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ABSTRACT: Large quantities of construction and demolition waste are resulting in a significant burden on the Industry in general. Therefore new approaches in design and construction need to be found to increase recycling and reuse rates – design for deconstruction may contribute to an integral approach in construction. 

This paper focuses Design for Deconstruction at end of life as an integral approach. It gives an overview of advantages and challenges and provides recommendations. It also gives examples of successful applications with an overview of possible environmental savings. Different materials, structural parts, elements and whole buildings are presented. In that, the Design for Deconstruction concept has been examined in the context of life cycle approaches to design and construction and the methodology and approach adopted in Design for Deconstruction has been assessed with reference to the key parameters.
1 INtroduction
1.1 Life cycle assessment and relevance of design for deconstruction
Cradle-to-grave is the full Life Cycle Assessment from manufacture ('cradle') to use phase and disposal phase ('grave'), see Figure 1. All inputs and outputs are considered for all the phases of the life cycle. For buildings 50 years of design life are generally imposed - so far, it has been assumed, that ca. 80% of the energy input and emission arise in this use phase (service life) of the building.
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Figure 1. Schema for the cradle-to-grave analyses.


Since the first oil-crisis in 1973 most countries have implemented progressive building codes for insulation standards, resulting in a massive saving of energy for operation – heating, cooling and domestic services. Technological development in HVAC-systems (Heating, Ventilation and Air-Conditioning systems) and sealing methods has enabled a decrease in buildings' operational energy consumption to very low levels up to the extend know as passive-house projects. 

These changes have induced the relevance of widening the scope of energy saving from a former exclusive focus on operational energy in the use phase to the inclusion of process energy – i.e. energy for mining, processing, transportation, assembly and building site operations. Through the processes, the assembled building and its materials come to represent an accumulated energy capital (embodied energy or grey energy) which should be administered appropriately. Therefore, resources consumed in relation to buildings must be viewed in a lifecycle perception which implies a perspective beyond operation and amortization – the management hierarchy proposed is: Reduce, Reuse, and Recycle (the 3 R’s). Three significant challenges evoke from this perspective:

1. 
Sophisticated integral building management combined with high quality cladding systems as well as optimally tailored thermal mass and minimal weight for reducing the embodied energy should be designed; for this purpose advanced, cost-effective solution combining structural steel with concrete (ca. 10-14cm concrete slab are sufficient for passive thermal activation [corus]) have already been developed. Hereby the use of high strength materials (e.g. S460 steel and higher strength concrete) should be focused.
2. 
Disassembly methodologies must be developed and employed in contemporary building practice in order to enable future reuse of building parts with the lowest possible consumption of energy for transformation.

3. 
The understanding of building's structures as a capital amount of embodied energy, certainly includes the existing building stock, and hereby the relevance of treating construction waste in an upgrading process similar to the processing of virgin mining resources.

This paper focus Design for Deconstruction (DfD) at end of life as an integral approach that could offer a possible way forward. It gives an overview of advantages and challenges and provides recommendations. It also gives examples of successful applications with an overview of possible environmental savings. Different materials, structural parts, elements and whole buildings are presented. In that, the DfD concept has been examined in the context of life cycle approaches to design and construction and the methodology and approach adopted in Design for Deconstruction has been assessed with reference to the key parameters.
2 EnD of life scenarios and impacts
2.1 Life cycle assessment and relevance of design for deconstruction

The lifetime of structures is limited by economic questions, identification with the building, socio-political constrains, change of architectural needs and reuse of area. At end of their life, buildings have to be deconstructed. End-of-life scenario can be broken down into three separate sub-phases:

