GTB LAB demonstrates

o Circular building design

o Construction without value degradation
of materials

o Circular building methods

o Use of digital tools/ BIM for
management of circular material
streams

o Standardisation of Circularity profiles

Architect: E.Durmisevic, 4D Architects

Constructeur: J.van Heijster, AB

Installatie: J.Widenhof, ABT

Aanmeer : Jongen Bouw

Leveranties: De Groot Vroomshoop, Jansen/ODS,
Pilkinton, TNM, Rodeca, Ammanu
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9"’ Future Generation of Buildings

Source:
Elma Durmisevic, EU BAMB 2020, circular economy in construction
Design strategies for reversible buildings, 2019
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Paradigm Shift towards Circular Buildings and Economy

Multiple layers of buildings enable multiple value propositions by reversible design ©E.Durmisevic 2016
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~ Trends in building design and construction - ADDING UP AND DEMOLISHING

Buildings frequently undergo
Demolition due to :

 degradation of materials and more
technology dependent components

* Inability to remove and exchange building
systems and components

« unfitted for recycling

« difficult to repair
« difficult to access
« difficult to decosntract

< € ¢

* 40% CO2 emission in world is building related

* 50% of material resources taken from the
nature are building related

* over 39% of national waste production comes
from the building sector

I architects



THREE DESIGN DIMENSIONS OF REVERSIBLE BUILDINGS
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oy Ensure multiple value propositions of Building through
‘ g o Ny~ three dimensions of building’s reversibility
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Towards reversible
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Reversibility of structure/
Reconfigure /upgrade

structure

WP3
Reversible Building Design
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Reversibility of material/
Separate elements/

material
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Dr. Eima Durmiseve, BAMB program/research leader of Reversibie Building Design group, 40 architects
founder GTB lob & GOC SGOF

Reversible Buildings, The Netherlands
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' TOOLS
Design and

Assessment

©Model Durmisevic 2015 GUIDLINES |:

l Separate materials l Reconfigure/reuse structure

Reversible Buildings, The Netherlands
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Reversible
Building

Circularity
profile O

Reversible
Building

Circularity
profile 1

RBD Category O |

Spatial reversibility
TCO,1

Technical reversibility
RPO,1

RBD Category 1

Spatial reversibility
TC0,2&0,3

Technical reversibility
RP0,2&0,3

RBD Category 2

Spatial reversibility
TC0,4&0,5

Technical reversibility
RP0,2&0,3

RBD Category 3

Spatial reversibility
TC=0,41t00,6
Technical reversibility
RP0,4t0 0,6

TC>07 RP 0,3

RP>0,7 TC<0,3

High value reu
se less than 10
%

&
Downcycling mo

re than 50%

Reuse Building
structure 15 to
39%

/

High value mate

rials

reuse 10-15% &
Recycling more t
han 50%

Reuse Building
structure 15 to
39%

High value mate
rials
reuse 15-39%

Reuse
Building structu
re
40-69%

High value materi
als
reuse 40-69%

RBD Category 4

Spatial reversibility
TC>0,7

Technical reversibility
RP>0,7

| Reuse
Building struct
ure more than
70%
Materials reus
ed more

than 70%

Circularity Profile based on Reversibility Indicators
= Reuse Capacity of Buildings and its Materials

) Reuse potential product level

Spatial Reversibility

Separate materials

Reconfigure structure

ﬁ";im““. Dr.EIma Durmisevic, Founder GTB lab



REVERSIBLE BUILDING

Technical Reversibility Spatial Reversibility

© E.Durmisevic 2016

Reversible Buildings, The Netherlands
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Belastingen [kN/im], [kNim"2]

BG 15: BG3 + BG11

Copyright © 2017 4D Architects

lsomelnsch

Hez. O

]
1
y

o

SPACE

Figuur 5, Wind dak 0.75 KN/ sass L)

BG 21: BGY + BG14
Belastingen [kNJm], [kNimA2]
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Exchangability of building parts

Elma Durmisevic, 2018
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Demonstration of circular solution
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MATERIAL

Elma Durmisevic 2019




Partly Reversible

Circularity Profile 2
20 to 40 % Reuse

Reversible Building

Circularity Profile 3
40 to 70% Reuse

Reuse Waste
(79 04-09) g ®00,)

Reversible Building

Circularity profile 4
More Than 70%
Reuse

- ©E. Durmisevic 2019
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Aim of the LABORATORY FOR GREEN TRANSFORMABLE BUILDINGS gtb

Developing and showcasing circular building solutions Monitoring, scoring system, inventory

S\ 7

Circularity profile

©Model Durmisevic 2019
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Quick scan and diagnostics regarding
reuse capacity of buildings and
materials in the cities
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Digital Deconstruction

DDC

Dr, EIma Durmisevic

25/02/2021

Web Links ===

Platform Users

©

Application API

Module Users

Reversible BIM Dagital matenals &
buldings database:

Module API

DDC platform

DC projects
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European Regional Development Fund
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BUILDING
REUSE POTENTIAL

interreg E
North-West Europe §

Reuse Potential

Tool
EModel Durmisevic 2015

) rei
“e... B8 Reyersible BIM digital inventory of

Reuse Potential
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Reuse Potential

