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Introduction

extraction

DfD is a new concept for the design and building
community and is an important contributor to Design
for Environment (DfE). DfE is a comprehensive consideration of design related to environmental and human health impacts over the life-cycle of a product.
There are many other sub-sets of DfE such as design
for assembly, reuse and recycling but in fact DfD is
integral to any design for... that intends to maximize
materials conservation from building end-of-life
management, and create adaptable buildings to avoid
building removals altogether. Given that many buildings are removed from sites due to redevelopment
and their inability to remain useful within an alternative land use, DfD can also be an intelligent strategy
to prevent obselescense and mitigate economic factors (such as labor costs) that encourage destructive
demolition and disposal of buildings.

manufacturing

design

construction

operation

Design for disassembly (DfD) is a growing topic
within manufacturing industries as greater attention
is devoted to the management of the end-of-life of
products. This need is driven by the increasing disposal problems of large amounts of consumer goods,
and the resultant pollutant impacts and loss of materials resources and energy that is embodied in these
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Fig. 1

BMW assembly line

products. In Europe, in particular, constraints on the
production of waste and pollution have resulted in
an emphasis on “extended producer responsibility”
legislation such as the Directive 2000/53/EC of the
European Parliament on end-of-life vehicles and
Germany’s End-of-Life Vehicle Act of 2002. ExWHQGHG SURGXFHU UHVSRQVLELOLW\ (35  LV GHÀQHG DV
“…making the manufacturer of the product responsible for the entire life-cycle of the product and espeFLDOO\IRUWKHWDNHEDFNUHF\FOLQJDQGÀQDOGLVSRVDO
of the product” (Toffel, 2002). Simply put this requires that those who create a product are responsible for designing its entire life-cycle, including its
ultimate disposition, with reuse and recycling, to
DFKLHYHHFRQRPLFSURÀWDELOLW\DWPLQLPXPULVN7KH
elements of the 2000/53/EC related to EPR design
and manufacturing processes include:
• Reduction and control of hazardous materials.
• Requirements that dismantling reuse and recycling
of vehicles and components is integrated into design
and production.
$ FHUWLÀFDWH RI GHVWUXFWLRQ DFFRXQWLQJ IRU WKH UHcovery of the vehicle.
• Use of component and materials coding standards.
• Creation and dissemination of dismantling information for the correct and environmentally sound
end-of-life treatment.
• Measurable targets of the average amount of materials by weight per vehicle to be recovered.
(Directive 2000/53/EC of the European Parliament,
2006)

Introduction

As buildings are manufactured artifacts typically
comprised of a combination of pre-assembled components and on-site assembly of materials and components, design for disassembly can be applied to
the built environment similarly to other assembled
artifacts. One major distinction for most buildings
is the dominance of “wet” assembly, which is sysWHPV FRQVWUXFWHG IRU DQG DW D VSHFLÀF JHRJUDSKLF
site. Literal “wet” construction such as cast-in-place
concrete does not readily lend itself to separation for

Fig. 2

according to US HUD the average American home built in 1950
was 1,000 sq. ft. in 2000 it exceeded 2,000 sq. ft.

reuse. Although not typically considered a “product”, buildings are nonetheless composed of materials, components, and connections, and are created
through the collaboration of designers, engineers,
trade-persons, and the manufacturers of the materials and components that are assembled to make the
building. Residential and civic buildings can also
have profound meaning, similarly to craft objects,
embodying shelter and comfort, and as cultural symbols, respectively. Because of their importance in society and tremendous impact on resource utilization
globally, any attempt to consider sustainability in the
use of building-related resources must consider the
PDQDJHPHQWRIDOOUHVRXUFHÁRZVLQWKHIXOOOLIHF\-

cle of buildings from extraction, to manufacturing, to
design, to construction, to operation, to renovation,
to eventual end-of-life.
There are many practical reasons for incorporating
DfD in the built environment. The US Geological
6XUYH\KDVHVWLPDWHGWKDWRIDOOPDWHULDOVÁRZ
(excluding food and fuel) in the US economy is consumed by the construction industry (Wagner, 2002).
The US EPA has estimated that 92% of all construction-related waste produced annually in the US is the
result of renovations and demolitions, with only 8%
produced from new construction, and that this waste
is upwards of 30% of all waste produced in the US
(Franklin Associates, 1998). Nelson has estimated
that the total built space in this country will need to
grow from 296 billion square feet in 2000, to 427
billion square feet in 2030. Of this growth, 82 billion
square feet of building will be from replacement of
existing building space and 131 billion will be from
new construction totaling 213 billion square feet of
new built space.
This means that 27% of existing buildings in the year
2000 will be replaced from 2000 to 2030 and that
over 50% of buildings in the year 2030 will have
been built since 2000 (Nelson, 2004). This huge mass
of buildings that are to be replaced and newly constructed can either be large sources of waste in the
next generation after 2030, or they can incorporate
DfD to recover their materials from future repairs,
renovations, and removals.

Fig. 3

existing plan

Fig. 4

future plan

Fig. 5 Community
Housing Resource Center, Atlanta, GA: Design
for Disaassembly Case
Study Home
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Introduction

DfD is intended to create buildings to reduce new materials consumption and waste in their construction, renovation and demolition, to increase building lives in situ, and to create buildings that
are stocks of future building materials. This enabling of materials
conservation and buildings that facilitate the recovery of their components for the next iteration is intended to provide both economic
DQGHQYLURQPHQWDOEHQHÀWVIRUEXLOGHUVRZQHUVDQGRFFXSDQWVDQG
the communities where these buildings reside.

Problems in Current Design
*HQHUDOO\EXLOGLQJVDUHGLIÀFXOWWRDGDSWRUGHFRQVWUXFWDQGUHFRYer the materials for reuse and recycling in a cost-effective manner.
Some reasons include:
7UHQGVDZD\IURPUHQHZDEOHDQGÀEHUEDVHGPDWHULDOVWRLQRUJDQLF
and organic minerals (petroleum) and the increased use of composLWHVDQGHQJLQHHUHGSURGXFWVZKLFKDUHGLIÀFXOWWRUHF\FOHEHFDXVH
of their chemical complexity.
• Costs of labor to deconstruct and process commingled recovered
materials and the ability to use human, mechanical, thermal, optical
and even sonic means of separation.
• Use of connection techniques such as pneumatically driven nails,
VWDSOHVDQGDGKHVLYHVWKDWDUHH[WUHPHO\GLIÀFXOWWR´XQGRµ
• Loss of craft skills such that the labor costs to create exposed connections and details that are also aesthetic, is prohibitive.
• Reliance on coatings and encapsulation of elements with innumerDEOHOD\HUVRIÀQLVKPDWHULDOVLQOLHXRILQWHJUDOHQYHORSHÀQLVK
3

structural systems.
• The highly speculative nature of much building,
whereby there is not a long-term ownership, and
therefore adaptation, renovation and demolition costs
are not borne by the original owner.
• The perception that incorporation of components
and systems designed-to-be-disassembled, other
than those explicitly meant to have short lives (exhibition spaces, entertainment venues, etc.) will reduce
value and imply other aesthetic, or life / safety compromises.
According to the Building Materials Reuse Association, by a wide margin the most cited obstacle
to deconstruction was “time to deconstruct” with
“low disposal costs” second (Echols and Guy, 2004).
While a designer may not be able to change disposal
fees for construction and demolition waste, DfD can
LQFUHDVHWKHHIÀFLHQF\RIDGLVDVVHPEO\SURFHVV

What is DfD ?
DfD is the design of buildings to facilitate future
change and the eventual dismantlement (in part or
whole) for recovery of systems, components and
materials. This design process includes developing
the assemblies, components, materials, construction
techniques, and information and management systems to accomplish this goal. The recovery of materials is intended to maximize economic value and
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minimize environmental impacts through subsequent
reuse, repair, remanufacture and recycling. Of last resort are energy recovery from materials and safe bioGHJUDGDWLRQ 'I' HQDEOHV ÁH[LELOLW\ FRQYHUWDELOLW\
addition, and subtraction of whole-buildings. In this
manner DfD may help avoid the removal of buildings altogether. DfD includes using reusable materials, materials intended as recycling feedstock, and
“natural” materials that might be entirely biodegradable. It also seeks to ensure that all aspects of sustainable building are supported. In fact, there are many
aspects of DfD such as reducing entangled electrical
systems through utilizing day-lighting systems that
also reduce energy-use and increase the health of the
indoor environment. The end-result of an application
such as day-lighting design will be a more dynamic
building capable of adapting to multiple programs,
WHFKQRORJLFDO XSGDWHV DQG SK\VLFDO FRQÀJXUDWLRQV
over its lifetime.

able. The epitome of this tradition is found at the Ise
Shrine where the inner sanctum has been dismantled
and reconstructed every 20 years for the last 1,300
years. This process includes the stewardship of the
timber resource used to build each new iteration and
the reuse and dispersal of the dismantled shrine to
other shrines across the country. Each dismantling
and rebuilding cycle also maintains the traditional
carpentry skills through the centuries. In the more
recent past, the International Style of architecture has
embodied many concepts of DfD, albeit with sigQLÀFDQW IDLOXUHV UHJDUGLQJ DHVWKHWLFV RFFXSDQW FRQtrol, and overall sustainability. From Le Corbusier’s
“Five Points of a New Architecture” to Mies van der
Rohe’s Barcelona Pavilion, the Modernist expression emphasized materials and form without decorative embellishments. Modern architecture often
expressed a structure’s assembly through materials

Fig. 6

Tipi or Tepee

Many vernacular and “primitive” structures were designed and built in symbiotic relationship with their
surroundings where repair, mobility and change were
needed. For example, DfD was integral to the Native American tipi or tepee which the plains tribes
assembled and disassembled to accommodate their
migratory patterns.
In traditional Japanese culture, the presence of timber, the mild climate, and earthquake-prone geography combined to create a craft-intensive architecture
based on wood joinery that is highly dis-assemble-

Fig. 7

Ise Shrine
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Corbusier’s Points:
1- Le toit terrasse as a
roof garden. The terrasse
saves more room for the
inside spaces; the garden
maintains humidity.
2- La maison sur pilotis.
The house is lifted above
the humid soil and the
garden is able to enter
under the house. The
view from the ground is
no longer obscured.
3- La fenêtre en longueur. The window is
the “élément mécaniquetype” of the house. Some
DUH À[HG DQG VRPH DUH
mobile.
4- Le plan libre.
Structural walls are replaced by pilotis running through the house
from ground to roof. The
stairs become free.
5- La façade libre.
The pilotis are inside the
house, the slab is cantilevered, the façade is
free, the windows are no
longer interrupted.
Le Corbusier’s Five
Points of a New Architecture, (Archiseek,
2006)

and methods of connection. A notable example is
the Seagram Building in New York City (Seagram
Building, 2006). With the utilization of pure materials such as metal, glass, stone and concrete, came
their inherent reuse and recycling capabilities. The
use of connections such as bolts emerged as key ingredients in Modernism that are also valuable as a
potential deconstruction tradition.
([HPSOLÀHGE\WKHZRUNRI5LFKDUG5RJHUVDQG5HQzo Piano, the “hi-tech” style of the Lloyds of London
and the Centre Pompidou buildings also illustrate
many DfD principles. These designs turn the traditional layers of internal core mechanical and utilities
systems inside-out. Using structure as an armature
upon which to place mechanical, plumbing and elecWULFDO V\VWHPV WKHVH GHVLJQV SURYLGH IRU RSHQ ÁH[LEOHÁRRUSODQVZLWKLQWKHHQYHORSHRIWKHEXLOGLQJ
structure. As a matter of course, DfD is also integral
to contemporary exhibition pavilions, entertainment
structures and military facilities used for rapid deployment and temporary use. While these may be
the most prevalent examples of current DfD practices, they can provide valuable concepts for the design
of more permanent building types.

temporary government shelter

Audience for this Guide
This guide is an introduction to the principles, methods, and materials of Design for Disassembly in the
built environment. It is intended for owners, architects, designers and builders, and we hope it will help
facilitate investigations and incorporation of this important aspect of sustainable design and building.
Factoids:
A study of building demolitions by the Athena Institute
found that 70% of the buildings were between 51-100
years old and 30% of the buildings were less than 50
years old (O’Connor, 2004).
According to the US Census the average age of residential dwellings is 32 years old (US Census, 2004).

Fig. 8
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Fig. 10

Barcelona Pavilion

Fig. 9

Centre Pompidou

The US Department of Education estimates that the average school building is 42 years old and the majority of
these are demolished at 60 years (NCES, 2000).

Principles
,Q´'HDUFKLWHFWXUDµRU´2Q$UFKLWHFWXUHµZULWWHQE\WKH5RPDQDUFKLWHFW9LWUXYLXVLQWKHÀUVWFHQWXU\%&WKHIXQGDPHQWDO
SULQFLSOHVRIDUFKLWHFWXUHZHUHHQVKULQHGDVÀUPQHVVFRPPRGLW\DQGGHOLJKW7KHVHSULQFLSOHVUHPDLQYDOLGWRGD\+RZHYHU
they do not necessarily account for socio-economic trends in modern times. A survey of building demolitions over a threeyear period in a major US city found that 57% of the building removals were for “area redevelopment” and “not suitable for
DQWLFLSDWHGXVHµUHDVRQVWKDWPD\KDYHOLWWOHWRGRZLWK´ÀUPQHVVFRPPRGLW\DQGGHOLJKWµ $WKHQD,QVWLWXWH 

Ten Key Principles for DfD
1. Document materials and methods for deconstruction.
As-built drawings, labeling of connections and materials, and
D´GHFRQVWUXFWLRQSODQµLQWKHVSHFLÀFDWLRQVDOOFRQWULEXWHWR
HIÀFLHQWGLVDVVHPEO\DQGGHFRQVWUXFWLRQ
2. Select materials using the precautionary principle*.
Materials that are chosen with consideration for future impacts
and that have high quality will retain value and/or be more
feasible for reuse and recycling.
3. Design connections that are accessible. Visually, physically, and ergonomically accessible connections will increase
HIÀFLHQF\ DQG DYRLG UHTXLUHPHQWV IRU H[SHQVLYH HTXLSPHQW
or extensive environmental health and safety protections for
workers.
4. Minimize or eliminate chemical connections. Binders,
VHDOHUV DQG JOXHV RQ RU LQ PDWHULDOV PDNH WKHP GLIÀFXOW WR
separate and recycle, and increase the potential for negative
human and ecological health impacts from their use.
5. Use bolted, screwed and nailed connections. Using standard and limited palettes of connectors will decrease tool
needs, and time and effort to switch between them.

6. Separate mechanical, electrical and plumbing
(MEP) systems. Disentangling MEP systems from the
assemblies that host them makes it easier to separate
components and materials for repair, replacement, reuse
and recycling.
7. Design to the worker and labor of separation. Human-scale components or conversely attuning to ease of
removal by standard mechanical equipment will decrease
labor intensity and increase the ability to incorporate a
variety of skill levels.
8. Simplicity of structure and form. Simple open-span
structural systems, simple forms, and standard dimensional grids will allow for ease of construction and deconstruction in increments.
9. Interchangeability. Using materials and systems that
exhibit principles of modularity, independence, and standardization will facilitate reuse.
10. Safe deconstruction. Allowing for movement and
safety of workers, equipment and site access, and ease
RIPDWHULDOVÁRZZLOOPDNHUHQRYDWLRQDQGGLVDVVHPEO\
more economical and reduce risk.
6

Principles
*Precautionary principle
7KHSUHFDXWLRQDU\SULQFLSOHDSKUDVHÀUVWXVHGLQ(QJOLVKFLUFDLVWKHHWKLFDO
theory that if the consequences of an action, especially concerning the use of technology, are unknown but are judged by some scientists to have a high risk of being negative from an ethical point of view, then it is better not to carry out the action rather than
risk the uncertain, but possibly very negative, consequences. The principle is founded
on standard risk theory, where risk is calculated on the basis of the probability of a
harmful event occurring combined with the amount of harm caused if it occurs. The
essence of the principle is that when probabilities cannot be calcluated with reasonable precision (i.e. it is a situation of uncertainty), then decisions that could potentially
lead to great harm should be postponed or avoided. It is argued that in such situations,
rational decision-making requires caution, in a generalisation of the ancient medical
SULQFLSOHFRGLÀHGLQWKH+LSSRFUDWLFRDWKRI´ÀUVWGRQRKDUPµ
Table 3. Precautionary Principle, http://en.wikipedia.org/wiki/Precautionary_Principle, visited April 10, 2006

Detailed Strategies

 3URYLGH VWDQGDUG DQG SHUPDQHQW LGHQWLÀFDWLRQ RI
materials chemstry.
• Minimize the number of different types of components to increase the quantities of similar recoverable
components.
• Separate the structure from the cladding to allow for
increased adaptability and separation of non-structural deconstruction from structural deconstruction.
• Provide adequate tolerances to allow for disassembly in order to minimize the need for destructive
methods that will impact adjacent components.

• Use high-quality reused materials that encourage the markets for
the reclamation of materials.

• Minimize numbers of fasteners and connectors to
increase speed of disassembly.

• Minimize the different types of materials which reduces the complexity and number of separation processes.

• Design joints and connectors to withstand repeated
assembly and disassembly to allow for adaptation
and for the connectors to be reused.

• Avoid toxic and hazardous materials that increase potential human
and environmental health impacts, and potential future handling
FRVWVOLDELOLW\ULVNDQGWHFKQLFDOGLIÀFXOWLHV

• Allow for parallel disassembly to decrease the time
on-site in the disassembly process.

