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Using Air Flow Modelling
Software to Predict
Airtightness Improvements
in a High-Rise Residential
Building: A Case Study
By David Stanton, M.A.Sc., RDH Building Science Inc. &
Kim Pressnail, Ph.D., LL.B., University of Toronto

A

irtightness is becoming more and
more important as we gain a greater understanding of building envelope performance and energy efficiency in
buildings. The importance of airtightness
for building envelope longevity is demonstrated through the many instances of
building envelope failures resulting from
poor airtightness, leading to uncontrolled
air leakage depositing condensed water
on various components of the building
envelope.
With respect to energy efficiency, uncontrolled air leaking through the building
envelope is estimated to be responsible
for up to 50 per cent of heat loss through
the building enclosure, depending on how
air leaky the building is.1 Beyond this, the
airtightness of buildings also affects the
quality of the indoor air, the comfort of the
occupants, and the smoke and fire spread
within the building.

Although new buildings can be built
with airtightness in mind, the majority of
buildings that are needed for the next 30 to
50 years are already built. This necessitates
retrofitting to improve the airtightness of
these buildings. However, it is often difficult for owners to justify the high upfront
costs of a retrofit without knowing the potential savings and / or monetary gain that
can be achieved from such an undertaking.
This is where modelling comes into
play. Using energy models, owners can be
provided with retrofit options showing the
potential payback of each option, and designers can optimize their designs to maximize efficiency and minimize cost.
Unfortunately, to model the potential
energy savings of various retrofit options,
the potential improvement in airtightness for each option must be estimated.
Herein lies the challenge. Estimating the
effectiveness of retrofit measures on the

improvement in airtightness requires a significant amount of engineering judgment
and experience. Even with experience,
designers and engineers often rely on databases of reported air leakage values or default values in energy modelling software
to estimate the post-retrofit airtightness of
a building. Therefore, it is clear that there
is a need to improve airtightness predictions, particularly for building retrofits.
To improve airtightness prediction for a
building retrofit, a study at the University
of Toronto used air flow modelling software
to predict the post-retrofit airtightness of a
case study building. The predicted airtightness was then compared to the measured
data. The following summarizes the study
and its results.
THE CASE STUDY BUILDING
The case study building is a 13-storey
residential building, located in Vancouver,
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BC, that was originally built in 1986. In
2012, the building enclosure underwent
a retrofit that included installing a new
protected membrane roof, replacing all
windows and doors, and overcladding the
concrete walls. During the retrofit, air sealing was carried out around all rough openings and penetrations, and a liquid applied
membrane was used to seal any cracks observed in the concrete to further improve
the building envelope’s performance.
The airtightness of the building enclosure was measured both pre- and post-retrofit, on a unit-by-unit basis, using a modified version of the guarded air leakage
test. During the testing, none of the purpose-provided openings, including HVAC
and point source exhaust fans, were sealed.
Since the approach used to test the building is time-consuming, the airtightness was
only measured on four floors, each of which
represent one of the four floor plans in the
building. The results of the tests were used
to estimate the airtightness of the whole
building and of the building envelope for
individual floors within the building.
The results of the testing, normalized by
the building envelope area, are provided in

FLOOR

PRE-RETROFIT

POST-RETROFIT

REDUCTION

[–]

[L/s·m2 @ 75 Pa]

[L/s·m2 @ 75 Pa]

[%]

1

1.73

1.00

42.2

3

3.34

1.57

52.9

11

4.41

2.01

54.6

13

4.35

1.70

61.0

Whole Building

3.48

1.60

54.1

Table 1. Airtightness measurement results for the case study building.
Table 1 (on this page). A complete description of the testing completed at the case
study building and the detailed results are
available at the end of this article in the references list.2,3
THE AIR FLOW MODELLING
SOFTWARE
CONTAM4 is a publicly available air
flow modelling software developed by
NIST. The program uses air leakage rates
of building envelope components such
as windows and doors to calculate the
amount of air leaking across the building
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envelope and to calculate the movement of
air and contaminants within the building.
The component leakage rates can be entered manually from measured rates made
on the building, or they can be obtained
from the program5 or databases available
in literature. Examples of sources include
Numerical Data for Air Infiltration and Natural Ventilation Calculations6 or ASHRAE
Handbook of Fundamentals.7
Unfortunately, the above-mentioned
databases were published nearly 20 years
ago, and the leakage rates provided are not
necessarily representative of the leakage
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Figure 1. Measured and modelled improvement in the post-retrofit airtightness. In the above figure, “EJ” refers to engineering judgement,
“FA” refers to factorial analysis, and “MC” refers to Monte Carlo.
rates for components on newer buildings.
Fortunately, the building used in the case
study was originally built around the same
time that the database’s component leakage rates were compiled.
CONTAM can easily be configured to
simulate a blower-door air leakage test
on the building, and it can be used to run
batch simulations of multiple different
models. For these reasons, it was used for
the modelling performed at the University
of Toronto.

