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Problem Statement
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Source: UN Environmental Global Status Report 2018

The building industry is responsible for 39% of the total greenhouse gas emissions in the world, of which 11% are embodied carbon emissions
from material production and construction. 6-7% of that is produced by the steel sector.

Source: World Green Building Council & International Energy Agency



Problem Statement

“Take — Make — Dispose” Linear Model
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Steel Production

Powder Powder {Reformed] Hot metal DRI Crude
Coal Cokes 5 5
Coal Wood Mat Gas Pig lron Sponge iron Steel

Material Flow for the Production of Steel
Source: Van Wortswinkel, L — Energy Technology Systems Analysis Program: Iron & Steel



CO2 Emissions
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Circular Economy: 10R Framework
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application
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RO Refuse

R1 Rethink

R2 Reduse

R3 Reuse

R4 Repair

R5 Refurbish

R6 Remanufacture

R7 Repurpose

R8 Regycle

R9 Recover

Make a product redundant by abandoning its function or by offering the same function
with a radically different product

Make product use more intensive (e.g. by sharing product)

Increase efficiency in product manufacture or use by consuming fewer natural resources
and materials

Reuse by another consumer of discarded product which is still in good condition and fulfils
its original function

Repair and maintenance of defective product so it can be used with its original function

Restore an old product and bring it up to date

Use parts of discarded product in a new product with the same function

Use discarded product or its parts in a new product with a different function

Process materials to obtain the same (high grade) or lower (lower grade) quality

Incineration of material with energy recovery
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Steel Recycling & Remanufacturing
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Circular Economy: 10R Framework
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Steel Reuse
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How to facilitate the design process when integrating reclaimed steel
sections in new construction with the use of computational tools?



Research Process
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Conducted Interviews with Professionals in the Industry
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Research Process

,»{Iiterature research}x
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CURRENT REGULATIONS



European Standards

structural safety actions on structures design and detailing

EUROCODE

EN 1991

[DESIGN OF STEEL]
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Evaluating Reclaimed Steel. P427
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Current Process for Analyzing & Evaluating Reclaimed Steel
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Determining Admissibility of Reclaimed Steel: P427

{ steel produced before 1970
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CURRENT PROCESS



Current Process: Project Stages

1. DECONSTRUCTION m 3. PLAN / DESIGN 4. FABRICATION 5. CONSTRUCTION



Current Process: Deconstruction Stage
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Current Process: Salvaging Stage
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Current Process: Design

Stage
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Current Process: Fabrication Stage
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Current Process: Construction Stage
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CURRENT CHALLENGES



Current Challenges
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. unreliable stock data
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Current Challenges per Project Phase
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DESIGN WORKFLOW



Design Workflow
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Design Workflow
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Design Workflow

INTEGRATED DESIGN
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Design Workflow
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Design Workflow
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Design Workflow
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Design Workflow
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COMPUTATIONAL TOOL



User Case Scenario
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User Interface
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UPLOAD STOCK LIST

: c 0 E i 6 : I »‘ K L STOCK LIST TEMPLATE

RES CDE | sTG | csp ary | LEN | WKG \ WKG | PER | ARE | REP | Loc
Reservation Identity code ‘ Steel Grade ‘ Cross Section Quantity | Length (mm) ‘ weight (kg/m) ‘ total (kg) | CS perimeter (mm) | area (m2) | Repairs needed | stock yard location
0 SIG 01 HEA 100 1 2300 17.1 39.33 561 12903 1,2 1
SIG 02 HEA 100 1 3750 17.1 64.125 561 2103.75 1,2 1
SIG 03 HEA 100 1 3880 17.1 66.348 561 2176.68 1,2 1
SIG 04 HEA 100 1 6000 17.1 102.6 561 3366 1,2 1
SIG 05 HEA 100 12 6000 17.1 102.6 561 3366 1,2 1
1
1
1

SIG 06 HEA 100 2 10000 17.1 171 561 5610 1,2
SIG 07 HEA 100 11 10000 17.1 171 561 5610 1,2
SIG 08 HEA 100 12000 17.1 561 6732 1,2

SIG 09 HEA 100 12000 17.1 561 6732 1,2
SIG 10 HEA 120 3400 20.3 677 2301.8 1,2
SIG 11 HEA 120 4150 20.3 677 2809.55 1,2
SIG 12 HEA 120 4150 20.3 677 2809.55 1,2
SIG 13 HEA 120 12000 20.3 677 8124 1,2
SIG 14 HEA 120 12000 20.3 677 8124 1,2
SIG 15 HEA 120 12150 203 677 8225.55 1,2
SIG 16 HEA 140 2100 252 794 1667.4 1,2
SIG 17 HEA 140 2490 252 794 1877.06 1,2
SIG 18 HEA 140 2500 252 63 794 1985 1,2
SIG 19 HEA 140 2500 252 63 794 1985 1,2
SIG 20 HEA 140 2750 252 69.3 794 2183.5 1,2
SIG 21 HEA 140 5000 252 126 794 3970 1,2
SIG 22 HEA 140 5430 136.836 794 4311.42 1,2
SIG 23 HEA 140 5600 141.12 794 4446.4 1,2
SIG 24 HEA 140 5730 144.39 794 4549.62 1,2
SIG 25 HEA 140 5750 1449 794 4565.5 1,2
SIG 26 HEA 140 6000 1512 794 4764 1,2
SIG 27 HEA 140 6000 1512 794 4764 1,2
SIG 28 HEA 140 6100 153.72 794 4843.4 1,2
SIG 29 HEA 140 6100 153.72 794 4843.4 1,2
SIG 30 HEA 140 6950 175.14 794 5518.3 1,2
SIG 31 HEA 140 6990 176.148 794 5550.06 1,2
SIG 32 HEA 140 7300 183.96 794 5796.2 1,2
SIG 33 HEA 140 7400 186.48 794 5875.6 1,2
SIG 34 HEA 140 8000 201.6 794 6352 1,2
SIG 35 HEA 140 11150 280.98 794 8853.1 1,2
SIG 36 HEA 140 12000 3024 794 9528 1,2
SIG 37 HEA 140 12000 . 3024 794 9528 1,2
SIG 38 HEA 140 13100 330.12 794 10401.4 1,2
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SIG 39 HEA 140 13500 . 340.2 794 10719

