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THE AIR PERMEABILITY OF 21 FACADES WITH FACADE ELEMENTS IN THREE SEASONS

In the ventilation of houses the air permeability of the facades with

facade elements plays a part. In order to achieve an inventarisation of the
air permeability of various types of facades in occupied dwellings, measuring
took place at 21 facades. It must also be investigated whether the air permeability
changes for each season. This is the reason why measuring at each facade was
carried out in three seasons. Additionally, it was investigated at twelve
facades which share the various gaps (of movable sections) and joints
(between fixed sections) have in the air permeability of the facades.

Fhe entire research had been carried out at the request of the Department

of Housing and the Environment (MVRO) within the scope of the research
programme of the Advisory Group "Energy and Buildings" (SEG).

The research shows that the share of the joints in the air permeability

of the facades 13 considerably greater than mentioned in the Dutch Standard
NEN 3661 (6). This standard stipulates conditions with regard to the
manufacture of facade elements. It is apparent that the gaps of five out of
the twelve measured facades do not meet the initial points of the standard.
There appear to exist great differences both between the air permeabilities
of gaps and of joints in various facadezs as well as between the air
permeabllities of the facades themselves. No clear tendency could be
established with regard to the seasonal influence. The most freguently oczcurring
tendency shows an increase of the alr nermeability during the winter as

ccmpared to the summer and the spring or autumn.
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Furthermore, there are indications that besides the air humidity also
the temperature greatly influences the air permeability.

ADVICE TO THE READER

The reader who wishes to get a quick impression of the progress of the
research, without extensively investigat#ng various issues, 1s recommended
to read the abbreviated version of the report as shown on the coloured

pages.

Abbreviated version of the IMG-TNO report C 490
"THE AIR PERMEABILITY OF 21 FACADES WITH FACADE ELEMENTS, IN THREE SEASONS
by Ing. B. Knoll and Ing. W.F. de Gids

At the connections between frames and walls, glazing and frames and similar
joints, openings can bea found through which the air can penetrate into the
house or escape from it. The same can occur via the connections of windows

and other movable parts on the rabbet (gaps). This is shown in Figure I.

wall
\_

sill window wing

2/ i

glass

Figure I. Air exchange via gaps and joints in the facade.

Little is known about the total air permeability (degree of leakage) of the

various types of facades.

Objective of the research

1. Inventarisation of the total air permeability of various tyves of

facades.

2. Investigation whether there is any seasonal influence.




Arraggement of the research

- 21 different types of facades have been selected in which the variety in the
Dutch forms of bullding is more or less expressed. In the selection additional
attention was paid to other, possibly important criteria, such as age and
maintenance. .

- Under the influence of temperature and humidity of the air and sun radiation
deformation of the facade components may occur. By execvting the measureﬁents
three times at the facades, in the summer, spring or autumn and winter, the
possible influence on the air permeability of the facades can be signalled.

- In the Dutch Standard NEN 3661 requirements are laid down for the air
permeability of windows (gaps) with regard to the manufacture. The air
permeability of joints is here supposed to be negligibly low, namely 1% of the
alr permeability of gaps. In order to check this, the air permeability of
gaps and joints of a number of facades has been determined.

Characterisation of the alr permeability

The alr permeability of a facade i3 expressed in the allowed volume flow at
a specific difference in pressure for the facade, expressed per unit for

the size of the facade or for the size of the ailr passing parts of the facade.

Measuring principle

A surplus pressure 1s applied to one side of the facade with the aid of a
ventilator (see Pigure II).

‘Lnaidel

pressure

volume flowmeter

ventilator

——

T requlator

Figure II. Measuring principle in one of the apnlied measuring

arrangements.



The pressure difference across the facade is measured. The ventilator
displaces a volume flow, which is also measured. In the arrangement

of Figure II this volume flow escapes exclusively through the gaps and
joints in the facade. Two other measuring arrangements have been applied,
by which also the folume flow through the gaps and the joints could be
determined. A passed volume flow at different pressure differences across

the facade has been measured at various speeds cf the ventilator.
Results

By plotting the measured pressure differences and relating volume flows
at the various speeds of the ventilator, the air permeability
characteristics obtained as shown in Figure III.

pressure difference (Pa)

I characteristic:

1/n

= =CxA

q | P\//
100

l

I 500~ air permeability

measured pressure

difference = ///f
10 :

measuring point _
at a specific speed of the ventilator

IEREL

1 S D A A 22 1 VI Y 1 vt ]

1 s 410 5o 100 [10°° m3/s ]
measured

volume flow volume flow(qV)

Figure III. Air transport through the facade depending on the pressure
di fference across the facade (alr permeability characteristic).
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They are characterized by the general comparison:-

1/n

qQ,=Cx -p R e i SR ST e 30 -as (L)

in which qv

the air volume flow through gaps and joints
in the facade (10-3 m3/s)

— p = the difference in pressure across

the facade (Pa)
C = aire permeability coefficient (10-'3 m3/s at 1 Pa)
n = flow coefficient (=)

The values C and n for the various facades per season ara shown in table 1,
following this report.

This also includes the other particulars of the facades. C and n of a

facade provide information regarding the ailr permeability of that facade.

In order to facilitate mutual comparison of facades in various seasons,

the report includes a figure, plotting the passed volume flows at one and
the same, frequently occurring pressure difference (figure 9 of the report).
As the air permeability must be shown independent from the size of the
facade, the air permeability of the facades has been plotted against various
magnitudes which are characteristic for the size of the facade.

This is shown in figures 10 to 12 of the report. In the figures 13 and 14
of the report the air permeability of the gaps and joints per metre length
has been separately plotted for a number of facades.

Conclusions

1. Measurements investigating the individual contribution of gaps and joints
in the air permeability of facades shows that in practice especially the
share of the circumferential joints must not be ignored.
This is contrary to the suppositiocns in the Dutch Standard NEN 866l. The
12 measurings on which this has been based, provide an average air permeability
of the circumferential joints per metre length which is approximately 40%

of the air permeability of gaps. The standard suggests that this must be
less than 1.

2. The air permeability of the circumferential joints of twelve facades varies
from 0.01 x 10-3 m3/s per metre joint at a pressure difference of 3 Pa for
the least leaking joints to 0.65 x 10“3m3/s for the most leaking joints,
consequently a variation with a factor 65. In no case 1s the alr vermeability

of the joints { 1% of the limiting value for gaps as stated in the standard.
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The air permeability of the gaps of twelve facades varies from 0.07 x

10-3 m3/s per metre gap at a pressure difference of 3 Pa for the least

leaking gaps to 1.52 x lO-BmB/s for the most leaking gaps, consequently

a variation with a factor of more than 20. The gaps of five of the twelve
facades apparently do not meet the initial points of the standard. The maximum
transgression of the limiting value set in the standard amounts to a

factor three.

The total alr permeabilities of gaps, joints and other leaks 1n facades

can be expressed in different ways. A fairly good expression is as as
passed volume flow at a speclfic pressure difference per metre of the total
gap length increased by 40% of the length of the circumferential joints.

If the alr permeability of the 21 facades at which measuring toock place, 1s
shown in this manner, the air permeability appears to vary from 0.06 to
1.28 x 10-3m3/s per metre of the stated length at a pressure difference

of 3 Pa. Consequently, the dlifference is therefore more than a factor 20.

At a frequent pressure difference of 3 Pa the least leaking of the 21

facades permits through all gavs and joints an alr volume flow of 0.5 x

10-3m3 s. The most leaking facade permits at the same pressure difference

18 x lo_3m3/s.throuqn.

If the pressure difference across the facade increases to the little

occurring value of 40 Pa, then approximately the sixfold is permitted

through. Owing to the fact that both the ventilation requirement as well as

the share of the facade in the ventilation per space may vary considerably,

one should not decide solely based on these figures regarding the permissibility

of the sald ailr transports through the facades.

There appears to be no uniform relationship between the air permeability
of facades ardd the season. The most prevailing tendency is the occurrence

of the maximum alr permeability in the winter.

. There are indications that the air permeability is not only influenced by

the humidity of the ailr but also to an important degree by the air

temperature.
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AIR PERMEABILITY OF 21 FACADES WITH FACADE ELEMENTS, IN THREE SEASONS

NAMES AND SYMBOLS

In this report the general terminology for building work, technical names, etc.

are used as much as possible.

For reasons of clarity a description of some frequently used concept follows

below.

Facade : the vertical separation of the dwelling between inside and outside;

consequently the outside wall plus possible windows, doors, sills etc.

Facade element: the section of the facade which consists of a sill with

windows and/or doors and/or glazing and possibly available panels, plates, etc.
(figure 1)

|
| | 1
|
| l | HH&\
|| [

\\ . S
\ /

Boundary facade element

BAS

Fiqure 1: examples of facade elements.
The facade elements is surrounded by building components such as walls,

floor, ceiling or other facade elements.

Slit: general name for the opening at the connection of structures or

component parts of structures to each other in clesed condition.

Joint: The slit between parts which as a rule not move with regard to

one another, for example, between sill and wall (figure 2).

Gap: the slit which is not only present owing to non-precision in the
manufacture, but is or should be available for a good functioning with
regard to one another of moving parts, for example, between window and sill

(figqure 2)
wall

— T 1N

— e

h—

sill

window wing

L

3 glass

Figure 2. Example of gapa and joints
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Names which are also used in the building industry are "grooves"

and "rebate".

Slit, joint or gap length: Example, length of the joint between sill and

wall is the circumference of the day opening-in the wall.

Slit, joint or gap width: Example: the width of the joint between sill and

wall is the shortest distance existing between the sill and the wall
at the place where these should adjoin.

Slit, joint or gap depth:Example: depth of the joint between sill and

wall is the shortest distance which the air mus pass through this opening

in order to enter from the inside to the outside.

Untightness:each slit or joint slits through which the air can flow to

or from a space,

Alr permeability (of a facade): property (of a sealed facade) to allow the

alr to pass through when subjected to a pressure difference. The air
permeability is characterized by a volume flow and is expressed in 10—3m3/s
(1/s) as function of the pressure difference. As concerns, for example,

a facade with facade element, the volume flow i3 related to the area of

the facade element or to another characteristic magnitude for the number

of untightnesses, such as the total gap and joint length.

In this report the follcwing symbols are used:-

A = area m
C = alre permeability coefficient m3/s at
lk = gap length m
ln = joint length m
n = flow coefficient -

D = pressure dlifference across the facade Pa
1, = air volume flow through the facade m>/s
qv(3) = air volume flow through the facade at a pressure difference 3

of 3 Pa m /s
Dy, (3)= air volume flow through the gaps at a pressure difference B
)3 of 3 Pa. , m~/s
q, (3) mair volume flow through the joints at a pressure difference 3
n of 3 Pa m~/s

r = correlation coefficient =



2. INTRODUCTION

"Participate in the national gap hunt”

With this and similar slogans the occumant is encouraged to limit the loss

in eneréy by unchecked ventilation. This concerns the air exchange via
untightnesses in the outer shell of the house. Especially the untightnesaes

in the exterior walls of heated rooms, such as living rooms, kitchen,

bathroom and study and to a lesser degree the bedrooms, appear to be important.
These untightnesses will mainly be found where the facade elements adjoin

the walls (circumferential joints) and where the movable parts such as

windows, doors and grids adjoln the fixed parts of the facade elements

(gaps). Ficure 3 shows this.

s
wall __>
sill s
::;-#’#~#’,#w1ndow wing
—glass
-

Figure 3. Air exchange via gans and Jjoints,.

