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ReCreate: reuse of precast concrete
elements

TU/e: WP2 Deconstruction and WP5 Redesign and Reassembly

v '

~ WP1Analysis of precast 2.1 BIM-Based pre-deconstruction audit process

concrete systems . . . .
’ - 4 2.2 Best Practice Guidelines and recommendations

deconstruction to optimise reuse

2.3 Real-life deconstruction pilots
5.1 Design manual

5.2 Retrofit connectors developed and manufactured for the
pilots
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ReCreate pilots in DE, FI, SE. NL

5.3 Design for real-life pilots out of deconstructed components

5.4 Real-life pilots constructed out of deconstructed
components
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Refuse

Design for re-assemb Reduce
Redesign
Re-use

Repair
Refurbish
Remanufacture

Re-purpose

Recycle
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Recover
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Design for re-assembly

Design for re/de-assembly

Is the design of buildings to facilitate future change and the eventual
dismantlement (in part or whole) for recovery of systems, components

and materials.

[DfD de5|%n for disassembly in the built environment: a
guide to closed-loop de5|gn and building]

This project has received funding from the European Union's Horizon 2020 research and innovation pr )(]I(J[]‘l ne under grant agreement No 8
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Design for re-assembly

Van binnen naar buiten

B cocial
Stuff L jaar

=
E Space plan 10 jaar
E Services 15 jaar
-
= | | Skin 20 jaar
g I | Ciructure 100 jaar

B si- 500 jaar

Surroundings

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement Mo 958200,

TU/e [Circular buildings meetmethodiek losmaakbaarheid]
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Conserve
Reuse

Recycle

Protect

STRATEGIES

Non-toxic

Quality

[Crowther P. design for disassembly — themes and
principles...]

research and innovation programme under grant agreement No 958200.
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Design for re-assembly

M Techni
cal L.C

Life cycle in years

[Durmisevic: Green design and assembly of buildings and systems:design for
disassembly a key to life cycle design of buildings and building products 2010]

Elements/ Components

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement Mo 958200,

TU/e
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Design for re-assembly

10 principles
Document materials and methods for deconstruction

Select materials using the precautionary principle

Design connections that are accessible

Minimize or eliminate chemical connections

Use bolted, screwed and nailed connections.

Separate mechanical, electrical and plumbing (MEP) system:s.
Design to the worker and labor of separation
Simplicity of structure and form
Interchangeability

10. Safe deconstruction

O oo N hEWNRE

[DfD design for disassembly in the built environment: a
guide to closed-loop de5|gn and building]

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 85
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Design for re-assembly

Type of =
> Connection
Accessibility to
connections »  Demountability
index
Crossing -
e Composition

Form enclosure o

[Circular buildings meetmethodiek losmaakbaarheid]

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 858200

TU/e



TU/e

Funded by
the European Union

Create

Design for re-assembly

Type of connection

 Dry(1): Loose, magnetic, Velcro, snap (e.g. door-lock)
 Added elements (0,8): bolt & nut, spring, screw

* Integral (0,6): Pin-connections, Nail

* Soft chemical (0,2): Kit

 Hard chemical (0,1): Glue, Cement, weld, hard chemical
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Design for re-assembly

Accessibility of the connection

Free without extra steps (1)
Extra steps that do not cause damage (0,8)
Extra steps that cause repairable damage (0,6)

Extra steps that cause partly repairable damage (0,4)
Not accessible: unrepairable damage (0,1)
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the European Union
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Design for re-assembly

Crossing: related to life expectancy of different products
* No crossing, modular zone of products from different layers (1)

* Incidental intersections of products/elements from different layers (0,4)

 Complete integration of products/elements from different layers (0,1)
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Design for re-assembly

D N

Form enclosure: =
» Open (1) T
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- Overlap (0,4) a3 |

N -

 Enclosed (0,1) -I-
-
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_ ICircuIar buildinggs meetmethodiek losmaakbaarheid]
vation programme under grantagreement No 958200.
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Design for re-assembly
 There are multiple systems developed

* Choose one and adapt for your use case
 100% reversible necessary?

e Extra (environmental) cost of connector?

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 858200
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Use of material to make
disassembly possible

This project has received funding from the Eurg s
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Diaphragm action
Unification of floor field to transfer forces to stabilizing elements

* In precast floors most often established through a structural top-
layer, ring beam or arch/tying system

* |nin-situ concrete floor this is mostly an inherent feature

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 858200
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Diaphragm action

Connections

This project hc

TU/e
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Diaphragm action

Ring-beam / tension tie

Connection floor-fields

[FEBEFLOOR]
TU/e
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ReCreate
Diaphragm action

Ring-beam / tension tie
Connection floor-fields B
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Forces 1n a floor-field related to
diaphragm

* Horizontal: shear-force in combination with bending moment
* Forces are mainly due to wind, also seismic, inclination of braced
elements and ac- and deceleration vehicles, accidental loading
* Vertical: concentrated- and distributed-loading
* Columns, walls, floor openings, use case loading, ...

