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Einleitung
WAS HAT DAS MIT TRAGWERKSPLANUNG ZU TUN?

Bei der operativen Energie handelt es sich um die, die wdhrend des Betriebes
des Gebdudes bendtigt wird, d. h. Heizen, LUften, Stromversorgung, etc.

Bei der grauen Energie handelt es sich um die Energie, die fUr die Produktion

der Materialien bendtigt wird, d. h. Rohstoffverarbeitung, Transport, Herstellung
von Bauteilen, etc.

Il Embodied energy
Operational energy

Figure 2: The increasing importance of embodied energy (approximate data for UK built environment) [15-17]

(c) John Orr, et. al.: Minimising Energy in Construction - Survey of Structural Engineering Practice, 2018
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Einleitung
WAS HAT DAS MIT TRAGWERKSPLANUNG ZU TUN?

Figure 0.1: Contextualising potential impact of structural engineers’

Cut one return flight to
New York in economy

Save 1,000kgCOse

Cut meat, dairy and beer Save 2,000kgCO.¢e per year
from your diet

Stop driving @ I Save 3,000kgCO.e per year
your car

20% structural embodied S 3
carbon reduction achieved Save 200,000kgCOz¢ per year

" 20% structural embodied carbon reduction achieved is based on the assumption of a structural engineer being responsible for (on average)
5,000m* development per year, at an average A1-A5 emissions of 200kgCO.e/m* (substructure and superstructure) and achieving embodied
carbon reductions of 20% (i.e. reduction of 40kgCO.e/m?).

*Values approximated. Return flight to New York including radiative forcing calculated using hittps://carbon.tips/calc. Impact of diet is an
approximate value assuming a saving each week of 1-2 portions each of beef, chicken, lamb and fish, 7 x 200ml portions of dairy milk and 7 pints
of beer, calculated using https://carbon.tips/diet. Driving emissions calculated assuming 10,000 miles per year in an average petrol car, using
https://carbon.tips/calc.

© The Institution of Structural Engineers: "How to calculate embodied carbon”
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Einleitung
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Figure 2-1: The annual material resource use of economic sectors in the EU-27 in 2007

Source: https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/report_Resource_Sectoral_Maps.pdf
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About us

Reusing precast
concrete for a
circular economy

International ReCreate project aims to discover how used concrete elements can
be deconstructed without damaging them to be reused in new buildings — and
turn the process into a profitable business. The four-year project has received
€12.5 million of funding under the EU’s Horizon 2020 programme.

CIRCULAR
Source: https://recreate-project.eu/ @ g‘lrzlgliJgJURAL
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Arbeitspaket 1 - Fertigteilsysteme

TAXONOMIE BETONFERTIGTEILE

Typologisierung von Fertigteilbausystemen um Ubertragbarkeiten von Lésungen
herleiten zu kdnnen
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Arbeitspaket 2 - RUckbauprozess

PRE-DECONSTRUCTION-AUDIT

- b=

“ReCreate

Reusing precast concrete for a circular economy

Vullings et al.
Guidelines for a BIM-aided
pre-deconstruction audit

This project has received funding from the European Union's Horizon 2020 research and
innovation programme under grant agreement Nog58200.

Fundlad by
the European Unian

Create

cast concrete for a circular economy

Deliverable 2.1 Guidelines for a

Vullings et al.

Germany. donor 1 (photo: C. Henschel BTU) Germany. donor 2 (photo: A. Mettke, BTU)

Figure 1. Six donor buildings of the ReCrecte project

ry

% A ] s J
Figure 17. Point clouds of Prinsenhof (Arnhem, Netherlands), exterior (left) and interior (right).

