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glass facades and curtain wall systems, participating in a
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Strategic Development with the Advanced Technology
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of building fagades for both facade and environmental
engineers.
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Abstract

Durability is an often-overlooked consideration of materials, components, assemblies, buildings,
and cities, and a fundamental attribute of sustainability. The concept of differential service life
recognizes that each of the components that comprise a system possesses a unique service life,
and that the service life of the various components interact to determine the ultimate service
life of the assembly. The service life of an assembly may thereby be reduced to the least robust
of its components. This paper investigates the primary components that comprise a typical
metal curtainwall assembly to identify service life characteristics, how these characteristics
shape the service life of the assembly, and the implications for embodied energy. Evidence is
presented that the energy burden of high-performance facade assemblies may be improved
through the consideration of durability. Facade system maintenance requirements and
renovation cycles are considered as a strategy to extend service life.

Keywords: Durability, Curtain Wall, Service Life, Embodied Energy, Maintenance, Retrofit
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The building skin impacts both the
appearance and performance of the vertical
urban environment. Yet curtainwall (CW)
systems are routinely designed with no target
service life or consideration for maintenance
and renovation. This paper reports on early
stage ongoing research on the durability and
energy performance of metal curtainwall
systems. A particular focus is the embodied
energy represented by curtainwall systems,
and the relationship between durability,
embodied energy, and the potential for
maintenance and renovation as a strategy for
extending fagade system service life.

Terminology

Durability terminology discussed herein,
unless otherwise noted, is derived from the
Canadian Standard Association’s CSA 478-95
Guideline on Durability in Buildings (Canadian
Standards Association 1995), as discussed

in Service Live Considerations in Relation

to Green Building Rating Systems (Athena
Institute 2006, 4-8).
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Durability

The ability of a building or any of its components to perform its
required functions in its service environment over a period of time
without unforeseen cost for maintenance or repair.

Service Life

The actual period of time during which the building or any of its
components performs without unforeseen costs or disruption for
maintenance and repair.

Design Service Life
The service life specified by the designer in accordance with the
expectations (or requirements) of the owners of the building.

Differential Service Life
The service life difference between the components of a material or
system of a building (Kesik 2002).

Predicted Service Life
The service life forecast from recorded performance, previous
experience, tests or modeling.

Service Quality

Functional and aesthetic performance in relation to specified
requirements, and the perceptions and expectations of stakeholders
(adapted from Kesik 2002a).

Embodied Energy

Building energy efficiency considerations are often constrained to the
energy consumed during building operations. While this represents the
dominant source of energy consumption over a building’s lifespan, it is
increasingly important that embodied energy—that consumed during
the material cycle from extraction through end-of-life—become an
integral building performance consideration. In fact, as improvements
are made in operational energy efficiency and buildings progress
toward net-zero consumption targets, embodied energy assumes an
increasing percentage of building lifecycle energy consumption. The
embodied energy of a building is the aggregate of the embodied
energy of the constituent systems and subsystems, down to the
individual material and product components that make up the building.

Embodied energy analysis brings the issue of durability to the
dialogue. Durability is a measure of performance over time in a
specific environmental context. The measure of that time is called
service life. The Athena Institute (2006, 4-8) defines end of service life
as the occurrence of “unforeseen costs or disruption for maintenance
or repair” Planned renewal cycles of maintenance and renovation,
however, can be factored into the predicted service life of a building
component or system as a means to extend service life. The tradeoff is
that maintenance and renovation produce recurring embodied energy,
which adds to the embodied energy debt over a building’s lifespan.
Analysis is required in any given situation to determine if extending
service life through the provision of maintenance and renovation
cycles is truly providing value by reducing the embodied energy debt.

Establishing Service Life Baselines for Buildings and Facade Systems

Durability science is inconsistently applied in the construction arts
(Mora, Bitsuamlak and Hovart 2011, 1469), and a design or predicted
service life is rarely defined for buildings or fagcade systems. The Athena
Institute (2006, 17) report points out that no current building rating
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system credits the consideration of whole building service life, with
the single exception of LEED Canada, which awards the designation of
a design service life matched by a predicted service life in accordance
with CSA 5478-95. Given the consumption of material resources
represented by building construction it would seem appropriate that
some standard of durability be applied, yet building codes do not
specifically address the service life of buildings or facade systems.

