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Research question

How can a sustainable concrete facade system be designed
for the Dutch housing market in order to make it reusable?
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Circular economy

O According to Ellen MacArthur Foundation (2012)

Close loop of raw
materials
LAR ,

&

ECONOMY
Use of diverse
systems
Use of renewable

energy Modular Versatile Adaptive
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Reuse of a product

in its original form

|
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|
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Concept of Reuse

Close down waste
streams
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Mismatch supply
& demand
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Market

No confidence

Barrier is High-value Reuse
of Concrete

ér{-’ 00,

L

Government Negative consumer
Conflicting regulations behaviour
& subsidies Negative perception of

Risk
Skewed relationship
between contractor

and customer

reused concrete

o5 BE

Lack of
knowledge and

Lack of quality control collaboration
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Level of priority

HIGH

LOW
THEORETICAL RESEARCH

Refuse

Rethink

Reduce

Reuse

Repair
Refurbish
Remanufacture
Repurpose
Recycle

Recover

Level of value of a element

10R’s — Jaqueline Cramer
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Level of priority

HIGH

Rethink
Reduce

Reuse

LOW
THEORETICAL RESEARCH

Focus of the project

10R’s — Jaqueline Cramer

Rethink or redesign the project in view of circularity
Decrease the use of concrete and cement (make it more sustainable)

Ability to reuse the concrete facade system in a new lifecycle
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Maximize the life cycle of concrete

RETHINK

e
1

Strategies

FUNCTIONAL
FLEXIBILITY

SUSTAINABLE BUILDING
CONCRETE LIGHTWEIGHT

TECHNICAL
ADAPTABILITY

THEORETICAL RESEARCH
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Design for
repeated use

STANDARDISATION

THEORETICAL RESEARCH

FUNCTIONAL
FLEXIBILITY

Make building
adaptable fo
change

Rethink

Design for multi-
functional use
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Adaptable to change

<20 years >20 years 50-100 years
("2
o
[~
<
z
g
Change of facade finish Different lay out Reuse of panels
due to change in preferences due to newer requirements due to wanting a complete
building, taste or function new design
change
THEORETICAL RESEARCH
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Design for
repeated use

STANDARDISATION

THEORETICAL RESEARCH

FUNCTIONAL
FLEXIBILITY

Rethink

29



Standardisation

Why?¢

Lack of space

B

Residential buildings

THEORETICAL RESEARCH



Standardisation

Standardisation makes
reuse easier to use in future

Minimum vs advised
dimensions %

é : : Input @@_
O
L Standardisation

i
\ ; case stud
— %/ y

n

DESIGN Find/oeishswntard dimenmsioms for
CRITERIA DutcHilmarsiansnarket
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THEORETICAL RESEARCH

Repetition in production process

o & B

)

Simple form As less different kind of panels to

speed up production process

DESIGN
CRITERIA

Standardisation

Consequences for
flexibility & diversity
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(" ™
Making the facade ]
system adaptable | A.II;EISI:-'II":IBC:G'II-'Y
to change J
\. y,
Separation of - %
lifecycles and ] {MODULAR DESIGNJ STANDARDISATION
functions J

\ 4 \ 4

f Design for Demountable
'L Disassembly connections

THEORETICAL RESEARCH
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THEORETICAL RESEARCH

[MODULAR DESIGNJ

\ 4

Prefabricated in
factory

\ 4

Quick manufacture,
assemble &
disassemble

\

y

Building modular

Demountable and
standardized
components
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THEORETICAL RESEARCH

Independence
Separation of elements,
its lifecycles and functions to
increase lifespan

DESIGN CRITERIA
Separation of functions and
lifecycles

Easy and fast assembly &
disassembly

Design for disassembly

R

Exchangeability
Designing a simple & easy product,
to enhance its production, assembling
and disassembling

DESIGN CRITERIA
Exchangability of connection
(complexity)

Connections easy to inspect,
assemble and disassemble

35



Minimize the number of
different connections,
(materials and components)

DESIGN CRITERIA
Number of connections
per panel

THEORETICAL RESEARCH

Use of a flexible dry
connection
1 Overlapping, 2 interlocking
and 3 external connections

DESIGN CRITERIA
Use of dry connections
(demountable)

Demountable connections

The form of the
components edge
has influence on the assembly
sequence

DESIGN CRITERIA
Complexity
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Sustainability of concrete

How can a facade system be designed for the Dutch housing
market in order to make it reusable?