HEA 140 10996.9
HEA 160 . . 1359

HEA 160 . 1476.78
HEA 160 . 1784.82
HEA 160 . 2283.12
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AVAILABLE STEEL

STEELSTRUCTURES

HEA 180
HEA 180
HEA 180
HEA 180
HEA 180
HEA 180
HEA 180
HEA 200
HEA 200
HEA 200
HEA 200
HEA 200
HEA 240
HEA 240
HEA 240
HEA 240
HEA 240
HEA 240
HEA 240
HEA 260

2
1
2
1
1
1
1
1
1
1
2
1
1
1
1
1
2
2
1

3 Comments

STEELSTRUCTURES

Swanenberg ljizer Groep

Yes, next week, Tuesday, would work for us to do an on-site assessment of the steel structure.

CSM

Thank you for your interest. Are you available next week to do a site visit?

Swanenberg ljzer Groep

PROJECT INFORMATION

Building Function: Industrial
Performance: 1998-2004
Total Weight: 1500 tons

Location: Yellow, Belgium
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PROJECT SET UP
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PROJECT SET UP
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PROJECT SET UP

oSunderland
‘ham
o)

liddlesbrough
o

York
reds
o Hgll

o
Doncaster

o
effield

Nottingham
o (o)
derby

Leicester

Norwich AlKr
o Peterborough o [
(o]

O
o Great
; (3
oCoventry e

Northa@mpton Cambridge

ND Ipswich Netherlands

Colchester Rotteordam

IS Oxford Toton
O

Z London
®

Canterbury,
ALt Bruges Ant\c/)verp

(¢)

Dunkirk Ghent
Calais o o
Brussels
®
Lille

Mons: Belgium

Amiens

Yarmouth Amsterdam

Flengburg
Husum

Rendsbu

Neu

Bremerhaven
Wilhelmshaveno [o)
Emden

o

Groningen
? Oldenburgo Bregnen

Zwolle
(o}

Hanoy
o

Osnabriick
(e)

Bielefeld Hildesheir
o

Miinster
(o}

Paderborn

Dortmund
Esseno
Diisseldorf
o

Cologne
o

Bonn
(o)

Frankfurt
(o}

o]
AMain=

SEARCH DISTANCE




PROJECT SET UP

oSunderland
‘ham
O

liddlesbrough
o

York
o
reds
o

o
Doncaster

o
effield

Nottingham
o (5
derby
Leicester
o Peterborough
am o

oCoventry
Northampton
(o]

Norwich
(o]

I
I
I
|
|
|
|

Cambridge
(o}
\ Ipsxénch

ND
Co\cl’lester
\

IS Oxford Lu?on
O
\
Py London \
(O]

\
Cantexpury,
(o}

\

\ :
\ Calﬁ‘a|s

Great
Yarmouth

Groningen
0

Alk
‘ Zwolle
(o}

O
Amsterdam
®

Netherlands

Rotterdam
O

Eindhoven
O

Bruges Antwerp
15 o
Dunkirk Ghent
o o
Brussels
®

Lille Liege
9 o

Mons Belgium

Amiens

Flenéburg

Husum

Rendsbu

Neu

\
Breme\haven
Wilhelmshaveno [°)
\

Emden
\

Oldenburgo Bre(r}\en

Stade

Osnabriick
(e)

- I Hildesheir
Miinster Blelgfeld I
2 |

Padertorn
7

Dortmund

Esseno
Diisseldorf
o

Cologne
o

Bonn
(o)

Frankfurt
(o}

AMain=

SEARCH DISTANCE




%
]::E{% PROJECT SET UP

oSunderland

AVAILABLE STOCK YARDS

Flenéburg
liddlesbrough
(o}

Husum

(] stock Yard 1:

Rendsbu

o (] stock Yard 2:

York ‘ ‘ ’: N
reds Warerss: (] stock Yard 3:

Breme\haven
o)

(] stock Yard 4:

Wilhelmshaveno
Emden \

o o

effield Groningen \ C] Stock Yard 5:
3 Oldenburgo Brew\en

Nottir}gham C] Stock Yard 6:

Lo}
derby
Norwich Alk
o Q
Great nglle

Leicester
o
Yarmouth Amsterdam
®

o Stade
Doncaster

Peterborough
am o

oCoventry

Northampton Osnaé)ri]ck
(o]

Ipsxgich Netherlands N Bielefeld,' Hildesheir
\chester Rott%rdam : o

Cambridge
(o}
ND

——— —
— -—

C
'S Oxford Tion \
o

o

I

Padertorn
. 9
London \ A Dortmund
@ \ Emdgoven Esseno

Bruges Antwerp Dusseldorf

n

Cantesbury.
“\ i
Dunkirk Ghent
N CalaisTiED Cologne
2 Brussels o
@ Bonn
Lille Liege R

Mons: Belgium

Frapkfurt
O

Amiens

AMain=




17,

II/’

MAPPING OUT AVAILABLE STOCK
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AVAILABLE STOCK YARDS

(@) stock Yard 1:
(@) stock Yard 2:
(@) stock Yard 3:
(@) stock Yard 4:
C] Stock Yard 5:

C] Stock Yard 6:
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MATCHING PROCESS

MATCHING PROGRESS

Loading...

