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OF MULTI-STOREY APARTMENT BUILDINGS 
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ABSTRACT 

An experimental study has been made to develop methods for conducting small-scale pressurization 
tests to determine the air leakage characteristic of multi-storey apartment buildings where a 
full-scale air leakage measurement cannot always be performed. These methods require the use of 
a portable Tan for developing a suction or pressure inside a test chamber which is sealed around 
the perimeter' of a test area such as the exterior wall of a room or a window. To minimize the 
lateral ,air leakage due to air movement in the cavities of a wall construct.ion, the pressure in 
the test chamber is balanced with those in the surrounding rooms. 

Applying these methods, ,the air leakage rates through the exterior walls were measured in 
five buildings ranging from 5 to 20 storeys high. Air leakage rates through major leakage 
sources were also measured in selected buildings to determine their contribution to the total 
leakage of wall assemblies. In addition, the overall air leakage rate was measured in as-storey 
building with the entrance door to each apartment unit open and closed to investigate the 
influence of corridor walls on the overall building air leak~ge characteristic. 

~ INTRODUCTION 

, 

High-rise apartments represent a large group of buildings whose heating demands make up a major 
part of their annual energy consumption and,where substantial savings can be achieved by 
applying appropriate energy conservation measures. Without exception, however, a major problem 
encountered in evaluating various conservation measures is the lack of air leakage character
istics of these buildings fol' heating load prediction. Therefore, the Division of Building 
Research, National Research Council of Canada, initiated a program in the spring of 1978 to 
conduct air leakage measurements for this type of building. The results are presented in this 
paper. 

A high-rise apartment is different from other types of tall buildings in that it is divided 
into small units connected by a common corridor on each floor, and it is normally serviced by a 
common ventilation system for supply of fresh air into the corridors and exhaust air from each 
unit. Owing to the limited caP1city of the ventilation system and the large building volume, 
the usual pressurization method for measuring the overall air leakage 'rate cannot be applied. 
Thus, there is a need for methods that can be applied to measure the air leakage rate through 
part of a building shell, such as the exterior wall of a room or a window. Field studies were 
conducted to develop such methods and, applying these methods, :a:ir leakage 'data for five apart
ment buildings (see Table 1) were obtained. In addition, the overall air leakage rat'e of a 
S-storey building was measured using a large fan mounted on a trailer. 

TEST METHOD 

Fig. I (a) shows the experimental set-up for measuring the air leak'age rate through an entire 
wall assembly of a room (Direct Method). As shown, a portable fan with a maximum capacity of 
200 i/s at 2000 Pa (424 cfm at 8 in. of water) was used for this purpose. The fan intake was 

C.Y. Shaw, Research Officer, Energy and Services Section, Division of Building Research, 
National Research Council of Canada, Ottawa, Ontario KIA OR6. 

THIS PREPRfNT FOR DISCUSSION PURPOSES ONLY. FOR INCLUSION IN ASH RAE TRANSACTIONS ~$t8(). 
Vol. 86, Part 1. Not to b~ reprinted in whOle or in part without written permission of the American'Society of 
Heating, Refrigerating and Air·Conditioning Engineers, Inc., 345 East 47th Street, New York, NY 10017. Any 
opinions, findings, conclusions, or recommendations expressed in this paper are those of the authorts) and do 
1'101 necessarily reflect the,views of ASH RAE. 



connected to an airtight test chamber by a duct of about 3 m (9.8 ft) in length and 0.2 m (8 i~) 
in diameter. The test chamber was made of plywood panels covered with polyethylene sheets and 
was sealed around the perimeter of the test wall with tapes. To facilitate sealing the top, the ~ ,. 
test chamber was ~ 1 ?nted towards the wall. • 

The air flow rates of the fan were adjusted with a manual damper and measured with a laminar 
flow element (MERIAM LFE ELEMENT; accuracy of 5% of measured values). The pressure difference 
across the middle of the wall was measured with a diaphragm-type pressure transducer (static 
error band of 5% full scale) and a digital voltmeter. The pressures in the test chamber and the 
adjacent rooms were balanced with fans (Fig. l(b)) to minimize the flow of leakage air through 
the four boundaries of the test area into the test chamber. The flows through these balancing 
fans were also controlled by individual manual dampers. As shown in Fig. l(b), a minimum of 
four balancing fans were required for wall air leakage tests. 

