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let’s start with some figures




the building industry

of energy consumption worldwide

source: Azavea.com
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the building industry

=

of material use worldwide

source: 123rf.com
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the building industry

of waste generation worldwide

source: Apave.com
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what are the causes?
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the lifecycle of buildings
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how to solve this problem?




the lifecycle of buildings
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the lifecycle of buildings
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the lifecycle of buildings
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the lifecycle of buildings
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translation to practice




source: Bilow (2017)
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circular building system

modular & adaptable

source: Bilow (2017) source: Lego.com
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PD lab

ENGINEERING

ONE
DIGITAL FILE

—_—>

/
\

DESIGN

REALIZATION

source: Pexels.com

19/110



structure ralinscreen
claading

source: Van der Knaap (2016) source: Van Veen (2016)
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structure

source: Van der Knaap (2016)
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Biobased
Organic
Renewable

ECOBOARD

source: Materia.nl
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ralnscreen
cladding

source: Van Veen (2016)
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REYNOBOND . Non-renewable

ard to recycle

source: Van Veen (2016)
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research goal
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research questions

How can biobased materials be applied

to develop a modular and demountable
cladding system for the PD lab?

ssssss : OWN Image
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let's start!




methodology
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product development lab

REYNOBOND . Non-renewable

ard to recycle

source: Van Veen (2016)
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product development lab

no space for
adjustment

source: Bilow (2017)
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product development lab

source: Bilow (2017)
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biobased materials
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material selection

biobased materials
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organic renewable can be
biodegradable
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material selection

familiar categories
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material selection

blobased categories
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material selection

sultable for claading
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material selection

. traditional material

©

comfortable look and feel

Q far developed processing technigues
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material selection

"' innovative building material

/p able to be moulded
PLAST|Cs

t enables complex shapes
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material selection

plastics + reinforcement

COMPOS|TES 8%( strength - weight ratio
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material selection

traditional Innovative Innovative
_|_

extra strength
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material selection
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material selection

market products
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material selection

assessment
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MARKET PRODUCT
BIOBASED >50%
WATER RESISTANT
WATER ABSORPTION
DENSITY

FLEXURAL MODULUS
SUITABLE PROCESSES
AVAILABLE COLOURS
BIOBASED SHARE
RECYCLING RATE
FIRE SAFETY CLASS
MAX SERVICE TEMPERATURE

COSTS
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material selection

assessment
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MARKET PRODUCT
BIOBASED >50%
WATER RESISTANT
WATER ABSORPTION
DENSITY

FLEXURAL MODULUS
SUITABLE PROCESSES
AVAILABLE COLOURS
BIOBASED SHARE
RECYCLING RATE
FIRE SAFETY CLASS
MAX SERVICE TEMPERATURE

COSTS

TOTAL

REYNOBQND TRESPA
[BENCHMARK]
52 60 56




material selection

assessment

REYNoBoNp TRESPA
BENCHMARK|

SUITABLE PROCESSES @ @ @ ¢ ¢ ¢ ¢

TOTAL 52 60 56 67
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material selection

sultable processes

@
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material selection

decking profiles
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concept development
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concept development

aspects

JOINTS

ASSEMBLY
SUB-
CONSTRUCTION
CONNECTION
PANEL
STIFFNESS
HORIZONTAL
JOINTS
PROCESSING
TECHNIQUES

55/110



concept development

ASSEMBLY

CONNECTION

HORIZONTAL
JOINTS

VERTICAL
JOINTS

SUB-CONSTRUCTION

PANEL STIFFNESS

PROCESSING
TECHNIQUES

56/110



concept development

o ) DD
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concept development

criteria
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ASSEMBLY

STRUCTURAL SAFETY
DRAINAGE

THERMAL EXPANSION
RISK OF ERRORS
BUILDING SPEED
COGNITIVE ERGONOMICS
PHYSICAL ERGONOMICS
ADAPTABILITY
MAINTENANCE
ACCESSABILITY
DISASSEMBLY
FREEDOM OF DESIGN
FINISHING (AESTHETIC]



concept development

possible to (dis]lassemble single panel
FRONT

assembly by one person might be difficult

complex rainwater drainage
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concept development
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STRUCTURAL SAFETY
I I I I I I
DRAINAGE
I I I I I I
THERMAL EXPANSION
CYX RISK OF ERRORS
00 BUILDING SPEED
@® @ COGNITIVE ERGONOMICS
@ PHYSICAL ERGONOMICS
000 ADAPTABILITY
CYX MAINTENANCE
CYX ACCESSABILITY
000 DISASSEMBLY
000 FREEDOM OF DESIGN
@ @® @® FINISHING (AESTHETIC)
TOTAL 80 80 71 55 70 62
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concept development
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concept development

PANEL STIFFNESS
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concept development
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concept development
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concept development
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concept development
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concept development

panel stiffness
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concept development

PROCESSING
TECHNIQUES
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concept development

processing techniques
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> 7

CUTTING DEFORMING MACHINING MOULDING

Sawing Folding/bending Drilling Founding

Cutting Calendering Milling Forging

Punching Thermoforming Turning Sintering

3D printing Routing Cast moulding

Resin moulding
Injection

Based on: Kula et al., 2013 Rotational mou[ding
Extrusion



concept development

what does the material want”

