung HPB 10.01 11.08 10.55

Gwang-reung GPB 5.74 6.07 5.91

Jang-heung JPB 43.51 47.35 45.43

Han-ok Jang-heung JTH 74.12 89.47 81.80

Log house Jang-heung JLH 75.61 81.75 78.68

Table 7. Air-tightness of the domestic and overseas single-family homes

Country Year Number of building
Air-change rate (ACH50, h

-1
)

Mean Min Max

USA - 12,902 29.7 0.5 84

Canada 1985∼1995 222 3.1 0.4 11

UK - 471 13.1 2.0 30.0

Belgium 1995∼1998 51 7.8 1.8 25.0

Sweden - 44 1.0 - -

Finland 1981∼1998 171 5.9 1.6 1.8

Finland 2002∼2004 100 3.9 0.5 8.9

Norway 1980 61 4.7 2.0 8.0

Korea

(Chung-cheong
*
)

2008 22 16.4 4.7 31.6

* Reinforced concrete Source : Yoon et al, 2008

Table 6. Air-tightness results of Bong-wha village light frame buildings

rized as a post and beam structure. It showed 

very low air-tightness, 74.12 (DEP, h
-1

) and 

89.47 (PRE, h
-1

), as seen in Table 6. JTH had 

a floor heating system, meaning the low air- 

tightness may be good for ventilation but also 

making JTH cold and uncomfortable to live in 

during winter. So, as JTH gets more attention 

in housing market, its air-tightness needs to be 

improved. The log house in Jang-heung (JLH, 

Fig. 6) had very low air-tightness of 75.61 

(DEP, h
-1

) and 81.75 (PRE, h
-1

), as shown in 

Table 6. The wall of JLH is made by stacking 

logs and gaps formed when the wood shrinks.

3.2. Comparison of Air-tightness with 

Overseas Test Results

  Light-framed houses in Bong-wha village (BLA, 

BSA, BLB and BSB) and Han-green houses 

(GPB) showed better air-tightness than detached 
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housed in the Chung-cheng-do region, as shown 

in Table 7. 

  For the post and beam structures, GPB showed 

a similar performance to Finland housing from 

1981 to 1998 and Norwegian housing in the 

1980s. Moreover, it showed slightly better per-

formance than English housing (Table 7). The 

traditional Han-ok building (JTH) and the log 

house (JLH) were similar to the worst Ameri-

can housing. 

4. CONCLUSIONS

  This study found that air infiltration through 

the building envelope was the most significant 

source of air leakage, regardless of structural 

type.

  Among the tested building, light frame build-

ings showed the highest air-tightness on the 

blower door test, followed by post and beam 

structures and log houses.

  Results of the light frame buildings showed 

the low energy wall where PE film was in-

serted between the gypsum board and the frame 

had about 50% better air tightness performance 

than standard walls. And the area of the build-

ing envelope exposed to the outside had a sig-

nificant effect on air-tightness. Post and beam 

buildings showed different air tightness per-

formance according to the type of openings and 

amount of exposed wood frame in the wall. 

Log house showed the gaps between stacked 

logs formed by wood shrinkage and the aniso-

tropic nature of wood are the main reason for 

the poor air tightness.

  Based on these results, it is possible to see 

that timber frame buildings can successfully be 

used to build high air tightness performance 

housing.
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