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ARGUMENTATIONS FOR CHOICE OF STUDIO

In my opinion, the Architectural Enginee-
ring studio offers the potential to dive info a wide
array of crucial topics. This includes addressing sus-
tainable, technial and societal challenges. What
parficularly appeals fo me is the studio’s encou-
ragement of experimentation and creativity, all
while ensuring that the end results are both realis-
tic and practical. | value the infegrated approach
fo research and design that this sfudio advocates.
It's a perspective that | am eager to develop fu-
rther.

INTRODUCTION

The emphasis of the Architectural Enginee-
ring studio is on sustainable solutions for contem-
porary problems in the built environment. This pa-
per will focus on what the process of reusing steel
components could mean for material consumpti-
on during redevelopment of the TU Delff campus.
The aim is to investigate which steel components
from the outdated EWI, TN and GS campus buil-
dings are suitable for reuse to prevent demoliti-
on waste. How exactly the component should be
evaluated for reuse will be closely examined; the
potential for reuse will be determined by investi-
gating influential factors. Ultimately, it will become
clear which components are suitable for reuse in a
new campus building.
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DEFINITIONS

Urban mining

“Urban mining is the activity of recovering
materials and energy from anthropogenic
stocks, where buildings are one of the most
important stocks in the city context, since the
construction sector is responsible for high
rates of natural resource extraction and con-
sumption,” (Bender & Bilotta, 2019).

Local Harvesting

“Local harvesting in the built environment
refers to sourcing construction materials from
nearby or regional sources, reducing trans-
portation emissions and supporting the local

economy,” (Agudelo-Vera et al, 2012).

Steel

“A hard, strong grey or bluish-grey alloy of

iron with carbon and usually other elements,

used as a structural and fabricating material,”
(Oxford Languages)

Component Reuse

“Component reuse is the praclice of salvag-
ing and repurposing specific building ele-
ments from existing structures in new con-
struction or renavations, aiming to reduce
waste and promote sustainability,” (Alaka et

al, 2020).

Circular flow analysis

“Aimed at the building sector, a circular flow
analysis i1s the systematic evaluation of ma-
terial and resource flows within construction
and urban development. It aims to optimize
resource use, reduce waste, and minimize
environmental impact throughout a building's
lifecycle,” (Arora et al, 2020).

Value assessment

“Value assessment, in the context of the
built environment, refers to the systematic
evaluation of the worth, benefit, or impor-
tance of a particular element, component,
material, or aspect within a construction proj-
ect or urban development. It involves consid-
ering various factors such as cost, perfor-
mance, sustainability, aesthetics, and func-
tional attributes lo determine the overall value
that a specific element brings o a project,”



PROBLEM STATEMENT

Context Steel - building sector

Climate reports, such as the 2015 Paris
Agreement (United Nations, 2015) and the more
recent “ARé Climate Change 2023" report from
the Intergovernmental Panel on Climate Chan-
ge (IPCC, 2023), underscore the urgent need for
change. These reports emphasize the necessity to
limit global warming to 1.5°C, with greenhouse gas
emissions peaking no later than 2025 and decli-
ning by 43% by 2030. The consfruction sector, a sig-
nificant consumer of raw materials, accounts for
40% of national CO2 emissions. Among the contri-
butors to this environmental impact, steel produc-
fion stands out as one of the most energy-intensive
and CO2-emitting industries globally. For example,
Tata Steel IUmuiden, a major steel producer, is the
largest polluter in the Netherlands (see figure 1).
Beyond its effects on climate, steel production
also poses health risks; in the area of IJmuiden, the
risk of lung cancer is 5% higher than in other parts
of the Netherlands (Frisse Wind NU!, 2023).

In addition to emissions, there is a growing scar-
city of raw materials. The rising demand for new
steel production exerts pressure on the natural re-
sources iron ore and coal. Projections indicate a
30% increase in steel demand by 2050. Factors like
the 2020 pandemic, frade wars, and mine closu-
res, have increased steel prices (Equify Financial,
2023). Moreover, the steel demolition waste trade

operates on a global scale. Each day, 150 frucks
cross the Dutch borders to fransport demolition
waste abroad, due fo favorable rates and strin-
gent regulations in our densely populated counftry.
This dynamic led to the closure of numerous Dutch
steel recycling companies (Schampers, 2020). Fu-
rthermore, reusing building components results in
significantly lower environmental impacts compa-
red to using recycled materials. For instance, new
steel structures consisting of around 60% recycled
content, has still an environmental impact that is
25 times higher than reusing the equivalent reclai-
med steel content (Geyer et al., 2012).

