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ABSTRACT 

A significant fraction of energy used for heating dom~stic 

houses is lost through uncontrolled air filtration and 

ventilation. This infiltration depends on many factors 

including wind speed and the construction and design of 

the house. Another important aspect of determining actual 

ventilation ratesin houses is the occupant's behaviour in 

opening windows. The opening of windows by just a small 

amount can increase the air change rate several times. 

Unfortunately, this factor has been ignored in existing 

heat loss calculations for most cases. 

Air leakage and tracer gas (SF6) measurements were made in 

twenty-two better insulated houses. It was found that the 

leakage in the 'test' houses was on average 10% higher than 

that in the 'control' houses. About 40% of the total 

(average 21.3 ach) leakage rate at induced pressure difference 

of 50 Pascals flowed into houses through the floor boards and 

the air-bricks under the crawl spaces. The results of tracer 

gas measurement indicated that average leakage with closed 

windows lie in the range of 0.52 to 1.65 air changes per hour, 

with a mean value of 0.9. Opening a window by just a small 

gap can increase the number of air changes by a factor of 

2 to 5. 

The study also includes the possibility of correlating window

opening habits with its impact on ventilation rate. Window

opening observations established that there is a definite 

relationship between the outdoor air temperature and the 

number of open windows and 'test' house occupants open twice 

the number of windows compared to the 'control' house occupants 

in the heating season. As a result, theoretically, 'test' 

houses can conswne 40% more energy than 'control' houses at 

ooc ~ The three family factors which influence window opening 

behaviour are : whether the house is continuously occupied; 

the size of the family and the number of smokers in each family. 
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Nomenclature and Units 

A 

Ach 

Cd 

p 

AP 

Q 

Q* 

Q50 

R 

Ti 

To 

u 
ol 

,, 
p 

Area of opening Cm 2 ) 

Ventilation rat~, in air change per hour 

Discharge coefficient 

Pressure (Pa) 

Pressure difference (Pa) 

Volume flow rate (m 3 /s) 

Predicted volume flow rate Cm 3 /s) 

Volume flow rate caused ~y induced pressure 
difference of 50 Pa Cm /s) 

Ventilation rate (air change/hour) 

Indoor air temperature c0 c) 

OUtdoor air temperature (°C) 

Wind speed (m/s) 

Flow coefficient 

Flow exponent 

Density of air (kg/m3 ) 
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PART A: AIR FILTRATION MEASUREMENT 

A.l Introduction 

The energy required to maintain the interior of a house at a 

different temperature to that outdoor is largely determined 

by the amount of heat conduction together with the rate of 
natural ventilation through the exterior envelope. 

While the former has received considerable attention, the 

latter has often accepted philosophically as a residual term, 

difficult to quantify. However, it can account for a third 

or more of the total heat loss in a highly insulated house. 

In order to provide basic data on the air infiltration 

characteristics of better insulated houses in practice, a 

programme of air leakage and ventilation rate measurements 

were conducted in twenty-two houses, eight of which were 
found to be better insulated than others. 

As the exterior wall elements of the standard and better 
insulated houses differ primarily in the insulation thickness, 
a comparison of the simultaneously obtained infiltration data 

should show whether or not there is a correlation between 
insulation and air tightness. 

Tests were carried out over a period of two months (18 December 

1981 to 19 February 1982) over a range of wind speed and 

direction, and air temperature. All the measurements were 

taken in occupied houses. Whenever possible, both air leakage 

and tracer gas measurements were conducted on the same day. 

Attempts were made to obtain an unoccupied house for a longer 

period to enable a more detailed investigation over the 

influence of meteorological parameters on the magnitude of 
ventilation rates. This intention was abandoned because no 

unoccupied house was available. 



A.2 Descriptions of test site and houses 

The houses in this study are located at Kinneil Estate in 

Bo 1 ness , . some twenty miles north west of Edinburgh, on the 

south shore of the .·Firtih of Forth. The houses on the site 

are all orientated towards the N-E on a steep, north facing 

hillside. The site lies between SO and 75 metres above sea 

level with a difference in height of some 25 metres between 

houses at the topand bottom of the site. The hill slope 

provides some shelter from the wind on the south side; 

otherwise the situation is exposed except for a few rows 

of terraced houses on the west side and trees on the east 

side of the slope. (See Fig. Al). 

The site comprisesforty-two units of two-storey houses, with 

gross areas of approximately lOOm2 but of three different 

house types built in 1977-78 as shown in Table Al and Fig. A2. 

All houses are constructed of 250mm thick no-fines concrete 

external walls cast in-situ, harled externally and dry lined 

internally. Roofs are covered with concrete interlocking 

tiles on timber trussed rafters. Ground floors are of 

timber joists supported on honeycomb brick sleeper walls 

with approximately 300mm crawl space ventilated by air

bricks at one metre centres. First floors are of timber 

suspended floors supported on internal stud partitions. 

Both front and rear doors are timber framed with single glazing. 

Each house has ten timber framed windows - nine horizontally 

pivoted at the mid-points of the vertical sides and one 

louvered as listed in Table A2. Both external doors have a 

gap of approximately Smm between the door leaf and the floor. 

All the houses were built to Scottish Special Housing Association 

(SSHA) standard detailings, and complying with the 1975 Building 

Standards (Scottish) Regulations. Nineteen of the total forty

two houses were better insulated than others in the roofs, walls 

and floors (for details, see [ 1] ). 
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In this study, the better insulated houses are referred to 

as 'test' houses, and other as 'control' houses. In all 
other respects there are no visible differences between 

'test' and 'control' houses. 

A.3 Meteorological measurements 

Outdoor air temperature, relative humidity, wind speed and 

direction and rainfall are monitored continuously with the 

weather station mounted at a height of approximately 4 metres 

above ground level on the roof of the garage. The weather 

station is a combined system which provides continuous output 

of the sensors onto inbuilt chart recorder; and a day's 

weather data can be visually obtained immediately from the 

chart. Total solar irradiance on the horizontal surface is 

measured by two pyrometers mounted near the weather station. 
Their outputs are recorded by an automatic potentiometer and 

registered directly on a paper chart. 

A.4 Air leakage measurements 

Ventilation takes place through intentional and fortuitous 

gaps in the house envelope. The actual ventilation rate at 

any time depends both on the leakiness of the house and on 

the weather. 

Tracer procedures provide a measure of air leakage rates under 

more or less natural conditions. Where building tightness is 

of primary concern, apart from weather conditions, the most 

popular approach is to use a large fan to pressurise or 

depressurise thebuilding and then measure the volumetric 

flow of air caused by the fan. This approach can be applied 

to the entire house or on specific components. 
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A.4.l Principle of pressurisation method 

Houses of normal workmanship have numerous openings which 

permit outside air to penetrate the structure under the 

influence of wind stack effect. This leakage can be 

evaluated by deliberately applying a pressure difference 

between the house exterior and interior and noting the air 

flow. 

The house is pressurised by a fan fitted to a substitute 

exterior door. The air .flow Q through the fan is mcaoured. 

At equilibrium, the air flow into the house through the fan 

equals the total air leakage out of the house. Using the 

formula for air flow through a sharp-edged orifice, the 

equivalent leakage area A, can be evaluated as below : 

Q = Cd . A (. 2 ~P ) i (A.1) 

By assuming coefficient of discharge as 0.60 and density 

of air as 1.25 kg/m 3 

Q 0.76 A x b.P1 (A. 2) 

Equation ~.2 can only be applied when the sum of the area 

of the individual openings behave as sharp-edged orifices. 

In practice, all ventilation openings (including windows 

and exterior doors) should be.closed, and all interior 

doors should be kept opened to allow free air flow within 

the test space during the pressurisation tests. Under 

this condition; the most commonly used expression is of 

the form 

G - cl . A. AP~ (A. 3 ) 

A graph can be plotted of air flow ag~inst pressure difference 

to characterise the leakage of the building as it is at the 

time of test. The curve is generally of smooth 1 S 1 -like 

form as shown in Fig. A.3. 
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Alternatively, air leakage characteristics of the test space 

.can be determined by taking logarithm~ op both sides of 

equation A.4. 

log~ Q = log~ ( o<. A . ~pf& l 
I 091 C ct . A ) + p I~, b. p 

By rearranging 

~e G. = ·fi l09, M> .t loge ( o1.. A) (A. 5) 

This can be compared to the straight line equation Y = mX + C. 

By plotting ·Q against AP on a log-log scale, the measurements 

should fall on a straight line whereby the slope is represented 

by the flow exponent ~ and its initial value is represented by 

(~.A) as shown in Fig. A.4. 

•' 

A.4.2 Test equipment 

The principal assembly consists of a flow measurement duct 

and a variable speed axial flow fan connected in series. 

A plywood dummy door is placed in an exterior doorway of 

the house to be tested. The fan unit and flow measurement 

duct are then mounted on either side of this dummy door. 

The ~riginal door of the house was left on its hinges. 

(See Figure A.5 and Plate 2). Gauze screens were placed 

across the inlet of the duct and outlet of the fan to 

achieve a sufficiently uniform air distribution so that a 

reliable flow can be obtained from a single measurement of 

air speed. 

The air flow rate driven via the duct and fan was measured · 

by means of a p~t-static tube which was fixed in alignment 

with the axis of the duct and connected to an inclined 

manometer. A pressure tap was installed in the dummy door 

to measure the pressure difference between the inside and 

outside of the house during testing. 

5 



A.4.3 Test procedure 

In brief, whole house air leakage measurements were made by 

applying an uniformly positive or negative induced pressure 

difference across the envelope by using a large fan sealed 

into an external door frame. The total volume flow rate 

was then measured. The fan could be arranged both to 

pressurise and depressurise the house with respect to 

external air static pressure. All windows and external 

doors were kept closed and internal connecting doors kept 

opened throughout the test. The overall characteristics 

of the house envelope could therefore be determined by 

simultaneously measuring applied pressure and air flow 

rate. 

In order to determine the flow coefficient~ of a house, 

three additional tests were conducted. As above, the first 

test was conducted with windows closed and then one of the 

windows (kitchen) was opened by varying degrees in respective 

runs. Test conditions were as follows (see Plate 3) : 

Condition 1 . All windows tightly closed . 
Condition 2 : One window opened at approximately 

1° 30' (10 mm gap) 

Condition 3 : One window opened at approximately 
60 (45 mm gap} 

Condition 4 : One window opened at approximately 
17° (135 mm gap} 

Entire house leakage measurements were made over a range of 

pressure difference up to 60 Pa. However, . for the purpose 

of comparison with other published results, it is conv.enient 

to take the mean of the volume flow rates, that is SO Pa, to 

represent the 'leakiness' of the envelope. 

A. 4. 4 Test results 

Measurements of whole house air leakage were taken with 

either positively or negatively induced pressurisation in 

twenty-two houses listed in Table A.3. 
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Houses 1, 6 and 11 were selected as 'reference houses' and 

were tested both by pressurisation and depressurisation 
methods. Results for pressurisation were plotted in the 

upper right-hand quadrant whilst depressurisation were 

plotted in the opposite quadrant as shown in Fig. A6 and 

Table A4. To compare these two techniques, average readings 

for pressurisation and depressurisation were presented in 

the same quadrant; an average curve was drawn as shown in 

Fig. A7. In Fig. A7, the pressurisation curve intersected 

the depressurisation curve at the pressure difference of 

20 Pa. At this point of intersection, both techniques give 

the same rate of air leakage for the house. At pressure 

difference of So Pa, pressurisation reading show an over

estimate of 2.3%, whereas depressurisation show an under

estimate of 2.3% from the mean flow rate. All other 

readings at 50 Pa pressure difference were adjusted 

accordingly to obtain fair house to house comparisons. 

For each set of results, the air leakage rate was plotted 

against pressure difference to characterise '. the air 

tightness of the house under the test conditions as shown 
in Fig. AS. 

In order to find out those factors which may influence the 

magnitude of whole house leakage rate, a list of house to 

house comparisons has been drawn up in Table AS. Houses of 

similar parameters or test conditions were grouped together 

and average air leakage rates calculated. The calculated 

results of the different groups of houses were then compared. 

Spot checks were carried out on two occasions (House 1 and 
House 41) to dete:rrqine the air leakage rate through some of 

the components. A vane anenometer was hand-held to face the 

.direction of air flow hhrough the components and readings 

taken were shown in Table A6 . A constant pressure difference 

of 50 Pa was kept in the test house during these spot checks. 

I 
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The power law function (Q ~~.A. P~) was fitted to each set 

of results and the mean values of effective leakage areas 

(d.A) and flow exponent ~ calculated (with programmable 

calculator) for each test house and the results are shown 

in Table A7. The flow coefficient d was found by using 

calibrated leaks, i.e. tests conducted with various known 

area of window gaps in every respective run. (Complete set 

of cl and~ analysis is given in Appendix A). Fig A9 and 

Table A8 show the flow versus pressure difference curves 

for house 6 for the four conditions 

a) Background leakage areas only. (A m2 ) 

b) Background + 2 x 1. QO nun x 0.01 m gap (A + 0.02 m2) 

c) Background + 2 x 1.00 mm x 0 . 045 m gap (A + 0.09 m2) 

d) Background + 2 x 1. 00 nun x 0.135 m gap (A + 0. 2 7 m2 ) 

These curves satisfy respectively 1 

a) Q = 203.96 x APo:m :. (oe.Al = 2.03.951 
b) Q = 247.47 )( ~ ().T13 . ·• c o.. A + 0.02. l = 247 . 4&8 

. c) u = 436.09 " AP o.i35' : • ( r:1- • A + 0. 09 > = '°3&. 099 
d) Q = 847.30 '}( APo.6U • •• ( t:J... A. -+ o. 2.1 ) = 841. Z.95 

Solving by simultaneous equations 

Equations la & 2a : ol = 2175.55 

2a & 3a ot = 2694.59 

3a & 4a ~ = 2284.48 

4a & la o(. = 2382. 73 

Given a mean value of ol. = Ott. 2384.34 

The equivalent leakage area (A) is determined by 

A d. . A. 203.957 = 0.0855 m2 = = 
o( o.v 2384.34 
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We now obtained the power law equation for the House 6 

Q = 2384. 34 A x 6.Po.m (m3/hour) 

or Q = 0. 662 A x b.P o.T79 (m3 /sec.) 

A.4.5 Analysis of results 

The general shape of the air leakage characteristics of the 

house was found to be of a smooth S-like curve when overall 

pressure measurements were made over a range of pressure 

differences from about -60 to +60Pa. However, for the 

purposes of comparison with other results, it was 

convenient to takethe mean of the volume flow rates at 

+SO Pa and -so Pa to represent the 'leakiness' of the 

envelope. Houses where only one of the two tests, namely, 

pressurisation and depressurisation, were conducted, a 

mean of generalising the results was necessary. Little 

difference was found for results obtained from both . 

techniques for the pressure regime below 20 Pa pressure 

difference. As the pressure difference increased, the 

differences became more significant. An average value 

4.6% higher was found for tests conducted using pressur

isation rather than depressurisation methods at a pressure 

difference at SO Pa. It was, therefore, on this basis that 
a reduction of 2.3% was made to all Q50 using pressurisation 

measurements and an addition of 2.3% to all Q50 using 

depressurisation measurements. 

Houses of the three different plan layouts show little 

difference in wholehouse leakage rates under the test 

conditions (see Table A. Sa). ;The exposed surface area of 

external walls was found to have an effect on the air tight

ness of the house as shown in Table A.Sb. Detached houses 
which have four exposed surf aces revealed higher air leakage 

as compared to end-terraced houses (three exposed surfaces) 

and mid-terraced houses (two exposed surfaces). At first 

glance, 'control' houses i.e. the less well insulated 

9 



houses, appear to be 'tighter' than 'test' houses. As 

six out of eight 'test' houses compared to seven out of 

fourteen 'control' houses which were included in this 

survey were detached houses, no significance in their 

air-tightness can be established. 

Table ASd shows that houses with weather-stripping applied 

to their doors and windows were not more than 10% 'tighter' 

than houses without weather-stripping. This magnitude 

clearly illustrates that infiltration/exfiltration through 

these components can only account for a minor proportion 

of the whole house leakage rate. 

Beside other possible sources of leakage, spot examination 

showed that a great proportion of air flowed into houses 

through the floor boards and the ventilation under the 

crawl space. This leakage source was found to account 

for between 25% of total air leakage for mid-terraced 

houses to 40% for detached houses as shown in Tables ASe 

and A6. 

The effect of wind speed on air leakage rate is shown in 

Table ASf. Although there was a positive proportional 

relationship between wind speed and air leakage rate, the 

effect of wind direction relative to the orientation of 

the house and its openings could account for some of these 

differences. Unfortunately, an adequate study of any of 

these variables could not be conducted on the test houses 

because of their occupants. 

The relationship between the flaw rate through an opening 

and an applied pressure difference depends upon two para

meters, namely Reynolds Number and the geometry of the 

opening. The situation becomes more complicated as the 

number and type of flow paths of different areas are acting 

together as in thecase of the leaky house subjected to an 

induced pressure difference. It is generally convenient to 
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express the air leakage characteristic of a house by power 

law function of the form Q =cl. .A. AP~. By using power 

regression analysis, the effective leakage area (~.A) and 

flow exponent ~ were empirically determined for each set 

of results as list in Table A7. The average flow coefficient 

o<cw., was then calculated by simultaneous equations as shuwn 

in a previous section. 

A new parameter is now introduced to characterise the 

leakage of a structure - the equivalent leakage area (A). 

The role of this parameter in predicting energy loss due to 

infiltration is analogous to the role of thermal resistance 

in determining conduction heat loss. The leakage rate of a 

house is proportional to the equivalent leakage area as shown 

in Fig. AlO also shows that when the wind speed is higher 

than 2.0 m/s, the values begin to scatter and increasingly 

move, away from the predicted line as the wind speed increases. 

The average value of Cl(• , P•~v and A for all results obtained 

from pressurisation and depressurisation tests respectively 

are presented in Table A9. All results were then aggregated 

into an equation which neutralised both pressurisation and 

depressurisation. The generalised equation takes the form of, 

Q* = 2600 A x ~po.13 ... (A.S} 

In all cases, the flow exponent (!l should lie between O. 5 

for flowswhich were independent of viscosity and l.O for 

flows which were dominated by viscosity. For any given 

range of applied pressure, the smaller the cross-stream 

dimension of the opening, the closer ~will approach to 

1.0. This effect is shown in Fig. A.11. 

Fig. A.12 shows the measured whole house leakage rates at 

50 Pa pressure difference, Q50 , compared with the predicted 

values, Opso • These results were considered rather 
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encouraging, as some of the differences were mainly due 

to the effect of wind speed. 

