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A shot of the Toronto skyline—the site of the
Ontario Building Envelope Council’s 14th Canadian
Conference on Building Science and Technology
(CCBST). For almost 30 years, the CCBST series
has been a not-to-be-missed event held in major
centers across Canada. In 2014, it is Toronto’s turn
and OBEC will be building on the amazing success
of CCBST 13 in Winnipeg, CCBST 12 in Montreal,
CCBST 11 in Vancouver and those previous.
CCBST 14 promises to have more than 70 peer
reviewed papers submitted from experts in design,
construction, research and rehabilitation on topics
including building innovation, energy efficiency,
cost-effectiveness and building envelope performance. As an added benefit to all
participants, there is also a trade show with space for 80 booths for suppliers of
building envelope products, systems, and designs and associated stakeholders.
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Message from the
President
OBEC President
Paul J. Pushman, B. Tech. (Arch. Sc.),
Senior Project Manager,
Façade Engineering Group,
exp Services Inc.

W

elcome to Toronto! Welcome
all conference attendees and
exhibitors to the 14th Canadian Conference on Building Science and
Technology proudly being hosted by the
Ontario Building Envelope Council here
in Toronto. This is a special edition of
Pushing the Envelope Canada which provides a focus on the conference.
The main theme for CCBST 14
is “MURBs Today and Tomorrow.”
MURBs, or multi-unit residential units,
were chosen as our theme as Toronto is
flush with them. According to the Tower
Renewal Guidelines, the Greater Toronto
and Hamilton area has more than 1,000
high-rise apartment buildings and more
are being built. Just today, the council for
the City of Toronto announced approval
of another 6,500 condominium units.
The feature articles provided in this
edition were picked from conference papers within the three streams—design,
construction and materials. All conference papers advance the goal to improve
the durability and energy efficiency of yesterday, today and tomorrow’s MURBs.
The articles include a study that assessed the potential for energy retrofits
in Toronto’s MURB stock, a field study
on airflow and ventilation within a highrise multi-unit residential building and a
research project that quantified the thermal comfort, energy and cost impacts of
exposed slab edges and balconies. This issue also covers the design implication of
glazing ratio restrictions in the new energy
codes and the potential for using vacuum

insulated panels in energy retrofits of existing building stock.
I would like to take this opportunity to
thank our CCBST 2014 Committee, which
was composed of OBEC board members,
including the chair, Jerry Genge, Kim
Pressnail, Scott Wylie and our untiring operations manager, Sherry Denesha. Our
committee has put in untold hours preparing for this conference and together with
numerous volunteers, has reviewed all the
papers submitted for this conference.
Enjoy the conference, network with
your fellow delegates and please take a
moment to thank our sponsors for without them this conference would not have
been possible.
I would like to thank Kim Pressnail for
preparing the article celebrating the life
of a building science legend, Gus Handegord. Gus was a mentor and teacher for
many of us and he welcomed me to world
of building science when I first started
my career with Trow. Gus, you will be
remembered.
To more local developments, the
OBEC board will be meeting soon to prepare and plan for our upcoming year of
dinner meetings, seminars and our spring
2015 edition of Pushing the Envelope
Canada. As OBEC continues its mission
to be the source for all things building envelope, we realize our strength lies in our
membership. OBEC welcomes your ideas
and encourages anyone who is interested
in contributing articles for future Pushing
the Envelope editions, ideas for future
seminars or dinner meetings to contact
Sherry Denesha, our operations manager
at sherryd@taylorenterprises.com.
With the summer construction season
being so hectic, I have not had an appropriate opportunity to thank everyone for
participating in OBEC’s second annual
BootCamp, which took place on June 11,
2014. So thank-you to all the architects,
consultants, contractors, engineers, owners
and students who participated in OBEC’s
hands-on building envelope product

demonstration. Our thanks go out to the
product demonstrators, including Tremco
Commercial Sealants and Waterproofing,
Henry Company Canada Inc., Aluminum
Window Design Installations Inc., Cosella
Dorken Products Inc., Dryvit Systems Canada, Vegetal iD Inc. and Semple-Gooder
Roofing Corporation, for their support of
this unique event. A special thank-you to
our host this year, Brook Restoration, for
providing us with a great venue and a wellstaffed brick masonry demonstration.
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Assessing Potential
Energy Retrofits of
Multi-Unit Residential
Buildings in Toronto

By M.F. Touchie, K.D. Pressnail & E.S. Tzekova, University of Toronto

M

ulti-unit residential buildings
(MURBs) comprise 55 per cent
of the dwelling units in Toronto
(Touchie et al., 2013). It has been estimated that Toronto MURBs emit over
2.6 million tonnes of eCO2 annually due to
the combined electricity and natural gas
consumption of these buildings (Touchie
et al., 2013) accounting for more than 17
per cent of the total annual greenhouse
gas (GHG) emissions associated with natural gas and electricity consumption in

the city in 2004 (ICF International, 2007).
Thus, MURBs contribute significantly to
the environmental impact of residential
building energy use in Toronto.
Toronto has ambitious GHG emission reduction targets of 30 per cent by
2020, which is below the 1990 level (City
of Toronto, 2007). While energy efficiency
standards for new construction will help
reduce overall energy consumption for
new buildings, building stock turnover is
only a few per cent annually. Therefore,
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to significantly reduce the energy use intensity (EUI) of this sector, existing buildings must be retrofitted. To maximize the
impact of energy retrofits at the municipal
level, buildings with the highest energy
use intensities should be prioritized.
To efficiently target energy intensive
buildings, one approach is to identify
buildings based on the features correlated
to high EUI. In this study, correlations
between EUI and various building characteristics were examined for more than

n

n

n feature

Figure 1: Total annual weather-normalized energy use intensity of the sampled buildings.
100 Toronto MURBs. Then, energy models of four MURBs were used to explore
the impact of potential retrofit measures
and confirm the findings from the correlation analysis.
Energy consumption data
To build on the work of others, existing
MURB energy-use data were sought.
A meta-analysis data set combined the
energy-use data and basic building characteristics from three sources. However,
the meta-analysis energy-use data were
incomplete and the building characteristic information did not include envelope
or mechanical system details. Therefore,
a refined data set of 40 buildings with
complete utility data and more detailed
information, such as envelope characteristics and mechanical system details, was
assembled to address the limitations of
the meta-analysis data set.
All building energy use data was
weather normalized to the Canadian
Weather for Energy Calculations
(CWEC) standard weather year for Toronto so that data from different sources
could be directly compared.
Energy use intensity
Figure 1 shows the weather-normalized EUI for each building with a median

of 300ekWh/m2. The worst performing
buildings decile used more than three
times the amount of energy consumed by
the best performers. This high variability
in EUI may reflect a variety of factors, including differences in the way the buildings are operated, in the efficiency of the
major mechanical and electrical systems,
and in the materials and methods used to
construct the building envelope.
Energy use trends
With the weather-normalized EUI established for each building, correlations

with various building characteristics were
sought. Where possible, the meta-analysis data set was used because of the larger
sample size. A selection of the most significant correlations from each data set is
presented here.
As architectural typologies are typically associated with a particular time
period, the correlation between EUI and
date of construction was examined for
the meta-analysis data set, as shown in
Figure 2.
While there is slight downward
trend, there is no significant correlation

Figure 2: Influence of building vintage on energy use intensity.
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between building age and EUI despite
more recent codes requiring higher levels of insulation and air-tightness. The
higher EUIs of the oldest buildings in
the data set could be due to the age of
the mechanical systems and the condition of the building envelope. However,
the high EUIs in the newer buildings
may be due to the effects of better thermal insulation and air-tightness measures being offset by higher fenestration
ratios.
Within the refined data set, variables
relating to the mechanical system, the
building envelope and the occupancy
characteristics were examined to determine their influence on EUI. These
individual variables were tested against
various measures of energy use, such as
total, base or variable consumption, to
determine where correlations existed. A
selection of the correlations is presented
here.
Since the majority of heat loss and
solar heat gain through the building envelope is through the glazing, it was expected that the larger the fenestration
ratio, the greater the resulting heating

Figure 3: Influence of fenestration ratio on variable natural gas intensity.
and cooling loads. This is shown by the
correlation in Figure 3 using the buildings for which these data were available.
The relationship, with respect to variable natural gas consumption, appears
to be stronger in buildings with doubleglazed windows than in buildings with
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single-glazed windows, as shown by the
higher coefficient of determination for
the double-glazed windows.
It is possible that the coefficient of
determination for buildings with singleglazed windows is lower than buildings
with double-glazed windows because

n

single-glazed windows are generally
older and the glazing units are in worse
condition.
Thus, the air-tightness of the window
assemblies may be the significant factor
that governs heat loss for these buildings,
as opposed to just the fenestration ratio.
However, this hypothesis does not account for older buildings that have been
retrofit with double-glazed windows. To
explore the impact of glazing air tightness versus overall building envelope air
tightness, more data are required.
Window thermal conductance (Uvalue) is another factor contributing to
heating and cooling loads, but a stronger correlation between heating energy
and fenestration ratio for buildings with
double-glazed windows, compared with
the U-value correlation, suggests that
glazing area may have a greater effect
on heating EUI than window thermal
conductance. Unfortunately, no information about glazing films and coatings was
available for analysis.

