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Abstract

The building industry is one of the world’s largest CO, emitters, the need to transi-
tion into a circular economy is becoming increasingly pressing. Steel is a long-lasting
and dimensionally stable material and therefore suitable for reuse. However, reuse
of steel is not yet implemented on a large scale in the building industry and inven-
tories of available elements are still limited. This thesis showcase how structural
engineers can work with reused steel, by the mapping of workflows and suggesting
of an semi-automated design process.

The thesis is divided into four parts. In Part 1, a mapping of possible workflows is
done through literature studies and informal interviews. In Part 11, a digital work-
flow for integrating an inventory of reused elements into a structure is developed.
This includes a parametric 3D model in Rhino/Grasshopper, structural analysis us-
ing FEM-Design, and a self-scripted tool in C# that performs Eurocode verification
and matches reused elements to a structure using an A* optimization algorithm.
The optimization objective is to minimise the embedded CO, equivalents (COye)
in the structure. In Part 111, an iterative design process is carried out to test the
digital workflow. Finally, Part IV presents reflections and discussions concerning
the project.

For the design process, a fictitious o Cce'building is designed and matched with two
di Lerknt inventories of reused elements using the developed workflow. One inventory
is based on the available elements from the steel supplier Stena Stal, the other is
based on a building to be dismantled. For the design process, an iterative approach
is implemented. Initially, several rough sketches are created followed by continuous
evaluation, selection and developments leading to an increasingly refined design.
The developments include defining and applying design principles to reduce the vul-
nerability to changes of the inventory. They also include smaller design changes,
guided by the tool, to further decrease the environmental impact.

The result is a design proposal that exemplifies the potential of reused steel ele-
ments. The conclusion from the study is that structural engineers benefit from using
automated workflows when designing with reused steel because the process is repet-
itive. Also, allowing reuse to influence design decisions can significantly increase the
carbon savings of a project, as small design modifications can increase the reuse rate.

Keywords: steel reuse, research by design, CO, minimisation, sustainability, auto-
mated workflows.
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1

Introduction

With the ongoing climate crisis and rising costs of construction materials, the need
for a transition into a circular economy has become more and more prominent. The
building sector is one of the world's largest C®emitters and stands for 37% of
global gas emissions (United Nations Environment Programme and Yale Center for
Ecosystems Architecture, 2023). The extraction of large amounts of raw materi-
als needed to produce steel and concrete has a signi cant carbon footprint. While
many companies within the building sector are starting to promote more sustain-
able solutions, the carbon emissions continue to rise and theemissions from the
building and construction sector reached an all-time high in 2022 (United Nations
Environment Programme, 2022). To conquer the challenges, the UN highlights that
more circular processes must be implemented to avoid waste, and building materials
must be renewable and reusable (United Nations Environment Programme and Yale
Center for Ecosystems Architecture, 2023).

What contributes the most to the embodied environmental impact of buildings and
infrastructure is the load-bearing system (Brditting et al., 2019a). Therefore, reusing
load-bearing elements, such as steel beams and columns, has the potential to im-
prove sustainability in the building sector. Steel has a high potential for reuse, as
it is long-lasting and dimensionally stable. Reusing these components yields sig-
ni cant savings in the environmental impact compared to using newly produced or
recycled elements (The Steel Construction Institute, 2019), and studies have shown
that reused steel has a 96% environmental impact saving compared to new steel
with a 60% recycled content (Tingley et al., 2017).

The practical execution of dismounting, evaluating, designing and building with
reused elements currently has many challenges that prevent large-scale implementa-
tion of steel reuse (Tingley et al., 2017). Nevertheless, several pilot projects world-
wide have utilised a high percentage of reused elements. Additionally, new digital
tools have emerged to help designers integrate reused elements within their designs.

This thesis explores the opportunities in which structural engineers can work with
reused steel elements in a preliminary design process. This is done through a Re-
search by Design method, where a structural system is designed using two di er-
ent inventories of reused elements. Additionally, the thesis aims to develop design
strategies that structural engineers can use to benet the reuse of structural ele-
ments, taking both existing inventories and the possibility of a changing inventory
into consideration. This is done by the development of a matching tool, that matches
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a preliminary design with reused elements and uses an optimisation algorithm to
minimise the environmental impact.

1.1 Background

More than half of the steel that is produced today is used within the building sector.
Steel has large potential when it comes to reuse, and the implementation of reuse
would generate large savings in both COemissions and costs (Strand Nyhlin and
Afreds, 2022). Over the recent years, reuse has become a topic talked about on a
large scale, and this does not exclude structural engineers. Plenty of research, pilot
studies, and reports, e.g., Understanding and Overcoming the Barriers to Struc-
tural Steel Reuse (Tingley et al., 2017) and The Reuse of Load-bearing Components
(Britting et al., 2019a), have highlighted the bene ts of reusing steel, as well as
mapped the challenges.

The obstacles to the reuse of load-bearing steel elements often include economic
concerns, the need for coordination and tight collaboration between multiple sec-
tors, concerns about the testing of the elements, as well as a general scepticism and
unwillingness to change. While the bene ts and challenges of reuse are mapped,
there is a general lack of research that summarises a work ow for how structural
engineers can practically implement the reuse of load-bearing components in prelim-
inary design. This includes knowledge about how to nd and source an inventory of
reused elements, general design principles to bene t the use of reused elements, and
the implementation of computational tools to match reused elements to a design.
To make reuse more accessible, there is a need for a large shift in mindset and a new
design work ow that acts to bene t the potential of reused elements. This includes
new guidelines for how to build with and consider reused elements in structural
design.

1.2 Aim

This thesis explores and maps how structural engineers can work with the reuse of
load-bearing steel elements in a preliminary design process. This is done by inte-
grating stocks of reused structural steel elements into an iterative design process,
and by establishing design principles to help bene t the reuse of steel. The aim of
the thesis can thereby be summarised in the following points:

Understand the role of the structural engineer when designing using reused
structural steel elements.

Understand the practical implications of designing a structural system using
a limited and changing inventory of elements, and how one can design with
reuse taken into consideration.

Map a work ow for how to integrate reused elements into a design in the early
stages of a project.
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1.3 Research questions

The objective is to answer the following questions:

1. What key tasks included in the reuse work ow directly a ect the work of the
structural engineer?

2. What could an inventory of reused steel elements look like and which uncer-
tainties could be associated with such inventories?

3. What characterises an optimized structure in the context of reuse, and how
can this be translated into an optimization objective?

