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REVERSIBLE BUILDING DESIGN GUID&WNES
PROTOCIO

Dr.Elma Durmisevic,

At the time of diminishing of resources and increase of environmental problems, it has become crucial

to understand the capacities of buildings to transform a negative environmental impact of built

environment to a positive one. The gstion is: how does one transform the current linear approach fo
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guarantee multiple life options of the building as well as of its systems, prodndtmaterials? This
chapter looks into three dimensions of transformation (1) dimension of spatial flexibility of building

dimension of technical flexibility of systems and product; and (3) dimension for material flexibility that

can make a transitiofrom a linear to circular building. Buildings designed with three dimensions of
transformation open opportunities for a great palette of new value propositions of buildings and it
systems, products and materials. Those buildings are called reversildangsi Durmisevic 2017

THREE DESIGN DIMENSIONS OF REVERSIBLE BUILDINGS DESIGN PARAMETERS / ASPECTS OF REVERSIBLE BUILDING :
Elma Durmisevic, University of Twente Project Brief definition: multiple scenarios for use of building if possible draft

scheme of possible reuse options for the materials as well

PARAMETERS OF SPATIAL REVERSIBILITY/design aspects:
| Transformation Model determines level of spatial reversibility. Parameters that
determine Transformation Model are:
Adapt Space VD|L.lrnE dimensions that are cump?tible with Fje.sired scenarios ‘
position of the core elements that is not restricting number of use options,
9 o PR capacity to carry loads and provide space for services for desired upgradability and
< » = use scenarios

Y S Reversibility of space

Core design: Core is integrated base element, a minimum needed to provide for

structural stability and facilitate climate, energy and comfort for different use

scenarios.

Core, this most fixed part of the building needs to have capacity to facilitate

transformation form one use scenario to another without demolition and waste
- creation

s ¥

Reversibility of structure/

~ (ke :
| - Reconfigure /upgrade
201 g PARAMETERS OF STRUCTURAL REVERSIBILITY/design aspects :

iy structure Functional independence
LA provided through separation of functions on building, system and component levels

Technical Independence

provided by minimization of relations between different functional modules and
creation of structured and open hierarchy that is leaning on well defined base
elements of the structure

3 Reversibility of material/ PARAMETERS OF PHYSICAL REVERSIBILITY/design aspects :
= . Physical exchangeability
Separate elements/

Provided by design of demountable connections that are preventing damages of
elements by considering geometry and morphology of product edge, disassembly

B i m ate ria | sequences, type of connection




LEVELS (REVERSIBILITY
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materials without causing damage. Building design that can support such processes is refoarsiibée)
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Building Designis therefore seen as a design that takes into account all life cycle phases of the building

and focuses on their future useenarios. Design solutions that can guarantee high reuse potential of the
building, systems, products and materials and that have high transformation potential are described as
reversible. A key element of RBD is design for disassembly, which allavesyomodifications of spatial

typologies and disassembly of building parts.

Low reversibility High reversibility

Disassembly, adaptability and reuse form the nucleuthode dimensions ofeversibilityand as such
determinespatial and structuralevels of reversible buildings

The guilelines in this document address design aspects and protocol for reversible buildings and covers
design aspects which deal with Spatial reversibility, spatial dimension and Technical reversibility which
covers structural and material dimensionreersiblity.

REVERSIBLE BUILDING DESIGN

Spatial Reversibility
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INTEGRATHDESIGNROTOCOL

Integrated Design protocohtegrates aspects of spatial transformation and building level reversibility
with technical aspects related to the recovery and high reuse potential of products. These have been
presentedin the figure below. Aspects defining the building level transformation capacity of space are
part of the feasibility design phase and are being further defined during the preliminary design phase.

INDICATORS OF REVERSIBILITY DESIGN ASPECTS
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Figure: Reversible building protocol integrating spatial and technical aspects of reversibility.



SPATIAL REVERSIBILITY

The spatial and building related transformation ashange othe building function and its impact on the
building structureare analyzediuring feasibility and preliminary design phaBesign procesanalyses

the capacity of space and structure to accommodate different functions without causing major
reconstruction worksdemolition and material loss. The less effort needed to transfarbuilding the
higher transformation potential it will haveThe greateithe variety and mimber of modification options
(reuse options of buildings)the higher the transformation potential. Three ia types of
transformations are identifiedmono functianal transformation options, trarfunctional transformation
options and multidimensional transformation optionwhich integrate the above two & well as
exchangeability and relation (hamed transformable optionSee below:

1. Mono-functional: transformaton in mono functional context

Buildings in this category have capacity to transform layout typology within one function as for
example office building can transform layout form cell office type to open office type meeting

room office type, without extensive reconstruction procedures and effort. Or an housing léack
capacity totransform family apartments into studio apartments or apartment for disabled without
extensive reconstruction procedure.

meeting
office

2. Transfunctional: transformation in trans functional context
Buildings in this category have capacity to transform from one function to another, as for
example office can be transformed into apartment and classroom without extensive
reconstruction procedures aneffort.