There is no general agreement for establishing an appropriate building
service life. The Pacific Northwest National Laboratory for the Building
Technologies estimates the median lifespan of commercial buildings at
70 =75 years (D&R International, Ltd 2011) while the Athena Institute
(2006, iv) suggests a “‘conservative”estimate of building lifespan at

40 - 60 years. The lifecycle of large commercial and multi-family
buildings, however, seems to be considerably longer. Relatively few
tall buildings, for example, have been demolished. The database of

tall buildings maintained by the Council for Tall Buildings and Urban
Habitat includes 82 buildings over 100 years old, and roughly 80%

of them are still standing. The Woolworth Building in New York City
turned 100 years old in 2013 amidst a large-scale office renovation and
luxury condominium conversion of the upper floors, positioning it for
decades to come. Kesik (2002b) contends that the structural systems
of modern buildings are engineered to support a lifespan of several
hundred years as established by numerous precedents. CSA S478-95
(Canadian Standards Association 1995, 7) categorizes long life at 50

to 99 years and appropriate for most buildings, and a minimum of

100 years for monumental and heritage buildings. Yet what about the
consideration of longer timeframes, building lifespans to match the
inherent capacity of their structural systems? Can durability planning
reasonably support a building service life measured in hundreds of
years, and even perhaps, in the case of monumental buildings, a 1000
year service life as both appropriate and achievable?

The Curtainwall Facade System

Curtainwalls, like buildings, are specialized, complex assemblies that deny
obvious appropriate service life definitions. Most of the first-generation
curtainwall buildings are still in existence, with the earliest among them
some sixty years old and older. However, many are badly in need of
renovation. So is it fair to say that the service life of these early generation
curtainwall systems is in the 40 — 60 year range? The answer depends

in part upon what minimum standard of serviceability is considered.

The early CW systems were notoriously poor performers. If current code
standards for air and water vapor penetration are applied, these older
systems may well have been unserviceable from the beginning.

Durability is a function of service life and service quality—of both
appearance and performance. One system appearing aesthetically
acceptable may be performing well below acceptable standards,

yet remain in use for a long time, compromising the comfort and
operational energy efficiency of the building. Another system may
be functioning to high-performance standards but suffer evident
visual deterioration that results in premature maintenance or repair,
and an accompanying expenditure of embodied energy. Or a system
may become visually dated or otherwise inappropriate and suffer a
similar fate. (In fact, it is these aesthetic considerations, not functional
performance, that are driving facade renovations.)
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There are a couple of important distinctions to be made about the
evolution of curtainwall technology. First is the adoption of double-
glazing—or insulated glass units (IGUs)—following the first energy
crisis in the early 1970s. Second is the advent of unit or unitized
systems, a strategy of modular prefabrication that enhances quality
and minimizes site labor, at the cost of considerable added system
complexity. Unit systems first appeared in the 1980s and grew

to predominate new fagade applications in the 1990s. The early-
generation curtainwalls were called stick systems, referencing the
practice of processing lengths of aluminum extrusions on site, first
installing vertical mullions to slab edges, horizontals between verticals,
followed by the setting of glass and other infill panels into the frames.
The design, construction, and performance of stick and unit systems
are substantially different, and there is reason to suspect that their
service life characteristics may differ.

A potential vulnerability of curtainwall systems are the gaskets that
provide the air and moisture barrier. Figure 1 is a typical horizontal
stack joint detail of a unitized system. The gaskets at the top of the fin
of the lower unit act in compression in a channel of the upper unit to
provide the air and vapor barrier, even as the units move relative to each
other and the fin slides up and down in the channel. While the gaskets
represent only approximately 1% of the weight of a typical curtainwall
unit (Table 1) the performance of the system relative to the important
criteria of air and moisture penetration is entirely dependent upon the
functioning of these seals. Yet once the unitized systems are installed,
these seals are concealed and impossible to inspect or service.

