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Abstract
AIRTIGHTNESS TESTING METHODS FOR MULTI-UNIT HOUSING
December, 1986

J.A. Love
Faculty of Environmental Design
The University of Calgary
Calgary, Alberta, T2N 1N4 Canada

Pressure testing is an accepted method of determining the airtightness of building
envelopes. Current testing standards do not address measurement of airtightness of
attached dwellings. This is a special case due to potential airflow across party walls.
Airflow into the test dwelling from adjacent dwellings can be eliminated by equalizing
the pressure in the test and adjacent dwellings. The significance of party wall leakage
in 14 row house from five different projects was demonstrated by comparing results
obtained by this procedure with those obtained by standard test methods. A proposed
alternative method (Nylund's method) of correcting for party wall leakage involves
computations based on measurement of indoor-outdoor pressure differentials in
dwellings adjacent to the test dwelling while the latter is pressure tested. A pilot field
study of this method was carried out. Results from correction by pressure equalization
were compared with results from correction by Nylund's method. An average
agreement within 6 5% was found. Use of the data generated by Nylund's method to
calculate common measures of airtightness is discussed.
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AIRTIGHTNESS TESTING METHODS FOR MULTI-UNIT HOUSING

EXECUTIVE SUMMARY

Pressure testing is a commonly used method of determining the airtightness of
housing. When attached dwellings are pressure tested using the procedures developed

for detached housing, it is not possible to isolate air flow through the exterior envelope
from air flow through party walls.

By using additional depressurization equipment in dwellings adjacent to the dwelling
under test, the inter-unit pressure differential may be eliminated. Party wall leakage
will not occur under these conditions. and a true measure of the airtightness of the
exterior envelope may be obtained. Measurements have shown that 20 or 30% of the
air flow through the envelope of a row house is due to party wall leakage. Pressure
equalization is a refatively expensive and cumbersome method of obtaining correct
airtightness information due to the amount of equipment and manpower required.

An alternative method (Nylund's method) is to measure indoor-outdoor pressure
differentials in dwellings adjacent to the test dwelling, correcting the readings for the
test dwelling by use of a formula incorporating these pressure differentials. This
approach was validated at laboratory scale in Sweden some years ago, but had never
been validated for full scale housing.

Seven row houses were tested by both methods, and the results were compared.
Nylund's method provided relatively accurate results and appears to be a practical
alternative to the pressure equalization method for many applications. Use of the data
generated by Nylund's method to calculate common measures of airtightness is
discussed. Further full scale validation tests are warranted by the results obtained.
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1 9 INTRODUCTION
In multi-unit housing. infiltrating air may flow through party walls between adjacent
dwellings as well as directly in through exterior walls (see Figure 1). Outdoor-indoor

leakage contributes to

1. exterior enveiope leakage

2. unit to unit leakage —_—

 §
T
;

-ty e e \ g - |
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3. exterior leakage vla party watl

Figure 1. Diagram of possible infiltration routes in row housing.

space heating and cooling requirements. Unit-to-unit leakage does not affect heating
and cooling loads to the same extent, but it may result in migration of airborne
contaminants. and movement of smoke in the eventof fire. The gaps that permit inter-
unit air leakage also increase noise transfer between dwellings. It is often desirable. or

even necessary. to be able to distinguish the two types of leakage.

Pressure testing has been widely accepted as a method for determining the airtightness
of housing!. Results of pressure testing are used to stipulate code requirements? and
as a criterion for certification of energy efficient dwellings3. Researchers have also
validated a mathematical relationship between airtightness of the exverror  envelope
as measured by pressure testing and infiltrationt. However. current testing standards

do not address the problem of party wall leakage in attached housing. Thus the
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applicability of standards. certification criteria . and formulae based on pressure
testing methods described in standards is limited to detached dwellings. This project
was undertaken to conduct pilot field tests of a simplified method of testing the

airtightness of attached housing and determining party wall leakage.

Party wall leakage can be eliminated during pressure testing by eliminating pressure
differentials between the test dwelling unit and adjacent dwellings. One additional
pressure testing apparatus is required for each neighbouring dwelling in which the

pressure is to be equalized (see Figure 2). The equipment operators communicate by

walkie-talkie and adjust

‘+ Lrl ! ‘H

test

A i —:2::' {;F = fan unit
FI S
]

= . .
’ g lol o
! ' |
Figure 2. Diagram of equipment set-up for pressure

equalization method of airtightness
testing of row housing.