3. Transformable:fully transformable buildings

Fully transformable buildings can be transformed form one function to another and at the same
time can be extended, shrink or relocated to other location

extend/

office smallj house big shrink/
replace

Transformation capacity masseurs thiort needed to transform the buildings as well as the of type and
number of optiong as presented in previous repart)



In that respect if building has no transformation scenaassnoption it has the lowest score. Further on

the three transformatiorcategories are defined form low transformation potential to high transformation
potential as illustrated in the figure bellow.

Relationsbetween thetransformation potentialand type of transformation are presented in the figure
below.
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Figure Relations between the scores and type of transformation.

Design indicators of spatial reverisbility

DesignParameters that have impact on transofrmation potential are: building typology, dimansions of the
buidling block, core position and distanbetween the cores, type of the loadbering system, method of
constrution, floor to ceiling hight and window openings.

Espataily the following combinations of the design parameter will impact the ability of building to be
transofmed.



The following comimations have been made to specify the rules that will determine transformation
capacity (Durmisevic 2009, 2016, 2017):

1. Tropology in combination with the depth and with of the bldec&lation to the natural light)
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2. Typology in combination with the type drposition of the core, block dimension and distances
between the cores

4. Floor to ceiling height in combination to the block dimension, type ofdbestruction, floor
thickens and fagcade opening
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LEVELS OF TECHNICAL DECOMPOSITION

Designations such as system, subsystem, component is relative. A subsystem at one level is a component
at another levelReversible buildings recognize three lewal$echnicalcompositiondecomposition is

w

w

BUILDING
LEVEL

PART
LEVEL

MATERIAL
LEVEL

Building level represents the arrangement of systems, which ar@ecarof main building
functions (load bearing construction, enclosure, partitioning, and servicing),

System level represents the arrangement odmponents, which are carriers of the system
functions (bearing, finishingervicing - the subfunctions of the building.

Component level represents the arrangement of elements and malgriwhich are carriers of
component functions( such asearing,finishing,servicing componentDurmisevic2006)
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Figure: Hierarchy of levels of technical decomposition of reversible buildings ( Durmisevic , 2006)



REVERSIBLE BUILDING DESIGN DOMAINS
technical reversibility

Reversibility of building structure is defined by three design domamemely functional,
technical and physical design domains:

w Functional domain: deals with functional decomposition and allocation of functions into
separate mateals, whichhavedifferent changingrates This domain defines functional
dependences

w Technical decomposition deals with hierarchicahagement of thebuilding materials,
and relations as well as with hierarchical dependences between material levels.

w Physical domain ddswith interfaces that defingohysical integrity and dependences of
the structure.

functional domain technical composition domein connaction domein
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Reversible configuration is regarded as the process of creating an arrangement from a given set
of elements by defining the relationships betwesglected elements and their functionis a way

that will satisfyrequirements and constrains for disassembly, reuse and transformation.

During reversible configuration design, a desigakscates functions to aets of elementsand
determinestheir relations. As a design activity, configuration design can be seen as an activity
concerned with different relationships and interdependencigsfinedset of relations and ele

ments result in the physical statef the structure, which informs us howerformance



requirements are translated into materials, and how materials are integrated into a system or a
building.! f GAYI GSf& GKAa gAftf RSGISNNAYS &0 NUHzOG dzNB Q:

KEY INDICATORS OF REVERSIBILITY

Two key indicators of revsibility of building structure are Independence and exchangeability of
buildingsystemstomponents

Independency

Independency addresses mainly functional independence and creates an environment in which
assembly, transformation and disassembly of doectional cluster can be realized without
affecting the other.

Exchangeability

Exchangeability addresses technical and physical independence and creates the environment in
which systems/components/elements can be disassembled without damaging surroyatisg

of the structure and providing potential for their reuse in other context. Number and hierarchy
of physical relations as well as interface typology that increases reuse potential are essential.

