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Spolia (lat. Spoils

Denizli, (2014)
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Parikia Tower, Paros (13th Century) Mezquita-Catedral, Cordoba (8th Century)

Konrad Helbig (2014)
wsifrancis (n/d)







Whatis modern day spolia?




SOS Brutalism (n




1972 1980

SOS Brutalism (n/d)



Future Growth
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Global Construction & Demolition Waste Management Market

Sphericalinsight (2024)
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CCDW

Concrete

Islam et al., (2019)
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Rubblemaster (n




Backfll

Proall (2021)
Constructiontoday (







What if we changed our perception of waste?




What if we gave value to Concrete Demolition Waste?
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Modern Spolia




RCA
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| 'Rcy'cled Concrete

Aggregates

-

Su et al., (2023)




KuUpfer et al., (2023)
Superlocal (n/d)

PRECS

Piecewise Reuse of Extracted Concrete
In new Structures




Rubble Fragments

Waste Managed (n/d)




Rubble Fragments

Waste Managed (n/d)




Mosaic Walls

packing algorithm

selected stones organised in rows robotic assembly final prototype







Load-Bearing Rubble Atlas

LOAD-BEARING CCDW ATLAS LOAD-BEARING CCDW ATLAS

St Rubbl Database
Year Place Author Method one. u- e Rubble Source Algorithm Size  Prefabrication
Preparation Weight (multiplier)

Masonry W.alls Structural tests of 2D-1
from Reclaimed horizontally stacked FAmage
c t 2024 Lausanne Oreb etal. rubble mason Local Waste Convolution
oncre. ? CH : walls and waarl:{er Treatment Plant Based (Wang
Demolition etal., 2024)

mortar
Waste

Robotic stacking of 2D - Image
From Concrete Lausanne Grangeot et vertical raw 2 Local Waste Convolution
Waste to Walls 20zs CH al. iloenrﬁreer:fsrw;:m ! >100kg Treatment Plant Based (Wang
mortar etal., 2024)

yes, vertically

Revival of ancient

Cyclopean Boston  Clifford & Masonry methods
_ = 2017 USA McG with CDW and f the st
Cannibalism cGee  omputational of the stones

methods

precise carving Local Waste prefabricated
: >300kg g
Treatment Plant stone preparation

2D -
Robotical stacking Tessellation
of large stones with Brok ted Based,
Hany etal. manual placement - foRon Ao Stacking and
gy concrete blocks b
of infill stones and Nesting
mortar (Hany et al.,
2024)
Horizontal Nesting (tbd)
Cyclt.)pean J02a  DEMt o ardorst Prefabrication of : Siifeas & Stacking
Spolia NL load bearing (Wang et al.,
elements 2024)

Mosaic Walls 2024

Delft
NL

yes, horizontally

Creation of an art
piece made of large
_— . Cape Ensamble vertically stacked yes, but not in
Mlssmg Pieces 2023 Cod. USA Studio concrete rubble : >100kg Self-made controlled
’ elements environment
connected with
steel

Remanufacturing of

concrete rubble

elements for 3 & Local Waste
landscaping into sometimes : <100kg Treatment Plant
pathways and

retaining walls

Urbanite Various

Table 3 Current Methods of Load Bearing Parallel Sided Concrete Rubble

Cyclopean Spolia




Loocal Methods

Taproot (n




Load-Bearing Rubble Atlas

Ensamble (2023)




Load-Bearing Rubble Atlas

Clifford & McGee (2018)




Load-Bearing Rubble Atlas

Oreb et al., (2024)




Load-Bearing Rubble Atlas
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Grangeot et. al (2024)
hall & Grangeot (2024




ngeot et. al (2024)

Clifford (2018)

Taproot (n/d)
Oreb et al., (2024)
Ensamble (2023)

Scaling Rubble Walls




ngeot et. al (2024)

Clifford (2018)

Taproot (n/d)
Oreb et al., (2024)
Ensamble (2023)

Scaling Rubble Walls




Challenges

——

sensing
device

pieces

6 axis
robotic

linear concr

track v, rub@
‘concrete uni

hammer

¢ drill
n =4

Grangeot et. al, 2024
Clifford (2018)
Oreb et al., (2024)