Another factor affecting building
heating loads is the efficiency of the heating system. It was expected that the more
efficient the heating system, the lower
the resulting variable natural gas intensity. However, the correlation between
variable natural gas intensity and boiler
efficiency was relatively weak (R2 =
0.08). This may be due to the fact that the
boiler efficiencies provided in the audit
reports might not reflect the actual efficiency of the heating system since they
are either rated or estimated.
The rated efficiency is intended to
be an indication of the efficiency of the
boiler when it was new; however, it is
possible that this efficiency was never
achieved. Also, as the boiler ages, efficiency declines. The rate of decline
depends on maintenance practices, the
boiler use patterns, the type of boiler and the overall system efficiency.
Therefore, while the approximate relationship is correct, the correlation could
be stronger with data that better reflects

n
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the actual performance of the heating
system.
Evaluating retrofit
measures with energy
modelling
Four buildings were selected for more
detailed analysis through energy modelling. The intent of this analysis was to
support the correlation findings as well
as examine the impact of other building
characteristics for which data were not
available. Using these base case models,
various retrofit measures are evaluated
based on their energy performance.
A summary of the basic building
characteristics determined from drawings, audit reports and other sources is
provided in Table 1. All of the buildings
have exposed slab edges and pressurized
corridor ventilation systems.
A base case model for each building was constructed in eQUEST with all
available data from the building audit reports and floor plans. The models were

Table 1: Characteristics and possible retrofit measure of the four subject buildings.
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then calibrated by comparing the model
output to weather-normalized utility-bill
data.
The modelled retrofits were grouped
into three categories:
1. Improvements or changes in operation of the HVAC system;
2. Envelope improvements; and
3. Reductions in electrical loads.
Where particular values had to be selected, such as air leakage rates and boiler
efficiency, the literature was used to determine appropriate values for model input.
Table 1 (on page 17) also summarizes the three energy retrofit measures
for each building, which had the greatest effect on the modelled energy consumption. Increases in boiler efficiency
and envelope air-tightness and thermal
resistance were among the most significant contributors to reduced energy
consumption. Only the incremental
impact of each retrofit type is shown
through this modelling; the synergies
and secondary effects of some measures
have not been accounted for here. For
example, when windows are replaced,
air leakage rates often decline because
the installed window assembly is more
airtight than the previous assembly.
Discussion of results
The correlation analysis showed that
fenestration ratio can have a strong influence on EUI. However, post-construction, this characteristic is difficult
to modify and is not considered here as a
viable retrofit option.
While air-tightness data was not available for the correlations analysis, it was
suspected that air leakage contributed
to the difference in coefficient of determination between the single and doubleglazed window correlations. A modelled
improvement in air-tightness was among
the most important retrofits for all four
subject buildings.
A tighter envelope can be achieved
in several ways. When replacing envelope components, such as windows or
over-cladding, a building often becomes
more air-tight. As well, a tighter envelope can be achieved by applying air sealing products to existing components for
a relatively inexpensive energy retrofit.
A detailed on-site assessment, including
blower-door testing, would be required
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to determine which air sealing measures
are most appropriate for each particular
building.
Window U-value is also correlated
with heating and cooling EUI. The two
subject buildings with single-glazed windows (1960 and 1970b) were both modelled with double-glazing. This measure resulted in a significant 21 per cent
energy use reduction for Building 1970b.
Other energy saving opportunities, such
as the lowest boiler efficiency, made the
impact of the window retrofit on Building
1960 less significant.
While not part of the correlation analysis due to a lack of data, the addition of
insulation to the roof or walls was also in
the top three significant retrofit measures
for three of the four buildings. The opportunity to add exterior insulation can
arise when an over-cladding retrofit for
rain penetration or a roof replacement is
being considered and can be less intrusive than insulating from the interior.
In the boiler efficiency correlation,
the coefficient of determination was
much lower than expected given the total
amount of space heating energy used in
each building. This may have occurred
because the efficiencies provided were
not indicative of actual system performance. The retrofit modeling exercise
confirmed this suspicion when the increases in boiler efficiency were among
the most impactful retrofit measures for
all four buildings. Due to the uncertainty
surrounding actual heating system efficiency, it is important to determine the
actual performance of the system before
exploring retrofit options.
Following the correlation and energy
modelling analyses, an estimate of the
potential impact of retrofit measures on
the city-wide GHG emissions reduction
goals was also determined. If only the
top ranked retrofit measure in each of
the subject buildings was implemented,
the average reduction in GHG emission
intensity would be 16 per cent across the
four buildings.
Assuming that, with the appropriate
economic and policy environment, all Toronto MURBs undertake a retrofit measure with an impact equivalent to this average reduction, this modest decrease in
GHG emission intensity reduction could
achieve approximately two per cent of the

n

30 per cent required city-wide to reach
below 1990 GHG emission levels. This is
not unrealistic considering some buildings
will achieve deeper savings and some may
not undergo any retrofit.
Conclusion
This study of MURB energy use intensity showed that energy consumption
data is useful for identifying the worst
performers in the sample but, due to the
systems-based nature of building operation, energy modelling is needed to test
the sensitivity of separate energy end-uses
on overall building energy performance.
By examining correlations between
EUI and building characteristics, it was
concluded that window characteristics
were most closely linked to building energy
use based on the data collected. However,
the strength of the correlation between
boiler efficiency and variable natural gas
intensity was much lower than expected.
This was likely due to uncertainties in the
actual heating system efficiencies. More
generally, differences in building operation
and maintenance likely contributed the
wide range of EUIs and therefore, even

with more complete building data, the correlations may be insufficient on which to
base any policy recommendations.
The retrofits with the highest impact
in terms of energy savings were reduced
air leakage, improved envelope thermal resistance through added insulation
and window replacement, and improved
boiler efficiency. The impact of these
measures varied depending upon the
particular building examined. However,
with adequate building data, this energy
modelling can be used to assess the potential individual and combined impacts
of various retrofit measures.
n
Marianne Touchie has just completed
her Ph.D. in civil engineering at the University of Toronto and is now the low carbon
building science manager at the Toronto
Atmospheric Fund.
Kim Pressnail is a civil engineering professor at the University of Toronto.
Ekaterina Tzekova is a Ph.D. candidate in civil engineering at the University
of Toronto.
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Corridor
Pressurization:

It's Out of Control

By Lorne Ricketts, RDH Building Engineering Ltd., &
John Straube, University of Waterloo

V

entilation is a fundamental aspect
of building design and operation
as it impacts occupant health and
comfort, building durability and energy
consumption. Mid- to high-rise multi-unit
residential buildings provide a uniquely
complex challenge with respect to ventilation due to the combination of height,
typical inclusion of operable windows and
compartmentalized nature of the interior
space.
In North America, these buildings
are pervasively ventilated using corridor
pressurization ventilation systems. This
type of ventilation system typically uses a
make-up air unit (MAU) located on the
roof of the building to draw in fresh air.
Once the air is drawn into the building,
it is distributed to each floor through a
large vertical duct, usually located in the
building core, and grilles are provided in
this duct to allow air to flow to each corridor. This flow of air into the corridors is
intended to pressurize the corridors relative to the surrounding spaces (thus giving
the system its name) and force air through
intentional gaps below the suite entrance
doors and into the suites. Typically, these
ventilation systems are supplemented
with intermittent occupant controlled
point-source exhaust fans to exhaust high
concentrations of air contaminates from
bathrooms, kitchens and clothes dryers.
In addition to providing ventilation air
to the corridors and suites, the pressurization of the corridors relative to the surrounding suites is intended to prevent the
transfer of contaminates, such as tobacco
smoke and cooking odours. Figure 1 (on
page 23) shows the typical airflows which

occur in a high-rise multi-unit residential
building using a corridor pressurization
ventilation system.
Despite the pervasive use of corridor
pressurization systems, anecdotal accounts of poor performance are common
and supported by research. Performance
complaints include high humidity levels,
sound transfer and poor air quality caused
by the migration of odours and vehicle
exhaust.
To develop the understanding of the
causes of poor corridor pressurization
ventilation system performance, and subsequently to design alternative systems
to provide better ventilation and airflow
control, a field study1 was conducted of a
13-storey multi-unit residential building
located in Vancouver, B.C. The building
was originally constructed in 1986, has a
gross floor area of approximately 5,000
square metres (m²) or 54,000 square feet
(ft²), and has 37 residential units with an
average of 125 m² (1,340 ft²) each. The
building is ventilated by an MAU on the
roof of the building using a corridor pressurization based ventilation system. Overall, the study building is representative
of much of the existing mid- to high-rise
multi-unit residential housing stock constructed from the 1970s through the 1990s
across North America.
How it is performing
To evaluate the performance of the
corridor pressurization ventilation system at the building, airflow rates between
zones were measured using the perfluorocarbon tracer gas (PFT) testing method
developed by Brookhaven National
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Laboratory2. This testing used seven distinct PFTs to tag the air in various suites
of the study building.
Because the source release rate is
known, and assuming that these gases
are well mixed with the air within a given
zone, measurement of the quantity of
these gases in the air of the tagged zones
can provide a measurement of the air
change rates as well as of the airflow rates
between zones.
The testing was conducted for a period
of one week from April 10 to 17, 2013, to
capture typical occupancy patterns. The
average exterior temperature during this
period was 8°C (46°F) and the average
wind speed was 3.3 metres per second
(m/s) or 10.8 feet per second (ft/s). The
total air flow rates into the suites as determined by the PFT testing are provided
in Figure 2 (on page 24) and indicate that
there is an order of magnitude variation
in the ventilation rates of the suites at
the study building. Typically, upper suites
are more ventilated than lower suites and
most suites are either over or under ventilated compared to modern ventilation
standards3. These findings indicate that
the corridor pressurization ventilation
system at this building is not effectively
ventilating the suites.
Generally, the PFT testing indicated a
lack of airflow control with higher airflow
rates at the upper suites compared to the
lower suites due to higher airflow rates
into these suites from the corridor (ventilation) and out to the exterior. This finding is consistent with stack effect, which
would tend to cause exfiltration at the top
Continued on page 24
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Figure 1: Schematic image of a high-rise multi-unit residential building showing typical airflows into, out of and within the building.
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Figure 2: Total airflow rate from all sources into each of the measured suites at the study building.
Continued from page 22
of the building from the corridor through
the suites to the exterior. This may also
be caused by proximity to the MAU and
increased magnitude of wind on upper
floors.
Make-up air unit
The ventilation pattern determined
by the PFT testing may be caused by improper operation of the MAU. To evaluate the performance of the MAU, the
intake airflow rate was measured using a
custom made powered flow hood apparatus, as shown in the photo on the right.
This measurement was correlated with a
pitot tube pressure measurement which
was then monitored hourly and then converted to flow rate. Based on this monitoring, the intake flow rate of the MAU
was found on average to be very similar
to the rated flow rate and is unlikely to be
a significant cause of the poor ventilation
measured.

significant cause of the poor ventilation
performance. This investigation discovered that only about 37 per cent of the
intake ventilation air was being delivered
directly to the corridors of the building, so
the remaining airflow must leak out of the
MAU duct prior to being supplied to the
corridors. This loss of air from the duct is
a significant inefficiency in the ventilation

system and likely contributes to its poor
performance.
Airtightness
Airtightness resists airflow and it is
possible that the distribution of airtightness of the exterior enclosure and of interior compartmentalizing elements is
impacting the airflow patterns at the study

Measuring air intake flow rate of the make-up air unit using a calibrated fan attached to
the unit with a large flexible duct.

