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Abstract—Buildings are generally designed to provide 

strength, safety and long service life, but conventional 

construction methods can make later adaptation and 

dismantling difficult. Permanent joints often damage 

connected materials during renovation or demolition, limiting 

opportunities for component reuse and increasing construction 

and demolition waste. Design for Disassembly (DfD) addresses 

this issue by considering the future removal, replacement and 

recovery of building components at the design stage. This paper 

presents the conceptual background of DfD and its relationship 

with the circular economy and the waste hierarchy, the key 

design principles, the main families of reversible connection 

systems, material-specific considerations, the layered view of 

buildings, the stages of a planned disassembly process, and the 

role of documentation, material passports and digital tools. 

Practical challenges, risk areas, economic and environmental 

considerations, and potential applications are discussed, and a 

conceptual design checklist is proposed. Two examples are 

examined: a redesigned apartment block in Helsinki, Finland, 

and The Container pavilion created for the Kochi-Muziris 

Biennale 2023. The examples illustrate how modular 

dimensions, accessible connections, independent building 

systems and recoverable materials can support adaptability 

and reuse. The paper is a qualitative review based on the 

seminar report and presentation supplied for this study and 

does not present new experimental measurements. The 

discussion indicates that DfD can support circular construction 

and material recovery, although its success depends on careful 

planning, suitable components, skilled work, supportive 

regulation and future demand for recovered materials. 
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I. INTRODUCTI ON 

The building sector is one of the largest consumers of 
natural resources and one of the largest generators of solid 
waste. A single building brings together a wide range of 
materials and components, including structural frames, 
façades, services, partitions and finishes. These elements do 
not have identical service lives, and their functions may 

change as user needs, technologies and regulations develop.  
 
 

A structural frame may remain serviceable for a century, 
whereas a mechanical system may need replacement after a 
few decades and an interior fit-out after only a few years. 
When all of these elements are tied together into a single, 
inseparable assembly, the shortest-lived part of the building 
effectively dictates how much disturbance the longer-lived 

parts must endure. 
In conventional construction, components are often joined 

permanently or arranged so that one element cannot be 
removed without disturbing others. Cast-in services, welded 
connections, bonded finishes and wet joints are common 
examples. Renovation and end-of-life demolition may 

therefore damage materials that could otherwise remain 
useful. Demolition then becomes the default end of a 
building’s life, and the materials leaving the site are 
frequently mixed, contaminated or physically damaged, 
which restricts them to low-value recycling or disposal. 

Design for Disassembly (DfD) is an approach in which a 

building is planned so that its components can be separated 
and removed with minimal damage. Reversible buildings 
extend this idea by allowing elements to be repaired, 
replaced, rearranged or reused without major demolition. 
These approaches are closely related to the circular 
economy, which seeks to keep materials and products in use 

for as long as practicable rather than treating demolition 
waste as the inevitable end point. In this sense DfD is not a 
single technique but a design attitude: every joint, every 
layer and every document produced during design is judged 
partly by how it will behave when the building is eventually 
changed or taken apart. 

This paper organises the concepts presented in the 
supplied seminar materials into an extended journal-style 
review. Section II describes the review approach and scope. 
Section III places DfD within the wider context of the 
circular economy and the waste hierarchy. Section IV sets 
out the principles of DfD, and Section V examines reversible 

connections and construction strategies, including material-
specific, structural and durability considerations. Section VI 
discusses building layers and service life, Section VII 
describes the disassembly process, and Section VIII 
considers documentation, material passports and digital 
tools.  
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Section IX examines stakeholder roles and lifecycle 

integration. Section X discusses applications, benefits, 
challenges and limitations, and Section XI considers 
standards, policy and regional context. Section XII presents 
an implementation roadmap and a conceptual checklist. 
Section XIII examines two illustrative case studies, Section 
XIV offers a discussion and future scope, and Section XV 

concludes the paper. 

II.  REVIEW APPROACH AND SCOPE 

This paper is a descriptive, qualitative review based on 
two supplied sources: the seminar report and the 
accompanying presentation on Design for Disassembly and 
Reversible Buildings. The materials discuss DfD principles, 
connection types, building layers, applications and two case 
studies. References listed in those materials are retained for 

further reading. The present paper elaborates the material of 
the seminar by explaining the reasoning behind each 
principle, by organising the content into a more complete 
framework, and by adding general engineering discussion 
that is consistent with widely accepted knowledge in the 
field. 

Three limitations should be stated clearly. First, no 
independent field survey, structural testing, life-cycle 
calculation or verification of the cited publications was 
undertaken for this paper; reported project outcomes are 
presented as described in the supplied materials. Second, the 
case studies are illustrative rather than statistically 

representative, and conclusions drawn from two projects 
cannot be generalised to all building types, climates or 
regulatory environments. Third, where this paper proposes a 
conceptual framework, such as the checklist in Section X, it 
is offered as a structured aid to thinking and has not been 
validated against measured project data. 

 
Figure 1: Design for disassembly: circular timber architecture 

III. BACKGROUND: CIRCULAR ECONOMY AND THE 

WASTE HIERARCHY 

A. From a Linear to a Circular Model 

The traditional construction economy follows a linear 
pattern of extraction, manufacture, use and disposal. Raw 
materials are extracted, converted into products, assembled 
into buildings and, at the end of the building’s life, discarded 
as demolition waste.  
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The circular economy replaces this pattern with closed or 

extended loops in which products and materials are 
maintained, shared, repaired, reused, remanufactured and, 
only as a last step, recycled. The aim is to retain the value 
that has already been invested in materials, including the 
energy and emissions embodied in their production, for as 
long as possible. 

For buildings, this idea has a specific consequence. A 
building can only act as a store of reusable materials if those 
materials can be taken out again in a usable condition. A 
concrete beam cast monolithically into a slab, or a brick wall 
bonded with strong cement mortar, can usually be removed 
only by breaking it, after which it is rubble. By contrast, a 

steel beam bolted to a column, or a timber panel screwed to 
a frame, can be unfastened and lifted away intact. DfD is 
therefore the design-stage enabler of circularity in the built 
environment: it determines whether the building will later 
behave as a waste stream or as a material bank. 