• Avoid composite materials, and make inseparable products from
the same material that are then easier to recycle.
$YRLG VHFRQGDU\ ÀQLVKHV WR PDWHULDOV ZKLFK PD\ FRYHU FRQQHFWLRQVDQGPDWHULDOVPDNLQJLWPRUHGLIÀFXOWWRÀQGWKHFRQQHFWLRQ
points.
7

Fig. 11
the double-headed nail in conjunction with metal hangers and plates
creates a system that is more easily disassembled than traditional construction
techniques

Principles

• Use a standard structural grid to allow for standard sizes of recoveable materials.
• Use prefabricated subassemblies which may be
disassembled for reuse as modular units, or for
HIÀFLHQWIXUWKHUVHSDUDWLRQRIIVLWH
• Use lightweight materials and components
that are more readily handled by human labor or
smaller equipment.
• Identify point of disassembly permanently to
reduce the time in planning the disassembly process.
• Provide spare parts and storage for them to allow for ease of adaptation and reuse of a whole
component when only a sub-component part is
damaged.

Fig. 12

C.K. Choi Building, University of British Columbia

Fig. 13

panelization of roof structure

• Design foundations to allow for potential vertical expansions of the building in lieu of demolition.
• Use as wide of a structural grid as possible to
maximize the non-structural wall elements.
• Consolidate mechanical, electrical and plumbing (MEP) systems into core units to minimize
runs and hence unnecessary entanglement.
Fig. 14
project

WKHRUHWLFDOGLVDVVHPEOHDEOHLQÀOOKRXVLQJ
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Design Process
6HOOLQJWKH%HQHÀWVRI'I'

FACTOR 10
“As less than 20
% of humankind
consume in excess
of 80 % of the
natural resources at
this time, the richer
countries need to
dematerialize their
technical basis of
wealth – or increase the resource
productivity - by at
least a factor 10 on
the average.”
'HÀQLWLRQRI)$&725
10 to Achieve Sustainability (Schmidt-Bleek,
2003)

9

DfD is a design paradigm that is intended to build in
a manner that is environmentally responsible and engenders full-cost accounting. According to Wayne
County, NC, in the context of waste management,
“full-cost accounting… determines the full-cost of
providing solid waste and recycling services by recognizing all direct and indirect up-front, operating
and back-end costs.” (Wayne County, 2006). Similarly, DfD recognizes that the “upfront, operating
and back-end” costs in providing the services of the
built environment should be considered in the initial building design. It incorporates the life-cycle of
buildings, including end-of-life, into the decisions
made before a building is built thereby increasing its
value and effectiveness in the face of future use and
FRVWV6RPHRILWVEHQHÀWVLQFOXGH

movals. This value is in the reduced adaptation and
removal costs incurred by a future Owner.
• Allowing for ease of maintenance and repair of
components and assemblies and enabling product
leasing and take-back systems.
• Reducing toxicity in materials selection through
a concern for reuse and recycling capability subsequently reducing potential worker and occupant
exposure to environmental and health impacts from
materials.
• Reducing potential future liability and waste disposal costs and burden to the community where the
building is located.

• Reducing resource-use and waste starting early in
the building design process and as integral to the entire building life.

• Insuring the future economic viability of managing
materials from the use, adaptation and removal of
buildings within the context of rising labor, equipment and fuel costs.

0HHWLQJPDUNHWGHPDQGIRUÁH[LEOHDQGFRQYHUWible buildings, particularly speculative building
types with high churn-rates (changes in internal spatial useage).

• Qualifying for Credit 8.C2 Adaptation, Renewal and
Future Uses in the US Army SPiRiT Green Building Rating system and obtaining USGBC LEED™
Green Building Rating System Innovation credit(s).

• Meeting owner-occupant building adaptation needs
to accommodate future change, from adaptation to
large-scale additions and subtractions.

• Implementing the Factor 10 concept (see sidebar)
by using the services of design in lieu of linear mateULDOVÁRZDQGHQHUJ\LQWHQVLYHV\VWHPV

• Maintaining value for resale to future building
Owners who may wish to make adaptations or re-

• Enabling future adaptation and building removal
that reduces the site environmental impacts of de-

Design Process

structive demolition, such as dust, noise and mechanical equipment emissions.

Schematic Design – dimensions, selection of structural systems, building code analysis…

• Preserving the embodied energy that is invested
in building materials and facilitating the substitution of recovered materials for virgin resourceuse.

Design Development ² UHÀQHPHQW RI EXLOGLQJ GLPHQVLRQV PDWHULDOV
and systems, costs-analysis, value-engineering…

• Making the deconstruction industry more costeffective in the US by potentially reducing time
and labor requirements which are currently the
major impediments to the disassembly and recovery of buildings and materials, respectively.
 (QDEOLQJ WD[ EHQHÀWV WR FRPPHUFLDO EXLOGLQJ
owners by the segregation of building compoQHQWVHQDEOLQJDFODVVLÀFDWLRQVRISHUVRQDOSURSerty for building components with a much shorter
GHSUHFLDWLRQOLIHWKDQDVÀ[HGUHDOSURSHUW\

Design Process
As with any design goals, DfD must be considHUHG LQ HDFK VWDJH RI WKH GHVLJQ7KHUH DUH ÀYH
stages in traditional architectural design.
Pre-Design – feasibility, market analysis, site
analysis, community participation, environmental
goal setting, building program development…
Concept Design – initial abstract formal design,
site layout and location…

Construction Documents ² GHYHORSPHQW RI ÀQDO SHUPLW GUDZLQJV
VSHFLÀFDWLRQVDQGLQVXUHFRGHFRPSOLDQFH«
The Pre-Design phase in traditional architectural practice can include
building programming, environmental goal-setting, site analysis, feasibility or marketing studies, community participation, etc. Goals such
as the “image” of a building or achieving the USGBC Leadership in
Energy and Environmental Design (LEED™) rating can also be established in the pre-design stage. DfD and considerations for the life-cycle
of the building would also be considered and prioritized at this stage. If
the goal of DfD is chosen, it must then be maintained at each stage of
the design process, and during construction.
A sample goal statement for DfD at the beginning of a project might
be “the design of building interior elements, services, structure and site
WKDWDOORZHIÀFLHQWPRGLÀFDWLRQVWRVSDFHOD\RXWV\VWHPVEXLOGLQJHQvelope, and footprint, and reduce waste during repair, renovation and
deconstruction.”
7KHWUDGLWLRQDOEXLOGLQJQRWGHVLJQHGIRUÁH[LELOLW\DGDSWDELOLW\DQGGLVassembly will be subjected to a simple relationship which is that as any
new decision is made there are fewer options remaining, and the costs
of changes and errors increases, depending upon the interdependence
of affected systems. A building using DfD will reduce the cost implications of change in the design process, by reducing the physical interdeSHQGHQFHRIV\VWHPVDQGLQFUHDVLQJWKHVLPSOLÀFDWLRQRIV\VWHPV
10

Design Process

A sustainable building design will include integrated design proFHVVHVLQRUGHUWRRSWLPL]HWKHRSHUDWLRQDOHIÀFLHQF\RIWKHEXLOGing. Integrated systems design is a means to consider the interrelaWLRQRISDUWVWRRQHDQRWKHUDQGGHVLJQVWUXFWXUHHQYHORSHÀQLVKHV
mechanical / electrical / plumbing systems in concurrently rather
than as a series of lineal and isolated sub-designs. From this basis
LWLVPRUHOLNHO\WKDWHIÀFLHQFLHVFDQEHJDLQHGIURPWUDGHRIIVEHtween systems as a whole-building.
$VLPSOHH[DPSOHRILQWHJUDWLRQDQGÁH[LELOLW\LVWKH´OLPRQDLHµ
These structures (Fig. 15) are oriented on south facing slopes with
tall vertical facades of stone columns. The roofs are a grid structure
of wood members. In the summer the structural frame is left bare
to allow the conservatory to function as naturally as possible. In the
ZLQWHUWKHYHUWLFDOIDFDGHLVLQÀOOHGZLWKJOD]LQJWRDOORZORZZLQter sun to penetrate and then capture the long-wave radiation in the
interior to heat the space. The roof structural frame is covered with
a simple plank roof to protect from snow and help retain the heat
collected through the south-facing glazing.

Fig. 15
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“limonaie” convertible conservatories

Fig. 16
CK Choi building

CK Choi Building
“The building houses the Institute for Asian Research at the University of British Columbia. With
ÀYHSURJUDPDUHDVWKH,QVWLWXWH·VUHVHDUFKDFWLYLties change every few years. In addition, much of the
faculty is composed of visiting professors... resulting in a high turn-over rate. Therefore, the building’s
GHVLJQDOORZVIRUÁH[LEOHFODVVURRPVSDFHVYLDWKH
use of panelized walls that allow rooms to grow and
shrink as research needs change. A plan was also
developed... that gives each program area its own
DWULXP DQG DQ RSHQ VWDLUFDVH WR WKHLU VHFRQGÁRRU
RIÀFHV:LWKLQWKHVHDUHDVWKHSODQDFFRPPRGDWHV
ÁH[LELOLW\ RI XVHV 5HFRJQL]LQJ WKDW WHFKQRORJ\
changes rapidly as well, state-of-the-art wiring was
incorporated that can be easily accessed for modiÀFDWLRQVWKURXJKDPROGHGUDFHZD\$GDSWDELOLW\LV
also built into the roof, which is designed for the future accommodation of photovoltaic (PV) panels for
electricity generation when the cost of this technology comes down.” (Wilson et al, 1998)

Design Process

Design Strategies
In the words of Stewart Brand, a building designed
to be adaptable and disassemble-able is “scenariobuffered” (Brand, 1994). In the context of DfD, this
means that it can accommodate multiple uses, technologies, tenants, and environmental stresses during
its life and can more readily accommodate disassembly and materials recovery at end-of-life. Scenario
planning envisions multiple lives for a building from
which the most likely DfD strategies can be developed. In order to fully develop potential scenarios,
the participants in scenario-buffered planning should
include the architect, the owner, the property managers and facilities managers of the building, and key
tenants. Incorporating DfD is a means to implement
a “buffered” building that will minimize the cost and
impacts of change and mitigate the friction between
the original building design and alterations.
Programming

Design

PLAN

STRATEGY

Construction

Construction

OCCUPANCY

OCCUPANCY

“Wrong!”

Design Process Strategies
7KHOHDGGHVLJQHUVKRXOGSURYLGHDEULHÀQJRQ'I'WRHDFKWHDP
member and discuss their role collectively as part of a team and
within their individual specialties.
• The best use of DfD can be investigated through a life-cycle cost
analysis based on the initial building use and with consideration for
a 50 year time-frame or greater, depending upon building type.
• Evaluate site constraints, project budget, building functions, proposed lifespan and the proposed construction delivery process as
crucial determinants of DfD goal-setting.

Programming

Design

Actual use

Fig. 17

Scenario
Planning

RIDEXLOGLQJGRHVQRWVWRSDWWKHÀQLVKRIWKHLQLWLDOFRQVWUXFWLRQ
and that the building will have a dynamic life. To use an analogy, a
design is the DNA code for a building. This DNA has all the information needed to form the building, but by default or intention will
also determine how the building is operated, maintained, repaired
or remodeled, renovated, and how it can meet a graceful end as resources for the next generation of building.

Actual use

“Oh, that one.”

scenario planning (Brand, 1994)

If nothing else, to consider the building design as a
strategy rather than as a static object will move the
design-thinking to consider that the “construction”

• A large part of DfD will be realized in mechanical systems and in
structural systems, and these consultants must play a large role in
the development of the design. Two fundamental concepts relative
to these areas are to “design out” active services and replace these
with passive measures that have a longer life-span, to detail structural connections (within code compliance) to be as accessible and
disassemble-able as possible, and to make structural systems that
are as multi-functional as possible.
7DUJHWLQJVSHFLÀFDVVHPEOLHVDQGFRPSRQHQWVIRUPDWHULDOVUHFRYery and reuse and including potential reuse categories for these elements in a deconstruction plan will help inform design decisions.
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• For the reuse of existing materials into the DfD design, underWDNH D GHWDLOHG FRVWEHQHÀW DQDO\VLV RI ORZFRVW GHVLJQIRUUHXVH
options.
• Consider any aesthetic issues that either are preconceived or that
will result as a product of a DfD design element and insure understanding of the implications as the design progresses – for the client
and the contractor and sub-contractors.
• Use three-dimensional drawing to aid the process of DfD and as
a direct design tool to model both the assembly process and also
the potential disassembly process whether for partial disassembly as
part of a renovation or a full deconstruction sequence.
• Consider that DfD detailing may be much more explicit than in
some traditional construction drawing documentation.
• Develop a comprehensive Deconstruction Plan early on - otherwise reusable building elements may be destroyed unnecessarily.
• Allow extra time from the beginning of the project to ensure that
DfD is fully incorporated.
• Aim to bring the whole project team and the client on board with
the idea of DfD from the beginning of the project.

Strategy for Reuse or Recycle
The goals of design for reuse and design for recycling are not interchangeable because design for reuse is generally preferable to design for recycling.
Reuse dictates that components and materials can
be removed intact and maintain service and aesthetic qualities with minimal alterations. Design for
recycling on the other hand, can utilize destructive
disassembly processes that much more degrade the
materials, as long as this does not result in unacceptable levels of contamination and commingling that
prevent economic further processing into the new
materials’ feedstock (SEDA, 2006).
Design for deconstruction is most effective when it
DOORZVIRUPD[LPXPÁH[LELOLW\RIVSDWLDOFRQÀJXUDtion within a given structure, as this preserves the
building structure as a whole. Beyond this, designers
QHHGWRWKLQNDERXW´IXWXUHSURRÀQJµWKHLUGHWDLOVLQ
such a way that maximizes the possibilities for both
building assemblies and their sub-components to be
reused in other buildings as far as practicable. Only if
neither of these strategies is established as practical,
IROORZLQJ D FRVWEHQHÀW DQDO\VLV VKRXOG GHVLJQHUV
resort to a recycling-only strategy (SEDA, 2006).

$XGLWFRQWUDFWRUVDQGHQVXUHWKDWLQLWLDOEULHÀQJDQGWUDLQLQJIRU
DfD has taken place.
&DUHIXOO\DGGDOODOWHUDWLRQVWRGUDZLQJVDQGVSHFLÀFDWLRQVVRWKDW
there is an integrated set of “as built” drawings for maintenance and
deconstruction purposes. (Adapted from SEDA, 2006)
Fig. 18 team meetings are essential to a succesful and integrated DfD strategy
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Hierarchy of Building
Resource Management Goals
1. Adaptive reuse of existing building incorporating DfD for future adaptation.
2. DfD for adaptability and longevity of
new buildings.
3. Reuse of building assemblies.
4. Reuse of building components.
5. Remanufacture of building components.
6. Reuse of building materials.
7. Recycling of materials.
8. Reclamation of energy from building elements, components or materials
9. Biodegradation of building materials
10. /DQGÀOOVHTXHVWUDWLRQIRUIXWXUHUHVRXUFH
/ energy recovery
Building Resource Management Hierarchy, Adapted from SEDA, 2006.

Within the hierarchy of goals described above for optimizing materials resource-use, there are potential
PHWULFV IRU HFRQRPLF DQG VRFLDO EHQHÀWV UHVRXUFH
use, and pollution prevention and waste avoidance
that can be incorporated into DfD. Methods to asVLJQYDOXHRI'I'LQJHQHUDODQGIRUVSHFLÀFEXLOGing systems can include those listed in the values of
DfD.

Values of DfD
• Environmental impacts and traditional waste per and by total
quantity used in a building.
• First costs savings from use of less materials and allowances for
errors in construction.
• Future costs savings from dismantling processes, waste disposal
and replacement of components and materials.
• Likelihood of changes to particular systems from wear, spatial
QHHGVDQGDHVWKHWLFSUHIHUHQFHVWHFKQRORJLFDORURWKHUHIÀFLHQF\
upgrades.
• Projections of organizational trends, and larger demographic,
land-use or economic trends that will impact upon the building.
• Focus on the reduction of predicted operational and maintenance
costs – particularly labor costs.
• DfD strategies that enable other high-priorities such as aesthetics,
XVHUGHÀQHG´PLVVLRQµVXVWDLQDEOHEXLOGLQJSUDFWLFHVLQFOXGLQJ
HQHUJ\DQGZDWHUHIÀFLHQF\LQGRRUHQYLURQPHQWDOTXDOLW\HWF
'LUHFWO\PHHWLQJXVHDQGEXLOGLQJW\SRORJ\UHTXLUHPHQWVIRUÁH[
ibility or demountability.
• Particular spatial needs in the context of a building user’s orga
nizational patterns that will be impeded without DfD.
• Building in high-risk environments where DfD constitutes risk
14
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management in the face of potential catastrophic
damage to discrete elements of a building and
resulting loss of function, creation of waste, and
high costs of repair and replacement.

Phase

Client

Designer

Pre-Design

Support scenario planning.
Hire an architect who is
experienced in sustainable
design and DfD. Brief
the design team on critical
requirements for upgrading,
DGDSWDELOLW\DQGÁH[LELOLW\
in use. Stipulate “as built”
GUDZLQJVDQGVSHFLÀFDWLRQV
as part of the design contract.

Conduct integrated scenario
planning and programming.
Demonstrate best practice of
DfD to client. Investigate
DfD relative to building type
and client needs. Develop
goals and priorities for DfD
including which building elements are most cost-effective
to DfD.

Concept
Design

Engage contractor as expertise on design implications
for DfD.

Organize meetings with the
contractor and major vendors
to identify reused materials
and construction processes
which support DfD.

2EWDLQLQLWLDOEULHÀQJDQGWUDLQLQJ
on DfD.

Schematic
Design

Carry out a design check by
producing an outline plan
for the deconstruction of
the building and ensuring
that the design proposals are
consistent with this form of
reverse engineering.

