- CTBUH

bantotia e S e a rC h P a p e r ctbuh.org/papers

e

Title: New Skins for Skyscrapers: Anticipating Facade Retrofit
Authors: Mic Patterson, Director of Strategic Development, University of Southern
California

Andrea Martinez, PhD Candidate, University of Southern California
Jeffrey Vaglio, Senior Designer, University of Southern California
Douglas Noble, Professor, University of Southern California

Subjects: Conservation/Restoration/Maintenance
Facade Design
Sustainability/Green/Energy

Keywords: Energy
Energy Consumption
Facade
Retrofit

Publication Date: 2012
Original Publication: CTBUH 2012 9th World Congress, Shanghai

Paper Type: Book chapter/Part chapter
Journal paper

Conference proceeding
Unpublished conference paper
Magazine article

Unpublished

o0k wh =~

© Council on Tall Buildings and Urban Habitat / Mic Patterson; Andrea Martinez; Jeffrey Vaglio; Douglas
Noble


http://ctbuh.org/papers

New Skins for Skyscrapers: Anticipating Facade Retrofit
FER AAERIFT R B BAfr R IE ey A R X

Mic Patterson

Jeffrey Vaglio

Douglas Noble

Mic Patterson, Andrea Martinez, Jeffrey Vaglio &
Douglas Noble

University of Southern California
4210 Adam Road

Simi Valley, California

USA 93603

tel (H.3%): +1 310.266.5724

email (E, F Hf §§): mpatterson@enclos.com, asmartin@
usc.edu, jvaglio@enclos.com, dnoble@.usc.edu
http://www.enclos.com

Mic Patterson is Director of Strategic Development
with the Advanced Technology Studio of Enclos and
a PhD candidate in the School of Architecture at the
University of Southern California. He is the author of
Structural Glass Facades and Enclosures.

Mic PattersonsEnclost %t # % A T{EF (Advanced
Technology Studio) usJF % #uyEE, [Fat2E
mMAFRAFEEL £, BERER (EHHF
ShaEFas ) .

Andrea Martinez is a PhD candidate in the School of
Architecture at the University of Southern California.
Her research focuses on how facade retrofit can be cost
effectively implemented in existing buildings. She is
pursuing a career that integrates both architecture and
sustainability at the highest professional and academic
levels.

Andrea Martinez 2 MmN AFEAF L 4.
HB 5 B 9 AR e T LR A S B BT R TR B
SEIL R ARG . M H B IE AR IR IR A2 R ] H 4
KRR E TV EFAFER.

Jeffrey Vaglio is the Senior Designer in the Advanced
Technology Studio of Enclos Corp He is a Ph.D. in
Architecture candidate in the USC Chase L. Levitt
Graduate Building Science Program, where he is an
Oakley Fellow.

Jeffrey VaglioH &l £EnclosHy st #H A TIHEE

(Advanced Technology Studio) By & &% it f. f
R # M A¥Chase L. LevittEH ¥R £ E
HRAM AR A, R4 ROakleyZ¥ &R EH.

Professor Noble is Chair of the Ph.D. program in
Architecture at the University of Southern California.
He hosts the FACADE TECTONICS conferences in Los
Angeles each year, and is the editor of the FACADE
TECTONICS Journal. He is a licensed architect and the
author/editor of several books.

Noble# X R MM A¥HAF ML TEN LR,
44 1 % A58 £ A-FACADE TECTONICS 41X, T H =2
FACADE TECTONICSHATI# 4048 . b £ V£ At 2 4T,
ErR%E/ i T RS H.

Abstract

The existing building stock in some regions accounts for nearly as much energy consumption
and carbon emissions as the transportation and industrial sectors combined. Existing buildings
represent the greatest opportunity to improve on this performance. Early tall building curtain
wall applications, not particularly efficient to begin with, are now approaching 40 years of age
and more. There is an enormous imminent need for the retrofit of these aging facades that
could have significant positive effects. Yet barriers remain. Facade retrofit is expensive and
disruptive to ongoing building operations, and these curtain wall systems were never designed
to accommodate retrofit. Yet the very same is true of curtain wall design practices today. How
do fagade retrofit practices measure up with the yardstick of sustainability? Conclusions point to
the importance of anticipating future facade retrofit requirements in new building design.
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Introdcution

In a recent TED conference, popular Danish
architect Bjarke Ingels characterized
sustainability as a design problem (Anon
2011). Over 60 years ago Buckminster Fuller
was talking along an even deeper track,
practicing and teaching what he called
"anticipatory design science!(Buckminster
Fuller Institute 2010) Many of the sustainability
issues facing the world today are design
problems, and most of these are the result of
a failure to anticipate. Consider the building
facade.