The air leakage rate through a wall assembly can also be obtained by measuring the air 
leakage rate through each component that makes up a wall. For an apartment building, they are 
usually windBws, balcony doors, window sills, and floor-wall joints. Two methods, Direct and 
Indirect, can be used either independently or jointly for the purpose. Fig. 2 shows the 
arrangement required to apply the Direct Method. They are very similar to the one for walls, 
except for the size of the test chamber and the requirement for pressure balancing. It was 
found that a heavy-duty shop vacuum cleaner would have enough capacity to meet the flow require
ments and also to produce the head required by the laminar flow element. Except for balcony 
doors and windows, the pressure in the test chamber and that in the test room should be 
properly balanced with a portable fan to minimize lateral air leakage. The experimental set-up 
for the Indirect Method is identical to that shown in Fig. lea). The air leakage rate through 
one particular component is obtained by comparing the flow rates measured before and after it is 
sealed. 

In addition, an overall air leakage test was conducted on Building A using the method 
developed for schoolsl. The fan used was a vane axial type with variable pitch blades that can 
be adjusted manually to obtain flow rates between 0 and 23 600 ~/s (0 and 50 000 cfm). The fan 
intake was connected by a duct of about 15 m (49.2 ft) in length and 0.92 m (3 ft) in diameter 
to an entrance where the door was replaced by a plywood panel. All inside stair doors were 

-kept open during the tests to allow a free flow of air from the floor spaces to the fan. 1 Air 
flow rates were measured upstream of the fan intake using total pressure averaging tubes . 
The pressure differences across the four exterior walls were measured at the middle of each wall 
at three levels using the same pressure transducer. 

Most tests were conducted under the suction condition. For comparison, some components 
were tested both under suction and pressurization. To minimize wind influence on pressure 
measureme~ts, all tests were conducted when the meteorological wind speed was lower than 15 km/h 
(9.3 mph) . 

VALIDATION OF TEST METHOD 

A series of validation tests was conducted to verify the test methods and to demonstrate the 
necessity of pressure balancing. The result of validation tests for the Direct Method for 
measuring wall air leakage is shown in Fig. 3. It indicates that the air leakage values of the 
wall assembly of Building C obtained by the Direct Method is within 5% of that obtained by sum
ming the independently measured air leakage values of the floor-wall joint, window and window 
sill of the same wall. Likewise, as shown in Fig. 4, an agreement in results within 15% was 
also obtained for validation tests on floor-wall joints and window sills. 

In conducting the air leakage test, the pressure in the test chamber was balanced either 
with that in the adjacent rooms or with that in the test room by adjusting the air flow rate of 
the balancing fan. It was found that even with a manual damper, these pressures could be 
balanced within ±2.5 Pa (0.01 in. of water) without difficulty. 

The effect of pressure balancing is illustrated in Fig. 4 showing the air leakage rates 
through both the window sill and the floor-wall joint. It indicates that a substantial re
duction in the air leakage rate resulted from pressure balancing which reduced the lateral air 
leakage into the test chamber via the cavities in the wall. This hypothesis is at least parti- • 
ally supported by the fact that the air leakage rate obtained with pressure balancing is within 
15% of that by the Indirect Method (Fig. 4). The effect of pressure balancing was further in
vestigated by conducting air leakage tests on the floor-wall joint of Building M where the air 
leakage rate through the carpet could be eliminated. Fig. 5, which gives the results of four 
tests, indicates that when the pressures were balanced, identical air leakage rates were 



obtained before and after removing the carpet (Curves 1 and 2). If, however, the pressures 
were not balanced, an increase in the air leakage rate was observed, the amount of increment 
depending on whether the carpet was removed from the floor (Curves 3 and 4). The differences 
between Curves 4 and 3, and between Curves 3 and 2 are approximately the air leakage rates 
through the carpet and other sources (e.g .• window sill as indicated by the heavy dotted line). 

Finally, the effect of pressure balancing between test chamber and adjacent rooms is illu
strated in Fig. 6. The results indicate that the air leakage through a wall assembly measured 
without pressure balancing brings about an increase in flow up to 73% (Building T) of that with 
pressure balancing. An inspection of the test rooms indicated that Buildings T and M were the 
only two whose partition walls were penetrated by heating pipes. Since these walls were used as 
the two side panels of the test chamber in these tests, the openings around the heating pipes of 
Building T, which could not be properly sealed, were mainly responsible for the large increase 
in the air leakage rates. 