1)
Environmental impact of deconstruction activities (dust, noise, etc),

2) 
Re-use and recycling rates of materials,

3)
Environmental impact of waste processing activity (e.g. scrap processing).
Recycling is hereby defined as the end-of-life recovery and reprocessing of a product (e.g. by re-melting of steel construction products to form new steel products) and Reuse is defined as the end-of-life recovery and reuse (e.g. of steel construction products as a product filling the same function with or without some reprocessing). The recycling rate (within a defined system) is defined as “The tonnage of a product recycled / Tonnage of the product arising on demolition sites”. The reuse rate is similar defined by replacing the word recycled with reuse.
In the following each end-of-life scenario is shortly reviewed.
2.2 Environmental impact of deconstruction activities
Disassembly technique is a new discipline within the field of architectural/engineering practice and theory. It is absolutely not a part of the current daily routine or responsibility among professional architects to plan for, or to explain how, buildings are demolished, or how materials can be reused, respectively recycled. However, in a resource perspective, this is a crucial ability to cultivate the implementation of a documentation for possible disassembly similar to the documentation of operational energy use in building regulations, which today is required in most countries.
For demolition concepts and detailed information on deconstruction activities it is referenced to [Kamrath & Hechler 2010].

2.3 Re-use and recycling rates of materials
Especially the large quantities of Construction and Demolition (C&D) waste, produced from Construction related activity, are resulting in a significant burden on the industry. Thus, the architect and/or engineer of construction need to answer already in design how he can stimulate high reuse and recycling rates of materials at end of live already in design. The so-called design for deconstruction is thus defined as the “design of a structure (product) for deconstruction in basic materials at end of life to enable a resubmission of the materials in the resource loop with appropriate labour and energy investment. End-of-life scenarios are hereby:
· 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.
The ultimate target is to aspire towards a zero-waste economy, leading to buildings which do not consume non-renewable sources of energy. In the case of building materials, this is seen as possibly using over and over again different building components, once the life-time of a structure comes to an end [CIRIA]. 

Therefore, parallel to a classification system and quality control, an economic loop has to be established, in which resources taken from a previous life cycle are used. This loop will need a high rate of standardization, planning, logistics and technical processing. However this approach leads to effective mapping out of future risk and cost, by ensuring that building components and products used in the structure can be effectively maintained and replaced. In principle, design and detailing for deconstruction has also an economic dimensions, in that a property is seen as more attractive as an investment opportunity [SEDA].

2.4 Environmental impact of waste processing activity (e.g. scrap processing)
The recycling of C&D waste only partially addresses the problem, because it can lead to considerable consumption of resources in re-processing and transportation. Although, in addition to reduced resource extraction and waste creation, environmental impacts can be significantly reduced due to recycling (e.g. 50% less CO2 emission for steel due to recycling estimated via the closed loop analysis [EPD Steel 2010], the energy input is e.g. reduced on 25% [SRI]). The waste processing activity is however not addressed in this paper. For further information reference is given to e.g. ([Recycling concrete 2008], [SRI], [WSA], [Hettinger et al 2011]).
2.5 Benefits and barriers for deconstruction and reuse/recycling
Many benefits are associated with deconstruction and reuse/recycling. However only a fraction of construction elements can be reclaimed and reused for their original purpose as barriers against deconstruction are still present. In table 1 an overview on advantages and disadvantages of deconstruction is given (based on [CBPR 2003]).
Table 1. Chances and drawbacks concerning deconstruction

	Benefits of deconstruction
	
	Barriers to deconstruction

	Environmental:

· Reduced primary resource use;

· Reduced waste to landfill;

· Opportunities for recycling;

· Reduction of site impacts caused by demolition (compaction, dust etc.)
Economic:

· Profits due to on-sale of salvaged goods and reduced landfill costs;

· Small business development to handle salvaged material for reuse [NAHB 2000];

· Promotion and increased sales of “green products” to be accounted for in e.g. LCA.

Social:

· Creation of jobs in deconstruction (opportunity for unemployed and unskilled workers [NAHB 2000]);

· Deconstruction trains workers for the construction industry;

· Cultural values preservation and reflection of trend to sustainable living in the population;

· Aesthetic qualities  of reused former local  materials may be used for architectural identification or the aged look may be celebrated [Guy & Timothy 2003];

· Deconstruction could provide low cost materials to low income communities;

· Increased networking stimulated as deconstruction opens the potential to make stronger communities through greater communication.

