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Graduation project

Title of the graduation

Hybrid Glass Block; Load bearing and thermally sound

project glass block
Goal
Location: Amsterdam, The Netherlands

The posed problem,

Glass's use as a building material dates to ancient times, one of
the first appearances in Roman bath-houses, where it was used
in windows to trap the heat inside. Since then, it has been
extensively used in various forms in the built environment. The
reason behind its wide application is its innate transparency,
which allows for unhindered light in a space and visual
connectivity between the inside and outside. This quality led to
the development of hollow glass blocks during the industrial
revolution. These blocks are durable, fire-resistant, exhibit heat
resistance, and sound deadening properties. Since then,
technologies in glass have constantly been developing to adapt
to the changing trends. In recent years, new explorations have
begun to uncover the structural potential of glass. It is no longer
just a cladding material but is also being used for load-bearing
applications due to its high compressive strength. One such fine
example is cast glass bricks in Crystal House, Amsterdam. The
volumetric cast glass components minimize the risk of failure
due to buckling (and thus due to the introduction of peak tensile
stresses). Thus, they are highly stable as they take full
advantage of the high compressive strength of glass.
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One of the most significant drawbacks of cast glass bricks
current systems is the unsatisfactory thermal performance due
to the absence of a cavity and the thick cross-section, which
acts as one thick single glazed unit. On the other hand, Hollow
glass blocks are non-load-bearing due to their thin cross-section
which results in internal buckling under a compressive load and
thus, the system is susceptible to failure. Therefore, this
research aims to develop a Hybrid block that can exhibit
structural strength and meet modern energy criteria. The
objective is to bridge the gap between solid glass brick’s stability
and the hollow block’s efficiency.

research questions

The main objective of the research is to contribute towards the
innovation of Glass Structures by developing a new hybrid block
that bears advantages of both hollow and solid glass blocks,
namely a satisfactory insulating and load-bearing performance
and can meet the challenges of the modern time. Thus, the main
research question formulated is:

“In what ways can we develop a Hybrid glass block that
exhibits a combination of structural and thermal
properties and can be efficiently manufactured?”

The sub-research questions formulated are:
1. What are the main engineering criteria and challenges
involved in the development of a Hybrid block?

2. Which are the main factors influencing the thermal
performance of the system? What methods can be employed to
increase the efficiency and what are the advantages and
limitations of these methods?

3. Which are the main factors affecting the manufacturing
process of these blocks? What methods can be employed and
what are the advantages and limitations of these methods?

4. What are the main factors affecting the build-ability of Hybrid
blocks in a structure?

design assignment
in which these
result.

The research will lead to designing, experimenting and
validating different hybrid blocks and engineering its fabrication
and assembly in accordance with the design criteria.

Process

Method description

The process of development of the novel hybrid glass block is divided into four phases:
-Phase 1: literature research and data review,
-Phase 2: design and analysis
-Phase 3: manufacturing and constructability
-Phase 4: conclusions and reflections.




Phase 1

The first phase primarily focuses on studying various books, research papers, journals,
and websites relevant to the chosen topic and developing a thorough understanding of
the problem in question. This phase serves as the base for the next steps in the
research framework. Therefore, an in-depth study will be conducted on hollow and
solid glass blocks, their distinguished properties, manufacturing and installation
processes. A case study of Ports 1961, Shanghai building was selected and analyzed
to provide a realistic scenario in defining structural, thermal properties, and assembly
criteria. These helped in defining preliminary design guidelines. Upon referring to
building codes from the region of selected case-study and Eurocodes, the guidelines
were refined into final design criteria. Based on the said criteria, concepts for improving
structural and thermal performances were also explored and evaluated to suggest the
most probable ideas to be taken forward in the next phases.

Phase 2

In the second phase of design and analysis, design solutions for the hybrid block were
investigated in detail. The first design ideas were evaluated on the criteria mentioned
in the design guidelines. The design was then developed from the chosen ones by
exploring methods to make the block resistant to heat. This was verified using the
software TRISCO. Various alternatives of different sizes, cavity widths, and insulative
material were developed and analyzed for their thermal transmittance values. These
options were then evaluated on their ease of manufacture, optical properties, and
recyclability to shortlist the best ones. A risk analysis was carried out to inform the
design of the structural process. The analysis identified scenarios that can impact the
performance of the system and the measures for those were considered in the design
process. The chosen options at the end of thermal analysis were then optimized to
carry the loads based on the materials’ parameters and constraints. Various connection
options were studied and evaluated to design the final connection system for the block.
This phase was a continuous back and forth process, which ended in two designs that
meet the set rules. Further, the manufacturing and installation process was
investigated for the new block, and the designs were evaluated based on the
parameters set for this procedure.