VIEW RESULTS




MATCHING ALGORITHM



Matching Algorithm: Inputs

structural & design
criteria

PROJECT TEAM DESIGN LIST e  Matched items |

STOCKHOLDERS 1 — STOCK LIST : P
| \

reclaimed steel
sections available




Stock List Template

T T T I T T T T I T

Reservation ID Code Steel Cross  Quantity Length  Weight Cross Surface Repairs Stock
0=No CS-LEN-NUM. NUM  Grade Section {mm) (kg) sectional Area 1=cutends & plates  Yard
1=Yes Type area (cma2) (m2) 2 =remove coating  Location
3 = straighten
N by JI- i - ; ¥ v
FILTER true index unknown i multiplication data . energy transport
data ! factor consumption emissions
1:' ¥ . ¥
INPUT INPUT INPUT INPUT

T
i
*

OUTPUT: matches » OUTPUT: CO2 emissions



Stock List

A B C D E F G H | J K L
1 RES CDE STG CSP QTy LEN WKG WKG PER ARE REP LOC
2 Reservation Identity code Steel Grade Cross Section Quantity Length (mm) weight (kg/m) total (kg) CS area (cm2) area (m2) Repairs needed | stock yard location
3 0 SIG 01 HEA 100 1 2300 17.1 39.33 21.2 121.9 1,2 1
4 0 SIG 02 HEA 100 1 3750 17.1 64.125 21.2 198.75 1,2 1
5 0 SIG 03 HEA 100 1 3880 17.1 66.348 21.2 205.64 1,2 1
6 0 SIG 04 HEA 100 1 6000 17.1 102.6 21.2 318 1,2 1
7 0 SIG 05 HEA 100 12 6000 17.1 102.6 21.2 318 1,2 1
8 0 SIG 06 HEA 100 2 10000 17.1 171 21.2 530 1,2 1
9 0 SIG 07 HEA 100 11 10000 17.1 171 21.2 530 1,2 1
10 0 SIG 08 HEA 100 2 12000 17.1 205.2 21.2 636 1,2 1
11 0 SIG 09 HEA 100 3 12000 17.1 205.2 21.2 636 1,2 1
12 0 SIG 10 HEA 120 1 3400 20.3 69.02 25.3 86.02 1,2 1
13 0 SIG 11 HEA 120 42 4150 20.3 84.245 253 104.995 1,2 1
14 0 SIG 12 HEA 120 5 4150 20.3 84.245 25.3 104.995 1,2 1
15 0 SIG 13 HEA 120 6 12000 20.3 2436 253 303.6 1,2 1
16 0 SIG 14 HEA 120 1 12000 20.3 243.6 25.3 303.6 1,2 1
17 0 SIG 15 HEA 120 9 12150 20.3 246.645 253 307.395 1,2 1
18 0 SIG 16 HEA 140 2 2100 25.2 52.92 31.4 65.94 1,2 1
19 0 SIG 17 HEA 140 1 2490 25.2 62.748 314 78.186 1,2 1
20 0 SIG 18 HEA 140 2 2500 25.2 63 31.4 78.5 1,2 1
21 0 SIG 19 HEA 140 1 2500 25.2 63 314 78.5 1,2 1
22 0 SIG 20 HEA 140 2 2750 25.2 69.3 31.4 86.35 1,2 1
23 0 SIG 21 HEA 140 3 5000 25.2 126 31.4 157 1,2 1
24 0 SIG 22 HEA 140 1 5430 25.2 136.836 31.4 170.502 1,2 1
25 0 SIG 23 HEA 140 1 5600 25.2 141.12 31.4 175.84 1,2 1
26 0 SIG 24 HEA 140 1 5730 25.2 144.396 31.4 179.922 1,2 1
27 0 SIG 25 HEA 140 4 5750 25.2 144.9 314 180.55 1,2 1
28 0 SIG 26 HEA 140 1 6000 25.2 151.2 314 188.4 1,2 1
29 0 SIG 27 HEA 140 7 6000 25.2 151.2 31.4 188.4 1,2 1
30 0 SIG 28 HEA 140 3 6100 25.2 153.72 314 191.54 1,2 1
31 0 SIG 29 HEA 140 1 6100 25.2 153.72 31.4 191.54 1,2 1
32 0 SIG 30 HEA 140 1 6950 25.2 175.14 31.4 218.23 1,2 1
33 0 SIG 31 HEA 140 2 6990 25.2 176.148 31.4 219.486 1,2 1
34 0 SIG 32 HEA 140 1 7300 25.2 183.96 31.4 229.22 1,2 1
35 0 SIG 33 HEA 140 1 7400 25.2 186.48 314 232.36 1,2 1
36 0 SIG 34 HEA 140 1 8000 25.2 201.6 314 251.2 1,2 1
37 0 SIG 35 HEA 140 33 11150 25.2 280.98 314 350.11 1,2 1
38 0 SIG 36 HEA 140 20 12000 25.2 302.4 31.4 376.8 1,2 1