Tool
©Model Durmisevic 2018/4D
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Reuse Potential
Tool

Dmodel Durmisevic 2015
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Technical Reversibility

Functional dependence

Technical dependence

Physical dependence
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Reversible
Building INDICATORS/ Technical Reversibility

DModel Durmisevic 2015

FUNCTIONAL DECOMPOSITION ASSEMBLY SEQUENCES
1
A7) - L U oo
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FUNCTIONAL

o CLUSTERING/ SYSTEMATISATION
decomposition

INTERFACE GEOMETRY

&K»::ﬂ R

TYPE OF THE CONNECTION

PHYSICAL
dependences

OPEN VERSUS CLOSED HIERARCHY

TSNS
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TECHNICAL
dependences
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Reuse Potential
Tool- towards
Reversible BIM

©Model Durmisevic 2015

bevnien

= 0,68

* X %
* *
* *

* *
* ek

EUROPEAN UNION

Reuse potential

Exchangeability

Reuse options:

RP 0,9 = Direct reuse

RP 0,8 = Direct reuse by minor repair
RP 0,7 = Reuse by major repair

RP 0,6 = Reuse by major repair

RP 0,5 = Re-manufacture

RP 0,4= Re-manufacture

RP 0,3 = Mono-material recycle

RP 0,2 = Recycle

RP 0,1 = Waste

a|qisianay

ajgisianail]

RP Score per
indicator

= Bottom floor
= Top floor

RP Score per

sub indicator
L
£
<

v
§

Factors

Embodied Environmental Impact
Embodied Value (EV)

Dr. Elma Durmisevic

A0

architects

Indicators Criteria
F1 |Functional separation 0,6 0,6 060
2 e ' o F2  |Functional integration 0,73 '0,73 H g
S1 |Number of material levels 0.9 09 090
Systematisatio material levels ; t Tt
b oy $2 |Type cluster - clustered parts vs non-clustered parts 0,6 0,6 | 0,60 . 2 _
R1 |Number of relations 06 09 |B)y§Jerburmisevic2015
Relational pattern R2 |Hierarchical position of relations 0,9 09 0950/082 1
) R3 |Type of relational pattern - open vs closed pattern 0.8 08 080
Assembly Al |Assembly sequences 0,7 0,7 070,070 1
Base element Bl |Type of base element 0,50 0,550 050050 1
L1 |Technical life cycle coordination 09 050 050
S |_12_[Remaining Technical ifespan 081079 |00 °]
Connections C1 |[type of connections 054 051 052052 3
Accessibility AC1 |Accessibility to fixing 0,70 069 069069 1
G1 [Standardisation of product edge 084 084 084
1
ot G2 |Geometry of product edge 080 0,80 | 0,80 2
Dimension | Production Dimension | PD1 |[Standardisation to production dimensions | 0,78 0,78 1 0,78/0,78 1 R
total score* 0,68 S



Reversible
Building

©Model Durmisevic 2009/2015

EUROPEAN UNION

3 CATEGORIES OF MATERIAL STREAMS

in relation to the RP score

IRREVERSIBLE

if RP indicates that a system has these
systems will be characterised as irreversible and the
end of life options =

PARTLY REVERSIBLE
If system has RP> 0,3 and RP < 0,6 end of life
options = REMANUFACTURE! MAJOR REPAIR,

REVERSIBLE

If system has this would mean that besides
of its parts the

system can be

and its dimensions adjustable to fit new

requirement.

REUSE %

ireversible W partly reversible reversible

30 - 60% =
60% reuse by

remanufacturing/
major reparation

A0

architects



REUSE POTENTIAL/ BUILDING LEVEL

1. Input relational diagram

Relational pattern

Relational Pattern - Putgraaf 188 Heerlen, Typlcal Floor

2. Endlosure 4. Servicing 1. Load-bearing 3. Finishing 2. Enclosure
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Reuse Potential DATA
GATHERING
Tool

©Model Durmisevic 2015/4D

Drawings
point cloud
site visit

— - -

€3 comments & Print & screenshot & share

ReversibleBIvddaduleClient - Statisbics

Elerment count: 465
Get elements + find intersections:
0:00:07.1460352

architects

EUROPEAN UNION



Colour coded diagram representing

relational dependences between elements

BUILDING
REUSE POTENTIAL

Reuse Potential S e
Tool = f”
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Reuse Potential
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Reuse Potential
Tool
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0)8

Elernent data
Id: BOBE16

Element connections

Element IDF Connection type

Category:  Columns
Wokuame: 071 m
Ares: 5m’

Connections: 4

3|qisianay

AL zmt Tam, 22102 WEIN KA DD e G
Lok mages Moy ®tic Tlduds vRn Wi sHe e iAo Mol F.

