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Preface

In the hierarchy of actions required for closing the materials loop, protecting the
environment, and conserving resources, deconstruction and materials reuse ranks above
recycling and just below minimizing the mass of materials used in the built environment.
Task Group 39 of International Council for Research and Innovation in Building
Construction (CIB) was formed on 5 May 1999 in Gainesville, Floridato produce a
comprehensive analysis of, and a report on, worldwide building deconstruction and
materials reuse programs that address the key technical, economic, and policy issues
needed to make deconstruction and reuse of building materials a viable option to
demolition and landfilling. The first meeting of TG 39 was on 19 May 2000 in Watford,
England and the group’ sfirst product is the fully electronic CIB Publication 252,
“Overview of Deconstruction in Selected Countries,” which addresses the subject of
deconstruction in eight countries: Australia, Germany, Israel, Japan, the Netherlands,
Norway, the United Kingdom, and the United States.

This electronic Proceedings includes ten fully reviewed papers presented at the second
annual meeting of TG 39 that took place in conjunction with the CIB World Building
Congressin Wellington, New Zealand on 6 April 2001. The papers address the technical,
economic, and policy issues related to deconstruction and materials reuse in eight
countries: Australia, Germany, Japan, the Netherlands, South Africa, Sweden, the United
Kingdom, and the United States. Both publications can be downloaded at the Center for
Construction and Environment website at the University of Florida
(Www.cce.ufl.edu/affiliations/cib).

Task Group 39 members will meet on 9 April 2002 in Karlsruhe, Germany to discuss
Design for Deconstruction to include both building design and building product design.
Other collateral issues such as recycling potential and materials reuse will also be
included. The final meeting will take placein 2003 in Delft, The Netherlands to work out
the details of the final report containing the findings and recommendations of the Task
Group.

Thanksto the following TG 39 members for their thorough review of the papers and
supply of constructive feedback that improved the overall quality of the papers. Helen
Bowes, Bart te Dorsthorst, Emmanuel Garbe, Bryn Golton, Bradley Guy, Gilli Hobbs,
James Hurley, Ton Kowalczyk, Charles Kibert, Jennifer Languell, Dennis Macozoma,
Lars Myhre, B. Pitzini-Duée, Otto Rentz, Axel Seemann, Frank Schultmann, and
Catarina Thormark.

Abdol R. Chini
Joint-Coordinator, CIB TG 39
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DEVELOPING AN INCLUSIVE MODEL

FOR DESIGN FOR DECONSTRUCTION
Philip Crowther (Queensland University of Technology, Australia)

SUMMARY

One of the major hindrances to successful deconstruction, for the reuse of building materials
and components, is the difficulty in recovering items in good condition. Modern construction
methods are very dependent on permanent fixing methods that allow for little else but
destructive demolition. If buildings were initially designed for deconstruction, it would be
possible to successfully recover much more material for reuse. This would have significant
advantages both economically and environmentally.

In an attempt to establish a knowledge base for understanding design for deconstruction, this
paper poses a number of questions. These questions can in part be answered by a number of
related theories and research fields. The relationships between these theories and design for
deconstruction are investigated and developed. There are four main parts to these
investigations:

* an understanding of how design for deconstruction fits into the broader issues of
sustainable construction

» the theory of time related building layers

* the theory of a hierarchy of recycling and reuse

* alist of design for deconstruction principles

KEYWORDS: deconstruction, design, model, principles, recycling, reuse.

1 THE QUESTIONS OF DESIGN FOR DISASSEMBLY
As there are no formal rules for design-for-recycling, we resort to heuristics [.
1.1 The Need for Understanding

Design for deconstruction in architecture is not widely practised and not widely understood.
As has been shown in the reports of the preceding Task Group 39 meeting [D there is little
research in this field and only recently have efforts been made to co-ordinate what research
there is. As such there are no currently existing rules, guidelines, or principles for design for
deconstruction in architecture, nor are there any models for design for deconstruction in
architecture.

Tools for assessing the potential for reuse and recycling of building materials have been
proposed, though these have been developed for the assessment of existing buildings [E‘ [E[].
A tool for assessing proposed building designs and for guiding the design process to increase
rates of future recycling has not been developed.

In brief, ‘buildings are not currently designed to be eventually disassembled’ [EII.



1.2 What Knowledgeis Needed

There is a basic lack of understanding or knowledge of design for deconstruction in
architecture. The types of knowledge that might be needed can be investigated by asking a
number of basic questions:

*  Why deconstruct

*  When to deconstruct
e Where to deconstruct
e What to deconstruct
e How to deconstruct

Why Deconstruct

The general need for an improvement in the current rates of materials and component reuse is
well accepted. Any response to this must however fit within the broader understanding of
sustainable construction. It is not beneficial to design for deconstruction to increase rates of
recycling if the overall life cycle environmental costs of such a strategy are actually greater
than the potential benefits.

An understanding of this holistic relationship must form part of any understanding of design
for deconstruction in order that the benefits are realised. The issues of design for disassembly
need to be located within a general model for sustainable construction so that the external
consequences of a design for deconstruction strategy might be highlighted and considered.

When to Deconstruct and Where to Deconstruct

Different parts of buildings have different life expectancies, for economic, service, social, and
fashion reasons. An understanding of the life expectancy of parts of a building is an integral
part of a strategy of designing for deconstruction. The theory of time related building layers,
the idea that a building can be read as a number of distinct layers each with its own different
service life, offers some insight into the relationship between life expectancy and
deconstruction. Knowing which layer a component is from, and where the layer begins and
ends, assists in determining when and where to deconstruct.

What to Deconstruct

There are many possibilities for the recycling of materials and components, from complete
relocation and reuse, to material recycling or incineration for energy. The question of what to
deconstruct can in part be answered by asking what is the intended form of recycling. What is
deconstructed for material recycling may be different to what is deconstructed for component
relocation. There is therefore a relation ship between the hierarchy of recycling options and
design for deconstruction.

How to Deconstruct

There are several sources of information of how to deconstruct. These include industrial
design, architectural technology, buildability, maintenance, and international research into
deconstruction. While the question of how to deconstruct buildings has not been well
investigated in the past, the above sources of information can be searched for recurring
themes. These themes can then be developed as principles for design for deconstruction.



A list of principles for design for deconstruction can act as performance guidelines to assist in
the design of a building or to assess a building design for disassembly. Such a list of
principles is one of the major components of a knowledge base of deconstruction.

2 A MODEL FOR ENVIRONMENTALLY SUSTAINABLE CONSTRUCTION
2.1 General Modél of Life Cycle (Assessment)

Of all the current models for understanding, assessing, and reducing the environmental
consequences of our actions, life cycle assessment (LCA) is perhaps the most useful.

The notion of life cycle assessment has been generally accepted within the
environmental research community as the only legitimate basis on which to compare
alternative materials, components and services and is, therefore, a logical basis on
which to formulate building environmental assessment methods [6].

The idea of the life cycle is that all stages in a system (product or service activity) are
recognised, from inception to final disposal. A life cycle assessment is made by investigating
all the environmental consequences of each stage in the life cycle of the system. Such an
assessment can be represented as a two dimensional matrix. Such a matrix offers a good
model for the environmental assessment of a system (product, service, building). In order to
do more than simply assess the system, to actually understand how the system might be
altered to reduce the environmental burden, it is necessary however to add a third dimension.
This will be a dimension of strategic solutions, or of principles for sustainable activity.

2.2 Principlesfor Sustainable Activity

In order to understand what can be done to reduce the environmental burden of human
activity, it has been convenient to consider the range of measures that might be taken within a
smaller number of broader principles. There are potentially thousands of strategies that might
be implemented in the design of a building in order to reduce the environmental burden of
that building. Management of these strategies, and of conflict between them, can be better
handled by addressing a few overriding aims.

Numerous authors have proposed such broad principles for sustainable activity, and many of
these relate directly to the built environment and to sustainable architecture. The writings,
and the built work, of Brenda and Robert Vale illustrate a number of ‘green’ architecture
principles. They suggest six basic principles that could constitute sustainable architectural
practice [[7];

» Conserving energy, a building should be constructed so as to minimise the need for fossil
fuels to run it

* Working with climate, buildings should be designed to work with climate and natural
energy sources

* Minimise new resources, a building should be designed so as to minimise the use of new
resources and, at the end of its useful life, to form the resources for other architecture

* Respect for users, a green architecture recognises the importance of all the people
involved with it

* Respect for site, a building will ‘touch-this-earth-lightly’



* Holism, all the green principles need to be embodied in a holistic approach to the built
environment

The Royal Australian Institute of Architects’ Environmental Design Guide also offers a

number of principles for achieving sustainable architecture [E;

* Maintain and restore biodiversity

* Minimise the consumption of resources

* Minimise pollution of air, soil and water

* Maximise health, safety and comfort of building users
* Increase awareness of environmental issues

Another author who offers a list of broad principles is Kibert [EI. His concerns are developed
from a number of issues of sustainable construction which include; energy consumption,
water use, land use, material selection, indoor environmental quality, exterior environmental
quality, building design, community design, construction operations, life cycle operation, and
deconstruction. Several principles of how to achieve more environmentally responsible
construction are proposed with respect to these issues;

*  Minimise resource consumption

* Maximise resource reuse

* Use renewable or recyclable resources

* Protect the natural environment

* Create a healthy, non-toxic environment

* Pursue quality in creating the built environment

These lists of principles are all attempts at grouping the various strategies for achieving
sustainable architecture. While these groups vary slightly they all address issues of material
use, energy use, health, and a holistic view.

2.3 Adopted Model for Sustainable Construction

Returning to the two-dimensional model of life cycle assessment, it is now possible to add the
third dimension of principles of sustainable architecture. Such a combination has already
been investigated by Kibert. By combining the two axes of time (Phase) and impact
categories (Resources), with the axis of principles, a simple conceptual model is produced.
This model then can be graphically represented as three radiating axes (see Figure 1).
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Figure 1 A Conceptual Model for Sustainable Construction [E.

Using this model it is possible to place a particular issue within the broader context of
sustainable architecture. In this way it is possible to highlight where the issue of design for
deconstruction sits within the broader context of sustainable construction. Design for
deconstruction deals with the design of a building, for the reuse (in preference to recycling or
disposal), of materials. While it might be considered that design for deconstruction is
intended to deal with the deconstruction stage of the life cycle, it is a strategy that must be
implemented at the design stage, as such it deals with design issues that will have later
ramification at the deconstruction stage. It might also be considered that design for
deconstruction is an issue relating to the recyclable nature of a building. However, design for
deconstruction is an attempt to raise materials and components up the recycling hierarchy,
away from recycling, and up to a more environmentally preferable point of reuse. For these
reasons design for disassembly is primarily, but not exclusively, an issue of design for the
reuse of materials.

2.4 Conclusionsto a Model for Environmentally Sustainable Construction

This section has shown how a model for sustainable construction can be built from the
principles of sustainable architecture, the categories of resources (or environmental impacts),
and the life cycle stages of a building. Such a model has been adopted as a way of locating
the issue of design for deconstruction within the broader field of sustainable architecture.
Understanding this relationship between design for deconstruction and other sustainability
issues is an important part of the knowledge base of design for deconstruction in architecture.

3THE THEORY OF LAYERS
3.1 A Tradition of Building Layers

The notion of the building as a whole object is still very much the dominant way of thinking
about buildings. They are conceived, designed, constructed, and used as complete entities.
We speak of ‘a’ building in the singular. This notion of the singular building may however be
a misconception, in part, resulting from our reading of the building in a limited time frame.
Few, in any, buildings actually remain in their initial state of construction for more than a few



years or at most a few decades. Alterations, repairs, additions, and maintenance continually
work to alter the building. In the longer time frame, the building is constantly changing in
response to changing user demands and changing environmental conditions. There is in fact
not ‘a’ building at all but a series of different buildings over time.

Much vernacular building, especially in timber, has made practical use of the notion of time
related layers. Traditional Japanese domestic buildings are constructed using a primary frame
of major timber members that are placed according to structural requirements of the roof and
walls. A secondary frame of timber members is then constructed in accordance with the
spatial requirements of the occupants. This secondary frame may be deconstructed and
remodelled to suit changes in the occupants’ requirements without affecting the primary
structure and without the wastage of building materials that other techniques produce [.

Japanese wooden architecture . . . is a complete architectural system in which the
expansion, remodelling, removal and reconstruction of buildings is possible according

to life styles [[12].

Similar technologies in Europe and other parts of the world were also utilised to produce
buildings that consisted of a primary frame and a series of secondary enclosing, and space
defining, elements [[[3].

3.2 TheBeginnings of a Theory of Building Layers

While there are vernacular traditions of designing and constructing buildings so that they can
respond more readily to changes over time in a layered way, an expressed theoretical stance
on this issue as a way of modern building did not first appear untill the writings of the
Japanese Metabolism architects and of John Habraken in the 1960’s. Habraken [[14], in later
writings, discusses the traditions of two stage building as he calls it, in which vernacular
buildings are constructed first as a primary structural frame which typically supports the roof,
then a secondary system of construction which defines the internal spaces. Habraken claims
that virtually all timber framed structures can be analysed in terms of the two-level theory.

Before this however, Habraken had already used this theory of two stage building to address
his concerns with social mass housing and the design of housing with more input from the
users. Habraken writes at length on the social problems of current (1950’s) mass housing
models and the lack of user satisfaction. His main technical solution to these problems is in
the proposal for Support Structures.

A support structure is a construction which allows the provision of dwellings which
can be built, altered and taken down, independently of the others [.

In building terms the proposal is for a large multi-storey concrete frame with floors, ‘one
above the other, stretching out through the town’ [E. Between the floors, dwellings are
built, side by side, similar to units in a high-rise housing block, but with each dwelling being
independently designed and built. The main structure contains all the relevant services and
circulation spaces.

Habraken’s proposal provides medium to high-density housing but avoids the problems of the
anonymous unit in the giant housing block. The support structure and the dwelling unit are
treated as separate individual layers where the dwellings can be changed with no effect on the



support. Similarly the dwellings can be designed independently of the support structure or the
adjoining dwellings. Habraken [ makes the distinction that while the support structure
may look like the unfinished frame of any large building, it is in fact ‘not an uncompleted
building, but in itself a wholly completed one’.

Habraken has made the first conceptual step in dissecting the building into layers. He
recognises that there can exist, within the one building, two buildings with two different
service lives, as in vernacular timber building; the permanent support, and the temporary
dwelling.

3.3 Developing the Theory of Building Layers

Another innovative thinker who was also concerned with the life expectancy of buildings and
in particular the way that different parts of a building might have different life expectancies
was Cedric Price. His design scheme of 1961 for the Fun Palace was an inspirational work in
the realm of adaptable buildings. It was influential, a decade later, on the design for the
Pompidou Centre by Rogers and Piano. Price’s design consisted of a steel framed structure
that contained hanging auditoria with movable floors, walls, ceilings and walkways. The
whole building had been designed with obsolescence in mind and was serviced by cranes on
the top of the structure which allowed the component parts of the building to be manipulated,
relocated, removed or replaced to suit various proposed activities [.

Although the Fun Palace was not realised, the Inter-action community centre in Kentish
Town was built in the 1970’s following many of the same principles. This multi purpose
community centre, of approximately 2000 square metres floor area, was designed with
unlimited permutations of flexible space to house continually changing uses. It consisted of a
major steel structure set out on a regular grid with a series of secondary flexible enclosed
spaces that were independent of the main structure and could be disassembled and
reassembled independently of it. Separate self contained modules, that housed service zones
such as toilets, could be plugged into the frame where ever they were required.

A strong hierarchy of structure allowed the building to expand or contract in the future
without interrupting the existing building. The Inter-action centre was actually classified by
the council as a temporary structure and the architect prepared complete instructions for the
buildings eventual disassembly [[[9].

Many architects were influenced by the work of Price. One such group of British architects,
calling themselves Archigram, produced an almost endless stream of designs for portable,
adaptable and temporary buildings during the late 1960’s and early 1970’s.

One of their schemes, the Plug-in City, was directly concerned with separating the time
related layers of the building. The Plug-in City, in which ‘the whole urban environment can
be programmed and structured for change’ [@I], was based on a steel mega-structure that
contained the major transport corridors and services. This structure supported a series of
detachable living and working units that could be manoeuvred by cranes fixed to the main
structure. The units responded to a hierarchy of obsolescence where those parts of the
building that would need to be serviced or replaced most frequently were most accessible.
For example the living modules and shopping areas, that had a three year to eight year rating,
were nearer the top of the structure, and the heavy elements such as railways and roads, with
a twenty year life expectancy, were nearer the bottom. Other service life expectancies were:



* Bathroom and kitchen 3 years

* Living rooms and bedroom 5-8 years
* Location of house module 15 years
* Tenancy in a shop 6 months
* Shopping location 3-6 years
*  Workplaces and offices 4 years

* Roads and civil works 20 years

At the same time as Archigram were investigating high tech architecture in Britain, the
Metabolism Group in Japan were pursuing similar idealised environments. They took the
two-stage building principles of time traditional timber dwellings and applied it to modern
high tech architecture. The key to the work of the Metabolists was a philosophy of allowing
for replaceability and changeability of components in such a way as to not disturb the
remainder of the building. This designing for disassembly was evident in early works such as
the Mova-house system, which, in a similar design to the Plug-in City, used housing modules,
with a life expectancy of twenty five years, that were attached to a mega-structure support

system [P1].

In writing about the philosophies of the Metabolist group, Kurokawa [ offers the
following hierarchy of service life expectancies for various elements of the built
environment:

* Services 5 years

* Space for consumer goods 5 years

* Shops, businesses, education facilities 10 years

* Dwellings 25 years

* Public spaces between buildings 125 years

* Cultural facilities and monuments 625 years

* Natural areas 15 000 years

Although much of the Metabolist Group’s work was unrealised, the 1970 World Exposition
in Japan did allow for some of the disassembly technology to be tested in full scale. The
Capsule House in the Theme Pavilion of Expo *70 and the Takara Pavilion both allowed the
building to be altered over time by designing a building that consisted of a primary structural
frame and a secondary collection of space making elements.

These visionary projects, many of them unrealised, all exhibit a common practice of
separating the building into a number of time related layers. While these projects might be
called experimental in their way of dealing with technology, other architects and researchers,
who were dealing with more traditional building technology, were also investigating the
notion of time related layers.

3.4 Expanding the Theory of Building Layers

In investigating the office accommodation needs of London banks, accountant, and
financiers, Duffy and Henney [ independently established a theory of building layers.
Dufty [ writes that, ‘our basic argument is that there isn’t such a thing as a building . . . a
building properly conceived is several layers of longevity of built components’. Duffy



introduces here his own theory of layers of building, time related layers that can change
independently of each other.

Unlike Habraken who establishes two layers within the building, or the Metabolists and
Archigram who define no fixed number of layers, Duffy and Henney [ identify four layers
of building in descending order of longevity; the Shell, the Services, the Scenery, and the Set.

Importantly, Duffy and Henney also assign a service life to each of these layers. This service
life is based on the expected life span of the layer based on experience of changes resulting
from the users changing demands and the need to upgrade or expand plant and equipment.
The rate of change for each layer is different as technological and social changes impact
differently on different parts of the built environment.

» The Shell, Duffy describes as the foundations, the structure of the building, with a life
span of fifty years. The shell is a framework onto which services and space making
components can be attached in an adaptable way. He also makes suggestions on the spans
of floor plates, the location of service cores and the grid of the floor and ceiling.

* The Servicesinclude electrical, hydraulic, HVAC, lifts, and data, which have a life span
of ten to fifteen years.

* The Scenery is the internal partitioning system, the finishes and the furniture, which have
a life span of five to seven years.

* The Setsare the arrangements of movable items that the users move freely about the
building to suit their daily or weekly needs.

Duffy’s development of this theory of layers is derived from an analysis of office buildings,
particularly in London, but the theory is just as appropriate to other building types though the
life spans may be slightly different.

The relevance of the theory of layers is in that the parts of the building with a short service
life can be separated from the parts of the building with a long service life. This means that
when for example the services of a building are no longer providing a service that meets with
contemporary requirements, the whole building does not have to be upgraded or replaced,
just the services.

It is interesting to note that Duffy limits his analysis of the buildings to what might be
interpreted as the internal parts of the building; the furniture, internal partitions, services (that
serve the internal spaces), and the shell of the building (a term which implies enclosure). This
is not surprising since his concern is primarily with the provision of accommodation, in the
form of office buildings, for financial and business corporations. Duffy’s concern is with
providing internally adaptable buildings so that the building itself does not need to be
replaced when the internal spaces no longer satisfy the users needs.

For a similar but expanded analysis of the layers of buildings that also includes the fabric of
the building itself in more detail, the work of Stewart Brand is noteworthy. Brand [E builds
directly on Duffy’s theory of layers but expands it, by dissecting the Shell into Structure and
Skin, and adding the layer of the Ste on which the building stands. Brand also assigns each
layer an expected service life.



* The Steis defined as geographical setting, the ground on which the building sits. ‘Site is

eternal’.

* The Sructureis the foundations and load bearing components of the building, those parts

that make the building stand up. Structure is expected to last from 30 to 300 years.

* The SKin of the building is the cladding and roofing system that excludes (or controls) the

natural elements from the interior. This will last an expected twenty years due to
wholesale maintenance, changing technology and fashion.

» The Services, which are defined the same as Duffy, have an expected life of from seven to

fifteen years.

* The Space Plan, which corresponds to Duffy’s Scenery, will change every three years in a

commercial building and up to every thirty years in a domestic building.

* The Suff, which corresponds to Duffy’s Sets, will change daily to monthly. Brand points

out that furniture is called mobilia in Italian, for good reason.

Brand goes to great lengths to explain the technical and social benefits of designing and

constructing buildings in a layered manner. Like Habraken he recognises the lessons already
learned by vernacular builders. He further suggests specific lessons for designers based on
historic study of layered buildings and their adaptation, addition, and relocation over time.

Duffy and Brand both suggest typical service life expectancies for their layers. Duffy

establishes his times from the point of view of designing adaptable office accommodation.
Brand’s times are derived from a general understanding of how buildings change over time.
Cook et al also suggest appropriate life expectancies, though theirs are for a particular
building design (the Plug-in City). Other writers have also suggested times for the service life

expectancies of different layers of buildings, based on different concerns (see Table 1).

Table 1 Life spans of building layersin years (and their sources)

LAYER Ref

Structure Skin Services Space plan erence

50 50 15 5-7 Dufty 1989
30-300 (typically 60) 20 7-15 3-30 Brand 1994

40 15 3 5-8 Cook 1972
25-125 25 5 5 Kikutake 1977
60-100 15-40 5-50 5-7 Curwell 1996
60 (assumed maximum life 20 7-15 3-5 Storey 1995

of building)

65 65 10-40 5 Howard 1994
50 (assumed maximum life 30-50 12-50 10 Adalberth 1997
of building)

40 (assumed maximum life 36 33 12 McCoubrie 1996
of building)

- 15-30 7-30 - Suzuki 1998
40 (for brick veneer house) 12-30 30-40 8-40 Tucker 1990
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Curwell [R8] and Storey [R9] write with regard for issues of sustainability and ‘green’
building. Their concerns are for designing more environmentally sustainable buildings that
will have a reduced environmental burden by accounting for the different life spans of certain
elements or layers.

Howard and Sutcliffe [B0], Adalberth [B1], McCoubrie and Treloar [32], and Suzuki and Oka
[, write with regard for issues of embodied energy. Their concern is also for
environmental sustainability, primarily through reduced energy consumption and reduced
embodied energy, which is achieved through reduced material use or greater material
recycling.

Tucker and Rabhilly [ are concerned with the life cycle cost (in monetary terms) of the
building, in this case housing. Their research attempts to establish maintenance programmes
for government housing assets through an understanding of the separate life expectancies of
different parts of the building.

While the times that are established by each of these writers are different, there is still a
common acceptance that different parts of buildings have different service lives and that
these parts might be considered in layers. While Duffy and Brand discuss these layers
explicitly, the other writers do not, but the layers none the less exist within the times
proposed for various elements.

The number of layers proposed by Brand should not be seen as an upper limit. The six layers
he proposes are convenient for illustrating his argument of buildings changing over time, but
when the consideration is of building deconstruction, it may be appropriate to divide the
building into more or less layers depending on the building typology and the specific design.
The lesson is simply that items or components of substantially different service life
expectancies should be treated as separable in the building design. In general though, a study
of architectural technology suggests that Brand’s six layers are appropriate for most building
designs.

3.5 Building Layers and Deconstruction

These theories of building layers can have a major impact on the design of, or analysis of,
buildings for deconstruction. The interfaces between the layers can obviously become
primary points of deconstruction for the building. The argument is not just however that they
can become points of deconstruction, but that they should become points of deconstruction.
As Habraken, Duffy and Brand point out, separation of the building layers along the lines of
layer longevity is of paramount importance in making a more technically and socially
adaptable and responsible building.

This importance of longevity layers has already been recognised in the field of design for
deconstruction of buildings. Fletcher, Popovic and Plank [ write that the theory of ‘time
dependant layers . . . will be fundamental in thinking about buildings in the future’,
specifically with regard to disassembly for materials and component recovery. They do not
however indicate how this theory can be implemented within a strategy of design for
deconstruction, nor how it actually interacts with other ideas of material recovery or
sustainable architecture.
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Other researchers have also recognised the importance of the theory of layers regarding
building deconstruction for material recovery. Craven, Okraglik and Eilenberg [E place the
model of time related layers within a system of life cycle assessment. In a life cycle
assessment the cumulative effects of a building over time are made evident, and within this
model the importance of material and component recovery are highlighted.

The concept of buildings as a collection of time related layers is fully consistent with the
approaches of life cycle assessment in which the life span of the building becomes an
important multiplying factor for all other environmental considerations. Failure to separate
the layers will result in total building failure at that point in time when the first layer fails.
The resulting need for total building replacement defies all environmentally sustainable
principles.

Although Craven highlights the importance of the theory of layers using a life cycle
assessment model, he also stops short of suggesting how this theory might be used. While he
recognises the strategy of design for deconstruction, no attempt is made to link it with the
theory of time related layers to design buildings in a way that will improve the current rates
of material and component recovery.

3.6 Conclusionsto the Theory of Layers

The theory of time related building layers is then an important consideration in determining at
what points in a building deconstruction might occur. Ideally to achieve full deconstruction
for recovery of materials and components, all parts of the building should be totally
separable. This would however be prohibitively complex and expensive. The theory of layers
allows the components of the building to be broken down into packages of same or similar
life expectance so that a whole package might be conveniently deconstructed from the
building for replacement, recycling and/or reuse elsewhere.

This section shows how buildings can be considered not as a single entity but as a collection
of layers, each with a different service life. A model with six layers is adopted; site, structure,
skin, services, space plan, and stuff. These layers are useful in physically determining the
places within a building that deconstruction might most usefully occur, and at what time
deconstruction might occur.

4 RECYCLING HIERARCHY
4.1 TheFlow of Materials

The use of resources in our industrialised 20™ century society is very much a matter of use it
once and throw it away, and the built environment is no exception. The commonly used
model for this consumption of materials and energy is based on a linear system of the
building over time. This linear model of the building’s life treats the project as a once through
system in which the building progresses through a number of stages from inception, through
design, construction, operation and maintenance, refurbishment, and finally to demolition.
Similarly the model for how raw materials pass through the built environment uses a number
of life cycle stages from extraction, through processing, manufacture, assembly, use,
demolition, and disposal (see Figure 2). This life cycle model is commonly used in
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discussing the life cycle impacts of a building or product (as in a life cycle assessment) and is
often referred to as a ‘cradle to grave’ model.
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Figure 2 Dominant Life Cycle of the Built Environment (cradle to grave)

Such a once-through life cycle is not the only option. The building industry does not have a
good understanding or practical record in this matter, but the disciplines of industrial design
and product manufacture have addressed many of these issues and developed strategies
within the field of industrial ecology.

4.2 Recycling Hierarchy in Industrial Ecology

Industrial ecology identifies many ways to reduce the environmental impact of a product or
service, and one of the major strategies proposed is to alter the once-through cycle to increase
the rates of recycling. The scenario of recycling, as it is commonly referred to, can however
be better understood if it is replaced with the notion of end-of-life scenarios. There are in fact
many possible end-of-life scenarios for any given product or building but they can be loosely
classified into a few basic scenarios. Several writers have suggested appropriate options for
end-of-life scenarios for industrial products.

Young [, in writing on industrial design and product manufacture for reduced life cycle
energy consumption, discusses the ‘3Rs’ model. The three Rs are re-use, remanufacturing
and recycling. Young expands on this to also include maintenance as an end-of-life scenario.

* Re-using involves a product being simply re-used more than once for its intended
purpose. For example, a milk bottle being returned to the dairy to be refilled with milk.
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* Remanufacturing involves the product being returned to the place of manufacture to be
disassembled into its base components which, if still serviceable, are then re-used in the
manufacture of new products.

* Recycling involves the collection of products for separation into their base materials,
which can then be re-used as a resource to replace raw materials in the production
process.

» Maintenance involves the repair and servicing of a product to extend its initial service
life.

Importantly Young notes that some of these scenarios are more environmentally favourable
than other scenarios. From the point of view of conserving energy during manufacturing,
Young notes that re-use is preferable to remanufacturing, which is in turn preferable to
recycling. This hierarchy is established based on the energy costs of collecting, transporting
and processing products through the various scenarios. In general the least processing, the
least energy and the least environmental burden.

The dissection of recycling into separate distinguishable scenarios has also been addressed by
Ayres and Ayres [ within a general discussion of industrial ecology strategies. They
identify the scenarios of re-use, repair, and remanufacture as well as recycling. Ayres and
Ayers’ use of the terms re-use, remanufacture and recycling are the same as Young’s, but
repair is somewhat different to the scenario of maintenance. Ayres uses the term in a way that
describes the mending of a product for re-use elsewhere rather than mending a product for
continued use in its original application.

Like Young, Ayres and Ayres note that the scenarios of ‘re-use, repair and remanufacture
avoid many of the problems of recycling’. The problems identified are waste production and
pollution directly resulting from the act of recycling, and the fact that recycling may not
always reduce waste and pollution creation but may potentially increase them.

Also writing on the topic of Industrial Ecology, Graedel and Allenby [B9] propose the end-of-
life scenarios of maintenance, recycle subassemblies, recycle components, and recycle
materials. Within the context of Young’s or Ayres and Ayers’ scenarios, the recycling of
components and subassemblies might alternatively be called remanufacturing since it
involves the same process of disassembling components for use in new products. Graedel and
Allenby also recognise the environmental hierarchy of the scenarios, in which maintenance is
preferable to remanufacturing, which is in turn preferable to recycling.

Yet another group of end-of-life scenarios is proposed by Magrab [@ who explicitly refers
to the scenarios as a hierarchy. He uses the terms reuse, re-manufacture, recycle to high-grade
materials, recycle to low-grade materials, incineration for energy content, and dump in
landfill site. Here the scenario of maintenance is lost, but the scenario of recycle has been
further broken down to high-grade and low-grade materials. A new scenario of incineration
for energy content has also been added. Magrab notes that ‘the higher one is in the . . .
hierarchy the more the investment of raw materials, labor and energy is conserved’.
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4.3 Recycling Hierar chy in the Built Environment

While the field of industrial design has addressed some of the issues of reuse and recycling
through the theories of industrial ecology, the field of architecture and building design has
not. Most writers in the field of environmentally sustainable architecture have noted the
environmental advantages of reuse and recycling, and there are many excellent examples of
built work where materials and components have been reused. Despite this there has been
until recently a lack of critical analysis of the possible effects that reuse and recycling might
have on the built environment, and in particular a lack of debate on the implications of a
hierarchy of end-of-life scenarios.

Three groups of writers who have noted the relevance to the built environment of a hierarchy
of end-of-life scenarios are Fletcher, Popovic and Plank, Guequierre and Kristinsson , and
Kibert and Chini.

Fletcher, Popovic and Plank [, build directly on the lessons of industrial ecology and start
their analysis of the problem with the four end-of-life scenarios identified by industrial
ecologists; reuse, repair, reconditioning, and recycling of materials. The model is then
simplified by grouping the scenarios into two levels; the product level, and the material level.
The scenarios of reuse, repair, and reconditioning are placed in the product level since they
are concerned with product components or subassemblies. The scenario of recycling is placed
in the material level since it is concerned with base materials.

In adapting this model to the built environment, and in an attempt to accommodate the theory
of time related building layers, this two level approach is then prefaced by a third level, the
systems level.

» Systemslevel: Adaptable building which can change to suit changing requirement

* Product level: The products (or layers) of the building are designed to allow upgrading,
repair and replacement. The replaced products can then enter the replenishing loop.

* Material level: When a product has been stripped back its constituent materials these can
undergo recycling.

Exactly how the theory of time related building layers relates to the hierarchy of end-of-life
scenarios in this model is not explained. The model does however recognise a hierarchy in
which some options are environmentally preferable to others, such as product level reuse
being a more ‘efficient use of resources’ than material level recycling.

Guequierre and Kristinsson [ have also identified a number of end-of-life scenarios for
materials in the built environment. Unlike Fletcher, Popovic and Plank, and the industrial
ecology researchers, Guequierre and Kristinsson are not as concerned with the design of new
buildings or products, but with the analysis of existing buildings to determine the most
appropriate end-of-life scenario. Their concerns are not with how to achieve a higher end-of-
life scenario through design, but with what can be done with existing building materials and
components. For this reason their model includes the non-reuse scenarios of landfill, and
incineration.
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Guequierre and Krstinsson’s model is also simplified by grouping the product scaled
scenarios together. This results in a model with the four scenarios of; repair of products,
recycling of materials, incineration, and landfill. Since the model has been devised as an
assessment tool for existing buildings, there is no consideration of a scenario for whole
building reuse as a system.

Kibert and Chini [ write on the topic of deconstruction as a means to reducing the
environmental burden of the built environment. They propose an explicit waste management
hierarchy that includes the levels of landfill, burning, composting, recycling, reuse, and
reduction. In this hierarchy the level of recycling is further broken down in to downcycling,
recycling and upcycling, in which each is slightly more environmentally advantageous than
the previous. The level of reuse is similarly broken into the reuse of materials and the more
advantageous reuse of components or products.

The previously unmentioned level of reduction is an important waste management strategy
with profound environmental benefits, but in the context of this study it has little bearing on
recycling of building materials and components, other than to suggest a general reduction in
material usage.

