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Personal information

Name Jelleten Hove

Student number 4854136

Studio

Name/ Theme BT Graduation Studio

Main mentor Arie Bergsma FDP
Second mentor Mauro Overend SD

Argumentation of choice of
the studio

FDP (Facade & product design) focuses on the circular aspect of
building components, and SD (Structural design) is involved because
of the reuse case being structural elements of industrial buildings

Graduation project

Title of the graduation project

Structural Steel Reuse Analysis

Goal

Location:

The Netherlands

The posed problem,

At first, the ongoing nitrogen-oxide crisis in the
Netherlands does not seem directly related to
the topic of steel reuse. However, as these
industrial buildings will end up empty and ready
for demolition, ways to reuse the structural
components packed inside them should be
analysed. The upcoming availability of these
halls provides a unique opportunity to research
the possibilities of harvesting, refabricating and
re-introducing structural components into the
circular construction economy. From the
background research, the following problems
are identified:
e The construction sectoris nota circular
industry yet
e Reusingstructural steelis a niche
e Thestock of industrial buildings
expected to meettheirend-of-life
phase on a shortterm will end up being
demolished, wasting embodied energy,
if no properplan to reuse elementsis
provided
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research questions and

The following research is attempted to be
answered:

How can structural steel elements of
industrial buildings be reused and
introduced to a circular urban context?

The following sub questions were developed to
supportthe answerto the research question:

What are current barriers for steel reuse
to become common practice?

Whatis the economicand
environmental benefits of steel reuse?
How can the quality of retrieved
elements be evaluated?

How can industrial buildings be
analysed to provide the necessary data
forpotentialreuse?

How can retrieved elements be used in a
structurally optimized way?

design assignment in which these result.

Objectives

Find a way to analyse the industrial
building stock on structural reuse
potential

Introduce a framework that will help to
make the reuse of structural elements
from large industrial buildings common
practice.

Evaluate the proposedframework from
multiple perspectives

Process

Method description

Literature review

For this research paper, various information sources are intended to be used. The goal is to create a
mix of both theoreticalknowledge - especially on the material, component and structurelevel — and
practical experience from stakeholders active in the steel (de)construction sector.

The literature research focused on 5 main topics

e Circular construction economy
e Material

e SteelReuse

e Industrial Halls

e Standards & Formulas
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Fig. 1.1 Case Analysis

A case analysis will be at the center of this thesis project, both as an industrial hall to analyse and as a
test case to apply evaluation methods and reuse opportunities to. As for now, a case has not been
selected yet. The case requires an industrial hall that A) is still standing, B) has properdocumentation
available to validate results, and C) can be visited. Drawings and structural data of a hall structure in
Wapenveld were found, butitis yetto be decided if the hall is suited as a case due to its design.

Research by Design
The case that will be analysed will be reused in a theoretical design scenario to evaluate the efficiency
on a structural, economical and environmental basis. The research in this part of the process can be
considered research by design.

e Designinga structure with retrieved elements to evaluate the efficiency

e Designingreusable connections

Field research
Stakeholders in the practical world will be approached to get a better insight into the barriers that
occur in the process of steelreuse. Above that, it is desirable if the selected case study can be visited
in order to expand the case analysis with qualitative information

e Visiting industrial buildings

e Interviewingstakeholders
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Fig. 1.2 Stakeholders

Added to this documentis a reference list of sourcesthat have
beenusedforthe background information. s || ikt

Tata Steel
Bouwen met

Viiet]

As said, practice experience is considered to be relevantin orderto
have reuse strategies beingimplemented. Fig. 1.2 shows the -
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Reflection

1. This graduation topic is related to the BT master track on multiple levels. The topicinvolves
research into the properties of a material (steel) and finding ways of using these properties to
the fullest extent in a construction context in order to add to the transition of the
construction sector becoming more circular. This is also where the disciplines of SD and FPD
come together in this graduation; the focus is on structural components, but these
components are seen as a circular products that do not only function in one particular
building, butare used for theirtechnical lifespan, many times over.