Advise the design team on
deconstruction processes, potential
salvage and reuse priorities, and
recycling requirements for various
material types.

Design
Development

Produce a detailed plan for
the deconstruction of the
building.

Advise design team on implications for deconstruction in relation
to design and detailing (where
possible).

Construction
Documents

Insure details have been
implemented to not
compromise their DfD
integrity. Incorporate plan for
deconstruction into drawings
VSHFLÀFDWLRQV,QVXUHELG
GRFXPHQWVUHÁHFWFRPPLWment to DfD construction.

Advise the design team on
implications for construction and
deconstruction of design and detailing (where possible). Identify
good construction practice to
promote DfD and advise design
team accordingly. Advise design
team on ‘plan for deconstruction’
GUDZLQJVDQGVSHFLÀFDWLRQV
Insure quality of workmanship to
maintain integrity of DfD details
as designed. Train sub-contractors
as necessary.

The Design Team
$UHTXHVWIRUTXDOLÀFDWLRQVIRUWKHGHVLJQWHDP
will state the scope of the project, the client’s
vision for the project including DfD design
benchmarks as well as other sustainable design
benchmarks, and the nature of design services
needed (AIA, 2006). A request that incorporates
'I'VSHFLÀFDOO\LQWKHGHVLJQJRDOVPLJKWDOVR
include a rationale for DfD based on the client’s
mission or other motives. Since DfD address
VSHFLÀFLVVXHVVXFKDVEXLOGLQJXVHVWKDWDUHLQtended for short-life, functional change expectations or rapid churn of certain aspects of the
building, all of these issues are important for the
designer to know.
If DfD is to succeed, the whole project team and
client must be in agreement from the beginning
of the project. Different stakeholders in the team
will have different objectives and it is important
to identify how far DfD can satisfy these and to
establish priorities, procedures and lines of communication relating to DfD throughout the design
and construction process and then for the future
building use and eventual deconstruction.
Roles and Responsibilities by Design Phase, Adapted from SEDA, 2006.
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Construction
Administration

Ensure that all maintenance
staff and contractors are fully
briefed on DfD strategies.
Allow for additional time in
contract period for construction to insure DfD through
careful practices.

Create or update the construction documents to create
comprehensive “as built”
documents.

Facility
Operation
Services

Monitor the performance
of project over time (where
possible) and build in the
evaluation into future DfD.

Insure that all maintenance
staff and are fully briefed on
DfD strategy, and instigate a
feedback strategy on
building performance from
DfD.

Contractor

The Deconstruction Plan
Even the best DfD will not be realized if the building
constructors, operators, and deconstructors do not
understand how to implement the disassembly processes as they were intended. Therefore, an important element of the DfD process is the documentation
and dissemination of the building’s design intent per
its materials, components, connections and form.
Visual transparency of materials properties and connections can provide a substitute for separate written or graphic instructions for dismantling, handling,
treatments and reuse / recycling options for components and materials. Direct materials labels or
imprints, etc. can be used to communicate materials’ compositions and properties similar to the imprinted number code for plastic products. Where the
direct visual display of information is not possible,
then other forms of recording information must be
used. Perhaps in the future, all building products can
EHPDGHZLWKUDGLRIUHTXHQF\LGHQWLÀFDWLRQ 5),' 
tags built into them, in which case information can
be retrieved either directly or in the form of a code
that references a separate database. With wireless
technology, a component or assembly could then be
scanned and the information regarding materials,
connections, assembly process and disassembly instructions can be readily retrieved.
At this time, current methods of documentation rely
on construction documents and “as-built” documents. This initial documentation effort will be of

OLWWOHXWLOLW\XQOHVVHDFKIXWXUHPRGLÀFDWLRQLVDOVRUHFRUGHG2QWKH
other hand, the DfD and any future adaptation or disassembly will be
greatly compromised if alterations over the building’s life cause the
original DfD elements to no longer function. Therefore, the Deconstruction Plan should also be updated to mitigate the deconstructor’s
need to “start from scratch” to understand the building.
A comprehensive Deconstruction Plan will insure that designed-tobe-reusable building elements will be recovered as intended. The
Plan should be issued to all parties at the outset of the building
contract to ensure a construction process that does not compromise
the DfD and Deconstruction Plan. For a successful Deconstruction
Plan, which is a part of the overall DfD detailed plan, make sure the
following tasks are undertaken:
1. Statement of strategy for DfD relating to the building
• Demonstrate the strategy behind the designed re-usable elements
and describe best practice to ensure they are handled in a way which
preserves maximum reusability.
2. List building elements
• Provide an inventory of all materials and components used in the
SURMHFWWRJHWKHUZLWKVSHFLÀFDWLRQV LQFOXGLQJ0DWHULDO6DIHW\'DWD
Sheets as applicable) and all warranties, including manufacturers’
details and contacts.
• Describe the design life and/or service life of materials and components.
• Identify best options for reuse, reclamation, recycling and waste
to energy for all building elements. This may include both reuse
and recycle options and also the infrastructure options. This may
change between time of construction and time of deconstruction so
16
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3. Provide instructions on how to deconstruct elements
• Provide up-to-date plans for identifying information on how to
deconstruct buildings.
• Where necessary add additional information to the “as built” set
of drawings to demonstrate the optimum technique for removal of
VSHFLÀFHOHPHQWV
• Describe the equipment required to dismantle the building, the
sequential processes involved and the implications for health and
safety as part of the management requirements.
• Ensure that the plan advises the future demolition contractor on
the best means of categorizing, recording and storing dismantled
elements.
4. Distribution of DfD Plan
• Revise the plan as necessary and reissue to all parties at the building completion stage, so that there is maximum awareness of the
DfD requirements for the future, including building owner, architects and builder.
• Place copies of the revised Deconstruction Plan with the legal documents of the building, and any building commissioning, or operaWLRQVDQGPDLQWHQDQFHÀOHV
(Adapted from SEDA, 2006.)

Fig. 19
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IKEA House

)RUDQH[DPSOHRIDPRGHOGHFRQVWUXFWLRQVSHFLÀFDtion that would be used to develop the deconstruction
contract at the building end-of-life, see the Model
'HFRQVWUXFWLRQ6SHFLÀFDWLRQVHFWLRQRIWKLVJXLGH

Building Design
-XVWDVPHHWLQJHQHUJ\HIÀFLHQF\RURWKHUVXVWDLQDEOH
design goals for a building requires prioritization of
the most feasible and cost-effective strategies, incorporating DfD will require prioritization of applicable
strategies as well. Design for Disassembly is most
HIIHFWLYHZKHQLWDOORZVIRUPD[LPXPÁH[LELOLW\RI
VSDWLDOFRQÀJXUDWLRQZLWKLQDJLYHQVWUXFWXUHDVWKLV
preserves the building structure as a whole. Beyond
this, a designer can think about DfD for whole-building disassembly to enable building assemblies and
their subcomponents to be reused in other buildings
as far as practicable. (SEDA, 2006). Clearly there
are individual hierarchies of resource-conservation,
WHFKQLFDOIHDVLELOLW\DQGHFRQRPLFHIÀFLHQF\ZKLFK
may not always align.
Buildings Have Different Life-Spans
Certain buildings will have service-lives based on
function and economic parameters of use. A temporary building intended for an exhibit is designed
WREHOHDVWFRVWDQGIRUDVLQJOHGHÀQHGXVH$UHVLdential structure may be located in a context which
preserves its integrity, such as an established residential area, but nonetheless may be demolished for
other reasons, such as a “tear-down” to build a larger
structure to meet functional needs or just investmentbased criteria.

Design Process

Civic and monumental building types may be subjected to economic pressures based on location but
at the same time contain certain cultural values that
have high-value and may attain iconic statue that ensure that they resist demolition or removal. Theystill
fare better functionally and economically with elements of adaptability for system, component, and
materials alterations and replacements. Apart from
certain external forces, such as a community’s economic trends, building types do have predictive lifespans based on norms of use and investment.
Building Elements
Have Different Life-Spans and Costs
Although not yet commonly used in sustainable building design ratings such as LEED™, whole-building life-cycle analysis (LCA) is a means to model
building materials design decisions including DfD.
Life-cycle cost (LCC) data is typically available for
standard components, and their service or technical
life-cycles can be a valuable source of information
for the consideration of DfD. In the absence of these
rigorous analyses, there are other ways to approach
DfD prioritization for a particular building type such
as residences. Using data from the American Housing
Survey, it is possible to consider the average changes
that residences undergo. As noted in Table 10, there
are certain use-functions or individual components
that require larger expenditures per alteration or
renovation. Clearly from an economic standpoint it
would be worth considering DfD for those elements
that incur the greatest costs per change.

Another practical consideration for residences is the sheer magnitude of alteration or renovation projects performed in an average
year. While kitchen renovations incur the highest cost per project,
ÁRRU ÀQLVK DOWHUDWLRQV RU UHSODFHPHQWV DUH WKH JUHDWHVW QXPEHU RI
projects undertaken. Interestingly enough, according to the US EcoQRPLF&HQVXVWKHXVHGÁRRULQJLQGXVWU\JUHZE\YROXPHRI
sales between 1997 and 2002. As a comparison, the general retail
building materials and used merchandise industries each only grew
about 29% during the same period (US Economic Census, 2003).
&OHDUO\ WKHQ WKHUH LV D PDUNHW IRU ÀQLVK ÁRRULQJ V\VWHPV WKDW DUH
easily disassemble-able, as realized by many carpet manufacturers
who have developed carpet tile systems for both commercial and
residential applications.

Category

Design Service
Life

Examples

Temporary

up to 10 years

1RQSHUPDQHQWFRQVWUXFWLRQEXLOGLQJVVDOHVRIÀFHV
• Temporary exhibition buildings

Medium Life

25 to 40 yeasrs

• Some industrial buildings
• Parking structures

Long Life

50 to 90 years

5HVLGHQWLDOFRPPHUFLDODQGRIÀFHEXLOGLQJV
• Health and educational buildings
• Industrial buildings

Permanent

minimum 100
years

• Monumental buildings (ex. museums, art galleries,
archives)
• Heritage buildings

Typical Building Lives Based on Typology Adapted from (Durability Implications, 2006)
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Materials Lives
A basic determinant of DfD emphasis will be the technical and service lives of the materials that make up a building. The technical life
of a material is the life that the material will have independent of any
consideration for use, including human and environmental stresses,
obsolescence cycles, etc. The service life is a predictive life based on
how the component is intended to be used. While the technical life is
a potentially longer life-span, it will typically be the service life that
determines an “actual” life. One of the fundamental concepts of DfD
is the separation of longer and shorter-lived components and materials. By focusing on the points of connection between separate sysType of Project

Avg / Project

Kitchen Addition

$ 15,400

Remodeled “wet” room

$ 9,266

Altered or renovated “dry” room

$ 8,100

Bathroom addition

$ 4,900

Siding (add or replace)

$ 4,100

5RRÀQJ DGGRUUHSODFH

$ 2,900

Other jobs (add or replace)

$ 2,900

Porch / deck additions

$ 2,500

HVAC / ducts (add or replace)

$ 2,500

Doors or windows (add or replace)

$ 1,600

3DQHOLQJFHLOLQJÁRRULQJ DGGRUUHSODFH

$ 1,500

Insulation (add or replace)

$ 600

As an example, the replacement cycle for a clad
wood window might be 25 years whereas the replacement cycle for brick cladding is 75 years. Clearly the
detailing at the joint between these two components
Type of Project

Percent

,QWHULRUÁRRUÀQLVK

20.42 %

Electrical / Plumbing

11.84 %

Doors and Windows

10.21 %

Interior walls alteration w/ plumbing

9.21 %

HVAC equipment

8.56 %

Fixtures

8.31 %

5RRÀQJ

7.76 %

Interior room alteration (dry)

7.06 %

Electrical wiring, fuse boxes (add or replace $ 550
includes security)

Exterior addition

5.08 %

Interior wall cavity

3.50 %

Interior water pipes (add or replace)

$ 500

Exterior wall cavity

3.32 %

3OXPELQJÀ[WXUHV DGGRUUHSODFH

$ 450

Exterior siding

2.80 %

Water heater (add or replace)

$ 400

,QWHULRUZDOOFHLOLQJÀQLVK

1.94 %

Average Cost per Residential Repair or Renovation, Adapted from the Supplement to the American
Housing Survey, 2001
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tems that have the most disparate service lives, DfD
can have very practical and economically valuable
impacts. Repair and replacement cycle information
can be used to identify the most critical connections
between building assemblies and components where
the greatest life-span friction will occur. The table on
the next page illustrates typical repair and replacement cycles for some common materials which can
easily assist in; 1) selection of materials and 2) providing focus for effort on DfD connection detailing
WRKDYHWKHJUHDWHVWEHQHÀW

Percentage of Projects per Type per Year Adapted from the Supplement to the
American Housing Survey, 2001
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should allow for ease of removal and replacement of the window without
requiring alteration to the brick.

cated as a viable input to a recycling process and
these properties communicated from design to
construction to use.

Materials - At the base level of reuse or recycling, the chemical and
physical properties and inputs of craft and production of a material will
GHÀQH LWV HFRQRPLF YDOXH WR[LFLW\ GXUDELOLW\ ÁH[LELOLW\ IRU UHXVH RU
its purity for a recycling process. If a material is designed to maintain
its structural integrity and composition it will have the greatest utility
for reuse, even if it is not necessarily recycled. Many “wet” materials
are not feasible for reuse such as concrete, asphalt paving, mortars or
paints, but may be recycled or at least not contaminate other recyclable
materials that are associated with it. If a material is not designed as an
independent or “dry” component, then it should be chosen and fabri-

Connection – At the connections level, a material may be able to be taken back to its constituent properties or remain embedded within components or assemblies. Connections will be a
large factor of on-site disassembly processes and
as such require access, readability, and simplicity in terms of tools and actions that are required
to work on them. The scale of connection will
be an important determinant of whether manual
labor can be used and the economies of transport.
While clearly fewer components of larger size
will minimize the number of connections and
KHQFHODERUWRDVVHPEOHDEXLOGLQJWKHÁH[LELOLW\
of the component may be low for reuse or recycling without further disassembly. If the connecWLRQLVLQDFFHVVLEOHRU GLIÀFXOWWR XQGHUVWDQGDV
a process, then this will make the disconnection
SURFHVVLQHIÀFLHQWRUSURKLELWLYH

Building Materials Types

Repair (yrs.)

Total Replacement
(yrs.)

Flat roof BUR membrane

10

20

Pitched roof, cement composite shingles

20

50

Pitched roof steel sheet

usually not required

30

Brick cladding

25

75+

Acrylic stucco

20

?

Interior gypsum board

3 to 10

25

Interior concrete or block

10 to 20

75+

Metal or vinyl windows

10 to 20

40

Clad wood windows

10 to 15

25 to 50

Solid wood interior doors

4 to 8

15

Metal doors

5 to 15

25

Terrazzo

0 to 15

60+

&HUDPLFÁRRUV

10 to 15

40+

Vinyl composition tile

8 to 15

20

+DUGZRRGÁRRUV

5 to 10

40+

Carpet

3 to 8

5 to 15

Repair & Replacement Cycles for Typical Building Materials Santa Monica Green Building Program

Fig. 20

brick

Fig. 21 

XQÀQLVKHGZRRG
siding
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Form and Structure – As will be noted in the case studLHVVHFWLRQ'I'KDVFHUWDLQIRUPVWKDWDUHPRUHHIÀFDFLRXV
such as a grid post and beam, open span with exterior bearing elements, and simpler forms where structure is consolidated into fewer points or planes, and overall complexity is
reduced. A post and beam system, combined with exposed
connections and minimal partitioning elements will result in
an expression that will communicate the visual data about the
building’s disassembly potential. Where machinery is more
likely to be used in the construction process, then panels or
large members can be used, whereas if the likely deconstruction will utilize less mechanical labor, then smaller and more
PHPEHUVZLOOÀWWKLVSURFHVV :HEVWHU 
Type of
Connection

Advantages

connection detail 1

Fig. 23

connection detail 2

Disadvantages

Screw

easily removable

limited reuse of both hole and screws
cost

Bolt

strong
can be reused a number of times

FDQVHL]HXSPDNLQJUHPRYDOGLIÀFXOW
cost

Nail

speed of construction
cost

GLIÀFXOWWRUHPRYH
removal usually destroys a key area of element - ends

Friction

keeps construction element whole during removal

relatively undeveloped type of connection
structural weakness

Mortar

can be made to variety of strengths

mostly cannot be reused, unless clay
VWUHQJWKRIPL[RIWHQRYHUVSHFLÀHGPDNLQJLWGLIÀFXOWWRVHSDUDWHERQGHGOD\HUV

Adhesives

VWURQJDQGHIÀFLHQW
deal with awkward joints
variety of strengths

virtually impossible to separate bonded layers
cannot be easily recycled or reused

Rivet

speed of construction

GLIÀFXOWWRUHPRYHZLWKRXWGHVWUR\LQJDNH\DUHDRIHOHPHQWHQGV

Connection Alternatives for Deconstruction, Adapted from SEDA, 2006.
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Fig. 22
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Type of
Structure
Masonry

Advantages
•
•

Light Frame

•
•
•

•
•
Panel System

•
•
•

Post and Beam

•

•

individual components break down
into small, easily reusable units
solid mass can be re-cycled if monolithic
re-use does not dictate design
VWUXFWXUDOO\ HIÀFLHQW DOORZV IRU PXOtiple occupancy patterns
easy to deconstruct into reuseable elements if detailed appropriately (not
concrete in-situ)
can be layered separately from cladding and insulation
can be factory made (not concrete insitu)
VWUXFWXUDOO\HIÀFLHQW
factory made – gives precision
all components can be built in to minimize waste
separates structure from envelope and
other systems, can provide standardization of dimensions and homogenous
materials
can reduce mass of structure to fewer
linear components