However, when sealing these and other leaks, one shoudd be aware of the
fact that ventilation 1is not only undesirable owing to the loss of energy.
A limited ventilation is essential. Think, for example, of the supply of
fresh air for the available persons, remcval of moisture and thinning of
harmful substances. This last issue 1s toplcal in connection with the
formaldehyde and radon problems. The minimum supoly of £fresh air should
be adjusted to these issues. In (1) there is mention, for example, of a
desirable supply of fresh air of 8 x lO-BmB/s (30 m3/h) per person in
connection. with the production of CO2 by persons.

In connection with the above it 1is important besides having an insicht

in the required minimum need in fresh air per living room, also to have

an insight in the realisation of the required ventilation. For emamnle,

a well-sealed facade may necessitate a controlable ventilation provision
such as a grid or flap. However, in the event of incorrect use, the
ventilation could then increase by this in such a wav that ther is more loss
in energy than with an identical, less well sealed facade, in which the
flap may remain sealed. Another aspect which is important in the sealing
of gaps and joints is tha efficiency. This depends on the share of the

untightnesses in the total ventilation of a roocm or house.
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In order to galn a better understanding of the said and similar issues,

a number of ventilation investigations have been carried out in recent yaars.
For example, it has been investigated what 1s the effect of the opening of

a window on the ventilation (2), how the untightnesses and openings are
distributéd across a house and how large they are (3), the amount of
ventilation created by this and the influence of the occupants' behaviour

on the ventilation (4).

Already as far back as in 1952 results were published about the unticghtness

of various window structures and the speead thereof (5). However, recent

data about the untightness or air oermeability of entire facades with window
constructions or other facade elements are little known. It is expected

that the air permeabillity per facade may differ considerably by cdifferences in
building manner, building materials, form of execution of the facade elements,
location, age, etc. In order to gain an impression in the order off macmitude
in which the air permeability ia placed in practice and the spread thereof,
the investigation described in this report has been carried out. To this
purpose the total air permeability of all available gaps and joints of

21 different facades with facade elements, in occupied houses has been detemmined.
In order to be able to assess the seasonal dependence of the air permeability
by the influence of meoisture, temperature differences and sunshine, the

measurings were carried out three times in different seasons.

3. ARRANGEMENT OF THE RESEARCH

3,.1. Selection of the facades

The measuring programme has been set up in such a way that it is possible to
obtain a maximum insight in the air permeability of the facades as used in
Dutch houses. Consequently, when selecting the facades a variation has been
introduced in the following points:-
- Bullding wmanner or material of the walls

traditionally built (lmrickwork)

cast concrete with s5ills positiocned on site

Concrete skeleton bulilding with prefabricated facades

interior cavity panel gypsum, timber or sandwich panel
- Material of the sills

soft wood varieties

. hard wood varieties
steel

aluminium
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- Nature and type of a movable nart
door, window, ventilation grid
slide, flap, turn or tumble movement
single or multiple noint closure

- Insulating measures

. cavity filling, flakes, blankets, foam, aranules
cemented constructions
. draught strips
dcuble glazing
7 Size of the facade element
. gap and jolint length |
capability to deform
- Location of the facade
. height above the ground
. protection against the weather
. type of room (heated/ not heated, dry/humid)
- Age of the facade element
. 0ld, new, renewed
- Maintenace
. shrinkage, subsidence

paint coating, hardened putty, cement, draught strips.

Based on these points some 21 facades have bgen selected which are

further described in apmendix 1. It has been endeavoured to select facacdes
which are more or less representative for the Dutch houses. However, it

will be obvious that with such a large number of variables it is not possible
to acguire a complete survey.

The results of this ressarch must therefore be considered as being a first
orientation regarding the alr permeability of the facades which have been
applied in the Dutch house building.

3.2. Dpdendence on the season

As we mentiloned already in the introduction, the research must also assess

a possible seasconal dependency of the alr permeabllity of the facades.
Deformations of the facade elements may occur owing to the chanaging influence
of ailr temperature, air humidity and sun radiation. They change the

gap and joint size and consequently also the air permeability of the facade.
In order to be able to assess this penomenon, it has been decided to
determine the air permeability of each facade Lin three seasons.

A differance was made betwean the summer, in between and winter season.
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The 'in between' seasons are considered to be the spring and autumn. In
order to be able to compare the measurements in each season, measuring

was carried out in periods of the same weather tympe. For the summer

season, this meant dry and sunny weather at an average outside temperature
between lSOC. and 19° C. The 'in between' seamonal measurings have been
carried out with overcast sky and railny weather and average outside
temperatures between 60C and 10°C.. The winter measurements have been
carried out at dry and clear weather with average temperatures of around
freezing point. Even though the air permeablility in the summer season is

of little interest from the point of view of loss in enerqgy, as 1t is cutside
the heating period, measurements were carried ocut durilng this period.

The reason is that the indication of a possible seasonal derendencycan take

olace most clearly at maximum cdifferences in the type of weather.

3.3. Individual air permeability of gaps and joints

The research has been arranged in order to determine the total air
permeabllity of the gaps and joints in the facade, so that one can assess
the share in the ventilation. Additionally, it 1is recommended to compare
the measuring results with the standards in this fields The Dutch Standard
NEN 3661 (6) lays down stinulations with regard to the air permeability of
gaps. However, the air permeability of the joints in the facade are herein
supposed to be neglihibly small, namely 1% of the air permeability of
gaps. It is desirable to check this under practical circumstances in order
to recognize a possible relationship between the alr permeability of
facades and the toal gap and joint length. It has theeefore been decided
to separately measure the air permeability of gaps and joints of a number

of facades in one season.

3.4. Integration of other research

For some time the window has been a source of study from various points of
view. Besides some function for ventilation, the window also serves as
light admittance and the admittance of sun warmth. These proverties must be
set against an lncreased loss of heat owing to transmission and a reduction
of the sound resisting properties as compared bo a facade without windows,
The physiological and psychological effects cf a window with regard to
noise pollution, the contact with outslde ané such issues, must also ke
considered in the design of windows.

The department Sound, Light and Interior Climate of the Institute for

Environmental Hyglen and Health Technique TNO endeavours in co-operation
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with the Section Social Sciences of the Institute to achiewve an integrated
approach of such multi-disciplinary study objects. Within this framework
and besides the investigation of the ailr permeability of facades, a research
was made regarding the daylight admittance through facades (7) and the

sound admittance through gaps and joints of a number of facades (8).

MEASURING METHODS

4.1. The concept air permeability

The air permeability (measure of leakage) of a facade can be expressed
in a volume flow permitted to pass through at the exposure of the facade
to a specific pressure difference. The air permeability is expressed per
unit of magnitude of the facade cr the parts of the facade which allow
the air to pass through.

4.2. Measuring principle

A pressure difference is provided across the facade which is being investigated.
This causes a volume flow through the untightnesses in the facade.

The pressure difference acroos the facade is measured, as well as the relatsng
volume flow through the facade. The dimensions of the facade or the air
permeable parts of the facade are determined. A measure for the air
permeability of the facade is acquiredd%¥%gﬁggvolume flow which at a

specific pressure difference by this.

4.3. Practical executions

The existing or a special created space at the inside of the facade is
brought under pressure with the aid of a ventilator. The nressure difference
across the facade is measured with an electrical pressure recorder. The

air volume flow supplied by the ventilator to the space is determined with

a pitot tube or measuring flange. The suprlied air wolume flow escanpes
enéirely through the facacde if there are no other openings available

in the space. This can be achieved by sealing these openings heforehand or
by providing an ailrtight space against the facade, for instance with the

aid of foil (figure 4). In these cases we speak of the "direct measuring

method".
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Figure 4. Direct measuring method.

It is also possible to determine once separately the volume flow permitted
to pass through the remaining openings by sealing all untichtnesses in
the facade and thus executing an additional measuring (figure 5b). It is
then possible to deduct this volume flow from the volume flow is is
permitted to pass through the entire space, including the facade, at the
same pressure difference ( p) and which has been determined by measuring
wilthout a sealed facade (see figure 5a). The difference is then the volume
flow which has passed through the facade. This is indicated as the

"difference method".
AR -3 k3 4

ventilator

Figure 5a. Measuring total leak- of fiqure Sb Measuring with sealed facade

the room
9y = % ™
gevel totaal overig
facade tota L misce llaneous

Figqure 5 Diffewence method.

Finally, a third method has been applied, which is indicated as
"the compensation method". In it the air transport through miscellaneous
openings in the space is prevented by setting the nressure difference across

these openings at zero with a second ventilator (figure 6).
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Ag with the direct measuring methed, the air volume flow dismlaced by the
first ventilator escapes then exclusively through the untightnesses in the
facade and this volume flow i3 measured directly. For other particulgrs

of the described measuring methods and a more extensive description,

we refer to appendix 2. We shall further deal with the pressure

differences at which measuring was carried out.
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4.4, Pressure differences across the facade at which the air permeability
IS DETERMINED

Above we constantly refer to the air permeability as the volume flow

which 18 permitted to pass across the facade 'at a specific pressure

difforence. Different values can be chosen for thilis pressure difference.

The alr permeability has practical value 1f it is determined by a pressure

Jdifference which appears to occur in practice. However, the pressure

difforences 1in reality vary greatly, both on the spot and depending on

the time. They depend on:-

- tha prevailing wind speed

- the wind direction

- thae degree of protection against the wind by the environment,

- the temperature differences between inside and outside

- the relationship of the untightnesses in the facade as compared to the
untightnesses and openings in the rest of the house.

At high wind speeds average pressure differences mav occur un to a magnitude

of size of 100 Pa. During short lasting gusts the pressure differences may

even lncrease to multiples of this value. According to (4) during the major

period of time pressure differences may be expected between O and 1O Pa..

Owing to the change of wind direction, the pressure differences

can be either "positive" or "necative", which means that at the outside of

tha facade there can be either overpressure or underpressure respectively.

This weans for the execution of the measurements: the volume £lows through

the facade are determined by a number of pressure differences increasing

in magnitude. From this a relationship between the pressure differences

across the facade and the volume flow through the facade can be deduced.

The alr permeabllity 1s determined at one frequently occurring pressure

difference. The range within which measurements a-e carried out is roughly

between O and 300 Pa pressure difference. In orinciole both in the event

of over-pressure as well as under-pressure measuring will have to be

carrled out at the outside of the facade.

For oxample, in the event of over-pressure the gaps of the windows can
become smaller by the pressure of the window acainst the rebate and in tke
event of under-nressure the caps may become larcer. This creates

differences in the alr nermeability. However, it is aoparent from (5)

that statistically no differences can he showm. Consetuently, it has been
decided to carry out all measurinas unde conditions when the oaps are oressad

closed, unless the weather conditions necessitate a deviation from this.
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YEASURING RESULTS

In the three seasons simllar relationships have been established for the
various facades between pressure difference and volume flow as shown in
figure 8. These results can be seen in fiqures 1 to 59 of appendix 3.
FPigure 8 which has been worked out as an example has been composed with
the aid of figure 7. This concerns the result of the winter measuring

at facade 2 (for the description see appendix 1), after which reasuring
took place in accordance with the "difference measuring methdd" as
described in the above chapter. Fiagure 7 shows two lines with the
measuring points (+) from which these have been composed. Each measuring
point indicates a setting of the ventilator, at which a specific oressure
difference has been created acroés the facade (vetical axis) and

consequently a volume flow (horizontal axis) dismlaced by the ventilator.
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The volume flow displaced by the ventilator has escaped through the

untightnesses and openings in the space brought up to pressure. In this

the untightnesses in the facade belong in the case of the measuring points

on the right line in figure 7. @g the measuring points on the left line
the untightnesses do not belong to it, as they were sealed. This

line therefore indicates the remaining leakages of the spnace.

