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Abstract

The significance of urban development has been realized again while acute shocks and chronic
stresses (earthquake or unemployment) affect cities in a negative way. Therefore, urban resilience
becomes more important for economic, environmental, and social sustainability of the built
environment. There is a wide range of approaches to resilience in the literature such as ecological,
engineering, and adaptive systems. Unlike others, adaptive resilience establishes a co-evolutionary
interaction between actors (existing building) and the system (external effects) that leads to a
continual process on their adjustment. In relation to cities, built environment is also under a
constant change. As the advent of new technology has changed buildings’ use, some of them have
faced obsolescence in physical, economic, functional, technological, social, legal, and political ways.
The importance of time-based design over form-based design thinking has come to the fore.
However, existing obsolete buildings could gain new functions and contribute to urban resilience
and sustainability through adaptive reuse method. The purpose of this study is to provide assessment
criteria for existing buildings’ adaptive reuse potential in the context of resilient cities. Thus, the
research incorporates Holling’s resilience cycle (1986) and Schmidt III et. al’ s building layers and
time concept (2009) for resilient adaptive reuse strategies.
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1. Introduction

Cities are still hubs of dwelling, production and creativity. In accordance,
migration to cities is increasing every year. Therefore, the capacity of cities for
accommodating the needs is being questioned. With hindsight, twentieth century
modernization movement in architecture and planning caused serious consequences in
the urban environment. Cities were segmented in terms of functions. Industrialization
created new jobs and attracted populations to cities. With the increase in population,
pollution, security and health issues, garden city movement was promoted and middle
and upper class city dwellers spread out to city perimeters. Decentralization led to long
term problems. For example, urban sprawl increased, motorized urban fabric emerged,
social segregation became apparent, edge cities formed, urban diversity decreased, and
agricultural land was wasted. Buildings in city center started becoming obsolete and
under maintained. In most cases owners ignored these problems because it was
expensive to repair and did not generate a financial return. In response to negative
impacts of decentralization, new urbanism concept was introduced around the 1980’s.
Sustainable city strategies were developed. Today, it is observed that urbanization in the
21st century is still increasing. Prevailing problems are energy, environment and social
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issues based on excessive population. Also, limited resources and their unwise
consumption threaten sustainability of the cities.

In addition, twenty-first century planning and architectural practices have been affected
by policies and economic activities that support “neo-liberal debt-oriented economy”
(Resilience Thinking in Urban Planning, p.3). In many cases urban renewal movement
demonstrates a market oriented, entrepreneurial architecture and planning decisions. In
this regard, underuse old building stock is replaced with high density tall dwelling blocks
or business centers. In consequence, the city’s identity, authenticity and socio-economic
diversity are damaged as well as its energy and resources are used carelessly. According to
United Nations Habitat by 2050 population in cities will increase up to 60 percent. This
will bring up accommodation and planning problems, insufficient infrastructure, and
increase in energy consumption. Resilience of cities to sudden shocks and stresses will be
in question. From this perspective adaptive reuse could be a strategy toward making
cities resilient to future issues.

Twenty-first century’s city structure is getting more complex than before. The city has
branched out and become multi-nuclei entity. It consists of multiple scale systems and
cycles. These systems are in constant change so does the city. Showing resemblance to
living organisms, the city needs to be adaptable in the face of changing conditions. How
well the city responds to these changes can be studied under the concept of resilience.
Originated in ecology, resilience demonstrates stages of change. In the case of city
resilience, multiple scale and continuous adaptive resilience theory becomes more
suitable than ecological and engineering perspectives (Martin 2012; Dolega and Celifska-
Janowicz 2015). City resilience is about how well the city could absorb shocks as well as
it could function and reorganize itself when it faces destabilizing shocks and stresses. So
that city dwellers survive and flourish regardless of shocks and stresses (Arup City
Resilience Framework, p.3). Cities are interrelated and connected to multiple dynamic
and static systems on varying levels directly or indirectly. Therefore, this complex system
is open to various threats and trends. In order to strengthen city resilience, critical
systems and levels should be identified and their strengths and weaknesses should be
determined. In this regard, establishing city resilience is gaining importance (Collier,
Hambling, Kernaghan et al., 2014, “Tomorrow’s cities: a framework to assess urban
resilience’, p.79).

