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the original 1875 building and the recently completed addition,
which tripled the building’s volume. In the end, the 1875 envelope was leaking three times more
than the modern addition. Turn to page 11 to read the educational article on combating air leakage
in the building envelope by Deva Veylan and Austin Todd, CoEfficient Building Science. PHOTO
CREDIT: Deva Veylan, CoEfficient Building Science.
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Message from the President
without operable windows are generally questionable, from a resiliency perspective and
whether they can remain occupied in cases of
power or mechanical ventilation failures. Reasonable building physics practices encourage sufficient operable glazing for passive cooling and
natural ventilation.
Indoors’ relative humidity: Responsible
envelope designs are expected to soundly
withstand comfortable relative humidity (RH)
levels without suffering condensation consequences, and they maintain the hygiene criteria.
Hygiene reference conditions and practices are conducive to maintaining health and
preventing disease, especially through cleanliness. In building indoor environments, the
risk of growing bacteria, viruses, fungi, infections, etc., increases with very low or high RH
levels. Unfortunately, many traditional walls /
interfaces still fail during cold(er) outdoor
periods.
Research demonstrates that keeping a
healthy RH between 35 and 55 per cent reduces the transmission of viruses. With higher RH levels, microdroplets containing virus
can fall faster to the ground. Dry, indoor air
is connected to more transmission via human
infection. A lower RH dries out and inflames
the mucous membrane lining the respiratory
tract; as a result, the risk of cold, flu, and
other infections substantially increases. Low
humidity also causes eye dryness and irritation, so skin gets flaky and itchy and needs
constant moisturizing.
Unfortunately, most project specifications are forced to allow low RH levels due to
envelopes falling short of adequate performance (expressly glazing). Components could
not maintain condensation-free surfaces during cold weather. We can change that.
The obvious solution is providing sufficient indoor humidification to achieve an

average RH level between 40 and 60 per cent.
Condensation, mould, or bacterial growth
remain challenging problems for most traditional envelopes and persist, even with more
advanced systems, if boundaries and anchoring, for example, aren’t well-resolved. That
applies to both transparent and opaque walls,
while neither is exempt from managing RH
levels if thermal bridging is ignored.
Economics: With well-insulated exterior
walls and airtight components and transitions, it’s appreciated that one doesn’t lose or
gain energy through them uncontrolled. Innovative envelope systems scoring high on effective
R-value and airtightness are on the right side of
the thermal transfer separation / resistance scale.
Higher R-values are projected in opaque spans,
but with today’s readily available glazing systems,
it’s easily feasible to build with 0.5 W/m2K triple
units, for instance. This helps separate interior
conditioned space temperatures from the exterior
elements, so occupants are much more comfortable and productive while working from home.
The cost of heating and cooling is therefore minimized. Occupants don’t have to pay much to condition the space, which is quite helpful, especially if their income is impacted during a pandemic’s
lockdown.
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BUILDING PHYSICS: FIGHTING
COVID-19
The built environment is being challenged
under the present circumstances of COVID-19
infections. Designers are questioned, and building
physicists are put-to-the-test with interior spaces’
appropriateness and resilience to resisting the
pandemic’s consequences. Have buildings’ construction stakeholders been sufficiently mindful to
address related risks?
We strongly believe building physics, with
mindful building envelope practices, can increase
our chances of controlling viral transmissions.
THREE BUILDING ENVELOPE VIRUS
SPREAD CONCERNS
Natural ventilation: While natural ventilation is crucial for bringing fresh air into
buildings, operable windows haven’t been predominantly considered in recently built enclosures. Fixed glazing is primarily practiced.
Planning with windows in mind—and opening
those windows—helps extract airborne contaminants from the space, making infections
less likely. Most of our recent building projects
are constantly under-ventilated. This not only
promotes disease transmission but also expressively impairs perceptivity. Buildings / spaces

1

2

3

AN INDIRECT ENVELOPE-RELATED
FACTOR
Air recirculation has always been fundamentally unhygienic, not providing enough oxygen,
and it likely redistributes airborne virus-contaminated microdroplets. Stakeholders may argue
this, convincing clientele that air recirculation is
perfectly normal and that nobody had died from
it—yet. It’s time for reconsideration. Advanced
building standards such as Passive House strictly
require 100 per cent fresh air supply in lieu of traditional air recirculation. That’s greatly relying on
the airtight building envelope.
n

OBEC 2020-2021 Board of Directors
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The Role of Airtightness
Testing in Building Envelope
Commissioning

By Deva Veylan, M.B.Sc., EA, Founding Principal, CoEfficient Building Science & Austin Todd,
M.B.Sc., B.Tech., CEA, Vice-President of Business Development, CoEfficient Building Science

