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SYWOPSIS 

The air-t ightness of various types of 25 residential units was 
measured i n  detail  by the fan pressurization technique. The resi-  
dences included nine detached houses and 16 apartment units.  In 
this  study, the relationship between the pressure difference 
across the building envelope and the volumetric flow ra te  of a i r  
is  shown as well as  the r a t io  of the effect ive leakage area of one 
building element to  the total  leakage area. Secondly, the a i r -  
t ightness of various types of houses i n  different  countries i s  
compared u s i n g  the value of the effective leakage area per f loor  
area when the pressure difference across the envelope is  10 Pa. 
This comparison gave the important information as to  the a i r -  
tightness target  i n  Japanese houses. Additional ly  , in the three 
apartment u n i t s  which had different  leakage areas, the decrease i n  
indoor pressure compared to  outside pressure and the extracted 
volumetric flow ra te  of a i r  were measured i n  relation t o  the 
diameter of the duct for  intaking outdoor a i r .  Lastly, the 
important points i n  the design of ventilation systems fo r  an a i r -  
t ight  house are considered. 

LIST OF SYMBOLS 

Ap : Pressure difference between the inside and the outside of 
building, Pa 

Apo : Reference pressure difference, Pa 

Q : Volumetric a i r  flow ra te  through leakage, m3/h or  m3/s 

Qo : Q for Ap=Apo, m3/h or  m3/s 

Q '  : Q per u n i t  f loor area, m3/hm2 

Qb : Q '  for Ap=Apo, m3/hm2 

Q1 : Volumetric a i r  flow ra te  per uni t  length of window 
crackage, rn3/hm 

Qlo : Q1 for Ap=Apo , m3/hrn 

n : Flow exponent 

p : Air density , kg/m3 

A : Orifice area or  effective leakage area, m2 o r  cm2 

A. : Effective leakage area for  Ap=Apo, m2 or  cm2 

Ab : Specific leakage area, tha t  is  A. per unit  f loor  area, 
cm2/m2 

F : Floor area, m2 





SURVEY OF THE RESEARCH DONE ON AIR-TIGHTNESS OF HOUSES IN JAPAN 

Abstract of research i n  Japan 

Sixty years ago, ~omura~(1924) and ~ h t a n i  2(1928) measured, for  the 
f i r s t  time, the area of the crackages i n  the room envelope by 
means of a scale, and investigated the ef fec t  of the amount of 
such crackages on a i r  inf i l t ra t ion .  Watanabe3(1951) indicated, on 
basis of the above resul ts ,  tha t  the leakage areas in the room 
envelope of conventional wooden houses constructed roughly, normal - 
ly  and s t r i c t l y  were, more than 90 cm2, 50 to  60 cm2 and less  than 
30 cm2 per cubic metre of the room volume, respectively. Also, he 
showed tha t  the leaka e area i n  the room envelope of a concrete I house was 10 t o  15 cm per cubic metre. 

Maeda and Ishihara4 (1 961 ) measured the air-t ightness of building 
elements i n  concrete apartments using the fan pressurization tech- 
nique. I t  was the first time the fan pressurization technique was 
used. T h i s  s t u d  was followed by Narasaki e t  a1 .'(1974), Nurakami X , Yoshino e t  a1 ? *~~(1975-) ,  Asanolorll (1979), Aratani e t  a1 ? (1980) 
and Kamata e t  a1?3,14 (1981-) , a1 1 of whom measured the a i r ' t i g h t -  
ness of various types of houses by the fan pressurization method. 

Recently, Yoshino e t  a1 ?'116 (1982-) and Kamata e t  a1 ?4~17 ( 1982-) 
investigated the relationship between the air-t ightness of a house 
and a i r  in f i l t r a t ion  by f i e ld  measurements. 

1 .2 Measurement techniques of a i r -  t i  ghtness 

The air-t ightness of a whole house o r  one room was measured by 
fan pressurization and/or depressurization. In general, the volu- 
metric flow ra te  through the fan a t  depressurization is a l i t t l e  
smaller than the flow ra te  a t  pressurization, because when the 
room is depressed the space of crackage is  forced t o  become 
narrower b the pressure exerted on the outer surface of the wall. 

1 3  Kato e t  a l .  (1981) showed, by the investigation of a small t e s t  
house, tha t  when the pressure difference was 10 Pa, the volumetric 
flow r a t e  i n  the case of depressurization was 60 t o  80 % of tha t  
in the case of pressurization. Yoshino e t  a1 ? (1981 ) also demon- 
s t ra ted ,  by the measurement of the air-t ightness of one room, that  
the volumetric flow ra te  in the case of depressurization was 80 % 
of t h a t  of pressurization. B u t ,  Kamata e t  a1?4(1982) and Yoshino 
e t  a1 . (1981) reported tha t  no s ignif icant  different  in volumetric 
flow r a t e  was found between the pressurization and the depressur- 
ization methods when applied to  a typical wooden house. 

The air-t ightness of a particular building element was estimated 
by Murakami, Yoshino e t  a1.6(1975) in terms of the volumetric flow 
rate  difference of a i r  pushed into the shel ter  before and a f t e r  
removing tapes and/or vinyl sheets which covered tha t  element. 
Maeda and Nakazawa l8 (1 965) proposed a measurement technique In 
which a covering sheet supported by wires was attached t o  window 



and a i r  pushed i n t o  the space between the window and the cover by 
a small fan.  Kamata e t  a l t 4  (1982) measured the leakage area o f  
bu i l d i ng  elements using Blomsterberg ' s  techniquelg9 which he 
modif ied t o  apply t o  Japanese houses. 