With the predicted population wave, city resilience could benefit from adaptive reuse of
the existing building stock. Adaptive reuse is a revitalization strategy that gives a new life
to an existing building or structure through a new function. It is a sustainable way to
create good urban environments because it keeps the existing urban fabric, requires less
energy and has a lower environmental impact than a new building construction. Besides,
“adaptive re-use gives new life to a site, rather than secking to freeze it at a particular
moment in time, it explores the options that lie between the extremes of demolition or
turning a site into a museum. Adding a new layer without erasing ecatlier layers, an
adaptive reuse project becomes part of the long history of the site. It is another stage,
not the final outcome (Justine Clarke, Adaptive Re-use of Industrial Heritage, Heritage
Council Victoria, 2013).” (ODASA Design Guidance Note 1.2.1 July 2014) Adaptive
reuse strategy can benefit to the urban environment in cultural (memory, cultural value,
built heritage, familiarity), ecological, energy, and environmental ways.
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This study aims to present a set of adaptive reuse criteria on the way of achieving urban
resilience. As a consequence, the study combines adaptive resilience and layers concept
for a detailed adaptive reuse strategy that could be used to assess existing and future
building’s adaptive reuse potential.

2. Theoretical background

In order to present an urban resilience strategy through adaptive reuse, two
concepts, adaptive cycle and layers, are integrated into this study. This section will lay out
how these three concepts are connected and will inform adaptive reuse as a strategy
toward urban resilience.

Adaptive Resilience | | Layers Concept | | Adaptive Reuse
An Urban Resilience
Adaptive Cycle Stewart Brand (1994) Existing Infrastructure Strategy
Holling 1973 (Urban Fabric)

Figure 1. Theoretical concept diagram of the study

2.1 From Resilience to Adaptive Resilience

Resilience concept is adapted to various fields such as psychology, economics,
geography, physical science, planning, and disaster management. In the scope of this
paper three interpretations of resilience will be analyzed. The term is originated in
ecology and established by Crawford Stanley Holling’s work in 1973. Inspired by
ecosystems, he develops a thought model of how these systems work. He defines
resilience as a measure which shows the ability of these systems to absorb and cope with
the changing circumstances. In a similar manner Berkes and Folke defines resilience
‘measure of robustness and buffering capacity of the system to changing conditions’
(Folke et al., 2002). The system is based on absorbing shocks before getting unstable and
reach to another equilibrium (Dolega & Celifiska-Janowicz, 2015, p.11-12). Second, the
field of engineering concentrates on a system resistance and its rebound to previous state
or path. In this framework, the system’s initial status is recognized as a stable
configuration. A disruption to the system will shift the growth path and it is expected
that the system will restore to its previous path by self-correcting forces and adjustments
(Dolega & Celinska-Janowicz, 2015, p.12). Third, adaptive resilience system is established
on complex adaptive theory that demonstrates ‘self-organizing behavior and adaptive
capacity’, responds to destabilizing shocks with a reactive reorganization to reduce the
impact. This interpretation of resilience employs a co-evolutionary interaction between
actors within the system. As a result, it could absorb and reconfigure its structure for the
future development (Dolega & Celiniska-Janowicz, 2015, p.13). Adaptive resilience is
associated with Holling’s adaptive cycle (panarchy) (1986) work which he identifies four
phases of change: growth (birth/exploitation), conservation, release (creative
destruction), and renewal (reorganization). He forms this cycle as infinity symbol
(sideways eight) to represent systems on different scales (Gunderson & Holling, 2002 as
cited in Davoudi, Boorks, Mehmood, 2013, p.310). Cities represent more likely adaptive
cycle of resilience since they change continuously based on economic, social, political,
planning point of view and do not restore to their previous condition (Barata-Salgueiro
& Erkip, 2014).
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Table 1. Resilience concepts and qualities (adapted from Dolega et.al. 2015)

Resilience Concepts Qualities
Engineering Resilience | ®  One equilibrium in stable state (a property or a characteristic)
(physical sciences) =  Restore to previous condition after distuption/shock

= Multiple equilibriums but stable

=  System can absorb shocks before destabilized, then move to
another equilibrium state

= A process (not a state)

=  System can absorb the shock

= Spontaneous / anticipatory / reactive teorganizaton / self-
organizing behavior

Ecological Resilience
(ecological sciences)

Adaptive Resilience
(complex systems theory)