THEORETICAL RESEARCH
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Sustainability of concrete

[SUSTAINBI.E CONCRETE] [

BUILDING
LIGHTWEIGHT

|

|
l

l

A 4

[ Production process J [

Material J [

Use of lightweight
components

|

THEORETICAL RESEARCH

38



Sustainability of concrete
[ CONCRETE ]

v \ 4

[ Main problem of ] [ Advantages of ]

concrete concrete

‘, \

PORTLAND CEMENT
Locally available High strength Versatile

A 4 A 4

[ Material J [ Production process } [Energyefﬁcienf} [ Durable J
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Sustainability of concrete

SUSTAINABLE
CONCRETE

Use less cement or Use | linker i Use of less Use of recycled
other cementing 5€ 1655 clinkerin aggregate aggregate
materials cement
A 4 A 4 A 4
Like fly ash, or blast Clinker= crushed & Aggregate= sand,
furnace slag heated limestone & clay gravel or crushed stone

THEORETICAL RESEARCH 40



THEORETICAL RESEARCH

|

Use of recycled
concrete of other waste
materials

|

Important to separate
materials

|

DESIGN CRITERIA

SUSTAINABLE
CONCRETE

Production process

Findings ways to
reduce, capture and
store CO2 emissions

Sustainability of concrete

CO2 curing 1

\ 4

\_

N
Injecting CO2 in

concrete while curing
y,

A 4

-

\_

N
E.g. Emitted from

thermal power stations
y,
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THEORETICAL RESEARCH

BUILDING
LIGHTWEIGHT

1

Use of lightweight
components

\ 4

{Differen’r types of concre’re}

B=—0=
O=—0=
‘@@@\

aggregate concrete

[ (Structural) lightweight

]z

Sustainability of concrete

—>{Concre’re poured on-si’re}

—>[ Precast concrete J
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Concept criteric

i VAN
? S
Standardisation Building efficiency Sustainability Adaptability
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STANDARDIZATION

As less different kind of
panels

REDUCE

SUSTAINABILITY

MATERIAL

REUSE

BUILDING EFFICIENCY

CONNECTIONS

Separation of materials

Use of dry connections

Simple form

Sustainable materials

Suitable dimensions

THEORITICAL RESEARCH

BUILDING LIGHTWEIGHT

As less connections as
possible

Connections can be easily
inspected

Complexity of the
connections

Use of lightweight
components (less material &

CO2)

ASSEMBLING &
DISASSEMBLING

REUSE &

ADAPTABILITY

Concept criteria

Adabtale to change

Separation of functions and
life cycles

—

Separation of functions and
life cycles

Easy and fast assembly &
disassembly

Design/Case study
criteria
General

requirements
Prefab

[

Stackahl

Lood bearing copacity
Technical
requirements
Thermal insulation

Fire safety

Sound insulation
Standardization
Number of different
panels

Simple form

Dimensians
Building efficiency
Connections

Use of dry connections
(demountable)

Number of connections
per panel!

Connections can easily
be inspected

Complexity

Building efficiency
Assembling &

Separation of functions
and lifecycles
(replacement)

Easy ond fast assembly
& disassembly
Adaptability

Sustainability

Material

Separation of materials

Sustainable materials

Building lightweight

Use of lightweight
components

(Lightweight) form
Aesthetics

Hidden connections _

Overall points
Total

44
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( ) Case study: standardisation

Why?¢

How can a sustainable concrete facade system be designed for
the in order to make it ?