Material List

TEKLA STRUCTURES - MATERIAL LIST

STAAL BETON BEWERKEN VENSTER TEKENINGEN & LUSTEN BEHEREN ANALYSIS & DESIGN TRIMBLE CONNECT BEKISTING

Snel starten

a OO 5ot nummeren L5 Instelingen p ﬂr = IFC-objecten @= Taken
EE] ) e © nummerng B @ 0OF" convertren B = s
” Documentman  TekenMg- Tekeningen
v ager eigenschappen maken Verzameltekening | &%,
v )
Lijst
TEKLA STRUCTURES MATERIAALLIJST CSM 1 Pagina:
Model: Project:
Datum:
Tijd:
Brofiel Rantal Lengte(mm) Kwaliteit attest comment  Opp. (m?)Gewicht (kg)
HEAG50 1 11515 835530 27.72 2225.8
DESIGN 1 11515 27.72 2225.8
HEB300 1 11954 535530 20.70 1426.1
1 11954 20.70 1426.1
PL10*160 1 €89 335530 0.24 8.8
PL10+160 1 €89 835530 0.24 .8
2 1378 0.47 17.6
BUILDING PL10+180 1 705 835530 0.27 10.2
INFORMATION PL10*180 1 710 835530 0.27 10.2
MODELING
2 1415 0.55 20.4
BL15*140 6 490 335530 0.16 8.2
6 2540 0.94 49.4
PL20+280 1 300 835550 0.13 13.4
1 300 0.19 13.4
PL20+300 1 320 835530 0.22 15.4
PL20+300 2 620 535570 0.41 25.8
3 1560 1.03 74.9
PL254280 6 450 335530 0.31 27.4
6 2540 1.88 164.6
i | | e

/8EHEAXOERS S FERes SN Fobasin 53.48 29924

g in model Q @

-- Kan geen middelpunt vinden voor afwerking

DESIGN LIST

X



Design List

0 ~NO U R WN

W W WWwWwwowowowowNnmwNnERNRNLRRNRNRD =2 2 2 2 0 3 g g
W 0O N U A WN =0 WO N U, WN = O WOWLWNO0Ouwuhwmpn-—=0O

B C D E F G H |
CDE STG CSP QTy LEN WKG PER ARE
Identity code Steel Grade Cross Section Quantity Length mm total (kg) CS area (cm2) area (m2)
CSM 01 5235 HEA 140 18 530 131 31.4 41.605
CSM 02 S235 HEA 180 2 1869 66.3 453 211.66425
CSM 03 S235 HEA 180 1 3000 106.5 453 339.75
CSM 04 S235 HEA 180 12 3012 106.9 453 341.109
CSM 05 S235 HEA 180 2 3050 108.3 453 345.4125
CSM 06 5235 HEA 180 2 3070 109 45.3 347.6775
CSM 07 5235 HEA 180 6 3077 109.2 45.3 348.47025
CSM 08 5235 HEA 180 6 3077 109.2 45.3 348.47025
CSM 09 5235 HEA 180 1 3177 112.7 45.3 359.79525
CSM 10 5235 HEA 180 2 3182 1129 45.3 360.3615
CSM 11 5235 HEA 180 1 3247 115.2 453 367.72275
CSM 12 S235 HEA 180 1 3247 115.2 453 367.72275
CSM 13 S235 HEA 180 12 3280 116.4 453 371.46
CSM 14 S235 HEA 180 3 3285 116.6 453 372.02625
CSM 15 S235 HEA 180 12 3300 117.2 453 373.725
CSM 16 5235 HEA 180 2 3325 118 45.3 376.55625
CSM 17 5235 HEA 180 1 3377 119.8 45.3 382.44525
CSM 18 5235 HEA 180 2 3382 120 45.3 383.0115
CSM 19 5235 HEA 180 1 3447 122.3 45.3 390.37275
CSM 20 5235 HEA 180 1 3447 122.3 453 390.37275
CSM 21 S235 HEA 180 1 5868 208.3 453 664.551
CSM 22 S235 HEA 200 1 6700 283.3 53.8 901.15
CSM 23 S235 HEA 200 1 6700 283.3 53.8 901.15
CSM 24 S235 HEA 200 1 7006 296.3 53.8 942.307
CSM 25 5235 HEA 200 1 7006 296.3 53.8 942.307
CSM 26 5235 HEA 200 2 7006 296.3 53.8 942.307
CSM 27 5235 HEA 240 1 1199 72.3 76.8 230.208
CSM 28 5235 HEA 240 1 1212 73.1 76.8 232.704
CSM 29 5235 HEA 240 1 1460 88 76.8 280.32
CSM 30 S235 HEA 240 1 3788 228.4 76.8 727.296
CSM 31 S235 HEA 240 1 5221 314.8 76.8 1002.432
CSM 32 S235 HEA 240 2 5512 3324 76.8 1058.304
CSM 33 S235 HEA 240 2 5623 339.1 76.8 1079.616
CSM 34 S235 HEA 260 1 18000 1227.6 86.8 3906
CSM 35 5235 HEB 180 2 2658 136.1 62.25 413.65125
CSM 36 5235 HEB 180 1 3408 174.5 62.25 530.37
CSM 37 5235 HEB 180 2 6760 346.1 62.25 1052.025




