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for a circular integrated floor-system design in Office buildings (Netherlands)

MSc. Building Technology Graduation Thesis
Anagha Yoganand

abt

BKBouwkunde



'@%@D!

. Context =

In the Netherlands.......

Increase in demolitions of Office buildings Construction industry contributes to
@
al‘: A 50% of raw materials consumption
1
L[ |
g [
— 40% of total waste generated

Rapid change in user demands

(CBS; Remgy, 2010; Transitieteam Bouw, 2018)



Context

In the Netherlands transition.......

got

Distribution

Consumption,
Use, Reuse,

Production, Repai
epair

Remanufacturing

Circular NP7
Economy T

Collection

\
Lo
@) .
@ © ) Recycling

Raw Materials

Residual Waste

o,/ Waste generation
O A) Carbon emissions

o)
Reduction of primary resources 5 O A)

(Government of the Netherlands, 2016)
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of structural skeleton

A
A\
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[T 77
7/ 7/ —7
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Floor-system

-
9
O

O

Nl
Al

(Hegger, 2006; Van Haalen, 2018)



Problem =]l

Floor-system

> 50% of carbon emissions

Kengetallen constructies:

CO; emissie (kg) 4966052

(kg m* BVO) A 166.93

schaduwprijs (€) 460487
(€/m® BVO) 1548

(€/m® BVO/jaar) _ 021

BVO (m?) 29750

® Floors 3222188 64,88 % evensdur (oo v !ﬁ{

. Structural Columns 45678 092 %
(" Structural Foundations 472033 9.51 %

[ refresh |
@ Structursl Framing 108740 219 % /
® wals 1117412 2250 % & )
o )

CO; emissie per Revit categary  schaduwprijs per £/m® BVO/jaar

1.0.6893 29706

(Van Haalen, 2018)
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Problem

Integration in a Floor-system

Design Criteria

Sound insulation (@) _
Flexibility O ¢ O
Floor span @ ¢ '_
Floor thickness @) C{()E————
Fire resistance @) _

Pipe in floor slab

(ISSO 80;SBR 2005; Kennisbank; Cie,2016)
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_
Problem =1 fl|

Integration in a Floor-system

Possibility lo influence impacts Impacts and costs during use phase
\ and costs |

\ / I = i Pipe in floor slab

4 mulated impacts and
cOsts

1 S—

1 Impacts and costs of
I construction

Environmental impacts and costs

Impacts and costs of !

Ducts below beams

planning !
1 —
S ———— ’__—l—’— >
¢ sd 3¢ y Time
< >< > >
Planning I Construction Use phase and maintenance
e ——— |

Services in raised floor

(Braganca et al., 2014; ISSO 80;SBR 2005; Kennisbank; Cie,2016)
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Hypothesis

Integration in a Floor-system in early or preliminary stages of design

Design Criteria

Sound insulation . (e _
Flexibility O « O
Floor span @ ¢ '_
Floor thickness @ :c—
Fire resistance @) ¢ '_

Environmental (@) C( )

impact

Material O ( O

Circularity

Pipe in floor slab

g ot

L

e

e

* —

=



. Research Objective

Decision Support System (DSS)

/ Design Criteria \

O\/ Sound insulation @ =_

€ - ——— = — Flexibility O ¢ O
Floor span 0 — (O
Floor thickness @ =_

Circularity Indicators
\ y / Qire resistance @ =C_/
1
: A
! 1
v p

\ Integration strategy j N

In early or preliminary stages of design

9



. %,
Research Question ="

How can a decision support system assist the stakeholders involved in the preliminary design
phase of an integrated floor-system, to compare design options based on technical

performance and degree of circularity for making a suitable design choice to facilitate
adaptability in office buildings (Netherlands) ?