To limit global warming to 1.5°C,
greenhouse gas emissions must pezk before

2025 at the latest and decline 43% by 2030.
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% of students
feeling lonely

Program TU Delft Campus

Delft University of Technology understands surveys indicate high rates of anxiety, depression,
the importance of the sustainability transition, as ~ and loneliness (Van der Veldt, 2022). Thus, TU Delft

Social interaction:
climate university of the world o0 0

. . . . . - . £ o B i N Boost the sense of
outlined in its Sustainable Vision 2022. The univer- must establish more spaces to encourage social iﬁi TU Delft's Rector Magnificus, Tim van der belonging 1
sity wants to be carbon neutral by 2030. Sustai-  inferaction. Hagen; ‘If we want it, we will be able to do it.’

enhance wellbeing

nability is also a prominent aspect in the urban

@ Program TU Delft Campus % of students
development plans for TU Delft's South campus e o Becoming carbon neutral feeling depression
(Posad Maxwan & TU Delft Campus Real Estate, & anxiety

2019). However, sustainable construction can be s
Becoming circular

O

Meet COz-neutral
N ——————+ requirements in
Becoming climate adpative 2030

costly. Implementing initiatives like sustainable
energy generation, nature-inclusive zones, green

roofs, and water buffers requires substantial invest-

ment, potentially diverting resources from other

)

developmental priorities. The local harvesting and Contributing to qualitly of life

ARN
s
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reuse of steel components in new buildings offer Campus South high No facilities for
a potential solution, providing economic benefits, costs for sustain- social interaction
able environment students

contributing to the sustainable character of the Impact van overlast: ‘Ik wist

campus and serving to raise awareness about the niet dat het zo erg was’
possibilities of reuse among campus users.

“De TU is legally not responsible, however,

Beyond the sustainability tfransition, TU Delft

. . . ~ feels responsible for nvisance of its students” -
faces other challenges. The university offers limited o
Mudde, vice rector, 2021
space for initiatives, associations, and workshops,
with a program focused on academic activities But: does not provide any facilites on campus for
. . . after 1:00h and a few
during regular hours. Smaller associations struggle socialinteraction after 21:00h and Just a few
. . . . for study associations from 17:00-21:00h
to find accommodations in the city due to nega-
tive perceptions. While not legally responsible for
. Due to the bad reputation of the biggest student
student-related issues, TU Delft acknowledges a
o ava associations, smaller associations can not find a
sense of responsibility (Delta, 2022). However, a Fig. 2 place anymore to meet up with members
lack of facilities for social interaction on campus natuurinclusiaf bouwen op dakopperviak voor Building sustainable TU Delft Campus South
. . . . de plot, op daken en langs energieopwekking, groen of TU DELFT & Posad Maxwan, 2019 ol B Blans RF SEAE
persists, potentially alienating students from stu- € gleopwekiing. gro a xwan, 2019) International students need & place for social
gevels waterbuffering of berging Concept urban development Campus South @ intersciion: too

dent life. Many students living independently ex-

press difficulty in forming connections. Natfional



Program Case studies

Several buildings on the TU Delft campus
fall short of current sustainability standards, main-

able to achieve these goals, new reuse methods
need to be sorted out. It is not possible to reach

Up to demolition

WHEEEREAREERE

. . . . . . Lost its functions decades ago,

ly due to outdated construction methods. This this goal only by reusing construction materials, so Id to invest ’
now so O Investlor
inefficiency has led to a need for renovation or investigating reusing other components is very im-
demolition, driven by functional decline and eco- portant.
nomic considerations. For instance, the Faculty of Up to renovation/demoliion(?)
Electrical Engineering, Mathematics and Compu- — TTTTIcoITT Highest total energy consumption of campus,
. . oD N -
ter Science (EEMCS) has one of the highest energy ) E oD *:::} needs to be fully renovated to function
: . case studies