Figure 2 contrasts the two models. In the linear model 

every building ends in demolition and disposal. In the 
circular model the building is designed from the outset to 
pass through repeated phases of use, adaptation and 
disassembly, and the recovered components feed the next 
round of construction. The difference lies less in the 
materials themselves than in the way the building is put 

together and documented. The concept of a circular 
economy has been widely promoted in industry policy 
literature [11], and DfD can be seen as its translation into 
building design. 

 
Figure 2: Linear versus circular building life cycle (schematic) 

B. The Waste Hierarchy Applied to Buildings 

The waste hierarchy ranks end-of-life options according 
to the value they preserve. Reuse of a component in its 
existing form preserves the most value, because the shape, 

strength and embodied energy of the component are 
retained.  

Refurbishment or remanufacture preserves a large part of 

that value after repair or adaptation. Recycling recovers the 
material but destroys the form, and usually involves 
additional energy for reprocessing. Energy recovery and 
landfill sit at the bottom. Figure 3 ranks these options, and 
Figure 9 illustrates the same thinking for timber buildings, 
where the DfD principles address the upper loops of repair, 

maintenance, reconfiguration, repurposing, reuse and 
relocation. 

A practical implication is that DfD cannot be judged only 
by whether a building can be demolished more neatly. Its 
real value depends on whether the recovered components 
have a destination. This is why the later sections of this paper 

emphasise inspection, grading, documentation and demand 
for recovered materials as much as the physical act of 
unbolting a connection. 

 
Figure 3: Waste hierarchy applied to building components 

(schematic) 

C. Terminology 

Several related terms appear in the literature and are 
sometimes used interchangeably. Design for Disassembly 
and Design for Deconstruction both refer to planning for the 

orderly separation of building parts. Design for Adaptability 
focuses on enabling a building to change use or layout during 
its life without major reconstruction. Reversible building is 
used for a building in which assembly steps can be reversed 
so that elements can be changed, relocated or removed. 
Design for Reuse stresses the second life of recovered 

components. In practice these goals overlap, and 
international guidance, such as ISO 20887 [6], treats 
disassembly and adaptability together. 

D. DfD, Adaptability and Durability 

It is sometimes assumed that designing a building to be 
taken apart conflicts with designing it to last. The two goals 

are better understood as complementary. A building that 
lasts a long time, but cannot be adapted, is often demolished 
early because it no longer suits its users.  
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A building that can be adapted and repaired is more likely 

to remain in use, and each replacement of a short-life layer 
extends the life of the whole. DfD therefore supports 
durability at the level of the building even when individual 
components are replaced at the level of the layer. 

This relationship has two consequences for design. First, 
long-life layers such as the primary structure should still be 

designed for durability, since their value is greatest when 
they remain in place for a long time. Second, short-life layers 
should be designed for easy replacement rather than for 
permanence, because trying to make them last as long as the 
structure often leads to heavy, bonded constructions that are 
difficult to repair. The art of DfD lies in matching the degree 

of reversibility to the expected life and role of each element. 

IV. PRINCIPLES OF DESIGN FOR DISASSEMBLY 

DfD requires the future removal of components to be 
considered alongside assembly, structural performance and 
everyday use. Each principle below is stated together with 

the reasoning that supports it. 

• Accessible connections — Joints should remain 
reachable for inspection and removal, with sufficient 

clearance for appropriate tools. A fastener that is buried 
behind finishes, poured into concrete or surrounded by 
other members cannot realistically be released, however 

reversible it may be in principle. 

• Reversible fastening — Bolts, screws and removable 
pins or dowels should be considered where suitable for 

the load and intended use. The key requirement is that 
the joint can be opened without cutting, burning or 

breaking the connected members. 

• Reduced dependence on permanent joints — Adhesives, 
welds and wet joints may make separation destructive 
and should be limited where reversibility is required. 

This does not forbid their use; it asks the designer to use 
them deliberately and only where their advantages 

outweigh the loss of recoverability. 

• Material separation — Different materials should be 
arranged so they can be separated rather than bonded 
into mixed assemblies. Composite panels, laminated 

finishes and bonded insulation often cannot be sorted 
after use, so their constituent materials are lost to 

recycling. 

• Simple and independent components — A component 
should be removable without requiring the destruction 
or removal of many neighbouring elements. 

Independence limits the cascade of work that follows 

from a single repair or replacement. 

• Standardisation and reuse — Standard dimensions and 

interfaces can improve the possibility of using 
components in another suitable location. A recovered 
element that fits a common module is far easier to place 

in a new building than a one-off custom unit. 

• Planned removal sequence — The sequence of 
dismantling should be considered during design and 

documented for future teams. Load paths, temporary 
supports and stability during partial removal need to be 

understood in advance. 

• Component information — Drawings and digital records 
can identify materials, locations, connections and 
properties. Information about what a building contains 

is as important to future recovery as the physical details 

of its joints. 

Two further considerations are implicit in the seminar 
material and are worth stating explicitly. The first is 
durability and safety: a connection designed for easy release 
must still resist the loads, vibration, fire, moisture and 

misuse expected during service. The second is 
proportionality: not every component needs to be designed 
for disassembly to the same degree. Effort is best 
concentrated on elements that are valuable, that are likely to 

be replaced, or that are difficult to recover by other means. 

 

Figure 4: Reversible buildings with independent layers 

Figure 5 summarises how several of these principles can 

be combined in a simple decision sequence that a designer 
may follow for each element. The sequence asks first 
whether the element is likely to change, then whether its 
joint can be reached with standard tools, and finally whether 
the materials can be separated. Elements that are unlikely to 
change may use permanent joints, provided they are 

documented, so that the principle of proportionality is 
respected. 
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Figure 5: Conceptual decision sequence for choosing joints 

(schematic) 

V.   REVERSIBLE CONNECTIONS AND CONSTRUCTION 

STRATEGIES 

A. Types of Reversible Connections 

Bolted connections. Common in steel and timber 
construction. Nuts and bolts can be removed to open the joint 

without cutting the connected members. Bolted joints are 
well understood by designers and contractors, can be 
inspected visually and can be re-tightened after relocation. 
Slotted or oversized holes may ease alignment but need to 

be detailed carefully to maintain strength and stiffness. 

Screwed connections. Useful for lighter elements such as 

cladding, panels and fixtures that may need to be removed 
and refitted. Repeated removal can enlarge screw holes, 
particularly in softer materials, so the number of expected 
cycles and the use of inserts or replaceable fixings should be 

considered. 