On the separate topic of buildability, not related to recycling, there is one interesting piece of
research that identifies a hierarch in building assembly. Moore [ builds an assembly
process hierarchy based on Furguson’s buildability hierarch. This hierarchy consists of
materials, components, subassemblies and final assemblies (buildings). Though this hierarchy
is concerned with levels of assembly and production in an effort to determine better
buildability, it is still relevant to deconstruction and recycling.

4.4 A Proposal of Levels

In comparing the proposed end-of-life scenarios of the industrial designers with the
architects, it can be seen that the subtle differences between product reuse, remanufacture,
and repair may not be as relevant to the construction of the built environment as to product
manufacturing (see Table 2). If the building is considered as a product, then the vagaries of
the sub-assemblies may be beyond the direct control and concern of the product (building)
designer. It is appropriate then to combine product remanufacture and product repair, since
both are concerned with the production of ‘new’ products. In this way it is possible to
consider the technical results of the scenarios as a way of defining them.
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Table 2 Levels of Hierarchy of End-of-life Scenarios (Recycling).

Reference Young Ayres Graedd Magrab | Fletcher Guequierre é;ﬁ’gt e Crowther
(1995) (1996) (1995) (1997) (2000) (1999) (2000) (2000)
System Reuse
Most level building
desirable Reuse Reuse Reuse Product Repair Reuse of Reuse
level product product product
Maintain Repair Maintain Product Repair Reuse of Reprocess
T level product material material
Reman- Reman- | Recycle Reman- | Product Repair Reprocess
End-of-life | ufacture ufacture | component | ufacture | level product material
scenarios Recycle Recycle | Recycle Recycle | Material Recycle Recycle Recycle
material level material material
Compost
Burning Burning Burning
Least
dsienle Landfill Landfill Landfill

There are four (differently scaled) possible technical results, which have been previously
proposed by the author ;

* the reuse of a whole building

* the production of a ‘new’ building

* the production of ‘new’ components
* the production of ‘new’ materials

These would relate to the four end-of-life scenarios of;

* building reuse or relocation

* component reuse or relocation in a new building

* material reusein the manufacture of new component
* material recycling into new materials.

If the strategies of recycling as used in industrial ecology were applied to the built
environment, the life cycle stage of demolition could be replaced with a stage of
deconstruction. The typical once-through life cycle of materials in the built environment
could then be altered to accommodate the possible end-of-life scenarios and produce a range
of alternative life cycles (see Figure 3).

We can now look briefly at some examples of these scenarios.

Building Reuse

The first scenario is that of relocation or reuse of an entire building. This may occur where a
building is needed for a limited time period but can later be reused elsewhere for the same or
similar purpose. A good example of this is the Crystal Palace of 1851. This modular
exhibition building designed by Joseph Paxton was based on a simple system of prefabricated
structural and cladding units that could be easily joined together. These factory produced

17



elements allowed for the quick assembly and disassembly of the building, and its eventual
relocation and reuse after the exhibition [[6].
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Figure 3 Possible End-of-life Scenarios for the Built Environment

Component Reuse

The second scenario is the reuse of components in a new building or elsewhere on the same
building. This may include components such as cladding element or internal fitout elements
that are of a standard design. A recent example of this is the IGUS factory by Nicholas
Grimshaw. The cladding of this building consists of panels that are interchangeable and can
be easily moved by just two people. This allows the buildings cladding to be altered to suit
changes in the internal use of the building. It is also possible for these components to be used
on other buildings of the same design [. This scenario of reuse saves on resources, waste
disposal, and energy use during material processing as well as energy use during component
manufacture and transport.

Material Reuse

The third scenario, that of reprocessing of materials into new components, will involve
materials or products still in good condition being used in the manufacture of new building
components. A good example of this is the re-milling of timber. In most parts of the world
that use timber as a building materials there is a strong vernacular tradition of constructing
buildings so that members may be removed and reused or re-processed into smaller members.
Even today we still see the reuse of old timber in this way. As well as the waste disposal
advantages of the recycling scenario, this reprocessing also reduces the energy required for
material processing.

Material Recycling

The final scenario, recycling of resources to make new materials, will involve used materials
being used as a substitute for natural resources in the production of manufactured materials.
One of the most common current examples of this is the crushing of reinforced concrete to
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make aggregate that is used for road base. While this scenario does reduce the solid waste
stream, other environmental issues may actually not be so positive. While the natural
resource use and waste disposal problems are alleviated, the total energy use, and the
resultant pollution, may actually be greater than if new resources were used.

4.5 Recycling Hierarchy and Design for Deconstruction

The relevance of the hierarchy of end-of-life scenarios to the design process is that it is
possible to design a product or building to facilitate the more environmentally advantageous
scenarios.

Graedel and Allenby [ make an important contribution to the debate by noting that the
end-of-life scenarios that are possible for a product will be determined by the physical
characteristics of that product. That is to say that the actual design of the product will
determine whether it is possible to achieve the environmentally preferable scenarios of
maintenance and reuse, rather than just recycling or disposal. Attempts to address this issue
have been through promoting the notion of design for disassembly and in the development of
guidelines for design for disassembly in the field of industrial design.

In building design, Guequierre and Kristinsson [@], like Graedel and Allenby, make the
point that there are physical features of the product (building) that will determine which end-
of-life scenarios are possible or probable. This notion suggests that it will be possible to
design a product (building) in a way that will facilitate or encourage the implementation of
the higher (more environmentally preferable) end-of-life options.

4.6 Conclusionsto Recycling Hierar chy

This section has shown how the concept of recycling can be more appropriately represented
by a group of end-of-life scenarios;

* building reuse or relocation

* component reuse or relocation in a new building

* material reuse in the manufacture of new component
* material recycling into new materials.

These scenarios can be arranged in a hierarchy, in which reuse is (generally) more
environmentally beneficial than recycling or disposal. Environmentally responsible building
design should attempt to facilitate the higher level scenarios.

There is a direct relationship between the physical design features of a building and what can
be done with the building, or its components, when the end of its service life has been
reached. It will therefore be possible, through design for deconstruction, to produce new
buildings that can achieve more environmentally beneficial end-of-life scenarios.
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5PRINCIPLES OF DESIGN FOR DECONSTRUCTION
5.1 Sour ces of Information

The strategy of design for deconstruction, has not yet become a major issue in the
construction industry. There are however various sources of information on design for
deconstruction that can be assessed for recurring themes [@. These themes have been
developed into principles to be used by building designers to either develop building designs,
or to assess existing designs or buildings, for future disassembly. The sources of information
used in this research include:

* Industrial design

* Architectural technology

* Buildability

* Building maintenance

* Research into deconstruction

Industrial Design

In the fields of industrial and product design, there is already a good understanding of the
environmental benefits of recycling and reuse. The concept of Industrial Ecology has to some
extent addressed the notion of reduced environmental impact through improved rates of
material and component reuse to minimise waste. There are in fact many researchers who
have already identified explicit guidelines for design for deconstruction, or design for
disassembly, of industrial or manufactured products. Similarly numerous car, computer and
household product manufacturers have already implemented the actual practice of design for
disassembly.

A study of industrial design practice and research reveals a number of these design for
disassembly or deconstruction guidelines that may have application in the construction
industry. These guidelines typically cover issues such as material compatibility, connection
type, number of connections, handling facilitation, and information management.

Architectural Technology

While design for disassembly or deconstruction has not become a major part of mainstream
construction practice, there have been a considerable number of unique architectural efforts
that have used such a technique. Throughout history there have been many cases of buildings
designed for deconstruction, either to allow for material reuse or for whole building
relocation. From primitive huts to the Crystal Palace, and from traditional Japanese timber
building to the schemes of Archigram and the Metabolists, there are valuable lessons in
design for deconstruction.

A survey of these historic examples reveals a number of common technological trends that
suggest the possibility of developing guidelines for designing for deconstruction in buildings.
These trends can be roughly grouped into ideas about materials, structural systems, access,
connection type, number of components, and appropriate technology.

Buildability

If the process of deconstruction is considered as the opposite of the process of construction,
there may be some value in the study of making construction easier. If a building is easier to
put together, it should be easier to take apart. The notion of buildability, making buildings
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easier to construct, has received some research attention. This research has resulted in some
explicit guidelines for buildability that should also assist in design for deconstruction. These
guidelines are primarily concerned with issues of handling, access, and prefabrication.

Building Maintenance

The maintenance of buildings often requires the replacement of components or materials. To
achieve such replacement it is necessary to deconstruct parts of the building. Research into
this facet of building maintenance may therefor offer guidance on how to make such
disassembly easier. Investigation of research into replacement maintenance has resulted in
some principles of design that make such replacement easier. These principles can be adapted
to inform the field of design for deconstruction for reasons other than maintenance.

Research into Deconstruction

The International Council for Research and Innovation in Building and Construction (CIB)
Task Group 39 on Deconstruction is concerned with research into the disassembly and
deconstruction of buildings to achieve higher rates of material and component reuse and
recycling. This group has identified a number of research projects dealing primarily with the
deconstruction of existing building [. From this research, and other related projects, a
number of desirable attributes of buildings can be deduced if buildings are to be designed to
be easily deconstructed in the future.

5.2 List of Principles

A total of twenty-seven principles can be derived from all information sources [. The basis
for inclusion of a principle is in how explicitly it is presented as a principle, and in how
broadly it is mentioned. Most principles are informed by several of the fields studied.

These principles have been previously presented in a relationship with the hierarchy of
recycling. This has taken the form of categorising the principles into four exclusive groups
relating to the four end-of-life scenarios. While this categorisation replicated research in
industrial design that attempted to link principles and the recycling hierarchy, it was
eventually considered to be undesirable due to the exclusivity of the categorisation method.

A more appropriate way to represent the relationship between principles and the recycling
hierarchy, one which allows for principles to be relevant to all end-of-life scenarios, is in a
tabulated matrix (see Table 3). In this way the relevance of each principle to each level of
recycling can be noted.

6 CONCLUSIONS

This paper concludes that a thorough understanding of design for deconstruction in
architecture must concern itself with four major issues:

* an overriding model of sustainable construction
the theory of time related building layers

a hierarchy of recycling

the principles of design for deconstruction
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Knowledge of these issues will help to answer basic questions of why, when, where, what
and how to design for deconstruction.

Design for deconstruction is one of many useful strategies to assist in reducing the
environmental burden of our built environment. It has not however been well investigated, or
well implemented on a broad scale. With a greater understanding of the issues and their
interrelationships it is hoped that design for deconstruction might become an important
consideration in any construction project.

Table 3 Principles of Design for Deconstruction and the Hierarchy of Recycling

Legend — level of relevance: ® highly relevant ® relevant . not normally relevant

Material Component Component | Building

No. | Principle ; :
recycling remanufacture | reuse relocation
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22 Use a standard structural grid for °
set outs

23 Use prefabrlcatlon and mass ° °
production

24 Use lightweight materials and ° ° ° °
components

25 | Identify points of disassembly . . PY Y
Provide spare parts and on site

26 arts ¢ o
storage for during disassembly

27 Sustain all information. of . °
components and materials
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METHODOLOGIESAND GUIDELINESFOR DECONSTRUCTION IN

GERMANY AND FRANCE
Frank Schultmann, Emmanuel Garbe, Axel Seemann and Otto Rentz (French-German
Institute for Environmental Research (DFIU), University of Karlsruhe, Germany)

SUMMARY

The deconstruction of buildings has gained more and more attraction in recent years. The
deconstruction and dismantling of buildings instead of their demolition helpsto increase the
amount of components to be reused or materials to be recycled. Thus, the share of demolition
waste deposited in landfills can be reduced. In Germany and France several research projects
have proven that dismantling of buildings aso helps to reduce the environmental burden of
recycled construction materials by encouraging the production of recycling materials
containing less harmful substances. Furthermore, it can be shown, that environment-friendly
dismantling and recycling strategies can even be advantageous from an economic point of
view.

This paper presents sophisticated methodol ogies as well as the current guidelines for the
deconstruction and recycling of buildings. Based on areview and a comparison of different
research projects carried out in Germany and France by the French-German Institute for
Environmental Research, the relevant problems and solutions concerning the planning of
deconstruction work are addressed. Guidelines established recently in Germany and Francein
order to encourage economically viable and environment-friendly deconstruction strategies
will be presented. These guidelines may also serve as a basis for forthcoming standards for
the deconstruction and recycling of buildings and for the reuse of components.

KEYWORDS: Guidelines, Methodologies for Deconstruction; Case Studies

1INTRODUCTION

Maintenance, renovation and removal of the building stock has gained more and more
attraction in Europe in recent years. While cost efficiency used to be the major goal when
buildings had to be removed, nowadays environmental compliance has also to be respected.
In Germany as well asin France legid ation encourages the prevention of adverse effects such
as emissions and waste. Concerning waste management in the construction sector, both
Germany and France have issued severa legidative instruments with the aim of prevention
and recovery of waste. Accordingly, waste arising due to the deconstruction of buildings
should be recycled as much as possible. Nevertheless, alarge proportion of construction and
demolition wasteis still sent to landfill and recycled materials are still used in minor
utilisation options. One of the main obstacles for the use of recycled construction materialsin
high grade applications is the heterogeneity of the composition and the contamination of
construction and demolition waste (C& D waste) resulting from the demolition of buildings.
Since improvements in the quality of recycled materialsin processing are technically limited,
efforts have been made to improve the quality of the waste arising on demoalition sites. While
demolition often leads to the mixing of various materials and contamination of non hazardous
components, deconstruction or selective dismantling of buildings instead of demoalition help
to preserve and reuse material [1].
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In Germany and France several research projects have proven that the dismantling of
buildings also helps to reduce the environmental burden of recycled construction materials by
encouraging the production of recycling materials containing less harmful substances.
Furthermore, projects have shown, that environment-friendly dismantling and recycling
strategies can sometimes be even advantageous from an economic point of view. In order to
encourage cost efficiency as well as the fulfilment of environmental requirements such as
high grade recycling, sophisticated planning approaches have to be applied [2]. Adequate
planning models and software tools make it possible to evaluate strategies for optimised
construction site management even when technical or economic circumstances are adverse
[3]. Model-based optimisation shows that the economics of deconstruction can be
considerably improved while strict quality standards for the construction site as well asfor the
materials are met.

In the following, the current guidelines as well as approaches for deconstruction planning and
reuse or recycling of buildingsin Germany and France are presented.

2METHODOLOGIES AND GUIDELINESIN GERMANY

2.1 Market situation

In the field of renovation and demolition of buildings, significant improvementsin the quality
of waste arising can be achieved by the application of selective dismantling techniques. As
the dismantling of buildings generally requires more manpower and technical equipment than
traditional demolition, the costs also tend to be higher but might be compensated by lower
costs for the recycling or disposal of the materials, if dismantling and recycling are planned
well. In Germany the costs for recycling and disposal of demolition waste range in the same
category as the costs for demoalition. So it can be advantageous to dismantle as many building
elements as possible if this leads to a decreasing of the recycling and disposal costs. The
following table 1 shows the average costs for the recycling and disposal of various kinds of
demolition waste.

Table 1 Average deposit fees and recycling costs for various types of materials in Germany.
Category of Materials Deposit Fees[EUR] Recycling Costs [EUR]
Mineral materials
Concrete Scrap - 710 10 EURMt
Bricks - 710 10 EURMt
Mixed mineral Materials 80 to 200 EUR/t 9to 13 EUR/t
Metals
Iron - -40to 0 EUR/t
Aluminium - -250to -100 EUR/t
Copper - -1000 to -250 EUR/t
Wood
Untreated Wood - 35t0 65 EUR/

Lightly treated Wood - 50 to 100 EUR/t
Treated Wood (pressure impregnation) 50 to 250 EUR/t
Other Building Materias

Glass - 30to 65 EUR/
Plastics - 50 to 200 EUR/t
Mixed Building Materials *
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Mixed Materials (only recycling) 125 to 200 EUR/t
Mixed Materials (recycling and disposal) 125 to 300 EUR/t
Mixed Materials (only disposal) 125 to 300 EUR/t
* Mixed Material have to be sorted according to their material composition

2.2 Legidative Background

In Germany the first federal law dealing with waste was enacted in 1972, it was the law for
the prevention and disposal of waste of 27th August 1986, which outlined for the first time
the principles for the transition from disposal to waste management. Accordingly, the first
goa must be the prevention of waste and if prevention is not possible, the composition of
waste must be improved in order to permit reuse or recycling.

In July 1994, the Recycling and Waste Management Act "Kreislaufwirtschaftss und
Abfallgesetz (KrW-/AbfG)" [4] was passed by parliament. This law, which was enacted in
October 1996, set new principles for the development of waste management towards a closed
loop economy. It introduced several principles for waste management. For instance a new
hierarchy for waste treatment where the avoidance of waste is better than the recycling of
waste, but recycling is more preferable to the disposal of waste. The disposal of waste is only
allowed when recycling is much more expensive or impossible and the waste is unavoidable.
Another important innovation of the new Recycling and Waste Management Act is the
responsibility of the producers for the waste arising from their products.

The German waste legidation is supported by subordinate regulations and Technical
Instructions. The German Technical Instruction for Municipal Waste ("TA Siedlungsabfall™)
[5] specifies the treatment and disposal of waste and deals with waste streams of great
importance such as domestic waste and building and demolition waste. The goals of this
administrative order are to recycle unavoidable waste, to reduce the toxicity of waste and to
ensure that an environment friendly treatment or disposal of waste is maintained.

2.3 Guidelines and regulationsfor deconstruction in Ger many

In the field of demoalition and deconstruction of buildings several guidelines were published
during recent years by public authorities. The aim of these guidelinesisto inform how
demolition and deconstruction work can be performed in an economical way without
neglecting ecological issues. Thiswas necessary because on the one hand significant
improvements in the quality of waste arising can be achieved by the application of selective
dismantling techniques. On the other hand the dismantling of buildings requires more
manpower and technical equipment than traditional demolition which leads to increasing
costs. These higher costs can be compensated in some cases by lower costs for the reuse,
recycling or disposal of the materials, if dismantling and recycling are planned well. These
guidelines were published in order to facilitate the planning of the renovation or dismantling
of abuilding.

In the following a table with a short summary of some of the existing guidelines for the

deconstruction of buildings in Germany are presented. In the example of one guideline
published in Baden-Wirttemberg [6] the basic issues are explained.
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Table 2: Guidelines for the deconstruction of buildings in Germany.

Title Content Date
Demolition of residential and *  Seetext below 2001
administrative buildings -guideline
(Abbruch von Wohn- und
Verwaltungsgebauden-
Handlungsanleitung)
Landesanstalt fur Umweltschutz Baden-
Wirttemberg (LfU) [6]
Guideline for sustainable construction |«  Guideline only for public buildings 2000
of public buildings Ecological assessment of construction, use and deconstruction
(Leitfaden nachhaltiges Bauen bei of abuilding
Bundesbauten) «  Basic demands on planning of sustainable construction
Bundesministerium fiir Raumordnung « Proposal for abuilding certificate
und St&dtebau [7]
Development of methodologiesfor the |+ General view of analysis methodologies for building materials 2000
assessment of contamination of building |« |nstructions for testing
materials before deconstruction
(Entwicklung von Verfahren zur
Beurteilung der Kontaminierung der
Baustoffe vor dem Abbruch)
Deutscher Ausschuss fir Stahlbeton [8]
Guidelinefor the determination of e Check list for: 1999
masses and r ecycling planning of - Inspection of the building
buildings to be demolished - investigation of building elements
(Leitfaden fur die Erfassung und - investigation of the foundation of the building
Verwertung der Materialien eines - analysis of harmful substances
Abbruchobjektes) - information about buildings in the neighbourhood
Deutscher Ausschuss fir Stahlbeton [9] «  detailed example
Deconstruction and demalition of » Basicfacts of lawsin the field of waste 1997
buildings «  Procedure of deconstruction planning (inspection, bill of
(Ruckbau und Abbruch baulicher quantities, recycling planning)
Anlagen) «  Flowchart of deconstruction
Umweltamt Diisseldorf [10] + Demands on recycling concepts
Recycling guideline » Guideline only for public buildings 1997
(Arbeitshilfen Recycling) * Basicfactsof lawsin the field of waste
Bundesministerium fiir Raumordnung «  Waste management for the construction of public buildings
und Stadtebau [11] +  Deconstruction of public buildings

- instructions for inspection of the building in tecninal and
historical respect
- investigation of harmful substances
e - Instructions about deconstruction planning, calling for
tenders and contract | etting-

Environmentally advantageousand low | Basic facts of lawsin the field of waste 1997
cost treatment of demolition waste . Exp| anation of ra:yding options
(Umweltgerechter und kostensparender |«  |nstructions for arecycling strategy (deals also with
Umgang mit Bauabfallen) construction)
Zentralverband des Deutschen
Baugewerbes[12]

The guideline "Demolition of residential and administrative buildings' [6] gives a short
genera view of current termsin the field of deconstruction of buildings as well as a summary
of laws concerning demolition. The guideline explains the three principal procedures for the
demolition of buildings: conventional demolition, partly selective dismantling and selective
dismantling. In the chapter on legislation in the field of waste, the most important laws and
administrative orders are summarised. To permit a quick understanding of the legislative
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situation, the guideline has a table containing the main laws and administrative orders
arranged under "Demolition”, "Recycling” and "Harmful Materials'.

Dueto the fact, that buildings and building elements can contain many different harmful
substances, the guideline informs about building elements which could contain such
substances. Furthermore advice is given on which procedure has to be carried out before the
demolition of buildings containing the mentioned building elements.

The guideline aims mainly to provide a decision support for the choice of the adequate
demolition techniques. Therefore advantages and disadvantages of the different demolition
techniques will be analysed according to economic, environmental and other aspects. The
guideline lists different tools for disposal to support this decision: a flowchart showing the
procedure of planning, permission and contract letting of the deconstruction of abuilding
(compare Figure 1), a calculation sheet for the determination of costs for demolition and
recycling/disposal and a computer tool.

The computer tool permits a quick survey of the material composition of the building as well
as the costs for demolition and recycling/disposal of the demolition waste arising. The
program contains a data base which supports the data input supplying information concerning
the costs of dismantling and recycling. The calculation can be performed using two different
calculation methods.

1. A rough estimation of costs and material composition of the building on the basis of the
type and the volume of the building.

2. A detailed determination of the building masses including mineral building structure as
well astheinterna finish. For each building element, data concerning dismantling and
recycling can be determined by the user or can be found in the data base.

Both calculation methods permit the calculation of three deconstruction scenarios:
conventional demolition, partly selective dismantling and selective dismantling.
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Figure 1 Flowchart of planning, permission and contract letting of the deconstruction of a
building [6].
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3METHODOLOGIESAND GUIDELINESIN FRANCE

3.1 Legidative Background

In France, the Ministry of Territorial Planning and the Environment has stipulated that the
elimination of demolition waste must be achieved in avery strict regulation context. The law
of 15 July 1975 on the waste elimination and the recovery of materials imposed first great
legidative principles, especially on the “polluter-pays’ principle: the waste producer has the
responsibility of their elimination [13]. The circular of 15 February 2000 imposes at
departmental level the planning of the public buildings and works sector waste management
in order to respect the requirements set out in the law of 13 July 1992 on waste elimination
(altering the law of 15 July 1975); starting in 2002, disposal will be limited to non recyclable
and toxic wastes [14] [15] [16]. This planning must take into account the existing planning of
household and industrial waste management requested by the Ministry in the law of 28 April
1998 [17]. Such planning complies with the European commitments of France.

Asfor the other types of waste, the principles of reducing quantities (for example reuse of
construction elements), sorting and recycling of materials are put forward. The objective of
the main regulations is to reduce the quantities of demolition waste to be landfilled and to
protect non renewable natural resources. The Ministry of the Environment promotes the
elaboration of a demolition waste treatment network according to waste streams, on the basis
of aclever geographic distribution of recycling installations (in order to limit waste transport)
and of sorting plate-forms for recyclable materials [15]. Furthermore, the Ministry of the
Environment points out that reducing quantities of deconstruction waste to be landfilled is
possible only thanks to the committed behaviour of all participants of the construction field:
construction professionals, elected officials, public and private building owners, managers
and contractors [14]. Building owners have to be more involved in waste management; from
now on they are invited to take into account systematically the costs for waste treatment in
their public invitations to tender [14]. Another strategy in accordance with the devel opment
of deconstruction of buildings, isto promote the reuse of construction elements and
secondary raw materials in new buildings [14].

3.2 Guidelines and regulations for deconstruction in France

High Environmental Quality concept

After Germany, the Netherlands and England, for afew years now in France, High
Environmenta Quality in the construction field has been extensively growing. This concept
has been defined by its creators, investigators (Ministry of Equipment, Transport and
Housing, Office of Urban Housing and Construction, Ministry of Territorial Planning and the
Environment, ADEME...) and representatives from the public and private sectors as a set of
social, ecological and economic requirements that allow buildings to ensure the comfort
(acoustic, thermal, visual comfort...) of the residents and a good quality of life, to reduce
health risks, to minimise negative impacts on the environment and to preserve natural
resources. In concrete terms, it utilises a set of techniques and methods designed to favour the
implementation of sustainable development principles [18]. It encompasses the entire life
cycle of abuilding, from conception, construction to maintenance, renovation and demolition
or deconstruction; that is why this approach will from now on be part of many invitations to
tender, called High Environmental Quality invitations to tender, of public building owners
concerned with their image and environmentally friendly innovations. From an economic
point of view, High Environmental Quality urges building ownersto view at anew work site
not only capital costs, but future costs too: maintenance and running costs for a construction
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work site, costs for waste management in the case of deconstruction. In France, many High
Environmental Quality buildings, such as schools, cultural centres, multi-purpose halls,
hospitals and residential buildings in the framework of experimental High Environmental
Quality constructions of residential buildings launched by urban construction and architecture
(PUCA) between 1994 and 1999 have been built in recent years [19]. Other projects on the
level of neighbourhood, housing estates are currently in the experimental phase and
programmes of High Environmental Quality town planning are being discussed [20].

Among al its principles, called targets (targets for the managing of the impact of the building
and its effect on the environment, targets for residents’ comfort and health), this modern High
Environmental Quality concept includes two interesting targets for deconstruction: first the
integrated choice of construction techniques and products in order to facilitate the future
deconstruction of buildings, and then construction or deconstruction with low impact, waste
sorting and the reduction of noise and pollution [21]. In the framework of a High
Environmenta Quality project for a building deconstruction, work is divided into afew
essential characteristic stages.

- Building audit in order to evaluate qualitatively and quantitatively constituent
construction materials.

- After invitation to tender, choice of enterprises for deconstruction work.
The commitment to carry out such an environmental project is an important
criterion: observance of specifications, ability to adopt new work methods and
implementation of new equipment.

- Deconstruction work causing little negative impact on the environment.

- Storage of construction elements for reuse, on-site sorting of materials and
recycling.

- Study of the environmental impact of the utilisation of reused elementsin new
buildings.

- Inventory of construction materials and elements used in the new construction in
order to facilitate the future deconstruction of the building.

The High Environmental Quality processis arecently established guideline, or more exactly a
set of guidelines, allowing the development of the deconstruction of buildings and facilitating
the achievement of its different stages (works planning, waste management...).

In the framework of a High Environmental Quality project, the deconstruction of ahigh
school (Galilée in Genevilliers) in the vicinity of Parisisin progress. The building owner, the
Ile-de-France Regional Council, has entrusted the French-German Institute for Environmental
Research to plan the different tasks (see section 3.3.)

Methodol ogical approaches for deconstruction and applications

Since 1995, the French Office of Housing and Construction (Ministry of Equipment,
Transport and Housing) has planned severa studies making it possible to formalise methods
for demolition waste management, and has launched pilot projects for deconstruction in order
to test these methods. The analysis of the results has permitted the issue of two documents
published in 1997 by the Office of Housing and Construction: Methodology of specifications
and of choice of offersfor the demolition, and buildings audit before demoalition [22] [23].
These documents are tools at the disposal of building owners, who wish to optimise the



environmental management of their demolition projects. In the document entitled “buildings
audit before demolition”, a methodology for an audit is presented. The aim of this building
audit isto provide building owners, before the stage of invitations to tender, with a qualitative
and quantitative valuation of the constituent materials of the building to be demolished and to
inform them of the deconstruction possibilities according to the building characteristics,
existing techniques and local options for waste recycling.

Persons in charge of the audit, selected by the building owner, must:

- look for general information and data about the building (historical, technical or
environmental data).

- inspect the building in order to estimate the constituent materials and especially
materials harmful to health and the environment.

- look for local options of waste elimination.
The following flowchart (figure 2) shows the different options of demolition
waste elimination and the corresponding costs.

- evauate specific operations of demolition for the extraction of dangerous
materials (Asbestos...).
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Figure 2 Flowchart of demolition waste elimination and corresponding costs [24].

The audit report must comprise:

- achapter on the general data of the building to be demolished.
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- aspecific part dealing with the presence of dangerous or toxic materials.

- tablesthat list the different types of materialsin the building and the estimated
guantities of each material. The total quantity of waste generated by the
demolition can be calculated easily.

- evaluation of the demolition work in terms of costs and turnaround time.

This provides very helpful datafor the building owner for the analysis of offers
from enterprises after the invitation to tender.

The audit report isintegrated by the building owner into the documents of the invitation to
tender. Therefore, demolition enterprises will answer the invitation to tender only from an
outline of the building to be demolished.

The French Office of Housing and Construction gives a clear methodology for performing the
audit but it does not resolve the problems of it practical application. The High Environmental
Quality approach advocates at the stage of the audit only the qualitative and quantitative
evaluation of the constituent materials of the building. Thanksto severa studies of
deconstruction projects in Germany and in France, the French-German Institute for
Environmental Research has gained experience with the audit of buildings as a method of
global evaluation of buildings[1]. The development of a software tool for the audit of
buildings and many data base (data on dismantling techniques, costs and duration, on the
existing options for waste management, on materials...) makesit possible to accomplish the
different stages of the methodology of the audit on site[25].

3.3 Recent case studiesin France

In the following, two recently accomplished case studiesin France are presented. The
background of these works was the need not only for abuilding audit , but also the analysis
and the choice of local waste recycling options. In order to guarantee a high quality recycling,
several criteria have to be considered: the distance between the work site and the recycling
installation in order to limit costs for transport, technical characteristics of the installation to
obtain very high quality recycled materials allowing the substitution of natural materialsin
new constructions, and the reception capacity of the installation that have to fit the estimated
guantity of waste in the audit report. From an economic point of view, landfilling must be the
ultimate resort for the deconstruction waste elimination. The French landfill fees are
increasing and, according to an estimation, in 2002 demolition waste elimination will be
twice as expensive as today, if waste management does not change or improve.

Case study in Gennevilliers

In the framework of a High Environmental Quality project of deconstruction, launched by the
building owner, the Ile-de-France Regional council, the French-German Institute for
Environmental Research has audited the 29 buildings of the high school Galiléein
Gennevilliersin the vicinity of Paris[26]. This school complex is made up mainly of
educational and residential buildings, workshops. The audit permitted a study three different
construction systems:. areinforced concrete structure with prefabricated asbestos panels for
frontages in the educational and residential buildings, metallic structures in workshops and
prefabricated buildings with composite materials. The inventory of construction elements for
each building was drawn up for planning their reuse or sale (from the economic point of view,
it isimportant to evaluate the profit between costs for dismantling, so costs for manpower and
technical equipment and gains after the resale of construction elements); 150 types of
construction elements have been identified. A classification of constituent materials of
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buildings was made according to their options of valorisation or elimination. The mass
repartition of materials of the 29 buildingsis shown in Figure 3.

Wood Metals

Residual waste
0,1%

204 1,9%

Non recyclable
mineral materials
1,1%

Dangerous waste
0,4%

Recyclable minera
materials
94,5%

Figure 3 Mass repartition of materials generated by the deconstruction of the 29 buildings.

Six construction materials groups have been determined. Mineral materials which can be
recycled are concrete and glass. Non recyclable mineral materials are mainly reinforced glass,
plaster and glass wool. Residual waste consists essentially plastics and carpets, and dangerous
waste is asbestos used in the sandwich panels, for roofing, etc. An asbestos cartography,
integrated in the report of the audit, was carried out thanks to CAD-System. The audit report
itself formed part of the documents for the invitation to tender.

Case study in Nantua

In 1998, the Region Rhdnes-Alpes answered to a call to building owner launched by ADEME
and the French Ministry of Equipment, Transport and Housing for the accomplishment of
deconstruction projects, in this case the high school in Nantua [27]. The French-German
Institute for Environmental Research, performed the audit of the building, identified the local
options for waste management, determined the dismantling modes and planned the
deconstruction. Three scenarios for dismantling the building were studied:

- scenario S1: to preserve characteristics of the mineral materials; sorting and
separately concrete recycling.

- scenario S2: recycling of inert mineral materials (no sorting according to material
characteristics).

- scenario S3: sorting to preserve the inert character of waste to be disposed in
lanfill class II.

For each scenario, the duration and costs of the work were evaluated. The total costs of
scenario S2 are dightly higher (+7%) than the costs of scenario S3. This additional cost is
explained by the difference between recycling costs and storage costs of mineral materials.
The additional cost of scenario S1 (+13% in comparison with S2) is caused by the concrete
sorting. It is scenario S2 (recycling of mineral materials) that was conserved and included in
documents for the invitation to tender: it presented the best link costs/profits.
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The French-German Institute for Environmental Research followed the deconstruction. The
total costs of the deconstruction are as follows: 32% for asbestos evacuation, 31% for
dismantling, 16% for waste management, 11% for security and protection, 5% for on-site
sorting and 5% for structure demolition. The deconstruction has alowed the recycling of
mineral materials (88% of the mass of the building).Some building elements were sold (roof,
heaters...). The intervention of specialised enterprisesin order to dismantle building e ements
was especially efficient. They had very good knowledge of construction systems, security
measures to implement on-site and could reuse afew building e ements in work on another
construction site.
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NATIONAL R& D PROJECT TO PROMOTE RECYCLE AND REUSE
OF TIMBER CONSTRUCTIONSIN JAPAN

Shiro Nakajima and Mikio Futaki (Building Research Institute, Tsukuba, Ibaraki)

SUMMARY

The volume of waste generated in the process of dismantling wooden buildingsisincreasing
year by year in Japan and the resulting wood waste is having serious local environmental
impacts. To improvethissituation it is necessary to promote the recycling and reuse of the
resources used in the process of building wooden structures. It is also necessary to develop
new systems and technol ogies that enable the reduction of the volume of the waste generated
in construction activities.