consumptions on campus and has been a topic Program TU Delft Campu ) ‘

. . . A new substitute physics building has
of debate regordlng its fate. The Yellow Chemlsny Yellow Chemistry (1945) - already been designed - function loss
(GS) building faces sale to an investor due to ifs Inefficient buildings
current vacancy and loss of function. The decision T Phsyics building (1963)

emaolition waste
of whether to demolish or renovate it, rests with EWI (1970) Up to renovation/demolition
the new owner. The Applied Physics (TN) building If renovated, whole steel/glass facade
. . needs to be replaced
ranks lowest in energy performance and requires a
comprehensive renovation for improved sustaina-
bility (see figure 4) (Blom & Van den Dobbelsteen,
2019). Opting for demolition or renovation of these
- . . X TN (physics building)

buildings has the potential to yield reusable steel 20.000

. . 18.000
components. Without a systematic approach to .
reuse, these components, despite their potential, :

? ® ; Circulair Doel 14.000
may likely end up as demolition waste, contribu- 10% 12.000
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8 aanbod af) 8.000 I
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projects, 80% of the materials that wil become Goals new building, circularity TU Delft (Sustainable vision, 2022) The total energy use of the TU Delft campus buildings monitored in 2018 (Sustainable vision, 2022)
. . o . Part of Appendix C of the Sustainable vision TU Delft Dark colour indicates educational spaces and offices; light are research functions and labs
available should be reused in new buildings (figure
Fig. 3 Fig. 4

3) (Gameren & Van den Dobbelsteen, 2022). To be
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Thematic focus Reclaimed steel components

The construction sector faces obstacles in
effectively utilizing secondary materials for buil-
ding. Barriers to widespread adoptfion of urban
mining include logistics challenges, uncertainties
in demand for reused materials, and concerns
about performance. The critical issue is the lack
of comprehensive information on the availability
and potential value of harvestable materials. No-
tably, progress has been made with the concept
of donor steel, exemplified by NTA 8713 released
by NEN Connect last summer, aiming to reduce
the environmental impact of steel structures. This
standard outlines procedures to determine the ge-
ometric and material properties of steel profiles for
reuse.

While existing studies mainly focus on pri-
mary structural steel, construction methods from
the last century reveal diverse applications of
steel in buildings, such as reinforcing steel, secon-
dary construction, facade construction, cladding,
pipes, windows, and doors. Studies by Pottgieser
(Ayon & Pottgieser, 2019) and Geboes (2020) ad-
dress the reuse of windows with steel frames, while
Andersen, Ravn, and Ryberg (2022) offer a method
to assess the better reuse of steel cladding com-
pared to recycling. However, literary sources on
the reuse of these components are fewer compa-
red to primary structural steel. A clear approach
to various steel components’ reuse could enhance
current knowledge.

Investigations fo the reuse potential of
components examine the factors that are influen-
cing these potential, like the research of Dronkers
(2020). However, in some research to the evalu-
ation potential, the practical testing methods of
components are not included. Research like Fuji-
tfa en Kuki (2016) shows that differences between
destructive and non-destructive tests are of great
influence on reuse potential and should be inclu-
ded. Another important factor is the architectural
application possibilities. If a component has tech-
nical-functional application options, rather than
one with only aesthetic options, its has more po-
tential to be reused.

Thematic focus AE Studio

In past studio years, students researched
methods fo assess and harvest components from
old buildings for reuse in new constructions. They
developed schemes for evaluating components,
considering factors like dismantling costs, testing,
fransport, energy emissions (reuse vs. new pro-
duction), and lifespan. The schemes offer a broad
view of factors influencing reuse, outlining what to
evaluate (category, components), although spe-
cific evaluation methods for each element are not
always specified.

This research will build on the framework
established in the previous studies conducted in
this studio. However, it will distinguish itself by del-
ving deeper into the analysis of specific building
components. The primary focus will be on compo-
nents predominantly or entirely made of a specific
material, namely steel. This targeted approach will
enable a more precise examination and under-
standing of the factors and circumstances influen-
cing the reuse of these components. Perhaps it
may provide more focused insights and practical,
efficient solutions.

- —————————

Thematic focus

A lot of research
is focused on
construction only

Evaluating divers
components with
same methods

Pre-reuse: what
tests should
be performed to
evaluate potential ?