RESULTS AND DISCUSSIONS 

Applying the developed test methods, air leakage rates through wall assemblies· were measured in 
five apartment buildings. Except for Buildings A, M and T, the exterior walls of two rooms of 
each building were tested for air tightness. The air leakage characteristics of windows of the 
five buildings and those of the sliding glass balcony doors of one additional building (Building 
W) were also studied. Also, the overall air leakage rate of the entire building was measured in 
Building A with the entrance door to each apartment unit open and closed. These results were 
analyzed and presented for opaque walls consisting of window sills and floor-wall joints, the 
sliding glass balcony doors, and windows including window frame-wall joints. Fig. 7 shows the 
air leakage data of the opaque walls. Their values vary not only from building to building with 
similar wall design (e.g., Buildings C and V), but also vary from room to room in the same 
building. Also shown in this figure is the air leakage characteristics of a 33-cm (13-in.) un-

o plastered brick wall obtained from the ASHRAE Handbook of Fundamentals 3. It indicates that, 
except for Building M, the air leakage values of the opaque walls of the test buildings are 
within ±50% of that of the unplastered brick wall . 

. The air leakage rates through the four types of windows are shown in Fig. 8(a) and 8(b). 
In this paper, the air leakage through a window frame-wall joint is credited to the window 
instead of the wall. The reasons are twofold: firstly, it will considerably reduce the work in 
field testing and secondly, it is more appropriate to do so in modeling air leakage character
istics of buildings. Air leakage values of windows as shown in Fig. 8(a) and 8(b) vary widely 
from building to building. Even in the same building these values can be different by a factor 
of 2. There is no clear evidence to indicate that one window design gives a tighter window than 
another. Nor is there any correlation between air leakage characteristics and ratio of openable 
area to total window area (e.g., Building T with fully openable windows has a lower leakage rate 
than Building A, which has partially openable windows). 

4 
ASliRAE Standard 90-75 on energy conservation in new building design recommends that the 

maximum air leakage rate through windows should be 0.77 !/s.m at 75 Pa (0.5 cfm/ft at 0.3 in. 
of water). This value does not include the air leakage through a wintiow frame-wall joint where
as the measured values in our study did include this leakage. Even so, one-third of the 17 test 
window units (including window frame-wall joints) had air leakage values below the suggested 
limit, suggesting that it is possible to design, manufacture, and install windows to meet the 
leakage specification of the Standard. 

Tests were also conducted on three buildings to investigate the difference in air leakage 
characteristics under suction and press~rization. It was found that for floor-wall joints, 
there was no appreciable difference in the test results whereas for windows, the air tightness 
value obtained under on~ condition was, at most, 12% higher or lower than the other. 

Fig. 9 shows the air leakage rates of the .eight residential-type sliding glass doors 
lexcluding frame-wail leakag~). As ~hOWIl, there a2:e 6 out of 8 doors whose air tightness values 
are lower tnan the 2.5 !/s·m at: 75 Pa (0.5 cfm/tt at: 0.3 In. of water) maximum recommended 
by ASHRAE Standard 90-75. All these doors are double doors with the outer door acting as a 
storm door. Hence, tests were also conducted with the outer door open to study the effect of 
the storm door. The results indicate that with both doors closed, a reduction in the air 
leakage rate (ranging from 15~ to 32%) was obtained. 

&: 

The contribution of major building compQnents to the total air leakage rate of wall assem
blies was studied in selected buildings. Fig. 10 shows that at a pressure difference of 75 Pa 
(0.3 in. of water), windows including window frame-wal.ljoints can be the main contributing 



component which may account for as high as 70% of the total leakage. Next are floor-wall joints 
and window sills which can account for 50% and 30% of the total air leakage respectively. The 
air leakage rate of the ceiling joint was measured in one building (Building M) as this is the 
only building having smoothly plastered ceilings. As shown, there was no measurable air leakage ., 
through the ceiling joint of this building. ~ 

Finally, the overall air leakage rate was measured in Building A with the entrance door to 
each apartment unit open and then closed. As shown in Fig. 11, there is no appreciable differ
ence in the overall air leakage rate whether the door is open or closed. Fig. 11 also shows 
that the overall air leakage characteristics of Building A are similar to thezaverage air leak
age values of_the 7 tall office buildings, all having open floor arrangements. 

