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INTRODUCTION

In recent years, a great deal of attention has been devoted to
tightening above grade building envelope comgznent (1) T
residential constructicn, substantial reductions 1In overall
building envelope leakage rates have been achieved through improves
construction technigques and site monitoring (2,3). Although the
initiative feor this activity may have resulted frem a need to
reduce air infiltraticn/exfiltration to save sgpace heating energy
and reduce moisture migration into exterior bu_- ing components,

ancther benefit has been the reduced transfer of cutdoor rollutan:ts
across the building envelope.

It is becoming more widely recognized that a number of pollutants
can enter buildings through the below grade buliliding ccmpenents:
volatile organic compcunds, hydrocarbons, water and water soluble
gases and liquids and .¢vrobwologlca; contaminants, to name a few
Radon gas 1s cne contanminant that has been specifically identifie.
as a potential health hazard in residences. Yet, while over 23
parers (4) have been written on building and building cocumponent air
leakage, none of them have focused on the belcw grade buildirg
components.
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The primary pathways £or outdoor pollutant entry ara diffusicn
through the building envelope materials and air flow through
discontinuities in the building envelope. As with above grads
envelcpe components, air flow may be the dominant mechanism for
pcllutant entry through the below grade building =snvelope. Unlixs
above grade ailr leakace, even small belcw qrade air leaks can

represent potential prcblems since the concentrazion of pollutan
in soil gases can be very high. Thus, while many of the concept
of fan depressurization air leakage testing that were developed for
whole house measurement can be applied, more sensitive measurenenc
capabilities are required.
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Major factors governing pollutant entry rates include the size and
tyre of air leakage sites, differential ailr pressure between the
scil gas and the building, concentraticn of the pollutant in the
soil gas and the permeability of the soil. From a constructicn
perspective, the so0ill gas 1is usually a non-contrcllable factor.
Thus construction techniques and materials must kbe availabl tao
ensure that the soil gas entry rate is controlled. cr high
concentrations of pollutants in the scil, high levels of air

tightness will be required to control pollutant entry rates.

New building designers and contractors doing remedial work reguirs
basic infcrmation on where soil gases can enter fcundations ang
what the magnitudes of the entry rates are. With this informaticn,
control strategies can be developed and evaluated.
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This paper describes a simple, portable measurement systenm and
procedure being developed to measure the alr leakage
characteristics of below grade building envelope components. The
system 1is designed to measure the "in situ" air 1leakage
characteristics of various components, identify primary air leakage
sites and evaluate control measures. Preliminary system design
requirements and components are discussed.

FUNDAMENTAL PRINCIPLES

The basic mechanism of soil gas entry into foundations 1s cne of
a gas generated in a permeable medium flowing through a ccmplex
network of resistors into a ventilated cavity (Figure 1). The gas
flow is driven by a pressure gradient, Py = B, In many ways,
trying to analyze this situation is analogous to attempting to
predict the flow from a specific supply air diffuser in a multiple
path ductwork system when none of the flcw characteristics cof the
ducting, fittings or fan are known.

In the case of soil gases, since the gas -generation rate,
permeability of the medium, and pressure gradient are all kncwn to

vary with time, the entry rate will also vary. Attempting to
predict the entry rates for a specific building is error prcne and
reguires great efforc. The numkber of possible foundaticn

geometries further complicates the problemn.

For most applications, it is not necessary to predict the flcw of
soil gas. The primary requirement is that the soil gas entry be
minimized using practical methods. One approach (and essential
first step 1in any control strategy) 1s to place a very large
resistance (the below grade building envelope) between the soil
gas and the building interior. If the fcundation air flow
resistance (R;) can be macde much larger than the other resistors
such as the soil air flow resistance (R,), variaticns in the other
resistors will not substantially affect the soil gas flow rate.
Increasing R, will always reduce the total scil gas inflow to the
building. If a subsequent technigue such as sub-slab
depressurization (5) is required, a tight foundation will minimize
the amount of indoor air that is removed.

MEASUREMENT SITES

Figure 2 shows a typical foundation and potential air leakage
sites. Alr 1leakage <can occur through homogeneous building
components or at joints of component assenmblies. Components of
interest will include:

a) wall/floor intersection - straight section
- corner
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b) wall section - no visible cracks
- visible crack

c) floor section - no visible cracks
- visible crack

d) service penetrations
e) telepost through floor slab

f) floor drain/drainage tile

BYSTEM DESCRIPTION AND TEST PROCEDURE

A schematic of the air leakage measurement system 1is shown 1in
Figure 3.

The basis of the methcd developed by the authors involves isolating
a building envelope component and using mechanically induced
pressure gradients to force a range of airflows through the
component. This is a new applicaticn of a commen technigue for
characterizing building air leakage. Using the pressure/flow data,
the orifice characteristics of the leakage site can be calculated
and the effect of modifications evaluated.