Matching Algorithm: Workflow
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PART 1: LENGTH MATCH



Matching Algorithm: Part 1

DESIGN LIST
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STOCK LIST
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Matching Algorithm: Part 1

STOCK LIST
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4m



Matching Algorithm: Part 1
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Matching Algorithm: Part 1

STOCK LIST

4

a5

4m

4m+10% = 4,4 m



Matching Algorithm: Part 1

4

4m+10% = 4,4 m
[ I |
0 — 4m +20% =4,8m

o Y — 4 m

STOCK LIST




Matching Algorithm: Part 1

4

4m+10% = 4,4 m
[ I |
0 — 4m +20% =4,8m
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PART 2: COMBINATION MATCH



Matching Algorithm: Part 2

DESIGN LIST

STOCK LIST




Matching Algorithm: Part 2

DESIGN LIST

A 4

7m



Matching Algorithm: Part 2




PART 3: SPLICING MATCH



Matching Algorithm: Part 3

DESIGN LIST

STOCK LIST




Matching Algorithm: Part 3
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STOCK LIST




Matching Algorithm: Part 3
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STOCK LIST




Matching Algorithm: Part 3

it

STOCK LIST




Matching Algorithm: Part 3
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CUT-OFF WASTE



Cut-off Waste

STOCK LIST
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MATCHED RESULTS

HEA 140
HEA 180

HEA 180
HEA 180
HEA 180
HEA 180

HEA 180
HEA 180
HEA 180
HEA 180
HEA 180

HEA 180
HEA 200
HEA 200

HEA 200
HEA 200
HEA 240
HEA 240
HEA 240
HEA 240
HEA 240
HEA 240
HEA 240

HEB 180
HEB 180
HEB 180

N NRRPRRPRRRNERE

82% MATCHED

Stock Yard 1:

Stock Yard 2:

Stock Yard 4:

Stock Yard 5:

Stock Yard 6:

Stock Yard 8:

matched elements

matched elements

matched elements

matched elements

matched elements

matched elements




MATCHED RESULTS

SIG 12 HEA 120
SIG 13 HEA 120
SIG 14 HEA 120
SIG 15 HEA 120
SIG 16 HEA 140
SIG 17 HEA 140
SIG 18 HEA 140

<= 1aQ HFA 14N

84.245 2809.55
243.6 8124
243.6 8124

246.645 8225.55
52.92 1667.4

62.748 1977.06

63 1985
R2 108

0000000Db
=2 NP NORE OO0V

SIG 101 HEA 180 104.256 2949.12
SIG 102 HEA 180 104.618 2959.36
SIG 103 HEA 180 105.342 2979.84
SIG 104 HEA 180 109.324 3092.48
SIG 105 HEA 180 109.324 3092.48
SIG 106 HEA 180 109.686 3102.72
SIG 107 HEA 180 110.048 3112.96
SIG 108 HEA 180 110.048 3112.96

(]
(]
(]
(]
(]
(]
(]
(]

SIG 191 HEA 220
SIG 192 HEA 220
SIG 193 HEA 220
SIG 194 HEA 220
SIG 195 HEA 220
SIG 196 HEA 220
SIG 197 HEA 220
SIG 198 HEA 220

314.15 7655.5
330.115 8044.55
331.66 8082.2
334.75 8157.5
350.715 8546.55
351.23 8559.1
351.23 8559.1
351.745 8571.65

00000000

SIG 283 HEA 260 316.225 6752.2
SIG 284 HEA 260 321.09 6856.08
SIG 285 HEA 260 323.175 6900.6
SIG 286 HEA 260 323.175 6900.6
SIG 287 HEA 260 323.175 6900.6
SIG 288 HEA 260 326.65 6974.8
SIG 289 HEA 260 330.125 7049

SIG 290 HEA 260 340.55 7271.6

00000000

SIG 431 HEA 260 900.025 19217.8
SIG 432 HEA 260 903.5 19292
SIG 433 HEA 260 910.45 19440.4
SIG 434 HEA 260 1035.55 221116
SIG 435 HEA 260 1035.55 22111.6
SIG 436 HEA 260 1039.025 22185.8

000000




MATCHED RESULTS

SIG 12 HEA 120
SIG 13 HEA 120
SIG 14 HEA 120
SIG 15 HEA 120
SIG 16 HEA 140
SIG 17 HEA 140
SIG 18 HEA 140

<= 1aQ HFA 14N

84.245 2809.55
243.6 8124
243.6 8124

246.645 8225.55
52.92 1667.4

62.748 1977.06

63 1985
R2 108

SN P NOVOR OO

SIG 101 HEA 180 104.256 2949.12
SIG 102 HEA 180 104.618 2959.36
SIG 103 HEA 180 105.342 2979.84
SIG 104 HEA 180 109.324 3092.48
SIG 105 HEA 180 109.324 3092.48
SIG 106 HEA 180 109.686 3102.72
SIG 107 HEA 180 110.048 3112.96
SIG 108 HEA 180 110.048 3112.96

SIG 191 HEA 220
SIG 192 HEA 220
SIG 193 HEA 220
SIG 194 HEA 220
SIG 195 HEA 220
SIG 196 HEA 220
SIG 197 HEA 220
SIG 198 HEA 220

