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“What if glass could be printed like plastic, assembled like 
LEGO, and disassembled – over and again?”
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3D printing

Casting
-Oikonomopoulou et al., 2018

Massimino et al., 2024
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Optical Glass House / Hiroshi Nakamura & NAP Qammat Pavillion Greenland, Konstantin ArkitekterCrystal House Amsterdam, MVRDV
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Glass Masonry in the Construction Industry- Examples
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Develop a methodology for designing reversible assemblies 

using 3D printed glass units, along with a strategy to engineer 

the interlayer for a performance target

Objective 3DP Glass Assemblies | Swornava Guha | P5 23 06 2025



Masonry Structures

Interlocking Masonry Structures

Design approach/ method

Tools and Workflow

Parameter Sensitivity

Contents

Finite Element Analysis of Vault

Parameter Optimization

Stiffness Range for Interlayer

Engineering a kirigami-inspired 
interlayer

Final Design Validation

Assembly

Reflection, Conclusion
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Ancient Jericho, 8000BC

Image source
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https://whc.unesco.org/en/list/1687/
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Bonded masonry

Interlayer
 Fabrication tolerances of 

masonry units
 Construction tolerances
 Creep

Permanent Structures
Reduced Recyclability of materials
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StoneFlow

Striatus- Zaha Hadid

Arch-Lock construction
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https://parametric-architecture.com/stoneflow-crafted-from-unique-interlocking-and-mutually-supported-stone-blocks/
https://www.zaha-hadid.com/design/striatus/
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DcAE5L07Yil4&psig=AOvVaw3kDPPbwkR4vS5ko57DUU-1&ust=1750538059146000&source=images&cd=vfe&opi=89978449&ved=0CBgQ3YkBahcKEwi4ut_L7ICOAxUAAAAAHQAAAAAQBA


Armadillo Vault, Block Research Group ETH

Tessellating dry masonry systems
Oval et al., 2017

3DP Glass Assemblies | Swornava Guha | P5 23 06 2025



Tessellating Glass Dry assemblies

Wall Catenary Vault Compression-only shell

Block geometry

(3DP glass constraints)

Tessellation

-Oikonomopoulou et al., 2018
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Unique angular blocks on each row ~50% standard units
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Glass

Compressive strength:
420 – 1000 MPa

Tensile strength
35-45 MPa

Brittle

Susceptible to defects

Glass-to-Glass Glass-interlayer-Glass
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Very Soft Interlayer
 Surface tolerances
 Construction tolerances
o Creep
o Failure due to stress in glass

Very Stiff Interlayer
 Creep
 Minimum total deformation
o No construction tolerances – 

unbuildable
o Local peak stresses might occur 3DP Glass Assemblies | Swornava Guha | P5 23 06 2025



Required Interlayer

 Construction tolerances
 Surface levelling
 Resist vertical and lateral loads
 Creep
 Manufacturable and Scalable
 Flexible- into interlocking 

geometry
 DRY assembly

Glass Vault, Princeton University 
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WHAT INTERLAYER TO USE?
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Design Select interlayer material(s) 
from a vast material space

Experimental testing  of its 
performance based on application

Selection of interlayer

50MPa to 5000MPa

-Oikonomopoulou et al., 2018-Aurik et al., 2018

3DP Glass Assemblies | Swornava Guha | P5 23 06 2025



Select interlayer material(s) 
from optimized properties

Experimental testing  for
validation

Optimize interlayer 
properties for application

100MPa to 200MPa

Design

Proposed Method

with arbitrary interlayer

Engineering a kirigami-
inspired aluminum 

interlayer for target 
properties
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Select interlayer material(s) 
from optimized properties

Experimental testing  for
validationwith arbitrary interlayer

Optimize interlayer 
properties for application

100MPa to 200MPa

Design

Proposed Method
Design space
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Select interlayer material(s) 
from optimized properties

Experimental testing  for
validation

Optimize interlayer 
properties for application

100MPa to 200MPa

Design

Proposed Method

FEA
with arbitrary interlayer

APPROXIMATION 
MODEL/

SURROGATE

Finite Element 
Analysis (FEA)

Design space Structural Responses Approximation model
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Select interlayer material(s) 
from optimized properties

Experimental testing  for
validation

Optimize interlayer 
properties for application

100MPa to 200MPa

Design

Proposed Method

FEA
with arbitrary interlayer

APPROXIMATION 
MODEL/

SURROGATE

GEOMETRY PARAMETERS FINITE ELEMENT ANALYSIS (FEA)
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CREATING THE DESIGN SPACE
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GEOMETRY PARAMETERS Stiffness of interlayer