1.3 I nd i ca t i on  of a i r - t i gh tness  o f  house 

Ai r - t ightness i s  ind icated by the  e f fec t ive  leakage area, which 
can be ca lcu la ted on the basis o f  the re la t ionsh ip  between the 
pressure d i f ference and the volumetric flow r a t e  of a i r .  I n  the 
case o f  an o r i f i c e  plate,  the re la t ionsh ip  between the pressure 
d i f fe rence  across the p l a t e  and the a i r  f l ow i s  

Therefore, the e f f e c t i v e  o r i f i c e  area i s  obtained by 

A = , / F i  .Q --------------..- (2) 

I n  the case of the leakage of bu i l d i ng  envelope, the re l a t i onsh ip  
between Ap and Q i s  expressed by 

1 

Qo takes t he  value o f  the f l ow r a t e  Q f o r  Ap=Apo. n i s  f l ow  expo- 
nent, which var ies from 1   laminar f low) t o  Z.O(turbulent f low) .  

I f  Equation(3) i s  introduced i n t o  Equation(2), the e f f e c t i v e  
o r i f i c e  area ( e f f e c t i v e  leakage area) i s  calculated by 

(4)  

If Ap=Apo9 Equation(4) i s  r ewr i t t en  simply as 

Qo depends on the value of Ape. So, i t  i s  s i gn i f i can t  how the 
value o f  Apo i s  selected. I n  Japan, Apo i s  given as 9.8 Pa 
(1 mmAq) . ~amura~', H i  1 don21 and Grimsrud e t  a1 ?2 gave Apo as 74.7 
Pa(0.3 inchH~O), 50 Pa and 4 Pa, respect ively.  I n  considerat ion 
o f  the pressure range exerted upon the bu i l d i ng  surface i n  a 
natura l  environment and ease of the measuring by the fan  pressur- 
i z a t i o n  technique, i t  i s  b e t t e r  t o  se lec t  10 Pa(+l mmAq) as the 
reference pressure di f ference. 

2.  MEASUREMENT OF THE AIR-TIGHTNESS OF HOUSES 

2.1 Descri   ti on o f  measured houses 

Table 1 shows the descr ip t ion o f  measured houses inc lud ing 8 deta- 
ched houses, 4 ter race houses and 13 apartments. Some detached 



houses are constructed by the conventional method, others are pre- 
fabricated. Measurements were made before the houses were 
occupied, except for Houses #17 and #18 which were measured 
several years af ter  occupation. Houses #12 to #I 6 in housing 
estate A had acoustic insulated windows. 

2.2 Measurement techniques 

- 

Detached 
houses 

Mu1 ti- 
fami ly 
houses 

*Speci f ic  

The measurement of the air-tightness was made using the fan pres- 
surization technique. The tightness of the building elements was 
estimated by the volumetric flow rate difference before and af ter  
removing the vinyl sheet which covered that element, Measurements 
were carried out under low wind speed conditions. 

Table 1 
Location 

Ibarak i  p re f .  

Tokyo 

Sendai-shi 

Tokyo 

Hachiohj i -shi ,  
Tokyo 

Tokyo and 
the suburbs 

Leakage Area 

2.3 Results of measurements 

2.3.1 Tightness of a whole house 

SLA* 
cdmt 
15.1 

5.8 

10.5 

10.0 

11.7 

20.8 

21.9 

22.6 

11.8 

6.0 

7.5 

2.4 

3.0 

2.8 

2.2 

1.7 

8.7 

3.4 

3.8 

3.8 

3.8 

5.7 

7'8 

6.6 

2.2 

Floor 
area ,d 

96 

101 

99 

89 

98 

88 

81 

81 

104 

89.0 

70.0 

67.0 

65.8 

63.4 

63.4 

64.3 

46.3 

54.4 

73.6 

73.6 

73.6 

93.0 

93'0 

93.0 

98.2 

occupation 

Description of measured houses 
Houses 

@wooden prefab. house(0ne story,  3BR+LR) 

@Concrete prefab. house(Two stor ies,  4BR+LR) 

Fig. 1 and Fig.2 show the relationship between the pressure differ- 
ence across the she1 ter  and the volumetric flow rate per unit 
floor area. Multi-family houses are generally more air-tight than 

Date o f  
measurement 

1975.2.1-5 

1975.11.18-23 

1981 -8.3-6 

1975.1.21-29 

1976.3.28-31 

1980.7.14-19 

1980.7.22 

1980.7.24 

1980.7.28-31 

1980.8.4-9 

Conventional 

S A - l ( ~ w o s t o r i e s ,  3BR+LR) A C o .  

@A-.?(TWO s tor ies ,  .38R+LR) 

3 8 - 1  (Two s to r ies ,  48R) B Co. 

@c-1 (Two stor ies,  5BR) 1 ~ C - Z ( T W O  s tor ies .  3BR+LR) C Co. 

~ C - ~ ( T W O  s tor ies .  4BR) 

@concrete prefab. house(Semi -det. 48R+LR) 

@ KEP-Experimental house(Mid f l oo r ,  4BR+LR) 

@ KEP-Experimental house(Mid f l oo r ,  ZBR+LR) 

Housing 
estat-A 
(apartments 
have acous- 
t i c  insu la t -  
- windows) 

Hous.Est.-B 

.@A-l(3rd flr. end f l a t .  3BR) 

@ ~ - 2 ( 3 r d  flr. mid f l a t .  3BR) 

@ A-3(3rd flr. mid f l a t .  3BR+LR) 

@A-4(3rd flr. mid f l a t .  3BR) 

@ A-5(3rd flr. mid f l a t .  3BR) 

@B- l ( 5 th  flr. mid f l a t .  3BR)$*,, 

Hous.Est.-C m ~ - 1 ( 4 t h  fir. mid f l a t .  3BR)*** 

~~!~~~~D 

Housing 
estate-E 

@D- l ( 1s t  flr. end f l a t .  3BR+LR) 

,@) D-2(2nd flr. mid f l a t .  3BR+LR) 

@ D-3(2nd flr. mid f l a t .  3BR+LR) 

@ E-1 (End t e r r .  4BR+LR) 

@ E-Z(Mid t e r r .  3BRtLR) 

3 E-3(End t e r r .  3ERtLR) 

@ F-l(2nd f lr. 48R+LR) 