The difference in the volume flows, which are represented At a specific

pressure difference by the two lines, is the volume flow through the

facade at that pressure difference.

In figure 7 that is,for example,at 34 Pa nressure difference a volume flow

q of 22 x lO-BmJ/s.
Y1

It is thus possible to determine the differences in volume flows at
different pressure differences. By plotting them against the relating
pressure differences one acquires the relationship indicated in figqure 3
between the pressure difference across the facade and the volume flow
through the facade. When applving the other two mentioned measuring methods
the dieect characteristics as in figure 3 are obtained.

The manner in which the characteristics ARe ob#@alined and the relating
precision of the characteristics 1ls further examined in anpendix 3.

It may already have been observed??the relationship between the pressure
dlfference across the facade and the volume flow throuagh the facads con
double logarithmic paper usually apmears to be a straight line. This line

can be described by the general formula:-

a,=¢x ( o B i e P
in which
qv = the air volume flow through the untightnesses of the facade(lop3m3/3)
D = pressure loss across the facade (ra)
C = air permeability coefficient (107 /s at 1

n = flow coefficient (=)

From a mathematical roint of view, C indicates the pcsition of a line, as

this is the point of inersection of the line with the axis p = 1 Pa is.

The slome of a line is renresented bv n, in which n = tox (see figuxre ?).

From a physical noint of view, C is the volume flow which was permittea to
pass through at a pressure difference of 1 Pa. C is A measure for the air
rermeabillity of the facade, even thouch this $till depends on the size of

the facade. A measure which is suitable for mutual comcarison of the

ailr permeability of facades can be obtained wv (dividinag C in a dimension which
is characteristic for the size of the facads. The phystcal meaning of n is

in the nature of tha flow through the untichtnasses in the facade.

Pa)
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is a so-called transition flow

n = 2 means turbulent flow
In the discussion of the results in the next chanter, C and n will be
further dealt with. The C and n values for the various facades in the three
seasons are shown in table 1, in the back of the revort. This table
additionally shows the units which are characteristic for the size of the
facades. Additionally there is a summary of the remaining characteristics
of the facades.
The results in table 1 include for twelve facades also the C and n values
of the movable parts.
These valurs have been determined from individual measuring at the movable
parts. The measurements were made only in one season.
The relating characteristics are shown in figures 60 to 73 of appendix 3.
Most characteristics for the movable parts have heen determined in accordance
with the principle of the earlier described "difference measuring method",
possibly in combination with the measuring method applied for the entire
facade. Three characteristics have been determined with the "direct
measuring method".
The precision of the measuring results depends besides the used measuring
method, on a numer of other issues. This is further explained in arpendix 3.

It results in a poecision which varies practicallv per measuring.

¥he precision has therefore been worked out ver measuring and where
necessary considered in the processing of the measuring results.
Finally, it must be observed that the measuring results of some facades
are not available for one season.

This 1is the result of the sale of the premises or essential structural

chanqges during the course of the investigation.

DISCUSSION OF THE MEASURING RESULTS

o.l. Air permeability

t.l.l. General

Chapter 4.1, provides the descrintion of the concent air perwmeabilitv.
In the reproduction of the air permeability two issues are inmportant.

In the first place at which oressure difference across the facada the
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chapter 4.4. In the second place it is important in which wav the size of
the facade is welghed. For the pressure difference it has been decided

to select a_value of 3 Pa. According to (4) this is the wvalue which
frequently occurs for one-family houses. The majority of the facades at
which measuring took nlace concerns one-family houses. In any case, the
selection of the pressure difference at which the air permeability is
shown 1s not so important if the n-values (table 1) per measuring

do not greatly vary. We shall now deal with the second point with regard

to the welghing of the facade size in the air nermeability.

6.1.2. Air permeability of facades_irrespective of size

In figure 9 the air volume flow which has passed through has been shown
at a pressure difference of 3 Pa per facade. The results for each rfacade
can be seen for the three different seasons, The shading shows which
part of the valume flow is massed through the gans of the movable parts
in those cases when individual measuring was carried out. Additionally,
for each measuring the limits of the 95% reliability interval

(precision) have been shown by way of a dotted line. The shown volurme ZIdows
have been determined in a number of cases by extrapolation, as no
measuring occurred at 3 Pa.

The results of figure 9 can only be considered as decisive for the

aire permeability, if the size of the facade is of minor importance.
However, this will not be the case, as the dimensions of the places
which allow air to pass (gans and joints) in the facade influence the
results in figure 9. As these dimensions may not influence the air

permeability one of the repreductions discussed below is possible.
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6.1.3. Air permeability of the facadeg_ggg_mz facade element

The dimensions of gaps and joints are in some relation to the size

of the facade element in the facade.

Such a relation has in some parts about this subject caused a reproduction
of the alr permeability per m2 area of the air permeable part. Following
this the alr p2rmeabllity of the facades per m2 facace element has been
shown in figure 10. Owing to the fact that between the measurings per
season the same relationship per facade remains as shown in figure 9,
only the winter measurings have been shown in the stated manner.

If no winter measuring are available, the inter-seasonal measurinags

have been quoted. The stated reproduction of the air permeability

only provides a rough indication. This is owing to the fact that the
relationship between the area of the facade element and the air
permeable parts thereof (gaps and joints) may differ considerably

per facade.
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In NEN 3661 #hé the air permeability of the joints in the facade is
assumed negibly lwo ( 1%) as compared to the gaps in the £facade.
Accepting this assumption, it is possible to relate the air permeability
of the facade exclusively to the gaps, namely the gap length. The air
permeability of the facades per metre gap 1s shown in figure 1ll. The
measuring results in figure 9, which show the share of the movable part
(gaps) 1n the volume flow which passed through at 3 Pa, indicate that

the above assumtion is not warranted.

The reproduction in figure 11 is therefore not correct.

(1072 m¥/s.m]

2,0 _
qy (3)
Lk -
151
1,0
_ T
” ] -
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0 T[ TT TT
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— = facade

Figure 1ll. Alr, permeability of 21 facades (winter observations),

%%
expressed in the gegégE—égjg%gh-air volume flow at 3 Pa (qv(3)) per
mtr. gap length {lk).
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" The_air permeability of the facades per characteristic

e e T T P —

length of the vntightnesses. -
s e e e e Smoke

Smcke tests during the measuring have shown that besides the connections
of the movable parts (gaps) mostly the connections (joints) of the facace
elementswith the surrounding facade parts (sill on wall) alleow air to
pass througn.
It 1s therefore obvious to express the air permeability of the facades
not only per metre gan but also per metre circumferential joint of the
facade element. These gans and joints should for this purpose each be weidghed
according to their share. The following became avvarent from the 12 of the
21 measurings at which the said shares have been determined individually.
The air permeability of the circumferential joints in on average
approximately 40% of the air permeability of the gaps. The spread
in this ratio is great, It varies up to a factor 5 higher and lower.
With the provided ratio between the alr permeability of circumferential
joints and gaps, a characteristic lenath of the untightnesses has been
determined, that is the gan length (lk} plus 40% of the length of the
circumferential joint (ln):—

1 = 1 # i L e snomes e s e p e s e e s s aasn D R I A I (2)
Q k n

Figure 12 shows the air permeability per characteristic lencth of the
untightnesses.

This repreduction provides already a better relation with themarts

which allow air to nass through of the facade. However, owing to the
great spread in the ratio between the air nermeability of gaps and
circumferential joints, also this reproduction is not entirely

correct. This objection is avoided when the air nermeability of the
facades is mhddivided into the air nermeability of smecific untichtnessss

such as gaps and joints, reproduced per length Airmension
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Figure 12 Air permeability of 21 facades (winter cbservations) exnressed
Lo ok
in air volurme flow 965&&6% at 3 Pa (qv{(3)) divicded by the

sum of the gan length (1,{) and 0.4 » the length of the clrcumferential
joint (ln) The leak of the circumfarential jecints is on average

0.4 x the leak of gaps.
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6.1.6. Air permeability of facade gaps _per mtr. gap

At 12 of the 21 facades the movable parts (gaps have been measured sevarately.
It is possible to plot for these facades the alr rermeability of the gaps
rer metre. This is shown in figqure 13. It 1is apparent that the air

permeability of the gans Iin these few facades nay differ already a

factor 20. |
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Figqure 13. Air perﬁgfb;lity of gaps of 12 facades, expressed in the
(=%
air volume flow-paeseé::g;azgh at 3 Pa (qvk(3)} per mtr. gap length

(lk}.
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6.1.7. Air permeability of facade joints per mtr. circumferential joint

IFor 12 facades both the leakage of the movable nart as well as the one
of the entire facade has been measured. The difference is the lemkage of
the joints and other untichtnesses in the facade. As stated hefore,

smoke tests showed that the circumferential joints nrovide by far the
major share in this. Consemquently, the difference in leakage of the
movable part and the entire face 1s therefore aporoximately equal to

the leakage of the circumferential joints. This difference is plotted

in figure 14 per meter circumferential joint. It provides by

approximation the alr permeability of the circumferential joints per metre
for the 12 facades. The spread in the air vermeability of the
circumferential joints appears to be considerably larger than for the gaps,

namely a factor 65,

[103m3/s.m)
1,5¢
qvn(?‘}
tn
1,01
+
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Figure 14. The air permeability of 12 facades expressed in the-paéseéfggaiw$y

volame flow at 3 Pa (qvn(3}] ser mtr. length of the circumferential

joints (ln).




6.2. Seasonal influences

Figure 9 show for each facade the passed thrbugh volume flow at 3 Pa

in the three seasons. For ten of the 21 facades the air permeability during
the winter appears to be greater than during the summer and interim seasons.
There is one case of a facade with an cilr permeability which is in the
winter season more or less equal to the one in the summer season. Tor

four facades the air permeability in the winter is in between the

alr permeabllity of the summer and the interim season. It must be observed
that one facade (facade 3} had a higher air nermeability during the summer
owing to a broken window closure. For five facades the air permeability
during the winter is smaller than during the summer or interim season.
There are two facades of which no air permeabilitv was measured in the
interim season.

Finally there are twe facades of which one was not reasured at all during
the winter and only the movable part of the other. This last one shows an
increase of the air permeabilitv of the movable vart during the wibter
veriod as compared to the summer period. No clear ssasonal Influence can
be concluded from these results. The most nrevailinag tendency is clearly

a larger alr permeability in the winter. For the conclusion of certain
tendencies the precision must be taken into consideration. The results

in figure 9 shows this by way of dotted lines, which indicate the limits
of the 95% reliability interval (see for an explanation of the precision
appendix 3). This shows that only for some facades the differences per
seasob are really significant. The reliability of the said tendencies

is therefore smaller than 95%.

The differences in tendencies cannot be e:mlained based on the more or
less large differences in weather tyne when measuring one or other facade.
fhe measuring per season was always carried out under very wedd comparable
weather conditions. 3Additionally, the nossihle slow reacticn of the facade
to weather conditions has been taken into zcccunt as much as nossible.