Disadvantages
•
•
•
•
•
•
•

blocks need soft binder to be reused which reduces strength
may include reinforcement which is harder to deconstruct
requires heavy machinery to break down solid mass
may have lateral walls which compromise long term occu¬pancy
pattern options
GLIÀFXOWWRGHFRQVWUXFWXQOHVVIUDPHZRUNLVGHWDLOHGZLWKDSSURpriate joints
notching, holes and binding with resins can reduce possibilities
for re-use
depending on size and type can be manually or mechanically deconstructed

•
•
•

required mechanical deconstruction
materials are bound together and hard to separate
need for cross wall bracing reduces internal options

•
•

fewer larger members require mechanical deconstruction.
less multi-functionality is possible such as combining structure
ZLWKÀQLVKHWF

Major Structure Systems Related to Deconstruction (Adapted from SEDA, 2006)
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Design Summary
The following detailed tasks should be carried out at each stage of
the design to ensure that the DfD strategy is carried through at all
levels:
Pre-Design
7KHOHDGSHUVRQLQWKHWHDPVKRXOGSURYLGHDIXOOEULHÀQJRQ'I'
to each team member and discusses their role both at collective team
meetings and on an individual basis.
&RVWHVWLPDWRUVQHHGFDUHIXOEULHÀQJRQWKHFRVWEHQHÀWLPSOLFDtions of DfD both in terms of initial construction costs and future
maintenance costs.
• Mechanical engineers should be encouraged, in consultation with
the rest of the design team, to design out as much as possible of the
active servicing elements in a building and replace these with passive measures that have a longer life-span.
• Structural engineers should ensure that their structural systems are
easy to deconstruct and designed for maximum reuse.
• Other specialists should be briefed and consulted on DfD strategies as necessary
• Establish DfD targets and benchmarks in terms of the percentage
of the building that can be reused as well as the potential reuses for
each existing element.
• Evaluate site constraints, project budget, the purpose of the building, its lifespan and the contract period as crucial determinants of
DfD benchmarking.
• It is vital that an accurate survey is carried out for existing buildings to identify existing DfD opportunities e.g. preserving the ability to remove existing joists easily.
• Ensure that a renovation does not compromise the deconstructability of an existing building.
• Once all these tasks have been achieved the results should be fed
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into an overall DfD strategic plan for the project.
Concept and Schematic Design
• Adopt the principles for DfD outlined in this guide
as well as other guidance on sustainable design as far
as possible; aim to prioritize key principles.
&RVWHVWLPDWRUVWRXQGHUWDNHDGHWDLOHGFRVWEHQHÀW
analysis of low-cost DfD options.
• Evaluate the structural and service options which
can maximize DfD within the given constraints.
• Agree on a list of value-engineering options, which
take DfD into account, should the project costs exceed the budget.
• Make sure the aesthetics for the project, which
DUHFOHDUO\GHÀQHGDWWKLVVWDJHWDNHDFFRXQWRIWKH
agreed DfD strategic plan; so that any aesthetic conÁLFWVWKDWPD\DULVHGRQRWFRPHDVDVXUSULVH
Design Development and Construction Documents
• Use the DfD analysis from the Pre-Design phase as
DIUDPHZRUNWRGHYHORSWKHGHWDLOVDQGVSHFLÀFDWLRQV
in tandem with CDM requirements.
• Seek advice from manufacturers on whether, and
how, product value can best be maintained through
UHXVHDQGKRZSURGXFWVFDQEHFHUWLÀHGIRUUHXVH
• Where it has been possible to identify reusable elements from other buildings, incorporate these in the
detailing, provided they do not violate the overall
DfD strategy.
• Develop the strategic DfD plan to a more detailed
OHYHOWRWDNHDFFRXQWRIGUDZLQJVVSHFLÀFDWLRQVDQG

Design Process

costs, as part of an iterative process of design.
&DUHIXOO\GHYHORSVSHFLÀFDWLRQVWRHQVXUHWKDWWKH'I'LVQRWFRPSURPLVHGE\SRRUVSHFLÀFDWLRQRIPDWHULDOVÀQLVKHVMRLQWVDQGFRQQHFtions.
• Use three-dimensional drawing to aid the understanding of the process
of DfD - it reveals hidden aspects of two-dimensional drawing in terms
of the construction/deconstruction process.
• Fully detail mechanical / electrical / plumbing drawings rather than
specifying in outline to ensure full coordination for DfD.
Construction Administration
• Once the contract has been awarded, ensure that pre-site start meetings
DOORZWLPHIRUDWKRURXJKEULHÀQJDQGQHJRWLDWLRQRQWKHREMHFWLYHVRI
DfD as part of the project and the most effective means for achieving
this.
• Encourage the design team and contractor to use local or national directories to reclaimed materials to source reclaimed materials locally.
 (QVXUH DQ\ DOWHUDWLRQV WR WKH GLJLWDO GUDZLQJV DQG VSHFLÀFDWLRQ DUH
carefully integrated into a revised set of drawings so that a genuine set
of “as built” digital drawings is available for maintenance and deconstruction purposes.
• Provide a comprehensive and digital operating and maintenance manual for the building, complete with logbook to record future maintenance, carefully cross-indexed to aid rapid information retrieval.
• Ensure the manual contains a complete section on the DfD strategy as
well as the revised “as built” deconstruction plan and drawings.
Facility Operation Services
• The client and all parties should make a clear commitment to obtaining
feedback from the outset of the project. The following tasks will assist
with this.
• Provide a contingency budget for changes which occur during build-

ing commissioning and future maintenance, and
the recording of these in the logbook, the deconstruction plan and on as-built drawings.
• Provide for continuing dissemination and
transfer of DfD-related information during the
life-span of the building to all parties concerned
which takes account of any transfer of ownership
or upgrading of the building.
• Training for both the users and maintenance
team on the DfD aspects of the building will help
to prevent maintenance choices which disable
the DfD function; this is vital if the DfD strategy
is going to work effectively.
• Undertake post-occupancy evaluations and
post-project appraisals to learn if aims of project
have been met.
Ownership and Future Responsibilities
Underlying the diversity of building design and
construction strategies is one imperative to ensure
successful DfD – a sense of continuing “ownership” by the original designer and contractor.
3RVVLEO\WKHPRVWLPSRUWDQWHFRQRPLFEHQHÀWWR
DfD is to design buildings that are “harvestable”
stores of valuable future resources. If this paradigm shift is not achieved, there will be no real
incentive to ensure that the knowledge about the
building, and the changes it undergoes, remains
coherent over its complete lifespan and facilitates
intelligent resource use (Adapted from SEDA,
2006).
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Case Studies
The Six S’s According to Stewart Brand
Using the nomenclature and framework originated by F.
'XII\ DQG PRGLÀHG E\ 6 %UDQG LQ KLV  ERRN ´+RZ
Building’s Learn,” the following case studies and products
are described using the six S’s system of Site - Structure Skin - Services - Space Plan – Stuff (Brand, 1994). These
categories are meant to help describe buildings as “shearing
layers of change” that are in constant friction. The fasterchanging layers such as the Space Plan are controlled by the
slower changing layers such as the Structure, which are less
ÁH[LEOHWKXVFUHDWLQJIULFWLRQEHWZHHQWKHP)RUH[DPSOH
an interior Structural element that can only be moved as a
SDUW RI WKH ZKROH EXLOGLQJ UHFRQÀJXUDWLRQ ZLOO GLFWDWH WKH
limits of non-structural Space Plan changes. If the Space
3ODQFRQÀJXUDWLRQWKDWLVQHHGHGWRRSWLPL]HWKHIXQFWLRQRI
the building cannot be accommodated because the Structure
will not allow it, this high degree of friction could cause the
premature obsolescence of the entire building. In order to
DYRLGWKHVHFRQÁLFWVERWKLQXVHDQGDVDPHDQVWRIDFLOLtate end-of-life disassembly, the consideration that building
assemblies have cycles of use and wear can help designers
plan for change with minimal building dysfunction, cost and
waste.

terials that are illustrated are also not meant to be exhaustive
but to illustrate commercially available systems that have
some attributes that are compatible with DfD. Components
and materials have been chosen based on different factors
relating to DfD such as low-toxicity or an aspect of “demaWHULDOL]DWLRQµ'HPDWHULDOL]DWLRQLVGHÀQHGDVDQDEVROXWHRU
relative diminution in use of nature per unit utility or service
(Factor 10 Manifesto, 2006). In simpler terms it is to provide the same ends using less resource than current practice.
These ends can be direct such as building automobiles using
higher-strength lighter-weight materials, than is the norm, or
indirect such as the so-called “product of service” concept.
7KLVFRQFHSWKDVEHHQPRVWDSSOLHGLQWKHÁRRUFRYHULQJLQdustry to promote leasing and take-back programs as providLQJWKH´VHUYLFHµRIÁRRUFRYHULQJUDWKHUWKDQWKHPDWHULDO
goods themselves.

In the building case studies, Stuff has not been included as it
is the non-built artifacts such as furniture that is not attached
to buildings. The Stuff category is however used in the descriptions of components and materials, as they are still a
large part of the building product library. The building case
studies are not meant to be inclusive, but representatives of
buildings that can highlight some positive and negative attributes relative to DfD. Likewise, the components and ma-

5-15 yrs

SPACE PLAN

5-20 yrs

SERVICES

5-30 yrs

SKIN

30-60 yrs

STRUCTURE 60-200 yrs
SITE

Fig. 24
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Case Studies

Shearing Layers of Change
• Site (geographical setting, urban location, legally
GHÀQHG ORW  FDQ HDVLO\ RXWODVW WKH OLIH RI WKH EXLOGing.
• Structure (foundation and load-bearing elements)
can last 30-300 years although many buildings don’t
live that long for other reasons.

Residential
• Marie Short House
Australian architect Glenn Murcutt produces residential architecture
LQWKHWHPSHUDWHUHJLRQVRI$XVWUDOLDWKDWH[HPSOLÀHVHOHPHQWVRI
'I'%\UHTXHVWRIWKHFOLHQWWKH0DULH6KRUW+RXVHZDVVSHFLÀcally designed with the capabilities of adaptation, disassembly, mobility and reassembly in mind.

• Skin (the building envelope, consisting of frame,
H[WHULRUÀQLVKHVJOD]LQJHWF FDQFKDQJHIRUUHSDLU
or appearances every 25 years or so.
• Services (the utility and HVAC systems and moving parts like elevators) may reach the point of major
replacement every 7-15 years and can cause demolition of an entire building if their embedded-ness prevents alteration.

1975 plan

• Space Plan (division of space, cabinetry, interior
ÀQLVKHV FDQUDQJHZLGHO\IURPDFRPPHUFLDOVHWWLQJ
being overhauled every three years to a much longer
life in a residential setting.
• Stuff (furniture, free-standing lamps, appliances,
etc.) the things that change daily to monthly.
(Brand, 1994)
1981 plan

Fig. 25

1975 original plan and 1981 adapted plan of Marie Short House
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Site: With a purity of materials expression, Murcutt incorporated
the ancient Aboriginal concept of touching the earth lightly in the
site design of the Marie Short House. This is interpreted literally by
WKHXVHRIDSLHUIRXQGDWLRQDQGUDLVHGÁRRUV\VWHP7KHKRXVHLV
also oriented on the site to maximize passive ventilation and solar
GHVLJQEHQHÀWVUHGXFLQJUHTXLUHPHQWVIRUPHFKDQLFDOV\VWHPVIRU
heating and cooling.
Structure: The building employs post and beam construction in a
VLQJOHVWRU\ZKLFKDOORZVIRUDQRSHQÁRRUSODQZLWKLQDPRGXODU
structural grid. The use of a grid system allows for expansion in
any lateral direction. In fact, the building was expanded using this
grid framework in 1980. To do so, the gables and verandahs of the
original building were dismounted and placed at the new extended
building ends. The use of dry structural connection details, including bolts, made the dismantling process and reconstruction possible
with limited to no waste. Lateral stability is provided by diagonal
steel tension rods, minimizing materials use for this function while
also creating an expressive element.
Skin: The building envelope maximizes the use of the natural elements, sun and wind, through various methods of glazing and fenesWUDWLRQV,QÀOOSDQHOVIRUVN\OLJKWVDGMXVWDEOHORXYHUVDQGPRYHDEOH
screens made from lightweight materials are all elements that aid in
the passive systems and enhance the operability of the building with
minimal reliance on sealants, caulking, and gaskets. All materials
used within the design were locally available.
Services: The services for this house are in effect manifested by the
site, structure and skin through the use of passive systems incorSRUDWHGZLWKLQWKHVHHOHPHQWV7KHURRÀQJV\VWHPXWLOL]HVQDWXUDO
convection to effectively ventilate the house. In addition, the
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plumbing systems are consolidated into core zone(s),
thus minimizing runs.
Space Plan: Featuring mostly raw materials, a minimalist approach is taken to the interior spaces, drawing on the natural light, fresh air and aro¬matic surURXQGLQJVDVD´GHPDWHULDOL]HGµDSSURDFKWRÀOOWKH
spaces.

Fig. 26

Marie Short House south elevation

Fig. 27

interior

• Two-Family House
7KH$XVWULDQ ÀUP .)1 6\VWHPV· UDQJH RI SUHIDEricated building types are representative of a recent
trend in modernist pre-fabricated residential projects. Their designs include mobile dwellings like
the FRED and the SU-SI as well as more permanent structures such as the Two-Family House. The
three-dimensional timber-framing modules used in
WKH KRXVH DUH GHVLJQHG WR EH FRQÀJXUHG ERWK KRULzontally and vertically up to four stories. Afterward,
the exterior envelope and interior panels are installed
to complete the basic building structure. The two
GZHOOLQJV DUH FUHDWHG E\ VWDFNLQJ LGHQWLFDO ÁRRU
plans within the framing modules.

Site: The Two-Family House uses a slab-on-grade foundation. This
is the antithesis of a pier and footing foundation, but at the same time
WKHVODERQJUDGHFRPELQHVIRXQGDWLRQDQGÁRRUVWUXFWXUHVLQWRRQH
system. Site construction impacts are greatly mitigated from the use
of pre-fabrication for all major assemblies including the kitchen and
bath units.

building, and given that the dwellings are identical,
the wet core is stacked vertically, limiting the runs of
service systems throughout the house. The design
also utilizes chases for utilities thus minimizing the
entanglement of these service systems within other
assemblies such as the interior walls and exterior
panels.

Structure: The modular timber-frame is based on a 5m x 5m x 2.7m
(16.4’ x 16.4’ x 8.8’) three-dimensional grid that can be combined
as building blocks in multiple variations of form and size. The inGHSHQGHQFHRIVWUXFWXUHIURPEXLOGLQJHQYHORSHDQGLQWHULRUÀQLVK
V\VWHPVDOORZVIRUÁH[LELOLW\DQGFRQYHUWDELOLW\RIWKHEXLOGLQJGHsign.

Space Plan:7KHFHLOLQJDQGÁRRUV\VWHPVDUHSDQelized along with the wall assemblies of the buildLQJ7KHEXLOGLQJÀQLVKHVDQGPDQ\LQWHULRUÀWWLQJV
maintain the homogeneity of wood as the dominant
building material.