**Steel frame windows ***Measured a f t e r  



detached houses. Among detached houses, House #2, b u i l t  w i t h  
concrete, i s  s i g n i f i c a n t l y  more a i r - t i g h t  than other houses. 
Conventional wooden houses, Hous~s #6 t o  #8, are ra the r  leaky. 
Detached houses have the value Qo o f  8 t o  33 m3/hm2 and the value 
n o f  1.1 t o  1.9. Among mu l t i - fami l y  houses, Houses #12 t o  #16 
which had acoustic insu la ted windows are r e l a t i v e l y  a i r - t i g h t .  
Mu l t i - fami l y  houses have QL o f  2.5 t o  20 m3/hm2 and n o f  1.3 t o  
3.3. The value o f  n i s  1.0 t o  2.0 theore t i ca l l y .  But three o f  n 
values ca lcu la ted by regression analysis are more than 2.0. This 
may be due t o  the f ac t ,  when the pressure d i f ference was low, Ap 
and Q were no t  always p rec ise ly  measured because o f  the wind 
e f fec t .  

2.3.2 A i r - t ightness o f  one t o  two rooms 

Fig.3 shows the r e s u l t s  o f  measuring the a i r - t i gh tness  o f  one o r  
two rooms. No d i f fe rence  i n  a i r - t i gh tness  was found between 
detached houses and mu1 t i - f a m i l y  houses. The room o f  House #8 i s  
leaky because the rooms are d iv ided by "Fusuma", t r a d i t i o n a l  
Japanese s l  i d i ng  doors. 

2.3.3 A i r - t ightness o f  bu i l d i ng  elements 

Fig.4 shows the a i r - t i gh tness  o f  the bu i l d i ng  elements o f  House #9. 
Fig.5 shows the same informat ion fo r  House #2. Houses #9 and #2 
are t y p i c a l  examples o f  leaky and a i r - t i g h t  houses. 

Before the  measurements were taken i n  a room, each element was 
covered over w i t h  a v i n y l  sheet u n t i l  the whole inner  surface o f  
the room was covered over. We then confirmed t h a t  the room was 
almost p e r f e c t l y  a i r - t i g h t .  Then, every t ime a v i n y l  sheet was 
removed from a p a r t i c u l a r  element, the re1 a t ionsh ip  between the 
pressure d i f ference across the she1 t e r  and the volumetr ic  f l ow 
r a t e  was measured. For a whole house, the measurements were taken, 
a f t e r  v i s i b l e  openings such as crackages o f  windows and doors, 
v e n t i l a t i o n  i n l e t s ,  and openings fo r  pipes were sealed w i t h  tape 
and v i n y l  sheets. 

(1) House #9 

a) Main bedroom 

Even when the whole inner  surface of the room was covered over 
w i t h  v i n y l  sheets, a s l i g h t  a i r  flow was measured when the room 
was pressured, which means the room was no t  pe r f ec t l y  a i r - t i g h t .  
Whenever a v i ny l  sheet was removed, the value Q increased. The 
data o f  Fig.5 ind icates the fo l lowings:  

i )  The wa l l  i t s e l f  has no leakage, bu t  the ce i l i ng ,  the in te r face  
between the c e i l i n g  and the wal l ,  and the in ter face between 
the f l o o r  and the wal l  have s i gn i f i can t  leaks. It i s  surpr is -  
i ng  t h a t  the volumetric flow r a t e  Qo through such leaks i s  



th ree times t h a t  o f  Qo through the crackages o f  windows. 

i i )  Unexpectedly, Qo through the crackage o f  windows i s  about one- 
f i f t h  o f  Qo through a1 1 1 eakages i n  the room. 

b) The whole house 

House #9 has a Q o f  about 600 m3/h a t  Ap=5 Pa when a1 1 v i s i b l e  
leaks are  sealed. Even i f  the openable v e n t i l a t i o n  i n l e t s  provid-  
ed i n  the window frame were open, the increasing fragment o f  Q i s  
only 10 % o f  Q through the crackage o f  windows. I t  can be sa id  
t ha t  such i n l e t s  are no t  used f o r  v e n t i l a t i o n  a t  a1 1. 

(2)  House #2 

a) Main bedroom 

There was no leakage i n  the wa l l ,  ce i l i ng ,  f l o o r  and the i n te r f ace  
between them except f o r  the crackages o f  windows and doors, and 
v e n t i l a t i o n  i n l e t s .  The value Qo through the v e n t i l a t i o n  i n l e t s  
i s  ha1 f t h a t  o f  Qo through the crackage o f  windows. 

b)  The whole house 

The value o f  Q f o r  Ap=5 Pa when a l l  v i s i b l e  leaks are sealed i s  a 
quar ter  t h a t  o f  House #9. Both Houses #2 and #9 are prefabr icated 
w i t h  concrete panels. But a s i g n i f i c a n t  d i f fe rence  i n  t ightness i s  
found between the two houses. This d i f f e rnce  i s  most l i k e l y  due t o  
the d i f fe rence  i n  the qua1 i t y  o f  workmanship, judging from the 
close observation o f  the bu i l d i ng  and the repo r t  o f  bu i lders .  

2.3.4 Comparison between the catalog data and the f i e l d  measurement 
r e s u l t s  o f  the a i r - t i gh tness  o f  windows 

Fig.6 shows the measurement r esu l t s  f o r  Houses # I ,  #2 and #10 and 
t h e i r  catalog data. The volumetric flow r a t e  per u n i t  length, Qlo, 
obtained by the f i e l d  measurement of Houses #1, #10 and #2 are, 1 
t o  1.5 times, 4 times and 6 times values o f  t h e i r  catalog data. 
This may be due t o  unsk i l l ed  construct ion. I n  order t o  r e a l i z e  
the expected a i r  t ightness o f  windows, s k i l l e d  construct ion i s  
necessary. 