Duct leakage
Once the ventilation air is brought into
the building by the MAU, it is delivered
to the building via a vertical duct and
grilles at each corridor. The airflow rate
out of each grille was measured, summed
and compared to the intake airflow rate
to determine if duct leakage could be a
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building manifesting in the poor ventilation system performance. To evaluate the
role of airtightness in creating the measured ventilation rates, pressure-neutralized multi-point fan pressurization/depressurization testing was performed.
This technique uses multiple fans to
sequentially develop and neutralize pressure differences across the exterior enclosure and interior compartmentalizing
elements, thereby determining the airtightness of each of the zone boundaries.
The testing of the corridors found that
only approximately 20 per cent of the airflow paths out of the corridors are directly
to the adjacent suites through the suite
entrance door, with approximately 40 per
cent going to the elevator shaft through
the elevator doors and 30 per cent to the
stairwell via the stairwell doors. As the
pressurized corridor ventilation system
treats the corridors as ducts and relies on
pressurizing them to deliver ventilation
air to the suites, this lack of control of
the ventilation air indicates a significant
potential for wasting ventilation air and
consequently a significant inefficiency in
the system.
An enclosure retrofit was conducted
on this building and the average airflows
through the enclosure of a typical suite
pre- and post-retrofit were 317 (litres per
second) L/s and 150 L/s at 75 pascals (Pa),
respectively. However, the opening of
operable windows can significantly reduce

the resistance to airflow provided by the
exterior enclosure.
An average operable window at the
study building is approximately 53 cm by
132 cm (1’9” by 4’4”), which corresponds
with approximately 4,800 L/s at 75 Pa.
This flow rate through a completely open
window is approximate, but indicates the
order of magnitude increase in airflow
which can occur through the exterior enclosure when the windows are open compared to when the windows are closed.
The ability for occupants to significantly alter the airtightness of the exterior

n
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enclosure by opening windows makes
high-rise multi-unit residential buildings
different than high-rise commercial or
institutional buildings, which often do not
have operable windows and highlights the
importance of interior compartmentalization to limit the effect of one part of the
building on other parts.
Pressure
Pressure differences drive airflows
into, out of, and within buildings. As part
of the field study, a long-term monitoring program was implemented, including
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Overall, the pressurized
corridor ventilation system
does not effectively or
efficiently ventilate the study
building...
hourly measurements of pressure differences between various zones of the building as well as across the exterior enclosure
at locations on each elevation near the
top of the building and near the bottom
of the building. These measured pressures
provide an indication of how stack effect,
wind and mechanical ventilation interact
to create the ventilation patterns measured at the study building.
Stack effect was found to have a significant impact on pressure differences

at the study building despite the relatively moderate climate of Vancouver.
The literature commonly discusses stack
effect pressures acting across the exterior enclosure and the airtightness testing
indicates that more than half of the stack
effect pressures should act across the exterior enclosure post-retrofit because the
exterior enclosure is more airtight than
the combination of the suite entrance
doors and suite-to-corridor walls. However, the pressure measurements indicate

that approximately 69 per cent of stack effect acts across the boundary between the
corridors and the adjacent suites. This is
likely due to the use of operable exterior
windows which, when open, provide large
airflow paths relative to the airflow paths
through the exterior enclosure.
Over the course of a year, the pressure
difference between the upper corridors and
the adjacent suites was measured to vary by
approximately 10 to 15 Pa with the corridors
becoming more pressurized relative to the
adjacent suites during colder periods of the
year, as shown in Figure 4 (on page 27).
Importantly, the MAU was determined
to pressurize the corridors by approximately five to 10 Pa to provide ventilation
air to the suites; however, because the
stack effect induced and MAU-created
pressure differences are of similar magnitude and acting in the same location, it
is likely that stack effect significantly impacts the ability of the corridor pressurization system to control the pressure differences between the corridors and suites.
Consequently, stack effect has a major impact on ventilation rates and is a cause of

Figure 3: Building floor plan showing the equivalent leakage area associated with various building elements, including the elevator doors,
stairwell doors, suite entrance doors and exterior enclosure.
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Figure 4: Pressure of corridors relative to adjacent suites illustrating the increase in the pressure difference at the upper floors during colder
exterior temperatures.
the poor ventilation performance that was
measured at the study building.
Wind is another cause of pressure
differences in buildings and, as one
would expect, it was found to create

the peak pressure differences across
the building enclosure and also across
interior elements. While these pressure
differences can transfer contaminate between suites, given that they occur for

relatively short periods of time, it is unlikely that they are a significant cause of
the measured ventilation pattern at the
study building.
Continued on page 28
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Continued from page 27
How we should ventilate
Overall, the pressurized corridor ventilation system does not effectively or efficiently ventilate the study building and,
furthermore, does not likely provide the
potential to do so due to the complex
interaction of the mechanical system,
stack effect, wind, the variable airtightness (or lack of airtightness) of building
elements and a general lack of control of
ventilation air along the ventilation flow
path. As the study building is a typical
multi-unit residential building, this finding

is broadly applicable to multi-unit residential building ventilation system design
and, consequently, alternative ventilation
designs should be used for these buildings.
As the elimination of operable windows and doors is not practical for residential buildings, the ventilation and airflow control strategies for these buildings
should be designed to accommodate their
operation. Therefore, as has been recommended for many years4, interior compartmentalizing elements between suites
and between the suites and the corridors
should be made airtight such that the

operation of windows in one suite does
not significantly impact airflow and ventilation rates in other parts of the building.
Additionally, floors and vertical shafts
should be sealed to reduce the effective
stack height thereby limiting the development of associated pressure differences. If
suites are to be compartmentalized relative to adjacent zones, the corridor pressurization based ventilation system is no
longer a feasible option for ventilation of
the suites and the ventilation air would
need to be ducted directly to each suite
or supplied by in-suite systems. Further
research should be conducted to confirm
the performance of these alternate ventilation system designs.
n
Lorne Ricketts is a building science research engineer with RDH Building Engineering Ltd.
John Straube is an associate professor at
the University of Waterloo and a principal at
Building Science Consulting Inc.
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So, Just How Big of a Deal
Are Those Concrete Balcony
Thermal Bridges?
By Graham Finch, MASc, P. Eng; James Higgins, Dipl.T;
& Brittany Hanam, MASc, P. Eng, BEMP, RDH Building Engineering Ltd.
This article is a summary of “The Importance of Balcony and Slab Edge Thermal Bridges in Concrete
Construction,” which will be published at the 14th CCBST. The full paper can be found in the
proceedings and the full report is available at www.rdh.com.

T

hermal bridging occurs when heat
flow bypasses the insulated elements of the building enclosure
through materials with a high thermal
transmittance. This can occur through
structural components, such as framing
and cladding supports, and through larger
components, such as columns, exposed
floor slab edges and balconies.
Heat flow through thermal bridges can
be significant and disproportionate to the
overall enclosure area so that a seemingly
well-insulated building may fail to meet
energy code requirements, designer intent
or occupant expectations.
Windows are often seen as the largest
thermal bridge in buildings because their
thermal performance is quite low compared to the surrounding walls. Exposed
concrete slab edges and balconies have
nearly as much influence and can often
account for the second-greatest source of
building enclosure heat loss in a multi-storey building.
With a better understanding of thermal bridging, the building industry has

Example of typical exposed concrete eyebrows and balconies in a reinforced concrete
highrise building.
implemented strategies to improve building enclosure thermal performance. The
impact of floor slab edges and balconies is
often overlooked while the architectural
aesthetic of exposed slab edges and protruding balconies or eyebrow elements is
becoming more common. Some designers
believe that these elements have a negligible

impact on the overall building performance
or see them as an unavoidable compromise
to achieve a certain aesthetic. The significance of these elements increases as more
highly insulated walls are used. Fortunately,
solutions are available to minimize thermal
bridging impact and allow for design freedom under increasingly stringent energy

Table 1: Effective assembly R-values with slab edge and per cent reduction from insulated case.
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Figure 1: Infrared image of an exposed
concrete building in winter, highlighting heat
loss at exposed slab edge and balcony thermal
bridges.
code requirements and occupant demands
for thermal comfort.
RDH Building Engineering Ltd. firm
undertook a research study to figure out
just how big of a deal exposed slab edges
and balconies are in mid- to high-rise residential buildings across Canada. The study
assessed the impact of exposed slab edges
and balconies on effective wall R-values,
indoor surface temperatures and thermal
comfort, energy consumption and energy
code compliance. Space heating and cooling
energy consumption was modelled in several climate zones for an archetypal multi-unit
residential building (MURB) to quantify
energy loss through exposed slab edges and
balconies and to determine energy savings
from thermal break products.
Reduction in R-value from
balconies and exposed slab
edges
The impact of concrete balconies,
eyebrows and exposed slab edges on wall

R-values was assessed with 3-D heat transfer simulations (Blocon Heat3). Several
scenarios were simulated, including a clear
wall with exterior insulation (no thermal
bridging), an exposed eight inch-thick concrete slab edge, and various lengths of an
eight inch-thick concrete eyebrow or balcony projection.
For illustration, effective R-values of
R-2, R-5, R-10 and R-20 (IP units) were
selected for generic wall assemblies extending four feet above and four feet below
the slab edge to represent a range of typical
high-rise residential wall assemblies. Several wall assemblies (e.g., steel stud, exteriorinsulated, EIFS and exposed concrete) and
details were assessed and show similar results, though not covered here.
Simulating the three slab edge configurations allows for comparison between
the clear wall (unbridged) R-value and the
effective R-value considering an exposed
slab edge, eyebrow or balcony for a full
eight feet-eight inch-high wall.
The results in Table 1 (on page 29) demonstrate that the eight inch-thick exposed
slab edge and balcony significantly reduces
the overall R-value of the entire eight footeight inch- high wall assembly. The R-value
reductions range from 12 per cent to 62 per
cent; walls with more exterior insulation
show a greater percent reduction in overall
R-value. This occurs due to the nonlinear
nature of heat transfer—walls with more
insulation will lose proportionally more
heat through thermal bridges. The data
also show how, when more wall insulation
is added, the overall effective R-value of
an assembly with balconies or exposed slab
edges improves only slightly.