®  Dynamic and continuous adjustment

4. RENEWAL 2 CONSERMATION
{re-crganczation) ("gprowt)

STORED CAPITAL
LTTILE ——————————————————— 3 MUCH
-—

WEAK: STRONG
r ECOSYSTEM CONNECTEDNESS
Figure 1. Adaptive cycle  diagram (Sonrce: Figure 2. Phases of adaptive cycle (Source:
Holling and Gunderson, 2002) Holling and Gunderson, 2002)

2.2 Building Layers in Relation to Adaptive Resilience

Built environment is under constant change in relation to internal and external causes.
Due to these effects, buildings might face with various obsolesces in time. Buildings
consist of components that vary in shape, life-cycle, or operation. These parts react to
the effects in different ways and times. In consequence, implementing time based
thinking over form based thinking is desirable and suitable for the built environment.
Schmidt III et.al. (2009) asserts that time and layer integrated adaptability is an important
design characteristic of buildings (Schmidt 111, 5-9 October 2009). Adaptability is the
capacity of the building to be able to alter in order to react and be compatible of
developing changing demands and ‘maximizing value throughout its lifecycle.” Buildings
respond to changing conditions because of their dynamic qualities. This is possible
through how they are in contact with evolving external and internal causes that require
them to adapt changes over time. Another characteristic that buildings are affected to
change is layers. Buildings are composed of levels that absorb and respond to changes in
varying time and functions. Layers concept was introduced in John N. Habraken’s work
(1988), namely urban structure, tissue, building, infill and furniture, as decision making
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levels (Open Building concept) and principle of spatial organization (Habraken, 1988). In
1994, Stewart Brand claimed that the built environment adapts, changes and he brought
forward ‘shearing layers’ concept from quickest to slowest change, stuff, space plan,
services, skin, structure, and site. Besides levels, Brand also denoted how frequently a
layer could change. Schmidt III et. al. has expanded this study by adding adaptable
strategies, type of change, and frequency of change.

Table 2. Building Layers (adapted from Schmidt III et.al. 2009)

Building Layers and Time Adaptable Strategies and Layers
(Stewart Brand 1994) (Schmidt IIT et.al. 2010)
e ' ) Type of | Building Frequency
Layer Description Timescale | Strategy v - o~
Site Geog.r aPth settng Eternal Moveable Chan'ge of S'tructure, Low
of building location Site
. Space,
The load' beagng 30 — 300 Change of | Services, Moderate /
Structure | elements including Scalable . .
. years size Skin, Low
foundations Structure
The exterior Space
Skin surfa'ces that 20 years Convertible Change of Services, Moderate
provide a weather function Skin
protecting layer
. Space,
Setvices The W'or'kmg gus | 7 — 15 Refitable Change of Setvices, Moderate
of a building years performance .
Skin
Space The internal layout 3 o- 30 Versatile Change of Stuff, Space | High
Plan years space
Swff | Fusiturc, Daily Adjustable | Change of g g High
equipment task

2.3 Adaptive reuse

Adaptation of existing buildings for new uses is gaining importance in
sustainable point of view (Bullen & Love, 2011). The major reason is that converting
existing building stock for a new use facilitates to sustainable development in three ways:
it is less expensive than demolish and rebuild a new one, requires less energy and
resource consumption, and is a way to sustain familiar urban fabric, memory places and
landmarks. Adaptive reuse is a revitalization strategy for the urban environment that uses
a link of actions, namely ‘plan, inventory, acquire, manage and reuse surplus or
abandoned real estate’ (Burchell and Listokin, 1981, as cited in Wilson, 2010). When a
previously inhabited land or building has become obsolete, adaptive reuse is a strategy to
increase the site’s potential value in aesthetic, structural, and characterful ways (Burchell
and Listokin, 1981, as cited in Wilson, 2010). Buildings ate exposed to human and/or
environment related internal and external effects. These effects lead to obsolescence in
the building. There are six obsolesce types identified by Langston et.al. (2007). Physical
deterioration negatively affect buildings’ physical performance during time and lead to
physical obsolesce. When the property falls from its economic value and does not attract
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investors for business, it is affected by economic obsolescence. Once business purposes
are changed and building does not respond to functional needs, functional obsolesce
occurs. With the rapid change in technology, buildings are needed to be updated in order
to have energy efficiency and low operational costs. Changes in the society happen more
frequently than in the buildings. So, buildings might become outdated and need for a
change in terms of aesthetics. Legal obsolesce occurs when revised regulations could lead
buildings to be updated to comply with them (Langston, et.al. 2007).

