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The use of thin glass in heritage 
window glazing; testing different 
design concepts
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Current situation
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Heritage 
windows

Single glazing with coating
U-value = 3.8 W/m2K

€80/m2

Thin insulating glass
U-value = 3.6 W/m2K

€220-250/m2

Vacuum glass
U-value = 0.5 W/m2K

€300/m2



Research questions
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Research 
question

“What alternative solutions arise when thin glass is used 
to design an insulating glass panel that replaces single 

glazing in heritage buildings?”
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•	 Thickness is less than 12 mm, preferably between 4-8 mm
•	 U-value lower than 3.8 W/m2K 
•	 Suit NEN on glass for windows; w = 1 kPa

•	 Outside layer of thin glass
•	 Cavity like in between layer
•	 Translucent, preferably transparency
•	 Does not age in color or transparency
•	 No cracks due to thermal expansion

Design criteria



Design proposals
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Computer analysis
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SOLIDO
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1 2 3
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# % still air Q A U-value >3,8
1 97% 23,87 0.25 3,18 :)
2 97% 24,02 0.25 3,20 :)
3 93% 26,00 0.25 3,47 :)
4a 76% 29,72 0.25 3,96 :(
4b 86% 26,97 0.25 3,60 :)
4c 89% 26,03 0.25 3,47 :)
5 44% 32,95 0.25 4,39 :(
6 48% 1,57 0.01 5,22 :(
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DIANA software
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# Deflection Max. deflection Check deflection Stress Max. stress Check stress
1 18,77 10,88 :( 63,72 15 :(
2 2,35 10,88 :) 15,93 15 :(
3 0,62 10,88 :) 5,93 15 :)
4a 1,02 10,88 :) 4,69 15 :)
4b 2,10 10,88 :) 8,00 15 :)
4c 4,35 10,88 :) 8,51 15 :)



Making prototypes
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Design 1 & 2



20



21

Design 3
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Design 4
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Design 6
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Final prototypes



Test setup
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Unguarded
hot box
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Time laps: 						     47 minutes to 107 minutes
Average temperature difference: 		  37.6 °C - 31.5 °C = 6.1 °C
Inside heat flux: 					    58.12 W/m²
Outside heat flux: 				    69.71 W/m²

Rc = 
(Tinner surf - Touter surf)

q

Rtotal = Rsi + Rc + Rse

Utotal = 1
Rtotal



32

# Delta T Inner q-value Inner U-value Outer q-value Outer U-value Delta U-value SOLIDO
1 4,9 78,57 4,30 91,63 4,47 4,39 3,18
2 6,1 58,14 3,64 69,71 3,88 3,76 3,20
3 6,4 57,50 3,55 66,20 3,75 3,65 3,47
4a 9,4 84,96 3,56 85,88 3,58 3,57 3,96



33

Load on plate

https://vimeo.com/722473608
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Second order 
effect
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Fmax (N) wmax (N/m2) <1
Specimen 1a 318 4800 4,8
Specimen 1b 60 908 0,9
Specimen 2 1407 21276 21,3
Specimen 3 931 14071 14,1
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Ageing test
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Survey
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U-value

Single glazing:		  5.8 W/m2*K
Horizontal lines:		  3.4 W/m2*K
Honeycomp pattern:	 3.6 W/m2*K
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General functions More private functions More public functions



Conclusions
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Laminated thin IGU
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Horizontal lines

6.
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Honeycomb pattern
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Conclusion

Thermal performance Structural performance Aesthetics Makeability Ageing
Design 1      3,8 
Design 2      4,2 
Design 3      3,8 
Design 4      3,4 
Design 5      3,0 
Design 6      2,0 

Total
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Recommendations

•	 Research the use of chemically strengthened glass for better structural performance.
•	 Experiment with different lamination layers for the highest transparency  and strength (SG).
•	 The most optimal design for proposal 4 can be research.
•	 Try prototyping design 4 with structural tape or UV glue.
•	 Test the design also on transport forces or point loads.



Thank you!
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“Design a thin glass panel that could replace 
single glazing in heritage buildings, aiming for 
similar U-values as solutions for non-heritage 

buildings.”

Design objective
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Regular windows

Single glazing
U-value = 5.8 W/m2K

€50/m2

Triple glazing
U-value = 0.8 W/m2K

€120-150/m2

Double glazing
U-value = 2.8 W/m2K

€80/m2

Low E coating
U-value = 1.6 W/m2K

€90/m2



51Source: https://www.tudelft.nl/scd/collectie-tentoonstelling/
tu-noord/monumenten-tu-noord/technische-fysica-1930

•	 Mijnbouwplein 11
•	 Built in 1930
•	 G. van Drecht
•	 Former faculty of Applied Physics
•	 DUWO

Case study
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Literature study
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Current studies

Challenging Glass 7

The thin glass as face skins of a sandwich panel allows for a high transmittance of heat through the glass, due to its 
relatively low thickness. This high transmittance allows for the recycled PET core to melt. The glass transition 
temperature (Tg) of recycled PET is 75 OC, at which the stiffness of the core material (recycled PET) will start to 
decrease significantly . Afterwards, the temperature will increase to a temperature of 349 OC after 1 min and the core 
material will melt.. For recycled PET, this melting starts at its melting temperature of 195 OC.   
Comparing the three topologies, we can see that the sandwich panels with the honeycomb- and truss core melt 
relatively faster than the homogeneous core. This is due to the open cells of both patterns and the relatively less use 
of material. 