* Longitudinal joint between elements should spread loads over
multiple HCS where necessary preventing differential
deformation

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 858200
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Diaphragm action

Vertical loads: perpendicular to floor-field
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Bending

T

[CU R 136] Load distribution

Load transfer

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 858200
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Diaphragm action

Horizontal loads: in longitudinal
direction

 Due to combination of shear
force and bending moment, the
normal-stress in the joints is not
uniform

This project has received funding from the European Union's Horizon 2020
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Diaphragm action

Horizontal loads: in longitudinal
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Diaphragm action

Research into this stress distribution leads to following conclusions

* From the start of longitudinal displacement: the crack-width
increases, and the coupling reinforcement experiences tensile-stress
which increases the normal force in the joint

* Shear-strength is mainly determined by the normal force due to
bending moment and tensile force in coupling reinforcement

 Repeating and alternating loads negatively affect the joint-capacity
* Profiled edges increases shear-capacity of the joints
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Diaphragm action

Research into longitudinal shear in profiled joint-edges

* |ndented joints examples failure mechanisms
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Re-assembly and demountable detailing:
ReCreate project

Re-assembly
 How does the element/joint look after disassembly

* Requirements of the new element/floor

* Processing of elements

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 858200
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Re-assembly and demountable detailling

How does the element/joint look after disassembly
High strengt

‘Weak’ mortar filling

th mortar f|II|ng
e

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 858200
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Re-assembly and demountable detailling

How does the element/joint look after disassembly

High stren&h mortar fllllng
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Re-assembly and demountable detailling

Re-assembly detailing for high strength mortar filling
 Remove joint filling to get (close) to original slab-edge

 No/dry connection (low requirement structure)

* New retrofit connectors

Funded by
the European Union
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Re-assembly and demountable detailling

Re-assembly detailing: retrofit connectors
* Ongoing research in dowel-type connection

TU/e

Funded by
the European Union
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Re-assembly and demountable detailling

Re-assembly detailing: retrofit connectors
* Ongoing research in dowel-type connection

, == T, m— > - -
= —— . - - -
. - Wiy Y
v ) -4 a A & - “.',_.
% ! 4 @ 0. L 7+ A
: N«
" 2l

‘a £Y

- s A A A bR et



. . Funded by
-" e re a e the European Union

Re-assembly and demountable detailling
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Re-assembly and demountable detailling

Pipe:

Material
Size
Thickness
Filling pipe

Yoty
Y. N 4 ‘ *
This project has received funding from the European Union’s Horizon 2020 research and inno s

Funded by
the European Union




ReCreate 7 [
Re-assembly and demountable detaill

Re-assembly detailing: retrofit connectors. other ideas

QY5

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement Mo 958200,
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Re-assembly and demountable detailling

Re-assembly detailing: retrofit connectors, other ideas
Sawcut + metal strip Anchors
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Re-assembly and demountable detallllng

Fase

Montage en remontage

Consolis: VBI

Fase

Demontage

[VBI]

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement Mo 958200,
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Re-assembly and demountable detailling

Peikko: Deltabeam
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Moment resisting connections column

a) Putfunderingen, waarbij de kolom in een betonnen funderingsput wordt vastgezet met fin ter
plaatse gestort beton;

b) Stekverbindingen, waarbij wachtstaven met gietmortel verankerd worden in de fundering of in
de kolommen;

c) Geschroefde verbindingen waarbij bouten uit de fundering vastgezet worden i stalen
hoekijzers die i de kolom ingestort werden. Ze worden achteraf beschermd met ter plaatse
gestort beton.

Putfundering Verankerde wachtstaven Geschroefde verbindingen

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 858200
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Research into longitudinal shear in smooth joint-edges
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Research into longitudinal shear in smooth joint-edges benadering

Mohr-Coulomb
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Braced vs non-braced structure

* Non-braced: the elements themself ensure stability of the structure
e Stricter requirements of the connections: moment resisting
* Especially connections towards foundation
* Mostly applied in lower buildings

* Braced structure: ‘Extra’ elements ensure the stability

e Often a stabilizing core (stair/elevators-shaft) in combination with
stabilizing wall, also possible with bracing such as extra diagonals in
portal structures

 Elements need to transfer horizontal forces to this core often through
the floor through diaphragm action

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 858200
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Distribution of horizontal forces

The distribution of horizontal loads between shear walls and/or cores depends
on

* If the bracing system is statically determined or statically indetermined

 Corresponding deformations of the stabilizing components in their planes.
This is primarily a deflection at cantilever walls, a shear deformation at
infill walls and a lateral deformation in wind-bracing

 The location of the stability components. The ideal solution is to place the
stabilizing components in the ground plan in such a way that no torsional
effects arise from an eccentric position relative to the gripping forces

 Expansion joints in floor diaphragm

This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement No 858200



