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ABSTRACT

Due to the dynamic lifestyle we are currently living, our needs are changing accordingly.
However, the majority of the buildings are not designed to adapt with the confinuous
changes. The buildings' capacity of change is limited to the rigidity of its walls and the
inferlocked building systems; causing more demalition, loss of assets, materials and
historical values. Moreover, the physical adaptability of buildings, such as renovation
and expansion, usually requires high costs, time, and labor work.

This thesis research question is 'How can the design of the skin make buildings
more adaptable and respond fo the changing demands in a sustainable way?" I is an
exploration to design the skin as layers that can be disassembled for more adaptability
and easy materials reclamation. The aim is to develop some design strategies that
architects can follow fo creafte adaptable skins, and fo creafe a design proposal
based on the design strategies. Research for design is the main method of this thesis.
Relevant topics like buildings adaptability, systems separation, materials consumption
from a Cradle to Cradle perspective, and Design for Disassembly are explored o
create general design sfrategies that can be used in different contexts.

The confext of the thesis is Ronneby municipality, south of Sweden, where it has
adopted Cradle to Cradle as a method for ifs sustainable development and change
fowards Circular economy. The design proposal is applied o the currently on-going
extension project of Snackeback School in Ronneby. Also, the role of the architect in
the design process and the change fowards Circular economy is discussed.

The adaptability of the buildings' skin system is crucial as it holds, with the sfructural
system, the higher value of the buildings and defermine the buildings' capacity of
change. The concept of the design proposal is fo separate the buiding systems
and fo design the skin system as layers that can be disassembled, allowing buildings
fo be seen as ‘easy-to-change’ products according fo the different situations. With
the freedom this concept provides for the different skin layers, waste of materials
is minimized and even buildings can become a source of materials. One exfra
advantage is optimizing the buildings energy performance by alfering the insulation
layer, as presented in the design proposal, fo creafe variable U-Value skins; since
the optimal U-Value varies for cold climates and buildings with a high heat load. The
collaboration among the different actors in the design process like architects, material
manufacturers, and enfrepreneurs is crucial since the early design stages to achieve
more circular products and shift fowards Circular economy.

Keywords: Skin system, Circular economy, Adaptability, Cradle o Cradle, Design for Disassembly, Ronneby.
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PERSONAL MOTIVATION

From my childhood, | remember when my family and | were frequently going fo a
consfruction site. It was our dream house under construction. We were just dreaming
about the day we move in. It is not the perfect house, but we had an emotional bond
fo each piece of stone in the building.

Just a few years of inhabiting the house, some construction works took place. We
added pifched roofs on the terraces to have better protection from the summer sun
and the winter rain. We maintained the roof parapets because they lef rainwater in.
And when | sfarted going to Architecture school, we glazed the terrace connected
fo my room and made it my working sfudio. My two elder brothers got married so
we decided to fake advantage of the rarely-used basement and divide it info fwo
apartments for them.

The two apartments became small as they gotf children. There was a need for an
extra room. One of the apartments had the chance to expand from one side and
add an extra follet as well. The other was sfuck among a refaining wall, the adjacent
aparfment, and tfwo outer walls of concrete and stone. The only feasible solufion was
fo rearrange the interior partitions. However, the layout of the apartment was hard
fo adjust that lead to a femporary solution of adding a wall creating a room with bad
daylight and ventilation.

Despite the fact that the regulafions allowed for more floors and wider footprint than
the already built, the building itself did not allow us to change. The way it was designed
and constfructed generated rigid, inflexible walls made the adaptability of the building
limited and highly expensive. And the structural system cannot tolerate extra floors on
fop. Our house has been in a confinuous sfafe of change through fwelve years, but at
this point, it reached a dead end of adaptation.

That made me wonder, what would have been done fo make this building living,
growing, and adapting fo us as much as possible’”? How can the building at least keep
its economical value if it comes to this point? In this thesis, | am trying to see buildings
notf as arfifacts freezing in time once they are built, rather than a continuous fale of
layers that facilitate change.
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Introduction 1

BACKGROUND & CONTEXT

Almost all buildings are in continuous change. The decay of building components is
one of the reasons to change, but it can be fo adapt fo the changing needs or even
fashion. Responding fo the reasons of change is crucial to allow the built environment
serve ifs purpose and safisfy the needs. However, in most cases, the buidings'
capacity of change is limited to the rigidity of its walls and the interlocked building
systems making change a challenging step fo do.

With the scarcity of resources on the planet and the current overconsumption in
the linear manners, there is a need fo adopt new ideas to tackle these problems.
What if buildings’ skins are designed in a way that allows change o happen easily”?
Disassembling layers and recycle instead of demoalishing and disposing, being more
responsible towards the natural resources instead of being a burden.

Architects play a major role by their design decisions. But designing and constructing
the built environment is a complex multi-disciplinary task that requires collaboration.

CONTEXT:

Ronneby municipality, in Blekinge lan, Sweden. Ronneby has a vision to become an
internationally renowned, innovative promoter of sustainable development in business
and society, with Cradle fo Cradle as a method. It has already some Cradle to Cradle
inspired projects mainly in the educational facllities. This thesis is relating to the project
of Snackeback school, which is being designed during the writing of the thesis.

THESIS OVERVIEW

THEORY PRACTICE

Buildings confinuous change and the Buildings limited physical adaptability.
corresponding waste of materials. Implementation of circular design in the
Shiffing fowards Circular design in skin sysfems.

architecture.

Cradle fo Cradle view towards materials ~ Creating the assemblies

and Circular design as a potenfial and the connections between the
solufion. elements.

The design process and the contribution

of different stakeholders.
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PURPOSE

- To develop a set of design strategies thaf architects can follow to creafe skin that
can be disassembled for more adaptability and easy materials reclamation.

- To create a design proposal of adaptable skins for Snackeback school extension
based on the design strafegies.

-To explore the role of the architect in the process of change towards circular
economy, where the Snackeback school is considered as an example.

RESEARCH QUESTIONS

How can the design of the skin make buildings more adaptable and respond to the
changing demands in a sustainable way?

- How can Cradle to Cradle influence the choice of the skin materials and minimize
materials waste?

- How can designing the skin as layers influence the insulation layer and contribute for
more optimized building energy performance?

RESEARCH QUESTIONS RELATED TO THE CONTEXT

- What is the process of buildings design in Ronneby and how can it promote the
application of Cradle to Cradle in architecture?

-What is the architect's contribution in changing fowards circular economy?



The main Method followed in this thesis

Introduction 1

METHODS

The main method used is Research for Design. Relevant theories and examples like
buidings adaptability, systems separation, materials consumption from a Cradle to
Cradle perspective, and Design for Disassembly are explored fo define the theorefical
framework through readings, case studies, and own-interpretfations. Then fo develop
a set of design sfrategies for adaptable skins. The design strafegies are used in the
design proposal. Research by Design is used during the design process to reflect on
the design strategies developed in iterafive way.

« Research for Design
<

N

N
N
N
N

Contextualize

THEORY

PRACTICE

Conceptualize

N
N
N
N
N

Research by Deswgm\ >

SUPPORTIVE METHODS

Literature sfudies: of selected books fo gain knowledge within related fopics to
exfract conclusions and design strategies.

Case studies: related fo the reading process fo learn from practical examples.
Study frips: To Ronneby city, to see and have better understanding of the site and
context. To the Netherlands, was done before the thesis, However it inspired the

thesis.

Inferviews: with professionals in related topics (check page 71).
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DELIMITATION

The main focus of this thesis is the physical aspect of adaptable skins and the relation
fo the maferials of the skin. Therefore, the view of Cradle to Cradle fowards materials
is explored in the research and in the design. The adaptability of the skin system is
consideredbecause it can open more possibilities for the building's overall adaptability,
and because the skin design process is related more to the architects (Check pages
22,34).The project of Snackeback school is faken as an example fo confextualize and
implement the design proposal in a Cradle fo Cradle driven municipality. The thesis
uses the proposed plans by the architect in Ronneby as a base for the skins design.
The investigations about pedagogy are very limited as it is not the main focus.

Focus on expansion Focus on renovation
Design the plans Use the proposed plans
Exterior walls Interior Walls
DESIGN PROCESS

An iferative process befween collection, analysis and design is followed to develop
poth the design strategies and the design proposal. The oufcome of the design is
presented in Chapter 4 (Design proposal).

Theoretical framework
COLLECTION &

ANALYSIS

DESIGN

PROPOSAL
Design strategies

Frameworks Sustainability
Adaptability
Skin systems
Cradle fo Cradle (materials)

Design for disassembly

Focus Adaptable skins

Delimitafion diagram

Focus areas in the design proposal of Snackeback
school
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GLOSSARY

CIRCULAR ECONOMY:

Unlike the fraditional linear model of ‘extract, use, and discard’, Circular economy is a
restorative and regenerative model as it aims fo create ‘closed loops' of products and
services with less or no waste.