4. How can an inventory of reused structural steel elements be used in a new
structure in an optimized way and what tools can aid this process?

5. What design veri cations according to Eurocode are directly a ected by the
fact that the elements are reused?

6. How can reuse in uence the design of the structural system, and what qualities
and compromises can this lead to?

1.4 Scope and Limitations

This thesis focuses on component reuse in the design of structural systems in build-
ings, where individual elements are placed in a new location with a new or the
same function. Reuse of entire systems, where a whole building is dismounted and
built up again in a new location, but with the same design, is out of the scope of
the thesis. The thesis focuses on the reuse of steel and not the recycling of steel,
meaning that the inventory elements will be used in their original state. They are
not melted down and formed into new cross sections. However, new holes can be
made and the elements can be cut or repainted to accommodate for their new usage.

The project will focus on early stage design, work ow development, structural veri -
cation, and the background of reusing steel elements. The design project will be car-
ried out without a site-speci c context. Coordination, logistics, LCA-calculations,
and the economy of the nal design are out of the scope of the thesis.

The thesis is written in a Swedish context using Eurocode and EKS 12 for veri cation
and calculations. However, inspiration is taken from reference projects in Canada,
England, the Netherlands, and Norway. The thesis is limited to performing member
veri cation, excluding global analysis of the structure and connection design. Also,
the thesis focuses on the reuse of steel elements only, and will not consider other
elements in detail, such as slab and foundation design, when analysing the structure.
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1.5 Outline of the report

The thesis is divided into four parts. Part |, presents the contextualisation of the
thesis, while the main results are presented in part I[The design work owand in
part Ill, The design processPart IV contains discussions and conclusions.

Part | Contextualisation:
Chapters 3, 4 and 5 summarise literature, interviews, and a site visit that introduces
theory, reference projects, and ways of working with steel reuse.

Part Il The design work ow:
Chapter 7 describes the software that is used during the thesis: Rhinoceros 3d,
Grasshopper and FEM-Design.

Chapter 8 describes the inventories of reused elements that are integrated into the
iterative design process.

Chapter 9 describes the assumed preconditions of the design task as well as the
initial design sketch, which is referred to as the base design. It also describes the
loads, load combinations, and FEM model which is used for analysing the structure.

Chapter 10 describes the matching tool by presenting the theory of the optimiza-
tion algorithm that is used, and by explaining how it has been adapted to the reuse
optimization problem.

Part Il The design process:

Chapter 11 presents several rough design sketches made by adjusting the base design
model. It describes the matching results for the sketches and additionally introduces
some design principles that bene t reuse.

Chapter 12 introduces some ranked criteria for evaluating the sketches which are
used for selecting the two most promising ones. The chapter also describes some
design changes and tool updates that are made as well as an updated matching result.

Chapter 13 describes the nal design proposal and a physical model that was built
to showcase the result.

Part IV Re ections:
Finally, the discussion and the conclusions of the work are presented in Chapters 14
and Chapter 15, respectively.



2

Methodology

The methods used in this thesis are divided into several parts. For the contextuali-
sation, literature studies, a site visit, and informal interviews have been made to get
both a theoretical understanding of steel reuse, and of how it can be implemented
in practice. The knowledge gained from the contextualisation was summarised and
used to develop a digital design work ow. The work ow was then tested by imple-
menting it on an ctive design.

2.1 Literature studies

The literature was mainly found by recommendations from the interviewees and
through browsing the Chalmers Digital Library (Chalmers Digital Library, nd) using
keywords such as “steel reuse' and ‘stock constrained optimization’ It consists of
a variety of reports, books, articles, and master thesis essays. A majority of the
literature is from the years 2019 2023 as the topic of steel reuse is still relatively
new. Literature was searched for during September-October 2023.

2.2 Interviews

All interviews were made in a conversation format, where questions speci c to the
person who was interviewed were prepared in advance. Few people have worked
with steel reuse in practice. Therefore, the experiences of the interviewees were
vital to gain insight and develop the design work ow. The questions asked were
often targeted towards the projects that each person had worked with. However,
some general questions were also discussed, like the future of steel reuse, and what
challenges they have encountered in their work.

2.3 Site visit

During October 2023, a site visit to Oslo, Norway, was made to look at Kristian
Augusts gate 13, a project that has reused large amounts of steel elements. The pur-
pose of the site visit was to get an idea of how reused elements can be implemented
into design. The building was researched in beforehand, and during the visit many
photographs were taken.
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2.4 Design

The results of the thesis are mainly presented in Part IThe design work owand
Part Ill The design processA combination of existing software and a self-scripted
matching tool was developed to be used for integrating an inventory of reused ele-
ments into a base design. The main part of the matching tool is an optimization
algorithm to minimise the amount of embedded Cge in the structure.

To test the work ow, a design process was performed where the matching tool was
used to design a ctitious o ce building using two di erent inventories. The pro-
cess was iterative, meaning that several rough design sketches were created initially,
followed by continuous evaluations, selections, and developments leading to an in-
crease in the design resolution and a nal design proposal. It is a method rooted in
architectural design and is more holistic than many traditional engineering meth-
ods, where the main focus is usually put on mathematical models (Sehlstrom et al.,
2021). Most research concerning reuse has a narrow scopes and focuses on one as-
pect at a time, there is also a gap between how to summarise existing theory and
how to apply it practically. Therefor, this method aims to cover a larger complexity
and lead to more holistic re ections.

The design process was divided into three di erent phases following conceptual
design methods developed for thdlatter Space Structurearchitecture studio at
Chalmers University of Technology:The intuitive phase The intentional phase and

The evaluation phas€Sehlstrém et al., 2021). The result was a nal design proposal
which was presented by a physical scale model. The design work ow development
and the design process are described in greater detail in Section 2.4.1 and Section
2.4.2, respectively. An overview of how the design work ow has been integrated
with the iterative design process is presented in Figure 2.1.

2.4.1 The design work ow

The purpose of the design work ow was to develop a method for matching invento-
ries of reused elements to design sketches. Thisis to nd out how the reused elements
can be used in an e cient way within the structures and to evaluate how many of
their elements can be replaced by reused elements. To do this, a parameterised cen-
tre line model of a base design was created in Rhino/Grasshopper (Rhinoceros3D,
2023) and used to create a FEM model using the FEM-Design API (Strusoft, 2023).
After performing a FEM analysis, the FEM-Design auto design function was used.
This function nds the cross section with the highest acceptable utilisation rate,
among some prede ned alternative sections. This was done to get an idea of which
new elements are required if no suitable reused elements are found.