A

indoor-outdoor pressure differentials so that they are all the same: under these
conditions, no air flow will occur between connected units. This is operationally easier
than maintaining the pressure differential between units at zero because the pressure
differentials to be monitored are larger and less pitot tube need be used. This approach
will be referred to as the pressure equalization method. The amount of equipment and

manpower required makes pressure equalization cumbersome, time-consuming and

expensive.



An alternative method. hereafter referred to as "Nylund's method". was proposed in
19813. This method involves the use of a single testing apparatus. Measurements of
indoor-outdoor pressure differentials in dwellings adjacent to the test dwelling are used
to determine party wall leakage. While validation tests have been conducted on

laboratory scale modules. field tests on full scale housing had never been attempted

prior to this project®.

The objective of this project was to evaluate Nylund's method by conducting field tests
on full scale housing. Eight townhouses were to be tested by both the pressure

equalization method and Nylund's method. and the results compared.

i



2.0 THEORY
2.1 _Pressure Testing of Detached Dwellings

In pressure testing detached dwellings’. a powerful fan is used to generate a range of
pressure differentials (from 5 to 50 pascals) across the building envelope (pressures
generated by wind and by stack effect would normally be in the vicinity of 4 pascals). A

calibrated nozzle is used to determine air flow generated by the fan. An equation of the

form

Q=Capp (n
is fitted to the data
where Q istheair flow rate (L/s)
C isa constant determined by measurement (L/s-Pa® )
aP is the pressure differential across the building envelope (Pa)

n isthe flow exponent determined by measurement.

2.2 Nylund's Method
Nvlund's method is directed at the testing of a row dwelling (B) connected to other

dwellings as shown in Figure 3.

[ {(
i D A B C E ——
test
T unit T
! 1

Figure 3. Test row dwelling B is embedded in a series of
attached dwellings




The theory is based on a couple of assumptions:

1. that the airtightness characteristics of the dwellings in the cluster under
study are all the same ( i.e. Cand n are the same for all dwellings). so that
the air flow rates under pressure in dwellings A through E will be equal for a
given pressure differential aP;. Thus

Qp = Qg = Qc = Qp = Qp =C aP;y? (2
where Q; isthe total air flow induced through the envelope
of the dwelling under test. i being any of A through E
and

2. that the flow through party walls is much smallerd than the flow through the
exterior envelope of any dwelling.

If a fan is used to depressurize unit B, air flows will be induced as shown in Figure 4

(flows would be reversed in the case of positive pressurization ).

1| | | I l(

—— e

Figure 4. Air flows induced when a row house is
depressurized.

According to the assumptions stated above, there are three parallel flows such that

Qg =0ag * Qg +Qpc=CL aPp0+ aPgh + APcM) (3)

where 4P; is the indoor-outdoor pressure differential for

the row dwelling indicated (note thatan
indoor-outdoor pressure differential will be
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induced in units adjacent to the test unit when
air flows through the party wall)
It is assumed that tests are conducted when pressure effects on A and C caused by wind
and temperature are negligible compared with the depressurization due to party wall
leakage when B is under test. It is also assumed that air flow from dwellings D andE is

small enough to be ignored.

If unit B is pressure tested with 50 pascals as the reference pressure differential. then

values are known or can be measured and computed for aPg”, Qpsg (the air flow

through the pressurization apparatus), aP,?. and aPc® . Then

0350 = CC aPgn+ 500 + aPcM) (4)

which may be revised to

- Q50
(5)
500 + 4PpD s 4PCD
If Equation 5 is substituted for C in Equation 1, the flow at 50 pascals with party wall
leakage eliminated will be given by
QBSO cor ~ QB_'SO 500
{6)

500 . aPpR . PP

Nylund suggests? thata factor R may be defined



R=0Q4 + Q¢ 2 Opsg - (Qy + Q¢ 12 -11 {7)

where Qp" and Q¢ are the air flows through exterior walls only, but
under the assumptions used in Nylund's method would be very

close to Qppand Qgc

so that Qgsg cor Mmay also be expressed as

OB50cor =050 - Uap - Opc * R i8)

In cases where party walls are very airtight, R would approachzero. Qap and Qg

could then be obtained graphically from the uncorrected leakage curve for B, given

the measured values for aPy and &P (seeFigure5)

leakage air flow under induced presgure differential
(L/s)
¥

QB mgasured

QBSO measured

pr o= one  onf

b = -

-

0 APA A induced

(E;>O) pressure
differential
(Pa)
Figure 5. Graphical method of determining party wall
leakage flows.