—————— —————

AE studio

Research architec-

I
I
|
. . l
tural application of I
I
reused components |

I

I
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Physics buildings

Fig. 5

11



RESEARCH  DESIGN

The paper focuses on what the process of
reusing steel components could mean for material
consumption in the context of campus redevelop-
ment. The aim is to investigate which steel compo-
nents from the outdated EWI, TN and GS campus
buildings are suitable for reuse in order to prevent
demolition waste. How the component should be
evaluated for reuse will be closely examined; the
potential forreuse will be determined by investiga-
ting influential factors. Here, not only the influen-
ces on the component are deftermined, but also
its measuring method is taken into account in the
potential. Possibilities for application after harves-
ting are also explored.

By determining whether the component
has enough potential to be reused, it can be deci-
ded whether or not to use it in a new project. The
goal of the final project is to apply as many useful
components as possible in a new project. The buil-
ding’s function will be to improve social interacti-
on between students, due to the absence of this
facility on campus. A program of requirements will
be drawn up for this in the coming period. The final
project will be a sustainable building constructed
as much as possible from reused steel components
from the case study buildings. The diagram on the
right page shows an overview of connections bet-
ween context, program, research and design.

RELEVANCE

Research on the reuse of steel building
components, beyond structural elements, remains
underexplored. This research has the potential to
contribute to the attainment of the new sustaina-
bility objectives outlined in the TU Delft’s sustaina-
ble vision for new buildings. Given that a substan-
tial portion (80%) of campus buildings will undergo
renovation or demolition, and considering that the
selected case study buildings conftain numerous
steel components, the development of an assess-
ment method for the reuse potential of these ele-
ments could be highly valuable. The findings of this
research could serve as a exemplary proposal for
project developers at TU Delft Campus, aiding in
the achievement of the targeted 10% reuse rate.
On a broader scale, establishing a clear protocol
for handling these components can inspire de-
signers tfo harvest locally & implement reclaimed
steel components, effectively reducing the volu-
me of steel demolition waste.

OVERAL DESIGN QUESTION

¢« How can reclaimed steel components
from unsustainable TU Delft campus
buildings dating from 1930-1970's be
implemented in the architectural design

of a new circular campus building?

P))

To understand how compo-
/\.ﬁa nents of the case studies
H}B H can be inplemented in a

new architectural design

N Research to reusing multiple

A

I/{) steel components of old
buildings

CONTEXT & PROGRAM

Steel components of case
studies that could have
potential for reuse

|

Why?e
I: To decrease demolition waste case studies

To achieve reuse goals Sustainable Vision

Why?
To decrease demand for energy intensive production

To prevent demolition waste being globally shipped

To reduce prize increases and shortage of raw steel

What do we need?

Yellow Chemistry (1945) Research goal

Phsyics building (1963)

(¢]
EWI (1970)

Method for implementing
reclaimed steel components
case studies in a new ar-

EN

|

Method for implementing

reclaimed steel compo-

nents in a new architec-

tural design by evaluating
its reuse potential

PROGRAM 3= RESEARCH

\/

chitectural design by eval-
uating its reuse potential

Need for

Design goal

o

New sustainable campus
building for interaction
students composed of
multiple reclaimed steel
components of case studies

Campus building for social

interaction students

Connection

TU Campus South

e}

A sustainable exemplary

proposal to TU Campus

South developers to har-
vest locally & implement
reclaimed steel components

DESIGN 2 PROGRAM

RESEARCH ¢ DESIGN [ntegration

The building sector

@ E

A sustainable exemplary
proposal to designers in
the built environment to
implement reclaimed steel
components more often

Exemplary proposal
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<

How can reclaimed steel components from

RESEARCH QUESTION

campus buildings dating from 1930-1970's

be implemented in architectural design?

PP

SUB-QUESTIONS

Chapter 1: Reuse, recycling and demolition

Why is it important to reuse steel components?

Chapter 2: Inventory of steel components
Which components of the case studies will be
investigated and why?

Chapter 3: Factors affecting usability of
reclaimed steel components
Which factors influence the reusability potential of
the steel component and how?
Chapter 4: Pre-reuse: testing factors
Wich of the influential factors must be tested

before the component can be reused and how
are these ftests performed?

Chapter 5: Application of reclaimed steel

components

How can the reclaimed steel components be
applied in a building?

