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CIRCULAR AMBITIONS
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Source: Nweurope.com (2015) , Rijksoverheid  (2016) Source: edie.net (2022)



STEEL SECTOR
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R- STRATEGIES
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BARRIERS
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BARRIERS
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RESEARCH QUESTION
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‘How can structural steel elements be analysed and 
mapped out in order to be introduced in a circular context?’



NITROGEN CRISIS
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MEGABARNS
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Source: WakkerDier (2022)Source: De Stentor (2022)

Source: AD.nl (2022)

Source: BNNVARA (2022)



OPPORTUNITY
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RESEARCH QUESTION

‘How can structural steel elements of industrial buildings 
be analysed and mapped out in order to be introduced in a 

circular context?’
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RESEARCH SETUP
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QUICKSCAN TOOL
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QUICKSCAN TOOL
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REVERSE-ENGINEERING
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QUICKSCAN TOOL
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INPUT
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PORTAL DEFINITION
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Point Type

sA Support

sB Support

A Connection

B Connection

C Connection

Line Beam

1 Id1

2 Id2

3 Id3

4 Id4



LOADS
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Dead load Snow load Wind Load Suction Overpressure

LC1: BG1 + BG2 Lc2: BG1 + BG3 + BG4 LC3: BG1 LC4: BG1 + BG5 

LOAD COMBINATIONS



STATIC SETUP
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Point Type

sA Pin

sB Pin

A Rigid

B Rigid

C Flexible

Portal Setup Three-pinned Semi-rigid frame Rigid frame Hinged Girder

Point Type

sA Support

sB Support

A Connection

B Connection

C Connection

Point Type

sA Pin

sB Pin

A Rigid

B Rigid

C Rigid

Point Type

sA Rigid

sB Rigid

A Rigid

B Rigid

C Rigid

Point Type

sA Rigid

sB Rigid

A Pin

B Pin

C Rigid



SAFETY FACTORS
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Loadcase

Scenario
Lc1 Lc2 Lc3 Lc4

BG1 1,1 1,1 1,35 1,1

BG2 1,3 0 0 0

BG3 0 1,3 0 0

BG4 0 1,3 0 0

BG5 0 0 0 0,9

Source: Hollander & Eldik (2007)



ADDITIONAL VARIABLES
Cladding weight

Impact on BG1

Based on case studies & literature:

Avg. 0.20 kN/m2 
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Portal Spacing

Impact on loads and n portals

Based on case studies & literature:

Avg. +- 5000mm 

Scenario coefficient

All walls open 0,8

L-wall open 0,55

R-wall open 0,55

No walls open 0,3

Based on: TNO (1992)

Scenario Load [kN/m2]

Light 0.10

Medium 0.20

Heavy 0.30

Open/closed walls

Impact on BG1, BG3, BG4, BG5

Based on case studies & literature:

Closed is the norm (0,3)

Based on: SCI (2008)



CONVERSION
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SOFTWARE
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GRASSHOPPER SCRIPT
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WORKFLOW
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WORKFLOW
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manual
input

h1, h2,
w, l, n

generate
geometry

structural 
analysis

conversion 
results

output 
results

conversion
to structural

model

standards
& codes

static
setup

connections
supports

BG1
BG2
BG3
BG4
BG5

load case
scenarios



STRUCTURAL ANALYSIS
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Max. moment  req. Section Modulus    =    kNm [10^3 mm^3]    = Mmax/235 

Nearest ceiling in list Nearest ceiling in listMmax/235 = 94.890.000/235 = 404 * 10^3 mm3  

Column: HEA220 Beam:IPE270



SENSITIVITY ANALYSIS
Uncertainty of input values:

• Preset profiles

• Cladding weight

• Portal spacing

• Static setup

29



STATIC SELECTOR
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CASES
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A               B            C        D                 E                 F                G



CASES
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A               B            C        D                 E                 F                G



CASE B
case element type length [m] quantity

B
HEA220

IPE220

3.3

15.6

20

20
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Portal properties Value
w 30m
h1 3.3m
h2 9.9m
x 0.5

spacing 4.8m
cladding medium

wind area II-open
mechanical setup three-pinned
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1. Error in input values
2. Static setup of the portal
3. Secondary supporting elements

Checked - no errors

Checked - no improvement in result

Requires script to be reworked…

CASE B - RESULTS
case element type length [m] quantity

B
HEA400

IPE360

3.2

15.7

20

20



PORTAL DEFINITION V2
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Point Coordinate

sA (0,0)

sB (w1+w2,0)

A (0,h1.1)

B (w1+w2,h1.2)

C (w1,h2)

s’A (wa,0)

s’B (wb,0)

ac ∩ (A-C;wa)

bc ∩ (B-C;wb)



CASE B – RESULTS  V2
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Portal properties Value
w 30m
h1 3.3m
h2 9.9m
x 0.5

spacing 4.8m
cladding medium

wind area II-open
mechanical setup rigid frame 

case element type length [m] quantity

B
HEA220

IPE240

3.2

15.7

20

20



SCRIPT SELECTION
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CASE E
case element type length [m] quantity