D

o you know how airtight your
recently completed project is? You
likely don’t, meaning the air infiltration rates used for mechanical system sizing
and understanding building performance in
energy models is simply guesswork.
Through the emergence of the passive
house movement, it has become clear that
low air infiltration rates are critically important for low-energy buildings. So, why are we
still guessing? How airtight are our current
practices, and how do we build for better air
tightness?
Performing a whole building airtightness
test is a good starting point; however, the best
improvements are made when it is accompanied by a building envelope commissioning
process. A building envelope commissioning
process can include airtightness testing to inform design decisions and verify that the desired levels of performance are being achieved
throughout the construction process.
The most commonly used energy codes in
Canada for Part 3 buildings are NECB 2011
and ASHRAE 90.1. These employ air infiltration rates that must be used in energy code
compliance modeling. An RDH database
of 87 surveyed buildings demonstrates that

air leakage is 102 per cent higher than what
would be modeled using NECB 2011 and 44
per cent higher than what would be modeled
using ASHRAE 90.1.
This discrepancy between modeled and
actual air infiltration rate can lead to improperly sized HVAC systems, which results
in greater energy consumption. With energy
codes not allowing credit for reduced air infiltration rates, there is little incentive to verify building envelope performance. Though
there has been little support for airtightness
testing from building codes, that is beginning
to change in municipal codes and voluntary
standards. Under British Columbia’s Energy
Step Code, whole-building airtightness testing
is mandatory, and the measured air leakage
rate is used in the compliance energy model. Under the Toronto Green Standard V3,
mandatory testing is also required in Tier 2
and above.
Research by Wiss, Janney, Elstner Associates Inc. illustrates the importance of a
performance-based approach to envelopes.
Results from 16 modern mid- and high-rise,
non-residential buildings found that envelope commissioning efforts reduced the air
leakage rate by 67 per cent. Surprisingly,

buildings without an environment label were
an average of 70 per cent more airtight.
The envelope commissioning process offers the most effective method for ensuring

The University of Toronto’s Daniels Building
required 12 blower door fans to employ a
guarded airtightness testing technique.
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airtight and overall envelope performance.
The process ultimately starts by asking a series of the right questions, including:
• Is the ABS continuous in the current
design?
• What materials are being used? Are they
compatible with each other?
• How long will the materials be exposed to
the elements?
• Which trades will be installing the ABS?
Next, comes a design review of critical
envelope details for air, water, thermal, and
vapour performance, followed by early construction phase testing.
Envelope commissioning shares many similarities with mechanical commissioning. While
they both should be considered right from the
design stage, the majority of the mechanical
commissioning process efforts come to bear
later in the project, after all of the equipment is
installed. Meanwhile, envelope commissioning
efforts are largely taken during the beginning
half of the construction process. Therefore, the
project team should engage with the envelope
commissioning agent early on.
Advanced airtightness testing techniques,
like guarded testing, can isolate a section of
building envelope, or an entire floor, early
in the construction phase. This ensures the
assemblies are performing as expected and
allows for adjustments to be made if they
are not. Guarded testing employs the use of
multiple fans to equalize pressure across a
boundary, thereby eliminating the pressure
difference and resulting airflow across that
boundary. This allows for the isolation of any

Initial mock-up testing performed early in the
design stage ensures adjustments can be made
before construction progresses.

The University of Toronto’s Daniels Building’s
1875 envelope was leaking three times more
than the modern addition.

size of test specimen. Employed early-on in
construction, guarded testing can act as an
excellent learning opportunity for the project
team, including trades responsible for installing the air barrier system.
These testing techniques have been used
on several projects, including the University
of Toronto’s Daniels Building, the Ontario
Association of Architects (OAA) headquarters, and the ongoing Ken Soble Tower EnerPHit project. Each of these projects offered
a unique set of challenges in the envelope
commissioning process.
The Daniels Building was tested in
collaboration with Russell Richman and
Greg Labbe from RRCL, and the project
was spearheaded by Professor Bomani
Khemet. Though 18 blower door fans

were brought to the Daniels Building on
test day, only 12 were needed to employ
a full-building and guarded airtightness
testing technique. This technique allowed
the comparison of the air leakage rate for
the original 1875 building and the recently
completed addition that effectively tripled
the building’s volume. In the end, the 1875
envelope was leaking three times more
than the modern addition.
The ground-breaking Ken Soble Tower
EnerPHit Passive House Retrofit Project is
chasing stringent passive-level airtightness
performance targets. In order to achieve
these targets, airtightness testing will be
performed throughout the retrofit, including mock-up and guarded tests of multiple
units, floors, and the whole building.
To be most effective, the envelope commissioning agency should be brought on
board early in the design phase, and initial
mock-up testing should be performed as early as possible to ensure adjustments can be
made before construction progresses. Let’s
start asking the right questions, testing our
buildings, and adopt a performance-based
approach to reduce our building's environmental impacts.
n
Deva Veylan has a Master of Building
Science degree from Ryerson University. He
is co-founder of CoEfficient Building Science and he has consulted on projects across
Canada.
A leading expert in large building airtightness testing, Austin Todd has a Master
of Building Science degree from Ryerson
University, and is co-founder of CoEfficient
Building Science.
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Achieving the Stringiest Envelope
Possible: How Specified Airtightness
Guarantees Efficiency
By Josh Lewis, CEM, CMVP, Engineering Manager, Nerva Energy Group Inc.