As a rule, measuring only nroczedes after thrae davs of the same weather type.
A few times a positive deviation was made. This was the case in the

autumn of 1980. After an autumnal reriod furinc which measuring was
carried out, a winter neriod suddenly started for one week. This

was followed agaln by an autumnal naricd. Measuring was carried out on
sone facades (7 and 16} immediately befores the start of the winter period

and at the beginning cf zhe winter reried. On some other facades (2,3 and 13)




measuring took place at the end of the winter period and immediately

afterwards, at the beginning of the new auturmal period. Both mutually as

well as compare to the other facades, these facades do not show a great
difference with recard to the seasonal influence. Apparently, the seasonal
influence 1s determincd to a great extent by the rather rapidly acting
meteorological magnitude. In thils respect we think of the outside temperature,
which causes differences in expansion. A less rapldly changing influence

on the air permeability is expected from the air humidity. The changes

of the air humidity causs a change of the humidity of moisture absorbing

constructicn materials such as wood and stone. We know of wood that i

owing to that swells or shrinks. As the moisture enters or leaves the wood

by diffusion, this swelling or shrinking process is a very slow process,

unless the swelling or shrinking is already considerably inflienced by

the moisture at the surface of the wood. This last fact is generally

speaking not assumed.

A second reason for the assumbtion that the temperature differences

contribute considerably to the seascnal influence are the measured changes

with the season at the facades 16, 17 and 18. Facade 16 has steel sills and

frames and facades 17 and 18 aluminium ones. No seasonal influence as a

result of moisture is expected for these materials.

In corder to gain a better understanding in the crigin of the seasocnal

influence , a further research is needeé of the influence of the various

metesrological magnitudes on the air permeabllity.

We are thinking of a continuous recording of the air permeability of a facade,

the locally predominat meteorological magnitudes and the material changes

such as timber humidity.

Another effect which mav considerably influence the seasonal influence,

i3 the condition under which the installation of the facade element .

has taken place.

This is illustrated by the following, perhaps slaichtly extreme

imaginary examples.

Example 1: In a traditionally built house the sills are pointed immediately
after the holidays of the building trade. During the holidays the
frames Wad already been set on the site. The bullding workers were
not very lucky, it rained during the whole of their week. Owing to

the moisture in the timcer, the frames were scmewhat swollen.
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In this condition the sills were cemented in with the smallest
possible slits. Tje air permeability would therefore be small.
During the winter pericd with dry freezing weather, the sills
evaporated a gecod deal of moisture. Tﬁis was even encouraged by
the heating of the house. The timber cif the sills therefore shrank.
This shrinkage was even slightly increased by the lower outside
tempearatures, which cause differences in expaiision. The ailr
permeability of the facade has increased considerably owing to the
larger gaps. .

Example 2: In the same type of house, the frames were 1installed and
cemented in stralcht from the factory. During the installation
the weather was dry and cold. In that situation the alr permeability
is slight.
After a wet period in the summer the timbers swell and somewhat
expanded owing to the hicher temperatures. This caused deformation
of the frame and the gaps and joint to become larger. As compared

to the winter period, the air permeability during the summer has

increased.

These examples illustrate that in one and the same type of building

and with the same precision of finish, a completely opposite seasonal
infleence can be created owing to varying installation circumstances.

It 1s also very well rmossible that the manner of building and the
precision of the finish mav influence the seasonal influence. This is,
for example, apvparent when considering the influence of draught strips
in windows and doors. It is known that the gap width of windows and
doors may vary considerably with the period of the gpar. Think only

of jamming doors and windows in some seasons. This change in the

gap width will have hardly any influence at all on the alr permeability
1f the draught strips provide an equally satisfactory sealing also in the
evenﬁ of a change of gar width. !No detalls could he traced of the
measured facades with reqard to the installation circumstances. For the
differences in buillding construction, the avallability of draught strips,
the condition of maintenance otc. we refer to appendix ! and the

summary as expressed in table | at the end of the report.
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6.3. Air permeability set against the initial points of NEMN 3661

The Dutch Standard NEN (5) contains as requirement for the manufacture
£ facade elements a maximum air permeabllity per metre gap length of

5 X 10-3m3/s at a testing pressure devending on the location of the facade.
In it the air permeability of joints is assumed to be 1% of the air

permeability of gaps. If one assumes the initial roints to apnly Lo 4hao

of the manufacturing reguirements to apply to the measuring results in

the existing situation, the follewing emerges after commarison with

the requirement:

in five of the twelwve facades the alr permeability of the gaps exceeds

the limiting value set out in the standard. This can be seen in figure
15 which shows the air permeability of the gaps of twelve facades per

metre gap length at a test pressure of 150 Pa. The largest excess amounts

to appriximately three times the limiting value.
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Figure 15 Air permeability of gavs in 12 facades, shown in accordance

with MEN 3661 as the pass volume flow at a test pressure of

150 Pa (qvk(lSO)) ner gan length (l}.) ‘
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= In all twelve facades with which this could be established, the air
permeability of the joints exceeds the 1% of the maximum pernmitted air
permeability of the gaps as laid down in the standard. This can be
deduced from figure 16. In this figure the air permeabllity of the goints

has been set against 4 test pressure of 150 Pa.
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Figure 16 air permeability of Joints in 12 facades, reproduced according to
NEN 3661 as the = = # volume flow at a test pressure of 150 Pa

{qvn(lSO)} per mtr. joint length {ln}.
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6.4. The importance of the C and n value with regard to the air permeability.

It was indicated in chapter 5 that the relationship between the pressure
difference across a facade and the volume flow which is passed through
can be mathematically described by the formula (1):

1/n

) /

q=cx ( p
in which C and n are the describing magnitudes. The C-value express~- the
volume flow passed through at a pressure difference of 1 Pa. The air
permeability can be expressed in C-value, if the C-value 1s related to

the mame of the parts of the facade which allow the alr to pass through.
The difference with the in this remort used decree for the ailr nermeability
1s in the pressure differences at which the air permeability 1is shown.
These pressure differences are in the same order of macnitude.

Mutual comparison of the facades based on one of these two measures

for the alr vermeability will result in practically the same for both
measures. In connection with this, it may be better to use the C-value

per slze of the parts masgkag which vass through air as measure for the

alr permeability. This in connection with the mathematical meaning of

the C-value

As for the n-value, it has been posed already that thils represents the
nature of the flow. An n-value of 1 indicates a laminar flow and an n-value
of 2 a turbulent flow. At an n-value between 1 and 2 there fs a transition
frem laminar to turbulent. At a laminar flow de frictional forces at the
slit wall dominate the flow. At a turbulent flow the inertia forces
dominate. At a low n-value one can therefore expect slits of a reduced
width (extensive wall influence).

Narrow slits wall allow less air to pass through than wide slits.

There may be gsome relationship between these two characteristics of

the slit.

In order to examine this the relationship between the alr permeability of
the gaps and joints has been plotted acainst the relatinag n-value in
figure 17. The air permeability has been expressed in the C-value,

shown per characteristic length of the untightnesses. The characteristic
length 1s equal to the gap length plus 40% of the length of the
circumfarential jeints. This approximation has been selected in order

to he able to use a maximun number of observations. It anoears that
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the points which belong to facades 9, 10 and 11 fall somewhat outside

the point clouds (encircled points). Without these points a straight line
is found on single logarithmic paper with a considerably improved
correlation coefficient (0.76) than with these points (0.46).

The plotting of the points on $ingle logarithmic paper orovides in both
cases a better correlation than on double logarithmic or linear parer.

In order to establish to what extent it 1s warranted to ignore facades

9, 10 and 11, a statisticel distribution of the air permeability has

been made (figure 18). This concerns the air permsabllity per characteristic
length of the untightnesses in the 21 facacdes, shown in figqure 12.

Even though the number of observations 1s not adequate in order to obtain
a satisfactory impression of the distribution, facades 9 and 11 appear

to be somewhat outside the distribution, so that the points in figure 17
relating to these facades, can be considered as excepticnal.

Additionally, one should not forget that the expression used in

figure 17 for the air vermeability contains a certain amount of

inaccuracy (see chapter 6.1.5.), as well as the used C- and n-values

(see appendix 3). This is why no conclusions can be formed based on figure
17. However, it 1is interesting to investigate this point further.

We must then pay attention toc a good physical explanation of the n-value
in the transition region 1 n 2. If we get a better understanding

in this area, it may be possible based on the n-value to assess the
quality of the facade with regard to air permeability in a more simple

panner.
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Attenticn must also he paid to the non-constant n.-value, as was noticed
for example, in facade 3. In this facade the n-value chancges with the
pressure dlifference. It is assumed that this is caused by the open or
closed pressing of certain facade components, such as a window, or the
deformation of facade parts under the influence of the pressure change.
This -changes the gan or joint width and as such the ratio between the
ffiction and inertia forces on the flow medium. This is expressed in a

different n-value.

65.5. Factors which influence the spread in the air permeabllity

In chapter 3.1, a number of factors have been mentioned which may
influence the air nmermeability. It is nct possible within the scope
of this investigation to trace the individual influence of snecific
factors. The number of variables per facade is too areat. In order

to understand the individual influence of svecific factors, a further
research will be necessary.

In this direction one could consider facades with only one essential
difference or measurings carried out immediately before and after a
change in the facace.

The selected numbers of facades should warrant a statistically sound

conclusion.

6.6. Ventilation and air nermeabilitvof facades

Owing to the air permeability the facades provide a specific share in
the ventilation of the rooms of the house. Fiqure 9 shows

ver facade the air volume flows which have passed through the facade

at a frequently occurring pressure difference of 3 Pa.

They vary from 0.5 to 18 x 10-3m3/s

However, the pressure difference may vary considerably. This may

cayse the nassed through air volume flows to increase to the sixfold of
the stated values ah nressure difference of anproximately 40 Pa, which
are extremely high for single family houses. However, it is not possikble
ro declde about the desirability Jjust like that.

On the one hand the ventilation need per room per moment in time vaxrxies
greatlv. It depends on issues such as the number of neonle in the rocm

concerned and the nroduction of heat and harmful or chjectional substances.
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On the other hand one should not forqget that for the ventilation of a

room net only the air nermeability of the facade is immortant. Often

a greater influence is exerted by:-

- the distribution of the other untightnesses in the snace

- the nositicn of the winrflows, doors and arids hoth in the partition walls
as well as in the ountside walls of the considered room and other rooms,

-~ the air permeability of nther narts of the outzr shell of the house,

~ the location and size of ventilation and flue cas disposal channels

.y

.11 thesz2 "openings" are subjected to chaninT nressure differcnces

of varicus magnitues, just as the air nermeable facade. The combined
action determines the wventilaticn of -2 livin~ room at any time. If one
is interested in the healt loss which cccurs owing to wventidaticn at

a2 specific time, the temnmerature zhkadgas diZferences with surrounding
rooms and with the cutside must be considere:.

The study cf£ the influence of the air nerxmeability of the facade on a
nrocess which demends on so many factors and strongly varies in time,
demands a separate calculation study (9). This calculation study shculd
include alsc the results of other investications in the ventilatiocn

regicn, as described in (2), (3) and (4).

CONCLUSIONS

Measuring the individual contribution of cans and joints in the air
nermeability of facades shows that in practice esnecially the share of
the circumferential joints must not he ignored. This 1s contrary to the

contents of the Dutch Standard NEN 3661l. The twelve measurings on which

this is based provide an average air permgéability of the circumferential
joints per metre lenath which is apnroximatelv 40% of the alr permeability

of gaps. The standar? sunposes this to be less than 1%.