E
HEA200

HEA200

IPE300

IPE300

3.3

4.8

17.4

15.0

17

17

17

17
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Portal properties Value
w 30.6m

h1.1 3.3m
h1.2 4.8m
h2 9.9m
x 0.58

spacing 5 m
cladding medium

wind area III-open
mechanical setup three-pinned

30.6m

3.
3m

4.8m

8.
1m

H
E

A2
0

0

H
E

A2
0

0



3DBAG GEOMETRY
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dak_type slanted
data_area 17.892.801.513.671.800

data_coverage 0.9234398603439331
documentnummer 20080045-M

geconstateerd false
gid 5107108

h_dak_50p 7.578.999.996.185.300
h_dak_70p 8.717.000.007.629.390
h_dak_max 10.739.999.771.118.100
h_dak_min 463.700.008.392.334
h_maaiveld 0.5419999957084656

identificatie NL.IMBAG.Pand.
0140100000179936

kas_warenhuis false
lod11_replace false

ondergronds_type above ground
oorspronkelijkbouw

jaar
2010

pw_actueel yes
pw_bron ahn3

reconstructie_meth
ode

tudelft3d-geoflow

reconstruction_skip
ped

false

rmse_lod12 2.016.771.078.109.740
rmse_lod13 2.047.823.905.944.820
rmse_lod22 0.031802497804164886

rn 1
status Pand in gebruik
t_run 5.758.410.034.179.680Source: https://3dbag.nl/



GEOMETRY SELECTION
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1. Explode Geometry 2. Roof Selection 3. Ridge Selection 4. Slope Selection

Explode faces > define rules based on mathmatical properties > select faces > select edges



CHALLENGES

41

Complex surfaces Relative positioning

Revise mathmatical rules & approach



PANDCODE > GEOMETRY
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3D
BAG

pand
code

identify
building data

JSON
file

 

h1, h2,
w, l, n

    

 

 



EXTENDED WORKFLOW
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3D
BAG

pand
code

identify
building data

JSON
file

manual
input

adding 
columns

h1, h2,
w, l, n

generate
geometry

structural 
analysis

conversion 
results

output 
results

conversion
to structural

model

standards
& codes

static
setup

connections
supports

BG1
BG2
BG3
BG4
BG5

load case
scenarios



OUTPUT
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OUTPUT RESULTS
• Results expressed as profile deviation

• Underestimation < Overestimation
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CORRECTION FACTOR
• Half a profile class = half range mm3 between 2 profiles

• Tool indicative rather than exact
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LOSS & DEGRADATION 

Length loss due to 
deconstruction

Performance loss due to 
degradation
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Length lost [m] = 

2 * tan (x) * profile height [m]

Degradation rate * n years

Performance = Syc / Syc+n



SAVINGS ANALYSIS
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MJ/kg steel Kg CO2/kg steel €/kg steel



QUICKSCAN OUTPUT
Element Length [m] Type Quantity Performance S Performance A CO2 savings [kg] Energy savings [MJ] Cost benefit [euro]

id_1 3,3 HEA240 16 0,944 0,937 3.698 51.937 1413,98

id_2 6,6 HEA240 16 0,944 0,937 5.379 75.544 2056,7

id_3 17,4 IPE300 16 0,939 0,932 16.011 224.855 6121,71

id_4 14,5 IPE300 16 0,939 0,932 13.801 193.821 5276,8
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CO2 savings [T] Emb. energy Saved [GJ] Euro saved salvaging

43,1 605,2 € 16.476,45 



USER PERSPECTIVE
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Step Input

1.

Extra supporting elements? 

− Yes, 2
− Yes 1, right
− Yes, 1 left
− No

2.
3DBAG input available?

− Yes
− No
Script version selection

3. 3DBAG / Geometrical input 

4. Cladding type

5. Wind area

6. Open/closed sides

7. Static setup (if needed: optimization)

8. Price/kg new steel beam

9. Price/kg reused beam

10. In case of no 3DBAG: year of construction

11. Button to export to excel sheet

Additional input

Defintion

Loads Structural analysis

Output

3DBAG

Geometry

kNm to mm^3

Adding elements

Assembly

InputScript select

Profile selection

Manual

3DBAG

element length

element quantity

user controlled

element type

element quality

Added analysis

user



UI-HALL INPUT

51



UI-DESIGNER
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UI-DESIGNER
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LIMITATIONS
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• Combined beams & complex solutions

• Front and end portal

• Limited wind direction

• Suggestive - no guarantee 



OPPORTUNITIES & 
FUTURE RESEARCH
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• Economic perspective

• Linking with computational tools

• Batch process & online database

• Evaluating tool with other materials

• Second order element inclusion



PLACING IN CONTEXT

Part of the process of urban mining
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Source: Madaster, 2023 Source: The Exploded View, n.d. Source: Lidarnews.com, 2020
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