Doweled or pinned connections. Removable pins or 

dowels transfer load, particularly in timber systems, without 
permanently bonding the members. They are valued where a 
clean appearance or limited visible metalwork is desired, but 
accurate fabrication is important for the joint to transfer load 

as intended. 

Cam-lock or click connections. Proprietary fittings allow 

quick connection and release in some modular and 
prefabricated systems. They can speed up assembly and 
disassembly, though dependence on a specific product raises 

questions about long-term availability of the fitting. 

Dry-stacked or friction connections. Units rely on gravity 
and friction and can be lifted away in reverse order where 

the system and loads permit.  

They suit certain modular and masonry-type systems but 

require attention to lateral stability, tolerances and the effect 

of repeated loading. 

Welding, structural adhesives and wet concrete joints are 
generally less suitable where repeated disassembly is a 
priority because they can create permanent bonds. The 
choice of connection must nevertheless be based on 

structural demands, safety, durability and the intended 
frequency of opening; reversibility alone is not sufficient. 
Figure 6 sketches the five reversible families, and Figure 7 
places the main joint types along a qualitative reversibility 
spectrum. Table I summarises their comparative 

characteristics. 

 
Figure 6: Schematic of common reversible connection types 

 
Figure 7: Qualitative reversibility spectrum of joint types 

TABLE I 

COMPARISON OF COMMON CONNECTION TYPES 

Connection Reversibility Typical Use Key Concern 

Bolted High 
Steel and timber 

frames 
Hole tolerance; 

corrosion 

Screwed 
Medium to 

high 
Cladding, panels, 

fixtures 
Wear of holes 

on reuse 

Doweled / 

pinned 
High Timber systems 

Fabrication 

accuracy 

Cam-lock / 

click 
High Modular systems 

Product 

availability 

Dry-stacked High 
Modular units, 

masonry 
Lateral stability 

Welded Low 
Permanent 

steelwork 
Cutting needed 

to separate 

Adhesive / 

wet joint 
Very low 

Monolithic 

concrete, 

laminates 

Bonded, mixed 

material 
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B. Design Methods and Strategies 

Modular design divides a building into units that can be 
added, removed or relocated. Standardisation allows 
components to fit common dimensions and interfaces, while 
prefabrication can improve control over the manufacture and 
assembly of components. A planned disassembly sequence 
helps make future removal systematic and safe. Material 

documentation, including drawings and digital records, 
supports identification and assessment of recovered 

components. 

Modularity and grids. A coordinated dimensional grid 
ensures that slabs, wall panels, windows and finishes share 
compatible sizes. The Helsinki project discussed later used a 

3M (300 mm) module for exactly this reason. A consistent 
grid also reduces off-cuts during construction, which is a 
benefit even before the building is ever disassembled. Figure 
8 shows how wall, window and slab units can all be 

expressed as multiples of the same module. 

 
Figure 8: Modular grid coordination on a 300 mm (3M) basis 

(illustrative dimensions) 

Prefabrication. Factory production allows tighter 
tolerances, better quality control and the integration of 
reversible connection details that may be difficult to achieve 
on site. Prefabricated elements are naturally conceived as 
discrete units and are therefore well suited to later removal. 

Transport limits, crane capacity and site access nevertheless 

influence the size of units. 

Layered separation of services. Distributing pipes and 
cables in accessible shafts, trays or raised floors, rather than 
embedding them within structural elements, allows services 

to be upgraded or replaced without disturbing the structure. 

Design for the likely number of cycles. A connection used 
once at the end of life can be detailed differently from one 
expected to be opened frequently. Designers should consider 
the intended frequency and purpose of opening and choose 

the lightest solution that is adequate. 

 
Figure 9: Circular solutions for timber buildings in the technosphere. 

DfD principles address the top right corner regarding repair, 

maintain, reconfigure, repurpose, reuse and relocate. 

C. Material-Specific Considerations 

Timber. Timber is well suited to mechanical connection 

and to prefabrication. Reversible timber connection systems 
have been reviewed in the literature [3], including dowel-
type, bolted and proprietary systems. Repeated drilling and 
fastening can reduce the usable section of a member, so 
connection positions should be planned to allow re-use 
without weakening. Protection from moisture is essential to 

maintain the condition of recovered timber. 

Steel. Steel members are strong, easily bolted and widely 
reused in practice when connections are accessible. Bolted 
rather than welded joints, standard section sizes and records 
of steel grade greatly increase the chance of reuse. 
Corrosion, fatigue history and unknown grade can limit the 

reuse of recovered steel unless properly assessed. 

Concrete. Cast-in-place concrete is intrinsically difficult 

to disassemble. Precast concrete with dry mechanical 

connections, rather than grouted or cast-in joints, provides a 

more promising route to recovery. The Helsinki case 

discussed below retained a concrete frame while modifying 

the surrounding systems to make them detachable, showing 
that DfD can also be applied to buildings with concrete 

structures. 

Masonry and cladding. Mortars based on strong cement 

bind units together so that they cannot be separated cleanly. 

Weaker, lime-based mortars or dry-stacked arrangements 

permit recovery of units. Lightweight cladding fixed with 

accessible fasteners can be removed and replaced 

independently of the main structure. 

Finishes and insulation. Finishes bonded directly to 
substrates often make both materials unrecoverable. 

Mechanically fixed finishes and loose-laid or mechanically 

held insulation are more compatible with the goals of DfD. 
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D. Structural, Durability and Fire Considerations 

A reversible joint is only acceptable if it performs at least 
as reliably as a permanent one during the life of the building. 
Structural designers must therefore verify strength, stiffness 
and ductility in the normal way, and must also consider the 
effects of repeated assembly. Bolted and dowelled joints can 
exhibit slip, which affects deflection and vibration 

behaviour, and tolerances in holes and fittings must be 
controlled so that load is shared as intended among fasteners. 

Durability is a second concern. Exposed fasteners may 
corrode, and corrosion not only weakens the joint but can 
also make later removal difficult or impossible. Protective 
coatings, suitable material selection and detailing that keeps 

water away from the joint all support both durability and 
later reversibility. Where joints are likely to be opened more 
than once, wear-resistant fixings and replaceable inserts help 
preserve the recovered components. 