The air rermeanilitv of the circumferential joints of twelve facades

-

. . ~3 3
varies from 0.0l x 10 "m7/s ner metre

~reasurs difference of 2 Pa

-3.3 . -
x 10 "m™/s for jeoints which

i

t

471

for the joints wnich letsz thronah least Lo N5

L

leak most, consequently a variation with a fac

cr

nr 65. In no facade is tke
alr permeahilitv cf tiwe jcints lz 0f the liniting value for

gans as 1is stated in the standard.
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The air nermezbilityv of the aqans of twelve facades varies from 0.07 x 10 "m™ /s

per metre gap at a pressure difference of 3 Pa vor the least leaking gaps
Up #He 1.5 ¥ 10_3m3/s for the maximum leaking gaps, consecquently a
variation with a factor of more than 20. The qgavns of five out of the 12
facades appnear not to meet the initial noints of the standard. The maximum

excess of the in the standard stinulated limitina value is a factor three.

The combined alr permeability of gavs, joints and cther untichtnesses
in facades can be expressed in various wavs. A fairlv good expression is

as pasaed through volurme flow at a soecific pressure difference per metre

of the total gap length increased by 40% of the length of the circumferential

jeints. If the air permeability of the 21 facades at which measuring was
carried out 1s measured, is e¥pressed in this mann=2r, it arpears that the
air pmermeability may vary from 0.06 tot 1.28 x 10_3m345 per metre of

the said lencth at a pressure difference of 3 Pa. Conserquently, the

variation is more than a factor 20.

At a fregquently occurring pressure difference of 3 Pa the least leaking

of the 21 facades has through all gaps and joints a trough flow of air volume

of 0.5 x% lO_3m3 s. The facade which has most passing through at the same

pressure difference record 18 x lO-SmB/s. If the pressure difference across
the facade increases to the little occurring wvalue of 40 Pa, then
approximately the sexfold is allowed to pass through. As both the need in
ventilation as well as the share of the facade in the ventilation per room
may differ considerably, one should not pronounce based on these figures on

the admissibility of the said air transports through the facades.

There does not appear to be a uniform relationship between the air
permeability of the facades and the seascn. The most frequent tendency

is the occurrence of the maximum air permeability during the winter.

There are indications that the air pmermeabilitwv is not only inf¥lienced by

the air humidity, but also to a considerabls degree by the air termerature.

RECOMMENDAT IONS

"t is reccmmended to re-formulate the requirements laid docwn in the
standard for the air rmermeabilitv in connection with the contribution of
the joints in the alr mermeabilitv of the facade. The nresent requiremant
does not adequately tcke into account the ratio aap lencth/

joint length of the facades.
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2. SUGGESTIONS FOR FURTHER RESEARCH

In order to get a better understanding of the seasonal influence the
following investigation is prooosed:-

continuous recording of the passed through volume flow at a specific
oraessure difference at cna facade, as well as the meteoroloaical magnitudes,
the temperature ancdhumiditv of the air inside and possible material
nroperties sucn as the humidity -of the timber. The inwvestigation must

be carried out during the summer, the interim and winter season.

Separate recording of the volume flow through gaps and joints must be taken
inte consideration. The results of the investigation should indicate

a possible connection between the air permeabilit and the wvarious

physical magnitudes.

The data of this research only orovide a rounh impbression with regard to:-
. the quality assessment of gaps and joints based on the n-value,
. the share of gaps and the various joints in the air permeability of facades,

. the spread in the air permeability of gaps and of joints,

. the influence of the building method and other factors on the air permeability.

In ccnnection with the requirements to be laid down, recommendations for
bullding methods, assessment criteria etc. a continuation of this research
may be desirable. The arrangement of a subsetuent research denends on

the cbjective.

In order to gain a better understanding of specific phenomena the phystcal
backgrounds must be studied. A subject with a nhvsical imvortance which
requires further studv is the nature of the flow, characterized by n, in

the transition region 1 n 2

In order to determine the influence of the alr vermeability of facaces on

the ventilaticn and on the loss in enerqgy by ventilation, a calculation study
is proposed. The facade should then be considered as mar of a dwelling

with it total package in openinas. For the commosition of this calculation
model of the dwelling the results of other investinmations are required.

The manner of ventilation must also be included in the calculation medel.

Thils calculation studv could then show the share of facades in the ventilatdon.

Based on the results (decisions could be made about:-
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- the nermissibilicr ~f the nrzoent 2ilr nermeabiility of Facades in connection
with the energv consumntion on the one hand andé the supply of fresh air
on the other hand.
A nossible relationship with the manner of ventilation to be annplied
must be indicated.
- The efficiency of the sealing cf acamns and joints. This ray lsad to the

ins o the vwarious sealinn measures. '

b

issueing of priecr
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Aonendix 1.
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Survey of the {acadies

This aprnendix contains the detaills of everv facade. Additionally a photo of
each facade is shown tomether with a rhoto which aives an impression of the
surrounéing arca. The -“ata are summarized in table 1 at the end of the

renort.

Facade 1

The house is situated in 2 newly built guarter and dates from 19271,

It is a corner house in a yvow. as the house itseli, also the surrounding
houses are low. At sorn distance there is a sincle higher rise building
containing £lats. The house is what we call a single familv house consisting
cf two storevs and an attic which can be occunied. The facade concerned

is on the first floor and faces east. The rocm of the facade serves as

a bed/playroor: and is centrally heated durino the winter. The building
manner is so-called traditional; half-brick interior anéd exterior cavity
nanel. Soft wood has been used for frame material. The facade recesses and is
therafore covered by the ceiling of timber material. The facade is adioined
at one side by a facade element of an adjoining room at right angles.

At the other side is a brick partition wall. At the underside is a concrete
floor panel. The facade contains a door with a window and an entirely
timber skylicht has been incorporated. Both rebates have been nrovided

with draucht stripns. The closures are one-noint closures. All glazing is
single. The balustrade contains two-sided nanel material with insulation

in tetween. The £finish of the joints is acood, as well as the closure of

the movable parts on the draucht strips. The entirs maintenance is good.
The length of the circumferential joint of the facade is 10.8 mr.

The total gap length is 7.3 m.

Smoke tests show that the joilnts of the balustrade hardly contribute

at all to the total air permeability. The joints of glass to frame of

the condens rrofiles apnsar to be here and there sliachtlv leaking.

View of the Facade

V1ew-from the‘w1ndow - | l

@Ee %ouse is in a newly buillt guarter and dates from 1265. The quarter
has low and high rise buildings. The hawmsm dwelling is on the first
floor of a buildine in a row contairing flats. Bslow the dwallina at

street level are garades. The building contains partially six, partially
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seven flocrs. At both sides of the flat are continuous galeries,

one servint as entrance and one as halconv,.

The livingrcom with the facade used for measuring purposes, adjoins the
balcony and faces south. The room is centrally heated. The building

is concrctz skeleton bhuilléding with prefabricﬁted facades. The connections
cf the facades to the concrete structure have been sealed. The frames are
made of scft wood. The facade contains one casement windew and a &lazed
fanlight. The gaps have been nrovided with draugh* strips.

The casezent window has a two-points closure. The alazing of the movable
part is single, the remaining glazing 1s double. The halustrade has double
panelling. The finish of the joints and the connection of the movable
parts on the draught strips is cood. The lenacth of the circumferential

joint is 12.6 m. The length of the gans is

6.6 m. The orornerty is well
o

maintained.

e i i B
View frem the window

Facade view

Facade 3
The accommodation is smtuated in the same block of flats as the previous

flat, however this one is on the sixth floor and the hicghest flocr of

the section. The other details are the same as for facade 2 but there is
no overhang created by a hicher balcony.

Additionally, the circumferential joints have been cemented by the
occupant from the inside. It must be noted that the window closure of the

fan light was defect at the summer measuring.

-

View from the window

|Facade view = @

Facade 4
The dwealling 1s in a newly built guarter and dates from 1271. The

surrounding houses are low-rise, with nolders adioining to the South.

The accommodation is a one-family house in a row, with two floors and
one fatick which mainly serves as storage. The examined facade faces
West in the livingroom on the qround floor. The room is centrally heated.
The bullding manner is traditional with twice half-brick walls. The

farames are made of hard wood. There is a casement window in the facade
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and a fan light, both nrovided with rubber céraught strirs. All glazing
is single. The casement window has a two-points closure. The windows
fit well against the draucht strips. The joints of the glass to the frame
also here appear to be somewhat leaking at the condens profiles. The length
of the circumferential joint of the facade is 9.3 m. The total gap length

is 5.4 m. The promerty is in a good state of rerair.

| View

Facacde 5

|[View of the facade (see facade 5)

This facade is the mirror imace of facade 4, It is situated in the same

livingrcom at the =ast side. For narticulars see facade 4.
4 - - —
- ==

Facade 6
The facade is in the same dwelling as facades 4 and 5. This facade concerns

the facade of a bedroom on the first floor. As in facade 4, the facade
faces east. The room has central heating which is not used. Besides

a casement window with two points closure and draught strips, the facade
has also a sliding grid for regqulating the wventilation. The total

joint length is 7.4 m. The gan length of the wéndew is 3.5 m. The
clrcumference of the air leeking ornenings of the ventilation grid is l.1 m
This circumfersnce has alsoc been considered as being a gap. Further

details are the same as these of facade 4.

View from window (see facade 5)

Facade 7

The dwelling is in a newly built quarter and dates from 1980. Around

are low rises with four storzsys. The accommodation is a flat in between

on the second floor, for accommodation, which is in fact on the first floor.
The flat has on both sides continuous galeries. The livingrcom adjoins

the balconv and faces south. The facade was measured. The room 1s central
heated, The building 1s cast concrete building. The frames are made of

hard wood. The facade contains a door and a timber fanlight. The gaps

have been provided with draught stripns. The circumferential joints of the

facade have been cemented. The balustrade and the upper strip of the facade
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Facade 7

A

$Facade 12
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are made of single panel material. The centre section contains single nlass.
The facade is in gocd condition. The closure of thie movahle sections

is good. The gap length is 7.2 m. The length of the circumferential
joint is 12.6 m.

View from the window View of the facade

Facade 8 '

The accommodation dates from 1573 and is a so-called linked one family
dwelling with a flat roof. The house has two storevs. Around are low

rise houses. The livingroom window looks out on a row of the same houses.
Between the houses are garcens. The air permeability of the livingrcom
facade has been measured. The facade faces éouth. The room is central heated.
The radiator has along the full length a wide water container on top, from
which the water can evavorate. The building of the house 1s taaditional.
Between the half brick cavity walls an insulation of stone wocl flakes

has been provided. The frames are mace of soft wood. The facade contains

a corner with and extended living space. A door has been nrovided in the
short side of the facade. On top of it and high up in the long side of

the facade are ventilation grids. Teh two crids can be closed by means

of a slicde. The docr is provided with draucnt strins. All glazina 1s double.
The length of the joints between frame and wall is 13.8 n.

The length of the door gar is 5.7 m. The total circumference of the owenings
in the ventilation grids 1s 4.8 =m. This length is also consldered as belng
agap length. Measuring to find ocut the individual share in the air
permeability of the facade of the ventilation grids and the door shows

that the air permeabilitv of the door gans is in the same order of nagnitude
as the air permeabllity of thae grid gans. The facade 1s well maintained.

The closure of the movina narts is qood.

View frcm the inside View of the facade

Facade 9

The accomrodation cdates from 1209. The house is of a *roe which was built

i

a good deal during that neriod and many of which are still to be found
in The Hague and the surrounding area. The accommodation is half of a

semi-detached house. The traditionally built dwelling has two storevs

and one attick with living accommodation. Around are similar houses.