A

great building starts with a great envelope. Key parameters such as the
effective R-value of the walls and
roof, the U-value of the windows, and the
window-to-wall ratio, all drive the required
sizing and energy usage of the mechanical
systems needed to heat and cool the building. Together, the overall performance of
the building can be estimated via modelling
and then realized in the real-world. But, what
about airtightness?
The airtightness of a building’s envelope
is, in most cases, not precisely specified. Our
building codes in Canada generally require
a certain minimal level of airtightness, but
testing it during construction and commissioning is rare, unless the building is going
for certification under a third-party standard—LEED, IECC, Energy Star, ZERH,
or Passive House, which all set minimum
recommended or compulsory requirements. This creates an environment where
airtightness is often a buried footnote within the design and specifications of new and
major retrofit projects, and the level ultimately achieved is left to chance. So, as shown
in Figure 1, we end up with leaky buildings
that have significant stack and wind effect
and require high volumes of make-up air
to maintain pressurization, rather than tight
buildings, which are much more energy
efficient.
Regional energy codes within Canada,
like the Toronto Green Standard and the BC
Step Code, are setting ever-increasing tiered
standards for new buildings, to extremely
high-performance levels by the early 2030s.
Essentially, by the turn of the decade, these
standards will force virtually all new developments to have an overall energy performance
equivalent to the Passive House Standard,
which is viewed as having the most aggressive
targets in general worldwide use. And what
are the three pillars of the Passive House

Figure 1. Seal effect. Adapted from Ricketts (2014), A Field Study of Airflow in a High-Rise
Multi-Unit Residential Building, MA Thesis, University of Waterloo.
Standard? Maximum values for space heating / cooling demand; maximum value for
total primary energy demand; and maximum
value for airtightness. This is not by coincidence; the originators of the Passive House
Standard understood that without an airtight building envelope, the energy demand
requirements could not be achieved, so they
made it a core requirement.

Figure 2. Model results.
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Unfortunately, an opportunity was
missed this year, when a proposed change to
the National Energy Code was withdrawn; the
change would have made airtightness testing
compulsory during the construction of large
commercial, institutional, and multi-residential buildings designed to comply with
the code’s prescriptive path. The reasons
are not clear, but may have had to do with

n

the perceived lack of service providers who
can perform whole building testing on large
structures and the environmental constraints
involved with testing such as wind intensity
and outdoor temperature, which could delay
construction schedules. But does that mean
the status quo should continue? Absolutely
not. If airtightness is not specified and tested
as part of every project, we are collectively
missing out on the benefits it provides.
To demonstrate the power of specifying
airtightness, let’s look at the results of energy
modelling on a typical, new high-rise building. This building is a combined set of two
adjacent 28-storey rental apartment towers
being built to the Tier 1 requirements of the
Toronto Green Standard. The developer is not
targeting any specific certifications or energy
performance standards, other than the TGS
minimums, but there is a long-term incentive
to reduce energy costs as they intend to own
and operate the building for the foreseeable
future. The major design elements are only
as advanced as they need to be (e.g., doublepane windows, non-thermally broken balconies, and ERVs in-suite).
As shown by the solid red line in Figure
2 for the baseline model using 2016 weather data, the difference in the projected peak
heating load between a typical airtightness
of 2.5 ACH @ 50 pa and Passive House airtightness of 0.6 ACH @ 50 pa is over 50 per
cent, 8.2 MMBTU down to 3.7 MMBTU. In
correlation, the annual total heating energy
usage is also reduced by nearly 50 per cent.
The peak cooling load is also reduced by
approximately seven per cent. In addition,
the building becomes cooling-dominated as
the airtightness exceeds 1.0 ACH @ 50 pa,
where the lines cross. This result might be unexpected in Canada’s climate, but it is what
Passive House designers have understood for
decades. Also on the graph in Figure 2 are
dotted lines that are the result of the model
using forecasted 2040 weather data, showing
a trend toward low heating loads and higher
cooling loads due to climate change.
By precisely specifying airtightness for
this new building, two significant cost savings
can be achieved. First, capital costs will decrease due to the reduced size of the heating system. Second, the energy performance
will be better from the beginning, lowering
operating costs through utility bill reductions.
Combined, these savings will contribute to offsetting the minor increase in
construction costs to achieve a high level of

airtightness, which can be integrated into a
project for typically less than one per cent
of the total budget. The primary methods of
achieving Passive House levels of airtightness
are through detailed design of the envelope, specifying a mandatory target in tender
documents, educating and supervising the
tradespeople, using “pressurize and spray”
technology to repeatably achieve and guarantee the required results for every project,
and performing blower door testing during
construction to verify compliance.
Codes, standards, and markets are quickly evolving as we realize that improving

n
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building performance is critical to reaching
our 2030 & 2050 climate change targets.
Specifying airtightness is one of the easiest
and most cost-effective ways to immediately
make a significant impact toward our shared
goal.
n
Josh Lewis, CEM, CMVP, is engineering
manager at Nerva Energy Group Inc. Recognized as the 2019 AEE International Energy
Innovator of the Year, Lewis is a cutting-edge
business development strategist in green buildings, energy conservation, and environmental
sustainability.
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Architectural Acoustics: Controlling Exterior
Noise in Modern High-Performance Buildings
By Chad Holmes, Marketing & Brand Manager, ROCKWOOL, North America