Fig. Al3 shows the distribution of the mean volume flow 

rate for houses in this study, expressed in air changes 

per hour. Published results obtained in U.K. and other 

countries [4] indicated that varying levels of efforts 

were put in to obtain higher standards of air-tightness 

in dwellings. (See Table AlO for details). 

A.5 Tracer gas measurements 

Measurements were made of whole house ventilation rates 

using the exponential decay rate technique. Each measure

ment was conducted immediately after the pressurisation 

test in the individual occupied house. Every effort was 

made to avoid any inconvenience to occupants. One measure

ment was allowed for each window opening condition as shown 

in Plate 3 during this short duration. 

A. 5.1 Tracer equipment 

Test apparatus consists of a cylinder of SF6 gas, a portable 

SF6 detector chromagraph, an X-Y recorder and an electrical 

fan as shown in Plate 4. The detailed description of the 

test apparatus and its calibration were given in an earlier 

report [2]. 

A.5.2 Test procedure 

The tests were conducted with an electron capture detector 

using sulphure hexafluoride (SF6 ) as a tracer gas. The 

concentration of such tracer gas can be detected in the 

range of 5 to 65 ppb. The tracer gas detector was situated 

in the downstairs hall. All windows were kept closed and 
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all internal connecting doors kept opened. Tracer gas 

was introduced into the room, and distributed evenly 
throughout the house by means of an electric fan. 

Concentration of the tracer gas was continuously 

monitored over similar time intervals. The decay 

rate of the tracer gas was then used to determine 

the instantaneous air filtration rate under natural 

conditions. The tests were conducted first with windows 

closed and then one of the windows· opened by varying 

degrees in every respective run. 

A. 5. 3 Test results 

The rate of tracer concentration decay method gives a 

single result whichiisan estimate of the rate of change 

of air in the enclosure assuming perfect mixing. The 

air change rate is the ratio of the volume of air which 

enters (or leaves) the enclosure to the volume of the 

enclosure. A typical result for the decay of tracer 
concentration is shown in Fig. Al4. 

The results of the ventilation rate measurements for 

twenty houses 1 together with meteorological data during 

the tests are tabulated in Table A.11. As these houses 

were constructed by similar techniques and of similar 

materials, built by the same contractor and at the same 

time period, it is therefore reasonable to assume that 

their ventilation characteristics are quite similar. 

In general, wind speed was found to be the dominant 

variable and the ventilation rate for each house was 

fitted to wind speed as shown in Fig. AlS. Table Al2 

shows the enormous increase in ventilation rates resulting 

from the two parameters of opening of a window and wind 

speed influence. 

1 3 



A.5.4 Analysis of results 

One should remember that these measurements are not intended 

to be representative but merely serve to indicate the 

general magnitude and range of whole house ventilation 

rates found in better insulated houses in practice. The 

mean ventilation rate was found to be 1.0 ach for fourteen 

houses, the remaining being rejected because their tests 

were carried out under wind speeds exceeding 4.0 m/s. It 

is of interest to compare these results with test results 

carried out by BRE [3] on 26 houses which yielded a mean 

ventilation rate of 0.7 ach. 

Although there was a fairly good correlation between the 

ventilation rate and.iwind.:speed, as shown in Fig. AlS, a 

large number of factors could have influenced the resultant 

ventilation rate. These factors include wind direction and 

turbulence, orientation of the houses, interior air chamber 

effects and indoor-outdoor temperature differences. So far, 

available data from this study are too few to yield a 

definitive correlation of ventilation rate in terms of the 

above variables. 

With the exception of two points, the data are reasonably 

well correlated for each house type in terms of wind speed 

alone. It can be fairly well expressed in terms of the 

following equations : 

For 'control' houses, 

R • 0.401 + 0.351 U (A. 7) 
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For 'test' houses, 

R = 0.558 + 0.318 U 

where R = Air change per hour 

U = Wind speed (m/s} 

. . . (~.8} 

The difference in leakiness for 'control' and 'test' houses 

of virtually identical design could arise for a number of 

different reasons. Two possible contributing explanations 

are : 

a} 'test' housesin this study comprised a higher 

proportion of detached houses which have a 
greater exposed surf ace area compared to 
1 control' houses. 

b) most of the 'test' houses in this study were not 

weather-stripped around the doors and windows. 

The results of ventilation rate measurement showed that 

opening a window by just a small amount can increase the 

number of air changes per hour by a factor of 2 to 5, as 

shown in Table Al2 & Fig. Al6. 

A.6 Comparison of pressurisation and tracer gas measurements 

Tracer gas methods of measuring are generally complex and 

time-consuming but it can provide a direct estimate of 

natural ventilation rate under the test conditions. The 
instrumentation is expensive and requires skill to operate 

it~ Unfortunately, although pressurisation techniques are 

simpler, they do not give the true air change rate of the 
building under natural (small irregularly distributed and 

fluctuating pressure differences) conditions. 
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The whole house leakage is a global characteristic and as 

such would not be a good basis for ventilation prediction 
) 

because no indication of the locations of conununications 

of the measured leakage is given. For example, two houses 

with the same measured leakage, one of which has all the 

open area on external walls and the other dividing the 

area between floor and ceiling, would conceivably have 

quite different ventilation characteristics even if sited 

side by side. 

The usefulness of the pressurisation test would be 

considerably enhanced if it can be demonstrated that the 
natural ventilation rate of a house can be related to 

leakage characteristics. The measurements, using both 

types of equipment, conducted in twenty houses were 

reduced to equivalent leakage areas and ventilation rates 

and then compared as shown in Fig. Al?. The correlation 

is not good enough to draw any conclusions mainly because 

of the influence of strong winds during the tests. 

Fig. Al8 shows a scatter plot of the whole house ventilation 

rate against air leakage rate at SO Pa pressure difference. 

It indicated that wind speed plays a more predominant role 

one tracer gas ventilation rate greater than on air leakage 

rate. However, there appears to be no useable relationship 

between leakage rate and ventilation rate. Long-term 

experiments (to eliminate the effect of weather) could 

perhaps datermine any useful ralationship between these 

two characteristics. 

A further complexity in relating leakage and ventilation 

is the apparent variation with time of the whole leakage . 

As well as a possible seasonal variation, there appears 

to be considerable changes in a building as it settles and 

ages from its 'new' state [4]. 

16 

~ · ·' I 

--, 

I 



,~ 

r 
f 

l 

l .. 

I I L .. 

A.7 Conclusions 

a) Air leakage and tracer gas (SF6 ) measurements 

were conducted in twenty-two houses. It was 

found that the leakage in the Ttest' houses 

was about 10% higher than that in the 'control ' 

houses. The probable reason for the higher air 

leakage in 'test' houses could be attributed in 

part at least to the higher proportion of 

detached houses that took part in this study. 

b) Little difference was found in the results 

obtained from both pressurisation and depressur

isation techniques for pressure regime below 

20 Pa pressure difference. As the pressure 

difference increased, the difference becomes 

more significant. 

c) The exposed surface area of external walls have 

an effect on the air tightness of the house. 

Detached houses revealed higher air leakage 

rates compared to that of end-terraced houses 

and mid-terraced houses. 

d) Houses with weather-stripping applied to their 

doors and windows were found to be not more 

than 10% 'tighter' than houses without weather

stripping. 

e) Air leakage rates through various building 

components were measured in selected houses. 

The results indicated that a high proportion 

of air flowed into houses through the floor 

boards and the air-bricks under the crawl 

spaces. This leakage source was found to 

account for up to 40% of the total leakage 

rate. 

1 7 



f) 

g) 

A new parameter, the equivalent leakage area, was 

introduced to characterise the leakage of a structure 

It has a linear relationship with air leakage rate. 

Results of pressurisation and depressurisation tests 

were aggregated to form a generalised equation, 

Q = 2600 A x AP
0

"
13 . The predicted results were 

fairly close to the measured results. 

h) Tracer gas measurements conducted in fourteen houses 

indicated that average ventilation rates, with windows 

and other controllable openings closed, lie in the 

range of 0.52 to 1.65 air change per hour. The 

remaining measurements were rejected because their 

tests were conducted in wind speed conditions 

exceeding 4.0 m/s. It also indicated an approx

imately linear variation with wind speed. 

i ) 

j) 

Houses in this study and British houses on the whole, 

•re relatively less air-tight than houses in countries 

such as Sweden and Canada. This is probably why whole

house air infiltration rates are relatively high. 

Pressurisation measurements at steady high pressure 

can be used as a basis for house-to-house air tightness 

comparison. Unfortunately, they give no indication as 

to the locations or communications of the measured 

leakage. Measurements show that nearly 40% of the 

total leakage of these houses flowed into the interior 

through the carpet, floor boards and ventilators under 

the crawl spaces; under natural conditions these flow 

paths may not have played such an important role to 

the air change rate. 

k) A long term investigation into the relationship between 

whole house leakage characteristics and natural vent

ilation rates of a house, that is, comparing 
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simultaneous measurements to eliminate the effect 

of weather, will be required before any useful 

relationship between two characteristics can be 

determined. 

1) Practical difficulties experienced in the measure

ment of ventilation in occupied houses, and in 

organising sufficient access precluded any other 

definite conclusions. 

A.8 

1. 

2. 

3 • 
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Table A.l Details of house ty~es 

House Code 

0.3/065 

0.3/066 

05/062 

Total 

Detached 

Test Control 

2 

6 

2 

10 

2 

6 

3 

11 

Mid-terrace 

Test Control 

l 

2 

.3 

2 

1 

.3 

6 

End-terrace 

Test Control 

1 

2 

3 

6 

1 

2 

3 

6 

Total 

9 

17 

16 

42 

l 
I 

\ 

l 
1 

l 
l 

( See Plate 1 for rictoria.l. views af detached and end-terrace hous€ 1 

Table A.2 Rooms and openable windows for an avera.ge house 

No •.. of window Type of 
Room each room window Size of window Area of window 

3 Bedrooms 1 h.p. 1000 x 910mm 0.910 m 

1 Living* 3 h.p. 1 x 1000 x 9lOmm 0.910 m 

2 x 780 x 780mm 0.710 m 

l Kitchen 1 h.p. 1000 x 9l0mm 0.910 m 

1 Dining 1 h.p. 1000 x 910mm 0.910 m 

1 Bath 1 h.p. 1000 x 510mm· 0.510 m 

1 w.c. l loUV2"9d . 190 x 560mm 0,.106 m 

* Only some of the houses have the extra side Window 

NOTE : h.p. = horizontally pivoted 

Table A.3 Tzpes of test houses 

Detached Mid-terr-ace End-terrace 
House code Test Control Test Control Test control Total 

03/065 2 1 - 1 l 1 6 

GJ/066 2 4 - - - 2 8 

05/062 2 2 - 3 l - 8 

Total 6 7 - 4 2 3 22 

20 

l 
] 



~ ---i ~ -c- ------\ 

Table A.4 Whole house lea.k~e measurements for three •reference houses' 

Pressurisation Teat Depreasurisation Test Average Values 

Reading House 1 House 6 House 11 House 1 House 6 House 11 Pressure. Depressure. 
No. AP Q AP Q AP Q AP Q AP Q AP Q AP Q AP Q 

1 2.5 335 3.5 ~ 550 2.2 335 6.5 750 4.5 670 4.0 600 5 658 5 70) 
2 4.o 552 6.2 840 5.5 669 9.7 1040 7.5 1000 0.2 990 10 1129 10 1167 

3 12.5 1405 15.0 1610 9.5 1004 18.4 1840 16.2 1840 16.5 1800 15 1549 15 1569 

4 21.5 2074 22.5 2340 26.0 2342 27.4 2340 21.4 2240 31.6 2760 20 1938 20 1937 

5 35.0 3011 36.1 3350 39.9 3178 41.0 3180 34.9 3280 52.2 )644 25 2)07 25 2280 
N 6 51.J 3880 44.6 3950 48.6 3680 51.8 3680 44.8 3810 53.5 3720 JO 2659 30 2605 _.. 

7 55.0 4149 48.6 4230 56.1. 4049 57.7 3910 49.8 4080 58.8 39)0 40 ))28 40 )215 

8 59.2 4316 51.1 4350 - - 61.4 4010 52.1 4250 - - 50 3960 50 3784 

9 6J.3 4482 53.6 4500 - - 64.2 4150 54.1 4350 - - 60 4565 60 4324 

a.A 179.77 20).96 178. 98 195.87 221.44 233.03 187.60 216.78 
p o. 782 o. 779 0.779 0.742 0.750 0.701 -o. 780 0.731 

r2 0.997 0.999 O'. 999 0.996 0.999 0.996 0.999 0.999 

Q50 3824.4 4287.3 3763.7 3565.1 4165.1 3619.2 )960 3784 

<i;o 1869.0 2100.0 1844.1 1806.9 2094.8 1903.5 1938 1937 

. -· · ~· --·- - -- . -- ·- -·--- - --· . - ·· · - .. - -·-·· · · ~ · - -- --· ... ·- -· . - ·- · ...... ·--·-- ·- -·· 



Table A.2, List of house to house comDarison with various uarameters 

Mean air leakage rate at 
No. of pressure difference of 50Pa 
sample 

m /hour Air change/hour 

a) House ulan 

Code OJ/065 6 4862 21.1 

Code OJ/066 8 4878 21.l 

Code 05/062 8 4975 21.5 

b) House type 

Detached lJ 5324 2J.l 

End-terrace 5 4877 21.1 

Mid-terrace 4 45.33 19.6 

c) House group 

Control 14 4760 20.6 

Test 8 5170 22.4 

d) Weatheretripp~ doors/windows 

Houses with 12 4766 20.6 

Houses without 10 5080 22.0 

e) No. of crawl space ventilators - --
ll numbers l 4123 17.9 

15 numbers 7 4727 20.5 

21 numbers 10 50:30 21 . 8 

2:3 numbers 4 5122 22.2 

f) Influence of wind speed 

Not exceeding 2m/s 10 4585 19.9 

2 to 4 m/s 6 50.31 21.8 

Exc eeding 4 m/s 6 5:327 23 . 1 

NOTE : The mean air leakage rate for all twenty- two houses at 

pressure differenc e of 50 Pa = 21.J ach. 
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Table A.6 Component leakage rates 

Component Air leakage rate per unit 
component at 50 Pa ( m3/hr ) 

Crawl space ventilator ( 15 nos.x 205 x 125mm ) 95 

Circular ventilator ( 2 nos.x 150mm ) 190 

Discharge pipe ( l no.x JSmm ~ ) 8 

Discharge pipe ( 2 nos.x 19mm ~ ) 3 

23 
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HOUSE rm ._L_ 
DATA OF TEST : ~.'2.S2. 

AIR IllF'ILTRAT! .ON - PRESSURIZATION TEST RE~ULT SHEET 

HOUSE CODE 

HOUSE GROUP 

HOUSE nl'E 

HOUSE VOLUUE 

OJ/065,. QJ,'9H, i:ic; 'i:lkP 

eeNTRO:&' . TEST 

DETACHED, 'iliNB DE'i'lz8HEB, '11-::nrn:n:;i 

a"!>O. ~ mJ . 

HOUSE ENVOLOPE ( EXPOSED SURFACE ) WALL AREA : IO<.. '2"2. 1112 

lfO., OP' CRA.WLSPACE V3NTILATORS : -A!._ 

TEKPER.A!?tJBE ~ IN:OOOR : J.!&_ 0c, OUTDOOR : ~ 0c • ~T : '2.!5 °c 
WIND : SPEED : _ P't/min QR ~ m/ s, DIRECTION ~ _.J:!.. 
~IVE ROMIDITY : INDOOR : .J2._ ~, OUTDOOR : ~ ~ 

WEATBEBSTRIPPING OF OPENillGS : ~ / NO 

BEA.TIBG CONDITION WBING TEST : ON /-&ff-
TEST CONDITIONS l. ALL wnmows TIGMLY CLOSED 

2. ONE WINDOW OPEN TO APPROX. lOmm GAP ( o.o2m2 ) 

J .,_ ORE WINDOW OPEN TO APPROX. 45mm GAP ( 0. 09m2 ) 

4. ORE WINDOW Opi:'....N TO APPROX. l.35mm. GAP ( 0.27m2 ) 

TEST RBSULTS ( PRESSURIZATION / BEFFE3SSYill:Za"&:9N ) 

PHESSURE DIFFERENCE ( Pa ) AIR FLOW RATE ( m.3/hr ) 
:!O. l 2 3 4 1 2 J 4. 

l °!) .~ ~·C 3.0 'Z.·0 ~() ~q.o 1070 l"J.10 

2 &.t 1·0 S'. '2. t~ fl~O 1100 ,,,0 1&.70 

3 1•{.o 1.q,,'J. JI ,t') S' .0 1'110 2,010 2.010 'J.b7' 
4 '1'2..t 2.1 ·'l.. 1$:.0 7-i U'fa lof)O 3180 H~O 

5 ~ !&. I 2.1-~ I~.~ 10. 0 ~3So 3ct~o 3q!o al~ 

6 44-" 38-b ·2n IZ.·O ?>ql"o 4JS°O .#io AJS':PJ 
7 4fl.fo 41 -4 z.11.9 11.-l ~'2.30 4~~0 Jib BO ~680 

8 ~-1 44.1 U.. l. '~·0 4~~0 ..UlO Jl.1S'O ~1so 

9 ~f'- 4l; 'Z.l~ !~.~ 4~0 47So 4'ffe 4tBO 
10 

RESID',T AEALYSIS ( . Q • o<. A. • 4pfl ) 

L .(. A. • ~o~. ,s7,S1 .. o. TIS~ 
2. cil;;(A'+ 0.02) • 'aU-l.~%,82 .0::.,7.z.,. 
J. ol.(4 + 0.09) • 43'1.~1 ~J •O · n'h" 
4. el.(A + 0.27) • ~"1·~,'r p4 •O· "'07.0 

CONSIDER CONDITION 1 ONLY: 

Q5 - '714.0 
QIO • 11.'2.&f>.1 
Q.a • 2100.s 
Q:ICll - 2.!180.Co 
Co111,. 3~o:!>.G, 
Qam 4497.!I 

r2.o. 9Cfqs 
r2 .. o . '!~St. 
r 2. o. ,<tS~ 
r 2 .. o. <r=!'l~ 

al 1 • -a11~ . s~ 
ol 2 .. u.1i.i • ~1 
ot J .. 7.2.~. 4~ 
d.4 .. ~'0'2.. 1 3 
d.av. . 4?.'ft. 3't 

A • EQ. LEAKAGE AREA -
• o.os~~ m2 

GEN'. EQ.: Q :a0.0'D'5~av.J• 

TABLE A. 8 RESULTS OF .AIR LEAKAGE MEASUREMENIS OF DIFFENT OPENING 

CON DI TION S Fm HOU SE 6 ( PR ES SUR ISA T ION ) 
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'J~c1ble A .10 A comparison of air leakage characteristics of dwellings in different countries 

Author Country 

Present results U.K. ( Scotland ) 

Warren et al ( 1980 ) U.K. 