Table 2: Effective assembly R-values with balcony thermal break products.
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Canadian building code requirements
for wall insulation are typically between
R-10 and R-20 effective. The results shown
above indicate that a balcony or exposed
slab edge through this level of insulation
results in a typical R-value reduction of 42
per cent to 62 per cent and difficulty complying with prescriptive energy code minimum insulation levels.
Balcony and slab edge
solutions
A range of cast-in-place concrete balcony and slab edge thermal breaks are available in Europe. Products that are available
in North America incorporate an expanded
polystyrene insulation thermal break with
stainless-steel tension reinforcement and
special polymer concrete compression
blocks. The thermal breaks have a range
of effective conductivity depending on the
structural reinforcing requirements and insulation thickness.
The study looked at a range of properties
and selected an R-3.4 baseline and R-5.7
high-performance thermal break. We considered and assessed several other concrete
balcony thermal break solutions, including
full balcony insulation wraps and structural
cut-outs, though they are not covered here.
Table 2 presents full-height wall assembly effective R-values for two balcony
thermal break options modelled between
the R-2, R-5, R-10 and R-20 wall assemblies compared to a balcony or eyebrow
without a thermal break. The results show
the substantial improvements (i.e., R-value
improvements of 53 per cent, up to 111 per
cent) balcony thermal breaks provide in typical R-10 to R-20 insulated wall assemblies.

n

n

n feature

Figure 2: Annual energy intensity of slab edge configurations modelled in Toronto, kWh/m2.
Energy impact of balconies,
exposed slab edges and
thermal break products
Thermal modelling demonstrated that
the effective R-values of insulated wall assemblies bridged by exposed slab edges,
eyebrows or balconies are significantly reduced compared to the clear wall and nominal insulation R-values. Modelling potential solutions demonstrated that manufactured balcony thermal break products can
create wall assemblies with balconies that
have a palatable reduction in R-value compared to the clear wall or insulation-only
R-value.
To determine the impact these scenarios have on building energy consumption and operating costs, whole-building
energy modelling was performed for a
typical high-rise MURB with various
slab edge and balcony conditions. The
thermal impact of the exposed slab edge
was modelled by inputting the overall effective wall R-values. Impacts are calculated separately because whole-building
energy models cannot account for actual geometries of protruding balconies
and calculate actual effective R-values.
This energy model uses a representative
archetypical 20-storey, 139,000 square
foot, 160-suite MURB. The mechanical
system consists of a split system with
forced-air heating and cooling within
the suites. The enclosure assemblies
use ASHRAE 90.1-2010 prescriptive
R-value minimums for the windows and
roof for the climate zone. The slab edge
or balcony at each floor was assumed
exposed along the entire perimeter of
the building, which is common in many
newer MURBs.
Continued on page 32
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*Effective R-values for each Wall Scenario provided within Tables 1 and 2.

Table 3: Annual space conditioning energy use intensity of slab edge configurations modelled in Toronto, kWh/m2, and per cent Reduction
from unbridged insulated case.
Continued from page 31
Energy modelling was performed
using EnergyPlus’s DesignBuilder interface. To ensure realistic results, the output was compared to measured heating
energy use within similar MURBs from
previous research studies. Simulations
were performed for cities across Canada.
This article shows results for Toronto,

representing the 2011 National Energy
Code for Buildings (NECB) climate zone
six.
The overall wall effective R-values
are the only variable that changes in each
model scenario. Four wall assemblies
were simulated with varying levels of effective insulation using the same cases as
the previous sections (R-2, R-5, R-10 and

Figure 3: Temperature profiles and minimum surface temperatures for balcony section
with and without slab thermal breaks for select wall assemblies.
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R-20). Effective R-values, including the
slab edge details used for the whole-building energy model, are shown in Tables 1
and 2.
Figure 2 (on page 31) compares the annual energy use intensity for space conditioning energy for each scenario as modelled in Toronto. Table 3 shows the numerical results, with the per cent increase in
heating and cooling energy consumption
compared to the exterior-insulated case
with no thermal bridging.
The results show energy consumption increase as a result of slab edges and balconies
penetrating the exterior insulation. The resulting heating and cooling energy increase
ranges from four per cent to 12 per cent,
depending on the R-value of the surrounding wall. Walls with higher insulation levels
tend to have the greatest percent energy
increase, which demonstrates the greater
need to address this detail as energy code
requirements for wall insulation increase.
The results also show that balcony thermal breaks result in only a slight increase
in space conditioning energy compared to
the fully insulated case (no exposed slab
edges), typically resulting in one per cent
to four per cent increases. Comparing the
cases with a balcony thermal break to the
case with an uninsulated balcony shows that
a thermal break results in space conditioning savings of between four per cent and
eight per cent, depending on the effective
R-value of the surrounding wall assembly.
Higher per cent savings are attained where
the walls are more highly insulated.

n

Thermal comfort impacts of
slab thermal breaks
The impact of balcony slab edge thermal breaks on thermal comfort was modelled using 3-D software to determine the
interior floor and ceiling surface temperatures for each design scenario with and
without a thermal break installed. A balcony was modelled for three wall types: an
aluminum window wall, an interior-insulated concrete wall and an exterior-insulated
concrete wall. The boundary conditions for
this analysis are at 21°C interior and -10°C
exterior, with standard floor, ceiling, and
wall surface air films.
Figure 3 (on page 32) shows the three
wall assemblies modelled without (left)
and with (right) a cast-in-place thermal
break product (R-3.4 effective). Including
a thermal break in these scenarios can significantly improve the indoor slab and wall/
window frame surface temperatures. The
improvement depends on the wall assembly and interface details, though conditions
modelled here range from 4°C to 7°C. The
balcony thermal break surface temperature improvements reduce the potential
for condensation and mould and allow for
a more comfortable interior.

the typical expected lifespan of a concrete
building. Energy code compliance can also
be simplified by using these products.
Overall, balcony slab edge thermal
break systems provide architectural freedom to designers while maintaining good
building thermal performance characteristics to reduce energy consumption, improve
thermal comfort, and meet increasingly
stringent energy code requirements. While
these systems are currently uncommon in
typical North American construction, as
the industry develops, incorporating them
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into building design will likely become
more common. 
n
Graham Finch MASc, P.Eng, is a principal and building science research specialist
with RDH Building Engineering Ltd.
James Higgins Dipl.T is a building science
technologist with RDH Building Engineering Ltd.
Brittany Hanam, MASc, P.Eng, BEMP,
is an energy modelling specialist and research
engineer with RDH Building Engineering Ltd.

Conclusion
Thermal bridging at slab edges can significantly reduce building enclosure thermal performance. As the industry moves
toward higher R-value assemblies, solutions to reduce or eliminate thermal bridging are necessary, especially at exposed
slab edges, balconies and eyebrows. Thermal bridging from uninsulated concrete
slab edges and balconies alone can reduce
wall assembly effective R-values by more
than 60 per cent, profoundly impacting enclosure performance.
Cast-in-place concrete slab thermal
break systems can significantly improve
building enclosure thermal performance.
Effective R-values of full-height wall assemblies can be improved significantly
over non–thermally broken slabs. Interior
surface temperatures during cold periods
increase, which reduces the potential for
condensation and mould and improves
occupant thermal comfort. Additionally,
as balcony slab edge thermal bridging reduction improves the enclosure effective
R-value, energy is saved, which in many
climate zones will provide payback within
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Design Implications of
Glazing Ratio Restrictions

By Stéphane Hoffman, P.Eng, Morrison Hershfield

R

ecent energy codes have set the
trend for significant improvements to the thermal performance of the building enclosure; these new
codes challenge building owners who desire large expanses of vision glass to use
higher performance technologies. In particular, ASHRAE Standard 90.1, referenced in the new Ontario SB-10 standard,
has a requirement for a 40 per cent limit
on fenestration area. For those buildings
permitted under this code, this limit has
had a significant impact on the design of
so-called “glass” buildings.