were within 10 per cent of the measured
pre-retrofit air leakage rates.
To determine the optimal approach for
calibrating the model, the following three
techniques were used and compared:
1. Engineering judgment;
2. Factorial analysis; and
3. Monte Carlo.
The factorial analysis and Monte Carlo calibration techniques used a program
written specifically for the study to vary the

leakage rates of the components and extract
the models that were within 10 per cent of
the whole-floor leakage rate for each floor.
This resulted in multiple calibrated models
and a range of calibrated leakage rates for
each floor and the whole building, as shown
in Figure 1 (on this page).
For the factorial analysis technique,
the program tested 59,049 different variations of component leakage rates, and 76
of these variations resulted in models with

THE APPROACH AND THE
RESULTS
To estimate the airtightness of the
post-retrofit building, an air flow model of
the building was developed using CONTAM. The whole-floor air leakage rates
were split-up into individual building envelope component leakage rates in the model,
including separate rates for the openings
and frames of windows and doors.
Since component air leakage testing
was not completed at the case study building, the two databases mentioned earlier6, 7
were used to obtain component leakage
rates for the CONTAM model calibration.
The calibration was carried out by varying
the leakage rates for each component in
the model until the modelled air leakage
rate for each floor and the whole building
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Figure 2. Measured and calibrated air leakage rates for the pre-retrofit case study building. In the above figure, “EJ” refers to engineering
judgement, “FA” refers to factorial analysis, and “MC” refers to Monte Carlo.
airtightness values that were within the 10
per cent calibrated range. For the Monte
Carlo technique, there were 5,000 different
variations of component leakage rates tested, and 25 of these variations resulted in
models with airtightness values that were
within the 10 per cent calibrated range.
Once the pre-retrofit model calibration
was complete, the post-retrofit models were
developed from the calibrated pre-retrofit
models. In essence, the post-retrofit models
were developed by copying the pre-retrofit
model and changing the leakage rates of the
components that were involved in the retrofit such as the windows to match the leakage
rates specified in the project documents. The
leakage rates of all the other components
were left at their pre-retrofit calibrated values.
After running the post-retrofit models,
the modelled leakage rates were compared

to the pre-retrofit rates to calculate the predicted improvement in airtightness, as shown
in Figure 2 (on this page). This was compared
to the measured improvement to evaluate
the predictability of the different approaches.
From Figure 2, it is clear that the engineering judgement model had the poorest
prediction of the measured airtightness
improvement, while the factorial analysis
and Monte Carlo models had significantly better predictions of the airtightness
improvement. However, the range of predicted airtightness improvement values
for the Monte Carlo model includes some
poorer airtightness improvement estimates
than the engineering judgement model.
In terms of predicting the whole-building airtightness improvement, both the
Monte Carlo and factorial analysis models
were able to predict the whole-building
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improvement to within 16 per cent of the
measured improvement, while the engineering judgment model underpredicted the
improvement by 40 per cent.
On a floor-by-floor basis, all of the
models generally had better airtightness
improvement predictions for Floors 1 and
13. Floor 11 generally had the worst predictions, while the predictions on Floor 3 were
slightly better. The relative dependence of
the airtightness on the purpose-provided
openings for Floors 3 and 11 was larger
than that of the other two floors, which is
the likely explanation for the poorer airtightness prediction of these two floors.
CONCLUSIONS AND
RECOMMENDATIONS
To improve energy models for building retrofits, researchers at the University

n

of Toronto chose to investigate using air
flow modelling software to predict the
post-retrofit airtightness of a building.
Using a case study building that underwent
an extensive building envelope retrofit,
the researchers were able to predict the
airtightness improvement of the building to within 16 per cent of the measured
improvement. Although this is a promising result, the study only focused on one
building, and the airtightness testing was
performed without sealing any of the purpose-provided openings on the building.
Typically, airtightness tests are performed
with purpose-provided openings sealed. The
high dependence of the air leakage rates for
Floors 3 and 11 on purpose-provided openings is the likely reason for the poorer airtightness improvement predictions of these
floors. Improved airtightness predictions
may be possible if they are made for a building that is tested with the purpose-provided
openings sealed during the test.
Since component leakage rates were
not measured in this building, they were estimated through calibration of a pre-retrofit model using component air leakage
databases. However, improved airtightness

predictions may be possible if the pre-retrofit component leakage rates are measured
along with the whole-building and floor
leakage rate in the building. Further, by
measuring the component leakage rates,
the air leakage rates provided in the component leakage databases can be updated
using the results.
The benefits of airtightness prediction
for design and financial planning make this
an exciting area for research. The research
at the University of Toronto provides a
starting point for others to use to further
improve airtightness prediction.
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