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Message from the
President
OBEC President
Ian Miller, P.Eng., LEED AP, CCCA
Project Principal,
Regional Manager (S.W. Ontario)
Pretium Engineering Inc.

W

hat a great year we’ve had, here
at the Ontario Building Envelope Council (OBEC), and with
more good things to come. One of the biggest changes for the board is that we are
no longer managing the Building Science
Specialist designation. A new non-profit
organization, the Building Science Specialist Board, has been created exclusively to
manage this, which was previously a part
of OBEC’s mandate. This was done to allow the designation to be offered to building scientists across Canada, and while
I understand they’re working through a
few expected hiccups, things are looking
very positive. As far as our members and
current BSS designation holders are concerned, impact on you will be minimal. The
name of the designation has changed from
Building Science Specialist of Ontario
(BSSO) to simply Building Science Specialist (BSS), and maintenance reporting
will be through the BSS Board instead of
OBEC, but OBEC will still be offering the
same great content to help our members
keep their knowledge up-to-date.
With the creation of this new organization as their elected terms expired, Paul
Pushman and Marianne Touchie have not
sought re-election to OBEC, rather using
their resources and experience to help get
the BSSB organization off the ground—
thank you both for your hard work with
OBEC over the years. We wish you good

Taking on 2019: Expanding
Committees, Facing
New Challenges
OBEC 2019 BOARD OF
DIRECTORS
luck in the future. With these two openings on the board, we’ve welcomed two
new board members: Gauss Wong and
Michael Rekker. Gauss previously served
on our board and takes on the role of
chair of the Awards & Scholarships Committee, while Michael is our new chair
of the Codes & Standards Committee.
Mila Aleksic, Meagan Kikuta, and Robert Quattrociocchi were re-elected to the
board, and, respectively chair our Education, Communications, and Events Committees. Marco Guzzo remains on the
board in his dual roles of past-president
and chair of the Membership Committee.
Mark Clyde continues in the second year
of his term as board member and chair
of the Technical Committee, and Alen
Vrabec will finish his term, continuing
as our secretary / treasurer. Ehab Naim
Ibrahim takes on the role of Awards Committee chair and has also been elected by
the board as president-elect, to take on
OBEC’s leadership this fall when my term
is complete. Congratulations to all on our
board, and thank you for the support you
give our organization.
This past year, we saw the OBEC scholarships awarded for a second time. A big
congratulations are in order for Anna
Farbis, our undergraduate scholarship
winner, who is finalizing her degree at the
University of Toronto, and Jelena Madzarevic, our graduate scholarship winner whose
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work at Ryerson University included a study
of the thermal conductivity of closed cell
foam insulation materials and the effects of
temperature and aging in addition to different chemical formulations. OBEC’s board
in 2018 also voted to induct my colleague,
Jerry Genge, as an OBEC Fellow. Jerry was
one of OBEC’s founding members, is a past
president of OBEC (twice-over), and he has
contributed greatly to the organization over
the years in a variety of different roles. We
were proud to welcome Jerry into OBEC’s
community of Fellows.
It looks like 2019 is shaping up to be
an exciting year as well. We are expanding our committees and taking on a whole
range of new challenges. If you want to
get involved, please contact us at info@
obec.on.ca. We have some exciting seminars planned for this year as well. Already lined up are a few great speakers,
including Barbara Ross, Steve Kemp, and
Joe Lstiburek, among others. We’re taking a look at changing the format of our
technical discussion groups to make them
more inclusive, so keep an eye out for
these changes, which will be coming soon.
All in all, it’s shaping up to be a great year
for OBEC and our members.
This issue of Pushing the Envelope
Canada has a great lineup of articles as
well. To kick things off, we take an indepth look at how a small, silicon-based
solid could be making a huge difference
in the building envelope. Rashmi Sharma
and Dr. Umberto Berardi, Ryerson University, explore aerogel, a transparent,
insulating and lightweight material that
is 1,000 times less dense than glass and is
a very effective insulator (39 times more
so than fibreglass), making it a possible
gamechanger when it comes to thermal
bridging. Flip to page 17 to read their

thoughts on using aerogel-enhanced blankets for thermal bridging correction in
concrete and steel buildings.
On page 23, Morrison Hershfield’s Peter
Adams discusses fenestration systems and
how they can be adversely affected by a
combination of things, like the design, fabrication, and /or installation by inexperienced
or unqualified installers. Adams likens rainscreen fenestration systems to plumbing, in
that having more water in a piping system
than it is capable of properly draining will
lead to back-ups and an unhappy owner.
David Wach and Vladimir Maleev, Engineering Link Inc., take a closer look at
condensation potential in conventional and
hybrid roof assemblies in their article on
page 27. This feature explores how hygrothermal simulations offer comparisons
on the performance of both conventional
and hybrid roof assemblies. It also looks at
other factors, including limitations, longterm durability, expected service life, and
ease of maintenance and repair.
On page 31, Bomani Khemet, University of Toronto, and Russell Richman,
Ryerson University, break down the ins
and outs of estimating preconstruction airtightness in Ontario. The authors discuss
air leakage trends from a national sample

n

n UP FRONT

of more than 900,000 homes and consider
how having a regional airtightness modeling methodology in place could be an important factor when it comes to increasing
airtightness in the design phase.
There is an important relationship between mechanical and building envelope
commissioning. On page 36, Zacharie
Doerr and Paul Frasie, Pinchin Ltd., delve
into everything you want to know—the
what, why, who and when—of building
commissioning and how you can ensure
all building systems are installed, calibrated, and perform interactively according
to the owner’s project requirements and
operational needs.
We hope you enjoy the array of articles
we’ve curated for this edition of Pushing
the Envelope Canada. If you’re interested
in contributing to a future edition of the
publication, please reach out to Meagan
Kikuta, chair of the Communications
Committee, at mkikuta@tremco.ca with
an idea for consideration and to get more
details on submission guidelines and the
types of features we’re looking for.
With that, I would like to thank all of
our members. You are what makes OBEC
such a great organization and you make
me proud to be a part of it.
n

HERE TO SERVE YOU
The Ontario Building Envelope Council is here
to serve you. To become a member of the association or to learn more about its initiatives, go
to www.obec.on.ca.
KEEP IN TOUCH ON SOCIAL MEDIA
You can find us on:
Twitter: @Info_OBEC
Facebook: Ontario Building Envelope Council
LinkedIn: Ontario Building Envelope Council
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The Use of Aerogel-Enhanced Blankets for
Thermal Bridging Correction in Concrete
& Steel Buildings

Aerogel particles (left) are
transparent, lightweight, and effective
insulators, making them a nice
addition to enhance thermal blankets
for the building envelope.

By Rashmi Sharma, B.Arch., CPHC, Ryerson University Graduate Building Science Candidate &
Dr. Umberto Berardi, M.Sc., Ph.D., P.Eng., Associate Professor, Engineering & Architectural Science, Ryerson University

T

hermal bridges have been widely proven to significantly impact
building energy performance. This
study used an aerogel-enhanced blanket to
provide a solution for improving thermal
bridges.
In building science, more effort should
be given to design building envelopes with
improved connection details. The common
method to consider thermal bridges in
the whole energy modelling is the equivalent U-value method; however, this does
not take into account the dynamic effect
of thermal bridges. Minimizing thermal
bridges in a building not only reduces the
annual heating and cooling loads but also
reduces the error in the modeling performance of the equivalent U-value method.
The equivalent U-value method can
underestimate the annual heating energy
demand by up to 13 per cent for the
poured-in-place concrete building with
standard connection levels.1 While the
difference between 3D dynamic modeling and equivalent U-value method was

reduced to less than three per cent when
the connections are improved. This suggests that improved connection details help
reduce modeling errors. While the 3D dynamic method is more accurate and should
be used preferably, this research was focused on the dynamic effect of the thermal

bridges before and after the application of
the aerogel-enhanced blanket in a mid-rise
residential building.
This study includes:
• Two different building systems:
1. Concrete building; and
2. Steel building.