The sectional forces of the elements, their lengths, and their environmental impact
calculated based on the auto designed cross sections were extracted from Grasshop-
per and FEM-Design. Also, information about the cross sections, material grades
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and lengths of the reused elements in the inventory was compiled in Excel lists. This
was then used as input for the matching tool which performs Eurocode veri cation
and uses an A* search algorithm to minimise the total amount of embedded G©
of the structure.

Figure 2.1: Design process overview.
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2.4.2 The design process

During the design process, two di erent inventories were used. One was taken from
Stena Stal's existing inventory of reused steel elements. The other was estimated
based on a ctive donor building, a temporary mounting hall. Uncertainties regard-
ing the inventories are also considered, since the availability of inventory elements
might change from the preliminary design stage to the construction stage. The
starting point for the design was a base structure of an o ce building with a large
hall on the ground oor. The design includes both a truss system in the hall, as
well as a beam-column system in the o ce areas.

Several design proposals were sketched, analysed, matched, and evaluated using an
evaluation matrix. In the end, one nal design proposal was chosen and visually
represented in a physical model. The purpose of this was to compare di erent design
alternatives using several criteria related to reuse. Another purpose was to investi-
gate whether it is possible to achieve better and better matching results throughout
the design process.

2.4.2.1 Intuitive phase

Initially, six di erent design sketches were created by modifying the base design.
Parameters such as span lengths, building dimensions, truss geometry and column
height were changed between the di erent sketches, which is described in greater
detail in Section 11.1. As the name of the design phase suggests, the sketches were
produced fast and intuitively. Each design sketch was analysed using FEM-Design
and matched to the inventories using the matching tool. This is to get an idea of
how many elements could be replaced by reused elements from the inventories. This
data was extracted and calculations of the C& were summarised in tables. Addi-
tionally, the uncertainties concerning the availability of elements were accounted for
by formulating design principles for reducing a structure's vulnerability to changes

in elements. These principles were based on literature studies, reference projects,
and interviews.

2.4.2.2 Intentional phase

The design sketches produced from the two inventories during the intuitive phase
were evaluated using an evaluation matrix. This is a way of compiling results from
evaluations using several criteria which are ranked according to their importance.
The two best sketches were chosen for further development, and analysed to nd in
which ways they could be improved further. The initial sketches were also allowed to
be combined to create an even better design. Design changes were made to achieve
as large savings of Cée as possible. The designs were also altered by the imple-
mentation of the design principles de ned during the intuitive phase. The altered
designs were once again analysed in FEM-Design and plugged into the matching
tool.
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2.4.2.3 Evaluation phase

The evaluation phase started by comparing the two designs developed in the inten-
tional phase using an updated evaluation matrix. The design with the best result
was chosen as the nal design proposal. This design was analysed in greater detail
to document all the used elements, cut-o parts that can be used again, and scrap
pieces that the matching generated. A nal FEM analysis was performed for the
updated cross sections, and they were then veri ed using FEM-Design. The deci-
sions, challenges and solutions found during the design were used as a base for the
discussion and conclusion of the thesis.
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Contextualisation

10



3

Literature studies

The contextualisation of this thesis is largely based on literature studies made to
better understand the challenges and possibilities when working with reused steel
elements. Reuse is becoming more and more talked about throughout the years and
although there are still few practical examples, there is a wide amount of theory
concerning steel reuse. The theory presented in this chapter concerns how the ma-
terial properties of steel are a ected by reuse, barriers that exist for reuse to be
implemented on a larger scale, and alternative work ows for integrating reused steel
elements in the design of structural systems.

3.1 Properties of reused steel

When working with reused steel it is important to know which steel components are
appropriate to reuse and how the material properties are a ected by the fact that a
component is reused. This is treated in the following sections.

3.1.1 Steel components most appropriate for reuse

Several aspects determine whether a steel component is appropriate for reuse. If
the component has been exposed to fatigue, seismic loading or re it should not be
reused (Brown et al., 2019). Even though elements are not exposed to the above
mentioned loads, their quality still needs to be tested to ensure that they are safe
to reuse. The existing guide for testing and quality assurance, which is explained
in greater detail in Section 3.1.3, is limited to hot-rolled and cold-formed sections.
Built-up sections and thin plate pro les are excluded from the guide, meaning that
the process of reusing those would be more complex and with more uncertainties.
Screws and bolts are not appropriate for reuse (Husson and Lagerqvist, 2021).

3.1.2 Regulations and CE marking

In the Swedish National Annex of EurocodeBoverkets Konstruktionsregler EKS 12

it is stated that "Materials of load-bearing structures, including soil and rock, must
have known, appropriate and documented properties of aspects relevant for how they
are used' (Boverket, 2021). CE marking, which stands for Conformité Européenne,
IS a system to ensure that a product ful Is the relevant requirements for health, en-
vironment, and safety speci ed by the EU (Svenska Institutet for Standarder, nd).
A common way to prove that a building product ful Is the requirements in EKS

11
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12 is to ensure that the product is CE marked. To achieve a CE marking, there
are certain activities that need to be performed to ensure that the performance,
functionality and technical documentation of a building product is of good enough
quality. One of these activities is a production inspection and since this can not
be performed for reused elements, they can not be CE marked according to the
harmonising standards for new elements (Hansson et al., 2021).

However, a CE marking is not the only way to ensure that the building product
has “known, appropriate and documented properties' and according to Boverket it
is usually not necessary to have a reused element CE marked (Boverket, 2023a).
Another way of evaluating the material properties that is stated in EKS 12 is to
perform testing (Boverket, 2021) to evaluate properties such as structural strength,
sti ness, changes in geometry, etc. (Boverket, 2023c).

3.1.3 Testing and quality assurance

It is necessary to test the elements considered for reuse, to get good estimations
of their load-carrying capacity and suitability for reuse. The tests can be divided
into two categories: destructive testingand non-destructive testing Generally, the
elements are sorted into testing groups, where the elements in each group are from
the same place, have the same origin, are the same age and have been used the
same way. If the origin of certain elements is unknown, each individual element is
considered to be a test group. The main factors that determine how much testing
these groups have to go through are the age of the elements and the amount of
available documentation about them (Husson and Lagerqvist, 2021).

A common non-destructive test is hardness testing according to Vickers using a
Ultrasonic Contact Impedance (UCI) meter. As there is a correlation between the

hardness of the material and its ultimate strength, this test is performed to either

conrm or estimate the material grade of the element. The hardness of an ele-
ment should be based on the mean value of three di erent tests along the element
(Husson and Lagerqgvist, 2021). If one beam di ers by more than 10% from the aver-
age value of the group, it has to be removed from the inventory (Brown et al., 2019).

