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Message from the
President
We have decided that in order to keep BootCamp fresh
OBEC President
Paul J. Pushman, B. Tech. (Arch. Sc.),
Senior Project Manager,
Façade Engineering Group,
exp Services Inc.

T

All photos from OBEC's BootCamp.

he use of the case study to demonstrate or show case building envelope solutions has been a refrain and
suggestion in many discussions amongst
building envelope peers and so this edition
of Pushing the Envelope Canada has a special spot for case study articles.
Fred Edwards of Read Jones Christoffersen Ltd. will highlight, with reference to
a case study, the complexities of installing
straight extruded skylight components in
a barrel arch skylight. Ekaterine Tzekova
and Professor Kim Pressnail of the University of Toronto will review the damage
caused to wood framing from the lack of
a continuous air barrier and Scott Armstrong of MMM Group Limited will highlight, with the use of a recent case study, the
challenges in evaluating the effectiveness
of post-applied heat gain control systems
for windows. Bruce Duncan of American
Hydrotech, Inc. will describe how garden
roofs were used as one strategy to convert

each year, we will be rotating the theme or topic; this
year, sealants. Next year?

a heritage structure into a contemporary
office building in Vancouver.
Also in this edition of Pushing the Envelope Canada, ITW, and our friends from
RDH provide us with an article that presents the results of a recent study on the
impact of two different fasteners with different air barrier/water resistance layers.
In early February, ice falling from high-rise
buildings made the news in Chicago; Mike
Carter and Roman Staugh’s article is here
to remind us of the potential hazards involved with snow and ice formation.
On February 11, OBEC held its third
annual BootCamp, under the theme
Caulking—Seal it Up! We have decided
that in order to keep BootCamp fresh each
year, we will be rotating the theme or topic;
this year, sealants. Next year?
In addition, BootCamp was held in winter rather than spring or summer. We are
trying to find a time of year when most of
Continued on page 13
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Continued from page 11
our members are available. We had a good
turn out this year so I think we are on the
right track.
Thank you to all the architects, consultants, contractors, engineers, owners
and students who participated in OBEC’s
hands-on sealant product demonstration.
Our thanks also go out to the product demonstrators, Tremco Commercial Sealants
and Waterproofing, Dow Corning, BASF
and Momentive for their support of this
unique event. A special thank you to our
host, once again this year, Brook Restoration, for providing us with a great indoor
venue and two first class caulkers.
OBEC recently conducted a survey,
which included the question, “What do you
feel OBEC should address or accomplish
for the next membership year?” The responses to this question were very reassuring as the OBEC board was already working on a number of the suggestions made;
most notably, rotating the locations of our
dinner meetings and seminars.
Although our new home base for dinner meeting is the Delta Markham, we
have held our BootCamp in Etobicoke at
Brook Restoration’s workshop, our March
dinner meeting/tour was held at George
Brown College’s Casa Loma Campus, our
spring seminar will be held at The Old Mill
and we are scheduling a tour of IKO’s roofing and insulation plants in Brampton.
In addition to our Grand Valley Chapter remote Broadcast, OBEC offered, for
the first time, our January dinner meeting
for up to 20 individuals as an online live
presentation using GoToMeeting.
Most importantly, the survey respondents have asked that OBEC increase the
promotion of our BSSO program. Although the BSSO program is well promoted in OBEC’s EBEC newsletter and in
our national magazine, Pushing the Envelope Canada, the board is looking at other
venues to promote the BSSO program.
We are also working on joint meetings with other associations, improving
networking opportunities at our events,
improving our website and the creation of
a searchable database for building envelope articles.
The OBEC board hopes you will enjoy
this edition of Pushing the Envelope Canada and, as always, we welcome your comments and suggestions.
n
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The Bent Rafter:

Overcoming Challenges
with Barrel Arch Skylights
By Fred Edwards, BSc, P. Eng., Read Jones Christoffersen Ltd.

The University of Calgary Heritage Medical Research Building atrium.

I

t is common knowledge among building users, owners and practitioners alike that skylights leak. What
amounts to a pandemic is well documented throughout North America, but
skylights fill a very necessary and useful
role in buildings.
Spaces designed with the use of natural light are paramount in how people are
meant to experience and interact with a
building. It seems as though a number of
us who practice the science of designing
and constructing skylights, though, are so
obsessed with seeing the forest—flooding buildings with natural light—that we

occasionally miss the trees. In many cases,
the details have gone by the wayside.
Skylights are an exceptional concept.
There was a time when putting a hole in
your roof was expected to result in an unfavourable outcome. Once we reached a
point in the evolution of buildings, it became possible to make holes in our walls
water-tight (windows).
The natural progression was to apply
this concept to the roof. Suffice it to say
that there has been a learning curve.
Common understanding of the performance of an envelope leads most of us to
accept that placing a window on a roof

in any orientation is destined for failure.
Our industry has evolved to address this
technical disconnect and, as a result, what
we now know as a skylight was born; one
that does not leak—at least for a time.
That process took some trial and error, but resulted in components that can
be manufactured en masse and assembled into a useful building system. Skylights that do not leak are available, so
why do so many of them still leak? This
issue is exemplified by the skylight at the
Heritage Medical Research Building
(HMRB) on the University of Calgary
campus. This skylight is nearly always
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A horizontal expansion joint in purlins. Note leaks from the joint above.
referred to as an atrium, but the fundamental concepts are the same.
THE ORIGINAL
The HMRB does not work nearly as
eloquently in its environment without
the atrium. It is central to how people
interact with this building. A roof and
lights will not work here. The original
designers knew it and specified a glazed
atrium. That they were aware of the best
overhead glazing technology at the time
is apparent.
Unfortunately, the assembly never
performed. Puddles and buckets littered
the floor of the atrium (four floors below)
from the first summer onward. After 25
years of flawed service, it was time to rethink the approach.
The individual components used were
nearly identical to those which replaced
them. Selection of an appropriate system
was not an issue. The failure came with
the execution—the details—the trees.
THE FLAW AND THE FIX
PART 1: RAFTERS
The atrium is in the shape of a quarter barrel arch—an aesthetically pleasing
form, but, as with most of barrel arched

atria, it is only constructed to look like
a nicely round half rainbow. In loose engineering terms, it is actually constructed
of straight sections (i.e. faceted) which
increase in angle, from nearly horizontal
to nearly vertical as they traverse from
top to bottom. The angles change at fixed
points, or nodes. This segmented form
is due to the fact that the skylight components (glass, rafters, purlins) are, too,
manufactured in straight lines.
In a modern functional skylight, rafters serve two important purposes. First,
they are structural, transferring loads
from the glass and purlins to the building below. Second and only slightly less
critical, they provide channels for the
evacuation of incidental water which gets
past exterior main seals.
Skylights use slope to their advantage.
Water getting in the system is directed
to rafters where it is expelled. In a barrel arch, the rafters are the elements that
need to be curved (or at least change
angle at the nodes). The problem is that
rafters are exclusively made (extruded)
in straight sections.
Unfortunately, HMRB was constructed with purlins continuing past rafters which meant that there was a gaping
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joint at each of the nodes. The rafters
funneled water to the nodes leading to a
predictable result.
“Cutting, butting, and caulking” is a
very common way to construct barrel arch
glazing. The issue is that the caulking will
fail and is located in a spot where it cannot be replaced without glass removal.
Practically, that means complete atrium
replacement. I accept that a number of
very qualified glaziers will object to my obstinacy on this point, but this approach has
some very significant limitations which
ought to be brought into the light.
Curved glass and rafters are not economically feasible at this point in time.
This option was reviewed for its merits.
Luckily, we do not need to fit a curve. So
long as the rafters follow the segmented
construction of the structure below and
joints in the rafters are avoided (at least
minimized), we could claim success.
To summarize the result of the design
process, the final accepted solution was the
bent rafter, which is described as follows:
1. Straight rafters are cut to size;
2. Notches in the rafter back section are
made at points to coincide with the
nodes in the structure. This is to reduce the rigidity of the rafter;

n

n

n FEATURE

A bent rafter following fabrication.
3. The rafter is bent past the required
angle (constant at each node) by a few
degrees such that relaxation occurs at
the required angle; and
4. A plate is fixed to the back of the rafter to hold the new bend in place.
The result was a rafter that both fit the
atrium nicely and substantially reduced
butting and caulking. The procedure resulted in a cost premium of roughly 10 per
cent over traditional construction methods.

associated loads (weight and wind/snow)
to the rafters. In normal applications, purlins act as simply supported beams with
two concentrated loads (glass weight) at

quarter points. Beams subjected to any
load will deflect, proportionately to rigidity. The point of maximum deflection in
this scenario is the centre—right where the

PART 2: MOVEMENT
This atrium is large. In plain view, it
extends over 70 meters in one direction
and close to 40 in another. Linear movement of the entire assembly is an issue.
The original designers and constructors
of the atrium recognized that. They included expansion joints and located them
away from rafters. Joints were provided
in the purlins directly in the centre of
every fourth glass unit.
There was only one miss here. Purlins support the glass and transfer the
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expansion joint is. Unwittingly and innocently, the original designers found maybe
the worst possible point for an expansion
joint to be. These joints leaked severely.
In this case, the fix was relatively
straightforward. Move the joints outside
of the primary skylight structure and
make them serviceable. At three pre-selected points in the atrium, double rafters were introduced and joined together with a flexible gland. The gland was
continuous from the top to the bottom
of the atrium and covered with insulation and a removable aluminum cover
allowing easy access for replacement
in the future. In order to concentrate
movements at these locations, rafters
were mounted to the structure below
with slotted clips.
Of course, our new rafter design incorporated nine-metre long continuous
bent sections. These sections would expand and contract along the curve. This
was accommodated with clips slotted in
the transverse direction, one fixed attachment point in the centre of each rafter,
and movement capable joints at the top
and bottom of the curve.