2.4 E f f ec t i ve  leakage area o f  bu i l d i ng  elements 

The e f f e c t i v e  leakage area o f  a pa r t i cu l a r  element, Ao, can be 
obtained by ca lcu la t ing  the difference i n  the e f f e c t i v e  area 
before and a f te r  removing the v i ny l  sheet which covers the  element. 
Table 2 shows the A0 o f  the bu i l d i ng  elements o f  Houses #12, #19 
and #22 a l l  of which are apartments. The background leakage areas 
of Houses #12, # l 9  and #22 are, 40.3 cm2, 28.1 cm2 and 126.0 cm2, 
respect ively.  The background leakage area o f  House #22 i s  25% o f  
a1 1 o f  the leakage area o f  the envelope. The acoustic insu la ted 
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AP 
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Fig. 1 
Pressure difference and 1 eakage 
flow rate for detached houses 

AP 
(Pa) (mml\q) 

Fis. 2 
pressure difference and 1 eakage 
flow rate for multi-family houses 

Fig.6 
Measurement resul ts and catal og 
data of window tightness 

pressure difference and 1 eakage 
flow rate for one or two rooms 
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Fig. 4 Pressure difference and leakage flow rate 
for building elements of House #9 

I 
A WHO1 F HOUSE,  

* 

All visible openings were sealed. 

Leackage o f  ventilation 
I I I ,Ventilation inlet closed 

10 -. I." 

5 -0.5 

OL0.O 0 100 200 300 400 500 600 700 800 900 1000 

Fig. 5 Pressure difference and leakage flow rate 
for building elements of House #2 



Table 2 E f f ec t i ve  leakage areas o f  bu i l d i ng  elements 

Leakage o f  vent i .  i n l e t  closed 
Cover i n  c e i l i n g  o f  c lose t  
for inspect ion / 

Ven t i l a t i on  i n l e t  i n  k i tchen 

#12 (had 
acoust ic window) 

Window crackage 

Closed ven t i .  i n l e t  i n  bath 

Entrance door 

#19 

28.lcd(10.1~) 

0.9 (0.3) 

aachground 1 eakage area 

E l e c t r i c  ou t le ts  
- - 
- - 

' 

4.7*1 C2.9) 

Venti. i n l e t  i n  entrance door 

Leakage o f  k i tchen fan 

*1 The i n l e t  was open. *2 The i n l e t  was closed. *3 Had the  post box. 

122 
( Seme-de tached ) 

126.0cd(25.9%) 

9.2 (1.9) 

40.3c~(24.6%) 

4.7 (2.9) 

Vent. o u t l e t  i n  bathroom 

Total 

windows o f  House #12 have an A. o f  18.4 cm2, which i s  11 % o f  the 
e n t i r e  leakage area o f  the envelope. That p a r t i c u l a r  window i s  
f a r  t i g h t e r  than the normal windows o f  o ther  houses. The greatest  
leakage areas were the background leakage(24.6%) i n  House #12, the 
crackage o f  the entrance door(38.3%) i n  House #19 and the openings 
f o r  v e n t i l a t i o n  provided i n  the entrance wa11(39.9%) i n  House #22. 

- - 
- - 

0*2 (0.0) 

123.4 (25.4) 

- - 
0 (0.0) 

I 

- - 
34.0 (20.8) 

3 .  INTERNATIONAL COMPARISON OF THE AIR-TIGHTNESS OF VARIOUS HOUSES 

11.5 (2.4) 

21.7 (4.5) 

0*2 (0.0) 

18.~"?11.3) 

13.9 (8.5) 

37.9*;(23.2) 

9.6 (5.9) 

163.5 (100.0) 

It has been proposed f o r  the purpose o f  i n te rna t iona l  comparisons 
t ha t  the  a i r - t i gh tness  o f  a house be given as the r a t i o  o f  the 
e f f e c t i v e  leaka e area t o  u n i t  f l o o r  area f o r  Ap=lO Pa, which 

3Q Grimsrud e t  a1 . ca l  l ed  "Spec i f ic  leakage area". Spec i f i c  1 eakage 
are AL can be calculated by 

92.0 (33.2) 

- - 

106.2 (38.3) 

- - 
36.2 (13.0) 

Fig.7 shows the spec i f i c  leakage areas o f  various houses i n  d i f f e -  
r en t  countr ies. If the o r i g i n a l  data of a i r - t i gh tness  were not  
shown as Qo o r  A. f o r  Ap=lO Pa, these data were conveted i n t o  Qo 
f o r  Ap=lO Pa assuming l/n=0.6. 

194.1 (39.9) 

0 (0.0) 

14.1 (5.1) 

277.5 (100.0) 

a) A i  r - t i gh tness  o f  Japanese houses 

- - 
485.9 (100-0) 

Detached houses are p l o t t ed  i n  Rank 4 t o  Rank 6, except f o r  the 
a i r - t i g h t  houses i n  Hohhaido, which i s  the most northern por t ion  
o f  Japan. Almost a l l  o f  these houses were constructed recent ly .  
The a i r - t i gh tness  o f  o lder  houses constructed several decades ago 
are assumed t o  be p l o t t ed  i n  the pos i t i on  beyond Rank 6. Mu l t i -  
fami ly  houses are p l o t t ed  i n  Rank 2 t o  4 except f o r  two houses. 
Apartments equipped w i t h  acoustic insu la ted windows i n  housing 
estate A are so t i g h t  as t o  take the pos i t i on  o f  Rank 2. One o f  
apartments p l o t t ed  i n  Rank 5 was constructed i n  1956. The other 



Rank 1 2 1 3 1 4  5 1 6  

A'O 0 . 7 1  1 1 . 2 5  2 . 2 4  1 4 . 0  1 7 . 1  1 1 2 . 5  1 22.4 
(cm2/ m 4  0.53 0.95 1 .70  3 .0  5 . 3  9 . 5  17 .0  

I I ~a I I 
I aokkaido 1 Aratani e t  ? l f2  

(Air-tight houses made 
I o f  concrete blocks) 