Skin: The design of the 5m x 5m horizontal grid breaks down to
be equivalent to an 8” increment if using US dimensions and standard building product sizes. This is a reasonable scale to allow for
ÁH[LELOLW\LQWKHH[WHULRUSDQHOFXVWRPL]DWLRQ7KH.)16\VWHPV
design utilizes ten fundamental exterior panel designs thus creating
a building envelope with adjustable patterns of varied fenestration
and material types, while still using standardized components.
Systems: The kitchen and bathrooms units in the house are pre-fabricated and delivered to the site. They are located in the core of the

Fig. 28
off-site
construction of
panels

Fig. 29

LQÀOOSDQHO

Fig. 30

after construction
Fig. 31

basic plan of Two-Family House
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Site: The OPEN_1 House prototype residential unit
is constructed on a sloped site using a concrete basement foundation. A concrete basement foundation
is not compatible with whole building disassembly
as a buried and relatively inaccessible assembly. It
FDQKDYHEHQHÀWVKRZHYHULQWKHH[SRVXUHRIRUDFcess to, mechanical, electrical and plumbing systems
0(3 IRUWKHÁRRUDERYHDQGDWWKHHQWUDQFHSRLQW
to the building.
Structure: The structure of the OPEN_1 House is
based on the use of pre-fabricated wood-framed panHOVZLWKVKHDWKLQJDQGÀQLVKHVZLWKLQDWLPEHUIUDPH
support. These panels are built in modular units, with
Fig. 32

VWUXFWXUDOV\VWHPDQGLQÀOOSDQHOV

• OPEN_1 House
The OPEN_1 House is a product of Bensonwood Homes, a New
Hampshire-based design/build timber-frame company. The OpenBuilt™ System use in the OPEN_1 House, explicitly uses the framework of the Brand six “shearing layers of change”. The fundamental premise of the Open Built™ System is “disentanglement.” By
designing in 3-D and distinguishing 3-D space for each system in
the building, the design focuses on each subsystem and separates it
physically from any other subsystem. Where wiring or piping is embedded in walls, then access is provided in the surface of the wall.
These sub-systems can be upgraded and repaired over time without
altering or compromising the building’s structure. The Open-Built™
system is based on components and as much off-site prefabrication
as possible of all the systems of the building. The OPEN_1 House
uses universal design principles and includes an elevator, pull down
cabinets, accessible height counter-tops and tables, and accessible
doorways and bathrooms.
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Fig. 33

exploded axonometric view of OPEN_1 House

Case Studies

dense pack cellulose insulation and all sheathing applied in the factory,
DQGÀQDOEXLOGLQJDVVHPEO\RQVLWH7KHEXLOGLQJH[WHULRULVGHVLJQHG
RQDJULGV\VWHPZKLFKDOVRLQWHJUDWHVWKHLQWHULRUHOHPHQWV7KHÀUVW
ÁRRULVFRQVWUXFWHGXVLQJRSHQZHEVWHHOWUXVVHVDQGXSSHUÁRRUVXVH
WKH2SHQ%XLOW6SDFHUZKLFKFUHDWHVDSOHQXPEHWZHHQÁRRUVWUXFture and ceiling below to allow for ductwork and other utilities to run
uninterrupted. The roof system uses a structural insulated panel (SIP)
system, which is pre-fabricated and could be cut into panels if disassembled.
Skin: Windows are designed with installation details that permit relatively easy removal and replacement without requiring the destruction
of the surrounding framing. The windows are installed using self-adKHULQJÁDVKLQJHOHPHQWVWKDWLQWXUQDUHWULPPHGRXWZLWKUHPRYDEOH
pieces. The wall panels are furred out with a 2” furring element that allows wiring to be run vertically and horizontally beside the wall framing
rather than entangling them within the cavity or requiring holes to be cut
in the framing members.

and is concealed by pre-manufactured modular
ceiling panels laid into an exposed wood frame.
These ceiling panels operate like a commercial
RIÀFHVXVSHQGHGFHLOLQJJULGWLOHV\VWHP
Space Plan: Design for adaptability / disassembly features of the OPEN_1 House are highly
compatible with the universal design requirement
dictated by the building program. The OpenBuilt™ Floor system ceiling panels provide a
unique feature of allowing an owner to change
WKHFHLOLQJÀQLVKRIWKHKRXVHZLWKRXWGLVUXSWLQJ
any other element, as long as the grid dimensions
DUHPDLQWDLQHGIRUDQ\QHZOD\LQÀQLVK%HFDXVH
the ductwork and wiring are not intertwined with
other assemblies, they can be altered along with
DQ\QHZVSDFHFRQÀJXUDWLRQ

Services: An open raceway is built into the base of the interior walls
and is accessible by a removable cover. This allows the placement of
wiring without either entangling them in the wall cavity or having to
H[SRVHWKHP$OOSOXPELQJLVFRQVROLGDWHGLQWRVSHFLÀF]RQHVRIWKH
KRXVH7KHÁRRUSOHQXPV\VWHPFRQWDLQVDOOGXFWZRUNDQGRWKHUXWLOLWLHV

Fig. 34

preassembly of an interior wall

Fig. 35

ceiling panels

Fig. 36

typical Bensonwood heavy timber framing
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• R 128 House
The R 128 house has an explicit mission to be dismantleable and to allow for all its materials to be either reused
or recycled. It is also unique for its use of pre-fabricaWLRQDQGKLJKO\PRGXODUV\VWHPVIRUDVLWHVSHFLÀFSURMect. This is an example of so-called mass customization.
Basic considerations include off-site pre-fabrication to
LQFUHDVHHIÀFLHQF\HOLPLQDWLQJSHUPDQHQWMRLQLQJPHWKRGVWKDWIRUPFRPSRVLWHFRPSRQHQWVWKDWPD\EHGLIÀcult to recycle, and eliminating mechanical and plumbing systems that are covered over by plaster and drywall
or buried in concrete.
Site: The building is built upon the same footprint of a
pre-existing building that was demolished to make way
for the new building. The slope of the site requires a ter-

race-style foundation, and there is no basement or use of deep
excavation.
Structure: The structure is an exposed steel frame to minimize
PDVVDQGPD[LPL]HHIÀFLHQF\RIFRQVWUXFWLRQDQGFRQQHFWLRQV
The bolted steel frame can be un-bolted for disassembly. The
open steel frame is braced diagonally on three sides by tension
rods. Columns and beams are connected using bolts that use
threaded holes in the columns.
Skin: The house form is a cube, both to maximize structural
DQGPDWHULDOVHIÀFLHQF\EXWDOVRWRPD[LPL]HHQHUJ\HIÀFLHQF\
LQ D FROG 1RUWKHUQ (XURSH FOLPDWH ZLWK DQ HIÀFLHQW YROXPH
WRVXUIDFHDUHD7KHHQYHORSHLVFRPSULVHGRIJDVÀOOHGVHDOHG
triple-glazed glass panels and operable windows, with temperaWXUHPRGLÀFDWLRQSURYLGHGE\DZDWHUEDVHGKHDWH[FKDQJHV\Vtem circulating in the ceiling.
Services: The lighting and doors are controlled by both remote
and voice activated controls. All pipes and other utilities are
placed on vertical and horizontal chases or channels. The bathrooms are comprised of pre-fabricated modules inserted into the
building. Controls for many electrical and plumbing systems
are managed by motion or voice controls in lieu of traditional
switches.

Fig. 37
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R 128 House, interior and facade

Space Plan: The steel frame is articulated within the interior of
the building facade with attention to the connection details. The
ÁRRUVDUHDVHULHVRISDQHOVSODFHGE\JUDYLW\LQWRFKDQQHOVEHWZHHQWKHÁRRUVWUXFWXUDOEHDPVZLWKRXWXVHRIQDLOVRUVFUHZV
The ceilings are made from metal panels that are clipped into
place.

Case Studies

Fig. 39

Fig. 38

entrance

Intelligent Workplace interior and structure

The Intelligent Workplace design employed nine modules, differing only in width. The design was also driven in part by the characteristics of major components
GRQDWHGE\EXLOGLQJLQGXVWULHV7KH0DKOHÁRRULQJV\VWHPIRULQVWDQFHXVHVDPPPRGXOHWKDWKHOSHGWRHVWDEOLVKWKHGLPHQVLRQVRIWKHPDVVLQJPRGXOHV
7KHFXUWDLQZDOOLVDYDULDQWRIWKH*DUWQHUSURGXFWOLQH,WLVUHODWHGWRWKHFXUWDLQZDOORI*DUWQHU·VRZQFRUSRUDWHKHDGTXDUWHUVLQ*XQGHOÀQJHQ*HUPDQ\ 
1992).

http://www.library.cmu.edu/Research/ArchArch/ACampusRenewed/IW.html

Institutional
• Intelligent Workplace
at Carnegie Mellon University
The Intelligent Workplace (IW) was designed as a
vertical addition to the Margaret Morrison Building
on the Carnegie Mellon University campus. The IW
VHUYHV DV ERWK RIÀFH VSDFH DQG D OLYLQJ ODERUDWRU\
IRURSHQRIÀFHDQGVXVWDLQDEOHEXLOGLQJV\VWHPVUHsearch and development.
Site: By utilizing an existing building footprint, the
IW has minimal impact on the natural surrounding
site. Due to its DfD attributes, the impact on its host
building is also limited and reversible. This building
is a good example of future building opportunities in
densely populated urban areas.
Structure: The structure is composed of pre-fabricated 100% recycled steel open-web trusses that span
the entire width of the building. At the ends, these

Fig. 40 connection detail

main trusses are supported by column units that then
provide an entirely open interior space plan. As this
structure was built on the footprint of the building
below it, the assembly required a pre-planned and
pre-fabricated approach to reduce complexity. The
basic structure took four days to bolt together. The
open web trusses allow spaces for the running of mechanical ducts and other utilities within the depth of
the truss. The roof uses a metal decking system, the
underside is the exposed ceiling of the space below.
Skin: The building envelope components are prefabricated and modular to reduce on-site waste and aid
in adaptability. The predominant envelope material
is high-performance glazing. Large windows completely surround the building and full-length glass
doors open onto an outdoor terrace that wraps around
the facility. Facing the terrace, a series of photovoltaic light redirection louvers control day-lighting

Fig. 41

raised access
ÁRRUSDQHOV

Fig. 42

exterior
louvers
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levels while generating DC power. The roof is
clad with insulated roof panels and features a series of skylights.
Services: %\ HPSOR\LQJ D UDLVHGDFFHVV ÁRRUing system and open web trusses, all the utiliWLHV DUH DEOH WR EH UXQ HLWKHU WKURXJK WKH ÁRRU
RU RYHUKHDG$ UDLVHGDFFHVVHG ÁRRU FUHDWHV LWV
own air plenum thereby eliminating distribution
duct-work. Due to the lack of wiring in interior
ZDOOVWKLVVWUDWHJ\HQDEOHVDÁH[LEOHVSDFHSODQ
as well as allowing for easy access for repair and
renovation. Having the services clearly visible
also makes it easier to visualize and perform disassembly.
Space Plan: Flexibility and mobility are two
guiding factors in the interior systems. To accommodate the ever-changing needs of classURRPV RIÀFHV  PHHWLQJ VSDFHV DQG ODERUDWRU\
areas, most of the interior partitioning is composed of modular, stackable and/or mobile comSRQHQWV  2IÀFH VSDFHV DUH GHOLQHDWHG ZLWK WKH
use of cubicles in single, double and quad arrangements.
• California College of the Arts (CCA)
In 1951, Skidmore Owens and Merrill (SOM)
designed the 60,000 square foot industrial structure that now hosts the CCA. By maximizing
the reuse potential of the original structure, the
architects, Tanner Leddy Maytum Stacy, were
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able to create a healthy sustainable environment exemplifying design for reuse and disassembly.
Site: The CCA is located in the urban heart of San
Francisco and utilizes an existing building to house
its program. The prior use of the building was a bus
maintenance facility, which resulted in large deposits
of hazardous materials on the building slab. These
hazardous materials were isolated by pouring a new
slab on top of the existing slab. This does not exemplify the DfD concept of eliminating toxicity from
the built environment, but rather illustrates a mitigation technique to allow the reuse of an entire building
rather than forcing the demolition of the structure.
Structure: The original SOM design used a threeKLQJHGIUDPHZLWKÀQJHUMRLQWHGNQHHV\VWHPVIRUD
large open span, suited to maneuvering city transit
buses within the space. Even though these members
maintained their structural stability, current building
codes for seismic bracing required the introduction of
DGGLWLRQDOVWHHOHOHPHQWVIURPWKHÁRRUWRWKHIUDPH
However, a basic open structural grid is maintained.
Skin: Three sides of the exterior consist of 30-foot
high, single-glazed curtain walls, which in conjunc-

Fig. 47
The 1951 SOM bus maintenance facility required seismic bracing,
toxic soils remediation, and other treatments.
Photo: Richard Barnes

Fig. 43 utility raceways

Fig. 44

exterior
glazing

Fig. 45

new structural
members

Fig. 46

mobile studio
partitions
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WLRQZLWKWKHRSHQÁRRUSODQDOORZVIRUDQDEXQGDQFHRIGD\OLJKWZLWKLQ
the interior workspaces. Even though the structure is 60,000 square
feet, in Northern California heat gain is not an issue as it would be in
warmer climates for a similarly glazed building. The roof also contains
large skylights for additional day-lighting.
Services: The use of passive systems (day-lighting) greatly reduces the
DPRXQWRIDUWLÀFLDOOLJKWLQJUHTXLUHG$SSUR[LPDWHO\RIWKHUHQRYDWHGVSDFHLVVRODUKHDWHGYLDÁDWSODWHFROOHFWRUVWKDWIHHGLQWRD
15,000 gallon water storage tank. The heated water is then circulated
WKURXJKK\GURQLFFRLOVLQWKHVDPHFRQFUHWHÁRRUWKDWLVVHSDUDWLQJWKH
interior environment from the historic hazardous materials contaminaWLRQ'XHWRWKHKLJKURRIVDQGÁH[LEOHSDUWLWLRQV\VWHPHOHFWULFDODQG
communications cabling is run in exposed cable trays mounted independently of the moveable partition walls. These trays are arranged in the
form of a semi-permanent infrastructure in simple patterns to accommodate current or future cabling.
Space Plan: Large open studios are formed by mobile partition walls
supported by castors that can be lowered or raised to set the base of the
ZDOORQWKHÁRRURUPRYHLW7KHFUDIWVKRSVHFWLRQRIWKHVFKRROLVORcated in permanent acoustically separated spaces along the eastern long
side of the building. These interior walls are constructed of recycledcontent and recyclable light steel framing.

Fig. 48

IKEA facade

Fig. 49

Commercial
• IKEA
IKEA is a well-known home products retailer,
devoted to environmental responsibility while
“offering a wide range of well-designed, functional home furnishings at prices so low that as
many people as possible will be able to afford
them” (IKEA, 2006). Physically, these stores are
representative of the “Big Box” building typology. The large-scale open warehouse building
has survived in many urban settings for its inherent adaptability. How well the modern variants in
*UHHQÀHOGORFDWLRQVZLOODFWXDOO\EHDGDSWHGYHUsus demolished, may not be fully tested. IKEA
provides a good example for DfD both via its retail facilities and its home furnishing products.
Site: One of IKEA’s distinctions from other bigER[UHWDLOHUVLVWKHFRPPRQXVHRIDVHFRQGÁRRU
thereby more effectively using the building footprint.
Structure: The basic structure of the IKEA facility is a steel column and open-web truss system
with a slab-on-grade foundation. As a material,
steel is 100% recyclable and the Steel Recycling
Institute claims an industry average of 67% recyFOHGFRQWHQWIRUWKH867KHXQÀQLVKHGLQWHULRUV
expose all the structural members and their connections making it accessible for deconstruction
both visually and physically.

structural connection
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Skin: IKEA stores are typically clad in corrugated
steel and use skylights for ambient lighting throught
the building. The inherent separation between structure and skin in a post and beam system allows for
the variations in building skins between large exSDQVHV RI JOD]LQJ WR PHWDO WR LQÀOO XVLQJ FRQFUHWH
masonry units.

Fig. 50

electrical and
telecom raceways

Fig. 51
ceiling grid
and partial height display
walls
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Systems: The large display spaces are organized by
a series of partial height walls. These partitions can
be readily removed without any interference with
HDFK RWKHU  ,Q OLHX RI DQ\ FHLOLQJ ÀQLVKHV D ODUJH
suspended metal grid with u-shaped channels is used
to run electrical wiring and mount lighting at speFLÀFORFDWLRQV7KLVVXVSHQGHGJULGFUHDWHVDFHLOLQJ
plane, supports all lighting and also provides support
for the wiring on the top side. The Pittsburgh IKEA
has also incorporated photovoltaic arrays into their
building. Although not always recognized as a DfD
aspect, photovoltaics do have the potential to reduce
the connections to point source electrical distribution
through distributed systems, thereby increasing the
modularity of the building’s electrical systems.
Space Plan: The interior wall panels of the IKEA
store in Toronto are manufactured by Faay Vianen
DQGPDGHIURPÁD[ZDVWHDQGSODVWHUERDUG)OD[LV
a rapidly renewable material and the solid panels are
glued at the seams with a soft-point glue that can be
FXWWRVHSDUDWHWKHSDQHOVIRUÁH[LELOLW\RUUHDUUDQJHment. All stores have on-site recycling collection and
a facility in Sweden has an on-site recycling facility.

• Wal-Mart Eco-Store
7KHÀUVWRIDVHULHVWKH:DO0DUW(FR6WRUHLQ/DZrence, KA was designed by William McDonough +
Partners and built in 1993. Beyond other basic green
building attributes, the store was also designed to be a
response to the potential obsolescence of the store as
a single-use design. In lieu of demolition, the building was designed to be convertable from a retail store
to housing. This building also had a considerable
focus on materials selection including wood from
sustainably harvested sources.
Site:$OWKRXJK WKH EXLOGLQJ LV RQHVWRU\ LQ LWV ÀUVW
use, it is designed to be a two story building in its fuWXUHFRQYHUVLRQWKHUHE\XVLQJODQGPRUHHIÀFLHQWO\
The parking lot makes use of recycled concrete aggregate (RCA) from the demolition of a pre-existing
structure. Approximately 54 of 60 pre-existing trees
were reclaimed and relocated, and an on-site storm
water retention pond is used to supply irrigation water.
Structure: In lieu of very deep (6’) open-web steel
trusses to span the large bay sizes common for an
RSHQ ÁRRU SODQ UHWDLO VSDFH ODUJH ODPLQDWHG ZRRG
trusses of much less depth were used and the underside of the roof envelope was designed to be the ceiling appropriate for the future residential use. By not
XVLQJGHHSWUXVVHVDVXIÀFLHQWÁRRUWRFHLOLQJKHLJKW
was able to be maintained without the trusses interfering. The height of the building was raised an additional 3’ over the norm for a high-ceilinged one-story
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VSDFHWRDFFRPPRGDWHWKHLQVHUWLRQRIDVHFRQGÁRRU
within the vertical height of the existing building.
Skin: The concrete block walls of the building envelope were laid out in courses of modular increments
to allow for pre-planned patterns of openings to be
created for additional doors and windows by removing whole blocks rather than cutting and demolishing.
Systems: Extensive prismatic skylights were used in
the building to light the current retail space, but that
in the future would also be used to daylight the secRQG ÁRRU UHVLGHQWLDO XQLWV +9$& V\VWHPV XWLOL]HG
HFC 134a, rather than more ozone depleting CFCbased refrigerants, which would also then require
potentially more expensive disposal methods at endof-life.
Space Plan: The building is one-story, but in order
to convert to residential use, the ceiling height was
UDLVHGE\WKUHHIHHWWRDOORZIRUDVHFRQGÁRRUWREH
inserted into the existing height of the building.