CRADLE TO CRADLE® (C2C):

A philosophy that does not accept the human existence o be negative on the
environment rather than encouraging practices that leave no pollufion or waste, and
confribute positively in the planet. Cradle fo Cradle® is a frademark of McDonough
Braungart Design Chemistry, LLC.

MATERIAL RECLAMATION:
When a material is defached from the building fo be reused or recycled.

SKIN SYSTEM:
The exterior walls or the facades of a building that create that creates separates the
indoor from the outdoor and creates ‘the climate shell'.

U-VALUE:
A measure of the heat fransmission through a building part or a given thickness of a
material. The lower values indicating befter insulafing properfies.

READING INSTRUCTIONS

As mentfioned in the ‘'methods’, the literature overview is not only extracts from
literature, it also includes conclusions from sfudy visits, case studies and the author's
inferpretations, which are presented in both written or graphical form.  The chapters
are divided according to their focus:

CHAPTER 2: THEORETICAL FRAMEWORK

Summary of the author's readings and reflections for better understanding of the
topic and seeking the thesis general research question. Summarized at the end of the
chapter and includes the design sfrategies developed.

CHAPTER 3: THE CONTEXT

Exploring the municipality of Ronneby and their process in applying C2C as amethod
for their susfainable development. It includes information about the Snackeback
school project from the municipality's perspective as well.

CHAPTER 4: DESIGN PROPOSAL
It includes the author's contribution to the Snackeback school project.

CHAPTER 5: DISCUSSION & CONCLUSIONS
It includes comments and reflections on both the fopic of the thesis a as a whole and
the specific confext of Ronneby and the Snackeback school project.

-Allimages and diagrams, , illustrafions and images are by the author unless a source
mentioned.
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THEORETICAL FRAMEWORK

CHANGE & ADAPTABILITY
UNDERSTANDING FACADES
CRADLE TO CRADLE

SUMMARY & DESIGN STRATEGIES



Change drivers
(Based on Schmidt Il and Austin, 2016).

Theoretical framework 2

CHANGE & ADAPTABILITY

BUILDINGS CHANGE & ARCHITECTS ROLE

Change is constant in everything; in the solid rocks by the sea and in the delicate plant
leaves. The rocks crush info smaller parficles in thousands of years and leaves grow
and fall within months. And so is architecture changing as Brand (1994, p.2) mentioned
that "Architecture, we imagine, is permanent. And so our buildings thwart us. Because
they discount fime, they misuse fime.” Change in buildings is confinuous throughout
their lifetime. It is a natural thing fo happen as they are a part of a continuous changing
world. Change of needs, usage, and developing fechnology.

Fufure is uncertain and the timing when change is needed can be unpredictable.
However, there are many drivers thaf can rise the necessity of change. Schmidf lll and
Austin (2016) mentioned some of the change drivers.

Physical Economic Functional
Ownership/ user needs

Weathering Market fluctuations ‘
Wear and fear Budget shiffs Organizational expamswon/ shrinkage
Vandalism Ownership Type of wark
Incompatibility factors Reduction in lease lengths Cuality of workplace

Global compefifion Flexible employment arrangement

Technological Social Legal
Information fechnologies Fashion Ceneral legislation
Construction methods Demographics Building ordinances
Material performance Lifestyle - mobillity, density Construction standards
Product life cycles Social agendas, trends Government grant incentives
Transport facilities Skills Planning

Environmental controls

Despite that buildings are changing, aimost no buildings adapt well. They're designed
not fo adapt; also budgeted and financed not to, constructed not fo, even remodeled
not to. But all buildings (except monuments) adapt anyway, however poorly, because
the usages in and around them are changing constantly (Brand, 1994, p.2). The capacity
for buildings fo respond fo these changes are highly defermined through design
decisions early on resulfing in the buiding's design sfructure - what it is, how it is
constituted (Baldwin et al, 2000). The architect's role in allowing buildings fo respond
to the change is challenging and sometimes hard to achieve. It is because of the
complexity of design for the current circumstances and considering the uncertain
various future scenarios. Time as a design confingency relies on placing architecture
in context, making it susceptible to its femporal reality and biggest fear - change.
Designers fend to ignore these femporal aspects focusing on an aesthetic fixation
and functional performance, freezing out fime in pursuit of a stafic idealized object of
perfection ( Schmidt Ill, et al. 2010, p.2).
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ADAPTABILITY DEFINITION

‘The capacity of a building to accommodate effectively the evolving demands of ifs
context, thus maximizing value through lite’. (Schmidf Il ef al, 2010p.3)

This definition does not only focus on changing o safisfy the evolving demands, rather
than it shows the importance of seeing the consequences of the change in a longer
perspective; 1o maximize the value through life. Therefore, achieving higher level
adaptability and sustainability.

ADAPTABILITY TYPOLOGIES

Schmidt lIl and Austin (2016) proposed six adaptability types and defined them as a
classification for a particular change objective that shares a subset of characteristics
and factics under the umbrella of adaptability.

T ceeAL
c— ) .
—>
fom—) )
VERSATILE ADJUSTABLE REFITABLE
change of space change of fask/user change of performance

oo
SN 5 2 N

CONVERTIBLE SCALABLE MOVABLE
change of use change of size change of location

Adaptability types
(Based on Schmidt Il and Austin, 2016).

The spafial types - versatile and converfible were found to be much more
prevalent than physical types. In addition, spatial and physical types of adaptability
behave differently — e.q. spatfial fypes are spread through-out the building layers, while
physical types are more concentrated in one or fwo building layers.



Theoretical framework 2

BUILDINGS AS SYSTEMS

As away fo explore how can architects add the dimension of fime to their designs and
promote adaptability, it is essential to understand how the buildings function and what
are the components that make the whole.

A building is no longer a single object, but a combination of systems, each system with
its own design process, production process and lifetime (Leupen, 2005). They can be
seen as a combination of four main systems. Where each system serves a specific
function; A sfructural system that makes the building stand and acts as a skeleton, a
skin system that creafes a climate shell, a space plan system that shapes the inferior
spaces, and a services system that contributes to makes a building comfortable and
functional.

The building systems, in many cases, are combined and interlocked with each other.
Structural systems, for instance, can also be parts of the skin system and services
systems canbe part of the skin system as well. This fusion makes change complicated
and expensive and some cases impossible.

Furniture and equipment can also be seen as the fifth system, but it is not directly
affecting the building. Moreover, the architect's role in this system is limited to a great
extent compared fo the other systems in the building. The architect can contribute
by proposing a furniture layout, but does not have to choose the items directly and
decide their qualities unless assigned for this fask.

1. Structural system

2. Skin system 3. Space plan system 4. Services system
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SLOW VS. QUICK

The layers concept acknowledges that building elements have different lifespans
that should be constructed distinctly. The term was coined by Frank Duffy  who
argued that buidings should not be measured in material terms, but in terms
of fime (Schmidf Il and Austin, 2016, p.36).

Stuff (daily-monthly)
Space plan (3- 30 years)

N Services (7-15 years)

Skin (20 years)

Structure (30-300 years)

ya pa
N N

Site (efernal) Shearing layers of change (Brand,1994).

Brand (1994) suggests that slow changing components control and constrain the
quick changing ones. Site dominafes the structure, which dominates the skin, which
dominates the services which dominafe the space plan, which dominates the stuff.
Meaning that in the long term, it is the structure and the skin that have the biggest role
in the defermining the capacity of change; whether as a facilitator or as an obstacle.
Therefore, designing them with qualities that can open the possibilities to change is
essential. However, bullding systems in many cases are interlocked and combined
with each other, where if one system, or an element, needs maintenance or fails, it leads
fo change in the other well-performing systems. The more layers are connected,
the greater difficulty and cost of adaptation.

1) Space refitted -

5 every 5 years _

o

O

—

<

= .

% Services

6) refitted every
Traditional view 10 years Space plan (5-7 years)
of building costs

15-
(a5 oul) B Services (15-20 years)

Structure (50 years)

Cumulative capital costs over fime.

Duffy and Henney (1989)
TIME



N
Replacement or modification of shorter
life elements does noft affect or damage
those of greater durability.

Theoretical framework 2

SYSTEMS SEPARATION

A strategy called ‘System Separatfion” developed by the Office for Real Estate and
Public Buildings of the Swiss Canfon of Bern has a high pofential in increasing the
buildings’ capacity of change and reducing the associated costs. It sees the buildings
according to their hierarchy of lifespans and categorizes the building info a Primary
System including the sfructure and the skin; a Secondary system including the internal
elements like buiding services; and a Terfiary System consisting of equipment and
furniture.

