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Introduction
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Building with glass 

‐ Architect’s dream
‐ Light, lightness, transparency
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Introduction

Why is glass a challenging material for building structure? 

‐Brittle nature
‐No warning of failure                                           a challenging material for building structure
‐The subtle flaw will cause crack
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The development trend of structural glass in building

‐Bigger production size
‐Smaller connection  
‐More transparency
‐Longer span
‐Safety issue
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Existing beam‐column connection types for glass portal frame
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Adhesive 
connection

Bolted
connection
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To improve the safety of glass structure , reinforced glass beam was invented.

Reinforced laminated glass beam   Better post‐breakage behavior
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Figure Schematic overview of reinforced glass beam (Louter)  Figure Different cross section of reinforcement beam 
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‐ To improve the safety 
‐ Integrate reinforced glass beam 
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Introduction

A new connection system 
is desired

?
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Previous research‐ “Designing and testing an eight meter span glass portal frame “
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Introduction

‐ The saddle doesn’t work much
‐ Semi‐ rigid connection 

Previous research‐ “Designing and testing an eight meter span glass portal frame “

Without saddle:
‐More transparent 
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Semi‐rigid connection 
‐ Rotational stiffness k= M/θ
‐Cost effective solution 
‐Most of the structure is designed to be fully rigid joint. Compared to rigid connection , semi rigid joint provides 
lower bending moment at the end of the beam , which can results in reducing the beam height

Semi rigid connection
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Pin‐pin                          Spring‐ spring                  Fixed‐fixed 
Figure Moment diagram for beams subjected to uniform distributed load 

Figure Different joints according to rotational stiffness  Figure Structural behavior of connections (Kartel 2010) 
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‐ Avoiding  drilling holes in glass
‐ Higher safety 
‐ Easier for construction
‐ Prevent over design the connection
‐ The desired rotation stiffness can be achieved by adjusting the parameters of L‐shaped plate
‐ Smaller beam height

Potential of L-shaped connection 
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Main question

“ How can we use the parameters of a L‐shaped connection to
determine the construction of a long‐span all glass pavilion? ”

Research questions
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Research objectives

14

‐ The structural behavior of glass portal frame
‐ The parameter relationships 
‐ To determine the rotation stiffness k of the connection.
‐ A new design procedure applying L‐shaped connection.
‐ The comparison of existing glass column‐beam connection in different aspects
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Methodology
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Hypothesis
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It is assumed that 
‐ The new design procedure will be simpler and more efficient to get a smaller height of beam. 
‐ The L‐shaped connection is safer .
‐ The L‐shaped connection can be adjusted to the desired value to prevent over design.
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L-shaped connection principle
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‐ Fix on steel reinforcement laminated in glass beam and column
‐ Both sides are fixed to the beam and column
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Design parameters relationship
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Design parameter relationship
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Design parameters relationship
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Relationship of Rotational stiffness k and moment
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Design parameters relationship

20

Introduction
Literature studies

Structural analysis
Design process

Research outline

Relationships between parameters of L‐shaped connection and rotational stiffness k



Structural analysis
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Structural analysis
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MB and k relationship 

Parameter relationships
Case applied: 7.7x4.4x2.5m pavilion with 250mm beam height

MM/MB and k relationship Deformation and k relationship 
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Structural analysis
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MM/MB =1 can be achieved when
MM/MB  <1 at rigid –connection situation 

Only under this condition, 
MM/MB =1 can be achieved
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‐ Both deformation and moment reach a constant value as the rotational stiffness goes higher after 
certain value. So it won’t be efficient to have a more rigid connection after that value k .

‐ Only under this condition                           , MM/MB =1 can be achieved

Structural analysis ‒theoretical calculation conclusion 
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Laboratory test set up
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Laboratory test:  L-shaped connection specimen 
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Material :
Stainless steel

Thickness:          
3mmx5
5mmx5

Bolt  :
M6 bolts
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Laboratory test set up
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Specimen 1-5
3mm plate

Specimen 6-8
5mm plate
Pattern 1 

Specimen 9-10
5mm plate
Pattern 2 
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Laboratory test results
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3mm plate

Deformation pattern
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Laboratory test results- Deformation
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3mm plate 5mm plate, pattern1 5mm plate, pattern2 
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Laboratory test results- Deformation
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3mm plate

5mm plate, pattern 1 

5mm plate, pattern 2 
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Laboratory test results
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The rotation direction of the model 

F F
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Laboratory test method
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Goals : To find out the rotational stiffness k of this connection.
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Laboratory test results
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Rotation point
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Laboratory test results
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3mm and 5mm plate pattern 1 results

3mm
Specimen1‐5

5mm
Specimen6‐8
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Laboratory test results
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5mm plate, pattern 1&2 results

Pattern 1 
Specimen6‐8

Pattern 2
Specimen9‐10
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Laboratory test results
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3mm and 5mm plate, pattern 1&2 results
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FEM & Laboratory test results comparison
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FEM and lab test comparison
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Laboratory test - conclusion
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‐ There is a significant increase in rotational stiffness k when increasing the thickness of the plate and the
amount of the fixing.

‐ L‐shaped connection has much higher initial rotational stiffness k, whereas the adhesive has more 
constant rotational stiffness but a smaller one.

‐ The FEA has similar results as the lab test results
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Comparison with adhesive connection
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Leibniz Institute for Solid State and Materials 
Research,Dresden,Germany

7.7x4.4x2.5m pavilion , with 250mm wide beam and column,
Bridle joint with transparent acrylic adhesive connection
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Comparison with adhesive connection
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Comparison with adhesive connection
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Translate the existed results into this equation
BB
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Comparison with adhesive connection
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Conclusion 
‐ Adhesive connection is more constant 
‐ L‐shaped connection has higher rotational stiffness

L‐shaped connection and adhesive comparison in k and bending moment
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Design process
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Design process- Conclusion 
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4.4m

2.5m

New design process applies to the Dresden glass pavilion 

The new design procedure 
‐ can efficiently find the smallest beam height 
‐ desired rotational stiffness k for the portal frame design
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Comparison of beam-column connection in glass building
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‐ Structural & Safety
‐ Construction 
‐Maintenance
‐ Aesthetic 
‐ Transportation
‐ Benefits



Comparison of beam-column connection in glass building 
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Comparison of beam-column connection in glass building 
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Conclusion
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‐ The L‐shaped connection has many advantages; 
‐High transparency
‐Easy for construction
‐Easy maintenance
‐Safer structure

‐ There is a significant increase in rotational stiffness k when increasing the thickness of the 
plate and the amount of the fixing.

‐ L‐shaped connection has much higher initial rotational stiffness k, whereas the adhesive 
has more constant rotational stiffness but a smaller one.

‐ The new design procedure can efficiently find the smallest beam height and desired 
rotational stiffness k for the portal frame design. and by adjusting the parameters of the 
L‐shaped connection this desired rotational stiffness can be achieved in the connection 
design.
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Recommendation
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‐ The numerical studies of L‐shaped plate of rotational stiffness k when changing 
different parameters, such as plate thickness, screw number and size.

‐ The improvement on the reduction of rotational stiffness k to a smaller 
constant value.

‐ Improved version of the connection design based on the same connecting 
principle to the reinforced glass beam.
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Thank you for your time!
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