Health:

· Off-gassing characteristics of old materials are better than that of new materials;

· Deconstruction means less new waste facilities.

Legislation:

· Contributes to meeting Local Authorities and Central Government obligations for waste targets, zero waste, Kyoto targets and energy efficiency targets.
	
	Perception and education:

· Designers/public/builder attitude: “new is better” or “new is easier”;

· Lack of resources for education on deconstruction;

· Lack of research into deconstruction;

· Lack of information and tools to implement deconstruction.

 Design for Deconstruction:

· Design for deconstruction in new buildings is hardly considered (failure of codes to address the reuse of building materials [Guy & Williams 2003]);

· In most construction segments existing buildings are not designed to be deconstructed;

· Lack of education on design for deconstruction;

· Lack of understanding benefits and opportunities associated with deconstruction;

· Lack of understanding and use of LCA tools or concepts.

 Market development:

· High cost of transport and storage of recycled components and materials;

· Uses for some salvaged materials are undeveloped;

· Guaranteed quality/quantities of reused materials are difficult.

Economics:

· Low cost of some new raw materials;

· Low tipping rates (including landfill) in some countries
· Deconstruction needs a more skilled workforce than demolition [Kamrath & Hechler 2010].
· Benefits of deconstruction are long term and collective but at first costs focus is dominant;

· Market pressure – the current climate of “as fast as possible”.

· Highly speculative nature of many buildings, whereby there is no long-term ownership and adaption, renovation and demolition costs are not borne by the original owner.
C&D Industry:

· Hardly regulated industry;

· Lack of communication and networking in the C&D industry and with waste minimisation organizations;

· Demolition is usually a low profit margin industry.
Legislation:

· Confusion may be present on what Government legislation is, relating to environmental responsibility;

· C&D waste minimisation may not be a priority.
Technical Issues:

· Liability in certification and avocation of reused components or materials not clear (lack of grading system for reused structural elements);

· Lack of documentation on existing buildings to plan for deconstruction;

· Some new materials are subsidized, creating unfair competition with reused materials;

· Increase in use of non-reversible technology, systems, chemical bonds and plastic sealants etc.

· Seismic areas may make design for disassembly more difficult;

· New construction systems make recovery more difficult and less financially rewarding.
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To increase the share of deconstruction the opportunities need to be outlined in all levels of decision making and the barriers need to be removed – design for deconstruction is one solution.

3 DESIGN FOR DECONSTRUCTION

3.1 General

The examples described in this contribution show clearly, that design has already take reuse in its three forms into account. Recommendations on the dimensioning of building elements with implications for their practical performance in terms of conversion and reuse are a numerous in literature, e.g. [Nordby]. However many are based on case studies and do not provide general guidance. Consequently a set of recommendations has been developed based in literature and own experience. The recommendations are differentiated in general principles, principles in the choice of materials, structural design principles, principles for the connections and for the foundation. 
It is apparent from the following list of design for disassembly principles that there will be many occasions when there will be a conflict between some of them. The principles in themselves offer guidance on how to design for future disassembly, but as already noted, there are broader themes that must be engaged with in order to answer the more challenging questions of what, where, when, and indeed if, to disassemble [Crowther]. Thus, the guidance offered here must be taken as a starting point for the development of individual strategies for individual buildings and reflect in general good design practice.
3.2 General principles for design for deconstruction

The following general principles should be followed to maximize reuse of elements or recycling of materials:

· The building needs to be documented in detail with as-built drawings, photographs of hidden components, connections and material descriptions. A list of building elements with their design life and potential for reuse should be added [Webster&Costello 2005]. Labeling of the elements by a bar code, stamp or RFID-microchip speeds up the identification at element level is optionally to be considered (information stored e.g.: material type, characteristic properties, origin, place, time, dimensions, toxic risks, etc.).
· The deconstruction concept including instructions for disassembly should be added in the building documentation. Selectively dismantling and removing of elements before the structure is demolished or disassembling of the entire structure in the reverse order to which it was constructed are optional concepts [Hagen 2007]. The deconstruction steps and aids should be ordinary (e.g. crane usage may be impractically for certain steps). Further points of attachment for lifting equipment as well as temporary supports should be envisioned.
· Layering in design is recommended. Layering is a prominent strategy for handling the different lifecycles of building elements ([Brand 1994], [Durmisevic]). It accounts for differences in expected lifetime for respectably structure (30 – 300 years life expectation; typically 60 years; 50 years is the design life for buildings, 100 years for bridges in the Eurocode), skin (cladding, roofing: ca. 20 years due to wholesale maintenance, changing technology and fashion), services (electrical, hydraulic and data, etc: ca. 7-15 years), space plan (change each 3 years in commercial buildings, every 30 years in domestic buildings) and stuff (furniture and non-attached space elements: may change daily to monthly), see Figure 2. Site is the ground on which the building sits and is “external”. An overview on life expectations from various sources in literature is given in [Crowther]. 
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Figure 2. A building as Layers [Brand 1994].


The idea of shearing layers in a building is to technically separate the layers. Hereby it becomes possible to make changes with a minimal use of resources and costs. The strategy of shearing layers combines the total-economic and the resource-saving paradigm because the accumulated expenses on conversions exceeds by far the initial expenditure. By making conversions easier and cheaper, a total economic gain can be obtained which in turn decreases the probability of demolishing. Thus, also a recycling hierarchy should be accounted for in layering.
· The use of small and light-weight building modules sometimes offers a similar flexibility as the layering principle for adaptation to varying lifecycles [Nordby].

· Provide realistic tolerances to allow for handling during disassembly/reassembly (greater tolerances may be required for repeated assembly/dissassebly process [Crowther]).
· Massive construction should be avoided – in addition to problems in due to heavy weights and large volume it is against the European Waste Regulation [2008/98/EC].

· Plaster or screed should not be foreseen.
· On the level of service integrations, concealed wires should be avoided; services in channels (e.g. integrated in facade or slabs) are recommended (an example of the structural integration of installation services is given in Figure 3). The function of the installation devices may be remote controlled.
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	Figure 3. Examples for the structural integral of the installation services.


3.3 Principles for the choice of materials

With the right choice of materials the reuse/recycling rate can be stimulated significantly. In the following principles for material selection are given: 
· Use recycled and recyclable materials – to allow for all levels of the recycling hierarchy, increased use of recycled materials will also encourage industry and government to develop new technologies for recycling, and to create larger support networks and markets for the future [Crowther].

· In general a limitation of the number of materials and components leads to higher reuse/recycle rates – this will simplify the process of sorting during disassembly, and reduce transport to different recycling locations, and result in greater quantities of each material [Crowther].

· Durable materials and components with good tolerances are to be preferred.
· Avoid paintings and fire protection spray or intumescent paints to get back clean material (e.g. “sorted” steel); corrosion of e.g. exterior steel members should be rendered unnecessary by constructive measures, fire engineering is an option for hot design. Note, some protective finishes such as galvanization may still on balance be desirable despite disassembly poblems [Crowther].
· With regard to structural masonry, design for reuse involves the using of mortar weaker than the masonry in order to facilitate separation of bricks and of prefabricated brickwork panels. 
· In what concerns recycling for fill or aggregate in low-grade concrete, it is important that no chemicals are contained in brickwork that could contaminate the water in the concrete mix.
· The use of non-recyclable materials like thermal insulation (glass wool, polystyrene), hard plaster, light-weight materials with low recycling possibilities should be avoided.

· Avoid toxic and hazardous materials - this will reduce the potential for contaminating materials that are being sorted for recycling, and will reduce the potential for health risks that might otherwise discourage disassembly [Crowther].
3.4 Principles for the structural design

In general the structural system of a building comprises over 50% of the building weight and, traditionally, has the lowest potential for reuse [Webster&Costello 2005]. Therefore respecting  the following principles in the structural design contributes to open up this potential for reuse/recycling:
· Use a standard column grid and inter-storey height.