Ceiser (2004) clarified the systems as the following:

THE PRIMARY SYSTEM

must be as open as possible for the different (and unforeseeable) activities in the
secondary system, so the scope for adaptation must be as wide as possible. It must
be assumed thaf the primary system will accommodate various secondary systems
in different cycles during its service life.

THE SECONDARY SYSTEM
Subsequent install-ability, disassembly and reassembly are the key focal points for
this system level.

THE TERTIARY SYSTEM

is a short-ferm investment thaf can be changed without any major structural work. It is
supbject to rapid change and is least predictable.

PRINCIPLES OF SYSTEM SEPARATION (Based on Macchi2017)

Flexipility, assured by the Primary and ~ Area-availability, assured by the Primary
Secondary Systems being designed for ~ System being designed in such a way
openness. that the building can be extended fo the

maximum over time.

(B
Design with the buildings systems
lifespans in consideration.
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EXAMPLE: INO- UNIVERSITY HOSPITAL OF BERN
SWITZERLAND

Purpose of example: The first project guided by System Separation.
Building scale: Large.

Location: Bern, Switzerland

Completed 2012

Geiser (2004) mentioned that the west surgery wing was not planned for variable use.
It was failor-made for the use concept envisaged at the fime of ifs construction and
it was no longer meeting the modern standards of building services and safety and
major renovafion was needed. However, despite the fact that the structural system
was infact, the building was impossible fo adapt to the changing needs because the
dividing walls between the operating theatres were designed as load-bearing walls.
Consequently, the building was demolished.

The west surgery department Change fimeline

N ’

The West Surgery Need & Decision for Demolifion- New design New building
Wing completed renovation Renovation is according fo System completed
impossible Separation
""" 1971 | 1990's | 2000's 2012

The planning process of the project was divided according fo the System Separation
hierarchy. An international competition was held for the planning and design of the
Primary System (building structure and shell) involving architects nof necessarily
specialized in hospital planning. It was concerned instead with the urban and
architectural challenge of creatfing a robust Primary system- affractive, well positioned
and designed for openness. The subsequent competition for the Secondary System
- in other words, for the interior organization fit-out - was open exclusively to highly
experienced hospital planners. The Tertiary System designers were directly appointed
on the basis of their expertise, as were the project managers (Macchi, 2017).

The structural system is made concrete frame that has columns on a grid of 84 x 84
m2 with zone of 36 x 36 M2 in the center of each structural bay that can be knocked
outf fo infroduce daylight, for vertical access, or fo make visual connections. INO has
become a pioneering medical institution and because of its adaptability can continue
fo refain its cutting edge (Macchi, 2017).

20

Primary system designers:

HKK Architekten Partner, Hegi Koch
Kolb + Partner Architekten, and Kamm
Architekten.

Secondary system designers:
[ften+Brechbuhl AG.

Tertiary System designers:

HWP Planungsgesellschaft.

Inferior view

© Sandra Stampfli, Bern / by courtesy of
[ften+Brechbuhl AG, Switzerland
(wwwi.ittenbrechbuehl.ch



Exterior view

Figure 1 Degradation of structural elements
Inspired from the inferview with Shea Hagy (2018).

a. Connecting the skin fo the siructural element
for the first fixing after making penetrations in the
structural element.

pb. Creafing new penetrations in the structural
element to fix the changed skin fo ensure stability.

c. After multiple changes, the structural element
degrades due to many perforations

Theoretical framework 2

EXAMPLE: HSB LIVING LAB

Purpose of example: Demountable facade components
Building scale: Medium

Location: Gothenburg, Sweden

Years of Commission 2013-2023

Architects: Tengbom

HSB Living Lab is a research and demonstration arena which also includes homes
for students and guest researchers. The house is builf in modules and on a femporary
construction permit. Then after fen years, the whole building will be moved elsewhere
(HSB,2015). The structure is based on modules to ensure flexibility of the sfructure
and facilitate mounting and dismounting.

12 demountable components 15x3m were infegrated on the exterior walls to allow for
different wall assemblies festing. They are designed fo be faken out from the interior
to the exterior but never been done so far. A change happened only in the cladding
layer to mount some PV panels as Shea Hagy, the Project manager, mentioned in an
interview (2018).

DECOUPLE STRUCTURAL ELEMENT FROM NONSTRUCTURAL ELEMENTS

a

It is important to avoid connection methods that degrade the quality of the structural
elements with the repetition of mounting and dismounting the skin. For instance, if
penetfrations are made in the structural element for each time the skin is changed,
the sfructural elements will degrade over fime because of the mulfiple penetrations.

CHALLENGING THE CONVENTIONAL CONSTRUCTION INDUSTRY

RISK 2
O & N,
- p-oUe
The design of HSB Living Lab challenged the conventional consfruction industry fo
estimate and implement the new proposal. Therefore, increased the process fime

and cost fo ensure that the project will be economically feasible for the different
stakeholders despite that the building technology used is already existing.

21
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ADAPTABILITY AND BUILDING SYSTEMS

This diagram shows the relafion between the buiding systems and the level of
adaptability. One important aspect of adaptability in buildings is fo have the adaptability
qualifies embedded in all the buiding systems. Especially to the primary systems
as they have the final call in critical situations whether the whole building will adapt-
physical adaptability, or come fo an end. The primary system is the base that should
be solid and durable yet adaptable.

TERTIARY STUFF |
()
=
SPACE PLAN
SECONDARY
SERVICES

Because that the primary systems hold the higher value of the building and require
high efforts and cost to change, their level of adaptability should be higher to ensure
better, longer and more sustainable life of the building. Designing the primary sysfem
is an inferdisciplinary fask between architects and structural engineers. Architects
are more engaged in the design and details of the skin than the design of sfructure.
Therefore, this thesis is focusing on the skin system from the architect's perspective.

22

Low High
e

Relation between adaptability and building
systems.



Facade functions

Theoretical framework 2

UNDERSTANDING FACADES

FACADE

The ferm ‘facade’ derives from the Lafin ‘facies’ (face)which was used in antiquity to
describe the publicly visible side of abuilding - especially of prestigious buildings(sacral
as well as secular). A sfructure built by the hand of Man symbolises the inferaction
between the individual, the oufside space and society. This encompasses the climate
and fopographic confexts on one hand, the reflection of societal forms, political infent,
religious provenance and ethnic grouping on the other, and even the availability of
local resources. A building serves as a store of information, and is af the same fime a
witness of different epochs (Herrmann, Krammer, Strum, Wartzeck,2015, p.12).

_O_
-

Natural lighting

Exterior
appearance

ater©©

proofing

Views in & ouf Dﬁ
Ventilation

Wind loads

Noise \L
’/>/>> Self-weight

c .7
»

Thermal insulation

Different functions that a facade serves: it defines the architectural appearance of the
building, provides views to the inside and outside, absorbs push and pull forces from
wind loads, bears its self-weight as well as that of other building components. The
facade allows sunlight fo penetrate into the building while usually providing protection
from the sun at the same time. If resists the penetration of rainwater and has fo handie
humidity from within and without. The facade provides insulation against heat, cold and
noise and can facllitate energy generation. In addition, it must be long-lasting, easy fo
maintain and fo clean (Knaack, Klein, Bilow, Auer,2014, p.36).
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3 LAYERS

The facade can be separated into three layers to provide protection against different

environmental factors.

INNER LAYER

ouT

Separates the inferior space from the
facade or from the external space.

- Functions as wind and vapour barrier.

24

(llustration by author inspired from Knaack et al, 2014)

INTERMEDIATE LAYER

Provides insulation against heat and cold
in both directions.

- To prevent or minimise the direct fransmission of
heat, this layer should be thermally isolated from the
outer weatherproofing layer.

- Provides sound insulation if sufficiently solid.

- If the facade has load bearing function, this is
performed by this layer.

EXTERNAL LAYER

%,
Q

10

P ©

Weatherproofing against rain, wind and
solar irradiation.

- Means for solar radiation protection can be
added to this layer.

- Water should be drained out from the building
fo avoid damage caused by it through adding a

second drainage behind this.



Schematic representation of the elements
of facade construction

1. PRIMARY STRUCTURE
Forming the main load bearing structure
of the building.

Theoretical framework 2

FACADES CONSTRUCTION

Knaack, ef al, (2014) mentioned that three main areas of consfruction can be defined
within the facade; primary sfructure, secondary structure, and infill elements.

.
RN
\\

2. SECONDARY STRUCTURE 3 INFILL ELEMENTS
The load bearing structure for the Such as glazing, panels efc. are mounted
facade and constitutes the connecting on the secondary sfructure.

element between levels one and three.
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POST AND BEAM VS PANEL SYSTEMS

N

POST AND BEAM FACADE

ADVANTAGES
- Allows adjustments and flexibility in
sudden changes
- Economic
- Reliable

DISADVANTAGES
- More site activities
- Slow assembly
(Kawneer, 1999).