A new national research project was started in 2000 to reduce waste generated in the process
of dismantling wooden buildings. In this research project, new technologies and new socia
systems will be developed to reduce the waste products over the life cycle of wooden
construction.  The project deals with three main research subjects. The research subjects
are asfollows:

(1) Development of design and construction methods to reduce waste in the construction of
wooden buildings.

(2) Development of the recycling and reuse technologies for building materials and
components.

(3) Development of social systems to disseminate the devel oped technol ogies.

The final objective of the first research subject isto propose technical guidelines for
choosing low environmental impact building materials and components and to develop
design and construction manuals for recyclable, sustainable wooden buildings. Thefina
objective of the second research subject isto develop recycling technologies and to propose
reuse and recycle systems for building materials and components. The final objective of the
third research subject is to develop a system dynamic model to simulate the effects of
technologies and policies on materials flows in the construction of wood buildings.

KEYWORDS: Waste products, Wooden Buildings, Dismantling, Recycle, Reuse,
Construction Methods

1. INTRODUCTION

Each year, there is an increasing amount of wooden materials left behind from the renovation
or dismantling of timber structures. A large portion of these wood materials become waste
rather than being recycled, thereby damaging the local and global environment and creating
serious community issues.  In order to sustain the timber construction business into the 21st
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century, including the construction of wooden houses, broad-ranging recycling technologies
that reuse materials removed throughout the life cycle of buildings should be devel oped.

Large quantities of resources are consumed in the process of building wooden houses and, as
the life spans of these wooden houses are very short in Japan, these resources are disposed of
over ashort period of time. Thereisapressing need for the devel opment of technologies to
increase the life span of wooden houses and to create a large stock of wooden houses.

Because the waste generated by the construction industry is becoming a serious social
problem in Japan, several organizations and groups have started new projects to reduce the
production of waste and to promote the reuse and recycling of construction and demolition
waste. In May 2000 the Ministry of Construction officially announced a new law that
stipul ates the deconstruction process and promotes the recycling of construction and
demolition waste.

In the Building Research Institute three R& D projects that concern reducing, reusing and
recycling of the timber buildings are now ongoing. Thetitles and the research periods of
the three R&D projects are as follows:

(1) Development of technologies for increasing the life span and the stock of wooden houses.
(From year 1998 to 2001)

(2) Research and technological development for the prevention of dioxin contamination and
waste reduction in the construction industry. (From year 2000 to 2003)

(3) Development of advanced technologies for recycling building materials and components.
(From year 2000 to 2002)

The final target of these R&D projectsis to reduce the amount of waste and also to promote
the recycling and reuse of construction and demolition waste during the life-cycle of timber
buildings.

2. CURRENT SITUATION OF C&D WASTE IN JAPAN

There are severa recent reports on the current situation of C&D wastein Japan [1][2]. The
summaries of these reports are introduced in this section.

Almost 45 percents of the natural resources extracted in Japan are consumed by the
construction industry and almost 20 percent of Japan’s waste is produced by construction
activities. Almost 45 percents of the waste that goes to the landfill siteis produced in the
process of construction and demoalition of buildings and civil structures. And the
construction industry is responsible for almost al of theillegally disposed waste. (See
Table.1)
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Tablel Resource consumption and waste discharge.

Construction

All Industry Indlustry Ratio
(billion tons) (billion tons) (%)
Natural Resource ~ Consumed 2.40 1.10 46
Discharged 0.40 0.08 21
Recycled 0.31 0.05 15
Waste Legally disposed 0,08 0.04 a4
lllegally disposed  3.90 3.40 87
Buildings &
Houses
37% Engineering
works
63%
Figure1l Waste discharged from the construction industry.
Demolition
Waste
22%
Public
Engineering
Construction Works
Waste 59%
15%
Private
Engineering
Works

4%

Figure2 Details of the waste discharged from the construction industry.

The total weight of the waste discharged by the construction industriesin 1995 was
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approximately 100 million tons and three fifths of the waste was from the civil engineering
activities and two fifths of the waste was from the building activities. And asto the waste
from the building activities two fifths of the waste was construction waste and three fifth of
the waste was demolition waste. (See Figure 1 and Figure 2)

Table 2 shows the type, amount and recycle ratio of the waste discharged by the construction
industry in 1995. The waste from the building activities is mainly composed of concrete
aggregate, mixed waste and wooden waste.  And the mixed waste and the wooden waste
show the lower recycle ratio than concrete aggregates. The waste from the building
activitiesis not so much recycled as the waste from the civil engineering activities.

Table2 Type, amount and recycle ratio of the waste

Civil engineering Building
Type of waste Weight Recycleratio Weight Recycleratio
(million tons) (%) (million tons) (%)
Construction waste 61.6 68 37.6 42
Asphalt and Concrete  34.5 80 1.2 62
Concrete 17.8 69 18.6 60
Mixed 1.6 8 7.9 11
Wood 0.6 69 5.7 37
Soil and rock 7.0 14 2.7 14
Others

13%

Construction
Waste

Other 34%

Construction
Waste
11%

Figure3 Types and amount of the improperly disposed waste.

Figure 3 shows the types and amount of the improperly disposed waste. 1n 1995, studies
showed that 389,507 tons of wastes were improperly disposed in 1995 and more than 40
percent of this improperly disposed of waste waswood. It isthought that thisimproperly
disposed of waste was generated in the process of constructing and dismantling wooden
houses.

Figure 4 shows the projected amount of the building waste in the next 25 years. The
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amount of the waste will increase year by year and in the year 2025 the total amount of
building waste is forecast to be approximately 50 million tons.  Though the amount of the
building waste generated in the process of constructing or dismantling wooden buildings will
not increase, as constant volume of waste will still be generated during the process of
constructing, renovating and demolishing wooden houses. And it is estimated that the
landfills have their capacities to accept waste no longer than 0.9 yearsin the Tokyo area and
2.6 years in the whole country.

Figure4 Estimated amount of the building waste in the next 25 years.
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Photo 1 shows the deconstruction site of the post and beam wooden house in Japan. There
are three methods for dismantling wooden houses in Japan: by hand, by machine and by
machine and hand. The ratio of the wooden waste that is discharged in the process of
dismantling post and beam houses is approximately 20% in weight and 45% in volume.
And the ratio of the mixed waste is approximately 20% in weight and 10% in volume.

Photo 1 Deconstruction site of the post and beam wooden house.

To improve the current situation and to give a hopeful light to the next generation the
government worked on a new law that stipulates the deconstruction process and promotes the
recycling of construction and demolition waste. The details of the law were officially
announced in May 2000. The law isroughly composed of five items as follows:
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(1) Requirement for selective dismantling and recycling.

(2) Action to promote recycling and demolition.

(3) Adjust the contract between the owner and the dealer.

(4) The establishment of registration system to demolition dealer.
(5) The setting of objective concerning recycles.

To improve the current situation and to give a hope to the next generation, the government
passed on anew law that requires the deconstruction process and promotes the recycling of
construction and demolition waste.  The details of the law were officially announced in May
2000. Thelaw isroughly composed of five items asfollows:

(6) Requirement for selective dismantling and recycling.

(7) Action to promote recycling and demolition.

(8) Adjust the contract between the owner and the dealer.

(9) The establishment of registration system to demolition dealer.
(20) The setting of objective concerning recycles.

Requirement for selective dismantling and recycling

For buildings beyond a certain minimum size, selective dismantling to recover specific
materials such as concrete, asphalt and wood isrequired. It is expected that these
requirements will be expanded and increased in the future.

Action to promote recycling and demalition
The owner of the building scheduled for removal is required to report the removal prior to
demolition and the results of dismantling and recycling of materials at the end of the process.

Adjust the contract between the owner and the dealer

The subcontractor undertaking deconstruction must provide a plan for selective dismantling
tothe owner. The method of selective dismantling and the expense must be specified for
the demolition work.

The establishment of registration system to demolition dealer

The subcontractor undertaking demolition needs to register with the municipality and local
district. The demoalition subcontractor must engage an engineer who manages the various
technologies for demolition. Because the budget for demolition istypically small, it is not
necessary to get the permission of local government. Thusit is easy for an unqualified and
unlicensed contractor to provide demolition services. Thisis one of the reasons why illegal
dumping of waste occurs as well as indiscriminate dismantling of structures.

The setting of objective concerning recycles

Asthe basic palicy, the recycling and the reuse of construction materials are promoted by
creating an action plan.  Getting the cooperation of the owner is very helpful in recycling
and reuse.
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Figure5 Lifecycle of buildings

3. R&D PROJECTS

In the Building Research Institute we are working on three R& D projects to develop
technologies to reduce the waste from the wooden houses and to promote the reuse and
recycle of C&D waste. Figure 5 showsthelife cycle of buildings and the technologies
needed to reduce the environmental impacts. In these R& D projects we are planing to
develop amost al of the necessary technologies to reduce environmental impact of the
wooden buildings listed in the left part of the figure. The outline of each project is
introduced in the following paragraphs.

3.1 Development of technologies for increasing thelife span and the stock of wooden
houses

Backgrounds

The service life of the wooden residential houses in Japan is about twenty-five to thirty five
years and in most cases wooden residential houses are in use for only fourteen to seventeen
years. Wooden houses are easily constructed and easily demolished in a short period and a
huge amount of resourcesis consumed and a huge amount of waste is generated. These
activities disrupt the global and local environment. In other cases we are forced to reduce
the scale and the quality of the houses for socia reasons and according to the reduction of the
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scale and the quality of the residential houses the residential environments can be poor.

On the other hand, in advanced countries, for example in North America and in Europe, the
service life of the wooden residential housesis far longer in comparison with that of the
wooden residential housesin Japan. In the North American countries wooden residential
houses are in use almost forty five to sixty years and this use period is almost three times
longer than that of the wooden residential housesin Japan. Asthe improvement of the
guality of the residences is appropriately evaluated in the North American countriesit is quite
easy in these countries to use the wooden residential houses continuously for along period.
For example, upgrade in the quality of aresidence is appropriately evaluated according to the
quality of the maintenance and remodeling. And the quality of the residence is reasonably
reflected to the price of theresidence. The prices of the residence and attention to the
guality of the residence and the lifestyles in the North American countries also have
something to do with the long service life of the wooden residential houses. The situation
with wooden houses in Japan is quite different from that in the North American countries and
in most cases houses are rebuilt within a short period in Japan.

Although thereis little economic difference between Japan and North America, the service
life of wooden residential houses is quite different between Japan and the other devel oped
countries. It is becoming avery important task for us to propose technology systems that
will prolong the service life of wooden residential housesin Japan. And we haveto develop
anew technology that will improve the quality of the residential houses drastically.

Summary of the Research Project

The project is athree years project and it started in 1998 and the annual research budget is
approximately 15,000,000JPY. The outline of the research project is shown in Figure 6.
The aim of this project is to promote the effective use of resources and enhance the
residential environment. The research project is ajoint project with private companies and
associations and organized by the Ministry of Construction and the Building Research
Institute. The main items of this research project are as follows:

(1) Development of technology for reusing the wooden residential houses and upgrading the
quality of the stock of the existing houses.

(2) Development of design and construction technology to produce long lasting wooden
residential houses.

(3) Development of a system to disseminate the devel oped technologies.

In the first research subject we devel oped the technol ogies that will promote the reuse of the
exiting wooden residential houses. These technologies are quite necessary to increase the
quantity of high quality wooden residential houses. In detail we developed the following
two new technologies:

- Practical building diagnosis technologies that enable the evaluation of the quality of the
existing wooden residential houses.
- Maintenance and repair technologies for the existing wooden residential houses.
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In the second research subject we proposed new designing methods for newly constructed,
long lasting houses. We discussed the necessary performance of the materials and
components and decided the designing methods and al so devel oped the maintenance and
repair technologies. In detail we developed the following four new technologies:

- Wooden materials and components adequate for the long lasting wooden residential
houses.

- Design methods.

- Technology for evaluating the durability of long lasting wooden houses.

- Maintenance and repairing technologies.

In the third research subject we proposed a system for disseminating the newly developed
technologies. To do thiswe prepared the following documents and software:

- Software to use when inspecting the quality of existing wooden residential houses.

- Manual to use when maintaining and repairing existing wooden residential houses.

- Technical manual book for use when constructing along lasting wooden residential
houses.
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Figure6 Summary of the research project. (Development of technologies for increasing the
life span and the stock of wooden houses)

3.2 Research and technological development for the prevention of dioxin contamination
and thewastereduction in the construction industry

Background

The volume of waste generated in the process of dismantling wooden buildingsisincreasing
yearly. Itisnecessary to promote the recycling and reuse of the resources consumed in the
process of building wooden structures.  And new systems and technologies that enable the

50



reduction of the volume of the waste generated in the building activities are also strongly
required.

Summary of the Research Project

The project is athree years project and it started in the year 2000. And the annual research
budget is approximately 50,000,000JPY. In the project we will develop new construction
methods, formulate technical guidelines and compile design and building manual for
remountable wooden constructions and we will also develop recycle and reuse technologies
to reduce the waste products in the process of dismantling wooden buildings.

The project is composed of three research subjects. The research subjects are as follows:

(1) Development of design and construction methods to reduce the waste products in the
wooden building activities.

(2) Development of recycling technologies for building materials and components.

(3) Development of dissemination system to disseminate the developed technol ogies.

Figure 7 shows the outline of the research program of the first research subject. In thefirst
research subject we will develop the designing and construction technologies for recyclable
and remountable wooden constructions.  The current designing and construction methods
for the 2 by 4 construction and the post and beam construction will be modified and new
design and construction technologies will be proposed. In detail we will develop the
following three new technologies.

- Technologiesto design and evaluate low environmental impact building materials.

- Technologies to design and construct recyclable and remountable wooden buildings.

- Technologiesto design and construct sustainable wooden buildings.

Development of low environmental

impact building materials
Environmental impact evaluation of the preserved wood.
Environmental impact evaluation of wooden composit
materials.

Development of design and construction methods
for recyclable wooden buildings

Structural design of the joints and the structure.

Design and evaluation of the structural members.

Design and evaluation of the wooden materials and

Development of design and construction methods

for sustainable wooden buildings
Designing and construction methods to construct long service
life wooden buildings.

Figure7 Outline of the research program of the first research subject.
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Development of the technologies for the reuse of

dismantled timber materials
Reuse of beam and columns.
Reuse of finishing materials.

Development of the technologies for the recycling the

waste materials at materials level
Development and evaluation of structural building materials made
of wooden waste.
Evaluation of dismantled finishing materials for recycle.

— Development of the technologies
CEMVETREIDD e i) for the recycling the waste
Recycle W Boards materials at the raw material level

- Technologies to convert waste into
Conversion into charcoal charcoal.

Figure8 Outline of the research program of the second research area.

Figure 8 shows the outline of the research program of the second research area. In this
research area, we will develop new technologies for reusing and recycling wood waste
materials and other waste materials. In detail we developed the following three new
technologies:

- Technologies to reuse the dismantled timber materials.
- Technologiesto recycle the waste at the materials level.
- Technologiesto recycle the waste at the raw materials level.

We will also propose areuse and recycle system that will work well to reduce the landfill
waste.

In the third research area we will discuss the factors inhibiting waste reduction and recycling
of waste and also propose a simulation model to estimate the waste produced in the future.
And we will do some case study to make clear the possibility of the newly devel oped
technologies and social systems to reduce the waste coming out from whole life cycle of the
wooden buildings.

3.3 Development of advanced technologiesfor recycling building materials and
components

Backgrounds

This research project was proposed to develop broad-range recycling technologies to reuse
and recycle the dismantled materials that appear throughout the lifecycle of wooden
buildings. In thisresearch project, technologies for reusing wood construction waste and
technologies for recycling waste materials at the materials and raw materials level were
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collected publicly from the whole country. Two proposals were selected from among 10
proposals. The target of this research project isto radically reduce waste materials by
establishing broad-ranging and advanced recycling technologies for timber structures.

Summary of the Research Project

The project is atwo years project and it started in the year 2000 and the annual research

budget is approximately 15,000,000JPY. Figure 9 shows the outline of the research project.

The technologies that will be developed in this project are as follows:

- Technologies to produce charcoals from wood and ceramic mixed waste.

- Technologies to produce wood fiber insulation material s from waste wood by the dry
manufacturing process.
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Figure9 Outline of the research program of the third research subject.

4. CONCLUSION

Our country is now experiencing avery serious waste problem that is caused by the huge
volume of construction waste produced day by day. The results of the three research
projects described in this paper may provide some good solutions for improving this situation.
We have just reached the starting point and we have to make every effort to make the
situation better.
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RE-USE OF APARTMENT BUILDINGS:. A CASE STUDY
Bart J.H. te Dorsthorst (Delft University of Technology, Faculty of Civil
engineering and Geosciences, Material Science); Ton Kowalczyk (Delft
University of Technology, Faculty of Architecture, Environmental Technical
Design)

SUMMARY

Re-use of construction and demolition waste is common practice in the
Netherlands. But ailmost all of this material is used as aroad base material. The
Dutch Government passed alaw on the first of April 1997, which states:
“Dumping reusable building waste is prohibited” (short version). The question
that arisesis, have these material more re-use potential ?

This paper describes a study about the re-use of six apartment buildingsin The
Netherlands. These buildings are located in an areain Maassluis, which was
redesigned. The re-use options are discussed both on technical and financial
aspects. For the technical aspects the Delft Ladder, a flexible waste treatment
order, was used.

Finaly afirst intention of amodel is presented which can calculate the
environmental and financial aspects of different end of life scenarios.

KEYWORDS: Construction and demolition waste, Deconstruction,
Dismantling, Environmental impact and Integral chain management

1. INTRODUCTION

The Netherlands produces 16 million tonnes

of construction and demolition waste per Graningen
year, for example: this quantity can be used

for aroad basement of a 250 km, six lane

highway, 20 meters wide and 2 meters thick

(fig. 1). Thisisan enormous amount for a

small country like The Netherlands. The

Dutch Government passed alaw on the first e
of April 1997, which states: “Dumping

reusable building waste is prohibited” (short

version).

To make a choice between different
materials, which can be used for the
manufacturing of products or constructions,

the main issue is how they can perform the Figure 1. Highway on re-used

materiasin The Netherlands
(Noord et al, 1998)
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requirements like: strength, corrosion, durability, etc. The level of the
performance will then be compared with the price paid for it. In time the
choosing became more complex, more requirements were added: safety, utility,
fire resistance and low energy use. There were more and more discussions about
environmental and health aspects. To solve this complicated matter there was an
attempt made to express the total (environmental) performance in one grade and
with these grades for all the different materials to divide them in different
categories. Thisisfor two reasons a worrying approach:

» Thetota view of the environment is a collection of several (ca. 14) aspects
which have less or no mutual connections and it is difficult to express them
in the same dimension;

» Theeffect on the environment will not only determined by the material used
but also by the way of application.

Therefore adifferent approach is needed. This approach has three elements:
» ‘lifecyclethinking’;

e ‘designfor recycling’;

» ‘ecocost-valueratio'.

One of the possible contributions to sustainable building is to keep the building
materialsin their own cycle aslong as possible, ’life cycle thinking' (fig. 2). This
can be done on two occasions: during the stage of design or during the
demoalition stage. In the stage of design a suitable dismantable building system
can be chosen, enabling all the elements and components to be re-used easily and

—2»  Process
-_— Waste MATERIAL CYCLE BUILDING STAGES

--------- Secondary material

Extraction of
raw materials

Materlal/element _| Demolition Initiative
improvement -_————

dismantling

Immobilisation

6 5 1: Prevention
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I | 3: Element re-use

‘ E .8 4: Material re-use
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17 I 8: Incineration with energy recovery
- - % Landfil K 10 7 9: Incineration
10: Landfill

Figure 2: Integral Chain Management (Dorsthorst, 2000)
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directly after dismantling. This stage of design is called Design For Dismantling
(DFD). Design For Recycling (DFR) is another building system where, during
the stage of design, consideration is given to what to do with the building
materials after demolition. Separation of building materialsis rather smple
during the demolition process and after further processing (e.g. crushing), the
separated materials can be used as araw material for the production of new
building materials.

The second alternative isto do everything that is possible at the demoalition site
in order to improve the recycling of materials and elements. Thisis the most
common solution nowadays, because the greater part of the buildings ever built,
were not built for dismantling. So the present emphasis lies on the demolition
process.

2 CASE-STUDY MAASSLUIS

Maasdluis is a community of about 35000 inhabitants, not far from Rotterdam. A
lot of apartment buildings were built in this city in the sixties and seventies. Most
of them were built with the Elementum system (prefabricated concrete) because
the Elementum factory was in this city.

Prefab concrete e ements were made in the factory and the building is assembled
at the construction site. Most of the connections between the elements were filled
up with cement, in order to get a monolithic construction.

Normally these constructions have alifetime of about 70 to 80 years, but due to
other reasons (not the technical state of the construction) these apartment
buildings must be removed. In this case a part of the neighbourhood, six existing
apartment buildings has to be redesigned. Normally these apartment buildings
would be demolished and the concrete and masonry rubble would be crushed and
used as aroad base material. The question arises what more can be done with
these constructions.

2.1 Materials

The skeleton of these old apartments are built with prefabricated concrete walls
and prefabricated concrete floors. These elements, now 30 years old, have a
lifetime of about 70 to 80 years, so they can serve a second lifetime. Thanks to
new regulationsin the field of noise reduction between dwellings these elements
cannot be used as a dwelling separation element. So these elements can only be
used for inner walls and floors or compensating measures for noise reduction
must be taken.

The extern walls (facade) of the old construction have awood frame. Asbestos

was also used in this facade. So, according the Dutch regulations, all the asbestos
has to be removed before demolition or dismantling. The remaining of the facade
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cannot be used as a facade anymore so it will be demolished and the wood will
be incinerated in order to re-use the energy of the wood.

The roof was made of concrete floor elements, a sand-cement layer for the slope,
insulation material, bitumen and gravel. This construction must be dismantled
separately. The gravel is contaminated with polycyclic aromatic hydrocarbon so
it must be cleaned before it can be re-used. The insulation material and the
bitumen will be incinerated and the concrete floor elements can be re-used.

The foundation, prefabricated concrete piles, can be re-used both as element (on
site) or at material level.

2.2 Re-use options

In 1979, the Dutch government published an order for waste treatment called the
Ladder of Lansink (Lansink, 1979). This order was afixed top-down approach.
Since 1980, more waste treatment options have been developed and therefore the
Ladder of Lansink has been extended with five new options. This new order
shouldn’t be a fixed top-down order but it should be flexible. The order can
change thanksto the results of calculation methods, such as Life Cycle Analysis
(LCA) and Eco-cost Value Ratio (Vogtlénder, 2000). This new tool is called the
Delft Ladder (Hendriks, 2000). The two ladders areillustrated below.

Ladder van Lansink Delft Ladder

1. Prevention 1 Prevention

2. Material re-use 2. Object renovation

3. Useful application 3. Element re-use

4. Incineration with energy recovery 4, Material re-use

5. Landfill 5. Useful application
6. Immobilisation with useful application
7. Immobilisation
8. Incineration with energy recovery
9. Incineration
10. Landfill

Thefirst, prevention, tries to prevent the production of construction and
demolition waste. This can be done by a proper design in the early stages of the
building project. It is clear that prevention in the early stages cannot be done
here.

The second step is object renovation. This means re-use of agreat part of the
building at site; renovation. In this case object renovation is an option. The
skeleton of the building can be re-used at site. In order to create dwellings with a
bigger floor space, old apartments must put together. This can be done
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horizontally, vertically or both. Problems in noise reduction between dwellings
have to be solved.

The third step, element re-use, is possible if the old elements can be dismantled
without too much damage. These elements can only be re-used as inner walls and
floors; not as a dwelling separation wall because of the noise reduction capacity.
The foundation can be re-used for dwellings (at the same site).

The fourth and fifth step, material re-use and useful application are possible for
amost all materials. The stony materials (including the foundation) can be
crushed and used in concrete or as aroad base material. The roof gravel can be
used on roofs again.

Step six and seven, immobilisation with or without useful application, isfor
hazardous wastes. These materials were not present in these six buildings. So
immobilisation is not an option here.

The next steps, incineration with or without energy recovery, can be used for the
wood and the insulation materials. It is difficult to re-use these materials at
another level because of the contamination and the (small) amounts.

The last step, landfill, is forbidden in the Netherlands for all reusable
construction and demolition wastes. This landfill ban started in 1996. So only the
materials that cannot be re-used can be dumped on alandfill. So thereisonly a
very little amount of waste from these buildings that will end up on alandfill,
except all the asbestos. This materia is dismantled separately and dumped
(special controlled) on landfills.

So technical possibilities and the current regulations result in the following
options:

*  Object renovation; re-use of the concrete skeleton

* Element re-use; re-use of elements at another site

» Element re-use; re-use of the foundation

* Material re-use; re-use of the concrete, roof gravel

* Incineration; recovery of energy from wood and insulation materials

» Landfill; all asbestos

3. BUILDING REGULATIONSAND MATERIAL REQUIREMENTS

The elements or components that are deemed reusable were built in an earlier
period. In that period, other building regulations and material requirements were
in effect. For example; in the 1950s there were no insulation regulations, and in
the 80’ s a standard double glazed window had ak-value of 3.5 W/mK.
Nowadays, the insulation regulations for elements or components are redundant
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because of the Energy Performance Coefficient (EPC). This EPC calculates the
usage of energy for a certain building and how that will be accomplished isup to
the architect; it can be realised by using single glazed windows and heavily
insulated walls. Or with regard to deflection, can the structure still be re-used
when it isacertain age and of limited deflection capacity?

3.1 Comparison between the old and new standards

The NEN 1009 is a standard for reinforced concrete and came into effect in 1962
and it is now outdated by the NEN 6720. But meet the old constructions the new
standard? The elements used in the case-study Maassluis have been compared
with the NEN 6720 (Luiken, 2000):

NEN 1009 states that the strength of reinforced concreteis 0,6 * the
characteristic strength of reinforced concrete.

NEN 6720 calculates as follows:

f’b: f1b,rep / Ym f’b,rep =0,72 x f’ck envym= 1,2 - f’b =0,6 x f1ck =Whichis
amost equal to the old standard.

fp = the pressure failure of the concrete.
f'brep = the pressure failure of the concrete gained from experiment.
Ym = the materia factor

'« = thecubic pressure failure of the concrete

The comparison for the stedl:

NEN1009: QRNn40 fs = 400 N/mm? f; = 500 N/mm? &, = 11 %
NEN6720: FeB400HWL ,HK fs= 400 N/mm? f; = no standard €, = 4 %
The NEN 1009 is more strictly.

QRN40, FeB400HWL ,HK = type of steel
fs = thetensile failure of the stedl
&y = elongation

So, after an element or component is dismantled it still has to undergo afew
evaluations before the decision can be made for direct re-use. If the element or
component does not meet the requirements and building regulations, then
upgrading could be an option. In addition to the requirements and building
regulations, the architectural features or even the colour can be deciding factors.

In the Netherlands the building regulations are summed up in the Building
Decree. This means that every element or component, primary or secondary,
must be certified. If a secondary element or component lacks a certification, it
will not find its path to the construction site.
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Two of the problems as for certification of a secondary element or component
are: how will it be done and who is going to do it? Starting with the former, an
independent institute should do this. Concerning the manner of how isit done: is
every element or component examined or will a representative sample be taken
and examined? An important aspect of these considerations is the costs
associated with such a process. When a secondary element or component
completes this process, then the next step will be the determination of the costs
and environmental impact.

4. APPLIED RE-USE OPTIONS

The redesign of this neighbourhood can be shown in figure 3.

Figure 3: Artist impression, Componers neighbourhood Maassluis, The
Netherlands (www.panagro.nl)

Five of the apartment buildings were renovated, but not all in the same way. Two
of them were totally stripped, the apartments were connected horizontally in
order to improve the floor area. An extrafloor was put on top of these buildings
(figs. 4, 5).

The top three floors of the other three buildings were removed. The remaining
construction will be redesigned as single family dwellings. A special detail of
this reconstruction is the demolition of the concrete cores. Therefore struts must
be placed in the total construction.

All the walls in these five buildings have not enough noise reduction capacity.
Extrawallswill be put in front of the concrete walls with extrainsulation. Also
all the (new) wiring can be put behind these walls.

The last apartment building was demolished completely, except for the
foundation. The foundation is re-used for dwellings. The original ideawas to re-
use the elements of the removed floors in the other single-family dwellings. But
due to different reasons this wasn't done. The logistics of thisre-useisvery
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Figure 4: Old apartment building Figure 5: Renovated

difficult; disassembling starts with the roof, ending with the foundation and
floors. Also the demolition techniques used caused damage to these elements.
New demolition techniques for deconstruct these kind of constructions are under
devel opment.

So all these elements were crushed (on site) and used as aroad base material. All
other materials were removed from site to separation companies where it was
processed and re-used or incinerated.

4.1 Deconstruction problems and the financial consequences

The dismantling of the three apartment buildings has just started and the
experience will result in new solutions to the problems encountered, which then
can be applied to future projects. One of the first and most important problems
encountered is that the apartment building is not quite built as it was designed.
During construction, the contractor changed the details without giving any notice
of it. During dismantling we came across the different details, which made it
more difficult to dismantle without damaging the construction (fig. 6,7). Firstly,
when the project was just in the design-stage, the idea was to dismantle the third
and the fourth floor. These remaining elements would be used to build single-
family dwellings just across the street. It turned out to be very complex to
dismantle and to build subsequently with the same elements. Moreover, in this
stage it was not clear whether the elements were reusable, so the second thought
was to dismantle the two upper floors and store them on a nearby location to
catalogue and test them. Two things went wrong during the process. Firstly there
wasn’'t enough time and knowledge available and secondly the government
wasn'’t intending to subsidise the project, so, all the risk was for the housing
association and the contractor.
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Figure 6: On the left the correct detail, on the right the detail which gave
problems during the dismantling.

Fiaure 7: The situation after dismantlina and the solution.

The original building method is named after the factory where it was made:
“Elementum”. It is a precast building system where the connections between the
floors and walls should have been filled up with sand-cement grout, but during
the construction a much stronger mixture was used. When a floor was removed
with more force then initially planned, the whole construction moved a bit and it
stood out of plumb. To prevent collapsing, more safety supports had to be added.
One way to solve this problem isto saw the floor afew centimetres from the wall
and remove the rest of the floor by hand. Thereisno need to say that solving
these kinds of problems doesn’t make this project economic. Reusing the
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construction instead of building totally new houses gave a profit for the smaller
dwellings of € 2,250 and for the bigger ones € 5,500. So far, for the first
apartment building the extra costs were about € 45,000, which is € 2,800 per
dwelling. For the next two apartment buildings, extra safety supports had been
added before dismantling started and a different approach has been taken to
tackle the problems based on the on site research and testing of the construction.

enviornmental life cycle
design of a load costs
building output

input landfill

reauirements
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product . Lo .
features gsglpscl)c;tn incineration E D
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Figure 8: Scheme of the decision support system BELCANTO (Guequierre).

4.2 BELCANTO, Building End of Life ANalyze TOol

The discussed case showed an example of how aredesign of a neighbourhood
can be handled taking a maximal re-use of elements and materialsin account.
This re-use was stated thanks to three enthusiastic partners: the housing
association, the demolition contractor and the building contractor. No model was
used to examine the environmental and financial aspects.

So atool for an architect, or a building product developer, or aresearcher is
missing, to support the choice between re-use of products, recycling of materials,
landfill or incinerating as the end-of-life scenario of a certain building product.
Recently, we suggested a possible design for such a decision support system
(Guequierre et al, 1999). Figure 8 shows a scheme of this system, called
BELCANTO (Building End of Life Cycle ANalyse TOal). The output of
BELCANTO will be at least the environmental load of a building product.
However, decision-makers need also economic aspects, thus the life-cycle costs
of the various ELS' s must also be part of the output. Furthermore, some
gualitative deliberations, like the ease of dismantling, are added to the output.
The input of BELCANTO will be a building product.
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5. CONCLUSIONS

The question that arises when reading the title of this paper is. “Is re-use of
materials reality or utopia?’ The answer to that question isn’t quite simple; itisa
combination of four different aspects (technical, environmental, economical and
regulations). Almost everything is dismantable with the current techniques, but
will it be economically profitable? Or does it reduce the impact on the
environment? A building meets certain regulations dated in the time when it was
built, but when it or the elements will be re-used after 50 years, will they meet
the standards valid in that period?

In the Maasdluis case, there were three enthusiastic partners: the housing
association, the demolition contractor and the building contractor, and all three
had their own influence in the process. It was quite clear in the early stage of the
dismantling process that the costs were estimated to low. The origina drawings
were on crucia points different than what was built. Consequently additional
safety measures had to be taken. On the other hand, if there had been more time
spent on researching the best way to dismantle the ‘ Elementum’ building-method
there could have been more reusable elements.

This project isthe first of itskind in the Netherlands and so it isalearning
project. About 2 million of these apartments were built during the period 1946-
1980, and alot of these apartments cannot meet the today’ s standards. Because
the housing association, the principal in this project, owns 2,500 of this same
type apartment in the same condition as in this project, it can be expected that
more of these projects will follow in the future.

Re-use of these old reinforced concrete el ementsis technically possible at
different levels: object renovation, element re-use, material re-use and material
re-use in auseful application. Material re-usein a useful application is common
use nowadays in the Netherlands (almost all construction and demolition waste
ends up as aroad base material). A part of thismaterial is used as an aggregate in
concrete. The re-use of elementsisthefirstinitskind in thiscase. Isre-usethe
best option or would it be economically preferable to choose another option? At
this moment of writing we are building a decision making model called
‘BELCANTO’ (Building End Of Life Analyze Tool) (Guequierre et a, 1999)
which can calculate which *End of Life Scenario’ isthe best option to prevent
construction and demolition waste.
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TOWARDSAN ESTABLISHED SECONDARY CONSTRUCTION
MATERIALSMARKET IN SA: SOME BOTTLENECKSAND

SOLUTIONS
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SUMMARY

The South African construction industry generates about 5 to 8 million tonnes of
construction and demoalition (C&D) waste per annum. Over a million tonnes reach
landfill sites every year and the remainder is reused, recycled or dumped illegally. Of the
portion that is reused, alarge percentage finds low-level applications such as backfilling,
landscaping, site levelling, landfill applications etc. Relatively less C& D waste finds high
value applications such as in road applications, building construction, formal housing and
in other recycled materials and products. Illegal dumping is becoming a serious problem
in South African open spaces as perpetrators try to avoid transport and disposal costs of
managing C&D waste. A recent study of the South African C&D waste practice revealed
that there are anumber of constraining factors to the use of secondary materials and
products. This paper will highlight these constraints and propose some solutions to
overcome them.

