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Message from the
President
OBEC President
Ian Miller, P.Eng., LEED AP, CCCA
Project Principal
Branch Operations Director
Pretium Anderson Building Engineers

A

s I write this message, the snow
is melting, and the contractors
are digging out their equipment
for another busy construction season.
Spring is in the air! As I take the reins
as president of the Ontario Building Envelope Council (OBEC), I see a really
bright future for our organization. Under
Marco Guzzo’s leadership, and with the
help of the rest of the board, OBEC has
experienced great success, and we’re
continuing to work for our members to
improve even more. We’re working hard
to make OBEC more accessible to all of
our membership in Ontario and beyond.
While our dinner meetings will still
most often be held in Markham, ON,
we have committed to holding at least
one meeting at a downtown Toronto location and one outside the Greater Toronto Area each year. Our webinars are
also well-established and are accessible
anywhere for anyone with an internet
connection.
For those looking to obtain their
designation as a Building Science Specialist of Ontario (BSSO), that process is
also more approachable for those outside
the Toronto area. Formerly only available through the University of Toronto,
we have changed the process for achieving BSSO designation, allowing applicants to self-study and demonstrate their
knowledge through a series of exams. Experts across Ontario and beyond can now

Working Together to
Better our Community
and Expand our Reach
OBEC 2018 BOARD OF
DIRECTORS
obtain this designation and participate
with OBEC to help maintain it.
In 2017, OBEC launched its scholarship program. Huge congratulations go
out to the first recipients of the award,
Peter Oliveira and Junmeng Liu. Peter
is an undergraduate student at the University of Waterloo, graduating this year
from its civil engineering program and
having worked co-op placements at several building science consulting firms.
During his time in Waterloo, along with
three other students, Peter co-founded
the University of Waterloo Habitat for
Humanity Campus Chapter and Design
Team as a way to blend building science
with giving back to the community. Junmeng Liu is a Master’s student at Ryerson University who is working on a thesis
focusing on post-occupancy performance
evaluations and the role of the building
envelope. Junmeng also has professional experience working in building science consulting from co-op placements
during his undergraduate degree. Congratulations to both Peter and Junmeng
for their scholarship wins, which include
a monetary prize, OBEC membership,
and mentorship from a building scientist
in the OBEC community. I foresee them
both being preeminent members of the
building science community in the coming years.
We have a wonderful line-up of informative articles for you in this issue of
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OBEC has
experienced
great success,
and we’re
continuing to
work for our
members to
improve even
more.
Pushing the Envelope Canada. Alon Gold
and Pravin Pai of Stephenson Engineering Ltd., offer some insight on coatings
and penetrants for concrete and masonry
walls in their article on page 19. While
liquid-based coatings and penetrants can
offer building owners solutions for maintaining the service life of their cladding
systems, it is important to understand

how incorrectly choosing a liquid-based
product can adversely affect the performance of the cladding and the entire wall
assembly.
On page 27, David Wach of Engineering Link Inc. discusses how a low-energy
retrofit of a downtown Toronto heritage
building, Gemini House, has become an
inspiration for future designers to find
new ways to implement old ideas while
conserving energy and historic charm at
the same time.
Mike Rekker of Tacoma Engineers
Inc. and Robert Mitchell of Davenport
Architectural Corp. highlight a recent
project that involved restoring an historic log church in Oro-Medonte, ON to
its former glory in their article on page
33. Completed in 1849, the Oro African
Episcopal Methodist Church is a designated national historic site of Canada.
It represents the role Black militiamen
played in the defence of Upper Canada
during the War of 1812 and early Upper
Canada land policy. Mike and Robert
discuss the nature of this heritage restoration project.
On page 40, Zacharie Doerr and Kyle
Sillike of Pinchin Ltd. highlight the importance of designing for cold climates
on the inside of an enclosure. Whether
it’s a cold wall in an ice rink, a curling
club, or a walk-in freezer, it is crucial to
plan for how the cold wall will interact
with the indoor environment. Zacharie and Kyle also discuss the best way
to mitigate condensation and mould

n

n UP FRONT

growth resulting from inadequate thermal barriers surrounding these indoor
cold areas.
Rounding out this issue, senior specification writer, Jared Cardiff of Perkins+Will, Inc., provides some advice (on
page 44) when it comes to best practice
for specifying for building science. There
is a wide variety of opinions, preconceptions, and misunderstandings of what
specifications are and what role they play
in the design process. From general requirements, to requirements for product
selection and fulfillment, Jared covers
all aspects of technical specification in
construction documents to ensure both
project success and quality in building
envelope systems and components.
In closing, I would be remiss not to
thank Marco Guzzo for his service as
the president of OBEC during the past
couple of years. Marco did an outstanding
job and he continues to assist the board
in his role as past-president. I would also
like to thank Scott Wylie for his years of
service as an OBEC board member. Scott
stepped down from the board this year
after many years of volunteering. As I’m
sure most of our readers know, OBEC is
a volunteer organization, and all of our
board members and committee members
graciously volunteer their time to help
us better our community. We are always
looking for more help. If you would like
to get involved with OBEC or would like
to share your ideas, please e-mail us at
info@obec.on.ca.
n
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Important Changes to the Educational Requirement of the Building
Science Specialist of Ontario (BSSO) Designation

OBEC is continuously looking to improve access for all members who wish to obtain their BSSO designation.

OBEC is now introducing a series of professional examinations which will allow members to
demonstrate that they meet the educational requirements of the BSSO designation.

While there are a number of reasons for this change, the primary reason for developing these standardized
exams is to provide opportunities for OBEC members across Ontario to achieve the BSSO designation. To
further broaden access to the educational foundation for the BSSO, OBEC is also working with colleges and
universities across Ontario to provide more options for building science education.

How many exams are there?

There are three exam sessions each offered once per year.

The 2018 exams are scheduled as follows:
Building Science Theory . . . . . . . . . . . . . . . . . February 9, 2018, 1-4pm
Building Envelope Systems . . . . . . . . . . . . . . May 11, 2018, 1-4pm
Materials & Mechanical Systems. . . . . . . . . . . October 19, 2018, 1-5pm (2 two-hour exams)
A minimum final exam mark of 65% must be achieved in each of the above-noted exams to be considered a “pass”.

What will the exams cover and how can I prepare for them?

Detailed learning objectives and reference material posted on the OBEC website list everything you need to know to self-study
for the exam.
For an in-class experience, the School of Continuing Studies at the University of Toronto will continue to offer the Building
Science Certificate program, which teaches the fundamentals of building science and building envelope design and can help
you prepare for the exams. OBEC has collaborated with the School since 2009 to create courses that are relevant to industry
standards and can assist learners in achieving their professional designation.

Where can I write the exams?

Exams will be written simultaneously at centres in Toronto, Ottawa and Waterloo (see the BSSO Exam Application on the OBEC
website for specific exam centre locations and addresses). Additional locations will be added based on demand throughout the
province.

What if I’ve already started the Building Science Certificate program at the
University of Toronto’s School of Continuing Studies?

You may continue your studies as planned or choose the self study option. The “BSSO Designation Options until July 2018”
document on the OBEC website details the various paths to achieving your BSSO during the phase-in period from January 1,
2017 until August 1, 2018. From August 1, 2018 onwards, the OBEC exams will be the only way to achieve the educational
requirement of the BSSO.
For more details on exam registration, fees, cancellation and marking, please visit the OBEC website www.obec.on.ca

The BSSO (Building Science Specialist of Ontario) Professional Designation
The BSSO was introduced to further OBEC’s
(Ontario Building Envelope Council) commitment
to raising the level of professionalism within the
Building Science practitioners community.
Obtaining the prestigious BSSO designation
signifies a high level of knowledge and capability
in Building Science theory and practice by
meeting strict educational and practical
requirements set forth by the BSSO Advisory
Board.