10



. Methodology

Step 1

Step 2

Step 3

Step 4

Step 5

[ Problem Formulation ]

Data Collection and Knowledge Acquisition

Decision
support
system

Circular
Design for
Adaptability

Circularity Integrated
Indicators floor-systems

Expert
Interviews

J

Feedback

DSS Prototype Development

[ KB Database ] [ KB Heuristic rules ] [ Implementation ]

(

-

DSS Prototype Testing

[ Prototype Demo ]

[ User testing Feedback ]

~

J

Vs

Conclusion and Reccomendations

~\

Feedback

11



Step 2 ‘ Data Collection and Knowledge Acquisition

1. Decision support system

2. Circular Design for Adaptability

3. Circularity Indicators

4. Integrated floor-systems

5. Expert Interviews



. Decision Support System (DSS)

Definition

. DSS is a computer-based system that supports the

decision makers (DMs) in the process towards framing and
exploring the implications of their judgements, and

therefore making informed decision based on
understanding

(French et al., 2010)



. Decision Support System (DSS)

Classification

Data-driven Model-driven

S

(French et al., 2010)




. Decision Support System (DSS)

Classification

A
Level of Level 3
Support
OR Decision
models Analysis
Level 2 \ >
SS>—F———>=
. Soft
Forecasting modelling
— -

Databases )
Level 0 Data Mining

Hands-on  Operational ~ General Corporate
work Strategic

Level 1

Domain of Activity

Level 2

Level 1

Level O

Evaluation and ranking of strategies
alternatives by balancing their
benefits/drawbacks

Simulation and analysis of the potential
consequences of the strategies; feasibility
check and insight into benefits/drawbacks

Analysis of the data towards forecasting the
performance through one or more decision
models

Only providing the information as is to the
DMs with minimal analysis of the data

(French et al., 2010)




. Decision Support System (DSS) = i)

Typical development process

("Water treatment problem analysis h
Water or wastewater treatment problem
Economic, Biological/
regulatory, Pz chemical/

5 performance .
environmental data physical
requirements analyses
( Technical, economic, or system analysis )

¥
| Database and knowledge-base |
| v
¥
(“Alternatives for knowledge representation & reasoning M
—{ | Mahematcal land | simuiationand | and Artificial
< programming or modelling or intelligence
2 y
g : 3
-"ié ("Sequential decision optimisation
E ;
T c;ﬁslsr;n;g& 2. Prelim_inar‘_.r 3. Decision
:‘u rating criteria screening breakdown
2
z| - : v
§ (“Aspects of usability A
('
— Verification & User interface & Output reports
validation intervention design
. v

(Poch et al., 2004)
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Decision Support System (DSS

Sate-of-the-Art examp

les in AEC

Fashre Tyne i
Taluidng Cest
[ Updsts Method 7]
= | FromEfirdS buchas |
Fropeity Ewm

-| MEP TaBuldng CoieME

~ SlructurslPafoimerceFa s
Ereigy: Taluiding Erercy

Shuctrdsystan
EneigyCazulaions

- | BazemertSabloncieie m3 doable

Numbal Of Floors: 50

Net ta Gross: 0.68

Wiall ta Floor: 0.35

Net Area: 72403 m2
Gross Area: 105,800 m2

-12 8 kWh/m2

Total Heatn Consumpﬂun

Tot ater Consumption

rE; Consumpnon
umps Consumption:

61
49.9 KWhim2
939 KWhim?2

Total Fans

Total Small Power Cor;sumpi on

Total Life Cycle Cost 352 E/m2/B0 years
Total Ewcr-i.i' Cost: 03 £/m2/60 years

1148 C02 kg/m2/year

Total Embociad Enﬁi: 207 C02 Wm2

T Emmisigns:

- | Eloor Plalabieas:. FloaFadelntn
HeiTolmoss TelBuidng HeiToGmos: P Toliss
Sutacedres: doubls benlreSuface(? Area (14055 833)

-| Files_Dapih dowble Shuchralsysian Ha A
Proppedioors: bool Frimandnputs. Stuchue_ProcFloors [False|

3

-| BemmmerdTabfenl_md. douds
FrameType: FrameTppeOption

3
Frimacylnputs Stuchue TyosOF Frame .

-| CoinTypa Shicasal wpallplon
CoatllfE bool

Primatylapute Strusae Tyne0l_ComSmactian

Co2tDiEl ectriciy_sledincPerkbc

P _ CostScaed [Falee)
Frimarylaputs Energy CosiDIElecricly steringPe. .

- Mlﬁas alslrgPe-kW doiole

Frimarylaputs Ene gy Coliaa, deilgPasn.