Fire performance must be addressed because exposed 
connectors and demountable assemblies may behave 

differently from monolithic construction. Fire protection 
layers should themselves be designed so that they can be 
removed and replaced without damaging the elements they 
protect, and compartmentation should be maintained 
wherever panels or service openings are made accessible. 
Acoustic performance and airtightness similarly depend on 

the quality of joints between demountable elements and 
require seals that remain effective after repeated opening. 

Finally, the designer must consider construction and 
deconstruction tolerances. Components assembled with tight 
tolerances may be difficult to separate if materials swell, 
corrode or settle, while overly loose tolerances may reduce 

performance. Mock-ups and trial assemblies, particularly for 
new details, are useful ways to check that a reversible joint 
can be assembled, loaded and opened as planned. 

E. Interfaces between Systems 

Many of the practical difficulties in reversible 
construction occur at interfaces, where one system meets 

another. A façade panel meets the structure, a partition meets 
a ceiling, a pipe passes through a wall. Interfaces must 
resolve several requirements at the same time, including load 
transfer, movement, weather protection, fire separation and 
acoustic performance, and they must remain workable when 
opened. Standard interface details, tested and reused across 

projects, reduce risk and cost and make it easier for 
contractors to learn and repeat the work. 

 
 
 
 

Interfaces are also where tolerances accumulate. 

Differences between the dimensions of fabricated 
components and those of the supporting structure must be 
absorbed by adjustable fixings, slotted holes or compressible 
seals, rather than by cutting, packing or sealing with 
permanent materials. Allowing for adjustment at the 
interface keeps the system reversible and also eases original 

construction. 

VI. BUILDING LAYERS AND SERVICE LIFE 

Buildings contain layers that change at different rates. The 
site and primary structure generally have longer service lives 
than services, partitions, furniture and finishes. Façades 
occupy an intermediate position. This view of a building as 
a set of layers with different rates of change is widely 
attributed to Stewart Brand’s work on how buildings adapt 

over time [10]. It remains a useful basis for DfD because it 
links the physical arrangement of a building with the time 
scale of its changes. 

Designing these layers as separate systems allows short-
life elements to be replaced without unnecessary disturbance 
to the long-life structure. This separation is especially 

important for electrical and plumbing services, which may 
need upgrading several times during a building’s life (Table 
II). In a building in which layers are entangled, a minor 
upgrade to a short-life layer can force invasive work on long-
life layers, increasing cost, waste and disruption. Figure 10 
gives a qualitative picture of these differing rates of change. 

 
Figure 10: Building layers and indicative relative service life 

(qualitative) 
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TABLE II 

BUILDING LAYERS AND INDICATIVE SERVICE LIFE 

Building 

Layer 
Examples 

Indicative 

Service Life 

Site Land and surroundings Very long 

Structure Columns, beams and slabs Long 

Skin/façade 
External walls and 
windows 

Medium to long 

Services 
Electrical systems, 
plumbing and HVAC 

Medium 

Space plan Internal partitions Short to medium 

Interior/stuff Furniture and finishes Short 

Table III relates each layer to practical DfD strategies. 
The recommendations are general and need to be adapted to 
the project, but they show how the layered view can be 

turned into design decisions. 

TABLE III 
DFD STRATEGIES BY BUILDING LAYER 

Layer Suggested DfD Strategy 

Structure 
Dry or bolted joints; standard member 
sizes; precast or timber systems; accessible 
connections 

Skin/façade 
Mechanically fixed panels; independent 
support; replaceable glazing units 

Services 
Accessible shafts and trays; no embedding 
in structure; labelled routes 

Space plan 
Demountable partitions; non-load-bearing 
layout; reusable panels 

Interior/stuff 
Loose-laid or mechanically fixed finishes; 

standard units; easy replacement 

Layer independence also allows maintenance to proceed 

without halting the use of the whole building. Where 
services are routed through accessible shafts, a faulty pipe 
can be repaired without breaking into slabs. Where façade 
panels are fixed independently of the structure, a damaged 
panel can be replaced from the outside without interfering 
with interior spaces. Figure 11 illustrates the difference 

between embedded and accessible service routes. 

 
Figure 11: Embedded services versus an accessible service shaft 

(schematic) 

VII. DISASSEMBLY PROCESS 

A planned disassembly process is generally the reverse of 
construction, but it requires assessment and safety planning 
rather than simply reversing the assembly steps. The 
building may have been altered since it was constructed, 

materials may have aged, and the load paths in a partly 
dismantled structure differ from those of the completed 
building. The sequence described in the supplied materials 

consists of the following stages: 

1. Building assessment: Survey the building condition, 
materials and any hazardous substances before work 

begins. Surveys should identify the presence of 
materials that require special handling so that they are 
not released or mixed with recoverable materials. 

2. Component identification: Map components, 
connections and load paths using available drawings or 
material records. Where records do not exist, physical 

investigation may be required. 
3. Disassembly planning: Set the removal sequence and 

provide the required safety measures and temporary 
support. The plan should state lifting methods, access, 
storage and transport. 

4. Accessing connections: Reach fixings and open them 

using tools appropriate to the fastener type. Corroded 
or seized fixings may require careful treatment to avoid 
damaging the component. 

5. Component removal: Lift or unbolt elements as 
complete units and support them to prevent dropping, 
bending or cracking. 

6. Material sorting: Separate components by material and 
condition into reusable, repairable and recyclable 
groups. 
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7. Inspection: Assess damage, strength and suitability for 

the proposed second use. Testing or grading may be 
needed before structural reuse, and the requirements of 
the new application govern acceptance. 

8. Reuse, refurbishment or recycling: Reuse approved 
components, refurbish recoverable parts and recycle 
remaining materials where possible. 

 
Figure 12: Disassembly process 

The three groupings shown in Fig. 12, preparation, 
disassembly and recovery, emphasise that the work does not 
start at the first bolt and does not end at the last lift. 
Preparation determines whether the work can be done safely 

and efficiently, and recovery determines whether the effort 
leads to real reuse. Table IV links the stages with the main 

information or action that each requires. 

TABLE IV 
DISASSEMBLY STAGES AND KEY REQUIREMENTS 

Phase Stage Key Requirement 

Preparation Assessment Condition and hazard survey 

Preparation Identification Drawings, records, load paths 

Preparation Planning Sequence, supports, safety 

Disassembly Access Suitable tools and clearance 

Disassembly Removal Lifting and support equipment 

Disassembly Sorting Separate storage areas 

Recovery Inspection Grading and testing 

Recovery Reuse / recycle Market or second-use project 

Safety is central to all stages. A structure being 

dismantled passes through intermediate states for which it 
was never designed, so temporary bracing, controlled 
sequencing and competent supervision are essential. DfD 
helps by making the sequence explicit and the connections 
accessible, but it does not remove the need for professional 
engineering judgement during the work itself. 