Curtainwalls are deliberately designed as zero-maintenance systems;
they are not designed to be maintained or renovated. In the absence

of maintenance, how do these systems perform over their lifetime, and
what impacts do they have on such concerns as operational energy
consumption, occupant health and comfort, protection of the structural
system and interior finishes, and ultimately, the service life of the systems
themselves. Furthermore, what net improvements might be attainable if
maintenance and renovation cycles were planned and designed for?

Glass — another case in point — is likely the most common material in
contemporary facade construction. The early-generation curtainwall
buildings were single glazed, frequently using body-tinted and sometimes
mirror-coated glass to provide a measure of solar control. The body-tinted
and clear glass applications have generally aged without apparent effect,
displaying remarkably high service quality and indefinite service life.
Despite the solar/thermal problems resulting from their use, single-glazing
has contributed to the durability of these early curtainwall systems.

The IGU, with its accompanying gas fill and coatings, was developed
to improve the thermal insulation properties of vision glass in the
building skin. A perimeter spacer separates two glass panes (Figure
2). Insulative gases like argon are often employed to fill the cavity

in place of air. The spacer is filled with a desiccant to eliminate

any residual moisture remaining in the cavity after fabrication. The
perimeter hermetic seal that bonds space and glass determines the
serviceability of the IGU. If this seal is compromised, water vapor can
enter the cavity and cause failure of the unit: condensation, oxidation
of coatings, fogging, permanent clouding from mineral deposits, and
even mold growth (Ambrose & Karagiozis 2007, 2).

The service life of an IGU is a function of design, fabrication, and
installation quality, combined with service exposure, and varies
widely. Typical commercial warranties range from 5 to 10 years, but a
predictable service life for an IGU is more difficult to define. Designers

750 | CTBUH 2014 Shanghai Conference

Figure 1. Typical horizontal stack joint between vertical CW units showing location of
primary seal (Source: Advanced Technology Studio - Enclos).
Bl — A 2T AT R DR EH WA E R ATS-Enclos)

Figure 2. Typical insulated glass unit (IGU) construction. The wet-sealant bonding of
the spacer to the glass to provide a hermetic seal, along with the coatings applied to
the glass surfaces, reduce the service life and compromise the recyclability of the glass
material (Source: Advanced Technology Studio - Enclos).
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and building owners need to know how long they can expect a
product to perform. A frequently referenced 25-year field correlation
study (Lingnell & Spetz 2007) examined three certified performance
classes of IGUs under field conditions. The classes certified through
accelerated testing are established by specification ASTM E774
“Standard Specification for the Classification of the Durability of
Sealed Insulating Glass Units, defining classes C, CB, and CBA, with
progressively improved quality standards respectively. Classes C and
CB exhibited a failure rate of 14% at 25 years of service. With class CBA
this failure rate is reduced to 3.6%. Note that with all classes there is
some earlier failure rate that accelerates over time. A large commercial
or multi-family residential project will typically involve thousands of
IGUs embedded within the curtainwall units. With the best product
classification, test results indicate that 36 per thousand will fail within
25 years. This could represent hundreds of failed units on a large
building. With the lower product classes, 200 per thousand can be
expected to fail, representing thousands of potential units. Unlike the
curtainwall unit seals, failed IGUs are highly visible from both inside
and outside the building, and directly impact the service quality

of the curtainwall system. Industry continues to make significant
improvements in IGU durability—Cardinal (2008, 4) projects only a
0.74% failure after 50 years for its most advanced product—but this still
presents a significant hurdle as longer building lifespans are explored.