The walls are single brick. The frames are of deal. No insulation measures
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nave been taken. The accommodation has central heating.
The facade of the livingroom on the ground floor was measured and faces
south-west. One looks out on well established gardens and houses at the
back. The house Bas been extended at the place of the facade. On top is
a balcony. The facade element continues up to the floor of this balcony.
The facade contains a french window with espacnolette closur=s. The glazing
is single. The length of the gaps 1is 9.9 m. The length of the circumferential
joints is 1l1l.5 m. From the cutside a space between frame and wall can
clearly be seen. At the inside these jolnts have been covered by the
wall covering. The facade is moderately maintained. In some places
there is a clearlv vigible space between the glass and the hard putty.
The gloss paint shows slight damacges. The French wimdaws doors have a

big gap at the bottom. In the winter this is jcovered.
View from the inside View of the facade

Facade 10

This facade is in the same house as facade 9, on the first floor facing
north-east. Thils side lcoks out on the street and the houses opposite.

The room is used as tedrocm. The facade contains a timber bay-window in which
there is a double g?fﬁ?ﬁn&indow. Next to the bay-window is a long, narrow
window, and the top can be folded out (cannot be seen on the photo).

The above side wall is conlv nartially an exterior wall. the house

has been extended there along the entire heigth. The double casement
window has been provided with an espagnolette clesure, the top hung

window has a snap closure. The total gap length is 7.3 m. The length of tke
circunferential joints is 15.4 m. Additionallv there are joints in the
wailnscot of the balustrade , the roof and the floor of the bav-window.
Their contribution to the air permeability is not known. The measuring
results indicate that they must not be ignored.

For the other detalls see facade 9.

View from the inside throuch the bav-window View of the facade (bay-window

to the right)
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is in the same house as facades 9 and lO. It is the facade

]
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w
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of a small berdroom on the first floor at the north =ast side. The facade
has a sashwindow. The length of the joints hetween facade and wall is 5.6 m.
The length of the gaps of the sashwindow is 5.2 m. The nlav between the
sashwindown and the rebate is fairly large.

For other particulars see facade 9.

view from the inside view of the facade (sashwindow to left)

Facade 12

The nronerty is just outside the centre on the eastside of a village.
Around are agricultural greenhouses with the relating houses and sheds.
The house is a double fronted free standing dwelling dating from 1377.
The house has a ground £loor and a not lived in attick The construction
is traditional with brickwork one-stone exterior wall and a timber
interior cavity panel. The frames are of deal. The connections of

frame to wall are probably of the so-called 'klooster' rebates.

Measuring was carried out at the facade of the kitchen which 1is at

the northside of the house. The room has central heating. The movable
part is a sashwindow, which is no longer in use. Consequently the

gars have blocked up with dirt etc. On the whole, the maintenance 1s bad.
The puty is broken in various places and here and therc completely vanished.
In these places air apmneared to escame between the single glass and the
rebate.

Additionally it became apparent during the smoke tests that the joints
between frame and wall hardly allow any air at all to pass.

The length of the circumference joints is 7.3 m. The length of the ~ans
is 5.6 m. The kitchen contains two of the described wincows. dowever,

measuring was carried out for one window.
View from the window View of the window.

Facade 13

The property is situated in a new resicdsntial ~uarter. The sntire quarter

is low rise. The housa 1s a traditionally built sincee “amilv house
at the corner of a row. It dates from 1979.

The Zacade is in the livingroom at the westside of the house.



Facade 13

f

Facade 17
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The livinqgroom is at Around level. There i1s another floor andé a inhabited
attic. The house has central heating. The facacde 1s in the extended part of
the house. The =2xterior wall has a brickworklexterior cavity opanel and

ab insulated sandwich nanel as interior cavity panel. At the top the

facacde is adjoined hv a lowered slanting roof section. The two facade
elements continue un to this roof section. The one nart includes a

top hinged window with one wedge and a ventilation grid (see photo). The
other nart consists solely of a door with relating frame and a

ventilation grid above. The material of door, window and frame 1s hard wood.
Tae joints between frame and wall are cemented. The movable nart contains
draught strips. The glazing of the movable rart is sincle, the remaining
glazing is double. The lennth of the circumferential joints is 15.2 m.

The gan lenmth is 8.7 m. The circumference of the: oreninas of the wventilation
gricés is 4.4 m.

The air nermeabilitv of these grids has not bheen included. The condition

and the closure of the movalble parts is qood. The joilnts between frame and
wall are also well finished. However, there is a large joint visible at

the connections of the masonry on the roof.
View from the window View of the facade.

Facace 14

The house is situated behind the outer row of dunes. At the rear and some
meters lower 1s agricultural ground. The house forms part of a so-called
ribbon=-building. The pronerty is one of a double house. There are two
storeys and an attic serving as storace space. Measuring was at the facade of
tha rear room, lookinag =sast. The room has a stove, which is seldom used.
The traditionally built dwelling dates from 1339. The exterior walls
have brickwork of twice half bricks . The frames are of white fir wood.
The facacde contains French windows which are no longer in use. The
avallable hinged sashwindow and the fan linht are still used. Tae

ench windowdoors have an espagnolette closure, the hinged sashwindow
has a wadqgme. The facade is in a bad condition. The nuttv is dried cut and
in nlaces vanished altogether. This allews air to leak thrcuch in wvarious

places between the glass and the rebate. The connections hetwaen



frame and wall are alsc had. » slit can clearly he seen.. In some nlacss
uck over this slit, rhe licht can be
sean through ite Also The connecticns 0f the poving parts are pad. The
movable parts are somewhat lonsided and consecuently show =aps of reducing
width. Durina the winter the occupants make vrovisions acainst the draught
(see nhoto) the @Glazinc is sinale.

The circumferential jinints have a total lanath of 9.6 m. The lanc+th of the

gaps is 14.3 m.

View from the inside Proctaction against draucht iew of the facade.

rfacacde L5

The house is in a newlv 2uilt residential cuarter and dates from 1963.
Aroun:l the hounse is lew-rise building. The nronerty is situated

Tho house has Lwo sterows amd an attic which is nartiallv inhabited.
Measurinc was carried out at the facada cf the livinaroom, The facade
faces east. The livingroom is at ground level. From the window one looks
out on the rear gardens and the row of houses opnosite. The room has
central heatina. The house is traditionally built. The sxterior walls are
twice half-brick twice. The partition walls are made of concrete. The frames
are nade of firwood. The facade has onentvotad-@ window with two-voints
closure. The window has bsen nrovided with draucht strins. The qglazing is
single. The balustrade hasz double manellinc. Thz jolnts between frame and
wall are cemented. The drauzht strivs seal well to the rebate. The facade
is well maintained. The length of the circumferential joint is 11 m.
Thegap length is 6 m. Owing to th2 reduced expansion depth of the

pivotad window the ratio batween the area which passes throucnh air of the

crenzad windo ané the aa2ms  appears to bhe unfavourable.

Viey of facads (living room bottom left. .
15
THe louz: Zates froo 19465. It is a Slat sitaatad on the third floor out

of four. At tne ocne side of the accommodation is a nmalarv. The house

is situated next to the staircase. The first storay contains shons and
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tha thrse uoper storevs. At richt ancles to
the flat is a similar flat. Thz zround floor continuss undnrmeath the

two flats. Measurina took nlace at the livinaroom facade Zrom whnich



one ilonks ovbk on tha right-2naolzd Flat. The facasde Saces soukh,
arcund Are similar buildines of the same height. The guarter is amnly
set up. The bullding is concrete skeleton with masonwork facades
The frames are macde of steel.

The facade contains a casement window with espacmolette closure. The

The ngan length is €.2 n, The glazing is sinclo.
The flat has central heating. Measuring was carried out with an
overpressure at the inside of the facade, which differs as commared to

tne moasurine at the other facades.

View from the window Viaw of the facade.

The accommocdation is situated in a newly bullt quarter and dates frcm 1273.

It is a flan on the eleventh flocr of thirteen. Around are high-rise
intersovaced with low-rise buildincs. The flat has on one side a
continuous galery of chantinc width., The calery serxves as halconv. The
£lat can be reached wia a norch.

The prowerty is executed in concrete. Measuring was carried out at the
facade of the ¥ivingroom and the adjeininc sideroom. The £facade
orientation is southwest. The frames are of aluminium. They are
cemented all arocund. The ¢lazinc is sinqgle. The facade contains a
sliding Jdecor and a sashwindcw, peth roving in horizontal direction
(sliding front) Scme arids have been provided for ventilation. However,
these have not heen includsd in the reasuring. The moving narts have
been provided with brush seals. These do not seal the corner points of
the window and the door. Evervthinag is well kent. The length of the
circumferential joilnts is 22.4 m. The agan lencth is 15.4 m,

The accomnedation nas central heating.

Yiaw frum the window. S5ide roonm livincreom viaw of facade

Facade 12

12

This is situated in the same dwellirc as facade 17.

This concerns
the facade of the kitchen. The orientation is northeast. The facade has
a sashwindew and a fixed window of the same typa2 as in the livingroom,

but of smaller dimensions. The joint lancth is 7.2 m. The gan length 5 m.

oy
-



+Facade 19

Facade 21



other dztails are similar to thiose of the nmrevious facade.

Viaw fram tlve window View of the Ffacacde.

Kitchen to the right of the porch.

Facade 19

Tha accommedaticn is situated in a rather remnte, =srAll district.

All around are low-rise buildincs. The street fates from 1967, sinale
family houses in a row. The nronertv has three storevs. The roof is flat.
The Eirst storey is more or less below ground leval and contains a garage
and storace., The saeacond storev nas the livingroom. Here measurincg of

the facalde was carried cut. The f{acade oreintation is southwest. From the
window one locks out on the rear cardens and %-e houses at the back.

The houso has central heatinag, is traditionallv built with twice

half brick extarior walls. The concrete floor continues ocutside as

a veranda. The frames are of firwood.

The facade contains a door and a fanlight, both with sinale glas and
provided with draught strins. Tha other clazing is double. The joints

of the frames are cemented. The balustrade is of double panelmaterial.
The joint length is 1£,2 m. The gaplength 1is 5.2 m. The facade 1is extremely
well kept. There are no visikle open jbints. Tae movable narts close well.

View from the inside Vieypf the facade

racacde 20

The vrocerty is situated in a district at the edge of a city. The house

dates fror 1932. It is a corner flat on the ton storey of a vorch flat

=

ith four storeys. 3eneath the first storev and half below ground level
are cellars. All around are similar buildinns with three or four storeys,
intersrnaced with lowirise. The inside cavity nanel of the exterior walls
is made of cast concrete. The outside cavitv nanel is masonrv.

The slightly slenlng roof is also made of concrzte with roof covering.

The ceiling is of saft hoaxrd panels. The frarss are of a soft wood varietv.



Thez glasica is single. “'sasuring was carried out at the Facade of a bedroom.
Tne rcor itsell is not heated, lcwever, owing to tha heating of the livino-
rooin and hall nc nronounced cooling occurs. Thz north orientated facade
contains an encasement window with espagnolette closure.

The maintenance is qood. The joint length is 5.5 m. The cap lenqth is
7.4 m.

View Irom the window. Viaw of tha facede

Facade cz1

The accormirodation is situated in a district at the edge of a city and dates from
1952, It is a flat in betwzen on the middle floor of three. The preamises can
he reacnhed wia a norch. Beneath the first Floor are semi-undernround

All arowy! age siodllar buildinas consisting of . ' :—flats on thres

sinnle “amilyv bousas with two storavs rnullt in the same stvle.