PANEL SYSTEM FACADE

ADVANTAGES
- Factory assembly
- Fast construction

DISADVANTAGES
- Sforage and shipping costs
- Cost for liffing equipments on site.
(Kawneer, 1999).



The different changes of the house
Images source: www.archdaily.com

Provides protfection in extreme weather
(Timber frames, wood wool insulation, and
metal roof)

Provides fransparency

(Timboer frames and glass)

The Skin layers

Theoretical framework 2

VARIABLE U-VALUE

One of the functions that the skin serves is the insulation against heat and cold. In
conventional buildings, the insulation is sandwiched in the layers of the skin with fixed
thickness despite the difference of heat and cold throughout the year, or even the day
in some climates. To overcome this issue, changes often happen in the HVAC system.
However, one of the adaptive solufions fo optimize the building energy performance
is allowing the U-value of the skin to alfer. “For cold climates and buildings with a
high heat load, the optimal U-value varies. When the heat load peaks, there is a need
for cooling while heating still is needed cold days and when the activity is low. A low
U-value would help to keep the warmth indoors when heating is needed while a high
U-value would help to cool the building when the outdoor temperature is lower than
the indoor temperature.” (Berge, Hagentooft, Whalgren, and Adl-Zarrabi, 2015, p.376).
Variable U-value can e achieved on a micro level relying on the materials behavior
under different circumstance as Berge, et. al (2015) showed in their paper. Another way
can be seen with the naked eye and it is offen associated changing the configuration
of the wall layers, specifically the insulation layer.

EXAMPLE: GARDEN HOUSE

Purpose of example: Building physical adaptability, Variable U-Value
Building scale: Small

Locafion: Eindhoven, The Netherlands

Completed 2016

Designed and built by: Caspar Schols

The idea is that the house can be easily adjusted to any weather type, mood or
occasion. Mainly built in Douglas wood, it contains an inner shell of double glass and
an overarching roof of steel. The space is heated by a small but efficient Norwegian
wood stove. The whole project gets its stability from a traditional fimber fruss structure
and is built on 18 pillars of reinforced concrete (150"20"50cm)(Archdaily, 2016).

3 bt o7 . *1g ST e
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CRADLE TO CRADLE

LINEAR ECONOMY

No matter how long each layer of the building served, short or long, at the end it will
reach fo a point where it cannof fulfill ifs fask. In the conventional linear use of materials;
the raw materials are exfracted, manufactured, used, and then discarded leading to
a definite end as waste. This does not only creatfe bigger and bigger landfills on the
planet and discards the value of material, but also makes buildings a burden to the
planet. As we are currently on average use more the 15 fimes the resources that the
planet can provide (World's footprint 2015).

D

extract use discard

Y
Y

The building industry is responsible for the use of up to 40% of the materials produced
globally and about 35% of the world's waste (Jensen and Sommer, 2016, p.182).
Designing within the framework of the materials lifespans provides a good start for a
sustainable future. However, it does not provide a solution for the linear consumption
as it is only reducing the need for new materials. Reduction as McDonough and
Braungart (2009) mentfioned does not halt deplefion and destruction- it only slows
them down, allowing them fo fake place in smaller increments over a longer period
of time.

CRADLE TO CRADLE: THE PHILOSOPHY

Cradle to Cradle as elaborated by McDonough and Braungart (2009) is a philosophy
that does not accept the human existence fo be negative on the environment rather
than confributing positively in it. Being less bad is not good - Cradle to Cradle
encourages practices that leave no pollufion or waste, but confriobute fo improve the
quality of life on the planet.

WASTE = FOOD USE CURRENT SOLAR INCOME
Everything is a nutrient for something Energy thaf can be renewed as if is
else. used.
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Linear use of resources

Reduction is only delaying

AD

CELEBRATE DIVERSITY
Species, cultural, and innovative
diversity.



Theoretical framework 2

CRADLE TO CRADLE: THE TWO METABOLISMS

To eliminate the concept of waste means to design things- products, packaging, and
systems- from the very beginning on the understanding that waste does not exist. It
means that the valuable nutrients confained in the materials shape and deftermine the
design: form follows evolution, not just function (McDonough & Braungart, 2009, p.104).

From the principle waste equals food, the products can be infegrated info two fypes
metabolisms; Biosphere metabolisms and Technosphere mefabolisms.

2 &

) "’

BIOSPHERE METABOLISMS TECHNOSPHERE METABOLISMS
The two metabolisms  TOr products designed fo support bio- for products designed fo provide a
(Based on Cradle to Cradle) logical processes. technical service and whose materials

are confinuously recycled.

WASTE HIERARCHY
_ o REFUSE Lo
Avoid unnecessary use inffially and pro- o
long the life of service. 7@ DEMATERIALISATION oo
o
Z MAINTENANCE g
- <o
REPAR 3 9!
LA
REPURPOSE g g
Repeated use for the same original SR
ourpose. 7@ REUSE & REDISTRIBUTION ]
[
A REFURBISHIMENT ! g
c |
UPGRADING 8!
|
To refurn materials info use again affer _ © TEOHNGAR Biefeclent !
modification. (3 UPCYCLING CASCADING !
- 7 |
£ RECYCLNG  COMPOSTING B
The last step when the material cannot
Circular Ladder for resources use in a circular ? o the circul ' & ENERGYRECOVERY ~FERMENTATION
economy refurn fo the circular sysfem. 3
(Based on De Groene Zaak, 2016) (% LANDFILL NUTRIENTS
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WHAT IS A CRADLE TO CRADLE BUILDING ?

A Cradle to Cradle building contains defined elements that add value and celebrate
innovation and enjoyment by. measurably enhancing the quality of materials,
biodiversity, air, and water; using current solar income; being deconstructable and
recyclable, and performing diverse practical and life-enhancing functions for its
stakeholders (Mulhall and Braungart, 2010, p.7).

EXAMPLE: VENLO CITY HALL

Purpose of example: Cradle to Cradle building
Building scale: Large

Locafion: Venlo, The Netherlands

Completed 2016

Architects: Kraaijvanger Architects

The building is not merely sustainable ‘less bad', but delivers a positive contribution to
man, the environment and economy. It exploifs water, makes energy from sunlight and
groundwater, and purifies air by the green facade.

The green facade and the trees purify the air from the road and railway line alongside
the building. More than 100 varieties of flora & fauna. Combats heat stress and forms
part of the insulation layer.

The material manufacturer of the aluminum , Kawneer, designed their products in
such a way that they are easy fo disassemble and can be melted down for future
applications at the end of their lifecycle (archello,2018).

o b

North facade: South facade:
Biological cycle  ~ Technical cycle

Diagram retrieved from City Hall Venlo Infografic
English. www.c2c-centre.com

Venlo City hall
Image source: www.Archdaily.com
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Use screws, pins, nuts and bolfs.

Theoretical framework 2

DESIGN FOR DISASSEMBLY

‘Design for disassembly' is aholistic design approach where the infention is to make any
given product easy to disassemble info all its individual components. The approach is
a cornerstone of the circular economy because it allows the different components to
fit into a closed material cycle, where they can be reused, reassembled and recycled
to new products of similar or higher quality. (Jensen and Sommer, 2016, p. 41).

STRATEGIES FOR CONNECTIONS

@ «|>

Use common and similar fasteners. Use easy dissolvable binders.

Strategies for connections
(Based on Jensen and Sommer, 2016).

FUNCTIONAL SEPARATION AND DEPENDENCE IN ASSEMBLY

Design for disassembly favours tofal separation between different functions, on all
building levels. A building component can be taken from a building, if it is defined as
an independent part of the building's structure. The first step that must be made is o
subdivide the building into different sections that have different performances and
different life cycles (Durmisevic, 2006, p.163)

Durmisevic (2006) also discussed the aspect of design of connections befween
components and their assembly. She showed seven principles of connections ranged
from fixed fo flexible connections. Where the most flexible connection is “indirect with
additional fixing device" that with the change of one element another stays unfouched,
and it allows all elements to be reused or recycled.

Connection
Function Element1 i  Element 2
Component
Infegration Separation
Element 3
Separation vs. integration of functions Flexible connection
(Based on Durmisevic, 2006). (Based on Durmisevic, 2006).
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DESIGN FOR DISASSEMBLY: CONNECTION EXAMPLE

Martin Ravnsvibeek and Hans Nicolai Sendergaard in 2015 developed a mechanical
connection prototype that allows disassembly and reuse.

al: .

The protofype shows a typical connection befween two precast concrete corner
elements, as well as two wall elements side by side using the same connection
fechnology. These connections between elements are based on accessible load
fransferring bolts placed in embedded anchor boxes in precast recesses. The bolted
joints are accessible from the external side of the element, protected against fire due
fo insulation and external cladding. This concept is primarily targeting buildings of up
fo four stories (Jensen and Sommer, 2016, p.99-100).