B

uilding acoustics play an increasingly pivotal role in high-performance
buildings as a design element central
to occupant comfort and well-being. The
building envelope should be expected to
maintain consistent levels of noise protection. Outdoor to indoor noise reduction is essential, especially when looking at how to isolate or negate road noise and other sources
of noise pollution in cities. Just as there are
many sources of noise pollution, there are
different methods architects and designers
must consider to control exterior sound.
ACOUSTICS: THREE MAIN STEPS
TO CONTROLLING EXTERIOR
NOISE
There are three components to any plan
for managing exterior sound: understanding
the source-path-receiver model, selecting
the right acoustic insulation for continuous
exterior assemblies, and following general tips to soundproof from environmental
noise pollution.
Step 1: Understanding the source-pathreceiver model
When managing exterior sound, the
source-path-receiver model is most useful.
The principle remains the same for all building types: look at all the possible sources of
noise and then look at all the possible entry
points, or pathways, for the sound to travel.
That list includes the roof, windows, doors,
and wall assemblies. Building and design
professionals are always encouraged to design exterior wall and roof insulation systems

Figure 1. The source-path-receiver model.

to help block as much of that environmental
noise as possible.
Step 2: Selecting the right acoustic insulation for continuous exterior assemblies
Integrating sound reduction measures
into the planning and layout of your home
or building can improve the indoor acoustics and reduce auditory stressors by limiting
airborne transmission from external sources.
Material selection is important for achieving
acoustic objectives.
Consider the following checklist when
evaluating the insulation to use in your continuous insulation applications:
• Raw materials used in manufacturing the
insulation.
• Manufacturing processes.
• Operational performance.
• Combustibility of the insulation.
• Moisture mitigation properties.
• Overall durability.
• Impact on acoustic performance (outdoor-indoor transmission class (OITC) /
sound transmission class (STC)).
• Stone wool insulation is well-suited to provide
desired exterior wall OITC rating results.
When properly installed in today’s building
enclosures, stone wool, as part of your CI
system, supports thermal performance and
provides additional acoustic comfort.
Step 3: Tips for soundproofing against
environmental noise pollution
Noise travels through the weakest sections of the building envelope, meaning the
effectiveness of a high-performing wall or

roof system may be reduced when the rest of
the building is not equally designed.
Unwanted noise that enters a building
through penetrations such as under a door,
around a window, or around a connected exterior wall is called flanking noise. The assembly and its connecting features should be optimized during the planning stage of a project to
minimize these potential flanking paths.
Review and consider the following applications during the planning process of your
next project:
• Roofing: Stone wool insulation has
superior sound abatement properties—essential for today’s roof system.
High-performing systems using stone
wool insulation can add mass layers to
assist with improving the sound attenuation properties of the assembly. Research
has shown dense acoustic roof insulation, including stone wool flute fillers, are
an effective solution for reducing sound
transmission through a roof.
• Connecting assemblies: Areas of deficiency for façade sound transmission
paths can be things such as roof soffits,
vents, fans, air sealing details, and potentially others, depending on the type of
façade system being constructed.
• Exterior wall systems: The type of construction and the building materials being
used can improve acoustic performance in
external wall assemblies. All insulation for
exterior walls should be designed to meet
or exceed energy code. Choose materials
that help improve acoustic performance
(like stone wool), while still meeting the

Figure 2. An acoustic baseline for wall assemblies.
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Figure 3. High-performance enclosures: stone wool insulation wall systems.
other demands of your assembly to create
cost-effective solutions and more livable
spaces. For example, an assembly of foam

Figure 4. High-performance enclosures: stone wool hybrid roof systems.

plastic insulation with multiple layers of
gypsum could be optimized by changing
to a stone wool insulation and a single

layer of gypsum, while achieving similar
acoustic results.
• Windows and doors: Windows are one
of the largest deficits in building wall
design for acoustical control and heat
loss. Pay careful attention when designing the windows and their connections to
the wall elements for a high-performance
wall system. Consider the type of window
(we recommend double- or triple-pane
for best acoustic performance), the pane
thickness, and how it will be installed.
• Penetrations and joints between components: These should be sealed as required
for thermal performance, which will
also improve the building acoustics by
reducing flanking paths.
To achieve the highest levels of STC,
OITC, and R-value, various options exist.
The figures on this page show three assemblies with different combinations of construction materials, illustrating how you can maximize performance.
Much of a building’s sound-blocking can
be achieved by the building envelope. Insulation is a simple, practical way to reduce
noise pollution in homes and non-residential
buildings. Choose insulating material carefully, and consider high-density insulation
such as stone wool, which is excellent at noise
reduction. Following the three main steps to
controlling exterior noise will help improve
acoustic performance and optimize occupant
comfort. The design process is the best stage
to consider acoustic control in today’s modern, high-performance buildings.
n
Chad Holmes is marketing and brand
manager for ROCKWOOL in North America.
He has worked closely on acoustical programs,
advocating their importance and relevance to
modern construction. For more on acoustic
insulation solutions, a blog series on architectural acoustics, or technical support to optimize
acoustic performance in your building, visit
www.rockwool.com.
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A New Generation
for Closed Cell Spray
Polyurethane Foam
Insulation
By Michael Pace, Owner & President, Building Resource Inc., Ibrahim Huseen, Construction & Standards
Regulations Specialist, BASF Canada & Chris Janzen, Field Applications & Warranties Manager, BASF Canada