There may also be a need for non-destructive chemical analysis of the elements (Hus-
son and Lagerqvist, 2021). Usually, it is enough to cut o 10 20 cm of the element
to do this test, and that often happens naturally during deconstruction (Hansson
et al., 2021). The samples are proposed to be taken from the beams with the highest
and lowest hardness from the hardness testing and should be made for at least 20%
of the test group. The purpose of the analysis is to evaluate the presence of the
chemical substances C, Cr, Cu, Mn, Ni, P, Si and S to determine the homogeneity
of the material and to set a carbon equivalent value, which is important for assessing
whether the material is suitable for welding or not (Husson and Lagerqvist, 2021).

The destructive tests should be made by a non-partial part and should consist of
tensile tests, impact strength tests, as well and destructive testing of the chemical
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composition. Both the destructive and non-destructive tests should be thoroughly
documented and compiled together with the documents that show the traceability
of the element (if such documentation exists) when a beam is sold (Husson and
Lagergvist, 2021).

Mekaniska Verkstadernas Riksforbund (MVR) has published the Swedish guidelines
for what tests and how much testing the elements should go through, which depends
on the tractability and age. In 1971, a production standard for a material equiva-
lent to S355 was released and before that other production standards for materials
equivalent to other steel grades which are commonly used today already existed
(SBI Stalbyggnadsinstitutet, 2022). Therefore, it can be assumed that steel prod-
ucts made after 1971 will have ful lled the same production requirements as the
material that is sold today. Thus, the testing process becomes di erent depending
on whether the steel element was produced before or after 1971. The testing can
be divided into four procedures which are presented below (Husson and Lagerqvist,
2021).

Procedure A: The elements are produced after 1971 with a known origin,

fully traceable elements and available material certi cates.
No demand for destructive testing nor non-destructive chemical analysis.
The testing can be limited to a non-destructive hardness test that veri es
the material properties stated on the material certi cate.

Procedure B: The elements are produced after 1971 with a known origin but

the elements are not fully traceable.
Non-destructive hardness tests, as well as a non-destructive chemical
analysis should be performed. In addition to this, destructive tests on a
randomly selected element within the control group should be done.

Procedure C: The elements are produced before 1971 with a known origin.
Non-destructive hardness tests, as well as a non-destructive chemical
analysis should be performed. In addition to this, destructive tests on at
least three randomly selected beams within the control group should be
done. The characteristic values for ultimate- and yield strength should
be determined based on a statistical analysis of the destructive testing
results.

Procedure D: The elements are produced before 1971 with an unknown

origin.
Non-destructive tests should be done to estimate the steel grade and
a non-destructive chemical analysis should be performed. In addition to
this, destructive tests on each element should be done. The characteristic
values for ultimate- and yield strength should be determined based on the
destructive testing.

3.1.4 Practical considerations

In general, it is recommended that all existing coatings on elements suitable for reuse
should be removed. The exception is when a building is dismantled and rebuilt on
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a new site but with the same original form. Also, existing re protections should
not be relied upon since re protections are unique to the original use and building
type, and since re protection is very sensitive to moisture (Brown et al., 2019).
Fire protection paint can be hard to remove, and therefore these elements are often
seen as unsuitable for reuse. Corrosion protection on beams produced before the
1960s should be handled with caution as it may contain lead (Hansson et al., 2021).
Holes in the beams from old attachments and bolted connections do not always need
to be cut o if the design and geometric requirements are ful lled. However, it is
important to note that new connections should be made with a safe distance of 100
mm from the existing holes. It is possible to reuse existing connections, although
this needs to be done carefully, especially when it concerns welds (Brown et al.,
2019).

3.1.5 Structural veri cation

The testing of the reused elements is made to verify that they can be equated to new
elements. Therefore, the ways of calculating and verifying reused elements are very
similar to the calculations done on a system of new steel elements. Nevertheless,
some adjustments should be made while working with reused elements. Hollow sec-
tions can be cold-formed or hot- nished, and since this is not always documented for
reused elements, hollow sections should conservatory be assumed to be cold-formed.
Also, plastic global analysis is not recommended when working with reuse since it
requires a high level of ductility which can't always be guaranteed for reused steel
(Brown et al., 2019).

In buckling veri cation, it is important to take imperfections into account. The
checks of dimensions and straightness tolerances ensure that the same buckling curve
can be used regardless of whether an element is reused or not. However, for a reused
element, there will inevitably be some uncertainties concerning additional imperfec-
tions, such as torsional imperfections, since the testing procedures are likely to be
less reliable in this aspect than those undertaken for new steel. This can lead to
a reduced resistance due to an increase in second-order e ects and therefore, it is
recommended to use a modi ed value ofy,; for the buckling veri cation where

m1:mod=1,15. This adjustment does not have to be done if the reused element can
be considered equal to a new one, which may be the case if the element was produced
for a project that was cancelled, and never used (Brown et al., 2019).

Existing bolt holes need to be considered as well, if the holes reduce the cross sec-
tional area by more than 15%, the net cross sectional properties should be used in
member veri cation (Brown et al., 2019).

Since greater exibility may be required concerning the choice of cross sections when
working with reused elements there is a risk of having to use sections much larger
than necessary. The steel supplier Stena Stal and MVR have expressed that as a
guideline it is sustainable to reuse an element which is up to 50% over-dimensioned.
If the element is more than 70% over-dimensioned it is more sustainable to leave
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the element for another project or to recycle it, and instead use a new element for
the speci ¢ design application (SBI Stalbyggnadsinstitutet, 2022).

3.2 Barriers for reusing steel

In general, a lot need to be done to facilitate the reuse of steel. A common bar-
rier is that there is no general market for reused steel products, which gives the
impression of reuse being equal to much work and high risk. Scrap steel has an
economic value, and there is an established method of recycling steel in the industry
(Gorgolewski et al., 2008) which further increases the resistance to reuse. The study
Options to make steel reuse more pro tablewvestigates case studies that aimed to
reuse steel and evaluate why some of the projects were unsuccessful. One project
did not happen since the price of the scrap steel was too high, and so the demo-
lition contractor did not nd reuse to be pro table. Another project developed a
plan for reuse, however, the suggestion was rejected on the basis of costs (Dunant
et al., 2018). Other barriers which are often mentioned are a lack of client demand,
lack of supply chain coordination, limited traceability of elements, knowledge gaps,
uncertainties regarding availability of elements and inertia of the building sector to
change (Tingley et al., 2017).