Corner using mechanical connections
(Image copyrights o GXN)
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Circl Pavilion, Amsterdam.

Theoretical framework 2

EXAMPLE: CIRCL PAVILION

Purpose of example: Circular design
Building scale: Medium

Location: Amsterdam, The Netherlands
Completed 2017

Architects: de Architekten Cie.

The project architect Hans Hammink explains: "We selected wood as the main
material. The life cycle of the supporting structure is estimated to be thirty years.
This means that the supplier must be able o pick up the fimboer affer three decades
in order to use it again. Therefore we need fo creafe a design which makes it easy
to dismantle the components of the Pavilion" In fact, in a circular way of thinking the
wood supplier is no longer a mere 'supplier’, but a ‘co-creator’. The supplier should
benefit from being able to re-use his wood again after thirty years (http//en.cienl/
projects/1744#).

The structural fimber elements were oversized to keep greater value of the material
for the next life cycle.

The concept of ‘Products of service' has been implemented in the project where the
elevators will remain the property of the manufacturer, Mitsubishi, and the users are
charged for the service. The manufacturer services the liff and will ensure that the
parts are recycled af the end of service life in thirty years' time.
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POSSIBILITIES FOR THE SKIN

If the exterior walls of a building are load-bearing that means that the structural system
is interlocked with the skin system. Thus the dependency of the systems on each other
causes limited capacity for change and might lead fo a quick end of the building's life.

The distinction of the structure from the skin within the Primary System provides
higher freedom and flexibility in the design, and brings a better setfting for the building's
adaptability. In 1914 Le Corbusier designed Maison Domino, a two-floor concrefe
structure (slabs, columns and stairs) plus partitioning. This design distinctly separates
the structure from the skin; allowing the exterior walls fo be free from the sfructural
function. This concept of a sfructural frame and an infil wall is not only limited fo Mai . .
i . aison Domino, Le Corbusier.
concrefe buf can be implemented in wood or sfeel frames as well. Image source: hitp/hecityasaproject.org

Possibilities of physical change in the exterior walls without affecting the structure:

Expand Shrink Repair

ANEANEAN

N
N

Add or remove layers

Change layers
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Materials lifespans
Less or no waste
High capacity of change

Cradle to Design for
Cradle : Disassembly

Systems Separation

Shared principles

vy

Systems Separation

Separate the sfructure system from the skin
system; Avoid load-bearing walls

©)
Hierarchy of lifespans

Take in consideration the rate of change and
materials excepted lifespans

Open possibilities

Design in a way fo create more possibilities fo
correspond to the unexpected future needs

SUMMARY & DESIGN STRATEGIES

SUMMARY

Theoretical framework

2

-The primary systems; structure and skin, have the final call in the critical situations
that demand major physical changes in the building. Hence, according to the primary
system's capacity of change, the whole building adapts, or come to an end.
- Cradle to Cradle, Design for Disassembly, and Systems Separation complement
each other and share many principles. They take the materials lifespan in consider-
ation, aim for less or no waste, and as a result, they can provide products with a high

capacity of change.

-Separate functions to different components for easier material reclamation.
- The construction fechnology and material manufacturers impact the realization of

circular design.

DESIGN STRATEGIES

+'KG\

Oversize structural elements

Allow for expansion, and fo earn fufure value of the
materials when reclaimed

Reversible connections

That does not need customized fools for easy
separation of the different layers.

is

Modularity

Design fo standard dimensions fo reduce materials
waste and increase reuse possibllifies

-

‘\

Avoid materials damage

Replacement or modification of shorter life
elements does not affect or damage those of
greater durability.

Accessible connections

Place the connections fo be easily accessed.

S

Select reusable, recyclable materials

Materials that can be infegrated info the
fechnosphere or biosphere metabolisms.

35



A Tale of Layers | Exploring Adaptable skins within a Cradle to Cradle context

THE CONTEXT

| RONNEBY
' SNACKEBACK SCHOOL PROJECT

36
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Ronneby

Ronneby in Blekinge county, Southeast of Sweden

University move Palitical change

The context 3

RONNEBY

RONNEBY AND CRADLE TO CRADLE

Ronneby is located on Southeast of Sweden in Blekinge county. The area of Ronneby
is 825 km? and has 29207 inhabitants (SCB, 2016). In the first decade of the 215
century, Ronneby experienced a downward economic spiral and politicians started
fo argue how the fufure of Ronneby had to be guided by sustainability. Ronneby lost
the local university of technology; a huge business park was looking for new fenants
and the local government commissioner became firmly convinced of how sustainable
development was to be the new "guiding sfar” (Mellqvist, Kristensen, and Van Den
Bosch, 2016, p. 79-80). During that period one palitician was inferestedin the philosophy
of Cradle to Cradle and then it was adopted by the municipality as a method for ifs
sustainable development visions and to change fowards circular economy. In 2011,
the city of Ronneby founded a Center for Research and Development in Ronneby
[Cefur] which is responsible for Ronneby Municipality's commitment fo susfainable
development. The long-term goal is circular economy and the method they have
chosen fo get there is to be inspired by Cradle to Cradle (www.ronneby.se).

After some years of population decline in the municipality, the population started
growing again in 2013, It is mainly because of inflow immigrants from abroad. The
population structure is also changing. The proportion of children and youth as well
as the elderly will increase the most. To ensure growth, high quality investments are
being made in the educational environments of preschools and elementary schools
(Ronneby 2035, 2017).In 2014, Backsippan preschool was opened, which is considered
af the fime, as the healthiest preschool in Sweden (Ronneby). Many ofher projects
followed with the focus on C2C, and Snackeback School, which this thesis is relafing
fo, Is one of them.

Cefur Population change Backsippan preschool

2009 2010

Manage resources

0!

Use renewable energy

Diversity

201 2013 2014

Main events in Ronneby in the process of change
fowards C2C as a method. By the author.

RONNEBY'S APPLICATION OF CRADLE TO CRADLE IN THE BUILT
ENVIRONMENT

In order to apply the C2C philosophy in the built environment, Ronneby & Cefur gave
some fools and strafegies fo faciliftate and ensure the implication of C2C principles
in planning and constructing the built environment in the municipality. The strategies
create a framework that can be used for both the municipality’s work and the private
businesses. The framework consists of three basic principles (Ronneby 2035, 2017):

- Manage resources: Biological materials should be able to go back fo nature as
nufrifion and fechnical materials can be recycled as raw materials for industry.

- Use renewable energy: fo drive the necessary processes.

- Achieve resilience through diversity: Biological, cultural, and economic
diversity helps everyone fo be resilient against different threats.
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CRADLE TO CRADLE PRJOECTS PROCESS IN RONNEBY

Ronneby municipality in collaboration with Cefur published a befa version of a “Cradle
fo Cradle manual for the builf environment in Ronneby municipality” describing how
fechnical adminisirations can use C2C as a method in the projects. Generally it
describes the overall process of a project. Where it shows how fo identify the inferests
of the different stakeholders related fo the project and develop a project specific
program based on the sfakeholders analysis,C2C manual, and C2C knowledge bank
that documents the experience from previous projects. It also suggests educatfing
people who are related during the different project steps about C2C, sustainability and
using a material dafabase. As Ronneby municipality has high goals of sustainabillity, the
manual suggests communicating about the projects to promote and increase the
affractiveness of the municipality.

Decision to implement the project

Stakeholders analysis

¥

Infentions & goals developed from the stakeholders
analysis, C2C manual, and C2C knowldge bank

?

Project specific quality program

Tender documents/ Competition invitation
Specifications / Function Program

c2C
Knowldge

Procurement process

¥

bank

Education

¥
4

¥ ¥
‘*I*‘*l* ‘*I*‘*lk‘ *‘

Construction and internal quality control

¢

¥

Experiences and improvements
transferred to C2C Knowledge Bank

¥

Communication

As a method to measure and assure the quality of materials in the built environment,
Ronneby suggests referring fo SundaHus material dafabase. It provides support in
making environmentally conscious material choices, ie, fo avoid products containing
hazardous subsfances and fo document product choices. SundaHus Material Data
provides the opportunity to monitor the contents of a building over time through
reliable product documentation (www.sundahus.se).
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Process for a project with C2C as a method
(Ronneby Cradle to Cradle manual for the built
environment in Ronneby municipality betfa version).
franslated by the author.

Material Database



The modular plan layout

Image taken by Author

The context 3

EXAMPLE FROM RONNEBY: HULTA PRESCHOOL

Purpose of example: Same confext
Building scale: Small

Location: Ronneby, Sweden

Completed 2017

Architect: Zijad Bico, Ronneby municipality

- Designed in modules fo increase the building's adaptability; it can be changed in the
future to senior housing.
- The structural system is pillar-slab system (Steel pillars and concrete slaps)

- Itis befter example than Backsippan preschool, More healthy materials used.

c- D
C+ A

N

B Assessments for the products mainly over their
contents into five categories where (A) category

is for products that give minimal health or
environmental impacts. (Check page 72 for defails).

