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Desirable Optical Properties




Desirable Optical Properties

Durability




Falconnier hollow glass blocks Insulux - Owens-Illinais,



Hollow Glass Blocks

Translucent
Curtain Wall system supported by a metal frame
Because of the air-cavity, it is thermally and acoustically sound



Hollow Glass Blocks

Translucent
Curtain Wall system supported by a metal frame
Because of the air-cavity, it is thermally and acoustically sound

Solid Glass Bricks

Clear
Load-bearing wall.
Acts as a single glass pane
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Evident gap between solid glass brick's stability and the hollow block’s efficiency.
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Hybrid Glass Blocks

« Exhibits good load bearing strength
« Exhibits good thermal properties.



MAIN RESEARCH QUESTION

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



RESEARCH METHODOLOGY

@ @@

Literature Thermal
study and Investigation
Research

Detailing

Fabrication

Installation
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SUB-RESEARCH QUESTIONS

2 3 4 5
Literature
Thermal . S .
study and Investigation Detailing Fabrication Installation
Research
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SUB-RESEARCH QUESTIONS

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?

RN

s @ : : :
- Literature
Thermal . o .
study and Investigation Detailing Fabrication Installation
Research
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SUB-RESEARCH QUESTION

What are the main engineering criteria and challenges involved in the
development of a Hybrid block?

~ ’
1 2 5 : ;
- Literature
study and hermal Detailing Fabrication Installation

Investigation
Research
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SUB-RESEARCH QUESTION

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?

~ ’
1 : ; . :
- Literature
study and Thermal Detailing Fabrication Installation

Investigation
Research
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SUB-RESEARCH QUESTION

What are the main factors affecting the build-ability of Hybrid blocks in a

structure?
. QII
[ o —
~ ’
1 z s : .
- Literature
study and hermal Detailing Fabrication Installation

Investigation
Research
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HOLLOW BLOCK
Il Class Block
Technology

Properties

=il

Non-load bearing

1N

Thermally sound

Manufacturing

Process: Casting and Fusing
Glass Type: Soda-lime
Mold Used: Pressed mold

Installation

| L

Load bearing

Poor thermal
performance

No standardized process

1. With a metal
substructure
2. Adhesive based
3. Interlocking

No standardized Process
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Literature Study Design Guidelines
Glass Block
Technology
.
.
Production
Method

Glass

Connection
.

Thermal Investigation

Structural Investigation

Design of Prototypes

Conclusions
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Literature Study Design Guidelines Thermal Investigation  Structural Investigation  Design of Prototypes Conclusions
Glass Block
Technology

T

.

Production
Method

Soda-lime Glass
Lead Glass

Borosilicate

Glassl Softening Point: 780°C
Connection Annealing Point: 525°C
" Density: 2230 kg/m?

It has lower thermal coefficient
value and exceptional
performance at high

temperatures.
Fused Quartz

Glass

Aluminosilicate

High Silica Glass
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Production
Method

3D print

Extruded Glass

Cast Glass
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Production
Method

Optical
characteristics

Glass type
applied

Standard size

Notes
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Literature Study

Glass CClampﬁd
Connection onnection
Performance under load

[ ]

J

Unobstructed View

]

-

Reversibility

|

Bolted Connection Adhesive
Connection

“ \\

Embedded
Connection

e

|

e
|

|
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Design Guidelines

| h =
~
N

Compressive Thermal
Strength Performance

U-value < 2.2 W/m2K

Dutch Building Code <1.65 W/m2K
Eurocode <2.2 W/m2K
Local code <25 W/m2K
(Chinese National Building Codes)

T
]
]

-

1
]
]
- 1 -
U
~

Ease of
Manufacturing

T
v
‘l
- -

C

Recyclability

Optical quality
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CONCEPTS TO IMPROVE THERMAL PERFORMANCE

Concept 1a:
Altering Cavity sizes

Concept 1b: Concept 1c:
Adding inert gas Applying coatings
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CONCEPTS TO IMPROVE STRUCTURAL PERFORMANCE

Concept 2a:
Altering the
cross-section
thickness

Concept 2b:
Providing
coated glass
in middle

B
5030683
ORLELRH

OO ~0
OOOOOOO

Q0
O
O
OO
oo
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Concept 2c¢:

Merging
hollow with
solid

Concept 2d:
Honeycomb
Structure
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Literature Study Design Guidelines

Concepts to

improve
thermal +

performance

Thermal Investigation  Structural Investigation

Concepts to
improve

structural
performance

Design of Prototypes

Conclusions

Twinkle Nathani | 5069041 | Graduation Presentation

27



CONCEPTS

S
\/ CONCEPT 1.

Altering Cavities

Thermal Investigation
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CONCEPTS

|l

/

CONCEPT 1
Altering Cavities

Thermal Investigation

Low-e coated
glass

CONCEPT 2: Providing
coated glass in middle
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CONCEPTS

8
\ >~ CONCEPTw

Altering Cavities

Thermal Investigation

Low-e coated
glass

CONCEPT 2: Providing
coated glass in middle

Solid part

Hollow part

CONCEPT 3: Merging
hollow block with solid
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Thermal Investigation

CONCEPTS

Low-e coated
glass

\/ CONCEPT 1 CONCEPT 2: Providing

Altering Cavities coated glass in middle

Solid part
Hollow part
CONCEPT 3: Merging CONCEPT 4:
hollow block with solid Honeycomb structure
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CONCEPTS

\ / CONCEPT 1.