PART 3: LOW SLOPE GLAZING
One of the major sources of leaks was
rooted in the pooling water on the upper
two units along the atrium’s length. These
units were framed by low profile skylight
pressure plates and were nearly horizontal
in orientation.
Keeping a flat roof water-tight is hard
enough with a continuous monolithic roof
membrane. Attempting to achieve the
same level of service with an inauspicious
combination of glass, rubber, aluminum,
and caulking is, at best, challenging and,
at worst, impossible.
As luck would have it, the atrium is
located in Canada and faced south. At
summer solstice (June 21), the light entering through the top two units of the
atrium were providing little benefit to the
building, merely lighting an interior brick
wall. This concept was rendered graphically with the use of Design Builder.1
With this information, the consultant
team and building stakeholders jointly
arrived at the conclusion that the benefit
these units were providing was not worth
the potential cost of leaks down the road.
As a team, we decided that the most
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practical solution was to revert to what
we knew would work—a roof.
The new skylight would continue from
the roof below up to the previous system’s
top two units where, at this point, a hybrid
standing seam metal roof was incorporated. The galvanized steel of a standing
seam roof fit nicely with the anodized
aluminum rafter pressure plates.
While these roofs on their own do not
necessarily leak, we wanted to wear a belt
with our suspenders. The roof was essentially designed as a vented/inverted roof,
with a standing seam metal cover. Panels
were rolled to fit the shape of the atrium
and a custom tie-in detail was developed
to transition the roof to the glazing.
Coincidentally, all of the issues which
led to the failure of this atrium are addressed in a document which has its roots
in the systematic evaluation and repair of
glazing. The National Glazing Systems
Specification Manual2 provides excellent
guidance for evaluating and designing
fenestration. The section of this document
concerning skylights addresses the low
slope glazing issue, recommending not
less than 15 degrees from the horizontal

n

plane. In this instance, this was avoided by
switching to a different assembly.
Of course, proper implementation of
a design is key to success. As proven by
the original assembly, careful evaluation
of built conditions is an essential part of
commissioning a building component.
Each of our details was tested on site,
both with a nozzle (per AAMA 501.23
with modifications) and with a calibrated
spray rack under pressure differentials
(per ASTM E11054). These processes
detected flaws, highlighting leaks at a
small number of locations. Failures were
traced back to unique construction defects and rectified.
The concept of the HMRB atrium
was not flawed. Components used in its
construction were not flawed.
This system’s failure was predicated
by lack of attention to detail and a lack
of foresight.
What was constructed was the standard
for the day, but these types of systemic
flaws continue into the present tense.
The new atrium is not perfect and all
building materials have a finite service life.
This particular atrium has, to date, achieved

two and a half years of leak free service,
including through some severe 2013 rain
storms, a first in the building’s 27-year life.
The flaws of this atrium, and many building components like it, are perhaps best
summarized by the words of a man who is
likely to have said them as many as 150 years
before the HMRB structure was ever conceived. Lesson learned, finally.
“…So far as we can tell, the variety
and quality of the materials employed
have never in themselves established the
artistic merit of those employing them,”
said Eugene Emmanuel Violet-le-Duc
(1814-1879).
“Materials of intrinsic excellence cannot escape from wretchedness if they are
placed or made to function where they do
not belong by an architect who has neither
knowledge nor good sense. We are entitled to take pride only in the proper and
judicious use of materials we have, never
merely in their quality or quantity.”
n
Fred Edwards graduated from Civil
Engineering at the University of Calgary in
2006 and has since been practicing Building Science and Building Restoration for

n
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RJC’s Calgary office. In that time, he has
evaluated and repaired a wide variety of
fenestration systems. Edwards also serves
as the program director for the Alberta
Building Envelope Council-South.
REFERENCES
1. Design Builder is a software program used to model whole buildings, or parts thereof, for a number
of design metrics. More information
can be found at designbuilder.co.uk.
2. Pianalto et al, National Glazing Systems Specification Manual by the
Glazing Contractors Association of
British Columbia.
3. AAMA Standard 501.2 – Quality
Assurance and Diagnostic Water
Leakage Field Check of Installed
Storefronts, Curtain Walls, and
Sloped Glazing Systems.
4. ASTM E1105 – Standard Test
Method for Field Determination of
Water Penetration of Installed Exterior…Skylights…by Uniform or
Static Air Pressure Difference.
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The Case of Misplaced
Membranes, Rain Penetration
& the Decay of Major
Structural Members
By K.D. Pressnail & E.S. Tzekova, University of Toronto

I

magine a home-owner’s surprise when
water suddenly began dripping into
their walkout basement. It had been
raining hard for a few hours before they
noticed water running along a basement
ceiling chase and dripping onto the carpeted floor below. The winds were gusting
from the south east at up to 48 km/h.
Although the home had been built in
1993, the new home owners had just purchased the house three months earlier. During the first three months of ownership, no
rain had entered the home. It was not until
the evening of September 10, 2014 that
more than eight litres of rainwater ran into
the basement from the first floor above.
Had the house suddenly sprung a leak?
It had rained earlier in the summer and no
water had entered the basement! What was
so special about the rain on September 10?
Time for a building science investigation!
INVESTIGATION
When interviewing the home owners,
it was determined that water had entered
the basement from the ceiling above. Further, in the kitchen immediately above the
basement, about one litre of water had
also dripped onto the floor from the head
of a three-panel sliding glass door. The
home owners also reported that they had
observed approximately 500 millilitres of
water in the tracks of a second floor sliding glass door.
This second floor door was also a
three-panel sliding glass door and it was
located immediately above the first floor
kitchen sliding glass door. No water had
been observed entering the head of the
door on the second floor.

The view of the southeast façade of the house.
The first floor kitchen sliding glass door
led to a walkout deck. The deck was actually a flat roof that covered the part of
the basement where water had entered.
The roof/deck consisted of a traffic bearing
vinyl membrane. Although the roof/deck
had a four per cent slope, it was only one
inch lower than the sliding glass door sill.
The investigation began with a simple
test. A driving rain was simulated using a
garden hose to spray water onto the glass
doors.

Following the spray test, water was
found in the interior tracks of both of the
first and second floor doors. To determine
if there were other rain leaks, the sliding
glass doors were covered in polyethylene
and then taped and sealed.
Using the garden hose once again, the
vinyl siding around the doors was sprayed
including the flat roof/deck. This time no
water appeared in the tracks, but water
did appear in the basement below the flat
roof/deck.
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Preparing for a rain penetration test.
From the sprayer test, it was clear that
driving rain was the likely culprit. This
finding was confirmed in the next month,
when driving rain entered the basement
on three more occasions. On each occasion, the wind was from the south east
at more than 30 km/h. Located on Lake

Simcoe just north of Toronto, the home
faced south east. With a 20 km fetch, the
exposure conditions were rather severe.
During one of the driving rain events, a
micromanometer was used to measure an
80 pascal (Pa) pressure difference across
the exposed wall.
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FINDINGS
So how was the water getting into the
building envelope? Clearly the doors
were leaking and the sills were draining
some of the water into the wall. Yet that
was only part of the story. The wall was
typical vinyl clad, two-inch by six-inch
construction with a polyethylene vapour
barrier on the inside, R20 fibreglass insulation and oriented strand board exterior
sheathing.
To find out whether the wall had
an exterior air barrier, the vinyl siding
was removed. Beneath the unstrapped
vinyl siding, a peel-and-stick impermeable membrane was discovered. It had
been applied over oriented strand board
(OSB) sheathing, replacing the original
vapour permeable air barrier.
The impermeable, self-adhered membrane had likely been applied in an attempt to keep water out of the wall, yet
it violated a fundamental rule of building design. A vapour barrier had been
installed on the cold side of the wall. In
fact, the entire south east vinyl-clad wall
had been covered with the impermeable
membrane. As portions of the membrane

n

were removed, water actually seeped
from the wall. Not a good sign at all!
When the sliding glass doors were
removed, the sills were found to be
completely rotted. Beneath the second
floor door, the 12-inch supporting truss
joist (TJI) had also rotted away. The
OSB web and the laminated veneer
(LVL) flanges had lost all strength due
to wood decay. Only the OSB sheathing
and some replacement ½-inch plywood
sheathing were holding the gable end
wall in place.
On the floor below, the entire weight
of the gable end was supported by a
gang of three two-inch by 12-inch parallel strand lumber (PSL) beams. Two of
these three beams had lost all structural
resistance due to decay. Careful examination of the third beam revealed that
only 30 per cent of the original strength
remained. The adjacent roof/deck had
decayed as well.

Where water had entered the wall beneath the sill of the door, the roof sheathing and supporting framing members had
also rotted.
There was ample evidence that the
wall had been opened up several times
and repaired. Although numerous attempts to solve the rain penetration
problems had been made in the past,
none of them had worked. The jack and
king studs at the first floor door had decayed but they had not been replaced.
Instead, a four-foot length of two-inch
by six-inch preserved wood had been

n
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scabbed to the supporting studs. The rotted top and bottom plates and some of
the supporting studs had been surface
treated with a copper-based preservative
and then covered up. The decay was so
extensive, it is truly amazing that the wall
had not collapsed and injured or even
killed someone.
When the sliding glass doors were removed, it was found that the air barrier on
the inside had not been made continuous
with the door assembly. The polyethylene
vapour retarder, that could have been an
Continued on page 24

Rotted jack and king studs.

A thoroughly decayed sill plate.
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Peeling the misplaced membrane.
Continued from page 23
air barrier too, had been carefully caulked
and sealed between the individual sheets
and at all electrical outlets.
However, the polyethylene had been
terminated at the rough opening for the
doors. Further, no sill caulking was used
and no sill gasket had been placed between
the glass door assembly and the sill plates.
At the first floor walk-out deck, films of
water driven by rain across the vinyl deck
could easily enter the wall. Gobs of silicone sealant had been used in an attempt

The rotted TJI rim joist.
to keep water out of the sill, but despite
good intentions, it did not keep the rain
out. In one area, which had been opened
up several times, a vapour permeable selfadhered membrane had been applied over
the impermeable membrane.
Pity the poor contractor who likely attended the home several times to try and
keep the rain water out. The harder they
tried, the worse it got. The peel and stick
membrane was the ultimate death of the
wall. Before the membrane had been applied, water that penetrated the wall likely
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drained out of the wall, and the wall naturally dried.
By applying the impermeable membrane on the outside of the OSB, the
repairer had effectively accelerated the
wood decay. The wall could not dry to the
inside because of the polyethylene and it
could not dry or even drain to the outside
because of the impermeable membrane.
The only place for the water to go after
the membrane was applied was to remain
absorbed in the wood members, or to
drain down to the basement.

n

REPAIRS
Having determined the likely sources
of rain penetration, it was time to repair
the home. Two of the three PSL main
beams were replaced with LVL members
and an additional two-inch by 12-inch
spruce member was added. Fortunately,
these beams could be added by sliding
them into place from the adjacent living
room which had a dropped floor. Other
framing members were also replaced
along with the decayed OSB sheathing.
All of the vinyl siding together with the
peel and stick membrane were removed.
The impermeable membrane was replaced with a vapour permeable air barrier. In critical areas around windows and
doors, transitions from the doors and windows were air and weather sealed using a
variety of peel and stick flashing products.
The sliding glass doors were replaced
with new insulating glass units (IGUs),
which were designed and constructed specifically for driving rain exposure. These
units are unique in that the sliding door
is on the outside of the unit. By having an
exterior slider, driving rain penetration is
minimized. The same wind pressure that
drives water inward also pushes the sliding
door against the seal—the higher the wind
pressure, the better the seal.
Having ensured that the air barrier
was continuous even at electrical penetrations, a simple rainscreen cladding will be
applied in the spring of 2015. Board and
batten siding will be installed over threequarter-inch strapping. The strapping will
create a clear airspace that is well vented
by the very nature of board and batten
siding.
Finally, the flat roof/deck had to be addressed as well. Recall that the original
flat roof deck was only one inch lower
than the sliding glass door sill. Such a detail in an area that often has snow cover
in excess of two feet is vulnerable. To address this vulnerability, the roof structure
was lowered by 12 inches.
Four courses of brick were removed and
a protected membrane roof installed. The
membrane actually extends beneath the
sill of the adjacent sliding glass door and
has been weather sealed with the goopiest mastic known to humankind. Since the
membrane is on the warm side of the insulation, it is generally protected from wear
and tear. The new deck is now four inches

lower than the sill and the likelihood of
rain penetration has been greatly reduced.
For now, this is the end of the story.
This summer, another façade of doors,
walls and roof/decks will need to be inspected. Once the inspection is carried
out, this case study may grow! Finally,
if this case strikes you as being fictional
and the facts too outrageous to be true,
well, let us assure you that everything presented here actually occurred.
In fact, there is more to the story. We
have actually left out some facts in the interests of brevity and confidentiality.
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We purposefully left out the identity
of the seller who “patched and ran” and
fraudulently misrepresented the property
as “well maintained,” and, “a 10+.” We
also did not tell you about the purchaser.
One day, we will tell you, and when we do,
it may bring an incredulous smile!
n
Kim Pressnail is a civil engineering professor at the University of Toronto.
Ekaterina Tzekova is a PhD candidate
in the department of civil engineering at the
University of Toronto.
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Snow, Ice & Envelope
Performance: Design Considerations
to Avoid Dangerous Falling Ice!
By Michael Carter, C.E.T., & Roman Stangl, C.E.T., Northern Microclimate Inc.