The Advent of Modern Curtainwall
Technology

The birth of contemporary curtain wall
technology is found in the post-war high-
rise building boom that so rapidly and
dramatically altered the skylines of major
city centers throughout North America and
Europe in the 1960s and into the 1970s,
establishing the tall building type that has
proliferated to this day. The commercial
real estate market eagerly embraced the
new building technique of a structural
framework supporting a thin skin, largely
comprised of glass and metal, and the
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construction industry responded rapidly with services to meet the
need. The new lightweight cladding systems were cost competitive,
and provided a means to maximize both the number of floors and the
leasable area per floor because of their reduced weight and minimal
depth as compared to conventional masonry practices of the time.
The shortcomings of this emergent technology were propagated
throughout the built environment as skyscrapers sprang up like new
growth after a spring rain.

There were shortcomings. The technology was new. The material
suppliers, fabricators, and installers were inexperienced with this new
building form (Prudon 2008). The demands on fagade systems were
minimal; the urban environments of the time were largely commercial
centers comprised of office buildings, where commuters congregated
during the day to perform their job responsibilities, then returned to
their suburban dwellings at day’s end. Comfort, as represented by
such measures as acoustical and thermal performance, was a lesser
consideration (Fitch & Bobenhausen 1999). Most of these early tall
building facades were single-glazed. Air infiltration and even water
penetration were common problems.

In short, the curtain wall systems installed on these early tall buildings
were not great performers to begin with, and some are now
approaching 40 years of use and more. Many of them do not conform
to today’s building code requirements, and some may even present a
life-safety threat in the face of escalating storm activity resulting from
climate change. Clearly, there is a vast potential need for the fagade
retrofit of these older tall curtain wall buildings (see Figure 1).

The Problem with Buildings

There is an increasing awareness of the challenges presented by the
built environment. The energy problem presented by the existing
building stock is now well documented; in the US, the building stock
is attributed with consuming upwards of half of all energy—as much as
the transportation and industrial sectors combined—and is responsible
for nearly the same percentage of carbon emissions. In addition,
buildings are responsible for over 75% of electricity consumption.

This is especially concerning in the many regions where coal is the
dominant fuel source for electricity generation.

The problem posed by buildings is clearly significant. Various initiatives
like the 2030 Challenge (Architecture 2030, 2011) and the LEED
(Leadership in Energy and Environmental Design) program have
brought a lot of critical attention to this problem (USGBC 2011). Still,
the problem is grand in scale and there is much to be done. The
early focus, as represented by LEED, has been on new buildings. The
US Green Building Council, which administers the LEED program,
instituted in 2007 the EB:O&M (Existing Buildings: Operations &
Maintenance) program in recognition of the problem presented by
existing buildings. The 2030 Challenge includes consideration of
existing buildings (Architecture 2030, 2011a).

In New York City, where energy use in buildings is responsible for 75%
of the city's carbon emissions, planners estimate that approximately
85% of the city's existing buildings will still be standing in 2030
(PlaNYC, 2011, p. 204). What percentage this will represent of the total
building stock in 2030 depends on an uncertain future of construction,
but clearly, they will be a determining factor in the overall energy
efficiency of the city’s building stock. Consequently, goals for future
reductions in energy consumption and related carbon emissions must
be built on a foundation of improvements to the existing building
stock.

Figure 1. The Sears Tower (aka Willis Tower), completed in 1974, is among the mid-
century tall buildings in need of facade retrofit. (Mic Patterson)
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In the US domestic market the yearly unit area of new building
construction is roughly equaled by building renovation. In a down
market cycle, the relative percentage of renovation work can be
expected to increase. The volume of new building construction
combined with existing building demolition and renovation has the
potential to transform the built environment in the relative short term.
The 2030 Challenge projects that 75% of the built environment will be
new or renovated by the year 2035. It is estimated that renovation of
existing stock is related to 86% of the U.S. annual building construction
expenditure (Landsberg et al. 2009). It is a problem however, that most
of these renovations tend towards the cosmetic, and even the energy
retrofits fall short of optimal results.

Rethinking the Building Energy Retrofit

The pace of building sector transformation can be most effectively
accelerated by increasing the occurrence and efficacy of building
renovations. Building code policy, financial incentives, and emergent
energy efficient technology and design techniques that impact

the pace of building renovation are the key to fueling this market
transformation. This is not a matter of simply picking the low hanging
fruit; most building energy retrofits address upgrades to lighting and
mechanical systems and stop there. Many buildings will require a more
aggressive intervention to transform energy performance in a manner
that can build towards a sustainable building stock. Deep renovations
are often called for, comprehensive interventions that integrate system
performance for optimal results.