-----A 

I 

Sendai I I - _ - -  

Japan 

Severe climate 

Fig. 7 International comparison of air-tightness of houses 



is a terrace house bu i l t  w i t h  concrete panels. 

b) Sweden 

70 % of Swedish houses, which are between a mean value plus a 
standard deviation(S.D.) and a mean value minus S.D., occupy Rank 
1 to  Rank 2. Swedish houses are  more air- t ight  than those of 
other countries, which i s  due to Swedish's severe cl imate. The 
Swedish standard of air-t ightness specified as the a i r  change ra t e  
for  Ap=50 Pa takes the position of Rank 2, close to  Rank 1. 

c )  Canada 

The houses i n  Ottawa, Canada occupy Rank 2 to  Rank 4. One of 
houses measured by Shaw was reported t o  be considerably upgraded. 
On the other  hand, i t  can be seen tha t  the houses i n  Saskato.on 
have become t ighter  and t ighter  since 1945 and the houses con- 
structed recently(1961-1980) take Rank 2 to  3 .  Especial ly ,  1 ow 
energy houses are  significantly air- t ight .  

d) U.S.A. 

Houses i n  the United States are widely distributed from Rank 2 t o  
Rank 5, except fo r  three houses located in a severe climate region'. 
The upgraded houses seem t o  be in Rank 2 to  Rank 3.  

e )  U.K.  

Houses i n  the U.K. are plotted from Rank 4 to  Rank 5, which i s  
nearly equal t o  the detached houses in Japan. I t  can be seen by . 
Hildon's measurement of houses before and a f t e r  r e t ro f i t t ing ,  tha t  
the air-t ightness of houses are  upgraded from Rank 5 to Rank 4 as 
a resul t  of re t rof i t t ing .  A similar change i n  level through 
re t ro f i t t ing  is seen in the examples of houses in Hokkaido. 

As a r e su l t ,  Fig.7 shows not only the present levels of air- t ight-  
ness of various houses i n  different  countries, but also gives 
important suggestion as t o  the target  of air-tightness in Japanese 
houses. 

4. FIELD TEST OF THE RELATIONSHIP BETWEEN THE PERFORMANCE OF 

VENTILATION SYSTEMS AND THE AIR-TIGHTNESS OF A HOUSE 

4.1 Introduction 

I t  i s  expected tha t  the performance of a ventilation system 
depends on the air-t ightness of a house. In order t o  c l a r i fy  the 
re1 ationshi p between the performance of venti 1 ation systems and 
the air-t ightness of a house, the following points were investigat- 
ed in three apartments which have different  levels of air-t ightness.  

i )  Relationship between the decrease in internal pressure and 



the extracted a i r  flow ra te  when the kitchen fan was operated. 

ii.) Air flow pattern i n  the most a i r - t ight  house when the kitchen 
fan and the t o i l e t  fan are operated simultaneously. 

i i i ) The re1 ationship between internal pressure and extracted flow 
r a t e  when a temporary duct for  the intake of outdoor a i r  is 
instal led for  the purpose of the experiment, and the flow 
r a t e  of a i r  passing through such a supply duct. 

4.2 Description of houses and measurement techniques 

(1) Houses used fo r  the experiment 

The experiment was performed i n  Houses #12, #19 and #22, the effec- 
t ive leakage areas of which are shown in Table 2. House #12 i s  
seen t o  be significantly more a i r - t ight  than the others. 

(2) Ventilation ;systems 

Fig.8 shows the ventilation systems of House #12 and #22. House 
#19 has the same system as House #22, except tha t  the extract  duct 
system is  divided into two ser ies ,  one for  kitchen and one fo r  
bathroom, and the capacity of the kitchen fan i s  a 1 i t t l e  smaller 
(300 m3/h a t  Ap=100 Pa). The ventilation flow ra te  required for  a 
kitchen i n  Japan i s  much greater than tha t  of other countries, 
because so much smoke, vapour and combustion gas are generated by 
boiling, broiling and frying u s i n g  a gas range. 

(3) Measurement technique 

The ext rac t  flow ra te  was measured inside the provisional duct 
attached t o  the hood using a thermister anemometer. The a i r  flow 
pattern when the kitchen fan and the t o i l e t .  fan are operated 
simultaneously was estimated by the measurement of the pressure 
difference scross the door dividing the two rooms by the observa- 
tion of tobacco smoke. 

4 .3  Decrease in internal pressure and the extracted a i r  flow ra te  with 
the kitchen fan o ~ e r a t e d  

Table 3 shows the decrease in internal pressure and the extracted 
volumetric flow ra te  when the kitchen fan was operated. Without a 
supply duct, i t  is evident tha t  House #12 which i s  a i r - t ight ,  shows 
signif icant  decrease i n  internal pressure,-125 Pa(-12.8 mmAq) from 
outdoor pressure fo r  the extracted flow ra te  of 360 m3/h when the 
fan i s  operatingathigh speed and has an internal pressure of 
-105 Pa(-10.7 mmAq) for  310 m3/h, even when the fan i s  on low. 

When the t o i l e t  fan was operated a t  the same time, a i r  flow across 
internal doors was observed(Fig.9). I t  should be noted tha t  the 
a i r  in the t o i l e t  and the bathroom was reversely pulled into the 



Table 3 Air flow rate and decrease in internal pressure 
under differet  conditions 

Ki tchen fan: 558 m3/h, 98 Pa Ki tchen fan: 450 m3/h, 98 Pa 
(10 mmAq) (10 mmAq) 

T o i l e t  f an  : 50 m3/h, 49 Pa T o i l e t  fan  : ? 
(5 mmAq) Washing room fan  : ? 

