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INTRODUCTION

•  Comparison of analytical results with numerical and experimental results

•  The aim is to reduce the reliance on extensive and costly experimental testing

•  For laminated glass, bending stress and deflection can be determined analytically by using the “effective 
thickness” method

o CEN EN 16612 (2019) 
o CEN/TS 19100-2 (2021)
o Enhanced Effective Thickness method (Galuppi and Royer-Carfagni 2012)
o Wölfel-Bennison approach (Calderone et al. 2009)



METHODOLOGY

• Structural analyses of laminated glass with EVA interlayer 

• Comparison of analytical, numerical and experimental results for the simple statically determined model in the 
intact state

• Behaviour of laminated glass with EVA interlayer at the room temperature, under out-of-plane loading, prior to 
breakage of glass ply 

NUMERICAL MODEL

− Ansys model
− thickness of glass plies is ℎ = 4/6/10𝑚𝑚
− 0.76/0.89/1.52 mm thick EVA interlayer. 
− the span and width of the element is 1000 mm x 360 mm



Non-linear Mooney-Rivlin 9-parameter model using a defined mathematical function

The first part of stress-strain functions is defined with Young’s modulus 𝐸1= 16.8𝑀𝑃𝑎 and 𝐸2= 12𝑀𝑃𝑎 and 

the non-linear part

EVA 1 and EVA 2 experimental data and model fit



Basic mechanical properties of glass according to CEN EN 16612 (2019)

Characteristic bending strength of each type of glass according to CEN EN 16612 (2019)

Contact between glass and interlayer is defined as a full bond.



Deformation for VSG ESG 66.2 (0.76 mm) intact 

state with EVA for the load of 5 kN
EVA stress response for the load of 5 kN 



Analytical calculation – Effective thickness approach

CEN EN 16612 (2019)



Analytical calculation – Effective thickness approach

Wölfel-Bennison approach



Analytical calculation – Effective thickness approach

Enhanced Effective Thickness method by Galuppi and Royer-Carfagni (2012)



Analytical calculation – Effective thickness approach

CEN/TS 19100-2 (2021)



Analytical calculation – Effective thickness approach

CEN/TS 19100-2 (2021)



Predictability assessment



Comparison of Analytical, Numerical, and Experimental Predictions
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Comparison of Analytical, Numerical, and Experimental Predictions



Summary and conclusion 

The methods proposed by Galuppi and Royer-Carfagni (2012) and the Wölfel-Bennison approach showed the 

best agreement with experimental data.

The results obtained using the EN 16612-2019 standard for different values of the shear transfer coefficient 𝜔 

did not show consistent accuracy. 

The approach based on CEN/TS 19100-2 (2021) yielded stable and conservative predictions, especially for 

stress, making it a suitable option for practical design applications where safety is a priority. 

In terms of predictive behaviour, it generally aligns with EN 16612-2019 for 𝜔 = 0.5. 

The FEM model developed in ANSYS effectively captured both stress and deformation behaviour, showing 

good agreement with experimental trends and validating the model assumptions and material 

characterization.



Thank you for Your attention!

Project „BeTraSi VSG - Berechnung der Tragsicherheit von gebrochenen EVA-VSG aus ESG“ (funding

number SWD-10.08.18.7-21.45) is funded by research supporting programm ZUKUNFT BAU of

Bundesministerium des Inneren, für Bau und Heimat (Federal Ministry for interior, for building and home).
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