Maximum allowable
fenestration area
Under the prescriptive building
enclosure requirements of ASHRAE
90.1, Section 5.5.4.2 Fenestration Area
states, “the total vertical fenestration
areas shall be less than 40 per cent of
the gross wall area” and “the total skylight area shall be less than five per cent
of the gross roof area.” Fenestration
is defined as “all areas (including the
frames) in the building envelope that
let in light, including windows, plastic
panels, clerestories, skylights, doors that
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are more than one-half glass, and glass
block walls.”
This limitation on fenestration essentially comes down to a limit on the area
of vision glass. One can still design an allglass building as long as no more than 40
per cent of the gross wall area is vision
glass. With this code, buildings taking the
performance or trade-off paths to compliance with the aim of increasing the
area of vision glass beyond 40 per cent
must have better than code U-values but
must also demonstrate that the “effective U-value” of the opaque wall area—be
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Figure 1: Maximum allowable fenestration area for a given thermal performance of the opaque.
it spandrel glass or some other opaque
cladding systems—meets or exceeds the
overall U-value of the prescriptive approach. This is made even more challenging with the additional requirements to
also account for heat loss due to thermal
bridging.
Why does the energy code limit the
area of vision glazing? Glazing performance is directly related to both heating
and cooling loads in buildings. The thermal performance of glazing units and
their framing system drive the majority of
heat loss through the building enclosure.
Solar gain through vision areas is also
one of the major components of cooling
loads.
Maximizing fenestration
area
Recent projects under codes with
this fenestration ratio requirement have
shown that it can be difficult to significantly exceed the 40 per cent limit on the vision
glazing area using glazing systems that are
commonly available on the market today.
Buildings designed with fenestration areas
greater than 40 per cent require higher

performing glazing in better thermally
designed framing systems to achieve glazing U-values typically significantly below
the value of 2.27 watts per square metre
Kelvin (W/m ²•K) or 0.40 British thermal
unit per hour per square foot per degree
Fahrenheit (Btu/h•ft²•°F).
On recent multi-family high-rise residential projects with an all-glass unitized
system, analyses have been undertaken
to study how improving the fenestration
U-factor could help increase the amount
of allowable vision glass. The maximum
allowable fenestration area for fenestration was calculated for U-factors ranging
from 1.76 to 1.99 W/m²•K (0.31 to 0.35
Btu/h•ft²•°F) in 0.06 W/m²•K (0.01 Btu/
h•ft²•°F) increments. The resulting required thermal performance of the glazed
spandrel assembly for a given fenestration
U-factor is shown in Figure 1.
The results show that very significant
improvements to thermal performance of
the fenestration system would be required
to increase the maximum allowable fenestration area. Even with a U-factor of
1.76 watts per square metre Kelvin (W/
m²•K) (0.31 Btu/h•ft²•°F) and an overall

effective R-value of R-5.3 m²•K/W (R 30
h•ft²•°F/Btu), the maximum allowable
fenestration area is only about 57 per cent.
Energy codes and reality
Standard practice in North America to
account for thermal bridging within the
building enclosure is to consider thermal
bridging within an assembly, for example
a steel stud wall, but to ignore thermal
bridging at architectural and structural details—including interfaces—where walls,
windows, floors and roofs come together.
However, recent work accounting for
3-D heat flow through details has shown
that the overall performance of many
common wall assemblies is much less than
what is currently assumed by many practitioners. Irrespective of the small areas
of highly conductive materials that bypass
thermal insulation, the effect on overall
energy consumption is significant, and
simple changes to assembly design may
be more effective at reducing energy use
than adding more insulation.
In addition, accounting for these details is now easier because straightforward
procedures to quantify the impact of
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Figure 2: Overall effective R-value (1/U) of spandrel areas of curtain wall.
common details have been developed
and thermal transmittance data for standard details are now readily available in a
catalogue published by ASHRAE Report
1365: Thermal Performance of Building
Envelope Construction Details for Midand High-Rise Buildings.
This report has shown that the 3-D
heat loss through curtain wall systems is
very significant and should not be ignored.
For example, using the results of 3-D thermal modelling, installed insulation with a
nominal R-value of RSI-5.8 (R-33) results
in an assembly with an overall effective Rvalue of about RSI-1.6 (R-9). In fact, due

to heat loss through exposed vertical and
horizontal mullions in vision areas down
to the opaque spandrel areas, there is a
diminishing return on the effectiveness of
on installed insulation as shown by the results in Figure 2.
Energy codes and
sustainability rating
systems
Designing for higher glazing ratio
under the new code gets significantly
more challenging for project pursuing
sustainability ratings. To earn more than
three points under LEED Energy and
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Atmosphere Credit 1 to optimize energy
performance the design team must demonstrate through whole-building energy
simulation that the energy cost performance of their proposed design exceeds the
baseline design. The baseline design is
a building meeting ASHRAE 90.1. The
challenge lies in the fact that the bar has
been raised across all building systems
including energy using systems, energy
conversion equipment, and building enclosure components. The baseline design
is already an energy efficient building.
Where once the energy performance
savings from HVAC and lighting systems

n

The thermal performance of glazing units
and their framing system drive the majority
of heat loss through the building enclosure.
could be counted upon to make up for
shortfalls in the performance of glazing systems, now the new baseline has started to
closed the gap on the performance expectation of these systems. This means that unless
a project makes use of unusual measures for
these systems or incorporates some aspect
of site generated energy, there is no longer
sufficient energy savings to allow for a significant increase in glazing area.
Going forward on most projects the
building enclosure will have to be at least
code neutral from an energy performance
perspective in order for any energy savings from the HVAC and lighting systems
to be used to demonstrate above code
performance.

aluminum frames, triple glazed units including the use of suspended films, as well
as double low-e coating for glazing units.
Combined these technologies can deliver
a U-value below 0.30.
To date the cost premiums associated
with these assemblies has limited their
applications. With the demands of the
new energy codes, we should start to see
increasing demand and a general trend
towards a greater commoditization of
existing high performance technologies.
The focus on continuously improving the energy efficiency of new building
through energy codes will drive a demand
for higher performance glazing and better
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thermal performing frames. It will also
provide an incentive for emerging technologies and other innovative applications that can help improve the thermal
performance of glazing systems. At the
same time, it will also bring a closer examination of the justifications for increased
applications of vision glass on projects.
Increasingly designers will be required
to demonstrate that increasing the fenestration area will add value to a project.
Early collaboration between the design
architects, mechanical engineers, and
building enclosure consultants will be
even more crucial on these projects. n
Stéphane Hoffman is a principal and
senior building science specialist with Morrison Hershfield. He leads their Façade
Engineering Group focusing on conceptual
design of cladding and glazing on projects
throughout North America.

The need for alternative
assemblies
Glazing ratios in the range of 10 per
cent above the code prescribed level can
be achieved using the current nominal
thermally broken frames and good quality
dual glazed units combined with highly insulated opaque wall assemblies. However,
those projecting seeking higher glazing
ratio or those seeking energy savings exceeding the code baseline will increasing
have to turn alternate assemblies.
There is a number of existing high performance technologies on the market that
have been in use on projects where extremes of climate or interior environment
conditions dictated a high performance
system. This includes such technologies
as high performance thermal breaks for
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A Life Well Lived:
Dr. Paul Fazio, C.M.,
Ph.D., P.Eng
April 1, 1939 - September 28, 2014
Born in Alvito in central Italy, Paul immigrated to Canada as a 13 year old youth in 1953. He continued his illustrious education and earned a doctorate in engineering at the University of Windsor. He became a professor at Concordia University
in 1967 and forged a brilliant teaching, research and leadership career. Under his expert guidance, Concordia became the first
Canadian university to establish an accredited program in building engineering at both the undergraduate and graduate levels.
He created the Centre for Building Studies in 1977 and served as its pioneering leader for over 20 years until 1997.
Paul authored numerous technical papers and supervised over 30 graduate students in the area of building envelopes. To
transfer new technologies to the building industry, he established SIRICON Inc. in 1985 and the Conseil de l’enveloppe du
bâtiment de Quebec (QBEC) in 1998. He served on a number of government bodies on matters related to the construction
industry. He was the recipient of the Galbraith Prize and the Gzowski Medal; he was named a Fellow of the Canadian Society
for Civil Engineering, a Fellow of the Canadian Academy of Engineering and a Fellow of the American Society of Civil Engineering. In 2007 he was invested into The Order of Canada.
He remained dedicated to research activities focused on the building envelope and its impact on building performance. He
will be forever honored and remembered as a pioneer in education and research by the building science community.
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How Adhered
Vacuum Insulation
Panels Perform in
Interior Retrofit
Assemblies
By Robert Lepage, formerly Building Science Laboratories; Chris Schumacher, Building Science
Laboratories; & and Jon Kimberlain, Steve Altum, Lawrence Carbary & Aaron Seitz, Dow Corning

B

ecause buildings account for 36 per
cent of all U.S. energy consumption and about 70 per cent of total
electricity consumption, it’s no wonder
that building developers look to building
material suppliers for solutions that can
help minimize energy consumption.
With high insulating value and a thin
profile that significantly exceeds the performance of conventional insulations,
vacuum insulation panels (VIPs) present
a unique opportunity to improve building thermal performance both in new
construction and in deep energy retrofits
(DER) to the existing building stock. Despite these advantages, the hygrothermal
impacts of VIPs in interior retrofits had
not been extensively studied prior to this
research by a team from Dow Corning
and Building Science Laboratories.
This field study was undertaken to
assess the hygrothermal performance of
VIPs applied in an interior insulation
retrofit to a pre-cast concrete building in
Midland, Michigan (DOE Climate Zone
5). The study evaluated three wall assemblies retrofit with vacuum insulation panels using different adhesive attachment
methods. The walls were instrumented
with sensors to measure temperature,