Precast Walls

archi.grafia (2017)




A Bridge Between Irregularity And Repetitiveness

ERG (n/d)
Vullingsadvies (n/d)




A Bridge Between Irregularity And Repetitiveness
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‘[ The] act of reconsuming becomes a character trait in the
resultant architectures’

Clifford and McGee, 2018
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Advantages Horizontal

Vibration Air Tightness No Str. Integrity Freedom Of Placement

Nettervibration (n/d)
Guo et al., (2022)
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Structural Tests




1:10 Compression Tests

v

‘ Platen ‘

‘ Steel Beam
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A 250mm

‘ Steel Beam
400mm
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Sample Production
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stacking
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f"

manual

Sample Production

SEALEAU provides the 1st Circular
Economy solution in the desalination
industry.

Disrupting ndustrial astewater treatment
Saving cossfor Industrlal customers.

Creating new marketsfor water and mineral
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TESTS




Arrangement (17-04-25)

5x

5x

5x

Arrangement Tests

Objectives

|. Compare rubble diameters
II. Compare infill types

lll. Benchmark with unreinforced wall



Arrangement Tests

30% Infill

Large Stones
Small Stones

20% Infill

Manual
Stone Infill




Arrangement Tests

Large Stones (W01-05) Small Stones (W06-10) No Rubble (W21-25)

0.018 0.013
£ s} g sf g sl
2 2 2
b 7.43 MPa b b
/] /\ 6.69 MPa
6.20_ MPa
. 597.MPa 6L 5.85.MPa 6F
s 4t 4
2F L" 2F 2
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- -
Manual (W11-15) Stones Infill (W16-20) Rubble / Infill
018 30+ 2.082754 mm 2.97 mm 5.14 mm 29.34 MPa
g s} g sl g
2 2 2
© © © 5L 24.67 MPa
6.00_MP:
sr 6 ] 20l 21.22 MPa
5.33 MPa
4.58 MPa
ak N 15t
10
2r 2r T &93 Mks
51 4.86 MPa

0 s s s s s 0 ' s . . '
0.000 0.006 0.012 0.018 0.024 0.030 0.000 0.006 0.012 0.018 0.024 0.030 0.000 0.006 0.012 0.018 0.024 0.030
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Cracks
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W6 - Small Stones - Large Stones




Conclusion

W19 Bottom




Failure
Behaviour

Disadvantages

Advantages

Conclusion
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Compressive Strength

~ 5 MPa




SORA Al
Homedit (n/d)
Leibal (n/d)
cino zucchi architetti (n/d)
Thisispaper (2023)

Load-Bearing

Applications

Self-Weight Only



Applications

Load-Bearing

SORA Al
Homedit (n/d)
Leibal (n/d)
cino zucchi architetti (n/d)
Thisispaper (2023)
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Facade Panels  Lightweight Sandwich Composite Solid Cyclopean
Spolia

Based on Dutch Standards
Institute (2012)




Stationary System

Gulfprecast (n/d)
Haitanprecast (n/d)




Automation

> Construction of -
- Reinforcement Mesh
'g Storage of
3= & Reinforcement & Additional Units
EO = Construction of Additional Units | Vibrating
& E (eg. Window Formwork) - Concreting—>  Table > Sg)rage / > (S)utdoor
= % Inspection Hring torage
:
< » Shuttering Pallets Disassembly |1, placement Of Completion Rubble TS
/ Cleaning Magnetic Shuttering "l of Shuttering Placement Remf(.)licement And >
Additional Units
A
B
é) Preparing Rubble For Placement Mixingts| Transport
=
=
Legend
| AUTOMATED BY COMPUTERISATION | | MANUAL |
CS PROCESS
‘ AUTOMATED FACILITY BUT DONE MANUALLY ‘ I PROCESSES ON TILTING TABLE I

Based on Reichenbach &
Kromoser (2021)
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Cyclopean Spolia Precast Process
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Cyclopean Spolia Precast Process

il

'
|

Thickness
<200 mm

Diameter

<750 mm

/A é 2

I
Thickness Thickness
> 200 mm <200 mm
Diameter Diameter
<750 mm > 750 mm

Thickness
> 200 mm

Diameter

> 750 mm




.