Altering Cavities

Thermal Investigation

Low-e coated
glass

CONCEPT 2: Providing
coated glass in middle

Solid part

Hollow part

CONCEPT 3: Merging
hollow block with solid

.-

|

CONCEPT 4:
Honeycomb structure

Pattern A

Pattern C

Pattern B

Pattern D
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DIFFERENT SIZES OF BLOCK

CONCEPTS

Q\I/
\/ CONCEPT 1 CONCEPT 2: Providing
Altering Cavities coated glass in middle

ESN\Y

Low-e coated )
glass O

Solid part

m

Hollow part
CONCEPT 3: Merging CONCEPT 4:
hollow block with solid Honeycomb structure

Twinkle Nathani | 5069041 | Graduation Presentation



DIFFERENT SIZES OF BLOCK

/\CONCEPTS
~ i B

METHODOLOGY

\/ CONCEPT 1. CONCEPT 2: Providing
Altering Cavities coated glass in middle STAGE 1
Analysis with air cavity and no
coatings.

Solid part

Hollow part

ﬂl

CONCEPT 3: Merging CONCEPT 4:
hollow block with solid Honeycomb structure
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CONCEPTS

O

i

<\\|/|

N
\/ CONCEPT 1. CONCEPT 2: Providing

Thermal Investigation

Low-e coated
glass

Altering Cavities coated glass in middle STAGE 1

Solid part

Hollow part

CONCEPT 3: Merging

Il Q\\\ /

Analysis with air cavity and no
coatings.

CONCEPT 4:

hollow block with solid Honeycomb structure

DIFFERENT SIZES OF BLOCK

METHODOLOGY

STAGE 2

Analysis with argon cavity and no
coatings.
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CONCEPTS

O

i

<\\|/|

CONCEPT 1
Altering Cavities

Thermal Investigation

Low-e coated

glass

CONCEPT 2: Providing
coated glass in middle

Solid part

Hollow part

CONCEPT 3: Merging
hollow block with solid

CONCEPT 4:

Llll

Honeycomb structure

STAGE 1

Analysis with air cavity and no
coatings.

D Air Cavity

DIFFERENT SIZES OF BLOCK

METHODOLOGY

STAGE 2

Analysis with argon cavity and no

coatings.

\Q\\

Argon Cavity

R >

STAGE 3

Analysis with air and argon cavity and low

emissivity coating.
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CONCEPTS

|l

:

CONCEPT 1
Altering Cavities

Thermal Investigation

~

.

~U

CONCEPT 2: Providing
coated glass in middle

&l

CONCEPT 3: Merging
hollow block with solid

IS

~ »

CONCEPT 4:

Honeyc

omb structure

FINAL DESIGN OPTIONS

Design Option 1
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Thermal Investigation

CONCEPTS FINAL DESIGN OPTIONS
//\\\\ |
20mm smm thick
\ cavity low-e coated
glass
;:):;-se coated | [ (z:g;?tryn

CONCEPT 1 CONCEPT 2: Providing

. . A Design Option 1 Design Option 2
Altering Cavities coated glass in middle

I

// |

CONCEPT 3: Merging CONCEPT 4:
hollow block with solid Honeycomb structure
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Thermal Investigation

CONCEPTS FINAL DESIGN OPTIONS
/\\
~_
\ 5mm thick
low-e coated
| glass
~
~d
CO.NCEPTl1l: CONCEPT 2: I?rovilding Design Option 1 Design Option 2
Altering Cavities coated glass in middle
N

20mm

Solid part cavity

2.5 mm thick
low-e coated
glass

Hollow part

\\\/

CONCEPT 3: Merging CONCEPT 4:
hollow block with solid Honeycomb structure

Am

Design Option 3
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CONCEPTS

z//

\ _~~ CONCEPTx

Altering Cavities

Thermal Investigation

FINAL DESIGN OPTIONS

20mm
cavity

CONCEPT 2: Providing Desian Option 1
coated glass in middle an =k

CONCEPT 3: Merging
hollow block with solid

smm thick
low-e coated
glass

20mm
cavity

T

L
|

CONCEPT 4: _ '
Honeycomb structure Design Option 3

low-e coated
glass

|| —— 20mm cavity
|

150 mm

Design Option 4
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Thermal Investigation

Design Design Design Design FINAL DESIGN OPTIONS
Option 1 Option 2 Option 3 Option 4

|IHI| ++++ ++++ ++++ ++++

20mm
cavity

s5mm thick
low-e coated
glass

— 20mm
cavity

: 1.83 1.62 1.73 1.65
~ W/mz2K W/m2K W/mz2K W7/maK

200 mm

— 20mm cavity

‘ ++++ + ++ ++++ (—

low-e coated
glass

) Tt 4 ++++ ++ 50mm Amm
Sy Design Option 3 Design Option 4
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Literature Study Design Guidelines Thermal Investigation Case Study Constructability Conclusions

Design Design
Option 3 Option 4

Design Design
Option 1 Option 2

IIHll +H++ +H++

FINAL DESIGN OPTIONS

— 20mm
cavity

— 5mm thick
low-e coated

N
~ 1.83 1.62
~ W/m2K W/m2K

s

Design Option 2

.