H

ow much of a design concern is
the potential for falling ice? If you
read news articles from the New
York Times or the Wall Street Journal after
the highly reported issues of falling ice
from One World Trade Center and other
prominent urban tall buildings, you would
note statements like: “Buildings that are
100 years old are probably going to have
the same problems,” and “In many cases
you simply cannot anticipate how ice is going to happen,” (Sheila K. Snider, 2011).
“New buildings are even better designed to safeguard against snow and ice,”
(Dennis Poon, 2014).
“It is probably because they (newer
exotic buildings) are unique,” and, “When
you do something that’s never been done
before, you’re increasing the chance that
something is going to go wrong,” (John
Massengale, 2011).
As microclimate consultants who specialize in the assessment of building designs for their potential to accumulate and
release hazardous ice and snow, we think
it would be interesting to address some of
these quotations, and then provide useful
discussion points and examples that will
hopefully provide some clarity regarding
the topic of falling ice.
QUESTION: Will buildings that are 100
years old have the same problems?
ANSWER: The answer is both yes and
no. Old or new, if, for example, there
are smooth slippery sloped surfaces on a
building, snow and ice will slide and fall.
Furthermore, if an old building is renovated internally with new insulation, making
the exterior colder, it could begin to generate ice and icicles, where previously snow
would simply melt away.
However, a newer building is likely to
include projecting curtain wall elements,

An example of sliding snow/ice. All photos in this layout provided by Northern Microclimate Inc.
such as shading or architectural features,
high efficiency glazing, rainscreen or
double façade geometries, along with more
efficient internal heating strategies, implemented to meet newer energy conservation regulations. Thus, overall, new building exteriors are more likely to be complex,
colder, smoother, slipperier, sloped and
taller—all key traits to accumulating ice
and snow that can release posing a hazard.
QUESTION: Can you anticipate how ice
is going to happen?
ANSWER: Because we have spent a combined 25 years or more of our careers assisting architects, owners and developers
on this very subject, we disagree with the
statement that you cannot anticipate how
ice is going to happen.
To be fair, the number of experts globally is very limited and the research regarding
prediction and mitigation related to buildings and structures is still in its infancy, and
is largely an experience-based endeavor.
However, the track record of predicted
outcomes and the knowledge gained from
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past incident investigations, field research
and mockup testing is growing rapidly,
and of necessity has focused on high-profile urban buildings.
QUESTION: Are new buildings designed
to safeguard against snow and ice?
ANSWER: Yes, some buildings are. The
question is, however, were all the risks
fully evaluated and understood? What
do we mean by this? The accumulation
and life cycle of ice and snow on a building façade can be complex. Snow can age
and harden then be wind released or slide
from surfaces. Snow can also melt and refreeze into ice and icicles that can fall.
Furthermore, ice can also form on
both horizontal and vertical surfaces
due to freezing rain, freezing fog, mist
and even the effect of a cloud passing by
the top of a tall building on a sunny day!
This results in a large number of possible
microclimate scenarios that can cause
issues, which require anticipation, evaluation and mitigation through design and
management of a building.

n

QUESTION: Do newer, exotic buildings
that are unique cause more problems?
ANSWER: The answer again is both yes and
no. The concluding part of the quotation,
“When you do something that’s never been
done before, you’re increasing the chance
that something is going to go wrong” is
true, in that it states the obvious—we do
not know what we do not know!
That said, the vast number of documented issues related to ice and snow formation and release have occurred on the
typical high-rise as well as the unique or
exotic building. However, it is our experience that the unique and exotic building
designs tend to contain a greater number
of design traits that ultimately increase the
chance of an incident.
Now, to better understand some of the
traits that impact design, we would like
to first cover background information regarding climate, winter weather and site
microclimate; demonstrating influence on
ice and snow interaction with façade and
building geometries in general.
CLIMATE
The geographic location of a project will
greatly impact the type of winter weather
that requires consideration. As consultants, we have worked on projects from the
high Canadian Arctic to New York City
and Washington, D.C., to as far south as
Dallas, Texas and Atlanta, Ga.
Each geographic location experiences
different winter precipitation characteristics, as well as differing levels of acceptance
for a perceived hazard by society. As an
example, in the Arctic, snow maintenance
and management is a daily practice and is
in the forefront of daily activities, while in
Dallas or Atlanta, people generally avoid
venturing outside during a winter storm.
Consequently, design decisions will differ based on the geographic location of the
project.
WINTER WEATHER
Winter storms can yield varying forms
of precipitation and degrees of severity and
intensity. Furthermore, a combination or a
sequence of precipitation types can occur
as a storm progresses. For example, a winter storm can begin with wet snow, icy sleet
or freezing rain, then transition to high
winds with driving snow, finally ending with
clear cold sunny weather.
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Wet precipitation at the beginning of a
storm can stick to cold surfaces, whether
vertical or horizontal; meanwhile, winddriven snow can build up on low sloped
surfaces and build over roof or canopy
edges. If you are in Buffalo or Boston however, it may just keep snowing!
MICROCLIMATE
Microclimate conditions from a winter
performance perspective are the result
of the interaction between the proposed
building’s geometry (or neighbouring
geometries) and winter weather. For example, the top of a high-rise building will
experience strong winds that can be significantly colder than those at street level and
in turn, deflect some of those winds creating turbulence and downward gusts.
In this same example, if the high-rise
building has sloped, curved or stepped
façades, or complex crown features, these
can collect significantly more ice and snow
than a basic vertical box shape. In another
example, lower larger building geometries
that typically have larger roof areas with
flat, barrel vaulted or sloped surfaces, and
combinations of roof steps and stepped or
inset façade geometries, can generate snow
drifting, movement or sliding ice and snow.
Now that you have a greater understanding of a building’s interaction with
its environment, we can discuss some examples of problematic conditions that can
occur. After that, we will follow up with
a discussion of design trends that in our
opinion are significantly increasing the potential for incidents to occur.
FALLING ICE AND SNOW
EXAMPLES
As there are challenges with discussing
problem buildings or past incident investigations, we have chosen to use a fictitious
building that is comprised of example design elements. For the purposes of this
discussion, the influences presented in Figure 1 on page 28 have been simplified for
discussion purposes and are by no means a
complete list. However, they are typical of
issues that require investigation and consideration during design.
The intent of the noted examples is not
to say that these elements or geometries
should not be used, but to raise awareness that in certain situations, climates
or microclimates, these elements can

Examples of ice and snow accretion influences.
produce falling, sliding or wind released
ice and snow that could pose a hazard to
people or property. Furthermore, the design and management of these elements
requires careful consideration.
DESIGN TRENDS
Upon review of the examples from Figure 1, it is likely evident that many of these
design characteristics align with recent industry trends, such as the following:
• The use of new and advanced materials;
• Advancements in creative designs,
shapes and geometries;
• The prominence of taller and larger
buildings;
• Advanced curtain wall strategies/complexity; and
• The big mover and shaker that impacts
all the rest…energy efficiency!
Now think of these trends in these ways:
• New and advanced materials equal unknown performance. Beware!;
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• Creative designs, shapes or geometries
equal complexity that increases ice and
snow accumulation;
• Taller buildings equal colder exterior temperatures that increase ice and
snow accumulation;
• Larger buildings equal greater surface area and increased ice and snow
accumulation;
• Advanced curtain wall strategies/complexity equal colder complex surfaces
that increase ice and snow accumulation; and
• Energy efficiency equals less energy
use, resulting in colder building skin
temperatures both prolonging and increasing ice and snow accumulation.
RISK MANAGEMENT AND
MITIGATION
What about risk? Over our careers, the
consulting effort has ranged from design
review to laboratory testing of curtain wall

mockups, field investigations and incident
investigations. In that time we have developed our own interpretation of how the
industry handles risk. In our experience,
building owners and managers tend to react to the occurrence of a falling ice and
snow incident in one of two ways:
1. “I had no idea this could happen!”
Then, “You (architect) need to fix
this so it will never happen again!” I
must also add, Murphy’s Law often
applies—a big storm with the correct
characteristics to expose any weakness
will occur in the first year of operation!
This response creates the need for
a very robust and often costly retrofit,
typically requiring the involvement of
a complete design team that is charged
with implementing a solution with very
strict criteria that is correspondingly
difficult to achieve.
2. Alternatively, the following is often
the reaction of a building owner or

manager that was warned of potential
issues, prior to them arising: “We were
warned that it could not be prevented
completely from occurring, however
we would like your assistance to address this situation the best we can.”
This response asks for an investigation
of the incident to assess the potential
of likely recurrence, followed by a feasibility study of varied levels of response.
This leads to a comparison of future impacts to operational/management costs
versus retrofit costs of various levels of
mitigation. This finally results in a combined solution that typically includes
a lower cost retrofit combined with
increased management/awareness response when winter storms are forecast.

Many costly retrofit or
backtracking of design
issues can be avoided if
ice and snow experience is
provided early on…

Figure 1: An example of a complex façade.
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CONSIDERATIONS DURING
DESIGN
So, you ask, what are the recommended
considerations during design? First and
foremost is a commitment to understanding how proposed roof/façade geometries,
façade elements and materials will perform in the context of the climate, microclimate and statistically relevant winter
precipitation.
Embrace the topic as part of the design
directive, including the entire design team
in open discussions, reducing risk through
thoughtful planning and design. Engage
client representatives and ownership in a
team approach towards risk identification,
reduction and future-building operational
requirements.
Finally, if experience is needed within
your design team, enlist it as early as possible. Many costly retrofit or backtracking
of design issues can be avoided if ice and
snow experience is provided early on during the cladding or even geometry creation
design stages.
If unique or challenging designs require investigation beyond an experiencebased design review, full scale mock-up
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tests can be conducted in a controlled cold
room laboratory, where winter precipitation can be generated and repeated; investigating mitigation strategies, refining
design/retention details and/or validating
assumptions.
In conclusion, it is evident that climate
change is impacting our urban centers
through increases in storm severity. This,
combined with the discussed modern design trends is leading to the need for designers to understand the microclimate
façade interaction and the impact of design
decisions regarding façade winter performance.
n
Michael Carter and Roman Stangl have
been consulting on large scale projects since
1995 and 2005, respectively. They have contributed to publications with the Council on
Tall Buildings and Urban Habitat, National
Institute of Building Sciences, Construction
Specifications Canada and the International
Conference on Snow Engineering. Carter
and Stangl are currently co-chairs of the
ASTM International Task Group - Evaluation of Snow & Ice Accretion on Buildings &
Structures (E06.55.13).

