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Among the approaches of circular construction, the reuse of 
buildings is the most desirable as it leaves a large portion of 
embodied carbon untouched. At the same time, it also mini-
mizes the energy effort of modifying, transporting, or repro-
cessing components. Above all, the load-bearing structure is 
the central aspect. It is the most durable, most existentially 
imperative, most spatially defining, and the most energy-
intensive part of a building (Fivet 2019; Hopkinson et al. 2018). 
Globally, many buildings’ astonishingly short lifespan results 
from the design’s short-sightedness, not that of its materials. 
While load-bearing structures can often serve for decades, 
uses change much more quickly. “All buildings are predictions. 
All predictions are wrong,” concluded Brand in his influential 
study of how buildings change over time (Brand 1995). Designs 
for new buildings and buildings to be converted must there-
fore ensure a conceptual design of structures that goes beyond 
an initial definition of use, i.e., that includes several scenarios 
(architectures) in their consideration (Hertzberger 2005). It 
can render structure a space of possibilities for various spe-
cific architectures, each offering qualities but always outlast-
ing these architectural constellations. In this way, structure and 
architecture never decouple spatially and sensually but only 
temporally (Rinke 2022).

Adaptable Architecture as Layer-based Design
In the last 50 years, change-based research broadly concep-
tualized design for adaptability (DfA) in architecture (Kelly et 
al. 2011; Estaji 2017). In 1976, N. John Habraken detailed why 
and how structures need to be capable of being repeatedly 
appropriated by their users (Habraken 1976). In the 1970s, Bob 
van Reeth developed the concept of intelligent ruin, a build-
ing designed to grow with and adapt to changes over time. 
Stewart Brand focused on the changing capacity of individual 
buildings and introduced functional ‘shearing’ layers of differ-
ent lifespans immanent in each building (Figure 1). Bernard 
Leupen developed the concept of a frame and generic space in 
2006. To understand their impact, he used a visual technique 
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r Figure 1. Brand’s shear layer diagram. (After Stewart Brand, How 
Buildings Learn)
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of exploded axonometric views of the essential building lay-
ers “structure,” “skin,” “circulation,” “service,” and “scenery” 
(Leupen 2006). In 2016, Robert Schmidt and Simon Austin 
extended Brand’s layers concept with social and urban layers 
(Schmidt and Austin 2016). All these change-oriented mod-
els aim for a generic design for flexibility, still mainly without 
understanding the mechanism and circumstances of change 
and differences within a building. Furthermore, they neglect 
reference to utilization, potentially determining different life-
times for the same components within the layers. Lastly, they 
do not consider the material condition of components and if 
there are differences within a functional layer. 

Designing an adaptable building with its load-bearing struc-
ture does not necessarily lead to a generic scheme of multi-
functionality, a “machine” that can do “everything.” Instead, 
it is a matter of using: 1) the available theoretical knowledge 

of changeability through the focus on the building’s layers 
together; and 2) the empirical knowledge from actual, convert-
ed buildings. A combination of those sources can inform the 
development of projects so that all building parts can trans-
form in a manner compatible with the architectural concept. 
Accordingly, different permanency is created for all compo-
nents: some serve a particular function, and others serve the 
building throughout its entire lifespan. Based on Leupen’s spa-
tial understanding of building layers and studies of converted 
buildings, the functional capacity of change can be described 
through three key layers, i.e., the load-bearing structure, the 
circulation, and the usable areas (Rinke and Pacquée 2022). 
The first two layers are not only essential parts of a building 
but also profoundly overlap with the architectural functioning 
of the space around them and are thus often critically linked 
with the use thereof. Next to the physically most present 
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r Figure 2. Diagram showing the loadbearing structure, circulation, and functional layout of the original (top) and the converted Anton Building, Eindhoven, 
1929/2014 (bottom). (Credit: Robbe Pacquée and Mario Rinke)
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layer, the load-bearing structure, the circulation system is a 
functional space that is virtually intangible but rarely subject 
to changes due to its critical necessity. Since not only con-
vertibility is essential for adaptation but also the possibility 
of mixed-use (Hertzberger 2013), a clearly defined utilization 
concept with initial and further foreseeable contingent uses 
should determine the requirements for the spatial layout of 
the structure and a necessary access system. A building-spe-
cific mapping can illustrate the relationship between the spa-
tial structure, the circulation, and the uses. Figure 2 shows a 
diagram for the Anton Building in Eindhoven, the Netherlands, 
a former Philips factory converted into a mixed-use building in 
2014 by Diederendirrix Architects. Figures 3 and 4 show the 
building exterior after the conversion and interior before con-
struction began. 