5. Physical tests and results 
In this section the assembling of the panels and the setup of the experiments is elaborated.  A total of 4 test series were 
performed. A 3-point bending test was done on panels that are unaffected, UV aged and one with elevated temperatures. 
Also, an experiment was done to see how the sandwich panel behaves during a fire (high temperatures).  

5.1. Prototype 
The sandwich panels consists out of two outer face skins of alumino-silicate glass of 1.1 mm and a 3D printed recycled 
PET core of t=10 mm. The core is one of the most important part of the sandwich panel, because this part is where 
the highest shear stresses arise. The core panels are printed with a Leapfrog Creatr with a single extruder of 0.8 mm.  
Once the core is printed,  the adhesive is applied on the outer surface of the 3D printed core. The adhesive used for 
this research is the DELO photobond 4494. This adhesive is a transparent and  UV- and light curing acrylate adhesive 
with a medium viscosity. It is a one-component altered modified urethane acrylate adhesive . This adhesive can be 
used for plastic on plastic, glass to plastic and glass to glass bonding. 
When the adhesive is applied to the surface, the following step is to clean the thin glass surface, where it will be 
bonded. This is done by applying isopropanol on a tissue paper and then clean the glass in one direction. This allows 
for all the dust on the glass surface to be removed. Afterwards, the glass panel can be placed on the RPET core surface, 
which results in the prototype that can be seen in figure 8a & 8b. 
 

             (a)          (b) 
Fig. 8a) Test panel with thin glass and 3D printed honeycomb recycled PET core, b) Test panel with thin glass and 3D printed truss recycled 

PET core. 

5.2. Bending test 1: Recycled PET core

The first test was a 3 point bending test experiment. In this test,  the panels are bended in the middle through a loading 
steel pin and will be supported on the edges with a steel supporting pin. The highest deformation of the sandwich 
panel and maximum bending moment occurs in the middle of the panel, where the load is applied (figure 9). 

 

Fig. 9 Principle and setup for the 3 point bending test. 
 
 

Hanig (2021)
•	 Cast PMMA
•	 Design posibility inside acrylic
•	 Bad thermal performance
•	 Focus on interior

Saleh (2020)
•	 Composite with 3D printed PET
•	 Detailed testing methods
•	 Thermal performance not tested

Van der Weijde (2017)
•	 Composite with amirid paper
•	 Translucent
•	 Different lamination techniques
•	 U-value of 1.4 W/m2K
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Design proposal 1
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Design proposal 2
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Design proposal 3
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Design proposal 4
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r

r = 10 mm r = 20 mm r = 30 mm
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Design proposal 5
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Design proposal 6
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Source: https://monuglas.nl/oplossingen/stm-c0736a/

Datasheet

Monuglas® Classic 7 | U = 3,6

Productomschrijving

Monuglas® Classic 7 | U = 3,6 is extra dun isolatieglas voor (Rijks)monumenten. Deze replicatie van klassiek
monumentenglas heeft een lichte welving en een zachte lichtreflectie. Dit type glas werd toegepast tussen 1930 –
1960. Met een hoge isolatiewaarde van 3,6 W/m²K zorgt het voor optimaal comfort en energiebesparing.
Monuglas® kan worden toegepast in originele houten en stalen ramen. 

Opbouw van
Monuglas® Classic 7 | U = 3,6

Eigenschappen In Monuglas®, MonuSafe en MonuTempered komen “pitten, zakkers,
(trek-)strepen, krasjes, belletjes en etsvlekjes” voor in horizontale en verticale
richting. Dit is inherent aan het product evenals dat er in partijen en/of
naleveringen structuurverschillen voor kunnen komen.