Grimsrud et al ( 19'79 ) u.s. ( California ) 

Colet et al ( 1979 ) Denma'rk 

Kronvall ( 1978 ) Sweden 

Beach ( 1979 ) Canada ( Ottawa ) 

\. - - L___." L,___ 

Average 
a imple house 

size bolume 
( m3 -) 

22 230 

19 200 

13 378 

6 303 

25 317 

63 553 

Air leakage characteristics at 50 Pascals 

Q50 Qrs/V OJ Ax 
( m3/ hr ) ( ach ) ( m3/ m2 hr ) exponent 

fl 

· flow 

4900 21.3 · 34.7 0.73 

2740 13.9 22.1 0.60 

3330 9.4 - -

2730 8.6 - 0.70 

1360 4.5 5.0 0.77 

2420 4.4 8.4 o.66 

applied 
pressure 
direction 

Mean 

Mean 

Mean 

Positive 

Positive 

Positive 

( Abstracted from Warren and Webb, 1980 ) 

'-'----' '--~--J L~---_j 'c __ J ~ ~ I 
'---.:..:..J "-----.J ;____j ~ ~ -~' 
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Table A.II Results of ventilation rate measurement for twenty houses 

~--- -·-

Wind Window openizlg conditions 
House Test House 

Ne. date type ~T Speed Directn. w-s 1 2 .3 4 

1 05.02.82 c 4 1.4 w J 0.,55 0066 0.98 l • .'.38 

.3 17 •. l2a8l c 15 o.7 varies J 0 .. 74 Oa85 1..28 2.45 

6 05.02~82 T .3 1.4 YI x 0.90 LOS LlO 1.,44 

7 23 .. 12.81 c 12 0.9 varies J 0.72 0.,87 1 .. 44 2.,23 

8 27 oOl .. 82 T 6 5.0 w x 2o57 .3080 .3 .. 80 8 .. 87 

11 18.02.82 c J 0.9 E J 0 .. 84 1.57 1 .. 91 2.01 

12 22.01.82 T 9 J.O SE J 1.65 1.97 4.53 5 .. 18 

14 06.02 .. 82 c 2 1.5 s ./ 1.08 J.29 3.26 5.,00 

15 30.01.82 c 4 4.9 w x 1.85 3.76 6.78 10.26 

17 24.01 .. 82 c 3 2.3 w x L27 1 .. 40 1.84 3.87 

18 17.01.82 T 4 5 .. 5 NW / 1.88 2 .. 27 ~ .. 08 

19 21 .. 12 .. 81 T 5 2.5 SE x 1.21 1.71 2.11 4.,06 

22 18.02 .. 82 c 9 0 .. 9 E x o .. 64 1..09 lol2 1 .. 27 

23 19.02.,82 c 3 2.5 E x 0.52 Oo65 0 .. 76 0.,87 

25 21.01.82 c 4 1.0 NW x 0.92 1 .. 53 1 .. 82 3.39 

26 18.01.82 T .3 .3. 0 SE J 1.62 4.04 4 • .34 5 .. 40 

.33 10.02.82 c 4 4.8 E J 2 .. 13 5 .. 24 9.92 11.51 

.35 0.3.02.82 c 4 2.5 E J 1 .. 20 1.41 1.82 5.,91 

40 29.01.82 c 4 4.6 NE x 2.70 4.85 9.43 25.30 
41 29.01.82 c 4 4.6 NE J 1.92 2.61 J • .37 13.,0J 

Table A.12 Increase of air change rate with position of Window and 

wind speed 

Wind speed 
Position n.e.2 m/s 2 - 4 m/s exc.4 m/s 

no. Description of Window position (sample-8)(sample-6)(sample-6) 

1 All Windows tightl~ closed a.so 1.21 2.,18 

2 One window opened at approx. 1°.301 1 .. .37 1.86 3 .. 76 

J One window opened at approx-. 6° 1.§_l 2.57 6.86-

4 One window opened at approx., 17° 2.40 4.22 13.80 

5 Two windows opened at approx. 1°30' 2.84 4.96 

6 Two windows opened at approx. 6° 4.14 6.90 

27 
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PART B IMPACT OF WINDOW-OPENING HABITS ON 

NATURAL VENTILATION RATES 

B.l Introduction 

An important aspect of determining actual ventilation 

rates in houses is the occupant's behaviour in opening 

windows. The opening of windows by just a small amount 

can increase the air change rate several times. Unfortunately, 

this factor has been ignored in existing prediction models 

for most cases. 

Factors which influence occupants to open or close windows 

can be summarised within four groups (see Fig. Bl): 

a) External conditions such as wind, temperature, 

precipitation and noise. 

b) Internal conditions such as temperature, humidity 

and quality of air. 

c) Occupancy effects such as size of family, periods of 

occupancy each day and number of cigarette smokers 

in family. 

d) Psychological factors such as energy-saving 

consciousness, behaviour learned in early childhood, 

stress factors and other. 

Earlier investigations by the Building Research Station [l] 

some thirty years ago and recently by Brundret~2\ndicated 
that housewives systematically opened their windows more 

as the outdoor temperature increased. The intention of 

this study is to extend the survey to modern low energy 

houses in more detail . To identify the main features of 

weather and psychological factors, three procedures are 

needed. Firstly, a regular observation of a number of 

houses over a long period of time; secondly, a systematic 
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recording of the weather data over the same period; and 

thirdly, a questionnaire or interview with the households 

in each family. Concurrently, this study also includes 

measurements of ventilation rates with windows first 

closed and then adjusted to va~ying amounts, by tracer 

gas and pressurisation technique as described in Section A. 

B.2 Outline of investigation 

B.2.1 Window opening observation 

A regular survey had been undertaken over the same group of 

forty-two houses (one of these houses is unoccupied because 

of fir damage). All rooms with an open window were observed 

and recorded for the whole year of 1981. Open window 

conditions were classified into 

Condition l 

Condition 2 

Condition 3 

Condition 4 

Window tightly closed 

Catch on first notch (approximately 
0 l 30' or 10 mm gap) 

Window open to main stop (approximately 

6° or 45 mm gap) 

Window open wider than condition 3 

(ranging from 10° to 90°) 

For the sake of convenience, window open to condition 3 is 

referred to as a standard open window, condition 2 is taken 

as half and condition 4 as twice the standard open window 

respectively when ~he total open windows are added at the 

end of each observation. This is purely an arbitrary 

deei~ion. 

B.2.2 Weather data 

Outdoor air temperature, relative humidity, wind speed 

and direction and rainfall are monitored continuously 

with the weather station mounted at a height of approximately 
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four metres above ground level. 

is given in Section A3.) 

(Detailed description 

B.2 . 3 Survey of family characteristic and behaviour 

Questionnaires were sent to all residents in November 1981. 

The questionnaire was designed to elicit basic factors such 

as size of each family, period of occupancy in each day; 

and records user habits such as smoking and finally to 

ascertain what the person's own reasons and opinions on 

window opening were. Twenty-five out of forty-two houses 

on the site returned their answers within one month. The 

__ r~_m~ining residents were interviewed on a face-to-face 

basis. 

B.3 Survey results 

B.3.l Window opening observations 

The relationship between the number of rooms with an open 

.window and outdoor air temperature derived from the 

observations over a year is given in Fig. B2 and B3. A 

definite correlation between window opening and outside 

air temperature can be establishe?; of even greater 

significance is the difference between 'tes-t• house and 

control' house occupants. (See Table B.l). Using 

regression analysis, the empirical equations for (average) 

'test' and 'control' houses are found to be: 

for 'test ' houses, 

W = 0.687 + 0.149 T0 ( B. l) 

for 'control' houses, 

W = 0 . 329 + 0.158 T0 ( B. 2) 
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where w a number of rooms with open windows 
'd . . QC T = outsi e air temperature in 

The distribution of rooms containing open windows is shown 

in Fig. B4. A close agreement between the results of 

Brundrett and the present one was found. Bedrooms are the 

most common rooms for open windows, and other following the 

same pattern though to a smaller magnitude. 

The detail breakdown of relationship between open windows 

and outside air temperature for bedrooms, w.c., living 

room, kitchen and dining room are included in Appendix B. 

B.3.2 Survey of family characteristics and window-opening 

habits 

Table B.2 shows the three important family charac~eristics 

which influenced the number of rooms with open windows. 

The first characteristic was the size of family. Table B.2a 

shows that the number of open windows increased with the 

number of occupants in the family. The second was period 

of occupancy in the house. About 75% of the houses in 

this st~dy were occupied continuously; the remainder 

have been classified as 'split-occupation• where no-one 

is in the house for any significant time period throughout 

the working day. Table B.2b shows that 'split-occupation• 

houses had only about 70% of the window open compared to 

those houses of continuous occupation. The third character

istic was the number of persons smoking in the family. 

Table B.2c shows that for any additional smoker in each 

family the number of the open windows was increased ·.~by 

about 20%. 
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Fig. BSa, BSb, and BSc show that bedrooms were the rooms 

most frequently ventilated. Almost 80% of the occupants 

open their bedroom windows daily and half of this 80% 

open the windows for more than 8 hours. Although kitchen 

windows were ranked second after bedroom windows, about 

half of these were opened for less than 2 hours. 

To freshen the room air was ranked as the most likely 

reason for keeping windows open both in summer and in 

winter as shown in Fig. B.Sd. The majority of the 

households kept their windows closed in order to save 

energy and avoid draughts. (See Fig. B.Se). 

Table B.3 lists the answers to the questions relating to 

window-opening habits. 

B.4 Discussion of results 

The results of this study confirms the findings of two 

previous studies by Dick and Thomas and Brundrett. The 

observations showed-a strong seasonal pattern with more 

windows being closed with the approach of winter and 

then a re-opening of windows with the approach of warmer 

weather. At the temperature of o0 c, about half of the 

- houses had- one window open. There is a distinctive 

difference between 'test' house and 'control' house 

()ccu,p_an_ts .. i~ their window-opening behaviour, approximately 

twice as many rooms had open windows in the 'test' houses 

as in the 'control' houses in the heating season. One 

possible explanation for this is that the 'test' house 

occupants are running their houses at higher internal 

air temperatures and are controlling inside temperatures 

by w~ndow opening and hence increasing the space heat 

consumption and undoubtedly the ventilation heat losses 

(See Table B. 4) . 
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The rate of ventilation heat loss is theoretically given by 

where 

H 
v 

T . 
1 

T 
0 

c 

p 

Q 

= 

= 

= 

= 

= 

= 

C p Q (T. - T ) 
1 0 

( B. 3) 

indoor air temperature (OC) 

outdoor air temperature (OC) 

specific heat capacity of air (993 J/kg.K) 

density of air (1.25 kg/m 3 at lo0 c) 

volume flow rate ( m3 /s) 

Let v ~ volume of enclosed space, R = number of air 

changes per hour (ach). Then 

H v = 1.25 x 993 x V x R X 24 kWh/day 
3600 x 1000 

( B. 4) 
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The effect of window-opening ventilation on daily energy «J 
consumption as shown in Fig. B.6 indicated that 'test' houses 

are consuming 40% more energy than 'control' houses at o0 c. l 
The percentage difference diminishes as the outdoor air 

temperature increases. It also showed that the proportion 

of energy losses through natural ventilation are much 

greater than the normal assumption of one air change per 

hour for heat loss calculation for British houses. 

Windows in bedrooms are most frequently opened and kept open 

for longer periods. The survey revealed that the next most 

popular room to have an open window but of much shorter 

duration, is the kitchen. No significant difference was 

found between rooms of 'test' and 'control' houses except 

bedrooms. 
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Large variations were found to exist in window opening 

behaviour from household to household but bascially there 

are three significant family factors which influence the 

number of rooms with open windows. The first factor was 

the size of family. Results showed that the number of 

open windows for both 'test' and 'control' hosues increased 

progressively with the number of occupants in the family. 

The second factor was whether the house was continuously 

occupied or not. Houses with split-occupation were found 

to have only about 70% of the window open compared to those 

houses of continuous occupation. When the houses were to be 

left unoccupied for a few hours (e.g. for working housewives) 

55% of 'test' house occupants as compared to 28% of 'control' 

house occupants replied that bedroom windows were to be left 

'open on a cold morning while other windows remained tightly 

closed. The number of persons smoking in the family was 

' the third factor which influenced the number of open windows. 

Results indicated that for every additional smoker in the 

family there will be an in.crease of about 20% of open 

windows. The most probable reason for this was that more 

fresh air was needed for odour dilution. 

Nearly half of the total forty-one houses kept one or more 

windows open during the winter night. Of those houses with 

open windows, about one quarter of them had their internal 

connecting doors opened. This will most certainly result 

in tremendous heat loss from the building to the exterior . . 
surrounding. 

The results of ventilation rate measurement {presented and 

discussed in Section A.5) showed that opening a window by 

just a small amount can increase the number of air changes 

by a factor of 2 to 5. The air change rates from open 

windows are highly variable due to the ~omplex interaction 

of many factors. To better understand how these and other 

factors combined to produce high air change rates requires 

further research. 
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B.5 Conclusions 

a) The most important contribution to the total air change 

rate is the effect of open windows. Opening windows 

just a small amount can increase the number of air 

changes by several times. 

b) The observation has established that there is a definite 

relationship between the number of rooms with open 

windows and outdoor air temperatures. 

c) There is a significant difference between 'test' house 

and 'control' house occupants in their window-opening 

behaviour. 

d) 'Test' houses consume more energy than 'control' houses 

to sustain the higher ventilation rate in the heating 

season. 

e) Bedrooms are the rooms most frequently ventilated and 

kept open for longer periods. 

f) The frequency of open windows increases with growing 

family size. 

g) Houses which are continuously occupied are much more 

likely to have an open window. 

h) The frequency of open windows increases with every 

additional smoker in the family. 
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Table B.I ; Detail of the results 

Total Houses • Sample of 41 houses 

Control Houses = Sample of 23 houses 

Test Houses • Sample of 18 houses 

Empirical exnression 

W = A + B To 

where W • number of rooms with open windows 

To • outdoor air temperature in °c 

a) For all the houses 

Room Value of .L Value ofi 

Total : Total 19.929 6.328 

Control 7.569 J.6J8 

Test 12.)60 2.690 

Bedrooms : Total 15.337 2.669 

Control 5.786 1.535 

Test 9.551 1.133 

w.c. : Total 3.J68 0.986 

Control 1.406 0.602 

Test 1.962 0.384 

Bath : Total 1.256 0.851 

Control 0.528 0.521 

•.rest 0.728 0 • .330 

Kitchen : Total 0.441 0.622 

Control 0.211 o.J47 

Test 0.2JO 0.275 

Living : Total -0.412 0.892 

Control -0.272 0.486 

Test -0.140 0.407 

Dining : Total -0.141 0 • .351 

Control -0.282 0.191 

Test 0.140 0.161 
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Correlation 
coefficient 

0.95 

0.94 

0.94 

0.94 

0.93 

0.89 

0.85 

0.87 

0.81 

0.86 

0.86 

0.83 

0.91 

0.87 

0.81 

0.87 

0.83 

0.81 

0.75 

0.10 

o.6J 
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b) For an average house 

Room 

Total : Total 

Control 

Test 

Bedrooms : Total 

Control 

Test 

w.c. Total . 
Control 

Test 

Bath Total 

Control 

Test 

. 
Kitchen : Total 

Control 

Test 

Living : Total 

Control 

Test 

Dini:-g : Total 

Control 

Test 

Value of..!. Value ofJL Correlation 
coefficient 

0.486 0.154 Oa95 

0.329 Oal58 0.94 

o.687 0.149 0.94 

0.374 0.065 0.,94 

0 .. 252 0.067 0.93 

0.531 0.063 0.89 

Oa082 Oe024 0.,85 

0.061 0.026 0.,87 

0.109 0.021 0.81 

0.,031 0.021 0.86 

0.023 0.023 0.81 

0 .. 040 0.018 0.83 

0.011 0.015 0.91 

0.009 0.015 0.87 

O.OlJ 0.015 0.81 

-0 .. 010 0.022 0.87 

-0.012 0.021 o.8J 

-0.000 0.023 0.81 

-0.00) 0.009 0.75 

-0.012 0.008 0.70 

0.000 0.009 0.6J 
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Table 6.2: Family Characteristics 

a) Influence of family size on rooms with open window 

Size of 
For one whole year 

Family sizo 
a ample Total Test Control Total 

Two persons 4 1.39 (4) 1.)9 (4) - 0.73 (4) 

Three persons 11 2.0J (11) 1. 78 (2) 2.09 (9) 1.10 (11) 

Four persons 20 2.51 (20) 2.52 (8) 2.50 (12) 1.59 (20) 

Five persons 5 J.41 (5) J. 70 (J) 2.99 (2) 2.10 (5) 

Seven persons 1 6.14 (1) 6.14 (1) - 3.90 (1) 

b) Influence of period of occupancy on rooms with open window 

Period of Size of For one whole year 

occupation sample Total Test Control Total 

Continuous Jl 2. 72 (31) J.04 (11) 2.55 (20) 1.66 (31) 

Non-continuous 10 1.86 (10) 1.87 (7) 1.83 (3) 1.09 (10) 

c} Influence of number of persons smoking on room with open window 

~ize of For one whole year 
No. of smoli:ers sample Total Test Control Total 

. 
No 14 1.98 (14) 1.84 (5) 2.06 (9) 1.14 (14) 

One 14 2.)5 (14) 2.68 (5) 2.16 (9) 1. 53 (14) 
mw- l.~ -: --- ~1-~ " c- "-) - 34 , - • - • 8~ . } ) . _, . . - . • J • -- - ~ 

Winter only . 

Test Control 

0.73 (4) -
1.11 (2) 1.10 (9) 

1.60 (8) 1. 59 (12) 

2.37 (J) 1.69 (2) 

J.90 (1) -

Winter only 

Test Control 

1.89 (11) 1.54 (20) 

1.16 (7) o.94 (3) 

Winter only 

Test Control 

1.19 (5) 1.11 (9) 

1.69 {5) 1.44 (9) 
11 ( . l _____ __, ( 5 ~ -- .. -~ --' ----J -~- - - -...J 
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Table 63: Survey of questions relating to window-ooenine; habi ts, and of 

answers to these 

Questions and Answers 

Q. Ja) In the winter, how often are one or more 

windows kept opened during the night ? 