Phase 3

The third phase largely focuses on feasibility study of the developed prototypes by it's
application in the case study building Ports 1961, Shanghai. Initially, this phase was
set out for verifying the final designs through prototyping but due to the current
unprecedented circumstances with no access to the faculty labs, it was not possible to
develop, experiment, and test prototypes. Therefore, the manufacturing and assembly
of the blocks were investigated in theory. A set of guidelines were developed for the
preparation and procedures required for the manufacturing and assembly of these units
on site.

Phase 4

The fourth phase finally focuses on summarizing details about the hybrid block; its
properties, engineering, and installation. The research is concluded with the evaluation
of the method, and recommendations are provided to develop the technology further.
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Reflection
Relevance

Relevance between Graduation topic and Master Studio

The sustainable design graduation studio aims for innovative design technologies in the
built environment. The material glass is widely used in the building industry for its
unique optical properties in various forms, for example, glazing units, glass blocks, etc.
The present glass block systems used in building facades have limited potential as they
offer either structural stability or optimal thermal performance. With the increasing
demand for energy-efficient constructions, it is important to explore the possibilities of
making glass blocks energy compliant. Therefore, this research focuses on developing
a novel glass block system that responds well mechanically and adheres to the new
energy criteria. This system in an examination is new, and not many experiments have
been done in this area. This makes studying and experimenting with this technique
challenging but gives a great amount of freedom in exploring new ideas. A thorough
understanding of the system in a realistic environment is possible in combination with
a case study. The topic is related to the ongoing research at TU Delft on sustainable
structures. The focus is on Structural and Climate design, two sub-directions of the
Building Technology track. The hybrid glass assembly under consideration is self-
bearing; therefore, it will significantly affect the structural system of the applied
building. The thermal performance of the entire system will also serve as valuable
inputs to evolve this technology further.

Scientific and Social Relevance

In recent years, the world is slowly transitioning towards creating robust environments
due to rapid climate change, scarcity of natural resources, and depletion of fossil fuels.
The infrastructure needs to be adaptive more than ever, have less carbon footprint,
and be compliant with the energy regulations. While we have developed many building
systems (smart facade’s, EWF for ventilation, etc.) that can help, it is also important to
investigate the unit level (the size of a brick) for overall impact. Glass and energy
efficiency has been an oxymoron for a long. A lot of research has been conducted to
make glass buildings use less energy, and we have achieved it by applying coatings,
making them non-recyclable. Thus, this thesis aims at developing a block of glass that
adheres to the energy regulations by changing the design and alternating the way we
perceive glass.

The current research can function as a basis on how 3-dimensional structural glass
components can be made more energy-efficient. This study provides fundamental
insight into various methods explored in developing the novel technique, which can
further lead to more energy-compliant glass structures. Hence, this research provides
a scientific relevance as it illustrates possibilities of glass in structural configuration and
is also socially relevant as it will improve the portrayal of glass structures in being
energy giants.




Time Planning

The time planning for the research has been tactically spread between the five

presentations.

The first phase lies between P1 and P2 focuses on literature study and data collection.
A case study will also be selected for a more realistic approach and this will end into
the development of final design criteria. The second phase lies between P2 and P3 is
the design and analysis phase. This will be directed towards developing the block and
testing it computationally on software for thermal verification. The third phase between
P3 and P4 will focus on fabrication and assembly of the design in real world conditions.
The fourth and final phase between P4 and P5 is marked for refinement of the research

and final report will be produced at the end.

Research Timeline

ACTIVITY - WEEK

Reference project
Scope of research

Phase 1: Literature study and Data
Review
HOLLOW GLASS BLOCK
Properties
Manufacturing
Installation process
SOLID GLASS BLOCK
Properties
Manufacturing
Installation process
THERMAL PERFORMANCE
Factors affecting thermal performance
Concepts to enhance thermal capacity
STRUCTURAL PERFORMANCE
Factors affecting structural performance
Concepts to enhance structural capacity
CASE STUDY
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Block properties
DESIGN GUIDELINES

Phase 2: Design and Analysis
DESIGN CRITERIA
Concept Generation
Concept limitations
Preliminary design
CALCULATION
Thermal calculation
Design oplimization
PRODUCTION AND ASSEMBLY
Guidelines for Manufacturing process
Guidelines fo Installation process

Phase 3: Manufacturing and
Constructability
Detail design
Manufacturing
VERIFICATION
Thermal verification
Assembly
IMPROVEMENTS

Phase 4: Conclusions and Reflections
Drawings & Visualization
Report
Presentation
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