Length of Masonry unit

Height of Masonry unit

Width of Masonry unit (thickness of 
vault/arch)

Amplitude of Masonry unit

Wall Thickness of 3DP

Thickness of the interlayer (t)

Area of the interlayer (A)

Material property of the interlayer (E)
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GEOMETRY PARAMETERS Stiffness of interlayer

Length of Masonry unit

Height of Masonry unit

Width of Masonry unit (thickness of 
vault/arch)

Amplitude of Masonry unit

Wall Thickness of 3DP

Thickness of the interlayer (t)

Area of the interlayer (A)

Material property of the interlayer (E)

FEA ON 100 DESIGNS FOR PARAMETER SENSITIVITY STUDY
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GEOMETRY PARAMETERS Stiffness of interlayer

THE DESIGN SPACE:

Length of Masonry unit

Height of Masonry unit

Width of Masonry unit (thickness of 
vault/arch)

Amplitude of Masonry unit

Wall Thickness of 3DP

Thickness of the interlayer (t)

Area of the interlayer (A)

Material property of the interlayer (E)

FEA ON 100 DESIGNS FOR PARAMETER SENSITIVITY STUDY
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Results- 2D Arch (SOLID)
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Results- 2D Arch
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Finite Element Analysis ON DISCRETE MODEL of the 
Simplified Catenary Vault

1403kg/cu.m

2450kg/cu.m

THE DESIGN SPACE:

PARAMETERS

Width of Masonry unit (thickness of 
vault/arch)

Thickness of the interlayer (t)

Area of the interlayer (A)

Material property of the interlayer (E)

2000
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Load cases



Boundary conditions Contacts Materials

Frictional

Frictionless
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Response Surface Approximation of output- Total Deformation (in mm)
      inputs- Young’s Modulus of Interlayer
                    Thickness of Vault

97% accuracy
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Response Surface Approximation of output- Max. Principle  Tensile stress in Glass (Pa)
      inputs- Young’s Modulus of Interlayer
                    Thickness of Vault

99% accuracy
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Properties

Structural performance



Optimization

Optimization objectives: 

Inputs- Young’s Modulus of Interlayer
              Thickness of Vault
Responses- Max. Principle  Tensile stress in Glass
                     Max. total deformation

• Minimize Total Deformation maximum
• Minimize Maximum Tensile stress in glass

Evolutionary Algorithm: 

Population size: 10 Start population size: 10 
Maximum number of generations: 1000 
Number of stagnation generations: 20
Mutation rate: 50% 
Fitness method: Pareto dominance
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Design B

Design A
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3119 designs evaluated <1min 



Design A

Design B

Design A
Design B
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Design 2392: E = 183.333MPa; t = 109.06mm
 
Design 2920: E = 250.493MPa; t = 111.086mm



Validation: Total Deformation (mm):

Max Tensile stress in glass (in Pa):

0.011MPa = 11000Pa 

0.015MPa = 15000Pa 
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Required interlayer: 183 to 250 MPa

Thickness of the vault: 109 to 111 mm
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Required interlayer: 183 to 250 MPa

Create a material to achieve the target properties



KIRIGAMI

https://imechanica.org/node/24988
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https://imechanica.org/node/24988


Kirigami - applications

http://www.expandedperforatedmetal.com/products/expanded-metal-grating.html
https://ece.engin.umich.edu/stories/art-inspired-solar-cells

https://www.advancedsciencenews.com/kirigami-inspired-gripper-handles-drops-of-water/

https://liebertpub.com/doi/abs/10.1089/soro.2021.0199?journalCode=soro 3DP Glass Assemblies | Swornava Guha | P5 23 06 2025

https://liebertpub.com/doi/abs/10.1089/soro.2021.0199?journalCode=soro
https://liebertpub.com/doi/abs/10.1089/soro.2021.0199?journalCode=soro
https://www.advancedsciencenews.com/kirigami-inspired-gripper-handles-drops-of-water/
https://liebertpub.com/doi/abs/10.1089/soro.2021.0199?journalCode=soro


Tension Activated Kirigami (TAK)

-Corrigan et al., 2023
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Tension Activated Kirigami (TAK) for the interlayer



Stiffness range

Stiffness Range for the kirigami interlayer: 315 to 431 N/mm
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Select interlayer material(s) 
from optimized properties

Experimental testing  for
validation

Optimize interlayer 
properties for application

183MPa to 250MPa

Design

Proposed Method

FEA
with arbitrary interlayer

APPROXIMATION 
MODEL/

SURROGATE

Engineering a kirigami-
inspired aluminum 

interlayer for target 
properties

315-431 N/mm
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Select interlayer material(s) 
from optimized properties