Fig. 52

“eco-mart” design drawing

Fig. 53

ÀQLVKHGIDFDGH

Fig. 54

Herman Miller SQA complex

Industrial
• Herman Miller SQA
The 290,000-square-foot Miller SQA building was designed by McDonough + Partners to be a state-of-the art “green” building. The
building is a combination of manufacturing plant, warehouse, and
headquarters. A long glass-roofed atrium “street” was designed as
an interstitial “public” space that both mediates and connects the
RIÀFHDQGPDQXIDFWXULQJDUHDV
Site: As a part of the construction process, the surrounding site was
reclaimed as prairie wetlands using native plants, and passive landscaping techniques. Flexibility for the facility’s operations was created by placing loading docks on three sides of the building. This
allows for adjustments to be made to the interior manufacturing
processing layouts with multiple access points to the exterior, in an
HIÀFLHQWPDQQHU
Structure: The structural system for the building’s roof is comprised of open-web vaulted trusses allowing for the integration of
numerous skylights that in turn provide extensive day-lighting for
the manufacturing space. The steel frame structure using bolted connections and a highly recyclable material is highly compatible with
DfD. In the case of steel, a recycling process does not depend upon
maintaining the integrity of each individual element. The material’s
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qualities of recyclability could substitute for the
need for bolted connections, but bolted connections provide for the opportunity for reuse, which
is preferable than recycling.
Skin: The building includes approximately
47,000 sq ft of glazing providing maximum daylighting for the facility. Low-e glass was utilized
for all glazing for high-performance day-lighting while minimizing energy losses. The external brick sheathing is manufactured locally. As a
modular and pre-manufactured building material,
brick has potential for disassembly as long as the
mortar is not stronger than the brick and highly
adhered to the brick - as is the case with modern
cementitous mortars. Hydraulic lime mortars can
overcome this problem. Selecting local materials can have the impact of insuring future reuse
and recycling due to the fact that transportation
distances and compatibility of material inputs to
a remanufacturing or recycling process are critical factors to the economics of both reuse and
recycling. The likelihood of developing a reuse
and recycling market will be greater based on
the original producer’s proximity to the building
site.
Services:5DGLDQWÁRRUKHDWLQJV\VWHPVDUHEXLOW
LQWR WKH RIÀFH DUHD H[WHULRU ZDOOV VXEVWLWXWLQJ
for forced-air systems and eliminating separate
duct networks. This system uses convection to
circulate conditioned air from the lower level to
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higher levels through the space with minimal energy inputs. Embedding
these utilities into any wall is not optimal for DfD but using the exterior
walls is commensurate with the notion that Skin is longer-lived and less
DSWWREHFKDQJHGWKDQ6SDFH3ODQLHLQWHULRUSDUWLWLRQLQJDQGÀQLVK
V\VWHPV7KHEXLOGLQJ·VDUWLÀFLDOOLJKWLQJV\VWHPXVHVDSDVVLYHLQIUDUHG
motion sensor and internal clock so that the appropriate amount of light
is chosen for the time of day. The combination of day-lighting and sophisticated controls minimizes the requirement for additional lighting
services infrastructure.
Space Plan: 7KH DWULXP ´VWUHHWµ LV XVHG DV WKH PDMRU VSDFHGHÀQLQJ
HOHPHQWEHWZHHQWKHPDQXIDFWXULQJVSDFHDQGWKHRIÀFHZLQJ7KLVKDV
the affect of creating ‘two’ buildings connected only by a light-framed
and predominantly glazed interstitial zone. This in turn allows for spaWLDOÁH[LELOLW\DWWKHVFDOHRIWKHZKROHEXLOGLQJ0DWHULDOVHOHFWLRQIRU
all interior building materials, was based upon issues such as embodied
energy, toxicity, volatile organic compounds (VOC) content, durability,
and recyclability.

Fig. 55

SURGXFWLRQÁRRU

Fig. 56

the “street”
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As outlined in earlier sections, there are basic principles that form the
foundation of the Design for Disassembly process. This section will
focus on materials that give shape to these practices. Without utilizaWLRQRIWKHDSSURSULDWHPDWHULDOVWKHUHZRXOGEHQREHQHÀWVWRGHVLJQLQJ
in such a manner other than the ease of removal and adaptability. The
essential overarching goal of DfD is to not just to ease the recovery process, but to ultimately facilitate a zero-waste and closed-loop materials
ÁRZ V\VWHPIRUWKHEXLOWHQYLURQPHQW7KXVLWFRXOGEHVDLGWKDWWKH
success of the DfD concept will be dependent upon the choice of materials, starting with materials that are reused or from recycled-content. Inherently, all materials will have pros and cons, but the following review
of materials and products will reveal some considerations by example.
:KHQHPSOR\LQJ'I'RQHPXVWÀUVWUHFRJQL]HWKDWPDWHULDOVKDYHERWK
upstream and downstream impacts, depending upon pathways from origin, and then after the initial building installation and use phase. At the
HQGRIDPDWHULDO·VÀUVWOLIHRQHRIPXOWLSOHVFHQDULRVFDQWDNHSODFH$V
the materials cycle through these scenarios, they will inevitably degrade
and fall into other categories. In the end, the ideal material is one that
can be reused multiple times, maintain acceptable quality and be recycled (as in McDonough’s cradle-to-cradle scenario), burned (instituted
energy recovery) or decomposed ( a natural recovery process) with little
to no harmful off-gassing.

Fig. 57

wood

Fig. 58

metal

Materials Qualities to Enhance DfD
Flexibility within a material type is very helpful
in dealing with renovation and reuse. This refers
WRERWKSK\VLFDOÁH[LELOLW\DVZHOODVLWVDELOLW\
to serve multiple needs and adapt to different users. The simplest example is 1x wood materials,
which have many uses, and can be combined to
create deep members with greater strength.
Minimize the amount of material used. Using
fewer elements makes the structure easier to understand, deconstruct, move, etc. Modularity alORZVIRUGLVFUHWHFRPSRQHQWVWKDWFDQEHPRÀHG
without impinging on other parts. This can also
reduce the amount of overall waste produced
during construction and deconstruction.
Replace active service elements with passive elements to reduce amounts of additional materials and mechanical servicing in a building and
hence easing deconstruction. Examples include
double-skin facades and day-lighting design to
reduce requirements for mechanical air-conditioning and electrical lighting, respectively.

Fig. 59

concrete

Fig. 60

masonry
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Avoid the use of adhesives, resins and coatings. Use of
these items can lead to unnecessary destruction and premature discarding of materials.
Anticipate GLIIHUHQWLDOZHDUDQGWHDUVXFKDVZLWKÀQLVK
ÁRRUVZDOOFRUQHUVDQGGRRUKDUGZDUHLQFRPSDULVRQWR
WKDQ WKHLU DFFRPSDQ\LQJ VXEFRPSRQHQWV RI VXEÁRRU
wall surface and door, respectively. Anticipating this difIHUHQWLDOZHDUZLOOPHDQPDNLQJÀQLVKÁRRUÁRDWDSDUW
IURPWKHVXEÁRRURUHDVLO\VHSDUDEOHFRUQHUVRIZDOOV
made from a discrete, detachable more durable material
than would be necessary on the face of the wall; and afÀ[LQJGRRUKDQGOHVZLWKDFFHVVLEOHFRQQHFWRUVIRUHDVH
of removal without affecting the body of the door.

2

Specify limited sizes for elements, beams, trusses, wall
members, etc. as this can facilitate the ease of their
eventual reuse, handling and design for reuse (Webster,
2006). If using limited variations and common dimensions it is vital that the connections do not compromise
the integrity of the members at the point of connection.
Avoid connections that will require cutting or resizing in
order to recover and handle individual elements.

Site, Structure, Skin, Services, Space Plan,
Stuff
Chosen for a multitude of reasons, the following sampling
of components and materials possess various characteristics that aid in Design for Disassembly. The categories
of Site, Structure, Skin, Services, Space Plan and Stuff
are used to categorize the components although many
materials could be used in several categories.
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Site_ As the element that will remain after the life of any
structure has ended, it is important that the impacts of a
building relative to a site do not alter it negatively in perpetuity. Design the building project to have a very light impact
on the site that is easily reversible.
Native & adapted plant species
• Landscape using native and adapted species that do not
require irrigation, fertilizers, or pesticides. By eliminating irrigation systems, there is less entanglement of sub-surface plumbing systems with other landscape elements or infrastructure.
Principles: eliminate / minimize toxicity, durability and low
maintenance.
Unit pavers
• Unit pavers provide for adaptable and reusable hard
surfacing systems. Optimal materials include reclaimed brick
and stone, and then products with recycled-content.
Principles: reusability, modularity, simple and accessible connections, mechanical in lieu of chemical or bonded connections.
Low impact foundation technology (L.I.F.T.)
• LIFT systems use steel pipes to anchor foundation walls
or piers into the bearing soils. If used with bearing walls, the
concrete wall acts like a beam that spans from one collar head
to the next, and the two bearing pins at each head collar transfer
the load to the bearing soils. When used with piers, the pins are
angled in opposing directions to anchor the pier. A buffering material separates the base of the stem wall from the surface soils,
so that any potential frost or expansive heave is not transferred
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to the wall or pier. These systems do not require extensive
trenching and facilitate the removal of the concrete wall or
piers at building end-of-life.
Principles: accessible connections, simple and disentangled
connections, modularity (piers), reusable and recyclable
materials.
Fig. 62

Fig. 61

L.I.F.T.

Structure_ The structure is the longest lasting, and
KHQFH OHDVW ÁH[LEOH RI WKH PDMRU EXLOGLQJ DVVHPEOLHV
Because of this, durability of the materials is a critical
consideration, along with disentanglement from systems
with different functions and life-cycles. Structural connections and assembly/disassembly should be evident
through observation as much as possible, or be easily
accessible. As the structure can make up a large portion
of the mass of materials used in a building, large environmental impacts can be mitigated through the reuse
and recycling of this category of materials. If intended
for recycling then they should not be contaminated by
other materials, or if coatings, etc. are essential, then the
system should be designed with economic and available
separation processes in mind.

modular block
gutter

Fig. 63
Cross

modular block 3

Fig. 64

retention wall

Modular block retaining wall systems
• Modular block, or segmental, retaining walls employ dry-stack interlocking concrete units that use gravity
and the naturally occurring lateral forces to resist loads.
7KHVHSUHHQJLQHHUHGPRGXODUV\VWHPVDUHLQKHUHQWO\ÁH[ible and accommodate a wide variety of site constraints conditions. The absence of mortars and additional reinforcing
means that they are readily demountable and reusable.
Principles: homogenous materials, reusability, modularity,
simple and accessible connections, mechanical in lieu of
chemical or bonded connections.
Concrete
• Pre-fabricated concrete columns, beams, and planks
have the potential for reuse based on theh connections and
DYRLGDQFHRISRXUHGLQSODFHWRSSLQJVODEVRYHUÁRRUV\Vtems. Connections made from stainless steel and removable
fasteners will be both durable and allow disassembly. Concrete is highly durable and can be formed in modular units
IRUÁH[LELOLW\7KHUHLVDUREXVWLQIUDVWUXFWXUHIRUFRQFUHWH
recycling in the U.S. and steel reinforcing is readily separated and recycled as part of the process.
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The majority of concrete components (sand, rock, water)
come from non-toxic and readily available materials, although the production of cement is energy-intensive and
can result in a high rate of green house gas emissions.
Principles: high recyclable, durable, modularity.
Light-weight concrete
• Autoclave aerated concrete (AAC) is a lightweight concrete made from sand, lime, cement and water, and alumina, which is added as an expanding agent.
After the materials are mixed to form a slurry, it is poured
into a metal mold. The alumina reacts with the other maWHULDOV WR IRUP VPDOO ÀQHO\ GLVSHUVHG DLU VSDFHV LQ WKH
material. After curing, the molds are cut and the pieces
are then steam-cured in an autoclave. AAC can be used
to make blocks and panels, and reinforcing can be added
into the molds before the slurry is poured. The resulting
products are a low density concrete combining structural
strength and insulation in one material. With an average
cured weight of under 50 lbs per cubic foot (compared
to 150 lbs per cubic feet for concrete), pumice-crete and
AAC produce a cured strength of 400 psi (compared to
2,000 psi in concrete) with an insulating value of R-1.5
per inch (compared to R-0.1 in concrete).
Principles: dematerialization, multi-functional materials, recyclable, non-toxic (pumice).
Structural insulated panels (SIPS)
• Pre-fabricated SIPS combine sheathing, structure and
insulation into one relatively lightweight building component. A typical SIP is comprised of a core of rigid insulation, bonded to two layers of oriented strand board
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to make the panel. The panels are typically built in 4’widths
and up to 20’ lengths in 4’ increments. The main obstacle to the
disassembly of SIPs is the use of construction adhesives to conQHFWWKHERWWRPVSOLQHGLUHFWO\WRDZRRGVXEÁRRURUWRDVLOO
plate that is bolted to a concrete slab system. The panel can be
removed by either cutting behind the wood spline and re-routing
a new spline, or by cutting at the seam between the spline and
the wood sill or top plate. The use of splines that act as separate
connectors allow for the spline to be removed to release the connection between panels.
Each panel should remain an integral and structural unit even if
cut into slightly small panels. For example, if the original panels are 9’ in height, cutting 6” off of top and bottom would still
produce 8’ tall panels for a second use. SIPs are a composite,
which inhibits recycling as individual materials, however the
substitution of wheat-straw for expanded polystyrene (EPS) as
WKHLQÀOOPDWHULDOKDVSRWHQWLDOIRUOHVVHQYLURQPHQWDOLPSDFWV
from manufacture and greater potential for recycling and biodegradation.
Principles: pre-fabrication, modularity, reusable and recyclable materials.

Fig. 65

SIPS
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Reclaimed lumber
• As long as it has not been contaminated with toxic
preservatives, paints, or adhesives, wood can be reused, recycled, bio-degraded or burned for utilization of its energy
FRQWHQW6ROLGOXPEHURIVXIÀFLHQWGLPHQVLRQLVDKLJKO\ÁH[ible material for reuse and remanufacturing, as it can be cut
and worked to make new sizes and shapes without loss of its
EDVHSURSHUWLHV/LJKWZRRGIUDPLQJZKLOHDQHIÀFLHQWXVH
of lumber, is problematic for disassembly often due to the
use of a large number of nails and many small increments
of material of relatively small dimension. Clips, angles and
plates, bolts, double-headed nails, are means to make the
wood members easier to disassemble. As tools to more rapidly remove nails is developed the labor intensity of disassembly will become less. Building light frame wall panels
allows for the potential for the recovery of entire panels for
reuse in their entirety as a panel unit, maintaining higher
value. Timber framing is typically preferred as it maintains
larger sizes of members and typically uses fewer, larger connections.
Principles: precautionary principle, reused material, reusable and recyclable material, non-toxic and homogeneous
materials.
Engineered lumber
• Engineered lumber products provide an advantage
over solid wood by utilizing fast-growing, small diameter
WUHHVLQHIÀFLHQWPDQXIDFWXULQJSURFHVVHV$VDQHQJLQHHUHG
product, the material uses minimal materials while maintaining a high degree of quality and strength characteristics.
Engineered materials are problematic for recycling because
of the use of adhesives and binders, although tests are being

conducted to ascertain the environmental impacts of these
materials as mulch products. The use of these resins also has
implications for human and environmental health from their
manufacture. The advantages of engineered products lies in
their resource utilization and their high tolerances which can
create more certainty for reuse as structural materials.
Principles: standardized dimensions, dematerialization, reusable.
Open-web steel joists
• Open-web steel joists are lightweight, high-strength
framing members that can provide long clear spans, which
DOORZVIRUPRUHRSHQÁRRUSODQVDQGDGMXVWDEOHVSDFHV7KH
use of an open web allows for the depth of the member to be
used for mechanical and other utilities with minimal entanglement. The steel industry claims an average 85% industrywide recycling rate, which hot-rolled steel exceeding 90%
recycled content Metals are completely recyclable as long
as it can be economically separated from composite systems
and adjacent materials in the building dismantling and materials processing stages. Connections of steel members and
steel to other materials such as concrete can be accomplished
using bolts for the purposes of reuse and welds or bolts for
purposes of recycling.
Principles: recycled and recyclable, reuseable, long-span,

Fig. 66

engineered lumber

Fig. 67

metal-web wood
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durability, disentanglement.

Skin_ The building skin (walls and roof) bears the brunt of

Screws, bolts and connectors
• Screws, bolts and other forms of dry connections allow for ease of disassembly as opposed to friction
nails or adhesives. Where nails or bolts are used with
connectors, this may allow for fewer nails and therefore
less damage to wood members. Various companies have
GHYHORSHG VSHFLDOL]HG FRQQHFWRUV IRU VSHFLÀF DSSOLFDtions. For example, one company has developed a line
of connectors for decking that allows for connectors accessed from the back side of the materials and that provides potential to use butt-jointed materials with little to
no penetration of the decking materials by any connectors.
Principles: accessible connections, standard and fewer
connections, reusable, recyclable.
Stone
• Like brick, when used with a lime-based mortar
or dry-stacked, stone can be readily designed for disassembly Stone in proper uses is highly durable and reusable, and when used in modular sizes is readily repairable. Stone’s major drawback is the high degree of labor
and equipment to construct.