KEYWORDS

Construction and demolition waste, minimisation, secondary construction materials
market

1. INTRODUCTION

The South African construction industry generates about 5 to 8 million tonnes of
construction and demolition (C& D) waste per annum. This waste results from domestic
and industrial construction activities that include new construction, renovations and
demolitions. Landfill sites receive over one million tons of C&D waste per annum. A
large proportion of C&D wasteisreused. A smaller proportion of C&D waste is recycled
for secondary use. The bulk of unaccounted for C&D waste is disposed of illegally in
open areas. Of the portion that is reused and recycled, alarge percentage finds low-level
applications such as backfilling, landscaping, site levelling, landfill applications etc.
Relatively less C& D waste finds high value applications such as in road applications,
building construction, formal housing and in other recycled materials and products.

A recently conducted study into South African C&D waste practice revealed that there
are difficulties relating to the estimation of quantities of C&D waste[1]. The quantities
of C&D waste that are produced in South Africa per annum were deduced by
comparative analysis, quantities estimated for C& D waste disposed in landfill sites were
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negatively affected by poor record keeping, non-uniform waste classification and the lack
of weighing facilities at some landfills. In addition, reused C&D waste and illegal
dumping could only be assessed qualitatively. This has increased the need for a national
waste information system that will be able to capture data on waste generators, waste
collectors and waste disposal facilities among others to enable accurate estimation of
guantities that are disposed in landfills, reused and recycled and also to account for all
waste that is dumped illegally.

South African legislation on waste management has undergone rigorous transformation in
the past six years. Conditions have changed from a fragmented, ad-hoc type of waste
control system to a more coherent, integrated management system that is driven by
sustainability principles. However, there currently is no sectoral legislation on waste
management (but government is apparently working on it).

The environmental legislative foundation was laid with the promulgation of the
overarching Environment Conservation Act (ECA) no 73 of 1989. The ECA was
followed by another overarching act, the National Environmental Management Act
(NEMA) no 107 of 1998. The NEMA takes the environmental management process
further by expanding on the environmental law reform programme. It also provides the
enabling environment for the formulation of sectoral policy and legislation, including
those for waste management [2]. The Integrated Pollution and Waste Management
(IP&WM) Policy was promulgated in the year 2000. This policy sets out the vision,
principles, strategic goals and objectives that government will use for integrated pollution
and waste management in South Africa. A further development to the process was the
preparation of the National Waste Management Strategy (NWMYS) and its action plans.
These form the basis for the tranglation of the goals and objectives of the IP& WM into
practice.

Almost in paralel with the above process, the Construction Industry embarked on the
Construction Industry Performance Improvement (CIPI) initiative. In line with
international trendsin the quest for sustainable construction, the construction industry has
shifted the focus from performance criteria of quality, time and cost to sustainability
oriented criteria of environmental preservation, reduced resource consumption and
human development. There however, has been little development in terms of C&D waste
practice so far i.e. in terms of management and minimisation, but the need for these has
been realised by both government and the new Construction Industry Development Board
(CIDB)[3].

In summary, large quantities of C&D waste are currently being produced in South Africa
annually. Thereisaneed for improved administrative processes to ensure effective waste
management e.g. the need for a national waste information system. C&D waste
management currently does not satisfy the tenets of sustainable development, however,
potential has been seen for C& D waste minimisation through reduction, recovery, reuse
and recycling. The biggest challenge was found to be the establishment of aviable
secondary construction materials market. This paper will first look at some of the
constraining factors to the recovery of C& D waste and the use of secondary construction

68



materials and products in construction and then propose some solutions to overcome
them.

2 SOME BOTTLENECKS

2.1 Policy and legidation

Asthereisno sectoral act on waste management yet, waste is managed primarily by the
ECA no 73 of 1989. Being an overarching environmental act, the ECA does not and
cannot be expected to go into detail on any specific type of waste. The ECA defines
waste as effectively “unwanted or unused” material. Some types of waste are excluded
from the definition because they are covered in more detail elsewhere (i.e. in other
sectoral or general legidation) e.g. effluent, litter on roads etc [2].

According to the ECA, building rubble is excluded from the definition of waste if used
for sitelevelling or backfilling. In cases whereit is not, then general waste management
principles apply. Other types of C&D waste that are not exactly “unusable” are covered
by other legislation (sectoral or general). Thereisyet no uniform classification of C&D
waste. This makes management difficult. Furthermore, the resources required to police
compliance to legidlation, in its present state, are just not available.

2.2 Resour ces

One serious limitation to the implementation of integrated waste management in South
Africais the shortage of resources, both financial and human, in government. In terms of
financia resources, C& D waste minimisation and the establishment of a secondary
construction materials market need financial investment. National budget and priorities
determine the amount available for expenditure in the area of pollution and waste
management. |ssues such as awareness creation, technology development, start up costs
of recycling ventures, operation and maintenance and SMME development all need
funding. Clearly, government alone will not be able to meet these requirements.

Government currently has limited human resources dedicated to waste management (not
to mention C&D waste). Aswas the case towards the end of year 2000, government is
faced with a problem of staff turnover, which negatively impacts on progressin C&D
waste related issues (or any other waste type for that matter). As much asthereisaneed
for a complete waste regulatory framework, it will serve no purpose if the resources to
monitor and enforce it are not sufficient.

2.3 Administration

There currently is no national waste information system. This meansthat C&D waste
generators are not registered and thus do not have to account for the waste they produce,
waste collectors do not have to account for their actions when handling waste (thisis
despite the good intentions of the “duty of care” and “polluter pays’ principles of
NEMA). Such asituation lendsitself to abuse, hence the large quantities of illegal
dumping and other forms of environmental degradation. C& D waste classification at
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landfill sites varies form siteto site and regionally. This makesit difficult to keep
accurate national records for management purposes.

L egidlative measures should be packaged together with awareness creation. In the case
of restrictions, alternative options should be provided. Thisis usually not done and
results in the problem being shifted instead of being eliminated e.g. strict landfill site
requirements result in increased illegal dumping if people are not given alternatives.

2.4 Stakeholders
In order to achieve integrated management of C& D waste, the various stakeholders
involved in the life cycle of C&D waste need to play their part. For instance:

o Designers have traditionally not considered the implications of building designs
on the amount of waste generated at the end of life of buildings. Many old
buildings have been over designed or they lack the flexibility to be disassembled
or adapted to adifferent use.

o Contractors generally do not practice waste management and minimisation on
site. All generated waste is stockpiled and transported to landfill sites. The
concept of source control is seen to be expensive to implement.

o Demolishersstill believe that mass demolition and rapid site clearance are the best
way to make money. The concepts of building deconstruction and waste
minimisation are either not known or not taken seriously. Source control is
considered expensive to implement (i.e. considering project constraints such as
time and labour).

o Waste generators are by law responsible for the waste they produce from “cradle
to grave’. Their responsibility extends to the waste collection service providers
they select and the waste disposal facilities where their waste ends up. With
limited policing, thislegidation is not well monitored. Asaresult, source control
is not practiced and some waste collectors dispose waste illegally to avoid costs.

o Waste recovery in construction and demolition sitesis usually carried out by
formal and informal waste salvagers, demolishers and contractors. The lack of
source control on site results in relatively high recovery costs that negatively
impact on the financial benefits of the exercise.

o Recyclers and secondary material outlets generate revenue from the sale of
secondary materials and products. One of the main determinants of the success of
such servicesisthe quality of the output. This depends on the quality of incoming
raw waste material. On the other side of the scale, even if the recycler does
produce good material, he still depends on consumersto buy it and at a good
price. Unfortunately, the product price can sometimes be independent of its
guality and just depend on market conditions.
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a

Government is probably one of the most important stakeholdersin the
establishment of a viable secondary construction materials market. Current
financial and human resource constraints impact negatively on this role of
government (hence government is currently not seen to be doing nearly as much
awareness creation, promotion of secondary materials and financial investment as
necessary).

2.5 Standards and specifications
South African standards and specifications currently do not accommodate the use of
recycled C&D waste. Reasonsfor thisinclude:

a

Willingness - clients, designers and contractors currently have no incentive to use
reclaimed materials in construction projects.

Risk - reclaimed materials are perceived to be inferior. No oneiswilling to takea
risk with secondary materials when there are established building materials on the
market, even when the secondary materials have undergone the necessary quality
control testing.

Awar eness - some building construction practitioners are not aware of the
ongoing research of secondary materias, the international trendsin the
accommodation of such material in standards and specifications and the
environmental benefits of using such material.

Nature of specifications - current specifications are prescriptive in nature, giving
details on the composition and type of materialsto be used. This negatively
impacts on the prospect of using aternative materials not covered by standards.

Nature of standards - standards are based on the technical testing of materialsto
determine their fitness for purpose and long-term durability. By itsvery nature,
this approach takes along time and suggests suspicion if non-standardised
materials are used. This negatively impacts on the use of secondary materials.

2.6 Market dynamics
The South African secondary construction materials market is currently not well
established. C&D waste minimisation is faced with challenges such as:

a

Source control —there is a dilemma of getting material supply from waste
generators and practicing control on material quality. Source control sometimes
acts as adisincentive for generators to bring waste to recyclersinstead of
transporting it to landfill sites

Authorities - there is sensitivity and unwillingness to grant permission for C&D

recycling in demolition sites within the areas of jurisdiction of some authorities.
Reasons are usually concerns around noise and dust.

71



o Secondary material use - recyclers have difficulty selling their product because of
the limitations imposed by standards and specifications for building construction
and the traditional engineers who are generally unwilling to explore innovative
materials.

o Competition - Market prices are usually set regionally and recyclers usualy have
little or nothing to say about them. This, together with the public perception of
secondary materials forces recyclersto sell their product at aloss.

o Quality assurance - some tests have been conducted to determine the technical
performance of secondary materials and products. These however have not
influenced South African standards and specifications yet.

o Funding - the recovery and recycling of C&D waste is presently an expensive
exercise that requires subsidisation. There currently is no clarity on who should
take this responsibility especially with the risksinvolved.

2.7 Incentives

C&D waste minimisation is currently an expensive exercise. People have no incentive to
separate waste at source and waste handlers generally have no incentive to salvage useful
waste material. Waste disposal istypically funded by lump sum taxes usually hiddenin
property taxes or by flat fee payments. Thistype of pricing provides no incentive for
waste generators to produce less waste or separate at source for reuse and recycling (i.e. a
person can generate as much waste as they like and still pay the same fee). Some landfill
sitesin South Africa have started implementing “ punitive levies’ to those that generate
large quantities of waste. As can be expected, people have resorted to illegal dumping as
a cheaper option [4].

2.8 Targets

Waste management in South Africais currently not driven by a collective national ideal.
Thereis no national target for waste reduction or elimination. International trends
indicate that such targets are necessary to increase commitment and monitor progress.

3. SOME SOLUTIONS

C& D waste minimisation in South Africawill be enhanced by the establishment of a
viable secondary construction materials market. In turn, for the secondary construction
materials market to be established, we need to have an enabling environment. How can
this be achieved? The answer liesin the formulation and adoption of a C&D sector
development strategy that will tranglate into an implementation plan in line with the
NWMS and the CIPI initiative. Such a plan will require support from and should contain
the following:
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3.1 Government support

As indicated above, government is probably one of the most important stakeholdersin the
establishment of the secondary construction materials market. The government should
visibly promote the use of secondary construction materials where possible and
discourage the unnecessary use of primary materials. Where applicable, financial support
must be given to the secondary construction materials market, but more importantly, the
awareness level of the public needsto be raised. Firstly, people need to realise that
“secondary” does not necessarily mean “inferior” and secondly, the environmental (non-
financial) benefits of using secondary materials need to be emphasised.

3.2 Policy and legislation

Sectoral legislation on waste management needs to be formulated and promulgated to
ensure effective management and compliance with the IP& WM policy objectives and the
NWMS. Legidation relating specifically to C& D waste should discourage the abuse of
natural resources and illegal dumping and promote C& D waste minimisation and
secondary material use (countries such as Sweden, Denmark and the Netherlands have
good examples of this[5]). Some steps that can be taken include the introduction of:

- Hightipping costs at landfill sites that punish large quantity waste generators

- High taxes on raw material use

- Prevention of the disposal of C&D waste in landfill sites packaged together with
awareness and alternative options

- Strict by-laws on illegal dumping

- Punitive measures for perpetrators and

- Strict environmental management policy requirements

3.31T based administrative systems

Having moved into the information age, many administration systems and operations
could be improved by introducing I T based solutions in order to make waste management
more effective. Such improvements could include the development of

- A national waste information system that can register all waste generators by category
of waste, register waste collection service providers and waste disposal facilities. This
will help in the estimation of total wastes produced in South Africa, quantities disposed
in landfills, quantities reused and recycled and help account for illegally dumped waste.
Such a system will also help standardise waste classification.

- A web-based national secondary construction material information exchange service (or
simply, the C&D waste exchange). This service will be of benefit to waste generators
and secondary material consumers. Such a service will provide information on available
and required waste material for secondary applications by type, source, quantities,
location and available quantities. In addition, the service will provide information on
waste minimisation, available technologies and possible applications for secondary
materials and products.
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3.4 Integrated C& D waste management
For C&D waste minimisation to be achieved, all the stakeholdersinvolved in thelife
cycle of C&D waste need to play their part. For example:

o Designers must reduce the amount of waste that is generated in the first place.
This can be done through design for waste reduction and design for
deconstruction.

o Demolishers should use technologies like building deconstruction instead of mass
demolition to maximise the recovery rate of useful waste material.

o Contractors need to incorporate waste management plans into their tender
documents in order to improve waste management on site, save costs and generate
revenue from waste.

o The client team needs to demand waste management plans with tender
submissions. They also need to promote environmental construction practices and
look at the possibility of demanding the use of a certain percentage of secondary
materials in construction projects.

o Recyclers should keep a good reputation of material supply. This requires good
source control, high quality production and sufficient material quantity
availability.

o National government needs to promote initiatives aimed at sustainable resource
use. It should also lobby for support of recycling initiatives and secondary
material use at local government level.

o Landfill sites should provide stockpiling facilities where possible for C&D waste
that they receive to allow for periodic sorting and crushing by a mobile crusher to
produce secondary materials.

3.5 Standards and Specifications

There is aneed to move away from prescriptive specifications as these have been shown
to limit innovation in material use. A more appropriate form of specification would be a
performance-based specification. This kind of specification details only the performance
aspects of a particular material and not its composition. Thiswill undoubtedly give
opportunity to the use of secondary construction materials[5].

Ongoing research and development is needed with reference to types and methods of
testing in order to ensure that al materials are tested on merit and accommodated by
specifications where appropriate. Acknowledging the nature of standards, if well
performing innovative materials were not used in pilot projects on atrial basis, we
probably would not be using good materials like Pulverised Fuel Ash (PFA) and Ground
Granulated Blast Furnace Slag (GGBS) today.
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3.6 Incentives
Economic incentives

Variable cost pricing should be introduced as a substitute for flat fee pricing. Variable
cost pricing has been introduced in a number of countries to increase the marginal cost of
waste disposal, expose waste generators to the real costs of waste disposal (e.g. social
costs, land occupation costs and opportunity costs) and to create an incentive for people
to recycle waste [4]. Typical examples of such pricing mechanisms include:

o Marginal cost pricing - this pricing mechanism imposes costs per unit of waste
generated. This approach targets the quantity of waste generated and thus
provides incentive for people to generate less waste. Examples include quantity
based pricing, unit based pricing and landfill waste tax.

o Average cost pricing - this mechanism estimates total waste volumes, costs and
disposal units for the upcoming year. An average unit price isthen derived and
charged on everyone. The unit price will usualy be higher than the flat fee and
thus encourages waste reduction and recycling.

o Two-tier pricing - this mechanism uses aflat fee that is charged for an established
minimum level of disposal service, beyond which a unit-based punitive feeis
charged. In such systems, the unit-based fee can be anything from 40-100%
higher than the flat fee.

General incentives

o Landfill - landfill sites can have incentives like the free disposal of clean
recyclable waste in designated “ green areas’ or stockpile facilities for recyclables.

o Environmental - local authorities can organise environmental programmes that
will leave consumers, households or companies with a good image e.g. spot-
illegal-dumps programmes that will help identify, clean and monitor illegal
dumps while acknowledging the partici pants etc.

o Business opportunities - government or donor funding can be injected into
programmes that encourage creativity, art and resourceful use of waste material
through entrepreneur and SMME devel opment and support.

3.7 Showcase of good practice

There is aneed to dissipate information on good practice examplesin C&D waste
management. Even with the constraints highlighted in Section 2, there have been
individuals and companies that have made positive contributions to the cause. Thereisa
need for a platform to be created where information sharing can take place. This could
also present an opportunity for the “unconverted” to find out what the status quo is.
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4WAY FORWARD

To summarise, in order to achieve effective C& D waste minimisation and management in
South Africa, the authorities need to dedicate effort into the establishment of aviable
secondary materials market. The figure below gives priority and structure into the
solutions proposed in section 3:

I ntegrated C& D Waste minimisation plan:

| 1. Provide an enabling environment |

o Government support
o Legidation

o Awareness creation and change of public perceptions
o Funding

| 2. Stakeholder identification and involvement |

Designers
Demolishers
Contractors

Waste collectors
Landfill sites
Salvagers

Secondary material outlets
Recyclers

National government
Local government
Donor agencies
Research institutions

Ny Ry [y Ay N Ny

| 3. Improve administrative systems |

o National waste information system
o National secondary construction materials information exchange service (the
C& D waste exchange)

| 4. Introduce alternative technology options |

o Building deconstruction
o Construction site waste management plan
o Construction industry performance improvement initiatives

| 5. Incentives |
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Economic incentives

General incentives

Punitive measures

Quotas for secondary material use

000D

| 6. Showcase best practice examples |

Construction projects
Building deconstruction
Source control
Salvaging

Reuse

Recycling

0000 D0 D
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ASSESSING THE RECYCLING POTENTIAL IN BUILDINGS
CatarinaThormark, Lund Institute of Technology, Department of Building Science, Sveden

SUMMARY

An important goal for the building sector isto produce buildings with a minimum of
environmental impact. Recycling can considerably reduce these impacts. An aim is therefore
to produce new buildings with a minimum of environmental impact during their lifetime and
with ahigh recycling potential. This paper presents a suggestion for assessing the recycling
potential. The recycling potential can be used in planning a demolition, in the design of new
buildings, etc. The paper will also discuss the issues related to comparison of the recycling
potential to the impact from production, i.e. how to tell which of two is the best option
considering different aspects of production and recycling potential.

KEYWORDS: Recycling, demoalition, construction, reuse, landfill.

1. INTRODUCTION

Building ‘waste', or rather leavings from a demolition, can be regarded as potential raw

material for production of new materials. Recycling building materials can considerably
reduce the use of energy and natural resources and reduce the use of land for landfill and
extraction of resources.

Today most building materials from demolitions are either recycled with a considerable
guality decrease or not recycled at all. The main part of the total embodied energy and used
natural resources are then lost. Recycling can bring a considerable part of this back into use
again. The scope for recycling building materials’components in the future dependsto avery
high degree on how buildings are designed today. Design for disassembly and recycling is
therefore amajor contribution to increased future recycling.

How much of all embodied energy and natural resources used in a building could, through
recycling, be made useable after demolitions of today or after demolitions in the future is here
called the recycling potential, Rpo.

The concept of recycling potential was previously presented and discussed in [1-4]. A similar
way of thinking in terms of resource value, recycling potential etc has been discussed in [5, 6,
7, 8]. As showed in [4], an important problem with this approach is when to assess which one
of two building designs is the best one.

This paper will be limited to atheoretical discussion of some aspects of the recycling
potential and present a suggestion on how to compare buildings when using the recycling
potential. Theissueis discussed more in detail in [9]. The method has been applied in severa
case studies[1-3, 9-10]

2.WHEN CAN THE RECYCLING POTENTIAL BE USED?

The potential of recycling can be used in several situations.
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* Inthe planning of a demolition. The way a demoalition is performed will affect the
benefits from recycling. Thereforeit is aneed to assess the potential benefitsin order to
decide how to undertake the demolition and to achieve the best environmental effects.

* Inthedesign process of new buildings. The aim isto design buildings with alow total
environmental impact during the lifetime, I+, and a high recycling potential, Ryo.

» A possibility in the future to incorporate demands on new buildings regarding I, and
Rpot in the building code.

» Ingovernment subsidies for new buildings with alow Iy, and ahigh Rye:. Buildings
could for example be promoted by giving allowance of tax during the first years.

The above given examples of situations when the recycling potential can be used are
considering whole buildings. If preferred, the recycling potential can of course also be
assessed for a specific material or building component.

3. THE RECYCLING POTENTIAL

The total environmental impact from a building during its lifetime, Iy, iS commonly
calculated as

Itot = Iproduc’tion of material + Ierection + Ioperation + Imaintenance + Idemolition + Iwastetreatment (1)

The total environmental impact, however, ought to be complemented with information on
the potential for recycling, Rpot. Rpor could be calculated as

n

Rpot = z !pr i ® Lt — lrecproci (2
1=
where
n is the number of material
i material number
[ pw is the environmental impact due to production of the material for which the
recycled product will be a substitute.
Lt isthe remaining lifetime of the recycled material as a percentage of the predicted

lifetime of the material for which the recycled material will be a substitute.

lrecproc 1S the environmental impact from all recycling processes, i.e. additional impacts
from demolition needed to make future recycling or reuse possible, the impacts
from all upgrading or recycling processes and transports.

For combustible materials the energy saving is assumed to correspond to the heating val ue of
the material minus the recycling processes.

In order to assess the recycling potential of a product, available recycling techniques and their
energy requirement must be assessed. Further, the scope for dismantling, the amount of
material to each form of recycling, the remaining service life time and amount of material
discarded through dismantling must be assessed. In order to assess the recycling potential of a
building to be demolished in the future, also the number of assumed recycling loops have to
be assessed.

The recycling potential can be divided into ageneral, global level and alocal level. A general
level is valid when the recycling potential considers the future. A local level isvalid when the
recycling potential considers ademolition at hand. The recycling potential at alocal level may
vary between different regions asit is depending on locally available technology.
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In order to avoid extensive speculations on recycling in a distant future, it is suggested that
only one recycling loop should be considered. Thiswill affect different materialsin varying
ways. For example, metals can actually be recycled numerous times. The problem of how
many recycling loops to include has to be discussed further.

3.1 Thefuture

The needs of future recycling can be analysed. This was done for four important resources
used in the building sector; energy, timber, gravels and metals [10]. It was concluded that,
assumed those materials will be used also in the future, there are strong indications that there
also will be aneed to recycle them.

Despite a need for recycling in the future, if amaterial or component actually will be recycled
is dependent on a numerous amount of factors. Many of these factorsin turn, influence or
contradict each other. Besides, the probability of each factor is very different. Together the
factors make up a complicated system. Part of this complexity is showed in Figure 1. From
the figure it can be concluded that it might be more or less impossible to predict the future
recycling.

Instead of making predictions of the future recycling, future recycling could be expressed in
terms of a potential for recycling.

A fundamental question regarding the amount of recyclable materials that will be produced in
the future is the amount of buildings that will be demolished. Thiswill to agreat extent
depend on how ‘old’ buildings, components and materials are regarded. If old buildings are
highly valued, they will be restored instead of demolished and the amount of recyclable
materials will decrease. On the other hand, the reuse of valuable and actually dismantled
components will increase. In regard of the environmental effects, these two factors can be
regarded to coincide as reuse of buildingsis, in general, the most valuable form of recycling.
It seems reasonabl e to assume that the faster change in society, the higher will *old’ things be
valued. Old things have a tendency to become a symbol of safety and security.

3.2 Allocation and recycling in the future

From the discussion in the previous section, it is obvious that there is a problem connected
with allocation and recycling of building materials. Allocation can be defined as the process
of assigning material and energy flows as well as the associated environmental discharges of a
system to the different functions of that system. Recycling is a system where an allocation
problem occurs, as the ‘waste’ from one function constitutes the raw material in a subsequent
function.

There are severa methods available for allocation. However, if parts of the impacts from the
production and the waste treatment are allocated to the recycled product, no product is taking
responsibility for these parts if no recycling occursin future. My suggestion is that the
following model should be tried [4]:

» All impacts from production and waste treatment of amaterial, 1, , are treated asa
separate quality allocated to the original product.

» Therecycled product takes responsibility for the recycling processes.

» The potential benefits of recycling are treated as a separate quality, Rpo:.
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An advantage of treating |pw and Ryq as separate qualitiesis that Rpq: is made visible and that
it facilitates an analysis of the constructions. Thisisimportant as Ry iS S0 closely dependent
on the construction, its connectors and its scope for disassembly.

3.3 Assessing the scope for dismantling

Assessing the scope for dismantling a construction and separating the materials from each
other isimportant for the assessment of the recycling potential. Both separation of materials,
which disturb the recycling process and the amount of material, discarded through
dismantling need to be assessed. The importance will vary with the form of recycling. The
discarded materia isfor example only important for assessing the amount that can be reused.

Today there is no method for assessing the dismantling possibility of buildings. In methods
used in product design, the evaluation is often based on the time required for the disassembly.
Thetime is measured in case studies. To base an assessment of the ease of disassembly of
building constructions on the time needed, appears to be to limited for building constructions,
and to measure the time requirement in case studies is mostly not possible. Besides, there are
other parameters whose inclusion seems important, for example risks in the working
environment.

One way to assess the ease of disassembly of a building construction may be to give scores
for some important parameters. It is here suggested that the parameters to be assessed are
risks in the working environment, time requirement, tool s/equipment, access to joints and
degree of damage to the disassembled material caused by the disassembly process. An outline
of such amethod is presented in Table 1.

The outline comprises several unsolved problems connected with assessment of an individual
construction and comparison of constructions:

. How to define the criteriafor each individual assessment?

. Should a construction fulfil aminimum level in each individual assessment?

. Should the parameters be weighted against each other and in that case, how should it
be made?

Table 1. An outline of a method for assessment of the ease of disassembly of building
constructions.

Goal for the disassembly | Assessed parameter Assessment Score
Big

Risks in the working environment Small
None

Long

Time requirement Medium
Short
Advanced
Reuse Tools/equipment Simple
Manual
Very little
Accesstojoints Acceptable
Good

Very much
Damage to the materia caused by Acceptable

NIRPIWINIFPWINIPIWINIFP[W[IN|F
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disassembly | Very little 3
Material recycling Relevant parameters.
Combustion Relevant parameters.

3.4 Remaining servicelifetime

The service life time and deterioration of a product are probably the most decisive factors for
the assessment of sustainability and recycling. It has so far been difficult to find relevant data
for life cycle assessment on the expected service lifetime for building materials.

Service lifetime can be divided into technical lifetime, economical lifetime and aesthetic
lifetime. Which of these considerations will dominate will vary with different products.
Whatever consideration is made, it will be connected with uncertainty and the uncertainty will
of course increase with the applied time span.

In order to predict the reusability of a product, it is often suggested that if a product has been
inusefor along time and isin good condition, the product is likely to be well suited for reuse.
Thisis, however, connected with several problems, which can beillustrated with old roofing
tiles. How to relate the present quality of an old tile to its original quality, i.e. how to assess
its decrease in quality? I's the expected environmental damage on atile from today different
from the damage up to now? How many of the original tiles on the roof have been replaced,
for technical reasons, over the years? As can be seen, this method for assessing the remaining
lifetime has to be used with caution.

Regarding new products, it could be expected that the producer would provide the needed
information. Available information from the producer, however, does not, in general, include
aspects of recycling.

An introduction of an extended producer responsibility islikely to increase the information.
For the moment it seems, that the assessment of reusability has to be based on available
information and available test methods combined with ‘common sense’, and performed with
great caution.

3.5 Thedegree of freedom

A quality so far invisible in the Ryo: can be called the degree of freedom. It can be illustrated
by two examples.

One exampleisreuse of beams. A wooden beam (solid wood, laminated wood, glulam etc),
can be reused with great flexibility. Such beams can easily be shortened and can also be
extended by joining two pieces. The sameisvalid for steel beams. Besides, wooden beams
can be turned into fuel and steel beams can scrapped and the scraped can be turned into cars.
A prestressed concrete beam, on the contrary, can be shortened but not lengthened. If the
existing length is to short, downcycling is the only option |eft.

Another example is material recycling of metal products respectively mineral wool. A steel
product can be remelted and turned into any other steel product. On the other hand, thereis
almost no other option for mineral wool than new mineral wool products.

From these examplesit can be concluded that the probability of future recycling is very

greatly dependent on the degrees of freedom. This quality could be made visible by
introducing a probability factor.
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4. HOW TO COMPARE OBJECTS?

A problem that arises with treating 1w and Ryo: as separate qualities is whether or not 1, and
Rpot sShould be weighted together and in that case, how a weighting could be performed. In
other words, how to compare buildings and tell which is the best one?

Previous in this paper were given four examples of situations when the recycling potential can
be used. It isfirst and foremost in the situation of the design process a comparison is needed.
In addition, an official promoting of buildings would probably be simplified if the two factors
were weighted together.

Incorporation of the I, and Rye: in the building code can be done using a maximum for I,
and aminimum for Ry based on reference levels.

In planning a demolition, the problem of comparison is not relevant as only the Rpot of
different demolition optionsis to be compared.

4.1 The problem to compare

As mentioned before, a problem is how to compare buildings and tell which of the two cases
in Figure 2 isthe best option. The problem is obviously caused by the fact that we cannot
predict the future and consequently we do not know whether or not recycling will take place.
If recycling will take place, Case A isthe best and if not, case B is the best one. Assessed in
view of this uncertainty, the two cases can be said to have different qualities, here called IR-
factor.

140
120
100 +——
80 | o lpw
B Recpot

60— O Net
40 +—
20 +— —

0

Case A Case B
Figure 2 lpw , Root @nd Net, i.e. Ipyw [ess Ry, in two cases. The question is which case is the best
one?

The problem may partly and to a certain degree be tackled with the theory of probability.
However, the problem remains if the probability is exactly the samein Case A and Case B.
When the problem is analysed it can be seen that the aim is to define the IR-factor in such a
way that it will promote a building design that has

. low impact in production
. high recycling potential
. low net impact whether or not recycling will occur

Further, it is desirable that calculation of the IR-factor from I, and Ry is an easy process not
requiring extratools.
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4.2 Suggestion to assessment of the | R-factor

The net energy use, Net, of abuilding can be expressed as
n

Net = 5 Iy i — Roo 3)
i=1
where
n is the number of material
[ is the material number
low is the environmental impact from production and waste treatment of the initial
material.

Rpot isthe recycling potential, defined above in equation (2)

It can be noted that Net can theoretically be of a negative number. This could for example be
the case for reused clay bricks. I for reused bricksis very low asit consists only of the
impacts from dismantling, cleaning and some transport. If bricks are laid with a mortar that
permits a second dismantling they can actually be reused again. From the definition of Rpg: in
formula (2) above, for the reused bricks Ryo Will be considerably higher than their I, and
consequently Net becomes negative.

If no recycling will take place, then Net = I,,. The I, and the Net of a building can be
marked on two parallel axes asin Figure 2. The x-axis can illustrate the probability of
recycling, p.

If a product has a minimum of I, and a maximum of Ry the Net will be minimised and
consequently the perpendicular line from the x-axis to the line between the y-axes will be
minimised.

In this way, two objects can be compared by comparing the length of the perpendicular line
from the x-axis to the line between the y-axes, L, for each product. The length of the
perpendicular line can easily be calculated if the distance between the I p,-axis and the Net-
axisisset to 1. In other words, the length of the perpendicular expresses the IR-factor

IR-factor = Root * (1- p) + Net (4)

where
p isthe probability of recycling

The smaller the IR-factor, the better the product with respect to the relation between I, and
Rpot.
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No recycling (0% probability of recycling) Recycling (100% praobability of recycling)

Figure3 . Iow and Net are marked on two axes. The goal is to design a product with a minimum
of I,y and of Net. The IR-factor is expressed as the height of L.

5. DISCUSSION

As mentioned earlier, determining the service lifetime of the product is, probably, the most
decisive factor when ng recycling. The greater the focus on recycling, the better datais
likely to be provided. Limited access to data for the moment is not a weakness of the method
itself evenif it can affect the result.

Assessment of the scope for dismantling must for the moment be based on experiences from
dismantling and theoretical estimations. It would be desirable if in the future the producer
provided this information. Both the scope for dismantling and the amount of material
damaged by dismantling can then be assessed with better accuracy.

It is here suggested that only one recycling loop should be considered in order to avoid
extensive speculations on recycling in adistant future. As mentioned earlier, thiswill affect
different materials differently, and the problem of how many recycling loops to include has to
be discussed further.

Regarding the suggestion that demands for recycling should be incorporated in the building
code and in government subsidies of buildings with high recycling potential, several questions
can be raised. Firstly, can Iy and Rpo: be defined appropriately enough for such incorporation
and subsidies? Secondly, is there arisk of an impoverishment and undesired simplification of
the architecture or just a new challenge for better architecture? These issues are beyond the
scope of this paper and they are therefore merely pointed out as issues that will have to be
considered.

6. CONCLUSION

In the planning of ademolition as well asin the design process of new buildings, it would be
useful to assess the recycling potential. Besides, recycling potential can be used in the
building code and in government subsidies to buildings fulfilling certain requirements
regarding the potentia of recycling (for example through tax reduction during the first years
of abuilding’ s life time).
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It is suggested that, in assessment of new buildings, all impacts from production and waste
treatment are allocated to the original product and treated as a separate quality, lpw. The
potential benefits of future recycling are treated as a separate quality, Rpor. New objects can be
compared by as follows: (Ipw + (Ipw - Rpat)) times the probability of recycling.