O I J ~ ~ O O  
6 

T o i l e t  Washing 
room 

(1) House t12  

* Vent i la t ion i n l e t  provided i n  vindow was open. o Through supply duct 
e Through ex t rac t  duct 

Fan 
speed 

High 
Low 
High 
High 

High 
High 
High 

High 
High 
High 

House 
812 

"Ouse 
# I 9  

House 
#22 

T o i l e t  Washing 
room 

(2 )  House #22 

Supply 
duct  

- 
- 

125 mn 
150 
- 

125 
150 
- 

125 
150 

1.1 
1.2* 
1.3 
1.4 

2 1  
212 
2.3 

3 1  
3:2 
3.3 

Fig. 8 Extract duct systems of t es t  apartments 
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- 
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48 % 
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26 % 
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k i tchen 

Closed 
Open 
Sealed 
Sealed 

Open 
Sealed 
Sealed 

Closed 
Sealed 
Sealed 

Ki tchen fan was operated a t  h igh speed I 
A i r  i n  t he  duct  was 

r reverse ly  pu l l ed  i n t o  the 

Internal  A i r  f low r a t e  m?h 
pressure 200 400 600 

room even when the t o i l e t  
fan was operated silumtaneou 

Pa mAq 
-125 (-12.8) -1:; 1-10.7) 

-6.3) 
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Fig. 9 Air flow pattern when the kitchen fan and 
the to i le t  fan was operated simultaneously 
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kitchen by way of the entrance hall due to  the h i g h  pressure 
difference across internal doors. 

The decreases in the internal pressure of House #I9 and #22 were, 
-27 pa(-2.9 mmAq) and -5.4 Pa(-0.55 mmAq), respectively. Reversal 
flow was not found i n  houses other than House #12. I t  is  important 
to  note the significant decrease i n  internal pressure and the 
reversal flow i n  an a i r - t ight  house. 

4.4 Influence of the diameter of the supply duct on the indoor pressure 
and the extracted a i r  flow ra te  

Table 3 also shows the decrease i n  internal pressure, the extracted 
flow r a t e  through the fan, the flow ra te  of a i r  passing through the 
supply duct and the ra t io  of the supplied flow ra te  to  the extract- 
ed flow ra te  when the kitchen is instal  led w i t h  the temporary a i r  
supply duct for  the purpose of the experiment. That duct has a 
diameter of 125 mm and a length of 3 .6  m or  a diameter of 150 mm 
and a length of 4 m. 

Diameter of supply duct Diameter o f  supply duct 
100 125 150 175 200 mn 

( b )  Calculation 
Fig.10 Change of internal pressure due to different  

diameter of ducts 

Diameter o f  supply duct Diameter o f  supply duct 

% -0--0- House #12(~b=2.4 cdn f  ) % 

% 1 0 0 ~  House #19(~;=3.8) 100 

( a )  Experiment ( b )  Calculation 

L 
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'+ 
0 

0 20- .,- 
+I 
m tx 

Fig.11 Ratio of a i r  flow ra te  through the supply duct 
to  tha t  through the extract  duct 

- -c)-cF- House #22(Ab=5.7) 
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Fig.lO(a) shows the relationship between the diameter of the duct 
and a decrease in internal pressure. The wider the diameter of the 
duct, the more the internal pressure r i ses  and approaches zero in 
two houses. B u t ,  House #12, which i s  t i gh t ,  s t i l l  has a low 
internal pressure(-49 Pa) when the diameter i s  150 mm. 

On the other  hand, internal pressure was calculated35 using the net- 
work method for  the two model houses, which had 3 bedrooms and a 
floor area of 73.7 m2. The house with an A. of 1 .7 cm2/m2 is  here- 
a f t e r  referred to as "Tight house", while the house w i t h  an A 0  of 
3.0 cm2/m2 i s  cal led$ "Normal house". The calculation resul t s  
shown in Fig.lO(b) indicate a relationship between the internal 
pressure and the diameter of the supply duct simi 1 a r  to  the resul ts 
obtained by measurement. 

If the decrease i n  internal pressure is t o  be controlled above -29 
Pa(-3.0 mmAq), i t  is necessary t o  se l ec t  a supply duct with a 
diameter about 125 mrn and 200 mrn for  Normal house and Tight house 
respectively, to  prevent the reversal flow of a i r  when the kitchen 
and t o i l e t  fan were operated simultaneously as well as the problems 
which accompany opening a door a t  a high pressure difference. Also, 
i n  order t o  control the decrease i n  internal pressure above -39 Pa 
(-4.0 miilAq), i t  i s  prefarable to  se l ec t  a duct w i t h  a diameter of 
100 to 125 mm and 175 t o  200 mm, for  Normal house and Tight house. 

Fig.11 shows the r a t io  of the a i r  flow ra te  through the supply duct 
to  the extracted flow rate ,  re la t ive  to  the different  ,diameters of 
the supply ducts. I f  175 mm i s  selected as  the diameter of the 
supply duct i n  order to  control the internal pressure above -39 Pa 
(-4.0 mrnAq), the r a t i o  of the intaking a i r  flow t o  the extracted 
flow r a t e  is  70 % for  Tight house. For Normal house, if the 
diameter i s  100 mm, the r a t io  i s  only 20 %. In the l a t t e r  case, i t  
can be said tha t  almost a l l  of the a i r  taken into the kitchen 
passes through the crackage and background leakage other than the 
supply duct. 

4.5 Important points for  designing the ventilation system of an a i r -  
t i gh t  house 

a )  I t  i s  important to  pay attention to  the capacity of a fan and 
the diameger of the supply duct or  ventilation in le t s  i n  a t ight  
house. In House #12, which was b u i l t  with acoustic insulated 
windows, when the kitchen fan was operated simultaneously with 
the t o i l e t  fan, the a i r  from the t o i l e t  and bathroom was pulled 
into the kitchen because the internal pressure in the kitchen 
significantly.  

b) In order to  control the decrease in internal pressure above -39 
Pa(-4.0 mmAq) to  prevent reversal flow, the diameter o f  the 
supply duct should be 100 to  125 mm for  Normal house with an A 0  
=3.0 cm2/m2(between Rank 2 and 3 ) ,  and 175 to 200 mm fo r  Tight 
house with an Ao=1.7 cm2/m2(between Rank 1 and 2 ) .  