A. Site Management and Safety 

Site management for disassembly differs from that for 
demolition. Because components are to be recovered intact, 
lifting equipment, temporary storage and protection from 
weather must be arranged before work begins. Components 
should be labelled as they are removed so that their original 

location and orientation are known, which helps when 
elements are matched to their records or reassembled 
elsewhere. Waste streams should be kept separate at source, 
since mixing recoverable materials with contaminated or 
damaged debris reduces the value of both. 

Workers need clear instructions on the sequence and on 

any hazards, including stored energy in tensioned elements, 
unstable partially dismantled frames and falling objects. 
Method statements should be prepared by competent persons 
and updated if the actual condition of the building differs 
from the records. Hazardous materials identified in the 
survey must be removed under appropriate controls and kept 

apart from materials intended for reuse. 

B. Grading and Reuse Pathways 

Recovered components may follow several routes. 
Elements in good condition with known properties can be 
reused directly, either on the same site or elsewhere. 
Elements with minor damage can be refurbished, for 

example by replacing fixings, refinishing surfaces or 
trimming to a smaller size. Elements that cannot be reused 
in their present form can be reprocessed, for example by 
recycling timber into panel products or steel into new 
sections. A clear grading scheme, in which each recovered 
element is placed in a defined category based on inspection, 

helps buyers and designers decide whether an element suits 
a particular application. 

Reuse is easier where there is a place to hold and 
exchange recovered components. Storage yards, exchange 
platforms and specialist dealers all reduce the time between 
recovery and reuse, and thereby reduce the cost and 

deterioration associated with holding stock. Without such 
channels, even a well-planned disassembly may end in 
disposal because no buyer is available when the components 
are released. 
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VIII.  DOCUMENTATI ON, MATERIAL PASSPORTS AND 

DIGITAL TOOLS 

Physical reversibility is of limited use unless the people 

who eventually dismantle the building know what it 
contains. Over decades, drawings are lost, owners change 
and details are forgotten. DfD therefore places great 
importance on documentation, which should record the 
materials used, their quantities and locations, the type and 
position of connections, and the intended disassembly 

sequence. 
A material passport is a structured record that identifies 

the components and materials in a building and describes 
their properties, origins and recovery potential. Its purpose 
is to give recovered materials an identity so that future 
designers and contractors can assess them with confidence. 

Passports may include information on dimensions, material 
grade, finishes, treatments, hazardous content and 
maintenance history. Figure 13 summarises the main groups 
of information that a passport may hold. 

 
Figure 13: Typical information groups in a material passport 

(schematic) 

Digital tools such as building information modelling 
(BIM) allow the geometry and attributes of components to 
be stored in a single model that can be updated during the 

life of the building. Quick-response codes or other tags 
attached to components can link the physical element to its 
digital record. Such tools can also support planning of the 
disassembly sequence by identifying which elements depend 
on others. 

Metrics for assessing the disassembly potential of 

building components are an active research topic [5]. 
Systematic reviews of built structures designed for 
disassembly [4] indicate the range of approaches taken in 
practice. These sources suggest that a common language for 
describing and scoring reversibility will help clients, 
designers and regulators compare options and set goals. The 

existence of a standard such as ISO 20887 [6] provides a 
framework of principles, requirements and guidance in this 
area. 

IX. STAKEHOLDER ROLES AND LIFECYCLE 

INTEGRATI ON 

DfD cannot be achieved by designers alone. Decisions 

that affect future disassembly are made by clients when they 
set briefs and budgets, by designers when they select systems 
and details, by manufacturers when they produce 
components, by contractors when they assemble the 
building, and by owners and facility managers throughout 
use. Each of these parties can either support or undermine 

reversibility, and early agreement on shared goals is 
therefore essential. 

The client has the greatest influence at the start because 
the brief determines whether adaptability and recovery are 
treated as requirements or as optional extras. Architects can 
reduce future constraints through layered planning, simple 

geometry and standard grids. Structural and services 
engineers translate these intentions into connection details, 
load paths and routes for services. Manufacturers contribute 
by supplying components with standard interfaces and by 
providing information on materials and treatments. 
Contractors must follow the intended assembly sequence 

and record any changes, while facility managers keep 
records current during use. Table V summarises these roles. 

TABLE V 
STAKEHOLDER ROLES IN DESIGN FOR DISASSEMBLY 

Stakeholder Main Contribution 

Client / owner 
Sets reversibility and adaptability goals; 

funds documentation 

Architect 
Layered planning; modular grid; simple 
geometry 

Structural 
engineer 

Reversible joints; load paths; temporary 
stability 

Services engineer Accessible routes; independent systems 

Manufacturer 
Standard interfaces; product and material 

data 

Contractor Follows sequence; records as-built changes 

Facility manager 
Maintains records; plans component 
replacement 

Deconstruction 
team 

Executes sequence; inspects and sorts 
components 

Lifecycle integration means linking these roles over time. 
At the design stage the intended disassembly sequence is 
drawn up. During construction the as-built information is 
verified and the passport is completed. During use, 

maintenance, repair and alterations are added to the record. 
At the end of life the record is the starting point for the 
survey described in Section VII.  
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When any link in this chain breaks, for example when 

records are lost at a change of ownership, the physical 
reversibility of the building loses much of its practical value. 

Contractual arrangements also matter. Procurement 
routes that separate design from construction and operation 
can make it difficult to reward measures whose benefits 
arrive decades later. Approaches that give the owner or a 

long-term operator an interest in the residual value of 
components, or that assign responsibility for recording 
information, are more likely to support DfD in practice. 

X.   APPLICATI ONS, BENEFITS, CHALLENGES AND 

LIMITATIONS 

A. Applications 

DfD can be applied to residential buildings, offices and 
shops that may require future modification, educational 
buildings with changing space requirements, modular and 
prefabricated buildings, temporary structures, timber 
construction and building renovation. At the end of a 
building’s service life, DfD can also support recovery of 

components for reuse or recycling. 
Commercial buildings are a particularly relevant 

application because tenants and layouts change often. 
Offices designed with demountable partitions, raised floors 
and accessible services can be reconfigured with limited 
waste. Educational buildings face varying class sizes and 

teaching methods, so flexible, modular spaces help them to 
stay useful. Temporary structures such as exhibition 
pavilions, event buildings and site accommodation are by 
definition meant to be taken apart, and so DfD represents 
their natural design logic. Figure 14 shows an office building 
in the Netherlands associated with demountable construction 

thinking. 