‘ ++++ +
-

+++ +++
A
AL
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— 20mm cavity

low-e coated
glass

Amm

Design Option 4

Design Option 3




Literature Study Design Guidelines Thermal Investigation Case Study Constructability Conclusions

—— 20mm cavity

low-e coated
glass

Design Option 3 Design Option 4
FUSION BLOCK LATTICE BLOCK
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Detail
Design

s0n

Connection
System

Manufacturing

Installation

Thermal
Performance
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Constructability

300mm

— Recyclable

Non-recyclable

Fusion Block

DETAIL DESIGN

8omm

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE
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Constructability

U-value: 1.73 W/m2K
Block width: 50mm
Cavity width: 20mm

300mm

— Recyclable

Non-recyclable

Fusion Block

DETAIL DESIGN

8omm

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE
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Constructability

—

£

E U-value: 1.73 W/mz2K U Value- 1.65 W/m2K

) —— Block width: 50mm Block width: 8omm
: Cavity width: 20mm Cavity width: 20mm

Non-recyclable

Fusion Block

DETAIL DESIGN

8omm

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE
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Constructability

—

B

E U-value: 1.73 W/m2K U Value- 1.65 W/m2K U Value- 1.64 W/m2K

& Block width: 50mm Block width: 8omm Block width: 60omm
[T——— Cavity width: 20mm Cavity width: 20mm  Cavity width: 30mm

Non-recyclable

Fusion Block

DETAIL DESIGN

8omm

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE
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Fusion Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

300mm

— Recyclable

Non-recyclable

8omm

Constructability

—

U-value: 1.73 W/m2K U Value- 1.65 W/m2K U Value- 1.64 W/m2K

Block width: 50mm Block width: 8omm
Cavity width: 20mm Cavity width: 20mm

Block width: 60mm
Cavity width: 30mm

=

Twinkle Nathani | 5069041 | Graduation Presentation

49



.

Connection X

|
Fusion Block @

Connection Y

Connection Z ]

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

Constructability
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.

Connection X

|
Fusion Block @

Connection Y

Connection Z ]

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

Constructability
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Connection X

P~

R

Fusion Block \

Connection Y

DETAIL DESIGN
CONNECTION SYSTEM IR ~

MANUFACTURING
ASSEMBLY % ;

THERMAL PERFORMANCE

Connection Z
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Connection X: Glued
Connection Y: Interlocking

Constructability
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Connection X
t‘»-f;a ™

Fusion Block

DETAIL DESIGN

Connection Y

CONNECTION SYSTEM k >

MANUFACTURING
ASSEMBLY |
THERMAL PERFORMANCE N

Connection Z

Option 1
Connection X: Glued
Connection Y: Interlocking

Constructability

Option 2
Connection X: Bolted
Connection Y: Interlocking
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Constructability

~
8|

]
e

\ Connection X

‘ Option 1 Option 2 Option 3

N ‘ Connection X: Glued Connection X: Bolted Connection X: Clamped
& Connection Y: Interlocking Connection Y: Interlocking Connection Y: Interlocking

Fusion Block

Connection Y

DETAIL DESIGN
CONNECTION SYSTEM B | Y
MANUFACTURING |
ASSEMBLY AN i (
THERMAL PERFORMANCE R \

Connection Z
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Constructability

b

Connection X

Option 1 Option 2 Option 3
Connection X: Glued Connection X: Clamped
F . B l k £ Connection Y: Interlocking
Connection 'Y
DETAIL DESIGN
\ N, ; Unobstructed Ease of Load
CONNECTION SYSTEM " Connection Type _ Reversibility L Overall
, view assembly Distribution
MANUFACTURING " Glued +
L » 44+ ++ 4 4+ 4
ASSEMBLY { : Interlock
l M Fusion Clamped +
THERMAL PERFORMANCE Ny Block Interlock o M T w A
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6 1

Fusion Block BESEEEE

2. Tungsten embed
3. Rubber to separate direct
contact of glass and metal
4. Thermal Break - Neoprene
5 Glass block to float glass
connector piece: 40mm X
18mm x 10mm

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY 6. Cavity 20mm
7. Bolts
THERMAL PERFORMANCE 8. Float glass piece

Constructability
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Constructability

Fusion Block ESREELE

2. Tungsten embed

3. Rubber to separate direct
contact of glass and metal

4. Thermal Break - Neoprene

5. Glass block to float glass
connector piece: 40mm  x
18mm x 10mm

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY 6. Cavity 20mm
7. Bolts
THERMAL PERFORMANCE 8. Float glass piece
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Constructability

Fusion Block ESREELE

2. Tungsten embed

3. Rubber to separate direct
contact of glass and metal

4. Thermal Break - Neoprene

5. Glass block to float glass
connector piece: 40mm  x
18mm x 10mm

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY 6. Cavity 20mm
7. Bolts
THERMAL PERFORMANCE 8. Float glass piece
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Constructability

Fusion Block ESREELE

2. Tungsten embed

3. Rubber to separate direct
contact of glass and metal

4. Thermal Break - Neoprene

5. Glass block to float glass
connector piece: 40mm  x
18mm x 10mm

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY 6. Cavity 20mm
7. Bolts
THERMAL PERFORMANCE 8. Float glass piece
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Fusion Block

DETAIL DESIGN

CONNECTION SYSTEM
MANUFACTURING
ASSEMBLY

THERMAL PERFORMANCE

§,J Zn

= T B

= 1 3

6 1 3

Glass Block

Tungsten embed

Rubber to separate direct
contact of glass and metal
Thermal Break - Neoprene
Glass block to float glass
connector piece: 40mm  x
18mMm x 10mm

Cavity 20mm

Bolts

Float glass piece

y

10

Constructability

Step 4
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Fusion Block EESRSER

2. Tungsten embed

3. Rubber to separate direct
contact of glass and metal

4. Thermal Break - Neoprene

5. Glass block to float glass
connector piece: 40mm  x
18mm x 10mm

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY 6. Cavity 20mm
7. Bolts
THERMAL PERFORMANCE 8. Float glass piece

Constructability
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Embed
connection

N

Type 1

Fusion Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

Type 2

ASSEMBLY

THERMAL PERFORMANCE

Full Brick

Half Brick

Constructability

Custom L-Shape

Total number of blocks: 1168
Full Brick: 1106
Half Brick: 40
L-Shape: 22
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Constructability

Molten glass is
poured into mould.