Y mm

/

%/

. . . How much can be filled
Best suitable dimensions

with standard panels?
ANALYSIS PHASE



()

GOAL

Standard panels

75%

Nl

L L

Closed surface (of all facades)

ANALYSIS PHASE

Closed surface (of all facades)

Total surface (of all facades)

RESULT

Standard panels ?

Standard panels ?

Case study: standardisation

Why?
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5 Case studies

ANALYSIS PHASE

Four standard panel widths

Case study method

How?
—
C |l
= [-]
—
N

Input of literature study
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120cm

ANALYSIS PHASE

90cm

310-313-320 cm

+ 7088

—1+2.700

313+310+320=
943cm

— = 90+120+120+120+
90+90=630cm

Case study method

How?¢

Restrictions

With a margin error of 5%
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Y mm

o

Best suitable dimensions

J

%

270 - 300 em

!’20 Cm L

%/ J

Within a 30 cm grid

ANALYSIS PHASE

Closed surface

How much can be
filled with standard

Standard panels 75-85%

AN BN
AN HN
AN AN
AN BN
AN BN

panels?

Standard panels 55-65%

Case study result

Total surface

What?

Range needed for flexibility
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Case study: Modular building systems

( Why?

|

)

= s N\
T ~—
Standardisation Building efficiency Sustainability Adaptability

ANALYSIS PHASE
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ANALYSIS PHASE

Assessment by concept criteria list

Case study method

How?
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Safety

ANALYSIS PHASE

Lo

E_;(-;/X ? fon

Amount of material
used

Man power needed

Case study criteria

What?

Lay-out flexibility
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Final design criteria

REDUCE RE USE Final design Minimum Maxirmum
criteria
General
requirements
STANDARDIZATION SUSTAINABILITY BUILDING EFFICIENCY ADAPTABILITY Pf::rb (thickness) 100/120 mm

Lood bearing copacity - -
MATERIAL CONNECTIONS Technical

requirements
Thermal insulation 4.5 m2K/W -

As less different kind of . . . Adaotable o ch L s -
| Separation of materials Use of dry connections aptapble to change ound insulation
panels

Water tightness
Standardization
Number of different 1 4
panels
Simple farm
Dimensions 200 mm 1200 mm
Building efficiency
Connections

Use of dry connections - -
(demountable)
Number of connections

Connections can be easily
per panel
ins pecfed Connections can easily | - -

bei teod

Ci lexity - 2

As less connections as
possible

Simple form

Sustainable materials Lay-out flexibility

-
=

Suitable dimensions Amount of material used

Assembling &

Complexity of the
Easy and fost assembly | - =

connections 2

Separation of functions
and lifecycles

ASSEMBLI NG & (replacement)
BUILDING LIGHTWEIGHT DISASSEMBLING Sofety - -

Man power needed
Adaptability
Use Of ||g hTWelghf Lay-out flexibility - =
| al Easy and fast assembly & Adaptable to change | -
components (less material &

CO2) disassembly Sustainabilty

|

Seporation of materials
Sustainable materials - -
Amount of materials

Separation of functions and used
life cycles

Building lightweight
Use of lightweight - -
components

Sa fe’ry [Lightweight) form > —
Aesthetics

Finishing - -
Hidden connections - -
Overall points

Total

Manpower needed

ANALYSIS PHASE



ANALYSIS PHASE

Choices made by assessment
through final criteria list

Assessment method for the
design phase
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Design Process

DIMENSIONS

NUMBER OF PANELS

Final design strategy

ASSEMBLING& MATERIAL
DISASSEMBLING TOOL HOUSING TYPE

]

7 BUILDING STRUCTURE éf;;‘gﬁgﬂ;
LIGHTWEIGHT SHAPE

A

FINAL PANELS < | SEPERATION OF

CONNECTION SYSTEM il
NON- LOAD-BEARING
LOAD-BEARING FACADE EACADE
BUILDING SYSTEM
DETAILING

Y

PRODUCTION
PROCESS

FINAL DESIGN .
STRATEGY AESTHETICS
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Design Process