3|qisianal|

CrrEqas FER dTede B

=0 2 -

| M Conmuct darvams o x

o Diowet hewnitd cwwwriom

Setecses ehemmare:

Uneret e corwwrhoe:

Cevew D 108082
bt Cmrar s e ety v e et

¢ ncert comeprase WY TEVEREC Shemcs CowCIon
D Matere seshy Tar covmited pert Pt B0

M. D2 ovewsg muterel, wascer than comnected part

L
P ST Commerer. ypw &5

Reversible
BIM

- o i s NS

g—




Reversible N
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Element connections
Family and type Connection type

Elemment dats
Id: 3280146
B e Categary:  Winddoas

4|_ ) ke | wau'rgm—'y 0,00 m*

architects ety uats A A 215m*
Connectinns: 4
Total R?; 0
Material: Glass, General
oz 1,437 kgCO2e/kg

ELRCIFEAN UMK [P

Assarbly Scouece
REM Tetal Reversigde Reuse .. |
| Workses

INDICATOR 4
RP{cl) type of connection

Tyme al Cannsctian

0,5 _ Grawtational force copnecticn

0, Indirect Frree connection with fastener

ik Miresct Farm lock conrertion

08 Form-lock conrection with Fastener

(TR _ Lirect tvo access connection (balt-nut)

nr £2 One accesd thraaded conrection (sorew|

0,6 [ Dine access rarcthreaded connection {nail, feetion part)

0.5 [} Hidden dowsl cornection [dowsl connection)

o4 Irreswersibbe pae access connection [raet]

A4 I sterisl pormecticn viesker Lhan cormection part {plosd

03 Coyerimg materigl conpeclion, weaker thar connected pert [paint,
plastir, scrend)

0,1 Pl st il pormecticn sirongen tan connected part (oement]
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ELIRCFEAN LIMIOK

Glass Facade [28360..
Glass Facade [28564..
Glass Facade [28581...

Glass Facade [2866/...

» Profile Facade
» Panel Vent.Facade
¥ Floors
¥ Floor
¥ Floor Slab 200 mm
Floor [280579]

p Roofs
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Reuse Potential

Tool

Information for inventory
expert

©Model Durmisevic 2015
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Information for owner/cost

beneflts ana |yses & pOl ICy i Ci(R) 08 -09: Direct Re-use or minor repair
g g Ci(R) 0,6-07 Direct reuse major repair
kes & t t ;
R Potenti I Makes Inventory exper Ci(R) 04-0,5: Reuse by Remanufacture
euse rotentia
between
[] . .
Tool d t 5 Ci(R) 0,3: mono-material Recycle
- Ionnages dna reuse options Gi(R) 0.2-Downcycle
@Model Durmisevic 2015 £ Ci(R) 0,1: Waste
-
4|_ ) Reused tonnage per material (ton)
architects Aluminium Asbestos Bitumen Ceramics Concrete Glass Insulation  Linoleum  Plaster Plastics Steel Stone Timber Total _ Proportion
EUROFEAN UMK High Reuse Potential (0,7-0,9) 9,1 3,9 7,8 0,1 15,7 0,4 44,4 3,9 85,3 5%
Upcycled Medium Reuse Potential (0,4-0,6) 2,8 0,4 8,6 1,6 49,0 4,6 1,3 9,8 18,9 1027,8 0,5 7,7 1133,0 68%
Low Reuse Potential (0,2-03) 1,1 0,1 0,2 0,7 0,9 0,8 12,9 0,0 16,7 1%
Downcycled Reuse Potential (0,1) 0,3 4,1 1,7 400,3 2,1 0,5 0,3 0,0 16,9 426,2 26%
Total 13,3 4,6 8,6 3,6 453,9 10,8 4,7 1,8 26,6 19,3 1085,2 17,4 11,7 1661,3 100%
Proportion 1% 0% 1% 0% 27% 1% 0% 0% 2% 1% 65% 1% 1% 100%
Material substitution/
high value reuse
Reused tonnage per function (ton)
5. Vertical
1. Load bearing 2. Enclosing 3. Partitioning 4. Servicing ~ communication 6. Equipment  Total Proportion Reversible A Irreversible
High Reuse Potential (0,7-0,9) 30,9 19,4 19,3 0,5 15,3 85,3 5%
Upcycled Medium Reuse Potential (0,4-0,6) 167,0 898,8 66,8 0,3 1133,0 68% i
Low Reuse Potential (0,2-03) 14,9 1,8 16,7 1% CO2 avoided
Downcycled Reuse Potential (0,1) 343,2 48,2 31,3 3,6 426,2 26%
B U I LDI NG Total 541,1 981,4 119,1 0,9 3,6 15,3 1661,3 100%
Proportion 33% 59% 7% 0% 0% 1% 100%
REUSE POTENTIAL Reversible A Irreversible
= li
% Recycling tonnage Waste produced
2 Focus points
Y
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Per material
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Reuse Potential
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Reuse options:

RP 0,9 = Direct reuse

RP 0,8 = Direct reuse by minor repair
RP 0,7 = Reuse by major repair

RP 0,6 = Reuse by major repair

RP 0,5 = Re-manufacture

RP 0,4= Re-manufacture

RP 0,3 = Mono-material recycle

RP 0,2 = Recycle

RP 0,1 = Waste
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Avoided tonnages and CO2 per reuse option
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Data Sets for the city material flow monitoring
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