Distribution of materials assessments
according to SundaHus material Data

Exterior walls details

<]
SOSSEBBIEBEBSI BB

[os
=

SERBEEEN

SESEOOAEEY

554

395

AT
0000 ® OO
l

N

0

1. Kebony trapanel 2240, 21x 148 mm Stalregel mot pelare fylls med
2.30x48 mm lakt Kebony stenull, se K-ritn. K20.2-004
3.9,5 mm Weatherboard

L L5 liggande stlregel s 600 och 45 mm isolering

5.220 sfende stalregel s 600 och 220 isolering, system Danogips el likv

6.0,2 Plastfolie

7. 45 liggande stalregel s 450 och 45 isolering

8. 11 0SB-skiva

912,5 mm Gipsskiva

10 Stélpelare enl. K-ritning, placering enligt K-ritning
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SNACKEBACK SCHOOL PROJECT

THE SCHOOL

Snackeback was established in 1913 in one building and expanded on different since
then to become a complex of 5 connected buildings. Currently the school is for
grades from 4-6 and it will be expanded to be from grades 4-9.

Project phase: design phase.

Architect: Zijad Bico, Ronneby municipality

Area extension: 5,725 m?

Area renovation: 3,145m?

The first building.

Ronneby central square
Image source: Ronneby Municipality

-+ Ronneby central square

... The Current school buildings.

Image source: Ronneby Municipality
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The context

CHANGE TIMELINE

@ ©13
1952

1961
1972

The city decided fo deconstfruct fwo
of the school buildings and build a new
expansion.

@ Demolish
— Expand

@ The proposed changes by the city
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THE SCHOOL DESIGN GOALS

The city wants the school fo have some main features:

.

OPEN TO THE CITY CENTER

Create the feeling of ‘openness’ in the school.

£ s

FLEXIBLE CLASSROOMS OUTDOOR CLASSROOMS LEARNING FROM THE BUILDING
Not assigning a room to a specific group of To bring students closer to nature. For instance, Use the building fo educate the students about
students, so it is decentralized in the way that by providing a setfing where students can sit and Cradle to Cradle philosophy, for instance using
sfudents does not always have classes in the learn outside. solar energy in the school. Other aspects can be a

same room. green house fo show the biological cycles.

BRICKS FROM DECONSTRUCTED BUILDINGS

Even though the bricks of the buidings that will be deconstructed are in good
condition, not all of them will be reused because of the high efforts and time needed
to separate the bricks and therefore, not so feasible economically. However, the city
will reuse some of the bricks in the new extension.

Construction year : 1952 Construction year : 1961
Bricks area: 690 m? Bricks area: 412 m?

lllustration highlighting the buildings that will be
deconstructed.
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Plans & Facades Layout Design.
Architect

e

The context 3

THE DESIGN PROCESS OF THE SCHOOL BY THE MUNICIPALITY

- The designer architect of Snackeback school project does not develop the project
to the defails level. His fasks are limited fo design the layout of the plans and facades
without developing the construction defails.

- When the design is approved, a selected contractor in cooperatfion with the
architect develop a description document of what the building is expected to be.
The documents has a separate page for each room with description of the different
aspects that were not developed in the architectural drawings; for instance, the inferior
finishing look and color, the desired room femperature, and lighting conditions, efc.

- The drawings and the documents are then handed fo an enfrepreneur who develops
the design detfails. The entrepreneur in that case chooses the different building
systems fo use, materials, efc on their own unless stated clearly in the descripfion and
drawings 1o use a specific material.

s
mmm@ﬁmmﬂuﬂ % % Vﬁ!‘
{ ’ |
5 R s

% i sanaven

Descripfion Document.
Architect + Confractor

Detall Drawings.
Enfrepreneur

Architect limited confribution

Ihe design process of snackeback school by the
municipality
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DESIGN PROPOSAL

ANALYSIS & SKETCHING
DETAILING
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Design proposal .4

ANALYSIS & SKETCHING

THE ARCHITECTURAL CHARACTER

- Viewto City

center A}EAA@%

View to

View 1o Gﬁy:
cenfer 1

oy

14 T

MR T
Nge >

03 i

AL
a. The oldest building in the school, Eye b. Rhythm and repetition, bricks, big ¢. Rhythm and repetition, horizontality,
cafching, big windows, Bricks and white windows, white frames. bricks and greenish metal cladding.

plaster on the highest floor.
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THE COMPOSITION SKETCHING

As a method to explore different alternatives for the extension composition; sketch
models of horizontal planes and vertical planes were built and studied.

HORIZONTAL PLANES

VERTICAL PLANES

OVRE SKOLGARD

FEETEE R
@L N RERLE R

B
) B B
] s = H

B %

&8
£283 %.D

T o
A |

838388

e

|
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satssasass
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Design proposal .4

THE COMPOSITION SKETCHING - HORIZONTAL VS, VERTICAL PLANES

Shows the lines of the demolished building

Creatfes guidance fo the enfrance
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THE COMPOSITION SKETCHING - A COMBINATION OF HORIZONTAL AND VERTICAL PLANES

shnfalafais BEEEE




THE SELECTED FACADES

FUNCTIONS AND FACADES

Labs

Lecture
rooms

Workshop
Library

Entry hall

Dining
ESTaff &

™

Kitchen

q

Main functions in the different floors according
to the proposed plans by the municipality

These three facade are selected to apply the design strategies and presented in the

following pages.

0o

Dining & Kitchen

1.BY THE ENTRANCE

I

Library &
Workshop

&o

Design proposal .4

2.SCHOOL TO CITY

Lecture
rooms

3. SCHOOL TO NATURE
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DETAILING

THE CONNECTION

An element made of timber that acts as a joinf between the skin and the structure. It
keeps the structure that has a long lifespan (+50 years) unaffected by the changes
that can happen fo the skin that has a shorter lifespan (+20 years). It also allows for
easy accessibility for the layers of the skin. It can be applied to the school extension.

,,,,,,,,,,, ADAPTABILITY TYPOLOGIES  ~ DESIGNSTRATEGES
) A %
Refitable Systems Separation Avoid materials
damage

&

Hierarchy of lifespans Reversible connections

Accessible Select reusable,
connections recyclable materials

SECTION 1:20

| |
\

1 |

: : ) 1 1. The slab (Primary sfructure).

| | | 2. Built-in hole in the slab.
; 3. The connection (fimber).
4. Stainless steel bolt and nut.
! 5. Mullions (skin structure).
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B : 6. Exterior layer of the skin.
6 ‘ 7. Interior layer of the skin.
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FUNCTIONAL SEPARATION DEPENDENCE IN ASSEMBLY COMPONENTS LIFESPANS
Primary structure Skin structure Mullions
Funeron ; The slab (1) +50 years
3 i The connection (3): +30 years
Component The connection Slab The skin (5+6+7): 20 years
Slab Mullions
5
Mullions
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The connection extends along the
slabs, in lengths matching the structural
span. The dimensions and material of
the mullions vary according fo the skin
layers.The distance between the mullions
is mulfiplications of standard dimensions,
ie. 600, 900, 1200 mm, etc.

1. The slab (Primary structure).

2. Built-in hole in the slab.

3. The connection (fimber).

4. Stainless steel bolt and nut.

5 Mullions (skin structure).

6. Exterior layer of the skin(Add-on).
7. Interior layer of the skin(Add-on).
8. Middle layer of the skin (Fill-in).

ASSEMBLY OF THE CONNECTION

ASSEMBLY OF SKIN LAYERS

Design proposal

4
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A Tale of Layers | Exploring Adaptable skins within a Cradle to Cradle context

1. BY THE ENTRANCE

This facade is facing the Snackeback school oldest building that has a distinctive
character. It also extends along the way fo reach the school's new entrance. From
the interior, it is the dining area and the kitchen.

ADAPTABILITY DESIGN STRATEGIES  SCHOOL DESIGN GOALS

o @

Refitable Hierarchy of lifespans ~ Reversible connections Learning from the building
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[} 1
SN D
Open possibilities Select reusable,
recyclable materials

INTERIOR VIEW OF THE SKIN FROM THE DINING AREA
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One of Snackeback school brick facades that
will be deconstructed.

MATERIALS

FACADE 1:200 AND 1:50

1) g o g o o

MW )

S

I'Ju‘;_u_‘u S R B

Design proposal .4

Reused bricks from the deconstructed
buildings is chosen fo be the exterior layer
of the skin, to be a neutral surface facing
the oldest school building, and to expose
the bricks from the deconstructed
buildings as a resemblance of change
and example of reusing.