Figure 1. Wall and floor connection with concrete structure (standard on the left, improved
on the right).
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Figure 2. Per cent difference between energy loads for the base case model and improved
model with aerogel blankets at thermal bridges.
• Five different details:
1. Balcony to floor;
2. Shelf angle location;
3. Foundation to wall;
4. Wall to floor; and
5. Wall to roof.
• Two different modeling approaches:

1. Equivalent U-value method; and
2. 3D dynamic method.
Aerogel-enhanced blankets are super
insulating materials developed from silica
aerogel and reinforced fibre. Pure silica
aerogels have high compressive strength
but low-tension strength. To strengthen the
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tensile property of aerogel, it is interwoven
with a fibrous material. Aerogel-enhanced
blankets are mechanically strengthened,
flexible and highly porous material with a
very low thermal conductivity.
Due to the unique nature of aerogel
blankets, they can be used in both interior
and exterior applications. Aerogel-enhanced
blankets have a high fire resistance, making
it possible for interior application for a retrofit. Its hydrophobic properties help it for the
exterior insulation. Aerogel-enhanced blankets composed of synthetic amorphous silica
dioxide have been proposed in retrofitting
projects or whenever space and weight constraints exist.2,3 It is also found to be more
advantageous in building retrofits for space
saving, since they achieve high thermal resistance with thin layers.4 The thermal conductivity of an aerogel-enhanced blanket is in
the range of 0.014 to 0.016 watts per metre
Kelvin (W/mK).
According to the National Energy Code
of Canada for Buildings,5 thermal bridges
can be reduced by providing the continuous
insulation in the details. These standards
do not specify any temperature distribution calculations. The standard requires

n

that thermal bridges, due to the repetitive
structural members such as studs and joists,
and of ancillary members such as lintels are
taken into account for the calculation of effective thermal resistance. However, minor
penetrations or minor structural members
and major penetrations, like balconies with
a cross-section less than two per cent of the
penetrated wall area, are not taken into account for effective thermal resistance.
The ASHRAE 1365-RP, Thermal Performance of Building Envelope Details for
Mid- and High-Rise Building guidelines include thermal transmittance data focusing
on 3D thermal bridges. It contains 40 typical
building assembly details with thermal bridges in North America.6 ASHRAE Standard
90.1 provides the maximum U-value to the
building envelope components for mass,
steel, wood frame, and for all climatic zones. 7
With the complex 3D thermal bridges,
steady state method of the calculation for
building energy demand is obsolete. For a
proper calculation of overall assembly thermal resistance, dynamic analysis is necessary.
The method calls for calculating the energy
by taking into consideration the realistic daily
condition of the calculation time, like daily
temperature changes, interior conditions, the
rate of natural and artificial ventilation in different seasons, and solar gains.
In this study, the equivalent U-value
method was employed using THERM 7.6
and 3D thermal bridges were modelled with
WUFI Plus. A total of six connections were
analyzed for both steel and concrete constructions. The connections were modelled
in a mid-rise residential building in Toronto,
ON (Climate Zone 6). The building is two
storeys, 31.9 metres long by 17.78 metres
wide by six metres tall, with approximately
1,114 square-metres’ gross floor area. The
building is designed per a baseline model
with the different building envelope. A window-to-wall ratio of 40 per cent was used for
the study.
The typical thermal bridges in each
building included are:
1. Floor-to-wall junction;
2. Balcony-to-wall junction;
3. Shelf angle detail;
4. Foundation-to-wall;
5. Wall-to-roof; and
6. Sill and lintel detail.
An example of the aerogel blanket
placement is shown in Figure 1 (on page 17)
for the wall-floor connections with concrete

structure. A similar insertion of aerogel
blanket was made in similar thermal bridges
in other connections of the case building and
with a steel structure instead of concrete.
First, the results of the equivalent
U-value method calculated the linear thermal transmittance for both details with and
without the addition of an aerogel blanket. The wall-to-balcony connection with
concrete structure resulted in the greatest
improvement in linear thermal transmittance (88 per cent lower). For the steel
structure details, an aerogel blanket placed
in a roof showed the largest improvement in
linear thermal resistance (89 per cent lower). For both concrete and steel constructions, other typical thermal bridges showed
reduction of linear thermal transmittance in
the range of 64 per cent and 89 per cent.
In terms of the 2D heat transfer method used to analyze the details, the standard ψ-value are higher than the improved
ψ-value. In general, improvement can be
achieved if the ψ-value gets close to 0 W/
mK. Since ψ-value is the additional heat
flow from the junction, the higher ψ-value
shows there is more energy loss from the
thermal bridges and there are more opportunities to improve them. The improved
ψ-value is less as the use of an aerogel-enhanced blanket acts as a thermal break.
The varying reduction of ψ-value depends
on the thickness and strategies of the

n
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aerogel-enhanced blanket used. The use of
an aerogel-enhanced blanket not only helps
reduce heat transfer but also helps provide
a comfortable interior surface temperature.
The thickness of an aerogel-enhanced
blanket used to correct the thermal bridges in this research is 10 millimetres and 20
millimetres, which can be further increased
to achieve lower ψ-value. We should also
consider that changes cannot compromise
the structural performance of the building.
The aerogel-enhanced blanket has allowed
insulation in the air gap, but it is still limited
to the thickness of the air gap available. For
the aerogel-enhanced blanket on the exterior surface, moisture management should
also be considered.
In the 3D simulations, the reduction of
the thermal bridge impact is measured by
the change in heating and cooling load after
adding aerogel in the detail. A total of three
3D simulations were performed for both
concrete and steel constructions where:
• Base case buildings had thermal bridges;
• Case building with an aerogel blanket
placed at thermal bridges; and
• Thermal bridges used the equivalent
u-value calculations to draw comparisons between the two methods.
The purpose of these three different
models was to determine the effect of thermal bridges to the base case building energy
loads and to quantify the improvement

Figure 3. Per cent difference between 3D thermal bridge and equivalent U-value modelling
methods.
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...the thermal inertial effect not only changes the resistance
but also changes the dynamic behaviour of the wall, which is
consistent with the findings from the comparison of the 3D
dynamic method and the equivalent U-value method.
with the aerogel blanket thermal bridge
correction.
It was observed that the annual heating
and cooling energy increased in the model
with the thermal bridges in the building.
From the study, concrete buildings saw up
to a 32 per cent increment, whereas steel
buildings saw up to a 35 per cent increment
when thermal bridges were accounted to the
model. This was expected, as the thermal
bridges increase the amount of heat loss,
thereby increasing the energy demand of
the building.
The use of an aerogel-enhanced blanket
in the steel and concrete building significantly reduced the amount of space heating
energy. Figure 2 (on page 18) shows the
improvement that can be achieved annually
per square-metre of the conditioned area
for concrete and steel buildings, respectively, for Toronto’s climate.
The equivalent U-value method underestimates the space heating load and overestimates the cooling load, which is similar
to the previous studies.1,6 Figure 3 (on page
19) illustrates the comparison in percentage
difference of the energy demand calculated
using the equivalent U-value method and
the 3D dynamic method for concrete and
steel buildings, respectively.
The difference of heating load between
the 3D dynamic method and the equivalent U-value method was found to be 21
per cent in the concrete building and 22
per cent in the steel building. The cooling
load difference was found to be one per
cent in the concrete building and six per
cent in the steel building. With the use of
an aerogel-enhanced blanket to correct the
thermal bridges, the discrepancy in annual
heating load decreases. It was found that
the difference between the 3D dynamic and
the equivalent U-value method is reduced
by between nine per cent and four per cent,
respectively, for the concrete building and
steel building. The discrepancy in annual
cooling load between the 3D dynamic and
equivalent U-value method seems higher,

as the annual cooling load is comparatively much less than the annual heating load.
The reduction of the discrepancy is due to
the improvement of the thermal bridges.
As a result, it also reduces the thermal inertia effect in the building.
From the literature studies, the thermal
inertial effect not only changes the resistance but also changes the dynamic behaviour of the wall, which is consistent with the
findings from the comparison of the 3D dynamic method and equivalent U-value method. The decrease in difference suggests the
equivalent U-value method can also give accurate results if the details are improved. The
improved details not only save the energy
demand but also avoid the complex and
time-consuming 3D dynamic method.
In this research, the aerogel-enhanced
blanket of 10 millimetres / 20 millimetres
was proven to improve the construction details in two different building models. A significant reduction of the heating load was
observed with the application of an aerogel-enhanced blanket in the building. This
study shows that the aerogel-enhanced
blanket can provide a better opportunity
for the thermal bridging correction, as it
lowers the building heating by six to eight
per cent in the concrete construction and
by 11 to 18 per cent in the steel construction. This shows that an aerogel-enhanced
blanket with a thickness of 10 millimetres /
20 millimetres can be used as a thermal
break in both new and retrofit buildings. A
higher improvement can be achieved with
an increased thickness. Due to high thermal performance, low density, weight, and
thickness of an aerogel enhanced blanket,
it can be applied in air spaces and areas
with both space and weight constraints.
The two different modeling approaches in the building suggest the equivalent
U-value underestimates the heating
energy and overestimates the cooling load.
The 3D dynamic method is more accurate
than the equivalent U-value method for
proper calculation of the energy demand.
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The difference between the 3D dynamic
method and the equivalent U-value method decreases when the details are improved with the aerogel-enhanced blanket, as the dynamic effect of the thermal
bridging will be reduced. Nonetheless, for
standard details, the 3D dynamic method
is required for the most accurate results,
but if details are improved, the equivalent
U-value method can also predict an accurate energy demand.
n
Rashmi Sharma, B.Arch., CPHC, has an
undergraduate degree in architecture from
Tribhuwan University and a master’s degree
in building science from Ryerson University. In addition, Sharma is a certified Passive
House consultant. For extended results from
this study, please contact the authors.
Dr. Umberto Berardi, M.Sc., Ph.D., P.Eng.,
is an associate professor in the Faculty of Engineering and Architectural Science at Ryerson University in Toronto. His main research
interests are related to the study of new innovative materials for energy saving applications.
Berardi directs the BeTOP Ryerson lab for
new building system and technology development and testing.