The rropert nas extarior walls with inner an:d outer cavity ranel made of

Tes ol 5oft wood hav: keen nlaced Iin s

ks

surround. !=sasuring
tonk nlace at the livingroonm facade. Its crientation i1s northeast. The
heated with a stove. The livingros Cacade has two casament windows,
nroviiad with drauwtit strins which ar2 in a noor condition. The clesures

are The one-nolnt zaristy. f1l ~lazine i

i

sincle. The unmer narrow

row OT wWindows winlch can ke seen cn the nhorn has een coverad from the
inside with harducard. Tne Sf the windews Hehind i3 a tom=-hinaed window
which can no longer orerate. The facade is moderatelv maintained. Especially
the »naint coating is damaced. The lencth of the circumferential joint is

2.7 . The 7an lentth is 2.5 =

Jiew from the inside Tiew ni tha tfacade.
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Apnendix 2 Hethods of measuring

INTRODUCTION

In charter 4 cf the report we have brieflv evplained the measuring principle

and the deduced three measuring methods. This aprendix deals further with

-

the execution of the measurine and the selection of a measuring method.

CAECUTION OF THE T.ASURINC

2sks Th

]

difference-measuring method.

n the door opening of the room in which the facacde 1s located, a dummy

H

foR

cor is placed. The transparent door is stuck airticht as qood as possible.
The dunmy door is provided with a hole for rassine throuch a measurina tube

with measuring flanage or a long smooth pire with a nitot's tube, wnich

serve [or measurine the volume €low. A ventilator is connected to the

LB H)

measurine tube or oive, so that, i recuirsd and cver or under nressure
can be created in the room. Two different twvnnes of wventilator have been
used: a hich nressure ventilator for the use with a measurincg tube with
measuring flange and a radial ventilator for use with the pipe with a

nivot's tube., With the high oressure ventilator volume flows are moved

of 5 x lO‘BmB/Q to lo_3m3/s: with the radial ventilator volume flows

3 3
n"/s. Pressure dlifferences across

are noved of 30 x lo—3m3/s to 300 x 10
the facade were reached by this amounting fwom 1 to aprroximately 100 Pa
with the high pressure ventilator and of 10 to 250 Pa with the radial
ventilator.

The pressure difference across the facade and the pressure difference
across the measuring flange or the nivot's tuhe are measured with the

aid of electric pressurs recorders. The nressiira recorders are

connected to the nressure measurinc reints via hoses. The measuring point
for the nressure at the outside of the facade is usually provided via the
windew of the adjeining room with the same orientation.

The electric sicnals issued by the nressurc reccrders are, 1f necessarv
somewhat damped with the aid of a lirear sirnal <amrmer withont weakening.
‘ne thus acruired sicnals are recorded with the aid of a two channel
writer. Thie ventilator is set with an adjustanle wsoiltageracorder (variac)
at different revolutions. At each number of ravolutions the stationar:

conditions is maintained for a neriod of annroximatelw £ minutes ard



the issuad simnals ar: recordad. This is necessary in order te be able to
determine the rerrasentative average valust of fhe scrstines creatly

fluctuating vressure wifferances.

After measuring has taken nlace at adeguate nressure levels 1in orxder to

be able to deduce a connecticn between the nressure difference and the

volune flow, all ans anéd joints are sealad. This should he executed in

i

uch a wav that no flow san find another wav through raps cr joints. When

s

he gaps anc joints are well sealsd, measurinc is rereated. From this the
cennection etween the nressure difference and the volume flow is deduced.
The difference in volum2 flow established zt amual pressure difference
cetwean the firxst measurinn withent sealed ~zns and joints and the

secend measuring with sealed nars and joints is the volume flow throuch

acace musk nave tha necessary attention.

following examnla:-

A facade is taped on the outside. At the insicde of it an underpressure

iz created. Owing tc the fact that the jeoints at the inside have not been
tanac 2r s=aled, air from the cavity is still sucked in through them.

The cavity »ecaives air throuch the cavity arids or similar arrangements.
The measured raduction of the total nassed throuch volume flow is therefore
only the air volume flow throuch the gaps rnlus joints between frame and
outside cavity panel. In this case it is much hetter to tape the joints
froxr the inside, or the cavity arids and othar air surplying ooenings

to the cawvitv must he sealed.

.2. Tha direct measurina method

across the facade zlemant a plastic foll is fixed with tare. The space
hetween the foil and the facade is connected to the hlagh pressure
ventilator with a measuring tube with the aid of a hose. A pressure
measuring point is provided in the space hetrr2en the foil and the facade.

&

For the rest the measuring arrangement is similar to the one at the
diféerence measuring methcd. Tha connection hetwesn the nrassure
difference across the facade and the air volure f£low thrcocunh the ~ans
and joints of the facade can be determined directly from the measurina

by adjusting the ventilator acain to a numbar of different sneeds.
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2.3. Ehe con-ansation measurina method

In the roor 2ifzinins the facade, the measnrina arranasment is oprovided
as descrirzaf Tor the difference m2asurinag rethod. An additional hose 1is
provided in the dummy door as connection with the adjoining room. All
roors surrounding the room of the facade are connected to ecach other by
oraninc the deors. In one off these rooms a second ventilater is
installed with a recélatinc device. Derending on the reauired

r~gessure la2val, the nress or suction side of this wentilator is conductad
to the outside. For this nurpose a second aummv door mav be used.

The two ventilators are now adjusted in such a wav that both in the

rocm with the facade as well as in the surroundinc roos the same

nressurae Level is craated. This is checked with the aid of the flow
diraction in the additionall: orovidéd hose in the dummy door between
these roors. The flow is nade visible with smoke. If the flow is not maving
in the tube, or somawhat »ulses, it is assumed that there is nardly

anv nressura difference hetween the rooms.

Sukeeguentlvy, the air volume £flow throucoh the ventilator in the room

aca:de is measures as well as the relatine opressure dilference
across the facade. After that another number of pressure levels are set,

at which measuring is carxriad out.

In this wayvy a direct connection is obtained hetueen the nressure difference
across tie facade and the air volume flow throush the gaps, jeints and

the othar untivghtnessaes- in the facade. In nrincinle, these untichtnesses
include also the untightness of the exwerior wall.

If the exterior wall is nrovided with a laver of nlaster and wall parer, the

untightness of it can he naglacted with reaqard to the gaps end joints.

oy

SBLECTION OF TiL MEASURING METHOD

The measuring =ethod ko be applied depends on various factors. The

"diffarence zethod" is most nonular. One of the other methods is arnlied

if it can he exnectad that the volume flow throauh the facade is in the

]
B

nrder of warmituls 20% of the total rassed throuch veluma flovr throuch
tho nrassuriz=4 room or aven less. The velume flow throuch the facade
then comes in the orcdar of madnitude of the precision v wnich the total
flow passed throuch the room can be measured. The meazurine method then

becomes not nrecise.



In some cases a solution has been found by semarating a part of the room
and using this as rressure area or by tapino the largest orenings of

the pressure area. In cther cases a rressure area is created bv the
provision of foll on the inside wall across the facade element ("dlrect
measuring"). This often causes considerable damage of the wall covering
owing to the airticht taping of the foil. Additionally the pressure
éifference across the foil must not become sxcessive ocwing to the low
adnesion of the tape on the foil and the wall. The "commensation measuring”
remains. This has as condition that the rooms adjoininc¢ tiie roof space

and of which the separation 1is not airtight nust be able to he brought

at the same pressure level. For examnle, this is not nossible for a room
with a wooden floor at rround level.

Facades 10 and 11 have heen measured 2ccording to the comrensation method.
The summer neasurings at facades 4, Z and © have heen executed according

to the direclk me2asuring method. Tacade 12 has een measured by a corbination
of the direct and the difference measuring method. In the other facades

the differsence measurina method has kaen armlied. Orlentating tests have
shown that the three methods lead to results which can easily be

conpared.
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il2asuring results and nracision

GENLEPAL

o

Chapter 5 of the report has already indicated how the measuring results
lzad to air rermealrilitv characteristics. The characteristics for the
facades in the various seasons are shown in figures 1 to 69 of this
anpendix. Figures &0 te 72 show air permeabilitv characteristics for
noving parts of facades. The characteristics show additionally the
measuring data from whichh the characteristics have heen deduced. The
figqures show different lines. The uninterrupted lines are the
characterilstics determined in the gravhical way. The characteristic
macnitudes of them are shown in table 1 at the end of the report (C and
n-values). The figures also shew dottad linzs., Tha2se lires indicate the
characteristics. The bLDest straichts which belong to the
calculated characteristics are shown in foarmule form with the figures.
The lines formed by the +-signs indicate the nrecision of the
calculated characteristics in the form of tho 95% reolaahility interval.
¥ie shall further cdeal with the graphical determination of the
characteristics, the calculation of the charactaristics and the

pracision.

GRAPUICAL DETERMINATION OF THE AIR PEPMEAPILITY CHARACTERISTICS

For the graphical assessment the method as described in chanter 5

of tha rerort was followed. That chaoter mentions the assessment of
the difference between two lines for the event that the difference
method is used. The mentioned two lines in the cranhic assessment

ars the drawn, best fittinag line through two measuring point series.
They represent a relationshim batween nressure difference and volume
fiow. In many cases the lines are stmiahat on double logarithmic parer.

The difference between the two lines is <etermined as follows:-

At a value of the nressure c¢ifference the volume flows are read on

the two lines. The two volume flows are deducted from cone another.

The same i1s done for varicus other values of the nressure difference.
In this way one obtains for different pressure diffeeences differences

in the volume flows. These differences in volume flows can bhe nlotted



the relating nressure differences. If one draws a hest fittinc line
through these noints, one obtains the air pemeability characteristic

for the facade concerned of the section of the facade concarned.

‘hen applying the direct measuring method or.the compensation measuring
method, it is possilile to draw a best fitting lire throuch the measurinc
pbints, which represents the air permeability characteristic.

- reading
A €-value cf a characteristic can he determined By tge

roint of
intersection of the characteristic with the axis '"nressure diffecence =
1 Pa" . An n-value i3 determined &€ the tancent of the anacle which makes
the characteristic with the axis “nressurs diffegence = 1 Za',

PEZCIEION

When drawing vest f£itting lines such as ccncerns the agraphical determination
the alr nermeability characteristics, we arz <ealing with estimates. The
deviation with reqgard to the actual ohenomencn must be axpressed in the
orecisieon. The numerical fixing of the precision is not pessible with the
aqgrapnical determination of the characteristics. This i3 why it was
endeavoured to find a rmethol for the calculation of charzactsristics

with the relating precisions. Thils calculaticn is exnlained below in an
example. The nrecision by which the relationshin hetween the pressure
difference acress the facade and the nassed throuch volume flow can lhe
deternined danends on the followinn factors:-

The measuring precision of the volume flsw measuring,

(1)

the measuring przacision of th raggure difference measurineg,

o

1
o

the grror at lineardamning 2f the rressure differences,

the reading error of the recorded signal,

the fluctuation af the outside nressure on the facade,

we precision of the taring, ssnmecially with the direct measuring method,
the pressure diffzrence with the aurroundinea rcoms at the compensation
measuring method,

the ratio between the volume Fflows thrcuch the facade and throuch the
other untigntnesses in the room with the differanca and comnensation
measuring method

the reading vroecision of the didderence in the nassed through volume flow

with gaps and jocints and without gaps and joilnts at the difference

measuring method with graphical assessment.



the area inside which tha nressure difference acrocs the facade can
be wvaried. This is mest lirited with the direct measuring method.

Owing to this large nurber of influence factors the precision will
generally differ per measurinc. This is why the precision has been

determined rer wmeasuring.

ot |

EXAMPLE OF A CELCULATION OF AN AIR PERMEABILITY CHAPACTERISTIC AMD

&)

THE RELATING PRECISION.