moisture and heat flux at critical locations. Data was collected to validate
hygrothermal models for supplemental
analyses; the field monitoring was complemented with computational methods
involving finite-element analysis programs for both heat and moisture.
The results from the heat flux sensors
were used to calculate an effective thermal resistance of the wall assemblies,
with steady-state thermal analysis to
assess thermal bridging effects. It was
found that the thermal flanking of the
VIP core reduced the effective panel to
R 25.6. The results were then imported
into a hygrothermal model to determine
the impacts of incidental air leakage.
The hygrothermal and airflow models
were calibrated with the vapour pressure readings in the assemblies. Due to
the insulating properties of the VIP, but
the low vapour permeance, air leakage
bypassing the insulation may place moisture-sensitive materials at increased risk
of air leakage condensation.
Analysis focused on determining
which attachment method maximized
thermal resistance and minimized concerns for moisture damage, with recommendations made that also considered
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constructability (e.g., cost, ease of installation and sequencing).
Study, scope and
construction
This study included only one of the two
primary attachment methods for VIP—adhesive fastening. Metal mechanical fasteners were not considered in this study because they are subject to thermal bridging
around the panels, risk puncturing the vacuum core and do not possess intrinsic air
sealing properties—all problems that can
be avoided by using adhesives. Furthermore, adhesives can be applied in patterns
intended to provide resistance to air infiltration and moisture migration. For this
study, silicone adhesives were selected.
This study considered the three main
adhesive methods of fastening the VIP
assemblies:
• Continuous adhesive, which involves
applying a continuous layer of adhesive (using a notch trowel with adhesive applied using horizontal strokes)
to bond the VIP to the wall;
• Unsealed spot adhesive, a method
that uses spots of adhesive on the
backside of the panel to fasten it to
the existing wall while leaving a small
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A cutaway of an extruded-polystyrene-encapsulated vacuum insulation panel.
air space between the wall and panel
assembly; and
• Sealed spot adhesive, a method that
is similar to the unsealed spot adhesive, except a perimeter of sealant is
applied to compartmentalize the air
space. In this study, a full test wall (approximately three metres (m) by three
m (10 feet (ft)) by 10 ft in areas) was
compartmentalized. Smaller compartments (e.g., 0.9 m by 1.5 m (three ft
wide by five ft high)) could be created.
The conclusions from this study only
extend to interior insulation retrofits with
existing walls with no known pre-existing
water damage conditions. Exterior insulation retrofits with VIP are beyond the
scope of this work.
Three VIP test walls were built on the
interior of an existing west-facing precast concrete enclosure in a laboratory
space. The walls were instrumented with
thermistors, relative humidity sensors
and heat flux transducers to obtain the
thermal gradients across the walls; the
vapor pressures between the VIP and
the existing enclosures; and the heat flow

through the center, edge and T-intersection of the VIP.
The existing enclosure consisted of
seven inches of pre-cast, concrete panel.

The inside of the concrete was sealed
with a vapour permeable silicone-based
sealant. The VIPs were adhered using
Continued on page 44

Table 1: Summary of adhesive attachment methods for Walls one, two and three.

Pushing the Envelope Canada 43

Feature n n n
Continued from page 43
the silicone sealant with the three respective methods. The joints of the
VIP assemblies were sealed with acrylic
tape. After installation of the VIP assembly, a steel-stud-framed wall with
gypsum wallboard (GWB) was erected
and finished with latex paint. A summary of the three test walls may be
found in Table 1 (on page 43).
The VIP panels consist of one-inch of
protective extruded polystyrene (XPS)
insulation covering a fumed-silica core
sealed with a metallic foil. The edges

Walls with sensors in place.
were covered with a half-inch of XPS for
protection.

Instrumentation
The thermal performance of each
test wall assembly was monitored with
thermistors, which were installed at each
adjoining layer in the construction of the
wall from exterior to interior to create a
thermal profile. Thermistors were also
installed at the top and bottom of the
VIP assembly terminus to measure thermal bridging effects of floor and ceiling
slabs. Thermistors were installed vertically to measure the effects of temperature stratification along the height of
the walls.
Relative humidity sensors were installed between the VIP and concrete
panels and inside the stud space. This
provided information on the vapour pressure gradient and the level of exchange
of interstitial and indoor air.
Heat flux sensors were installed at
the centre, edge and T-intersection of
the panel in Wall Assembly 1 with the
continuous adhesive layer. The heat flux
sensor was installed flush by coring out
the required depth in the XPS protective
layer. With the exception of the heat flux
sensors, all of the sensors were lined-up
vertically through the wall section.
Analysis and results
With each of the wall sections enclosed with drywall, the wall was commissioned on March 1, 2012, and datalogging equipment began to capture and
record performance data of the temperature, humidity and heat flux.
The resulting data values were averaged over a one-hour period. Weather
data was collected from a nearby private
weather station and complemented with
weather data from a local airport.
After a period of several months of
data collection, Robert Lepage (then
with Building Science Laboratories)
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began to analyze the global data set.
“We found that the temperature profile
within each wall section was relatively
consistent between the different methods of attachment over a period of several months, indicating a strong effect of
the thermal mass of the concrete wall on
the temperature profile of each section,”
said Lepage.
In addition to the analysis of the
global data set, there also was a focus
on specific time periods of wide exterior
temperature variation to better understand the impact of the thermal mass on
the wall section performance.
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Figure 1: Measured heat fluxes for the test period on wall one at the center of panel, panel
intersection and panel edge.

Vacuum
insulation
panels (VIPs)
present a unique
opportunity
to improve
building thermal
performance…
Vapour pressure gradients were compared to confirm isolation of interstitial
air spaces and identify possible connectivity to the indoor or outdoor sides
of each test wall. The results showed
that the assembly with the continuous
adhesive layer provides a clear disconnect between the indoor environment
and the interior of the assembly, while
the spot-applied assemblies (sealed and
unsealed) exhibited vapour pressures indicative of ventilation and moisture flow
between the interstitial airspace and the
indoor space.
Due to the thermal resistance of the
panels and the low vapor permeance,
this air leakage may place moisturesensitive materials at increased risk of
air-leakage condensation damage.
Measurement of heat flow through the
centre of each panel composite was consistent through the seasonal variation.
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Figure 2: Temperature and heat flux distribution across the VIP composite panel.

Table 2: Calculated effective R-values for winter and summer data.
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Heat flux at the intersections, either at
the edge of two panels or at the intersection of three or more, was divergent from
the center of panel during the course of
the year (see Figure 1 on page 45). “Differences between the heat flow at center
of panel and along the edges are consistent with previous research of the VIP
panels as the metallic foils create areas of
thermal bridging,” said Chris Schumacher of Building Science Laboratories.
To understand the relevance to
the overall effective thermal performance, the VIP composite panel was further analyzed using THERM, the twodimensional steady-state heat-transfer
software program, and WUFI-Pro, the
one-dimensional transient-hygrothermal
simulation program.
The THERM analysis further confirmed that thermal bridging occurs
along the edge of the panel and was attributed to the metallic foil construction
of the VIP panel. Figure 2 illustrates
that the effect of thermal bridging extends only to 20 mm away from the edge
of the panel.
From the software models, the effective RSI values for the panel were
developed for summer and winter conditions. Results for each condition within
the panels and along the edge as well
as the overall aggregate panels are presented in Table 2.
To understand the effective R-value
of the ventilated wall section, an airflow
term was added to the calculation of the
thermal resistance and was found to decrease the thermal resistance from 25.6
to 19.8, a 21 per cent decrease in effective R-value.
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Based on the hygrothermal performance of the walls and the resources required for construction, the following
conclusions were made:
• Constructability: Wall two was faster
to build than Wall three. Wall one required the most labour and material
to construct.
• Moisture performance: Wall one is
less prone to moisture concerns than
Walls two or three. Wall two may be
susceptible to moisture problems if
the interior vapour pressure becomes
elevated in the winter.
• Thermal performance: Wall one is
not subject to any convective looping
or ventilation. It performs better than
either Wall two or three. Wall two suffers from decreased thermal performance from the air flowing through the
cavity.
n
Robert Lepage is a building science
research engineer, formerly with Building
Science Laboratories in Waterloo, ON.
Chris Schumacher is a building scientist and principal at Building Science
Laboratories.
Jon Kimberlain is an application specialist, Steve Altum is a senior technician, Lawrence Carbary is an industry scientist and
Aaron Seitz is a development specialist at
Dow Corning Corporation in Midland, MI.
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A Farewell to Gustav
O. P. Handegord:

Building Researcher,
Practitioner &
Educator
By K.D. Pressnail, University of Toronto

The following farewell contains excerpts from an article titled, “A Portrait of a Building Researcher and
Educator,” which was originally published in a past issue of Pushing the Envelope Canada.

T

he building science world lost a
leader this past spring. On Wednesday, March 19, 2014, Gustav
“Gus” Handegord passed away in his
90th year in Oakville, Ontario. The building science community lost a great man
and Gus’s family lost a husband, father
and grandfather. Gus was survived by
his wife of 65 years, Fritzi, three children and three grandchildren. Despite
the sadness of the loss, there is solace
in knowing that Gus influenced many
and that our lives were richer for having
known him.
Gus was a mentor and guide to many,
including me. He will always be remembered for his characteristic wry sense of
humour and the feisty spirit that carried
him through much of his life. Stricken
with polio at a young age, he never let
his weakened flesh diminish his indomitable enthusiasm for debate.
I first met Gus in 1984. He was
teaching a building science graduate
course as an adjunct professor in the
University of Toronto’s department
of civil engineering. He had brought a
treasure of building science knowledge
garnered from his years at the National

Research Council’s division of building
research (DBR).
His building science career actually
began at the University of Saskatchewan
where he worked as a lecturer after receiving his B.E. in mechanical engineering in 1946. He then joined DBR’s Prairie Research Station in 1948 and, thanks
to serendipity, went on to the University
of Illinois where he received his master

of science in mechanical engineering in
1951.
Gus served many roles at the DBR,
eventually moving to Ottawa in 1968
and becoming the head of the Building
Practice Group. In his time at DBR, Gus
was fortunate to have worked with and
to have been influenced by many other
great people, including Neil Hutcheon,
Grant Wilson, Dick Solvason, Max
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Gus Handegord.

Gus Handegord on his way to friend Joe Lstiburek’s summer camp.

