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INTRODUCTION

'The building envelope—the outer walls and roofs that give shape to any habitable
structure—has always been part of an architect’s repertoire. For centuries, this outer
shell was limited in design and construction to traditional materials and shapes.

In the late 20% and early 21* centuries, however, construction and information
technology evolved to such an extent that architects are able to experiment with
more unusual materials, forms, and functions. Yet the basic concepts of shelter,
external image, and interior perception of light and space remain.
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TYPES with agricultural use. Conversely, new architectural forms,

new ways of manipulating natural light, new material

Today’s building envelope still satisfies the fundamental applications, and other new techniques can cause the mind

need for shelter from predators, enemies, and the elements.
However, a variety of building envelope types have evolved

to experience without the filter of symbolic meaning or
to challenge conventional meaning. A sense of joy is often
evoked from either form of perception—symbolic

in response to diverse functional and climatic demands. T ;
or experiential. The symbolic form offers a degree of

Many envelope types can be classified according to concepts, R _—
. . . comfort of the known. The experiential triggers a child-like

rather than by specific construction methods or materials.

These conceptual categories include static, operable, tensile,

pneumatic, open, and pressurized envelopes. In actual

practice, there are innumerable variations, combinations,

joy of discovery.

There are eight formal strategies or concepts that can
influence the aesthetics of a particular building envelope
and, in turn, generate certain intellectual and emotional

PE RC EPTI O N responses in the mind of an observer. These concepts are:

e Structural expression or concealment

and hybrids of these general types.

* Opagque, transparent, or translucent
¢ Natural or man-made materials

* High-tech or low-tech

* Temporal or permanent

* Background or foreground

* Graphic device

The meaning that people read into a building is largely a
function of what is expressed by its envelope. This has been
particularly true of the building elevation, especially since
the Renaissance. The most predominant visual component
of a building from the exterior, the envelope also establishes

W
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the degree to which the interior appears to be connected « Iconographic entity
to or separated from the surrounding landscape and built
environment. Envelopes play a critical role in people’s

| ’ ) For any given project, the architect must decide which
perception of the built environment.

of these potential concepts best suits the client, program,
and site. More than one concept may apply to a given
project; designs may also offer hybrid solutions that mediate
between conflicting concepts. These eight concepts

Key to any discussion of perception is how the mind
works. Sigmund Freud stated that the mind perceives either

symbolically or experientially. Symbolic perception occurs may be applied to any or all of the envelope types

when an observer has past experiences with a particular previously described.

image, recognizes that image, and assigns associations
to it. For example, a steeple is associated with religious
activities, a gable roof with residential use, and a tin roof

CONTINUING EDUCATION LEARNING OBJECTIVES
Use the following learning objectives to focus your study while After reading this article, you should be able to:
reading the semi-annual Direct Connection/Professional Development I. Learn how “advanced energy strategies” allow a building
(PDU) and AIA Continuing Education (CEU) HSWV credit article. To envelope to generate energy for use on site and optimize a
receive credit, go to the NCARB web site: www.ncarb.org, click on building’s energy performance.

“Publications,” then “Monographs,” fill . Understand how computers can create unusually shaped

‘“ | 64/. out the registration form and payment envelopes.
/o information and you will be given an . ldentify envelope types according to concepts rather than

#Z  online access number and be able to specific construction methods or materials.

take the quiz for credit online. NCARB
Record holders can take the quiz for free
by logging onto “My NCARB Record” and
then clicking on “Mini-Monograph Quiz.”
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Environmental impact is becoming a major determinant in
building material selection. Green building principles strive to
meet today’s needs for shelter and work without depleting
resources for future generations.

Green building products and methods do more with less.
According to the National Center for Appropriate Technology
in Butte, MT, “the construction and operation of buildings
consume more materials and energy than any other single
activity in the United States.” By practicing resource efficiency,
the pressure that construction places on natural resources
can be reduced. Specifying green building materials involves,
among other strategies, choosing products that use the least
amount of energy in their extraction, fabrication, and delivery.
It requires consideration of materials that are made from
recycled products or are likely to be reused or recycled. It also
requires consideration of materials that are produced from an
easily renewable resource and do not release toxic elements.

In the United States interest in materials that do not
contribute to excessive global warming and in materials
that have a reasonable energy payback (the length of time
it takes a material to save the equivalent energy used in its
manufacturing) is growing. Carbon dioxide emissions are

a major culprit in global warming.To date, most efforts to
reduce these emissions during a building’s lifetime focus on the
energy required for operation and maintenance. Numerous
energy-efficiency measures that significantly reduce energy
consumption—such as energy-efficient lighting—are now
widely accepted and implemented by the design profession.