As an examnle, the autumn measurinc at facade 1 has bkeen worked out.
ileasuring took place according to the difference mepsuring method. The
volume f£low has been measured with the nitot's tube.

Based on the influence factors for the precision, stated in the

above chapter, a maxinum error can he indicated for each read pressure
difference across the facade and for each relating wolume flow. The
principle of this error Jdetermination is as follows:-

the maximum ceviation of each influence factor with regard to the
measured sional is measured. For exammle, at a slight fluctuation of

the measured signal for the volume flow, the readina nrecision of the
signal recorded on the measuring paper has been estimated at 0.5

scale section. If the relating measuring sicmal covers 30 sclae sections,
this means a maximum error of géé- =1%. To this is added, for exammle, the
maximun measuring error for the measuring of volume flows with a

pltot's tube, which is genexallv estimated at 10%. After adding un the
maximum errors of all remaining influence factors, one finally obtains
the total maximum error of the measured signal. Figure 4.1. shows

this maximum error per measuring point both for the volume £flow as well
as for the pressure difference. This concerns the measuring points
belonging to the air nermeahility measuring of the total nressurized room
including the facade.

The same can be done for the measuring noints of the air permeability
rneasuring of the room without the facade. The best fitting lirnes can

e drawn throuagh both measurinc noint series.

It can be shown phvsucally that the connection ketween the rressure
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difference ( n) eénd the volure flow (av) can bhe shown with a verv

good arproximation on “cuble logarithmic narcer at reduced wind influence
byt a strailght line, or to nut it differentlv, hv a linear connection
between log (gv(x) and log .p (v). The kest straight line through anumber of
measuring noints with inaccuracies in the x- and y-direction and the
differences in inaccuracies ner measuring point is determined with
orthogonal reqression with weiching factors. Th: inaccuracy on the slope of
the best straicht line can be expressed in the variance in'the slope.

The inaccuracy in the location of the best straicht line can be expressed
in the wvaraance of the weiched centre of cravitv of the measuring point
series.

The princiovle of orthocecnal regression has been based on the smallest
square method. That means to sav that as best is chosen the line in

which the sum of the sqaures of the distances between the measuring
points and the line is minimum.

In orthogonal regression two lines are calculated. For the one line,

the scuares sum of the Histances between measurinc points and line,
measurad in x-directicn is minimum. For the other line, the

distances in the v-direction are considered. The orthogonal regression
line is the mathematical aveazage of these two linas. Howeverm in the
determination of the two lines, each measuring roint is not

equally heavily weiched.
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Figure 4.l. Maximum estimated error per measurinc point for tne

alr permeability measuring in the autumm at the room including facade 1.
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The more ilnaccurate the reasuring peint, the least this measuring opoint

is incorporated in the determination of the hest straicht line. This is

expressad in the welch factors. The saqauras of the distances between

the best straight and the measuring points ars =sach multiplied by the

relating measuring factors when deteimining the minimum sqaure sum.

Consequently, a weished minimum square sum is determined in order to

determina the best straicht line.

The weiching factors are assumed to he prorortional to the reciprocal value of the

sqaure of the standard deviation, In equation:-

1
o= 4.1.
) (4.1.)
in which % = weiching factor
s = standard deviation

%,= contant

Howeverm the standard Zeviation of the measured values is not known, but

the astimated maximum errcr is known (Pm ~ see figure 4.1.).

It can be assumed that the maxzimum error is rronorticnal to the standard

cr

deviation., 2y assuring

nls, forrmula (4.1) is rewritten to read:-

1:.? = — {4.20)

in which Kz is a new constant.

féditionally, the fcllowing annlias

\:‘ w7 = M ("1 . 3)

in which N the number of measuring points of the measuring series,

[}

i indication of therank number in the meaddrlhqg series.

In principle. it is possible to determine with this the weilhhing factors

wi for each measur®ng point i.
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ilowever, in this case ther 1is not a question of one but of two elghing factors,
because am arrcor occurs both in the pressure ( pn) as well as in the volume
flow (gqv). As a linear connecticn 1is assumed hetween loc av and 1og n. to
beindicated below respectively as x and v, it 1s assumed that it 1s more
correct to talk about the error in x and y.

The weldhing factor for the x-direction is now indicated by W1 and for the
v-directicn by wz. For the measuring point with rank numher 1

the relating weighing factors are:- ”11 and ”21'

In figure 4.2. a numher of used terms are once again shown, a term

which has not vet been nenticnec is ¥ , which renresents the angle

which makes the bast straicht line with the =-auis

yaleg Ap
(xi,yj )l met wyj, wy;
/ ———= x = lag q,
Figure 4.2, Some used teryrms.

The angle V i5 used for the composition of the two weidhing factors

W,, and W to a weiching factor ¥

11 24 ner measuring noint, according to:

i

W3i = , 1 5 FE SR e SRR B it e i e 4)
sin” Y + cos” U

Wi Woy




- 70 -

In this QJ is still unknown. It is a reasure for the slope of the
searched for best straight line. In nrinciple,cne should therefores make

the suprosliticn that this is tested after Jetermination of the best

straight line. On this a new calculation cvcle should be started with

a more precisely assumad lp and to repeat this so often till the
assumed uf is equal tc the calculated one.
flovever, it is aprarent that by assuming lp from the measuring noint

series as indiceted in figure 4.1., adequately rraecise values can be
obtained for the characterisation of the best straicht lime.

When the welching factors ”31 have been determined for each measuring noint
of the measurinc series, the best straight line can be calculated with the
formulas for orthogonal recression with weiching factors. First of all

a9

the terms (W._xz) , IWB}_&} and (W _wv) must be calculated via:-

Cw3xx] = Ew3xx3 - [W3x].[W3x]f[W3] lle:cevs: Wi TR e (4.5)
[W3xy3 = EW3ny - EW3x].EW3y]/CW3] ............... (4.6)
(Wayyd = CHgyyd = CHyd. O I/ENLT wassesmin cwmas J(6.7)

Tha notation with straight hooks is the so-called notation of Gauss and

is the wmannexr of writing for the summation of the said term, in formula:-

for example Ew3x] = E WBixi ............ gt s o e % (4.8)

With the terms calculated accordina to (4.5), (4.5) and 4.7) the slove

b, of the regression line of v on x can bhe calculated via:-

1

Bl e R e S TRLEERRTTRRRRY C%-D

and the slope H2 of the recression line of x or v via:-

b, = EW3yy]/EW3xy] ........ it e s s e e s el 10D

after which the slone of the orthogonal reagressicn line can be concluded £from:

ak

in which sgn (Wv§§) is the sicn of the term (Wq;;l
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The wvariance in the slope sszn] can be determined with:-
CW,yy1-b_.CW. Xyl
sz(bn) e 3 n 3

(N—Z).cw3£§J
The welghed centre of gravity of the measuring polnts is a point on the
best straight line. The co-ordinatéen of of the centre of gravity are

called X and - The are calculated with the formulas:-

"
|

= EW3x]/EW3J .............. S AT e e mmiie ane (4.13)

o~
|

= tw3yJ/tw32 ...... AR G 3 RS A — (4.14)

The relatinag variances are determined with:-

© 2.0W, xx3- Xy
B s CW3xx1-(1/b ) . CW Xy _
. W3- (D) Y T TN ./ . . |
2.CW,yyl-b_.CW.xy]
2 _ il
and s"(y.) W1 (v2) U SR RN T e (4.16)

By working all this out for the autumn measuring at facade 1, the
following characteristics of the lines and their relating variances have
been determined. For measuring at the room includinag the facade (line 1):

slope b = 1.62
o

-

variance in the slope %4(bj ) = 0.0010
1

centre of gravity co-ordinates:-

I

"
[}

2,16 + g 4.5 % 10 “wls

i

1,89 = Ap 77,6 Pa

~<
I



-2 -

[Pa]

103 -
ap £
102 f _
= centre of
Apc1 - gravity
'—
| 95% reliability
interval
101
s lope bn1=tg¢1
(i 3 RN (N 1 (8 51
101 102 103 [1073 m3/s)

q\'q —_—

Flgure 4.3. Best straight line with 95% reliability interval for the

air permeability in the autumn measuring at the room

inclusive facade 1.
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variance sztxc ) = 0.00000787

1
Variance sz(yc ) = 0.00002361

1
This line is graphically shown in figure 4.3. The figure also shows the
limits of the 95% relaabillity interval (two-sided).
The 95% reliability ineéerval indicates the area inside which the deviation
of the line is not greater than + 1.96 times the standard deviation
s (s = the root from the variance). It can be said with 95% certainty
that the line representing the relationship hetween the measuring points,
should belong in this aegion.
A similar line can be shown for measuring at the room without the facade
(line 2).
The characteristicsmagnitudes of this are:-

slope b = 1.65
.

variance in slope sztbn ) = 0.0007
2
Point of gravity co-ordinates:-

x = 2.06 = qu. = 114.8 x 10 m’/s
o c

2 2
v = 1.82 -&pc = hh+- Pa

2 2
varhance s2tx ) = 0.00000526
%

variance sztyc ) = 0.00001436

2

A randonm point of line 1, regardinc the measuring at the room

including the facade, can be shown bhy:-
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and of line 2, regarding measurina at a room without facade by:=

¥y WX, W ——iyd~3y. | (4.18)

The alr vermeability exclusivelvy of the facade is determined by the

difference between
and measuring at th

in figure 4.4.

measuring at the room inclusive the gans (line 1)

e room without gaps (line 2). This 1s shown

difference .
,=h1g ae | line / 11ne‘2/ line 1
]
I
I
ap'i:bp: '
¢ E=— gy gl
tq“-qwl Ay vy

——— x=log g,

Figure 4.4. Determination of the air permeability characteristic of

the facade.

The volume ¥low qv_ passed through the untightnesses of the room at a

l«

specific pressure difference-%lpl inclusive of the facade is reduced

by the volume flow qv

which is passed through the untightnesses in the

2
By £
room without the facade and at the same pressure difference ° i dihfgrence
qv,-qv., 1ls the volume flow through the facacde av ... At the considered
1 2 facade
pressure difference ﬁSpl.

Arithmatically this
ékpl = zxpz. With x

L]

and (4.1%2) as

Q¥

means:~ In (4.17) and (4.18) ¥4 and y, are equal because

X
= loa qv or qv = 10, (4.17) can be re-written as:-



N L

after which the volume £low through the facade as function of the pressure
difference across the facade (A p) with v = log Ap can be written as:

1
& + o (log fp-ye))}  fx, + g— (log bp-

- 1. n 2 n

Weacage =qv}—qv2 - 40 b - 10 :

-y )}
T8 e B e TR T R S S (4.19)

For the determination of the relating varancs the transmission law of
errors has been apnlied.

This i3 in general

k=0p 2
Sm = > (gfk . —— eeeeeies (6.20)
k=1
in which ¥ = function
Vk = avery variable with an error

k = indication of rank number of the wvariable with error
p = number of variables with errors

Fox mxample, dn hungtlon {4.13) xc1 is called the first variable with

error (v.), b the second (¥.), etc.
1 o 2

When using the connection between the pressure difference across a facade

£l =
(Ap) and the volume flow throuch a facade -5, P

interested in the volume flow passed through QVE de) at a selected

) one would be usually

aca
pressure difference (ADp).

As one selects ﬂp, this can be consicdered as an error-free value. One will

also be interested in the errxor in the wvalue related to :ﬁp, namely qvfacade'

2
For the determination of the variable s™ (gv ) formula (4.20)
facade

must be applied to the connection between An and qvfac-ﬁﬂ which is shown
(=1L %4

by the appearance of (4.19).



