
Research & Development
Highlights

Technical Series
90-232

Ai r Tightness, Ai r Movement and Indoor Ai r Quality in British Columbia
High-RiseApartment Buildings ______

C

Introduction
Inmany high-rise apartmentbuildings,air leakage through
exterior walls, between units, and to and from service
chases provides the majority of ventilation. Unplanned
leakage can result in problems with indoor air quality
(IAQ), moisture, energy costs,and ventilation.

Lif e safety may even be aconcern if firebarriers arenot
well sealedagainst smoke passage.

In order to respond to theseconcerns, CanadaMortgage
and Housing Corporation (CMHC) commissioned a con-
sultant toevaluate the following characteristics of several
British Columbia high-rise apartmentbuildings:

• air leakage,

• indoor air quality, and

• air movement patterns.

Air Leakage
Fivehigh-risebuildings, rangingfrom sevento eleven sto-
ries, werestudied. Twohadbeen built inthe early80sand
threewerenew. Al l wereequippedwithelectric baseboard
heating. Thestudy found:

• Theratesof leakage inapartment buildingscan vary
considerably from building to building, and from floor
to floor withinaparticular building.

Normalized leakage areas
• Of the fivefloors whosedepressurization testdatahas
sufficiently highcorrelation coefficients, fourhavesim-
ilar ratesof leakage. TheaverageNormalizedLeakage
Area (NLA) for these floors is 1,25 cm2 per m2of enve-
lope area. This is 1.8 times greater than themaximum
allowableNLA forR-2000 houses. Theremaining floor
had an NLA of 3.17 cm2 per m2 of envelope area.

• Thegreatest sourcesof air leakage, from most to least,
are:

• elevator shafts;
• floorsand ceilings;

• stairwell doors;
• sliding glasspatio doors;

• suitefanswith ineffectivebackdraft dampers; and
• various other service shafts.

Fireplaces were not significant sourcesof leakage.

• It would appear that stackeffectmakes the leakagefrom
major shafts morepronounced on higher floors.

The protocol used for leakage testing (establishing the
protocol formeasuring air leakageand air flow patterns in
high-rise apartmentbuildings) wasfound to be difficul t to
implement, particularly in large occupied buildings.

Comparative leakage at -40 Pa



Occupant concerns andwind conditionscaneasily prevent

proper test conditionsand datacollection.

IndoorAi r Quality

Numerous minor IAQ problems were encountered, but
conditionsaregenerally verygood inthesebuildings. The
IAQ of the buildings studied is higher than in average
commercial buildings, and higher than in single family
dwellingscontaining similarventilation technology.

Theonlypotentially serious problem discoveredwas rela-
tively high concentrations of carbon monoxide (CO) due
to poor garage ventilation within one of the buildings.
Spottesting showedCOlevelsin excessof unofficial com-
fort levelsin the lobbyand on the top floor.

The concentration in the lobby was equal to Health and
Welfare Canada Residential Exposure Guidelines for
eight-hour exposure.

Moisture problems associated with rain penetration were
encountered in each of the threebuildings tested. There
were very few other moisture-related problems discov-
ered.

Air Movement Patterns
Overall ventilation is generally adequate in most of the
high-rise apartments tested. The lack of control with
respect to volume and location of ventilation can cause
comfort problems and structural concerns. Build-up of
dirt, lint, grease, etc. on suite exhaust fan backdraft
damperscan render them ineffective. Exhaust fanswith
ineffective back flow prevention become significant
sourcesof infiltration.

Conclusions
Air Tightness
Air leakagewasfoundto be approximately twice the level
allowedin R-2000 houses.
The discrepancy is overstated due to the lack of suite
exhaust fan sealing. Mostof theair leakageinto thesuites
couldbe tracedto deliberateopenings inthebuilding such
aselevator shafts, stairwells, garbagechutes,exhaust fans
andopening windows.

Theonlyother noticeablethrough-wall air leakage entered
the suites through the electrical outlets on the outside
walls.

Indoor Ai r Quality
Indoor air quality of thebuildings studiedhereinwashigher
er thanaverage for commercial buildings, andhigher than
in singlefamily dwellings containing similar ventilation
technology. Thermal comfort can be compromised by
excessiveinfiltration dueto wind andstack effecL
Moistur e Problems
Water penetration from outdoors iscommon in high-rise
apartment buildings. Wind-driven rain penetration was
reported by the tenants. No problems associated with
moisture penetrationofwalls from theinsideof any of the
buildings werediscovered.

Although weencountered no evidenceof serious conden-
sation, thepossibility of structural and subassembly dam-
age wasa concern. Constant passive ventilation during
cold weather helps to maintain suiterelativehumidity at
comfortable levels.

Mechanical Ventilation
Build-up of dirt, lint, grease, etc. on suite exhaust fan
backdraft dampers can render them ineffective. Exhaust
fans with ineffectiveback flow prevention become signif-
icant sources of infiltration. Underground parking,
garbagedisposal andcombustion ventspresent ventilation
design challengeswhich areoften overlooked.

Overall Ventilation
Overall ventilation isgenerally adequate. Thelack of con-
trol, however, can cause comfort problems and structural
concerns.
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HousingResearch at CMHC
Under Part JX of the National Housing Act, the
Government ofCanada providesfunds to CMHC to
conduct research into the social, economic and
technical aspectsofhousing and relatedfields, and to
undertake the publishing and distribution of the
resultsofthis research.
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