CONCLUSIONS 

Air leakage characteristics of the exterior walls of multi-storey apartment buildings can be 
obtained by conducting small-scale pressurization tests using the methods outlined in this 
paper. These methods were validated by comparing the overall leakage values and the sum of the 
independently obtained component leakage values. 

It was found that air leakage rates through opaque walls were similar to those of a 33-cm 
(l3-in.) unplastered brick wall obtained from laboratory tests. It was also found that one
third of the 17 windows tested as installed met the 0.77 R./s·m of sash crack at 75 Pa (0.5 
cfm/ft at 0.3 in. of water) maximum value recommended by ASHRAE Standard 90-75. The air leak
age data of the 8 balcony doors test2d as installed indica~ed that three-quarters of them also 
met the requirement of the 2.5 R./s·m at 75 Pa (0.5 cfm/ft at 0.3 in. of water) maximum air 
leakage rate recommended by the same Standard.' 

Air leakage rates through various building components were measured in selected buildings. 
The results indicated that floor-wall joints, windows, and window sills are the three major air 
leakage sources in exterior walls. The results obtained from one building indicated that there 
is no measurable leakage through ceiling joints. 

Opening or closing the entrance door to each apartment unit was found to have no effect on 
-the air tightness values of Building A. This finding suggests that the air leakage rates of 
apartment buildings are mainly governed by the resistance of the exterior walls. Further 
studies are required in this area. 
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TABLE 1 Description of Test~uildings 

Building A C K T V 
, 

Year Constructed 1978 1978 1965 1972 1978 I 

Year Tested 1978 1978 1978 1978 1978 
, 

Height (Storeys) 5 10 20 15 12 

Dimensions 
3.l4 V x 2.44 H 3.05 V x 2.44 B 1.88 V x 2.41 B 4.34 W x 2.48 B 3.02 W x 2.41 H of Test Vall 

Assembly m (ft.) (10.3 x 8.0) (10 .. 0 x 8.0) (6.17 x 7.92) (14.25 x 8.13) (9.92 x 7.92) 

Dimensions 
1.52 V x 1.22 B 1.62 V x 1.62 H 0.91 V x 1.42 H 3.94 V x 1.37 B 1.93 V x 1.57 H of Test Window 

m (ft.) (5.0 x 4.0) (5.33 x 5.33) (2.98 ]I: 4.67) (12.92 x 4.5) (6.33 x 5.15) 

Vindow Type Fixed and Fixed and Openable; Openable; Openable; Fixed and Openable; 
Openable;Sealed Sealed Double Sealed Double Sealed Double Sealed Double 
Double Glazing Glazing Glazing Glazing Glazing 

Openable/ 
Tota 1 Window 50% 38% 100% 100% 63% 

Area I 
I 

Wall 10.2 Cm (4 in.) 22.9 em (9 in.) Outer Shell: 1,5 .• 3 Cm (6 in.) 10.2 Cm (4 in.) 
Construction Clay Brick, Cone. Brick, 15.3 Cm (6 in.) PTe-poured Face Brick, 

15.3 Cm (6 in.) 5.1 Cm (2 in.) Clay Brick - for Conc. Spandrel 10.2 Cm (4 in.) 
, 

Conc. Block, Rigid Insulation, main wall; or Panel, Conc. Block, i 
Parging, Bldg. Dry Wall 10.2 Cm (4 in.) 5.1 Cm (2 in.) Parging, 
Paper, 8.9 Cm pIc panel - for Insulation, 6.4 Cm (2.5 in.) 
(3.5 in.) wall below window Vapour Barrier, Rigid Insulation, 
Batt Insulation, Inner Shell: Dry Vall Gypsum Board 
Vapour Barrier, Parging, 

. Gypsum Board Bldg. Paper 
5.1 Cm (2 in.) 
Batt Insulation, 
Vapour Barrier, , 

Plaster 
--- --_ ... ---_. -_.- -

Note: Bldg. W is not included _s it was' tested for balcony door only 
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