@
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concept development
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concept development
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CONNECTION
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concept development
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concept development
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Bracket, aluminium
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concept development

2D: design freedom

continuous production

77/110



concept development

3D: fixed cross section

high investment costs

maXx. 300 mm
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co
ncept development

1:1 prototype
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concept development

ASSEMBLY

CONNECTION

HORIZONTAL
JOINTS

VERTICAL
JOINTS

SUB-CONSTRUCTION

PANEL STIFFNESS

PROCESSING
TECHNIQUES

80/110



concept development
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concept development

assessment
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STRUCTURAL SAFETY

DRAINAGE

THERMAL EXPANSION

SPACE FOR ADJUSTMENT

NECESSARY MATERIAL

NECESSARY PROCESSES

INITIAL INVESTMENTS

RISK OF ERRORS

PROCESS TIME
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design development

functions

==

production




functions
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design development

functions

ASSEMBLY SPACE FOR SPACE FOR
ADJUSTMENT THERMAL EXPANSION

87/110



design development

processing technique #/

CNC-MILLING
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design development

processing technique #2

WARM BENDING

4

R
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design development

production steps

1. SHEET MATERIAL 2. CNC-MILLING 3. BENDING LINES 4. WARM BENDING

90/110



methodology

ASPECTS
f

DESIGN CRITERIA

MATERIAL CRITERIA
| 1 \( TECHNICAL FINDINGS w
WV

PD LAB % BIOBASED % CONCEPT % DESIGN % PROTOTYPING % FINAL DESIGN

design problem MATERIALS DEVELOPMENT DEVELOPMENT
d
6\0base mate,/é/& —0H—6H—
ca\.egorl'es R N
! material A °
choice

AN A
/L J linear process?
MATERIAL CRITERIA

\ DESIGN CRITERIA

\ APPLICATION & METHODOLOGY IMPROVEMENTS J

91/110



methodology

ASPECTS
f

DESIGN CRITERIA

MATERIAL CRITERIA
| 1/ \( TECHNICAL FINDINGS W
WV

PD LAB % BIOBASED % CONCEPT % DESIGN % PROTOTYPING % FINAL DESIGN

design problem MATERIALS DEVELOPMENT DEVELOPMENT
o &/\9
Ca\egories R N
! material A °
choice

o
oe o
oge 000

S%
2% o
YIRS

MATERIAL CRITERIA J J

K DESIGN CRITERIA

\ APPLICATION & METHODOLOGY IMPROVEMENTS J

92/110



prototyping

93/110



methodology

ASPECTS
f

DESIGN CRITERIA

r MATERIAL CRITERIA 1
R L £

PD LAB % BIOBASED % CONCEPT % DESIGN % PROTOTYPING % FINAL DESIGN

TECHNICAL FINDINGS W

design problem MATERIALS DEVELOPMENT DEVELOPMENT
d
~o\0‘°">se mate"/é/o )—0—¢
ca\.egorl'es R N
! material A °
choice

MATERIAL CRITERIA J J

\ DESIGN CRITERIA

\ APPLICATION & METHODOLOGY IMPROVEMENTS /

94/110



final design
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final design
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final design

assembly
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conclusions




conclusion

research question

How can biobased materials be applied

to develop a modular and demountable
cladding system for the PD lab?
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reflection




relevance

MATERIAL DESIGN METHODOLOGY
biobased PD lab expanded (materials)
materials cladding system and improved (total concept]
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relevance

METHODOLOGY

expanded (materials]
and improved (total concept]

104/110



ASPECTS
(

DESIGN CRITERIA

r MATERIAL CRITERIA ]
ﬁ L £

PD LAB % BIOBASED % CONCEPT 9 DESIGN % PROTOTYPING % FINAL DESIGN

TECHNICAL FINDINGS W

design problem MATERIALS DEVELOPMENT DEVELOPMENT
dm
‘S\O@SQ Aery, 2 —H—60
c’a\egori@s . N
! material A ®
choice r

MATERIAL CRITERIA J J

\ DESIGN CRITERIA

\ APPLICATION & METHODOLOGY IMPROVEMENTS J

105/110



Material Design . .
PD lab Concept development Final design

Aspect concepts Total concepts
Material criteria @&— > How to translate What does the
criteria to a material material want?
assessment method? — Thermoplastic 1. Rectangular ® > Prototyping

behaviour

Provisional choice:

Resysta Aspect concepts
comlznetor A Feileciion: wihe el etions are possiole?

o » 2. Diamond

Aspects

3. Accolade

Design criteria

4. Extruded Oﬁ—b

Minimizin
Extra aspects: ® Tuct : < Vertical or horizontal
panel stiffness + production orientation?
processing technique steps
Definitive ChOICE: @c v v v mmmmoeoe e Limitations of extrusions: _________________________.

Resysta R / open ends, inflexible production and a max width of 300mm
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thermoplastic ; ;
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points of iImprovement

PROCESSING DEFICIENT CIRCULAR
TECHNIQUES ASSESSMENT ECONOMY

Lack of knowledge Room for discussion Focus on technological
of limitations at concept assessment implementation
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recommendations




recommendations

possible Improvements

PROCESSING DEFICIENT CIRCULAR

TECHNIQUES ASSESSMENT ECONOMY
Further research on Keep complete Also focus on:
industrial production system In sight Economy, environment,

behaviour, society
and government
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