An example of complex geometry.
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The Impact of Exterior Insulation
Fasteners on Air & Water Resistive
Barriers in Commercial Wall Assemblies
By Robin Urquhart, MBSc, MA NRES & Graham Finch, MASc, P.Eng, RDH Building Engineering; &
Alan Lam, P.Eng, ITW Construction Products Canada
Exterior insulation is becoming commonplace. Methods have been developed to retain exterior insulation and
fasten cladding to the substrate, including screws, proprietary fasteners, clips, stick-pins etc.; new methods are being
developed. Advantages and disadvantages include thermal efficiency, structural requirements, expense, and ease/
speed of installation. Concerns related to air- and water-tightness of liquid- and sheet-applied air barrier and water
resistive barrier membranes have arisen, especially with powder or fuel-cell actuated fasteners. No quantitative
research has been published to assess impacts thus far.

A

study recently conducted by RDH
Building Engineering Ltd. examined the impact of two types of exterior insulation fasteners on air and water
management for conventional concrete
block (CMU) and steel stud/exterior gypsum sheathed walls with a range of common weather resistive barrier and air barrier (WRB/AB) membranes.
The fasteners selected for the study
were: 1) a type of proprietary, fuel-cell actuated fastener and 2) metal screws with
insulation washers. The screws also represent common fasteners for various cladding attachment supports, which could also
have a potentially similar impact on the air
and water barriers.
STUDY METHODOLOGY
Air and water testing was conducted in
two rounds in a laboratory setting.
The first round of testing examined four
wall assembly typologies designed to represent the most commonly used assemblies in
the commercial building industry, including the following:
• Concrete block with a liquid applied
membrane;
• Concrete block with a bituminous selfadhered membrane;
• Steel stud/exterior gypsum with a liquid
applied membrane; and
• Steel stud/exterior gypsum with a bituminous self-adhered membrane.
All walls were covered with three
inches of semi-rigid mineral fibre insulation over the membrane. Both fastener
types are also compatible with XPS, EPS,
Poly-Iso and other rigid insulation types,

Exterior insulation attached to a concrete wall with the Ramset InsulFast Fastening System.
though these products were not used in
the testing.
Air leakage in cubic feet per minute
(cfm) was tested according to the ASTM
E2178-03 Standard Test Method for Air
Permeance of Building Materials. The
specimens were tested at differential air
pressures from 10 pascals (Pa) to 100 Pa
(10 Pa intervals) in three phases:
• No fasteners installed;
• Proprietary fasteners; and
• Screws and washers.
The steel stud walls were also tested
with and without misfires (fasteners missing the steel studs).

Water testing was conducted using a
calibrated rain rack and fluorescent dye
at differential air pressures of 0 Pa, 200
Pa and 700 Pa for a duration of 15 minutes each according to the ASTM E331-00
(2009) test standard for water penetration.
The assembly was examined for any
water leakage under visible and UV light
throughout and at the termination of each
testing round.
The second round of testing examined
the effect of fastener installation through
15 commonly available thin sheet and liquid
applied membranes. Membrane specimens
were applied in 12-inch square sections to
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A test wall with fasteners through self-adhered bituminous membrane
over steel stud and gypsum sheathing (fasteners were installed sequentially as to measure the relative impact of each fastener individually).
a conventional steel stud/exterior gypsum
wall. Two fasteners of each type were installed to each section of membrane. The
specimens were qualitatively tested for air
leakage through a range of differential air
pressures (10 Pa – 100 Pa) and for water
penetration at air pressure differentials of
0 Pa, 200 Pa and 700 Pa.
AIR BARRIER SYSTEMS
An air barrier is a system of components that resists the flow of air between
the indoor and outdoor environments
across the building enclosure. In the case
of a typical wall assembly, the air barrier
may consist of windows, doors, sheathing membrane and in some cases, the

Proprietary fuel-cell actuated plastic insulation fasteners and metal
screws used in the study.

structure itself. This study examines one
component of the air barrier, specifically
the sheathing membrane, which usually
makes up the largest area of the air barrier system.
North American building codes typically specify that air barrier materials must
not exceed an air leakage rate of 0.004
cubic feet per minute per square foot (cfm/
ft2) or 0.02 litres per second square metre
(L/s•m2) at 0.3-inch water column (WC) or
75 Pa. The test methodology used in this
study was modeled on the ASTM E2178-03
test setup and procedure. Figure 1 shows
the relative air tightness of the tested wall
assemblies with the proprietary fasteners
from the first round of testing.

Figure 1: Data showing a negligible impact of exterior insulation fasteners on the air tightness of liquid and self-adhered membranes.
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It is apparent that the effect of the fasteners on the air leakage of the air barrier
is negligible. In all cases, the impact of the
fasteners is indistinguishable from a zero
change as the impact is within the very airtight error bounds of the testing apparatus
(<0.00076 cfm/ft2). The same negligible
impact was observed with the screws.
The self-sealing nature of the self-adhered membrane and liquid applied membrane, combined with the relative oversize
of the screws and proprietary fastener pins
to the holes required for their installation
explains the lack of measureable impact on
the system air tightness.
There were some qualitative differences among the fastener types. In five
out of eight cases within the CMU walls,
the proprietary fasteners caused the concrete block to spall. In two cases the tips
of the pins were visible from the core of
the block. In all cases in the CMU walls,
generic concrete screws caused spalling
on the backside of the CMU and the tip
of the screw was visible from within the
empty cavity.
The second round of testing examined
qualitative air leakage through the use of
theatrical fog of 15 thin sheet and liquid
applied air barrier/WRB membranes over
a steel stud/exterior gypsum wall.
The results showed air leakage at
six misfired screw locations (screws that
missed the steel stud and penetrated only
the gypsum sheathing). Air leakage was
not noted at any other locations.
WATER RESISTIVE BARRIERS
Under typical circumstances, the
water resistive barrier (WRB) material
would be partially protected by the cladding, exterior insulation and rainscreen

n

and would represent the innermost barrier to water penetration.
This study examined the effect of fasteners on water management in the assembly in the case of extreme bulk water
penetration beyond the cladding and exterior insulation layers. While this unclad
and exposed insulation test setup may not
be a real world wetting scenario, mainly as
the volume of water reaching this interface
in the lab is several orders of magnitude
greater than what would reach this location in the field, it does provide a relative
comparison and potential susceptibility to
water penetration if large amounts of water
were draining behind the insulation layer.
In the first round of testing, which
examined two air barrier membranes/
WRBs over steel stud and CMU walls,
there was only one observation of water
penetration through the test wall assembly.
A water penetration point was observed at
a screw penetration in the steel stud wall
with a 15 mL liquid applied membrane at
all pressure differentials.
Further examination of the screw, including removal of the insulation, did not
identify any anomalies with the installation,
but indicated relatively poor self-sealing of
the thin liquid applied membrane around
this particular screw through the gypsum.
While no other water penetration was
identified, there were elevated moisture
levels observed behind the self-adhered
membrane of the CMU wall assembly at
one screw location. The self-adhered membrane was removed at the screw location
to reveal the extent of the moisture. The
moisture was contained to the immediate
vicinity of the screw location and did not
penetrate further into the assembly. It is
unlikely that this would have affected the
performance of this mass wall assembly.
In all other cases, there was no impact
on the water management of the various
wall assemblies from the installation of the
proprietary fasteners or the screws.
In the second round of testing, which
examined 15 different air barrier/WRB
membranes on a gypsum and steel stud wall
assembly (without the protection of exterior
insulation), water penetration was observed
at five of the misfired screws at 0 Pa and one
properly installed screw into the steel stud.
At 200 Pa, the water penetration points
had increased to all of the misfired screws
and three of the properly installed screws.
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A water penetration point observed at a misfired screw location at no air pressure difference.
At 700 Pa, water penetration was observed
at all screw locations regardless of installation type. In contrast to this finding with
the screws, water penetration was not observed at any of the proprietary fastener
locations even up to 700 Pa.
It should be stressed that the test does
not represent a real-world wetting scenario
as it is unlikely that the volume of water
used in the test would penetrate through
the cladding and insulation and contact the
membrane like this in the field, particularly
behind exterior insulation.
SUMMARY
The study has demonstrated that the
small penetration made by concrete and
steel stud screws or proprietary, fuel-cell
actuated fasteners to secure exterior insulation for the most part has a negligible
impact on the air and water tightness of
common liquid applied and self-adhered
bituminous sheet membranes.
The self-sealing ability of these membranes and the nature of the installation
should instruct the industry that exterior insulation fasteners and typical concrete/steel stud

screws for cladding attachment are not generally a concern in these wall assemblies.
n
Robin Urquhart is a Building Scientist at
RDH Building Engineering. He specializes
in air flow through minute orifices and has
published articles on this topic with the Canadian National Building Envelope Council
and the Journal of Energy and Buildings.
Graham Finch is a Principal and Building
Science Research Specialist with RDH Building Engineering in Vancouver, BC. He leads
RDH’s building science research group and is
actively involved in a wide range of different
types of projects from research and forensics
to new construction and building enclosure rehabilitation work across North America.
Alan Lam, P.Eng is the Insulation Segment Manager at ITW Construction Products
Canada and is an expert in construction fasteners and anchors. Alan led development of the
Ramset® InsulFast™ - Insulation Fastening
System. InsulFast™ significantly reduces thermal bridging and improves jobsite productivity
and safety.
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Solar Heat Gain Control
Retrofit Strategy Analysis
By Scott Armstrong, CET, LEED AP BD+C, MMM Group Ltd.

U

rban centres contain thousands of mid- to late-20th century commercial, institutional and multi-unit residential
buildings. In order to improve the efficiency of these
buildings and reduce an ever-increasing infrastructure demand,
our modern cities must face the retrofit imperative.
It is not as simple as adding more insulation, installing
window film or applying extra sealant—retrofits must be carefully
considered and their evaluation can be fraught with challenges.
These challenges include obtaining reliable performance
improvement information and determining realistic savings.
This cannot be stressed enough: determining realistic savings is
essential.
We are often asked to evaluate various envelope upgrade
measures, either as standalone projects or as part of a more holistic
existing building commissioning or building renewal project. It
does not take long to realize that finding accurate information on
best-value upgrades is tough, but accurate information is critical
to the project’s success. Equally critical is the need to understand
the impetus for the upgrades: are occupants too hot? Too cold?
Is there air leakage? Water infiltration? The reason alters the
approach and solution considerably.
A recent example that highlights some of the challenges of
evaluating envelope retrofits involved assessing the anticipated
cooling load reduction with a post-applied solar heat gain control
system for an office building in downtown Toronto. The project
included an analysis of building energy use, in-situ monitoring
of pre- and post-retrofit space temperatures, in-situ heat gain

Recorded temperature data for interior and perimeter zones preand post-retrofit.

monitoring and energy cost savings calculations. The motivating
factors: occupant comfort and energy savings.
PRELIMINARY STUDY
We conducted a detailed analysis of several retrofit
solutions, including exterior shades, interior shades and solar
control window film. With approximately 80 per cent glazing, a
significant architectural presence and the presence of existing
interior shades, the subject building seemed an ideal candidate
for window film.