 
Figure 14: Park 20|20, office building, Netherlands 

B. Potential Benefits 

The benefits claimed for DfD fall into environmental, 
economic and social groups. Environmentally, DfD may 
reduce the volume of demolition waste, lower demand for 
virgin materials and retain embodied energy and carbon in 
reused components. Research on time-resolved life-cycle 
assessment [1] indicates that the benefits of DfD depend on 

assumptions about future reuse, which means its 
environmental advantages are not automatic and should be 
evaluated for each case. Table VI contrasts conventional and 
DfD-oriented practice in qualitative terms. Economically, 
components that can be recovered retain residual value, and 
adaptable buildings may avoid costly reconstruction when 

use changes. Socially, adaptable buildings can respond to 
changing community needs, and recovery and refurbishment 
activities can create skilled work. 

TABLE VI 
CONVENTIONAL CONSTRUCTION VERSUS DFD (QUALITATIVE) 

Aspect Conventional DfD-oriented 

Joints Often permanent 
Reversible where 
valuable 

Layers Entangled Independent 

Services Often embedded Accessible routes 

Records Limited, often lost 
Passport and as-built 

data 

Renovation Invasive, wasteful Targeted replacement 

End of life Demolition Sequenced disassembly 

Initial effort Lower Higher design effort 

C. Challenges and Limitations 

Implementation may involve higher initial costs for 
special connectors, design development and documentation. 
Connection details require careful engineering, and trained 
workers may be needed for installation and removal. 

Standard or reusable components may not always be 
available. In addition, a component recovered from one 
building may be damaged, fail to meet the requirements of a 
new use or have no immediate market. Future user needs and 
technologies are difficult to predict, so complete reversibility 
cannot be assumed to be suitable for every building. 

Coordination among architects, engineers, contractors and 
suppliers is therefore important. Comparisons of the cost of 
deconstruction and demolition for a prefabricated concrete 
building designed for disassembly [8] show that such 
economic questions are being examined in the literature, and 
Table VII groups the main challenges and suggests possible 

responses. 
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TABLE VII 
MAIN CHALLENGES AND POSSIBLE RESPONSES 

Challenge Possible Response 

Higher initial cost 
Assess whole-life cost; focus effort on 

valuable, frequently replaced elements 

Complex connection 
design 

Use proven bolted, doweled or modular 
details; early engineering input 

Skilled labour 
Training; clear assembly and removal 
instructions 

Lack of standard 

components 

Adopt modular grids; coordinate with 

suppliers 

Damaged or untested 
recovered parts 

Inspection, grading and testing 
protocols 

No market for 
recovered components 

Plan second use; storage and exchange 
platforms 

Uncertain future needs Adaptable layouts; independent layers 

Fragmented 
responsibility 

Early collaboration; defined roles for 
disassembly 

Regulation and liability also deserve mention. Building 

codes and product standards are usually written for new 
materials, so the structural reuse of recovered components 
may require additional testing and may raise questions about 
responsibility if a reused element performs unexpectedly. 

Insurers, clients and authorities may be unfamiliar with 
reused components and may ask for evidence of their 
quality. Clear documentation, testing and agreed grading 
procedures can help to address these concerns. 

There is also a risk of over-designing. If every joint in a 
building were designed for repeated disassembly regardless 

of its purpose, the building could become more expensive 
and more complex than needed. The aim should be to 
identify where reversibility delivers real value and to apply 
it there. 

XI. STANDARDS, POLICY AND REGIONAL CONTEXT 

A. Standards and Guidance 

International guidance on design for disassembly and 
adaptability is provided by ISO 20887 [6], which sets out 
principles, requirements and guidance for buildings and civil 
engineering works. Earlier guidance and research on design 
for disassembly, including practical guides for the built 
environment [13] and theses on transformable building 

structures [12], established many of the concepts now used 
in practice, such as separating building layers, using 
mechanical connections and documenting components. 
Design guides prepared for the construction industry [14] 
also summarise themes and principles that remain relevant. 

B. Policy Instruments 

Policy can encourage DfD by changing the economics 
and obligations of construction. Table VIII lists instruments 
that are commonly discussed in the literature on circular 
construction. Their effectiveness depends on local 
conditions and they are listed here as options for 
consideration rather than as recommendations for any 

particular jurisdiction. 

TABLE VIII 
POLICY INSTRUMENTS SUPPORTING REVERSIBLE CONSTRUCTION 

Instrument Intended Effect 

Pre-demolition audits 
Identify recoverable materials before 
demolition 

Reuse targets 
Create demand for recovered 
components 

Material passport 

requirements 

Ensure information survives 

ownership changes 

Reuse-friendly codes 
and testing 

Allow safe structural reuse with 
evidence 

Green procurement 
criteria 

Reward adaptable, disassemblable 
design 

Landfill charges 
Make disposal less attractive than 

recovery 

C. Relevance to India and Kerala 

India’s construction sector is large and growing, and 

Kerala has its own pressures, including high land costs, a 
humid climate that affects durability and a tradition of both 
masonry and timber building. In such conditions, steel and 
timber systems with bolted connections, precast and 
prefabricated elements, and lightweight infill panels offer 
realistic starting points for reversible construction. 

Temporary and semi-permanent buildings used for cultural 
events, markets and site accommodation are common and 
are natural candidates for early adoption, as the Container 
pavilion illustrates. 

Practical obstacles include limited availability of tested 
reused components, limited familiarity with demountable 

details among contractors, and the absence of widely used 
procedures for grading recovered structural members. 
Monsoon conditions place particular importance on 
protecting joints from water and on storing recovered 
materials in dry conditions. Local research on material 
flows, costs and suitable details would help identify where 

DfD can deliver the greatest benefit. 
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XII. IMPLEMENTATI ON ROADMAP AND DESIGN 

CHECKLIST 

A. Implementation Roadmap 

The preceding sections suggest that organisations can 
move towards DfD in stages. Table IX sets out a conceptual 
roadmap from preparation through to learning from 
completed projects. It is intended as a planning aid and has 

not been tested as a formal method. 