Experimental testing  for
validation

Optimize interlayer 
properties for application

183MPa to 250MPa

Design

Proposed Method

FEA
with arbitrary interlayer

APPROXIMATION 
MODEL/

SURROGATE

Tension Activated Kirigami 
geometries

Geometry properties

Stiffness

Approximation model

FEA

Optimization
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Activation and compression tests 
@ Fabrication-Integrated Design Lab MIT

Activated Kirigami Parametric model

Variable parameters: H=L and thickness of sheet

Reference dimensions: L = 5.8 mm, H = 5.8 mm, W = 1.2 mm
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ANSYS WORKBENCH
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Boundary conditions Materials
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Geometry properties

Stiffness
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Geometry properties

Stiffness
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Stiffness Range Target: 315 to 431 N/mm



REVERSE CALCULATING THE KIRIGAMI GEOMETRY
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Target Stiffness: 315 to 431 N/mm

Optimization objectives: 

Minimize equivalent stress maximum

Constraint:

H: 8.7mm  (for a 10mm interlayer)
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Results:
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Optimum sheet thickness: 0.5mm



Validation:

Stiffness Range for the kirigami interlayer: 315 to 431 N/mm
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Kirigami prototype Activation
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Kirigami prototype Activation
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Kirigami sandwich compression test

Specimen 1 Specimen 2 Specimen 3
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Kirigami sandwich compression test

Activated Kirigami ~10kN ~19kN >20kN

Specimen 1 Specimen 2 Specimen 3 Specimen 1 Specimen 2 Specimen 3
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Reflection:

• The activated kirigami structure is complex depending on 
many factors. It cannot be simply parametrized in a model

• Surrogate model does not predict real-world conditions.

• The kirigami’s response on a 3DP osteomorphic surface is still 
unknown due to lack of a strategy for simulation.

Suggestion:

• Simulate the kirigami activation in Ansys to fine tune the 
Surrogate

• The Parametric model needs to be fine tuned OR
     Surrogate model needs to be created with experimental data

• Experimentally evaluate the response of kirigami on a 3DP 
surface and on an osteomorphic surface.
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Glass Vault, Princeton University (Beghini et al., 2020)Barrel Vault Techniques (Source: Heymann, 1995)

Inspiration
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Boundary conditions Loads

• Self weight
• Pressures on vaulted roofs due to wind as per 

Eurocode 1991-1-0
• A maintenance load as per Eurocode 1991-1 

1, Dutch National Annex: uniform load of 
0.4kN/sqm on overall shell, and a point load 
of 1kN applied on 100x100mm at the centre 
of the vault
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Results
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• Stepped free edges are not completely interlocked

• Vault weight is less for interlock



Design Strategy Maximum Total 

Deformation (mm)

Maximum tensile 

stress in glass (MPa)

Units added at the free edge- made from 

cast glass and restrained in x, y, and z directions

0.09 7.8

Units added at the free edge- made from 

cast glass and restrained in x, y, and z directions

+

three rows at the top including the keystones 

considered as cast glass units

0.15 5.6

2 rows of free edge units made from cast 

glass and restrained in x, y, and z directions and 

three rows of units at the top considered as cast 

glass units for added mass 

-                        -
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Max. tensile stress in glass
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7.8MPa 5.6MPa
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A heavier structure leads to a better interlocking behavior

Free edges Need to be restrained for interlocking vault 
assemblies under eccentric loading
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Assembly

Standard blocks Angular blocks Interlayer
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What is achieved so far:

• Developed strategies to tessellate different geometry forms 
for dry assembly

• Developed a Methodology for design and optimization of 
the interlayer based on the geometry of assembly

• Developed an automation workflow for grasshopper, and 
Ansys which allows parametric Finite element analysis (FEA)

        https://github.com/Nova7397/3DPGlassAssemblies

• Developed a strategy to convert the interlayer properties 
into stiffness an calculate the kirigami geometry for target 
property 

Further Work:

• Assembly Detailing and tolerances

• Formwork design, Support detailing

• Optimize the thickness of the vault based on interlocking 
performance

• Explore more options for the kirigami interlayer- and assess 
their performance in contact with glass

• Further optimize the interlayer stiffness based on courses 
of bricks in the structure

• Design for adverse loading conditions and derive a safety 
factor to consider for dry assembly of glass

Conclusion 3DP Glass Assemblies | Swornava Guha | P5 23 06 2025

https://github.com/Nova7397/3DPGlassAssemblies


Thank you!

“This is not the final form, but the first layer- printed,
Placed, and ready to support what comes next.”

Questions?
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