The existing building stock is comprised of many different building
types, and energy retrofit practices will certainly need to be tuned to
some categorization of building type. Tall buildings are unique in many
respects. From the 1960s onward, tall building facades are dominated
by curtain wall systems, often featuring large areas of glass. As exterior
wall systems, curtain walls mediate between the inside and outside
environment, and are integral to building energy performance and
comfort. Despite this, the fagade systems are often excluded from
building energy retrofits. The reasons are cost and the potential for
disruption to ongoing building operations.

These are lost opportunities. Optimal performance is attained
through systems integration and energy modeling, which allows

all of the systems to be tuned to the application. If the mechanical
systems, for example, are upgraded independently they must be
designed to compensate for the inefficiencies of the original facade,
and the opportunity for optimization is lost. Fast-forward a few years
and increasingly aggressive code requirements may well mandate
replacement of the old fagade, resulting in the mechanical systems
being oversized for the application. Conditions of economic stress
and material scarcity may limit the options for repeated iterations of
retrofit going forward. It is important that the upcoming retrofits are
accomplished as efficiently as possible, and are optimized for long-
term durability and performance.

Tall Challenges

There are issues that challenge the sustainability of tall buildings,
effects that must be mitigated so as not to compromise the benefits
provided by this building type. Not surprisingly, these issues are a
function of building height. The goal of a low carbon building sector
is to minimize the life cycle impact of the building. The facade systems
are a necessary contributor to this achievement.
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Life cycle assessment (LCA), and costing strategies that embody LCA,
are increasingly important tools in evaluating the true impact and cost
of a material, product, building, or city. In addition to operating energy
over the service life of a building, embodied energy is an important
component of LCA. For any given material or product, LCA includes the
energy consumption involved in raw material extraction, processing,
and transport, in addition to the energy expended in manufacturing.
Added to this as part of a building program is the energy consumed
during construction, in transport of the material to the site, in any
further onsite processing of the material, and during installation
(Sorensen 2011). This total is added to the embodied energy of the
building itself, which includes the sum of the embodied energy of all
materials and products, the energy consumed by workers commuting
to and from the site, and the energy and materials consumed by all
equipment during assembly and installation activities.

Getting the materials and workers up to the higher elevations of a

tall building adds to the embodied energy of the building, just as

the continuous requirement to move building occupants up and
down the building adds to the operational energy consumption

over the lifetime of the building. Unitized curtain wall technology

has developed in response to the need to minimize site labor, and is
consequently effective in minimizing energy consumption during the
installation process.

Extended lifespan and speed of construction of a system are two
factors that balance the impact of embodied energy. Early mid-century
curtain wall technology has evolved to the prefabricated, modular
systems of today, referred to as unitized curtain wall systems. They are
designed to be factory assembled into large modules called units (see
Figure 2). The object is to minimize site labor, which at least in some
regions comes at high cost. In addition, the building site presents a
host of conditions adverse to the quality craftsmanship required for
optimum facade system performance. Factory assembly promotes
quality while reducing the cost of expensive site labor, thereby
improving durability while accelerating the installation process (see
Figure 3). Improved quality also reduces energy consumption from
building operations over the lifetime of the facade.

Unitized curtain wall systems once installed, however, can be
exceptionally difficult to access and maintain, especially in tall building
applications. Assumptions regarding facade maintenance over

the service life of the curtain wall system are usually minimal, and
typically make provision only for periodic cleaning. Even this comes

at considerable expense; exterior window-washing systems for tall
buildings can be quite sophisticated and costly. While these systems
may be effective for localized repair work, they are generally ineffective
when it comes to system-wide renovation.

A Failure to Anticipate

Consider again the tall building. There is an apparent mismatch in
building design, at least when it comes to two primary building
systems; the structure and the fagade. The structural system is a

steel or steel and concrete construct typically protected from the
exterior environment. Tall buildings are a fairly new building type, first
appearing in the late nineteenth century. Of the 19 projects included
in the tall building database of the Council for Tall Buildings and Urban
Habitat (CTBUH 2012) that were constructed in the US before 1900,
only four have been demolished. Of the 124 built by 1920, only 17 have
been demolished. In other words, 86% of the high-rise buildings built
by 1920 are still standing ninety-two years later. It seems a reasonable
premise that building structural systems should have a lifespan of 100

Figure 2. Curtain wall units in production at an assembly plant where quality can be
better controlled than on the building site. (Enclos Corp)
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Figure 3.The prefabricated modules of a unitized facade system speed the erection
process. (Enclos Corp)
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years (and will likely survive considerably beyond that, especially with
the increasing focus on preservation and reuse, but 100 years is ample
to make the argument pursued herein).