Operation, however, represents only one chapter in the life
cycle of a building. Carbon dioxide emissions associated with
the source (raw material acquisition), transport, process
(manufacturing), and distribution life-cycle stages of materials
for new construction, maintenance, repair; and remodeling
construction can be very high.The U.S. Green Building Council
has estimated that upstream carbon dioxide emission (off-
site impacts prior to the building’s actual use) is roughly five
times greater than direct emission (for building construction)
and 10 to 20 times the emissions that occur during actual
building operation. Materials that require the greatest amount
of energy in these upstream phases, and therefore contain
the greatest amount of embodied energy, have the greatest
negative environmental impact.An understanding of the
embodied energy of various materials will enable architects
to specify materials with lower levels of embodied energy.

In addition, specification of local green building materials

can further reduce energy consumption by minimizing
transportation.

Certain green building materials take advantage of recycled
products: cement from fly ash; fiber-cement and fiberboard
from recycled wood; ceramic tiles from recycled glass;
aggregate from recycled concrete; roofing, siding, and framing
from recycled metals; and roof shingles from recycled plastic
are just a few of the building materials available.

Steel production has a long history of using recycled content.
All steel products, including steel framing and siding, contain
recycled steel. Steel framing contains a minimum of 25 percent
recycled steel. A typical 1,700-square-foot steel-framed house
uses the equivalent of six scrapped automobiles. Aluminum

is another metal that can be recovered, recycled, and reused.
Aluminum produced from recovered scrap and recycled
aluminum rather than bauxite ore saves approximately 80
percent of the energy required to make the original aluminum
product from the ore.

Plastic is another recycled material that requires significantly
less energy to remanufacture into a reuse material than to
produce the virgin plastic. Producing plastic products from
scrap plastic eliminates 85 to 90 percent of the energy
required to produce the same plastic products from virgin
resin. Recycled plastic commonly found in building products
includes polyethylene terephthalate, high-density polyethylene,
and polystyrene. Polyethylene terephthalate (PETE) is a
thermoplastic polymer, which is a lightweight, hard, stiff, strong,
and dimensionally stable material that absorbs very little
water. It is 100 percent recyclable. Recycled PETE is used

in the building industry for water-resistant liners, insulating
materials, and industrial paints. High-density polyethylene
(HDPE) is characterized by rigidity, low cost, ease of forming,
and resistance to breakage. It is used to make plastic lumber
and siding. Polystyrene (PS) is a versatile resin with a range of
physical properties that includes thermoforming. Applications
in the building industry include insulation and permanent
insulated concrete wall formwork.

William McDonough and Michael Braungart point out in their
book, Cradle to Cradle: Remaking the Way We Make Things (2002),
“most recycling is actually down-cycling that reduces the
quality of a material over time.” The high carbon-steel used to
make automobiles, for example, is down-cycled by melting it
with other metals and car parts that lower the steel’s quality.
Additives are normally required for the down-cycled materials
to attain desired performance qualities. These additives may
be expensive or toxic. McDonough and Braungart argue

for industrial production that produces smaller amounts of
useless waste and for the manufacture of materials that are
easily separated and recycled without the additives.

Wood should be specified from certified, well-managed forests
to minimize environmental impact. Alternatives to old-growth
lumber include component systems (such as trusses and pre-
manufactured elements); stressed-skin insulated-core panel
(such as structural insulated panels); reclaimed wood; and
composition materials (recycled plastic mixed with wood
fibers). Natural fibers include straw bale fibers (corn, wheat,
and rice straws); fibers from non-wood sources (kenaf, flax,
jute, and hemp); and fibers from leaf sources (sisal, henequen,
and pineapple leaf). In addition, optimum value-engineering
techniques—including advanced framing systems, detailing
for durability, and job-site waste management—should be
implemented when possible to increase the efficiency of
renewable materials.




Low Toxicity

Resource Guides

CONSTRUCTION SYSTEMS

‘The various types of building envelopes are constructed
according to a host of different fabrication and erection
methods. A few of the technical, logistical, and financial
considerations associated with some of these methods

are considered in this article. This is intended only as a
very brief overview and not as a comprehensive review of
the many potential, and often project-specific, issues of
constructability that can arise. As with types and means of
perceptions, these methods could be applied to more than
one type of envelope.

Categories of fabrication and erection are:
e Prefabricated
e Panelized
* Veneered
* Self-supporting
* Hand applied
* Machine applied

MATERIAL SELECTION

To select the most appropriate building envelope material,
it is necessary to carefully plan and analyze material
performance specifications for a particular climate

and building orientation. The selection process should
consider—in addition to the conventional criteria of
performance, cost, and aesthetics—the environmental
impact of materials. Every approach that considers

an environmental assessment uses, either explicitly or
implicitly, some form of life-cycle costing (LCC).