Recorded BTU energy transmission data for baseline glazing and
both window film mock-ups.
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METHODOLOGY
The methodology was developed to obtain data that would assist
in developing a meaningful conclusion pertaining to the impact of
solar control film on space conditions.
STUDY DURATION & ENVIRONMENTAL CONDITIONS
We conducted space temperature and thermal energy (BTU)
transmission monitoring in two locations for a total of 16 days.
The ambient outdoor temperature during this time ranged from
daytime highs of 10.2 to 24.7°C and overnight lows of five to 18.4°C,
according to Environment Canada.
SPACE TEMPERATURE MONITORING
Space temperature data was collected for 10 days prior to the
film installation to develop a baseline and for six days after the film
installation. Two simultaneous temperature collection points were
recorded using a HOBO U12-012 temperature relative humidity
data logger with a single exterior temperature probe; one sensor was
placed approximately one inch from the interior surface of the glass
(perimeter zone) and one sensor was placed approximately 10 feet
(ft) from the interior surface of the glass (interior zone).
The sensor in the perimeter zone was approximately eight ft above
the floor and the sensor in the interior zone was approximately five ft
above the floor. The sensors were placed at the south west corner of
the building and both the horizontal mini blinds and the fabric shades
were left in an open position for the duration of the test.
THERMAL ENERGY MONITORING
The thermal energy transmission monitoring was conducted
over a three day period with three data loggers simultaneously—
one placed directly behind an untreated glazing unit and one placed
behind each of the two window film mock-up areas within the study
area. In all cases, the thermal energy loggers were placed facing
south and angled approximately 10 degrees above horizontal.
The thermal energy monitoring was performed during the final
three days of the 16-day temperature monitoring period and after
the retrofit film was installed. The monitored days coincided with
high solar heat gain days (i.e. clear and sunny sky conditions), which
may slightly overestimate the energy savings from reduced solar
heat gain since cloudy days were not included in the test period.
WINDOW FILM SELECTION
We selected two window films based on their high solar energy
rejection, visual clarity and minimal interior reflection. One of the
films selected had a slightly lower visible light transmittance (VLT)
to help reduce glare, which was a concern raised by some tenants.
Interior-applied windows films cause solar heat gain to be
absorbed both by the inner glazing lite and the glazing unit air
space. Thus, it is important to consider overall glazing size and
type (annealed, heat strengthened, etc.) to eliminate the risk of
breakage.

SOLAR CONDITION
We developed a Solar Condition Index using Environment
Canada daily weather data to identify whether a correlation exists
between weather, sky condition and solar heat gain. We found a
strong correlation between the solar condition index and space
temperature data.
For example, when the solar condition rating was five (or
high), the interior space temperature at the glass and was high.
Conversely, when the solar condition rating was lower, the interior
space temperature at the glass (perimeter zone) was lower. This
correlation helps support our understanding of solar heat gain on
space temperatures in the perimeter zone.
LIMITATIONS
We were unable to measure directly the amount of cooling
demand for the mock-up areas. The HVAC system and building
automation system (BAS) were also incapable of measuring the
amount of air delivered to the specific mock-up areas. It is our
opinion that this type of direct monitoring of space cooling demand
may provide additional data indicating whether a reduction in
space cooling demand resulted in the mock-up areas.
RESULTS
SPACE TEMPERATURE MONITORING
The space temperature monitoring data developed
demonstrates that the temperature differential between the
perimeter and interior zones decreased by between 0.8 and
1°C after the film was installed. This narrowing of space
temperature differential occurred despite similar solar
conditions (high solar heat gain) before and after the film
installation.
This narrowing of the space temperature differential between
perimeter and interior zones could result in improved occupant
comfort since cooling is delivered in response to interior zone
space temperatures (i.e. the perimeter zone will be closer in
temperature to the interior zone).
THERMAL ENERGY TRANSMISSION
The thermal energy transmission data showed a reduction in
energy transmission ranging between 38 per cent and 52 per cent
depending on the film deployed. This reduction in thermal energy
transmission correlated well with the space temperature data and
the solar condition index.
ENERGY ANALYSIS
Potential cooling energy savings were calculated based on the
collected data as well as conclusions resulting from an energy
audit and existing building commissioning conducted by our firm
at the same building. The energy audit and commissioning process
provided the following pertinent information about this particular
building:

Fixed flat rate
cooling ($ est.)

Consumption
cooling ($ est.)

% of cooling
weather related

Total weather-related
cooling costs (est.)

Solar heat gain
contribution (est.)

Solar heat gain
cooling costs (est.)

$95,000/year

$113,000/year

20%

$22,600/year

40%

$8,800/year

A calculation of estimated solar heat gain-related cooling energy costs.
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Solar heat gain cooling
costs (est.)

Solar heat gain cooling
(original, blended)

Solar heat gain cooling
(with film)

Solar heat gain cooling
improvement

Potential cooling
savings (approx.)

$8,800/year

0.66

0.176

73%

$6,400

A calculation showing estimated cooling energy savings based on window film SHGC improvement.
Solar heat gain cooling
costs (est.)

BTU energy reduction with film

Potential cooling savings (approx.)

$8,800/year

52%

$4,224

A calculation showing estimated cooling energy savings based on BTU energy transmission reduction.
• The building is cooled by a district energy cooling system. The
billing arrangement is such that approximately 50 per cent of
the total cooling costs are fixed and unrelated to actual energy
consumption;
• The consumption-related cooling costs are approximately
$113,000 per year; the fixed cooling costs are approximately
$95,000 per year;
• Approximately 20 per cent of the building’s cooling load is attributable to weather, or $22,000 per year (based on consumptionrelated cooling costs of $113,000 per year);
• The cooling costs are not significantly impacted by peak cooling
demand; and
• Electrical consumption generally is unaffected by weather.
Based on our research, solar heat gain is responsible for
approximately 16 per cent of typical large commercial office
building cooling loads (Huang, J. 1999, pg 39) for buildings
in climate zones similar to the subject building. The buildings
included in the cited study had vision glazing in the range of 40
to 50 per cent compared to the approximately 80 per cent vision
glazing in the subject building. Due to the high percentage of
glazing on the subject building, we conservatively estimate that
solar heat gain contributes to approximately 40 per cent of the
total weather-related cooling loads, or $8,800 per year.
Based on the above assumptions, we prepared an estimate
of the savings to be obtained by installing the solar control film
using three methods:
METHOD 1: SHGC IMPROVEMENT
The solar heat gain coefficient (SHGC) of the existing window
units was compared to the SHGC of the improved windows with
the solar control film installed. We calculated a blended SHGC
for the existing glazing to account for the localized replacement
of original units with newer, more efficient units.
METHOD 2: BTU ENERGY REDUCTION
The BTU energy transmission reduction obtained from the
on-site monitoring was used to estimate the potential energy cost
savings. The BTU reduction is measured using the more effective
of the two films tested.
METHOD 3: BUILDING ENERGY MODELING
We created a representative building energy model based on
the geometry of the subject building to identify potential cooling
energy savings and heating energy cost increases. The windowto-wall ratio of the subject building was used as was building

orientation and floor area. Based on this simulation, the cooling
energy cost decreased slightly but was offset completely by the
heating energy cost increase.
CONCLUSION
Based on research, observations, data collection and analysis,
it appears that occupant comfort will be positively affected by
installing a solar control window film on the interior surface
of the glazing even if significant cooling energy savings are not
realized.
The temperature differential between the interior and
perimeter zone was reduced by installing the film in both test
areas. The moderating of space temperature at the building
perimeter should result in more consistent temperature control
across the floor, leading to greater occupant comfort. The solar
control film also reduced total solar heat entering the building,
which would reduce the same radiant heat gain experienced by
occupants sitting close to the exterior walls.
The window film provides these benefits regardless of how
occupants adjust their existing blinds or install additional interior
shade systems. The window film also has minimal impact on the
building’s aesthetics, unlike the installation of an exterior shade
structure.
Lastly, as with all solar heat gain reduction strategies, there
will be a corresponding increase in heating energy consumption
to account for the lost solar heat gain. In cooling-dominated
buildings, the heating energy consumption increase typically is
lower than the cooling energy consumption decrease, resulting
in overall lower energy costs.
Based on the lessons learned during this study, we
recommended that the decision to install a solar control film
should be justified by its ability to improve occupant comfort
resulting from reduced heat gain and glare. There will be some
energy savings; however, this is not the driving factor. Of course,
all buildings are unique and those with shallower floor plates,
less internal heat load, or higher solar heat gain may present a
different scenario.
n
Scott Armstrong manages MMM Group’s Building Science
team with offices in Toronto, Markham and Halifax, focusing on
the development and delivery of industry-leading consulting services
for clients with new and existing buildings. Armstrong’s experience
includes building envelope and roofing consulting, sustainable
cladding analysis, heritage building restoration, green roof and
LEED consulting and integrated design facilitation.
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Garden Roof Augments
Vancouver Heritage
Building Redesign
By Bruce Duncan, Hydrotech Membrane Corp.

F

rom a one-storey distribution warehouse to a 10-storey high-end commercial property, 564 Beatty Street
in Vancouver’s eastern downtown district
has seen a lot of change in its 106-year history. Fortunately, the design team, contractors and owner/developer involved in this
transformation project had the vision and
talents to deliver an exceptional property.
Although designated as a heritage
building, the design team overcame the
challenges inherent when working with
older construction techniques and delivered a creative solution. The result is a
contemporary four-storey addition atop
the existing six-storey heritage building
(see photo to the right).
One strategy used to move from a
Class B ‘Brick and Beam’ designation to
a Class A designation with contemporary
offices and high-end restaurant space was
to incorporate three garden roofs in the
new addition. The largest garden roof on
the 10th floor offers views on three sides
and is accessible from the amenity room
(see Figure 1 on page 40). A second garden roof is located on the roof amenity
building and the third garden roof is over
the utility area. These last two garden
roofs are generally only visible from surrounding high-rises.
ADDING VALUE WITH A GARDEN
ROOF ASSEMBLY
Green or garden roof design is not
new, but increasingly owners, developers and even municipalities are requiring
green roofs. For 564 Beatty Street, Reliance Properties Ltd. and the architectural team have applied for LEED Core
and Shell Gold certification. To meet the

The new four-storey contemporary addition brings the 1909 heritage building into the 21st
century. Photo courtesy of Glen Stokes, Bruce Carscadden Architects Ltd.
storm water treatment Sustainable Site
credit, the green roof must be at least 50
per cent of the total roof surface or 2,800
square feet.
“The owner wanted to offer low energy
and sustainability as a marketing position,
so the three green roofs were an obvious
solution,” says Glen Stokes, project architect at Bruce Carscadden Architect, Vancouver, B.C. Situated in a row of other
heritage buildings and in an increasingly
upmarket area, this approach helped 564
Beatty stand out. This ability to attract a
top-end restaurant with an outdoor patio on the ground floor, as well as other

high-end, long-term tenants, shows the
wisdom of the strategy.
In addition to being a marketing feature, green—or garden—roofs offer a
host of other technical benefits including
substantially reduced storm water run off,
a lower urban heat island effect and cooler buildings in the summer.
There are also the ‘softer’ intangible
benefits of a garden roof to consider. As
Rob Willemsen, president of JR Trory
and Company Ltd., the project’s roofing
contractor says, “It’s a great place to take
a moment to refresh and reflect before
heading back to your busy desk.”
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1 Elevator lobby
2 Kitchen
3 Washroom

4 Mechanical
5 Rooftop patio
6 Extensive green roof

Figure 1: The extensive garden roof on the Amenity Room level (#6)
wraps the patio deck on three sides. Figure courtesy of Glen Stokes,
Bruce Carscardden Architects Ltd.
DIGGING INTO THE DIRT
The three-sided main garden roof design on the amenity level offers expansive
and uninterrupted panoramic vistas. The
patio deck is approximately 18 inches
higher than the surrounding garden roof
and the two surfaces are separated by a
clear balustrade. With only a three-inch
band with a unique extruded aluminum
edge detail around the outside perimeter,
the look from the patio deck is almost like
a green infinity pool.
“The green foreground reminds you
of the sustainable qualities and attributes
of the building and grounds you as you
look across to the mountains,” says Glen
Stokes.
A seamless, hot fluid-applied rubberized asphalt roofing membrane (Hydrotech Monolithic Membrane 6125®EV)
was installed on the entire concrete roof
deck, delivering a tough and flexible
waterproofing layer. Three times thicker
than most other waterproofing membranes, it can self-heal and bonds well
with the underlying substrate.