314.15 7655.5
330.115 8044.55
331.66 8082.2
334.75 8157.5
350.715 8546.55
351.23 8559.1
351.23 8559.1
351.745 8571.65

PR RrRRRRNRE

SIG 283 HEA 260 316.225 6752.2
SIG 284 HEA 260 321.09 6856.08
SIG 285 HEA 260 323.175 6900.6
SIG 286 HEA 260 323.175 6900.6
SIG 287 HEA 260 323.175 6900.6
SIG 288 HEA 260 326.65 6974.8
SIG 289 HEA 260 330.125 7049

SIG 290 HEA 260 340.55 7271.6

RESERVE
SIG 431 HEA 260 900.025 19217.8
SIG 432 HEA 260 903.5 19292
SIG 433 HEA 260 910.45 19440.4
SIG 434 HEA 260 1035.55 221116
SIG 435 HEA 260 1035.55 22111.6
SIG 436 HEA 260 1039.025 22185.8




N
¥,
T/ RESERVE MATCHED ITEMS

RESERVATION FEES

42

7.5 months

36

7.5 months

29

7.5 months

18

7.5 months

CONFIRM RESERVATION
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¥,
IVI//: UNMATCHED RESULTS

18% UNMATCHED

UPLOAD TO REQUEST FORUM

DOWNLOAD ORDER LIST




l‘
:&% REQUEST ITEMS NOT MATCHED

RELATED QUESTIONS

CSM 15 HEA 180
CSM 16 HEA 180
CSM 17 HEA 180
CSM 18 HEA 180
CSM 19 HEA 180
CSM 20 HEA 180
CSM 21 HEA 180
CSM 22 HEA 200
CSM 23 HEA 200
CSM 24 HEA 200
CSM 25 HEA 200
CSM 26 HEA 200
CSM 27 HEA 240
CSM 28 HEA 240
CSM 29 HEA 240
CSM 30 HEA 240
CSM 31 HEA 240
CSM 32 HEA 240
CSM 33 HEA 240
CSM 34 HEA 260

[y
N

2
1
2
1
1
1
1
1
1
1
2
1
1
1
1
1
2
2
1

3 Comments

Thank you for submitting your item request. We have received your item request and will follow up
as soon as we update our stock inventory. We will be receiving two truck loads by next week.

CSM

STEELSTRUCTURES

Great to hear, thank you!
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VIEW MATCHED RESULTS

STEELSTRUCTURES
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CASE STUDY




VIEW ENVIRONMENTAL RESULTS

UNMATCHED ITEMS:

@
>
E_
=
o
I |
H_
O
<.
=

39 sections

CASE STUDY: MATCHED RESULTS
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¥, |
Z¥, _ CASE STUDY: CO2 SAVINGS

Project Team Stockholders Information

Repair Emissions

Production Emissions

[°)
)
N
0
O
[T
(@)
)]
(-
O
S
1))
C
O
)]
1
c
)
-
O
0
—
®©
O

164 new elements 125 reclaimed elements
& 39 new elements




CASE STUDY: RESULTS

MATCH RESULTS

Reclaimed Steel Elements (125)

New Steel Elements (39)

REPAIRS EMISSIONS (kg of CO2eq)

Straightening
Shot Blasting

Cutting

B Reclaimed Steel (23592 kg)

New Steel (8.375 kg)

TRANSPORTATION EMISSIONS (kg of CO2eq)

Reclaimed Steel Transport

New Steel Transport

NEW & RECLAIMED STEEL (kg of CO2)

B Production Emissions (15.996 kg of CO2)
Repair Emissions (211 kg of CO2)

ONLY NEW STEEL (kg of CO2)




! Ad
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ZJ::&Z CASE STUDY: REPAIR EMISSIONS

S

[ 402m per hr J [

([ 023kwm (385 kg cO2/kwh | - - ([l O

( 023kwm2 |

~ BACK TO RESULTS >




CASE STUDY: RESULTS

MATCH RESULTS

Reclaimed Steel Elements (125)

New Steel Elements (39)

REPAIRS EMISSIONS (kg of CO2eq)

Straightening
Shot Blasting

Cutting

B Reclaimed Steel (23592 kg)

New Steel (8.375 kg)

TRANSPORTATION EMISSIONS (kg of CO2eq)

Reclaimed Steel Transport

New Steel Transport

NEW & RECLAIMED STEEL (kg of CO2)

B Production Emissions (15.996 kg of CO2)
Repair Emissions (211 kg of CO2)

ONLY NEW STEEL (kg of CO2)
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S

Swanenberg test lab Swanenberg project site

[ 8375tons | [ 03=1truck

production mill project site
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OPTIONS

MATCH RESULTS NEW & RECLAIMED STEEL (kg of CO2)

B Reclaimed Steel Elements (34) B Production Emissions (6.964 kg of CO2) B Reclaimed Steel Elements (40) B Production Emissions (4.757 kg of CO2)
New Steel Elements (24) Repair Emissions (196 kg of CO2) New Steel Elements (18) Repair Emissions (203 kg of CO2)




CONCEPT DESIGN: OPTIMIZATION WORKFLOW

{ elements

[ supports

{structura\ \oads]

Model Model

CroSec
Elemlids i

maxH Grouplds g .
ass

maxW oo @oe CroSecs
Elems|ids MaxUtil D |

Color MaxDisp DEnergy

Material ’ SHing
ele 835ms

Country

EU

Shape

!