· Use as wide of structural grid as possible to maximize the non-structural wall elements [Seattle 2006]. Further, for steel structures, the design of long span steel beams is recommended to allow for flexibility of reuse, e.g. by trimming to a new length.
· Use prefabricated subassemblies and a system of mass production - to reduce site work and allow greater control over component quality and conformity [Crowther].
· Use an open building system where parts of the building are more freely interchangeable and less unique to one application – this will allow alterations in the building layout through relocation of component without significant modification [Crowther]. 
· Minimize the number of different types of components for simplification of sorting, reduction of different disassembly procedures to be undertaken and for making recycling and reuse more attractive due to greater numbers of fewer components [Crowther].
· Simply supported beams should be used in concrete structures to make disassembly possible and avoid damaging during deconstruction; for steel structures this is not to be considered as connections are mainly foreseen in the frame corners and therefore the full potential can be capitalized.
· Roof structures are generally suitable for reuse after deconstruction if made of truss or framework systems. After dismantling, they may be reassembled in their original configuration or in alternative layout.
· Design modular structures (it is possible to built ca. 80% of high rise buildings industrialized with a high degree of prefabrication with savings of 10% costs and 20% time during construction [FOSTA]) – thus, the use of dimensionally and functionally compatible components and materials is supported. 
· With regard to recycling after deconstruction, the use of structural systems that are easier to deconstruct and to demolish is recommended (elementary and /or modular construction). 

· Sequential/Partial deconstruction process should be taken into account during design of the structure (partial reuse of building / modular design).
· Overall, the smaller and less complicated the elements are, the better their potential for reuse [Nordby]. Further handling becomes easier during assembly, disassembly, transport, reprocessing, and re-assembly.
3.5 Principles for connection design for deconstruction

A primary way to ensure easy deconstruction and increase the recycling/reuse rate is seen in appropriate design of connections. Further, connections are being responsible for the lion’s share of design, fabrication and erection issues (for information: from the total costs for a structural steel work [without transport] the approximate share of costs is as follows: 48% are materials costs, 20% fabrication, 17% erection, 10% design and 5% painting) and thus, the necessity and pressure for an appropriate connection design becomes obvious. The following should be considered for connection design for deconstruction:
· Connection of element should facilitate dismantling and mutual independency between the elements should be considered.
· Use of standard and reusable fixing should be considered (e.g. bolted connections instead of welded joints for steel structures, frictional fixations [best, as no material penetration] or expansion sealant).
· Connections as cast joints, glued fixation and elastic sealant should be avoided.
· Steel construction provides the largest variety and flexibility of dismountable connection systems and is therefore most appropriate for the reuse of elements.

· Timber structures may easily be disassembled (large downcycling potential of timber through many generations is present) if mechanical connections instead of glued joints are used. With regard to recycling, screws are to be preferred to nails, which may remain embedded in the timber during separation.
· For concrete structures steel end fixing and bolted connections are to be preferred to grouted connections to facilitate reuse. Elements with damaged connections can hardly be repaired for reuse. Prototypes of such kind of dismountable steel connections for prefabricated concrete elements are available in literature (e.g. see [Vambersky 1994]).
· Non-varying connection systems (e.g. only one type of bolts) should be used.
· Easy and permanent access to connection should be guaranteed.
· Further, the stronger and continues the composite action, the more difficult it is to separate; this applies for e.g. sandwich panels with PU core, fiber reinforced concrete, etc. Further recyclable material may be contaminated by a small amount of a foreign material which can not be completely separated.
An example of an innovative steel frame connection is the Quicon System, used for the first time in 2002 to construct a mezzanine floor within a warehouse unit in Dartford [SCSSC 2003]. With this connection typology it is possible to reduce the construction programme by 50% compared to traditional connections. The Quicon system includes a slotted T-piece, which is welded to the main column or beam in the factory. On site, the T-piece is attached to the supporting beam or column via a series of short studs attached to the beam. Figures 4 show the beam-to-column connection.