Differential Service Life

What are the challenges and limitations to significantly extending

the service life of primary building systems? The durability of a

system, from building to subassemblies, is ultimately determined by
the service life of its least durable component (Kesik 2002a). This is a
fundamental yet often ignored aspect of durability and, ultimately,
sustainability. The clear or body-tinted single glazing used in the
first-generation curtainwall has a service life limited only by damage
imposed on the material. In the absence of such damage the material
has an unlimited lifespan that can justifiably be measured in hundreds
of years and more. In comparison, the IGU has a service life often
measured in a few decades. The serviceability of the hermetic seal

is the weakest component in the IGU assembly. The rather dramatic
effect is to collapse the service life of the glass subcomponent of the
IGU assembly from unlimited to well under 100 years (in the very best
of circumstances). The result is wasted durability and embodied energy
of the glass material, the unintended consequence of improving the
thermal and solar performance of glass in the building skin.

However, the service life impact of the hermetic seal does not end
with the IGU. As the seal is a subcomponent of the IGU, the IGU is a
subcomponent of the curtainwall system, and the IGU seal thus vies
with the curtainwall unit seals for the shortest service life, thereby
potentially defining the service life of the curtainwall system itself.
(The IGU is the more likely culprit in limiting service life because of

its visibility, whereas substandard performance resulting from the
curtainwall unit seals is often masked, although potentially having far
more impact on energy consumption and greenhouse gas emissions.)

Extruded aluminum, another dominant curtainwall material, is
typically used to build up the frames for the modular units (Figure

3). Itis also a material with a characteristically long lifespan, and is
often used for its durability in certain applications, one of these being
the building fagade. The service life of aluminum is again generally
determined by an aesthetic attribute of service quality represented by
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Figure 3. CW unit frames are factory assembled from fabricated aluminum extrusions
and gaskets fitted to extruded raceways (Source: Mic Patterson).
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the material finish as a subcomponent of the framing system. While
high-performance anodized or Fluoropolymer coatings are typically
employed, they are subject to degradation over time as a function of
environmental exposure. Optimally protected and employed, the base
aluminum, like glass, has an unlimited durability that is easily measured
in decades, if not centuries. The finish, however, is closer to the service
life of the IGU, in the 30 to 50 year range, and subject to potentially
unacceptable levels of visual deterioration depending upon the
minimum quality standards defined for the system.

As with the glass, there is a significant collapse in aluminum service life
resulting from the lower component service life of either the aluminum
finish or the IGU, again producing durability waste (Figure 4). In fact,
while glass in a typical curtainwall unit is approximately three times

the weight of the aluminum frame, the aluminum is responsible for
well over twice the embodied energy of the glass (Tables 1 and 2).
Together, the glass and aluminum represent over 90% of the combined
embodied energy of a typical curtainwall system (Table 2 and Figure 4).

Maintenance and Renovation Cycles: Strategies for Renewal

Opportunity, then, lies in a fagade system design that fully realizes the
durability of its dominant materials: glass and aluminum. One strategy to
achieve this is the planned maintenance of the seals, finishes, and other
minority materials that have been identified to compromise system
facade system service life. This would require a change in CW system
design, and in the zero-maintenance design mentality, something that
can only be achieved through a clear demonstration of value.

Durability is a design problem. By harmonizing the service life relationships
between the various subcomponents that comprise a system, durability
can be optimized and embodied energy minimized (Kesik 2002). Glass
and aluminum, the primary materials in a CW system, are capable of
matching a building structural system in service life. What is needed is a
CW system design that fully supports the durability of these materials.
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Figure 4: Analysis of embodied energy use intensity of primary CW assemblies
Indicating how minority materials, essentially seals and finishes, compromise the service