5. CONCLUSIONS 

1) The air-t ightness of various types of 25 residential  uni ts  was 
measured by the fan pressurization technique. When the pressure 
difference across the she1 t e r  was Ap=lO Pa, the volumetric flow 
r a t e  per uni t  f loor  area of a i r  pushed into the she l te r  was 8 
t o  33 m3/hm2 for  the detached houses, 2.5 to  20 m3/hm2 fo r  the 
multi -family houses and 11 t o  45 m3/hm2 for  one to  two rooms. 

I t  was found by measuring the air-t ightness of building ele- 
ments tha t  there were many invis ible  leakages, tha t  i s  back- 
ground leakages other than the crackages of windows and doors, 
vent i la t ion i n l e t  leaks and leaks of openings fo r  pipes. Such 
background leakage areas vary greatly depending on the quality 
of construction. For example, in one of the two houses b u i l t  
w i t h  concrete panels, the bedroom had no background leakage, 
while the bedroom of the other house had an a i r  flow r a t e  of 
200 m3/h through the background leakage fo r  Ap=lO Pa a t  pres- 
surization. On the other hand, between the three types of apart- 
merits, the background leakage areas varied from 28 to  186 cm2. 

3)  Instal  led windows often have air-t ightness f a r  infer ior  to  the 
performance to  be original l y  expected. One of the windows 
measured th i s  time had a Qo six times tha t  of the catalog data. 

4) The air-t ightness of a house was specified as the effect ive 
leakage area fo r  Ap=lO Pa per uni t  f loor  area, or specif ic  
leakage area. By plott ing various types of houses along the 
sca le  of such specif ic  leakage area and comparing the houses of 
d i f fe rent  countries, important information was obtained 
concerning ta rge t  of air-t ightness i n  Japanese houses. 

5) The internal pressure was measured when operating the kitchen fan 
i n  three apartments which had d i f fe rent  air-t ightness.  In the 
a i r - t i gh t  house(Ao of 2.4 cm2/m2) equipped w i t h  acoustic 
insulated windows, the internal pressure was -1 25 Pa(-1 2.8 mnAq) 
f o r  Q=360 m3/h. When the t o i l e t  fan and kitchen fan were 
operated a t  the same time, the a i r  in  the t o i l e t  was reversely 
pulled into the kitchen. Both experiment and simulation 
analysis c la r i f ied  the f a c t  that  the diameter of the supply 
duct should be 175 to  200 mm fo r  a i r - t igh t  houses of Rank 2 t o  
3, so as  to  control the decrease i n  internal pressure above 
-39 Pa(-4.0 mmAq) i n  order to  prevent reversal flow and trouble 
w i t h  opening doors. 

6. ACKNOWLEDGEMENT 

The authors wish to  acknowledge the instructions and important 
suggestions of Honorary professor Takashi Shoda of the University 
of To kyo(Professor of N i  hon University) , Professor Fusao Hasegawa 
of the Tohoku University and Chief engineer Yasuyuki Utsumi of the 
Fuji t a  Technical Research Laboratory. 



7. REFERENCES 

1. H. Nomura,"Effect of Wind Flow on Natural ventilation of 
Dwelling", Kokumin-Eisei, Vol.1, No.11, 1924, pp 1-31 (in 
Japanese) 

2. S. Ohtani ,"Research on Natural Ventilation of Japanese Houses", 
Kokumin-Eisei , Vo1.6, No. 5, 1928, pp 1-51 (in Japanese) 

3. K. Watanabe, "Principl e of Architecture Pl annin DesignU, 
Mori ki ta-Shuppan Co. , 1951 , pp 98 (in Japanese 7 

4. T. Maeda, M. Ishihara et al.,"Investigation of Vapor 
Condensation in Concrete Apartment", 1961 , pp 11  -14 
( in Japanese) 

5. M. Narasaki and T. Kusumi,"Investigation on Air-Tightness.of 
Industrialized Houses, Report for the annual meeting of 
Architectural Institute of Japan, 1974, pp 241 -243(in Japanese) 

6. E. Sugiyama, S. Murakami and H. Yoshino,"Ait-Tightness Measure- 
ment of Building Elements of Industrialized Houses", Report 
for the annual meeting of Architectural Institute of Japan, 
1975, pp 253-254 (in Japanese) 

I 

7. K. Ohta, S. Murakami and H. Yoshino,"Air-Tightness Measure- 
ment of Building Elements of Industrialized Houses, Part Zn, 
Report for the annual meeting of Architectural Institute of 
Japan, 1976, pp 225-226 (in Japanese) 

8. T. Takase, S. Murakami, H. Yoshino et al.,"Research on Air- 
Tightness of Houses and Performance of Ventilation Systems", 
Report for Kanto-branch meeting of Architectural Institute of 
Japan, 1981, pp 57-60 ( in .Japanese) 

9. H. Yoshino, F. Hasegawa and Y. Utsumi,"Air-Tightness Measure- 
ment of Conventional Wooden Houses and Comparison of Other 
Data of Air-Tightness", Report for Tohoku-branch meeting of 
Architectural Ins ti tu te of Japan, 1981 , pp 1 55-1 58(in Japanese) 

10. K. Asano et al.,"Development of Total Performance Evaluation 
System for Dwellings", Report of The Building Research 
Institute, No. 87, 1979, pp 126-1 30 (in Japanese) 

11. K. Asano,"Ventilation Characteristics of Mu1 ti-Family Dwel- 
lings1', Journal of The Society of Heating, Air-Conditioning 
and Sanitary Engineerings of Japan, Vo1.51, No. 8, 1977, pp 51 
-56 (in Japanese) 

12. N. Aratani and T. Sasaki,"Performance of Air-Tightened House", 
Report for Hokkaido-branch Meeting of The Architectural 
Institute of Japan, No.52, 1980, pp 203-206 (in Japanese) 