Lilis_SberingPerb2 doubler

:_Stelngeeikz_doubie

Ceat_StedrgPeriZ: double

-| TolaBslsalwehl. doubls
Success: beal

6.0 m

Total Steel Weight.
Widlhcore 1= 250 m

4,205.50 ton

F-y
Far!

%Ie wngrn cure %9 Iul1
i rmml wa-gr'l- 1E

Reirforce menl vl

Fhaors are 'n:tlmm 1msmren
Thickress
wnus

e ‘v‘.ﬁ;u“n’%‘g’%%“n:?%iw’:f )

1

glr;a\r\visr:.nsm beams = 322 8 1on
Steel valime prmafy beams = 41.1m3
acondary beams: HE 400

2 c&':'"u 000K
ILIMn SeCHOn-

gmna'ﬁéﬂmmg

oo mugmam Linnrfs;%]b'ﬁu?l%]
le quality: C28135

okal wnwh il = 8

T

Tulal gnt’a reament = 95
Tnlal um reinforcement =
Total sleel weght = SC 1.0 lon
Total stee volame = 10214.1 m3

-ﬂun

(Coenders, 2011)
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)

. Decision Support System (DSS

Dashboard Based Design tool (DSS)

Open to many design typologies

Number Of Floors: 50 2 2
Net 1o Gross: ]

W Feor % .
e ; Nt et Hltgme Tolal Lio Cycl Cost 552 £im2/80 yours
Tkt et Gross Area 105,800 m2 oG Eret ot {703 dnoel years n |
Gttt g -— S u
i = Total Hoating Consumption 42.8 kWhim2 Total Emmisions- 1149 CO2 kgm2lyear
i Hot el Gormmeon, L6 KM

Whim2

1otal Cooing Consumpi 811
Total Fans/Pumps Consumption:  49.9 KWh/m2 IoilEnbocied Energy 207 02 cgn2

Total Small Power Consumption: 93,9 kWhim2

| —\

Total Stasl Weight.  4,205.50 ton

e e Codcaed [

imapiapts Eotrey ColDEsney denfe

FimesTa | Enecy Gt O
©

Surbcis Fiy hE?
o= SeacPaH fais AT
E=rCED i R

i stz ke

iurecre .
o Sl e rlroement wegtt= 1608 Jian
Reirioroement voumee 200 5 m3
Flors are o post e
iy Thickress fac' = 31

(HEEH ARG

e

Interactive

Provides feedback




. Circular Design tfor Adaptability ="

Sustainability

N

(¥

Resource Reduce energy Zero waste
efficiency consumption generation

( Geissdoerfer et al. 2017, EMF, 2018)




. Circular Design tfor Adaptability ="

Retain highest

value of the N

material/product Q.J

Keep material Regenerate Design out of
in use natural systems waste

(EMF, 2018)




. Circular Design tfor Adaptability ="

Closing

Retain highest @ @

value of the
material/product

MO

Resource flows

(Geissdoerfer et al., 2017; Bocken et al., 2016)




. Circular Design tfor Adaptability

Circularity Class A

Circularity Class B

Circularity Class C

Circularity Class D

Design for X

Longitivity; Upgradability; Ada pta ol |ty

Maintenance; Leasing

Refurbish; Remanufacture

Recycle; Re or Disassembly;

(Saidani et al., 2017; Bocken et al. (2016))



. Circular Design tfor Adaptability

Economical
obsolescence

Spatial
Flexibility

5-25yrs

Drivers of Adaptability

Technical
obsolescence

Technical
Flexibility

5-100 yrs

(Durmisevic, 2006)
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. Circular Design tfor Adaptability =]l

Drivers of Adaptability

Economical Technical
obsolescence obsolescence

Spatial Technical
Flexibility Flexibility

5-25yrs 5-100 yrs

Capacity of load-bearing Disassembly Criteria

structure and installations

(Durmisevic, 2006)
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. Circular Design tfor Adaptability ==t

Drivers of Adaptability

Economical Technical
obsolescence obsolescence

Spatial _ Technical Cicular building
Flexibility Flexibility design

Disassembly Criteria

(Durmisevic, 2006)
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. Circular Design tfor Adaptability