An overall structural system has been developed by the ArcelorMittal Group including the Quick erect system [AOB], see Figure 5. By means of cut-outs in the end plates the beams are fitted directly onto threaded rods passing through the columns. This connection has been developed for the “Slim Floor” system being a fast, innovative and economical solution which marries prefabricated concrete slabs with built-in steel beams. The secret of the design is a special kind of girder with a lower flange which is wider than the upper flange. This arrangement makes it possible to fit the floor slabs directly onto the lower flange plate of the beam, so that the two constituents thus make up the floor. Created to eliminate beam downstands at the level of the floor slabs, this reliable and economic prefabricated component unit gives the architect new scope for imagination and guaranteed economy for working spans of up to 8 meters, in composite action even up to 14m [Hechler et al 2010]. The reduced height of the slabs and the advantage of a considerable degree of fire resistance without any protection provides a maximum freedom in creativity and the structural elements are easy to separate for deconstruction and recycling.
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	Figure 4. The Quicon system (SCSSC 2003).
	Figure 5. Quick Erect System for slim-floor beams.


A number of pre-cast concrete building systems designed for disassembly are also available, e.g. MXB-5, Bestcon-30, CD-20, Moducon-2000, and SMT systems [Portioli & Ungureanu 2008]. These systems have mainly been developed in the Netherlands. In principle all systems aim on using a limited number of types of pre-cast concrete components to create a large enough stock of compatible components that may attract interest for reuse in the future.
For further examples and investigations it is referenced to e.g. ([Lindapter], [Sassi 2008], [Durmisevic&Brouwer 2002]).

3.6 Principles for foundation design for deconstruction

The foundations are the basis of any construction. For their design for deconstruction the following should be considered:
· Pre-cast concrete pad foundations or steel screw piles should be preferred for easy removal and reusing. 
· Steel and pre-cast concrete driven piles can be used for deconstruction. 
· Sheet piles are commonly used as temporary retaining structures – a stock market for reused element already exists.

· Generally, in-situ reinforced concrete piles are difficult to remove and separate into base materials and thus should be avoided even for recycling.

· Design foundations to allow for potential vertical expansion of the building in lieu of demolition.
3.7 Example in design for deconstruction – Parking Marignane
One recent example of the economic and sustainable design for reuse is given by the Parking Marignane in Marseilles, F. The overall parking concepts consists of 2 parkings with 5000m2 each, providing parking space for 1000 places each on a ground floor and upper deck (overview see Figure 6, A). Main aim during design has already been to be deconstructed and reused at least one of the parkings for the airport of Marseilles in the future.
Consquently a
steel structure has been designed to enable easy and non-destructive dismounting. The columns are
circular hollow sections and the beams IPE 300 (see Figure 6, B). All steel members have been galvanized for corrosion protection. The galvanization has been chosen to especially provide robustness of the protection during use, dismounting, transport and 2nd life erection. As slab COFRADAL200 elements have been chosen to design a light slab system with a high degree of prefabrication, is easy and fast to be placed (see Figure 6, C). 

Focus has additionally been put on the connections used. All connections are bolted and therefore detachable (see Figure 6, D and E). Further the connection column – beam has been designed with beams on top of column to assure easy dismounting. Further the connection slab – beam is detachable (see Figure 6, E); the slab elements have been attached by clamps. Finally, also the installations are fixed by detachable connections. For further information it is referenced to [duplipark].
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	Figure 6. Design and construction of the Parking Marignane, Marseilles, F.


For further case studies with various construction types it is referenced to e.g. ([NAHB 2000], [Guy & Timothy 2003], [Seattle 2006]).

4 Reuse of Elements and materials

4.1 General

	Recovery and reuse of elements and/or materials – “2nd life” – is normally the best environmentally sustainable option, especially on a local level. The only energy input required is the costs for transportation to the new site [Webser 2005]. In this context a new hierarchy for managing the reuse of building materials is created: “Repeat,” “Rethink,” and “Renew", see Figure 7 [Guy & Timothy 2003].
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	Figure 7. Design for Reuse Hierarchy.