REFERENCES
1. Baba, F., & Ge, H., 2017, Dynamic
Effect of Thermal Bridges on the Energy
Demand of Residential Buildings in
British Columbia, 15th Canadian Conference on Building Science & Technology
2. Cuce, E., & Cuce, P., 2016, The Impact
of Internal Aerogel Retrofitting on the
Thermal Bridges of Residential Buildings:
An Experimental & Statistical Research
3. Berardi, U., 2018, Aerogel-Enhanced
Solutions for Building Energy Retrofits:
Insights from a Case Study
4. Berardi, U., 2018, Aerogel-Enhanced Insulation for Building Applications, Nanotechnology in Eco-Efficient Construction
5. National Research Council Canada,
2016, National Energy Code of Canada
for Buildings
6. ASHRAE 1365-RP, 2011, Thermal Performance of Building Envelope Details
for Mid- and High-Rise Buildings
7. ASHRAE, 2016, ANSI/ASHRAE/IES
Standard 90.1-2016, Energy Standard for
Buildings Except Low- Rise Residential
Buildings

n

n

n FEATURE

Fenestration
Systems:
It’s All About
the Plumbing!
By Peter Adams, P.Eng., Principal & Senior
Building Envelope Engineer, Morrison Hershfield

A

few years ago, the Toronto office
of our engineering firm experienced what we termed “the year
of the crappy curtain wall.” In reality, it
was more like 18 months, and during that
period, we investigated persistent water
penetration in several low- to mid-rise
commercial office buildings ranging in age
from five to 20 years old.
The failures discovered were not unique
to curtain wall systems and were entirely
avoidable if those responsible had even a
basic understanding of how these systems
are supposed to function. For some of the
buildings we investigated, the failures were
in conventional, fully captured curtain wall
systems that were not installed correctly
from the get-go. There are many excellent,
qualified curtain wall installers out there, but
apparently, they were off benefitting other
jobs when these buildings were constructed.
Any fenestration systems can be adversely affected by inexperienced or

This glazing system on the condominium above can be represented by the slightly more
chaotic plumbing on the right. Ok, not quite—but you get the idea.

unqualified installers. A new high-rise
condominium, specified to be rainscreen,
had the misfortune of being fitted with a
modified window wall system that started
off being face-sealed and ended up being a
reluctantly draining rainscreen system. The
developer passed off a cheaper solution to
the owners, and the manufacturer sold the
developer their modified system with empty promises of performance equality. This
“lipstick on a pig” project saw multiple
hacks into the window wall system that
loosely complied with the project specifications but ended up leaving the building
with a systemic water penetration problem.
The performance of even the best quality
systems can be jeopardized if basic rules of
engagement are not followed.
Our experience in the Greater Toronto
market is, unfortunately, not unique, and
we have seen similar unnecessary fenestration failures across North America. With
the proliferation of fenestration systems

in new construction and retrofit (often
with increased level of sophistication to
meet aesthetic requirements), the surge
toward in-plant glazing, and the frequency
of performance problems, it is important
to understand some of the most significant
causes of failure so they can be avoided.
It is also important to know the tells that
offer clues to where the failures are occurring, and how you can significantly reduce
the chances that fenestration failures will
damage your interior finishes and spoil
comfort and the living experience.
Quality fenestration systems are engineered to manage water and, at least in
Canada, have been designed as rainscreen
systems for decades using either wet/wet or
wet/dry configurations, which assume that
only manageable volumes of water pass
the outer moisture seals. Today, rainscreen
fenestration systems are still the system
of choice for building scientists because
they provide redundancy, protection for
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Retained water trickled from screw holes when backed-off. A little more love and
attention to drainage would have prevented these tears.
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sensitive elements from UV, and peace
of mind. Building owners and operators
should embrace them for the same reasons,
although they are sometimes deterred and
distracted by other, less costly fenestration
systems. There are jurisdictions (such as in
Ontario) where professional insurers require rainscreen for certain types of fenestration systems as a condition of coverage
because of the past high volume of claims
related to failures.
So why do fenestration systems cry?
They need more love! The vast majority
of rainwater that hits glazing is, in theory,
supposed to be stopped by the exterior
metal, seals, or glass surfaces and run
harmlessly to grade. As with any rainscreen system, it is expected that the outer layer is not perfectly sealed and that
a portion of the water will end up inside
the glazing pocket of the framing system.
What comes next is the make or break
point for any fenestration system, no matter the level of sophistication.
Fenestration is like plumbing—trying to
put more water in a piping system than it
can handle leads to a back-up and an unhappy owner. Most rainscreen (also called
drained and vented) fenestration systems
are fully capable of managing an expected
volume of water. Things quickly fall apart,
however, when the volume of water entering the wall exceeds the volume of water
that can be successfully drained. The system drainage capability is a combination of
the quality of the original design and how
the system is fabricated and installed.
Blocked internal drainage paths often
walk hand-in-hand with leaky fenestration systems. An overzealous installer (or
someone from “Others Contracting”) with
a caulking gun can quickly undo all the engineering, shop drawing review, and testing
that went into what could otherwise have
been a successful system installation. Much
the same as a clogged pipe, blocked drainage paths in a glazing system will often result in conditions that are detrimental to
internal seals and lead to water intrusion
even under modest rain events. There is a
balance at play here—the more restricted
the drainage flow within the fenestration
system, the longer it would take for the
same volume of water to drain, causing
back up and overflow conditions. This
back up condition increases the length of
time internal seals are exposed to water,
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decreasing their longevity and resulting in
reoccurring leaks.
Design changes over the years (sometimes implemented to reduce uncertainty
on-site) have resulted in other potential
problems. The elimination of soft seals
and the movement toward more dry/dry
systems (in lieu of wet/wet or wet/dry systems) has meant the water tightness of
fenestration assemblies rely heavily on
product tolerances and the pressure generated by gasketed pressure plates. All
gaskets and tapes are not created equal—
some of the gasket compounds are prone
to compression set over time, hence decreased pressure onto glass surface, permitting increased water entry. Fastener
torques are often not measured or even
specified to achieve adequate water tightness. Have the manufacturer approved
and specified products been installed, and
is there a history of long-term performance? These important issues need to be
identified, and the underlying problems
must be solved before they are permitted
to turn into costly liabilities.
So, how can we keep the fenestration
systems airtight, watertight and draining
free? The following is recommended to
achieve the maximum performance potential of fenestration systems from concept to construction:
• Select fenestration systems that are “installer proof” with quality material,
“robust” internal seals and drainage
mechanisms that cannot be easily
botched during installation. Always
make sure quality systems are in play
from the start.
• Visit the shop where wall components are being fabricated and check the
frame’s “birth certificate” for lineage.
• Ensure specifications are clear to eliminate the inclusion of modified face
sealed fenestration systems. Only grassroots and proven rainscreen systems
from reputable manufacturers need
apply.
• Mock-ups are required to establish
the standards of installation, and work
with the installers so they have an
understanding of intent. They provide
the opportunity to review contractors’
workmanship and identify potential
transition issues. They also increase
the comfort level of all parties involved
for future installations. They can be
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This “lipstick on a pig” project saw multiple hacks
into the window wall system that loosely complied
with the project specifications but ended up leaving
the building with a systemic water penetration
problem. The performance of even the best
quality systems can be jeopardized if basic rules of
engagement are not followed.
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construction process (go or no-go).
Once completed and agreed upon by
all parties, the mock-up could be used
as a benchmark for level of quality
expected during construction.
• Finally, and importantly, push hard
to have qualified and frequent adult
supervision during construction. Many
problems we observed could have been
caught very early in a project with an
experienced site presence, sharp eye
for details, and a good understanding of the functions of the fenestration
systems. 
n

Water retained within an insulating glass unit is a nearsure sign of drainage problems. Okay, the fish was
added in Photoshop, but wouldn’t that be cool?
built, examined and tested in a shop,
as a standalone mock-up on-site, or as
part of the work to remain.
• Pair the mock-up with a progressive site testing program to put the
system through its paces, either before
it gets on a building, or soon into the
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Comparing Condensation
Potential in Conventional
and Hybrid Roof Assemblies:
A Case Study
By David Wach, M.A.Sc., Engineer-in-Training,
& Vladimir Maleev, M.Eng., P.Eng., BSSO,
Associate, Engineering Link Inc.