S
p A
»

>
Sy:
AN

[

%

S0
D
(K

Wall Sizes
s

QL
.

¢
4




Cyclopean Spolia Precast Process

] 0.3 ,
Infill ! v 1
750mm  1500mm
Rubble Diameter
Gap Fillers

Infill 0.3

Rubble Diameter 750mm 1500mm

Gap Fillers

A
1 %Y

0.5
L Ta 1
Infill ! v 1
750mm  1500mm
Rubble Diameter
Gap Fillers ® o ]

0.3
Infill I { l
Rubble Diameter 250mm__ 750mm
Gap Fillers




Cyclopean Spolia Precast Process
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Wall Design

SORA Al




Stone Infill Smooth Surface CS Rubbl¢ Smooth Surface Stone Infill Rough Surface CS Rubblc” Rough Surface







Cyclopean Spolia Precast Process

Stable Packing 2D DeepNest
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Wang et al. (2024)
Deepnest (n/d)




Cyclopean Spolia Precast Process

Stable Packing 2D DeepNest
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Structural Verifications No Structural Verification

Wang et al. (2024)
Deepnest (n/d)




Cyclopean Spolia Precast Process

Stable Packing 2D DeepNest

e S
-" <& v | B )

</ , ==4 “ == = ] \ * ““ _— — N / h ‘1'\'7 ”
LD ! |~ y T\ * /[ \ —

{ 8 ) \ e N s\ 1o @
{’-7;“, 1 - A = 7" . N | 7/“ s | =

Structural Verifications Large Database needed omal Database No Structural Verification
Equal Spread

Wang et al. (2024)
Deepnest (n/d)
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Wall Transport
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Wall Transport

Claytec (n/d)
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Challenge 2

Free shrinkage etc.

b

F=uR
~ ‘}\ F=uR

/

Splitting cracks

Bearing
Flexural rotation pad
:1: B
‘\

T‘ Possible spalling T‘\\ Small shift
R Large shift in R in position of R
b | position of R

Elliott (2029, p.2 - 4)
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Rubble Supply
(Step 1)

Transport
(Step2)

Stakeholders

Owner

Demolition Contractor

Demolition Site
Demolition Building

Demolition Waste

Truck

Concrete Rubble

Conveyor Belt

Sorting Machine

QR Tagger
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Stone Database
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Cyclopean Spolia
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LCA

Cradle

ProductStage A1 Raw material extraction
To A2 Transport to manufacturing site
Gate A3 Manufacturing
ConstructionStage A4 Transport to construction site
A5 Installation / Assembly
Cradle
To
Practical Completion
UseStage Bl  Use
B2  Maintenance
B3 Repair
B4  Replacement
B5  Refurbishment
B6  Operational energy use
B7  Operational water use
EndofLife Stage ~ C1  Deconstruction & Demolition
C2  Transport
Cradle C3  Waste processing
To C4  Disposal
Grave
Cradle Circularity D Benefits and loads beyond system boundary
To

Cradle




LCA

Cradle ProductStage Al  Raw material extraction
To A2 Transport to manufacturing site
Gate A3 Manufacturing
ConstructionStage A4 Transport to construction site
A5 Installation / Assembly
Cradle
To
Practical Completion
UseStage Bl  Use
B2  Maintenance
B3 Repair
B4  Replacement
B5  Refurbishment
B6  Operational energy use
B7  Operational water use
EndofLife Stage ~ C1  Deconstruction & Demolition
C2  Transport
Cradle C3  Waste processing
To C4  Disposal
Grave
Cradle Circularity D Benefits and loads beyond system boundary
To
Cradle
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IPCC (2021)

GWP
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Perfluorocarbons
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Hydrofluorocarbons

23,500
Sulphur hexafluoride 16,100

Nitrogen triflucride
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Further Research

Full-Scale Validation of Results (including bending & anchors)
Interface Material Properties
Minimum Strength of Rubble
Explore Taller Case Studies

Economic Analyses
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