Since fthe amount of bricks is unknown;
fwo modules of different pafterns for
the bricks are proposed. One is closed
covering the whole module, and the
other Is perforated using less number
of bricks. The layout of the facade can
alternate befween the two modules
according fo the bricks quantity. This
alternation, creafes a visual sense of
guidance fowards the school enfrance
while walking along the facade.

Towards the school Enfrance

< ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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SECTION AA 1.20 SECTION BB 1:20

/

LN
Ve
L~ </
~ A
e
N < )
() >
=<\ \
N >
< % )
/ >
- >
N N
< <
B Y
{ >
N N
- N~ \\ Y
N —
- \ <
< - \
S )i
N </
- <
< \
><|~
N ~
< >~
S A<
% )
N </
< L >
SN~ \
<P
N g ]
< ><
A
< <
- <
< ~
g -~ N
=
N <
< % </
y -
=\ 2N
N\ \
T~ S )i
A ~
N <
N \
< ><
> ~_/
N >
=<
< </
N \ >~
<< N
SN )
N ~
< \ >~
N
<< )
N >
— <
AN
<
N </
- SN
<
N Y,
N N\ _\

< ~ |
N NN 4
S N/ )i
> -/
N s >~
~ NN ==
< )
e ~_/
- ><
[ <
N N ~ |
— >=< ]
/ N \ i
N ) |
< e ces—
SN )
N )
P - =
/ > T
N NS i
< <
< ~_/ |
>\ <
N ~_
< T~
><| SN
< \
< < N
A ~_/ |
{ =
< N
~ S ——
< ~
N~ N
VN N~ Y e
< Lo
SN ~—
N \ N
< \ » L |
~~A << A
N ~—

PLAN 120

X \ X X

NEPANIAN NIANYA AN/

YV VY Y Y Y Y
1 )

/N V VYV VYV VY VYV YV VYV VYV
( Y Y X X X X X X X X X

N NN NN \__ \ NN
I N VAV V VAV A VIV VAL VI VA VI VLV VAV SV Ve
INAC 0 L X X 0 X X X X
Y AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN AN
/N NV VYV VYV YV V VYV YV VYV

NAN AN NN AN NN N NN AN NN
T

|

54

1. The connection (fimber).
2. Covering.

3. Reused Bricks.

4. Lime Morftar.

5. Stainless steel support.
6. Ventilated cavity .
7.Rain/ Wind stopper.

8. Thermal insulation 300mm.
9. Inferior finish 12mm.

10. Mullions.

11. Glazing.



N

ASSEMBLY OF SKIN LAYERS

Design proposal .4

The assembly of the of sfructure that holds the bricks layer is separated from the
other layers in the skin, due to the different lifespans. Lime mortar is used fo bind the
pbricks fogether o make it easy o separate the bricks for further reuse.

1. The connection (fimber).
2. Covering.

3. Reused Bricks.

4. Lime Morfar.

5. Stainless steel support.
6. Ventilated cavity .
7.Rain/ Wind stopper.

8. Thermal insulation 300mm.
9. Interior finish 12mm.

10. Mullions.

11. Glazing.

55



A Tale of Layers | Exploring Adaptable skins within a Cradle to Cradle context

2.SCHOOL TO CITY

This facade is facing the city cenfer and has the workshop and library from the inferior.
It is meant to be open to the city center by the use of light translucent materials and
fo ‘communicate” what the students are learning in the school.

ADAPTABILITY DESIGN STRATEGIES SCHOOL DESIGN GOALS
- - ol Jal sy
Versatile Refitable Avoid materials Hierarchy of lifespans Open to the city center Learning from the
damage puilding
2
LIS ]
24 -
Open possibilities Modularity

E
N

Select reusable,
recyclable materials

INTERIOR VIEW OF THE SKIN FROM THE WORKSHOP

I W e
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Design proposal .4

MATERIALS

Polycarbonate panels Mycelium

- Translucent - Biomaterial.

- 100% recyclable - Good insulation properties with thermal
-Lighter than glass conductivity at 10c (W/mK): 0039
-Guarantee for 10 years at least - Cradle fo Cradle Gold product.
-SundaHus material database: B

(hftp://sfs.sabic.eu)

Adding and removing the thermal insulation layer in the different seasons can be an
exfra advantage of the easy accessibllity fo the different skin layers. In this skin system,
an empty air gap between two polycarbonate panels can be filled by the thermal
insulafion when needed. As a way of making students learn from the building, mycelium
can be used as the insulation layer. By infroducing cleaned agricultural byproducts
to mycelium, it grows binding the parficles according to the mold shape within few
days. In the next month, it becomes solid. Growing the material can be done by the
students in the workshop. When the insulafion is taken away, it can be infegrafed into

the biosphere cycle as it is a biodegradable material.(htip//mushroomtinynouse.com/) (www.
ecovativedesign.com)
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A Tale of Layers | Exploring Adaptable skins within a Cradle to Cradle confext

No insulation layer
U-Value: 0.3 w/(m?k)

Growing mycelium

With fully grown mycelium
U-Value: 0.1 w/(m?k)
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Design proposal .4
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A Tale of Layers | Exploring Adaptable skins within a Cradle to Cradle confext

ASSEMBLY OF SKIN LAYERS

1. The connection (timber).

2. Uncolored polycarbonate
panels 55mm.

3. Air gap can be filled with thermal

insulation 300mm.

4. Colored polycarbonate panels
40mm(openable).

5. Window.
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3. SCHOOL TO NATURE

ADAPTABILITY DESICN STRATEGIES

Versatile Refitable Avoid materials
damage

@@

Accessible
connections

Is

Modularity

Open possiblities

|
L]

Select reusable,
recyclable materials

Design proposal .4

This facade Is facing the forest with North West orientation of low direct sunlight. To
bring the students closer to nafure a highly franslucent facade is used fo emphasis
the visual connection fo the forest.

,,,,,,,,,,,,,, SCHODLDESIGNCOALS
o
Learning from the Qutdoor classrooms
building
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A Tale of Layers | Exploring Adaptable skins within a Cradle to Cradle context

MATERIALS

Polycarbonate panels Vacuum Insulafion Panels (VIP)

- Translucent - Highly efficient light insulation with thin
- 100% recyclable thicknesses; 2-3 cm corresponds o 10-
-Lighter than glass 15 cm of mineral wool insulation.
-Guarantee for 10 years at least - 90% recyclable.

-SundaHus material database: B - Lifespan of 30-50 years.

(http//sfs sabic.eu) - Should be protected from direct sun,

moisture, and should not be penetrated.
(www.byggahus.se) (www.kingspan.com)

To create more nofable difference in the U-value of the skin and keeping the openness
towards the forest, the highly efficient thermal insulafion is put on the exterior of
the skin and the franslucent polycarbonate panels are in the interior. The thermal
insulation panels are dynamic that can open and close according fo the surrounding
context. When Opened they give more daylight fo the inferior through the franslucent
polycarbonate panels and give stronger connection fo the nature. When closed they
creafe more compact skin with high thermal insulation.
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FACADE 1200

Open insulafion layer

U-Value: 0.75 w/(m?k)

Semi-open insulafion layer

Closed insulation layer
U-Value: 0.1 w/(m?k)

Design proposal

4
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SECTION AA 1:20
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1. The connection (timber).

2. Covering

3. Vacuum insulation panels covered
S50mm with wind and rain stopper 2mm
(openable).

4. Colored polycarbonate 55mm.



Design proposal .4

ASSEMBLY OF SKIN LAYERS

\!,/

1. The connection (timber).

2. Covering

3. Vacuum insulation panels covered
S50mm with wind and rain stopper 2mm
(openable).

4. Colored polycarbonate 55mm.

5. Glazing.
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DISCUSSION & CONCLUSIONS
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DISCUSSION & CONCLUSIONS
ON THE THESIS DELIMITATIONS

-Adaptability is an important aspect of sustainable design and it should be considered
in all building systems, not only the skin, because of the uncertain future and changing
demands. In other words, the importance of having high capacity of change in
buildings can bring rewards whenever the building changes; if changes happen after
a short period operations like maintenance, physical adjustments, and materials reuse
become easier and faster. If change was not needed until the end of service, then
materials reclamation and disassembly become simpler and cheaper.

- This thesis focused on the skin system and their materials. Therefore, the research
in Cradle to Cradle, building construction, and examples presented are limited to the
skin system and materials.

- Only the materials of the main elements in the proposed design are specified because
the material of the other elements depend on the main materials, for instance, their
weight, sfrength and construction method. This is a point that can be further studied
with other professionals like structural engineers.