©TU/e, TNO

September 2023

DIN SPEC 91484

=)
z

105 61.100.01; 81.200

Verfahren zur Erfassung von Bauprodukten als Grundlage fiir
Bewertungen des Anschlussnutzungspotentials vor Abbruch- und
Renovierungsarbeiten (Pre-Demolition-Audit);

Text Deutsch und Englisch

Procedure to record building materials as a base to evaluate the potential for 2 high-quality
reutilization prior to demolition and renovation work (pre-demolition audit);

Text in German and English

Gesamrumfang 43 Seiten

Dieses

=

e ]
okt

DIN SPEC 91484: -Pre-Demolition-Audit (PDA)

BIM-aided pre-deconstruction

Real-life deconstruction pilots

N

audit of the ReCreate project

FIR a8

ki

This project has received funding from the Buropeon Union's Horizon 2020 ressarch ond
innovation pregramme under gront agreement No 858200,
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Arbeitspaket 4 - Qualitdtssicherung

QUALTITASSICHERUNG DER MATERIALEIGENSCHAFTEN FUR STB-FERTIGTEILE

Carbonation
Exposed surface zone Exposed surface

@

Fundad by
the Europsan Union

. iy HT

o g ] ‘ - .
Early stages Carbonation progression

BEFORE CORROSION. BUILD-UP OF FURTHER CORROSION. EVENTUAL SPALLING.
CORROSION PRODUCTS. SURFACE CRACKS. CORRODED BAR.

':R e c red t e STAINS. EXPOSED.

Reusing precast concrete for a circular economy

Elekiromagnetische Messung
z.B. Hilti PS Ferroscan

*Max. Detektionstiefe zur

Objektlokalisierung: 200 mm

*Genauigkeit der Lokalisierung: 1% +/-3mm
mm

*Mindestabstand zwischen zwei Objekten: 30
mm

Rasdanen et al.
Properties and quality of precast
concrete elements deconstructed
in ReCreate’s pilots

This proje 3 from the E Union's Horizon 2020 research and

Impulsradar
z.B. Hilti X-Scan PS 1000

+ Max. Detektionstiefe zur

Obijektlokalisierung: 300 mm
+ Genauigkeit der Tiefenangabe: <100 mm:

10 mm, >100 mm: £15%
: : ’ + Genauigkeit der Lokalisierung: +£10 mm CIRCULAR
Figure 28. Collection of drill cores from ceiling slabs (source: BTU). @ STRUCTURAL
ReCreate project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 958200 DESIGN
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Arbeitspakt 5 - Planungs- und Bauprozess

NEUER ENTWURF UND NEUE KONSTRUKTION

Office A Office B Office C Office D
H|S|F n H|S | F n H|S n H|S |F n
HCS 430 1169 686 165
Walls 50 n.a. 34 | n.a.
Beams 45 n.a. 138 84
Columns 72 n.a. 60 84
Facade 115 515 131 | n.a.
elements .

! Suitable with minor adaptations

7715

1808D 7715

-060

09, 000¢

© Master thesis Bart van den Brink

ReCreate project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 958200
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Arbeitspakt 5 - Planungs- und Bauprozess

DEFINITION DER ENTWURFSPARAMENTER

Interaktion mit WP2 Physical Images: NL Pilot Project - Deconstruction Prinsenhof A & planned Knowledge Centre geometrische

environment » Source: Lagemaat B.V. Messungen

* Materialeigenschaf
ten

« statische
Kapazitdten

+ Standortgeschichte

. § Maaréluettelo ja purun suunnittelu =

>

Interaktion mit WP1

Buildings planned : 2;‘:2;?::;22““8 (;:y"s‘::::) (Physical) New building
: for deconstruction » Transport & storage storage Building design construction
e D s s . st . . st . WP5 + WP4
Konzept fur die
we () (S ) S Arehive drsvirs ~ Tagiing erent | ¥ Sicherheit von
e e bending schedules (QR/RFID) * BIM model gn wiederverwend
+ Element-Metadaten und Taxonomie eten Bauteilen
+ Geometrische Eigenschaften der Element digitisation
Elemente
+ Auslegung der L&dngsbewehrung (Digital)

