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In my decision to integrate Structural Design with Facade and
Product Design, a significant motivation lies in the increasing use
of glass in the building industry. Despite its growing popularity,
there remains a limited understanding of its recyclability
potential, a gap that is particularly pressing in the context of the
global imperative to reduce raw material use and aim for zero
waste. While TU Delft has conducted various studies exploring
the possibilities of incorporating glass waste into new panels, a
major challenge persists: these recycled materials often exhibit
diminished structural performance. There is a notable deficiency
in knowledge regarding the optimisation of glass waste in new
glass systems without compromising on structural integrity. This
interdisciplinary approach seeks to address these critical issues,
contributing to the development of more sustainable glass usage
in construction.
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The posed problem,

In this graduation plan, it is crucial to comprehend certain key terms:
float glass' refers to a distinct process of making flat, uniform glass,
and ‘cast glass' denotes the production of volumetric glass with specific
dimensions.
e There is a growing need for
construction practices.
e The European Union has established ambitious targets
to realize a zero-waste paradigm in the construction
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sector. This initiative is closely aligned with the EU's
guidelines that emphasize the reduction of CO2 and
other greenhouse gas emissions. These efforts are part
of a broader strategy to promote a circular economy,
ensuring sustainable development and environmental
protection.

There is a growing need for sustainable materials in
construction that can be recycled or repurposed into
their original form. Several construction materials are
already being successfully recycled, serving as prime
examples of this trend. For instance, concrete is often
crushed and reused in new construction projects, while
steel from demolished structures is frequently melted
down and reformed for new uses. Additionally, recycled
glass (pre-consumer glass) is increasingly being
incorporated into building materials, showcasing the
industry's commitment to sustainable practices.

Despite glass is 100% recyclability, it often ends up
being downgraded to products like bottles and glass
wool at the end of its lifecycle in float glass applications,
such as in architectural glass. Recycling glass can
minimize the use of raw materials as glass cullets can
replace them, leading to zero waste. Additionally,
recycling requires less energy for the production of new
glass panels, thereby reducing overall energy
consumption.

However, currently due to both technical and supply-
chain barriers, glass recycling in construction follows an
open-loop system, leading to a gradual degradation in
material quality. Float glass eventually transforms into
products like bottles and glass wool, or even worse, it
may end up in landfills. Recent studies highlight that
post-consumer glass waste, particularly from float glass,
remains a largely unresolved issue. In the Netherlands,
only 7.5% of collected float glass is recycled back into
the same product.

To tackle this problem of post-consumer waste (float)
glass, TU Delft has conducted extensive research on the
circularity of glass, examining the present challenges in
float glass recycling and its potential reuse in new
volumetric glass components made 100% of waste
(float) glass using kiln-casting.

Recycling through kiln casting of various glass
components back into glass products has been
successfully demonstrated by Magna Glaskeramik, which
produces cast glass panels using 100% recycled glass
from industrial production plants.

A promising new direction explored by TU Delft is the
creation of composite cast glass panels, with a lower-
degree glass cullet in the bulk, encapsulated by a higher-
quality degree of glass waste at the surface.




e However, there is limited knowledge regarding the
impact of different geometric and compositional
parameters on the final structural performance of such
volumetric kiln-cast panels.

research questions and

Main research question:

What is the effect of the different parameters in respect to the
geometry and glass composition of composite cast glass panels
to their overall structural performance made out of Construction
and Demolition (C&D) (float) glass waste?

Sub questions:

e What are the main practical implications and limitations
of recycling C&D glass elements?

e How can casting be utilized in the manufacturing of glass
panels for built environment applications, specifically in
transforming C&D glass waste into reusable cast glass
products for facade envelopes, and what are the
advantages and limitations of this method?

e Which glass composition family group is the most
promising in the creation of recycled glass beams?

e How does a composite C&D beam compare with a
homogeneous C&D beam of similar external glass quality
in terms of structural performance?

e How do variations in geometrical parameters, specifically
the face-core thickness and the position or geometry of
the bulk material, affect the structural performance of
recycled composite C&D cast beams?

e How does temperature impact the homogeneity and
structure of the composite panel?

e How do different flaws/defects in glass, such as bubbles,
colds, nickel sulphide, etc. manifest in the beams
created from recycled glass ,and how do they impact the
structural performance?