2.3 Leakiness of Party Walls in Wood Frame Row Housing

In the course of previous research projects . the author measured airtightness of 14
wood frame row houses. The pressure equalization method was used to determine the
contribution of party walls to overall leakiness of the envelope (see Table 1). The data
from this work was reviewed to obtain an indication whether wood frame row houses in
Canada have airtightness characteristics conforming to the assumptions on which
Nylund's method is based.

Table 1. Comparison of air flow through 14 row houses (housing

sample 1) with 50 pascals pressure differential induced

across the envelope and with pressure differentials
between adjacent units unequalized and equalized.

Unit Q50 Qs0eq 050 - O50eq (Qxg - Osgeq ) S
Code unequalized equalized (L/s) percentage of Qs
air flow air flow
(L/s) (L/s)
end units
la 450 350 100 22
2a 300 250 50 17
2b 310 2210 a0 29
Ja 730 490 240 33
4a 530 320 210 42
5a 590 390 200 34
5h 550 420 130 24
Mean 490 356 140 29
interior units
3b 470 430 240 36
3¢ 870 510 360 4]
S¢ 540 400 140 26
5d 450 230 250 52
Se ABIl) 400 260 39
5¢f 590 450 240 33
58 450 250 200 44

Mean 620 3%0 240 39



These results show that party wall leakage is significant compared with leakage
through the exterior envelope. As well, the airtightness of dwellings within the same
cluster varied noticeably. Additional data was tabulated to indicate the range of these

variations (see Table 2).

Table 2. Comparison of air flow statistics (mean and standard
deviation under pressure test) for interior unitsin 6 row
housing projects.

Project Number Qs0
Code of Units  unequalized air flow (L/s) standard
Tested deviation
mean standard as percent
deviation of mean
1 2 600 61 10
2 2 480 86 18
3 3 740 110 15
4 4 380 66 17
5 7 580 90 16
9 2 450 11 3

e,

range 3 to 18 percent

It was possible that these violations of the assumptions on which Nylund's theory was
based might introduce enough error to make the method insufficiently accurate. Field

tests were undertaken to determine whether this was the case.



3.0 FIELDTESTS

Several test sites and test dates were arranged.

The indoor-outdoor pressure differentials to be measured by Nylund's method are of the
same magnitude as those induced by wind. so conditions must be very calm when
attemptin g to validate the method. Wind necessitated abandonment of testing on 2

occasions.

Dwellings in two other complexes tested were so leaky that the equipment available was
not sufficiently powerful to induce a 50 pascal pressure differential across the
envelope. The researchers were using first generation depressurization equipment.
Second generation equipment permits a wider range of flows to be measured through
the use of a range of measurement orifices. so this would not be a problem for

researchers with more sophisticated equipment.

On vet another occasion. one of the occupants who had agreed to permit testing lefta
key with a neighbour. The neighbour wasabsent on the day arranged for testing. so
testing could not proceed. Fortunately, acceptable test results were finally obtained for

7 row houses in two complexes.

In Nvlund's method. units adjacent to the test unit (A and C in Figures 3 and 4). aswell
astest unit B. are prepared for testing by the sealing of all intentional openings such
as ventilation ducts and drver exhaust ducts. For each of dwellings A andC. the
indoor-outdoor pressure differential in dwellings adjacent to the test unit is then
determined while the indoor-outdoor pressure differential in test units B is maintained
aL 50 pascals. a pressure differential commonly used as a reference in airtightness

testing.

10
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To achieve greater precision. a liquid micromanometer was used to measure smaller
pressure differentials. Unfortunately. loss of liquid in the micromanometer
necessitated the use of a less precise diaphragm actuated instrument in the testing of

the two units in project 7.

Dwellings were tested by both Nylund's method and the pressure equalization method.
In order to test the assumption that there is no leakage through the party wall between
the unit adjacent to the test unit and the unit one removed from the test unit. the
indoor-outdoor pressure differential in the unit one removed was monitored while the
test unit was depressurized to 50 pascals. No deflection of the pressure gauge was

observed.

A suggestion was made that unit-to-unit pressure differentials between the test unit
and adjacent units be used in lieu of indoor-outdoor pressure differentials in order to
simplify some aspects of pressure measurement (such as the need to communicate
between adjacent units by walkie talkie). However. unit-to-unit pressure differentials
were found to be about 3 times greater than indoor-outdoor pressure differentials.
Hence unit-to-unit pressure differentials could not be substituted for indoor-outdoor
pressure differentials and it was necessary to continue communicating by walkie-

talkie.

Detailed results are presented in Section 4.