+ Auslegung der Querbewehrung Building design

Interaktion mit WP4

Life cycle
assessment

g Interaktion
mit WPé

Structural
analysis
New building _
design brief

Dedicated algorithms

Full-scale Demands Product

(Digital)

Design

testing from new approval and Elemant
- R:US*:NE building authorization ditabace Key: automation /
structures . o ~ ~ —~—
- New R () Start/end [ Database generation
connections o | Process  / / Datainput/output
- Dimensions
- Effect of defects © Fred Mudge TU/e
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Arbeitspakt 5 - Planungs- und Bauprozess

KOPPLUNG VON RUCK- UND NEUBAU IM ENTWURFSPROZESS

_.ﬁ' Steelwork
E Dy MI i business as usual ——
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3 i new steel — :
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Arbeitspakt 5 - Planungs- und Bauprozess

PILOTPROJEKT NIEDERLANDE

‘‘‘‘‘‘

©TU/e, Lagemaat
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Arbeitspakt 5 - Planungs- und Bauprozess

PILOTPROJEKT DEUTSCHLAND

72 pcs. 24 pcs. 12pcs. 12 pcs. 44 pcs. 60 pcs. 12 pcs. 192 pcs. 36 pes.

© btu

© btu

Standort: Hohenmolsen
Typ: IW 64 P-Halle
Baujahr: 1970er

6 Hauseingange mit je 5 Geschossen - m @@ T‘E:EE
gesamt 20 Wohnungen e e e i ol el

RUckbau von 36 Wohnungseinheiten
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@ STRUCTURAL
ReCreate project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 958200 DESIGN



Arbeitspakt 5 - Planungs- und Bauprozess

WEITERE TOOLS ZUR BEWERTUNG UND ENTWURFSUNTERSTUTZUNG

Gebduderessourcenpass
Zirkularitatsindex
Green Al Hub

@ - e Green-Al Hub Mittelstand DE Deutsch  Contact
DGNB GEBAUDERESSOURCENPASS “ivamina (

DGNB Eine Kl-Initiative des Bundesumweltministeriums Al for resource efficiency ~ Best Practices ~ Aboutus Q

DGNB QUALITATSSTANDARD

FUR ZIRKULARITATSINDIZES
FUR BAUWERKE Al for resource efficiency

Grundiegendes Qualititsverstandnis Avrtificial intelligence (Al) is an opportunity driver for
und environmental and climate protection. This also includes the

DGNB Zirkularitétsindex Version 1.0 efficient use of resources and the saving of materials. Al offers
great potential for SMEs, especially in this area.

Learn more

5
i
!

" Umweltwirkungen Uber den Lebenszyklus Lt Stand Februar 2024

Our Mission

Erarbeitet von der Deutschen Geselischaft fr Nachhaltiges Bauen — DGNB e.V. in The Green-Al Hub Mittelstand is a pioneer for the use of Al for resource efficiency and material
mit dem DGNB fiir L und zirkulares Bauen

savings. It is aimed specifically at SMEs: practical, solution-oriented and directly on site. For
sustainable economic growth, securing the future of SMEs and the environment in which we live.
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Arbeitspakt 5 - Planungs- und Bauprozess

WEITERE TOOLS ZUR BEWERTUNG UND ENTWURFSUNTERSTUTZUNG

Kl-gestutzte Designoptimierung/
Erkundung von Optionen

NS

Elementdatenbank
(vorhandene Elemente)

Kl-gestutzte
» = B Element-
I @ zuordnung

Elementdatenbank (bendtigte Elemente)

Angestrebtes Ergebnis:
optimierte Ubereinstimmung der
Elemente

Untersuchung der optfimalen CO2-
Bilanz

Optimale Zirkularitat

Optimale Nutzung von Elementen

CIRCULAR
@ STRUCTURAL
ReCreate project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 958200 DESIGN