Answers : 

a) Every night/most nights 

b) Sometimes 

c) Never 

QQ Jb) When windows are kept open during the 

winter, are doors to those rooms usually 

closed, or usually opened ? 

Answer : 

a) Usually closed 

b) Sometimes shut, sometimes not 

c) Usually opened 

Q. Jc) Would you consider opening a window when 

heating is on ? 

Answer : 

a) Yes 

b) No 

Q. Jd) Does the daily outdoor temperature 

influences the number of windows you 

open each day ? 

Answer : 

a) Yes 

b) No 
c) Not sure 

i:., 

l % Responce 

. !o1ial I Test 
N•41 N ... 19 

44 

17 

.39 

68 

12 

20 

65 

35 

73 

24 

3 

44 

17 

39 

55 

17 

28 

56 

·44 

61 

JJ 

6 

Control 

N•2J 

44 

17 

.39 

78 

9 

lJ 

7.3 

27 

83 

17 
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Table &a ( cont'd ) 

Questions and Answer 

Q. Je) Does the increase of wind speed influence the 

number of windows you open each day ? 

Answer : 

a) Yes 

b) No 

c) Not sure 

Q. Jf) What will you do if you were about to go for 

a holiday of not less than one week duration ? 

Answer : 

a) Close all the windows tightly 

b) Leave all the windows open slightly 

c) Open all upstair windows slightly 

d) Only bedroom windows are to be left opened 

e) Only W.C. window is to be left opened 

t) Only livi!lg room windows are to be left 

opened 

Q. Jg) If you are the l&st person in the hou8e, what 

will you do before you go out to work on a cold 

morning ? 

Answer : 

a) Close all the windows tightly 

b) Only bedroom windows are to be left opened 

c) Only W.C. window is to be left opened 

d) Only Living room windows are to be left 

opened 

e) Open all windows slight 

f) Do not bother about the windows at all 

SB 

% Response 

Total 
Na41 

56 

41 

3 

f;B 

8 

10 

2 

2 

38 

40 

11 

4 

7 

Test 
N=l8 

67 

33 

82 

6 

12 

20 

55 

15 

5 

5 

1 
I 

Control I 
N•2J 

48 

48 

4 

76 

8 

8 
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l 
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Table B.4 Energy consumption for space heating ( Dec.1979 I Dec.1980 ) 

( Average consumption per house ) 

Electricity + paraffin Electricity + paraffin + colal .. 
House type + colar gas consumption gas consumption + other gains· 

Total 8297 kW 12249 kW 

Control 8001 kW 11842 kW 

Test 8675. kW 12741 kW 

* Excluding solar heat gains and metabolic rates. 
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J.i'ig. 5.5 : Occupants• Behaviours . I 

a) Q. Which room do you frequently ventilate ? , 
( Rank l to 6, i.e. l for most frequently, and 6 for least frequent r 

BEDROOMS 

KITCHEN 

w.c. 
l 

BATH 

LIVING 

DINING 

Most . 
fraquently 

vent.ilated. 

l 2 3 4 5 

I I I I I 

·- - . I - -- -
- -- - - ·-

&4 

Least 

frequently 

ventilated 

6 

I 

1 

l 
l 

J 

~-i 

-1 
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Pio:. B-5 ( cont'd ) 

b) Qe How often do you open the following windows ? 

100'/C 
~ 

80 

60 
I Ill Ir 11111 I 11111111111 - - 1.11/1,r1n r.1I11rn • Only in summer 

... ~ Occasionally 
40 

D .. - - - Once a week 

~ Twice a week 
20 .., ' 11111111111 11111111111 11111111111 11111111111 · 11111111111 11111111111 

illIIIIIID Daily 

0 - - - .. -
i I 0 0 0 

i = = = 0 • = H H 
~ - · . E-1 0 E-1 I> = llr:1 H • < H s j:Q ~ ill j:Q ~ 

c) Q .. What is the duration of leaving the following windows opened ? 

~ li00% 

80 

60 

!{) 
• 

20 · 

0 

~ 
llr:1 
j:Q . 

:z; 
0 
E-1 

t1 
• 

0 . 
!!I: 

= ~ 
j:Q 

;z; 
~ 
H 
~ 65 

;z; 
H s 

• • D 
~ 
~ 
II 

Nil 

Less than 1 hour 

1 to 2 hours 

2 to 4 hours 

4 to 8 hours 

More than 8 hours 



Pig. B-5 ( cont'd ) 

d) Q. What is the reasons for opening windows in winter and in summer ? 

( Rank 1 to 7, i.e. 1 for most likely; and 7 for l~ast likely reason ) , 

Least likely WINTER Most likely SUMMER Least likeJ 
reason reason reason 

-, 6 5 4 3 a t 2 3 4' -s 6 7 
I I I I I I I I 1 I 1 I 

To freshen the room I . 
To avoid condensation 

To remove cooking smells 

To remove hot stuff room air 

To remove moisture 

To remove smoke 
r 

For respiratory needs - - - -
e) Q. What is the reasons for keeping the windows closed in your house ? 

( Rank l to 6, i.e. l for ~ost likely; and 6 for least likely reason ). 

I · 

To prev•nt heat loss 

To prevent draughts 

To prevent wind from blowing 
into the room 

For Security reasons 

To keep out the outdoor noise 

Most likely 
reason 

1 
1 

2 
l 

3 
1 

4 
l 

Least likely 
reason 

5 
1 

- ·- -- -
66 
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APPENDIX A 1 : PRESSURISATION TESlS : RESULTS ANALYSIS 

l 
House Test Ereesu7.i..sation Test DeEressurisation Test 

[ . . No No a f3 q2 050 a 15 R2 050 

1 197.,77 0 .. 782 0.9967 3824.40 195.87 0 .. 742 0.9959 3565.09 

i- 1 
2 233" 43 0 .. 773 0.9987 4593 .. 09 232 .. 92 ·,0.,7.36 . 0.,9995 4146 .. 51 

. 3 401.,.30 0.751 0.9970 7584 .. 39 347.69 0.,739 0.,9972 6266 .. 97 

r-~ 
4 961.71 0.7.33 0.9963 168.32.47 1023.22 o.657 0.9990 13361.13 

' \ 1 .312.33 0.,714 0.9958 5102.50 

r~ : J 
2 355.61 0.707 0.9992 5636.00 

3 544.60 0.705 0.9970 8580.00 

-l ~ .. 4 1138.26 0.611 0.9789 15691.52 

1 203.96 0.779 0.9995 4287.30 221.44 0.750 0.9991 4165.06 

6 2 247 .. 47 0 .. 773 0.9988 5088 .. 91 277.86 0.749 0.,9994 5196 .. 46 

3 436.09 0.735 0.9988 7712.53 426.92 0.72.3 0.9935 7215.38 

4 -- 847.30 0.682 0.,9924 12233.43 837.82 0.603 0.9971 8872.84 

1 206.84 0.769 0~9950 4192.91 

7 
2 256.40 0.733 0.9994 4505.08 

3 399.89 0.714 0.9984 6526.37 

4 895.60 0.709 0.9997 14358 .. 45 

l 411.12 o.685 0.,9976 6001.01 

2 460.57 0.691 0.9970 6863.09 
8 

3 653.73 o.688 0.9970 9650.33 

4 1146.23 0.662 0.9790 15264.14 

\ 
1. 178.98· - 0.77.-9 0.9995 3763.72 

.. 
o. 792 o. 9997 5175.90 - -l -- - - - - 2 23.3.84 

11 
.o. 789 o. 9976 9741.82 

3 . 444.44 

4 816.25 0.741 0.9895 14805.69 

1 275.16 . o • .?b2 o. 9978 5431.21. 

2 . ;328.-70 -. 0.-767 0.9950 66146.30 
12 

3 446~93 o. 766 o. 9930 8963.29 

4 915.·35 ... o.6~8 0.9990 10253.51 

l .. 



i 
House Test Pre'ssurisation Test Depressurisation Test 

No No Q 13 R2 
050 a j3 R2 050 

1 262.9, 0.757 0.9990 5089.21 

J 2 313.42 0.747 0.9995 5831.07 
13 3 439.76 0.740 0.9993 7963.45 

4 827.11 o.653 0.9915 10626.96 l 
1 198.47 0.802 0.9970 4569. ] 
2 246,91 0.769 0.9950 4996 ..... 

14 
3 373.36 0.745 0.9760 6893.() 

4 732.20 0.599 0.9960 7633. 

--, 
1 417 .89 0.655 0.9960 5408 •. i 
2 461.40 0.671 0.9960 

J 

6370.Jl 
15 

3 715.91 0.610 0.9980 9872.i"·: 
I 

4 1012.37 0.615 0.9560 11245.~-f 
-· 1 

1 393.44 o.677 0.9990 5557 •' i 
2 443.89 o.666 0.9990 6018.72 

16 . 
662.29 o.654 0.9990 8568 .t ! 3 

4 1149.06 o.650 
J 

0.9910 14614.0~ 
. 

1. 22~.07 0.771 0.9999 4610.29 
2 269~57 o. 762 0.9962 5305.25 

17 
3 ~24.72 0.768 0.9880 8556.44 
4 955. .SJ 0.725 0.9949 16300.79 

1 234.84 0.775 0.9996 4875.04 
2 292.16 0.749 0.9992 5474.74 

18 
3 JOl.lJ '. 0.730 0.9995 8723. 90 

4 981.30 0.699 0.9935 15101.60 

1 438.31 0.645 0.9971' 5467.9v 
I 

6289 : 5 i 2 512.82 o.641 0.9918 
19 

3 756.11 0.610 0.9993 8235.1 ' 

4 1004. 28 0.602 0.9922 10564.41 

1 264.09 0.708 0.9971 4220.40 

2 329.73 o.673 0.9918 4588.46 
22 

3 593.43 0.604 0.9993 6295.84 

4 1204.93 0.605 0.9922 12862.48 



I ~ 

[ 

l ... House Test Pressurisation Test Depressurisation Test 
No. No. 

132 Q j3 R2 050 Q R 050 

l. 327.97 0.692 0.9993 4918.84 
2 .395.29 o .. 666 0.9988 5344.66 

23 
3 o.653 009990 574.14 7400 .. 60 

4 1036.44 0.623 0.9945 11845~59 
r-

1 314.90 0.715 0.9973 5165041 
: ,- 2 357.36 0.702 0.9960 5567 .. 74 

25 
.3 559.84 0.718 0.9958 9JOJoJ1 

4 1016.58 0.622 0.9976 11597.12 

l 3.31.21 0.669 0 .. 9800 45.38.8.3 

2 .398.12 o.656 0.9988 518.3.58 
26 

.3 597.02 o.657 0.,9999 7794.66 

4 1213. 78 0.6.30 0.9986 14255.37 

l 404.09 o.647 0.9986 5087 .09 

2 484.55 0.624 0.9990 557L51 
.3.3 

J 695.55 0.611 0.9947 7598028 

4 985 • .30 0.990 0.9947 9913 . 26 

1 285.29 0.752 0.9917 5415 • .39 

2 311.18 0.746 0.9972 5755.72 
35 

.3 500.26 0.718 o .. 9980 8300.84 

4 846.49 o. 715 0 .. 9970 1.3829.61 

1 279.13 0.763 0.9974 5515.54 
2 356.99 0.759 0.9978 6944.68 

40 
3 483.91 0.745 o. 9984 891.3.89 

4 797.96 o.666 0.9996 1078.3.42 

1 294.83 0.735 0.9973 5231.99 
2 364.16 0.745 0.9949 6715.09 

41 

l 
3 519.58 0.691 0.9992 7747.37 

4 953.66 0.622 0.9975 10856.61 

l 
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:IOt;:'.i;: tlij<I_§___ 

DATA Oi' l'EST :'~ 

AIR p:n:LTRATIOll - PRESSURJUTION TEST REl:ULT S™ 

aoUSE CODE I 0)/065,~. ~ 

P.CUSE GROUP a ~. fES!I' 

HCUSE TYE 1 D:C:TJ.CR:<:D, 'iillii iii1H91&iii, 'Hillilo\e& 

P.OUSil VOLUllE 8 a~. ts ml 

HOUSE DIVOLOPE ( EIPOSED SUllJ'.U:t: ) HLL .lJIU 1 ~ •2 

?iO. Ol" CRl.ILSPACE BITIL.t.?0113 I -1!_ 

:::'£lll'S!U!i:UR£ I INDOOR I .!!:!.. De. OUTDOOR I ..!._De' A! I 1.15 •c 

;n::;o I SP!S:> 8 -- 1t/m1za .Q!l ..!!1.. .,., DIBEC!IOB I ..!Ji_ 
RUilIVil lIUJIIDITY I IJIDOOR I ..12... "· OO!DOOR I A" 
l"EATH£P.STRIPPIBG or OPEllI!IGS , fii&o I 110 

F.Z!TI!IQ CO:.'IDITION lllRIJIO TEST 1 01 /~ 

TEST COllDI'l'IORS 1 l. ALL WI:.'IDOIS fIGH'l'LY CLOSED 

2, OliE WINDOI OPElf TO APPROX. 10- 0.t.I' ( 0.02•2 ) 

J. OllE IIJIOOI on:n TO .t.PPROX, 45mm 0.t.f ( o.og.2 ) 
4. ONE IDIDOI OPEN TO APPROX, 1J5mm GJ.P ( 0.27•2 
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;!CU~". liV._L 

:>ATA Of TEST k !>.l.@'l 

AIR .Dl?ILTSATIOH - PR£SSl'RIU!IO!f TEST Rt::ULT ' -:,:m 

:mus;; CODE OJ/o65,~.~ 

liCUS?: GROllP : ~. TES\ 

l:Cl!SE TYF.: : DETACHED, ~·;;i lli'i'Mlllilio, NRBMJll.. 

F.CUSE VOU:l.!E 1 'UO. i!>S •J 

HCUSE nlVOLOPE ( EIPOSt.:D .3URPlCE ) WALi. .lR&l 1 1 .. 1.1~ a2 

li'O. OP CIURSP.lCE 'P-NTIL.t.TORS 1 .....1L 

~:E:a'E!UTURE I DIDJOR I ~ 0c. OUTDOQR I _j_ 0c. AT I y •c 
r.::;:i : SPEED : -- i't/11in .Q!! ....!:..!1 m/o, DIRECTIO• 1 _!!._ 
i'-ZI.AZI'V<: HUllI:lITY 1 INDOOR : ..!2._ ", DllTDOOR 1 ...IQ. I 

-~.A.TEE:RSTRIPPillG o:r OPE11IHGS 1 --Hit I Im 

HLlU!iG CONDI'lIOlf l:llRI!IG TEST 1 01! /~ 

'fEST COfillITIO!IS I 1. .I.LL n2001s TIGlll'LY CLOSED 

2. OllE UIDOI OPEN TO APPROX. lOam GU ( 0.02•2 

), OllE WIIDOI' OPEi! TO APPROX. 45,.. GAP '( 0.09112 
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:tCUSE :;0 ,_l_ 

JA'::.\ Of TEST 1 H.11.11 
1---

UR llll"ILT!UTIO!l - PRESSUR!ZU'IOll TEST ;u:::ULT SHEET 

iiODSE CCDE 1 OJ/065, ~ ~ 

HOUSE GROUP ' CONTROL, ~ 

6CUSE TY1'E 8 DETACH:;D, fll l9 ti£9f,QJ!69, •GRRLAll 

HOUSE 'llOLUlll 1 2~0. K al 

BCCSE EllVOLOPE ( EXPOSED SllllFACE ) SALL .\BEA a ~ a2 

llO. Ol' CRl.1I.SP4CE ~IUTORS 1 ..!.!_ 

T.El.!PE!!UURE I DIOOOR I ....!..... De. OUTDOOR I ..:.!.. De. "'' I ..!!.. •c 
n::;o I SPEED • - Pt/aln 2! ~ ./•, DiliECTIOK I "-ri•a 

Rt."'"I..UIVE llUllIDI'l'Y I IllllOOB 1 ..J!.. ", OUTDOOR 1 ..Ii. '5 

lll1'1iERS1'RIP.PI!fG 01' Oi'EliIMGS 1 n:.s /-ti& 
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i:EST COIOITIOllS a 1, .tu. IUOOIFS 'l'JGllTJ.? CLOSED 
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?ICUSE :10 • .Jl_ 
DAU 'JP :::;:;r ' 1.1-1· ei 

, I 

AI!l ~iTJ:LTR;.TIOll - P!lf.SSU!iI;:ATIOH TEST 'iE:::JLT· SliEE'!' 

30llSE C')DE O:l/065, ~ • .Q;,tQ~ 

HGUSE GROUP 1 ~Hl'ffi6&, fEST 

:iCUSE HPE : O"T.lCHED, ~.tefllnl., ~ 

!iGUSE VOLUl.ra 1 _£~ ml 

!iOUSE EllVOLOPE ( E:U•CSED SIJRP!C>; ) IALL 1REA 1 ~ 112 

liO. OP CIL\ILSPACE 11'3BTILATORS 1 ...!!.._ 

::EJ.IPE!iATUP.E : :rnoooa I ....!.!L°C, OUTDOOR I ~0c, ~T I _L8c 
nr.n : SPEED I --- i't/11111 fil! _w m/e, DillECTIOll I ....:::tl__ 
au.urn; HUllIDITY a IHDOOR I ~ '· OUTDOOR I _!2.. • 

"li.::AXHE?.STi'.IPPillll Ol~ OPENI?IGS r .ffS. / RO 

!UATI!IG COHDI'.!'ION Ill!IIllG TEST r 011 /~ 

TEST COHDITICllS 1 1. ALL IU."OOIS Tlll!r-LY CLOSED 

· :~S'.:' F.!':2'!!.TS 

2. O!IE WI?."001 OPEii ~o APPROX. lOmm GAP 

). OllE IIJIDO'I OPEii !iO APPROX. 451111 IJAP 

4. 0112 'llliOOI OPEll ':'O APPROX. 135cim G.1.1 

•Pii$Gtff!!Uff51r I OEl'RESSURIZATIOH 
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•• 0 8·0 
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10 

~~::·;:::.:r J.J:nrs1s 11 Q • ""· A • AP~ ) 
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2. al, u. + 0.02) 
l. ..i.(4 + 0.09) 
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:i'~!:;:~·: :;.· .. _._._ 

DAT-' Ji' :;::.>i . : 1@.'l.82. 