DESIGN PRINCIPLES FOR REVERSIBLE BUILDING STRUCTURI

In order to desigmeversiblestructures that stimulate conscious handling of raw materials and
provide highlevel of transformation and reusé¢he following requirements should be fulfilled:
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Design Design domains of
Requirements deconstruction
\ J
h 4
. o Functienal
Q  Accessibility, decomposition
o Variation
o Reuse, 4 Independence g Technical
o Replace decomposition
o Reconfigure 4 Exchangeability pos
o Recyce o Physical
decomposition
-

A structure can be reversed if its elements/component/systems are defined as independent parts
of a building structure, and if their interfaces are designed for exchangeability. Independence of
parts is determinegrimarily by functional design domains, which deal with design of material
levels of technical composition of building and specification of independent material clusters.
Exchangeability of parts is defined predominantly by technical and physical desigindahat

deal with hierarchical order of elements within structures, and with connections between
elements.

Design aspects that have influence on decisitaking duing design of reversible structures.:
. functional decomposition,

. systematisationrad clustering,

. hierarchical relations between elements,

. base element specification,

. assembly sequences,

. interface geometry,

. type of the connections, and

. life cycle caprdination in assembly/disassembly.
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Unlike conventional structures iwhich design deals with functional, teckal, and physical
composition, the design ofeversiblestructures considersfunctional, technical, and physical
decomposition.

Depending on the view we are looking at reversible structure ( whether with the fmtususe
of elements or focus on transformation of structure) impact factors of the criteria measuring
functional, technical and physical dependences will diffesee figure billow)



Three elements of configuration Performance Criteria Disassembly Aspects of
And corresponding design for Transformation Building Configuration
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REVERSIBLE BUILDING DESIGN PROTOCOLS

1. FUNCTIONAL DECOMPOSITION

Function Function
Compenents Compenents
Integration Seperation

Functional Separation

A building component can be taken from a building, if it is defined as apemdient part of the
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sections that have different performances and different life cycles.

Four main building functions are: supporting, enclosing, servicing, andigirig. Each of these
can further be subdivided into subsections (subsystemg)h as: foundation, frame, floor,
facade, roof, inner walls, ventilation, heating system, water system, electrical system, etc.
Each of these functions has differdmthaviors and provides different écts such as: heating,
reflecting, distributing, vaetilating, lighting, or deals with effects such as tension, compression,
etc. Therefore, integration of two or more functions into one component can freeze
transformations that may be needed to address new user requirements. Different functions may
have diferent life cycles.
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Functional dependence oy
Functions incerparation
Components

Functional autonomyncorporation provides a partial dependency between independenttfans
by planned or unplanned interpenetration of components having different functions.

This means that relocation or resizing of componethtgt have one function influences the
integrity of other components that have other functions.

total separation
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planned interpenetration

Assessment functional autonomy
4. total integration

o 1. total separation (modular zoning) 1,0
‘ u 2. planned interpenetration for different solutions 0,8

2 floor system: 3. planned interpenetration for one solution 0.4

4. unplanned interpenetration 0,2

§- otation 5. total integration 0.1

Incorporation of independent functions, result in the following strategies: Total integration,
planned interpenetration, unplanned intpenetration, totalseparation. For example,

integration between structure and services:

Strategy 1:

total separation or zoning (modular zoning)

Strategy 2:

planned interpenetration of installations and lod@aring elements, such as: pneade holes,
and voids made especialfigr services.

Strategy 3:

unplanned interpenetration of installations and loheéaring element by provision of a free zone.
Strategy 4:
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thermal inertia ofa structural element may be exploited to store heat; the structure may absorb
or reflect sound; parts of the structure may be filled with water to provide active fire protection,
etc.

2. SYSTEMATISATION
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Building system is the most representative cdil@c of parts that represent major building
function. The system is the highest material level of technical composition and contains a number
sublevels, such as: swhystems / components, elements, and materials. The number of
disassembly options can b& abstacle for reversibility. If too many disassembly sequences are
required, one may choose demolition instead of disassembly. This brings into focistaiyen
assembly and disassembly. First, at the building site, where higher subassemblies like
systems and components are disassembled at the building site, for reuse/reciatiagu
Secondly disassembly in factory, where lower levels subassemblies, suchcasrgpdnents and
elements, are disassembled and repaired for reuse/reconfiguration/rexycli

Four types of building configuration distinguished by the number obiten assembly/disas
sembly operations.

3 RELATIONAL PATERN

Two aspects are addressing relational pattern : Pattern type and position of relations

PATTERN TYPE

Traditional buildings were characterized by complex relational diagrams, which represented
maximal integration of all building elements into one dependent structure.

In such an environment, substitution of one element could have considerable consequences on
related pats at their connections.