By achieving the BSSO designation you:
Confirm your broad competency and mastery of theoretical and practical Building Science
knowledge required to maximize value to your organization and clients;
Better position yourself for career advancement and greater earning power;
Demonstrate your commitment to continued professional development
and to upholding the highest level of professional ethical standards.

obec.on.ca
OBEC Designation Ad-V2.indd 1

2016-03-10 5:55 PM
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Coatings and
Penetrants for
Concrete and
Masonry Walls
By Alon Gold, P.Eng., LEED AP, Senior Project Manager, Stephenson Engineering Ltd. &
Pravin Pai, P.Eng., Associate, Head of the Building Envelope Department, Stephenson Engineering Ltd.

W

all and cladding systems constructed of concrete and masonry are durable, economic and
well-established building envelope systems
in Ontario. Although durable to changes
in weather and environment, concrete and
masonry are porous materials. The pores
allow water to enter the material, resulting
in cracking, weathering, and spalling from
freeze-thaw cycles. Liquid-based coatings
and penetrants offer building owners options and solutions for maintaining the service life of their cladding systems.

In some cases, applying a liquid-based
product can improve the service life of the
cladding system. On the other hand, incorrectly choosing a liquid-based product
can adversely affect the performance of
the cladding and the entire wall assembly.
PAINTS AND COATINGS
Although they are often used interchangeably, paints and coatings are not
the same thing. In building cladding applications, a coating is a liquid-based,
film-forming product that is applied to

A masonry wall with a
sealer application.

the surface of a substrate, typically to
protect it from the environment and / or
to improve the substrates’ appearance. A
coating adheres to and forms a continuous film on the surface of the substrate.
Surface preparation is critical to achieving
a satisfactory adhesion of a film-forming
coating, and these products should only be
applied to dry, clean, and sound surfaces.
Many of the ingredients in coatings are
polymers and, depending on the type of
polymer used, coatings can be classified
as paints, varnishes, enamels, etc.1 Simply
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Paint applied to a concrete wall to improve aesthetics.
put, paint is a type of coating. For example,
acrylic-latex paints are frequently applied
to concrete surfaces to improve their aesthetics. For improvements to durability,
function and performance, specialized
elastomeric, epoxy, or chemical-resistant

products are used, often referred to as
“high-performance coatings”. 2
If paints are a type of coating, why are
some products labelled as paints while
others are labelled as coatings? The answer lies in two parameters: per cent solids;
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and film thicknesses. Paints are most often
applied to improve the substrates’ appearance and are often less than 50 per cent
solids by volume (or weight). The photo
on this page is an example of a repainted
concrete wall, which improved the wall’s
aesthetics. Conventional paints are wateror solvent-based and cure by evaporation
(drying). A conventional coating of paint
is applied at five wet mils (one mil = 0.001
inch) and will dry to only about half that
thickness, leaving a relatively thin film.
Some specialty paints may be epoxy-based
or contain higher percent solids. This results in paints with enhanced features,
such as corrosion or abrasion resistance.
However, the dry film thickness is not
significantly increased over conventional
paint.
Paints greater than 50 per cent solids
and film thicknesses greater than 15 wet
mils are often referred to as “high-performance coatings.” In building cladding applications, elastomeric coatings
are frequently applied to cast-in-place
concrete and precast concrete wall and
cladding assemblies to improve the concrete’s durability to the environment. In

n

the photo on this page, elastomeric coatings are applied to exposed shear walls
and slab edges where freeze-thaw cycles
may damage the exposed concrete surfaces. As the name suggests, elastomeric coatings contain elastomer polymers,
which are capable of varying degrees of
deformation.3
The deformation properties provide
protection to the substrate from the environment and improve the substrates’
appearance. Deformation capabilities are
typically measured in percent elongation
and crack bridging (mils). When comparing and specifying elastomeric coatings,
attention needs to be paid to the coating’s minimum number of applications (or
lifts). Most elastomeric coating manufacturers require total system applications of
minimum 30 wet mils in order to achieve
the specified deformation properties.
Beyond elastomeric and other
high-performance coatings, Masterformat categorizes all remaining building
cladding coatings as “special.”4 Among
this group, cementitious coatings are
used for limited building cladding applications. Cementitious coatings contain
Portland cement, among other additives,
which provide the substrate with a durable and weather-resistant barrier. Due
to the cement-water reaction in these
products, per cent solids are not a measured parameter. Similar to elastomeric
coatings, cementitious coatings typically
need to be applied in more than one lift
in order to achieve the product’s performance characteristics. Total thicknesses vary but are typically approximately 80
wet mils.
Unlike concrete, not all coatings are
appropriate for brick masonry walls.
Almost all coatings that are applied to
brick masonry walls will change the wall’s
physical properties. Prior to selecting a
coating for a masonry wall, consultants
must consider a wide range of variables
such as vapour transmission and water
repellence, durability, and compatibility
with the substrate. Other properties to
consider include gloss, graffiti resistance,
volatile organic compound content, and
environmental considerations. The photo
on page 23 is an example of a brick masonry wall with a painted finish. Regardless of the variables, a hygrothermal performance analysis must be performed to

n
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An elastomeric coating applied to shear walls and slab edges.
determine whether the coating will affect
the durability of the wall assembly over
the long-term. Generally, it is not recommended to apply film-forming coatings to
brick masonry walls located in climates
that experience freeze-thaw cycles, although many building owners apply coatings anyway.
PENETRANTS
Sealers and stains are both liquid-based, silicon-containing products
that penetrate into the substrate’s surface. Sealers for cladding and wall applications are classified as water repellents
in Masterformat,5 of which silanes and
siloxanes are the two most popular. They
are typically clear in appearance and are
designed to penetrate into the concrete or
masonry substrate and provide a limited
amount of protection from rain, chlorides and acids. The photo on page 19 is
an example of a brick masonry wall with
an applied sealer. Penetrants have been
measured to enter up to 10 millimetres
into brick masonry and do not rely on the
formation of surface films.
Cladding stains (or tints), on the
other hand, are considered “special
coatings”.6 Similar to sealers, stains
penetrate into the concrete or masonry
substrate and modify the substrate’s existing colour. Some stains also provide
resistance to ultra-violet light and have
water repelling characteristics. For both

sealers and stains, their composition
is limited to no solids content. Due to
their penetrating nature, film thicknesses are not measurable. The photo
on page 24 shows an example of a tint
applied to a brick masonry wall (background building), making the colours on
all elevations appear similar.
Water-repellent coatings are sometimes recommended by consultants to reduce the amount of water that penetrates
into brick walls (mass walls), especially
in climates that receive large amounts of
rainfall. Rain screen walls, such as brick
masonry veneers or cavity walls, are designed to accommodate water penetration into a drained cavity without damage to building components. Water-repellent coatings may be applied to assist
the wall against water penetration due to
imperfections inherent in the cladding’s
construction.
Water-repellent coatings can also be
applied to existing brickwork experiencing water penetration problems. However, water repellents cannot bridge gaps
wider than 0.5 millimetres. Prior to applying the product, the source of the water
penetration should be determined, and
necessary repairs should be completed.
Common sources of water penetration
into masonry walls include caps and copings, flashing, weepers, sealant joints, and
mortar joints. Most importantly, the poor
design or execution of details can be the
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A painted brick masonry wall.
most problematic source of water infiltration. Repairs or replacement of missing,
failed, or deteriorated components
should be completed prior to applying any
penetrants.
VAPOUR TRANSMISSION
Water can occur in three states: liquid,
solid, and vapour. Nearly all materials
(and assemblies) have some ability to
resist vapour movement when there is a
pressure differential across it. With respect to this article, the pressure differential is between concrete or masonry
cladding assembly and the exterior atmosphere. Resistance to vapour movement is
a material’s permeability (permeance per
unit of thickness).7 Generally, small perm
values indicate greater resistance.
ASTM E96 provides a standard testing method to determine the permeability of materials. Manufacturers are
required to perform their own testing to
determine their product’s permeability,
typically in accordance with this standard. The National Building Code of
Canada’s requirements for vapour barrier (Part 9 of the Code) are materials
with a permeance of not greater than 60
perms (ng/s·m2·Pa).8 Some polyethylene
films used as vapour barriers have perm
values as low as two perms.9 For cast-inplace concrete, permeability varies greatly, depending on the water / cement ratio,
additives, and aggregates. Conventional