White Architects suggest that more open documentation at the sourcing stages may
help enable a larger selection of reused elements at the sourcing stages. Further, itis
argued that reuse requires a closer collaboration between the client, entrepreneurs,
consultants, and architects (Johansson, 2018). Other factors that may help reuse
become mainstream includes good case study projects, education across the con-
struction sector, government incentive, a network of suppliers, a showcase of how
reuse can become cost-e cient, on-site testing, government leadership, deconstruc-
tion plans, and clear overall guidance on how di erent sectors can work with reuse
(Tingley et al., 2017).

3.3 Design for deconstruction

Design for future reuse and demountability have become more popular over the
years. Johansson (2018) lists several strategies that designers can use to bene't
future reuse in new projects. These points include:

" The building design should protect the materials from rot, destruction and
excessive wear.

Attachments should be based on mechanics and gravity rather than chemical
substances (such as glue).

Logbooks that describe the elements should be established early and be up-
dated throughout the building service life.

Make a demolition and reuse plan as soon as possible, preferably when the
building is being built.

Work with standard sizing and modules to make it easier to move and replace
elements if needed.

15
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Pick materials that allow for maintenance and are easy to replace and recycle.

3.4 The work ow of reusing steel

Figure 3.1 illustrates an overview of the process of reusing steel as described by the
Steel Construction Institute (SCI) in the UK (Brown et al., 2019).

Figure 3.1: Process of reusing steel according to SCI.

The parts of the process which are most relevant for the testing is also described
in the guide by MVR (Husson and Lagerqvist, 2021). This is shown in Figure 3.2
where the colours are consistent with the colouring in Figure 3.1.

Figure 3.2: Process of reusing steel according to MVR.

3.5 Design methodology

Designing with reused components is often more challenging compared to using new
ones. While new components can be designed to match the needs of a structural
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system exactly, reused components have prede ned limitations concerning dimen-
sions, steel grade, and quantity. Additionally, stocks of reused components are often
irregular and change over time (Huang et al., 2021).

When working with reused steel, Varghese (2022) describes two alternative design
approaches. The rst one is referred to asorm-Focused Designand represents a
more traditional way of working where a design is developed rst and the material
is identi ed and incorporated into the design later, see Figure 3.3. In this approach,
the form of the structure is prioritised and will determine which material becomes
appropriate to use. The second approach is referred to Baterial-Driven Design
and means that the material plays a more fundamental role from the beginning of
the design process, see Figure 3.4. In this approach, the material of the structure is
prioritised and will determine its shape (Varghese, 2022).

Figure 3.3: Form-Focused Design process.

Figure 3.4: Material-Driven Design process.

According to Varghese, these alternative approaches present designers working on
reuse projects with the dilemma of whether the best approach is to rst identify
available reclaimed materials and design around them or to design rst and identify
the materials later. With Form-Focused Design, there is a risk that the material
which is available can't be e ciently incorporated into the design, and with Material-
Driven Design, there is a risk that the freedom of the architect is limited and that it
becomes di cult to meet functionality requirements from the client. This dilemma
can cause tensions which is described by Varghese as the “design-acquire paradox.

To avoid this tension it is proposed to combine the two approaches into a work ow
called an Ambidextrous Process Tool where respective approaches dominate the way
of working during di erent stages of the design process. The process is initiated by
the architects developing a preliminary design following a Form-Focused Design ap-
proach, and an estimation of the materials needed for the design is made. Then,
available materials are identi ed by exploring donor buildings, demolition contrac-
tors, steel stockists, steel contractors and digital inventories. This is followed by
a design phase where the Material-Driven Design approach dominates the way of
working, and the preliminary design is developed and altered to enable a more e -
cient incorporation of the reused elements. In the nal stages of the design process,
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the Form-Focused Design approach is dominating again and the currently available
materials are incorporated in detail into the nal design. This work ow is shown in
Figure 3.5.

Figure 3.5: Diagram of the Ambidextrous Process Tool. The content of the di-
agram is developed by (Varghese, 2022) and layout is created speci cally for this
thesis.
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3.6 Computational design tools

Incorporating reused elements into a design includes deciding which elements in the
reuse stock to choose and where in the structure to place them. To manually assign
reused elements of an available stock into a designed structure is time-consuming
and costly, and if the stock changes, the assignment process might need to be done
several times (Tomczak et al., 2023). The work ow of this process is shown in Fig-
ure 3.6 where the coloring is consistent with the overview diagram in Figure 3.1.
As solutions to these challenges, there are several examples of digital design tools
described in literature to be used in combination with digital databases of available
elements.

Figure 3.6: Example of a work ow where reused steel elements are manually
incorporated into a structural design. Red frames represent a Form-Focused Design
approach.

The type of digital design tool which is most appropriate to use and the way of
using it might vary depending on the project stage, available time, the required
level of accuracy and the amount of available information (Tomczak et al., 2023).
Most available tools take a starting point in a prede ned structural geometry and
progressively replace the elements with available reused elements to nd an optimal
assignment based on set criteria, see e.g., (Brutting et al., 2019a; Huang et al., 2021,
Bukauskas et al., 2017; Tomczak et al., 2023). There are also examples of tools that
optimize the design to achieve an e cient matching (Brutting et al., 2019a; Huang

et al., 2021). Less common, but mentioned, is the approach of using algorithms to
collect available parts into architectural assemblies given certain boundaries (Rossi
and Tessman, 2019). For example, by sequentially adding elements together in a
process which is usually guided by geometry such as points and curves. Examples
of such algorithms are growth and attraction algorithms (Bukauskas et al., 2017).
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One of these matching tools has been created in Grasshopper by Yijang Huang
using an open-source optimization algorithm by MIT (Vivet and Datsiuk, 2020).
The matching process is, according to him, rooted in conventional parametric de-
sign optimization where the prede ned structural system is described as a target
design and elements from the reuse stock are selected and matched to the target
elements in terms of geometrical t and structural capacity. The matches are usu-
ally not exact and the elements in the inventory often need to be cut to be used for
the target design (Huang et al., 2021). Other examples of matching tools are the
Grasshopper plugin Phoenix3D by Jan Briitting (Warmuth et al., 2021) and the tool
described in the articleForm-Fitting Strategies for Diversity-Tolerant Designby Au-
rimas Bukauskas (Bukauskas et al., 2017). Computationally, the matching problem
can, according to Bukauskas, be formulated as a bin-packing problem, and accord-
ing to Huang as an unbalanced assignment problem. There are several solution
approaches and alternative algorithms for solving these problems. The limitation
of the matching method is that the solutions are restricted to those matching the
prede ned topology while more optimal designs are overlooked (Bukauskas et al.,
2017). An example of a work ow based on a matching tool can be seen in Figure 3.7.