Figure 2: Extensive garden roof assembly used one-foot by two-feet
sedum carpet mats designed for year round visual interest. Figure
courtesy of Hydrotech Membrane Corp.

“Having an excellent bond is key. If any
damage does occur—say by another trade—
water won’t travel under the membrane,”
says Rob Willemsen, a certified Hydrotech
Membrane contractor for close to 40 years.
The membrane contained at least 25 per
cent recycled product to enhance the sustainability of the overall design.
Under the garden roof, a protection
layer or root stop was installed to prevent
roots from potentially penetrating the
waterproofing/roofing membrane before
laying the four-inch (100 mm) of two-inch
by eight-inch (600 mm by 2.4 m) shiplapped
STYROFOAM™ Brand ROOFMATE™
insulation. This approach of protecting the
membrane with the insulation helps extend
the life of the roofing assembly.
The garden roof design used a recycled
polyethylene molded drainage/retention
sheet (Gardendrain™ 15). Specifically designed for extensive garden roof designs,
the drainage layer incorporated retention
cups with drainage channels to support
ventilation and evaporation (see Figure
2). The drainage layer was loose-laid over
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the insulation and held in place with four
inches (100 mm) of growing medium and
the sedum carpet tiles.
“We also used a drip irrigation system
below the plant materials in a one-foot
grid to supplement the rainwater capture,
as needed,” says Adam Harris, estimator
and project manager at Blue Pine Enterprises, the garden roof installer.
The sedum carpet tiles were specially
selected to provide vibrant colour interest
year-round, with a blend of up to eight sedums that offer a variety of flower colours
and flowering times. The aptly named
Etera® Color Max one- by two-foot (300
mm by 600 mm) tiles provided immediate
cover, even when installed in March and
now only need minimal maintenance.
All the components—from the monolithic membrane to the sedum carpet
mat—work as a system, backed by years of
experience and manufacturer’s warranty.
“Our customers recognize and value the
convenience of a single source warranty, as
offered by Hydrotech. Because we cover all
the roofing components, we can warranty

n

such items as membrane watertightness and
insulation R-value retention,” says John
Riley, Hydrotech’s representative in British Columbia.“With other systems, owners
might have to go to the individual component supplier/manufacturers to get service.”
PUTTING THE GARDEN ROOF
TOGETHER
The construction phase required close
co-operation between trades to ensure
that work was completed on time and
to the high quality specifications—especially that of the roofing and landscape
contractors. For example, all of the roofing components, except the sedum carpet
tiles, were lifted onto the amenity floor
roof by the construction crane and were
staged accordingly. The two contractors
worked closely together building up the
garden roof assembly.
“As JR Trory’s team was laying the
membrane, we followed closely behind to
lay the root stop. Then the roofers laid the
insulation so we could then build up the
rest of the roof,” says Harris.
When the pallets of sedum carpet tiles
arrived in a refrigerated truck to the jobsite, because the construction crane had
been removed, a portable crane was used
to lift the material up to the garden roof
area. To minimize any damage to the
carpet tiles both during installation and
in the early days of growing, garden area
foot traffic was limited.

roofs will continue to bring beauty and a
place for reflection for years to come. n
Bruce Duncan is the International Sales
Manager for American Hydrotech, Inc. and
the Regional Manager for Ontario and Western Canada for Hydrotech Membrane Corp.
Garden Roof®, Gardendrain™, 6125®EV
and Hydrotech® are registered trademarks
of Hydrotech Membrane Corporation.
STYROFOAM™ Brand ROOFMATE™ is a
registered trademark of The Dow Chemical
Company. Etera® is a registered trademark of
Northwest Horticulture LLC.
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564 BEATTY STREET AT A GLANCE
• Green roof system: Hydrotech Green Roof®
Assembly extensive design.
• Developers / owner: Reliance Properties Ltd.
• Architect: Bruce Carscadden Architect Inc.
• Landscape consultant: IBI Group, Vancouver.
• Landscape contractor: Blue Pine Enterprises Ltd.
• Roofing contractor: JR Trory and Company Ltd.
• Growing mat supplier: Etera®/Northwest
Horticulture LLC.

AWARD WINNER
With just under a year of occupancy,
this mixed-use building at 564 Beatty
Street continues to garner rave reviews
and awards. The Urban Development
Institute (UDI) Pacific Region gave it
two awards in late November 2014: Best
Heritage and Best in Show. In addition, it
won the Vancouver Regional Construction Association’s 2014 Gold Project Winners in the Heritage Award category.
Awards aside, perhaps the biggest winner is how 564 Beatty Street has enhanced
Vancouver’s built environment from the
patio green space at street level to the
uppermost three garden roof spaces. The
result demonstrates how a “green” solution benefits everyone. As Riley says,
this project “honours the past, extolls
the present and celebrates the future.”
The vibrant and creatively-designed garden
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And the Beckie Goes to:
Kevin Day
T

he Anthony A. Woods Award (the Beckie), previously
called the President’s Award, recognizes individuals who
have made a significant contribution to the design, construction and performance of the building envelope. As an annual career
achievement award, the Beckie is not based on a single contribution
and is the Council’s premier award, named in honour of Tony Woods,
who first created the award and gave it its nickname.
The President’s Award began with Tony Woods, President of the
Ontario Building Envelope Council (OBEC) in 1991. Woods realized
that our industry—of research, design, construction and rehabilitation
of the building envelope—did not have a way to recognize the contribution of its members. A way was needed to recognize excellence.
It was firmly believed that the award should be available to all
members of the industry—researchers, academics, consultants, contractors and manufacturers. To such people, the award should be
given to honour their contribution to the promotion of excellence in
the design, construction and performance of the building envelope.
OBEC would like to extend congratulations to this year’s recipient of
the Beckie, Kevin Day.
On winning the award, Day says: “It’s quite humbling, some of the
greatest names—synonymous with building science best practice—
appear on the list of recipients.”
Day has a bachelor of technology, architectural science (specialized in building science) from Ryerson Polytechnic Institute. He
works at Dryvit Systems Canada, where he started as the manager of
technical services. He then spent a number of years working for Morrison Hershfield & Halsall Associates, and Day is now back at Dryvit,
as the director of sales and marketing.
Day specializes in green building, energy efficiency, building science, energy, sustainability, LEED durability requirements, business
development, construction management and building materials.
He is currently the vice-chairman of the Exterior Insulation Finish
Systems (EIFS) Council of Canada, where he is also an instructor.
Through EIFS, he was the lead instructor for a presentation titled,
“Doing it Right” for the Association of Wall and Ceiling Industries.
He served with ULC-S700 A and B, was former chair of ULC-S716,
and active for a few years with CSA-A440.4, ASTM and ANSI, all
through EIFS Council. Day was on the OBEC board of directors
from 1996 to 2003, and from 1998 to 1999, he was president of the
association.
From his long career in building science, he has an idea of where
the industry is headed.
“The collective knowledge of building design and construction
professionals has substantially improved and I can see a day when
building construction can catch up to the tolerances and quality standards indigenous to aerospace and automotive engineering,” he says.
“But first, there will come a series of disruptions—technologies
like BIM grafting AI, robotics supplanting physical labour (with
greater consistency), and increasing safety precautions will all shift

Kevin Day giving a speech after receiving the Beckie Award at the
14th Canadian Conference on Building Science and Technology.
building construction into a more formal process of building manufacturing (not meaning pre-fab, per se, but still relevant).”
On behalf of the OBEC Board and Beckie Alumni, we are very
proud of Days’ lifetime of work, furthering the building science cause.
We are all very pleased to acknowledge his many achievements with
the Anthony A. Woods Award.
“It’s rewarding to know that my contributions have mattered,” he
says. “Thank you for everyone’s support, and I shall look at this award
as a responsibility to live up to (not as an accolade).”
n

THE BECKIE’S SYMBOLISM
Pyramid: Symbolic of the oldest form of structure, the tent, and one of the most durable, the
pyramids.
Recess in the pyramid: Symbolic of shelter, protecting the facetted crystal ball from the weather.
Red base: Symbolic of the solid foundation needed for all durable construction. It also turns the pyramid red, symbolic of
warmth.
Crystal ball: Symbolic of us and our possessions—the most
valuable of which is our history.
Snowflakes: Symbolic of exactness and of sophisticated engineering, to which we aspire in our designs for the built form.
It is also symbolic of the weather from which we seek shelter.
Acrylic plastic: Symbolic of modern materials of construction.
The plastic forming the pyramid is also clear, symbolic of the
desire to let light into our buildings.
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Genge’s
Gripe
So You Think You Are
Exceptional? Think Again
By Gerald R. Genge, P.Eng., BDS, BSSO, C.Arb., Q.Med

W

hen this is published, it will
have been five months since
the 14th Canadian Conference on Building Science and Technology was held in Toronto. It was a roaring success from many vantage points.
Shame attendance didn’t cover the costs
for the venue; but, our sights were set
high and, while I am very pleased with
the technical content, I am not so much
pleased with the support received from
some of the major stakeholders in the
industry. No point in naming names.
They know who they are.
The major supporters are obvious as
well and I am very grateful for their support. Same for the organizers and management of the operations and the volunteers who read papers and shepherded
people through tours. Great work.
With the support, expertise, entertainment and commitments, it was a very
worthwhile professional development opportunity. But, this gripe is not about the
missed opportunity for the building science
community to better itself; it is about something very important. It is about becoming
exceptional and why so many people are
satisfied with not being just that.
You hear it all the time. Someone
around you does something that is better than expected of them and they are
lauded with praise and declared to have

become the brightest light of the day to
be admired. Then the next day, someone
else gets the same accolades. Eventually
everyone is deemed to be special and
worthy of praise.
The obvious effect is that being exceptional is not that special and so why
bother with the work needed to get there.
“After all, if you-know-who can be declared as exceptional, then it diminishes my
contribution, which was of course real and
should be valued.”
The other effect is that anyone not
hoisted on our shoulders may take offense. It may be a generational “every
kid gets a trophy” thing, where everyone is praised and real success is played
down or even punished (read, Taxed
and Berated) or it may be that we do not
celebrate real achievement in the way
we could.
But, having lived in a society geared
toward well, frankly, disingenuous accolades for average accomplishments, I
have to ask, what is real achievement?
People will point to high achievers
like Mozart, Bobby Fischer, Tiger Woods
and Jerry Rice as exceptional achievers
in their respective fields and how they
were just “made differently” and none of
us could ever hope to accomplish what
they did. They had (un)natural talents
and gifts.