According to Loures and Panagopoulos (2007), successful adaptive reuse projects should
combine five principles: fulfill the purpose of redesigned function, endure for a long time
and adapt to new uses, react well and improve the quality of its context, be visually
coherent and pleasurable for users as well as passers-by, and have sustainable qualities
(Wilson, 2010, p.4). Besides, Australian International Council on Monuments and Sites
(ICOMOS) Burra Charter outlines seven principles that will help to deliver successful
adaptive reuse projects. First one is creating a collaborative and multi-disciplinary design
team that will help strategic planning, implementation and bring multi-professional
approach to design. Second, engaging with stakeholders reveals views, likes/dislikes and
creates sense of ownership and involvement for the community. Learning from other
projects could gain valuable perspective for professionals in the project about creativity,
regulations, post-occupancy evaluations. Next, making most of the existing conditions
can be established through careful studies of the site, urban fabric, and users. Time based
thinking is about phasing the project out, so that a successful redesign takes in place.
Maintaining the quality throughout the project positively affects the long term
maintenance and use. Finally, life-cycle costing is working with investors and contractors
on financial model of the design so that the design is implemented successfully and
returns the investment in the long run ICOMOS, 2014, p.5).

Measuring adaptive reuse potential of a building will reveal constraints, opportunities,
and lead to successful future adaptation of the building. There are two studies about
adaptive reuse potential assessment in the literature. ‘Adaptive Reuse Potential (ARP)
Model’ is developed by Langston and Shen (2007). It is a generic model that can be
implemented on all building typologies in all countries. This model is based on a
mathematical formula that estimates physical life, assesses seven obsolesce rates,
calculates of useful life and adaptive reuse potential. Second, AdaptSTAR is developed
by Sheila Conejos as a PhD dissertation under the supervision of Craig Langston. This
model is a tool for assessing existing and future buildings’ adaptive reuse potential. This
tool measutes the potential based on yes/no questions and ARP calculations.
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3. Adaptive reuse strategies for urban resilience

Conventional sustainable building life cycle consists of five phases: materials,
construction, use, end of life, and recycle (Figure 5). It is expected that once a building
reaches obsolesce or end of life (disuse), it can be demolished, materials can be salvaged
ot recycled. By this way raw material extraction will be minimized. On the other hand, in
a resilient urban environment built fabric is designed to resist in maximum capacity and
adapt to changing conditions. Once a building becomes obsolete, adaptive reuse can be
put in effect. Therefore, building life cycle in urban resilience context should include
adaptive reuse strategies for existing and future buildings to reach renewal stage (Figure
6). When it is represented as an adaptive cycle, building life cycle in urban resilience
could be represented birth, growth, release and renewal. As it is mentioned in section 2.1,
adaptive cycle (panarchy) has continuity among multiple scales. The need for adaptive
reuse in a building’s life cycle, therefore, can be represented as in Figure 7.

In addition, in the scope of this study AdaptSTAR tool that is based on seven
obsolesces, physical, economic, functional, technological, social, legal, political, is taken
as a foundation to form adaptive reuse criteria in urban resilience context. As mentioned
in section 2.3, buildings could become obsolete in time. And in AdaptSTAR study, these
obsolesces are addressed through a set of design qualities. Once these qualities are
examined carefully, it can be found that adaptability qualities are not integrated, except
functional quality. However, Nakib’s (2010) study shows that integrating adaptability
qualities in building can be achieved by means of socio-professional, technical, spatial
and functional, economic, facade and structural criteria.

Moreover, there is a need for the use of levels concept in the adaptive reuse strategy.
Built environment is directly and indirectly interconnected to sub-systems. These systems
consist of independent cycles. Besides, as mentioned in section 2.2, built environment is
constantly changing and these changes occur at varying time frequencies. For example,
stuff could be changed monthly, but space plan could be changed in 10-15 years. Every
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level will show a change or reach an obsolescence type in varying times. Therefore, it is
crucial to look at adaptive reuse in layers and timely manner. As a result, Table 3 and
Table 4 are created to show which layer could benefit from specific design criterion.