Figure 3.7: Example of a work ow where reused steel elements are automatically
incorporated into a structural design using a matching tool. Red frames represent
a form-focused design approach.

One way of achieving more e cient matching and getting closer to an optimal design

in terms of reuse is to not only optimize the assignment of the inventory elements
onto the target elements, but to also optimize the target design. An example of such
a work ow is found in Figure 3.8. In a case study made by Huang, the target design
is a geodesic dome which is parameterised and an inventory consisting of reused
linear timber elements is matched to the target elements. The number of designed
domes, their radius, and their subdivision are then optimized with the objectives of
minimising scrap material, achieving a structural utilisation close to, but not above,
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100% while maximising the oor area (Huang et al., 2021). A similar optimization
process is described by Britting where a matching tool is rst used to optimize the
assignment of reused elements onto a design and then the location of the nodes are
modi ed to minimise the amount of scrap material. This approach is used for a
theoretical case study where steel elements from power transmission line pylons are
reused in the design of a train station roof. The steel elements have existing bolt
holes, and after an optimal assignment is found, the location of the nodes is opti-
mized in such a way that the bolt holes can be used in the new structural assembly
(Bratting et al., 2019b).

Figure 3.8: Example of a work ow where reused steel elements are automatically
incorporated into a structural design using a matching tool and a geometry opti-
mization. Red frames represent a form-focused design approach and blue frames a
material-driven approach.

To guarantee a geometric t of the reused element in the design, the third approach
using algorithms to aggregate elements into assemblies without a target design, can
be used. An examples of that work ow is seen in Figure 3.9. The disadvantage of
this approach is, according to Huang, that it is di cult to control the nal design
and meet additional design requirements (Huang et al., 2021).
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Figure 3.9: Example of a work ow where the structural geometry is generated
from the available material using algorithms. Blue frames represent a material-
driven approach.
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Informal interviews

To get an understanding of how people have practically worked with reused steel,
several informal interviews in a conversation format have been carried through. The
interviewees have di erent expertise, and all have experience with steel reuse.

4.1 Frida Utterhall - Reuse expert at Stena Stal

Stena Stal is a steel supplier who has recently started to o er reused steel elements
for sale, and Frida Utterhall is working as a development coordinator within reuse.
The process of reusing steel, from the perspective of the steel supplier, can be di-
vided into parts which are described by Utterhall according to the diagram in Figure
4.1. The colors of the diagram are consistent with the coloring of Figure 3.1.

Figure 4.1: Process of reusing steel. The content of the diagram is created by
Stena Stal and the layout was created speci cally for this thesis.

Initial reuse potential assessment

The process starts when Stena gets a call from a client who owns steel elements
they think might be appropriate for reuse. The client is asked about the age of
the elements, how they have been loaded, in which building they have been used
and for what purpose, if there are drawings documenting the elements and if the
client has their material certi cates. Then a site visit is made to visually inspect
the elements. According to Utterhall, Stena only accepts elements which have been
produced later than 1971, that have not carried exceptional loads, are in a visually
good condition and that come from a known project for which there is enough docu-
mentation. Usually, they only accept members who are longer than six meters, but
if there is a buyer in need of shorter elements they can make exceptions. They do
accept elements with bolt holes, sti eners and end plates since they can be cut o if
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requested by the buyer. So far, all of the elements they have been contacted about
are produced less than twenty years ago and if they were not reused they would
have gone to recycling. The price for Stena to buy a reused member is around 60%
higher than for steel going to recycling under the condition that the client has the
material certi cates. If not, the price becomes around 30% higher compared to steel
going to recycling.

Work done at the warehouse

If all the conditions for the elements are met, they are transported to Stena's ware-
house after dismantlement. There, they are divided into testing groups, get unique
identi cation codes to ensure traceability, and their dimensions are checked to be
within the allowed tolerances. Stena is continuously in contact with buyers of reused
elements and will send images and information about the new elements to clients
who could be interested. The elements are then tested according to the guide from
MVR described in Section 3.1.3. Right now, Stena is only using procedures A and
B, meaning that elements not covered by these requirements will not be accepted.
The time delay for performing the destructive test for procedure B is around two
weeks and usually increases the cost per kg of material.

Selling reused elements

The elements that pass the testing are added to their stock lists and are stored until
they are sold. There is no formal way to reserve an element during the planning
stages of a project, but Stena is continuously in contact with potential buyers and
a sales order can be created a long time before they ship the elements. If it is re-
guested by the client, the elements can be sand-blasted and re-painted for a small
fee and the testing documentation will accompany the element if purchased. The
price per kg is approximately equal for a reused element as for a new one.

Response from the industry

Many di erent actors are interested in steel reuse and Stena has gotten a lot of ques-
tions, but, according to Utterhall, there are not many actors building with reused
steel in practice so far. However, the reason for this might be that the planning
stages for ongoing reuse projects take time, and as more and more projects are com-
pleted where reuse is successfully implemented, more actors will be motivated to
work with it in practice as well. The interest has come from both entrepreneurs,
building clients and consultants and it is usually individuals taking the initiative.

4.2 Linda Cusumano - Structural engineer and

design manager at NCC
Onsala Rymdrum is a visitor centre in Sweden at Onsala Space Observatory and
was completed in 2019. The project had the ambition to reuse 85% of the materials

for the building, including not only the load-bearing structure of steel but the entire
building. Linda Cusumano was the lead structural engineer of the project and for
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parts of the process also the design manager.

Having high reuse ambitions

According to Cusumano, the high reuse ambition was requested by the client of the
project and was important since it made everyone on the team consider reuse in
every part of the building. In the end, the team managed to reuse about 50% of
the total project and 20% of the load-bearing structure, which Cusumano states
was the hardest part to reuse. Other elements, like installations, were found to be
surprisingly easy to nd and incorporate into the design.