For new buildings, the potential benefits of future recycling are general, global. For buildings
where a demoalition is at hand, the recycling potential may vary depending on local
circumstances depending on locally available recycling techniques.
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OBSOLESCENCE AND DEMOLITION OF LOCAL AUTHORITY

DWELLINGSIN THE UK —A CASE STUDY
Helen Bowes (Telford Institute Of Environmental Systems, University of Salford, UK), and
Bryn Golton (Faculty of Architecture, University Vasco de Gama, Portugal)

SUMMARY

In the UK at present many local authorities are facing increasing numbers of undesirable
dwellingsin their area, which are proving to be very difficult or impossible to let. Some local
authorities are incorporating demolition of selected propertiesinto their overall strategy for
tackling this problem.

The demolition of the Jespersen Street flats, part of the St. Mary’ s Estate in Oldham, North
West England, began in June 2000. The 132 flats were contained in a five storey pre-cast
concrete framed block, erected in 1967.

This paper first examines the issues behind the obsolescence of this building and the local
authority’ s decision to demolish. It then continues by assessing the physical demolition
process. the methods employed; the debris trails produced; and the level of reclamation and
recycling on the project. Finally the paper examines the attempts made to * close the loop’ by
finding new uses for the project’s debris within the local authority area.

It isintended that this paper will illuminate whether a relationship exists between

obsol escence and subsequent demolition and recovery of materials, or whether the two phases
of the demolition process are mutually exclusive. Does the reason for demolition affect how it
iscarried out? And if so, to what extent?

KEYWORDS: Obsolescence; Demolition; Materials reclamation; UK local authorities.

1. BUILDING OBSOLESCENCE

1.1 Why demolish?

Building obsolescence has been termed "... the fourth dimension in building...” [1] and "... is
the condition of being antiquated, old fashioned, outmoded, or out of date. The obsolete item
is not necessarily broken, worn out, or otherwise dysfunctional, although these conditions
may underscore the obsolescence." [1]. Obsolescence is the dimension that determines the
timing of the demoalition of the building. Demolition occurs generally, but not always, at the
point at which those who have control of the building have no further use for it. It isin their
terms obsol ete and the fabric of the building is wasted. Components may be reused or
recycled and the building may be capable of reuse, but for those in control the efficient way
forward is the premature demise of the building. What are the perspectives that lead to this
waste of resources?

A taxonomy of building obsolescence was posited by Golton [2].
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Figure 1. A taxonomy of building obsolescence [2]

The taxonomy suggests that there are ten perspectives that are interrelated and can be
categorised into four groups of perspectives. Changes in one perspective iterate through other
perspectives. They are dependent variables whose groups are; Structure that sits alone; the
Economic perspectives of finance, site and location; the Utility perspectives of function,
environment and technol ogy; and the Social perspectives of psychology, style and control.

Structure concerns the fabric of the building. The rates of decay of the fabric of building can
be measured, although the accuracy of the measurement may be questionable. It isan interna
dynamic in that the measures are absolute change in the building. Conceptuadly itisa
guantitative perspective.

The economic group concerns finance, site and location issues. These are money values and
are external dynamicsin that they reflect values relative to changes elsewhere. The financia
perspective is concerned with the rate of financial return on the building and can include
notions of rent and capital losses or gains. Location concerns the value of the building with
respect to itslocation. As the characteristics of the location of building change they might
adversely, or advantageously, affect the value of the building. The site perspective concerns
the relative value of the site with respect to another building or use to which the site can be
put. The elements in this group are all conceptually quantitative perspectives even allowing
for some qualitative judgements.
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The utility perspectives concern the functional efficiency of the internal space. Functional
obsol escence addresses the degree of mismatch between the form of the building and the
spatial and microclimatic needs of the activity carried on within it. Likewise the
environmental perspective concerns the mismatch between external environmental conditions
and internal activity. The technological perspective addresses the efficiency of the fabric and
the services of a building in providing the microclimate within the enclosed space. These
perspectives are al external dynamicsin that the efficiency of the fabric and form of the
building is dependent on relative efficiencies with other buildings. The efficiency is measured
by quantitative and qualitative methodol ogies.

The social perspectives are those of psychological, style and control issues. Control addresses
the legidative environment that is a political act of defining the obsolescence of buildings by
decree. For example the building and fire codes define the technology of the fabric and
services of buildings, and planning legislation defines the form and use of building. Style
concerns the fashion of the time, essentially a qualitative value. The psychological perspective
concerns an individual's reaction to the physical clues expressed by a building and the
meaning of those clues conveyed to the observer. It is, as Rapoport [3] argued, about
symbolism and psychological constructs. Whilst generic approaches exist to explore these
issues, they are essentially qualitative.

Why then was it decided to demolish the building that is the subject of this study? Cole et d
[4] reported that "Increasing concern is being expressed about the problem of low demand for
housing and the consequences for social cohesion and community well-being of unpopular
and obsolete properties... locked in a spiral of decline of which low demand for housing is
both akey cause and effect.” St Mary's, Oldham was such a development to which these
observations could be applied.

On exploring the history [5] it can be seen that this epitaph in asimilar form has been applied
to developments at St Mary's on many occasions. In 1820 the site was farmland with a sparse
scattering of cottages. By 1850 the site had been devel oped with terrace and courtyard
housing for miners and mill workers with an occupation rate of five persons per housein
1871. By 1880 the whole area had been developed on a gridiron pattern and all floor surfaces
were cobbled, paved or covered in brickwork. In 1886 the Medical Officer of Health is
reported as saying "The special insanitary form which poverty takesin... St Mary'sis
unhealthy dwellings.” The key problems at this time were dampness and bad ventilation. In
1962 the Ministry of Housing and Local Government Report [5] on the areawas revealing
similar problems relating to the lack of satisfactory sanitary facilities. Where occupiers were
spending money on the properties it was for furnishing and decorations and not for resolving
structural problems or providing sanitary facilities. The approach was adopted irrespective of
tenure. In 1962 it was an area of steady demand due to low housing costs, a supportive socia
community close to the town centre, and the properties being houses.

The local authority of the day decided that the best way to resolve the unsatisfactory housing
conditions was by redevel opment. The comprehensive redevel opment approach required the
complete clearance of the area before rebuilding could begin and so the community would
have to be dispersed. 75% of the residents expressed adesire to stay in St Mary's. There was
also an overwhelming desire to be rehoused in houses or bungalows and not in flats. “ The
opposition to living in flats was not... based on the experience, but it is worth considering in
detail as arecord of what people felt (in so far as they could be explicit about their

89



apprehensions).” [5]. In the event the area was redevel oped mainly with flats. In a social
survey 18 months after the occupation of the last flat, 93% of the tenants were very or fairly
satisfied with their dwelling [6].

By the mid-1990's St Mary's was again cause for concern. "...tenant turnover was 35%,
considerably higher than the borough wide figure of 15%. Demand for properties on the estate
islow evidenced by the fact that over 20 percent of those housed last year had no points and
were therefore not assessed as in housing need." Technically the dwellings were generally
sound and were capable of being refurbished but the cost of the works demonstrated that the
estate had a negative value [7]. It was economically obsolete.

The development of choice in the social housing market meant that the preferences expressed
by the tenants some 30 years earlier could now be exercised. The prospective occupiers
considered them obsolete from utility and social perspectives. Exercising choice determined
the obsolescence of the properties for the landlord from an economic and functional
perspective. The appropriate decision was therefore to demolish the buildings.

Having decided to waste the buildings a key decision concerns the maximisation of recovery
of resources in the obsolete structures. Thisisthe focus of this study.

2.ST.MARY’SESTATE, OLDHAM: THE JESPERSEN STREET PROJECT

When the St. Mary’ s Estate was redeveloped in 1967, Jespersen Street was one of a number
of low-rise blocks of flats that were built alongside terraced houses. The blocks of flats were
originally linked with * sky-bridges’ to provide easy access from one to another. At the time of
this demolition, all other flats had already been removed as part of previous demolition
projects, and Jespersen Street stood isolated. The terraced houses are still occupied and there
are no plans to demolish these in the foreseeabl e future.

Photo 1. A section of the north elevation of Jespersen Street before demolition.
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2.1 General Building Description

1 — 133 Jespersen Street consisted of alinear block of one-, two- and three-bedroomed flats
and bedsits, with raised deck access on alternate floors. The block was aligned east-west with
access from the rear (north) elevation. The eastern end of the building was five storeysin
height, reducing to three storeys at the western end; this arrangement was dictated by the
sloping site which has gradients of up to 1 in 8. The eastern end of the building also had a
short length of basement below.

2.2 Construction Technology

The St. Mary’ s Estate redevel opment used the 12M Jespersen method [8]. This prefabricated
system of building was developed in Denmark, and brought to the UK by John Laing and
Son. The system relied on prefabricated medium weight concrete panels for cross walls and
floors, and other factory techniques for external cladding and internal partitions. The size of
the St. Mary’ s Estate (originally 495 dwellings) made it an ideal project on which to usea
prefabricated system; the larger the scheme the greater the savingsin both cost and erection
time.

Walls

Load bearing cross walls were a standardised height of 8ft 4ins (2.5m), in lengths of 4ft
(1.2m) or 8ft (2.4m), and had athickness of 7ins (180mm). These were not reinforced. Gable
walls had a standard load bearing inner |eaf with alayer of bonded polystyrene insulation and
the outer cladding panel applied (see below). Specia ‘goalpost’ panels[9] were used to frame
the access deck.

Floors

These were aso formed of 7ins thick concrete, but this time reinforced, and camein a
standard width of 4ft. Lengths could vary from 6ft (1.8m) to 18ft (5.4m) in 1ft (0.3m)
increments. The floors were finished with a screed and domestic floor finish to the ground
floor flats and tongue and groove (T& G) boarding on battens to upper floors.

Cladding and Partitions

Infill cladding comprised dense-aggregate concrete panels between cross walls with
continuous glazing over. Internal non-loadbearing partitions were unplastered pre-cast
lightweight concrete dlabs.

Sairs and Deck Access

Public staircases were pre-cast concrete with metal handrails, whilst internal staircases were
timber. The access decks were finished with alayer of asphalt, and had polystyrenetiles
adhered to the soffits. Here concrete handrails were provided, with a lightweight composite
panel spanning between columns beneath.

Windows and Doors

Originally painted softwood exterior doors were provided, and metal framed single glazed
windows. However in some flats these had been replaced with PV C doors, windows and
fascias. All internal doors were hollow-core.

Heating

The St. Mary’ s Estate operates a district heating system to remaining houses, which initially
supplied ducted warm air heating and hot water to Jespersen Street as well. The ducted warm
air heating was later altered to radiators in the flats.
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The overall dimensions of the building were 200m long by 11m deep. To achieve this depth
nine floor panels and five wall panels (four large and one small) were used per structural bay.
Jespersen Street comprised 50 structural bays, containing 5 staircase/refuse bays and 45
accommodation bays, (the accommodation bays provided two flats per level for every three
structural bays, see Figure 2 below)

Bed/sittina Bedroom 1 Livina
Kitchen/ Kitchen/
......... Dining | A A._]. Dining R
L] [ |
Entrance Entrance
.................................. toflat toflat
above above

Figure 2. Typical flat layout on access deck level. Left: Bed-sitting room flat. Right: 1
bedroom 2 person flat. (Not to Scale)

All the floor and wall panels (not external cladding) were produced in steel mouldsto give a
smooth finish. Fixings were moulded into the panels at the factory, and joints between panels
were concrete filled in-situ.

2.3 The Demoalition

Martin Flynn Demolition of Manchester bid £10,000 less than their nearest two competitors to
win the contract to demolish Jespersen Street from Oldham Metropolitan Borough Council.
The contract period ran for eighteen weeks from 22" May 2000 to 22™ September 2000.

Hoardings were erected around the site during the first three weeks of the contract. These
consisted of chipboard panels screwed to a framework of timber posts and rails. Since these
were screwed instead of nailed, this allowed them to be dismantled and either be reused by
Flynn or sold on to another user. Screw fixing is more expensiveinitially, but not only can the
boards then be reused, they are also more resistant to being kicked through by vandals than
the nailed equivalent. The hoardings on this project cost £15,000.
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At the beginning of the fourth week, a sub-contractor started to strip out the building. From
the first week of the strip out, two types of skip were on site: one from alocal timber recycler
that produced chipboard; and one of Flynn’s own for debris to be landfilled. Except for the
T& G boards, al solid wood removed from the building was placed in the chipboard skip.
Some of the fittings removed from the flats could not be recycled in this manner, for example
hollowcore doors and kitchen unit carcasses, and these were landfilled. The T& G boarding
was stockpiled on site, and all reusable boards were taken by H & J Reclaimed Timber at the
end of the project. The remaining off-cuts and damaged boards were then put in the chipboard
sKip.

In flats which had been unoccupied for along period before demolition most of the heating
system, radiators and pipework had already been removed, but in those more recently vacated,
some remained. Any copper found was kept in one of the site huts until the end of the project
when enough was collected to send to adealer. All the sanitaryware and radiators went to a
scrap dealer to be sold on. The protective boards from the windows in good condition went to
Flynn’s yard, although ten were sold to a member of the public for £10. The rest were
scrapped.

Asbestos panels were found in the airing cupboards of some flats. An asbestos removal firm
was brought in from the sixth week, and once the flats were cleared of asbestos they were
marked so that in the event of afire the fire brigade would know which flats still contained
asbestos and act accordingly. Flynn use the same asbestos removers on al their contractsin
the region.

Attempts were made to find arecycler willing to take PV C window frames, but when this
proved to be impossible (recyclers were unwilling to take post-demolition waste, and only
really dealt with waste from the manufacturing process) the windows were removed from the
north side of the building. This allowed other materials such as the timber to be dropped from
upper storeys, whilst leaving the windows on the southern elevation meant better site security.
(This elevation looked directly over amain road, and was considerably nearer to the boundary
of the site than the northern elevation).

Some of the infill panels on the deck fascia of the flats turned out to be good quality timber
with insulation behind. Once the insulation was stripped from these panels they were sent for
chipboard. Polystyrene tiles from above the deck were removed with a hoe and bagged as
work progressed to prevent the wind taking them. This proved to be quite a time consuming
job, and could only be carried out after materials stripped from the flats had been removed
from the deck (see photo 2), and sorted into the appropriate skips.

An asphalt roofing company came to the site and enquired about taking up some of the
decking surface. Flynn agreed that they could have the asphalt free of charge if they took it up
themselves. This helped both parties, as the amount of timber in the flats meant that Flynn
were getting behind with the stripping out, and the asphalt company brought their wagon on
site and fed the removed material straight into the boiler.

Demolition of the actual structure began on 18" July. Thiswas initialy carried out with a

long-reach excavator with hydraulic breaker attachment. However, as demolition progressed
it was found that an ordinary excavator with bucket claw attachment sufficed.
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Photo 2. Materials stripped from flats are |eft on access decks for sorting.

The sloping nature of the site, and the proximity of the building to the site boundary in some
places meant that demolition could not smply start at one end of the building and proceed
linearly. A section had to be taken out of the centre of the building, so that the excavator
could get into the line of the building. Demolition then proceeded westerly to the end of the
building, and the excavator was turned around to complete the demoalition in the other
direction.

Photo 3. The 75 tonne excavator gains the height it needs using the debris pile.
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It took two days to reach the western end of the building, where an operative had to be
constantly watching the footpath just outside the site boundary to make sure pedestrians
didn’t walk too close whilst demolition was in progress.

When the demolition doubled back, the 75 tonne excavator could be used. All the concrete
was going to be crushed offsite but was initially stockpiled on the site. This debris pile was
banked up so that it would give the smaller excavator the height it needed to reach the top of
the building. See Photo 3 overleaf:

The final section of the building at the easterly end had to be demolished at a quiet time of
day in terms of traffic (early in the morning on a Saturday), because it was so close to the road
there were concerns about debris falling on the carriageway.

Once al the building was demolished, sorting of the rubble began. Reinforcing bars were sent
for recycling, and all the concrete went for crushing off-site (Oldham MBC wouldn’t allow
crushing on the site).

2.4 DebrisTrails
The following table provides a summary of the debris that was removed from Jespersen Street
in terms of type, quantity and destination and ultimate fate:

Table 1. Summary of Debris Trails from Jespersen Street

Material Type Quantity Destination Fate
Concrete 9400 tonnes Off-gite crusher Recycled
T & G floorboards 3000sg. m H& JReclaimed Reclaimed
timber
General timber 92 tonnes Chipboard companies | Recyced
Asphalt 10 tonnes Roofing company Recycled
Copper pipe 2 tonnes Scrap merchants Recycled
Aluminium 0.25 tonnes Scrap merchants Recycled
Reinforcing steel 140 tonnes Scrap merchants Recycled
Genera waste 45 tonnes Landfill Disposal
(including plastics
and chipboard)

In addition to the above, the hoardings and protective covers from the windows of Jespersen
Street were also taken for reuse, and small numbers of toilets, washbasins and other fittings
such as boilers and radiators.

2.5 Closing theloop

Overal Oldham MBC were very impressed with the level of reclamation and recycling that
took place on the Jespersen Street project. No previous demolition contractor had recycled as
much as Flynn on an Oldham contract. This could partly be due to the fact that there was no
redevel opment taking place immediately on the site, so the time period for the demolition was
longer. However, the lack of redevel opment did mean that Oldham MBC had no demand for
recycled concrete for use on their own site. They also refused planning permission for a
mobile crusher in ayard close to Jespersen Street, making the recycling and sale of the
aggregate difficult. Flynn had to find other outlets for the material.
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Although the idea of screw fixing the hoardings was good, when panels were removed (either
by vandals or by the operatives) they were replaced using nails.

In this case the level of reclamation and recycling is high given the circumstances. Oldham
MBC could have given more thought to their role as a possible recipient of some of the
recyclate and this would have helped to close the loop still further. Apparently, although the
council did not need to use the crushed concrete on their site at Jespersen Street, they were
completing another project at a school in the area for which they were importing virgin
aggregates. Unfortunately this site was for the Education Department, not the Housing
Department as at Jespersen Street, so the connection had not been made before tendering.
This shows the need for organisations to realise that when demolishing properties, resources
are being released. These resources may be of use to other sections within the organisation
and there is a need to establish appropriate communications to disseminate that information.
A new culture needs to be devel oped.

3. CONCLUSION

This paper has introduced a study of Jespersen Street in Oldham to try and illuminate whether
arelationship exists between the reason for a demolition and the way in which that demolition
iscarried out.

In the case of the flats on the St Mary’ s Estate, although they were structurally sound and
offered substantially larger accommodation than in many modern homes, prospective tenants
had deemed them obsolete from social and utility viewpoints. The demolition of Jespersen
Street was the final stage in the systematic removal of all the flats built on the estate in the
1960s. The whole process was partly instigated by the residents association who were worried
about increasing incidences of drug abuse, arson and unsociable behaviour. Many of the
estate’' s residents liked the area and wanted to remain in the vicinity, but believed that the
blocks of flats were attracting the “wrong sort” of tenants. One of the reasons for the
demolition from Oldham MBC'’ s point of view was there were too few tenants to support the
amount of housing available on the estate.

Although outline plans are in place to introduce a lower density of housing (possibly
pensioners bungalows) on the site in the future, there were no immediate plans to replace the
guantity of accommodation demolished. The demoalition contract period was therefore longer
than if the site was to have been built on immediately, and meant that the proportion of
materials reclaimed or recycled was greater than could have been expected otherwise.
Unfortunately, the lack of imminent redevel opment also meant that there was no obvious
outlet for some of the recycled concrete, and the contractor had to explore other avenues for
recycling in consequence.

Although this case study does not prove adirect link between obsolescence of a building and
the demolition method employed, it does show that an indirect relationship between the two
may exist. The reason for obsolescence influences decisions made with regard to demolition
and/or rebuilding a structure. These decisions can in turn influence the contractual termsfor a
demolition, for example the time period allowed. Ultimately this can affect the method chosen
for a particular demolition and thus the amount of reclamation and recycling carried out.
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DECONSTRUCTION AND THE REUSE OF CONSTRUCTION
MATERIALS
Gilli Hobbs & James Hurley (BRE, Watford, UK)

SUMMARY

BRE are in the process of determining the methodol ogies, tools and products that need to
be put in place to optimise materials recovery from existing buildings and product
recovery from future construction.

Thisreport will give an overview of the waste arisings in the construction and demolition
(C&D) industries, the legidative, strategic, fiscal and policy issues relating to deconstruction.

It will also investigate how the deconstruction process can work effectively within the C&D
and recycling industries.

KEYWORDS: Deconstruction, demoalition, construction, design, recycling, reclamation.

CONTEXT

At last year’ s deconstruction closing the loop conference held at the Building Research
Establishment (BRE), the definitions of deconstruction, disassembly, demoalition,
refurbishment, retrofit and adaptable were discussed. A consensus was reached and these are
the definitions that will be used throughout the text.

» Disassembly - taking apart components without damaging, but not necessarily to reuse
them.

» Demoalition - aterm for both the name of the industry and a process of intentional
destruction.

» Deconstruction - Similar to disassembly but with thought towards reusing the
components.

» Refurbishment - Improving building performance through partial or complete replacement
and/or upgrade of components and services.

» Retrofit - Change of use or purpose after construction from which a building was
designed (term retrofit rarely used in UK, predominantly a US term).

» Adaptable Building - A multi-use building which allows for an easy changein its use.

1. INTRODUCTION

The construction industry is the largest consumer of resources of all UK industries both
directly and from its supply chain of material producers, fabricators and stockists.
Approximately 6 tonnes of materials are consumed per person per year. At the same time the
construction and demoalition industry produces large quantities of waste components and
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materials. This resource inefficiency is coupled with environmental, economical and social
impacts that are rapidly becoming unacceptable.

The source, type, quantity and true cost of demolished components and material are mostly
unknown. Despite this, every year in UK approximately 3.3 million tonnes of architectural
and ornamental components, 24 million tonnes of recycled aggregates and an unknown
guantity of steel and timber is recycled back into production. However, large volumes of
potentially reusable components are landfilled and lost to the system only to be replaced with
similar components.

With thislack of national and site data, academics and researchers need to be conscious that
they don’t try to reinvent the wheel or propose impractical solutions. The demolition industry
has known for decades about the key factors that affect the choice of the demoalition method
and particular barriersto reuse and recycling of components and materials of the structures.
The demolition industry itself is best placed to guide current deconstruction and contribute to
future technologies.

In recent years there have been an array of current and proposed legidative, fiscal and policy
framework affecting the demolition industry, and this will become ever more stringent in the
future. To respond in the short term requires integrated waste management systems that are
supported by the inherent skills and technologies of the construction, demolition and waste
management industries. Longer term solutions need to be incorporated into today’s
construction. Thisiswhere designing for deconstruction and innovative solutionsis avita
key to unlock the potential of mass reuse of components that are shown to befit for use or
purpose.

The BRE Deconstruction group believes that digests, information papers, protocols, quality
control schemes, tests for strength, quality and durability, and demonstration projects can
help provide the necessary confidence and opportunity in reusing components or recycling
materials. The two key areas requiring further investigation and demonstration in order to
overcome barriers and factors will be performance-based specifications and the design of
deconstructable joints and fasteners.

The future development of a sustainable, efficient and prosperous demolition industry that
sees material and component reuse as a key facet, will require considerable investment in
terms of time, money, skills, tools, technologies, standards and risk. There are far reaching
benefits to more sustainable construction, demolition and waste management industries, not
least in terms of employment, market networks and regional/national storage and distribution
centres.
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2. COMPOSITION OF CONSTRUCTION AND DEMOLITION WASTE.

2.1 Overview

From the numerous attempts to identify UK and European waste arisings in terms of
construction and demolition, it is difficult to propose any figures with much confidence.

What is apparent is the complex nature of the wastestream in terms of amounts, composition
and waste management routes. In general terms, construction and demolition wastestreams
are distinctly different with refurbishment waste forming a grey area in between.

Construction waste: small quantities generated over along period of time as a by-product of
the main process. Opportunity to avoid waste. Some opportunities to reclaim and recycle
materials and products.

Demoalition waste: large quantities generated over of short period of time as amain part of the
process. Little opportunity to avoid waste. More opportunities to reclaim and recycle
materials and products.

The area of deconstruction becomes interesting when these two processes are linked into an
integral system. When this occurs it is possible to consider the fate of the building at the end
of itsuseful life, i.e. design for deconstruction and adaptable buildings, and consider the
reuse of demolition products in new construction and refurbishment, i.e. reuse and recycling
within the same site.

A recent survey sponsored by DETR (Department of the Environment, Transport and
Regions) and the EA (Environment Agency) will be published in Spring 2001~ This survey
consisted of a postal questionnaire sent out to all known crusher operators, licensed landfills,
holders of relevant exemptions. The response rate varied between 20 to 30%. Once these
results were extrapolated the following conclusions were made:

» Tota production of C&D waste (including excavated soils) in England and Wales
estimated to be 72.5 million tonnes (69.2 Mt in England). This figure excludes road
planings and materials re-used without processing i.e. crushing and/or screening. The
overall waste arisingsincluding all these materialsislikely to be between 90 to 100
million tonnes per year.

33.8 Mt of C&D waste (mainly hard demolition waste such as concrete and bricks).
23.7 Mt of sail (including stones and rock, and coming mainly from excavation).

15Mt of mixed C& D waste and soil, plus minor amounts of other inert materials.
Recovery rate including recycling (35%), landfill engineering (13%), spreading on
exempt sites (28%) was estimated to be 76%.

YV VYV

It has to be said that the emphasis of the survey was to determine the inert materials available
for recycling and the current methods of waste management. The information on other
components of the wastestreams such as timber, plastic, glass and packaging is limited; and
information on products and materials suitable for reuse was not collected.
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2.2 Construction waste

Obtaining reasonably accurate figures for the composition of construction waste has so far
been elusive. 10 million tonnes of UK construction waste per annum is often quoted from

various sources, themselves estimated and extrapolated from disparate investigations. More
recently, the BRE Centre for Waste and Recycling has been gathering detailed benchmarks of

waste arisings from different types and sizes of construction sites. Six of these sites are
detailed in Table 1 according to project type. Graph 1 shows the varying composition of

construction waste material group based on data collected on the composition of construction
waste to date. Incidentally, core inert waste only accounts for 20% of this waste, much less
than packaging at around 25%. Further implementation of SMARTWaste™ on various sites

is expected to provide a more accurate picture.

Table 1 — Construction Waste by Material Group and Project TypeEI

Project Type Office

13%

B Plaster & Cement
B Miscellaneous

Graph 1 — Average Composition of Construction Waste by Group
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Housing (1) Housing (2) Leisure Housing Restaurant
A B C D E F Avg

W aste Group % % % % % % %
Timber 8 33 25 3 15 20 17.3
Concrete 2 18 0.5 3 10 5.6
Inert 1 0.5 11 27 27 11.1
Ceramic 2 11 4 2.8
Insulation 9 2 1 9 1 3.7
Plastic 4 17 37 4 5 10 12.8
Packaging 47 8 22 49 9 32 27.8
Metal 6 3 0.5 3 1 2.3
Plaster & Cement 10 1 0.5 3 2 2.8
Miscellaneous 11 18 13 15 19 7 13.8
Total 100 100 100 100 100 100 100

OTimber

B Concrete

Olnert

5% OCeramic
B Insulation
11% OPlastic
B Packaging
3% OMetal




2.3 Excavation waste

30 million tonnes per year of excavated soil/clay waste are estimated to arise from
construction site preparation. This could be minimised by appropriate architectural,
structural and landscape design. At present, thisis not a serious consideration even for
environmentally sensitive design teams. Landscaping often provides important opportunities
to utilise this type of waste on site, with the added benefit of reduced transport,
environmental and social costs including noise, dust and vibration nuisance.

2.4 Demolition waste

Crushing and separation of demolition waste

Demoalition waste is taken to include waste from the demolition of structures and parts of
structures and include recycled/reclaimed materials where appropriate. The breakdown of the
estimated 30m tonnes of demoalition waste arising each year is shown in Table 2, itself from a
range of sources.

Table 2 - Demolition Waste, Estimated Annually 2

Material Quantity

concrete 12 million tonnes
masonry 7.2 million tonnes
paper, cardboard, plastic and other 5.1 million tonnes
asphalt 4.5 million tonnes
wood based 1.0 million tonnes
other 0.2 million tonnes
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2.5 Therecycling industry

Approximately 24 million tonnes of inert C& D waste is recycled per annum. This
figure is substantiated by three separate investigations by the Quarry Products
Association (QPA), BRE® and more recently the EA & DETR® survey. The survey by
BRE suggests that the average transport distance to the recycling site and back to
customer is 50km.

Crushing and grading of concrete components into recycled aggregates

Timber recycling is now a common route for large amounts of untreated timber waste
generated in built up areas. The main market is wood panel product manufacture with
virgin feedstock being replaced with up to 30% recycled wood fibre in chipboard.
Constraints to this market are the location and quality of the material arising.

Construction timber waste isin the form of timber pallets, crates, cable drums and
formwork. Most of this can be reused or recycled, formwork presents problemsin the
concrete and oil contamination.

Typically materials such as plastics, cardboard and paper are not reaching the
recycling sector from C&D. Thiswould require greater segregation and the creation
of collection systems that are currently not available. Table 1 and Graph 1 identify
that as much as 40% of construction waste is from plastics and packaging alone.

Metals recycling involves traditional recycling routes such as scrap yards. Metal from
construction and refurbishment is far less likely to be recycled than that arising from
demolition. However, offcuts of copper and aluminium components and pipes may
provide a source of revenue under the right market and recycling conditions.
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2.6 Thereclamation industry

Buildings currently undergoing deconstruction are typically supplying the reclamation
market. The main end users of these products are householders and small builders
carrying our renovations and extensions to older properties. Thisisreflected in the
disparate nature of the reclamation industry, with around 1500 organisations involved.

Approximately 3.3 million tonnes of C&D waste isreclaimed as per Table 3. This
excludes concrete that is accounted for elsewhere. 30% of these components are
reclaimed within 30km of its source, 60% within 150km and 10% beyond 150km
distance (including import and export). Greater reuse of components in mainstream
construction would further increase the amount being reclaimed.

Table 3 - Size of UK reclamation industry and market®

Sector [ Sdes£million [ Employment Tonnes 000's
Architectural antiques

Stone 17 2100 69
Timber 4 1100 7
Iron & sted 4 800 7
Clay 1 800 2
Ornamental antiques

Stone 16 1170 22
Timber 36 1740 22
Iron 9 1000 9
Clay 1 100 1
Reclaimed materids

Timber beams 42 3600 133
Timber flooring 29 2960 101
Clay bricks 31 4300 443
Clay roof tiles 63 3600 306
Clay and stone paving 19 1300 672
Stonewalling 29 2450 1083
Salvaged materials

Iron and steel 11 2800 75
Timber 36 7800 371
Antique bathrooms

Sinks, baths, taps, WCs 41 1900 1
TOTAL 389 39520 3324

Reclamation involves less processing, greater employment and is often amore
efficient use of resources than recycling. For deconstruction, and therefore reuse to
increase, there needs to be greater markets for lower value reclaimed materialsthanis
the current scenario. Thisiswhere use in main stream construction of reclaimed
components and materials are an essential part of creating markets to facilitate further
deconstruction.

2.7 Integral waste management

The Netherlands implements an integral waste management system that attempts to
reduce as much as practicably possible the extent of C&D waste going to landfill, and
encourages the reuse and recycling of components and materials.

Figure 1 shows the integrated resource use and waste management cyclei.e. a closed
loop. This approach to waste management is bolstered by the government’ s Ladder of
Lansink (Delft Ladder), which includes more options than the UK waste hierarchy.
The Delft Ladder sees prevention, construction reuse, element reuse, material reuse,
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useful application, immobilisation with useful application, and finally Immobilisation
before any of the other options including incineration with energy recovery,
incineration with no energy recovery and finally sent to landfill.

Figure 1 — The Netherlands Waste Management cyclela|
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The Delft Ladder re-interpreted in UK terminology might be:
Waste reduction

Adaptable buildings

Components/ module reuse

Materials reuse

Recycling/ composting to similar grade application

Site engineering/ lower grade application
Incineration/landfill with energy recovery
Incineration/landfill without energy recovery

VVVVVYVYYVYY

In the context of construction and demolition waste, BRE are also distinguishing
between on site and off site reuse and recovery (proximity principle) in the
determination of BPEO (best practicable environmental option) for waste
management. In terms of deconstruction this basically means the on site markets
for demolition products are generally preferable, in environmental and costs
terms, than off site markets.

3.LEGISLATIVE, STRATEGIC, FISCAL AND POLICY FRAMEWORK
AFFECTING DECONSTRUCTION

Current and future legidlation can be a key driver in sustainable waste management. The

following sections will describe the European and UK legidative, strategic, fiscal and
policy issues that may have an impact on the deconstruction process.
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3.1 Current EU waste management and legislation

Overview of EU C&D waste management

There are increasing restrictions on the disposal of active (mixed) C&D waste in Europe
that ought to increase the amount of mono landfills for future recovery. Current mono
landfills containing only C& D waste are very limited. Despite arange of Council
Directives and Decisions, thereis still no common theme. The recent Landfill Directive
provides the necessary measures to address the lack of acommon theme, and encourages
reuse and recycling of components and materials through various means including
growing disposal costs.

Subsidies to assist this change are few and far between, however a positive response has
been witnessed by member states implementing waste management plans. In some
member states, these plans have served to set targets and increase levels of reuse and
recycling. In others, thereis agrowing wealth of information available to help them
improve performance.

Thereisincreasing use of tools to facilitate change including waste exchanges to transfer
reclaimed components, but the network required to market the materials is predominantly
patchy. Funding from the EU and member states helps support R&D in new techniques
and technol ogies, and more recently dissemination of established knowledge.

Project group on C&D waste

Most European environmental legislation takes along time to evolve, normally with
plenty of time for input from interested parties and EU member states, similarly for
comment on draft European Directives. In 1992 the Commission set up the “Priority
Waste Streams Programme” and, following consultation, 6 priority waste streams
programmes were initiated. These were:

o Used Tyres
End-of-Life Vehicles
Chlorinated Solvents
Healthcare Waste
Construction and Demolition Waste
Waste from Electrical and Electronic Equipment

O0o0O0o

Project groups were set up for each of the six waste streams to discuss and recommend
ways that member states could improve methods of waste management. These needed to
respect the objectives and principles of sustainable development, preventative and
precautionary action, shared responsibility, and the concept of life-cycle management of
products and processes in the most cost effective way.