¢ What information does the crack pattern provide about
the properties of the glass beam?

e How can recycled C&D waste beams be optimised using
finite element models?

e Is there an optimum balance between class B and C
waste for achieving structural performance while
maximizing material recyclability?

The meanings of Class B and C waste will be detailed in
the report.

e How should a created panel be reintegrated into the
building market after its production from recycled
materials?

design assignment in which
these result.

Boundary Conditions:

The scope of this thesis revolves around assessing the structural
performance of a novel recycled cast glass panel, specifically
engineered from 100% C&D (float) glass waste, intended for
application in loadbearing facades with the primary focus on
enabling closed-loop recycling. The research will be conducted
at the glass lab facilities at Stevin Lab II, where multiple C&D




(float) glass waste beams will be manufactured and subjected
to various tests to analyse structural performance parameters.

Design Objectives:
1. Creation of Recycled Glass Panel:

e Develop and manufacture recycled cast glass
panels using C&D (float) glass waste,
emphasizing its potential for closed-loop
recycling.

2. Testing Parameters:

e Conduct comprehensive 4-point bending tests on
the manufactured C&D glass cast beams to:

1. Assess the structural balance between
performance and minimizing material
downgrading to landfills.

2. Analyse the impact of a composite cast waste
panel versus a homogeneous cast panel on
structural performance.

3. Investigate the influence of varying geometrical
parameters (e.g. core-face ratio,
position/geometry of the bulk) between different
glass grades (B and C) in the composite panel.

4. Evaluate the effects of inherent faults in the
recycled glass material on structural integrity.

5. Examine the influence of temperature on the
structural performance.

6. Investigate the feasibility of optimising the shape
of lower-grade glass using finite element models.

3. Integration of Class C Glass Cullet:

e Determine the viability and benefits of
integrating Class C glass cullets more extensively
into new cast glass panels, contributing to a
more circular economy in glass recycling
practices.

4. Microscopic and Mechanical Evaluation:

e Analyse structural differences at a microscopic
level and after subjecting the cast panels to a
four-point bending machine to comprehend the
variances in structural performance between
composite and homogeneous cast glass panels.

Overall Goal:

The overarching objective of this study is to comprehensively
evaluate the influence of composite cast glass panels on
structural performance and ascertain the microscopic and
mechanical disparities in structural behaviour. This research
aims to contribute insights into enhancing recycled cast glass
panels' suitability for loadbearing facade applications while
fostering @ more sustainable and circular economy in (float)
glass recycling practices.
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Process

Method description

This thesis employs a mixed-methods approach to address its primary objectives and answer
the research questions posed. The methodology is structured into five distinct phases, each
playing a crucial role in guiding the research process. These phases are detailed in the following
sections. Additionally, the figure above illustrates the overarching research framework.

Part 1: Introduction:

This section provides a comprehensive overview of the research, beginning with the context of
glass recycling. It outlines the problem statement, highlighting the current challenges in
achieving complete recyclability of glass. From this, the research gap is identified, leading to
the formulation of the primary research question and its associated sub-questions. The
objectives and boundary conditions of the study are then delineated. This is followed by a
detailed explanation of the methodology, outlining the sequential steps required for the
research. The planning of the research is subsequently discussed, along with its connection to
building technology. Finally, the societal and scientific relevance of the study is addressed.

Part 2: Theoretical framework:

This section provides a comprehensive understanding of glass, encompassing its behaviour,
common types, and manufacturing processes. It then transitions to a discussion of glass's
mechanical properties. The focus shifts to the service life and end-of-life considerations of glass
units, followed by an exploration of the potential for glass recycling. The current state of glass
recycling is then highlighted, leading into an examination of the treatment processes for C&D
glass waste. The capabilities and applications of glass cullet are also detailed.

In the final chapter of this section, the potential of casting methods in enhancing the
recyclability of glass is explored. This includes an overview of the casting projects undertaken
by TU Delft so far. The discussion then moves to the advantages of using casting for the
recycling of C&D glass waste. Lastly, the potential of composite cast glass is emphasized,
highlighting its significance in the context of glass recycling.

Part 3: Design and Experimental validation of cast C&D waste:

This section presents the experimental methodology, which includes a detailed account of the
variables involved in the research, the preparation of moulds and cullets, firing schedules, and
the procedures employed in the glass lab facilities at Stevin Lab II. The research utilizes both
class B and C cullets, each containing certain contaminants. The report will later elaborate on
the differences between these classes.