Baker and Robert Legget. His experiences and collaborative projects with these
individuals built character and Gus always acknowledged their influence and
contributions.
With the visionary insistence of Legget, the division’s director at the time,
every research project bore the fruit of
a publication for practitioners, which
led to the creation of the now famous
Canadian Building Digests (CBDs). Gus
considered the CBDs to be the division’s
main claim to fame.
He always looked back on these
publications with great pride, in part

because they contain a distillation of a
wealth of experience and because they
are just as relevant to building science
practice today. He also looked back
at the publications with lament. The
CBDs were the product of a time when
research budgets were free from political agendas and researchers were unfettered in their pursuit of objectively
solving real building problems.
Of all of his experiences though, it
was Hutcheon’s open-door mentoring
policy at the division that likely influenced Gus the most. I will always remember the story that Gus often told
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with a smile. It was intended to stir debate as to where the air barrier ought to
be really placed.
The story began with Hutcheon having to hitch a ride to work one very cold
Prairie day. It was -35 F, the wind was
howling and his car would not run. So,
he joined a farmer friend who gave him
a ride to the research station in a one
horse sleigh. Buried beneath an old buffalo robe, the two rode into town.
The buffalo robe covered them so
that the hide was turned in and the
hair was exposed to the weather. Upon
reaching the research station, and after
thanking the farmer, Hutcheon quipped
that they would have been a lot warmer
if only the hair had been turned inward
instead of outward. The farmer quietly
replied, “Someone should tell the buffalo then!” Gus always chortled when he
told the story and rekindled the recurring debate.
Gus retired from the division as the
co-ordinator of the building technology
group in 1983. In 1984 he was elected a
“Fellow of ASHRAE.” He continued to
work as a researcher and as a consultant
in private practice at Trow Consulting
Engineers, now exp, where he became
the director of building science.
He had also begun teaching at Carleton’s School of Architecture while still
at DBR. In his retirement, he taught as
an adjunct professor at the School of
Architecture and the department of civil

n

engineering at the University of Toronto from 1984 to 1989.
Gus went on to develop a course for
building science practitioners and instructors titled “Building Science and
the Building Envelope.” This material
has been used as a basis for short courses delivered by the Alberta Building Envelope Council, OBEC and the Architectural Institute of B.C.
Gus also taught building science at
the University of Waterloo. A tireless
and committed worker, Gus life’s mission was finding ways to reach practitioners and to improve the teaching of
building science.
He was almost evangelical when it
came to the building science mission
that he saw before us. He once contemplated writing an article titled, “Building Research B.C.” where B.C. would be
an acronym for before computers!
Anyone who knew Gus, knew that he
was suspicious of blind computer analysis, where the user was largely unaware
of the underlying assumptions within
the software. It was not that Gus rejected the use of computers; he always
considered them useful computation
devices. He believed, however, that they
could never be a substitute for field or
laboratory observations and for understanding the underlying heat, moisture
and air movement processes.
He believed, along with several colleagues throughout the world, that many
programs were simply computer games.
Gus often pointed out the perceived
irony of computers: “Computers are not
progressing to think like people,” he
once said. “Rather, people are starting
to think like computers.”
Gus often looked for ways to stir the
building science pot and to get people
thinking. One day, perhaps spoiling
for a fight, Gus turned to me and proclaimed, “You know the problem with
university professors? They have no
experience.”I agreed. He had been disarmed, so the conversation moved on,
but he was right. The state of building
science teaching and research always
worried him and he endeavoured to improve the system.
Although Gus was quick to acknowledge the influences of others in his life,
he was always modest when it came to

measuring his own impact. Whether it
was through his many papers, his beloved
CBDs, his teachings, or the “Building Science for a Cold Climate” text that he coauthored with Hutcheon, Gus influenced
many.
In 1990, he became the second person to receive the Ontario Building Envelope Council’s President’s Award and
was elected a Fellow of OBEC in 2002.
His many contributions have been acknowledged and resounded throughout
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OBEC, ABEC South and other organizations, including ASHRAE.
Saying farewell is made easier knowing
that Gus influenced many and, through his
writings and the students he taught, he will
continue to influence. It has been said that a
measure of one’s worth is the extent to which
lives have been influenced. By that measure,
Gus Handegord was a very wealthy man. n
K.D. Pressnail is an associate professor of
civil engineering at the University of Toronto.
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Genge’s
			Gripe
So What Are You Doing
About Climate Change?
By Gerald R. Genge, P.Eng., BDS, BSSO, C.Arb., Q.Med

“E

veryone talks about the weather
but nobody does anything about
it”. You’ve heard that old chestnut. Well, apparently, we have been doing something about weather or so the
higher foreheads are telling us and they
don’t appreciate it. Nope… Not at all.
They figure we’re making a mess of it.
They say that our use of gas-guzzling
SUVs, our burning up coal for electricity, our general dependence on fossil fuels and destruction of forests, are
primary causes of shrinking ice caps,
increased air-moisture and CO2 content,
rising sea levels and changed weather
patterns.
They’re blaming it on western civilization’s increased demand; but, I might
add, a big part of that increased demand
is not our individual selfish attitudes but
the exponential increase in global population who all want the 60-inch flatscreen
TV, life in the 40th floor of a glass-box,
and latest haul-the-growing-family to
soccer vehicle, that fuels, so to speak, the
pending global smog they once labeled
“global warming.” They say we’re dooming the planet and they show us shrinking
ice caps and struggling polar bears.
Frankly, I figure the planet will do just
fine. What we’re dooming is our comfortable life, property values and maybe the
whole socioeconomic system we’ve built

over the last few hundred years. That
would be a threat to people’s power and
that is what makes people uncomfortable. So, to be brutally honest, it’s not
the possible eradication of species in the
arctic or the amazon. It’s eradication of
our way of life that will eventually make
the world sit up and listen.
But, all is not lost. We have the capacity
for change. In fact, we’ve done it already.

A few decades ago, we recognized a hole
in the ozone and I am pretty sure it’s because our moms used too much hairspray,
dads used too much deodorant spray and
we all decided that air freshened and conditioned rooms were more comfortable
than open windows. The hole in the ozone
layer was easy enough for lay people
to understand. Something called CFCs
(chlorofluorocarbons) were chewing up
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the ozone (O3) like nobody’s business
and despite the fact that this seemed to
be happening over Antarctica, where noone in their right mind vacations, powers
worldwide decided that we were not willing to risk a nasty sunburn and CFCs were
put on the naughty list. Anyway, there
seems to have been a positive effect and
unless we find some other way to shoot

our foot off, we ought to have a healthy
ozone before the next millennium.
But global warming is harder to
grapple with. We don’t immediately get
scared of a few degrees temperature rise
and as much as we all like polar bears,
the lack of ice in the arctic seems sort of
remote and the bears aren’t exactly in
our back yard, so it doesn’t hit home.
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There are also policy and lobby groups
denying it is even happening or that we
have anything to do with it. They say,
“It’s a natural cycle thing and besides,
what about that snow storm we just had
and last winter’s deep freeze weather?
What about this past summer that never
seemed to show up?” “Global warming
is just the enviro-terrorists crying ‘wolf’
again.”
Enter a change in terminology. “Climate change”—“aahaah!” That’s a bit
more nebulous, harder to defend against
the naysayers and probably more accurate. You see, “change” in weather can
mean a lot of things. I can wrap my head
around “change.” In fact, from work I’ve
done compiling others’ scientific work,
I have come to the understanding that
we should expect that our planet will respond to greenhouse gases like moisture
and carbon dioxide, well, because it has
done just that before.
In the past 800 million years, we’ve
had multiple periods of ice accumulation
over North America. These scoured our
landscape, created the Great Lakes, left
glacial deposits and decimated species

n

that once thrived on earth. We had nothing to do with those episodes and whether
or not you believe we have anything to do
with future climate, there is one thing for
sure—weather affects us. It affects what
we do, how we build, where we live and
what parts of the world have food or not.
So, even if you think the weather is
out of your hands, we had better start
paying attention to how we respond to
changing weather.
There’s a plethora of prediction
models out there that say we’re in for
warmer temperatures, higher winds,
longer droughts, more and heavier rain,
and generally wider swings in the extremes in weather—and that’s only in
the next 30 to 40 years. It has spawned
huge enviro-industries, prompted massive enviro-social government funding
programs and become a focal point for
political agendas.
But here’s the thing. You can drive
your electric car and use compact florescent lighting and save water all you like.
As long as there are developing economies that are less inclined to apply those
palliative measures, we’re in for changes.
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…highest on the list of
things we need to do
as technical leaders is
to amend the current
building design process.
Even if every greenhouse gas source
knocked its production to 1/10th, we’re in
for changes. So perhaps, just perhaps, we
need to start focusing on adapting ourselves to the coming changes.
I don’t mean throw in the towel on the
corrections we make to our behaviour. I
mean use a multi-pronged approach and
start looking at the issue from all sides.
While there are some jurisdictions that
have responded on the policy side, like

those ocean-front cities that could have
a serious adjustment to their shoreline,
there are things that people like you and
I can do today to start to control how we
and our children live out the rest of our
lives.
As far as I am concerned, highest on
the list of things we need to do as technical leaders is to amend the current building design process. We’re doing that,
you say. “We have increased required
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thermal resistance and changed energy
use demand-side criteria. We’re ahead
of this!” Well….No you’re not. You’re
maybe 50-years behind.
You see, building codes have a rearview mirror approach to design. Climatologic records going back 50 years are used
as design parameters for environmental
and physical loads. But you can’t drive
forward if you’re only looking backward.
So, let’s encourage codes and standards
to look forward.