concrete (unreinforced) has a permeability of 24 perms. One-hundred-millimetre-thick clay brick masonry units
have permeability values of approximately 46 perms.10
Conventional
paints
appropriate
for concrete substrates are considered
semi-permeable, with wide-ranging permeability values between 280 to 1,500
perms.11 Elastomeric coatings are also
semi-permeable, with permeability values
of 850 perms or less. The perm values may
also change with the number of coating
layers applied and the thickness of each

layer. Some paint and coating manufacturers will claim that their products are
“breathable” or “waterproof.” Based on
the wide-ranging perm values described
above, incorrectly applying a product
that claims to be “breathable” onto a rain
screen can have major repercussions on
the substrate.
WHAT DOES THIS ALL MEAN?
Concrete has a tendency to crack,
even in cladding applications. The risk of
shrinkage cracking can be reduced through
proper curing methods after the concrete
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A masonry wall with a tint application.
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is placed. After construction, concrete can
crack from weather and environmental
changes. Cast-in-place or pre-cast concrete is relatively impermeable. However,
once concrete cracks, a path for vapour
transmission is created. Paints generally
provide concrete with aesthetic improvements and limited weather and environmental protection due to their thin application thickness and limited resistance to
movement. Elastomeric coatings provide
concrete with aesthetic and limited durability improvements to weather and environmental changes.
In the case of cracked concrete, the
elastic properties in elastomeric coatings
can provide some protection to the substrate by bridging cracks, depending on
the crack width. Ultimately, elastomeric
coatings will be better at improving the
service life of concrete than conventional
paints. Elastomeric coatings are generally
more expensive to purchase than conventional paints. In addition, paints and elastomeric coatings typically require two or
more application lifts, which can result in
increased labour costs.

n

With respect to cementitious coatings,
the concrete substrate needs to be carefully prepared to ensure an adequate bond.
Poor preparation or inaccurate product
mixing could lead to the coating delaminating from the substrate. These coatings
are rarely installed on building cladding
systems and are more often used to protect exposed foundation walls.
There are many reasons to apply coatings to brick masonry walls, including aesthetics, reduction in water absorption, or
facilitation of future surface cleaning. The
selection of a coating for masonry should
be based on the material substrate, life
span, and other criteria set by the consultant. When choosing a coating for a masonry wall, the intent is that the product
soaks into the substrate’s porous surface
and cures within it. This is preferred over
simply sticking to the surface (mechanical bond). Regardless, coatings will not
allow moisture within the wall assembly
to escape naturally. In time, this trapped
moisture will cause the coating to lift,
crack, and peel. This deterioration in the
coating will require the building owner to
consistently implement expensive maintenance programs. Preferred coatings
should be breathable (with appropriate
perm value), allowing the wall’s internal
moisture to evaporate normally.

in the review, analysis, and restoration of
buildings, particularly parking garages, podium decks, balconies, and other structural
building components. Alon is a graduate
from McMaster University and has been
working in the construction and consulting
industries for 10 years.
Pravin Pai, P.Eng., is an associate and
heads the building envelope department at
Stephenson Engineering Ltd. Pai specializes in failure analysis, thermal and moisture
management analysis of building envelopes for restoration, and new construction
projects.
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CONCLUSION
In Ontario, wall and cladding systems
constructed of concrete and masonry are
regularly exposed to harsh environmental
conditions. There are varieties of coatings
and penetrants specifically designed for
concrete and masonry surfaces. However,
not all coatings and penetrants provide
solutions for maintaining the service life
of cladding systems. Cast-in-place and precast concrete walls can receive paints and
coatings, although not all products will
necessarily provide environmental protection. Paints and coatings should generally be avoided on brick masonry walls.
If a building owner is looking to enhance
the building’s appearance or improve its
water-repelling abilities, consultants need
to carefully consider the appropriate coating or repellent. 
n
Alon Gold, P.Eng., LEED AP is a senior
project manager at Stephenson Engineering
Ltd., in the Toronto office. He specializes
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Inspiring Future Designers
with The Low-Energy Gemini
House

By David Wach, M.A.Sc., Engineering Link Inc.

O

ne is immediately struck by the building known as the Gemini House if
they have an appreciation for the
heritage fabric that weaves itself through
areas of downtown Toronto. Originally built
in 1879, the building, which is located at 31
Sussex Avenue, is owned by the University
of Toronto and was renovated as part of a
collaboration project between researchers
at Ryerson University and the University of
Toronto. Prior to renovation, it was largely
in its original, uninsulated state. Cool and
drafty, the Second Empire-style masonry
home was uncomfortable during the winter.
Increasing the energy performance of the
building was desired, as the building lacked
thermal insulation and had a high rate of air
leakage.
Retrofitting the detached home to be
low-energy would prove challenging, as the
house was listed as an historic property in
the City of Toronto. The external appearance of the façade had to be maintained.
An innovative way to increase the energy
performance of the home was required,
and the approach ultimately chosen by the

researchers was the Nested Thermal Envelope DesignTM. In this configuration, two
envelopes were constructed, one within the
other, creating a core zone within a periphery zone.
The core space includes rooms used
on a daily basis (kitchen, living room, bedroom, and bathroom), while the periphery
spaces (formal dining room, guest bedroom,
and basement), are kept at a minimal level
of heat but can be warmed if desired. The
result of the renovation is a demonstration
building that has proven to be an inspiration
for future designers interested in low-energy
retrofit solutions for buildings with heritage
considerations.
Major changes to the existing building envelope were required. The original
walls were constructed using double-wythe
clay brick and were finished with lath and
plaster at the interior. To maintain the appearance of the façade while improving the
energy performance of the home, the walls
had to be insulated at their interior. At the
Gemini House, approximately eight inches of closed-cell spray foam insulation was

installed inboard of the brick masonry during the renovation. The exterior façade was
restored with a pointed attempt to conserve
its heritage elements, including restoration
of the brick masonry and original windows
at the primary elevation. Key ornamental
interior features were also maintained.
INTERNAL INSULATION AND WALL
DURABILITY
Internally insulated walls reduce the
amount of heat transfer through the solid
masonry structure during the heating season. This means there is less energy available to dry moisture that has accumulated
in the masonry wall. Thus, internally insulated walls are colder and damper. Cold and
damp masonry walls may be less durable.
Durability issues include an increase in frequency of spalling due to osmotic pressures
and freeze-thaw action. As well, wood floor
joists or steel members that are embedded
in the wetter masonry may fail since wood
floor joists may decay and steel members
may corrode in high relative humidity environments. Prior to advances in brick
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The primary façade of the Gemini House, which was originally built in 1879. The building
is owned by the University of Toronto and was renovated as part of a collaboration project
between researchers at Ryerson University and the University of Toronto.

production in the mid-20th century, high
variability in the mechanical properties of
clay bricks existed, causing the properties
of bricks used in solid brick masonry walls
of historic buildings to be variable. Thus,
bricks in historic buildings are often more
susceptible to damage than bricks of a more
recently constructed building.
Thermal retrofits of solid masonry walls
often include the installation of spray foam
insulation directly to the interior face of the
masonry. In this configuration, when the
solid masonry wall gets wet, it can only dry in
one direction—to the exterior—as drying to
the interior is cut off by the low vapour permeability of the spray foam insulation. Due
to the age of the building, the brick masonry
at the Gemini House could be assumed to
be freeze-thaw susceptible. This assumption
was confirmed by laboratory testing of the
brick masonry properties before the retrofit
was designed. Additionally, floor joists were
embedded directly into the masonry walls
and would have been susceptible to decay as
the relative humidity of the air surrounding
the wood rose, resulting from the moisture
content rising and the temperature dropping within the brick masonry. Applying
spray foam insulation directly to the interior
of the solid brick masonry walls at the Gemini House likely would have reduced the
long-term durability of building’s structure.
To mitigate the impact to wall durability
when designing the Gemini House thermal
retrofit, a vented air space was implemented
at the wall’s interior. The vented air space
provided a secondary path of drying for the