ASSEMBLIING &
DISASSEMBLING TOOL

HOUSING TYPE

BUILDING STRUCTURE

CONNECTION SYSTEM

LOAD-BEARING FACADE

NON- LOAD-BEARING
FACADE

|

BUILDING SYSTEM

Building system strategy
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Design Process

RESIDNETIL BUILDING

CHARACTERISTICS

PARTIES

Housing type/target audience

OWNER OCCUPIED HOMES

- Good acoustic performance

- Outdoor space: balcony /
garden / roof terrace

- Flexibility to change facade

- Flexibility to have an open or
unique facade

HOUSING CORPORATION

- Flexibility in adapting,
enlarging or reducing a home
- Less available money --> as
cheap as possible

- Smaller or no outdoor spaces
- Every home has the same
facade

PRIVATE RENTAL

- Flexibility to change lay out
home

- Hav often same facades in one
building

- Outdoor space: balcony /
garden / roof terrace

- Acoutsic performance

59



Assembling & disassembling aspect

T How?

PANEL MODULE
Assembled per panel Assembled as a module
N N N — J[\_I
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ HE l |
I J Assessment by final
One module Multiple modules . . | .
] criteria list

FRAME

WILSAS
NOILDINNOD

L

nEni

4 [H |

1]

=izl

Design Process 60



Design Process

Building structures

@ Span: wall~wall

Load bearing wals of oncrete with
concrete hollow-core slabs

+ facades easily replaced

+ 100% open facade possible

- Space less flexible, placement of walls
determines the layout

@ Span: portal~wall or portal~portal

Bearing portals of concrete

(] A

+ facades easily reg
+ 100% open facade possible
- Portals can obstruct the lay out, but less than

option 1

Span: facade~facade

Building structure of concrete

+ very flexible, no walls or columns in

the space
_ Replacement of facade is difficult. Only

infill of facade easy to replace
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Design Process

RESIDNETIL BUILDING

CHARACTERISTICS

PARTIES

Matching profile

OWNER OCCUPIED HOMES

- Good acoustic performance

- Outdoor space: balcony /
garden / roof terrace

- Flexibility to change facade

- Flexibility to have an open or
unique facade

PRIVATE RENTAL

- Flexibility to change lay out
home

- Have often same facades in
one building

- Outdoor space: balcony /
garden / roof terrace

- Acoutsic performance

HOUSING CORPORATION

- Flexibility in adapting,
enlarging or reducing a home

- Social housing - affordable -->
as cheap as possible

- Smaller or no outdoor spaces

- Every home has the same
facade

@ span: wall~wall

Load bearing wals of oncrete with
concrete hollow-core slabs

+ facades easily replaced

+ 100% open facade possible

- Space less flexible, placement of walls
determines the layout

@ Span: portal~wall or portal~portal

Bearing portals of concrete

+ facades easily replaced

+ 100% open facade possible

- Portals can obstruct the lay out, but less than
option 1

@ Span: facade~facade

Building structure of concrete

+ very flexible, no walls or columns in
the space

_ Replacement of facade is difficult. Only
infill of facade easy to replace
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ANNRNRRE I.\\\\\\\\

A 3
L

CONNECTION SYSTEM 1

Wall-Floor-Wall

BALCONY

Attachment of
balcony is pos:

HIDDEN

Hidden connec!