,!IR I:i?ILT!VTIOll - PRESl:U!UZATJOH 'IE:JT RE.'.:ULT Sl~ET 

::IOUSE CODE 1 ~~. ~. 05/062 

liCUSE GROUP 

li~US!' TYPE 

COllTROL, ~ 

-uE'""~, iK9 9i'1J.Sllli9, TEIUU.CE 

l!OUSE \'CLUi.:E 1 iio.t' mJ 

BOUSE EllVOLOl'E ( :U:POSED SURFACE ) IALL .lRU 1 7'f· '5 m2 

r.o. 0? CRAnSPACE Y:JITIL.lTORS I -la._ 

'4"E:.:PE!UTU~ 1 moooR : __!L0c, OUTDOOR 1 _!1._0c, &\T a ...A._0c 

l!:iD r SPiED : --- i't/mln fill ~ -./•, DIRECTIOll 1 ....!..__ 

RELU'IVE IMIIDIXY I IBDOOR I ~ "· OUTDOOR I A" 
n.&.TRERSTRIPPI!lll Oi' uPEIC?IGS 1 YES I"*&-
li:c.ATillG l:Olfi>ITION llIRilfG TESt I Olf I~ 

TEST COllDl'!'IO!OS : l. .UL II:fDOIS TIG::i'l'LY CLOSED 

2. OllE ITilDOI OPEii TO APfROI. lOam QJ.p 

l. Olrl: IINDOI OF.JI TO APPROX. 45ma GAP 

4. OlJE IINDOI OPEN TO APPROX. 135mm GJ.1' 

. ::::::~ F.:::::'.'!.IS ( -1•1<&SliUilU 1 TIGK I DEPRt:SSURIZilIOlf ) 

0.02112 

0.09,.2 

0.21 .. 2 

I 

P?.::3~\:E Jit'1':RE1:cs C Pa ) AIR PLO'I RATE ( 11l/hr ) 
::o. l ,2 ) ' 1 4o J, ~ lo q 
z ''I. II o lr·l 'I..'/ 
) ·~ 'I 111.0 4 -1 h' 

• ~· c. 3t f> 'l·I 1 .0 

5 '1°l 1. 44-1 2.01 11.-o 
.; ~H' qu u.g 1}·1. 

7 Ylfl l'l·'I. llf:t rt.o 
s 
9 

1) 

?.!::':LT J.::ALYSI5 ( Q • ..C • .l • 4P~ ) 

l. .C • A 
2. ..I. CJ. + 0.02) 

). "'·'• + 0.09) 
4. el.(J. + 0.27) 

• 2H~zS: ~l 
• 'l:')J. INI ~Z 
• 1ro.011 ~l 
• qs' .SJll. J• 

CO!lS!!lER CO!IUITIO~' l OllT.X I 

Q, • 1Z0.1.. 
Q,. • 1110.1 
<:,. • l'IO,,j 
Q• • 1Sllt 

•Q·.1911. 
•0·6111 
•O· l.IJ't 
• o. 601" 

1 

wo 
ci~o 

•800 

1.160 

la.to 
l700 
l'fOO 

r2.0."f6~ 
r~-o. ,,$1 
r 2-o. '114.lt 
r •0-1'1'1 

2 ~ • 
lo10 1110 IWO 

l}'tO ••10 11.70 

20ID '»'10 U'to 
)}~0 ~ilO JUO 

41-t'O 4JS'o 4'180 
.lfU'O 4660 4/iOO 
ils'!O /fl2D lf1~ 

~ l • SUB ,oo 
..l 2 • l'71i. !t'f 
..IJ •'a'l.11.&a. 
...... U.1'· 0 .0 
~n •• m~.:t'I 

J. • EQ. LE~GE AREA 

• 0.0lli- 112 a ... .soq4 
•• l"1tl.1 .Ill, 

GE!f. EQ. 1 Q •0'17~av.AF 

,_ L _ _ _ 
L., _ _.:.._ ... L I.. 

.. .c: 

7000 

BETTER INSULJ.TED BOUSE PROJEC! 

B0 1NESS AI?\1;IL SITE PllJ.SB lC 

.llR IHW.TRATJOJ! GRJ.ffl 

HOUSE l!iO, _....:1..&.J __ 

DEPR!SSURIZ.lTION 

w6~~=~~ !i 
I 

;;:.-
• 

1 .. 

)000 --====E:; ±:~~· --· ·-~ ~ ~ . - ------

2000~~~ 

0 

111€--' . 
: ivpc--=-.==::::f-...!..;~ 

' . 
I '6 ~ t 0 I It 0 ,.; ·r; 1 . • 

10 20 )0 

,___.__....__-· --==-·1--3 
--"---:-+""I- :-;·----· - - .. 

-~; 

,..,__,_~,-=-
~·~--

~~ 

··~-· =~::i -· 
L-.---
!-----.! 

.···1......--- 1---~-,...,. 
_..J--.J_;..;. 

1---

40 50 60 
PRESSURE Dii'l'EREJiCI ( fa ) 

·;~ •• ! • 
..· ~ · · ~ ~ :!: :.:::·~d.i. :"' ~ 

' ~- - -.....1 
,..__ __ J ____ _j 

- ··--· .. J 
___ _ __J :_ __ J __ J . ...... \ 



-. 

w: r:::;:: :;.· ._1_2_ 

:x:· A .JP 'i'~:;';' I :....!!:.!:..!J. 
AIR I!l?ILTP.ATIOll - PRESSU!!IZUJON TE:;T ;:{E::;; :.T 3i!EET 

HOUSE CODE ! ~. ~. 05/062 

HOUSE GROUP ' ee11:ae11. TEST 

SCL'SE 'lYl'E ! a:!EAeliiiil, EllD-DET4CRED, HMWii 

HOUSE YOLUllE I i •o. '05 ml 

HOUSE E!JVOLOPE ( EXPOSED SURPACB ) WALL ilU 1 l~!l.JS •2 

ll'O. Oi' Cl1An5PACE Y3NTIU.TORS 1 _!!._ 

TUPE!tUURE I 1110008 t ...ft._0c, OUTDOOR I~ °c, 4.T I ..i_•c 
IB!l . s SPfED I -- Pt/•111 QI! ~ ./•, MJW:fIOI 1 ~ 
i!<.1.ill'ra llUKIDIU 1 IllllOOR 1 ~ "' OiJTDOOB I ...1e_. 

EilHERSiRil'PING OP OPENIBGll 1 YES / oile-

HilTUG CONDI;l'IOI lllRIBG TEST 1 OB /-&n-
ISST COITTlITIOllS s l. .I.LL lfllfllOWS TIGHTLY CLOSED 

2. OH 1111001 OPEi fO UPROI, 10- OU ( 0.02•2 ) 

), OBE IIHOOI OPElf TC APPROX. 45- OU ( o.og.2 ) 

4. ONE nllDOI OPEN TO APPROX, 1)5• OU ( 0.21m2 ) 

-~~ST F"3c'LTS ( PRESSURIZATION I SEPll£6EYRli~Ie• ) 

P~SSURE :>I? PERE"llCE ( h ) 
::o . l 2 ) 4 

1 10 l~ I~ 

· ·~ 2 } I {O , .. -' l.~ 

J n.S a.s- 1.4 • ·'f 
4 rf ~ ,o.o •1·'4 • ·1 
5 · ns l'l -1. ll'f 11.c. 
;; 31-o ll-8 1-., 1l ·4 

7 l!S".1. ~ .. s W.S' 1a.~ 
a 41? ~~- z. U..1. ''"" 1 

l'l 

:>~!:"".!.T A?:.u.ys-:::; ( Q • p(. A • AP- ) 

1 • .c. A • 1.1s .1,, h .o.111w 
i. .i. c..i. + 0.02) • n1 .1• 1'2 .0:1•1~· 
> • .i.(A + o.og) • ~&.61-'t ~l .o .,&.1t 
~. •.(:. + 0.27) • 'tit. !.r114 •O· &.11&. 

t;~r.:; ~E3 CCJi:iI'rICU 1 cm.x' 

11,. •ua.<.. 
Q •• ,,qi 1. 
l;ao • llOD., Q•. l67'1.t a .. 0 'tSliS 
•• 5'1~1.l. 

AIR pt.01 RATE ( ml/hr ) 
l 

'11.1 ,,, 
lO•l 

l.\" 
3DIO 

llJ'I& 
11IS'o 
Yl8( 

r2.o. '111& 
1-o.11ro 
r
2
.o.11ll 

r .o . 1'161 

2 1 .... , t>H 
IH't llO'f 

''10 l!i'tl 
1001 •Wt 
Hlfl ¥0fl 

6'61) !Srt~ 

'SOlf, !uti. 
'.flll ~4S't 

"1 ·'A'l'-60 
..f2 • 1u-. . <.• 
..IJ .. 1bo'I . 0 .. 
a4 .. 'Ull . o'f 
GI.av •• n~•. 01 

4 

117(.. 

'"1i 
'I'll 
"B'lf 
4l'f'f 

~IU' 

~'~1 
f}'i. 

A • ~~. LEAKAGE AREA 
• o.11so .. 2 

IJEH.-;:-; •0.118o..lav.J• 

B£T'l'ER INSULATED ROUSE PROJECf 

eo 111E1Js ltllflliIL SITE l'IWB lC 

AIR JttmTRJ..TtOJ! GRAPH 

BOUSE 50, 12. 

1RESSURIZ.lfIOB 

-. 

' ' . 

.:: ··.:..~~--;;. •. ...... 

M 6000 

~ 

1000 

5 
a:: 
:a 

·~m---~i1=1a@:: : -,-:c"°~1=--=l§ ='::::.:.-: --~~-··· · - - ·~- ..::::_-=:::-~ .... :I ~=-~~;/~}¥~:~~~ ~- -- ~ ·- . -= ·-·-- ---~ =--~·~ )000. . ----· · - .. -- .. - - . - ··-.-L... 

: ~~-.,~~-tit~~~-~ ..... ... 7·.-.. . ":."~' . . . ' . __ ........_ - -- -200011 
•

,.,,=,m· -;, ~r C~- -..---§----. ::=::c: ' • : I • ,r-- • ' ' ,--=--~-- ::=: 
---+-- . ! . - -- -.. . • . ~ - ··- ~ . ' _ . . . . _-.:-:i 

lOOJ - •111 ~ 

ft-~~~~:,;. ~-~ 
~·::.··-; ::~ : - i . . --- - ~

::1::=::: 
. . - - ·- -
~ ·-- --·· - ------- -..--· j __ __ :.=__:_ -=-= 

I . • I I • 

0 10 20 )0 40 50 60 
l'RESSURE DIPPEREBCE ( Pa 

-· .. . , ... ~:"".-;o!·_':·.-;. ....... ~J.,. \..·. ,.,.., 



'1.:USE r.w.~ 

:>AT.I, •) F r~·r I ~. 2. 8?. 
' ,-

I.IR I~l:>ILTP.ATIO!I - PRESSl!UZATIOll 'TEST !U'!:UL'r s1;;.: ~T 

F.OUSE CODE s -e3f~. Ol/o66, ~ 

HOUSE GROUP : -eeti'HiGir, !EST 

liCUSE TYPE 1 DIETACIU:D, ll!fD-;;~, •IR..'Wll 

HOUSE vowm; : -~~ mJ 

HC!JSE EllVOLOPE ( Ell'OSED SURl"AC:E ) ULt AREA 1 lq4. ,2 112 

liO, OP C!UILSPA.C!l YZllTILATOliB 1 ...!l_ 

'!El.'PE!ll:::URE I DIDJOR I ~0c, OUTOOOll I _]_0c, A'? I ~·c 

IISD I SPEED : -- i't/min ill! ~ ml•, DIREC!IOll I _!__ 
3.:"1Al'JVE HUKIDITY '' IHOOOR r ~ •• OU'lDOOR t ~. 

iE..l:HEilSTRIPPillG OJI Ol'E!IIIGS : YES / -fe-

llZATI:i(l CO!IDI'l'IOK ll!Rl?IG '?EST 1 -Vlt- / OPP 

T:::ST COllillTIO!IS r l. ALL IUIDOIS TIG!r-tY CLOSED 

2. ONB TIKDOI Ol'Ell ~ APPROX. 10.:. GAP ( 0.02112 ) 

J. 0111! II'KDOI OPEJt ~o APPROX. 45,.. au ( o,091a2 ) 

4. Ol~ 'IINDOI OPEK TO APPROX, 1J5mm OAf ( 0.27m2 ) 

:~:'!' ?~s:ru:i ( PHESSURI:UTIOff I lllii'liS66Yllia.WI0H ) 

P~ssuru: :lIP]':;RE:;cE ( fa ) 
'.iO. I 2 ) ' l I~ H. 1. ~ I·"' 

2 60 4 ~' ' ·~ \ .'S 
) llfl n II g l(.i 

4 11 ~ no i~o 1-"$ 

5 2'0 10 :b l.O 1. 10.0 

~ 40·2 us nii 1l·1. 

7 'l'f.o Joi~ l~'f ·~ - 1. 
9 •n Jn, ito .,.o 
9 

10 

?.;:5TJLT A!:ALYs:s ( Q • "'· 4 • Ai,. ) 
1. 114. A • ua .!f*& ~1 .o.1S'Jlf 
1. "'·'" + 0.02) • 1'•) .41/, .12 .c;,,~,, · 
>. ..i.(A .. o.og) • "'1 .Wt .al .o.,yo., 
• . J.(A .. 0.21). •i.1.111 J4 .o.•n1 

CW:~iSI!)ER CO!it!'!'IO~I l O!iLY: 

Cl.s • 68'1.& 
Q• • 15o<l.1 
c; .. • U~lb 
Q11 • 'llSl>.S' 
~ ... 't'l'j • . 0 ..... 5 ,~., ... 

A!R PLOI RATE ( ml/hr ) 
l 2 1 oil 

)3"' '"1 8J" 100 .. 

IOO't IOD'l "1" -:1001 

:i.001 ''-1J 117, l6]/, 

U~l. 20•7 llflll l•78 
!1178 30111 41fl ~860 

~~..., )ii() ... ,~ ~J'l1 

"'W1 4081 1n'1J1 »s'&J, 

"''" 0111 .111its .... '1 

r2.o.CJct,o 
rf•o·••1S 
r

2
.o.,•H> 

r • O. q1i S" 

°'1 • 2sh.tib 
..l2 • 1101t.11 
..13 • 1..1!r1.v 
cil 4 • io~•L 4~ 
c:Aav •• t.1l!' .4:5" 

A • !Q.1 LEUAGE AREA 

• 0. 13-i.c.. .2 

!lElf. EQ : : Q •O.tz~av.J• 

7000 .. 
.t: 
~ • -
§ 
~ 
"' ~ 

0 10 

. ,'.. .•.•: 

BC:TTER It;SUI.lTtD llOUSE PROJICT 

B0 1llESS 1mmEIL SITE l'lfA.'3B lC 

ATP. lllfiLTRJ..TIOfl GRAP3 

HOUSE f,O, 1) -'""'""'--
PRESSUllIUTIOll 

- ·,---,.-

·~~E~-t==-=:=...i. 1=-=-===-1.===-

l 
.J 

20 )0 

, • ;1. .Y 't!~~: ,.;. ... .::,:-:-;,,···:'"-'. . .!,'i~ .. tll 

;... • .J . - - J 

40 50 

PRESSURI: DinEREllCK 
60 

( ~· ) 

__ j 
-----~ __ .. j 



" 

..- ---, 

/ 
:;.: i;;;~ :; • ..J!!...._ 
[A: .. l:' TO.J:· : 4.2.8'2. 

I 
A!R r.l:;'TLT:U1'10U - P!l£SSURIZ/.!l'IOll ':'EST R£.:v :.T .; ;:>:!':' SETTER WSUL.lTED ROUSE l'llOnt:i 

ii'JUSE CODE 

ROUS::: GROIJP 

~ ~. 05/062 

~.TEST 

HOUSE TYPE 1 Dt:TAC~D, -at.; Bli'PJ.9Hii&, ~Bo 

HCUSS VOLUME 1 a~.~;? 11l 

l!'.:USE EBVOLOPE ( EXPOSED S1111P.lCE ) HLL A.REI. 1 19t-62. 112 

1'0, Oli" CRAil.SPACE ~ITIU.l'OR3 I _!L 

THIPE!U.':l!i!E : lllDOOR ' ..!!.... 0c. OUTOOOR I ..i_ 0c. AT I .!!! _ _.c 

11!iD 1 SPEED 1 -.!!!.. i't/11U. fil! ...!:..!l 11/e, DIRECTIOI 1 ....!_ 
IC-UXIY:: llU!lIDITY 1 IJIDOOR 1 ~ '5, OUTDOOR I _!2._ '5 

•EATH<:!iSTRI:PPIBQ OP OPEllDIGS I ¥ES I oif6. 

H"".c.ATili!l COUDITIOll WlllllG TEST 1 011 /-&ff-
HST COll:lITICllS 1 l. ALL n:fDOWS TIGJl'l'Lr CLOSED 

2. ONE nNoo• OPEii TO .&PPROX. lO!llm G.lP 

J. ONE nNoo• OPEii TO A:PPROI. 45- G.lP 

0.02112 

0.09112 

4. OllE WINDOW CPEll TO APPROX. 1)5- GAP ( 0.271112 

• :'!::T ?.!3•JLT3 P'."C:66Y!\ii1A'Pi611 I DEPRESSIJRIZ.lTIOll ) 

p;::..::ssu~ :JIPFERE:::E ( Pa ) 
:rn. l 2 J 4 

l lS" l D I '$ 1.0 

2 8 [) 40 10 I.'{ 

J /1 '} 111.0 l"l·~ H' 
4 u~ JO ·'f ,, 1 B' 
s ' ..SO'I Sl'i u.1 10.0 

6 41 -~ 441 1)., ll·D 

7 

a 
3 

1') 

?~~cl.T A!:AlYSIS ( Q • o( '. A • A'i~ ) 

I . ..t • .l • l'i> . ~'I ~l • o. 6110 
i. ..1.u • 0.02> • ""} · •1~ ~2 • .;: ·~·~·o· 
1. "'·'' .. 0.09) • &u . 111 ,SJ .0-1111'110 
4. oj. :.\ + 0.27) • 11111 · o$'f '14 •0· 6lr00 

c mrs11:EB COlfDI'UOJr 1 OrJJ.X: 

4il1. ""1-l 
Q,. • 1110.1. 

,, 

~-- 1.'j'I0- 1 
~-. )1\1S' a40 • 'tl o~ 
•• u I 

AIR PLOW RA 'I!: ( al/hi- ) 
l 

ni 

IUO 

llJlf 
Wt~ 

lfl~o 

n>I& 

r2.0.'i'l,O 
r2.o.'i'i'fO 
r2-o-'111o 
.. 2• 0.11 0 

2 . ) 

,O't .,~ 

1111 ll\Jl, 

~·01 Ull~ 

Jl}41 "7~ 
Jfl~O !f•&" 

-~"' lrJ~L 

~l 

"'2 ol) 

• 1.l( z 1,4S' 

04 • 
c\av •• 

~l•'t .q1 
11011. 3.'t 
'lJ,.,l'" 
1786. !I 

• 
1111 

i'B 
1'7b 
l/<IN 
~li°l 
!(~,, . 