Partially installed polypropylene mesh at the interior of a brick masonry wall prior to insulation installation.
Photograph by Ekaterina Tzekova.
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wall, which, in theory, would improve the
drying potential of the wall. Polypropylene
mesh was mechanically fastened to the interior of the masonry wall. In effect, this created a 12.5-millimetre air space inboard of
the solid masonry wall. Then, 25-millimetre
cavities, sloped to drain, were drilled into
the brick masonry every two feet around the
brick masonry at the top and bottom of each
floor, providing ventilation airflow by natural convection. Monitoring of the hygrothermal properties of the wall revealed the vented air space to have a net drying effect.
Alternate ways of providing a vented
air space were sought, as the installation
of polypropylene mesh can be expensive.
One option investigated at the University
of Toronto used air and vapour-permeable
mineral fibre insulation to assist ventilation drying. Preliminary laboratory tests
simulating inward vapour drives generated by solar heating were carried out with
one question in mind: Can air-permeable
insulation be used as a venting medium
in a wall assembly? The preliminary results indicated that ventilation airflow did
occur within the mineral fibre insulation
and the material did promote drying.

n
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Figure 1. Cross Section of the test apparatus.
LABORATORY TESTING: MOISTURE
REMOVAL BY VENTILATION
THROUGH MINERAL FIBRE
INSULATION
To quantify the effectiveness of the mineral fibre insulation functioning as a vented air space, further laboratory testing was
carried out with a refined procedure at the
University of Toronto.

The venting potential of mineral fibre
insulation was tested by creating a vapour
pressure drive from a moisture reservoir into
a cavity of a test apparatus loaded with mineral fibre insulation. A light array was used to
increase the moist pine siding board temperatures, creating a vapour pressure gradient
driving moisture into the test apparatus. The
quantity of moisture removed by ventilation
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Figure 2. Average Normalized Moisture Removal Rate - Mean of Set at Air Space Thickness.
was determined for each configuration. Figure 1 (on page 29) shows a cross-section of
the test apparatus used during the experimental program.
The tests were conducted using RSI4.2
mineral fibre batt insulation placed inside
the test apparatus. Various vented space dimensions were tested, including six-millimetre batt compression with no clear air space
(zero millimetres); no batt compression

with no clear air space (zero millimetres);
three-millimetre air space; and six-millimetre
air space. In some tests, the mineral fibre insulation was compressed by the pine boards
slightly, as they were installed to ensure intimate contact between the insulation and
the cladding. If ventilation drying did occur
during the experiment, the ventilation must
have occurred through the air-permeable insulation itself, as no clear air path otherwise
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existed in the test apparatus. Air spaces of
uniform thickness were added to the venting
configuration for comparison to the case with
no clear air space.
Using the gravimetric moisture measurements, the average rate of moisture removal
by ventilation during the six-hour test period
was determined for multiple samples of each
air space configuration. Since the average
stack pressure difference during testing varied slightly between samples, the flow results
were normalized by dividing the average rate
of moisture removal by the average stack
pressure difference to facilitate comparisons.
This latter step allowed the data to be compared on a per pascal pressure difference. A
summary plot of the average normalized rate
of moisture removed by ventilation for each
sample can be seen in Figure 2 (on this page).
The average rate of moisture removal
was 4.9 g/h/Pa when no clear air space was
provided in the venting configuration during
testing, leading to the conclusion that ventilation airflow was indeed occurring through the
mineral fibre insulation. Using this baseline,
and considering the three-millimetre air space
tests, it is likely that up to 4.9 g/h/Pa of the total
10.3 g/h/Pa of venting occurred through the

n

batt insulation, and the remainder occurred
through the air space. It can be inferred that
venting through the RSI4.2 (R24) mineral
fibre insulation is in the order of the venting
through a three-millimetre clear air space with
air impermeable boundaries.
The testing revealed that the drying potential of RSI4.2 mineral fibre insulation
was roughly equivalent to a three-millimetre
vented clear air space, in terms of venting
potential. Further, the results suggest that
combining the mineral fibre insulation with
a six-millimetre clear air space in the venting
configuration provides the ventilation necessary for drying solar-heated walls.
AN OPTION FOR DESIGNERS?
The laboratory tests examined the potential for mineral fibre insulation to act as a
venting medium in wall assemblies and have
shown potential as an option for designers of
interior thermal retrofits where wall durability
is a concern. When field applied, inconsistencies at the interior of a solid brick masonry wall
(roughness) can effectively create an air space
equivalent to three to six millimetres between
the mineral fibre insulation and the masonry.
It may not be required to purposefully create
a clear air space during construction, as long as
the mineral fibre insulation is not compressed
when installed at the interior of the masonry
wall. Additionally, the wall will experience a
greater pressure differential that drives ventilation airflow when wind pressure is added.
This can increase or decrease flow, depending
on the wind’s orientation as compared to the
orientation of the wall.
The material properties of wall components vary from building to building, even in
the same geographic location. To reduce risk
when internally insulating, designers should
consider the durability of wall components
when specifying retrofit insulations and

designing the wall configuration. Providing a
vented air space at the interior of solid masonry walls can help dry the walls, reducing
risk when susceptible wall assemblies are
insulated at the interior. Laboratory results
have shown promise for the use of air-permeable insulation as a venting medium in wall
assembly design. Next steps for the research
include field trials at existing solid masonry
walls to further test the potential for using
air-permeable insulation as a venting medium and compare it to the approach used at
the Gemini House.
CONCLUSION
Research demonstration projects such
as the Gemini House renovation can inspire
new ways to implement old ideas. The physics of moisture movement and its impact on
materials do not change over time. People
have understood for ages how to keep walls
dry and have known that a dry wall is a more
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durable wall. The game changes when one is
pushed to design a low-energy retrofit of an
historic building with heritage designation
that was not originally designed with energy
conservation in mind. The Gemini House
led researchers at the University of Toronto
to investigate the drying potential of air-permeable insulation and has inspired future
designers interested in maintaining the historic charm of existing buildings while also
conserving energy.
n
David Wach is an M.A.Sc. graduate from
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The church renovation was
complete in August 2016.

Restoring an Historic Church
to its Former Glory
By Mike Rekker, C.E.T., BSSO, Project Coordinator, Tacoma Engineers Inc., &
Robert Mitchell, B.Arch., OAA, MRAIC, CAHP, Davenport Architectural Corporation

O

n the south-east corner at
the intersection of Line 3 of
Oro-Medonte and Old Barrie
Road sits the small but significant Oro African Episcopal Methodist Church. The
church, built in 1849, was a focal point of
an African Canadian settlement established in part by militiamen from the War
of 1812 (Canada’s Historic Places, 2000).
Even though the original settlement
has long since disappeared and the church
is no longer active, the building remained.
Despite previous attempts at restoration,
the condition of the church continued to
deteriorate. An awareness campaign was
launched by the Township to address the
deteriorated state of the church. This was
the catalyst in driving community interest
and Government support.

The authors, in collaboration with the
building team, saw the project through
the design and construction phases. The
project involved raising the building to
accommodate a new crawl space, log wall
replacement and repair, re-cladding of
the exterior wall, roofing replacement,
chimney relocation, and provisions for
additional structural support.
PROJECT BACKGROUND AND
METHODOLOGY
The existing building had a footprint
of 20 feet by 30 feet (6.1 metres by 9.1
metres) constructed of wood log wall
framing, wood roof framing, and wood
floor framing supported on stone foundations. The building’s interior included
perimeter wainscoting and chair rail with

a whitewash interior finish. The church
and its site experienced many changes and
additions after its abandonment in the
early 1900s to its recent revival.
Periodic repairs due to accidents or deterioration of the building, temporarily renewed public interest but never produced
enough momentum to fund a complete
restoration. It was not until 2011 that the
Township again took an interest in restoring the church. In 2013, a team of heritage consultants was retained to complete
a Cultural Heritage Assessment (CHA)
with the intent of providing recommendations for the preservation of the building
and its site.
The project was completed in collaboration with Parks Canada using the Parks
Canada Standards and Guidelines (Parks
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Canada, 2010) and the guiding principles
in the Conservation of Historic Properties
(Ontario Heritage Trust, 2012).
Following the recommendations of the
CHA, it was decided to complete a restoration of the building back to its 1941 state
while protecting its heritage value, which
can be seen in the photo on this page. In
consultation with Parks Canada, this period in history was selected because it encompassed the evolution of the building
during its life as a fully functional church
before its abandonment. The church was
closed to the public until the restoration
could be completed at a projected restoration cost of $140,000.
FOUNDATION
In October 2015, the authors were contacted to review the existing state of the
church and provide design options with
respect to a new foundation in keeping
with the approved restoration scope. The
Township wanted a new permanent foundation system for the building.
The square-notched log walls of the
church were most heavily deteriorated
at their base. The sill logs were mostly at