Arbeitspakt 6 — Energie und Klima

POTENZIAL ZUR ERREICHUNOG DER ENERGIE- UND KLIMAZIELE
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-reuse of concrete elements in new buildings (REU)
-cross-laminated timber, crushed and recycled (CLT)

Construction

CLT building

Concrete elements from
donor buildings

ReCreate project has received funding from the European Union's Horizon 2020 research ¢
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Landfill or
recycle the
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CLT case

nly new
materials |

https://www.sciencedirect.com/science/article/pii/S09213449240052382via%3Dihub
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Arbeitspakt 7 — Geschdaftsmodelle

ENTWICKLUNG VON GESCHAFTSMODELLEN

Sairanen, M. (2023). Business Model Canvases for Precast Concrete Element Reuse

“ReCreate

3.2.4. Structural engineer

The BMC for structural engineers involves the following basic process stages. deconstruction, new building design, and reuse.

Key partners
Construction firm
= Onthe new building:
planning and BIM-
modelling

Deconstruction firm
= Onthe donor building:
condition survey,
selection of elements
for deconstruction
=  Technical planning
work of deconstruction

Architects
= Onthe new building:
planning and BIM
maodelling

Key activities

Determining information
needs regarding the donor
building to execute the
deconstruction

Inventory BIM (for structural
parts)

Defining what will be
deconstructed

Quality inspections

Giving ideas in which purposes
the elements could be reused
Planning the new building

Key resources

Skills on pre-deconstruction
auditing & structural condition
investigation of donor building
Meodelling software
Capabilities for early
recognition of element
characteristics, such as
harmful substances,
dimensions, mountings

Value proposition

In deconstruction: enabling efficient
deconstruction planning and quality
inspections

In new building construction: providing
options for element reuse, carrying out
structural design

On a general level: to support customers’
and industry’'s transition with services for
carbon-neutrality and resource
conservation

Customer relationships
Highly interactive role during
projects

Deeper collaboration with
deconstructors (compared to
when they carry out
demolition)

Channels

Conventional channels: direct
requests for quotation, public
tendering

Customer segments
Sarne as with conventional
business;

Construction companies
Building owners

Additionally: Deconstructors

New skills and services
enable contacting desired
new customers from
conventional segments

Cost structure

Both in deconstruction planning and new building planning the design labour cost

increases

All additional research processes add to the total cost - therefore it is important to

recognise which information is necessary to have

some measuring and analysis processes may prove to be too expensive, such as 30 laser

scanning

Revenue streams

Service fees; increased amount of design work taken into account in pricing

New kind of service concepts [ packages can possibly be bundled

ReCreate project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 958200
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Arbeitspakt 7 — Geschdftsmodelle

ENTWICKLUNG VON GESCHAFTSMODELLEN

Vereinshaus Kolkwitzer Sportverein 1896 e.V.: 2009

Planer: P. Jiihne Ingenieurblro GmbH, Cottbus
Spendergebiude: P2, Baujahr 1983, 8- u. 11-geschossig,
Cottbus

Wiederverwendung: 80 Betonfertigteile ~310 t Stahibeton (20
Aullen-, 20 Innenwéinde, 40 Deckenplatten)

Zwischenlagerung: 20 Monate (Bauhof Kolkwitz)
Bauzeit: 03/2009 - 08/2009
Brutto-Grundflache: 463 m*

Nutzfiiche: 410m*

Eirweihung  [August 2009]

Einsparung durch Wiederverwendung:
+ natiirliche Ressourcen: ~ 2.000 t

* Energieeinsparung um 95 %;
anstelle ~ 72 |/t 3,7 It fur Bereitstellung BE
* CO2-Reduzierung um 97 %;
anstelle 122t COz 1,151 CO>
Kosteneinsparung Einsparung Einsparung

2009 Netto 2023 Netto
FT-Wiénde (493 m?) 18.000 € ~29.000€
Decken (632 m?) 27.000 € ~49.000 €
Insgesamt 45.000 € ~78.000 €