2. Varioussourcesthat were consulted forthe background research suggestthat steelreuse is
no doubt possible, but more of a niche ratherthan common practice. There is a demand for
more applied researchinto, and case studies and practical examples of steelreuse —to gain
more knowledge on the topic itself, but also to promote and normalize the idea of steel
reuse. Linking steelreuse to the ongoing nitrogen-oxide crisis shows that potential
opportunities forsteelreuse can arise in the ongoing transition to a climate-friendly world.
Providing research data will help to betterseize these opportunities and turnthem in to steel
reuse practices.




Allwood, J. M. (2014). Squaring the Circular Economy. Handbook of Recycling, 445-477. https://doi.org/10.1016/b978-0-12-
396459-5.00030-1

Barendsz, M. A. & Eldik, C. (2019). Hallen: Kenmerken en constructiesystemen van stalen hallen en het ontwerp van een
éénbeukige geschoorde hal volgens Eurocode 3. Bouwen Met Staal.

Bertino, G., Kisser, J., Zeilinger, J., Langergraber, G., Fischer, T. & Osterreicher, D. (2021). Fundamentals of Building
Deconstruction as a Circular Economy Strategy for the Reuse of Construction Materials. Applied Sciences, 11(3),
939. https://doi.org/10.3390/app11030939

Bekaert. (2020). ULS and SLS. https://www.bekaert.com/en/product-catalog/construction/news/uls-and-sls

Briitting, J., De Wolf, C. & Fivet, C. (2019). The reuse of load-bearing components. /OP Conference Series: Earth and
Environmental Science, 225, 012025. https://doi.org/10.1088/1755-1315/225/1/012025

Briitting, J., Desruelle, J., Senatore, G. & Fivet, C. (2019). Design of Truss Structures Through Reuse. Structures, 18, 128-137.
https://doi.org/10.1016/].istruc.2018.11.006

Casadata. (2017). Staalconstructies voor veestallen. Www.Casadata.N|.

Crowther, P. (2018). "Re-Valuing Construction Materials and Components Through Design for
Disassembly", Crocker, R., Saint, C., Chen, G.and Tong, Y. (Ed.) Unmaking Waste in Production and Consumption:
Towards the Circular Economy, Emerald Publishing Limited, Bingley, pp. 309-321. https://doi.org/10.1108/978-1-
78714-619-820181024

Geyer, R.,Jackson, T. & Clift, R.(2002). Economic and Environmental Comparison Between Recycling and Reuse of Structural
Steel Section.

Girao Coelho, A., Pimentel, R., Ungureanu, V., Hradi, P. & Kesti, J. (2017). European recommendations for reuse of steel
products in single-storey buildings.

Gorgolewski, M. & Morretin, L. (2009). The Process of Designing with Reused Building Components. In Lifecycle Design of
Buildings, Systems and Materials: Vol. p.105-109. http://www.irbnet.de/daten/iconda/CIB14291.pdf

Gorgolewski, M. (2008). Designing with reused building components: some challenges. Building Research & Information,
36(2),175-188. https://doi.org/10.1080/09613210701559499

Hatcher, G., ljomah, W., & Windmill, J. (2011). Design for remanufacture: a literature review and future research needs.
Journal of Cleaner Production, 19(17-18), 2004-2014.

Helbig, C., Huether, J., Joachimsthaler, C., Lehmann, C., Raatz, S., Thorenz, A., Faulstich, M. & Tuma, A. (2022). A
terminology for downcycling. Journal of Industrial Ecology, 26(4), 1164—1174. https://doi.org/10.1111/jiec.13289

Hollander, J. & Eldik, C. (2007). Stalen hallen: Ontwerpgrafieken voor portalen met scharnierende en flexibele verbindingen.
Bouwen met Staal.