W

hen a designer is considering
options during a low-slope
roofing project, in most cases,
the first decision is the assembly type. The
choice is typically limited to two options:
conventional roof assemblies, or protected membrane roof assemblies.
In conventional assemblies, the roof
membrane is found at the top of the assembly, above the insulation, and is considered exposed to the elements. If the
roof membrane is not made of a UV stable
material, it is protected from UV by a surfacing layer. The surfacing can include
granules, pea gravel, pavers, metal, or
liquid-applied coatings. The roof assembly layers are attached to the immediate
layer underneath, or to the deck, through
mechanical fastening or adhesives.
Protected membrane roof assemblies
are also known as inverted roof assemblies. In a typical inverted configuration,
the roof membrane is located at the level
of the structural deck or deck sheathing.
As such, it is protected from the elements
by other layers of the roof assembly, including thermal insulation. The roof
membrane is protected from UV exposure
and from thermally induced dimensional stress. Roof assembly layers above the
roof membrane are, by and large, loose
laid and resist wind uplift by a weighted
ballast.
In general, there are a few advantages of protected membrane assemblies when compared with conventional
assemblies. If correctly installed and
maintained, protected membrane assemblies can have a longer lifespan
compared to conventional assemblies

Layers of a typical conventional roof.
and can also be expected to have a lower
incidence of leaks over the entire lifespan of the roof system.
For a low-slope roof system to operate
most effectively, slope to drains is required.
The rule of thumb is two per cent slope at
minimum for asphaltic-based conventional roof systems.1 Ponding of water, even
if protected from UV by the layers above
the membrane, can be detrimental to the
durability of certain roof membranes.
Protected membrane roof assemblies are
often installed on decks that are structurally sloped. Conventional roof assemblies
can also be installed on structurally sloped
decks, but in many instances, they incorporate the slope within the assembly itself
in the form of tapered insulation.
During the design review process for
a new construction project in the Greater
Toronto Area, roofing was discussed, and
the design team understood the benefits
of a protected membrane roof. However,
earlier in the project, a conventional roof
assembly with tapered insulation had

been specified and a flat structural steel
deck was built.
At this stage, the question was whether
it was still possible to install a roof assembly that provided the benefits of a protected membrane roof. The team ruled out
switching to a protected membrane system, as it was not practical to provide the
minimum amount of slope in the structure. Positive drainage and good roofing
practice were required by the contract
documents.
The team considered a “hybrid” roof
assembly that combined a conventional roof assembly, including tapered insulation, with a layer of insulation (and
other layers) on top of the conventional
assembly.
Could a problem be created by installing this hybrid roof assembly in our heating
climate? Consideration was given to the
hygrothermal performance of the proposed
hybrid roof assembly, taking into account
that the roof membrane in a hybrid configuration would be kept warmer during
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Figure 1. Simulated temperature data.

Figure 2. Simulated relative humidity data.
heating seasons by the presence of thermal
insulation over the roof membrane when
compared to a conventional configuration
but would be cooler than a protected roof
membrane with the same total amount of
insulation. Clearly, the heat transfer and
moisture characteristics of the hybrid assembly would be different than the two traditional options for low-slope roofs.
CONDENSATION POTENTIAL
IN CONVENTIONAL ROOF
ASSEMBLIES
In the past, low-slope roofs were made
of dark materials, including pitch and
bitumen, which readily absorbed longwave radiation from the sun. On sunny
days, during both winter and summer,
the temperature of the dark membrane

could be up to 80°C as it absorbed solar
radiation, increasing the temperature of
the roof assembly and any moisture within
it. The heating caused a vapour pressure
gradient, driving the vapour down to the
interior space. The absence of a vapour
retarder at the deck was tolerated because
of solar vapour control.2
The introduction of light coloured, reflective roofs, often referred to as “cool
roofs,” introduced moisture problems
in some assemblies where an effective
vapour retarder did not exist. The light
colour / reflectivity of the roof membrane
resulted in a reduced amount of solar
heating of the roof assembly. The reduced
absorption of solar radiation and resulting
lower temperature of the roof assembly
was desirable from an energy perspective,
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but solar control of embedded moisture
was reduced. In some cases, moisture
problems from condensation developed,
leading to deterioration of the roof assembly and structure.3
Modern, conventional roof assemblies
in heating climates that are installed in
low-slope roof systems often contain two
vapour barriers that sandwich insulation
and other roof system layers. Building
codes in Canada require that an air barrier and vapour retarder (AB/VR) be provided in all building envelope assemblies,
including roofs. The roof membrane acts
as a second vapour retarder, as it’s usually
made of materials that have a low vapour
permeability.
During heating seasons, the underside
of the roof membrane in a conventional
roof system can be cool if the exterior air
temperature is cool. If warm, moist air
exists within the roof assembly between
the two vapour retarders, and it may condense into liquid water as it contacts materials with a temperature below the dew
point of the air that contacts it.
If an AB/VR exists, how could moisture end up in the roof assembly? The
mechanism could be bulk air movement or
vapour diffusion despite the AB/VR. Poor
detailing or poor installation of the air and
vapour control layer tie-ins with adjacent
building envelope assemblies and around
penetrations can cause discontinuity in
the control layers. Of course, moisture
can also enter the roof assembly through
breaches in the membrane (leaks) or can
be embedded in the roof assembly from
construction. As the two vapour retarders
exist, once the liquid water is present, it
can have a difficult time drying, as vapour
diffusion potential is greatly reduced.
With the hybrid type roof assembly,
the membrane is kept at a temperature
closer to the interior space than the exterior air when compared to the membrane in a conventional roof assembly.
Theoretically, the AB/VR should keep
moisture out and the exterior insulation
will keep the membrane relatively warm.
The membrane is protected from solar
radiation. But if moisture does get into
the roof through poor detailing, installation, or leaks over time, how will the roof
perform?
To confirm that a moisture problem would not be created by the hybrid

n

assembly, and to assess its hygrothermal
response under load, a study was undertaken to analyze the moisture response of
the assembly over time in a southern Ontario climate.
HYGROTHERMAL SIMULATIONS
AND DISCUSSION
WUFI Pro 6 modelling software is a
one-dimensional hygrothermal analysis
program that performs simulations of
coupled heat and moisture transfer across
user-defined building envelope assemblies.
Simulations to compare the performance
of the hybrid roof assembly to the conventional roof assembly were performed.
The simulations were carried out over
three years in order to evaluate the longterm hygrothermal performance of the
roof assemblies. Exterior conditions were
as per the built-in Toronto Cold Weather
Year climate file. Interior conditions were
held constant at 21°C and 40 per cent RH.
Rain exposure was as per ASHRAE 160.
The typical conventional roof assembly
modelled included a two-ply modified bitumen roof membrane, asphaltic recovery
board, 150 mm of rigid polyisocyanurate
insulation, a self-adhered membrane acting as both an air barrier and vapour retarder, exterior grade gypsum board, and a
metal deck. The hybrid assembly contained
the same layers as the conventional assembly, with the addition of 125 mm of extruded polystyrene (XPS) insulation outboard
of the roof membrane. Note, to be conservative for dew point analysis, the same
thickness of polyisocyanurate insulation

was included within the hybrid assembly as
was in the conventional assembly. In practice, the hybrid roof assembly would be
expected to have only tapered insulation
below the membrane.
Figures 1 and 2 (on page 28) show
monthly average temperature and relative
humidity data over the three-year time period for the conventional roof assembly, the
hybrid roof assembly, and the exterior. The
relative humidity data within the roof assemblies was taken just under the membrane.
The temperature and relative humidity in the conventional roof vary with the
exterior temperature. In Figure 1, the
exterior temperature is difficult to see because the membrane temperature in the
conventional assembly closely matches it.
The hybrid roof has a much smaller temperature amplitude than the conventional
roof, as it is thermally insulated from temperature fluctuations of the exterior air by
the exterior insulation. As such, the roof
membrane in the hybrid roof assembly is
exposed to less thermally induced stress.
The analysis also showed that the hybrid assembly has lower peak and average
relative humidity than the conventional
roof. As a result, the conventional roof
assembly retains more moisture over time
than the hybrid roof assembly does. This
leads to a higher risk of condensation
below the conventional roof membrane in
the winter when compared to the hybrid
roof assembly. The analysis also suggests
that the hybrid roof has better drying potential since the relative humidity seems
to decrease at a faster rate.
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As a result, the conventional
roof assembly retains more
moisture over time than the
hybrid roof assembly does.
This leads to a higher risk
of condensation below the
conventional roof membrane
in the winter when compared
to the hybrid roof assembly.
CONSIDERATIONS AND
LIMITATIONS
The hygrothermal analysis does not
include for airflow through the assembly
and assumes that the AB/VR in the assembly and the roof membrane are airtight. The AB/VR membrane layer over
the sheathing and steel deck should be
applied in an airtight manner around all
penetrations and the roof perimeter. This
helps prevent the flow of warm, moist,
bulk air into the roof assembly from the
interior space during heating seasons due
to convection. Initial moisture within the
assembly in modelling was as per program
defaults for each material. All wetting and
drying in the modelled scenario are accounted for by vapour diffusion through
materials. In the situation presented, the
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thermal resistance (R-Value) of the insulation under the assembly was roughly
balanced with the insulation above the
assembly. Altering the ratio of insulation
that is under and over will alter the hygrothermal performance of a roof, just as it
would a wall.
CONCLUSION
With both large and small projects,
design changes can occur after construction begins. In the case that spurred
the analysis presented here, the owner
wanted to realize the benefits from