Fig. 68
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steel decking screw

Fig. 69 column cap

Fig. 70 rafter connector

weathering forces. It is required to provide durability and
impermeability to external moisture and temperature, but
at the same time allow access, light, and controlled air and
moisture exchanges between interior and exterior environPHQWV7KHFRPELQDWLRQRIEDUULHUÀOWHURUWRWDOSRURVLW\
FUHDWHVSRWHQWLDOFRQÁLFWVEHWZHHQUHSDLUDQGUHSODFHPHQW
RIÀQLVKPDWHULDOVDQGVXEFRPSRQHQWVVXFKDVZLQGRZV
doors, vents, chimneys, each with varying short life-spans.
:KLOH GXUDELOLW\ DQG EXLOGLQJ HQHUJ\HIÀFLHQF\ DUH WKH
most desirable operational characteristics for building
skins, adaptation and whole-building disassembly dictate
use of materials that can also be reused and recyclable

0HWDOURRÀQJ
0HWDOURRÀQJLVKLJKO\DPHQDEOHWRGHFRQVWUXFWLRQ,W
is sheet material of light-weight per unit of area and is typically
PHFKDQLFDOO\IDVWHQHG7KHYDULRXVDOOR\URRÀQJW\SHVFDQEH
recycled or reused, although reuse is problematic given the penetrations caused by the connecting screws. The use of screws alORZVIRUUHODWLYHO\HIÀFLHQWGLVDVVHPEO\XVLQJVLPSOHWRROVDQG
low-skill labor.
Principles: accessible connections, recycled and recyclable material, modularity,and ease of handling.
Mechanically fastened ethylene propylene diene terpolymer
(3'0 VLQJOHSO\URRÀQJ
 0HFKDQLFDOO\ IDVWHQHG (3'0 VLQJOHSO\ URRÀQJ DQG
insulation systems can allow for ease of disassembly within the
constraints of code requirements and weather conditions per the
VLWHORFDWLRQ0HFKDQLFDOO\IDVWHQHGVLQJOHSO\URRÀQJFDQEH
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applied over multiple roof decking materials. Ballasted systems have the advantage of using passive weight of the ballast in lieu of fasteners, but the ballast is heavy and labor
intensive to remove. Research is currently underway to develop recycling systems for this material.
Principles: simple accessible mechanical connection, dematerialization.
Wood siding
• Wood as siding can be good material for DfD in
particular when used in a vertical application which allows
for the replacement of individual boards without impinging
upon adjacent boards. Horizontal lapped siding is limited by
the layering which laps each piece above the piece below.
However, a horizontal pattern means that, while the lower
pieces are most susceptible to wear via splash back and in
turn rotting, this decay will be limited to the length of fewer
pieces rather than the ends of every piece in a vertical application. Painting wood siding greatly limits its reuse and
recycling potential while increasing its life. This is a tradeoff that can be somewhat avoided by design which allows
for deep overhangs and rain-screens or other drying wall designs that prevent the accumulation of moisture.
Principles: reusable and recyclable materials, modularity,
mechanical fastening, light-weight and dimensional regularity.
Brick with lime mortar
• Clay brick is a highly durable, and an easily reusable material if used in combination with a lime mortar. Reused brick material is optimal when compared to new brick,
although reuse of brick for structural purposes can be prob-

lematic. Absorption of existing mortar will inhibit a good
bond for new mortar and freeze–thaw action will weaken
exterior brick over time.
Principles: modularity, reusability.
Mortar-less brick veneer
0RUWDUOHVVEULFNYHQHHUVDUHGHVLJQHGZLWKDSURÀOHVLPLlar to novelty wood siding and employ a “dry” connection
(screws) in lieu of a “wet” system of mortar for bonding. Installers stack the blocks in rows, from the bottom up and lap
each course, then screw each unit to vertical furring strips
attached to the wall sheathing. The furring strips provide a
positive connection and create an air space, allowing the veneer surface to breath and providing drainage for any moisWXUHWKDWPD\SHQHWUDWH7KLVV\VWHPXVHVDKLJKO\VSHFLÀF
brick shape that limits its reuse options compared to a solid
brick, but allows for ease of disassembly using less effort
compared to the use of mortars and wall-ties with standard
brick veneer.
Principles: screwed mechanical fasteners using fewer and
simple tools.
Exterior windows & doors

7KHHQHUJ\HIÀFLHQF\ZHDWKHUSURRÀQJDQGGXUDbility characteristics of the window units typically take precedence over the environmental impacts of the materials of
construction. Residential units and many commercial door
and window systems are pre-fabricated and designed for
ease of “dry” installation and possible removal. However,
WKLV HDVH RI UHPRYDO FDQ EH FRPSURPLVHG E\ ÁDVKLQJ DQG
H[WHULRUÀQLVKHVWKDWRYHUOLHWKHZLQGRZÁDQJHVDQGSUHYHQW
HDVH RI UHPRYDO ZLWKRXW GDPDJLQJ WKH DGMDFHQW ÀQLVK PD44
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terials. Methods have been developed to create an exterior weather
ÁDQJHRYHUDQLQQHUÁDQJHWKDWLVSODFHGWRWKHLQVLGHRIWKHZDOODOlowing for removal of the window to the inside after removal of the
H[WHULRUÁDQJH:LWKGHWDLOLQJWRDOORZIRUUHPRYDOWRWKHLQWHULRU
windows and doors are highly reusable as components.
Principles: pre-fabrication, modular and standardized dimensions,
self-supporting and interchangeability.
Light-gauge metal framing
• Light-weight steel framing is an alternative to conventional light wood-framing for structural and non-structural assemblies.
Light gauge steel is lighter, stronger, and moisture and insect-resistant when compared to comparable light-wood framing. If screwed
together, steel members can be disconnected more readily than
wood-members and the homogeneity of the framing and connectors
also allows it to be recycled without disconnecting the individual
framing members. Pre-punched knock-outs allow for running electrical wires between members without additional cutting, drilling,
etc.
Principles: recycled and recyclable, durable, non-toxic, disentanglement.
Loose insulations

 &RWWRQ FHOOXORVH ÀEHUJODVV DQG PLQHUDO VODJ RU URFN 
wool batt or blown-in insulation can be readily removed in a disas-

Fig. 71 mortarless brick
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Fig. 72 exterior doors and windows Fig. 73 light-gauge metal framing

sembly process and reused because they are not adhered to the structure or envelope. In the case of hori]RQWDOSODQHVVXFKDVÁRRUVRUFHLOLQJVWKHSURGXFWV
can be suspended or set using gravity. The trade-off
is that they do not act as sealants such as with wetapplied and expanding insulation products, although
dense packed cellulose mitigates some of this shortFRPLQJ)LEHUJODVVLVSUREOHPDWLFGXHWRLWVÀEHUVDV
a potential health issue, but all of these forms of insulation can be recycled and are made from recycledcontent, except rock wool. Slag wool is made from
blast furnace slag, while rock wool is made from
natural rock material (Green Sage, 2006).
Rigid insulation
• Rigid foam insulation such as polyisocyanurate
(polyiso), expanded polystyrene (EPS) and extruded
polystyrene (XPS), popularly known under its tradePDUN QDPH 6W\URIRDP DUH  FXW LQWR SDQHOV DQG ÀWWHGLQWRZDOOVÁRRUVDQGFHLOLQJV7KH\DUHDOVRXVHG
H[WHUQDOO\ RQ GHFNLQJ XQGHU URRÀQJ RU RYHU ZDOO
sheathing under the exterior siding. When removing
the panels in a disassembly process their self-supporting form will allow them to be removed intact
for reuse. These materials are also recyclable and can
be made from recycled-content. A major distinction
is that EPS uses pentane as a blowing agent whereas
polyisocyanurate and XPS use variants of ozone depleting chemicals.
Principles: minimal connections, reusable or recyclable materials, low-skill and equipment applications.
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Services_ In traditional construction, duct, wiring and pipe is often attached in destructive ways
to other elements through holes in members,
welds, clips, clamps, etc. Entangling piping and
ZLULQJZLWKLQZDOOÁRRUDQGFHLOLQJFDYLWLHVDOVR
PDNHV LW GLIÀFXOW WR DFFHVV IRU UHSDLUV ZLWKRXW
also damaging overlying elements. During disassembly, these elements often require extensive
effort to un-thread and un-attach them from the
other building elements. Thus, how the services
are integrated into a building can either greatly
impede the disassembly process or at minimum
allow for easier repair and ultimate disassembly.
Plug and play electrical systems
• Plug and play electrical systems are driven by modularity and interconnectivity protocols that allow for
interchangeability. Plug-and-play implies that a unit
can be placed at any point on the electrical system
without re-engineering the controls and the entire
system. A simple example of plug and play is the use
of standard plugs for electrical appliances, whereby
the modular component is the plug. Any appliance
can be connected via a common plug system and
any plug can be interchanged with another. As these
systems become more developed they will allow
for ease of connection for larger space-conditioning
equipment, photovoltaic systems, etc. These systems
will also be able to be used in the power distribution
for a residence, for example, where the wiring can be

easily disconnected on a room by room or zone by zone basis without impinging upon the whole system or require capping, pulling or
disconnecting an entire run.
Principles: reusable, modular, ease of access to connections, simple
connections, ease of logistics.
Electrical raceways
• By creating a small cavity along the baseboard of a wall,
with a clip-on baseboard cover, the residential raceway systems
developed by Bensonwood Homes allow for electrical distribution
wiring to be hidden while remaining readily accessible. Generic
ceiling raceways, both exposed, or hidden by suspended ceiling systems, are commonly used in commercial, institutional and industrial
buildings. These overhead raceways must be suspended in tracks.
Principles: reusable, modular, ease of access to connections, simple
connections, ease of logistics.
Fabric air dispersion systems
• Fabric air dispersion systems utilize a lightweight material with
FRQWUROOHGSRURVLW\WRGLVWULEXWHDLUZKLOHLWDOVRÀOWHUVWKURXJKWKH
GXFWPDWHULDODWWKHVDPHWLPH7KHPDWHULDOLVÁH[LEOHHOLPLQDWLQJ
bends and connections, and its tubular structure is created pneumatically by the air pressure through the duct material. The duct tubes
are suspended from lightweight hangers snapped on to a tensioned

Fig. 74

electrical raceways

Fig. 75

fabric air dispersion systems
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cable and the fabric in turn is clipped to the hangers, without use of
specialized tools. The process of removal entails simply unclipping
the fabric.
Principles: minimize and simplify connections.
Wireless sensors and control systems
• Wireless systems for monitoring, controls and communications are becoming increasingly common. Wireless systems have
WKH EHQHÀW RI UHGXFLQJ ZLULQJ DOWRJHWKHU LQ EXLOGLQJV 6LQFH WKH
sensors and transmitters do not have wiring to begin with, the system components can be relocated freely without any new wiring
or interference with other systems in the building. The advantages
of wireless systems include less entanglement of service systems,
less damage to other components from attachment systems and an
increase in speed of the disassembly process. Wireless systems also
have potential for storing information about the building and its
FRPSRQHQWVWKURXJKUHDGLQJUDGLRIUHTXHQF\LGHQWLÀFDWLRQ 5),' 
tags and other sensors.
Principles: document building information, separation of MEP systems, interchangeability.
Flat wire systems
)ODWZLUHSURGXFWVEDVLFDOO\ÁDWWHQWUDGLWLRQDOURXQGZLUHRUFDEOH
LQWRH[WUHPHO\WKLQSURÀOHVDSSUR[LPDWHO\WKHWKLFNQHVVRIDFDUG
VWRFNSDSHU7KHVHSURGXFWVDUHWKHQODLGGLUHFWO\RYHUDÀQLVKVXEstrate rather than within a cavity, as they do not require any appreciable depth. The wire is adhered and then can either be left exposed
or covered by a tape similar to drywall joint tape and painted over.
This product has several implications for DfD – by placing on the
VXUIDFHRIZDOOVDQGÁRRUVLWHOLPLQDWHVHQWDQJOHPHQWLQZDOODQG
ÁRRUFDYLWLHVDVDQDGDSWDWLRQPHWKRGLWSUHYHQWVXQQHFHVVDU\GHmolition of walls and ceilings for application, while as an adhered
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SURGXFWLWPD\EHGLIÀFXOWWRVHSDUDWHIRUUHF\FOLQJ
using hand methods. This can be weighed against the
value of allowing for ease of recovery of the cavity
ZDOO RU ÁRRU VWUXFWXUH DVVHPEOLHV DQG PDLQWDLQLQJ
their integrity.
Principles: accessibility, dis-entanglement.
Cross-linked polyethylene (PEX )
• PEX can be used for any interior applicaWLRQZKHUHSOXPELQJSLSHZRXOGEHXVHG,WLVÁH[ible material, making it easy to install and bend. The
ÁH[LELOLW\PHDQVIHZHUMRLQWVDQGKHQFHOHVVÀWWLQJV
and labor. PEX uses mechanical connections such as
KHDY\GXW\DFHWDOFRPSUHVVLRQÀWWLQJVWKDWDWWDFKWR
the outside of the tubing pipe and use a simple wrench
to tighten. As a relatively new product, its long-term
performance and any human health impacts associated with its use for potable water delivery are not
completely known. The precautionary principle may
apply to its use and it is highlighted for the physical
performance and assembly / disassembly properties
only.
Principles: simple homogeneous materials, avoidance of chemical connections, use of simple friction
ÀWWLQJV
Manifold plumbing systems
• PEX can be used with manifold or home
run plumbing systems that are much like a breaker
box for the electrical system. The manifold provides
DFRPPRQORFDWLRQIURPZKLFKDOOWKHSOXPELQJÀ[WXUHVDUHVXSSOLHG6RPHPDQLIROGVDOVRIHDWXUHÀ[-

Components & Materials

ture shut-off valves allowing the user to shut off the
ZDWHUWRLQGLYLGXDOÀ[WXUHVIURPRQHORFDWLRQ2WKHUV
are semi-home run manifolds or termination manifolds, which may feed the plumbing requirements for
DURRPRUVHWRIURRPVDQGUHGXFHWKHQXPEHURIÀWtings required in the plumbing system.
Principles: accessible connections, interchangeability.
Waterless urinals
• Waterless urinals do not use a water supply
IRUÁXVKLQJWKHUHE\UHGXFLQJWKHXVHDQGHQWDQJOHment of these elements. While they still require a
drain line, the reduction in piping compared to traGLWLRQDOZDWHUÁXVKV\VWHPVUHGXFHVWKHSLSLQJFRPplexity and requirements for disassembly of these
components in an adaptation or whole-building disassembly.
Principles: simplicity of connections, minimizing
connections.

Fig. 76

Flat wire Fig. 77 manifold plumbing

Fig. 78 waterless urinal

Space Plan_ The space plan elements can involve interior
structural and non-structural elements, mechanical, electrical
and plumbing systems entanglement, the sub-division of space
DQGÁRRULQJV\VWHPVWKDWZLOOLQHYLWDEO\H[SHULHQFHFRQVLGHUDEOH
wear over the life of the building. The space plan is also within
the building envelope and as such will involve aspects of interior
environmental quality. Given these parameters the space plan
HOHPHQWVFDQEHVXEMHFWHGWRDKLJKGHJUHHRIFRQÁLFWZLWKRWKHU
systems. Based upon analysis of residential renovation patterns,
ÁRRUÀQLVKV\VWHPVH[SHULHQFHWKHKLJKHVWGHJUHHRIDOWHUDWLRQV
DVZHOODVLQWHULRUZDOOFRQÀJXUDWLRQV6LQFHÁRRULQJPDWHULDOV
require a high degree of durability they are subjected to removal
and are also viable sources for reuse.
5DLVHGDFFHVVÁRRUV\VWHPV
 5DLVHG ÁRRULQJ V\VWHPV HOLPLQDWH GXFWZRUN DQG SODFH
HOHFWULFDODQGWHOHFRPPXQLFDWLRQXWLOLWLHVXQGHUDUDLVHGÁRRUJULG
rather than overhead, making them more accessible. The plenum
that is created by the raised platform is also an air distribution sysWHP7KHÁRRUV\VWHPLVFUHDWHGIURPDPRGXODUNLWRISDUWVWKDWFDQ
EHHDVLO\DOWHUHGLQLQFUHPHQWVRUIRUWKHZKROHÁRRU
Principles: separation of MEP from other systems, reduction in materials use, elimination of chemical connections, modularity.
Carpet tiles
• Carpet tiles are a modular system created of interchangeable square units. They are installed over a smooth substrate with
minimal adhesion to allow for ease of removal. Due to smaller standard dimension unit sizes, less waste is created during the installation process. Individual tiles or areas can be replaced as needed from
wear, damage or aesthetic preference. These products are available
with recycled-content and several manufacturers produce recyclable
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products. Certain manufacturers also maintain end-of-life programs
that allow for take-back of the products to the manufacturer.
Principles: recycled, recyclable, producer responsibility, modularity, simple connections.
Organic paints, non-toxic paints and sealants
• Natural, organic and low-volatile organic compound (VOC)
paints reduce the toxicity of coatings, thereby reducing the real and
perceived risks in reusing painted components. Other compounds,
if used, such as mercury may pose future unknown hazards. Given
the often necessary use of coatings for performance and aesthetic
purposes, but their contamination of material for recycling and, if
posing a health hazard, for reuse – the best recommendation for DfD
is to use coatings with the least known human and environmental
health impacts possible, so as to allow for safe reuse, removal, encapsulation or lastly dispersion within a recycled feedstock.
Principles: reduce and eliminate toxicity.
2IÀFHSDUWLWLRQV\VWHPV

Fig. 79
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UDLVHGDFFHVVÁRRULQJ

Fig. 80

FLOR carpet panels


2IÀFHSDUWLWLRQV\VWHPVDUHGHVLJQHGWRXVH
DGHÀQHGVHW RI SDQHODQG FRQQHFWLRQVFRPSRQHQWV
to allow the partitions to be moved, reused and reFRQÀJXUHGWRH[WHQGWKHXVDEOHOLIHRIWKHSURGXFWV
DQGHOLPLQDWHODQGÀOOZDVWH7KHVHV\VWHPVDUHSUH
manufactured in component parts that are then fully
assembled at the site. These systems use a limited set
of connections and rely on pre-installed voice, data
and electrical components that in turn use plug and
play connection systems.
Principles: modularity, renewable, reusable, recyclable materials, simple and fewer connections and
tools, logistical ease for workers, interchangeable,
standardized components.
,QWHUORFNLQJORRVHODLGÁRRULQJ

&OLFNORFNODPLQDWHGÁRRULQJSURGXFWVXVH
D XQLTXH WRQJXH DQG JURRYH FRQÀJXUDWLRQ WKDW FUHates an integral connection without the use of nails or
DGKHVLYHV7KHÁRRULQJLVSODFHGWRJHWKHUDWDQDQJOH
DQGWKHQZKHQDQJOHGGRZQLQWRWKHÁDWSRVLWLRQWKH
curvature of the join pulls the pieces into a locked
position. This system allows for ease of disassembly
and reuse without special tools and retains the integrity of the materials. As a wood product it can also be
potentially recycled and recovered for energy.
Principles: modularity, eliminate chemical connections, reduce connection complexity, parts, tools,
avoid entanglement with other systems, renewable
and reusable materials.
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Stuff_ Traditionally having the shortest lifespan,
the ‘stuff’ that makes up interior furnishings is
of great priority due to daily use in close contact with occupants and hence potential for human health impacts. As these elements are experienced visually and tactilely at close-range they
are also those for which craft and aesthetics at a
ÀQHJUDLQDUHLPSRUWDQWFRQVLGHUDWLRQV5HXVHRI
components from other sources that may contain
environmental contaminants is more problematic
in the interior environment than for other uses
that may be separated from regular human contact. On the other hand, weathering, structural
integrity and other functional performance characteristics are of less importance than purely aesthetic concerns.
Commercial furnishing products

 0DQ\ ´JUHHQµ IXUQLVKLQJV DQG RIÀFH V\Vtems manufacturers are creating systems of interchangeable components so that items can be repaired
and replaced. Examples include chairs designed to
be almost completely recyclable, through reuse and
recycling of individual components. Aluminum and
metal components are 100% recyclable and manufacturers are coding plastic components according
to ASTM standards for ease of recycling. Assembly
and disassembly systems are designed for ease and
interchangeability of standard components, and the
fabrics are tested for low-emissions of VOCs and
other indoor contaminants.