To do that we may have to spend a
bit more time honing climate modelling
and put a few more resources into the
science and engineering behind infrastructure development and maintenance;
but, hey, if we can spend $500 million of
our tax dollars on the automotive sector
over two years to encourage research
and development (look up Automotive
Innovation Fund if you doubt that), we
could put more of a shoulder into building design adaptation/innovation. Don’t

you think? While I understand that about
$235 million had gone into policy papers
on adaptive measures from 2006 to 2011,
I don’t see any tangible results.
What I want to see is a larger technical presence in code development
committees by predictive climatologists,
building performance consultants and
infrastructure planning specialists (science guys, not policy guys), who can
work toward development of building
codes and standards that move us from
the resource conservation mode of adding R-value, saving water and providing (rapidly-dying) green roofs on new
buildings, to adding performance value,
finding ways to handle the water from
the coming floods, providing adaptable
HVAC systems and minimum wall and
window criteria that can survive greater
wind speed and stronger wind-driven
rain.
So, that would handle new buildings.
What about our existing building stock?
What can we do so that it does not become technically obsolete? There are
currently no regulations addressing, for
example, envelope changes to accommodate pending climate changes. On the
new building side, if we focused a little
more on durability instead of profitability
and liability when constructing our stock,
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perhaps accommodation for climate
change may be achieved via a built-in
environmental “load factor”. How about
that?
Instead of designing a window to not
leak under say 0.3 kilopascals, we should
design it to not fail or leak under a factored specified load like we do for structural design. But on the existing building
side, we need more serious attention to
the impediments to renewal. There are
too many economic pressures against
renewal to meet the needs of the tomorrow’s buildings. There are too many
people with agendas that contradict
improvements.
I know it is tough finding traction,
let alone funding, for something as esoteric as global warming/climate change
adaptation. We need a lobby group as
strong as that of the automotive sector to crack the threshold. There are
more than two-dozen models of electric cars available today. Most of them
are manufactured overseas because our
automotive legacy costs and market
forces don’t permit them to meet our
price point. But, I don’t think driving

Canadian-made electric cars is going
to save us from typhoon-level storms
or desert-like weeks in summer caused
by greenhouse gas produced in some of
those same countries selling us electric
and hybrid cars.
It is essential that our codes and standards have a paradigm shift and check
out what is coming at us rather than
where we have been. It won’t be popular.
It won’t be easy. For sure it won’t be right
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on target but at least we’ll be looking at
the target instead of backward.
n
Gerald R. Genge, P.Eng. C.Eng., BDS,
BSSO, C.Arb., Q.Med. is Past-President of
the Ontario Building Envelope Council and
has been active in standards development,
education and consulting for over 35 years.
He is a Principal of GRG Building Consultants Inc. and ArbiTECH ADR and can be
reached at jgenge@grgbuilding.com.
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BEC
Roundup
BECOR’s seminar about
infrared thermography
This past May, the Building Envelope Council Ottawa Region held a halfday technical seminar that provided
answers to concerns infrared thermography (IRT) and identified best practices and new technology.
In the past decade, many new IRT
technologies and test equipment to
validate IRT data and test findings have
entered the marketplace. Consultants
should be trained and certified in nondestructive testing technology, including IRT, and building owners and their
representatives need to ensure consultants are producing credible results.
The speakers included Greg McIntosh from Snell Infrared Canada,
Claude Boudrault from ITM Instruments, Tony Colantonio from PWGSC
and Steve Laviolette from Paterson
Group Inc & Laviolette Building Engineering Inc.
BCBEC holds seminar
on performance of the
building envelope
On September 24, the British Columbia Building Envelope Council held
its annual one-day conference and
AGM in Vancouver. The conference
focused on performance of the building
envelope and industry experts and educators explored a variety of topics, including the implementation of the new

NAFS window standards, the latest on
tall wood buildings, historical restoration, attic ventilation in wet coastal climates and other emerging trends.
Speakers included Pierre-Michel
Busque of Busque Engineering Ltd.,
Paul Wisniewski of Dow Corning Corporation, Joel Schwartz of JRS Engineering Ltd., Alan J. Whitehead of
Radon Environmental Management
Corp., Patrick Roppel of Morrison
Hershfield, Bojan Andjelkovic of BC
Hydro Power Smart Engineering, Al
Jaugelis of RDH Building Engineering
Ltd. and Mark Gauvin of Gauvin 2000
Construction Ltd.

Consultants
should be trained
and certified in
non-destructive
testing technology,
including IRT…
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MBEC seminar looks at
ongoing air leakage study
This past May, the Manitoba Building Envelope Council Inc. held a seminar about air leakage in Manitoba’s
commercial building sector. The seminar provided an overview of the ongoing
air leakage study being conducted by a
team of diverse building science experts
from the Red River College’s Applied
Research and Commercialization group
(AR & C).
The AR & C group set a number of
research objectives and goals, which included developing air leakage testing
protocols, determining baseline air leakage rates in a range of buildings and comparing pre- and post-building retrofit air
leakage rates to determine feasibility and
cost effectiveness of air sealing.
The presenters also discussed the impact of air leakage on building performance and the project description and objectives. They also got into several case
studies, the test methodology, results and
lessons learned with each project.
The speakers included Kevin Knight,
a building envelope authority with 30
years experience in field inspection; Gary
Proskiw of Proskiw Engineering Ltd., a
mechanical engineer with 35 years of experience in building science, energy management, research and training; and Rob
Spewak, the senior research manager with
Applied Research and Commercialization
at Red River College.
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OBEC ANNUAL GENERAL
MEETING
The Ontario Building Envelope
Council held its annual general meeting
at 8:30 a.m. on October 29, 2014, at the
Metro Toronto Convention Centre (255
Front Street West, Toronto). The meeting included a financial review and election of directors. To see a schedule of the
topics discussed, visit obec.on.ca.
LESSONS LEARNED: MBEC
SEMINAR ABOUT EXTERIOR
WALL SYSTEMS
This past September, the Manitoba
Building Envelope Council Inc. held a
presentation at Red River College discussing the lessons learned from overcladding a 31-storey masonry building
with a pressure-equalized curtain wall.
Speaker John Wells, a principal at
the structural engineering firm, Crosier
Kilgour and Partners Ltd., explained the
analytical modelling used in the design of
the curtain wall, including recommendations from the results of in-situ monitoring of temperature, relative humidity and
moisture levels in exterior walls.
BCBEC’s WEBSITE HOSTS
ENERGY EFFICIENCY WEBINAR
The British Columbia Building Envelope Council (BCBEC) now has a
webinar on energy efficiency in retrofit buildings available for free on its
website. The webinar, presented by
BCBEC and the Homeowner Protection Office (HPO), focuses on key
issues, including insulation, high performance walls and energy-efficiency
code requirements. Watch the webinar
on www.bcbec.com.
n
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Consulting
EXP.....................................................................61
Consulting Engineering
Brown & Beattie Ltd.......................................48
Morrison Hershfield Ltd..............................58
SPG Engineering Group Ltd...........................41
Curtain Wall, Recladding, Window
Wall, Performance Assured
Gamma International.......................................6
E.I.F.S. and Restoration
Products
Dryvit Systems Canada..................................40
Durabond Products Ltd.............................OBC
Engineered Wood and
FIBRE Products
Nordic Engineered Wood...............................27
Engineering and Technical
Services
Peto MacCallum Ltd......................................59
Engineering Consultants
Davroc & Associates......................................28
Environmental Monitoring
Hoskin Scientific..............................................48
Environmental Services
Tri-Phase Group..............................................65
Exterior Building Restoration
Maxim Group General Contracting Ltd.
Building Restoration Inc............................52
Exterior Cladding
Solutions
Nvelope USA, LLC...............................................3
Exterior Cladding Solutions for New
Construction/Restoration
Sto Corp Canada............................................IBC

Foundation WATER PROOFING, Air and
Vapour Barrier Products
Soprema............................................................57
Foundations
Xypex Chemical Corp......................................61

Spray Foam Insulation
Foam Comfort Inc...........................................47

Glazing Solutions
F1 Glazing Solutions......................................59

Spray Insulation and
Roofing Materials
Bayer MaterialScience LLC............................47

Green Roofs
Etera.................................................................31

Stone Wool Insulation
ROXUL Inc.........................................................IFC

Guardian SunGuard Advanced
Architectural Glass
Guardian SunGuard........................................13

Structural Engineering
Consultants
Jablonsky Ast & Partners............................59

Insulation
Johns Manville................................................10
Quik-Therm Insulation
Solutions Inc................................................52
ROXUL Inc.........................................................IFC

Testing Equipment
R.M.Group LLC..................................................52

Insulation Glass Sealants and
Components
Fenzi North America Inc.................................52
Masonry Anchors,
Ties & Accessories
Blok-Lok Ltd....................................................54
Metal Roofing, Wall Cladding,
Thermo Spacers
ETG Canada Group...........................................40

Testing Laboratory
CAN-BEST...........................................................39
Urethane Foam Contractors
CUFCA.................................................................12
Vegitative Roofs
Hydrotech Membrane
Corporation..................................................21
Window Systems
Quest Window Systems Inc...........................58

Mineral Wool
Insulation
ROXUL Inc.........................................................IFC

Advertise
Here!

Permanent Building Mounted Ladder
Reciever
LadderPort......................................................46

Don't miss out on your

Reinforcement Solutions for
Exterior Systems
Saint-Gobain ADFORS......................................16
Restoration Company
Paranis Construction Inc.............................59
Roof Consultants
Dycon Roof Consultants Inc.......................59
Rooftop Fall Protection
Kee Safety.........................................................48

Exterior Wall Finishes
DuROCK Alfacing International...................59

Roofing Solutions
TREMCO Canada...............................................41
Viana Roofing & Sheet Metal Ltd.................18

Fenestration and
Thermal Barriers
Azon...................................................................48

Roofing Technology, Maintenance and
Inspection Training Course
Cindott Inc.......................................................33
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Scaffolding and suspended platforms
Steeplejack Services.....................................55

chance to advertise in the
next edition of Pushing

the Envelope Canada!
There are many rates
and options available to
fit any budget. For more
details, e-mail sales@
matrixgroupinc.net or
call (866) 999-1299.
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