Takes its shape
under gravity

N

Cooling below
softening point

\
7
Ready for
shipping Remove the
mould
6
Add the metal
embeds

Fusion Block

DETAIL DESIGN

Controlled
Annelaing process

CONNECTION SYSTEM

MANUFACTURING
ASSEMBLY

THERMAL PERFORMANCE

MANUFACTURING PROCESS OF FULL AND HALF BRICK

High Precision
Steel Mould

Borosilicate Glass

Screw
Air vents

High Precision
Steel Mould
Borosilicate Glass

Screw
Air vents
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Constructability

1

Molten glass is
poured into mould.

2
Takes its shape
under gravity

Cooling below
softening point

e

Remove the mould and
transfer into an L-shape

Ready for

shipping N
6
Add the metal
embeds
. Controlled
Fusion Block
DETAIL DESIGN 5

High Precision
Steel Mould

Control
Annelaing process

CONNECTION SYSTEM

Borosilicate Glass

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

MANUFACTURING PROCESS OF L-SHAPE BRICK
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Constructability

BOTTOM CONNECTION

Fusion Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

=1l 7777707
= IO 0.mm

7 N

Glass Block
Tungsten embed

Rubber to separate direct contact of glass and metal
Tungsten rectangular block

Insulation with wall finish

Concrete base

ASSEMBLY

Non-shrinkage
cncrete

THERMAL PERFORMANCE

oA wWN R
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INTERMEDIATE FLOOR CONNECTION

N

Fusion Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING
Glass Block
Floor slab
Steel angle-section

Tungsten rectangular block
Tungsten embedded connection

ASSEMBLY

THERMAL PERFORMANCE

Constructability

1

) _) V2 L S A s i ’
/7 |
a ) L!J

80/mm

20 mm

7

Non-shrinkage
cncrete
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Constructability

TOP CONNECTION
% h
—EF (/;/’//j ————————— - | 10 mm
- ¢ " 5 IJ
6
! I " " 3 2
g 5 ////;/ /{; g__ Izomm
: T L=
: l k . : f : 80 mm .
DETAIL DESIGN
CONNECTION SYSTEM | : ' ﬁ_Ti
S ‘ v ] 2!’ A ?
MANUFACTURING ' — e
1 7 p/ 20 mm ‘
ASSEMBLY 2. Insulation with wall finish DA s o
3. Steel plate with tungsten coating B ou @y
UAlSRUAL MERFEORGANCE 4. Rubber to separate direct contact of glass and metal =t SR
5. Tungsten embedded connection fmm _fomm
6. Glass Block
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Constructability

L-JUNCTION

shape brick

Course B

s

Fusion Block

DETAIL DESIGN

>
Ll
T
%2}
>
(00}
z
o
T
O
Ll
z
z
O
O

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

69
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CORBEL JUNCTION

Fusion Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

Constructability

&> L-shape brick

PN
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CORBEL WINDOW OPTIONS

Glass Block

Tungsten rectangular block

2.

Block

-
9O
)
>
T

Z
O
N
L
o
=
<
T
L
(@)

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

71
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Constructability

CORBEL WINDOW OPTIONS

Glass Block

Y

Tungsten rectangular block

2.

Option 2

....................
..........
X [
......
.....
g .,
.

.
.

Block

Z
O
N
L
o
=
<
T
L
(@)

CONNECTION SYSTEM
MANUFACTURING
ASSEMBLY

-
9O
)
>
T

Glass Block
Tungsten rectangular block 40mm
Tungsten rectangular block 20mm

2
3.

THERMAL PERFORMANCE

72
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Constructability

]

EEE

The total thermal transmittance of the facade
withthese blockcanbe calculated as following:

B

=: Ufac = UfulleuLl+ Uhalfshalf

=s

.5 Stotal
) here,
2 U W/mzk Thermal transmittance
' fac of facade

)

Umu_Uhalf wW/mzK Thermal transmittance

- -

Full Brick : U-value: 2 W/m2K of full and half bricks
. SfuLL ShaLf m?2 Surface of full and half
- bricks
. 1 S m2
Fusion Block |
H ‘: The total thermal transmittance of the facade
s is:
DETAIL DESIGN u
) U =20x10152+22x 18 =2.0 W/m¥K
CONNECTION SYSTEM " 103.32
N
MANUFACTURING =
ASSEMBLY =
B
THERMAL PERFORMANCE I

Half Brick : U-value: 2.2 W/m2K
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Detail
Design

Connection
System

Manufacturing

Installation

Thermal
Performance
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Lattice Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

U-value: 1.65 W/m2K
Block width: 150mm
Cavity width: 20mm

Constructability
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Lattice Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

Constructability

AY)

U-value: 1.65 W/m2K U-value: 1.8 W/m2K
Block width: 150mm Block width: 150mm
Cavity width: 20mm Cavity width: 20mm
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%

Connection Y

Lattice Block
DETAIL DESIGN
CONNECTION SYSTEM \
MANUFACTURING
Connection Z

ASSEMBLY

THERMAL PERFORMANCE

Constructability
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%

Connection Y

Lattice Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

Constructability

Twinkle Nathani | 5069041 | Graduation Presentation

79



Lattice Block s

DETAIL DESIGN &

CONNECTION SYSTEM

MANUFACTURING

Connection Z

ASSEMBLY

THERMAL PERFORMANCE

/

Option 1
Connection Y: King-Queen
Interlocking

Constructability
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Constructability