TABLE IX 
CONCEPTUAL ROADMAP FOR ADOPTING DFD 

Stage Typical Actions 

1. Set goals Define reversibility and reuse aims in the brief 

2. Plan layers Separate structure, skin, services and space plan 

3. Choose 

systems 

Select modular, prefabricated or timber/steel 

frames 

4. Detail joints Specify accessible, reversible connections 

5. Document Create drawings, passport and removal sequence 

6. Build and 

verify 
Record as-built data; check connection access 

7. Operate Maintain records; replace short-life layers 

8. Recover Survey, dismantle, grade and reuse components 

B. Design Checklist 

To help bring together the principles discussed above, a 
simple checklist is proposed in Table X for use at design 
stages. It is a conceptual aid compiled from the principles in 
this paper; it has not been tested or calibrated and does not 

generate a numerical score. 

TABLE X 
CONCEPTUAL DFD CHECKLIST FOR DESIGN STAGES 

Design Stage Question to Ask 

Concept Which elements are likely to change, and how often? 

Concept 
Are layers (structure, skin, services, space plan) 

separate? 

Structure 
Are joints bolted, doweled or dry rather than welded 

or cast-in? 

Structure Is there clear access to every connection? 

Envelope 
Can façade panels be removed without disturbing the 

structure? 

Services 
Are services in accessible shafts rather than 

embedded? 

Materials Can different materials be separated without damage? 

Dimensions Does the design follow a standard module? 

Documentation Are materials, connections and sequence recorded? 

End of life Is there an intended route for reuse or recycling? 

 

Used at successive design stages, the checklist can guide 

discussions among the design team, the client and 
contractors. A “no” answer does not necessarily indicate a 
design fault, but it signals a point where the team should 
consider whether a different detail would improve 
recoverability at acceptable cost. 

XIII.   CASE STUDIES 

A. Helsinki Apartment Block, Finland 

The supplied seminar materials describe a DfD redesign 

of an existing Helsinki apartment block associated with 
Joensuu and Saari [2]. The spatial layout was largely 
retained while component dimensions and connections were 
reconsidered. A 3M (300 mm) modular grid was used for 
slabs and wall panels to support standardised dimensions. 
The heavy masonry façade was replaced with a lightweight 

timber façade, and prefabricated balconies were attached 
without cutting into the load-bearing concrete frame. 
Separate side supports allowed balconies to carry their own 
loads and be unbolted as individual units. Pipes and cables 
were centralised in service shafts rather than placed within 
hollow-core slabs, allowing services to be upgraded with 

less disturbance to the slabs. 
According to the supplied presentation and report, the 

life-cycle analysis found that the DfD concrete frame had a 
smaller carbon footprint than a same-size conventionally 
built timber-framed block when standardised components 
were reused. This result is reported as presented in the source 

material; the underlying analysis and assumptions were not 
independently examined for this paper. The case illustrates 
the potential value of modular sizing, independent 
components, accessible connections and separation of 
building services. Public reporting on the work [7] also 
describes the approach as promising for improving the 

economic and environmental performance of buildings. 
The Helsinki project is instructive because it did not rely 

on a new structural system. Instead it showed that a 
conventional concrete frame can be combined with 
detachable envelope elements, independent balconies and 
accessible services. The design choices in this case map 

directly onto the principles of Section IV: standardisation 
through the 3M grid, independence through the separate 
balcony supports, accessibility through service shafts, and 
material separation through a lightweight façade fixed 
independently of the frame. 
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Figure 15: Helsinki apartment block redesigned for disassembly 

Figure 16 sketches the balcony principle in simplified 
form: the balcony is bolted to the frame and rests on its own 

side support, so that it can be unbolted and lifted away as a 

unit without cutting into the concrete. 

 
Figure 16: Independent, bolted balcony support (schematic, 

simplified) 

B. The Container, Kochi-Muziris Biennale 2023 

The Container was described in the seminar materials as 
a temporary cultural pavilion in Fort Kochi, created for the 
2023 Kochi-Muziris Biennale and intended for relocation. 
Its steel frame supported wire mesh and a geogrid textile 

roof. The roof build-up used brick powder, coir, cement and 
mud held by brick bunds. Gabion-like wall panels 
incorporated construction debris and waste granite, with coir 
and fishing-net elements contributing to the enclosure. 

The pavilion did not use conventional concrete footings; 
its steel box sat on the ground and could be dismantled, 

transported by road and reassembled elsewhere. The project 
demonstrates how temporary architecture can treat 
recovered materials as resources and how accessible layers 
and recoverable components can support a future second 
use.  

It also shows that DfD principles can be relevant to small, 

temporary structures as well as larger residential buildings. 
The Container is of particular interest to a Kerala 

readership because it uses locally familiar materials such as 
coir and brick together with waste streams from the region, 
and because it was built for a public cultural event with a 
defined duration. In this setting the short intended life of the 

structure makes disassembly an explicit requirement from 
the outset, rather than a distant concern. The use of a self-
supporting steel box that sits on the ground without 
conventional footings removes one of the most difficult 
elements to recover, the buried foundation, and makes the 
site easier to return to its earlier condition. 

 
Figure 17(a): The Container, Fort Kochi, 2023  

 
Figure 17(b): Construction detail of the wall panels. Original project 

images: Share Your Green Design [9] 

C. Comparison of the Two Cases 

TABLE XI 
COMPARISON OF THE TWO CASE STUDIES 

Aspect Helsinki Block The Container 

Building type 
Residential apartment 

block 
Temporary cultural 

pavilion 

Approach 
Redesign of existing 

block for DfD 
Designed for relocation 

Structure Concrete frame retained Steel frame box 

Envelope 
Lightweight timber 

façade 
Wire mesh, geogrid, 

gabion-type panels 

Key DfD 

features 
3M grid; unbolted 

balconies; service shafts 

No footings; 

transportable; recovered 

materials 

Main lesson 
DfD can suit housing 

and concrete frames 
DfD can suit temporary, 

low-cost work 
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Despite differences of scale, material and purpose, the 

two cases share several features. Both treat the building as a 
set of separable systems rather than as a monolith. Both 
avoid or limit connections that cannot be reversed, and both 
consider the later life of the components at the design stage. 