In April 2000 a working document produced by the C& D waste project group described
the measurement of the C& D waste stream in member states, and detailed the aims and
instruments that are likely to improve C& D waste management. The document also
includes a selection of recommendations which member states need to consider when
developing their own waste management policies.
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Working group on sustainable construction

As one of the fourteen priority actions for improving competitiveness within construction,
aWorking Group on Sustainable Construction was established in 1999 which included
three Task Groups, one of which was TG3 on C& D waste management. The main
function of TG3 isto provide a document of recommendations on how to improve C&D
waste management through improved planning, prevention and reclamation. One of its
main findings was that “optimal separation CEJ C+DW must take place to maximise
recovery of material for reuse and recycling™.

The scope of the document focused on whole construction process including design, pre-
construction, construction, demoalition, reuse, recycling, final disposal, research and
education. Its output was to make recommendations to three core sectors of construction,
building on and making use of both the Symonds report and the Priority Waste Stream
report. These three core sectors are Industry, Member states and their public authorities,
and the European Commission. The recommendations are suitably lengthy and
incorporate other requirements of industry and member states that include:

Waste management plans for C&D waste

Design for deconstruction, reuse and recycling

Annual reports

Appropriate management of hazardous wastes

Environmental assessments of manufactured materials and products

Education to the whole supply chain about waste prevention and reclamation

And many more, relevant recommendations

VVVVVYYVY

European waste management plans

Member states are requested to provide waste management plans to facilitate self-
sufficiency, reduce movements of waste materials and establish inspections of disposal
and reclamation. Reportsto the Commission by individual States are submitted every
three years, and agglomerated into a single report by the Commission thereafter. Annexes
of Waste Categories (Annex 1), Disposal Operations (Annex I1A) and Recovery
Operations (Annex 11B) areincluded in the Landfill Directive.

European Waste Catal ogue

The European Waste Catalogue (EWC) appliesto all wastes whether for disposal or
reclamation, and is a harmonised, non-exhaustive list using common terminology across
the Community. However theinclusion of a materia in the EWC does not mean that it is
awaste, only when the relevant definition is satisfied isit considered waste. The EWC is
indexed by waste ids, for example:

ID= 01 04 02 waste sand and clays

ID= 08 01 05 hardened paints and varnishes

ID= 08 04 03 waste from water-based adhesives and seal ant

ID= 17 01 01 concrete

ID=17 04 05 iron and steel

Hazardous wastes 91/689/EEC & 94/904/EC

Member states are required to implement controlled management of hazardous waste.
These indicate the appropriate means necessary to collect, transport, store and manage
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hazardous wastes. These are defined in Annexes covering generic types of hazardous
waste including pigments, paints, resins, and plasticisers, and properties of waste which
render them hazardous including oxidising, harmful, carcinogenic and corrosive
substances, as well as substances that yield damaging leachates or ecotoxic risks.

3.2 Current UK waste management and legislation

UK law

Prior to 1972 there were minimal controls over the disposal of wastes. The Public Health
Act 1848 was the first attempt at national legidlation in the UK. It wasthis Act which
created the term " Statutory Nuisance” in relation to any accumulation or deposit which
was prejudicial to health or anuisance. The Act enabled local government to take action
on behalf of the public. Between 1848 and 1936 a series of Acts were enacted before the
consolidating Public Health Act 1936. This Act gave local authorities the powers to
police and inspect waste arisings. It also gave authorities the power to remove household
and trade waste and to inspect for, and require the removal of, noxious materials.

The Environmental Protection Act 1990

The Environmental Protection Act 1990 (EPA 90) was the culmination of along period
of discussion of amendmentsto environmental law. The Act covers awide range of
environmental topics, not all of which are relevant to waste management. Part | of the
Act introduced the system of Integrated Pollution Control (IPC) which is applicable to the
release of pollutantsto air, water and land from certain processes, establishing the
important new criteria of Best Available Technology Not Entailing Excessive Cost
(BATNEEC). Part 1 of the Act deals specifically with the deposit of waste on land (most
waste management activities fall under the provisions of Part I1). Many of the provisions
of the EPA 90 have been implemented by Regul ations made by the Secretary of State for
the Environment.

The Environment Act 1995

The Environment Act 1995 established the Environment Agency and the Scottish
Environment Protection Agency. The creation of these Agencies represented a major step
towards truly integrated environmental management and control, as they brought together
the regulators responsible for Integrated Pollution Control, water management and waste
regulation. The 1995 Act makes numerous amendments to the EPA 90 and the other
major environmental statutes. Many of these amendments relate to the powers and duties
of the regulators, who now have greater scope to take preventative action when thereisa
likelihood of pollution.

Development of UK waste classification scheme

Working in partnership with the waste industry, the EA is developing an UK system of
classifying waste. The UK system will contain more information about the polluting
potential of wastes than the existing EWC. It also differs from the European system in
that it presents separate information on:

» the composition of the waste (with 341 available codes)
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» theindustrial process that produced the waste (classified according to the 586
standard industrial classifications).

The aims of the classification scheme are:

» to provide the Agency with better quality data on waste arisings and disposal

» to provide waste holders with better and more consistent hazard information, as part
of the existing Duty of Care system.

Once the classification system has been formalised, there is likelihood that waste
producers will be given a statutory duty to enter the code on the Duty of Care transfer
note.

Scottish National Waste Strategy

In May 2000 the Scottish Environment Protection Agency (SEPA) published the Scottish
national waste strategy. It contains proposals for meeting the targets in the Landfill
Directive aswell as covering wider issues of waste reduction, reclamation and recycling
and the planning of waste management facilities. The main objective of the waste
strategy isto achieve integrated waste management system and services. The strategy
also identifies four priority waste stream projects; newsprint, tyres, future (WEEE etc)
and C&D waste. The latter C&D project will require the development of a C&D Waste
Action Plan that will reflect three key objectives and tasks:

» comprehensive review of volume and location of C&D waste

» levels of C&D waste reclamation, key players and barriers to reuse

» future management and market development of C&D waste

UK Waste Strategy 2000 (England and Wal es)

The DETR published a statutory waste strategy for England and Wales in May 2000.
This strategy describes the government’ s vision for managing waste and resources better.
It sets out the changes needed to deliver more sustainable development. The strategy
stresses that the quantity of waste produced must be tackled by breaking the link between
economic growth and increased waste. The main theme of the strategy is‘where waste is
created we must increasingly put it to good use — through recycling, composting or using
itasafuel’. The strategy also recognises the need to develop new and stronger markets
for recycled materials. To address this, amajor new Waste and Resources Action
Programme will be set up. This Programme will deliver more recycling and reuse, help
develop markets and end-uses for secondary materials, and promote an integrated
approach to resource use.

Sustainable construction strategy

The need to reduce waste at all stages of construction was central to the message of
Rethinking Construction the 1998 report of the Construction Task Force on the scope for
improving the quality and efficiency of UK construction. Improving the efficiency of the
construction industry is a key objective for the Government, as set out in its strategy for
more sustainable construction ‘Building a Better Quality of Life’. The strategy published
in April 2000, identifies priority areas for action, and suggests indicators and targets to
measure progress. It sets out action that the Government has already taken, further
initiatives that are planned, and highlighted what others can do. The Government will use
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the strategy as a framework to guide its policies towards construction, and will encourage
people involved in construction to do the same.

The sustainable construction strategy emphasi ses the importance of reducing waste at all
stages of construction by focusing on the need to consider long term impacts of design,
construction and disposal decisions so that materials and other resource use is optimised.
The strategy encourages the industry (including clients) to consider refurbishment or
renovation as an alternative to new buildings and structures. It highlights the need to
avoid over-specification in materials and the scope for standardisation of components.

3.3 Adopted EU directivesto beimplemented by UK legislation

Integrated Pollution Prevention & Control (IPPC) (OJ L257 10.10.96)

The purpose of this Directive is"to achieve integrated prevention and control of
pollution” arising from the industrial activitieslisted in Annex | to the Directive. Also, to
"prevent, or where that is not practicable, to reduce emissionsin the air, water and
land...including measures concerning waste, in order to achieve a high level of protection
of the environment taken asawhole". Itisvery similar in concept to the UK's Integrated
Pollution Control (IPC) system, and this Directive will therefore have less impact on the
UK than on other member states.

The Landfill Directive 99/31/EC

The Directive defines three classes of landfills: for hazardous, non-hazardous and inert
waste. The following wastes are banned from landfill:

o explosive, oxidising or flammable wastes

o infectious clinical waste

o tyres (whether whole or shredded)

o liquid wastes, except those suitable for disposal at an inert waste site
The aim of the Directive is to provide measures, procedures and guidance to prevent or
reduce negative effects to the global environment and all its cycles from landfilling of
waste during the whole lifecycle of the landfill site. All hazardous waste isto be treated
before landfilling, athough the term "treat" can be taken to mean merely sorting,
provided the hazardous character of the waste isreduced. The Directive states that
hazardous waste may only be landfilled in a hazardous waste site and therefore rules out
co-disposal which must cease by 2004 at hazardous waste sites.

Article 3 of the Directive excludes inert waste suitable for reuse or recycling in
redevelopment, restoration, fill or construction purposes. Article 6(a) excludes inert
waste requiring treatment prior to landfill, but in Article 6(d) stipulates that landfill sites
designed for inert waste are reserved for inert waste. Similar legislation is evident at
Member State level, where inert waste (including concrete) in UK is often exempt from
landfill tax when used for constructing landfill cells and roads, agricultural road
improvements, construction purposes (including high- and low-grade applications) and
filling-in disused quarries. Approximately 40 million tons of recycled aggregates are
used in the UK each year.
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European lists and tests

Annex |l of the Landfill Directive requires that a uniform waste classification and
acceptance procedure isrequired. The waste acceptance criteriais to be complete by
April 2001, and the waste acceptance procedures by April 2002. In the interim,
preliminary waste acceptance procedures are used to separate inert, hazardous and non-
hazardous wastes into groups. Eventually this uniform European list will assist member
states to define national lists, that individual landfills will use to define site-specific lists.
A three-level hierarchy to characterise and test wastes will also be required to validate
that waste entering alandfill meets these lists. This hierarchy will include an initial test,
an annual test and an at-the-gate test for all loads. It isearly daysin the development of
these lists and tests and there is much scope to influence the final outcome. Y et by April
2002 there may be significant change regarding what type of waste or materials you can
dispose of in which landfill, and what preliminary, periodical or spot tests are required.

3.4 Proposed directives

Draft commission white paper on environmental liability

The European Commission has been considering the introduction of a Community-wide
scheme of environmental liability since 1989, following a draft Directive issued on civil
liability for damage caused by waste. This controversial draft was subsequently dropped,
to be replaced by awider-ranging set of proposals in the 1993 Green Paper on remedying
damage to the environment. The current thinking within DGXI is set out in a draft White
Paper, the most recent version of which was produced in October 1998. If the
Commission accepts the White Paper it will be reissued as a draft Directive, possibly in
the year 2000.

3.5 Fiscal

Landfill tax

The landfill tax was introduced on 1% of October 1996 and it applies to waste that is
disposed of in licensed landfills. Exemptions for the tax have been provided for dredged
waste, mineral waste from mines and quarries, and wastes arising from the clearance of
contaminated sites. Exemptions aso apply to inert materials that are used for landfill
restoration or filling former quarries. Thetax seeks, asfar asis practicable, to ensure that
the price of landfill fully reflects the impact which it has upon the environment. It
provides an incentive to reduce the waste sent to landfill sites and to increase the
proportion of waste that is managed at higher levels of the waste hierarchy.

There are two rates of tax, a standard rate of £11 per tonne (increased from £7 per tonne
in April 1999) and alower rate of £2 per tonne. The higher rate for mixed waste will
increase £1 every year from 2000 until it reaches arate of £15 per tonnein 2004. The
categories of waste to which the lower rate of tax apply — generally inert waste — are set
out in the Landfill tax (Qualifying Materials) Order 1996 (SI No 1528). The landfill tax
(Contaminated Land) Order 1996 (Sl No 1529) sets out the provisions for exempting
waste from the clearance of historically contaminated land.
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The landfill tax credit scheme was established to permit up to 20% of the taxes collected
by landfill operators to be used for the purpose of implementing social and environmental
projects complying with specific 'approved objects in the regulations. The revenue must
be used to encourage the use of more sustainable waste management practices and
technologies, or to establish partnerships between landfill operators and local
communities. The Scheme therefore, benefits both the community and the waste industry
by providing opportunities to enhance social and environmental conditions and services at
thelocal level. Thelandfill tax scheme is managed by ENTRUST and individual projects
and funds that are approved by ENTRUST have to be managed by an authorised waste
and environment body.

Aggregates tax

In April 2000 the Treasury agreed to introduce an aggregates tax of £1.60 per tonne on
primary aggregates from April 2002. Secondary and tertiary aggregates will not be
subject to the tax, which should encourage a greater use of recycled aggregatesin low- to
high-grade applications. A large proportion of the tax will be used for a Sustainability
Fund that will be used to support various initiatives that are currently out for consultation.
Thiswill include developments, improvements and R& D within the industry, its facilities
and its impacts to the local populations. Similar to the landfill tax, it is envisaged that a
competent authority will oversee the management and approval of the fund and projects.
However, until the aggregates tax is implemented and the fund structure is agreed, there
islittle benefit in speculating the outcome.

3.6 Policy

New Demolition Code of Practice BS6187: 2000

This British Standard concerns the process of demoalition from initiation, through
planning, to the execution stages. The new version of BS 6187:1982 is essentially are-
write which takes into account the advances in technology and equipment that are
available to the demoalition industry. The application of new techniques and the effect of
new legidation that has been introduced, particularly health and safety, and
environmental legidlation, including the Construction Design and Management (CDM)
Regulations 1994, the Construction (Health, Safety and Welfare) Regulations 1996 and
the Environmental Protection Act 1990 have been taken into account. The document is
written for al —including Clients - involved in demolition (which include partia
demolition) projects and gives emphasis to responsibilities from concept stage to
completion, starting with clients. The Standard addresses the safety of both those
engaged in the demolition process and also those members of the public who may be
affected by the demolition activities.

The new edition of BS 6187 has been expanded to cover project development and
management, site assessments, risk assessments, decommissioning procedures,
environmental requirements and facade retention. Deconstruction techniques are
considered, including activities for re-use and recycling. Principles relating to exclusion
zones, their design and application have also been added.
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3.7 Training

General

The National Demoalition Training Group established in 1990 is a recognised body for
professional training of the demolition industry that has regional and national outpostsin
order to satisfy the demand for safer and efficient activities in the construction and
demolition sector. Today’s operatives, supervisors and management need to be
competent in arange of skillsincluding first aid, specialist plant, asbestos removal,
demoalition supervision, demolition management, demolition techniques, explosives,
scaffolding, product design, working at heights, chainsaws, abrasive wheels, personal
protection equipment and other daily skill requirements. Most of these activities require
specialist training and testing that is often mandatory and occasionally highly specialised.

Scheme for the certification of competence for demolition operatives

The scheme for the certification of competence for demolition operatives was established
in January 1990 and coverstraining for the three craft levels, demolition 1 (Topman),
demoalition 2 (Mattockman), demolition 3 (Labourer). The scheme wasjointly initiated
by the NFDC and the Construction Industry Training Board (CITB), and discussed with
the Demolition Industry Conciliation Board (DICB). The essential objectives of the
scheme are to ensure that all operatives in the demolition industry are assessed and
registered according to their competencies, and that they have received appropriate safety
training. The standard of competency is based on a Training Specification as defined by
the CITB.

Scheme for the certification of competence for demolition supervision

The scheme for the certification of competence for demolition supervision was developed
in May 1997 and is complementary to the scheme for demolition operatives. This scheme
offersanatural career progression from the scheme for demolition operatives. Itis
completed through distance learning by completing twelve modules, a one-day appraisal
and final examination.

Scheme for the certification of competence for demolition management

The scheme for the certification of competence for demolition management was
developed in May 1998 and is complementary to the scheme for demoalition operatives
and the scheme for demoalition management. The fourteen-week course has been
designed for people with more than seven years practical experience in demolition who
require training in management. Together these three schemes afford an effective,
contemporary and well-trained force in demolition.

Certificate of training achievement (plant) card

The certificate of training achievement (plant) card demonstrates that a plant operative
has achieved alevel of competence and health and safety in the use of plant on
demolition sites as opposed to road building or construction. New health and safety test
centres have been established along with driving theory test centres to replace the one-day
safety awareness course. An innovative part of the new test is abank of questions
covering all aspects of plant operating duties that is sent to candidates prior to their test.
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A random selection of questions from the bank is asked during the theory test and
candidates are expected to answer them accordingly. This method of testing requires that
operatives are knowledgeable in all areas of plant operation.

4. THE CURRENT INDUSTRY POSITION OF DECONSTRUCTION AND
REUSE OF COMPONENTSAND MATERIALS?

This section summarises the opinions of BRE expertsin their chosen field that is relevant
to thisreport, i.e. steel, masonry, concrete and timber.

4.1 Steel

The steel industry has, for many years, been aware of the environmental and economic
impact of waste from C&D processes. Demolition contractors have extensive experience
of recycling steel both from structural sections (beams and columns) and reinforcement.
The challenge will be to increase the amount of steel re-used rather than recycled. There
remains a need to incorporate design for deconstruction for new buildings and to develop
new tools and techniques to maximise the re-use of material from existing buildings
through deconstruction.

Sandards and Specifications

There are no specific national or international standards relating to the disassembly,
deconstruction or demolition of steel structures. Design standards make no reference to
the re-use of steel members from demolition of existing buildings. The Steel
Construction Institute (SCI) and BRE have drawn up proposals to develop a model
specification.

Health and Safety

For the reclamation of structural steel members existing techniques are generally remote.
Beams and columns are either partially or totally flame cut or, aternatively, cut up using
shears attached to amodified excavator. Bolts are rarely removed prior to reclamation.
Methods to promote an increase in the amount of steel to be re-used are likely to involve
removal of bolts from areas where access and spaceisrestricted. Thisislikely to involve
agreater risk of injury to operatives. The National Demolition Training Group will be of
help in this area as they are responsible for the scheme for the certification of competence
for demolition operatives which includes health and safety on site. Guidance is also
available in BS6187 demoalition code of practice.

Building and Planning Control

There are no known restrictions imposed by Building Control or Planning Authorities on
the use of steel recovered from existing structures or from demolition sites. Building
Control will require evidence that components recovered from one project are capable of
meeting the requirements for the new application. Thisrelates to methods for verifying
performance.

114



Deconstruction Tools and Techniques

A number of specialist processes are available for the reclamation of steel from existing
structures either for recycling or re-use. Heavy-duty magnets are available to extract
reinforcement from floor slabs during crushing the concrete for recycled aggregate.
Developmentsin this area may be restricted by the availability of suitable tools. The
provision of atool for the automated removal of bolts from connections could greatly
improve the number of sections available for re-use rather than re-cycling. Current
methods for removing beams are likely to lead to distortion in the proximity of the
connection, with a subsequent requirement to flame cut the steel on the ground. The
demoalition industry has developed crushers and pulverisersto allow reinforcing bar
(rebar) to be removed from reinforced concrete structures. There have also been recent
developments in the rotating crane attached shear that allows the shear to rotate through
360 degrees. Thiswas developed for the demolition of tall buildings. The NFDC
(National Federation of Demolition Contractors)and IDE (Institution of Demolition
Engineers) are organisations that can assist the development of new and future
technological solutions, tools and techniques.

Material Teststo Verify Performance

There are no specific standard tests that have been developed for reusing reclaimed steel
components. Aslong as they have not been highly stressed (inelastically), and do not
show any visible signs of plastic deformation, they should be fit for re-use in structural
applications. Any out of plane deformations such as buckling in the web of column
sections could lead to instability in use. The only source of information on thistopicis
the ‘Appraisal of existing iron and steel structures’ published by the SCI which gives
information on methods of investigation and guidance on calculations for checking
structural adequacy.

4.2 Masonry

Sandards and specifications

Generally the standards on bricks and blocks are BS3921/85 and BS6100, but most bricks
and blocks reclaimed during demolition will possibly not be able to satisfy these
standards. Thereisno official standard that controls the quality of reclaimed bricks and
blocks, and generally suppliers of these materials work under the unofficial standard ‘one
good face, one good end’. Similar standards apply to dlates, tiles and paving stones.
Reputable firms that supply reclaimed bricks can attain SO accreditation under 1SO9002
if they set up a Quality Management System of their own to class the bricks, for example
premier quality, average quality and below quality. Thistype of system alows clientsto
know what to expect and gives potential for customer satisfaction. It allows buildersto
determine ‘fitness for purpose’.

Health and safety

There are minimal health and safety implications to those already covering demolition
sitesin Construction (Health, Safety and Welfare) Regulations 9, 10, 11.
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Building and Planning control

If buildings on a historic site with specia significance to the community are
deconstructed and re-built using some of the reclaimed materials and components it gives
afeeling of continuity to the area as well asimproving it for the future. Nevertheless,
thereis still agrowing need for local plans and planning approvals to include instructions
to reclaim and reuse construction and structural components where practicable. Without
specifications, the need to assure components are ‘fit for use or purpose’ will be required.

The Planning Policy Guidance (PPG15) and the Planning Act (Historic Buildings and
Conservation Areas) 1992 are both responsible for making the re-use of old bricks big
business. They encourage apolicy of ‘like-for-like' replacement of materials when
repairing a historic structure and the reclamation industry has grown from this need.

They don't specifically enforce the ‘reuse of reclaimed bricks' but they encourage (i.e.
“you will get listed building consent if you agree to use bricks that are similar to these old
ones’) using similar old bricks and discourage using new ones. Also under PPG15 if
planning officers are considering a devel opment plan anywhere around alisted building
they are advised to consider whether it affects the setting of the listed building. One thing
that may help an applicant get permission for their development isto create a new
building that has similar features or is built of the same material or in the same style as an
historic/listed building nearby. This helps the harmony of the street, and will therefore
not adversely affect the historical feel of the area.

Deconstruction tools and techniques

It isin the best interests of demolition companies to perform deconstruction in the most
careful way possible that leads to the least damage to the components of a building. Itis
therefore likely that deconstruction is performed by hand. This allows the demalition
company to maximise profits through selective demolition so that components are sold to
reclamation yards and recycling facilities. This has been a gradual realisation on the part
of demoalition firms and therefore the quality of bricks for example, which arrive at the
reclamation yard has continued to improve over the years. If the demolition company
makes more money from hand-cleaned, whole bricks then it will take care in demoalition.
Some demolition companies clean (remove the mortar) the bricks before selling them on,
some supply to established reclamation yards that undertake the cleaning themselves.
However one of the limitations to reclaiming bricksis the growth in the use of ordinary
portland cement (OPC) rather than lime-based mortars which are easier to separate than
OPC. Thereis need to investigate practicable and cost-effective removal techniques for
OPC mortars.

Material teststo verify durability / specification

The same tests that are carried out on new materials and products to determine strength
and durability can be carried out on reclaimed products but it is currently not required.
Any enforcement of these tests would limit the uptake of reclaimed products. However,
practicable and cost-effective tests that demonstrate ‘fit for use or purpose’ would be
welcomed and perhaps encourage clients, architects and LA’ s to recommend their use.
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4.3 Concrete

This section summarises the current issues affecting re-use of concrete componentsin the
construction industry. Concrete constitutes a large proportion of construction waste in the
UK and around the world but traditionally little of this has been re-used, or even
reclaimed and this has been restricted to use in low-quality sub-base or foundations. A
small amount is now crushed and used as aggregate, mainly in bases and in-fill. Onrare
occasions recycled aggregates are used in high-grade applications, for example the
concrete floor slabs of the BRE Environment building and the strong floor at the BRE
Cardington test facility™.

The demolition industry is becoming increasingly sophisticated but the construction of
concrete structures is also becoming increasingly complex with the different types of
concrete and construction techniques available to the designer increasing at arapid pace.
Consideration therefore needs to be given to the deconstruction of a structure at the
design stage. Clients are also demanding more flexibility from their buildings, as the use
(and/or ownership) of abuilding islikely to change over the life span of abuilding. The
need for partial deconstruction of abuilding is becoming increasingly important. Thereis
also an increasing amount of interest in countries such as the Netherlands in partial
deconstruction of concrete structures and in the use of ‘demountable buildings’ to reduce
the amount of concrete waste produced.

The idea of leasing concrete framed buildings has also been discussed, with the frames
being deconstructed at the end of their required use and reassembled at a different
location for a different customer. However, further work would be needed to develop
strategies for ng the quality of the concrete elements in addition to the financial
aspects involved (e.g. maintenance guarantees, insurance etc.).

Sandards and specifications

There are no current national or international standards relating to the specific
deconstruction and re-use of concrete structures. However, guidance has been published
on the demolition of concrete structures by several trade organisations. Significant
guidance also exists on thereuse of crushed concrete as aggregate in new concrete,
including BRE Digest 433", The DETR (Department of Environment Transport and
Regions) Quality control for the production of recycled aggregates and more recently the
DETR Protocol for the use of reclaimed product in precast concrete.

Health and safety

Existing health and safety |egislation mostly covers the demolition of concrete structures.
Some of the international standards mention concrete specifically. Special care hasto be
taken with pre- and post-tensioned beams and slabs. Health and safety on construction
sitesisincreasingly becoming a political aswell aslegal and economic issue, with the
Deputy Prime Minister John Prescott recently devoting alarge proportion of his key note
speech at the Labour Party conference to attack the construction industry on their poor
safety record.
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Building and Planning control

There is no mention of deconstruction in building or planning controls but minimum de
factor standards are laid down for the reuse of aggregates in concrete.

Deconstruction tools and techniques

Most commercia concrete buildings are cast in-situ concrete frames and therefore need to
be destructively demolished. The concrete components cannot therefore be reused in
their original form. Concrete frames incorporating pre-cast concrete beams, columns,
stairs and hollowcore floor slabs are ssmpler to deconstruct if the joints are simply
supported. However, these joints are frequently cast in place, usually with concrete or
mortar that is stronger than the actual concrete elements. One barrier is that no standard
jointing system exists and the joints are not designed with deconstruction in mind,
although new and innovative jointing methods are being devel oped and would hopefully
include deconstructable jointing systems.

Pre-cast flooring systems are frequently used and are perhaps the ssmplest of concrete
components to deconstruct and reuse. However, they are sometimes covered with a 50
mm cast-in-place concrete layer to provide a monoalithic slab, meaning destructive
demolition isthen required. Pre-cast beams are often pre- or post-tensioned and can be
very hazardous to demolish requiring special care.

High-pressure water-jetting is frequently used to cut concrete in repair situations and it
leaves both the reinforcing steel and the surrounding concrete clean and reusable.
Thermal lances and other heating methods could be more widely used in the future as the
technique develops as they can cut through reinforced concrete whilst leaving the
magjority of the concrete element intact.

Material teststo verify durability / specification

The main problem with reinforced concrete as a reusable construction material isthat it
naturally deteriorates with time due to carbonation, athough techniques (such as
coatings) can be used to extend thisfinite life span. No specific standard tests have been
developed for the assessment of reclaimed concrete components that are to be reused in
their original form. However, many standard tests exist to assess the strength, quality and
durability of reinforced concrete which could be used together to provide an assessment
of the condition and the potential life span of a concrete el ement.

A potential problem isthat many of these tests require a sample of the concrete to be
taken (e.g. acore) and the total cost of the range of tests required may negate any
financial benefits of reusing the element. Also, many of the problems encountered with
reinforced concrete are not immediately apparent and are ‘hidden’ within the element e.g.
reinforcement corrosion. Full-scale load testing is possible although it islikely to be
prohibitively expensive. However, an approximate (and therefore cheaper) assessment
could be made of the quality and strength of the element and the element used in alower-
grade application (with a higher factor of safety). There are al so non-destructive testing
methods that can be used to determine in-place strength of concrete elements.
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General

The industry’ s perception and reticence are perhaps the main barriers to the reclamation
and reuse of concrete components, unlike the steel industry where steel components are
sometimes salvaged and reused. It is also more difficult to assess the quality of a
concrete element (whether reinforced or not) compared with a steel element as defects are
not immediately apparent without detailed (and expensive) examination and/or testing.
Designers are also very wary of specifying reclaimed concrete components in new
structures due to safety (and the resulting legal) reasons and no guidance or standards
exist to aid them in this task.

The cost savings are also minimal (at the moment) for the reclamation and reuse of
concrete components compared with new construction, and until relevant fiscal measures
areimposed it islikely to remain thisway. On the other hand, the concrete industry is
increasingly moving towards the use of more standardised components in order to
increase productivity and reduce costs and this will in turn increase the potential for
deconstruction and the reuse of concrete componentsin the future.

One growth area however does exist for the reuse of concrete components in their
original form. Thisis concrete block paving which is being increasingly used in private
and commercial driveways and car parks and in the pedestrianisation of town centres.
These can be quickly and cheaply dismantled and reused when required.

4.4 Timber

Although timber is a natural renewable resource and as such can have avery low
environmental impact, a greater amount of recycling and reuse will obviously benefit the
overall environmental audit for building components. Timber product manufacturers
aready adopt sustainable practices for use and processing of the raw material with any
waste being consumed through space heating. This has been driven mainly by sustainable
timber certification schemes such as the Forest Stewardship Council (FSC) and customer
pressure. The C&D industries have not been influenced by the same economic and
customer pressures, and as such have not responded to current national and European
initiatives for the reduction of waste. There is however current reuse of high value items
such as large section beams and timber flooring, although a potential to greatly increase
the amount of timber suitable for reuse in construction still remains.

Sandards and specifications

Structural timber for use in construction, be it new or reclaimed, must be strength graded
to either BS 4978 for softwoods, or BS 5756 for hardwoods. Machine grading of timber
may also be adopted which conformsto BS EN 519. If the timber has been graded then a
stamp should provide information on the strength class, species group and origin. This
information can be used to ensure that the timber meets an architect’ s specification.
Engineered wood products such as glulam and some decorative large section beams are
not marked with grading stamps even though the lamina or overall beam will have been
graded in the past. For the structural reuse of these materials either a paper trail proving
the beams origin and strength will be required or the species will need to be determined
for alocating a minimum grade stress provided in BS 5268. Non-structural timber may
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also be reused in non-structural applications but is not subject to the same stringent rules
governing the fitness for purpose. In this case, durability and appearance may be
established from the timber species.

Health and Safety

The deconstruction of timber structuresis generally covered by the CDM Regulations for
ensuring the safe working practices of operatives. Nailed connections used frequently in
timber construction offer potential for accidents. Safety clothing such as steel mid-sole
boots and protective gloves for handling help to reduce such risks. Thereis no particular
H& Srisk that should bar the increased reuse of timber from the deconstruction of
buildings.

Building and Planning Control

Some Planning Authorities may be sceptical about the reuse of construction materials on
alarge or ‘innovative scale based on the building industry preference for established
products and techniques. This healthy but sometimes restrictive approach should favour
increased reuse of materialsin the future providing the long-term performance of
materialsis proven.

Deconstruction Tools and Techniques

Many timber components that are reclaimed from existing structures contain nails and
screws that must be removed or made safe for handling before reuse or recycling. Thisis
done by hand which can be time consuming and generally only proves to be economically
viable for high value items such as large section beams. Many lower value components
such as small section joists and studs will need to be free of nails and screwsiif they are to
be recycled by chipping for the production of boards products. Since nailed and screwed
connections should be made into virgin wood to attain the codified values for shear and
pullout, either larger diameter nails or reduced capacities should be adopted for the reuse
structural. Either option would require research to establish basic rules for reuse
performance. An economic way around this problem has been adopted by the
Scandinavians. Their approach is to specify ‘ connector free zones' within the timber
cross section. This enables any areas containing nails or screws in the reclaimed timber
to be easily removed with arip saw, thus providing defect free timber that may be reused
or recycled.

Material Test to Verify Performance

In principle the strength of reclaimed timber can be verified from stress grading.
Although the type of defects that may be experienced in reclaimed timber may not be
covered by the codes, an experienced visual grader should be capable of determining a
suitable strength class for damaged structural timber. Alternatively, component tests
could provide data for the reuse of wall panels, trussed rafters, composite beams and
studs. Thesetests only require afew repetitions and may be used to provide generic rules
for reuse of timber components.

120



5. UK CASE STUDY -2, MARSHAM STREET

The redevelopment of the former Department of the Environment (DoE) HQ offices at
No.2 Marsham Street will include the demolition and removal of the current structures. A
BRE pre demoalition audit made the following recommendations.

The demolition of the former DoE is expected to generate over 250,000 tonnes of
concrete alone, and arange of other valuable resources including steel, glass, aluminium
and numerous fixtures and fittings.

Possibilities include:

» To recycle 97% by volume and 99% by weight of the former Department of the
Environment building at No.2 Marsham Street

» To maximise recovery of materials and products from demolition

» To maximise the use of demolition materialsin construction of the Home Office and
other high profile projects

» To demonstrate cost-savings

This process could be assisted by use of the following tools and services:

SVMARTWaste

SMARTWaste (Site Methodology to Audit, Reduce and Target Waste) has been
developed by BRE to provide a robust and accurate mechanism by which C&D wastes
arising during the project life-cycle can be benchmarked and categorised by source, type,
amount, cause and cost. Thisdatais a springboard to identifying and prioritising actions
to reduce waste arisings (producer responsibility), re-use at source (proximity principle),
and maximise recovery to extend materials’ life-cycle. The benefits of the tool areto
identify the potential true cost savings of projects, and to maximise the reduction, reuse,
recycling and recovery of materials over landfill. Current development of the tool will
incorporate key performance indicators of material waste arisings from data collected
across the industry.

Materials Information Exchange (www.bre.co.uk/waste)

One of the key barriersto the increased use of C& D wastes is the absence of information
on the availability, quantity and type of waste. It isthis problem which the DETR
Materials Information Exchange (MIE) seeks to address, by matching the suppliers of
waste with potential users. The MIE provides afree internet site where the user can
advertise materials available by geographical location, search for materials wanted,
identify where upcoming demolitions are, and access links to other relevant organisations
and resources including a searchable database of C&D research.

Speculative recycling targets include.