of connections

EASILY INSPECTED

Horizontal connections
can easily be

SIMPLE

The connection
system is simple

Design Process

TAKES UP SPACE

The connection type
takes up space of the
surface

MORE CONNECTIONS

There are more
connections needed
per panel

DIFFICULT TO INSPECT

Vertical connections
are difficult to inspect

CONNECTION SYSTEM 2
Wall-Wall-Floor

FINISHING

The finishing flows

I seamlessly

BALCONY

Attachment of
balcony is not

ANARNNRR I;\\\\\\\l

HIDDEN MORE CONNECTIONS

There are more
connections needed

per panel + extra
connections for the floor

of connections

EASILY INSPECTED

Vertical connections
can easily be

SHEAR WALL

H
H|  The connection
system is simple

Connection systems

CONNECTION SYSTEM 3

Wall-Connection-Floor-Wall

FEW CONNECTIONS

Needs just a few
connection points to
attach walls and floor

FASTEST CONSTRUCTION
TIME

It has the shorfest

constru time

EASILY INSPEC

ical and horizonal
nnections can ea
spected

INNNRRNAR I ARERRNRY

©
@

BALCONY

Attachment of
balcony is not possible

COMPLEX

Complex system that
is expensive and
requires specialized
workers

VISIBLE

Visible connections,
may cause joint widths
and a thermal bridge

63



Decision chart

OWNER OCCUPIED HOMES PRIVATE RENTAL SOCIAL HOUSING

HOUSING TYPE

Y Y ¢ Y
@ Span: wall-wall @ Span: portal~wall or portal~portal @ Span: facade~facade

S
iy

=~

BUILDING
STRUCTURE

1A

LAY-OUT OPTIONS

——

[

F0000]

Wall-Floor-Wall

Wall-Wall-Floor
(Access) Balcony

Wall-Connectro-Floor-Wall
s

POSSIBLE CONNECTION
SYSTEMS

Design Process 64



Design Process

HOUSING TYPE

BUILDING
LAY-OUT OPTIONS STRUCTURE

BALCONY?

NO

OWNER OCCUPIED HOMES

PRIVATE RENTAL

SOCIAL HOUSING

@ Span: wall~wall

@ Span: portal~wall or portal~portal

YES

YES

Non-load bearing  Non-

side Load bearing side

\

v

load bearing side &

2B side

Non-load bearing

4A

YES YES
Non-load bearing side & Non-load bearing  Non-load bearing side & Load bearing side Non-load bearing side &
2¢ Load bearing side O |38 side 3c Load bearing side o Load bearing side
2 Q| a8 ac

Y Y
- _
3 3 k £
ke , s S :
E g ¢ [Foooo o —
= = g ]
E E 8 g
A = = =

Decision chart
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FINAL DESIGN
STRATEGY




Final design strategy

ASSEMBLIING &
DISASSEMBLING TOOL HOUSING TYPE

BUILDING STRUCTURE

CONNECTION SYSTEM

NON- LOAD-BEARING
LOAD-BEARING FACADE FACADE

BUILDING SYSTEM

Building system strategy

How can a sustainable

be
designed for the Duich
housing market in order
to make it ?
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Final design strategy

E OWNER OCCUPIED HOMES PRIVATE RENTAL SOCIAL HOUSING
3 &
2
: 1
w () spans wallwel
23
23
SE
0 n
w
z
,9_’ 1A
[-3
o
5
Q
5
s
F 3 fing  Nondood becring side & Nonlond bearing  Non-load bearing side & Locd bearing side Non-load bearing sice &
@ (v Eepin G | S S
b S T | S
Lnud—l:anng Non load-bearing
O ]~
CONNECTION
SYSTEM LOAD
BEARING FACADE
o /| v | V|V |V ARV ARV IRV SRV
=
: s} /v | V|V |V /| V| V|V
_ X X X X
3 Q / X Ve / m | - /| =X / m X m X
7 —
B
4 o X X v ixXv X X X v v X
- X X X X X
i o /x| ¥ |=v|=v =V =X | =X | =X
< ]
2O Xv|Xv| ¢ [Xv| X X X V| v X
Om | = (V| = v 7 -_— Y | - V|V
O - / /| = 4 V4 V N [ v

x X S

LEGEND

Connection system is
possible

Connection system is not
possible

Warning: use of muliple
connection systems

Inapplicable

Two icons means that it is
suitable, not suitable or
inapplicable for a part of
the building structure. This
is further explained in the
building system examples

Decision chart

LEGEND

CONNECTION SYSTEM 1
Wall-Floor-Wall

CONNECTION SYSTEM 2
Wall-Wall-Floor

CONNECTION SYSTEM 3

Wall-Connection-Floor-Wall

CONNECTION SYSTEM 4
Connection system 1 plus a
(access) balcony

LOAD-BEARING SYSTEM

NON LOAD-BEARING
SYSTEM

Load-bearing
structure (red)