A challenging process

The project team took the approach of designing the structure rst and then they
tried to nd suitable elements, although this proved to be a challenge. The archi-
tectural design required the structural engineers to work with special solutions, that
cancelled out the initial idea of reusing timber for the load-bearing structure. When
the team changed direction and researched steel reuse, it became more challenging
since steel scrap has an economic value and it is usually a part of the entrepreneurs'
budget to sell it for recycling. Also, demolition processes often damage the elements,
and it was not easy to nd companies willing to demount a building carefully due to
time constraints. In 2019 there were no steel suppliers that o ered reused elements,
so the project team working with Onsala were themselves responsible for sourcing
and testing the material which made the logistics of the project extensive. Cuso-
mano sees that a problem was that a large responsibility fell on individuals, where
few people became responsible for the entire reuse procedure of the structural ele-
ments. Additionally, the economy of the project was a big struggle since the budget
had strict limitations and the cost of the project had to be close to equal to the
cost of a project using newly produced elements. In general, the economic strug-
gles proved to be more challenging than the testing and the structural veri cations.
Therefore, Cusumano sees that there is a need for demands on projects to map and
present their emissions of Cge for reuse to be economically feasible.

Having to work with what is available

The steel elements o ered for reuse that they did manage to nd was often two
three times larger than the elements they would need, which primarily led to chal-
lenges when working together with the smiths. Welds on larger elements become
longer than welds for smaller ones leading to unnecessary labour and costs. It was
also challenging to nd large quantities of members of the same sizes which made the
logistics of transporting elements from several demolition sites and nding space to
store them di cult. Due to the uncertainties of which elements would be available
at what time, the team de ned strategies that allowed for larger exibility concern-
ing member dimensions. One of these was to not build the columns into the walls,
but rather o set them.

Di erent goals within the project team

Another challenge of the project was that there were di erences in opinion between
the engineers and the architects about how to work with reuse. While the goal of
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the architects was to make it visible that the elements were reused, the goal of the
engineers and entrepreneurs was to make a project look and work the same way as
any newly built project but using reused elements. Therefore, Cusomano highlights
the importance of discussing the project goals and de ning the meaning of reuse
early during the process.

4.3 Practitioners at WSP in England, Canada and
the Netherlands

Isis Bennet, Sally Walsh, David Leversha, and Thomas Musson are all practitioners
who have experience working with the reuse of steel. Bennet is a structural engineer
in Canada and Walsh is a structural engineer in England and both are working with
reuse projects. Leversha is working as a director and NetZero Carbon Lead in Eng-
land within the area of buildings and has contributed with the engineer's perspective

on working with reuse in an article about circular economy by The Institution of
Structural Engineers (Leversha et al., 2022). Musson is working with project man-
agement and has supervised a master thesis about the reuse of steel (Varghese, 2022).

Experiences from the Parliament Building in Canada

The preconditions and way of working with the reuse of steel have di ered between
di erent projects. In Ottawa, Canada, Bennet is working on a renovation of the
Parliament building known as the Centre Block. This project includes a seismic
upgrade, meaning that many steel members need to be removed from the building
and new structural assemblies complementing the existing structure need to be con-
structed. So here, the source of the steel members and the project in which they
will be reused is the same building (WSP, 2023).

The building was constructed in 1917 so the steel members are more than one hun-
dred years old. This meant a signi cant amount of testing of the material compo-
sition and tensile strength of the members. However, due to the size of the project
and that it concerns the life extension of an existing building where a signi cant
amount of steel will remain, a large amount of testing would have been necessary
anyhow. For a more typical project, it is likely that the time for removing the steel,
testing it, and bring it back to the site would have made the building process longer.
However for this project, a lot of construction work needs to be done for the base-
ment anyhow, so the schedule allowed for this. In Canada, the codes state that if
the steel grade of a member is unknown it can be assumed to have a yield strength
of 210 MPa, so that is what they have done in the project. In Europe, there is
no such lower bound of the steel grade which would make a similar process more
di cult here. The material composition testing showed that the carbon content was
too high for the members to be considered readily appropriate for welding, so only
bolted connections can be used in the design (WSP, 2023).

1The only content of the conversation concerning the Centre Block project which is included in
the thesis is also included in public sources.
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Experiences from the Sloan Square House in the UK

Several projects across the UK are being designed with reused steel elements today.
Here, it is more common for steel suppliers to have large inventories of reused mem-
bers compared to Sweden, so these suppliers have been the source of the material
for the projects. One of these projects is the Sloan Square House which is an o ce
refurbishment where a two-story extension is added onto an existing building (The
Alliance for Sustainable Building Building Products, 2023). In this project, it was
proposed by the engineers to use reused steel members and both the architect and
client were willing to do it.

Since the project is smaller it has been relatively easy to iterate the design until 100%
reuse was achieved. There are still uncertainties concerning the exact inventory that
will be available when the structure is built, but since the building is designed using
sections that are common in the reuse inventories and they have a digital tool which
can nd replacements fast if a section goes missing they are con dent that 100%
reuse will be achieved. Instead of setting prede ned building heights, the engineers
and architect speci ed ranges of ceiling heights to account for a larger exibility on
which reused sections can be chosen for the project.

Using computational tools and automated work ows

Both in the Ottawa Parliament project and for the projects in the UK, automation
and optimization algorithms have been important parts of the work ow. They start

by designing the structural system and verifying it using new sections. A model is
then created in Revit and a schedule of members is exported which, together with
the reuse inventory, becomes the input for the optimization tools. The tools check
that member capacities and properties like the beam depth, area, second moment
of area etc. are not smaller for the reused members compared to the new ones, and
reused members are matched to the members in the design in such a way that the
amount reused steel is maximised. The updated schedule of members is exported
to an Excel sheet and then loaded back into the Revit model and drawings, which
are automatically updated to include the reused sections (WSP, 2023; The Alliance
for Sustainable Building Building Products, nd).

The Ottawa Parliament project has been more constrained than the UK projects
due to the nature of the task of renovating a structure of cultural historical value.
Also, the introduction of modern mechanical systems into the existing spaces has
put an increased pressure on reducing section depths, which has made steel reuse
more challenging. Therefore, the main function of the optimization tool developed
in Canada is to match reused members to the design in a more nalised stage. Since
all reused members have a lower steel grade than the new members, accounting for
di erences in material grades is important for the tool to be useful. Some geomet-
rical clashes between the matched sections and architectural or mechanical systems
are anticipated, and to avoid this a maximum depth parameter is set for each oor
plate (Gismondi, 2023).
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In some of the UK projects, the preconditions have allowed for a bit more exibility

to iterate the designs based on the availability of sections (The Alliance for Sus-
tainable Building Building Products, 2023). It is most common that they use their
optimization tool after the conceptual design is completed when there is a Revit
model and a cost consultant on board in the project. Then, the tool is used as sup-
port for making alterations on a detailed level, such as allowing for other material
grades for certain members and making smaller geometric adjustments, to achieve
a greater reuse percentage. For a few projects, the tool has also been used in more
conceptual stages to estimate the reuse percentage for rough concept schemes based
on the currently available inventory.