The facade systems are a different story. The facades of most buildings
prior to the mid-twentieth century were of masonry perforated with
windows. This technique was gradually replaced in tall buildings
around mid-century with the early curtain wall systems, the precursors
to today'’s unitized technology. The performance of these masonry
facades is not a useful indicator of the durability of the newer curtain
wall systems, comprised as they are of different materials. Curtain

wall systems are built predominantly of aluminum framing with glass
and metal panel infill. Fagade systems, unlike structural systems, have
significant exposure to climatic conditions, directly impacting the
durability of exposed seals and finishes. In addition, the service life of
the materials and components used in the fagade systems generally
fall well short of the 100-year mark. Insulated glass units (IGUs), for
example, a ubiquitous component of today’s facade systems, are
typically warrantied for 5 to 10 years with an expected service life of 20
and 30 years. A lifespan design target for IGUs in the building facade
might be 30 years at the outside, and degradation to both appearance
and performance are common before then (see Figure 4). This implies
the necessity for repair or, more probably, the replacement of the IGUs
at least three times during the building life cycle.

Architectural glass is also a very dynamic material, with industry
providing frequent improvements to performance. The glass of today
performs significantly better than the glass of thirty years ago. Even if
more durable IGUs are developed, there may be a compelling reason
for cyclical retrofit as an opportunity to improve performance.

Each intervention in the facade will add to the embodied energy
account of the building (as well as subtract from the owners bank
account). It would seem logical to plan for this, to design the
facade system to accommodate the inevitability of future retrofit
requirements. Yet this is not the case at all.

Contemporary curtain wall systems are not designed to be maintained,
repaired, refit, or renovated beyond periodic cleaning. Curtain wall
systems for tall building applications are typically custom-designed to
specific building requirements, but without any consideration to future
retrofit needs. Units are factory assembled without regard to how

they might be disassembled in place to facilitate a panel upgrade, for
example, as with the installation of a higher performance glass. Glass

is often structurally glazed (glued) to a framing member, and in-situ
access to the silicone bond can be nearly impossible. Simply the ability
to easily change out glass panels could present a significant advantage
for future retrofit activities. In addition, the curtain wall units are set in
sequence and interlock with adjacent units in a manner that makes the
removal of a single unit quite difficult.

Rethinking Curtainwall System Design

The construction of tall buildings has entered a dramatic boom

period In spite of ongoing predictions of the imminent demise of

the skyscraper, and ongoing arguments over the sustainability of the
building type. The geographical regions of construction activity have
shifted, however, predominantly to Asia. The Council for Tall Buildings
and Urban Habitat (CTBUH) reports that 2010 was a banner year for
the skyscraper, with more buildings over 200 meters completed during
this year than any previous year in history (CTBUH 2011). They also

got taller; 8 of the 66 skyscrapers completed in 2010 were supertalls
(over 300 m), another record for the year, and included 4 over 400
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Figure 4. IGUs in place since the mid 1980s are currently being replaced at the Javits
Convention Center in New York City (new units to the right). (Enclos Corp)
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m comprising the 1st, 4th, 7th and 9th tallest buildings in the world,
surpassing the 600, 700, and 800 m thresholds in this singular year.

Developing markets will soon enough become developed markets.
The construction community must recognize the inevitable need,
and plan for the future fagade retrofit of new tall buildings. Markets
now experiencing a tall building boom have the opportunity to build
better performing and longer lasting buildings that anticipate and
accommodate the need for future facade retrofit.

Two important predictions regarding these newer tall buildings can be
made with some certainty:

« They will be around for many decades; and

» They will require renovation to the building fagade during the
lifetime of the building.

The following generalized design guidelines for curtain wall systems in
new building applications can improve the durability, adaptability, and
implementation of future curtain wall retrofits, potentially reducing
building life-cycle cost:

« Establish a life-cycle target for the curtain wall system that
matches the target for the building lifespan.

» Assess the durability of all curtain wall components with
respect to their exposure to the elements within the system:
metals, fasteners, finishes, sealants, and gaskets.

« I|dentify operable systems and components in the curtain wall
and assess their wear and durability based on projected usage.

« Isolate materials and finishes exposed to the elements and
design them for extended durability.

« Anticipate the potential for future higher-performing materials
and adaptive reuse requirements.