Non load-bearing
structure

Design tool
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X

Y

CONNECTION SYSTEM 1
‘Wall-Floor-Wall

o LOAD-BEARING SYSTEM

/" Possible on the entire
supporting structure

o NON LOAD-BEARING
SYSTEM

Possible

1B Balcony on non-load bearing side

Non load-bearing side

Load-bearing side

‘CONNECTION SYSTEM 2
Wall-Wall-Floor

o LOAD-BEARING SYSTEM

v Outside Y
Not possible becouse
of balcony
Inside
v Possible

o NON LOAD-BEARING
SYSTEM

X

Not possible because
of the balconies on the non
load-bearing side

Ousice Load-bearing modules o,
on facade side

Inside

inside the building

Load-bearing modules  modules

Connection thet connects
mulitple modules with the floor
Connection that (only) connects
multiple modules

Building system strategy

'CONNECTION SYSTEM 3
Wall-Connection-Floor-Woll

° LOAD-BEARING SYSTEM
v Outside Y
Possible to connect multiple
modules to each other
and fo the floor
v
Inside
Possible fo connect
multiple modules to each other
and to the floor

° NON LOAD-BEARING
SYSTEM

Floor
I Not possible becouse of the
balconies on the non
load-bearing sides

Modules
v Possibilily o connect two non
load-bearing modules to a
load-bearing module, but not
x multiple non-load bearing
modules together.

Not recommended

CONNECTION SYSTEM 4
Connection system 1 plus a
{access] balcony

o LOAD-BEARING SYSTEM

= Inopplicable

o NON LOAD-BEARING
SYSTEM
v

Only possible connection
syslem for balcony

0 Connection system is
v possible on load-bearing

CONNECTION SYSTEM 1
Wall-Floor-Wall

o LOAD-BEARING SYSTEM

/ Possible on the entire
supporting structure

o NON LOAD-BEARING
SYSTEM

Possible

Balcony on non-load bearing side
and load bearing side

Non load-bearing side
Load-bearing side
CONNECTION SYSTEM 2
Wall-Woll-Floor

° LOAD-BEARING SYSTEM
x Qutside Y
Not

possible because
of balcony

Inside
Possible

o NON LOAD-BEARING
SYSTEM

XK' Not possible because
dilolemaniore
[

Ousde Load-bearing modules 1.
on facade side

Inside

inside the building

Load-becring modules  modules

Connection that connects
mulitple modules with the floor

Connection that (only) connects
multiple modules

CONNECTION SYSTEM 3
Wall-Connection-Floor-Wall

o LOAD-BEARING SYSTEM

x Floor
Not possible on outside
because of the balconies on the
non load-bearing sides
Possible on inside

v Medules

Possible
o NON LOAD-BEARING
SYSTEM

Floor
Not possible becouse of the
balconies on the non
load-bearing sides

Modules
v Possibility 1o connect two non
load-bearing modules to ¢
load-bearing module, but not
multiple non-load bearing
modules together.

Notf recommended

CONNECTION SYSTEM 4
Connecfion system 1 plus a
(access) balcony

o LOAD-BEARING SYSTEM

Only possible connection
system for balcony

o NON LOAD-BEARING
SYSTEM

Only possible connection
system for balcony

side: the balcony is attached to
this side.