grade, bearing on buried corner and mid
stones, with fill stones located in between.
Due to the negative slope in grade around
the building and a wall system that was in
direct contact with grade at its base, the
sill logs were highly susceptible to exposure to the elements. This included repetitive cycles of wet / dry / wet / freeze
contributing to the sill log deterioration
and loss of mass over time. The sill logs
needed replacement and, to mitigate future repairs, a new perimeter foundation
that would raise the base of the wall from
finished grade was proposed. This decision provided more options for ventilation
and future heating of the new crawl space,
as well as opportunities for maintaining
the new floor structure. It would also allow for a sump pit connected with a perimeter weeping tile to address drainage
issues. To temporarily relocate the building to accommodate the new foundation,
the Township retained the services of a
building raising and moving contractor.
Although the construction of the new
foundation resulted in an increase to the
finished interior floor elevation, elevating
the church was necessary to protect the

remaining original logs from decay. It was
challenging to find an acceptable finished
elevation that limited the amount of concrete wall exposure and preserved the integrity of the interior treatments.
BUILDING ENVELOPE AND
VENTILATION
Ventilation between the new log floor
framing and crawl space was an important
design consideration, as this was the area
of work that departed considerably from
the building’s original construction. During the construction of the foundation,
four depressions in the foundation wall
were formed around the perimeter for
venting.
The exposed concrete wall was
wrapped with a three-inch-thick (76-millimetre) by 12-inch-high (305-millimetre)
cedar board as a cap wall. The cap was
finished to replicate the exterior look of
the original 12-inch-squared (305-millimetre-squared) cedar mud sill log, as
can be seen in Figure 1 on the next page.
This member was designed to be a “sacrificial” component expected to require
occasional replacement from time to

The Oro African Episcopal Methodist Church, 1941. Photo credit: The late Mrs. Jean (née Gilchrist) Blackstock.
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Figure 1. A “superficial” sill log.
time due to its proximity to grade. The
attachment was by stainless steel anchors and lags, which could be reused
in the future. At the vent locations, the
foundation cap included a one-anda-half-inch deep (38-millimetre) by
24-inch-long (610-millimetre) notch on
the backside to permit air flow into and
out of the crawl space. The foundation

cap also included a one-and-a-half-inch
deep (38-millimetre) by four-inch-wide
(102-millimetre) continuous notch between foundation vent locations to provide cross-ventilation between foundation vents. The crawlspace venting is directly connected behind the foundation
cap and functions through a stack effect
with the full height cavity that extends to

the roof soffit. This addressed the need
for venting to the exterior, while keeping
an appearance that blended in with the
existing building and creating a start-stop
point between new construction and existing heritage fabric. An extension of
the crawl space ventilation was provided
by the addition of two cast iron grates in
opposite corners of the main floor, which
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provided air flow from the crawl space to
the remainder of the church.
Like traditional heritage log structures,
the church was constructed as a breathing
building (English Heritage, 2012). The
existing church had performed well as a
breathing building for over 150 years with
minimal decay to the exterior logs, a result
of its existing rainscreen cladding system.
The exterior log walls were previously clad
with overlapping horizontal clapboard
siding supported by rough sawn vertical
strapping. Where driving rain was able to
penetrate the siding, it would then stop
at the face of the log walls. The air space
would have permitted the moisture to be
removed via natural venting and water to
exit at the base of the cavity. This existing cladding system did, however, cause
damage to the building’s wood sills. Based
on the age and state of the exterior logs,
the building likely experienced extended
periods of relative humidity and temperature equilibrium, preventing decay. To
mitigate risk in altering the dynamics of
the existing building envelope, careful
consideration was given in the choice of
material selection for re-cladding.

The re-shingling of the roof was
completed first in conjunction with the
re-chinking of the log wall framing. Approximately 15 per cent of the existing
roof sheathing was replaced due to damage or deterioration. The roof sheathing
was finished with building paper (15#
black felt paper), and re-sawn hand split
western cedar shakes 24-inch (610-millimetre) by random in size. A double layer
ridge cap incorporating natural ventilation was installed, adding an extended
shake drip edge profile to the roof eave.
In addition to approximately 200 linear
feet of exterior log repair and / or replacement, the existing chinking and daubing
was replaced for the exterior log work. The
new chinking was reused off the site from
original material, including the reuse of existing chinking packing. Where required,
cedar wedges and strips were also included. The new daubing was reinforced with
concealed hot-dipped, zinc-coated nails,
partially inserted in the upper side of the
log (see photo on the next page). While the
original daubing formula contained clay
additive, it was decided in conjunction with
representatives of Parks Canada to remove
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this as it would weaken the mix and the longevity of the installation.
Where it was in good condition, existing rough sawn vertical strapping was left
in place around the building’s perimeter.
Visible, modern nails were removed from
the existing strapping and cut nails were
left in place. Building paper (15# black
felt paper) was applied to the exterior of
the building on the vertical strapping to
extend over the cedar cap and under the
siding, so that moisture wicking is controlled. New seven-inch (178-millimetre)
horizontal clapboard siding lapped oneinch (25-millimetre) board to board was
installed as the finished cladding. The
clapboard siding profile, thickness and lap
was installed to match the existing clapboard that remained on the gable ends of
the roof. Building paper was selected to
act as a weather resistive barrier (WRB)
at the exterior of the wall due to its ability
to dry inward to the ventilated air space
or outward in case of wetting. Compared
to most modern housewrap, building
paper will absorb and store water until
drying conditions improve. Adding the
breathable building paper would allow
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Chinking installation in 2016.
the building to breath as it did before.
The walls are deliberately not air tight,
keeping with the original functionality
of the church. The building’s ability to
breath has been its key to longevity. The
use of building paper was also chosen due
to its methods of installation being easily reversible if future remedial work was
necessary. A WRB was not part of the
original construction but was included to
prevent future deterioration related to
moisture of the original heritage fabric located behind (see the photo on page 38).
The building had four 12 over 12 sash
windows—two symmetrically installed on
both the east and west sides. New window
sashes were constructed with old glass,
and wood muntin bars/ frames with profiles that reproduced that of the 1840s
construction. New period windows were
not painted but were treated with a linseed oil preservative prior to installation.
Jambs were wrapped in building paper
and lapped to the exterior, while taking
precaution not to disturb the existing material that was able to remain. A new set of

plank doors were built of similar materials
as the windows and shutters, using construction methods similar to the original.
Though not characteristic of the original
construction, a drip cap and sill extensions

were incorporated above and below the
window and door openings, with a scored
reveal on the underside to direct water
away from the cladding. This was deemed
necessary to further preserve the building.
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New cladding installation in 2016.
FINAL THOUGHTS
The restoration of heritage structures
is often scrutinized by the public. The
building’s small footprint and project
location made it easily visible during
construction. Passers-by would routinely
drive past the site and stop, point, stare,
and ask questions of the contractors or
consultants at the site. Public feedback
was carefully considered when preparing the design methodology. Proposed
restoration solutions had to address the
reason for the deterioration.
Attention to detail to facilitate ventilation of the building’s exterior, in conjunction with accommodating the new
crawl space and maintaining the church’s
heritage value, was crucial. The result (see
photo on page 33) is reminiscent of the
building’s state in 1941.
n

Mike Rekker is a project coordinator
with Tacoma Engineers Inc. He collaborates with engineering staff as the primary
technologist for condition assessments as it
applies to building structure and the building envelope. Rekker’s areas of expertise
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building re-cladding, building science, and
the preservation of historic buildings.
Based in Barrie, ON, Robert Mitchell, B.Arch., OAA, MRAIC, CAHP, has
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1986. He has special expertise in the restoration of heritage properties. As well as
offering basic architectural services, he
has extensive experience in heritage recording, building condition evaluation,
life safety studies, conservation programs
/ master plans, and adaptive re-use of
historic buildings. Toronto to provide full
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By Zacharie Doerr, P.Eng. &
Kyle Silliker, P.Eng., Pinchin Ltd.