Repeat refers to the direct reuse of a material in new construction exactly as it was used previously; a wall stud becomes a new wall stud, flooring becomes new flooring. It involves the minimal additional energy expenditure and is consequently the most resource efficient of the reuse methods.

Rethink involves the reuse of a material, without significant modification, in a manner that is different from its intended reuse, and consistent with its inherent properties (utilization based upon its performance and aesthetic properties). This method allows for more flexibility in the design for reuse, including where damage to the material makes it only useable in a different way than its original use.

Renew describes the combination of new materials with salvaged materials, or significant processing, in order to bring about successful reuse. This is particularly applicable when the used material will be covered or have additional treatments.
In the following reuse is introduced with differentiation in reuse of materials, elements and constructions.
4.2 Reuse of materials

The largest benefit in the strategy for resource saving is localized on the level of materials today; besides the ensuring of a long lifetime of the building, focusing on the reusability of materials is important - partly by integration in a demountable composition of building elements with the least possible deformation in processing, partly by choosing materials which can be reused without new processing (second life), for instance bricks and lime mortar.

In particular ancient materials, not produced anymore, do have a large potential for reuse. One example is the reuse of large cobblestone, expensive in production and not common. Especially historic centers are re-developed today in their former design creating a demand for cobblestone. One important source for cobblestone is thus reused elements from deconstructions, see Figure 8.
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	Figure 8. Cobblestone pavement (left top: old pavement cobblestones for recovering; left center: different cobblestones for landscaping; left bottom: old cobblestone reused in street marking; right: Reuse of recovered cobblestone for refurbished church place Heiligkreuz, Trier, D, 2010.


4.3 Reuse of elements

The reuse of elements is already well established for certain structural products. Especially steel products provide the opportunity to be reused as steel construction is characterized by discrete member design with dismountable connections. Composite sandwich cladding panels are e.g. reused to 37% (53% recycling rate, 10% landfill), road barriers have a reuse rate of 34% (65% recycling rate, 1% landfill). Structural sections are by now reused to 11% (87% recycling rate, 2% landfill). An overview on the reuse / recycling rates for steel products is to be found in [LCA for steel construction 2002].

On the basis of the reuse experience steel products the need of a stock of standardized products (standard length, selection of profiles, standard grades, etc.) with certified properties for structural products becomes obvious to create 2nd life material market. Even the creation of a rental business has already been started for e.g. sheet piles for excavation pits (“rent a pile”). These sheet piles can be reused about 10 times with minor repair works.

An example on the reuse of sheetpiles is the Vienna tube extension, Line 1, constructed from 2001 – 2003, openend in 2006 [RPS 2003]. The construction works have been carried pout in segments. As start for each segment, the sheetpile cofferdams have been driven to the design depth using a vibrohammer mounted on a leader (see Figure 9, A) (in parts with assistance of jetting to ease installation and later by guide holes for difficult driving conditions). Once the sheetpile cofferdam has been driven, struts have been installed (see Figure 9, B) and the soil within the cofferdam has been excavated (see Figure 9, C). At final depth, the trench has been sealed by a concrete plate, the ground water has been pumped out (see Figure 9, D)and the tunnel box section for the tube has been constructed with water proof concrete in dry conditions (see Figure 9, E). Finally the struts have been removed, the trench is backfilled and the sheetpiles have been extracted for reuse in the next segment (see Figure 9, F).
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	Figure 9. Working steps for the Vienna tube extension, 2003.


4.4 Reuse of structures

The relocation of a complete structures is already established in selected sectors of the construction markets, e.g. for temporary structures (e.g. rental service of temporary bridges), portable buildings, and industrial steel halls. Well know are examples of the complete reconstruction of industrial facilities reused in countries with high demands and market growth (this must however not be a sustainable benefit from reuse).
Nice examples for the reuse of structures are currently to be found from the Expo ‘58. Overall 9 structures have been reconstructed after the exhibition [Infosteel]. The footbridge to the German pavilion even twice, until his present location in Duisburg, see Figure 10.
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	Figure 10. Footbridge to the German pavilion (left: EXPO’58; right: reused in Duisburg D, 2008.