4.0 RESULTS
Detailed data obtained in the course of field testing may be found in Appendix A. Table 4
provides a comparison of results obtained by the pressure equalization method and
Nylund's simplified method (equation 8 with R taken aszero). This comparison was
performed with data from Project 6 only. Note that the unequalized air flow for the
units tested ranged from 420 to 530 L/s.

Table 3. Comparison of air flow through test row houses

with party wall air flow eliminated by pressure

equalization and by Nylund's simplified method
(equation 7).

Code unequalized equalized Q59 corrected Discrepancy
air flow air flow by Nylund's simpli- Between Qgqeq
(L/s) (L/s) fied method and Qsgcor
(equation 7)
(L/s)
end uait
ha 420 350 300 -16

interior units

6b 530 3460 300 -20
6¢ 540 360 300 -20
6d 420 300 180 -40
be 490 360 260 -28%

mean 480 - - -33

standard dev. 58 - - -

It is evident that application of Nylund's simplified method did not give an accurate

estimate of the air flow through the test dwelling with air flow through the party

walls eliminated. Qsqco, Was recomputed using equation 6 (see Table 4)



Table 4. Comparison of air flow through test row houses
with party wall air flow eliminated by pressure
equalization and by Nylund's method.

Unit Q59 Q50eq O50cor Percent
Code unequalized equalized Qs corrected Discrepancy
air flow air flow by Nylund's method Between Qggeq
(L/s) (L/s) (L/s) and Qspeqr
end unit
ba 420 350 330 -57

interior units

6b 530 360 370 -28
6¢c 540 360 380 -55
6d 420 300 270 - 100
be 490 360 330 -83
Range for Project6 -28t0+ 10.0
end unit
7a 470 350 380 + 86

interior unit

7b 430 250 280 + 120
Range for Project 7 +86t0o+10.3
Range for all 7 units tested -28t0+ 12.0

An estimate of the air flow through the row houses with party wall leakage eliminated
was obtained with an accuracy that might be sufficient for many applications, and
warrant use of the simplified and less costly test method. The maximum discrepancy
between results for the pressure equalization method and Nylund's method was 12
percent, and the mean discrepancy was 9.1 percent. As was noted in Section 3, it was
necessary 10 use a less precise pressure gauge in testing the dwellings in project7 so

it is possible that accuracy would have been better with a more sensitive instrument.



From Table 3, it may be determined that the standard deviation was 12 percent of the
mean in the case of the unequalized air flow for project 6. This is within the rangeof 3

to 18 percent found for 6 other row housing projects (see Table 2).

14
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5.0 DISCUSSION

Given that an acceptably accurate estimate of corrected air flow at 50 pascals indoor-
outdoor pressure differential can be obtained. the problem remains of applying this
information in calculating common criteria for rating airtightness. One such criterion
is the number of air changes per hour with a pressure differential of 50 pascals
induced across the building envelope. Since this parameter is obtained by dividing the

volume of the dwelling by the induced air flow at 50 pascals pressure differential. it is

easily derived given Qsqcor.

Other parameters cannot be obtained so directly. For instance. the effective leakage
area. a parameter used in the Lawrence Berkeley Laboratory infiltration model!0. is

determined by

L, = Q 124P |05 (9)
bp |
where L, istheeffective leakage area

Q4 isthe air flow at a 4 Pa pressure differential (m3/s)

aP isthe pressure differential causing the flow (4 Pa)

p isthe density of air (1.2 kg/m3)

Q4 is normally obtained using equation 1. the fitted leakage curve for the dwelling in

question. which requires values for C and n. Nylund's method provides only one point

on the corrected leakage curve. which is insufficient to determine the slope of the

curve (given by n). An approximate corrected flow coefficient (C.,.) may be obtained

by using n in equation 5; values of C., computed this way are shown in Table 5.
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Table 5. Comparison of Cpq and Ceqp
Unit C (flow coefficient)
Code
Ce.q Ccor
determined using calculated using percent
pressure equalization equation (10) discrepancy
end unit
ba 27 25 - 74
interior units
6b 22 21 - 45
6c 33 27 - 180
6d 31 22 -290
be 38 30 -210
Range for Project 6 -4510-290
end unit
7a 28 26 - 71

interior units
7b 12 1% =500
Range for Project 7 -71t-500
In 4 out of 7 cases the discrepancies are 18% or greater, which isunacceptably large.
In the case of unit 7b, the discrepancy seems so large and so out of line with other

results that it raises some suspicion as to the validity of the result.

Kiel, Wilson and Sherman suggestthat C and n are not independent metrics, butare

related by a correlation constant K as follows!!