protecting the roof membrane from
thermal stress and solar exposure, while
using an already constructed flat roof
deck. The result was a hybrid roof assembly configuration.
The analysis shows that there can be
alternatives to the two traditional options
when choosing new or replacement roof
assemblies for low-slope roofing. Locating
the membrane between layers of insulation can provide benefits over conventional roof construction under certain conditions. When evaluating if this option will
work, it is important to consider not only

hygrothermal performance but other factors as well such as long-term durability,
expected service life and ease of maintenance and repair.
During construction, all materials
should be kept in a dry condition to ensure the roof assembly is installed with
minimal residual moisture. It is not practical to avoid embedded moisture within
construction materials, but all liquid water
must be avoided. The analysis shows
that if moisture does enter the assembly
through bulk air movement, diffusion, or
other means despite best efforts during
construction, a hybrid roof assembly can
perform better than a conventional roof
assembly in a heating climate and may be
an option for designers.
n
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Estimating Preconstruction
Airtightness in Ontario:

Is it Possible?
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A

practical method for estimating
building airtightness in residential homes has steadily become an
increasingly important issue for designers
and builders for several reasons. Occupant thermal comfort, indoor air quality,
and enclosure and structural durability
are all directly affected by the air leakage
through the building envelope. Furthermore, airtightness estimates are especially
crucial in right-sizing heating, cooling, and
air conditioning systems and determining
overall building performance in today’s
increasingly energy-efficient homes. The
following explores a methodology that
could be implemented as a design tool to
estimate preconstruction, light-framed,
low-rise, detached residential homes within Ontario, specifically, and throughout
Canada, more generally.
INTRODUCTION
Airtightness has long been understood
as an important factor to have control over
since the discovery of thermal bypass in

the late 1970s. Investigators of this time
period were introducing insulation into
townhouses, but their total energy use was
over 35 per cent more than expected. Air
leakage through the basement to the attic
was found to be one of the major culprits
in reducing the effectiveness of thermal
insulation.1
Within Canada, federal, provincial, and
municipal jurisdictions have implemented a
mix of airtightness design targets. The Ontario Building Code has a voluntary target
airtightness standard of 2.5 air changes per
hour at 50 pascals (ACH50). Mandatory
airtightness measurements, currently in
stakeholder consultation, may be become a
reality in Ontario by 2020. Even with mandatory airtightness measurements, meeting
these targets will not likely take force until
the Ontario building industry, as a whole,
has the capability to reliably achieve a 2.5
ACH50 mandate. Similarly, Alberta only
requires a blower door test if a particular
house energy consumption compliance path
is taken, which assumes an air leakage rate

lower than 2.5ACH50. The long standing
R2000 Standard, which aims to improve
both building performance and environmental stewardship without jeopardizing
indoor and outdoor environments, has a national voluntary standard with a mandatory
airtightness limit of 1.5 ACH50. Perhaps the
most aggressive targets in Canada lie to the
west. British Columbia’s building performance-based Energy Step Code ranges from
3.0ACH50 to the most stringent requirement of 1.0 ACH50 for Net-Zero Ready
homes, while the City of Vancouver’s building code allows certain zoning relaxations
for homes adhering to the German-based
Passive House Standard, which mandates
a maximum air leakage rate of 0.6ACH50
during a blower door test.
KEY BUILDING SYSTEMS
RESPONSIBLE FOR AIR LEAKAGE
A collection of concise and detailed
airtightness studies from the early-1980s
to the late-1990s by ASHAE shows that
approximately 68 per cent of air leakage
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in residential homes could be attributed to
the details, junctions, and transition in the
building enclosure,2 while less than one per
cent of air leakage could be attributed to air
diffusion through the field of the wall. Thus,
the ability to account for 50 per cent of air
leakage in residential homes may represent
a significant and practical design capability.
OBJECTIVES
The following is a brief summary of
two airtightness research studies, which
aimed to create an air leakage estimation framework that could be accessible
to designers, medium-volume builders,
and tract builders. The studies started by
examining the existing building stock of
single-family homes within Canada to set
an airtightness benchmark. The next step
in the investigation included evaluating
the possibility of using building geometry
to create a robust, future-oriented airtightness estimation model.
TRENDS AND ANALYZING A
NATIONAL SAMPLE OF 900,000
HOMES
Canadian National airtightness data was
taken from a residential energy efficiency

ACH50
Province

A. Mean

G. Mean

Std. Dev.

Alberta

5.6

4.8

3.6

No. Homes
100,000

British Columbia

7.9

7.0

4.2

111,000

Manitoba

5.2

4.3

3.6

26,000

New Brunswick

6.3

5.2

4.4

45,000

Nova Scotia

8.5

7.1

5.5

51,000

North West Territories

6.3

5.3

4.1

950

Nunavut

3.9

3.4

2.3

70

Ontario

6.8

5.9

4.2

460,000

Prince Edward Island

6.4

6.4

4.2

4,000

Quebec

5.9

5.0

3.9

114,000

Saskatchewan

5.1

4.4

3.4

55,000

Table 1. National airtightness distribution by jurisdiction.
program provided by the federal government. The collection of data was completed under the Natural Resources Canada
ecoEnergy Retrofit programs.3 Following
voluntary participation in the program,
homeowners were required to have their
dwellings undergo a pre-retrofit energy
evaluation. All air-leakage data was collected using the fan (de)pressurization
method in general accordance with governing testing standards such as the CAN/
CGSB 149 and R-2000. The data set used
in this study comprised over 900,000 blower

Figure 1. National airtightness distribution.
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door tests performed on single-family homes
constructed between the late-1700s through
to 2016. The NRCan data analyzed represented nearly 12 per cent of the national
housing stock, and, hence, a sizable contribution to Canada’s housing profile.
Figure 1 (on page 32) shows the frequency distribution of airtightness measurements in ACH50 for over 900,000 single family homes. The home types include
solid masonry and light framed homes.
The foundations walls range from block
walls, rubble walls to poured concrete.
The building enclosure type was not controlled for and thus likely contributed to
the vast range of air leakage measures
shown in Figure 1. The mean airtightness
was 5.7ACH50 (arithmetic) to 6.7ACH50
(geometric). The general, but by no means
exclusive trend was that newer homes were
increasingly more airtight. However, this
study also showed that general trends may
not always hold true for every jurisdiction.
For instance, Manitoba and Saskatchewan
represented two regions that averaged
older homes, yet these very same provinces
belonged to the most airtight projects (as
can be seen in Table 1 on page 32, top).
Building on previous North American
and European studies, a set of predictive
equations were refined and modeled. The
first predictive equation used three input
variables:
1. Building volume;
2. Building height; and
3. Year of construction.
The output variable shown in Equation 1 (at the top of the next page) was
ACH50. The three variable equations had
explained approximately 32 per cent of
the air leakage in the 900,000 homes.

n

Equation 1
ACH = 135.304 - 0.005(Volume) +
1.048(Height) - 0.065(Year)
A subset of 330,000 homes with more
detailed building enclosure information
was developed. Envelope details such
as insulation levels in the ceilings, walls,
and foundation walls were integrated into
the predictive equation. Furthermore,
the location of the homes was used to
estimate the climate via heating degree
days (HDD). The resulting mathematical
eight-input variable model shown in
Equation 2 (below) was able to better predict the airtightness in these homes, with
approximately 46 per cent of the air leakage accounted for by the model.4
Equation 2
ACH = 126.649 - 0.005(Volume) - 0.939(Height) - 0.057(Year)
0.001(HDD)
0.288(CeilingRSI) - 0.218(FoundationRSI) 3.264(WindowRSI) - 0.400(WallRSI)
What is common between these two
predictive equations is the reliance on
building age. In fact, the building age,
or year of construction, was found to be
one of the most important prediction
variables in both models. This observation has been consistent with airtightness
predictions developed for studies done in
North America and Europe. The importance of building age is likely due to its
association with building practices, building materials, and housing types. More
precisely, building age is likely a proxy
for material quality, detail robustness,
deterioration, and handicraft. Therefore, Equations 1 and Equation 2 could
only predict the airtightness of buildings
that have already been built. The natural
question arises: How does a builder estimate airtightness of houses at the design
stage?

plans to predict the airtightness of a building at the design stage.
Approximately 3,200 light-framed, single-family homes from southern Ontario, all
built within the last decade, were analyzed
based on their blower door test results.
In contrast to the data from the national
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sample, these homes were tested shortly after construction was completed. In addition,
the set of 3,200 homes were attempting to
meet some form of energy-efficient voluntary target. Figure 2 (on this page) shows
the distribution of these homes’ airtightness measurements. The horizontal axis

Figure 2. Regional airtightness distribution.