[Jlnl zom
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Arbeitspakt 8 — Stakeholder

POLITISCHE UND GESELLSCHAFTLICHE AKZEPTANZ

Leitfdden: Auswirkungen auf die Planungs- und Vergabepraxis

\ A4

Zirkuldres Planen und Bauen mit
Fokus auf die Wiederverwendung
von Bauprodukten

Handlungsempfehlung
fur die 6ffentliche Hand

Ann Kathrin Goerke, Caroline Braus, Dominik Campanella, Finn Blindow, Julius Schiufele, Linda
Hildebrand, Rebekka Steinlein, Thomas Benk

Erganzungen zum Vergabe- und Bauproduktenrecht:
Greger FranBen, Marthe-Louise Fehse

ReCreate project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 958200
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Praxisbeispiel

BAHNHOF MUHLDORF - WIEDERVERWENDUNGSPOTENZIAL

. . . - allg. Informationsbeschaffun
1) Wieder-/Weiterverwendung: Vorprifung g &

- Objekt-orientierte Begehung
PDA Stufe 1

- Auswertung

Q. Qualititssicherung: Vorpriifung

- Dokumentation und Vorprifung

@? Vorstudie: Rickbau

Fertigteil-Fassadenelemente

=

-
Rl
\ Ly
’\ frs
3

PDA Stufe | Vorprifung

o,

Allgemeine Objekt- s Dokurmen-
lckbauumbang— O—' Informations- = orientierende e wart | Lation ——O
festgelept beschaffung Begehung HInE Vorprifung
Beginn Stufe]

Ende Stufe |

PDA Stufe I Detilprifung

bauprodukte- detailierts Dokumen- I
(O st~ O, (o S o e () (O i Anschluss:
““;:f:;‘;:ﬁ:’f Beginn Stufe I mch‘?ﬁ""“ : PG | e Stufe Testhmnung '
o —————— “"lfgij . .
T wortlch Fassaden-Fertigteil ans
ODIN SPEC 91484
Fachgutachten Haupttragwerk
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Praxisbeispiel

BAHNHOF MUHLDORF — ERGEBNISSE PDA STUFE 1

Gebiude [m Tragstru | |ja / nein /
Bauteil m)| ktur keine
Bauelement abschlieBend
Komponente e Bewertung
Matenal moglich
1 Bauelement Fassaden Gewindestan | 36 div. | gut Fassaden | | ja
gen,
Edelstahl
2 Bauelement Fassaden Gewindestan 34 div. | verwittert Fassaden| | nein
gen,
Edelstahl
3 Bauelement Fassaden Gewindestan | 5+6 div. | gut Fassaden| | ja
gen,
Edelstahl
4 Bauelement Fassaden Gewindestan | 5+6 | div. | gut Fassaden| | ja
gen,
Edelstahl
5 Bauteil Decken monolithisch | div. 18¢ | div. Decken ja
m
20c
m

ReCreate project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 958200

Y

Wenn ein Potenzial fOr
die Wieder-/
Weiterverwendung
festgestellt wird

PDA
Stufe 2
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ReCreate

FAZIT
« Wiederverwendung tfragender Bauteile spart massiv CO, und Ressourcen

« ReCreate zeigt: Ruckbau, Prufung und Wiederaufbau sind technisch
machbar

« Digitale Tools & KI machen Zirkularitat planbar und messbar

« ReCreate Studio integriert Wiederverwendung direkt in den
Entwurfsprozess

» Pilotprojekte belegen dkologische und wirtschaftliche Vorteile
 Neue Geschaftsmodelle und klare Regeln sichern Skalierbarkeit

« Ziel: Wiederverwendung als Standard im Bauwesen etablieren

ReCreate project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 958200
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Von der Bestandsaufnahme bis zur Wiederverwendung:
Strategien fiir zirkulare Tragwerke
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