» Design framing systems and anchorages to be as durable as
possible, ideally requiring only minimal maintenance for the
target life cycle.

o Make panel materials easy to change-out from the inside or
outside of the building, depending upon retrofit installation
strategy. To facilitate this, consider the development of a
cassette-type system that eliminates the need to structurally
glaze glass panels to the primary framing system.

» Make provision for accommodating inspection and
replacement of the weather seals of the system.

» Combine these anticipated requirements with the durability
data to establish a maintenance/replacement program and
accompanying means-and-methods implementation strategy
that supports the target life cycle. This can then be used to
facilitate life cycle costing analysis and the comparison of
design alternatives.

Summary

While the above guidelines are logical, industry professionals will
immediately recognize that they are not easily applied. Nor are they
readily adopted. The metrics of sustainability for tall buildings is a
matter of ongoing debate. Facade retrofit is an important part of this
dialog. There are no easy solutions to the challenges of sustainability in
the built environment. Yet this is the task at hand. A sustainable future
lies in the application of anticipatory design science.
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Conclusions g

« There is a massive looming need for the facade retrofit of « HABRSEBMF RS FEREAL20EL PR FEE
tall buildings constructed in the mid twentieth century and WEEEAL, XINEBREEFHELN, HEERFM
onward. This process is costly and complex, with high potential R & R X LB 3T ik 2t O LR & & B A A L A
for waste and inefficiency. These retrofits must be done in a bt B UHAE R RE WD A IR B R B AT e
manner to optimize life cycle material and energy consumption o SRR AU R SR R T B B 4 R
and minimize environmental impact. FAME. FRRlRGHENERES— R BRIt EH

« The durability of materials and systems requires priority wEGERALE, 7 —TEAWE FERS, A
consideration early in the design process. The service life of R Gwy it B b B FEK

all materials, products, and system components must be . TAWEH BRI ETR B RN ER, R ET
identified and matched to the targeted lifespan. The durability

) OB ST T A Gt DASE R BN R A M B
of materials and systems should be extended as a fundamental N ) ) o .
sustainability strategy. o RSB R BT 4 R R A B
REBAEIRITF, 2EARAXRTHERANES .

 Current design practices do not anticipate the need for retrofit.
Facade systems can be better designed to accommodate
retrofit and adaptive reuse.

» Newly developing markets for the application of tall buildings
hold the potential to develop more sustainable building
practices by designing to facilitate future facade retrofit
requirements.

References (3£ i H):

Architecture 2030, 2011. The 2030 Challenge. Accessed 12 March 2012. http://www.architecture2030.0rg/

Architecture 2030, 2011a. Energy. Accessed 12 March 2012. http://architecture2030.0rg/2030_challenge/the_2030_challenge

Anon, 2011. TEDxEast - Bjarke Ingels - Hedonistic Sustainability. Accessed 12 March 2012. http://www.youtube.com/watch?v=o0gXT_CI7KRU

Architecture 2030, Architecture 2030: Energy. Available at: http://architecture2030.org/the_problem/problem_energy [Accessed April 19,
2012al.

Architecture 2030, The 2030 Challenge. Available at: http://www.architecture2030.0rg/2030_challenge/the_2030_challenge [Accessed April
11,2011b].

Buckminster Fuller Institute (2010). Eight Strategies for Comprehensive Anticipatory Design Science. Accessed 1 April 2012. http://bfi.org/
design-science/definitions-and-resources/eight-strategies-comprehensive-anticipatory-design-science

CTBUH 2012. The Skyscraper Center: The Global Tall Building Database of the CTBUH. Council for Tall Buildings and Urban Habitat. Accessed
14 March 2012. http://www.skyscrapercenter.com/?list_type=1

Fitch, JM. & Bobenhausen, W, 1999. American Building: The Environmental Forces That Shape It First ed.,, Oxford University Press, USA.

Landsberg, D.R. et al,, 2009. Energy Efficiency Guide for Existing Commercial Buildings: The Business Case for Building Owners and
Managers, American Society of Heating, Refrigerating and Air-Conditioning Engineers.

PlaNYC 2030, 2011. plaNYC: A Greener, Greater New York. April 2011. Accessed 14 March 2012. http://www.nyc.gov/html/planyc2030/html/
publications/publications.shtml

Prudon, TH.M,, 2008. Preservation of Modern Architecture 1st ed,, Wiley.
Sorensen, B, 2011. Life-Cycle Analysis of Energy Systems: From Methodology to Applications, Royal Society of Chemistry.

USGBC 2011. First Edition. Green Building and LEED Core Concepts. Available at: http://www.usgbc.org/Store/PublicationsList_New.
aspx?CMSPagelD=1518 [Accessed January 30, 2011].

215



