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Air Tightness,Air Movementand Indoor Air Quality in
Atlantic Region High-Rise Apartment Buildings

Introduction

Basewnthe findingsof previousCMIHC investigationsn
low-rise housingand high-riseoffice buildings, thereis
reasonto suspecthat high-riseapartmenbuildings may
haveventilation,air quality, andmoistureproblemsdueto
air leakage.

High-riseapartmentsely heavilyon air leakagefor fresh
air, and as a resultare much leakier and less energy
efficientthandetachedhousing. Mostapartmentuildings
only provide ventilation air to corridors and common
areas. Comfort-relateccomplaintsregardingtemperature
fluctuationsandsmellsarecommonandsuggespotential
problemswith air quality anduncontrolledair movement
within the buildings. Air leakage can also lead to
moisture-relatedoroblems such as corrosion of metal
framing elementsandbrick ties, or mouldgrowthin wall
cavities. Unplannedair leakageis suspectedo be
widespreadin apartmentbuildings acrossthe country.
However, little is known aboutactualair changerates,
pollution levels,or theincidenceof air leakagethrough
exteriorwalls. A surveyof high-riseapartmenbuildings
is thereforerequiredto confirm or disclaimsuspicionf
theseproblems.

CanadaMortgage and Housing Corporation (CMHC)
commissionedone such study in the Atlantic Region.
Testingwas conductean buildingslocatedin St.John’s,
Newfoundland.

TestProgram

Two buildings weretested: a seven-storepuilding with
51 apartmentéBuilding 1), andasix-storeybuilding with
65 apartment$Building 2).

The consultantsbeganby collecting information which
could be helpful in identifying possible pollutants,
locatingtheir sourcesassessinghe effectivenessof the
ventilation systems, and defining the severity of any
problems experienced. They did this by reviewing
buildingplansand complaintrecordsjnspectingdifferent
areas of the building, and interviewing occupants,
managersandothers.A surveyof the occupantsn both
buildings revealedonly minor problems, with most
complaintgelatingto air infiltration problems. Oncethis

wascompleted the buildings wereassessetb determine
therequiredtesting.

Three types of tests were performedon the selected
buildings:

(a) Airtightness
One of the primary objectivesfor the testingwas to
determinethe airtighinessof the buildings. This was

determinedy measuringhe airtightnesssaluesfor each
floor of eachbuilding.

(b) Air Movement

Air flow patternsfor the building were studied by

conductingtracergastests. A specifiedvolumeof tracer
gaswas releasedandair sampleswere takenat different
locationsthroughouthebuilding overathree-houperiod.

These samples were then analyzedfor changing
concentrationsef tracemas.

(c) Air Quality

Eachbuilding was testedfor variouspollutants whose
presencevas suggestediuringthe information-collecting
phaseof the project. Theseincludedcarbon monoxide,
carbon dioxide, excessive humidity, formaldehyde,
particulatesyolatile organiccompounds;adon biological
contaminationpzoneandasbestos.

Findings

Testingin both buildings revealedair leakageratesthat
were higherthanCanadiarandinternationalstandardsor
air leakage. Building 1 wassubstantiallyleakier than
Building 2.

Most of the air movementn Building 1 was the resultof
stack effect, influencedby outsideweatherconditions,
which causedairto travelupthroughthebuilding through
garbagechutes,stairwellsand elevatorshafts. Mostair
movementin the tighter Building 2 was due to occupant
activity.

Becauseofits greatemirtightoessBuilding 2 hadhigher
levelsof carbondioxide, radorandrelativehumidity than
Building 1. However,all contaminankevelswerewithin
recommendedguidelines, except for total suspended
particulatelevelsin smokersapartments.
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Air changeatedn theapartmentgestedveremuchhigher
than expected. Design calculationsusedto determine
heatersizingassumea maximumrate of 1.5 air changes
perhour. Measuredateswere asmuchas6.5 timesthis

value. This high rate may be aresult of the testing
procedurewhich didnotrequireall potentialsourcesofair

inifitration to be completelysealed. However,evenwhen

all air leakage sourceswere meticulously sealed, air

changerateswerehigh.

GeneralDiscussion

Internationalstandard$or air leakageratesfor apartment
unitsarein the neighbourhooaf oneair changgerhour

at 50 Pa. In orderto achievethis, further studiesare
required to determineleakageratesfrom individual

apartments.

As buildings becometighter,equaleffort will needto be
directedatmaintainingadequatenechanicaventilationto
apartmentnits. Ventilation systemsarebasicin boththe

buildings examinedin this study with ventilation
requirementtiandledy the openablevindows. First-cost
considerationarethe prime concerrnof the developeand
not items which pay over the life of the project.
Improvementsn energyefficiency throughthe reduction
of air inifitration and the subsequenteedfor mechanical
ventilationto replacethe needfor openablenvindows will
notbethenormin building constructionn the nearfuture
unlessdevelopersareforced by regulatorymeansto meet
energy-consumptiotargets.

The buildings examinedin this study demonstratehat
significantenergy wastagds occurring. Air infiltration
contributesto as much as 40 percentof thetotal energy
consumedin building construction,and the buildings
examinedin this study are exceedingthis value. It is
reasonableo statethat thebuildings examinedrewasting
energyandcontributingoenvironmentaproblemssuchas
global warming.

While testingrevealedno evidenceof internal moisture
damagethe high air infiltration ratescould contributeto
thepotentialfor waterdamagen theexteriorwalls.

The testing methodologyused for this projectrequires
refinemento becomemorepractical.

Air infiltration methodsfail to emphasiz¢heimportance
of sealingany andall potentialsitesfor airinfiltrationinto
thetestarea. Quality control of this effectis extremely
cumbersomendplays havocwith the budgetedime for
thefield analysisputit is a vital partof the successf the
study.

~ecommencianons
» Conducfturther airtightnesgestingon bothbuildings.

« Both buildingswerevery leakywhen comparedo
internationaktandardsFurthertestingis requiredn
bothbuildingsto identify primaryleakageareas.

* Createalargebuildingdatabase.

« A largerdatabaseis requiredif generalassumptions
aboutbuildingsin Atlantic Canadaretobe drawn
from this study. Thetwo buildingscomparechere,
althoughvery similarto eachother,arenottypical of
theconstructionstylein the St.John’sarea. More
studiesof differenttypesneedto beconductedefore
generalssumptionganbe made.

» Assessnfluenceof parking garage.

« Furtherair qualitytestingof the units adjacento the
parkinggaragés requiredo assessheimpactof the
parkinggarageon airquality.

« Establishmoremeticulousairtightnesgesting
procedures.

« All mechanicabystemshouldbe sealedvhentesting
externalwalls. Testsshouldalsobeconductedo
determinghe flow ratesassociatedvith the individual

building components.

Seealso: Air TightnessAir Movemenand Indoor Air
Quality in British Columbia High-Rise Apartment

Buildings (90-232).
Air TightnessAir MovementandIndoorAir Qualityin
Quebedigh-RiseApartmenBuildings(9 1-205).
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Afull report on thisreseardprojed isavailable
fromthe Canadian HousirgInformation Centre at
the addresbelow.
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