I

n colder climates, we typically design
for cold on the outside of our buildings and walls. But what if the cold
walls are on the inside of the enclosure and
interacting with the indoor environment?
We’re not talking about our southern
neighbours in warmer climates with indoor air conditioning. We’re referring to
our local ice rinks, curling clubs, and walkin freezers, in which condensation and
mould growth can become an issue due to
inadequate thermal barriers surrounding
indoor cold areas.

These instances represent unique
building science challenges when different
climates interact within the building and
across the building enclosure. It can be
easy for consultants and designers to overlook these interior enclosures since they
are not part of the traditional building
envelope. However, the potential issues
that could arise in a building with indoor
microclimates can be resolved or potentially avoided altogether with the proper
considerations and the right approach
during the design phase.

Unlike a typical outside wall, indoor walls have nowhere to drain excess water, and even a
bit of condensation can lead to mould growth.
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DESIGNING AND MAINTAINING
THE ENVELOPE
Temperature differences between
our interior ice rinks and their adjacent
heated spaces rival those that we see between our indoor conditions and the exterior environment in the winter months;
therefore, we need to use the same care
in designing and maintaining the envelope
between these spaces, as we do with our
exterior walls.
Another common, yet extreme, condition is the change in temperature and
humidity in change rooms and showers
that share a wall with an ice rink. Typically, we can control the humidity or source
of moisture in these situations through
active dehumidification. But in some of
these situations, our warm side of the wall
is actually outside. We run into this situation frequently with crawls spaces and
parking structures below our freezer and
coolers in retail spaces.
On these cold walls, the issue we run
into is condensation. Unlike our typical
outside wall, indoor walls have nowhere
to drain excess water. As can be seen in
the photo to the left, with a bit of condensation comes mould.
In theory, the solution is simple—if
you can’t control the humidity, control
the temperature. More specifically, control the surface temperature of the cold
wall and maintain it above the dew point
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Condensation and mould were identified surrounding the steel members on the warm side of a cold wall. On the other side of this wall is
the cold ice rink.
temperature. This can be accomplished
through additional insulation or active
heating. If increasing the insulating values, don’t forget about thermal bridging.
Examples of thermal bridges include concrete slabs which support walk-in freezers, steel structural members, and wood
structural members. Other design criteria
to be considered are the air and vapour
barriers. The following are some case examples highlighting these items.
CASE 1: ICE RINKS
Our local ice rinks are great examples
of cold walls located within the building
enclosure. Humidity control within the
ice rink is typically included in the HVAC
system to minimize condensation and prevent energy loss at the ice pad’s refrigeration system. Adjacent change rooms,
offices, skate-shops, and viewing areas are
maintained at typical indoor conditions.
The change rooms and showers frequently
experience high humidity conditions, and
the partition walls between the rinks and
these rooms have become cold walls, but
are often not designed as such.

In a shower or change room, it is difficult or cost-prohibitive to adequately
control the humidity, so we try to control
the surface temperature at the envelope
between the heated and unheated space.
Maintaining a surface temperature above
the dew point is key to mitigating condensation and mould. Actively heating
the surface of the cold wall can be effective but not necessarily efficient. High installation costs and ongoing energy costs
must be considered. The best and most
cost-effective way to maintain the surface
temperature is through insulation. Thermal modelling and dew point analysis are
great tools to understanding the required
amount of insulation in order to prevent
condensation.
Similar to our exterior walls in a cold
climate, we want the insulation on the cold
side of the wall to prevent condensation on
the warm side of the wall. Conveniently,
this also prevents thermal bridging from
the steel ceiling joists that are common in
these buildings. These steel elements are
highly conductive thermal bridges that we
must consider during the design process.

As you can see in the photos at the top of
this page, condensation and mould were
identified surrounding the steel members
on the warm side of the cold wall. On the
other side of this wall is the cold ice rink.
In this case, insulating on the warm
side (change room) can provide an adequate thermal barrier to prevent condensation throughout most of the assembly,
but it does not prevent thermal bridging
and condensation at the steel structures.
Continuous insulation on the cold (rink)
side of the wall maintains the wall assembly and structural members (thermal
bridges) above the dew point (see Figure
1 at the bottom of this page).
CASE 2: WALK-IN FREEZERS
Walk-in freezers are another good example of a cold room within a building.
Manufacturers have effectively designed
the walls and ceilings of the pre-manufactured freezers to mitigate condensation.
When the envelope of the walk-in freezer
is adjacent to conditioned space within a
building, the conditions are typically controlled and reasonably manageable.

Figure 1. The thermal profile of the existing wall assembly, with internal (warm side) insulation and exterior (cold side) insulation.
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More recently, we’re seeing new freezers with insulation on all six sides, but many
of the older units are only insulated at the
walls and ceilings. Typically, the floors are
supported by a highly conductive floor assembly, such as a concrete slab. This is compounded when the concrete slab is exposed
to the outdoor / unconditioned space, such
as a parking garage, wet basement, or crawl
space. Condensation and subsequent mould
growth has been observed at these locations.
Many things can happen when we have
condensation at the underside of the floor
assembly, including:

• Mould growth on concrete, even if there
isn’t an abundance of organic material (see
photo on the right-hand side of page 43);
• Mould growth and rot on wood-framed
assemblies;
• Concrete damage due to freeze-thaw
cycles; and
• Rusting and deterioration of steel pans
at the underside of a concrete deck (see
photo on the left-hand side of page 43).
Retrofitting the floor assemblies can
be a challenge. Do we insulate inside the
freezer or the underside of the floor assembly? What insulating material to use?

What R-value? If we’re insulating at the
underside of the floor assemblies, how
far do we insulate beyond the freezer
footprint?
Two-dimensional modelling software
can be a great tool to eliminate guesswork
and can help validate proposed designs.
We must also understand what conditions
the cold wall will be exposed to. Modelling
shows, as one might expect, that insulating
at the interior of the freezer’s floor performs better than insulating at the underside of the floor assembly. The floor assembly is maintained at a warmer temperature, less insulating material is required,
and there is better thermal performance
(see Figure 2 on page 43).
Insulating from the inside of the freezer
may not be feasible for several reasons—
perhaps the owner(s) will not accept raising the height of the freezer floor; the
floor assembly’s structural requirements
do not allow the floor to be sumped; the
installation is cost prohibitive; or maybe
there are shut down restrictions.
When insulating at the underside of
the floor assembly, we must consider and
account for any thermal bridging from
those pesky structural members. Open
web steel joists and concrete slabs are
great at conducting heat.
Other items to consider when insulating at the underside of a concrete slab
include your air and vapour barriers within your floor assembly. Simply providing
the required insulation does not guarantee that condensation will not form at the
underside of the concrete slab (see photo
on the left-hand side of page 43).
In this situation, insulation was installed, but unforeseen air transfer into
the ceiling plenum contributed to condensation at the underside of the concrete
deck.
Also, ensure that any remaining moisture within the floor assembly has been
removed before insulating. Encapsulating
damp wood structures with spray foam
can lead to rot. Insulating wet structures
adjacent to freezing conditions can lead to
expansion damage at the assemblies.
CASE 3: WALK-IN FREEZERS
ALONG AN EXTERIOR WALL
There are challenges associated with
addressing a walk-in freezer that is located
directly adjacent to an exterior wall. This
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Deterioration of the steel pan and concrete slab below a walk-in
freezer / cooler.
configuration is typically done to effectively use the available floor space. This situation presents a challenge in the winter
when you have both cold on the interior
and exterior of the wall(s). This situation
does not allow heat from the building to
reach the interior face of the wall assembly.
In addition, it is very difficult to provide a
reliable and continuous vapour barrier between the wall and the freezer. Not only is
this a tricky one to install, it also presents
a problem with monitoring whether we are
getting condensation in this high-risk area.
As you can see from Figure 3 on this
page, our wall assembly is well below the
dew point of the interior space during the
dead of winter. In fact, there is risk of frost
and ice buildup in this wall if the warm
and humid indoor air comes into contact
with either cord surfaces.
So, how do make this vapour barrier continuous? Easy, you don’t even
try. Instead, the most effective way to
ensure that we limit condensation in
this space is to move the freezer away
from the wall and provide heating and
ventilation between the freezer and the
wall. If possible, you will want to get approximately 400 millimetres (16 inches)
of space between the two walls to allow
for inspection and maintenance. If your
client doesn’t want to give up that precious floor space, then go with at least
150 millimetres (six inches) to allow for
a visual inspection.
DESIGNING FOR BUILDINGS WITH
MICROCLIMATES
As consultants, there are other assemblies outside of the traditional building

n
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View of condensation and mould at underside of a concrete deck.