life of the dominant materials of glass and aluminum, which represent the large majority of
embodied energy in the subassemblies (Source: Mic Patterson, Ben Silverman).
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CW Unit Component Weight QTY UNIT
Dimensions Unit Width 5 ft
Unit Height 12 ft
Densities Glass 156 pef
Alum 170 pef
Steel 490 pcf
silicone 86 pef
Insulation - Firespan 90 8 pef
Aluminum Vertical Mullion Area (M+F) 5.0 in2
Horizontals (Stack Joint + Int) 10.8 in2
Lift Lug 306 in3
Anchor Brackets 65.0 in3
Hardware #14-14 Weight 0.04 Ibfipc
#14-14 QTY 24
1/2" - 13 Weight 1.00 Ibf Ipc
1/2"-13 QTY 6
Shadowbox Height 3 ft
Aluminum Thickness 0.125 in
Steel Backpan Thickness 0.036 in
Insulation Thickness 4 in
Glass Inboard Lite 0.25 in
Outboard Lite 0.25 in
Spacer / Secondary Silicone 0.25 pst
Gaskets Bed Gasket 0.089 in2
Air Seal (Vert) 0.055 in2
Rain Screen (Vert) 0.051 in2
Air Seal (Horz) 0.043 in2
Rain Screen (Horz) 0.140 in2
Structural Silicone (all) 5/8 x 1/4 0.156 in2
Summary Insulating Glass Units 6.75 psf
Frame 224 psf
Lift Lug and Anchor 0.16 psf
Fasteners 0.12 psf
Shadowbox - Alum Panel 0.44 psf
Insulation 0.67 psf
Backpan - Galv Steel 0.37 psf
Bed Gasket 0.04 psf
Air Seal (Vert) 0.02 psf
Rain Screen (Vert) 0.02 psf
Air Seal (Horz) 0.02 psf
Rain Screen (Horz) 0.06 psf
Structural Silicone (all) 5/8 x 1/4 0.07 pst
Total Weight 10.97 psf
Notes no thermal breaks
shadowbox construction

Table 1. Preliminary material analysis of baseline CW system (Source: James Casper).
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oW UnitMakewp | Corie iy Weight isafy S eaty
Insulating Glass Units 10.73 6.75 72.43
Aluminum Framing 66.21 2.24 148.45
Lift Lug and Anchor 66.21 0.16 10.38
Fasteners 24.38 0.12 2.83
Shadowbox - Alum Panel 66.21 0.44 29.31
Insulation 9.18 0.67 6.12
Backpan - Galv Steel 12.25 0.37 4.50
Gaskets & Seals 26.51 0.23 6.10
Totals 10.97 280.11

Table 2. Preliminary embodied energy analysis of baseline CW system using ICE LCI data
(Hammond & Jones 2011) (Source: Mic Patterson, Ben Silverman).
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Employing a strategy of facade renewal that includes harmonized cycles K&
of maintenance and renovation, it is not unreasonable to consider

building service life of a millennium. However, maintenance and W\iiﬁ@%%%ﬁm B A ﬁEtE‘%‘ME)ﬁ(Hammond & Jones 201 1)5{¢LCI
renovation cycles produce what is termed recurring embodied energy, ¥ %Wﬁﬁf\*ﬁ’ BLR A gl%/ﬁg G SR AR M T4 2 é}ﬁ}i
which adds to the embodied energy debt and at least partially offsets o XA AA R ELCIBAE KA 7T I T BT AR ° R E R i
the embodied energy gain resulting from the increased service life 11 RE 6 T 2 37 Am k%’ﬁ\ﬂ PLARAR R0 R BT T DU
(see Figure 5). The complexity is in determining the net value (or cost), BREMT AENF T T . RABNRNT XERTMA. &

including environmental and operational energy impacts, resulting from a MR RIG R, DURAIE — R % a5 ARV R L REFE TS
renewal strategy. Such is the focus of next stage research.

Summary A

Maintenance/restoration cycle
Embodied energy input

The discussion here is based on preliminary analysis using the Inventory E e e eestoration

of Carbon and Energy database (Hammond & Jones 2011) for LCl data, § e eneten
and the development of a theoretical curtainwall system in an effort to 3 (Post maintenance cycies)
establish a baseline system. Research on more robust and appropriate g S

LCl data is ongoing. The intent is to develop a methodology by which u b, | 7m0 s ronance fore (aintsnancerestoration
to compare the embodied energy of alternative curtainwall system SERVICE LIFE >

designs, and to test strategies for, and the value of, durability planning
Figure 5. Impact of maintenance and renovation cycles on service life (Source: Kesik 2002).

in extending facade system service life. The goal is the development BT B 4 Ao k45 B3 Xt 4 P4 TR B (R 98 Kesik 2002)
of ultra-durable high-performance facade systems as a means to low

lifecycle operating and embodied energy buildings.
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