Table 3. Design considerations for resilient adaptive reuse

AdaptST AR and Adaptability Guide

LAYERS/ LEVELS (Adapted from Schmidt 111 et.al. 2009)

Sub-criterion

Stuff

Space Plan Services

Skin

Structure

Site

Structural integrity

X

X

Flexible foundation Design

Support structure / gridal

Divisible support structure

Context inspired structural

Structaral
Guidelines

Use dry connections

Study joinery installations

Physical

Material durability

Workmanship

Maintainability

Design complexity

Prevailing climate

Foundation

XXX X [X X X

XXX XXX XXX XXX

Economic

Population density

Market proximity

Transport infras.

Site access

Exposure

Planning constraints

Plot size

XXX XXX %

& Support simple / inexpensive
g solutions
=

S[Prioritize design/construction

investment over modification

Flexibility

Disassembly

Spatial Flow

Convertibility

Atria

Structural Grid

Service ducts and corridors

Functional

Spatial and Functional Guidelines

Time integrated Layers

Multifunctional Spaces

Interior Mobility

Elasticity and Divisibility

Optimize space and
utilization

X

Modularity

Fluid and continuous space

Buffer zone design

Circulation route design

Volumetric design

Phase design and construction

X

Integrate with surrounding

x

XX XXX XX
X

x

Orientation

Glazing

Insulation and Shading

Natural Lighting

Natural Ventilation

Building Management

Solar Access

Facade

Versatile envelope
Indeﬁendent accessed
Minimized facade design

Guidelines

Modular facade design

Irregular perimeter design

Technological

Technical Guidelines

Avoid fixed technical systems

Access to technical spaces

Separate collective and
individual

XX XXX XXX XXX XXX

Group flexible/inflexible

X

Pluggable & wireless systems

Strategic placement

X

Prefabricated/standardized
components

Over-measure energy

Dividable and modular
installations

Describe technical
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Table 3. (Continued) Design considerations for resilient adaptive reuse

AdaptST AR and Adaptability Guide LAYERS/ LEVELS (Adapted from Schmidt 111 et.al. 2009)
Sub-criterion Stuff Space Plan Services Skin Structure Site
Image / Identity X X
Aesthetics X X X
Landscape / T ownscape
History / Authenticity
Amenity X
Human Scale X X
Neighborhood

Flexible thinking

Open architecture concept
Decision making levels
Encourage user involvement
Professional interdisciplinary
Active maintenance

Raise awareness

Standard of finish

Fire protection

Indoor environmnetal quality
Occupational health&safety
Security
Comfort
Disability Access
Energy rating
Acoustics

| Adjacent buildings
Ecological footprint
Conservation
Community interest
Urban masterplan
Zoning

Ownership

XX XX X X

Social

Socio-professional

Guidelines
X |IX|X|x

XX |x|x
XXX |x

x
x

x
x
X [x|x|x[x

X [x|x|x
X [x|x|x
x

Legal

x
x

x

XX x> > |x[x]|x]|x

x> |x|x

Political

X x> [x|[x|x

Conclusion

Urban environment is affected by external and internal forces. For that reason it
is under a constant change. Twentieth century’s decentralization movement and rapid
urbanization in cities have resulted in highly motorized and fragmented cities, the decline
of town centers, and inadequate infrastructure and unplanned urbanization. As a result,
cities’ resilience is being questioned. In the literature it is agreed upon that existing
building stock and infrastructure in cities could cater to future population wave. In this
matter adaptive reuse could serve as a strategy toward urban resilience. Within the scope
of this study adaptive reuse literature, case studies, definitions, principles, processes, and
adaptive reuse potential assessment tools have been studied. However, an integrated
approach of time and layers based approach to adaptive reuse is needed for a resilient
urban environment. This theoretical study has attempted to produce adaptive reuse
potential criteria for resilient cities that existing and future buildings could benefit from.
Three findings could be drawn from this study. First, cities are complex systems that do
not bounce back once they are destabilized. However, their ‘growth’ and ‘release’ stages
could be strengthen by integrating adaptability tools and mindset into the design. Second,
adaptive reuse potential could be a regularly processed health check for the buildings.
Thus, changes can be responded accordingly. Third, layers and time concept should be
included in adaptive reuse studies. For further research, detailed criteria for each layer
(stuff, space plan, services, skin, structure, site) can be developed in detail based on
building life and product life cycles. Cities could benefit from the further research for
urban renewal projects.
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