.& • EQ. LEAKAGE ARE.& 

·~m2 

GEil. EQ,: Q •O.ltlt..fav.J• 

" s:. 
::.-• 

7000 

BO 'lfESS :u::r;;:u SITE l'IWIB lC 

.&IR I!lnLTRATIO!! 9R.&f!I 

BOUSE 50. le. 

DEPRl!SSURIZATIOll 

~~" l!" 'H·~~ ~---~rr 11; ;1 ~~~~~ 

-:~ra; Fn ~=~· ~ - -1·-·· - -- · . : ----.--__.__ . -·-·- --·---. - - . ~ ·--- ~ --. - ---- ···- .:. ·- ·- - .- . . . . .• --·--

~Jl=~li' ;,; 1 ,::DI 
,_ ·------...- . . --- - ··- ~-

I i I -·· ~·--- · 

: I I ;. ~ 

0 10 20 JO 40 50 60 
fRESSUBE DIPPERE!iCE ( pg ) 

· ... '· .• J.,': ... .. .. ~...C.· · ct~~ : . • · ;.., ;:,,1o:-~ 11 •• : .. :· .r.,·~t. 



::· 1;:;;,: ::.: • ...!]_ 
:lA''-~ :)? TZJ'l: : it.I. Bl. 

AIR Iln'ILT!lATIOll - PRESSU!IIZATIO!l '!:E:::T ~~\:LT S!i!ET 

liO'JSE CODE I ~,., ~. 05/062 

HCUS:;: GROuP COllTRllL, ~ 

!ICUSE TYPE I DETACHED. sr. ~&. •eR.'l.\SK 

sous:;: VOLUME I ~:!!... al 
ECUSE EllVOLOPE ( EXPOSED SURi'.l.CE ) WALL lHE4 1 l1J'f.,6Z. 112 

NO. Oi' ciunsr.l.CE V"!llTIL.l.TORS : ...!!_ 

TESPEEU!l'URE : mooon : J.Q._0c, o~oooa 1 _J_0c, AT 1 L•c 
n:rn : SP:£ED : --·Pt/min Q!! ~ m/a, DIRECTION 1 'W 
Rc.-..AXIVE IMIIDITY 1 DIDOOR 1 ~ J, OUTOOOR 1 ~ J 

'IEJ.THLRSTRil'l'IllG 01' CIPEllINGS I ~I NO 

HUTDIG COllDIT'IOll DllFIDIQ TEST : ...{lfJ-/ OPP 

TEST COlQITIOJfS r l. .I.LL nllDOWS fIGHTLY CLOSED 

2. OllE mrno• OPEU TC APPROI. lOmll GAP 

J. ONE TINDOi OPEl'f TO .l.l'1'ROI. 451111 GJ.P 

• • ONE n111>01 OPE.'I TC .l.PPROI. ll5mm GAP 

0.02.2 

0.09112 

0.21112 

cE:':':' F.ESl!J."!'S ( PRESSURIZATION / BBPf!£6SURff-NH611. ) 

l'!!E3SURE !lUFERENCE ( P!l ) 
:io. 1 2 J • 

l If, I !' I~ I .0 

2 l& lO l-0 '-?» 
J 6'6 /00 6-0 40 

• 16~ IJtt /I).~ 6-0 

5 . 28 S' 11.q •8.0 7.0 
6 "H ll't "ti 1 II-~ 

7 ~1~ ~-ll n.1 11.D 

B 'Slf.) 41>£> i•-1 l?.-t 

9 

l'J 

?..!Zl!LT AJ:ALYSIS ( Q • o(. A • 4p} ) 

t . ..c • .1. • u".011 h .o.1101i 
2. ..1. (.I. + 0.02) • u1 _s-t'4. ~2 .o ."'7~11· 
>. ..1.(.l + 0.09) • 41 :121 ~J .o. Uto 
•- •-C.l + 0.21). q)'s.l?.o 14 .o.,n·o 

CGllSI!JER CO!ffiITIC!J l '2lll:II 

Q... iei~" 
Q,. • 1U!•l 
c; .. • 111:s.s Q•. j!ll~., 

AI!! FLOI llATE ( •J/hr ) 
l 

~8(,, 

661 

,o .. J 

20o1 
~Olj 

1.1~•1 
11)'11' 

llt.S'o 

r2.o.~111 
r2.o.•1~i 
r~.o.11&o 
r-o.1'1t1 

2 · -1 
n"S" 66j 

661 ·~' 
''ll ''li 
'2JY?. 'll'tl 

~011 llo1t 
'IOllt lltl" 

'f6B /fl~ 

'l\~O ~·u 

<>l 1 
..l 2 
..I) .... 

• 'Ul'f ,11 

ct.av •• 

'Ll-,141 . a.7 
't.,1Sb.6 
?.1oa .eo 
l~I0 . '-1 

4 

qos 
1111 

'•"~ 
u1i 

.1;'011> 

y.,~l-

ll'yl, 

r6n 

A • EQ •I t.EAXAGE .lRE.1. 
• o.01ot m2 a ... nu.s 

Q•• ~c.-11.? 
GEN. El;~: Q •0-0f'l"'av.J• 

' l-__ ~___, 

" .c 
;::;-
• 

~ 

7000 

4000 _ 

' 0 lD 

·.· 

BETTER WSUL.lTED HOUSE PROJECT 

B0 1 NES~ ll?J?fEIL SITE PB.I.SB lC 

.I.IR INnLTRA1'IO!! GR!P!I 

HOUSE 10. _..;.11.;..... __ 

PRESSURIZATIOJI 

~f"!"I I I ' ~ ~ I t • ' µ..L:...;-!...i...!...: , . ' .. , . 
~-- : . 11 
·, ·-- ----· • . I -

.. .. . . " ' 

20 
! '. I I · T · . I ••. I - •• 

)0 40 50 60 

PRESSURE DIJPEREBCB ( Pa 

• ~ • ! . ' ;·::iit ..... \.~!(,.';, : .'.,..· ...... -I.I_~ 

' '-___J ____ _) _____ j __ J -_ , __ J 

! 
I 
I 



~ 

::--::.::· :i .__!!__ 
::.1·:,. o:• •::::rr , q. l.f>'l. 

AIR I~JILTRATION - PRESSURIZATION TEST RErULT SH£~T 

HOUSE CODE 1 ~. ~ 05/062 

BOUSE GROUP : ee11:R6&, . TEST 

!!DUSE TTI'E 1 DETACHED, iilfi.L BEiH81&iB, i!Hlft4eli 

liOUSE VOLt:IC:: 1 "llO. IS ml 

HOUSE ~f'IOLOPE ( EXPOSED SUR.PACE ) HIJ. .l!IU 1 19 .... 62 1112 

JiO. O!" CIUILSPACE VSNTILATORS : ~ 

TElU'E!!ATURE I IllllOOR I ~0c, OUTDOOR I _!_0c, ~T I ...t....0c 
n:iD 1 SF-ED 1 -- i't/mia Q! ~II/•, DIRECTIOB 1 ~ 

R..'"z.A!l:rlE iMlIDITX' 1 IllOOOR 1 ..J.2.. "' OUTDOOR 1 ~ " 

E.lIERSTRIPPillG OP OPillINGS 1 YES / •116-

~TUIG CO!IDITIOll WRING TEST : Oil /-&flit 
UST COJDITIONS 1 l, ALL II'llOOWS TIGHTLY CLOSEr 

2. ONE WIHOO• OPEN TO APPROI, lOmm OAP 

l. ONE IINOO• OPEli TO APPROX, 45mm GAi' 

0.02 .. 2 

0.09112 

f, O!IE lllfOOI' OPEN TO .4PPROI, 1)51:1111 GAi' ( 0.27m2 

!:ZT :;_::sr:r-;s P~SURIZ.l.fIOll I ~-60URHA'Pttl- ) 

P!'.ESSU:!E JI?a:REJICE ( Pa ) AIR PI.01 IUTE ( ml/tu· ) :ro. l 2 - ) 4 l 
! I l. s 1. 1.0 \.~ US' 
2 'H IOS ~ · !( 4.o •UY, 
) Ii S IS.~ 8-'l> "·l ~J'f-7.. 

4 Jo~ 11~ '"'· 1·':1 ~~.,.~ 

5 . 4J.~ 1.'J1 ZJ S' 10.0 .llW, 
6 J'l-2. 4fb Uq ·~·o uiso 
7 

a 
9 

10 

!'.IS1JI.'!' A::A:::.YSIS ( Q • CIC, A , APf. ) 

I . ..c • .1. • H'f .9)6 h .0.115~ r2.o .CJ'ffb 
l. ..1.c.1. + 0.02) • l.p .is7 "2 .0~·1ii11 r2.o.'l,,a. 
.t. "'·<• + 0.09) • so1_ •l0 Al .o.1aoo ,.2. 0 .n11 
... -4.(.1. + 0.21) • '161 .J.!1 J4 .o.••t0 ,.2,.o .111S' 

CCSSJ UER CO!IDt'!'Im l l OHL)': 

Q,. sn.ci 
Q .. • I~, •. , 
CO'"• i~1s. fl «•. )l'°.& 
a ... • • oo.S' 
Q•• 'Uls.o 

2 . 1 

10<>4 8lo 
ll.13 •l~B 

2.1>7&. l.~01 

)l'Jl lfl ,, 

lfbS~ USO 

Jo18 'tJJl 

<>l 1 • if)f,4 ,OS' 
..t2 .a1&s . n 
..I) • 1.h1 . fi l 
d.4 • 2l hll . 'f1 
d.av • • ~ 

• 
•UC\ 
l~G, 

l•'o ... ,, 
11gso 
!f6U 

A • EQ. LE!IUGE AREA 
• o.oe.~1 112 

GEM. EQ, 1 Q •0.0IJllai...,,J• 

.. 
s: 

--- ~ -----i • 

cETTER IflEUL.lTED HOUSE PROJECT 
BO 1 lfESS i;1:1;;'IJ... SITE PIWiB lC 

AIR I!lllLTRJ.TtoR GIUPR 

HOUSE 50, _....:;16....._ __ 

PRESSURIZATION 

7000 I • , . . . . . . --· ---r-- - - - ' ' ---, :::-ro...-,C-T.,.~--- . 
-·-·--- ' 1 .. -==::--:.::. __ _..,_ o ' t I 

,~---· ..... --·-·-~ t:.ooo ~-=:.::_:: :-: ===J:!::::_r:::=:-F== 
:i1 :2:"~:. ::: :· - ·- -

~ a 

~ 
:Ill ~ 5000~~~~~~~~~~~~~~~~~~~~~~~}§@E 

4000f-=7·-- ·$:·· ~~~~~§ 1~::-:.: ·--· ~---- __ _.... 
--·- _ .. --1 

r----r- ==- I .. -:-. -=r=.1 

~~~~~~~~~~~~~~~~~~~~~~~~~.~~~=~~~ -- -- -----------
t- --i.......;~=1 . ----

!§~~~~----- _ ... 

===::;::~ 

1000 • --=.:: ~-----'-"--- ---- ··--··· 

·-·--·-
·~---t-----··:.==:=a.=--= -- · 

t- - 1--
I • It ' 

0 10 20 30 40 50 60 
PRESSUBE IJIREREllCE ( Pa ) 

,I .. ~~,' , .·~1·1 :\~' .' .: • "'.,.,·,I ~;,: • ..,..-,.lC~,~:.'f.! i :~..t•.rr. h j,.• • ,• l" 



:!•: •::;•. '.;o ,__!i_ 
:

0.1.:- • 'l? TEST 1..!:!.:!!&I 

J.B I:l~"ILT!UTIOl1 - PRESSURI]ATION h:>T :i=:~U!.":' !jff:'..ET 
I 

:!01!SE CODE : OJ/06 ~>, ~. ~ 

HCUS:; GP.OUl' : ~IKl!r, TEST 

!iCl'SE TYPE r -ilE'i.\SfiiD-, Elll:-JE'UC!IED, HW!J& 

llOUSE VOLUd 1 ~~ al 

BOL"SE r:IVOL'.lPE ( EIPC>SED SiJUJ.C3 ) 'IALL UU 1 ~ ci2 

JIO, OP CRAILSPACE V~ITIL.lTOllS 1. _.!§__ 

!::la'E!U.':l!liE 1 IllDOOR. I _?__ "c, ()IJ'?DOOB. 1 ~ 0c, AT I .J!.;_1C 

11?;::> I SPEED r -- i't/iaiu Q! ~ m/e, DillECTIOH 1 ....!i:._ 

REUXIVE llUKIDITl 1 DIOOOR : ~ "' OUTDOOR 1 ~I 

n:.U!ffl'.STRIPPI1iQ OP OPEHmGs : -¥li6o I 110 

lrc.UiliG COllDITIOH IXIR.1110 TEST : 011 / "fWP-o 

:E~T CON~ITIORS : ll. ALL IINOOIS fIGlft'LY CLOSED 

2. 

). 

4, 

ONE IINDOI OPEJI TO !PPROl. lOalla G.l1 

OllE llIU~ OPEii fO APPROI, 45,.. 0.lf 

ONE mn:iar OPE!f 1'Q APPROI. 1J5mm GA.1 

0.02 .. 2 

o.09111z 

0.211112 

. ":!.:::' E::S1JUS ( -i'ft5tllfflfffffetfo / DEPRESSURIZATIOll ) 

PilSSTJRE C::r?:T:REllCE ( Pa ) 
~c . 1 2 ) .. 

l 51 ba ) 'b 2·2 
2 l)O ll, a n: 
J 11.'2. 1)., 11.:t l& 
4 '11' ~, 11.4 11 -0 

5 311 lJ"f 21 .'J 1r.i 
6 lfZ · I Jf.4 l2" ·~·8 
j ""·" \H 19.li •Jo 
a 
9 

!') 

?.::Sl'!'" A::J.LYSIS ( Cl • "'· .l • 4Pft ) 

i . -< • .L • •?.a .?.,c• h .o.ut1 
2. .4, (.L + 0.02) • !Ol't. liO h •O~·i,"j~1 . 
l. 8',(.l + 0.09) • 1JS.tZll JSl •0·••01 
4 . .l.(! + 0.27) • 1004.~,1-. I J4 .o.f>o•S' 

CO!ISI!:::R COllDI'!'IC!1 l IJ!iLX: 

"· · ll.~··· Q •• 1q31 .. 2 
<011 • ?,OJfl.0 
Qao • i'l?.11.l 
"•. 415iJ a •• ni.1l ' 

AIR !'LOI RATE ( 11l/h1' ) 
1 

1004 

iwi. 

'2.'1~ 
ill\I~ 

41.i~ 

1#11'$0 
Yot.'f 

r2~0 . 'l'l'14 
-1-o.•O<t 
r2.o.41no 
r -o.nsa 

2 . 1 

11rn •n'I 
3 .. Y't '"l" 
'161" ~11& .,,,, lH'I~ ,,,., 

'JC1n 

!{01& hi& 
S"1t)' r"'' 

~ l • .)82.0 ,00 
~2 • ~lf~.00 
..t1 • 1381! .n 
_. 4 • ao "'° . Orf 
d.av •• ~ 

4 

'"U 
l&.JC. 
l~-'~ 
1n<1g 
h~I 

nn 
!i~'" 

.l • EQ. ILE!ltl.GE .lRE.l 
• o. u.... 112 

GEN,~ •0.16Wafav.J• 

---L 
l 

.J 

1000 

3ETT~R !liSilLATED HOUSE PROJECT 

30 'NESS tJ:li?'7IL SITE PHASil lC 

AIR JllnLTIW'JOI! GRApg 

HOUSE liO. 19 

DIPRl!SSUR:Z.l7IOB 

... .. -~ · ._ .. ____ -
~ if~-;:: - -· . . . .... ' " ' -

• '""° ··=-::: -. ' 

k 
..: 

;;;-
II 

! :=·=- .: ::: 
g ;===.:.::. ~ :.:::.._-::.·.:....-_ . _,,_ 
= !< 5000° ·---- -

. ---· -~--- .. .... -~---- ::.r:::j 

) 

--1--....:...=:= :0: I r----==r - ___ ;:: I 
- · : :_:-:.-: ! 

~ ·-:.:...-..=.:-= _...;._ r-

::::::::::-11====~= ~i::=:::::::::::_,...:.i==-:--~· =~~: --· ~.:g -r---=·-=- ·---' --·- -- - -. ---

•~~~ • -- 1 

--· 
----· 

2000 ::::::---~ . ' . .:: -: .~:~ 
· :- -'-7-r~ c:L. --.-1 

_. ; --- -. -. -~~f~ i 

~L:. 

·~+r.z;:~-"-f .;:r•, I::: ;: I :~$~ :,,=:= 
I-· 

I 1 : • I 

0 10 20 )0 40 50 60 

PRESSURE J1I1PIREllCI ( ra I • 

.... , ...... i.';;~i .- · ... ; l 

c_ ___ l . J _ _J .J _ _j __ .J 

.. 



i!C US;: :j~ ._!L 
ilAT.l ');:' ';'~:;": : IS . i.82. 

l!'l l!:?!l.T!UT!Oll - l'!lESSU!UlATlOJI TE3T rtf::<.ILT Str.:E'; 

?.CUSE CODE 1 0)/065,~ ~ 

F.G!;S:;; tlROUP 1 COllTROL, ~ 

liCt:SE TYPE : il:'l'l•JiEiiil1 6tlB Bti!l'R9iHiBg TEWCI 

HOUSE 70LU!fi : UO.i>S ml 

HCUSE EliVOLOPE ( EXPOSED SURPACE ) IALL 4IIU a 72-'~ 1112 

JOO. OP CRUUlPACE V311TIL.tl'ORS 1 ...lL 

TEn>E!L,..,URE a IHOOOR : ....1_ 0c, CUTDOOB a ....i.._ 0c, AT 1 L •c 
l'IN:l 1 SPEED 1 -- lt/111iu Q.!l o.81,. SI/a, DIRBC'l'ION 1 _!._ 
!l.:. .. cl:rra llU'..UDITY I IHDOOR : ~ •• OilfDOOR I ~ • 

'l::J.rEZns'IRIPPillG or OPEllINGS a ~ / 110 

i!!:ATIN!l COllDITIOll OORIKG T~T : 01 /-&Ho 
I:C:ST CGUDITIOllS : 1. .lLL nNDOIS TIGHTLY CLOSED 

1---

2 . OHE WINDOI OPEii TO APPROI , 10.. GU 0.02112 

). OlfE slllDOI Ol'Elf TO UPROI, 4511111 G4P 0.09112 ) 

0.271112 ) 4. ONE WINDOI OPEN T!) 1.PPROI. 1)51:111 au 

• -:.:::: :-':;"sgr;3 Pf\ESSURIZA'l'IOll I &Di'il6&611Rii1A!H&... ) 

PF.!S.:.'TJ::l£ ::lI?T::REllCt: ( h ) 
:w. l 2 ) 4 

l 1.s 11. H. 1-:S 
2 lS 4~ ' ·1 1 .~ 

) 10 14 .~ 1-'{ lfo 
4 rt.a -a1.1 •lo ~l 

5 ur.. 41. 1 1' 1. 1.1 
~ """ 414 .g ll-1 'l·l 
7 ~B 'IU J,t.lf 10.0 

a 
9 

l') 

?.~3"JL": AH.I.YSIS ( ~ • "'· 4 • 4P~ ) 

I . .c, .4 • 21.tf .1111 h 
:z. "'· C>. + 0.02) • u.1 .111. h 
l. .,l.(A. + 0.09) • ~10 . i;-1; ,d) 
6. 4".(4 + 0.27) ••l.OS'.OillJ4 

-:cus1:=:R cotrn!~~n 1 01;r.x1 

Qs • 1hb.O 
Q,. • •\ltq ·l 
~ ... 1~0$-f 
Q •• 2.llll a ... ~ 0 " •• ,. ,.. ·1 

.o.108it 

.ci . .;1· .; . 

.o . • "' .o . 6DJt 

AIR PLOI RATE ( ml/bl" ) 
l 

US" 

roi 
·~~6 

'lOOJ 

.l'lf2 

ifOl't .,.., .. 

r2.o .•'111 
~-o.q'111 
I":'. 0 . ""' :r 
i). o. 'I.I.I 

2 l 

~02. 1111 

IOO'l •H& 
••l't i.001 

~'171 }11& 

~1il 41'2. 

l#Ollf If"", 
'flfl'S' lit.I) 

• u11.io ~l 
..12 
..I) 
d.4 • .......... 

r.1a.h . •1 
)'ti). "1 
51fl11. I" 
l*1'. 10 

4 

l:s'O~ 

Wll. 

1:161 

'HIJ°' 
4J~1 

jjj,I(. 

lfUl 

.i\ • EQ, LE.AX.lOE .AREA 
• 0. on.1 .2 

GEH. ~ •o.o]61~av.J• 

.. 
..c 
;;-
a 

7000 

i 6000 

~ 

BETTER I!ISULATED HOUSE l'ROJEC'f 

B0 11fESS !l!lhIL SITE J'IUSB lC 

AIR l!!PILTRATIO!! GRAfR 

HOUSE lliO. 22. 

!'RESSURIUrIOJI 