Inspiration
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•	 Use current technique
•	 3 mm spacer and silicone sealant
•	 Panel stiffness
•	 U-value = 3.37 W/m2K
•	 Total thickness = 4.5 mm

Design proposal 1
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•	 Use current technique
•	 Laminated thin glass
•	 3mm spacer and silicone sealant
•	 Panel stiffness
•	 U-value = 3.37 W/m2K
•	 Total thickness = 6 mm

Design proposal 2



68Source: https://www.terrassendach.at/Stegplatten-Polycarbonat/
4-mm-Doppelstegplatten-Polycarbonat-glashell.html#articlemain-1

Inspiration
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•	 Use excisting material
•	 Laminate with PVB or ionomer interlayer
•	 Melting temperatures
	 PVB 		  138°C
	 PC		  147°C
	 PMMA	 160°C
•	 Silicone seal needed?
•	 U-value = 2.37 W/m2K
•	 Total thickness = 5.5 mm

Design proposal 3
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Source: https://www.pyrasied.nl/product/hexaben-design-composietplaat/

Inspiration
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•	 Lasercut PMMA sheet with hexagons
•	 Laminate with PVB or ionomer interlayer
•	 Laminate without air bubbles
•	 U-value = ? W/m2K
•	 Total thickness = 3.5 mm

Design proposal 4
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Source: https://www.pyrasied.nl/en/product/kaos-3d-clear-and-black/

Inspiration
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•	 Lasercut PMMA sheet with ‘random’ shapes
•	 Laminate with PVB or ionomer interlayer
•	 Laminate without air bubbles
•	 U-value = ? W/m2K
•	 Total thickness = 3.5 mm

Design proposal 5



74Source: https://www.made-in-china.com/showroom/
handicraftt/product-detailAsvmfYjUgckl/

Inspiration



75

•	 Use existing material
•	 Glue balls to one sheet
•	 Add second glass sheet
•	 Seal air inside
•	 U-value = ? W/m2K
•	 Total thickness = 4.5 mm

Design proposal 6



76



77



78Source: https://www.physibel.be/en/products/trisco
Source: https://dianafea.com/tutorial-plate

TRISCO
•	 Testing thermal performance
•	 Gives heat flow
	            Q    
•	 RTRISO =  A * ΔT 
	             1     
•	 UTRISCO = RTRISCO

Simulations

DIANA FEA
•	 Testing structural performance
•	 Input NEN
•	 Gives stresses and deflection
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Design 1
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Design 2
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Design 3
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Design 4a & 4b
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Design 6
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Survey
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Hand calculations

Widthglass,new = Widthglass * (Eglass/EPMMA)

Itotal = ∑ I + ∑ (A * y2)   

1
 384δmax =		    * ql4

EI

1
12Mmax = 	      * ql2

M * y
Iσmax = 
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# Material Deflection Allowed deflection Check deflection Max stress Allowed stress Check stress
1 Glass 40,673 10,88 :( 127,55 15 :(
2 Glass 5,084 10,88 :) 31,89 15 :(

Glass 7,20 15 :)
PC 0,17 70 :)

Glass 7,21 15 :)
PMMA 0,22 70 :)
Glass 7,21 15 :)

PMMA 0,22 70 :)
Glass 7,20 15 :)

PMMA 0,22 70 :)

:)

:)

:)

:)

4a

4b

4c

0,29748

0,29753

0,29793

0,29806

10,88

10,88

10,88

3 10,88



Planning
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Timeline
PHASE 1: LITERATURE RESEARCH AND CASE STUDY

Literature study
Glass types

Window glazing
Properties of thin glass
Properties of polymers

Good insulators
Manufactoring
Current studies

Case study
Current situation

Requirements
Excisting products

PHASE 2: DESIGN PROPOSAL
Graduation product

Design objective
Critiria list

Possible polymers
First design proposal

Thermal performance
Manufactoring and assembly

Optimalization

PHASE 3: MODELLING AND TESTING
Computational modelling

NEN norms and hand calculations
Run analysis in SOLIDO

Run FEM analysis
Evaluate results

Experiments
Set-up of experiments

Making prototypes

3/4 point bending test

(Un)guarded hot box
Ageing tests

Evaluate results

PHASE 4: EVALUATE AND IMPROVE
Graduation product

Redesign

Final prototype

PHASE 5: CONCLUSIONS AND REFLECTION
Final deliverables

Report
Illustrations

Presentation

Week 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 2.10 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 3.10 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 4.10
FebruaryNovember December January March April May June

P1 P2 P3 P4 P5

Recommendation

Survey with renders in case study
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To do list
•	 Test on wind load
•	 Take UV samples out
•	 Make final results, conclusions and recommendations part
•	 Make 2D details of window (1:20 and 1:5)
•	 Decide where to place which window in case study
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Problem 
statement

“To reduce the heating energy in heritage buildings, 
modern solutions that replace the single glazing are not 

as good as solutions for non-heritage buildings.” 
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Case study

Lamination

In between 
layer

Thin glass

Design 
criteria

First design 
proposals

DIANA FEA

TRISCO

Design 
viable?

Making 
prototypes

Unguarded 
hot box

Qload on 
plate

Ageing test

Evalutate 
results Final designs

Survey

N
O

YE
S

YE
S

PHASE 1: 
Literature 
research and 
case study

PHASE 2: 
Design 
proposal

PHASE 3: 
Modelling 
and testing

PHASE 4: 
Evaluate and 
improve

PHASE 5: 
Conclusions 
and 
reflections

Flowchart