envelope that require our attention and
can create challenges. The building science principles involved in resolving or
preventing these issues are common,
but the wall conditions are not common.
When designing a building with indoor
microclimates, remember to consider the
indoor cold walls and their unique design
requirements.
n
Zacharie Doerr, P.Eng, is project manager for the Building Science and Sustainability Group at Pinchin Ltd. He has

received his Master of Applied Science and
his Bachelor of Applied Science in Mechanical Engineering, both from the University of
Ottawa.
Kyle Silliker, P.Eng, is national director of Pinchin Ltd.’s Building Science
and Sustainability Group. He received his
Bachelor of Applied Science degree in Civil
Engineering from the University of Toronto. He is a leader in the building science
industry, and he has 10 years of experience
working with architects, developers, and
property managers.

Figure 2. A thermal analysis of insulating options.

Figure 3: The temperature profile of freezer walls adjacent to exterior walls.
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Specifying for
Building Science
By Jared Cardiff, CSP, BSSO, LEED AP,
Senior Specification Writer, Perkins+Will, Inc.

B

est practice for specifying for building science has its own challenges.
Sharing experience as it relates to
building science and the building envelope
design aspect of specification writing can
shed some light on, and offer solutions for,
these challenges. Turning to certain sections of the project manual can help ensure
quality in building envelope systems and
components.
From general requirements specific to
the technical specification section, to product selection for building envelope components, to fulfillment requirements that
will ensure project success, there are many
things to consider when it comes to specifications and providing clear and concise
construction documents.
There is a wide variety of opinions,
preconceptions, and misunderstandings
of what specifications are and what role
they play in the design process. A common
misconception is that the specification
is just a collection of overly complicated
words meant to confuse the reader with
hopes they will save our hides when there
is something missing in the construction
documents.
Nothing could be further from the truth,
and the intent of the specification is quite
the opposite. Specifications should be as
clear and simple to understand as possible.
When you hear “specifications,” what
is often being referred to is the “project
manual.” The project manual contains all
qualitative requirements for the project,
including bidding documents, general requirements, and technical specification.
The specification makes up the project
manual.
Drawings are the quantitative information in the construction documents,

including locations, orientation, size, the
relationship between materials, etc.
Specifications are the qualitative information complementary to the drawings
identifying standards, systems, products,
quality of workmanship, administrative requirements, etc.
HIERARCHY OF DOCUMENTS
Most of us are aware of this concept,
but it is often perceived as a crutch for
poorly coordinated construction documents. As designers, we should be aware
of the order of priority of documents in order to organize information in the contract
documents and strive for clear, concise,
and coordinated construction documents.
For example, according to the Canadian
Construction Documents Committee’s
stipulated price contract (CCDC-2 2008):
“If there is a conflict within the contract
documents, the order of priority of documents, from highest to lowest, shall be:
• The agreement between the owner and
the contractor;
• The definitions;
• Supplementary conditions;
• The general conditions;
• Division 1 of the specifications;
• Technical specifications;
• Material and finishing schedules; and
• The drawings.”
PROJECT DELIVERY METHOD
The project delivery method is important to understand, as it may have an impact on how the information is conveyed
to the contractor. The roles of the parties
involved can greatly change the requirements and strategy for
construction documentation. The most common
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types are stipulated price contract (CCDC2 2008), construction management (CM),
design-build (DB), and public-private partnerships (P3). Each has very different procurement methods.
GENERAL REQUIREMENTS
Division 00 procurement and contracting requirements are useful for the building
envelope designer to be aware of, should
they wish to see any specific alternate
prices or unit prices related to building envelope components. These requirements
are mainly considered in a stipulated sum
contract. When it comes to project delivery, whether you decide on Design-Build,
Construction Management, or Public-Private Partnership, the Division 00 requirements are less of a focus for the consultant—but having an understanding of the
contractual obligation to the construction
contract is very important.

n

DIVISION 01: GENERAL
REQUIREMENTS
The general requirements are intended
to convey administrative and common project delivery requirement across the entire
scope of the project. There are several Division 01 sections that are useful and building envelope designer to be aware of the
following sections:
• 01 40 00 – Quality requirements:
Common quality requirements sometimes include testing and inspection
that would apply to the whole building
scope.
• 01 60 00 – Product requirements:
These requirements can encompass
product options and identifying owner
furnished products. Product delivery
requires common product requirements, product storage, and handling.
• 01 70 00 – Execution and closeout
requirements: These requirements
can include examination, preparation, and execution of the
work. In addition, this subsection describes cleaning

and waste management guidelines that
the contractor is required to perform.
This section will also identify closeout
documents and requirements related
to starting and adjusting, protecting installed construction, and demonstration
and training.
• 01 80 00 – Performance requirements:
In this subsection, the overall building
envelope requirements can be communicated to the contractor. Section
01 83 16, Exterior Enclosure Performance Requirements, specifies the whole
building energy and envelope performance criteria.

n
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• 01 90 00 – Lifecycle activities: Commissioning is common under this subsection, which is useful, as it can cover
third-party building envelope commissioning, roofing, etc.
THE SPECIFICATION SECTION
Each specification section includes
three parts: Part I: General; Part II: Products; and Part III: Execution. The first part
of the specification section identifies the
general requirements specific to the technical specification section. There are several common articles you would find within
a typical technical specification section in
Part I, with Division 07 and 08 technical
sections being most likely related to building envelope components.
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PART I: GENERAL
ADMINISTRATION REQUIREMENTS
This section identifies important coordination that is required between works
of other sections. It also highlights requirements for the pre-construction meeting, which its often important to establish
who should be in attendance. Fulfilling
these requirements is a very good way to
make sure everyone understands the design intent.
PERFORMANCE AND DESIGN
CRITERIA
The overall performance and design
criteria for the project will be covered in
the section, which communicates engineering requirements for shop drawings
to the trade contractor and ensures the
team properly selects system components
applicable to the project. This is important
for any technical sections requiring “delegate design”, where most cases require the
contractor to have an engineer who is specialized in the scope of work and licensed
in the place of work to take responsibility
for the engineering, performance, and life

safety under their professional license for
the scope of work and design intent.
SUBMITTALS
It is important to understand what the
consultant team wants to see from the contractor prior to starting work. This will ensure
they clearly understand the design intent.
This section often highlights items for typical
building envelope components, including:
• Product Data / Design Data: Product
or system information for consultant
review that must be seen in order to
confirm the design intent is understood.
• Shop drawings: The drawings convey
the design intent. The contractor will
be asked to create a drawing for review
to ensure that the specific product and
system achieve the design intent. The
drawings also identify where the consultant requires the trade to have the
scope of work stamped and signed by a
delegated design professional.
• Samples: Samples allow the consultant
to verify that materials are as specified.
They often provide aesthetics verification.
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QUALITY ASSURANCE
The quality assurance article lists requirements for the scope of work, including
qualifications for manufacturers, installers,
fabricators, and the trade engineer.
MOCK-UPS
It is important to clearly identify the
scope and requirements of any mock-ups.
There are two major categories: aesthetics and testing. Often, the purpose of a
mock-up is for both, but, regardless, it is
important to clearly identify the intent of
the mock-up. If found to be satisfactory to
the consultants, mock-ups could remain as
part of the project or may remain off-site
or not connected to the building.
DELIVERY STORAGE AND
PROTECTION
If a product has specific instructions or
criteria related to its handling, it is useful to
identify it in this section.
SITE CONDITIONS
If a product or system has a specific range
of temperature or environmental criteria