Their abilities were aberrations we
can admire, but never hope to emulate.
So, we should be happy with our everyday muddling through our too-busy lives
and not worry about overachievement.
We all make choices and we become
the result of those choices. But, what
about those who are actually exceptional? Maybe we ought to examine how
they achieved their greatness and use
that as a model for improving our own
abilities.
According to research by Geoff
Colvin, senior editor of Fortune magazine in his book Talent is Overrated, the
divine spark that some people seem to
be blessed with does not exist. Rather,
those with exceptional abilities got there
because they deliberately chose to apply
inordinate effort to hone their abilities
and, thereby, appear to be blessed with
exceptional talent. Essentially, prodigies
are created, not born.
Mozart, Fischer, Woods, Rice and the
like became exceptional because they
made it happen by working their proverbial tails off—usually with the guidance of
people specially trained to instruct and
mentor. Together, the enthusiast and the
trainer determined what aspect of the
craft needed work and developed targeted regimes for improvement.
Continued on page 46
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Continued from page 45
As a rule, all that work was not fun.
But the achievements were measurable
and the results were cumulative. Also as
a rule, while the work is hard, you have
to be patient. Those people who were
cited as prodigies took over 10 years to
become recognized as such.
I think back over my 40 years in this
business and I would have to agree with
Colvin. Those few people I have met
who are exceptional have put a great
deal of effort into the pursuit of their
excellence.

The engineer with the best analytical
mind I have ever known put 45 or so
hours a week into creating solutions,
(what I call real engineering as opposed
to analysis or design using available standards). He got that way because for 50
years he was always challenging himself
with tougher problems, always testing his
ability to forecast the solution.
He did not use a computer; he used
a scientific calculator and his mind and
came up with answers that took him a
few hours at most and then would have
other engineers attempt to work through
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a similar solution with computer analysis
over the next two to three days. I said he
was brilliant, not kindhearted.
But this fellow trained his analytical
mind. He stretched it as often as he could.
Just as a weightlifter will add that extra
couple of pounds to push himself beyond
the last limits or a runner will strive to knock
that extra few hundredths of a second off
his last sprint, he was not content to repeat
what he had already achieved.
Colvin calls it a “deliberate practice.”
He says that deliberate practice is necessary and intensive; therefore, most
people don’t bother. And that is why
most people reach a level of ability and
stay there or even decline through their
working career.
So, what has this got to do with buildings? Well, it is all about the people who
are claiming to be specialists in the design
and repair of buildings and in the building and material sciences needed to be
“special.” How do those people stretch
themselves the way my friend did? How
can we, as purported building science
specialists, keep advancing? It is not an
easy thing to do and there are more than
a few hurdles. It means we must take calculated risks, try something different or
correct a slow or costly process.
But, our insurers do not want us to
take risks because risks can result in losses, if were not up to the challenge, so trying new designs not in strict compliance
with the standard fare is scary. What is
worse is that not all of our professional
associations require ongoing professional development, so we are not encouraged to stretch ourselves.
There is also contentment (I would
say “complacency” but that seems a little
harsh). If you are pretty good at your job
and nobody complains about your work,
you may be considered a success by today’s standards. Besides, you really do
not have time for professional development. You are too busy pumping out
your work. We are all in the same trap.
If you are happy with that trap—OK. If
you are not, then there is something you
can do about it.
As much as I would like to say it is,
just attending conferences like the 14th
Canadian Conference on Building Science and Technology, while it gets you
your BSSO points, is not the answer.
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It is just a place to look around at
what can be possible—a place where
ideas are exchanged, where the seeds of
creativity are planted, and where, if you
listen and think, you could stretch yourself beyond your current abilities. You
may hear something in a paper presented
by a colleague that will spark an idea; you
might discuss it with other smart people;
you could think about it some more and
hone it, change it, make it a thing you get
excited about and decide that you are going to make it happen.
Who knows, you may research it,
present a proposal for extending that
research, test it, redesign and retest it
and, someday, create something new that
changes the way buildings are put together, assessed, operated or whatever. You
will do that because you went somewhere
you really did not have time to go to listen to people you really did not want to
listen to and pay money you would really
rather put somewhere else, but since you
did go, you did listen and you did have
those conversations something ignited a
spark in you.
With any luck, you will figure out what
you have to do to build your own level of
excellence and I expect that a lot of it will
not be fun and I expect that it will take
quite some time, but, hopefully, it will be
worth it and we will all benefit.
n
Gerald R. Genge, P.Eng. C.Eng., BDS,
BSSO, C.Arb., Q.Med. is Past-President of
the Ontario Building Envelope Council and
has been active in standards development,
education and consulting for over 35 years.
He is a Principal of GRG Building Consultants Inc. and ArbiTECH ADR and can be
reached at jgenge@grgbuilding.com.
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CCBST14: Changing the

Landscape of Construction

“The CN Tower was an extraordinary feat of engineering. First Canadian Place is remarkable, with its
timeless design. We are building more skyscrapers in Toronto because there is no land left; tunneling
through the Alps in Europe; building a city beneath Amsterdam; constructing the world’s deepest oil
well, which will go through 10,000 feet of water before drilling. In Kuwait, they are planning the tallest
building on the planet, at 1,001 metres (about 3,300 feet) high. The tallest building is currently the Burj
Kalifa in Dubai (about 2,300 feet high). The industry is collaborating to work toward innovations for
the greater good, to change the landscape of construction, and we have the opportunity to see some of
these innovations at this conference.” — John Mollenhaurer, CCBST14 Keynote Speaker

B

uilding on the success of past
events, the 14th Canadian Conference on Building Science and
Technology (CCBST), was a resounding success. The conference was proudly
hosted by the Ontario Building Envelope
Council, October 28 to 30, 2014 at the Toronto Metro Convention Centre.
With 50 sponsors, 40 technical papers
and representation from across Canada,
the United States, Sweden, New Zealand, Africa and Cuba, it was an incredible three-day program. The following are
some of the conference highlights.
DESIGN AND CONSTRUCTION
CONTROL LAYERS
Jon Kimberlain, Dow-Corning, and
Robert LePage, RDH Building Engineering, offered insight into a field study on
performance factors of vacuum-insulated
panels in interior retrofit assemblies.
Bruce Decker, Safetech Environmental
Ltd., reviewed soil gas infiltration control
and discussed radon-resistant construction, mitigation requirements and options
in Ontario.
Melissa Morlidge, Halsall Associates,
provided a critical review of long-term
thermal performance of vacuum insulation panel in building envelope construction, and John Straube, Building Science
Consulting Inc., explored selecting waterresistive barriers with suitable vapour
permeability.
DURABILITY
Jonathan Dickson, Read Jones Christoffersen Ltd., gave attendees 10 life-cycle

The 14th Canadian Conference on Building Science and Technology was hosted by the Ontario
Building Envelope Council, October 28 to 30, 2014 at the Toronto Metro Convention Centre.
indicators for the environmental impact of
roofing systems, and Maria Isabel Borges,
Instituto Politécnico de Portalegre, discussed artificial weathering of Portuguese
granites exposed to acidic solutions. Terrell Wong, Stone’s Throw Design Inc.,
and Sylvia Cook, Aerecura Rammed
Earth Builders, explored using insulated
rammed earth for a cold climate.
ENERGY
Jerry Genge, GRG Building Consultants, Inc., assessed the effects of climate
change on buildings using the Engineers
Canada PIEVC Process. Amanda Yip,
Ryerson University, discussed a framework and policy implementation strategy

to achieve an 80 per cent reduction in
Ontario residential energy consumption.
Peter Adams, Morrison Hershfield Ltd.,
and Mike Carter, Northern Microclimate
Inc., explored the implication of energy
efficient building envelope details for ice
and snow formation patterns on buildings.
GLASS
George Torok, Morrison Hershfield,
shared findings on using low-e coated
glass for apartment buildings and the
challenges and benefits of choosing either
high- or low-e.
Studying low solar gain (LSG), a controlled apartment and high solar gain
(HSG) areas, Torok found that solar
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radiation gain was key and winter solar
gain was most useful.
Stéphane Hoffman, Morrison Hershfield, discussed the design implication of
glazing ratio restrictions and the resultant
challenges.
“If you want to increase the glazing
ratio, select efficient glazing and thermally broken framing,” says Hoffman.
“Consider larger IGUs and less frame
area, minimize solar heat gain, consider
innovative technologies, like triple glazing, double low-e coatings, improved thermal breaks, alternate frame and glaze materials, vacuum-insulated panels, vacuuminsulated glazing, electrochomic glass and
building-integrated photovoltaics. Go
beyond the standard. Remember, code
compliance does not guarantee energy
efficiency.”
Greg Hildebrand and Petr Vegh, exp
Services Inc., looked at using guards in
Canadian buildings and the associated
challenges. Recently, issues with guard
failures and falling glass, mostly involving glass infill panels falling off buildings in Vancouver, Toronto and other
major cities, have been prevalent. Many
failures were related to design and
installation.
The Ontario Ministry of Municipal Affairs and Housing established an expert
advisory panel to conduct a review and
provide advice to the ministry on building
code standards for glass panels in balcony
glass. The expert committee developed
seven recommendations. The new standard aims to improve the overall design,
installation, durability and performance
of guards on buildings.
LePage shared insights on energy
performance of windows and navigating North American and European window standards. Scott Armstrong, MMM
Group Ltd., discussed cooling loads and
occupant comfort in highly glazed buildings and the effective evaluation of window retrofits, and Fred Edwards, Read
Jones Christoffersen Ltd., presented on
overcoming challenges with barrel arch
skylights.
HEAT TRANSFER
Paul Duffy, Icynene Inc., discussed
continuous insulation, air barriers and
moisture controls, including new options
for high performance buildings.