The reuse of buildings needs generally an upgrade to building standards meeting the demands at present. The buildings reused from the EXPO’58 have therefore been refurbished, not only in terms of service installation but also façade design and performance. However most of the examples show that contemporary architecture is still attractive to buildings owners of today, see Figure 11.
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	Figure 11. Restaurant of Cz pavilion (left: EXPO ’58, right: reused as Office building in Praha, Cz, 2008.


In this EXPO’58 tradition the Christ Building for the EXPO2000 in Hannover has been designed, see Figure 12. From the beginning the reuse of this building has been projected. Today the former exhibition pavillion serves as a church part of extension of the cloister in Volkenroda, D and partly as a laboratory at RWTH Aachen, D.
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	Figure 12. Christuspavillion (left: EXPO2000, right: reused in monastery in Volkenroda, D.


5 Summary and Conclusions

Large quantities of C&D waste are resulting in a significant burden on the Industry in general. Therefore new approaches in design and construction need to be found to increase recycling and reuse rates – design for deconstruction may contribute to an integral approach in construction. 

At the moment, however, there are two different problems to deal with: At first, buildings deconstructed today are at their end of lifetime. Unfortunately, at the time when those buildings were created, end-of-lifetime scenarios were not discussed yet. Thus, many materials were used, which are classified as carcinogenic today such as asbestos, some older kinds of glass wool or tar cork. These old materials decrease the rate of possible recycling and lead to the need of modern disposal sites.

At Second, one has to glance into the future needs. Energy efficiency is one leading aspect of modern buildings. To decrease time to build something, pre-cast segments are preferred. Sometimes heat insulation is surrounded by concrete on both sides of the pre-cast segments. Even parts of  modern frontage elements are made of heat insulation with attached iron sheeting. Again, at the end of lifetime there will be the problem, how to detach the materials from each other. How can we efficiently get the attached iron back from insulated frontage elements? Besides the contamination problem of earlier products, the modern sandwich materials are even more difficult to separate and avoid higher recycling rates in the future. At last, the rate of synthetic materials as polystyrene rises. The need for energy efficiency contradicts the zero-waste deconstruction.

Overall, the outline is appearing of a new rationale for the handling of resource-consumption related to building, according to which the involvement of process energy will have far-reaching consequences for architectural/engineering practice and priorities. Architectural and structural design based upon lifecycle considerations demands far more holistic strategies than needed for saving operational energy only. These strategies pose a new framework for the architects/engineers freedom to design which is in many ways more restrictive but is simultaneously containing a potential for architectural renewal, and possibly a change in the cultural practice of coding and de-coding building identity.
With the experience, that changes are mainly stimulated by changes in the legislation, politics are urged to define these future ways to cope with the present scenario. A requirement for design for deconstruction may however result in an immediate confrontation with the concrete regiment which is dominating the building industry, building code and building practice in most countries. This is due to the fact, that concrete building elements tends to be heavily integrated by being assembled in cast joints with reinforcement locks. Thus, conversions are hampered, flexibility is weakened, and reuse of building elements is made impossible. Concrete building demands a high process energy use. 
However crushed concrete is widely used as fill and to a minor extend (6-8% [Recycling Concrete 2008]) as secondary aggregate in low-strength concrete. Although, a maximum of 20% recycled material can be included in new casting processes and thus a large quantity of waste prevention is still not idle.

With high recycling and reuse rates (e.g. recycling rate of 87% and a reuse rate of 11% for heavy sections [LCA for steel construction 2002]), steel construction is considered to be the most potential way to design for deconstruction. These shares are mainly stimulated by an economic market for steel scrap and the structural member character of steel construction itself. Though the DfD movement recognizes that steel is well-suited to being salvaged such that a larger proportion of the steel can be reused from one building to the next [Webster 2007] and seeks strategies for appropriately designing steel structures to ensure the steel elements can be reused, not recycled.
To summaries it has to be stated that, in order to facilitate best deconstruction practice in the future, we must practice design for disassembly now.
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