Option 1 Option 2
Connection Y: King-Queen Connection Y: Hemispherical
Interlocking Interlock

Lattice Block s

DETAIL DESIGN &

CONNECTION SYSTEM

MANUFACTURING

Connection Z

ASSEMBLY

THERMAL PERFORMANCE
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Constructability

Option 1 Option 2 Option 3
Connection Y: King-Queen Connection Y: Hemispherical Connection Y: Lego Type
Interlocking Interlock Interlock

Lattice Block s

DETAIL DESIGN &

CONNECTION SYSTEM

MANUFACTURING

Connection Z

ASSEMBLY

THERMAL PERFORMANCE
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Constructability

DN
4 Lo
r:’u'.; ‘ X ‘
‘ N ” ]: e di\\\
k& NN | LD
q
ConnectionY -
Option 1 Option 2 Option 3
N Connection Y: Hemispherical
Lattice Block | Ny
- Connection T P bl R ~oad Overall
~ eversiol era
NN ss view assembly Distribution
CONNECTION SYSTEM By p—
& ng-aueen e+ +H++ ++ ++ +++
MANUFACTURING 3 _ l Block interlock
ASSEMBLY comnection 2 ' Lattice
THERMAL PERFORMANCE Block
Lego type e+ o+t e+t e+t e+
Interlock
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Constructability

Lattice Block

DETAIL DESIGN

1. Glass Block
CONNECTION SYSTEM 2. Neoprene Interlayer

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE
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Lattice Block

DETAIL DESIGN

CONNECTION SYSTEM
MANUFACTURING
ASSEMBLY

THERMAL PERFORMANCE

1. Glass Block
2. Neoprene Interlayer

Constructability
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Constructability

Lattice Block

DETAIL DESIGN

1. Glass Block
CONNECTION SYSTEM 2. Neoprene Interlayer

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE
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Constructability

Lattice Block

DETAIL DESIGN

1. Glass Block
CONNECTION SYSTEM 2. Neoprene Interlayer

MANUFACTURING

ASSEMBLY

Step 3

THERMAL PERFORMANCE
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Constructability

Lattice Block

DETAIL DESIGN

1. Glass Block
CONNECTION SYSTEM 2. Neoprene Interlayer

MANUFACTURING

ASSEMBLY

Step 4

THERMAL PERFORMANCE
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300

Lattice Block

S0 e
DETAIL DESIGN \ So

CONNECTION SYSTEM

MANUFACTURING
ASSEMBLY

THERMAL PERFORMANCE

Full Brick

Constructability

Half Brick

Total number of blocks: 1266

Full Brick: 1246
Half Brick: 20
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Lattice Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING
ASSEMBLY

THERMAL PERFORMANCE

MANUFACTURING PROCESS OF FULL AND HALF BRICK - OP 1

Constructability

~N
1
Molten glass is 3
poured into mould. ~N Cooling below
softening point 4

Transfer the

2 block into a
Takes its shape  cheaper mould
under gravity

N\

Ready for
shipping

5

Seal the glass plates
and top just below
softening point

High Precision
Steel Mould
Borosilicate Glass

Screw

High Precision
Steel Mould

Borosilicate Glass

) Screw
L’
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Constructability
1 ~N
Molten glass is
poured into mould. @

~N
2
Takes its shape
under gravity @
3

Cooling below ~N
softening point

\

Lattice Block

DETAIL DESIGN

High Precision
Steel Mould

CONNECTION SYSTEM

Borosilicate Glass

MANUFACTURING

P Screw
v

ASSEMBLY

THERMAL PERFORMANCE

MANUFACTURING PROCESS OF FULL AND HALF BRICK - OP 2
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Case Study
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Constructability

BOTTOM CONNECTION

SHi
L
.....
HEH

H )

HH Y
N 15

Lattice Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

Glass Block
Neoprene interlayer s
Steel plate v 1

- " « N 4
Insulation with wall finish » SR

mm 150 mm
Concrete base . e ,

_m 15 mm
ASSEMBLY 7 7 -

| cncrete

THERMAL PERFORMANCE

OO~
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Constructability

INTERMEDIATE FLOOR CONNECTION

5 77 —
7 7

E

Lattice Block | B < N HHHW —

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING }15 mm
20 mm
Non-shrinkage

cncrete

ASSEMBLY Floor slab e S|

1,

2. =

3. Steelangle-section R s By
THERMAL PERFORMANCE 4 Steelplate 2: e 1;50n;m 44

5. Insulation with wall finish ' 170 mm '

Y
Glass Block » ?%M/m
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Constructability

TOP CONNECTION

1

U

ik

Lattice Block | | HHHW -

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING fs mm
20 mm
Non-shrinkage

cncrete

ASSEMBLY

Insulation with wall finish L

OO~

Steel plate ]
THERMAL PERFORMANCE Neoprene interlayer e —
Glass Block ' 7o mm
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L-JUNCTION

Lattice Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

Constructability
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CORBEL JUNCTION

g

Lattice Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

Constructability
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Constructability

CORBEL WINDOW

150 mm

Lattice Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

1. Glass Block oriented 90 degrees to the original placement
2. Original placement of glass block

THERMAL PERFORMANCE
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Constructability

Half Brick : U-value: Half Brick : U-value: Full Brick_corbel : Full Brick_connection :
1.9 W/m2K 2.3 W/m2K U-value: 1.7 W/m2K  U-value: 2.3 W/m2K

Lattice Block

DETAIL DESIGN

CONNECTION SYSTEM

MANUFACTURING

ASSEMBLY

THERMAL PERFORMANCE

The total thermal transmittance of the facade
withthese block canbe calculated asfollowing:

= + +
Ufac UfulleuLl UhalfS half Ucorbe{Scorbel

here, Slotal

Ufac w/meK Thermal transmittance
of facade

U Ysar Ww/meKk Thermal transmittance

U orbel of full, half and corbel
bricks

SfulL Shalf mz Surface of full and half

corbel bricks
Stotat m*  Total surface area

The total thermal transmittance of the facade is:

U= 1.93%93.78 + 2.3x0.9 + 1.7x9.16 - .92 W/m*K
103.32

% & 3 8 3 8 2

@ = h W e e w4 ww g =2 m BT
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Constructability

COMPARATIVE ANALYSIS - Thermal Performance

Existing building facade - hollow block Proposed building facade - Fusion block Proposed building facade - Lattice block
CIEET T LT I :
VNS I -
ié-\ Z &) ;’—:§ | [
b g !
i ' ’ o ;
| L :il
S }7 [mmass)
T ] ] R . — mEH
; : T 1 ? 1 7EE " C :
EEEE ] oy ]
’ 1
_ A
! i
1 :{1 . ]
o | e
- . , | : e
m— — PORTS T PORTS
| | ———
) | = —
= L
U-value: 2.6 W/m2K U-value: 2.0 W/m2aK U-value: 1.9 W/m2aK
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Constructability

COMPARATIVE ANALYSIS - Structural System
Existing building facade - hollow block Proposed building facade - Fusion block Proposed bulldlng fagade Lattice block

AN ilk.,lllllll EEEEEEENE
- | ‘l]l’l o l ‘.lllll

: I T e e e s e e s ™
: ) S 2 L ) " —
AREEES ltlllll.ll | - =
4.7 = -
i ) - - |-
-e
14m
"™ F
T |
- < e

Ill mmmm
Al INeERESEE iR
T Ill[llltl\lll\l

[ 1713 =™ - s
EREE L i
EERR - : . e ————
EEEE -
“m-- -n
- -
| -
(1 1 =

|

-

Substructure Required No-substructure required No substructure required

Twinkle Nathani | 5069041 | Graduation Presentation



Constructability

COMPARATIVE ANALYSIS - Fabrication

Existing building facade - hollow block Proposed building facade - Fusion block Proposed building facade - Lattice block
LI LT I :
AR f '
ﬁ-\ ) fL”L\* ul
: - ’ = .
| ST T T T YT T A El
O = [ "1\
Sasanasssnss:us Qi o —HEE
EEEEEEEn axl o ™ :
—r—r ] ) "
’ 1
_ A
P i
1 :‘:1 . ]
sEsunm A | ‘ = =
)| = —
= L
Block weight: 3- 5kgs Block weight: 16kgs Block weight: 16kgs
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COMPARATIVE ANALYSIS - Assembly

Existing building fagade - hollow block

[

Proposed building facade - Fusion block

Proposed building fagcade - Lattice block
f - —=
I I
I [ i
EEEE l
| ™ | W
LI L1 = i
P
— = b
= = ﬁ‘.yv
— | M|
— ) B
— —
4 §
[ i t S ——————
] ‘l" :Y' | ;é ‘ f::::
| 1 I ¥ B
1 v 1 1‘ f
! Trr Z
1
T
.}X,. ~
i
T L
!
m_ B
T " =N

Metal substructure with mortar Load-bearing with embedded steel connection
Non-reversible

Load-bearing with interlocking connection
Dry-stack and Reversible Dry stack and Reversible
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Constructability
COMPARATIVE ANALYSIS - Aesthetical qualities

Existing building facade - hollow block Proposed building facade - Fusion block
IT I— jjﬂr l _hﬂ._. (ﬂl‘ -

Proposed bulldlng fagade Lattice block

H %_g %
lll”! Iﬂll%:i:“ -J=
ENEEEEEEEEE

T ------wlsﬂm—--
s
jasTeeseRSESaEEEEEEREL &

[
o e vt i o O 0
seaz

.
PORTS

[

i i i

L it

Non-transparent Transparent Transparent
Heavy with thick mortar lines

Fluid Fluid
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Literature Study Design Guidelines Thermal Investigation Case Study Constructability Conclusions

COMPARATIVE ANALYSIS - Optical Quality
Existing building facade - hollow block Proposed building facade - Fusion block Proposed building fagcade - Lattice block

Non-transparent Transparent Transparent
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FACTORS AFFECTING THERMAL PERFORMANCE

Size and Geometry Material Properties Size of cavities

< +
Number of Cavities Thermal bridges Path length of heat flows
S 7 f |
+ L +
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FACTORS AFFECTING FABRICATION

Size and Geometry Material used Amount of material

| |

Cost Time required
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FACTORS AFFECTING BUILDABILITY

Size and Geometry Connection system Tolerances

| |

Assembly process Durability
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FURTHER RECOMMENDATIONS

~

A cavity wall between solid cast glass A more standardized size of block

bricks and float glass

N

=

|

Effect of different colors and textures
of glass on dispersion of light and
varying degrees of transparency.
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Conclusions

FURTHER RECOMMENDATIONS

=~

Life cycle assessment of the two Validation with experiments Investigation of fire safety and
blocks acoustics
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Literature Study

Comparison

Glass Block Type

Hollow Block

Solid Block

Seves (HTI WAVE) & Pittsburgh
Corning
(Thickset go VUE)

Seves (VISTABRICK) & Pittsburgh Corning

(VISTABRICK)