100% In-situ and precast concrete including mullions, columns, beams, stairs, panels,
stilts, slabs and walls

100% Reinforcing bar

100% Assorted furniture

100% Non-asbestos insulation
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100% Bomb-shield net curtains

100% Bricks and blocks

100% Steel frames

100% Fire fighting equipment

100% Window frames

95%  Assorted metalsincluding aluminium, copper, and cast iron
80% Interna timbers

80% Glass from the windows

80% Boilers, radiators and associated piping
75% Sanitary ware

50% Timber panelling

50% Door and window furniture

50% Interna eectrical fixtures and fittings
30% Control equipment

Previous UK demonstration projects have managed commendable recycling rates:
IBM’s office at Hurdley 95% by volume

BRE’s Environment Building 96% by volume

Therefore Marsham Street target 97% by volume/99% by weight

The use of recycled aggregates (RCAS) in high-grade applications such as structural
concrete is feasible with the introduction of BRE Digest 433 and the BRE/DETR Quality
Control Scheme for RCAs. The use of these RCAs should be encouraged in high-grade
applications rather than low-grade applications such as sub-basefill. Using RCAsfrom
the demolition of Marsham Street would reduce the need for volume and cost of primary
aggregates (South East England has few quarries), reduce vehicle movements to and from
site, extend the life cycle of reclaimed materials, and offer employment opportunities for
the local population.

Thereis potential to use a nearby site as a staging ground for the crushing, grading and
testing of RCAs before using the material for in-situ concrete, pre-fabricated components
or other high grade applications. There is aso opportunity to establish a temporary plank
casting yard for prefabricating components of the new structure, and temporary mixing
yard for preparing in-situ concrete. These temporary measures would reduce the need to
import materials and components with associated environmental impacts, reduce the
distance of vehicle movements, and create employment opportunities for the local
population.

Conclusion

The demolition process is yet to take place and at this point BRE are not certain of any
involvement in a project to maximise materials recovery from these structures. In any
event, the concrete panels that make up the four towers will need to be taken apart
carefully due to the built up nature of the area. Whether these recommendations are taken
up or not, it will be interesting to see what the effect of deconstructing the buildings will
have on recovery rates.
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6. FUTURE OF THE INDUSTRY

Demoalition in the UK islikely to follow the lead being taken by the Dutch. Landfill is
becoming gradually more expensive and landfill taxes are continue to increase. There will
continue to be arequirement for inert material in landfill engineering and restoration, but
thisislikely to tail off aslandfill space diminishes. Thiswill encourage selective
demolition and so increase reuse and recycling rates. The innovations within the industry
are likely to come from new mechanical plant, which are rapidly becoming more
sophisticated and specialised. The next growth market for plant is likely to bein the area
of the soft strip, which is still labour intensive.

A key component to the future of the industry will be free exchange of ideas and
technologies, adoption of other proven industrial techniques, best practice guides,
demonstration projects and sound auditing/benchmarking of processes. Centra to this
will be dissemination of gathered information.

Some information sources are listed below:

The International Council for Research and Innovation in Building Construction (CIB)
http://www.cibworld.nl/ Task Group 39 on Deconstruction (1999-2003) held its annual
meeting in the UK last year. The report of this meeting and relevant information relating
to CIB TG39 can be found at http://www.cce.ufl.edu/affiliation/cib/. Similarly, the
Conference Proceedings of ‘ Deconstruction — Closing the Loop’ held at BRE in May
2000 are also available from BRE gettlesonv@bre.co.uk.

The UK EA waste handbook is an excellent source of information and contacts of the
waste management industry http://www.recycle.mcmail.com/content.htm. Similarly, the
Symonds report http://europa.eu.int/comm/environment/waste/report.htm is of some
relevance to the industry athough tends to focus on ‘core’ C&D waste. The Salvo
website is very popular for reclaimed components www.salvo.co.uk. Finally, the DETR
Materials Information Exchange www.bre.co.uk/waste is of great value for exchanging
components and materials at no cost.
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BUILDING DECONSTRUCTION ASSESSMENT TOOL
Bradley Guy, Center for Construction and Environment, University of Florida, Gainesville,
Florida 32611-5703, USA

SUMMARY

Deconstruction is ameans to “un-construct” buildings for the maximum recovery of reusable and
recyclable building materialsin a cost-effective manner. It aso provides feedback for the design
of new structures to extend their longevity through cost-effective maintenance, repair and
adaptation. In order to assist the Owner or Contractor in determining the economic feasibility of
deconstruction under real-world conditions, amodel for use as a computer-based estimating tool
is described in this paper. The tool may also be used for modeling macro-economic variablesto
assist in determining labor and disposal costs, and salvageable and recyclable materials values,
that are necessary to make deconstruction cost-effective on aregional basis. Thetool that is
currently in development is for use with wood-framed one- and two-story structures and will
provide atemplate for other kinds of structures, including masonry residential structures, multi-
family residentia structures and eventually commercial structures, as more real-cost datais
available for these building types.

KEY WORDS: deconstruction; selective dismantling; C&D waste management; building
salvage; pollution prevention; assessment tools.

1. INTRODUCTION

The purpose of the Building Deconstruction Assessment Tool is to facilitate the estimation of
costs, revenue potential, and project management of the deconstruction of a wood-framed
residential building. Deconstruction is the process of dismantling a structure, generally in the
reverse order of its construction, in order to recover the maximum amount of reusable and
recyclable materials. The priority ison reusable materials. It aso results in the separation of
hazardous materials for proper disposal. Deconstruction can be characterized as: dependence
upon hand labor; and an environmentally preferential management of the whole building
removal and its materials, as opposed to “cherry-picking,” which isaform of selective
demoalition, removing only the highest value materials prior to conventional mechanical
demolition, materials reduction, and disposal. As an economic matter, many demolitions include
varying degrees of recycling of metals and concrete, with minimal to no reuse. As the proper
datais devel oped on the deconstruction and materials types of larger commercia structures, the
tool will be adaptable to any building type. The basis for the default datain the model and the
structure of the model came from the * Building Deconstruction: Reuse and Recycling of
Building Materials’ project, funded by the Florida Department of Environment Protection
(FDEP). This project consisted of the deconstruction and analysis of six (6) residential structures
in Alachua County, Florida, USA during 1999-2000. Deconstruction was determined to be
economically feasible using a price competitive with demolition, and accounting for revenues
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from resale of recovered materials. The average “gross’ deconstruction cost was 21% higher
than the average demolition cost for six (6) houses. The “net” cost of deconstruction (including
salvage revenue) was 37% |lower than demolition and 10% lower using “wholesale” prices. The
salvage revenue is based on retail used materials prices, which are 50% to 25% of equivalent
new materials. Wholesale used building materials prices are in turn one-half of the retail used
material prices. The savingsin disposal costs between gross deconstruction and demoalition were
on average 41% per house of the six (6) houses that were used to devel op the model baseline
data. Total net savings between no salvage (demolition) and salvage (deconstruction) were on
average 53%. Therefore, there is a greater opportunity to realize further savings through
increasing disposal costs (100-41 = 59%), than in increasing salvage value (100-53 = 47%) (1).

Attempting to increase salvage value per building will have a point of diminishing returns as the
more valuable items are stripped more efficiently than harder-to-access materials, and labor costs
remain constant even for removing low-value materias (2). Based on thisanalysis, the local
disposal feesin a geographic area are an important “indicator” of deconstruction potential and
will encourage more “whole house” deconstruction in lieu of selective “cherry-picking” of
materials. One of the principal markets for salvaged building materialsis as“low-end” building
material. If the savings from deconstruction are principally from avoided disposal fees, rather
than attempting to receive a high profit from the salvaged materials, then materials resale prices
can remain affordable to do-it-yourselfers. More lower costs salvage materials would also
increase the total amount of materials being diverted from landfills rather than a small fraction of
high-value architectural salvage.

The six (6) buildings used to develop baseline data were randomly selected based on availability
during the research grant period and resulted in arange of costs and revenues per square foot.
The deconstruction assessment process that is presented in the model was developed from
experience and was augmented by research on other projects and interviews with along-time
deconstruction specialist, Pete Hendricks from Chapel Hill, North Carolina, U.S.A. Another
computer-based estimating tool for “selective dismantling,” has been developed at the French-
German Institute for Environmental Policy - University of Karlsruhe, Karlsruhe, Germany (3).

The net income of a deconstruction from the Contractor’ s perspective is the expression:

(Price Paid by Owner + Salvage Value) - (Pre-Deconstruction + Deconstruction +
Processing + (Transportation + Disposal)) = Net Income

The net income for demolitionis;

(Price Paid By Owner) - (Pre-Demoalition + Demaolition + (Transportation + Disposal)) =
Net Income

Figure 1 - Economic Equations for Demolition and Deconstruction
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Key factorsin the feasibility of deconstruction are allowable time to deconstruct, labor costs,
local disposal costs, and the salvage value of the building materials. Additional costs include the
pre-deconstruction costs of environmental and worker health protection measures, estimating,
and salvage materials marketing costs. Transportation costs can aso be asignificant cost to
remove and redistribute materials. Optimization of building deconstruction will depend in the
future on the commercia transfer of salvaged materials as close to the building site as possible.
The Building Deconstruction Assessment Tool will aid most directly in reducing estimating and
materials marketing costs, by reducing the time to estimate costs and the salvage materials
inventory. The materials inventory can be used in conjunction with digital photographs and the
Internet to market salvageable materials before the deconstruction takes place. Scheduling the
sale of materials before the deconstruction isto take place, for “just in time” and “ point-of -
deconstruction” resale, will aid in the avoidance of additional storage and transportation between
the point of removal and the point of reuse. Salvage materials values can be extremely variable,
from dimensional lumber (which may be much less valuable than new lumber) to architectural
salvage (which may have a unique value).

1.1 Defining Deconstruction

Deconstruction has arisen as aforma means to increase the salvaging and reuse of building
materials from renovation and demolition activities. Deconstruction is also sometimes called
salvaging, but for the sake of clarity isnot "cherry-picking,” or salvaging which imply aremoval
of only the highest value materials, leaving the remainder for disposal. Deconstruction is a
comprehensive whole-building strategy for dismantling a structure to recover the maximum
amount of reusable materials. Deconstruction is areverse form of construction, i.e. the careful
disassembly of a structure. Reuse is the use of materials without altering their form except for
minimal processing, i.e. removing fasteners, cleaning, and reshaping. Reuse has the potential for
an infinite number of cycles, whereas recycling is the reconstitution of a material into a new
form, requiring greater amounts of energy and material inputs to reconstitute the material asa
new product. The potential for reuse from new construction is also present from over-estimates,
mis-orders, and damaged materials. The waste produced from leftover modular building
materials such as bricks and concrete masonry units (CMU), and form work, can be diverted by
reusing these products in future construction projects. Historic preservation and adaptive reuseis
the ultimate in reuse of land, infrastructure and the building materials in situ. Reuse can occur
on-site in renovation construction, by the removal and rehabilitation of individual building
components, and their return to the building.

2. STATEMENT OF THE PROBLEM

The US Environmental Protection Agency (EPA) has estimated that there was 136 million tons
of construction and demolition (C&D) waste produced in the Unites States in 1996. C&D waste
includes new construction, renovation and demolition. Renovation waste is from improvement
and repairs of existing structures. Ninety-two percent (92%) of the total C&D waste, or 125
million tons, was from renovation and demolition, leaving only eight percent (8%) by weight

127



resulting from new construction (4). While estimates vary, total C& D waste is generally
estimated to comprise between 25 and 35% of all solid waste produced in the US. Wood has
been estimated to compose 25-40% of the C& D waste stream in the United States (5). An
unfortunate lack of systems to recover and reuse lumber from demolished buildings contributes
to waste and environmental degradation. The preponderance of waste from renovation and
demolition indicates a critical need to address this portion of the total C&D waste stream. For
example, there is an increasing concern over the potential for groundwater contamination from
leaching of chromated copper arsenate (CCA) treated wood, formaldehyde-based resins used in
engineered lumber, paints and other treatments, from demolition waste. In Florida, asthe
building stock ages, it can be expected that the total volume of landfilled renovation and
demolition waste will continue to grow over time unless viable aternatives to landfill disposal
areinvestigated and implemented. There are many influencing factors in deconstruction work,
such as: labor scheduling and costs; tipping fees at C& D waste landfills; hazardous
characteristics of demolition waste; markets; materials grading systems; time and economic
constraints; contractual agreements; and public policies. These conditions affect the potential
for deconstruction to develop into along-term, economically viable sector of the construction
and demolition industries for waste reduction, resource conservation, and job creation.

3. BENEFITSOF DECONSTRUCTION

Successful strategies for implementing deconstruction can reduce the energy use, land
consumption, groundwater degradation, deforestation and greenhouse gas production associated
with wasted wood resources. An analysis of demolition permitsin the Metro Portland region
showed that 944,000 board feet (BF) of lumber could be removed from the solid waste stream in
that area each year through salvage operations (6). The specific benefits of deconstruction over
conventional demoalition will vary from project to project. Broadly, however, experience has
shown that there are clear environmental, economic and social advantages to recovering and
reusing building materials. One project found that 1,000 BF of salvaged lumber could replace
up to 10,000 BF of standing timber (7). Deconstruction projects have demonstrated that the
intensive but relatively low-skilled hand deconstruction work can provide new jobs that require
minimal training and can act as a practical entrance point for labor force development throughout
the construction trades.

3.1 Environmental Benefits

The most common and most reusable material that results from deconstruction is lumber.
Salvaging lumber for direct reuse has multiple environmental damage avoidance components.
These include the preservation of forest resources for storm water and soil erosion control,
maintenance of bio-diversity and CO2 sequestration, and reduced energy use and pollution from
the harvesting, milling, and transportation of new lumber. It is estimated that the construction of
a 1,100 sguare feet (SF) wood-framed home will require approximately 10,000 BF of structural
lumber. The reuse of approximately10, 000 BF of lumber will result in avoiding the clear-cut
harvesting of approximately 55 trees on about 2 acres of forest (8). The deconstruction of a
typical 1,500 SF wood-framed structure in Florida, greater than 50 years old, can result in the
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reclamation of approximately 4,500 BF of structural lumber (2). Therefore, the deconstruction of
2+ older residential structures will produce approximately enough lumber to build a new home.
Two acres of managed forest will produce a net storage of about 8 tons of CO2 per year. The
Massachusetts Public Utilities Commission has placed a value of $20/ton on CO2 stored in new
forests. When these factors are accounted for, deconstruction and reuse has multiple
environmental cost-effective, i.e. environmental cost-avoidance, benefits.

3.2 Toxicity

At the present time, some demolition, especialy at the scale of residential buildings, does not
fully account for all hazardous materials, and in fact is not required to do so depending upon the
type of asbestos, for example. Deconstruction, by its reliance on hand labor, requires a stringent
environmental health and safety protocol to manage any hazardous materials and to protect
worker health. This greater attention to hazardous materials management insures that future
impacts such as disposal of materials with lead-based paint (LBP) in an improper manner is
reduced. Because deconstruction is a gentler version of demolition, the release of hazardous
materials from breaking, crushing, abrading and grinding commonly associated with mechanical
demolition is eliminated. The ability to reuse materials back into new construction in such as
way asto eliminate human health risks from LBP exposure for example, extends the life of the
valuable reused material and keeps the LBP out of the natural environment for aslong as
possible.

3.3 Economic Benefits

Whole-house deconstruction is more labor intensive than mechanical demolition. It isalso a
different set of skills more closely aligned with the labor skills required to build new wood-
framed homes. Skills such as job safety, tool-use, teamwork and basic carpentry can be
assimilated in amore forgiving environment at the scale and pace of aresidential deconstruction
project. These skills can translate into greater efficiency of deconstruction or eventual transition
into the labor-short construction market that currently existsin many parts of the US. Research
by the CCE and others has shown that resource recovery and reuse/recycling in general and
deconstruction for reuse specifically, can require up to 10 times more labor hours than resource
collection and disposal. These labor hours are at alower pay rate, for example alaborer versus a
heavy machine operator, but more jobs are created. The very premise of deconstruction isto
create reusable materials by protecting the condition of the materialsin the removal stage. With
an understanding of, and alignment of, market users and uses to the deconstruction process, the
materials are handled in a manner most appropriately, and therefore most effectively, for
achieving their highest value in reuse.

With a current population of 16 million and an estimated population of 20 million within the next
20 years, severa things will result in the State of Florida, for example. The extent of new
developable land will decrease, landfills will become filled and the ability to open new ones will
be reduced, both because of land area and siting constraints, and by the increasing financia
burden of closing and monitoring closed sites, combined with costs for new start-ups. Asthe
infrastructure of Florida ages and need for housing increase, there will a greater trend towards
renovation and redevelopment in existing urban areas. The combination of increased availability
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of salvageable materials, increased disposal costs, increased need for housing, and eventualy,
increased costs of gasoline and concerns for global warming viafossil fuel use, and itsimpacts
on Florida, will al drive a greater need to reuse materials of al kinds. These conditions will
increase the economic and environmental viability of deconstruction and reuse as a “sustainable’
business enterprise. A current impediment to deconstruction is the requirement for Davis-Bacon
Act requirements for wages on Federa projects, and the possibility of labor union wagesin
certain geographic areas. Because labor is such as large portion of the costs of the
deconstruction, areas of high labor costs, or increases in labor costs will have a significant
impact on the economic viability of deconstruction.

4. BASISFOR MODEL

Because deconstruction generally requires more time than conventional demolition, this
constraint must be overcome to implement deconstruction on awidespread basis. Methods to
overcome this constraint include decreasing preparation time, and increasing information on
labor time and scheduling requirements. Other constraints are the uncertainty of resale markets
and the ability to pre-sell materials, in order to make a deconstruction project economically
feasible. A deconstruction estimating tool that can be used to quickly estimate both potential
salvage value and deconstruction costs will assist in making a rapid assessment and facilitate
“pre-sales’ of materials before the deconstruction process begins. The purpose of the Building
Deconstruction Assessment Tool isto facilitate the decision-making process for determining the
most cost-effective and environmentally sound method(s) for removing residential wood-framed
buildings from existing sites. This does not pre-dispose that preservation, adaptive use, and
rehabilitation in-situ are less cost-effective or environmentally sound from the perspective of the
building itself. Many building removals occur for factors unrelated to the building itself, be it
cultural, functional, or land-use considerations. This model does pre-dispose that the decision to
remove the structure has been made and that atool for realizing the least environmental damage
while balancing real world costs constraints within the current US regulatory climate will be
beneficial. The full range of options for removing a structure includes: moving the structure;
deconstruction or selective dismantling; and total demolition. The tool may also be used for
modeling hypothetical economic variables that in turn may assist in the development of policies
to make deconstruction a more cost-effective alternative to demolition on aregional basis.

The traditional demolition of buildingsis based upon mechanical labor and disposal in landfills.
There may be some selective salvaging of the highest value materials that are readily accessible
with hand tools and without diminishing the structural integrity of the building. Items such as
antique plumbing and electrical fixtures, finish work, and flooring are examples of these items.
As landfill space becomes more restrictive due to economic and environmental constraints, the
economic value of salvage and reuse will go up as an aternative to the costs of demolition and
disposal.

The creation of amodel for planning for deconstruction, salvage and recycling will facilitate the
deconstruction process which is currently alargely unknown quantity for most Owners,
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Developers, Building and Demolition Contractors. There are many attributes of deconstruction
which are similar to demoalition, including environmental assessments and removal of hazardous
materials, and the permitting process. The principal differenceisinthetimethat isrequired to
dismantle a structure for the purposes of salvage and recycling. Before significant capital
investments are made, it is helpful to have the ability to assess the economic viability of
deconstruction of the structure, or in the case of multiple opportunities, the relative feasibility of
different types of structures at one location such as a military base or housing project.

A model which can include variable local conditions such as disposal costs and estimated value
of materials, some as generic building materials and other as architectural salvage with relative
values, will both encourage the choice of deconstruction and enable the planning of a cost-
effective deconstruction for both Owner and Contractor, since the ultimate goal is the complete
removal of the structure, and not a highest benefit/cost “cherry-picking” operation.

4.1 Scope and Limits

The deconstruction assessment tool described in this paper is principally developed for wood-
framed structures. In order to keep the model as user-friendly as possible it was decided to use
laypersons terms, a non-technical format, and provide options for the user to use either default
data or input their own data. The model does not use the Construction Specification Institute
(CSl) numbering system. It was felt that the CSI Format did not provide an intuitive framework
for the deconstruction process, partially because it was created for the construction of buildings,
and also because the level of complexity of aone or two-story wood-framed building would not
necessarily require the detail of CSl formatting. It was acritical concern in the development of
the model that it be practical and has levels of complexity in order to minimize the time needed
to develop preliminary estimates. It is envisioned that for the sake of uniformity, the model could
be arranged in CSI Format in the future and for use with commercial and large-scale projects.

4.2 Methodology and Data

The data for determining default values was collected by time, task, location/component in
building, material type and quantity. The model is set up to be a series of scenarios such that the
user can select options for deconstruction or demolition for either the entire building or the major
components of the building. Basic defaults include costs for abatement of asbestos, 1abor
productivity rates for the components of the building, quantity cal culations based on building
square footage and construction types. Input data includes the size of the building, the type of
construction, local tipping fees and wages, and other more specific information on the value of
the material as reused, recycling, or re-manufacturing feedstock.

5. DESCRIPTION OF MODEL

The deconstruction tool has three major sections. The first section is a preliminary evaluation of
the candidate building for its suitability for deconstruction. The second section of the model is
the calculation of regulatory costs such as permitting and environmental assessments. An
additional variable cost is the degree of asbestos containing materials (ACM) abatement may be
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required, and the degree of additional effort (cost) that may be required to address the presence
of lead-based paint. The third section of the model is to make a detailed assessment of the
building-by-building component categories. Based upon this estimate, several other factors can
be developed such as salvage percentage and salvage value. From the inventory of the total
structure and the subtraction of the estimated quantity of salvage, the estimated amount of
disposal materia can be calculated. From the quantity of materials by their use in the building, a
labor cost for removal can be calculated. All of these estimates can be a default value and the
model user can make changes for each category. See Figure 2 for an outline of the model.

The preliminary assessment section of the model uses a series of “indicators’ of the building’s
deconstructability, which are compiled into a score.
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Figure 2 - Diagram of Building Deconstruction Assessment Tool Structure
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Figure 3 - Preliminary Assessment Using “Indicators’ of Feasibility

“Bonus points’ are given for ahigh local disposal fee and use of high-grade specieslumber in
the structure. Upon determining that the building has a high “score” for deconstruction,
(Figure 4) the user will proceed to a more detailed quantification of the materials of the
building and assign a base dollar value on the salvageable materials. The building is broken
into major and minor components, under these categories, the specific e ements and materials
types are listed for the user to increase the specificity of the assessment as they wish. The
main element categories are:

1. Appliances and Equipment
2. Hardware and Fixtures

3. Interior Casework

4. Windows and Doors

5. Interior Walls and Ceilings

6. Roof

7. Exterior Walls

8. Floor

9. Foundation

10. Site

The building is assessed in two ways, by the entire building and each subsequent addition to
the original building, and then by room. For some elements such as exterior siding, the
perimeter exterior walls can be estimated as a component of the entire building. For other
elements such asinterior finishes, each room is assigned up to 6 wall surfaces, 2 ceiling
surfaces, and 2 floor surfaces, and the finishes are estimated by room.

Building major categories and sub-categories include for example:

5. Interior Walls

5.1 Wall structure
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5.1.1 2 x4 wood 24" on center
5.1.2 8" Concrete masonry unit
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Figure 4 — Preliminary Scoring Summary

Upon completion of the materials quantity estimates, a salvage rate or percentage is assigned
to each sub-element category to estimate the actual salvage value that can be expected. The
salvage factor will first be based on the general level of deterioration as determined in the
preliminary assessment, and then further refined with each element of the building. For
example, in the case of awindow or door, the user will assign a salvage factor of 1, since the
window only has value as an entire unit. For awood framed wall, the salvage factor will bea
percentage of the wood in the wall.

Upon completion of the detailed materials and salvage estimate, the user will then be able to
estimate costs based on unit deconstruction rates, estimated labor costs rates, estimated
disposal and disposal costs, permitting and environmental assessment costs, and asbestos
abatement costsif required. The final report will combine these estimates and variables to
determine the cost-effectiveness of a deconstruction. In addition, the user will have the
flexibility to change any variable such as salvage values for components, labor rates and
disposal fees, in order to understand macro-level costs and specific material s revenues which
most effect the economic viability of deconstruction in aparticular geographic locale. This
modeling capability will have use for determining local policy options to increase the
feasibility of deconstruction within a particular municipality.
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6. CONCLUSIONS

The Building Deconstruction Assessment Tool is meant to reduce the time and cost of
estimating costs and salvage revenues that may occur from a wood-framed residential
building deconstruction. As a consequence, it can be used to model macro-economic
variables such as labor costs and disposal costs, in order to determine the threshold values for
making deconstruction economically viable within aregion or municipality. There are many
other variables which can affect the cost of this environmentally preferable means of building
removal, particularly hazardous materials remediation and worker safety protection. The
costs of processing and transfer to condition and point of reuse can include additional
processing, which will bring amarginal increase in value, marketing costs, transportation and
storage costs. At the current time, many locations in the United States have disposal and |abor
costs that inhibit the economic viability of deconstruction and materials reuse. L ead-base
painted materials are commonly found in residential structuresin the United States built
before 1978 and the reuse of these materials poses a human health hazard, liability concern,
and additional cost for remediation. By qualifying and quantifying the materials, types and
guantities and costs associated with bringing them to the market place, it is expected that a
computer-based estimating tools can reduce the risk and uncertainty associated with building
deconstruction.
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GRADING AND MECHANICAL PROPERTIESOF SALVAGED

LUMBER
Abdol R. Chini and Lucy Acquaye, M. E. Rinker S ., School of Building Construction,
University of Florida, Gainesville, Florida, U.SA.

SUMMARY

Decommissioned buildings were until recently demolished and deposed of in landfills.
Current trends now focus on material recovery and reuse as a means to conserve our
natural resources and promote environmentally acceptable disposal methods. This
research was conducted to evaluate the mechanical properties of lumber salvaged from
two residential buildings in Gainesville, Florida. Compared to virgin lumber tested under
the same conditions, the salvaged lumber was on average 50% denser and of such
strength as to merit its structural use in building construction. Results of visua grading
of lumber salvaged from six residential buildings deconstructed in Gainesville Florida are
also presented. It was found that more than half of the pieces (57%) had damages due to
use and deconstruction, which resulted in reduction of their grades. Trimming the ends
of damaged pieces resulted in grade increase, but of course reduced the length of the
salvaged lumber pieces.

Keywords: Salvaged lumber, Lumber grading, Tests of salvaged lumber, Deconstruction,
Damage, Reuse options, Demoalition, Waste reduction.

1. INTRODUCTION

Wood has for many centuries remained the principal building material for the
construction industry. It isanatural material and the only renewable structural
construction material in general/mainstream use today. Lumber production in the United
States increased by 34 percent from 81.7 million cubic metersin 1970 to 109.5 million
cubic metersin 1994. Unchecked harvesting and fire ravaged US forests for many years
until the first decades of the twentieth century when replanting of trees was undertaken
on amassive scale to avoid depletion of the forests. The first European settlersin the US
found half of the land covered by forests. Today forest area has been reduced to 32
percent with the volume of wood in the forests 25 percent more than what it was in 1952.
Harvesting of wood has increased by 40 percent since 1952 [1].

Harvesting of wood and production of lumber have many adverse effects on the
environment and, without effective measures to ensure sustainabl e practices, the negative
impacts will increase and be carried well into the future. Environmental concerns during
the harvesting of wood include loss of biodiversity, loss of plant and animal habitat,
species extinction, soil erosion, deforestation, and increase in atmospheric carbon dioxide
with aresultant increase in global warming. Conduction of water from the soil to the
atmosphere is eliminated when trees are cut, leading to a decrease in atmospheric
moisture. During the production of lumber, fuels used in mills pollute the air through the
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emission of toxic gases such as carbon monoxide (CO) and sulphur dioxide (SO,).
Environmental and health hazards associated with these gases include global warming,
decreased visibility, smog, eye irritation, and lung damage.

Every year in the United States, an average of 146 million cubic meters (60 billion board
feet) of virgin lumber is consumed. One source of readily useable lumber and timber for
building construction, which remains untapped, is the 7.3 billion cubic meters (3 trillion
board feet) of lumber and timber sawn in the United States since the turn of the twentieth
century and still residing in structures [2]. When these structures reach the end of their
service lives, become obsolete, or change use, the lumber and timber can be salvaged and
reused, utilizing little energy. The traditiona practice of demolition used to dispose of
these buildings results in a mixture of different materials only fit for use as mulch,
compost, disposal in landfill, or incineration with energy recovery (except chromated
copper arsenate pressure treated wood or painted wood, which are harmful to the
environment). Demolition methods allow for little or no possibility of salvaging the
lumber in these buildings. With the increasing cost of landfilling, the construction
industry is turning its focus to deconstruction or building dismantlement to salvage
reusable components of the deconstructed buildings and to minimize the waste sent to
landfills.

Deconstruction is the careful dismantling of buildings with the goal of maximizing the
reuse potential of the components and minimizing the amount of materials that are
landfilled. Typically, deconstruction involves more handwork and careful use of heavy
equipment, and takes more time than demolition. The choice between demolition and
deconstruction depends on many factors such as:

= the potential amount and quality of materials which can be salvaged,;

= the market for the salvaged material;

= the hazardous materials present and their impact on the process and products;

= theavailabletimefor building removal.

For deconstruction to be profitable, the recovered materials must be sold in order to help
defray the additional costs of more manual and time consuming effort associated with
salvaging materials. The average home has much to offer: toilets, sinks, bathtubs,
cabinets, windows, doors, flooring, plumbing parts, and on average, 13,000 board feet of
lumber.

The Unites States Department of Agriculture (USDA) Forest Service estimates that if 2%
of existing wood buildings are decommissioned each year and 25% of the lumber
reclaimed, thiswill supply one-quarter of the overall lumber requirement for 50 years.
Salvaged lumber has distinct advantages such as being tight grained, dense, and generally
free of knots. After being in service, the salvaged lumber is generally dry and
dimensionally stable. However, there is little known about its quality and the effect of
damage and age on its grade yield and engineering properties. Damage to the salvaged
lumber can be categorized under three sources [10]:
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= damage during the construction process, which includes nailholes, boltholes and
notches;

= damage during usage of the building which includes decay, warping and termite
attack; and

= damage during the deconstruction process to salvage the lumber from the
building. Deconstruction damage includes edge splitting, edge damage and
gouges.

Salvaged lumber has traditionally been successful in markets for larger timbers (150mm
x 150mm cross-section and larger), dense grain material, and heart redwood. Typical
products include flooring, architectural millwork, furniture, and small manufactured
items. The predominant use for salvaged dimension lumber is for agricultural needs and
storage with very limited structural use as primary or secondary members in wood-
framed construction (e.g., studs, joists, rafters, siding, flooring).

The major barrier to the structural reuse of salvaged dimensional lumber isthe lack of up-
to-date grading or certification stamps. While some salvaged lumber may still have grade
stamps on them, these have been invalidated by the aterations to the lumber and are not
acceptable to building inspectors. Some owners have had salvaged lumber regraded for
usein their buildings. The grades are assigned based on existing grading rules for virgin
lumber. Existing grading rules do not adequately consider or sometimes inappropriately
disallow defects commonly found in salvaged lumber. Thisis because these listing rules
do not specifically address the use of salvaged lumber or the characteristics that
distinguish it from virgin lumber. As aresult, much of the salvaged lumber is
downgraded or disallowed and is not used for its highest value use

To expand the use of salvaged lumber, new grading standards (grading rules, engineering
properties, and a grade stamp) needs to be developed. Existing grading rules do not
reflect the characteristics of salvaged lumber, its particular advantages, and its common
defects. The new grading criteria must be based upon technical research that
substantiates the effect of age, exposure, and defects on the structural integrity and
performance of salvaged lumber. Experimental testing needs to be performed on
different grades of salvaged lumber to determine their engineering properties. Based on
the results of these tests, a new industry grade stamp must be approved for salvaged
lumber.

Developing acceptable grading standards and a stamp for salvaged wood will allow
salvaged lumber to move readily through distribution channels to the market, and then
through the permitting and construction process. It will significantly expand the value,
volume, and types of salvaged wood that flow through the system. Recovery operators
will have much clearer product specifications and will be able to optimize their
operations. Overall unit costs will come down, while acceptance of this product by
designers, builders, inspectors, and consumers will rise. This paper reports the results of
structural tests and visual grading of salvaged lumber from severa residential buildings
in an effort to provide some data on thisissue.
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2. LITERATURE REVIEW

2.1 The Riverdale Case Study (1997)
The Riverdale case study involved the deconstruction of a 2,000 square foot, 4-unit two-
story residential building in an urban area of Baltimore County, Maryland. The building
was part of a 27-acre, 600-unit housing development owned by the Maryland State Office
of the U.S. Department of Housing and Urban Development, Baltimore, Maryland. The
Urban and Economic Development Division of the U.S. Environmental Protection
Agency, Washington D.C., sponsored the project. The owner’sinterest to use this new
approach to building removal was to address how and under what conditions building
disassembly and salvage can be cost competitive with standard demolition.
The Riverdale case study had the following objectives:

= toidentify maor issues hindering deconstruction as an alternative to conventional
demolition;

= to determine labor requirements for specific deconstruction activities,

= to evaluate jobsite practices such as sequencing, layout of operations, tools and
workers required, and flow of materials;

= to determine market opportunities and values of salvaged building materials; and

= to disseminate information on building disassembly and salvage.

The project sponsors for the pilot deconstruction project considered the Riverdale
buildings ideal for the study for the following reasons:

= the buildings were built prior to 1950 and did not have engineered wood products
such as plywood and OSB, which characterize Post World War |l construction
technology, and composite materials that are difficult to disassemble or have low
salvage value;

= the buildings had exterior structural brick and interior stick-frame with wood. An
important project objective was to provide information on salvage value and labor
requirements for brick and light-framed structures;

= the buildings were structurally sound. Riverdale units were generally tight so that
rot and decay of building materials were essentially non-existent.