To properly characterize the fcundaticn resistance without the
confounding effects of the solil, the pressure drop across the
foundation component alone must be measured. As with above grade
components, using the average measured pressure distributicn over
the exterior envelope surface will affect the accuracy of localized
measurements. Below grade pressure distributions are even mncre
difficult to estimate since accessibility to the building envelope
surface 1is restricted by the backiilled soil.

Scil pressure probes are used to measure the local pressure at
different below grade locations adjacent to the <foundation
components. A number of probes (above and below grade) should be
installed and used as exterior reference pressures until more
experience 1s obtained on selecting the 1location that most
accurately represents the true pressurs difference across the
component. .

Rigid, airtight boxes are used tc isclate the various building
components. The dimensicns of the boxes are selected to allow
testing of one meter of component crack length and/or one half
square meter of surface area. The size and shape of the boxes is
not critical; however, the volume should be kept small to avoid
long transient times associated with changing the pressure and
corresponding airflow from the envelope component. The edges of
the boxes are sealed to the envelope surfaces using a combination
of closed cell foam gasket and rubkerized caulk naterials. The
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boxes are held in place by a variety of reaction devices including
weights and levers.

A technique that can be used to measure the air leakage of the
teleposts involves using an inflatable bladder to seal off the
interior of the telepost just above the lowest row of support pin
holes and exhausting air through the holes wusing the fan
depressurization apparatus.

The basic procedure to be used to evaluate the air leakage
characteristics of the below grade building components 1is as
follows:

1) Install the box to isolate the component and use a fan to
induce a negative pressure on the inside surface of the
component.

2) Measure the exhaust air flow rate and differential pressure
between the component and the exteriocr reference. 1In addition
to the soil pressure probes, an ambient air pressure averaging
staticn (one locaticn on each of four sides of the house)
should be used to reference the tests to cutdcors (6).

Measurement of the compcnent air leakage should be done using the
balanced fan depressurization technique (7) s A fan
depressurization apparatus (blower door) should be installed in an
exterior dcor (or basement door) of the house (6) and used to
balance the pressure between the house and the box. Although tine
consuning, the balanced technigue will ensure that the measured air
leakage will be from the exterior only since the house pressure
will be equal to the box pressure.

After the box is installed and the edges are sealed, a test can be
done. The box can then be removed, the ccuponent (crack, opening,
surface) sealed or otherwise modified and a subsequent test done.

A minimum of six air flows should be recorded at differential
pressures (interior of bex referenced to the outdoor pressure tap)
ranging from approximately 20 to 200 pascals (Pa). Care must be
used to ensure that the house envelope is not damaged by excessive
depressurization.

The air leakage associated with the ccmponent or medification can
be calculated frem the difference in the pre/post sealing test
results.

Several areas of each building component should be tested to
examine the spatial variations.
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EQUIPMENT

In the prototype systenm, Sierra Top-Trak Model 8215 mass flow
meters with direct reading digital outputs were selected for
measurement of the air flow rates. Unlike orifice plates or
rotameters, the calibrations of mass flow meters are not affected
by air density changes due to mcderate tenmperature and pressure
variations. The measurement range is 0-100 standard litres per
minute (SLM) with an accuracy of 2% full scale.

Modus Model T10 differential pressure (0 - 230 Pa) transducers with
+2% full scale accuracy were used to measure the pressure
difference between the boxes and the pressure taps. A common pocwer
supply was used for all transducers tec minimize inter-instrument
errors caused by supply voltage variations. The transducer ranges
were selected to bracket the measurement ranges.

Soil pressure probes wWere constructed with 38 mm diameter
galvanized steel pipe driven down pre-augered holes. Fer thre
initial testing, multiple probe locations weres used. Tests nay ke
done with one probe if a suitable, representative location can :e
identified. The criterion for locatirg the prokbe is that it will
represent the pressure at the soil/foundation interface sc the true
pressure drop across the building envelope can be determined.
Experience with applying the technique will assist in determining
when this criteria is met.

ANALYSIS

A least sqguares regression can e wused to fit the fan
depressurization data frem the airtight bkoxes (air flow and
corresponding pressure difference) to an equaticn of the form:

Q = C ap" (1)
where: Q = air flow rate Uﬁ/s)
C = constant (@’/s-Pa’)
AP = pressure difference (Pa)
n = exponent (0.5 to 1.0)

The pressure difference used in equation 1 should ke the pressure
difference between the box and the soil proke that most clcsely
represents the exterior surface pressure of the component.

Equation 1 can be used tc describe pressure driven flow through a
variety of openings. If the airflow is laminar, the ficow expcnent
will be 1; if the airflow is turbulent, n=0.5. In most cases, the
airflow will be a combination of the two and the exponent will ke
between 0.5 and 1.0.