ZEROING IN ON A REGIONAL
SAMPLE OF 3,200 HOMES
As demands for building performance
increase, builders and designers could
benefit from having an airtightness estimation rooted in regional experience.
Moreover, each builder has its own internal assembly practices and unique design
approaches that satisfy the local building
code. It may be possible, however, for
firms with sufficient building history, a log
of blower door tests, and detailed building
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represents the airtightness achieved under
pressurization, while the vertical axis represents the number of homes falling into
this test criteria. The mean airtightness was
found to be 2.3ACH50 (Std. Dev = 0.5),
a value below the voluntary the Ontario
Building Code target.
ATTENTION TO DETAIL:
CUSTOMIZED MODELING USING
APPROXIMATELY 200 HOMES
A subset of these homes with construction details were further analyzed. These
construction details allowed the authors to

experiment and construct over 20 possible
variables that could influence airtightness
in light-framed, single-family homes. The
variables fell in four broad classes:
1. Area-based;
2. Length-based;
3. Volume-based; and
4. Handicraft-based variables.
The mean airtightness was found to
be 2.4ACH50 (St.Dev = 0.5), which is
still beneath the Ontario Building Code
voluntary leakage standard. The strongest mathematical prediction models
used was able to explain over 50 per
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cent of the airtightness data, with 13
to 14 variables; a marked improvement
on the three-variable national model
using over 900,000 blower door tests,
and an important improvement over
the eight-variable national model using
nearly 330,000 homes. There are many
other compelling aspects about this
modeling approach.
First, the regional airtightness prediction
model methodology can be used by a moderate-sized firm with a building track record
of a few hundred homes (minimum 250
homes) as opposed to depending on thousands of homes. With the proviso that detailed building takeoffs are known and that
the builders’ homes have been subject to a
blower door test, a builder can have an experience-specific, predictive formula based
on assembly methods that the firm is both
familiar and comfortable with.
A second unique feature of this
modeling approach is that it is almost
wholly based on housing geometry.
The 13- and 14-variable models are independent of time. This means that designers and builders could estimate the
airtightness of new homes based on a
portfolio of existing homes that are five
to 10 years old.
A third important feature is that this
airtightness methodology is for a unique
wall buildout that consists of wooden,
light-framed homes. This fits well with the
typical construction firm that may specialize in a particular home portfolio with a
particular wall buildout. Previous time-independent models required a portfolio
of heterogeneous wall types, like framed,
block, and prefabricated wall assemblies,
to be included in their models.
A fourth aspect is that the model is
climate-independent. The most comprehensive models to date have used climate
as a variable. Climate zones, and, by extension, HDD, is strongly related to local
building code and construction practices.
Thus, a general increase in HDD and
wall insulation reduced the air leakage
in residential homes. This inference is
supported by the regional, often climatedependent construction practices and
codes found in North America.
Lastly, the modelling approach is independent of volume. Volume dependence
has been an important variable in predicting airtightness on an air change per
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territories. Therefore, designers could
seek a common method which yields portfolio specific airtightness estimates that
meet the unique needs of a given construction firm. 
n

Figure 3. Distribution of airtightness subset used in modelling.
hour basis. This dependence is, of course,
expected since ACH50 is a volumetric
leakage rate base on total building volume.
The time-independent 13- and 14-variable
models factor in building size implicitly
through a series of perimeter-based ratios.
CONCLUSION
A customizable, builder-centric, airtightness modeling methodology has been

created with the goal of being a design
tool for low-rise, light-framed residential homes. Despite the general trend
of increasing airtightness throughout
Canadian residential housing stock, the
research has indicated there is considerable variability in the measurable air
leakage rates between the provinces and
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The What, Why,
Who & When
of Building Commissioning
By Zacharie Doerr, M.A.Sc., P.Eng., Senior Project Manager &
Paul Frasie, M. Eng., P.Eng., Senior Project Manager, Pinchin Ltd.

T

he relationship between mechanical and building envelope commissioning (Cx) is important.
The commissioning process should be
used to ensure all building systems are
installed, calibrated, and perform interactively according to the owner’s project
requirements (design intent) and operational needs. The whole building commissioning process provides value to
building owner(s) and it is important for
all members involved in the construction process, as they will all, at some
point, play a role in this process, which
begins in the concept phase and continues through into the warranty period
of the building.

THE WHAT
Commissioning is a systematic process
that documents the construction process via a series of construction checklists, issue logs, and functional tests. It is
a process developed by the project team
to ensure the building is functioning as
intended. If this sounds like an obvious
requirement for a building, you would be
surprised how often this process is missed.
Building commissioning is being embraced by public and private organizations
because it benefits the building envelope and
provides improved project delivery results.
Traditionally, the mechanical and
electrical systems of a building were
commissioned. Mechanical systems
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include ductwork balancing, temperature and relative humidity control,
building automation system control
valves, steam traps, pumps, boilers, etc.
There is currently more emphasis on the
commissioning of the building envelope.
Building envelope systems, such as, glazing systems, wall assemblies (pre and
post construction), roofs, whole building
air barriers, and waterproofing systems
can also be tested and commissioned.
The following are some examples of systems that can be commissioned:
• Window assemblies for air and water
leaks;
• HVAC systems, pumps, and air balancing;

n

n
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• Lighting measurements and controls;
• Wall assembly simulations (will there
be condensation under unique indoor /
outdoor conditions?);
• HVAC system loads and energy costs
(whole building airtightness has a huge
effect on these);
• Ongoing measurement tools (i.e.,
water sub-meters, gas meters, and
building automation systems);
• Training and how to properly operate
the building; and
• Indoor air quality and filtration
systems.
THE WHY
The Cx process ensures all building
systems are installed, calibrated, and perform in synergy according to the owner’s
project requirements (design intent) and
operational needs. It is simple enough to
design a building that appears to meet
the owner’s needs, but the true test is
whether it performs as expected. Do the
HVAC systems maintain temperature and
relative humidity between set-points? Do
boilers and pumps switch from lead to
lag? Do windows and walls keep the rain
out? Is the air barrier system performing
as expected? These are all considerations
that get confirmed and addressed during
the Cx process.
As building owners evolve, and as
building code officials—may or may not—
become more stringent on energy use for
new buildings, the actual performance of
a base building system will matter more
than ever. The performance of the building systems has a direct relationship with

Two blower door fans used for testing the building’s air barrier performance.
the overall operating costs. Operating
costs tend to reoccur every month over
the life of the building and must align
with the owner’s portfolio performance
expectations.
The building envelope interacts with
the environment to provide the heating
or cooling load to the HVAC system.
The performance of the building envelope has a direct effect on the HVAC
equipment size, operation cost, and the
occupants’ comfort. The commissioning
of the building envelope should also include the review of the overall projected
life of the systems and each one of their
components. For example, installing a
10-year screw in a 25-year cladding system tends to lead to premature replacement costs and avoidable headaches.

Exterior view of smoke testing a window assembly to identify gaps
in the air barrier.

THE WHO
All members involved in the construction process will, at some point, play a role
in the Cx process. This includes everyone
from the owner(s), to the prime consultant / architect, to structural engineers, to
mechanical and electrical consultants, to
building envelope consultants and the developer, to general contractors, sub-contractors and maintenance staff. The project’s commissioning agent (CxA) does
have a role but significantly leans on the
designers and installers to complete many
of the Cx tasks. The CxA and owner(s)
should also strongly consider including an
energy manager on the Cx team.
Stakeholders also have a critical role in
the Cx process. They need to develop, with
the help of the Cx agent and designers,

Interior view of smoke infiltration during testing.
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performance (i.e., maximum acceptable air changes per hour for the
building envelope).
• Cost considerations.
• Identify success criteria.
• Supporting information to justify
design choices and system performances.

Exterior view of water testing a window assembly.
what is known as the owner’s project requirements (OPR), which dictate much
of how the building is designed by various
consultants.
Based on ASHRAE Guideline 0-2013,
the OPR should include:
• Overall project goals.