S

ince its introduction in the 1980s, closed cell spray polyurethane foam insulation (ccSPF) has been recognized for its high
performance, versatility, and durability.
This article will explain changes related to ccSPF in Canada, including the new federal regulation that requires the elimination of
hydrofluorocarbons (HFC) blowing agents and the national and provincial code changes to the standard that spray foam must comply
with.
Closed cell spray foam is manufactured on-site by combining the
two components: isocyanate and resin. The resin contains a “blowing
agent” that makes the mixture expand to create a foam with “closed
cells.” The finished product provides high-performance insulation
and an air and vapour barrier.
New-generation spray foams use a hydrofluoroolefins (HFO)type blowing agent that has a very low global warming potential
(GWP) compared to the HFC blowing agents being phased out as a
result of federal regulations.

FEDERAL REGULATIONS
On January 1, 2021, the regulatory elimination of HFCs, driven by
the Kigali Amendment to the Montreal Protocol, will come into effect.
According to the federal regulation1, blowing agents with a GWP of
greater than 150, including HFCs used in foamed plastics (e.g., spray
foam, XPS), will be banned. The current HFC-based chemistry found
in blowing agents is being replaced by HFOs. HFOs have a GWP of
less than one kilogram CO2eq and zero ozone depleting potential;
the same as the HFCs they replace.
The result of this change is that spray foams made using HFO
blowing agents continue to offer the excellent features of spray foam
but with 80 per cent lower GWP compared to those made with HFC
blowing agents. Spray foam made with HFO also has a significantly lower GWP than semi-rigid mineral fibre and XPS, based on data
contained in Environmental Product Declarations, as can be seen in
Figure 1, on this page.
CODE CHANGES
The second printing of the 2015 National Building Code now includes an updated version of the material standard that describes

Figure 1.
spray foam, CAN/ULC S705.1-15. This new version includes tighter limits on dimensional stability, a test for fungi resistance, and
an updated version of the test method required for measuring the
R-value or long-term thermal resistance performance (see Table 1
on page 20). The new CAN/ULC S770-09 long-term thermal resistance method is a more complex method of measuring and reporting the R and RSI values. By now, these new reference standards
have been adopted by most provinces, including Ontario, where it
became effective for all projects receiving a permit as of January 1,
2020 or after.
TARGET R-VALUE
Spray foam continues to have a higher R-value compared to
most insulation products; however, due to these changes, the design
R-value used for spray foam will now be slightly lower. Due to the
inherent properties of the HFO molecule, the R-value of the HFOblown foam will be less than that of HFC-blown foam in every formulation by every supplier. In addition, the new test method, CAN/
ULC S770-09, is more complex, resulting in a lower reported R-value
for spray foam. In practice, this could mean specifying 85mm of HFO
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Product Standard

Previous Codes

National Building Code 2015 Second
Printing

CAN/ULC S705.1- 01

CAN/ULC S705.1- 15

Long-Term Thermal Resistance Test Method CAN/ULC S770-03
in Standard

CAN/ULC S770-09
(More Complex)

Dimensional Stability Volume Change
Per Cent

No Limit Listed on Shrinkage

Maximum of Two Per Cent Shrinkage
Allowed

Fungi Resistance
ASTM C1338

Not Included

No Fungal Growth Allowed

Table 1. Code changes.
foam, where you had specified 75mm of HFC foam to achieve the
same target R-value.
PREPARING FOR THE FUTURE
As an industry, it is critical that everyone understands how these
changes will impact projects that are in design and construction phases. To ensure your specifications are compliant, we recommend the
following changes be made immediately:
• Product must comply with CAN/ULC S705.1-15 as confirmed by a
current CCMC listing; and
• R-values used for design must be as tested to CAN/ULC S770-09.
In summary, spray foam, by the nature of its chemistry, offers
unmatched benefits. Now, there are even more reasons to specify
it in projects, with the advent of HFO blowing agents and their improved environmental profile. With the added benefit of great versatility, spray foam can be used in many areas of the building, including

above-grade and below-grade walls; overhead areas such as soffits
and ceilings; exterior of below-grade foundation walls; and under
slabs on ground (radon control).
n
Michael Pace is owner and president of Building Resource Inc. He is
a certified engineering technologist and a Building Science Specialist. He
has extensive experience promoting construction products in Canada and
the U.S. in various market segments.
Chris Janzen has been with BASF Canada for over 18 years. He is
field application and warranty manager for BASF in North America and
co-chair for the Spray Foam Coalition’s Canada Work Group.
Ibrahim Huseen is a construction and standards regulations specialist
at BASF Canada. He provides engineering support for the polyurethane
spray foam business, manages research and development of projects
across North America, and participates in ULC and ASTM standards
developments.
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Blockchain: Leveraging Digital Ledger
Technologies to Manage Building
Enclosure Performance
By Juste Fanou, BSS, WELL AP, Technical Director, JMF Technical
Documentation Solutions & Founder, Bibliotech