All of the field data should be corrected for scil temperature and
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pressure using the method outlined in the CGSB standard for air
leakage testing (6).

Subsequent tests on a building component following tightening
modifications will yield a series of curves as illustrated in
Figure 4 (assuming n=1). By subtracticn, the relative
effectiveness of the modifications can be determined.

The specification of air leakage for building components varies
depending on the component and the testing protocol. Whole
building air leakage is usually described in air changes per hour
at a 50 Pa differential pressure (8) or as an equivalent leakage
area .(6). Window and door air leakage is usually reported per unit
of crack length of opening perimeter (L/s-m), and wall section air
leakage may be expressed per unit total surface area (L/s-mz), both
at a reference pressure of 75 Pa (%9). One methcd (10) defines the
ailr flow resistance, r, (Pa-.s/m) assuming the air flow is laminar.
It is difficult to compare values calculated at different reference
pressures when the flow exponent is not unity.

To avoid problems with interpretation of data and provide the most
universal set of data, equation 1 should ke used to calculate
values for C and n for each of the air leakage tests. These values
can be used with equaticn 1 to generate a ccmplete data set.
Subsequent calculations can be made to convert the data intc cther
forms as required. The overall calculated values of C may then be
norralized, C,, for the most important parameter (length for
cracks, surface area for plane surfaces). Telerost and flocr drain
tests will not ke normalized.

RESULTS

Although the purpose of this paper is to describe the methcd,
sample results are shown in Figure 5 to illustrate the applicaticn.
The difference between the data obtained in the unkalanced and
balanced tests highlights the need for intericr pressure balancing.
This data was taken at the floor/wall interface of a concrete block

wall and cast-in-place floor slab. The lightweight blocks with
unfilled cores allow a large amount of room air to be drawn through
the blocks 1in the unkalanced test. For other 1less porous

materials, the effect of crcss leakage may be much less prcnounced.
As expected for air flow through long, narrow cracks exhibiting
laminar flow, the flow exponent is approximately one.

APPLICATIONS OF THE TECHNIQUE

This technique can be used by contractors to identify the majcr
sources of air leakage prior to developing a soil gas control
strategy for an existing building. As control measures are
implemented, their effects can be evaluated. 1In this application,
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a single reference pressure (to outdoors) wmay be adequate <=-

evaluate the before/after changes. If site conditions chang::

between measurements, the real effect of the modification may t
sked and incorrect ccnclusions derived.

For new house construction, the technique can be used as a qualirz:
assurance method. The actual effectiveness of the scil gas contrz.
"system" used in the building envelope can be evaluatad. Sunmmatic:
of the air leakage from all of the individual ccmponents (I typica
component ailr leakage value * amount of component; wWill allcw.
estimates of the total foundation air leakage rate.

The construction industry is seeking information on nethcds an
materials for building "tight" foundations. A large field stud-
to examine the air leakage characteristics of some typical ne-.
foundations is being planned. This study will show wnhat works ar:
how well and will provide a benchmark of information r evaluatinz
other foundation systenms as they are developed. 1Ideallv, the s:udy
will include laboratory testing of building enveloge czzponents :ir-
addition to "in situ" testing before and after th ‘3""at1c“s
backfilled. The effect of the foundation/socil interfaze press:
measurements could then be investigated.
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A cocmputer model to predict the indcer conce-.::'aticn and
distribution of radon and radon c*aqeny is being devs.oped (L1i'.
Critical inputs to the mcdel are field data on the ca thn ar:
magnitude of raden entry sites. When coupled with inssen
ventilaticn rates and b“e internal rcressure distributizsn hhe ol
will be validated under field conditicns and used 1

study to examine the effect of building parameters on i::oor s
concentrations.

DISCUSSION

Use of this technique will provide a rational, guantifiable basis
for comparison of air leakage through below grade builiing envelore
compenents. The effectiveness of foundation seal:ng can te
evaluated directly. Existing methods that rely on ccrmraring the
change in 1indoor pollutant concentraticns to evaluate the
effectiveness of sealing can’ include significant errcrs caused Ly
changes in building parameters including the ventilaticn rate an
strength of the pollutant source. Ongoing field studies will hel
to identify system parameters suitable for the wide range of sit
cenditions that may be encountered and will assist in rafining th
test protocol.

Because of the small air flow rates involved, unintenticnal leakage
through system components can introduce large errcors in  the
estimated air leakage of the building components. A rigorous
quality assurance test of the complete system wlll te required to
ensure that all components are airtight. Methods that will be
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investigated 1include; sealing the boxes to an impermeable
substrate, pressurizing and testing for no loss of pressure over

time and the use of tracer gases as an independent measure of air
flow rate.
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