Principles: recycled and recyclable, reusable,
simpler fewer types of materials and connections, interchangeability and modularity, low
to non-toxic materials.
Residential furnishing products
• IKEA as a corporate entity produces furnishing products in an environmental
chain of custody manner including the materials sources, shipping and packaging systems
and logistical design to allow for low costs
and minimizing environmental impacts. All
prodÂucts feature information on their environmental impacts and capabilities of reuse
or recycling. Replacing and repairing items
is made possible as interchangeable components of the base assembly systems are readily available for purchase from IKEA. Many
of the product source materials are chosen for
non-toxicity and minimal environmental impacts of resource extraction and potential for
effective recycling.
Principles: renewable, recyclable, reusable,
simpler fewer types of materials and connections, logistical ease for worker, interchangeability and modularity, low to non-toxic materials, disassembly information.
Recyclable and non-toxic fabrics
• The most innovative furnishing fabrics being currently developed are benign in
manufacture, use, and end-of-life through

Fig. 81

IVAR chair
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materials engineering for non-toxicity, renewability, and recyclability. In general these products are intended to overcome the shortcomings of many manufactured fabrics that must protect against
wear, moisture, exposure to UV radiation, etc. through the use of
PXOWLSOHFKHPLFDODGGLWLYHVE\ÀQGLQJDOWHUQDWLYHFKHPLFDOVZLWK
lower environmental impacts.
Principles: non-toxicity, recycled, and recyclable.
Natural materials
and reclaimed materials or wood
• In general a well-made furnishing object can sustain many
lives of reuse through the stoutness of its construction, the quality
of wood and other materials, and as it ages, the associations that
become attached to it from ownership and use. Ultimately, the most
highly prized DfD components will exhibit high quality of craft and
material that encourages additional efforts to support their reuse and
remanufacture for an extended life. So-called natural materials of
ZRRGJUDVVHVDQGRWKHUÀEHUVDVORQJDVQRWWUHDWHGZLWKVROYHQW
based coatings and glues, are good choices for interior furnishings
DQG ZLOO EH PRVW ÁH[LEOH IRU UHXVH DQG UHF\FOLQJ 8VLQJ LQWHULRU
furnishings that are reused and not altered will promote long-term
materials conservation. The use and reuse of high-quality natural
materials will also retain craft-skills from which can be derived the
continued maintenance and repair of these objects.
Principles: reuse, renewable, reusable, non-toxic, elimination of
chemical coatings, high-quality materials able to be reused and remanufactured.
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Fig. 82

chair pieces

Fig. 83

baobab tree dwelling

0RGHO'HFRQVWUXFWLRQ6SHFLÀFDWLRQ
0RGHO'HFRQVWUXFWLRQ6SHFL¿FDWLRQ
PART 1 - GENERAL
1.1 SUMMARY
A. Section includes:
1. Salvaging items for reuse by Owner.
2. Deconstruction and removal of building for salvage.
3. Deconstruction and removal of site elements for salvage.
4. Removal of selected portions of building for disposal as hazardous materials.
5. Demolition and removal of selected portions of building or structure for recycling and nonhazardous waste disposal.
B. Related Sections:
1. Division 01 Section “Construction Waste Management and Disposal” for disposal of demolished
materials.
1.2 DEFINITIONS
A. Full Deconstruction: Removal by disassembly of a building in the reverse order in which it was
constructed.
B. Selective Deconstruction: Disassembly and removal of selected portions of building or structure.
C. Salvage: Removal of disassembled building materials for the purpose of reuse or recycling.
D. Recycling: Removal of disassembled building materials for processing into secondary materials.
E. Demolish: Remove and legally dispose of off-site.
1.3 MATERIALS OWNERSHIP
A. Unless otherwise indicated, deconstruction waste becomes property of Contractor.
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1.4 SUBMITTALS
$ 4XDOL¿FDWLRQ'DWD)RUGHFRQVWUXFWLRQ¿UP
B. Schedule of Deconstruction Activities: Indicate the following:
1. Detailed sequence of deconstruction and removal work, with starting and ending dates for each
activity.
2. Interruption of utility services. Indicate how long utility services will be interrupted.
3. Coordination for shutoff, capping, and continuation of utility services.
4. Use of elevator and stairs.
5. Locations of proposed dust- and noise-control temporary partitions and means of egress.
6. Means of protection for items to remain and items in path of material removal from building.
C. Inventory: After deconstruction is complete, submit a list of items that have been salvaged, recycled
and disposed of and documentation (receipts/scale tickets/waybills) showing the quantities.
D. Deconstruction Photographic Documentation: Document general condition of materials to be salvaged
prior to removal.
E. Submit Deconstruction Plan prior to start of work.
1. Plan for environmental surveys and remediation and abatement as needed.
2. Inventory of building materials to be salvaged, whether reuse or recycle.
3. Techniques to be employed for salvage and recycling including, equipment to be used.
4. Environmental health and safety plan including any special conditions.
5. Preliminary list of outlets for each material type to be salvaged, hazardous materials and nonhazardous materials.
6. Measurement and reporting format including reporting schedule.
7. Close-out sequence and activities per contract and regulatory requirements.
1.5 QUALITY ASSURANCE
$ 'HFRQVWUXFWLRQ)LUP4XDOL¿FDWLRQV&RPSDQ\ LHV H[SHULHQFHGDQGVSHFLDOL]LQJLQSHUIRUPLQJWKH
:RUNRIWKLV6HFWLRQZLWKGRFXPHQWHGH[SHULHQFHLQVLPLODUW\SHVRIGHFRQVWUXFWLRQZRUN
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B. Regulatory Requirements: Comply with hauling and disposal regulations of authorities having
jurisdiction.
1. Comply with noise and dust regulations of authorities having jurisdiction.
2. Comply with historical review, environmental, permitting, and hazardous waste management
regulations of jurisdictions having authority.
C. Pre-Deconstruction Conference: Conduct conference at Project site. Review methods and procedures
related to deconstruction including, but not limited to, the following:
1. Inspect and discuss condition of building to be deconstructed.
 5HYLHZVWUXFWXUDOORDGOLPLWDWLRQVRIH[LVWLQJVWUXFWXUHSHUHQJLQHHULQJVXUYH\GH¿QHGLQ26+$
CFR 29 Part 1926, Subpart T, 1926,850(a).
 5HYLHZDQG¿QDOL]HGHFRQVWUXFWLRQVFKHGXOHDQGYHULI\DYDLODELOLW\RIPDWHULDOVSHUVRQQHO
equipment, and facilities needed to make progress and avoid delays.
 5HYLHZUHTXLUHPHQWVRIZRUNSHUIRUPHGE\RWKHUWUDGHVWKDWUHO\RQVXEVWUDWHVH[SRVHGE\
deconstruction operations.
 5HYLHZDUHDVZKHUHH[LVWLQJFRQVWUXFWLRQLVWRUHPDLQDQGUHTXLUHVSURWHFWLRQ
6. Review method for removing materials from the site.
7. Review staging area for materials on the site.
8. Review ingress and egress and adjacency conditions that may impact site and that may be
impacted by project.
1.6 PROJECT CONDITIONS
A. Hazardous Materials: It is unknown whether hazardous materials will be encountered in the Work.
1. If materials suspected of containing hazardous materials are encountered, do not disturb;
immediately notify Architect and Owner. Owner will remove hazardous materials under a
separate contract.
% 8WLOLW\6HUYLFH0DLQWDLQH[LVWLQJXWLOLWLHVLQGLFDWHGWRUHPDLQLQVHUYLFHDQGSURWHFWWKHPDJDLQVW
damage during deconstruction operations.
 0DLQWDLQ¿UHSURWHFWLRQIDFLOLWLHVLQVHUYLFHGXULQJGHFRQVWUXFWLRQRSHUDWLRQV
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1.7 DECONSTRUCTION PLAN
$ 0DWHULDO,GHQWL¿FDWLRQ,QGLFDWHDQWLFLSDWHGW\SHVDQGTXDQWLWLHVRIPDWHULDOVWREHVDOYDJHGUHF\FOHG
and disposed of. Indicate quantities by weight or volume, but use same units of measure throughout.
B. Procedure: Describe deconstruction methodology, sequencing, and materials handling and removal
SURFHGXUHV,QFOXGHWKHDQWLFLSDWHG¿QDOGHVWLQDWLRQRIHDFKPDWHULDO
PART 2 - PRODUCTS (Not Used)
PART 3 - EXECUTION
3.1 EXAMINATION
A. Verify that utilities have been disconnected and capped.
B. Verify that known hazardous materials have been abated, removed or otherwise remediated.
& 6XUYH\H[LVWLQJFRQGLWLRQVDQGFRUUHODWHZLWKUHTXLUHPHQWVLQGLFDWHGWRGHWHUPLQHH[WHQWRI
deconstruction required.
D. Inventory and record the condition of items to be removed and salvaged.
E. Engage a professional engineer to survey condition of building to determine whether removing any
HOHPHQWPLJKWUHVXOWLQVWUXFWXUDOGH¿FLHQF\RUXQSODQQHGFROODSVHRIDQ\SRUWLRQRIVWUXFWXUHRU
adjacent structures during deconstruction operations.
) 6XUYH\RI([LVWLQJ&RQGLWLRQV5HFRUGH[LVWLQJFRQGLWLRQVE\XVHRISUHFRQVWUXFWLRQSKRWRJUDSKVRU
videotapes.
G. Perform surveys as the Work progresses to detect hazards resulting from deconstruction activities and
make corrections as needed.
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3.2 UTILITY SERVICES AND MECHANICAL/ELECTRICAL SYSTEMS
$ ([LVWLQJ6HUYLFHV6\VWHPV0DLQWDLQVHUYLFHVV\VWHPVLQGLFDWHGWRUHPDLQDQGSURWHFWWKHPDJDLQVW
damage during deconstruction operations, if only selective deconstruction to be performed.
B. Service/System Requirements: Locate, identify, disconnect, and seal or cap off indicated utility
services and mechanical/electrical systems.
3.3 PREPARATION
A. Site Access and Temporary Controls: Conduct deconstruction operations to ensure minimum
interference with roads, streets, walks, walkways, and other adjacent occupied and used facilities.
B. Temporary Facilities: Provide temporary barricades and other protection required to prevent injury to
workers and damage to salvageable materials.
1. Provide protection to ensure safe passage of workers around deconstruction area.
2. Provide weather protection and protection from theft for all salvage materials (and items to
remain) before, during and after deconstruction.
C. Temporary Shoring: Provide and maintain shoring, bracing, and structural supports as required
>WRSUHVHUYHVWDELOLW\DQGSUHYHQWPRYHPHQWVHWWOHPHQWRUFROODSVHRIFRQVWUXFWLRQDQG¿QLVKHVWR
UHPDLQ@>DQGRUWRSUHYHQWXQH[SHFWHGRUXQFRQWUROOHGPRYHPHQWRUFROODSVHRIFRQVWUXFWLRQEHLQJ
selectively deconstructed].
1. Strengthen or add new supports when required during progress of deconstruction.
3.4 DECONSTRUCTION
$ *HQHUDO'HFRQVWUXFWDQGUHPRYHH[LVWLQJFRQVWUXFWLRQLQDFFRUGDQFHZLWKWKHPDWHULDOVLGHQWL¿HGIRU
removal in the deconstruction plan. Use methods required to complete the Work within limitations of
governing regulations and as follows:
 3URFHHGZLWKGHFRQVWUXFWLRQV\VWHPDWLFDOO\IURPODVWPDWHULDOVRQWR¿UVWPDWHULDOVRQIURP
non-structural to structural elements, and from higher to lower level. Complete structural
GHFRQVWUXFWLRQRSHUDWLRQVDERYHHDFKÀRRURUWLHUEHIRUHGLVWXUELQJVXSSRUWLQJPHPEHUVRQWKH
QH[WORZHUOHYHO
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2.

Neatly cut openings and holes plumb, square, and true to dimensions required. Use cutting
methods least likely to damage construction to remain or adjoining construction. Use hand
tools or small power tools designed for sawing, prying or grinding, not hammering and
chopping, to minimize disturbance of adjacent surfaces. Temporarily cover openings to remain
as required.
 &XWRUGULOOIURPWKHH[SRVHGRU¿QLVKHGVLGHLQWRFRQFHDOHGVXUIDFHVWRDYRLGPDUULQJH[LVWLQJ
¿QLVKHGVXUIDFHV
 'RQRWXVHFXWWLQJWRUFKHVXQWLOZRUNDUHDLVFOHDUHGRIÀDPPDEOHPDWHULDOV$WFRQFHDOHG
spaces, such as duct and pipe interiors, verify condition and contents of hidden space before
VWDUWLQJÀDPHFXWWLQJRSHUDWLRQV0DLQWDLQSRUWDEOH¿UHVXSSUHVVLRQGHYLFHVGXULQJÀDPH
cutting operations.
5. Maintain adequate ventilation when using cutting torches.
6. Remove decayed, vermin-infested, or otherwise dangerous or unsuitable materials and
promptly dispose of off-site in accordance with all federal, state and local regulations.
7. Remove structural framing members in such a way as to maintain their highest value.
8. Locate deconstruction equipment and remove debris and materials so as not to impose
H[FHVVLYHORDGVRQVXSSRUWLQJZDOOVÀRRUVRUIUDPLQJ
9. Dispose of demolished items and materials promptly.
B. Salvaged Items:
1. Sort and organize salvaged materials as they are removed from the structure.
2. Pack, crate or band materials to keep them contained and organized.
3. Store items in a secure and weather protected area until removed from the site or transferred to
Owner.
4. Transport items to Owner’s long-term storage area, either off-site, on-site as designated on
construction drawings, if Owner to retain ownership of salvaged materials.
5. Protect items from damage during transport and storage to off-site storage if Owner to retain
ownership of salvage.
& ([LVWLQJ,WHPVWR5HPDLQ3URWHFWFRQVWUXFWLRQLQGLFDWHGWRUHPDLQDJDLQVWGDPDJHDQGVRLOLQJ
during selective deconstruction activities. When permitted by Architect, items may be removed
to a suitable, protected storage location during deconstruction and cleaned and reinstalled in their
original locations after selective deconstruction operations are complete.
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3.5 DISPOSAL OF DEMOLISHED MATERIALS
$ *HQHUDO([FHSWIRULWHPVRUPDWHULDOVLQGLFDWHGWREHUHF\FOHGUHXVHGVDOYDJHGUHLQVWDOOHGRU
otherwise indicated to remain Owner’s property, remove demolished materials from Project site and
legally dispose of them.
1. Do not allow demolished materials to accumulate on-site.
2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces and areas.
3. Remove debris from elevated portions of building by chute, hoist, or other device that will convey
debris to grade level in a controlled descent.
 &RPSO\ZLWKUHTXLUHPHQWVVSHFL¿HGLQ'LYLVLRQ6HFWLRQ³&RQVWUXFWLRQ:DVWH0DQDJHPHQWDQG
Disposal.”
B. Burning: Do not burn demolished materials.
3.6 CLEANING
A. Clean adjacent structures and improvements of dust, dirt, and debris caused by deconstruction
RSHUDWLRQV5HWXUQDGMDFHQWDUHDVWRFRQGLWLRQH[LVWLQJEHIRUHGHFRQVWUXFWLRQRSHUDWLRQVEHJDQ
3.7 SALVAGED MATERIALS FOR REUSE BY OWNER SCHEDULE
$ ([LVWLQJ,WHPVWR%H5HPRYHGDQG6DOYDJHG
<Insert description of items to be removed and salvaged for reuse by Owner.>
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