E=C|10-n]

| {m

|
l
fn-05|
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In this case. deviations in C might be compensated for by corresponding deviations in

n. Valuesof Q4 calculated using metrics generated by Nylund's method are compared

with values generated by the pressure equalization method in Table 6. In all cases
where the error in the estimate for C.o, was large, the error in the estimate for Q4
was substantially less. In other cases the error did not change markedly. This suggests

that compensation for joint variation C and n can produce more accurate results.

Table 6. Comparison of air flows at 4 pascals pressure differential
calculated using C corrected by pressure equalization with
figq and Ccorrected by Nylund's method with n .

Unit Q4 (calculated air flow at 4 pascals induced
Code indoor-outdoor pressure differential)
calculated using calculated using percent
Degq n discrepancy
04 = Ceq(4) 04 = Ccor(4)
(L/s) (L/s)
end unit
ba 67 62 - 75

interior units

6b 59 58 - 17
6¢ 76 69 - 92
6d 68 33 -220
Ge 85 75 - 118
Range for Project 6 -17t10-220
end unit
7a 70 65 - 71

interior units

7b 35 48 +37.1

Range for Project 7 -71t0+37.1



Another metric commonly used in Canada in rating the airtightness of building

envelopes is equivalent leakage area (ELA). defined as:

ELA = 0.001157 p,0-3 C 100-0.5 (1)

where

ELA is the equivalent leakage area (m?)

P, is the density of outside air (kg/m3)

Cand n are the flow coefficient and flow exponent

Valuesof ELA calculated using metrics generated by Nylund's method are compared

with values generated by the pressure equalization method in Table 7.

Table 7.

Unit
Code

end unit
ba
interior units
6h
6¢

6d
be

end unit

a

interior units

Comparison of equivalent leakage area (ELA)
calculated C corrected by pressure equalization with ngg

and using C corrected by Nylund's method with n.

equivalent leakage area

calculated using calculated using percent
Ceq and fgg Ceor and n discrepancy
(m2) (m?2)

0.052 0.046 - 120
0.046 0.046 0.0
nn53 n 052 - 19
0.047 0.038 - 190
0 05% 0049 - 160
Range for Project 6 Dhto- 190
0.051 0049 -39
0.02% 0035 +250

Range for Project 7 -39to+ 250
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As with Q4 (see above). estimates for ELA were generally better than estimates for

CCOI‘ '

A corrected value of n, which should yield more accurate valuesof C, could be
obtained by applying Nylund's method at some additional points (e.g. 40 and 60 pascals
pressure drop across the envelope of the test dwelling). This would permit calculation
of additional values of Q corrected by Nylund's method; with these additional valuesa
corrected curve could be obtained, which would provide corrected values for C and n.
Since the pressure differentials being measured in dwellings adjacent to the test
dwellin g are relatively small (3 to 7 pascals - see Table A.2) even at the 50 pascal
reference differential, the range of readings obtainable would be much more

restricted than in the standard testing procedure or the pressure equalization method.

Such a procedure was followed in testing project 7. Indoor-outdoor pressure
differentials were measured with the test unit depressurized by 40 and 60 pascals, as

well as 50 pascals. Numerical methods were used to solve equation 5 for n and C, given
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the data provided by measurement. This method yielded much better estimates for Cand

n.asisevident from the results shown in Table §.

Table 8. Comparison of Coq and ngq with Cand n determined
for Project 7 by applying Nylund's method at additional
test pressures.
Unit Ceq feq ¢ n percent
Code (L/s-Pan) (L/s-Pat) discrepancy
N n
end unit
7a 28 0.65 29 0.66 +36 +15

interior units

7b 12 0.77 14 0.77 +16.8 00



6.0 CONCLUSION

Due to the small number of units tested. this project can only be regarded as a pilot
study. However. the results indicate that further work to validate Nylund's method is
warranted. given the relative simplicity of the method and the accuracy of the results

obtained in the course of this project.

21



APPENDIX A:

Table A1

Unit
Code

end units

ba
7a

interior units

6b
6¢
6d
be
7h

Table A2 Pressure differentials between dwellings tested

C

(L/s:Pam )
3 27
32 2%
30 22
39 33
35 31
45 38
29 12

C (flow coefficient)

Candn fbr dwellings in housing sample 2.

n

0.66
N &9

073
0.68
064
061
49

n (flow exponent)

neq

068
065

N7l
061
058
0.58
077

and adjacent dwellings as determined by Nylund's
method.

Unit
Code

end unit

ba
7a

6b
B¢
6d
be
7h

interior units

a pA
(Pa)

F.Y PB
(Pa)

22
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