W

ith the increasingly stringent performance targets set for modern
building enclosures (LEED,
NetZero, Passive House, etc.), it is no longer realistic to expect that traditional building
methods and project delivery models alone
will help designers and owners attain them.
For many, the implementation of building enclosure commissioning (BECx) as
outlined in industry standards such as ASTM
E2947, Standard Guide for Building Enclosure Commissioning, or the NIBS Guideline
3-2012, Building Enclosure Commissioning
Process BECx have become an indispensable
quality-driven process to attain the project’s
performance objectives. If implemented successfully, this process could deliver invaluable insight to help owners make business
decisions regarding their assets. However,
like most construction processes today, it is a
system that relies overwhelmingly on human
actions or controls and creates a burden of
paperwork stored in fragmented repositories.
Moreover, it is also founded on the supposition there is a modicum of trust between
parties who are mildly adversarial at best—
and downright hostile at the worst of times.
As the world enters a fourth industrial revolution and the construction industry strives to
modernize itself, the opportunities afforded
by new technological advances such as distributed ledger technology (or blockchain)
should be explored to uncover previously
concealed value streams.
BLOCKCHAIN TECHNOLOGY: A
PRIMER (HINT: IT’S NOT ALL
ABOUT BITCOIN)
Distributed Ledger Technology (DLT,
or blockchain) was first introduced in 2009
by an individual (or group of individuals)
under the pseudonym Satoshi Nakamoto.1
They proposed a new electronic currency

(Bitcoin) based on cryptographic proof, instead of trust, to solve the “double-spending
problem” that hindered previous attempts at
creating reliable electronic currencies.
At its core, blockchain is a mechanism
used to store information in a computer
database in a persistent and tamper-resistant
fashion. The blockchain is a growing list of
records (“blocks”) that are linked to a set of
existing records (“chain”) and secured using
complex mathematics and cryptography.
Each block contains:
• The data stored in it;
• A cryptographic key (or hash function)
linked to the previous block; and
• A timestamp.
Unlike traditional database systems,
which allow users to create, read, update,
or delete records depending on their rights,
blockchain data architecture only allows
users to either add or view records. Since
these systems are deployed over decentralized peer-to-peer networks, it means the
data is not stored on a single server but rather
across all the computers in the network, rendering it virtually impossible to hack, while
giving all users access to the same information (i.e., a single source of truth).
TRACEABILITY: A FUNDAMENTAL
TENET OF QUALITY MANAGEMENT
IN BECX PRACTICE
ASTM 2947 defines BECx as “architecture or engineering-related technical services
… that implement a quality-focused process
for enhancing the delivery of a project by focusing on validating during the design phase
and verifying during the construction phase
that the performance of building enclosure
materials, components, assemblies, and systems are designed and installed to meet the
Owner’s Project Requirements (or OPR).”
This definition demonstrates that BECx is

fundamentally a quality management system. For any such process to be successful,
it must be founded on a robust traceability
framework that allows stakeholders to “trace
the history, application, use, and location of
an item or its characteristics through recorded identification data.”2 Every item used,
or decision made, in the process must carry
sufficient embedded information to identify
where it came from (backward traceability)
and where it will ultimately end up (forward
traceability).
It becomes self-evident that blockchain
technology is an especially suitable candidate
to resolve BECx’s traceability problems. A
BECx process delivered over a blockchain
network would create an intrinsic archive
of every decision made during the project’s
design phase. Moreover, one could also envisage a scenario where supply chain transparency could be affected during construction by embedding any component or system
forming part of the building enclosure into
the same blockchain. The entire history of
these items could easily be queried from
their inception (i.e., what material or system
was specified to meet the OPRs?) through
their operational lifecycles (e.g., what maintenance is required to ensure components
remain at optimal efficiencies) by any stakeholder with access to the network since the
same information would be distributed
across the entire network.
TOWARD NEW HEIGHTS
It is no secret the construction industry
has significantly trailed behind other industries, in terms of productivity. A 2016 article
published by the McKinsey Global Institute3 has ranked the construction industry
as one of the least digitized sectors in the
global economy, effectively undermining
its productivity. The adoption of blockchain
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technologies in the industry could help close
this significant productivity gap. As demonstrated in this article, this technology could

be leveraged as part of a quality-driven process such as BECx to improve traceability
and validation.
n

Juste Fanou, BSS, WELL AP, is technical
director of JMF Technical Documentation
Solutions and founder of Bibliotech, an app designed to foster communications between manufacturers and the design community. With
over 10 years’ experience as a specifications
writer, he has assisted in the delivery of several
high-performing commercial and institutional
buildings.
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Waterproofing Failures That Can Lead to Costly Repairs
By Daniel Aleksov, P.Eng., BSS is a principal at Leading
Edge Building Engineers

T

he sole purpose of waterproofing is to protect the structural
components of the building envelope from water penetration.
Waterproofing systems protect above- and below-grade structures such as underground parking garages and basements consisting
of conventionally reinforced or prestressed concrete that have living,
working, storage, and service room spaces.
The performance of the waterproofing system during its entire
useful service life will be dependent on factors such as design, workmanship, assessment, maintenance, and repairs. Upon closer examination of these factors, one gains a deeper understanding of how the
integrity of the waterproofing is undermined and how the structural
components are affected.