ON THE DESICN STRATEGIES

- Reversible connections embrace the fact that buildings are not fixed arfifacts, rather
than continuously changing. The connections should keep the materials undamaged,
and the materials should be easy to disassemble, because the higher efforts and cost
needed fo reclaim material, the higher the opportunity they get into landfills; as the
example of the bricks in the deconstructed buildings in Snackeback School.

- Modularity and binding to the standard dimensions make the construction process
simpler and leave less or no waste of materials. Also, materials reuse becomes
simpler and cheaper, because no major modifications are needed. On the other hand,
modularity can limit the architectural design putting boundaries for the architect to do
more with less.

ON THE DESIGN PROPOSAL

- The design proposal in the thesis as not a final design, it is only a first step in exploring
the possibilities of the connections among the elements, and the skin systems. It
is a starfing point for more engagement between architects engineers, material
manufacturers and enfrepreneurs during the design process.

- Designing the skin as layers opens many possibilities:

. Easy access to the different building layers allow the building for confinuous
change and adapfing to the new demands, development of fechnology, and
sustainability  solutions.

. Provides the possibility fo optimize the energy performance of the building
through changing the configuration of the insulafion layers resulfing in variable
u-value.

. Provides a good setting for some materials to be used more easily like Vacuum
Insulation Panels.
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A Tale of Layers | Exploring Adaptable skins within a Cradle to Cradle context

- The different examples of the design proposal show the importance of collaboration
between architects, engineers, and material suppliers during the design phase fo
benefit from the different expertise not only fo create new innovative circular designs,
but fo explore more opfions for new building materials and new circular economy
models.

- 'Schoal to City" and 'School to Nature" are explorations to achieve variable U-value
skins, by changes in the insulation layer, as one more possibility to optimize buildings
energy performance.

- To optimize the building's energy performance, a variable U-value skin system
should be considered in relafion to the HVAC system and the building as a whole.

- It the whole building comes to the end of service, The connection’ allows for easy
separation of the skin from the structural elements without damaging the strucuture,
bringing both environmental and economic gains.

IN THE BIGGER SCALE

- A network of materials can be established when different buildings replicate the same
modules and connection types. Making each building as a source of materials that can
feed the other buildings in the network in the case of change. For instance, if a building
is going into renovation and changing its facade, the materials of the facade that are
still in good condifion can be reused in other buildings with the same modular system,
as they will fit easily. However, other factors that are unknown in the beginning must be
tackled to make this network function. These factors can be the quantity of materials
needed, or when are they needed, where fo store them, and who will be responsible
for handling them. The concept ‘products of service' can provide a solufion 1o make
this network function. The material suppliers provide the buiding with materials as a
service and be able to handle the material af the end of its life cycle- as the example
the aluminum facade in Venlo city hall and the elevators in the Circl pavilion. It does not
necessarily mean that the material supplier needs fo recycle the materials if they are
still in good condifion. The material supplier can lease them again for other buildings in
the network as used materials. With the spread of a unified modular system, buildings
consequently become with high capacity of change and act as a source of materials.
One crucial point for the success of such kind of nefwork is developing a modular
system with connection types that can fit various materials for different functions,
yet in a similar way. Collaboration among architects, engineers, enfrepreneurs, and
material suppliers is needed to develop this modular system and connections. In the
beginning, it can be costly to develop it and adapt the building industry to it, but on the
long-ferm with the spread of these modular systems, the builders will develop their
skills in working with them for assembly or disassembly resulting in faster operations
and lower costs. ‘The connection’ presented in the chapter 4 (Design proposal) is a
proposal of a connection system that has the potential fo be a starting point.

- Ronneby is in a sfrong position in the fransition fowards circular economy, as it is
closely engaged in designing the different school projects in the municipality, and
at the same time, has the power of decision making with support from Cefur. This
can be a great opportunity fo experiment such a kind of network in the project of
Snackeback School and other projects owned by the municipality. One way can be
to establish an open circular system, where they create a modular system that allows
material reclamation so that it atfracts material suppliers or entrepreneurs who are
inferested in circular economy.
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Shifting from visions fo construction

Collaboration to achieve the visions

Discussion & Conclusions =5

ON THE DESIGN PROCESS OF SNACKEBACK SCHOOL:
ACHIEVING THE VISIONS AND SHIFTING OF DECISION CRITERIA

Architect Enfrepreneur Material suppliers
EE—
Deoisioﬁ Criteria DecisioH Criteria
Vision Construction

The overall process in Ronneby can bring the C2C info the builf environment, as if is
a comprehensive process and aims fo include the different stakeholders and their
inferests since the very beginning. The project specific program, the drawings, and
the description document can direct the enfrepreneur fo develop the design defails
fo respond to these different ‘instructions’. However, dividing the design development
process info Clear steps where different stakeholder(s) are responsible can shift the
final result from the initial vision as every stakeholder has different decision criteria.
For instance, the architect has fo respond fo the client wishes, the functional program,
building regulations, while the enfrepreneur is concerned about the economic
feasibility of the project, easier and faster construction methods. This pufs pressure
on the enfrepreneur in finding the suitable solufions fo build a C2C inspired building,
which can be challenging within the limitafions of the existing building fechnology that
is nof based on circular economy principles yet.

Program

Vision

Construction

The engagement of the different stakeholders in the design is recommended fo push
the process further towards achieving the vision. If the architect, the enfrepreneur, and
material suppliers are involved fogether in the design process under one decision
criferia (the project specific program), more solufions will be created allowing for the
maximum adaptability, materials reuse, and recycling. Therefore, the vision will be
easier and more likely to e achieved. Accordingly, change fowards circular economy
will happen in the different sectors creating a solid base of circular economy with the
contfinuous partnership one project affer another.
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APPENDIX 1

SundaHus assessment
Source: hitps//www.sundahus.se/en/services/material-data/

A

Products thaf

1. Give minimal health or environmental impacts associated with the PRIO properties
defined in the Swedish Chemicals Inspectorate priority guide PRIO (e.g. carcinogen-
ic, foxic to reproduction, endocrine disruptors, allergens efc.)

2. Are not classified as hazardous for health or the environment during the construc-
tion phase

3. Do not affect the indoor environment negatively through high emissions of volatile
organic compounds

4. Give minimal contribufion fo smog formation

5. Do not emif excessive levels of formaldehyde ( according fo the E1 standard)

6. Provide a minimal strain on natural resources and less fo landfill mountains
7.Have along service life (for selected product groups)

8. Are noft likely fo contribute fo unsustainable forestry

9. Have poor transparency regarding the product contents

B
Products that do not qualify for A and do not match the criteria for C+ and/or C-.

C+
Products for which workers, nearby communities and the environment risk exposure
to substances of very high concern used for the manufacture of polymers.

C-

Products that

1. Could lead fo an exposure o substances with PRIO properties (e.g. carcinogenic,
toxic to reproduction, endocrine disruptors, allergens)

2. Could lead to exposure o substances with ofher toxic properties

3. Risk affecting the indoor environment negatively through high emissions of volafile
organic compounds

4. Coniribute to smog formation through emissions of volafile organic compounds
with high photochemical ozone creation potentials

5. Contain substances or are produced with substances that af very low emissions
can have a big impact on the climate

6. Risk confributing fo unsustainable forestry

D
Products with insufficient documentation for an assessment.
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APPENDIX 2

The plans of the school designed by Ronneby municipality

REF ‘

5 l
. >; o
. |
: i ~
9 B | PR
g I o b
[ [ [
| | | =
HHHHH7 | | i
WA HEl T ! ! o
_ M — |
‘ ! [
_ [ [ E
E | | :
g I I |
: [ [
E] | i r-="
B \ﬁ I !
[ i | [
I I I
[ i [
[ | [
[ [ ; | |
= == i i
. 2 o 1| — i I
4 = 4 h 5 i g o | f
- e e o
g S !
| =
7 e
T m
T g

04y9I0XS 390N
T
[
[
[
[
[
[
i

SALS
S

|

|

|

|

|

L

weol g 8
EREE = T
o5 ~ 51
>3 8% 8 2
. ®E )
=g 22 — >
=212 739 m ~ T
= 17 29 2 EH
s = ~N S 2| X |8
g% = zZm H
El 2o — Z o |~ B
> z 2> |=2;
| @ <ol |3
=~ =< RPN
(= S
@ ERAIES
| S x|\
— @ [SEENE N
! > Iy 4
o > L
< bt =
=% m H
0 20B222 B X SNACKEBACKSSKOLANNOL_C R TR0OWG MARCUS GBERG

~J
w



APPENDIX 2

The plans of the school designed by Ronneby municipality
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The plans of the school designed by Ronneby municipality
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The plans of the school designed by Ronneby municipality
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APPENDIX 3
Annual daylight studies by the author

Lowest facades of annual daylight
of the extension

View from North

Highest facades of annual daylight
of the extension

View from South
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APPENDIX 4
Open seminar 31/5/2018

Design proposal models