Life-cycle Costing
LCC = P-S+M+R+E+N

Life-cycle Costs

Purchase and Installation Costs
Salvage Value

Maintenance and Repair Costs
Replacement Costs

Energy Costs of Operation
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Window-Shading Elements

FIXED SHADES

Exterior

PERFORMANCE

In addition to conveying architectural meaning, the
building envelope must perform myriad technical and
functional roles. The building envelope is the filter between
humans and the world outside. Typically, it provides views
into and out of the building; it illuminates, moderates

temperatures, controls moisture, and circulates fresh air.
Moisture control, a critical factor in building design,
operation, and maintenance, has gained greater attention
due to increased demand for building performance, greater
building technology, and climatic events such as Katrina
and recent flooding in the Midwest. For a more detailed
examination of moisture control issues in design and

construction see NCARB’s Mold and Moisture Prevention
monograph. Increasingly, building envelopes are also being
challenged to mitigate environmental problems such as
fossil-fuel dependency, heat-island effect, and storm-water
runoff. The building envelope is a critical zone of any
building that must be properly designed and detailed to
accomplish these multiple and often complex tasks that it
is required to address. These include the basic performance
tasks architects have come to expect of building envelopes—
serving as a visual filter, a light filter, a thermal filter, and an
air filter, and accommodating movement.
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MOVEABLE SHADES

ADVANCED ENERGY
STRATEGIES

The building envelope plays a particularly important role
in a building’s energy performance. The more effectively
the envelope is able to maintain the desired interior
temperature, ventilate with natural breezes and airflows,
and illuminate with natural light, the less fossil fuel is
expended. For more information on energy-efficiency, see
NCARB’s Energy-Conscious Architecture, Sustainable Design,
and Sustainable Design II monographs. The building skin

itself is able to meet much of a building’s energy needs

with advanced technologies. This may be accomplished by

DIRECT CONNECTION: A PUBLICATION OF NCARB

incorporating active solar and photovoltaic technologies
into the envelope. These technologies directly tap the
sun’s energy. In the face of global warming, atmospheric
dissipation, and greenhouse gases—caused, in part, by
conventional methods of powering, heating, and cooling
buildings—responsible design and construction industries
should consider these options.
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Maintenance

SMART-BUILDING
TECHNOLOGIES

One way to reduce a building’s energy needs is by using
smart-building technologies—electronic systems that can
maximize an envelope’s energy performance by continuously
monitoring environmental conditions and adjusting the
building skin to any changes. With computer automation,
various electronic devices and systems—from appliances
and lights to security and HVAC—"communicate” with
each other and may be remotely controlled by time, voice,
daylight, motion sensor, telephone, personal computer,

as well as manually controlled. This sophisticated
interconnection of various systems in a building is
commonly referred to as smart-building technology.

Smart-building technologies enable building systems to
adjust immediately to various changes in the environment
or in the room. In terms of energy and the building
envelope, this means that shading responds quickly to
changes in sun angles, openings open or close as more or
less ventilation is required, and interior lighting responds to
changes in daylight. Such sensitivity to existing conditions
translates into greater comfort, control, and, ultimately,
energy efliciency.

The capacity to send and receive control signals depends

on the ability of these devices to speak the same language.
In order to be controlled, each device must be capable

of receiving signals from other devices, controlling other
devices, and sending control signals to other devices. The
need for various devices to intercommunicate has led to the
development of standards, or protocols, that define the ways
in which these devices can and cannot communicate. While
a number of different protocols have been established, their
success has depended upon their ability to communicate
with other protocols. Devices that operate on different
protocols are available, so it is imperative that each protocol
has the flexibility to communicate with all others.
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During the last decade, smart—building technologies were can also turn on lights, turn on the heat and air, open

could cause system-wide failure in the event of a breakdown.  can be overridden with time, voice, or sensor input.