DESIGN
The design methodology has a significant impact on the overall
outcome of the waterproofing performance beyond adhering to minimum code requirements. Here are some common questions to consider during the preliminary design stage:
• Does the below-grade surrounding area have a high water table,
or is the area prone to flooding?
• Are the materials selected durable and suitable for the specific application?
• Are there penetrations and sections of the expansion joint directly
above critical infrastructure?
• Do the floor slabs and foundation walls have enough provisions
for drainage?
Without considering these types of questions, the designer can
create vulnerabilities once the project is initiated. Locations and detailing of expansion joints and other types of penetrations, like drains,
is critical since these areas are the most susceptible to failure of the
waterproofing systems. During a recent garage condition assessment,
we observed a concrete ledge beam supporting the intermediate slab
was experiencing delaminated concrete due to premature failure of
the preformed expansion joint installed less than 10 years ago (see
photo below).

A concrete ledge beam supporting an intermediate slab experiencing
delaminated concrete due to premature failure of the preformed
expansion joint installed less than 10 years ago.

WORKMANSHIP
This factor is determined based on how the design is executed
by the contractor, from a workmanship perspective, and the quality
control measures implemented during construction. Deviation from
a sound design by ignoring standard waterproofing installation standards and procedures can also lead to premature failure. Misguided
practices include, but are not limited to, improper concrete surface
preparation, a high moisture content on the concrete slab surface, or
not following application procedures from the manufacturer, which
include mixing of material, curing, application temperature, thicknesses, etc.
Throughout my entire career, I have only seen two garage roof
slabs-to-wall junctions with missing waterproofing. The absence of
proper waterproofing on below-grade walls and slabs is a huge risk—
and one of the major factors that contributed to the collapse of the
Algo Centre Mall roof located at Elliot Lake in 2012, according to the
forensic engineering report.
ASSESSMENT
Underground parking garage and basement condition assessments should be performed by licensed professional engineers with
experience in identifying problems early on, like water penetration
at walls and slabs, expansion joints, concrete deterioration, drainage
issues, etc. A condition assessment report should include quantified
observations, conclusions, and recommendations for repairs, complete with budget estimates.
Unfortunately, many building owners request a condition assessment far too late after the waterproofing membrane breaches have
caused significant deterioration to the concrete. The only way to stop
this from reoccurring is to legislate mandatory garage condition assessments every three to five years as enacted by New York State and
Quebec, respectively.
Recently, a 98-year-old detached house was undergoing basement
renovations, and the contractor discovered major sub-floor damage
caused by water penetration from the exterior concrete block foundation wall. The wall was observed to be protruding 50 to 75mm out
of plane, likely from frost (see photo on page 24). This is a very serious condition, with potential for the foundation wall to catastrophically collapse. Emergency shoring has been installed, and the wall
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Localized repairs and replacement of worn and debonded membranes
should be addressed as part of a maintenance plan to avoid leaving the
concrete unprotected and exposed to water and de-icing salt, which can
lead to corrosion of the embedded reinforcing steel.
is scheduled to be replaced with new waterproofing and drainage installed along the entire length of the wall elevation.
MAINTENANCE
The minimum maintenance standards involve annual reviews by
building staff, ensuring the slabs’ drains are free of debris and vehicle
traffic waterproofing systems are cleaned on a regular basis. Part of
this review should include accessing the hydro vault to ensure there is
no evidence of water penetration, which could cause a potential fire
or explosion. Localized repairs and replacement of worn and debonded membranes should be addressed as part of a maintenance plan
to avoid leaving the concrete unprotected and exposed to water and
de-icing salt, which can lead to corrosion of the embedded reinforcing
steel (see photo above).

During renovations to a 98-year-old detached house, a contractor
discovered major sub-floor damage caused by water penetration from
the exterior concrete block foundation wall. The wall was protruding 50
to 75mm out of plane, likely from frost.
REPAIRS
Full replacement of waterproofing membranes at the end of their
service life is inevitable and requires diligent financial planning since
these types of projects can be quite costly when major structural restoration is involved. Depending on the first four factors, this can have
a tremendous impact on both the service life of the waterproofing and
the repair strategy. For the waterproofing system to perform to its
maximum potential, action must be taken promptly when problems
initially occur.
n
Daniel Aleksov, P.Eng., BSS, is a principal at Leading Edge Building
Engineers. He also currently serves as a director with the Ontario Building
Envelope Council.
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The Evolution of EIFS, From
Face-Sealed to Vented Façades
By Khaled Khaled, B.A.Sc., M.B.Sc., P.Eng. & Russell Richman, B.A.Sc., M.A.Sc.,
Ph.D., P.Eng., Department of Architectural Science, Ryerson University