XIV.   DISCUSSI ON AND FUTURE SCOPE 

The two case studies illustrate different scales of 
application. The Helsinki example focuses on a residential 
building, where modular dimensions, detachable balconies 

and separate service routes support component replacement 
and recovery. The Container focuses on temporary 
architecture and the use of recovered materials in a structure 
intended to be moved. Both examples emphasise that 
decisions made at the design stage influence how much 
value can be retained when a building is changed or 

dismantled. 
A broader reading of the material suggests several themes. 

First, DfD works best when it is treated as a design goal from 
the start. Attempts to add reversibility late in design are less 
effective because the layout, grid and structural system are 
already fixed. Second, reversibility is a spectrum rather than 

a binary property, and designers must decide how far to 
pursue it for each component. Third, the technical details of 
connections cannot be separated from the organisational and 
economic conditions needed for reuse, including storage, 
testing and markets for recovered products. 

Further development may include improved reversible 

connectors, wider use of modular and prefabricated systems, 
digital building records and material passports that identify 
components and their properties. Robotic disassembly may 
offer future opportunities for safer and more efficient 
component removal. Better material recovery practices and 
design standards could also support wider adoption. Policy 

instruments, such as requirements for pre-demolition audits, 
targets for reuse or incentives for recovered components, 
may also encourage the sector to move in this direction. 
These developments will be most useful when combined 
with reliable documentation, appropriate structural design 
and practical pathways for storing, testing and reusing 

recovered components. 
For countries such as India, where construction activity is 

growing rapidly, the potential relevance of DfD is 
considerable. Prefabrication and modular systems are 
increasingly used, and temporary and semi-permanent 
structures are common. However, the availability of trained 

labour, quality assurance for reused products and local 
standards will influence how far the approach can be 
adopted. Research into local material flows, costs and 
suitable connection details would help to establish where 
DfD offers the greatest benefit. 

To illustrate the benefit of layered design, consider a 

conceptual example of an office building in which a tenant 
requires a new partition layout and an upgrade of cabling. In 
a building with entangled layers, partitions may be built up 
to the slab soffit with wet finishes, and cables may be 
embedded in floor screeds. Altering the layout then requires 
breaking partitions and floors, creating dust, debris and 

mixed waste, and possibly affecting adjacent areas. In a 
building designed with demountable partitions and 
accessible floor voids, the same change can be carried out by 
unfastening panels and relocating them, and by lifting access 
panels to reach cables. The existing materials remain largely 
intact and can be used again. Figure 18 shows this contrast 

over the life of a building in schematic form. 

 
Figure 18: Replacement events over building life in entangled and 

independent layer arrangements (schematic) 

The example also shows why DfD is as much about 
operation as about demolition. Most of the benefit in a 
typical building arises not at the end of life but during the 
many modifications that occur before it, each of which can 
be easier, cleaner and cheaper if the building was planned 
for change. This suggests that the case for DfD should be 

built around adaptability and maintenance savings as well as 
end-of-life material recovery, and that evaluation methods 
should consider the whole life of the building rather than a 
single end-of-life event. 

A further point concerns the quality of information. Many 
of the difficulties reported in reuse practice relate to 

uncertainty about the properties of components rather than 
to the difficulty of removing them. If grade, age, treatment 
and loading history are unknown, designers must apply 
cautious assumptions or carry out additional testing, which 
raises cost. Reliable records created at the time of 
construction therefore have a direct effect on the economic 

prospects of reuse, and justify the effort of preparing 
passports even where the end of the building’s life is distant. 
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Several limitations of this review should also be 

acknowledged. It relies on supplied seminar materials and 
on published sources that were not independently checked, 
and it draws on two case studies of very different scale. The 
qualitative tables, figures and checklists included here are 
conceptual aids and do not represent measured performance. 
Readers who wish to apply the ideas should consult the 

primary sources, applicable standards and project-specific 
engineering advice. 

Areas for future research include quantitative studies of 
the cost and carbon impacts of DfD in a variety of building 
types and climates, long-term monitoring of the performance 
of reversible connections, development of testing and 

grading methods for reused structural components, and 
investigation of how material passports can be integrated 
with existing design and procurement processes. 

XV. CONCLUSI ON 

Design for Disassembly shifts attention from a building’s 
initial assembly to its full life cycle, including adaptation, 
repair, component recovery and end-of-life treatment. 
Accessible reversible connections, standardised 

components, prefabrication, independent building layers and 
a planned removal sequence can make disassembly more 
practical and reduce avoidable damage. The Helsinki 
apartment block and The Container pavilion provide 
examples of how these ideas can be applied in residential and 
temporary construction. 

However, DfD is not automatic: initial planning, suitable 
connections, skilled labour, component records and demand 
for recovered materials all affect its success. Its benefits are 
strongest where reversibility is applied with judgement to the 
elements that matter most, and where the surrounding 
system of documentation, inspection and reuse is in place. 

Integrating disassembly considerations at the design stage 
can help buildings contribute to a more circular use of 
construction materials. 

Several practical messages follow from this review. 
Designers should identify early which elements are most 
likely to change and concentrate reversible detailing there. 

Engineers should treat reversible joints with the same rigour 
as permanent ones, paying attention to durability, fire, 
tolerance and repeated use. Owners and managers should 
keep records current, since information is as important to 
future recovery as the joints themselves. Policy makers and 
industry bodies can support adoption through standards, 

audits and channels for the exchange and certification of 
recovered components. Finally, researchers should continue 
to gather measured data on cost, carbon and performance so 
that the claims made for DfD can be tested across a wider 
range of buildings, materials and climates. 

APPENDIX: GLOSSARY OF TERMS 

Adaptability: The capacity of a building to be changed in 

layout or use during its life with limited work. 

Circular economy: An economic model that keeps products 

and materials in use for as long as practicable. 

Deconstruction: The careful, sequenced dismantling of a 

building to recover components and materials. 

Design for Disassembly (DfD): Design that plans for the 

future separation of components with minimal damage. 

Material passport: A record identifying the materials and 

components in a building and their properties. 

Modular grid: A dimensional framework, such as 3M (300 

mm), to which components are coordinated. 

Prefabrication: Manufacture of building elements off site 

before assembly. 

Reversible connection: A joint that can be opened without 

damaging the connected members. 

Service life: The period over which a component or layer 

performs its function before replacement. 
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