n

within its limitations, these points should be
conveyed in the site conditions section.
WARRANTY
Warranty can be a contentious issue
in the construction industry. The value is
often in question, and, in some cases, for
good reason. The following is a brief breakdown of typical types of warranty requirement for a project:
• Contractor warranty: Typically, under
standard CCDC 2 contract, the contractor is required to provide a material
and labour warranty period for one
year after substantial completion unless
changed with the supplementary conditions to the contract. This can also be
extended in the trade section if desired
for a specific scope of work.
• Manufacturer warranty: There are
two types of manufacturer warranty:
product warranty and system warranty.
Product warranty is often viewed as
the least valuable for installed building
components. With this type of warranty,
labour is not included for replacing the
defective product, and the cost of labour
usually exceeds that of the product
itself. System warranty is often seen as
more valuable because it includes both
labour and materials for replacing the
work. Roofing, for example, can range
from five years to 25-plus years, usually
including labour and materials.
• Third-party warranty: Third-party
warranty is provided by a legal entity or
association not part of the construction
contract; an example would be warranty
through the Ontario Industrial Roofing
Contractors Association. There may be
additional criteria that need to be coordinated in Division 01 under quality
assurance to achieve some third-party
warranties (i.e., installer’s membership).
PART II: PRODUCTS
The second part of the technical specification is the most reviewed section by the parties involved with the construction contract.
Not that it holds any more weight legally, but
it is where the bidders and / or contractors go
to identify what needs to be provided. So, it is
extremely important to get this information
correct and make sure the terms used are coordinated with the drawings.
Product selection for building envelope
components should never be taken lightly, as

failure due to poor product selection can lead
to major liability concerns for the consultant.
There are very important questions to ask
when it comes to a new product, including:
• Does the product meet all regulatory
requirements for the place of work and
the scope of work (i.e., Building Code
classification)?
• Is the product appropriate for the
intended use? Does it meet the design
and performance requirements?
• What are the limitations? This includes
limitations resulting from product
compatibility and interaction with
adjacent systems and components.
• What is the product availability? What
is the local trade’s knowledge of the
system and its components?
• What is the history of the product or
system? This includes project examples
and code compliance for the location of
the project.
PART III: EXECUTION
In the third part of a typical specification, we cover the completion requirements as they relate to the scope of work.
The following list includes several typical
articles relating to building envelope design that would be found in the third section of a technical specification:
• Examination: This article communicates to the trades doing the work of a
particular specification to ensure conditions and substrates are suitable to
receive their work. For example, with a
waterproof membrane or similar items,
it is important that the substrate has a
certain moisture content. Or, for items
like a glazing system, the opening may
require a certain tolerance to receive
the work.
• Installation: This article conveys all
items and systems to be installed in the
scope of work. It is used to identify the
lap of a membrane and similar items.
This needs to be coordinated with all
specified products and systems, and
common wording would include installing work in accordance with reviewed
shop drawings and manufacturer’s installation instructions.
• Tolerances: Care must be taken when
identifying installation tolerances,
ensuring they are correct and achievable. It is important to understand a
reasonable tolerance to ask for and
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make sure the materials and systems
specified can meet these.
• Field quality control: It is important to
identify third-party inspections during
and after installations. You may also
want any manufactures represented
inspecting work as it progresses. Field
quality control requirements vary by
consultant, third-party testing and inspection, or product manufacture.
CONCLUSION
Clear and concise construction documents are essential to procuring and
achieving quality in building envelope design. It is important to understand the relationship between the documents and striving toward clarity and consistency within
the industry when it comes to contract
documents. There are great education programs available through your local chapter of Construction Specification Canada,
which can benefit anyone involved in the
construction industry who either produces
or interprets construction documents. n
Since early 2015, Jared Cardiff has been the
senior specification writer at Perkins+Will, Inc.
in Toronto, where he manages and prepares
project manuals for a wide variety of commercial and institutional projects. Jared is currently
the chair of the Toronto chapter of Construction Specification Canada (CSC) and has
been active in its executive for the past five years.
He currently holds the Certified Specification
Practitioner designation. In recognizing the
importance and value of education in building
science as it relates to specification writing, in
2015 Jared also completed the building science
certificate at the University of Toronto and is
proud to have achieved his Building Science
Specialist of Ontario Designation (BSSO) with
the Ontario Building Envelope Council.
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BEC
Roundup
BUILDING SMART WITH HIGH
PERFORMANCE CONCRETE
ENVELOPES
In February, the British Columbia
Building Envelope Council (BCBEC) and
BC Housing held a half-day workshop
at the Italian Cultural Centre Society on
concrete envelopes for Part 9 and Part 3
construction.
The workshop focused on how
energy and thermal requirements are
playing an increasingly important role
in residential construction. Industry experts discussed the latest research on
how concrete envelopes can help deliver
results as well as some of the most effective ways to meet the new BC Energy
Step Code standards.
Topics for discussion included precast
concrete, sandwich concrete walls, insulating concrete forms, and cast-in-place
concrete. The workshop program provided practical examples to illustrate thermal
bridging considerations and to identify
compliance paths for meeting the thermal
performance requirements.
This event was eligible for professional
learning credits.
ROOF ASSEMBLIES: PROBLEMS
IN THE FIELD
In February, the Manitoba Building
Envelope Council held a presentation at
the RRC Exchange District Campus focusing on roof assemblies and problems
in the field.
Industry experts included Jonathon
Braun, who has over 17 years’ experience
in quality control and quality assurance in
the construction industry and seven years’

experience in the field installation of roofing
and waterproofing systems, and Doug Sutherland, who has over 29 years’ experience in
quality control and quality assurance in the
construction industry, including 10 years in
building envelope AQ/QC.
During the meeting, they highlighted
challenges in creating a roof system that
works for the lifecycle it was designed for
and discussed details that are typical on
many projects but that seem to have issues
when being installed or that show up after installation. Braun and Sutherland
also went over a list of Dos and Don’ts
when it comes to installation and design
to achieve the desired result.
NEW CODES OF ENERGY
AND THE PATH TO A NET
ENERGY PERFORMANCE ZERO
COMPULSORY: ARE YOU READY?
In early March, the Quebec Building
Envelope Council held a technical conference that focused on the challenges and
solutions of meeting the new requirements
of the Energy Code and a net zero energy
design, moisture and durability problems
and prevention, and understanding dew
point, steam, and airflow.
The workshop, moderated by John
Straube, Ph.D., P.Eng., director at RDH
Building Science, explained that the tipping point for building net-zero energy
buildings is on the horizon and that as
costs decrease and building codes become more stringent, the path to net zero
energy consumption is now more feasible
for more projects than in the past. When
properly designed, these buildings can be
sustainable and cost-effective.

Attendees learned about the science
behind performance and the Dos and
Don’ts of achieving the goals of lowenergy consumption and net zero energy
consumption. The event also focused on
strategies for designing commercial buildings designed for sustainability and energy
efficiency.
NEW WINDOWS FOR HER
MAJESTY: USAGE OF THE LATEST
TECHNOLOGIES IN THE MAKING
OF HERITAGE WINDOWS FOR THE
WEST BLOCK
In February, the Building Envelope
Council Ottawa Region held a lunch and
learn technical seminar at the Sala San
Marco Event & Conference Centre in
Ottawa.
Gilles Morin, founder of MQ Windows, and Elyse Fortin, B.Eng., project
manager at MQ Windows, discussed how
the West Block is being rehabilitated to
meet the current and future needs of Parliamentarians while respecting its heritage character. The rehabilitation work
of the oldest of the Parliament Buildings
includes the replacement of the windows,
in order to incorporate new functional requirements such as fire, blast, and bullet
resistance.
Delegates also learned about the
challenge of designing and producing
high-performance, historic-looking windows and how it was made possible
through the use of modern technologies,
from scanning of the restored masonry openings, to CNC-controlled window
manufacturing, as well as the close collaboration between the parties involved. n
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