Only connection fype 1 is possible
on non load-bearing side —>

side
8
2
Connection system is possible
@ . onnonload-beoring side.
Only possible connection
ysiemiforibalcony
LEGEND
@ connecrion system 1
Q < / Connection system is possible Wall-Floor-Wall
on load-bearing side
5 @ connEcTioN sYsTEm 2
2 Wall-Wall-Floor
3
z 5 o CONNECTION SYSTEM 3
K CemrEingEam biE) o Wall-Connection-Floor-Wall
2 @ possible on non load-bearing
side: the balcony is attached to
this side @ connecton sysTEM 4
Connecion system 1 plus a
{access) balcony
Only connection fype 1 is possible
on non load-bearing side —>
© ‘oap-searING sYsTEM
© non onp-sEarING
SYSTEM
_ @ N / Connection system is possible
2 on load-bearing side
z Load-bearing
£ structure (red)
-4
3 ]
: Connection system is not
3 x > -
- (3] possible on non load-bearing
=

Non load-bearing
sfructure

{Access) Balcony

(2]

Inapplicable, balcony only

@ == on non load-bearing side

Only possible connection
syslem on non load-bearing
side

Final design strategy
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Final design strategy

DIMENSIONS

NUMBER OF PANELS

\

4

LIGHTWEIGHT SHAPE

FINAL PANELS

ASSEMBLIING&
DISASSEMBLING TOOL

HOUSING TYPE

]

BUILDING STRUCTURE

Y

PRODUCTION
PROCESS

LOAD-BEARING FACADE

CONNECTION SYSTEM

Final design strategy

MATERIAL

NON- LOAD-BEARING
FACADE

BUILDING SYSTEM

FINAL DESIGN
STRATEGY

LIGHTWEIGHT
COMPONENTS

SEPERATION OF
MATERIALS

DETAILING

AESTHETICS
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CONCLUSION

How can a sustainable concrete facade system be
designed for the Dutch housing market in order to
make it reusable?

Design tool
Final design strategy &
decision chart

Conclusion




RETHINK

e
[ |

Conclusion

FUNCTIONAL
FLEXIBILITY

SUSTAINABLE BUILDING
CONCRETE LIGHTWEIGHT

TECHNICAL
ADAPTABILITY

CONCLUSION
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Standardisation

CONCLUSION

Building efficiency

4z

Sustainability

Conclusion

Adaptability
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DISCUSSION

* What are the chances of success?
* Overcoming the barriers of reuse
* Developing a circular business case

* Limitations
* Standardisation case study

Discussion
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Recommandations

* Mixture of concrete and wooden panels
* Reuse of concrete facade system in office sector?

* Developing a circular business case tor the tacade system

Recommandations

77






THANK YOU!

GRADUATION PRESENTATION | LIEVE CROONEN | 06-11-2020



	WELCOME !
	Dianummer 2
	A sustainable and reusable concrete facade system
	t
	Dianummer 5
	Dianummer 6
	Dianummer 7
	Dianummer 8
	Dianummer 9
	Dianummer 10
	Dianummer 11
	Dianummer 12
	Dianummer 13
	PROBLEM
	Dianummer 15
	Dianummer 16
	Dianummer 17
	Dianummer 18
	Dianummer 19
	Dianummer 20
	Dianummer 21
	Dianummer 22
	Dianummer 23
	Level of priority
	Level of priority
	Dianummer 26
	Dianummer 27
	Dianummer 28
	Dianummer 29
	Dianummer 30
	Dianummer 31
	Dianummer 32
	Dianummer 33
	Dianummer 34
	Dianummer 35
	Dianummer 36
	Dianummer 37
	Dianummer 38
	Dianummer 39
	Dianummer 40
	Dianummer 41
	Dianummer 42
	Dianummer 43
	Dianummer 44
	Dianummer 45
	Dianummer 46
	Dianummer 47
	Dianummer 48
	Dianummer 49
	Dianummer 50
	Dianummer 51
	Dianummer 52
	Dianummer 53
	Dianummer 54
	Dianummer 55
	Dianummer 56
	Dianummer 57
	Dianummer 58
	Dianummer 59
	Dianummer 60
	t
	Dianummer 62
	Dianummer 63
	Dianummer 64
	Dianummer 65
	Dianummer 66
	Dianummer 67
	Dianummer 68
	Dianummer 69
	Dianummer 70
	Dianummer 71
	Dianummer 72
	Dianummer 73
	Dianummer 74
	Dianummer 75
	Dianummer 76
	Dianummer 77
	Dianummer 78
	THANK YOU!