U-Value 1.8 - 25W/m2K 41 - 4.9 W/ M2k
Compressive
3 -6 MPa 82 - 400 MPa
Strength
Light
L 70-76% 60-90 %
Transmission
SHGC 0.32 - 068 052 - 0.78
Sound 43-505TC 43-50STC

System

Metal substructure with mortar

Adhesive bonded bricks

Adhesive bonded bricks

Crystal House Atocha Memorial Optical House
Process Casting, Fusing and Annealing Casting
Glass Type Soda-lime Soda Lime Borosilicate Borosilicate
Mould Used Pressed Steel Mould Open Steel Mould Pressed Steel Mould Pressed Steel Mould
Annealing time unknown 8 - 38 h (size dependant) 20 h unknown

Metal substructure

Difference in properties

Similar properties
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Boundary Conditions

i . o Thermal Conductivity (W/mK)
Cavity Width | Cavity Filling
No Coating With Coating
Air 0.066 0.026
10 mm
Argon 0.056 0.016
Air 0.088 0.028
15 mm
Argon 0.078g 0.018
Air 0.1184 0.038
20 mm
- Argon 0105 0.025
) Air 0.1485 0.049
25 mm
Argon 0.131 0.032
/ Air 0.1785 0.06
30 Mm
Argon 0.158 0.04
Table with thermal conductivity values

Different sizes of block Standard Dutch values for a; and a,

Concept Number Cavity width in mm

Cavity filling

|
XCX_X-X_XX

Block width in mm Number of cavities L Coating on glass

Naming Criteria

o conduction ot convection o radiation o total r
inside o W/m’K 2.3 W/mzK 55 W/mzK 7.8 W/mzK 013 W/m2K
outside o W/mzK 19.5 W/ mz2K 55 W/mzK 25 W/ mzaK 0.04 W/m2K
Temperature
inside 20°C
outside 0°C
Glass properties
. emissivity
Glass Type conductivity - - - -
with coating without coating
Borosilicate 1.0 W/mK

Table with design inputs on TRISCO
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Concept 1: Altering Cavities-

Thermal Investigation

Sinale Cavit STAGE 1 STAGE 2 STAGE 3
g y Cavity Width Cavity Width Cavity Width 15mm
10mm 15mm 20mm 25mm 30mm 15mm Air cavity Argon cavity
o
0
5 3.14 W/m2K
9 50C1.1-15_10
m
Total helal Cavity Width 2.50 W/m2K 2.31 W/m2K
otal height 333 W/m2K 322 W/m2K Y, Selien el
50C1.1-10.00  50C1.1-15_00 25mm 30mm Cavity Width 2smm
o
(@]
i |
' |
o |
L
Total length / m |I I |] |]
Total width
286 W/m2K 279 W/m2K 278 W/m2K 277 W/m2K 277 W/m2K 270 W/m2K 270 W/m2K 217 W/m2K 2.0 W/mz2K
100C1_1-10_00 100C1_1-15_00 100C1_1-20_00 100C1_1-25_00 100C1_1-30_00 100C1_1-25_10 100C1_1-30_10 100C1_1-25_01 100C1_1-30_11
2
X
@)
9
m
Cavity width 251 W/mM2K 246 W/m2K 245 W/m2K 244 \W/m2K  2.44 \W/m2K 238 W/m2K  2.38 W/m2K 196 W/m2K  1.83 W/m2K
150C1_1-10_00 150C1_1-15_00 150C1_1-20_00 150C1_1-25_00 150C1_1-30_00 150C1_1-25_10 150C1_1-30_10 150C1_1-25_01 150C1_1-30_11
Glass
cross-section o ]
(o]
[\Y
/ s
[3)
=2
m
223 W/m2K = 218 W/m2K 218 W/m2K 217 W/m2K 217 W/m2K 213 W/m2K 213 W/m2K 179 W/m2K  1.68 W/m2K
200C1_1-10_00 200C1_1-15_00 200C1.1-20_00 200C1_1-25_00 200C1_1-30_00 200C1_1-25_10 200C1_1-30_10 200C1_1-25_01 200C1_1-30_11
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Thermal Investigation

Concept 1: Altering Cavities -

Double Cavit STAGE 1 STAGE 2 STAGE 3
oupbtle Lavl y Cavity Width Cavity Width Cavity Width 10mm
. 0mm 15mm 20mm 25mm 30mm o0mm 15mm Air cavity Argon cavity
o
wn
% 2.58 W/mz2K
i) 50C1.2-10_10
J 5
Total height 2704 \W/m2K 222 W/m2K  2.20 W/mzK 213 W/m2K 1.93 W/m2K
g S0£1.2:40.00 100C1_2-10_10  100C1_2-15_10 B9k 2-te-c1 B eRlt 210 1
o
o
—
~2
Q
9
Total width
238 W/m2K 227 W/m2K 226 W/m2K 201W/m2K 198 W/ma2K 192 W/m2K 176 W/m2K
100C1_2-10_00  100C1_2-15_00 100C1_2-20_00 150C1_2-10.10  150C1_1-15.10 100C1_2-10_01  100C1_2-10_11
e i
Ty
=
AT
U |
= |
m \ i
Cavity width 211W/m2K 203 W/m2K  2.02 W/maK Cavity Width 173 W/m2K 160 W/m2K
150C1_2-10_00 150C1_2-15_00 150C1_2-20_00 20mm 25mm 150C1.2-10.01  150C12-10. 11
Cavity Width 20mm
Glass
cross-section o |
o
o
N
Q
9
m
191 W/m2K 184 W/m2K 183 W/m2K 182 W/m2K  1.82 W/m2K 177 W/m2K 176 W/m2K 139 W/m2K  1.29 W/m2K
200C1.2-10_00 200C1_2-15_00 200C1_2-20_00 200C1_2-25_.00 200C1_2-30_00 200C1_2-20_10  200C1_2-25_10 200C1_2-20_01  200C1_2-20_11
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Literature Study