The methodology involves designing necessary prototypes and evaluating the beams based on
aesthetic qualities such as translucency, the absence of significant cracks, mixing quality, and
homogeneity. It should be noted that the outcomes of the beams are unpredictable, and as
such, the aesthetic criteria may need adjustment based on the results obtained from the oven.
Subsequently, the study includes mechanical tests on the beams, employing a four-point
bending machine and analysing the data obtained. Additionally, the research encompasses
microscopic examination of beam fractures to determine causative factors, including oven
faults, cullet grade and size, firing schedule, and material impurities.

The section concludes with an exploration of optimising the mechanical behaviour of glass
waste beams using a finite element model. This optimisation focuses on the shape and
positioning of various C&D waste glass classes, specifically class B and C.




Part 4: Design Application:

This section explores the potential applications of glazed panels made from C&D glass cullet.
It includes case studies demonstrating the implementation of these panels. The case study
options range from reusing glass in the demolition and rebuilding of an old office building to
the application of newly created glass panels in a sustainably designed, new office building
that emphasizes circular material use.

Part 5: Integrated discussion of the research results:

The final section presents a comprehensive evaluation of the research and experimentation. It
includes conclusions drawn from the study, reflections on the production and design of recycled
glass panels made through casting, and an assessment of the structural performance. The
chapter concludes with recommendations for future research.
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Reflection

1. What is the relation between your graduation (project) topic, the studio topic (if
applicable), your master track (A,U,BT,LA,MBE), and your master programme (MSc
AUBS)?

The Buildi)ng Technology Master track within the MSc AUBS program integrates architectural
desigh and engineering, addressing interdisciplinary challenges and fostering innovative
solutions. Its focus spans a wide range of engineering and architectural skills crucial for future
sustainable design practices, particularly in developing innovative and sustainable building
components integrated into the built environment.

This thesis combines structural design with fagade and product design within building
technology. The objective is the creation of an innovative building envelope and project, with
a specific emphasis on circular building products and the utilization of computational design to
optimise created cast panels.

The research aims to explore the potential of cast glass in promoting environmental
sustainability by reducing CO2 emissions and waste. This involves studying the mechanical
properties of glass, analysing (float) glass recycling processes, conducting independent
experimental research, and refining methodologies through mechanical testing. The goal is to
practically apply acquired insights to design a recycled cast glass panel from C&D glass waste,
establishing a closed-loop recycling system, and evaluating its suitability for loadbearing facade
applications.

The study involves the creation and optimisation of multiple cast panels made from C&D waste
to maximize structural performance while minimizing landfill-bound materials, with a
preference for establishing a closed-loop system.
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2. What is the relevance of your graduation work in the larger social, professional and
scientific framework.

Social relevance:

The increasing utilization of glass in structural designs reflects its growing social significance.
With its unique combination of transparency and high compressive strength, glass has evolved
from a material once perceived as fragile and opaque to one that is durable, optically clear,
and structurally viable. This evolution marks a significant shift in architectural and structural
applications, highlighting glass as a pioneering material in the building industry. Its ability to
facilitate light transmittance and spatial continuity makes it an ideal choice for creating
diaphanous structural components. Glass, being relatively new in structural contexts compared
to other materials, offers groundbreaking possibilities that could redefine future approaches in
building industry, architectural engineering, and structural engineering.

Professional and scientific relevance:

The challenge of glass waste, particularly float glass derived from the C&D sector, remains a
critical issue. The absence of an effective recycling system for this type of waste, compounded
by quality standard failures due to contamination from coatings, lamination, adhesives, or
recipe incompatibilities, often leads to glass cullet ending its lifecycle in landfills. This research
holds significant scientific relevance as it explores the potential for recycling C&D glass. By
investigating the feasibility of using cast glass in architectural applications, this dissertation
aims to bolster confidence among engineers, architects, designers, and the general public in
both cast glass as a structural material and glass casting as a viable production technique. The
study provides essential data on the types of waste glass that can be utilized, the proportions
for use, and the necessary firing schedules, which can guide the industry in the recycling-by-
casting process. Furthermore, the research undertaken at TU Delft on waste streams and the
potential of (float) glass recycling underscores the necessity for further exploration in this area,
particularly regarding the reuse of float glass waste in structural cast glass applications, where
comprehensive information is still lacking.