T

o reduce building energy demands,
while providing the desired aesthetics in a cost-effective manner, exterior insulation finishing systems (EIFS) have
been used for decades as non-load bearing
cladding systems. The main advantage of
EIFS is the enhancement of the thermal
performance by providing continuous insulation layers over the building structure.
Although EIFS has a significant market
share in North America, the 1990s Canadian leaky condominium crisis left EIFS
with a reputation associated with water intrusion failures and high moisture damage
repair and control costs. Since then, EIFS
has seen significant improvements.
One of the key improvements is the
addition of geometrically-defined drainage
cavities behind the continuous insulation
layer to allow water that has penetrated
the outer EIFS lamina to drain out to the
exterior, while providing an opportunity
for enhancing the convective drying ability by introducing air flow and moisture
exchange. EIFS with such cavities can be
either vented or ventilated, depending on
the vents’ sizes, locations, and distribution
(see Figure 1, below). The integration of
these cavities has raised questions regarding their impact on the thermal performance of wall assemblies constructed of such
EIFS.
As the demand for highly insulated
buildings will only keep growing, and to

Figure 1. Vented vs. ventilated EIFS.

support design decisions on current and future use of vented EIFS, it is vital to evaluate the reduction in the whole assembly’s
effective thermal resistance due to venting.
It is also important to compare EIFS and
their different applications in Europe and
North America. Of equal importance is
numerically evaluating the thermal resistances of vented EIFS with various thicknesses and cavity profiles.
A GLIMPSE OF EIFS
Due to cement shortages after World
War II, EIFS originated in Germany and
Scandinavia in the 1940s. In 1959, E.
Horbach obtained a patent for expanded
polystyrene-based systems, and the first
building application was demonstrated a
few years later. In Europe, EIFS was applied over substrates with high moisture
capacity, like concrete, or for retrofitting
existing buildings by brick over-cladding
in an attempt to upgrade the thermal
performance while the use of face-sealed
EIFS on moisture sensitive substrates was
prohibited.
In North America, EIFS was introduced by Dryvit Systems Inc. in the 1980s
and was mainly used for commercial buildings. However, due to the increased attention and demand for energy efficiency in
the early 1970s, EIFS was also adopted
for residential use. Contrary to European
practice, EIFS was used as cladding systems

for light-frame North American walls comprised of materials with significantly lower
moisture capacities than concrete. North
American EIFS also had reduced base coat
thickness to allow for easier rendering and
installation, affecting their durability and
water penetration resistance. The early
EIFS was designed and constructed to act
as a perfect barrier against rain penetration
but failed on many occasions, leading to
the prohibition of face-sealed EIFS in Vancouver and North Carolina by 1995.
Nowadays, EIFS are manufactured as
proprietary systems, where the insulation,
adhesives, and / or fasteners and lamina
are provided by a single EIFS manufacturer that is responsible for compatibility between components and performance-testing integrity.
Modern EIFS are constructed to a
specific thickness (typically between two
and six inches) of expanded polystyrene
foam insulation attached to a structurally
supported substrate using trowel-applied
adhesive or by mechanical means. The
expanded polystyrene insulation includes
geometrically defined cavity spaces to facilitate water drainage and allow for cavity ventilation (see Figure 2, below). A
liquid-applied membrane also covers the
substrate to act as the main water / air control layer, while being vapour permeable,
allowing the assembly to dry out to the exterior. The insulation board is covered with

Figure 2. Typical EIFS construction in North America and Western
Europe.
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a durable base coat embedded with fiber
mesh reinforcement to provide strength
and dimensional stability. The base coat is
finally covered with a finish coat (typically
acrylic polymer), giving the final appearance of a building’s façade.

Figure 3. Field-tested wall assembly.

Table 1. Summary of calculated effective thermal resistances.

THERMAL PERFORMANCE
IMPACTS OF VENTED EIFS
RDH Building Science Laboratories conducted a full-scale wall testing in
southern Ontario to measure the heat flux
through face-sealed and vented EIFS (see
Figure 3 on this page). The face-sealed assembly was used as a baseline to determine
the effects of venting on the thermal performance. The field tests provided in-service performance relative to real-world
conditions, while data collected from the
tests was used to calibrate computational
fluid dynamics models developed by the
authors using COMSOL MULTIPHYSICS®. The calibrated models were then
used to simulate EIFS assemblies with various insulation thicknesses and cavity profiles applied on different building orientations, thus receiving and absorbing various
amounts of solar radiation.
Reductions in the thermal resistances
of vented EIFS assemblies were minimal
and observed in the range of 1.4 to 5.3 per
cent for south-facing walls and 0.1 to 4.6
per cent for north-facing walls (see Table
1 on this page). Reducing the spacing between cavities further reduced the thermal
resistances due to increased ventilation. It
was also found that thermal resistances of
the light- and medium-insulated south-facing EIFS were lower than their northern
counterparts, mainly due to the thermal
storage ability of the construction materials. However, heavily insulated EIFS
reduced this flux of heat and, eventually,
the south-facing walls’ thermal resistances
overcame their northern counterparts. n
Khaled Khaled, B.A.Sc., M.B.Sc., P.Eng.,
is a Ph.D. candidate in building science at
Ryerson University. He can be reached at
kkhaled@ryerson.ca.
Russell Richman, B.A.Sc., M.A.Sc.,
Ph.D., P.Eng., is an associate professor and
associate chair of graduate studies in building science at Ryerson University. He can be
reached at richman@ryerson.ca.
For more information, please visit https://
doi.org/10.1016/j.jobe.2020.101446.
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