Design Guidelines Thermal Investigation

Concept 2: Coated Glass in middle

Total height

Low-e coated
glass

Cavity

Total width

Twinkle Nathani | 5069041 | Graduation Presentation
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Literature Study Design Guidelines Thermal Investigation Case Study Constructability Conclusions

Concept 3: Merging Hollow and
Solid - Block 50mm

Total height

Total length
Total width
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Thermal Investigation

Concept 3: Merging Hollow and

. STAGE 1 STAGE 2 STAGE 3
Solid - Block 100mm o
Cavity Width
10mm 15mm 20mm 25mm 30mm
= Cavity Width
£ 10mm
-
283W/m2K 276 W/m2K 276 W/m2K  2.75 W/m2K 2.76 W/m2K 2.75 W/m2K
10-100C3.1-10_  10-100C3_1-15_ 10-100C3_1-20  10-100C3_1-25  10-100C3_1-30 10-100C3_1-10_ Cavity Width 25mm
00 00 _00 _00 _00 10
9 E Cavity Width
o) 25mm
(=
2
Total height %
= 202W/m2K 286 W/m2K 285 W/m2K  285W/m2K  2.85 W/maK 2.68 W/m2K 212 W/mzK
& 15-100C3_1-10_  15-100C3_1-15_ 15-100C3_.1-20  15-100C3_1-25_  15-100C3_1-30 10-100C3_1-25 10-100C3_1-25_01
Cavity @© 00 00 _00 00 _00 _10 Air cavity
(O]
3
S
D E Cavity Width
5 30mm
N
Total width
301W/m2K  295W/m2K 294 W/m2K 290 W/m2K 285 W/m2K 264 W/m2K 193 W/m2K
20-100C3_1-10 20-100C3_1-15 20-100C3.1-20  20-100C3_1-25  20-100C3_1-30 10-100C3_1-30 10-100C3.1-25_11
_00 _00 _00 _0o _00 _10 Argon cavity
=
£
T}
o
3.08 W/m2K 3.02 W/m2K 2.97 W/m2K 2.92 W/m2K
25-100C3_1-10  25-100C3_1-15_ 25-100C3_.1-20  25-100C3_1-25
_0o 00 _00 _00
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Thermal Investigation

STAGE 1 STAGE 2 STAGE 3

Cavity Width
10mm 15mm 20mm 25mm 30mm

Concept 3: Merging Hollow and
Solid - Block 150mm

< Cavity Width
E 20mm
™
267 W/m2K 267 W/m2K 2.67 W/m2K 2.64 W/m2K
30-150C3.1-20  30-150C3.1-25  30-150C3_1-30 30-150C3_1-20_10
_00 _00 _00
9 E Cavity Width
O 0 25mm
Fa (32
o
Total height _‘E’
= 2.73 W/m2K 272 \W/m2K 272 W/m2K 271 W/m2K 2.64 \XW/m2K
o 35-150C3.1-15_  35-150C3.1-20  35-150C3_.1-25  35-150C3.1-30 30-150C3_1-25_10 Cavity Width 30mm
Cavity @ 00 _00 _00 _00
(©]
3
o
o £ Cavity Width
Total length 23 g. 3omm
Total width
280 W/mz2K 277 W/meK 276 W/m2K 276 W/m2K 275 W/maK 263 W/maK R
40-150C3.1-10  40-150C3_1-15_ 40-150C3.1-20  40-150C3.1-25  40-150C3_1-30 30-150C3_1-30_10 30-150C3.1-30_01
_00 00 _00 _00 _00 Air cavity
&
=
0
~
2.31 W/m2K
284 W/m2K  281W/m2K 280 W/m2K 280 W/m2K 280 W/m2K
30-150C3_1-30_11
45-150C3_1-10_  45-150C3_1-15_ 45-150C3_1-20  45-150C3_1-25 45-150C3_1-30 5
00 00 _00 _00 _00 Argon cavity
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Concept 4: Honeycomb Block

Total height

Total width

ﬂ
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Thermal Investigation

Concepts

COMPARISON OF DIFFERENT CONCEPTS

.

L?w~e coated Cia mCib mC2 m C3 mC4
A ‘ glass m
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‘ N o o S oo g ©
P N NG ® N 3 N
- al N o N = ) -
) > ol S 0 N m
I ~ &8 33
" CONCEPT1 CONCEPT 2 “l S 0
Solid part BLOCK 50 BLOCK 100 BLOCK 150 BLOCK 200
Hollow part S
Note: All dimensions are in mm. All U-Values are in \W/mz2K.
CONCEPT 3 CONCEPT 4
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Case Study

The blocks are placed over shot blasted stainless steel plates
of the same dimension, extending to a steel frame. These metal
strips divide the glass blocks into groups of 64.

Case Study

i
}

}
-
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Case Study
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Risk Analysis

Structural
Damage

Vandalism

Accidental
Impact

Fire

Consequence | 40

Impact by
Vehicle

10

Risk
Sur

Natural
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Constructability

Twinkle Nathani | 5069041 | Graduation Presentation

127



Literature Study Design Guidelines Thermal Investigation Case Study Constructability Conclusions

Maintenance
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Maintenance
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Remove the
glass by
breaking it

Clean the
part where
block needs
to be fixed

ACCIDENTAL DAMAGE

(e
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remove the
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Slide in the
new block in
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and locally
fuse them
together

Additional
load paths
can carry
load
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