Existing rivet holes and accounting for section loss

For the Ottawa Parliament project, the reused members had previously been riveted
together, which means that they have existing holes. It is decided in the project
that they want to allow for these holes but not for larger openings from mechanical
systems. A maximum percentage of section loss is therefore determined and consid-
ered in the resistance calculation for each unique member. The existing holes are
not used for the new connections (WSP, 2023).

Coatings and re protection

In the UK they have taken the approach of sand-blasting the sections, removing
all current coatings and then painting them. Galvanized steel has proven more
challenging to work with in this aspect since it changes the material composition.
Therefore, in the designs, they are only using galvanized members in areas where
no additional coatings or welding is needed.

Re ections on increases in section sizes due to reuse

Since the alternatives of section sizes are not in nite when working with reused
elements it is common that larger sections need to be used compared to when pro-
ducing new members. A rule of thumb that they use in the UK is to not use a reused
section if it increases the weight by more than 30% compared to a new member,
and they consider that if the utilisation of a reused member is less than 70% the
carbon saving would be greater if the member was used in another project. There
IS no o cial paper stating these numbers, but it has been discussed at conferences
that Walsh and Bennet have attended. Leversha also points out that since the cost
of steel is set per kg it becomes more expensive to use heavier sections when using
an inventory from a steel supplier.

Re ections concerning market forces and attitudes towards reuse

Today reuse is still new and non-standard and the sustainability aspect is more and
more being used as a selling point for projects and a way for companies to increase
their competitiveness in the market. When doing research for the master's thesis in
the Netherlands, the student supervised by Musson found it di cult to nd prac-
titioners willing to talk about their reuse projects. This because they did not want

to share trade secrets.

28



4. Informal interviews

Additionally, the cost of reused steel has changed a lot in the UK over the last 18
months according to Leversha. Before, the steel suppliers could buy steel scrap for
30% of the price of a new member and after testing it and reconditioning it they
could sell it for a price lower or comparable to the price of a new member. Now the
market demand has increased and reused steel is becoming more expensive than new
steel. So currently, the largest bene t of reusing steel is its large potential to save
carbon. A way to make it economically feasible would be to introduce carbon taxes.
In the future, we are hopefully past the stage of making pilot projects and reuse
is a more standard and integrated part of construction. Then the reuse inventories
are hopefully more extensive and Leversha raises the question of whether it will be
necessary to divide the reused members that are being sold from the new members.
Maybe, the structural engineers can specify their needs and it will be up to the
steel supplier to nd the most appropriate section among a mix of reused and new
elements.

4.4 Tommy Nilsson - Reuse expert at Rival

Part of the inventory from Stena Stal comes from a preschool that was dismantled
by the Stockholm-based demolition rm Rival. The idea to reuse the steel struc-
ture by doing a dismantlement rather than demolition came from Rival and not the
client. "When | came to the site | saw that the structure was in excellent condition,

it was only a few years old, had bolted connections and had been protected by re
insulation’, says Tommy Nilsson in a conversation with us. Nilsson works with reuse
and sustainability at Rival and he was the one who contacted Stena Stal to buy the
steel from the preschool. Although the steel did not have any good documentation,
the shape and the look of the steel were as good as new, and thereby it underwent
and passed the testing procedures. In total 144 m of HEA-beams were salvaged
from the project. Rival has tried to initiate the reuse of load-bearing components
in other projects that they have worked in, although, a lot of it is turned down due

to age uncertainties and poor documentation.

Nilsson explains that bolted connections are preferable over welded connections. It
takes a lot of time and money to cut down the elements, and it can also be more
dangerous as a work environment. He further states that the interest in reuse and
dismantlement over demolition has become larger and is talked about more broadly
today than ever before. In a few years, Nilsson expects to see a large increase in
demand regarding dismantlement, ‘the way we are demolishing today is not the fu-
ture' Still, most of the projects that have been done so far have been pilot projects,
and the industry as a whole needs to become better at implementing reuse on a
large scale.
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Figure 4.2: Picture from the dismantlement of the preschool. Source: Rival.

Challenges of dismantlement and reuse

When being asked about what barriers exist to reuse Nilsson states that a lot of the
construction today was not made with reuse taken into consideration, a lot of welded
connections make the dismantlement harder. He also mentions that the property
owners must realise the value of the material that they already have. Today disman-
tlement is more expensive than demolition as it takes a lot longer to do. However,
the property owners already own the material, and if they can reuse it it may gen-
erate savings in costs and time in the long term, as one does not need to produce
every element from scratch in later projects. He additionally sees a knowledge gap
when it comes to dismantlement. In his experience, o ce buildings are often quite
easy to work with when it comes to renovations and reuse, as there are a lot of set
measurements and large quantities of similar elements.

Into the future

Going into the future Nilsson sees a value in establishing a dismantling plan for the
building before it is even built. This could save a lot of hassle when reuse becomes
the norm. Also, when a project is planned to be demolished or rebuilt, one should
involve the demolition rms early on, to maximise the possibilities of reuse. Time
to plan a dismantlement gives the demolition contractors time to make a proper
inventory study of the elements suitable for reuse, and it also gives the actor time
to nd potential buyers for the material.
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Study visit to a reuse project

During October 2023, a study visit was done to Oslo to visit Kristian Augusts gate
13 which is both a renovation of a building threatened to be torn down and an ex-
tension project. It is a pilot project within a program for circular buildings initiated
by FutureBuilt, and it was the rst building to successfully implement reuse on a
large enough scale to ful | the program's criteria for being classi ed as a circular
building (Entra ASA, 2021).

The extension is nine oors high and about 70% of the steel structure is reused.
Also, many of the hollow core oor slabs are reused. It was the responsibility of
the entrepreneur to source the steel elements, which ended up coming from a large
variety of buildings that were being demolished in the area of Oslo. About 57
tonnes of reused steel were bought before the construction was started and about 45
tonnes ended up being used. The project mostly used steel elements with |, H and
HSQ-pro les. A main challenge with working with reuse that is brought up in the
experience documentation report about the project is that the design process took
longer time than expected (Entra ASA, 2021).

The architectural ambition of the project was to show that reuse is not only possible
but that it can also be attractive and innovative. They aimed for a motley and
colorful expression and allowed the available material to in uence the look of the
design (Entra ASA, 2021).
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