Lumber salvaged from buildings
The building was deconstructed in the reverse order of construction with the last
components installed removed first. The structural lumber was salvaged from the floors,
interior walls, second level ceiling joists and the roof. After removal from the building,
the lumber was denailed, stacked and banded outdoors in piles according to their sizes
and length. The sizes of the lumber salvaged were 2x4, 2x8 and 2x10. No grade stamps
were found on the salvaged lumber and no effort was made to regrade them before they
were sold. Approximately, 10 to 20% of the framing lumber exhibited warping, splitting
or severe crowning. This resulted in areduction of its value to 10-25% that of their new
component. Table 1 shows the amounts of lumber sold and corresponding sale prices.
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Table 1. Results of Riverdale Site Sale

Salvaged Material % of total amount of Salepriceasa % of
item sold estimated retail
Framing — 2x4 higher quality 75% 45%-50%
Framing — 2x4 lower quality 15% ~25%
Framing — 2x8 higher quality 50% 45%-50%
Framing — 2x8 lower quality 40% ~25%

The Riverdale study identified several factors, which affected the salvage value and
marketability of the materiasincluding:

» type of materias; the framing lumber, which had wide application and used in
large quantities was relatively easier to sell than finished materials such as
windows and hardwood flooring which have specific dimensions, specific uses
and require more targeted marketing;

= time of year; depending on the geographic location, construction firms and do-it-
yourselfers are more interested in building materials in the summer or spring than
in the winter;

= condition of the local economy; demand for building materialsis stronger when
construction and remodeling activity is strong;

= retail building material prices; the value of used material is strictly a function of
new building material prices. Salvaged lumber becomes an attractive aternative
to conventional lumber when lumber prices go up.

Conclusion and Recommendations

In an organized site sale, customers had more interest in buying the lumber and bricks,
which required little marketing or established location/reputation for used building
materials. For more finished or use-specific materials such as flooring, doors, and
windows, many customers commented that they needed time to check on dimensions,
retail prices, and their spouses’ reaction before purchasing. These use-specific materials
required alarger investment of marketing time and resources when compared to the
commodity materialsHumber and brick. Framing lumber sold for approximately 50
percent of new retail and windows sold for aslittle as 10 percent of new retail. The
absence of grade certification for the lumber did not make it appealing to customers who
wanted to use the lumber for structural applications. A recommendation from this study
for the industry was the need to develop a grading methodol ogy for salvaged lumber. The
building industry needs guidance on how to advise buyers on structural reuse of salvaged
lumber.

2.2 Fort Ord Deconstruction Project (1994)

In 1994, the Fort Ord U.S. Army Military Reservation in Marina, California, was closed.
This closure left more than 28,000 acres and more than 7,000 buildings to be
programmed for civilian use. Additionally 1,200 buildings had to be demolished because
they did not meet current code standards or contained hazardous materials. The Fort Ord
Reuse Authority (FORA) developed the deconstruction project to test the feasibility of a
sound environmental approach to building disposal other than landfilling. Four buildings
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were deconstructed for this study. The buildings were representative of 740 other
buildings requiring disposal on site and are as follows:

» building 21 was a 2,300 square feet single-story wood-frame building that had
served as adental clinic. Approximately 150 buildings of this type exist at Fort
Ord;

= building 1807 was an 11,500 sguare feet single-story wood-frame building that
had been used as a classroom and similar to 180 other buildings on site;

= building 2143 was a 4,720 square feet single-story wood-frame barracks built in
1940. It is estimated that 385 buildings of this type still remain;

= building 2252 was a 22,000 square feet single-story wood-frame shop. Only one
bay (about 10%) of this building was deconstructed because the other bays were
similar. This building was representative of approximately 25 buildings at Fort
Ord.

Sale of Salvaged Lumber

All the lumber salvaged from the buildings was preserved. Structural lumber represented
about 40% of the total lumber in the buildings and this percentage was consistent
regardless of the building type. Some of the lumber was sold in the local market and most
of the buyers were predominantly college graduates. The magjor reasons for purchasing
the lumber were superior quality of material, perceived value of material for the cost of
the material, environmental concerns and past success with buying other salvaged
material. The predominant use for the lumber was agricultural needs and storage. The
bulk of the consumers considered a price of 50% of virgin lumber as reasonable for the
salvaged lumber. Bids from contractors were typically low because the materials needed
to be trimmed to standard sizes and the volume was not large to merit their interest.
Moreover the contractors could not use the salvaged lumber as structural components due
to the absence of grade certification.

Lumber Grading

Falk et al (1999) reported on a further study devel oped to determine the effect of damage
on the grade yield of the deconstructed lumber. This was considered as afirst step to
determine reuse options for reclaimed lumber. This study involved the USDA Forest
Service, Forest Products Laboratory (FPL) and the West Coast Lumber Inspection
Bureau (WCLIB). The objectives of the study were as follows:

= assessthe quality of lumber salvaged from the deconstructed buildings through a
grade yield evaluation;
» investigate the effects of damage on grade yield.

Only the structural lumber salvaged from the buildings was used in this study. The
dimensions of lumber used for the study were 2x4, 2x6, 2x8 and 2x10. 1009 pieces of the
lumber were selected for grading. About 30% of the pieces came from building 2252,
38% from building 2143, 21% from building 21 and 11% from building 1807. Douglas
Fir was the predominant species, making up 92% of the pieces. Therest of the pieces
were 6% Hem-Fir and 2% Sugar Pine. Table 2 shows the selected lumber pieces.
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Table 2. Lumber size distribution for the FORA study

Size Pieces Per cent
2x4 184 18.2
2x6 275 27.3
2x8 504 50.0
2x10 46 45
Total 1009 100

The lumber was visually assessed for structural grade according to Standard No. 17,
Grading Rules for West Coast Lumber. The lumber was graded twice in this study, in the
first grading, the full length of each piece was graded and the type of defect or grade
determining characteristic such as knots, slope-of-grain, wane, warp or damage was
noted. For those pieces where damage was the grade-determining defect, the grader also
made an estimate of grade assuming the damage was not present. This provided an
estimate of average grade reduction as aresult of damage. For each piece with alocalized
grade-determining defect, an evaluation was made to determine if trimming would
increase grade or if multiple pieces of higher grade could be cut from the graded piece.
Damage in the lumber was classified as follows:

» type 1 damage included those resulting from the original construction process
such as nail holes, bolt holes, saw cuts and notches;

= type 2 damage resulted from the use of the building such as drying defects, decay
and termite damage; and

= type 3 damage was attributed to the deconstruction process and included edge
damage, end damage, end splitting and gouges.

Ninety-six pieces of 2x4 were shorter than 7 feet and these were not graded since they
were considered to be of limited market value, atotal of 910 pieces that were graded.

Results of Visual Grading
Table 3 shows the results of the visual grading performed for the 910 lumber pieces. The
2x4 lumber was graded as light framing. The light framing designation applies to lumber
2 to 4 inches thick and 2 to 4 inches wide. Four grades exist under this designation (listed
from highest to lowest): construction, standard, utility, and economy. The 2x6, 2x8, and
2x10 lumber was graded as Structural Joists and Planks. The structural joists and planks
designation applies to lumber 2 to 4 inches thick, 5 inches and wider.
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Table 3. Grade distribution, accounting for damage, 910 pieces

Grade All sizes (%)
Structural Joists and Planks
Select Structural 55
No. 1 17.9
No. 2 46.8
No. 3 13.0
Economy (< No. 3) 7.9
Light Framing
Construction 2.4
Standard 6.5
Utility 0.7
Economy 0.1
Total 100.0

Four grades exist under this designation (listed from highest to lowest quality): select
structural, no.1, no. 2 and no. 3. A second grading of the pieces was performed to
determine the grade yield with end trimming. For each piece with alocalized grading
defect, an evaluation was made to determine if trimming the lumber would increase grade
or if multiple pieces of higher grade could be cut from the graded piece. For the second
grading, the 2x4 was graded as structural light framing with the same grade designation
as the structural joists and planks. The grading for the other dimensions remained the
same.

Conclusions andRrecommendations
The prevailing grade-determining defects among the pieces were knots (40.9%) and
damage (37.9%). The most frequent forms of damage to the lumber were nail holes
(36.2%) and edge damage (26.7%) out of atotal of 345 damaged pieces. Trimming of
the lumber resulted in having asingle piece of a higher grade or two smaller pieces of
higher grade. In some instances trimming the piece would yield a piece of length less that
7 feet and this was not considered to have a market value and was not done. Although
only about 1 percent of the members yielded two lengths of lumber after trimming, and
average increase of one grade was possible with a required length reduction of between
1.0 and 3.0 feet. Trimming increased the grade of about 18 percent of the lumber. To
minimize lumber degrade from deconstruction damage the study recommends careful
removal of the floor underlayment and roof sheathing as well as careful removal of end
nails from joists and rafters rather than prying them free.

2.3 The Twin Cities Army Ammunition Plant (1996)

The Twin Cities Army Ammunition Plant (TCAAP) case study (Lantz and Falk, 1996),
involved the deconstruction of two large timber-framed buildings. This case study was
undertaken to determine if salvaging the lumber for reuse is a feasible aternative to
conventional demolition and landfilling. With the end of the cold war in the 1990’ s, many
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military facilities were classified as excess to the Nation’ s defense requirements. Asa
result, the U.S. Army made a decision to discontinue military manufacturing operations
at their Twin Cities Army Ammunitions Plant in Arden Hills, Minnesota. Two of their
large World War Il erawood-framed industrial buildings (501 and 503) that had been
used for manufacture of small-caliber ammunition manufacturing was deconstructed and
used for this study. Although opinions about timber recycling were more often
guantitative than qualitative, the following conclusions were reached prior to beginning
the deconstruction process:

= a thevery least, the very large timbers were recyclable. It was unclear if there
would be aready market for the smaller timbers or the dimension lumber.
Quotations on purchase price ranged from $50 to $200 per thousand board feet
(MBF) for the standing timber members;

= the absence of agrade stamp for the salvaged lumber will limit its use for
structural purposes.

Some characteristics of both buildings are presented in Table 4. The range of nominal
timber dimensions included 2x8 to 2x14; 3x10 to 3x14; 4x10; 6x12 to 6x18; 8x14 to
8x18; and 10x18.

Table 4. Characteristics of dismantled at TCAAP buildings

Characteristics Building 501 Building 503

Floor space 377,000 ft? 548,000 ft

Timber 1,250MBF 1,875MBF

Wood recycled 750MBF 1,500MBF
Visual Grading

To address some of these pertinent concerns, an experimental test program was
developed to evaluate the grades and engineering properties of the lumber salvage form
the TCAAP project (Falk et al. 1999). The West Coast Lumber Inspection Bureau graded
500 pieces of 2x10x18 foot dimensioned lumber from building 503 according to Standard
Rule 17 for both visual stress grade and the visual requirements of mechanically graded
lumber. The pieces graded had originally served as either floor joists or roof rafters.
Unlike freshly sawn lumber, which is graded based on the natural defects, the grader took
into consideration defects to the pieces due to service use or the deconstruction process.
In grading the recycled lumber, it was assumed that 1 foot would be trimmed from both
ends of each piece therefore any defect in the 1-foot end zones was ignored. In addition,
dynamic Modulus of Elasticity (E) was measured for each piece using a portable
DynaMOE transverse vibration device. As can be seen from Table 5, twenty-eight
percent of the 500 pieces were graded as select structural. Fifty-six percent were graded
as No. 2 or better and forty-four percent were graded as No. 3 and lower. The major
reason for downgrading the lumber was the presence of knots, end splits and primarily
gouges that occurred during the deconstruction process. Observations made from the
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visual grading showed that about half the grade-limiting splits were due to prying the
lumber loose from the structure. It was estimated that as much as thirty percent of the
lumber was downgraded as aresult of the deconstruction process.

Table 5. Results of visual grades of 500 2x10 pieces.

Grade Number in grade Per centage
Select Structural 142 284
No. 1 42 8.4
No. 2 97 194
No. 3 78 15.6
Economy (<No. 3) 141 28.2

Mechanical Grading

100 pieces of 2x10 joists that met the visua requirements of Machine Stress Rated
(MSR) lumber were randomly selected from the 500 pieces for Mechanical grading.
Mechanical grading combines visual assessment of growth features with direct
measurement of modulus of elasticity to sort individual piecesinto grades. The
mechanical testing was performed at the USDA Forest Service, Forest Products
Laboratory. The 100 pieces were conditioned at 65 percent relative humidity and 74
degree Fahrenheit for 2 months prior to testing. Species identification found 53 of the
species to be Douglas Fir, 25 pieces of Hem Fir and 22 piecesto be of the Southern Pine
species. The joists were tested in athird-point bending test loaded on edge over a 16-foot
span that resulted in a span-to-depth ratio of approximately 21. A constant rate of loading
with a mid-span deflection of 0.2 inch per minute resulted in failure in about 10 minutes.

Conclusions andRrecommendations

The stiffness of the recycled lumber measured by its Modulus of Elasticity (E), was
found to be approximately equal to that of current production. The lumber will be
suitable for applications where resistance to excessive deflections are of primary
importance. Bending strength of the lumber salvaged from building 503 measured by its
Modulus of Rigidity (G) was somewhat |ess than the bending strength of lumber
produced today. Because of the historical use of the facility to produce magazines for
explosives, it is possible that some form of chemical contamination may have weakened
the members in the building although a chemical analysis could not prove or disprove this
possibility. Thisfact coupled with a small sample size, prevents the general adoption of
the findings of this study. Reuse options for the lumber investigated in this study included
ceiling or floor joists. More finished or use-specific materials such as flooring, doors, and
windows required alarger investment of marketing time and resources.
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3. MECHANICAL TESTSOF SALVAGED LUMBER

3.1 Materials

The salvaged lumber tested was obtained from two decommissioned buildingsin
Gainesville, Florida. Building 1 was a 2150 ft?, single story timber-framed residential
building constructed in 1915, and located at 2930 NW 6™ Street. Building 2 was a 2200
ft%, two-story timber framed residential building constructed in 1900 and located at 14 NE
4™ Street. Prior to the deconstruction, a certified contractor abated the siding and interior
tiles, which were contaminated by asbestos.

Figure 1 shows the site layout during the deconstruction of building 1 [see Reference 3
for deconstruction details]. A determination was made as to what to do with the specific
material when removed from the structure. Based on the material type and condition,
items were immediately reused, processed further, or disposed of. For thisreason it was
important to have the storage space, processing space, and dumpsters close to the
structure. The denailing and processing station was an area designated for such activities
as denailing and sawing off damaged ends of salvaged lumber to get pieces of better
quality and higher value. In some instances, the pieces were discarded when sawing them
would have resulted in unmarketable pieces of length shorter than 2.1m (7 feet).

Portable Toilet
Loading Denailing and
Area Processing
vy Station
‘ Enter/Exit Site Garage
0 O Parking for
O @) @) O Workers
@) Dumpster Locations
O
@) O
sssoNwer s 7 0 OO0
fEnter/Exit Site

v

Figure 1. Diagram of deconstruction field organization [Ref. 3]
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The main damage requiring the pieces to be discarded was decay caused by water
infiltration. The deconstruction process proceeded in the reverse of construction with the
last itemsin place removed first. The roof, wall and floor covering were carefully
removed to get to the structural lumber and timbers. The structural lumber components of
this building consisted of the studs, floor joists, ceiling joists, and rafters. The lumber
species was Southern Pine. There were no grade stamps on the lumber salvaged. The
nominal cross-sectional dimensions of the salvaged lumber were 50 x 100mm (2x4), 50 x
150mm (2x6), 50 x 200mm (2x8), and 100 x 150mm (4x6). The stud wall skeleton after
removal of the roof and wall coveringsis shown in Figure 2. Figure 3 shows salvaged
dimensioned lumber deconstructed from building 1.
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3.2 Testing

Test samples were classified according to usage in the old building as studs or rafters.
Selected lumber from both buildings was cut into lengths of 600 mm (24 inches) for the
tests[4]. Eight pieces from each category were randomly selected for testing. Virgin
lumber of Southern Pine species was also tested to provide a basis to compare the results
obtained from the salvaged lumber tests. To determine the cross-sectional dimensions of
the samples, measurements were taken at three points, both ends and in the middle. Table
6 shows the dimensions and number of samples for each group.

Table 6. Salvaged and virgin lumber test samples

Lumber source | Description A\{erage Dimensions (mm) Number
Width Depth Length

Building 1 Studs 45 92 600 8
Rafters 56 110 600 8

Building 2 Studs 45 93 600 8
Rafters 54 102 600 8

Virgin lumber Studs 38 89 600 8

Bending Test

Three point bending tests were performed based on procedures outlined in the American
Society for Testing and Materials (ASTM) D 198 [5]. The distance between supports was
47 mm. A Tinius Olsen machine of 270 kN capacity was used for the test. The load was
applied through aload cell and a computer recorded the load and deflection throughout
the tests. The load was applied through a 12-mm thick steel plate to avoid exceeding the
sampl e’ s bearing stress. Two 12-mm thick steel plates supported the samples. Failure of
the test samples during the bending tests occurred at the middle and was characterized by
either atension failure at the bottom or compression failure at the top of the specimen.
Figure 4 showstension failure in atest specimen. Some of the samplesin building 2 had
low bending resistance values due to the presence of 6-mm diameter holes in the bottom
center of the specimen.

One-inch thick pieces were cut off from each piece after testing and used to determine the
sample's moisture content and specific gravity. The moisture content was determined in
accordance with procedures of ASTM D 4442 [6] method A and the specific gravity was
determined in accordance with procedures of ASTM D 2395 [7] method A.

Results of the bending test are shown in Table 7. A 5% exclusion limit for the average
bending values was obtained for each set of specimens. These values were then divided
by an adjustment factor of 2.1 to give the allowable bending stress. The factor includes an
adjustment for normal duration of load and a factor of safety. The calculated allowable
bending stresses for the salvaged lumber were between 71% and 125% of the value
obtained for the virgin lumber tested. The highest allowable bending stresses were
obtained from the studs salvaged from building 2.

The allowable modulus of elasticity for each category was calculated by dividing the
calculated mean value by an adjustment factor of 0.94, which accounts for normal
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duration of load and a factor of safety. The allowable modulus of elasticity was least in
the virgin lumber. The values for the modulus of elasticity obtained for the salvaged
lumber tested ranged from 109% to 137% that of the virgin lumber tested.

The virgin lumber was the least dense of the samples tested. The average density of the
salvaged lumber was 50% higher than the density of the virgin lumber.

Figure 4. Tension failure at the bottom of a sample during the test

Table 7. Summary of bending tests

Member | Building Bending stress, F, (M Pa) Modulus of elasticity, Density MC
E (GPa) (Kg/m®) (%)

Avg | Sta. Dev. (o) | Fy (Allow) Avg E (Allow) Avg Avg

1 68.7 15.3 20.8 9.24 9.79 673 9.8

Studs 2 64.4 2.7 28.8 8.07 8.55 683 10.6

Virgin 71.1 11.9 24.6 7.03 7.45 418 10.1

57.5 14.0 16.4 7.65 8.14 632 10.5

Rafters 87.7 42 385 9.58 10.20 612 9.1
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Shear tests

Shear block specimens were made according to procedures of ASTM 143 [8]. The
thickness for the salvaged studs was on the average 45 mm (1.75 inches), for the virgin
lumber 38 mm (1.5 inches), and for specimens from the salvaged rafters was 50 mm (2
inches). In al tests, the shear plane was 50 by 50 mm (2 by 2 inches) (see Table 8).

Table 8: Shear test samples

Building | Description | Specimen dimension (mm) Area of shear plane (mm) | No of
Length | Thickness [ Height Length Width | samples

1 Studs 50 45 64 50 50 8

Rafters 50 50 64 50 50 8

2 Studs 50 45 64 50 50 8

Rafters 50 50 64 50 50 8

Virgin Studs 50 38 64 50 50 8

The shear specimens were tested with a 270 kN (60,000 Ibs) Tinius Olsen universal
testing machine. The specimens were placed in the shear tool with the crossbar adjusted
so that the ends rested evenly on the support over the contact area as shown in Figure 5.
The maximum load at failure was recorded. The portion of the specimen sheared off
during testing was used to determine the moisture content. The moisture content was
determined according to procedures of ASTM D 4442 method A.

A 5% exclusion limit for the average shear values was obtained for each set of
specimens. These values were then divided by an adjustment factor of 4.1 to obtain the
allowable shear stress. The adjustment factor accounts for normal duration of load and a
factor of safety. The results of shear tests exhibited in Table 9 showed that the alowable
stresses for the samples tested were highest for the new lumber. The allowable shear
stresses for the salvaged lumber range in value from 50% to 95% that of the virgin
lumber. This lower shear resistance of the salvaged lumber may be due in part to the
existence of boltholes and nail holes near the supports.
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Figure 5. Shear parallel-to-grain Test Assembly

Table 9. Summary of shear test results

Building Shear stress (M Pa)
Average | Sta. Dev.(g)| F, (alow)
1 7.29 2.56 0.76
M ember 2 8.44 1.53 1.45
Virgin 7.54 0.79 1.53
1 7.16 1.37 1.20
2 7.10 1.54 112

4. VISUAL GRADING OF SALVAGED LUMBER

A lumber grade, and the grading rules that stand behind it, are critical elementsin the
trade of lumber products. The grade assigned to a piece of lumber verifiesits quality and
adherence to national grading standards criteria and rules. This quality assurance alows
for its widespread acceptance by engineers, architects, and building officials at a building
site. The Southern Pine Inspection Bureau (SPIB) performed visual grading of lumber
salvaged from six timber-framed residential buildings deconstructed in Gainesville,
Florida[3]. The grading was in accordance with SPIB, Standard Grading Rules for
Southern Pine Lumber [9]. The houses had been in use for the last 50-100 years having
been constructed between 1900 -1950. The grading was performed over two grading
sessions.

The visual grading of salvaged lumber was undertaken to evaluate the quality of lumber
and determine the effects of damage on grade yield. The modeling, analysis, and
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presentation of the results reported here are after the work of Falk, et. al [10]. Ascan be
seen in Table 10, most of the lumber graded was 50 x 100 mm (2 x 4) making up 40% of
the pieces. Therest of the 521 pieces consisted of 36% of 50 x 150 mm (2 x 6), 22% of
50 x 200mm (2 x 8), and 2% of 100 x 150mm (4 x 6). The pieces graded had been used
as different structural elements depending on their sizes. The structural uses included
floor joists, wall studs, ceiling joists, and roof rafters. The predominant structural use
categories of the graded lumber asindicated in Table 11 were floor joists (26 %) and roof
rafters (26 %).

Table 10. lumber size distribution

Size Pieces Percent Volume Percent
(board feet) (m°) (by volume)
2x4 210 40 1622 3.8 31
2x6 186 36 2172 5.1 42
2x8 117 22 1285 3.0 25
4x6 8 2 117 0.3 2
Total 521 100 5196 12.2 100

Table 11. Distribution of prior lumber usage

Prior usage Pieces Percent Volume Percent
(board feet) (m°) (by volume)

Floor joists 137 26 2012 4.7 39
Wall studs 64 12 378 0.9 7
Ceiling joists 78 15 1041 25 20
Roof rafters 133 26 1406 33 27
Unknown 109 21 359 0.8 7
Totd 521 100 5196 12.2 100

4.1 Grading M ethodology

A certified SPIB Grading Supervisor visually assessed the structural grade for each piece
of lumber based on the 1994 Standard Grading Rules for Southern Pine Lumber. The
SPIB isone of six rules-writing agencies recognized by the American Lumber Standards
Committee. The lumber was graded twice in this study:

1. Thefull length of each piece was graded according to the aforementioned grading
rules and notes were taken as to what type of defect or lumber characteristic
determined the grade (e.g., knots, slope-of -grain, wane, warp, damage; see appendix
A for definition of lumber defects). The 50 x 100mm (2 x 4 inches) pieces were
graded under the SPIB grading rules as “ structural light framing”. This designation
applies to lumber 50 — 100 mm (2 - 4 inches) thick and 50 — 100 mm (2 - 4 inches)
wide. The grades under this designation (listed from highest to lowest quality) are:
Dense Select Structural (DSS), Select Structural (SS), No. 1, No. 2 and No. 3. The 50

154



x 150, 50 x 200 and 100 x 150mm (2 x 6, 2 x 8 and 4 x 6 inches, respectively) were
graded under the SPIB rules as “structura joists and planks’. The grades under this
designation are the same as those listed above for the structural light framing.

. The second grading considered the effect of end trimming on grade yield [10]. For
each piece with alocalized grade-determining effect, an evaluation was made to
determine if trimming the lumber would increase grade or if multiple pieces of higher
grade could be cut from the graded piece. The grade designation was the same as used
for thefirst grading. A grade of No. 4 was assigned to pieces which did not meet the
lowest No. 3 grade for structural joists and planks and structural light framing. The
No.4 gradeis not an official SPIB grade but is used for comparative purposes. Where
the length after trimming was shorter than 2.1m (7 feet), trimming was not done since
such short pieces were considered to be of limited market value.

4.2 Lumber Grades Accounting for Damage
Overall, 243 pieces, aimost half of the total number graded (46.7%) were assigned a No.

4 grade, and 17.4% were graded as Select Structural or Dense Select Structural (Table

12). Thirty percent of the 50 x 100’ s were graded as No.2 and 24.3% were graded as No.
4. Over half of the 50 x 150 and 50 x 200 sizes (59.1% and 70.1%, respectively) fell into

the No. 4 grade. Almost all the 100 x 150 pieces (87.5%) met none of the grade

designations.

Table 12. Grade distributions, accounting for damage, 521 pieces

Grade All sizes Structural light framing Structural joistsand planks
50 x 100 mm (2 X 4in) 50x150(2X 6) 50x200(2X8) 100x 150 (4 X 6)

(No) (%) (No) (%) (No) (%) (No) (%) (No) (%)
DSS 44 84 33 15.7 10 54 - - 1 125
SS 47 9.0 20 9.5 23 12.4 4 34 -
No. 1 17 3.3 6 29 2 11 9 1.7 -
No. 2 103 19.8 64 305 25 134 14 12.0
No. 3 45 8.6 33 15.7 6 32 6 5.1 -
No. 4 243 46.7 51 24.3 110 59.1 82 70.1
No grade 22 4.2 3 14 10 54 2 17 7 87.5
Total 521 100.0 210 100.0 186 100.0 117 100.0 8 100.0
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Table 13. Grade determining factors (521 pieces)

Reason Pieces Percent (%)
Shake 20 3.8
Split 5 1.0
Knots 25 4.7
Damage 296 56.8
Wane 30 5.8
Slope of grain 3 0.5
Warp 6 12
Twist / other 29 5.6
Unknown 16 31
Meets highest grade 91 175
Total 521 100

Damagewas the grade-determining factor of 296 pieces, more than half of the lumber
graded (Table 13). Damage in the pieces was classified as defects from the construction
process (nail holes, bolt holes, etc), those occurring during the service life of the structure
(decay, insect attack, etc) and those from the deconstruction process (edge splitting,
gouges, etc). Damages resulting from the construction process or during the life of the
building are pre-existing. However, adopting appropriate process and methods in
deconstruction can minimize damage from deconstruction.

4.3 Effect of Trimming on Lumber Grades

Of the 296 damaged pieces, 170 pieces (57.4%) were trimmed to eliminate grade-
determining defects and increase grade. The distribution of the pieces selected for
trimming is shown in Table 14. 126 damaged pieces were not trimmed since trimming
would have resulted in alength shorter than 2.1m (7 feet), which had very low market
value. The predominant size trimmed was 50x 150mm (2 x 6), which accounted for 77
pieces (45 %). Fifty one pieces (30%) of 50 x 100 mm (2x4) were trimmed, and 42 pieces
(25%) of 50 x 200mm (2 x 8in) were trimmed. Approximately 82% (139) of the pieces
trimmed had a previous grade designation of No. 4. As can be seenin Table 15, trimming
resulted in ahigher grade for the pieces and less than 2% of the trimmed pieces were
graded as No. 3 or below. More than half of the trimmed pieces (54.7%) were graded as
select structural or better having no grade reducing defects after trimming. The effect of
trimming on the grade yield can be seen from Table 16. On average, there was an
increase of 3 grade levelsin the trimmed pieces and an average reduction in length of
720mm (2.4 feet). The effect of trimming on the grade distribution for all sizesis shown
in Table 17. Overall the effect of trimming on the grade is very marked in grade No. 4
designation, which was reduced from 47% before trimming to 20% after grading (Figure
6). The percent of pieces with a grade designation of select structural and better increased
from 17% to 36% by trimming. Figure 7 compares the grade distribution for the 50 x 100
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mm (2 x 4) before and after trimming. The greatest change in the grade distribution of the
50 x 100 mm (2 x 4) isin the number of grade No. 4 designation, which was reduced
from 24% to 10% after trimming.

Table 14. Original distribution of pieces to be trimmed and regraded

Grade All sizes 50 x100mm (2 X 4) 50 x 150 (2 X 6) 50 x 200 (2 X 8) 100 x 150 (4 X 6)
Total Trimmed Totad Trimmed Total Trimmed Totad  Trimmed Total  Trimmed
DSS 44 - 33 - 10 - - - 1 -
SS 47 - 20 - 23 - 4 - - -
No. 1 17 1 6 1 2 - 9 - - -
No. 2 103 13 64 9 25 3 14 1 - -
No. 3 45 15 33 10 6 4 6 1 - -
No. 4 243 139 51 31 110 68 82 40 - -
No grade 22 2 3 - 10 2 2 7 -
No 521 170 210 51 186 77 117 42 8 -
Total % 100 32.6 100 24.3 100 41.4 100 35.9 100 0

Table 15. Grade distribution of pieces after trimming (170 pieces)

Grade All sizes Structural light framing | Structural joistsand planks
50 x100mm (2 X 4) 50 x 150 (2 X 6) 50 x 200 (2 X 8) 100 x 150 (4 X 6)
Pieces  Percent Pieces Percent Pieces Percent  Pieces Percent Pieces  Percent

DSS 11 6.5 11 215 - - - - - -
SS 82 48.2 14 275 44 57.1 24 57.1 - -
No. 1 7 4.1 7 137 - - - - - -
No. 2 67 39.4 19 37.3 30 39.0 18 429 - -
No. 3 3 18 - 3 39 - - - -
No. 4 - - - - - - - -
No grade - - - - - - - -
Total 170 100.0 51 100.0 77 100.0 42 100.0 - -

Table 16. Effect of trimming defects

: , Per cent of total Avg. grade increase Avg. length reduction

Size Pieces :

(521 pieces) (No. of grades) mm Ft
All sizes 170 32.6 3 720 24
2% 4 51 98 3 810 27
2x6 77 148 3 690 23
2x8 42 8.0 3 630 21
46 - - - - -
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Table 17. Grade distributions trimmed compared with untrimmed (521 pieces)

Grade Untrimmed Trimmed
Pieces Percent Pieces Percent
DSs 14 8 55 11
SS 47 9 129 25
No. 1 17 3 23 4
No. 2 103 20 157 30
No. 3 45 9 33 6
No. 4 243 47 104 20
No grade 22 4 20 4
Total 521 100 521 100

OUntrimmed
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Frequency (%)
N
(6]
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Figure 6. Grade distribution: trimmed compared with untrimmed all sizes.
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Figure 7. Grade distribution: trimmed compared with untrimmed 2 x 4's.

4.4 Results of visual grading

The predominant grade designation for the 50 x 100's (2 x 4's) was No 2; the
predominant grade designation for the 50 x 150's (2 x 6's) and 50 x 200's (2 x 8's)
was No. 4 grade. Almost al the 100 x 150 pieces (87.5%) did not meet any of the
grade designation.

Damage was the prevailing grade-determining factor of 521 pieces of lumber
graded, and accounted for a reduction in grade of more than half of the pieces
(56.8 %).

Of the 298 damaged pieces, 170 were trimmed to a marketable length greater than
2.1m (7 feet) to eliminate grade-determining defects. Trimming had a marked
effect on the No. 4 grade designation, which was reduced from 47% to 20%. The
lumber pieces without grade-reducing defects, which had a grade designation of,
Select Structural or better increased from 17% to 36% with trimming.

Trimming increased the grade of about 33% of the lumber. On average trimming
increased the grade of the pieces by three grades levels although there was an
average reduction in length of 720mm (2.4ft).

5. CONCLUSION

One of the main barriers to the widespread reuse of smaller dimensional salvaged lumber
isthe lack of up-to- ate grading or certification stamp. Often consumers are hesitant in
purchasing wood for structural applications that |acks certification. Evaluating salvaged
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lumber with existing grading rules may not result in the most efficient use of this
resource. Research studies including mechanical testing of salvaged lumber are needed
to determine if the properties of wood have statically changed during the loading period.
New, more appropriate and performance-based , grading rules are needed for salvaged
lumber.

The results of the bending and shear tests on the salvaged lumber tested in this study
compared very well with the results of virgin lumber tested under ssimilar conditions. The
salvaged lumber was denser than the new lumber. On average, the salvaged lumber was
50% higher in density than the virgin lumber.

= Thealowable bending stress of the samples tested was highest in the studs from
building 2 which had a value of approximately 117% that of the virgin lumber
tested. The least allowable bending stress was obtained from raftersin building 1,
with avalue of approximately 67% that of the virgin lumber.

= The alowable modulus of elasticity (E) was least in the virgin lumber. The
salvaged lumber had an allowable Modulus of Elasticity ranging in value from
109% to 137% that of the virgin lumber tested.

= Thealowable shear stresses parallel to the grain were highest in the virgin lumber
which was markedly without much of the checks and splits found in the salvaged
lumber. The salvaged lumber compared to the virgin lumber as follows:

0 Theallowable shear stresses parallel to the grain for studs salvaged from
building 1 was 50% that of the virgin lumber.

0 Theallowable shear stresses parallel to the grain for studs salvaged from
building 2 was 95% that of the virgin lumber.

The results of visual grading of salvaged lumber conducted by the SPIB found the
predominate grade reducing factor to be the presence of damage. Of the damaged pieces,
170 were trimmed to a marketable length greater than 2.1m (7 feet), to yield a higher
grade. On average trimming the damage caused by construction, usage and
deconstruction increased the grade of 32.6% of the pieces by 3 grade levelswith an
average reduction in length of 2.4 feet. Trimming produced pieces of very high grade and
increased the number of pieces graded as Select Structural or better by approximately
20%.
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7. APPENDIX A
Defects and characteristics that affect the structural properties of wood:

Knots: that portion of branch or limb that has been incorporated into the main body of
thetree.

Slope of grain: the deviation of wood fibers from alinethat is parallel to the edge of a
piece of lumber. Itisexpressed asaratio(1in8, 1in 12, etc.)

Wane: wood missing, usually on the edge, because of bark coverage or peel off.
Warp: adistortion caused by the wood twisting or bending out of shape.

Checks, shakes, and splits. separations of wood fibers. Checks areradial cracks
caused by nonuniform volume changes as the moisture content of wood decreases.
Shakes are cracks, which are usually parallel to the annual ring and develop in the
standing tree. Splits represent complete separation of wood fibers throughout the
thickness of a member.
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