[ Disassembly ]

Systems thinking approach

Building layers

Stuff
Space
Services
Structure
Skin

Site

rate of change

(Brand, 1994)




. Circular Design tfor Adaptability

[ Disassembly ]

Systems thinking approach

Building level

(Y
>
iC
4+
[
[
(a1

Material levels

Component

Element

Material

(Dumisevic, 2006)




. Circular Design tfor Adaptability = — il

Resource Disassembl Regeneration of Retaining value of the
efficiency 5ass y natural systems product

) <3 2 @

32



. Circularity Indicators

o U=

(WP

Material balance

00
tOC)

Flexibility

Environmental impact

Service life planning

33



. . 0 f—— o\//’
Circularity Indicators =l
n At product level
fu SE I SD Gh SD Gh EE GE ED G ED G SE I GE I GE I GE I G G G G G G G G G G GE G BD G BD G GE GE G SE G SE G Sn aE S ae .. |
t:J : ' '
, in a closed :
l cycle :
[ recycling ]4 ——————— { recycling } ———————————— I :
1 1
Amount of virgin material * : :
used (%) recycled Material for : :
materials recycling I I
A 4 # #
Primarily renewable . ] f material to incineration or
Production > Use - :
or non-renewable J L landfill
Amount of material + 4 A
available for next cycle I Collected parts for reuse : :
(%) i ittt I
1
|
1
repairingor |, _ _ repairingor [ !
refurbishing ) refurbishing
- - - -» Waste flows in a closed
Amount of material lost : cycle
(%) — Material flows o

(Measuring Circularity, 2020)
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Circularity Indicators ="l
n At product level

(WP

Amount of virgin material
used (%)

Material Circularity Indicator

Amount of material 1
available for next cycle MCI
(%) J
Q il 2 3 4 5
-0.2
Product Utility
[ Amount of material lost sm|inegr e50% restorative ===100% restorative
(%)
(EMF. 2018)
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Circularity Indicators

D At product level

.00
oo Functional Separation

1.0

0.6

Functional decomposition 0.1

Functional dependence

1.0
0.8
0.4

0.2

Physical decomposition o

Separation of functions

Integration of functions with same life cycle into one element

Integration of functions with different life cycle into one element

Separation of functions

Planned interpenetrating for different solutions (overcapacity)
Planned interpenetrating for one solution

Unplanned interpenetrating

Total dependence

(Dumisevic, 2006)
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Circularity Indicators

D At product level

00
too 1.0

0.8

Functional decomposition

Accessibility

Physical decomposition 1.0

0.8
0.6
0.4
0.1

Type of connection

Accessory external connection or connection system

Direct connection with additional fixing devices
Direct integral connection with inserts (pin)
Direct integral connection

Accessory internal connection

Filled soft chemical connections

Filled hard chemical connection

Direct chemical connection

Accessible

Accessible with additional operation which causes no damage
Accessible with additional operation/causes reparable damage
Accessible with additional operation/causes partly reparable damage

Not accessible — total damage of bought elements

(Dumisevic, 2006)
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. Circularity Indicators

At product level

&

MPG per functional unit

Climate change - total

Climate change - fossil
Climate change - biogenic
Climate change — land use and

change to land use

Ozone layer depletion

Acidification

Freshwater eutrophication
Seawater eutrophication

Land eutrophication
Photochemical ozone formation

Depletion of abiotic raw materials,
minerals, and metals

Depletion of abictic raw materials

Fossil fuels
Water use

Fine particulate emissions

lonizing radiation

Ecotoxicity (freshwater)

Human toxicity, carcinogenic
Human toxicity, non-carcinogenic
Land-use related impact/soil

quality

Impact category “ Weiglhtlng of
results

kg CO2-eq.
kg CO2-eq.
kg CO2-eq.
kg CO2-eq.

kg CFC11-eq.
mol H+-eq.

kg PO4-eq.

kg N-eq.

mol N-eq.

kg NMVOC-eq.
kg Sb-eq.