~~~-~~g- ;:p:rj: ·· ::· µ{:::·~-~: · 

,~~-&:~~~@~_;Qt~ 

lOOC 

0 10 

. ; = ~· 

20 

~----- -~ 

.. .•..... 
)0 

' 

.\ 
~ 1-+-----1··· -- i 

' ---;-;- t=:::::-:.= :.-:::~.: ' ·- --· ---·----··- ·---··· ---..--•--·---- -· ---

.=:-:::: ... ___ --,--

I • • 

40 50 60 
l'RESSURE Dlll'EJIEICB ( Pa ) 

•/ i.; • . .. : • :''"' ·· · · • • .. ··<.:! :~~ •.• -, .... , ... ' 



] "!~. :-: ~j;, ._!!_ 
:.;::..\. ·:i' T~S~ I rei.a.92. 

i 
AIR r:1:?ILTRA~IO!I - PRESSUiIZl.TIO?: -:::::~'!' 'l.E;::mr I~ 

a~USE CODE 

HCUSE GROUP 

OJ/Ofi5,~~ 

COllTROL, ~ 

liCU.3£ TYl'E : ~~. EID-IJITACHED, J{iil"'~il 

HCUSE vow:a: I ·uo.i)S ..,J 

2CUSE iliVOLOPE ( Ul'()S:C:D SURFACE ) I.lLL ~ 1 ~ 112 

SO. 01!' CRA'IUiPA.CE 'r::mIUTOilS : ...!!_ 

T::.IP::!'-~URE : IllDOOR 1 ..!!... 0c, oi:Toooa , _!._ 0c, A'l 1 ...1L •c 
'IUD : SF-ED : --- i't/11iu 2J! .i!! ./a, DIREC!IOll t ..l!___ 
i\EI..tTH:C: HU'..!IDITY : DIDOOR : ~ IS, OUTDOOR 1 ~ !S 

E;.::;:~i!S";:filPPING 01' OPEJIUGS : <H&- I 10 

ilEATDIG CO?HJITIOH 00 RING 'IEST : OB / ~ 

'i'E.3T COIDI~ICllS 1 1. ALL II:IOOIS TIGBTLY CLOSED 

2. OHE 1111001 OPEU TO .lPPROI. lOlllll G.tr ( 0.02112 

J. OJJE III/DOI OPEN T•l APPROX. 45111111 GlP { o.o9m2 
4, ONE m1001 OPEii TO .lPPROI. 1J5im G.lP { 0.27m2 

7 FS'!' !'~S•Jt TS PRESSURIZA?ION / EcP!i::5B6Yftt3~f6H ) 

!'!!ESSURE !lIF::"'EREllC£ ( Pa ) lIR FLOI RATE 1 
( ml/hr;- ) 

:IO. 1 2 J 4 
:. 10 IS I~ 1.0 

2 JO 4o ) l. 
··~ J 1 '( 1110 6.'{ \l 

4 •81. -iq 12., $'0 

5 l~lo ll-lf 21 .1 ID.O 

6 41 Lt 311 141 ll·'Z. 
j 4~o 4'1.\ u .1 n .. ~ 
a 
!i 

E · 

---~ ·-l'!' A?:Al'..YSIS ( Q • "'· A • .6P 

1. "4. A • l'tl .qll ~-- .q.J,i.o 
l. ..1.u. + 0.02) • ?oq:ufo h •0·6'Sl 
1. .,1.(.l + 0.09) • 'l"·ll•I. -'J ·O· 6J•O 
4 . .J.(A + 0.27) • ltU.11'1~ J4 •O· 6i.iO 

co:;:;r:;~R CO?it:::'!':::r;:1 1 O!:tX I 

'Is• flU·\ 
Q,. - '"I~ . 
'"". 1"1'1 ~- - l .... l a .. - &1~11· 
•• l(>~IS. 

1 

U't u., 
•ns 
1~01 

~~ .. 1 
'fJ'l1 
•100 

r2.o .'i'l,l 
r}o.•1t.6 
r 2•0·,11D 
r •O.'i4tlf'$ 

2 J A 

~·i. "'!Sp 100-t 

IOO't •ni• llBS 
•tt~ •'t'fo lll'I 
~100 ]0/0 l.t9-~ 

JiOI .. JIU'j llll 12. 
'f3U JIU} .... ,., 
.ttloo 4g&~ !(011 

ol1 • !ll:.S.'tS" 
ol 2 • :a~n . 'l'I 
... J - l.~liY, . !@. 
""• .i,,o. q1 
cl.av •• ~118 . ll 

I 
A • ZQl LEUJ.GE AREA 
-~112 

'lEK. o:d.: -~ •0.Ullcifav.J• 

'.· ' L._ __ ,. I -- ___ _J 

I 
;. 

i 

---

0 

BETTER INSUL4TED BOUSE rROJllC! 

B0 1HESS ltIHhEIL SITE Pll.&Bll lC 

AIR lRfILTRATIO! Gll!l!I 

HOUSE 50. 2~ 

P!IESSURIZlTIOB 

• ~-,---.-.- ---. • I . ~ 
~~-· -----

--·----··.- Io ' I ... . 
t •' ' • • t I • 

~ . -
~ 

10 20 )0 40 50 60 

rRESSURE M1'1£1DCI ( la ) 

... I • • : ....... . ~; ••• ~,~: '/,/;! · ·~~ :"··.;: ... ~~·.i~.-r1:.G~·~~t-1.:·: ::.\(lt-: .. 

. _ ._j I . -·---' ' ~ I 
. I ___ J __ c...._J 



-·--

i!Ct:~~ :;(,....!!.._ 
DATA )O' -r:::s: : il.l.81. 

HOUSE CODE 

ilCUSE GROUP 

!ICUSE TYPE 

F.OUSE VOLUli:E 

AIR r:1nLTRATIOll - PRESSUiiIZli.'rIOll TEST RE::ULT ~ 

~ OJ/066,~ 

COllTROL, .~ 

B<;;USE EllVOLOPE ( EXPOSED SUR!'ACE ) IALL ARE.l 1 194. f.t m2 

?:O. Oi' CRA'l'LSPACE 'P-ll'l'ILUORS 1 ~ 

'nl!l'E!UTURE : INDOOR I ...!l_ 0c' UUTJXlOlt I _.!_ 0c' AT g ~ •c 
1i'Ilill 1 SPEED : ~ i't/•:l.u .Q.!l ~ Jiil/a, DIRECTION g ~ 

!ELill'/E BUJUDITY ; IllOOOR 1 .J.2.... "' OUTDOOR 1 ....!l.." 
Tt:!TH::RSTRIPPINO OP OPE!IINGS I off&. I 110 

EATI:IO COliDITIOlf WRING TEST : OH /-'dff>. 
TEST COllrlITIONS : l. ALL n:IDOIS TIGHTLY CLOSED 

I ---

2. ONE Wil'IOOI OPEN TO .lPPROI, 10.... OA.P ( 0.02112 

J. OllE WINDOW OPEN TO APPROX, 45mm GA.I' ( 0.09112 

4. ONE llllfOOI OPEN TO A.PPROI. ll5mm GU ( 0.27112 

::::;;r ~<:nrrs ( ~'ff6!f- I DEPRESSURIU'rIOll ) 

P:t::S3URE :JIFFERE:ICE ( Pa ) 
::o. l 2 J 4 

l i .o ! 0 I '6 
··~ 2 ~~ 1'0 ,0 ''6 

J 110 I).'$ I0-0 io 
4 '1 :s '1 .. 111 ID () 

5 ~l'Z. 2111 1f1 ll;'f 

Q 4?. e. ~1- Y 200 ll·~ 

7 4'1.i 41.a u.s ,, .l( 

!l .. , ,, ., & n.~ llJ,, 
9 

10 

?~::".!IT AnL1SIS ( Q • "'· .l • A?,. ) 

l. "'· 4 • 31't .<\01 h •Q·.~·-~· -
2. "'"' + 0.02) • u1.u1 h .0.101.S 
J . ..i.(4 + 0.09) • si:-1.\'11 ~l .o.11iJ 
... -'·'' + 0.21) • •o•E>·'!>Ji>J4 .o. •-i·n 

COll!ilI!lER COUDITirn l O!ILX: 

Cls • <t'i5.'t 
'1• • 1C.~ ... I 
'" • 2.t.11.S 
Q,. • ls'O'l'la 
o .. •"ea~" II•• Sr•S:'t 

.lIR fLOI RATE ( ml/hr ) 
1 2 l 

Sil n:s SJ'-,,,, lblJ i.oel . 

1001 1.l'#Z. 1011 

no1 1.']b l61JI. 

31>10 ~'i!Jl IOIJ1 

11~11. US'I, lllSO 

IJl>U .1ttU )°'Q\lj 

!(Oii 489't n18 

r2.o.•qn 
r2.o.'t'tf>O 
r 2.o.1,s& 
;_2.o. ,,," 

"1 . in-i .,o 
Pl 2 • at.11. . 4>o 
..IJ • 2.H7·4~ 
al.4 • a~,t -h 
Cl\av .... ll}L!} 

4 

I))~ 

144!1 
loll 

~·,... 

4&.U 
ror& 
Yll" 
!{fl, 

4 B EQ. LEU.lGE 4RE.l 

-~·2 
GEN. EQ.; Q •0.12.'IGaJ...,,J• 

.. .a 
;::;. 
• 

~ 
~ 
Cl: 

!;a 

BETTER IUSUIATED BOUSE PROJECT 

90 11lES.; t:I.••:EU. SITE PIUSE lC 

ill! IRffiTF.J.!l'IOl! GRAP& 

B()l;SE liO. _....;:z""s __ _ 

DEPR!SSURiiATlOH 

·I ; ! ! ! l · ; . J~ : ?=-1. : '.- .:--=L. ··-: 

2':>00-f--*" ........ --~""-4.,_~~i--~---~-+-~~~-+~~~---<t--~~~-t-~-

·----<>-- --- -<t----....... --,~----- · · - - ·-

l= . · 1 ' ------ i =::::·7,_.-::t==:··----1 ~- -· ---~- ___ .:-:-.: ;-· -----
-----11------·---.. -1-- ..... _____ _ 

1----~·-------· 
.,...~-~ ....... ~1 :.-:-:-:.,...........-.--,: 1=--•. -. ::::::-; I~ 

. '. 0 10 20 )0 40 50 4iO 

lRESSURE DIFPEREllCE ( la ) 

... ~ . :'1,. ~-..... 1~·,,:if,!"·.J .. ,.·;-.t.a·~ .. ttt.~~~u~t.~~~::~~·'·r~ .~ ....... . 

I 
I 

' r 



::.~:~ :1.:._~L 

JA~A ~s rs:;~ : 1s .1.ei. 
I I 

!!!! Ill?ILTRJ.T!IJ!! - PRESSU.'UZS.TIOll TE:l'! ~..:::::·;LT 5!PE~· 

?.JUSE ::aos I ~~""' 0)/066. ~ 

RJUSE GROUP 1 '96filll891r, fiS'f 

5·~USE TYPS 

f!CUSE VOLU:a; 

DETA1;RED, Shi BE!A9Hil:&, ~ 

~ml 

HCUS.C: EllVOLOPE ( EIX'OSED SURr.lCE ) WALL .\RB! 1 f'l.f: '-?. 112' 

110. Cl' CRAnSHCE v:::in1ur:iRS I ..!!..._ 

TEl."'PSil'r!JRE : IllOOClR 1 ~ 0c, OUTDOOR 1 ....l..._ 0c, 6.T 1 .... ! ... c 
n:iD : SPEED 1 ---- 1t/mlu .2.!! ~ m/a, DIRECTIOH 1 .e. 
R::L!TIIE HUJIIDUY : nrnooa I ~ •• OUTDOOR I ...11.. 
Tt:A!rliERSTRIPl'Illll 01 OPElflllGS I YES I tte-

HilTillQ CO!iDITIOH WRIJIG TEST I 011 /...f;)H. 
T:EST COllJI'!'IOllS I l • ALL n:roows UGli'ILY .CLOSED 

2. OBE WINDOW Ol'EH 'I'll !PfllOJ:, 10... GU ( 0.00112 

J. ORE WIJIDOW OPEV '10 UPllOJ:. 45mm GU IC o,09a2 

•• OllE mrno• OPEii '1"J .lPPROJ:, 1J5aa au ( 0.21112 

:'EZT ?..::;1;1.:-:; ( PRESSURIZ!TIOll / BtiPRil6611i11il!fI8N ) 

P~3SUP.E !lI.FF-REllCE ( Pa ) 
:::·J. l 2 ) 4 

l :s 4 l ~ ?. ~ ·-~ 2 II !r " ~ 'h' 2-l 
) ll 'f 11 ... ,, -0 40 
4 15 'I ll'f ·~-" h' 
5 \14 J/I . ~ 1J"' 1-o 
6 •1 ~ ~1 -} u .. 1·\" ., 

"'1-& 4)& lT'J 11>0 

3 ~'1 -~ 'IH 'l\-* ll•'t 
9 

10 

?.::St'!.! ;;:.UYS!S ( Q • II(, J. , 4P- ) 

l. "'· ' J. Pl. CA + o. J2) 
). ..i.(J. + O.Jg) 
4 . ..1.(.l + o.n) 

• !i?a I :211• fli 
• !1b-•:io .t2 
• S't1-0ll AJ 
• 1"21 ). llS" 14 

c1:m:;r!:<:R CO:IDITI~ll 1 ~: 

a,. qn.3 
Q .. • IS~l'-.. 0 
' ... -.11~;1 l 
~. • ,-u,'t 

•Q·. ~~'f!. 
.o. tis•O 
.0.6f68 
.o. on 

AI!! FLOW RATE ( ml/hr ) 
l 

I OOIJ 

•&to ,,,,. 
lo10 

u111 
1mtt 
Jf:{1I. 

4h'o 

r2.0.'f1'fC. 
r}o.1'fn 
r
2
.o.1111 

r .o.•n11o 

2 , 
IH ··~b 
'LOo1 J.~~" 
'HJ' ?.il)o 

ini U'lo 
4111 .. ~,,. 
•ni so'& 

'"U ril~ 
!(011 Y~n 

~ l • JllfS • !O 
~ 2 • lE,Sb • f'l 
d) • J.1b1·d· 
04 • hi> . 7<} 
°"av;. ~}4S". o o 

.I. 

1SJI> 

-ioo7 

hit 

3.i~l 

•n-o11 
~o•& 

,..-,9~ 

~'6&1 

A • EQ , LEAkJ.G E 411EA 
• o.oqq1 .2 a ... ·~Ill.fl •• '4>01.J 

'lEH, £Q. • Q •0 .0'rJl~av .J• 

L__ -!.. L_ _ _ _ I ~• .-..l 

" ..a 
;:;-

D 

BE'ITER INSULJ.TED HOUSE PROJECf 

BO 1NES:i ll.l).ilL SITE PBASB lC 

AIR Inl'ILTIW'JO!f GRlPI 

HOUSE 10. t~ 

PRESSURIUTIOB 

7000 I • .•• , ri ·1 ..., ~ 1 • ' I II" II " I ' • " I • I ' ::!:±i:l 
-~~:: _1'.~;::= ,. . .. ~~~- ~ : - _._:: :--~~ . ' '. l r.--~ - · . . ::tti:l 

. • ..:. --'-1 . ............... .~· ---
r.:I 6000 ::;:i::;-- ~7-.-.-- ~ . . ,,~ . . --·-··-- .-.-.-:;i 
f< ' • --r.- : • • • - 0 I o • • ' - , - · - - . ,, _ _ _ 

il! : -!-1.+--:IT;_ ~~ • • o I • ' : ' • ~;:Ti" ::;:::.p..:::;- -:.!-;.;J 

~ · -r.::!:: ., . 1-:-n-rn- 1-qL 1 • 1 I ~..___._ __ ~· -- - ............,., -·~- ~~---- __ ____ ., 
0: ; ~rt.~~~~+;- - · _-_:::¢;:~~=-~~~~~ 
H . I • - • · ~ 

... 5000 . . ~~..... . :r ·-,-r-f-..: ~ · · • . ;-'--/ - - --:~~4·-
. ::;::r--;:;::0-l • , ~ .:.... · ~ . • ±!::i::.!...-...-++ -~-~·,..,...: ... .::I::.2 • .::::.: _:::-;..:.] 