X
%,

O)

A &

o Reuse, recycling and demolition © Inventory steel components

Why is it impomant to Which components of the

case studies will be
reuse steel components?

investigated and why?

"®

|
a2

o Factors affecting usability of
reclaimed steel components

Which factors influence the
reusability potential of the
steel component and how?

Results

Which components have
enough potential to be
reused and which not?

o Pre-reuse: testing factors

Which of the influential
factors must be tested
before the component can
be reused and how are
these tests performed?

.4

Rl

© Application of reclaimed steel
components

How can the components
be applied in a new
building ?

15
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METHODOLOGY

To answer the research/sub questions, first
a literature study will be done, while looking for
reference projects consisting of reclaimed steel
components. Later on in the research process, in-
terviews will be conducted, for information about
components where the literature is lacking. In fi-
gure 6 it is noticeable that the literature study, re-
ference analysis and interviews are overarching
methodologies. It will be used in many stages in
the design process for different subjects and nee-
ded for both the case study analysis and circular
flow analysis. The case study analysis consists of a
site study, material analysis, archive drawing ana-
lysis and only if the time permits, executfing one or
a few non-destructive tests myself fo experience
putting theory into practice. After the case study
analysis, while making use of literature study, inter-
views and references, components will be chosen
to test by executing a circular flow analysis. For the
definition of circular flow analysis, see page 3. The
circular flow analysis consist of making an invento-
ry of components, analyze factors that influence
the componentsin the inventory, analyze methods
evaluating performances of components and ap-
plication possibilities when reusing component.
The circular flow analysis will be made visual into
schemes, with the assistance of decision charts
and balance sheets. The feasibility analysis shows
the end result: if the component has enough reuse
potential and is suitable for being applicated in a
new project.

From research to final project, three pha-
ses can be distinguished: investigation phase, ex-
perimentation phase and integration phase (see
figure 7). The investigation phase is the research.
The results of the research will be a list of com-
ponents that have enough reuse potfential fo be
applicated in a new project. The experimentati-
on phase, will be making compilations of ways to
applicate these components in a new building.
Technical drawings will be made and for complex
applications, digital and physical models will be
made to examine the application. Site investigati-
on, program of requirements, and implementation
of components into design, influence each other.
Making schemes of how these influence the possi-
bilities, could help understand the design choices.
A concept of the design project should be made,
intfegrating the best combinations of site, program
and application of compilations of experimentati-
on phase. The program of requirements for the fi-
nal project should be clear in the experimentation
phase. The goals for how many reusd components
should be set, to defermine when to be satisfied
with the end result in the infegration phase.

RESEARCH METHODOLOGIES

Literature research

e e s s

Inventory analysis
Factor analysis
Performance analysis

]
I
)
Application analysis ’.
I

Case Study Analysis

Site visits

Material analysis

Archive drawings analysis

Non-destructive test analysis

e ——

———
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GRUADUATION PROJECT METHODOLOGIES

MASTER THESIS

RESEARCH

DESIGN

Fig. 7

INVESTIGATION

C

Il
EXPERIMENTATION

With results investigation

o

|
INTEGRATION

With results experimentation

literature research case study analysis
conducting interviews circular flow analysis
reference analysis feasibility analysis

compilations of ways to applicate components in project
technical drawings of application compilations

select compilations for physical models

site investigation implement compilations
program of requirements assess compilation (no fit? ~1I)
developing concept integration compilation & design

CHALLENGES

The advantage of investigations from other
AE students is that many diverse components of
different materials have been researched for reu-
se: it offers a lot of design flexibility. Specifying
multiple components of the same material requi-
res creative thinking to ensure the design remains
unique and innovative, rather than resembling a
standardized structure like the Eiffel Tower.

Some components may not have extensive
information available in existing literature, asking
for in-depth interviews and primary research. Fin-
ding and scheduling meetfings with the right ex-
perts for interviews can be a logistical challenge.
Inferviews may reveal that some unexamined steel
components cannot be reused, potentially redu-
cing the diversity of available design resources.

Eiffel Tower

From many different com-

ponents of many materials

to different components of
just one material

.@.

™

Interviews

Research to some compo-
nents needs to be done by
interviews, as literature
sources are lacking

e

Limiting design components

Perhaps it turns out these
components can not be
reused - less components
to design with

19
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PROGRAM PLANNING
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