This multiplicity of controls can even be connected to
A distributed intelligence system—that eliminated the need ~ external sensors for day/night or for seasonal changes. For
for a centralized computer—evolved from these difficulties. ~ example, a personal computer smart—building control
Similar to a PC on each desk, distributed intelligence meant  system could be connected to weather station sensors

an expensive proposition. An installer typically created a windows and drapes, or adjust shading devices. This O

centralized intelligence system, where a dedicated computer  allows for a series of activities to occur off a single-activity Z

was installed and connected to various devices located control device that is closely attuned to multiple-function O

throughout the structure; the computer location often daily patterns.

required extensive wiring to connect it to the devices. The Z

computer was programmed so that input and output from The most common devices linked in a network include —

devices with incompatible protocols could be translated controls for lights and simple appliances, automated Z

to allow for intercommunication. The need for specialized control of shading devices, and automated control —

hardware made the system difficult to install, maintain, and of windows. Network intelligence systems can be Z

use. In addition, the centralized controller could become programmed to maintain and operate several scenarios for o

over-burdened and slow during peak activity periods or several different zones in a building. However, controls [a'd
<
O
Z

that each system had its own processor and intelligence. so that it can constantly adjust the shading awning, tilt

With this independence, each processor could manage its angle of photovoltaic panels, or heating and cooling

own needs and was invulnerable to another processor’s systems for continual optimum performance. In essence,

failure. The system, however, was expensive and the smart technologies maximize the efficiency of building

processor generally did not perform multiple tasks. performance based on the programmed needs of the

building’s occupants.
The latest evolution of these systems is network intelligence.
In a network environment, each system has a dedicated
processor and software resources to function independently
of other systems, while also communicating and sharing
resources. For example, the security system may utilize a
motion sensor as a means of securing a particular building
envelope. When motion is detected, the security controller
checks to see if the motion is an intruder, and if so, it sets
off an alarm. In a network environment, that motion sensor

DIRECT CONNECTION: A PUBLICATION OF NCARB
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Working with Warp

Converting to a Database

Verifying the Database

FOR MORE MONOGRAPHS,VISIT:
www.ncarb.org/publications/pdpmonographs.html

COMPLEX GEOMETRY
AND FLUID FORMS

Developments in digital design and fabrication technologies
allow architects to experiment with the building envelope at
an unprecedented scale and level of complexity. Although
basic concepts of shelter are consistent, these designs and
forms challenge the perception of the built environment.

The complex geometry and fluid forms of computer-
generated and documented projects have become a topic

of great interest in the architectural community. Major
periodicals provide in-depth coverage of both architects who
are advancing, either in theory or practice, computer design
and documentation. Some sectors of the construction
industry are tooling up with mass customization capabilities
such as digitally driven milling and cutting machines and
assembly robotics. The influence of the computer on the
profession of architecture and the profession’s evolution is
pervasive and long-reaching.

For architects who are not actively involved with “cutting
edge” computer use, many ideas and applications can be
applied to varying degrees as opportunities arise in everyday
practice. A practitioner may find it helpful to first test
methodologies, software, and staff aptitude with a relatively
small project and with a client who has both an interest

in technology and a willingness to financially support the
technology. Three dimensional databases and other interim
products may be required. The learning curve can be steep,
so these initial projects may best be viewed as investments in
future projects.

In considering the feasibility of designing and building
truly new forms, architects need to understand a variety of
issues. These include an understanding of how to define
the geometric make-up of complex shapes so that they
are technically feasible; understanding of the limitations
of specific materials for the structural frame, the skin,
and the connection of the skin to the frame; and how to
work cost-effectively with fabricators and contractors. As
the construction industry continues to adapt to computer
technologies, contractors may opt for more sophisticated
CAD-driven fabrication methods rather than some of the
approaches presented at left. Practitioners should remain

open to new possibilities as this evolution progresses.



CONCLUSION

The many topics covered in this mini-monograph provide

a diverse range of concepts, typologies, and practical
knowledge regarding the building envelope, both historically
and in contemporary practice. Looking toward the future,
architects may anticipate an even greater influence of
computer practice on design and construction, increasing
innovations in materials and products, and growing interest
in sustainability. As a result, the building envelope will
continue to embody ever-new aesthetic experiences while
helping to solve actual environmental concerns.

The building envelope offers much more than shelter—it is
unquestionably the most important signifier of technology
and society. The treatment of building envelopes conveys
collective priorities and aesthetic preferences. Architects
have a responsibility to imbue every project with its

highest potential in terms of function, material, social
responsibility, and artistic meaning. The building envelope
can be as advanced in form, material, and technological
performance as automobiles, furniture, and other industrial
design products. It can contribute to energy production
rather than burden utility infrastructure. It can re-assert

its representative role in the community and culture. And,
ultimately, it can serve society and individual alike by lifting
the human spirit.

For a more in-depth discussion of building envelope types,
construction systems, material selection, performance,

and energy strategies please refer to the NCARB Building
Envelope monograph. It, as well as the other previously cited
monographs, can be ordered from the NCARB web site at

www.ncarb.org/publications/pdpmonographs.html.
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