Huuhka, S. & Hakanen, J.H. (2015). Potential and barriers for reusing load-bearing building components in Finland. 39. 215-
224,

Huysman, S., Debaveye, S., Schaubroeck, T., Meester, S.D., Ardente, F., Mathieux, F. & Dewulf, J. (2015). The recyclability
benefit rate of closed-loop and open-loop systems: A case study on plastic recycling in Flanders. Resources,
Conservation and Recycling, 101, 53—-60. https://doi.org/10.1016/j.resconrec.2015.05.014

lacovidou, E. & Purnell, P. (2016). Mining the physical infrastructure: Opportunities, barriers and interventions in promoting
structural components reuse. Science of The Total Environment, 557-558, 791-807.
https://doi.org/10.1016/j.scitotenv.2016.03.098

ljomah, W. L. (2010). The application of remanufacturing in sustainable manufacture. Proceedings of the Institution of Civil
Engineers - Waste and Resource Management, 163(4), 157-163. https://doi.org/10.1680/warm.2010.163.4.157

Kim, S. & Kim, S. A. (2020). Framework for Designing Sustainable Structures through Steel Beam Reuse. Sustainability,
12(22),9494. https://doi.org/10.3390/su12229494

King, A. M., Burgess, S. C., ljomah, W., & McMahon, C. A.(2006). Reducing waste: repair, recondition, remanufacture or
recycle? Sustainable Development, 14(4), 257-267. https://doi.org/10.1002/sd.271

Mahpour, A. (2018). Prioritizing barriers to adopt circular economy in construction and demolition waste management.
Resources, Conservation and Recycling, 134, 216-227. https://doi.org/10.1016/j.resconrec.2018.01.026

NSC. (2017). Structural steel reuse. newsteelconstruction.com. https://www.newsteelconstruction.com/wp/structural-
steel-reuse/

Oosterhoff, J. (2013). Kracht plus vorm: inleiding in de constructieleer van bouwwerken. Bouwen Met Staal.

Ploeger, H., Prins, M., Straub, A., & Van den Brink, R. (2019). Circular economy and real estate: the legal (im)possibilities of
operational lease. Facilities, 37(9/10), 653-668. https://doi.org/10.1108/f-01-2018-0006

Thormark, C. (2001). Conservation of energy and natural resources by recycling building waste. Resources, Conservation and
Recycling, 33(2), 113-130. https://doi.org/10.1016/s0921-3449(01)00078-7

Tingley, D. D., & Davison, B. (2011). Design for deconstruction and material reuse. Proceedings of the Institution of Civil
Engineers - Energy, 164(4), 195-204. https://doi.org/10.1680/ener.2011.164.4.195

Wienerberger. (2020). Brick as a Service. From:

https://www.wienerberger.nl/product/gevel/systemen/clickbrick/brick-as-a-service.html

WRAP. (2008). Reclaimed building products guide. The Old Academy.

Xing, K., Kim, K. P., & Ness, D. (2020). Cloud-BIM Enabled Cyber-Physical Data and Service Platforms for Building Component
Reuse. Sustainability, 12(24), 10329. https://doi.org/10.3390/su122410329

Yang,S., Ong,S. & Nee, A.(2015). Towards Implementation of DfRem into the Product Development Process. Procedia
CIRP, 26, 565-570. https://doi.org/10.1016/j.procir.2014.07.026



https://doi.org/10.1016/b978-0-12-396459-5.00030-1
https://doi.org/10.1016/b978-0-12-396459-5.00030-1
https://doi.org/10.3390/app11030939
https://doi.org/10.1016/j.istruc.2018.11.006
https://www.emerald.com/insight/search?q=Philip%20Crowther
https://www.emerald.com/insight/search?q=Robert%20Crocker
https://www.emerald.com/insight/search?q=Christopher%20Saint
https://www.emerald.com/insight/search?q=Guanyi%20Chen
https://www.emerald.com/insight/search?q=Yindong%20Tong
https://doi.org/10.1108/978-1-78714-619-820181024
https://doi.org/10.1108/978-1-78714-619-820181024
http://www.irbnet.de/daten/iconda/CIB14291.pdf
https://doi.org/10.1111/jiec.13289
https://doi.org/10.1016/j.scitotenv.2016.03.098
https://doi.org/10.3390/su12229494
https://www.newsteelconstruction.com/wp/structural-steel-reuse/
https://www.newsteelconstruction.com/wp/structural-steel-reuse/
https://doi.org/10.1016/s0921-3449(01)00078-7
https://www.wienerberger.nl/product/gevel/systemen/clickbrick/brick-as-a-