MJ, net cal. val.

m3 world eq.
lliness incidence
kBq U235-eq.
CTUe

CTUh

CTUh

Dimensionless

Single-score

indicator

(Measuring Circularity, 2020;Stichting Nationale Milieudatabase, 2020)




. Circularity Indicators

At product level

Stuff
Space

Services

Structure

Skin
I Sito

Building layers

rate of change

Scenario
ULC<TLC = Reuse;
ULC=TLC = Repurpose/recycle;
ULC>TLC = Maintain

<
Use life cycle of
building

Retention strategy of the

product/material in the
building layer

Technical life cycle
of building layer/
product

(Dumisevic, 2006)
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B

T

! | !

Structure Services

Building layers

o 0O O O O O O O O

O O O O
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f—— os?hl
| Building ]
o
>
g I
[
5
S
: J
& supply
%]
>
m j

Floors; Floors; non-
loadbearing loadbearing

| | |

Air treatment;

Bldg frame; Bldg frame;
release

Air treatment;
distribution

column beam wall and floors

Sub-Systems

(NL SfB, Bimloket 2021)



. Integrated floor system
[ Building ]

Durability

30-300 yrs

Building level

42



. Integrated floor system

Functional dependency

f
S

pS

10 O O

[ ]
L |

i— -
[ E il%’ planned interpenetration
| & o ]

s
- H I unplanned interpenetration
Cc

[ ]

J_ total seperation

@) |

== 0 ==

Functions within a

¢ - construction

(Dumisevic, 2006)



)

o

i
B

. Integrated floor system

Integration typologies Integration strategy Flexibility dependent on
space layer (screed)

i

In the slab yes o .
q Criteria for selection

Flexibility (use and process)

- e ® L, - Concrete core activation

Floor height

model

Low weight
In-between the yes

beam

Prefabrication (fast construction)

oo}
<. -
=
L.
=
®]
=
=
QU
>
(1]
o
=
o -
o
=

In the slab no

! . ! (SBR publication 2005)
Capacity model
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. Integrated floor system

Structural performance

Durability

Design life span

Strength

Technical life span
(years)

Applied Load
capacity
(KN/m2)

Usability

Technical Criteria

Deformations

|

Span (m)

~

Mass (kg)

Natural
frequency
(Hz)

Damping
percentage
(%)

Building physics performance

(ISSO & SBR publications, Cie, 2016)
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. Integrated floor system

[ Technical Criteria ]

Structural performance

[ Fire safety ]

Against structural

Penetration

Building physics performance

[ Sound insulation ]

Air-borne

Structure borne

collapse

[ Fire resistance (mins)

-

\

Sound
absorption
coefficient

—
)

Sound
insulation
(dB)

\___
(ISSO & SBR publications, Cie, 2016)

[ Mass (kg/m2) ]
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Insights from experts

A total of 10 participants were interviewed

Design domain

- ~
-

- ~o

Client

-

=

' MEP Structural
\\consultant Engineer .’
e
~ '
~

______
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- Insights from experts

When?

e e ==

Design domain

————
- -~o

-
-
-

Client

Requirements

4

Structural
Engineer/,’

Design Decision

O O 0O 0O O O O O O

O O O O

e e e e e e e e e e e e e e e e e e e e e e e

Preliminary design phase

N ———————

Challenge

Main Criteria

To reduce
environmental impact

Most used circular
strategy

Expectations for
Decision support
system

To integrate or not?

S
—

Flexibility

Materialization

)

Design for maintenance ]

Multiple options

Interactivity

informative

Reduce time & effort

Flexible and transparent

What?

48



Step 3 | DSS Prototype Development

1. KB Database

2. KB Heuristic Model

3. Implementation



___________________

Structural
floor-system

Sources of data:
Technical product
sheets/ Literature/ MiM
database/MPG
Calc./NMD/Nibe/CES