• Measurable performance criteria for
each system. If you cannot measure
it, how do you know it is performing?
When evaluating the installed system, it
must either pass or fail (i.e., lights turn
on when someone walks into a room),
or meet a threshold of acceptable
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THE WHEN
The Cx process starts in the concept
phase and continues beyond the warranty
period of the building. The process starts
with the CxA and owner(s) developing the
OPR prior to the design process. It should
be clear to all designers what the owner(s)
is expecting from the building before the
design process begins.
The designers need to understand what
type of performance is expected. Performance requirements vary depending on the
owner(s), occupancy, and use. Performance requirements may be based on total
energy usage, greenhouse gases (not all
energy is created equally and can have
different greenhouse gas footprints and
costs), occupancy comfort, lighting requirements, indoor air control, etc.

n
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THE PHASES OF A
COMMISSIONING PROJECT
• Phase 1: Commissioning planning
(includes both pre-design and design),
construction, occupancy, and operation.
• Phase 2: Design (verify the basis of
design document with OPR, develop
a construction checklist, develop a
system manual, define training requirements, and commissioning focused
design review).
• Phase 3: Testing.
• Phase 4: Preventative maintenance
and
benchmarking
performance
(creation of a detailed maintenance
program; maintenance is key to energy
efficiency).
• Phase 5: To confirm everything works
accordingly, building operations will
be reviewed six to 10 months after substantial completion.
COMMISSIONING EXAMPLES
AIR ASSESSMENT:
Air assessment (to verify if the system
behaves as intended) is part of the commissioning process. One of the tasks is checking
equipment conditions. Verifying that the fans
in the rooftop units are correctly installed
should be part of the maintenance program.
This requires little or zero investment. Proper maintenance of air-handling equipment
can prevent energy waste and help ensure the
comfort of building occupants.
WHOLE BUILDING AIR LEAKAGE
TESTING:
Whole building air leakage testing has
gained traction in recent years. It is a great
way to test the air barrier system of a building as a whole. The process allows the Cx
team and building envelope consultants to
test the performance of the air barrier and
identify and rectify any deficiencies.
Various standards and performance
requirements can be specified for the air
barrier and should be determined early
in the design process. The owner(s) and
prime consultant typically work with the
building envelope consultant to determine specific air barrier performance criteria that works for all parties or that have
been mandated by a jurisdiction having
authority. A tighter air barrier system may
require changes to the building envelope
design and could potentially increase construction costs.

Roof thermography identifying compromised roofing assembly, otherwise unobservable
without cut-tests.
During testing, all intended openings should be sealed. Retesting without seals at these openings can be
performed to test performance of the
dampers. In high-rise buildings that are
already occupied, testing of one floor
at a time can be completed if zero pressure difference is maintained between
adjacent floors.
ROOFING PREVENTATIVE
MAINTENANCE:
Preventative maintenance on the roofing system should be considered during the
retrocommissioning or recommissioning

of an existing building. As with any Cx,
retro and recommissioning are processes
to ensure building systems are operating
optimally to meet current occupant needs
(CanmetEnergy, Natural Resources Canada, 2008). Most roofing issues do not
happen overnight and can be addressed if
regularly reviewed. Often, issues are easily fixed and caused by blocked roof drains.
Typical deficiencies may include membrane blisters, membrane ridges, wind
scouring effects, membrane shrinking /
tenting, debris, blocked drains, unsealed
penetrations, degranulation, “oil-canning” of metal panels, open seams, and
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With technology advancement, condensing boilers and
furnaces are reaching higher efficiency ratings and the limits
of energy efficiency are within sight. Instead of focusing on
efficiency, the construction industry has wisely shifted its
priority toward energy conservation.
punctures. Even a simple visual review of
the roof with a checklist to note severity of
degradation can be part of the Cx process.
Reviewing the drying patterns can provide
valuable information on the performance
of the roof drainage system.

Replacement specifications can include a maintenance protocol and may
have been part of the design requirements
highlighted early in the process. Frequency of maintenance depends on the
age of the roof, building size, usage, and

type of roof. A visual review of the roof
should be completed at a minimum of
twice per year. Thermographic analysis of
the roofs should be completed every five
years.
The aforementioned should be part of
the preventative maintenance plan and
also part of the Cx plan because it ensures
the roof system is performing as intended.
It should also be highlighted that the roof
system may consist of many other systems,
like air barrier, weather / water barrier,
vapour barrier, and thermal barrier.
SUB-SOIL GASES:
Some jurisdictions are now mandating sub-soil gas mitigation systems in new
buildings. The design and construction of
these systems can be completed with little
investment, compared to the overall cost
of the building, but can have a huge effect
on occupant health. Radon, for example,
can be easily mitigated by using a few small
fans, perforated piping, and gravel. For
more information on radon, take a peek
at Pinchin’s article, Recognizing Radon in
the Building Envelope: How to Control it &
Protect Yourself, in the Spring 2017 edition
of Pushing the Envelope Canada (www.
obec.on.ca/pte-newsletter). It is no longer
acceptable to install the system and assume
it is working properly. Testing for radon is
required before and after activation of the
system to ensure it is actually performing
and maintaining radon levels within acceptable levels. Like many other systems,
testing should be completed to ensure the
system is working as intended, and there is
no way of knowing this until the building
is constructed and the system is operating.
HVAC / CONTROLS:
The Cx agent will review the overall
designs to ensure they meet the OPR. Say,
during the review process, the Cx agent observed that the garbage room in the basement of a new mid-rise construction was
designed with two independent HVAC systems. Heating was provided by a hydronic
unit heater and cooling was provided via
an air-handing unit and direct expansion
coil. This would not necessarily be an issue,
other than the fact that two independent
thermostats controlled each system and
are not communicating with each other.
During the warm summer months, it is
conceivable that the building operator
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would decrease the temperature set-point
for the air conditioning. If the temperature
set-point is not readjusted during the winter months, and there is no buffer between
the heating and cooling, both systems may
be operating at the same time, fighting to
maintain their set-points. In this case, the
Cx process was able to avoid excess wear
and tear on both HVAC systems and likely had a positive impact on the ongoing
operating costs, maintenance, premature
equipment failure, warranty call-backs,
and occupant comfort.
OVERALL PHILOSOPHIES
Earlier in this article, we discussed the
current emphasis on commissioning of
the building envelope. As the system that
keeps the outside out and the inside in, it
has the largest influence on the energy use
of the building. With technology advancement, condensing boilers and furnaces are
reaching higher efficiency ratings and the
limits of energy efficiency are within sight.
Instead of focusing on efficiency, the construction industry has wisely shifted its
priority toward energy conservation.
Focusing on energy conservation from
the early stages of design provides benefits
throughout the life of the building. With
a smaller energy requirement for indoor
comfort, HVAC systems can be reduced in
size, overall energy costs will be reduced,
and equipment will have to cycle less frequently, reducing maintenance costs and
extending the overall life of the building.
BENEFITS OF COMMISSIONING
The benefits of a properly commissioned building will last the life of the
building, ensuring the owner(s) receive the
building that was paid for and allowing it
to operate at peak performance. Generally speaking, an issue discovered, resolved,
and avoided during the commissioning
process pays for the Cx process itself.
As a result of building commissioning,
buildings and systems can function as intended, operators are able to know how to
operate the building in the most optimal
way, occupant comfort can be improved,
energy consumption can be reduced,
and the life of building systems can be
extended.
n
Zacharie Doerr is a senior project
manager in the Building Science and

Fume hood testing.
Sustainability group with Pinchin Ltd. Doerr received his Master of Applied Science
and Bachelor of Applied Science degrees in
mechanical engineering from the University
of Ottawa. He is a professionally licensed
engineer and has been trained in HRAI residential air system design and building condition assessments. Doerr has experience
providing warranty inspections and quality
assurance reports while managing multiple
construction projects focused on restoration
work and construction audits for new residential construction. As a project manager with Pinchin Ltd., Doerr is responsible
for proposal development, developing and
managing project budgets, allocating work
among team members, maintaining client
relationships, and providing technical input
to projects.
Paul Frasie is senior project manager
with the Building Science and Sustainability group at Pinchin Ltd. He has over 15
years of consulting experience in mechanical engineering, construction, and project

management with involvement in health
care, institutional, commercial, industrial,
and multi-unit residential building types.
Frasie is a professionally licensed engineer
and has a Master of Engineering degree
from the University of Toronto.
RESOURCES
ASHRAE offers several resources
to help guide your team through this
critical phase of a construction project,
including:
• Commissioning Stakeholders’ Guide
• The Strategic Guide to Commissioning
(FREE)
• Standard 202-2018 – Commissioning
Process for Buildings and Systems
• Guideline 0-2013 – The Commissioning Process
• Guideline 1.2-2019 – Technical Requirements for the Commissioning
Process for Existing HVAC&R Systems
and Assemblies (NEW)