Family

HEA, HEB, IPE

8ms
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¥,
$%. CREATE AN ACCOUNT

S

N
¥,

y,
Y/
25

CREATE NEW ACCOUNT

NAME
Daniela Martinez

PROFESSION
Building Technologist

EMAIL ADDRESS
Daniela_martinez@example.com

CREATE PASSWORD

CREATE ACCOUNT




CONCLUSION



Conclusions

----- { feedback from interviewees has been positive ]

----- { integrated design process with specialized stakeholders is crucial ]

----- -[ reservation system has potential, but there are cost challenges ]' il

————— { as built drawings and tests must be digitalized for traceability } S bl --[ FURTHER RESEARCH ]

I
1
1
.’
I
DESIGN WORKFLOW :
|
|
I
1
1

----- { matching results are efficient and cut off waste is minimized } s
COMPUTATIONAL TOOL  joutuitt N

EEEEE { currently no matching tool is commonly implemented ]

(== -[ total carbon footprint is minimized ]

RESULTS g

----- ‘[ the tool offers significant time and labor savings for matching process ]




Current Search for Reclaimed Steel Elements

Stad (FR)

View our stock of beams

Sections

[Choose

~|  View our sfock

— Search based on your criteria
One field has to be completed

Weight (kg/m)
Height

Base

Web wall th.
Flange wall th.
Wely

Welz

View our stock

L

Opalis (NL)

5 © @

list card schedule

Search

118 /18 results

Country

Belgium m
France m)

Netherlands ps)

UK ? Visit salvowebcom

Materials

Exterior construction and roads z4)

Structural work (s9)
Structural Wood (s3)

Trusses, beams, rafters, etc. z9)
Clued laminated wood 3

Antique (oak) beams (3

Structural Steel ng
Steel beams (a)

Brick pa)

Full ceramic bricks (3

Sheds, greenhouses/greenhouses, barns

Sheds with steel structure
Greenhouses / Greenhouses ()

Woaoden sheds 1

Building envelope (ss)
Joinery (s0)

Interior finishing (s4)
Equipment (22)
Architectural antiques os)

services

Product operations

NAME

Donor sample

Fred Stolwijk BV

Used Building Materials
Weert

Usedbuildingmaterials.com

JH Oosterbeek BV

Kerklaan

New used steel
constructions.nl /
Handelsonderneming Berg

Reverse Build

MATERIALS

Steel beams

Structural work, Sheds, conservatories/greenhouses, sheds, Sheds
with steel structure, Greenhouses/Greenhouses, Wooden sheds,
Structural steel, Steel beams, Brick, Structural wood, Insulation
material, Panel material, Wood-like panel materials

Structural steel, Steel beams, Structural wood, Trusses, beams,
rafters, etc., Glued laminated wood, Insulation material, Doors, Panel
doors, Exterior doors, Hardware, Flat doors, Radiators, Radiators from
sheet steel, aluminum and stainless steel, Sanitary, Washbasins,
sinks , Toilet bowls, Urinals

Structural steel, Steel beams, Structural wood, Trusses, beams,
rafters, etc., Antique (oak) beams, Insulation material, Windows,
Recent windows, Doors, Panel doors, Exterior doors, Hardware, Flush
doors

Structural steel, Steel beams, Structural wood, Trusses, beams,
rafters, etc., Doors, Panel doors, Exterior doors, Flat doors, Radiators,
Radiators from sheet steel, aluminum and stainless steel, Sanitary,
Flushing systems, Washbasins, sinks, Toilet bowls, Urinals

Sheds, conservamrlssfgreenhouses, sheds,
conservatories/greenhouses, Structural steel, Steel girders

Structural Steel, Steel Girders, Sheds, Conservatories/Greenhouses,
Sheds, Steel Structure Sheds

Structural steel, Steel beams, Insulation material, Sheet material,
Wood-like sheet materials, Solid wood floors, Lighting, Lighting
fixtures, Radiators, Radiators made of sheet steel, aluminum and
stainless steel

CITY

Schaijk[NL]

Hazerswoude Village[NL]

‘Weert[NL]

Sint-Oedenrode[NL]

Den Helder[NL]

Berkel and Rodenrijs[NL]

‘s-Cravenzande[NL]

Tubbergen[NL]

Mail

Mail

il

il

Mail

Mail

CONTACT

Phone

8]

Phane

Phone

0

Website

Website



Time and Labor Savings

3 weeks few hours



THANK YOU
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Annex: Current Workflow Process

and assessments

(determine if steel is admissible
for reusability

l

e
preliminary on-site inspection }

.