1e

Database of [ Service installations h

I-LLLL

products/
materials

Space layout finishes

- - - ———— - - —

___________________
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. KB Database Structure

Total alternatives = 10 x structural floor-system

Technical indicators

Slab Total applied Fire
MPG calc. Thickness Width | Length | Mass [Load resistance | Active heating/pipe |Technical life span
Family Ref. Code |Product name Material (mm) (m) (m) | (kg/m2) [(kN/m2) Span range (m) (mins) integration (yrs) (industry avg)
Structural floor 23.01.046 VBI Hollow core floor 150 Concrete C12/15 150 1.2 7.2 e 268 2.5 7.2 60 } 0 100
23.01.018 VBl Hollow core floor 200 Concrete C44/55 200 1.2 7.2 308 7 7.2 90 0 100
nibe VBI Climatefloor 200 Concrete C45/55 200 1.2 ¥ 384 4 7.2 90 1 75
nibe VBI Climatefloor 260 Concrete C45/55 260 1.2 7.2 510 5 9.5 120 1 75
28.02.025 CLT Rib panel (open type) Timber 320 2.5 7.2 150 5 7.2 60 0 75
47.04.012 Comflor 225 (1.25mm thk) propped Composite C35/45 295 0.6 7.2 331.4 5 8 60 1 75
47.04.013 Comflor 225 (1.25mm thk) propped Composite C35/45 305 0.6 7.2 361 5 7.9 90 1 75
! 47.04.014 Comflor 225 (1.25mm thk) propped Composite C35/45 315 0.6 7.2 385 5 7.73 120 1 75
! 28.02.025 LVL rib panel (Semi-open type) Timber 480 2.5 7.2 245 6 7.2 60 0 75
\ 28.02.025 LVL rib panel (Semi-open type) Timber 330 2.5 12 168.3 3 7.2 60 0 75
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. KB Database Structure

Total alternatives = 10 x structural floor-system

Circularity indicators

Amount of Material Pipes Renewable
MPG calc. MPG per Virgin Material |available for |[Amount of |Integration |Dependency |Functional Functional Connection |[source of
Family Ref. Code |Product name unit m2 used nextcycle |material lost |type on screed Separation Dependence |Accessibility |type material? |MCI
Structural floor 23.01.047 VBI Hollow core floor 260 3.9 86.14 98.95 1.05 x 0 0.0 0.0 0.0 0.0 0 0.71
23.01.018 VBI Hollow core floor 200 3 86.23 98.96 1.04 x 0 0.0 0.0 0.0 0.0 0 0.71
nibe VBI Climatefloor 200 7.32_' 86.14 98.95 1.05 Gutter 1 0.1 0.4 0.0 0.0 0 0.61
nibe VBI Climatefloor 260 8.44 86.12 98.95 1.05 Gutter 1 0.1 0.4 0.0 0.0 0 0.61
28.02.025 CLT Rib panel (open type) (320) | 4.24 90.92 15.30 84.70 x 0 0.0 0.0 0.0 0.0 1 0.96
47.04.012
Comflor 225 (295) 9.5 84.75 98.75 1.25 Capacity 0 0.1 0.8 0.1 0.1 0 0.61
47.04.013
Comflor 225 (305) 9.8 84.75 98.75 1.25 Capacity 0 0.1 0.8 0.1 0.1 0 0.61
47.04.014
Comflor 225 (315) 10.35 84.75 98.75 1.25 Capacity 0 0.1 0.8 0.1 0.1 0 0.61
28.02.025 LVLrib panel (Semi-open type) (480) 6.36 99.12 15.77 84.23 x 0 0.0 0.0 0.0 0.0 1[ 0.92
28.02.025  LVLrib panel (Semi-open type) (330) | 4.3725 99.12 15.77 84.23 x 0 0.0 0.0 0.0 0.0 1 0.92
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KB Heuristic logic Model

Analyze input
Database of

Show eliminated
options and the

products/
materials

v

reason for
elimination

v
List of inputs Users Set values Filter and Analyze
solutions
Technical Criteria Eliminate
d—
O e
O e

Integration Choices Analyze




Dashboard visualization

Set inputs Live feedback (influence on choice)
ThbAw g
Click & Arrow —_——
e T S—
Click Jump ——
3-D basic configuration Solutions for comparison

\ /'\\
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Develop heuristic logic

| // e

Y

A

grasshopper

Creates User interactive
Dashboard

| -

A

TTI00LBQY |
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Step 4 | DSS Prototype & Testing

1. Prototype Demo

2. User Testing Feedback



Prototype Demo

UILDING SPECIFIC DATA

Use life span (years)