Pushing the Envelope Canada 41

42 Spring 2019 • Ontario Building Envelope Council

nn

n NEWS AND VIEWS

BEC
Roundup
BCBEC LEARNS ABOUT MEETING
BYLAW PERFORMANCE TARGETS
On March 21, the British Columbia
Building Envelope Council hosted a luncheon seminar in Vancouver on R30+ Effective Roofs in Residential Construction in BC.
An increased level of thermal performance is becoming necessary as part
of energy performance improvements required by the BC Energy Step Code and the
Vancouver Building Bylaw. Each building
and construction project is different and
presents unique challenges and considerations. This presentation provided an overview of potentially applicable assemblies
to meet the bylaw performance targets
for compact (non-attic) roofs on lowrise, wood-frame, detached and semi-detached homes and townhouses in British
Columbia.
The educational seminar was presented by Lorne Ricketts, M.A.Sc., P.Eng.,
RDH Building Science Inc. Ricketts is a
principal and Building Science Specialist
with RDH Building Science Inc. who specializes in new construction, investigation,
research, and education projects. He recently led the development of the Illustrated Guide to R30+ Effective Vaulted & Flat
Roofs in Residential Construction.
ABEC & GAMA LOOK AT LIEN
LEGISLATION
On April 9, the Alberta Building Envelope Council and GAMA jointly hosted
a meeting at the Winston Golf and Country Club that focused on CSC Calgary –
Builders Lien Act.
The presentation, put on by E. Jane
Sidnell, partner, Rose LLP, covered the
following topics:
• Overview of lien legislation;
• Lien creation and preservation;
• Holdback;
• Trust claims; and
• Practical application.

Sidnell has extensive experience working with projects from inception through
completion and beyond. Commencing
with project strategy, Jane works with
clients to plan project execution, draft
contracts, and resolve disputes. She is a
seasoned litigator and has appeared in
all levels of court, including the Supreme
Court of Canada, and she has acted in all
types of construction, builders’ liens, surety, tender, and product liability cases.
As a proponent of alternative dispute
resolution, Sidnell has acted as counsel in
mediations and arbitrations and has been
appointed as a mediator and an arbitrator
in construction and development-related
disputes.
MBEC EXPLORES ASTM AIR
TIGHTNESS
On January 16, the Manitoba Building
Envelope Council hosted a presentation
on ASTM Air Tightness. Held at Red River College’s (RRC) Princess Street Campus, the event addressed the proposed
adoption and implications of the requirements for whole building airtightness testing in the 2020 National Energy Code for
Buildings.
Since 2013, RRC’s Building Envelope
Technology Access Centre (BETAC) has
been conducting research on this subject
and has tested over 50 large buildings
ranging from 100-year-old churches to
new schools. These studies have helped
BETAC establish baseline air leakage rates for a variety of building types
and provided insight on the impact and
cost-effectiveness of air leakage sealing
retrofits.
This presentation by Cory Carson, a
mechanical engineering research technologist at RRC and a Level II IR Thermographer, and Kevin Knight, a research professional at RRC and a building enclosure
authority with over 35 years’ experience

in testing and commissioning, discussed
some of the unique problems associated
with conducting airtightness testing on
both unoccupied and occupied buildings
such as Multi-Unit Residential Buildings.
It also touched on how this research has
contributed to the writing of the Air Barrier Association of America’s standard
and the new ASTM E3158 standard test
method for determining the air leakage
rate of large or multi-zone buildings.
QBEC EXPLORES
WATERPROOFING OF
UNDERGROUND STRUCTURES
On February 27, the Quebec Building Envelope Council held a seminar on
waterproofing of underground structures
and determining the most appropriate
system. The presentation by Nicolas de
Moncuit began with a review of the definitions of water repellency, waterproofing
and the various terms used.
Then, attendees were asked to
consider:
• How does water seep through a foundation?
• Is drainage necessary, sufficient, or
optional?
• What principle of waterproofing
design is recommended?
• What are the reference standards?
• What are the different waterproofing
systems available?
It was an educational presentation for
all in attendance, as de Moncuit has over
30 years of experience in the construction
industry. As a specialist in the building
envelope, he began his career in France,
heading the waterproofing of radioactive
element storage buildings on the largest
European shipyard of the time, a nuclear
waste reprocessing plant. He also participated in several major projects, including
the Palais des Congrès de Nantes and the
Stade de France.
n
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Upcoming
Events
CANADA
GREEN HOMES SUMMIT
PUT ON BY THE CANADA GREEN BUILDING
COUNCIL, ALBERTA CHAPTER
April 5, 2019
Red Deer, Alberta
The CaGBC Alberta Chapter Green Homes Summit is a one-day, regionally-focused education session
focusing on residential construction, covering both
single-family homes (including townhomes and various
attached styles) and multifamily projects up to the mid-

BUILDEX ALBERTA

BUILDING INNOVATION 2019, CONFERENCE

rise level (up to 12 storeys), and will include sessions on

November 6 to 7, 2019

& EXPO

LEED® Canada for Homes, and many regional energy

Calgary, Alberta

January 13 to 16, 2020

and green building standards.

BUILDEX Alberta is an event that will enable

Washington, D.C.

www.cagbc.org/CAGBC/Chapters/Alberta/Events/Al-

architecture & design, construction, and property

Plan to be at the National Institute of Building Sciences

berta_Green_Homes_Summit_2019.aspx

management professionals to immerse themselves in

8th annual conference and expo, as it unites the industry

dialogue and build community, providing a meaningful

to present A Vision for a Better Built Environment. At-

THE SMART CITIES EXPO WORLD FORUM

platform for industry advancement. With more than

tend to see innovators share ideas, initiatives, practi-

April 20 to May 1, 2019

200 exhibits and over 40 educational seminars, BUILD-

ces, and policies to optimize building performance and

Toronto, Ontario

EX Alberta attracts 4,000 attendees annually.

sustainability. Collaborate with colleagues, learn from

www.buildexalberta.com/en/home.html

leaders, and strategize with stakeholders from across

Smart Cities Expo World Forum combines the

the entire community. Don’t miss a compelling pro-

power of collocated conference with state-of-the-art
expo floor in order to educate people on smart cities

THE BUILDINGS SHOW

gram designed to engage all disciplines for advancing

and urban planning technologies, strive for innovation,

December 4 to 6, 2019

innovation in building science and technology.

promote business and connect thousands of attendees

Toronto, Ontario

www.nibs.org/page/conference2020

from around the globe. We aim to provide a platform

The Buildings Show offers an unforgettable ex-

where public business managers, directors, urban ad-

perience as North America’s largest event for prod-

WORLD OF CONCRETE 2020

ministrators, and international authorities responsible

ucts, services, educational programming, and profes-

February 4 to 7, 2020

for developing urban policies can offer their services for

sional networking through an immersive and unique

Las Vegas, Nevada

the development of smart cities.

experience through larger-than-life, dynamic exhibits,

World of Concrete was introduced to the com-

www.smartcitiesexpoworldforum.ca

thought-provoking educational discussions, and innov-

mercial construction industry in 1975 and has grown

ative product showcases.

to become the world’s largest annual international

www.thebuildingsshow.com/en/home.html

event dedicated to concrete and masonry professionals,

THE MANITOBA BUILDING EXPO

showcasing over 1,500 exhibiting companies and 58,000

October 29, 2019
Winnipeg, Manitoba

INTERNATIONAL

registered industry professionals in more than 745,000

THE 2018 BUILDING PERFORMANCE

net square feet of exhibit space.

ucts and technologies for commercial and institutional

ANALYSIS CONFERENCE & SIMBUILD

www.worldofconcrete.com/en/attendee.html

buildings, and a terrific learning and networking oppor-

September 25 to 27, 2019

tunity for industry professionals. You will not want to

Denver, Colorado

This is premier showcase for all the latest prod-

miss it! You can attend the Expo FREE of charge – net-

Co-organized by ASHRAE and IBPSA-USA, the

work with industry experts and get all the latest prod-

goal of this conference is to promote networking and

uct news and trends. The Manitoba Building Expo is a

present new techniques and workflows that will help

partnership of the Winnipeg Construction Association

practitioners make better decisions during the simula-

and the Building Owners and Managers Association.

tion and modeling process of an entire building life cycle.

www.manitobabuildingexpo.com

www.ashrae.org
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SET YOUR
SIGHTS ON
THE STARS!
The Ontario Building Envelope
Council (OBEC) is excited about a
new award that will honour industry
professionals who set their sights on
the stars!
The OBEC Rising Star Award will
be given out biennially to recognize
individuals
who
demonstrate
exceptional knowledge of the design,
construction, and performance of
the building envelope.

Envelope Canada,

NOMINATIONS FOR
THE 2019 RISING STAR
AWARD ARE NOW
OPEN! NOMINATIONS
MUST BE SUBMITTED
BY SEPTEMBER 1, 2019.

call (866) 999-1299.

CHECK WWW.OBEC.ON.CA
FOR DETAILS.

in our next issue! To
advertise in the fall
edition of Pushing the
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