Designing Porosity 
Based on Brand’s shearing layer model, the most permanent 
layers—the site and the structure—can be read together as 
the urban setting of a possible architecture. The structure 
then becomes the rigid body within which architecture hap-
pens. The arrangement of building elements and voids resem-
bles the modeling of a porous mass (Castellon and D’Acunto 
2017). In this sense, the skeleton remains as far as possible 
when the mass is dissolved. Describing how a building can be 

appropriated and adapted—ideally by various users—can also 
be understood as a permeable structure. This approach follows 
Richard Sennett’s thinking on the porosity of the city based on 
the Nolli Plan (Figure 5), describing the permeability of buildings 
and their role in separating private and public space within the 
city (Sennett 2019). In this sense, a building can also be consid-
ered a mass hollowed out by perforations, which, depending on 
its configuration, creates different interior spaces and connec-
tions between them (Hertzberger 2013). 

As a porous structure, the skeleton and a ribbed slab, origi-
nally chosen for economic reasons, allow for much greater flex-
ibility in later conversions, as openings can be made more easily. 
The hierarchical structure of the ribbed slab thus becomes an 
architectural membrane that allows for specific forms of per-
meability as needed. This generic, nonspecific space formation 
is the real intelligence of the building component, which does 
not respond to rigid loading conditions. Still, it creates windows 
of possibility interwoven with the structural idea and the build-
ing process (Rinke 2019). Altogether, there are three ways in 
which a building can be made permeable: 1) towards its sur-
roundings, through entrances and exits but also open or closed 
façades in general, 2) when passing through the building, with 
corridors to connect uses, and 3) as the possible penetration of 
space-enclosing building components such as ceilings or walls 
to connect units of use horizontally and vertically (Figure 6). 

r Figure 3. Diederendirrix Architects, Anton Building, Eindhoven, 2014. 
After conversion. (Credit: Arthur Bagen)

r Figure 4. Diederendirrix Architects, Anton Building, Eindhoven, 2010. 
Before conversion. (Credit: Diederendirrix Architects)

r Figure 5. Nolli plan section. (Credit: public domain, Nuova Topografia 
di Roma, 1748, Giovanni Battista Nolli (1701–1756))
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structure, therefore, has the smallest mobility, but the par-
tition wall between the two offices is possibly the greatest. 
Figure 7 shows a diagram for the material mobility of a build-
ing, including removable floor slabs for double-story rooms, 
ceilings for later atriums, partition walls of offices or whole 
building sections, and cores.	 

This differentiated view of the change requirements allows 
for more precise concepts regarding resource use and a clear-
er understanding of what defines the building permanently 
and which areas can be specifically changed. These consider-
ations also show that the previous valuable models of shear 
layers as time-bound functional realms of a building require 
further differentiation. While their conclusions often result in 
general planning principles for good maintenance and minor 
changeability, the spatial context of the building components 
in their actual function already reveals much clearer require-
ments for their effective service life. This refined approach 
to sustainability and adaptable architecture combines the 
idea of the greatest possible reuse of the entire building 
with the idea of the longest possible reuse of the compo-
nents, especially those that leave the building “early.” Most 
parts of the load-bearing skeleton do not necessarily have to 
consist of demountable, reusable components because most 
could remain in place. On the other hand, all other softer lay-
ers should be made suitable for future reuse. Architectural 
and engineering planning are thus linked even more closely, 
extending into long-term planning. 

© The Author(s). Published with license by Taylor & Francis 
Group, LLC. This is an Open Access article distributed under 
the terms of the Creative Commons Attribution License (http://
creativecommons.org/licenses/by/4.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. The terms on 
which this article has been published allow the posting of the 
Accepted Manuscript in a repository by the author(s) or with 
their consent.

Material Mobility
The concept of porosity can not only help to strategically set 
up the spaces, axes, and accesses with spans, room heights, 
and openings. It also, in another sustainability aspect, can help 
identify a hierarchy within the permanent structural elements 
and how to determine their materiality, as already considered 
in studies on the transformative potential of adaptive reuse 
(Kincaid 2002; Guidetti and Robiglio 2021). Suppose, for 
example, in certain parts of the building or on certain floors, 
the possibility of over-height rooms being installed later. In 
that case, light timber elements such as cross-laminated tim-
ber can be positioned as ceilings for standard room heights, 
then easily removed and put back at a later adaptation. The 
same applies to specific vertical circulation routes that can be 
incorporated and activated later, strategically placed, and cov-
ered with light timber elements. For such areas with “softer” 
ceiling elements, columns can be used, if necessary, which 
are equally easy to remove (and store or use elsewhere). Also, 
other space-forming parts that do not belong to the load-
bearing structure can be categorized with the help of the 
porosity model. This way, a probable frequency of change 
in the architectural use and change-of-use concept can be 
assigned to the building component. This precise spatial link-
ing of the role of the building component, its function, and 
its temporal integration with the building trajectories devel-
oped through the porosity model can determine each building 
component’s inherent mobility. The permanent load-bearing 

r Figure 6. Levels of permeability in a porous building. (Credit: Robbe Pacquée)

r Figure 7. Material mobility. (Credit: Robbe Pacquée and Mario Rinke)
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