SELECT TECHNICAL CRITERIA TO SET

Floor span
Applied load
Mass
Fire-resistance

(=) SET PIPE INTEGRATION CHOICES

Concrete core activation [pipes integrated in the floor-slab)
Mo
Yes

Results Detailted information o

Analyze inputs (shows live feedback)

STRUCTURAL FLOOR-SYSTEMS  SLAB THICKMESS (MM) ~ MASS (KG/M2)  CIRCULAR DESIGMN STRATEGY = PIPE INTEGRAT
VBI Hollow core floor 260 260 3a3 Recycle
VBI Hollow core floor 200 200 308 Recycle
VBI Climatefloor 260 260 510 Maintain Gutter
CLT Rib panel (open type) (320) 320 150 Maintain
Comflor 225 (205) 295 3314 Maintain Capacity
Comflor 225 (305) 305 361 Maintain Capacity
Comflor 225 (315) 315 385 Maintain Capacity
LWL rib panel (Semi-open type) (481 480 245 Maintain

4 I, »
‘) MATERIAL CIRCULARITY

Material Input

Percentage of vingin material
from nespectve source

I B Hollow cone floor 260 = 329kg/m2 I VEI Hollow core floor 200 = 265kg/m2 l VEI Climatefloor 260 = 43%kg/m2
I LT il panel (opan type) (320) = 137kg/m2 I Comflor 225 (285) = 282kg/m2 l Comflor 225 (305) = 307kg/mz2
[ comtor 225 151 = 32megumz [ 1. i panel tsermi-open type) (4801 = 243kgim2

* KAPWING
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B .
User Feedback ="

Compliments

® dashboard based design tool offers a very user-friendly and interactive experience

® It supports the preliminary design stages of a project by giving quick insights into the possible alternatives for a given design case

® the usersrecognized that by scaling up this approach, with a bigger database of knowledge, it could provide much deeper insights
and could be a valuable for industry wide application in the future
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_
User Feedback =]

Possible improvements

The addition of a table that could show the solutions that have been eliminated will be valuable

Addition of technical criteria for space layer, that consists of mass requirements to be set for screed and ceiling to determine overall
mass of the system and the addition of sound insulation properties per product for better acoustic performance insights.

Addition of the impact on the overall floor-to-floor height due to integration strategy is another recommendation by the user

the users suggested it could be valuable to conclude the results by aggregating all indicators and ranking them for better informed
decision making
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Step 5 | Conclusion

1. Answering research question

2. Recommendations



_ .
Conclusion =l

How can a decision support system assist the stakeholders involved in the preliminary design
phase of an integrated floor-system, to compare design options based on technical

performance and degree of circularity for making a suitable design choice to facilitate
adaptability in office buildings (Netherlands) ?
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How can a decision support system assist the stakeholders involved in the preliminary design
phase of an integrated floor-system, to compare design options based on technical

performance and degree of circularity for making a suitable design choice to facilitate
adaptability in office buildings (Netherlands) ?

A Decision Support System development based on a Dashboard based design tool can help the Decision makers in early design stages

® By providing an interactive, informative platform that is open to compare multiple design typologies

® By sharing quick insights into impacts of design decision on Circularity related indicators especially flexibility facilitating adaptable
office buildings

® By sharing live feedback on the design decisions and educating them on which design crietria has led to the display of applicable
options

®  The bigger the database, more the insights that can be inferred
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® The developed DSS is only as good as the knowledge gathered and data collected, therefore it is very important to be critical of
the problem formulation and categorizing/filtering the relevant data and knowledge model

@ Asgregation of all the different circularity indicators into one scoring system that can rank all the floor-systems can be valuable to
better advice the decision makers

® Making the DSS reversible in terms of the input and output criteria and indicators can allow more freedom and flexibility for the
decision makers
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Questions?



‘The significance of seeking a scientific basis for design does not lie in the likelihood of
reducing design to one or another of the sciences... Rather it lies in a concern to connect
and integrate useful knowledge from the arts and sciences alike.”

- Richard Buchanan, "The wicked Problems in Design Thinking”, in Margolin and Buchanan, eds.,

The idea of Design, 1995.