-

negotiate sale of steel sections
with stock company

DECONSTRUCTION PLAN / DESIGN

|

[ conceptual design

=~

reclaimed steel elements

record information in internal manually match needed )
stock list sections with stock sections

TEST LABORATORY ]‘_ngqs_ppﬁ_t purchase order from client / J [ issue construction and shop

inspect, sort, and clean ]

teelwork contractor / fabricato drawings

Y

_________ Issue repairs: straightening, | TRanseoRT FABRICATION
emove coatings, ends, & plates
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inspect elements for defects

cut, weld, and assemble steel
sections per shop drawings

H TRANSPORT
issue CEmark e

[ coordinate and construct ]




Annex: Stock List Template

Reservation |ID Code Steel Cross  Quantity Length Weight  Perimeter of Surface Repairs Stock
0= No CS-LEN-NUM.NUM  Grade Section (mm) (kg) cross section Area 1 = cut ends & plates Yard
1=Yes Type (m2) 2 = remove coating Location

3 = straighten

' i
' ' '
' ' '
' ' '
' ' '
' ' '
¥ ¥ v v

: ; : ; ;
FILTER INPUT INPUT INPUT INPUT INPUT DATA ----mmmmmmmmmmmmmme s * INPUT INPUT
ID to be tied to unknown until Values 1-3 are transport
GH index for stock company energy emissions based
finding row data issues testing | ; 5 consumption of on distance
(after purchase) ! f 5 repair radius
require all stock companiesto | e
issue initial hardness test for
|
estimate and matching results to i

state "steel grade to be verified M
after testing” OUTPUT: matches --------------mmmmmmmmmmmm oo » OUTPUT: CO2 emissions



Annex: User Interface Workflow — Pre Matching Tool
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---- USERS -—-_ individual stock list
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T - structural criteria
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Annex: User Interface Workflow — Post Matching Tool

MATCHED ELEMENTS 5 |
BB purchase elements iR DR e ]

,—{upload to request forumH notify stockholders H updated stock lists J—[ notify design team REQUESTED MATCHES

UNMATCHED ELEMENTS :{---{update project settingsHexpand search radiusJ
\ T

“{implement beam splices}




USER PROFILE - MATERIAL PROVIDERS

Stock list set up Contact information Contact information Reuse Guidelines About
Uploads & updates Website link Website link Regulations Contact
News FAQ

Review reservations / purchases
Track order progress

Project & Stock locations
Search feature

View request demands
Question forum

View available sales — for purchase or assist in coordination for deconstruction
Steel market

Account information
Edit information




USER PROFILE - MATERIAL SEEKERS

Project set up Contact information Contact information Reuse Guidelines About
Project dashboard Website link Website link Regulations Contact
News FAQ

Review reservations / purchases
Track order progress

Project & Stock locations
Search feature

Request product
Question forum

Post sales
Steel market

Account information
Edit information




Matching Tool Workflow

DESIGN LIST

STOCK LIST

I 1 HER 180
| 2 HER 200
| % HEA 240
| 4 HEA za0
| %/HEB 180
& HEB 200
7 WER 240
8 HEB 300
S HEB 320
10 HEB 360
11 IPE 300

. e e — = -

DL Lengths

—

SL Lengths
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%0¢€

MATCHED

RESULTS




	Slide 1
	Slide 2: Content
	Slide 3: Problem Statement
	Slide 4: Problem Statement 
	Slide 5: Steel Production
	Slide 6: CO2 Emissions
	Slide 7: Circular Economy: 10R Framework
	Slide 8: Circular Economy: 10R Framework
	Slide 9: Steel Recycling & Remanufacturing
	Slide 10: Circular Economy: 10R Framework
	Slide 11: Steel Reuse
	Slide 12: Research Question
	Slide 13: Research Process
	Slide 14: Conducted Interviews with Professionals in the Industry
	Slide 15: Research Process
	Slide 16
	Slide 17: European Standards
	Slide 18: Evaluating Reclaimed Steel: P427
	Slide 19: Current Process for Analyzing & Evaluating Reclaimed Steel
	Slide 20: Determining Admissibility of Reclaimed Steel: P427
	Slide 21
	Slide 22: Current Process: Project Stages
	Slide 23: Current Process: Deconstruction Stage
	Slide 24: Current Process: Salvaging Stage
	Slide 25: Current Process: Design Stage
	Slide 26: Current Process: Fabrication Stage
	Slide 27: Current Process: Construction Stage
	Slide 28
	Slide 29: Current Challenges
	Slide 30: Current Challenges per Project Phase
	Slide 31: Research Process
	Slide 32
	Slide 33: Design Workflow
	Slide 34: Design Workflow
	Slide 35: Design Workflow
	Slide 36: Design Workflow
	Slide 37: Design Workflow
	Slide 38: Design Workflow
	Slide 39: Design Workflow
	Slide 40
	Slide 41: User Case Scenario
	Slide 42
	Slide 43: User Interface
	Slide 44
	Slide 45
	Slide 46
	Slide 47: User Interface
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57: Matching Algorithm: Inputs
	Slide 58: Stock List Template
	Slide 59: Stock List
	Slide 60: Material List
	Slide 61: Design List
	Slide 62: Matching Algorithm: Workflow
	Slide 63
	Slide 64: Matching Algorithm: Part 1 
	Slide 65: Matching Algorithm: Part 1 
	Slide 66: Matching Algorithm: Part 1 
	Slide 67: Matching Algorithm: Part 1 
	Slide 68: Matching Algorithm: Part 1 
	Slide 69: Matching Algorithm: Part 1 
	Slide 70
	Slide 71
	Slide 72: Matching Algorithm: Part 2
	Slide 73: Matching Algorithm: Part 2
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101: Conclusions
	Slide 102: Current Search for Reclaimed Steel Elements
	Slide 103: Time and Labor Savings
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114: Annex: Current Workflow Process
	Slide 115: Annex: Stock List Template
	Slide 116: Annex: User Interface Workflow – Pre Matching Tool
	Slide 117: Annex: User Interface Workflow – Post Matching Tool
	Slide 118
	Slide 119
	Slide 120: Matching Tool Workflow