•· ; I r 1 j ..- " ; t.!ii...,...:+ ~ ., .,--..-i- ~ 0-•- · - ·;:i -:::1.~%.: ; ... . :.~:..:r - - -~- ~ 
:..q::_!::-, .. ~ - - "· ~ =-~ --T-:-·-· ·3 -::::;=:.:.:- -:= 7 ; • ::--:-• ~__;.~--~--=== ;._.T 

4000 , I I • 

: - -::x:::: ..:............-/- . -~· ~ ...,,,..-:--:-== ::r.:::J 
. -11 .. ~ 1· : -~~~ 7~ ~~~:g - ·-- --: -- .. . ' . ' . §1 ~ ••.,.......... -- • -,-- 1.-.--:.r I ' -:---•--, - - .,. .... 

I - ,---;· • . - - -
' - II ' -' ""'!'" - • ' ·- ............... _ . ' 

' .' 
~ . t:E -.-_._.__ 

• T" ~ ... . ~ 1---r:-:-~-'-t-~-~~-

I I • 1 • .----;--.---.--.-.---, -.-,I-; I I . ' ... 
0 10 20 )0 40 50 60 

l'RESSUllE DIJPERDCI ( ta ) 

.. · .. ·· .. .. . ..1,,... • ' ·\ .. . : .:· . ·. •_.;., :'r-" ! 

L-._j · :...._J I ___ J __ _j '-·-- i l - - -



r- ,_.. 

:I·~IJSf. :ii~ .~ 

::AT.\ J'! n,;;t 1 I0.2.ez. 

A!!I rl?ILTRJ.TIO!l - fRESSURIZATIOll TEST RE::'JLT Jl!EET 

iiOUSE CODE : ~ 0)/066, ~ 

eous:;: Gl\0111' I CO?ITROL. ~ 

i!Ci!3E TYPS 1 liET.4.cHED, ~ i&&.1"95 

HOJSE NLU¥E ; 2~0-95 •J 

RC~SE EllVOLOPE ( EXPOSED Sl/Ri'ACE ) WA.LL AREA 1 19f.6Z m2 

JO. OP CR.tnsl'ACE V!:HTIU?ORS 1 ...JJ._ 

TEl!PE!UXURB I IIHlOOR : ~ 0c. OUTDOOR I -1.. 0c. AT I i_ •c 
nr.D I sn:::o I -- i't/min Q.!l ~ml•. DIRECUOll '~ 
~L..lTIVE IMIIilITY 1 IllDOOR 1 ~ "' OUTDOOR 1 ..!!_ " 

"ILATHLf<STliIPPIUO or OPEllillGS : n:s / -11&-

HUTDIG t;ONDITION WRING TEST : -6ff. I orr 
TEST COl/DI'!'IONS ' l. .I.LL n:rnows TIGH'l'LY CLOSED 

2. OllE nNDOW OPEii IO AP"PROX. lOlu OAP ( 0 . 02112 

J. OHE nwoo• OPElf TO AP"PROX, 45mm OAP ( 0.0992 

•• OliE mmo• OPEN TO APPROX. l35m GA"P ( 0.21.2 

r::::::T ?E'.3".'!.l'S ( p;:-.:ssYRiilA!I&lf I DEPRESSURIZ.lTIOM } 

P2.:::3S'J?J;; Jlr?ER:::NCE ( P& ) AIR FLOW RATS ( ail/hr } 
::c. l 2 ) ' ! ~.z '2. 't ··~ • ·S" 

2 S" 1. ~o 'l-'t "I .'!: 
) II 2 1·~ 4·0 '·I> 
4 ''i 1 '1}1 11 ·2 11.1 

5 · }If~ 11.0 Ill 1).!( 

6 ~H lH '1.1.l lll'·O 

7 lh.it l].Q 2l ... 16 -~ 

B 

9 

11 

.:=.:::z-:t: .;::;.unrs C Q • "'· J. • /AP~ ) 

I. "4 • .;. • 40U°" h •<!-~,. . 
2. ..i.u. + 0.02> • ~a'*·''" h •O·h't~ 
l- .,,.(A.+ 0.09) a bJS.SJ~,dJ •O-C.11"1-
4 . .,.CA + 0.21) • 't 1-ooric .o.st'l 

c1;11s1m:R COli:J!TIO!I 1 OllLI: 

Q,. 
Q,. • ...... 
Q11. 

a ... •• 

., .. ~-· 11qi.'6 
'1'010.\ af>.n. 
'W02. 
soati.j, 

1 2 l • 
U{. Ulo 11'- 11.,.!o 
1110 •in •ni u.n 
i.007 lo" I 2C»O l-"7" 
n11. iS11(. )010 41'1ti 
s1111 41'1& '11'111 "H, 
,,~.,, 

lf'1&1. 

r2.0.'l'll• 
'1.o.'l'l'lo 
1'2·0.'11~1 
I' • 0, .. ,6't 

4Wt lffllt 

lfS-'IC\ "l!ro 

~ l • 40lf0 .t>!» 
••h • lo IJ. I 0 
al] • 11.?IO· ~'B 
d4 • t.161· 40 
"'IY·• 111~. es 

47~• 

!1"018 

.A ~ EQ. LE.AlC.lGE AREA 

-~1112 

GElf . E<;;.: Q •O.ltfll"'av.J• 

" SI 

1000 

....---, --")" 

BE'nEft IJ;SIJLlTED HOUSE l'ROJECT 

l!O 'llESS ll.::IEIL SITE PHASE lC 

AIR I!fiLl'RATION OR!PH 

Uot:SE liO, ~~ 

DE71i!SSURIZATIOB 

.! 

:! 6000J]~~~~~g}~~~~~~~ ~ ·---

~ 

~ • 

Ill: 

~ 

.... _,.: = _ .. _ .. ...., ___ .., 
;--; I ...... ~ ....... 
r ·- -
~--~ .·--
.==..i - ---· ---

2000·----· ~a~~~~~==-- ---- -= =:.::~ 

1000- !' ·1 ~ . ~~--llfill:~+ '•x:: :: :~~~3'='" 
O· 10 20 )0 40 50 60 

l'llESSUBE DIHERDICI: ( ta ) 

• ! '·-·r."' :·· ~~~ · · 1., . .. :;. ~-~;:·:t ~ - ~: .. ~.(.~~<; .. t.i;".:: .·,..; · 

. , 



~!· r:i:.; :·: 1io. :0 
:.;.~t lii' l'E:>;: : •. ll.81.. 

i 

.U!I p:>rLTIU.TIOll' - PRESS!JRIU.TIOH TEST RE!:UL!;..fil£ll 

I 

ilOIJSE CODE 1 ~~ OJ/066, ~ 

HOUSE GROUP 1 COllT l~OL, ffq... 

HOUSE TYPE i i:>t:TACllED, SIB EifMllHi9, ~ 

HOUSE YOLUllE 1 _!!0.9,S al 

HCUSE EHVOLOPE ( !IJ:'OSED SJRPACE ) I.ALI. .tRil : 

'110. Oi' CR41LSP4CE Y:mTILATORS : _!!_ 

I 

19 ... 62. 1112 

t::~'PE!UTUR3 1 DIOOOR 1 ~0c, OUTDOOI 1 L 0 c, AT 1 ~·c 

WI?iD 1 SPEED I ~J lt/1111A 2! ~fl/•, DIRECTIO• 1 ~ 

R:.-X.ilIVE BU)[IDITY 1 IIDOOll 1 ~ "' OU'flXlOR 1. ~. I 

l!ATHERSTRIPPIHG or OPENINGS I n:s / -¥G

HLJ.TIUG CONDITION WRING TEST 1 ~ / OH 

TEST COL':IITIONS I l. ALL n:1001s TIGlfILY CLOSED 

I 

2. 011E n11001 OPEN m APPROX. io- GAP I ( o. 02 .. 2 

J . OllE IINDOI OPEH 'IO APPROX. 4 5maa GAP ! ( 0. 09m2 

4. OllE TINDOi OPEN i"J APPROI. 1J5cm GAP :( 0.271112 

~""T !'E:':'-'!.TS ( --l'nE&iiYRii!iA'H&ll I DEPRES5URIZATIOB ) ---

P!!!.S SUR.t: :::lI?FEilEllCE ( Pa ) 
::·:i. l 2 ) ' l I~ a.i Pt 1.0 

2 ~ '6 
' i ··l i .~ 

) 'to 'h v; J .6 

4 '*s" ·~ · 1' 11.0 ,_,. 
5 'l.IO '1.· - ~ IS' O I-'! 
.; U'\ l'l -'t 1.1 ~ 12·1 
T 4lf I ll~ 1'S'.1 II .'$ 

a .lf1'6 l&.1 1-lCI lf.O 

9 •H 1t1q ,,,_.,. 1r.4 
l'J 

?.~~~·!.T .u:;.q::rs ( Q • "'· 4 • ~1• ) 
I. "'· A 
2. .... (4 + 0,02) 
l. "'· (4 + 0.09) 
•. ol.(.l + 0.27) 

• 2is . z8~,Ai 
••• , . 111 .12 
• soo. 1Ai1> Al 
. '""' ·~8" "4 

CCllSIDE!I COllDITIGt: l .Q.!:'1I: 

Q
Q I• 'f~·l (,. 
... 1• 1?>.'L 

c; ... 1.1•1.i 
Q• • ?.t.U. 
a ... ~18. •• S•Hl·1 

l--

-~.·J.~l't. 
•O • ,'l'S~ 
•0· ,111 
•O· 11,.S 

AIR .FLOI RATE C ml/hr ) 
l 

US' 
11(, 

'"lJ 
Ut2. 
loll 
.:Jl~g 

it7U 
'f\So 
lft~o 

r~.o .'11'1 
1'~·0·1111. 
r ·o"\t&O 
r

2-o. 't110 

2 ) 

"'j ~,, 

I !.lf> 1111 ,,If() 'lD~l 
l.~71. 1011 

H80 '}&&f> 

4W .... ~~ 
49t'o r-11~ 

to1i vm 
!Ill~ 5fl11 

-1 • l~'l't .ss 
.,lz • 'llOI .act 
olJ • •1U .u6 
d4 • io1i . S'1 
ir:i\aT.• t.006. 11 

4 u, 
IU& 

2.IJ'f 
)1'11. 

.l#J<f1 
~01g 

nn 
!if~ 
~,,~ 

4 • EQ l LE.lKAGE !REA 
• O ~ l'tl.?. 182 
-i- ... 

GEii, El 1 Q •0.l~l~av.AP' 

-~ a.:. 

1000 

!!ETTER IllSULl'IED UOUSE l'ROJ!C'l 

BO'llESS ltINllEIL SITE l'IWB lC 

UR JllIDTRJ.TJOJ! GR!Pfl 

HOUSE liO, 15 

DEPR!SSURIZ.l'l'IOH . . . - . .. ... .. 

w6000~~~~~ ~ 
~ 

~ - ·· · 
0: - ·· ·. 

l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-t-~-~· . 

.l: 
~ • 

~ 5ooci° - - · · -· 
... ..... .. , .. 

- - --··--
""' -·--

·- - · 

... . ·--· ..... ....... . -· ... ~ . · ··-· 

--==--.!-: ~=:,: 
··--: ---.-. ···- -.. -· · -

--. -. ---· __ .....,. __ : 
~-· -! 

~-·- 1 11 . ·~ ff~if==-j /ii j! '!-~=~~~~ 
.. ... -~--r ~~--.j· 

0 

' __ ,J 

10 20 )0 40 50 60 
lRF.SSURE DUPERlllCE C ra 

•. • '. ' !' ~:~,t:J' A :.1-.~·:~..f·l~,("i~':'?:a,'t);.·1~\v-i]:.: :,(•, j 

l 
·c:~ _,, _ __J :__J __ _j ____ J 

.. 



. ~ .---- - I __ _ __ , 

;;,·!;::;:.;::.~ 

ilAT.1. Oi' n~T : 1.'l-1. l!'l. 
I ---

AIR rnnLTRATIOI' - fRESSURIZA.TIOt! T:::ST ~:::;JLT SHEET • BETTER IllSULATED HOUSE l'ROJEC! 

i!CUSE CODE 1 ~ ~ 05/062 

BOUSE GROUP 1 COll~ROL, ~ 

iiCUSC: TYPE 1 St:'fi•8IECB1 iilio 9£!1'.1.~, TEIUU.CE 

HOOSE 'JOLUl(E 1 ;t~. f>tS mJ 

HOUSC: E:iVOLOPE ( Ell'OSED SURFACE ) HU. A.RU 1 ~ 112 

!'10, Oi' CRAILSP.lCE ~l'l'ILA?ORB 1 __!!__ 

TE!ll'E!!.U'URE 1 DIDOOR 1 _a_ 0c, OUTDOOR : .J2._ 0c, AT 1 ...!:_ •c 
U!ID 1 SPEED : -- Pi/min fill ~ ,./s, MRECTIOI 1 ~ 

liil.A:!'ra Ht.11IDITY 1 INDOOR 1 ~ "' OilTOOOR 1 .J2_ " 

IEJ.rHE?.STiiIPPI!iQ or OPEllIHGS I ...,.. , BO • 

HEATrJG COllOITIOll WRIBG TEST 1 OK /-f;ff-
T:<;ST COHDITIOJIS 1 l, ALL WI!IDOWS TIGHTLY CLOSED 

2. ONE rnmo• OPEH TO APPROX, 10- GAP ( 0.02 .. 2 

). OHE naoo• OPEN fO APPROX. 45mm GAP ( 0.09112 

4. OHS m11xr1 OPEN TO APPROX. 1J5mm GAP ( o. 21112 

-.-:::? ?_":::;'J!:'S ( PilSSURIZA'l'IOU I~ ) 

P3ESSURE !JI?F-P.EllCE ( Pa ) 
::o. 1 2 l 4 

l PS Io 10 

··~ 2 '1 'I ~o \·'l. 3.o 
) ~I) l'b 1-'t 4f·l. 
4 no II '{ 1.i..o 6.} 

5 ·q q 'H .,., 10.0 

0 JZ.'S ~11 U.'f l't·i 

7 ~J.o )J.IJ n~ 111.0 
. 3 4' -~ ?>'·~ u-.1 .,.~ 

9 

1() 

?.:::St'1.! A::AL YSIS ( Q • co(. A , '1.P~ ) 

i . ..c. ' • ll'l.12' h .o.1u.1 
2-..1.c1+0.021. hvm~2 .o.is\i' 
i. ...,.(A+ 0.09) • 11u.1oi- ~J .0.1 ... 1 
~ . ..i.(1 • 0.27) • Hl.11.1 J4 .o.••S&. 

c:c::s:r::r:R CO!IDITIO!I 1 G!JLI: 

Q
Q I• 'ISl.C. 
... 11o1•. '1 

~ •• 1-l"'l.1. 
Q11 • nl•.o 
a ... 'tf>Sl.C. 
•• ll'IS· I 

AIR PLOlr !!ATE ( 111)/hr ) 

1 2 J 4 

Uo US' !(02,. 10 ... 't 

!tot 101 9~1> 11.n 

/Oot "U <>-wt ioq1 
2001 'l.lU .!.H1 UJ~ 

l-~•i 

l.fol't 
'I~·~ 

V:&S 

r2.o.'1'11't 
~-0·•'111 
r .o.•1ast 
r 2.o.11,6 

)Ott 4b9l 
4U3 4&~0 

!f•'i't '!r1BC. 
~~L fit fl" 

• ~&1~.lfo 
1112.ctt .,...,, , 

~l 
..12 
~) ....... 
d.a., •• 

111..1. 6o I 
i\11).11 

lJ41. 
4t.U 
!fo•B 
!r18~ 

A • E~. LEAKAGE AREA 

-~112 

GEii, E<.1 Q •0.1!10..fn.J• 

B0 1Mf:SS ll?INEIL SITE PHASE lC 

AIR l?lW.'l'I!Al'ION GRAP!I 

BOliSB liO, .fO _....;...;;...... __ 
PRESSURIZA!'IOR 

7000 I '' ' ' ' - ' 1·--, • - ' ~ - : . ' ... . I . 1 • ; : -~ 
T ----~ --·--- - ---. - --- -- · -:::::: .. ·-·-.. 

~--·---- I• 

~ ·::=== - -.---·= --- ·--·- - ---. - --·- . ·-·- . 

; =!i- =~=:; 
---·- - --- ·· 

4000 .:.=---= 

:.:..:=-:.:.. ·- ·--
)000 -

0 

······:.,,· 

-J.J.-----=--·--~-=---+----.·-~~~-:: ' --- ·- -.===--
_______...._~,. -· . ~~r-· ----=-_i ·::-.::~ 

·~--:: =l =-=--= 
!"tie:t::==::::::::::t= 

~EE~~·- ~---~---· -_-_:~ 
~--+--'-___._-+-----i---':=:::t-·_- -:-, _____ -+- - - ·~ - ... ... _.:...::::. ___ F-·--

I • 

10 20 )0 40 50 60 
PRESSURE mrrEllEllCE ( •• ) 

• -f "' • • • ! :. ' :, • "• :,\, • I • <!. " . ~ .;.. 

--r 



:!CT:: k :i..:=. 41 
I --

DA~<\ JF T:::.:·;- : 1.1 .1-81. 

At:t IJ;?ILT!U'TIOI! - PR.ESSU!CZl.TI Otl Tl:::;:- " =::al.'!' :l!!E<:':' 

aous:;;; CODE I ~ ... ~. 05/062 . 

HOl'SE GROUP 1 CON'l'RCIL, ~ 

SCt:Si: Tm : ~=r. EillL S6'fMlll61lr 'fl!IUW:E 

HC!!SC: VOLUXE : ~-85 ml 

RCUSE EllVOL'Jl'E ( EX."POSED SllRPACE ) ULL .tRU 1 7?.'5 m2 

f.0, 0? CRAl'LSl'ACE V"3!11'ILUOP..S 1 -1.e._ 
I 

T:::.:PE!W!URE : DIDOOR I J!... De. OUTDOOR I ~ 0c. AT I ..!t.J0c 
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