“Designers are looking for integrated
functions in materials,” he says. “We need to
work closely with manufacturers for insights
on how to deal effectively with these issues.”
Graham Finch, RDH Building Engineering Ltd., shared his thoughts on the
importance of balcony and slab edge thermal bridges in concrete construction, and
Lorne Ricketts, RDH Building Engineering Ltd., explored conventional roofs,
measuring impacts of insulation strategy
and membrane colour in Canada.
“The great colour debate,” says
Ricketts. “Our study aimed to quantify
performance of different colours of exposed roof membrane (white, grey and
black); quantify performance of different insulation types (stone wool, polyiso and hybrid); and quantify the combined impact of the member colour and
insulation.”
Nine test areas, each 40 feet by 40 feet,
with similar indoor conditions, were monitored with a temperature sensor, solar
radiation sensors, heat flux sensors, and
relative humidity and moisture sensors.
“Aging and temperatures have significant effects on thermal performance
of insulation—all types were affected to
varying degrees,” he says.
Wrapping up this session, Barbara
Ross, The Research in Architecture Studio, looked at enclosure performance
versus building form in cold climate commercial buildings and what really drives
energy use.
RETROFITS
Ekaterina Tzekova, University of Toronto, looked at improving the energy
performance of a historic single-family
home, the Gemini House. Rob Wood,
C3 Polymeric Ltd., discussed the Toronto
City Hall window retrofit, which included converting single-glazed windows to
a double-glazed system on the heritage
building.
Nastassja Pearson, Halsall Associates,
shared thoughts on the approach to insulating solid masonry walls in a cold climate.
VENTILATION
Sandra Dedesko, University of Toronto, shared findings from a study of
cross-contamination of in-suite ventilation systems used in multi-unit residential
buildings (MURBs).
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Sam van Berkle, Watershed Technologies Inc., discussed residential ventilation
as it relates to established systems and an
innovative fine wire heat recovery ventilator. Adam Di Placido, University of Toronto, explained a controlled ventilation strategy for Ontario homes, looking specifically
at energy use, air quality and economics.
MATERIALS, ASSEMBLIES AND
TESTING
AIR MOVEMENT
Finch provided a presentation on stateof-the-art MURB airtightness, with details on test procedures, performance and
industry involvement and Lorne Ricketts,
RDH Building Engineering Ltd., shared a
field study of airflow in mid- to high-rise
MURBs. Robin Urquhart, RDH Building
Engineering Ltd., discussed the relationship between flow exponents and values
and associated implications for air leakage testing using fan (de)pressurization
methodology.
MOISTURE
Randy van Straaten, Building Science
Consulting Inc., explained the importance of improving access to the frost dilatometry methodology for assessing brick
masonry freeze-thaw degradation risk.
Jonathan Smegal, Building Science Laboratories, discussed quantitatively evaluating the effectiveness of different drip
edge profiles, while his colleague, Trevor
Trainor, shared results from a field test of
hygrothermal performance highly-insulated wall assemblies.
Delegates also learned about the condensation risk assessment of window-wall
façades under the effect of various heating
systems in the first portion of this session.
Elsa Ngudjiharto, Concordia University, showcased results from a field experiment study of rain load and penetration
into wood-frame wall systems at window
sill defects. Aaron Grin, Building Science
Consulting Inc., provided a structural and
hygrothermal analysis of hybrid wall systems. To round out this session, delegates
were informed about wind-driven rain on
the walls of buildings in metro Vancouver.
MONITORING
Jason Teetaert, SMT Research,
discussed capacitance-based wireless
Continued on page 52
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CCBST14 had 50 sponsors, featured 40 technical papers and boasted representation from across Canada, the United States, Sweden, New
Zealand, Africa and Cuba.

John Mollenhaurer, Toronto Construction Association, delivers his
keynote speech.
Jerry Genge, Kim Pressnail and Scott Wylie were presented with
certificates of appreciation for their hard work on the conference.

Hydrotech was awarded OBEC’s 2014 Distinction for Materials
Award for the Hydrotech Monolithic Membrane 6125.

Paul Pushman, OBEC President, addresses delegates at the 14th
Canadian Conference on Building Science and Technology.

Michael Van Dusen, Beckie 2014 winner Kevin Day and OBEC
President Paul Pushman.

Marianne Touchie, University of Toronto and Toronto Atmospheric
Fund, discusses energy retrofitting Toronto MURBs and how airsource heat pumps operate in enclosed balconies.
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moisture content sensors for sandstone,
and Greg McIntosh, Snell Infrared Canada, shared his thoughts on practical
issues associated with the use of infrared
thermography for detection of heat, air
and moisture deficiencies in building envelopes. Dr. Fitsum Tariku, British Columbia Institute of Technology, looked at
temperature and humidity distributions
in a mid-rise residential building suite.
Attendees also learned about indoor air
quality and envelope monitoring of First
Nation homes on an urban reserve.
RETROFITS
Kim Pressnail, University of Toronto,
discussed the potential energy retrofits of
multi-unit residential buildings (MURBs)
in the Greater Toronto Area (GTA).
“Energy is important; buildings account for 30 per cent of the total primary
energy consumption in Canada and 17 per
cent of this energy use is for residential
purposes,” says Pressnail. “It looks like
we’re getting better and there is hope we
could be down around 100 or 150 ekWh/
m2. The depressing thing is, we have improved in intensity, but we’re building
bigger; we’re right back where we were in
1950.”
Pressnail says drivers for change include
comfort; indoor air quality/health; durability/performance; social conscience; and
economics, energy and the environment.
“When it comes to energy efficiency,
we’ve got a lot of work to do.”
Finch evaluated the energy savings
of high-performance building enclosure
retrofits, specifically related to a building
enclosure renewal design for a MURB in
British Columbia.
“We did a cost payback analysis, but
it’s important to realize that doing an
energy retrofit to get a payback is never
going to happen. What does pay back is
going from a code minimum to something
better.”
Finch’s team completed a $3.6 million renewals project over a seven-month
construction period. The project included
overcladding and exterior insulation of
walls with mineral wool and fibreglass clip
cladding, new triple-glazed fibreglass windows, as well as a new roof and decks, with
improved airtightness and the overall new
enclosure R-value.

The retrofits saw a total electricity reduction of 33 per cent, with a 63 per cent
reduction in electric baseboard heating,
a two per cent reduction in gas and an
overall reduction of 19 per cent in energy
consumption.
“We’re all fixing buildings; we’re all
building buildings,” says Finch. “We can
do it better.”
Marianne Touchie, University of Toronto and Toronto Atmospheric Fund,
looked at energy retrofitting Toronto
MURBs, specifically at how air-source
heat pumps operate in enclosed balconies.
During the 1960s and ’70s, energy was
plentiful and inexpensive; energy efficiency was not incorporated into the design. Most of these buildings have no thermal insulation, resulting in uncontrolled
air leakage.
Touchie’s team proposed a retrofit
strategy to deliver ventilated air more easily throughout the building. The strategy
looks at energy reduction factors and provides an estimate for the entire building,
taking into account effective solar gains,
net heat pumped and carbon dioxide
emissions.

The gala featured the
comedic stylings of awardwinning speaker Simon
Cotter, who kept the
audience entertained after
an elegant dinner and
awards presentation.
GALA AND AWARDS CEREMONY
The gala featured the comedic stylings of award-winning speaker Simon
Cotter, who kept the audience entertained after an elegant dinner and awards
presentation.
The Anthony A. Woods Award (The
Beckie) is given annually to recognize
individuals who have made a significant
contribution to the design, construction
and performance of the building envelope. The career achievement award is
named in honour of Tony Woods.
The 2014 Beckie winner, Kevin Day,
is a leading expert on building enclosure
technologies and is widely-recognized
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for his extensive cladding engineering
experience.
His key contributions to building science include authoring Designing EIFS
for a Predictable Service Life, Practical
Requirements for a Rainscreen EIFS, and
Taking the LEED with Durability (MRc8).
He has been a member of the BSSO faculty
since its inception and is a former member
of the CSA-A440.4 and its committee on
window installation. Day is also former
Chairman of ULC-S716, former President
of OBEC and current Vice-Chairman of
the EIFS Council of Canada.
The award was presented to Day in an
elaborate manner by his friend and colleague, Michael Van Dusen. Van Dusen
donned a judge’s robe and wig, and with
a gavel in hand, presented a baby doll to
Day, while a man wearing a huge piece
of cardboard on his head emerged from
backstage. After the audience’s laughter
subsided, Van Dusen praised Day’s constant drive for excellence and his inspirational dedication to his work.
“This award is pretty special, especially since I knew Tony,” says Day. “When
I think about my time on the board of
OBEC, with people in this room, I hold
it close to my heart. I think we’re doing
great things.”
The Distinction for Materials Award
was established in 2009 and is presented
annually to honour individuals, groups or
companies that have introduced a new or
innovative material or building system in
Ontario with a purpose of improving the
building envelope.
The 2014 award was presented to
Hydrotech for the Hydrotech Monolithic
Membrane 6125, a thick, tough, flexible,
self-healing membrane for use in waterproofing and roofing applications. The
membrane has been used worldwide by
leading architects, engineers and owners
on horizontal and vertical structures, including plazas, parking decks, planters,
tunnels, bridges, mud slabs, foundation
walls and roof areas.
CLOSING REMARKS
Jerry Genge, CCBST14 chair, who is
retiring from the OBEC board this year,
provided closing remarks and brought the
conference to adjournment. Be sure to
visit www.obec.on.ca for more details on
CCBST15, as they become available. n
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BEC
Roundup
MBEC OFFERS DISCOUNT ON PASSIVE HOUSE
DESIGN COURSE
The Manitoba Building Envelope Council Inc. offered members a discount on CanPHI’s Passive House Design and Construction course, which took place April 6 to 10. The course
provided participants with knowledge about design and build
compliant Passive House buildings, meaning an 80 to 90 per cent
reduction in annual heating and cooling energy, and reduced
mechanical systems.
The course offered participants the first step in becoming a
certified Passive House designer or consultant and enabled them
to be actively involved in the design and construction of Passive
House buildings.
BCBEC WORKSHOP LOOKS AT BASEMENTS AND
PARKADES IN RESIDENTIAL BUILDINGS
This past February, the British Columbia Building Envelope
Council held a half-day workshop focused on the design, construction, maintenance and remediation of basements and parkades in residential buildings. The workshop—also presented by
the Homeowner Protection Office, a branch of BC Housing—
gave industry leaders the chance to discuss code requirements,
soil condition assessments, building systems, remediation strategies and depreciation reports.
BCBEC SEMINAR ON CONSERVING HERITAGE
BUILDINGS
This past March, the British Columbia Building Envelope
Council held a seminar titled “Considerations for the Conservation of Heritage Masonry and Wood Windows.” Presenter Kurtis
Topping, BASc, EIT, RRO, a design engineer with Read Jones
Christoffersen, examined two heritage conservation case studies
and explored the different stages and influencing factors in developing an appropriate conservation strategy for heritage building envelope components.
He discussed primarily considerations for the conservation
of heritage masonry and wood windows and touched on dentification, assessment and failure mechanisms of heritage building
envelope elements, as well as maintenance of heritage building
materials for conservation projects.
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ABEC PRESENTATION LOOKS AT CONDENSATION
ISSUES IN VENTED FLAT ROOFING
This past February, the Alberta Building Envelope Council
held a presentation that looked at resolving condensation issues
in vented flat roofing.
Presenter Pierre-Michel Busque, P.Eng. BEP, examined the condensation issues of a two-storey cinder block warehouses converted
into a mixed use building in Whistler. The building has a main floor
bakery with residential units on the second floor. During winter conditions, residents in the second floor units reported moisture and
organic growth on ceilings in the units. Deteriorated materials were
replaced and roof vents and fans were added to the building to improve air circulation. Even so, the condition worsened.
The design team pressurized the roof to prevent air leakage.
Working with the building owner, the roof system was monitored
to determine the outcome of the design.
In his presentation, Busque revealed which design process the
design strategy was a success.
BECOR HOLDS SEMINAR ON RELATIONSHIP
BETWEEN ENVELOPE & HVAC
In late January, the Building Envelope Council Ottawa Region held a seminar about improving the building envelope and
HVAC for sustainable housing.
The better a building envelope is designed to prevent heat, air,
and moisture flow, the less work the HVAC has to do to condition
the space. Similarly, forces on the building envelope are reduced
when the control of supply and return air flows is improved and
the stack effect is dealt with.
In this seminar, speaker George Torok, C.E.T, BSSO, stressed
that HVAC and building envelope designers should be involved
early in the design process so that the impact, positive or negative,
of design decisions from one system or the other can be understood.
Problems such as inadequate indoor thermal comfort, roomside condensation and poor indoor air quality can be avoided in
today’s new and retrofitted buildings.
Torok, a building science specialist with the Façade Engineering Group of Morrison Hershfield, gave examples of expected
and real performance of buildings and the effect on comfort,
maintenance and the user experience.
n
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