13. S. Kato, M .  Kamata e t  a1 . ,"Fundamental Study on Prediction of 
Air Inf i l t ra t ion  of Dwellings w i t h  Field Test Data on Air- 
Tightness, Part I" ,  Report for  Kanto-branch meeting of The 
Architectural Ins t i tu te  of Japan, 1981 , pp 61 -64(in Japanese) 

14. M. Kamata, S. Kato e t  a1 . ,"Fundamental Study on Prediction of 
Air Inf i l t ra t ion  of Dwellings w i t h  Field Test Data on Air 
Tightness, Part 3", Report fo r  annual meeting of The Architect- 
ural Ins t i tu te  of Japan, 1982, pp 359-360 ( in  Jpanese) 

15. H. Yoshino, F. Hasegawa and Y. Utsumi,"Validation of Various 
Inf i l t ra t ion  Models Using a Test House", Report for  Kanto- 
branch meeting of The Architectural Ins t i tu te  of Japan, 1982, 
pp 49-52 (in Japanese) 

16. H. Yoshino, F. Hasegawa and Y. Utsumi,"Validation of Various 
In f i l t r a t ion  Models Using Three Test Houses", Report fo r  Kanto- 
branch meeting .of The Architectural Ins t i tu te  of Japan, 1983, 
( in  Japanese) ( t o  be publ ished) 

17. Tanaka, M y  Kamata e t  a1 . ,'Fundamental Study on Prediction of 
Air Inf i l t ra t ion  of Dwellings w i t h  Field Test Data on Air 
Tightness, Part 4", Report fo r  annual meetin of The Architect- 
ural Ins t i tu te  of Japan, 1983 ( in  Japanese) 9 to  be pub1 ished) 

18. T. Maeda and Y. Nakazawa,"Field Test Method for  Air-Tightness 
of Window," Report fo r  Kinki-branch meeting on Architectural 
Ins t i tu t e  of Japan, 1965, pp 81-85 ( in  Japanese) 

19. A.K. Blomsterberg and D.T. Harrje, "Approaches to  Evaluation 
of Air Inf i l t ra t ion  Energy Losses in Buildings", ASHRAE 
Transaction, 1979, Part 1 , pp 797-81 5 - 

20. G.T. Tamura,"Measurement of Air Leakage Characteristics of 
House Enclosure", ASHRAE Transaction, 1975, Par t l ,  pp 202-211 

21. A. Hildon, L.J. Heap, M. Trollope and R.  Watkins,"Energy 
Improvement Kits - Field Results", 3rd AIC Conference 
Proceedings, 1982, pp 11 .l-11.24 

22. M.H.  Sherman and D.T. Grimsrud,"Measurement of Inf i l t ra t ion  
Using Fan Pressurization and Weather Data", 1 s t  AIC Conference 
Proceedings , 1980, pp 279-322 

23. Asahi-Dow Limited,"Report of Experiment on Retrofit t ing of 
Houses", 1979 ( in  Japanese) 

24. M. Narasaki, S. Ishida and Y. Nakano,"Investigation of Houses 
fo r  Air-Tightness and Natural Ventilation Rate", Transaction on 
Environmental Engineering i n  Architecture, The Architectural 
Ins t i tu t e  of Japan, 1979, pp 13-18 ( in  Japanese) 

25. K. Ichikawa e t  al.,"Relationship between Outdoor Wind Flow and 
Ventilation in Morinomiya Mu1 ti-Family Dwell ings", Report for  
the annual meetin of The Architectural Ins t i tu te  of Japane, 
1977, pp 241 -243 7 in Japanese) 



26. J.  Kronval1,"Testing of Houses for  Air Leakage Using a Pressure 
Method", ASHRAE Transaction, 1978, Part 1 ,  pp 72-79 

27. C.Y. Shaw,"A Correlation Between Air Inf i l t ra t ion  and Air 
Tightness for  Houses in Developed Residential Area", ASHRAE 
Transaction, 1981, Part  2, pp 333-341 

28. P.K. Beach,"Relative Tightness of New Housing in the Ottawa 
Area", Building Research Note, No.149, Division of Building 
Research, National Research Council of Canada, 1979. 

29. G.E. Caffey,"Residential Air Inf i l t ra t ion" ,  ASHRAE Transaction, 
1979, Part 1,  pp 41-57 

30. R.D. Lipshutz, J.B. Dickinson and R.C. Diamond,"Infiltration 
and Leakage Measurement i n  New Houses Incorporating Energy 
Features", Lawrence Berkeley Laboratory, University of 
California, 1982 

31. P.R. Warren and B.C. Webb,"The Relationship between Tracer Gas 
and Pressurization Techniques i n  Dwellings", 1 s t  AIC 
Conference Proceedings, 1980, pp 245-276 

32. D.W. EtheridgeSMNatural Ventilation in The U.K.  and Some 
Consideration for  Energy", 3rd AIC Conference, Supplement to  
Proceedings, 1982, pp B1-B24 

33. P. OISullivan and P.J. Jones,"The Ventilation Performance of 
Houses - A Case Study", 3rd AIC Conference Proceedings, 1982, 
pp 10.1-10.21 

34. R.S. Dumont, H.W. Orr and D.A. Figley,"Air Tightness Measure- 
ment of Detached Houses in the Saskatoon Area", Division of 
Buiding Research, National Research Council of Canada, No.178, 
1981 

35. S. Murakami, Y. Utsumi and H .  Yoshino e t  a1 ."Ventilation 
System Design of House Instal led with Ut i l i ty  Unit Without 
an Outer Wall ", Report by Research Group on Ventilation 
System Design of House, 1981, pp 105-1 26 ( in  Japanese) 

36. S. Murakami and H .  Yoshino,"Investigation of Air-Tightness of 
Houses", Transaction of Architectural Ins t i tu te  of Japan, 
Vo1.325, 1983, pp  104-115 ( i n  Japanese) 

37. D.T. Grimsrud e t  al.,"Residential Air-Leakage and Indoor Air 
Quali ty  in Rochester, New York", Lawrence Berkeley Laboratory, 
University of California, 1982, pp 9 


