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INTRODUCTION

• numerical analyses of laminated glass panels exposed to four-point bending 

• the relationship between the load duration, temperature, and thickness of the interlayer compared to the 
maximal displacement and tension stress in the bottom glass plate

• ethylene vinyl acetate (EVA), polyvinyl butyral (PVB) and Ionoplast

• EVA was done in this research and compared with results for the PVB and Ionoplast from the literature



METHODOLOGY

• Structural analysis was performed in Ansys software

• EVA – load duration and temperature dependent

• Glass – linear elastic

• 3 different glass setups: 6+10 mm, 10+6 mm and 8+8 mm

• 2 different interlayer thicknesses 0,76 mm and 1,52 mm

• Models have a span of 950x330 mm

• Load 1kN – 15,151 N/mm

• Stresses in the bottom plate and deflection were observed

• Contact between glass and interlayer is an absolute bond



Bericht Folienwerk Wolfen 
Bestimmung Des Zeitabhängigen 
E-moduls Von Eva-verkapselungsmaterialien

Properties Middle value Interval

Glass density ρ = 2500 kg/m3 2250–2750 kg/m3

Young’s modulus E = 70,000 MPa 63,000–77,000 MPa

Poisson number µ = 0.23 0.20–0.25

Mechanical properties of the glass according to EN 16612



NUMERICAL MODEL

Deflection in mm for the 6+1,52+10 mm                                            Stress in MPa for the bottom plate for the 6+1,52+10 mm



Deflection 10+1,52+6 (mm)

Temp. C° EVA

1 min 24 h 1 month 10 years

10 2,98 3,4545 3,703 4,1176

24 3,43 4,0217 4,3325 4,9014

30 3,61 4,2128 4,5911 5,2714

40 4,27 5,2027 5,8566 6,836

Bottom panel - stress 10+1,52+6 (mm)

Temp. C° EVA

1 min 24 h 1 month 10 years

10 13,8 14,234 14,458 14,852

24 14,214 14,76 15,363 17,858

30 14,373 14,944 16,5 19,469

40 15,097 19,171 22,003 26,183

Deflection 6+1,52+10 (mm)

Temp. C° EVA

1 min 24 h 1 month 10 years

10 2,98 3,4521 3,7001 4,1138

24 3,43 4,0181 4,328 4,8945

30 3,61 4,2086 4,5856 5,2621

40 4,27 5,1939 5,8418 6,8026

Bottom panel - stress 6+1,52+10 (mm)

Temp. C° EVA

1 min 24 h 1 month 10 years

10 16,222 17,65 18,39 19,617

24 17,584 19,331 20,255 21,94

30 18,11 19,9 21,019 23,039

40 20,076 22,836 24,806 27,847

RESULTS WITH EVA



RESULTS WITH EVA

Deflection 10+0,76+6 (mm)

Temp. C° EVA

1 min 24 h 1 month 10 years

10 2,80 3,1091 3,3134 3,6194

24 3,09 3,5176 3,7823 4,2548

30 3,22 3,664 3,9902 4,5878
40 3,71 4,5063 5,1647 6,2955

Bottom panel - stress 10+0,76+6 (mm)

Temp. C° EVA
1 min 24 h 1 month 10 years

10 14,175 14,443 14,609 14,858
24 14,429 14,77 14,979 15,377
30 14,529 14,886 15,152 16,244
40 14,921 15,883 18,803 23,769

Deflection 6+0,76+10 (mm)

Temp. C° EVA
1 min 24 h 1 month 10 years

10 2,77 3,0905 3,2702 3,5866
24 3,07 3,5012 3,7464 4,2289
30 3,19 3,6483 3,9571 4,5646
40 3,69 4,4931 5,1418 6,2715

Bottom panel - stress 6+0,76+10 (mm)

Temp. C°
EVA

1 min 24 h 1 month 10 years
10 15,878 16,854 17,386 18,327
24 16,788 18,075 18,795 20,195
30 17,153 18,508 19,407 21,172
40 18,629 20,964 22,851 26,222



Deflection 8+1,52+8 (mm)

Temp. C° EVA

1 min 24 h 1 month 10 years

10 3,13 3,6883 3,9689 4,4696

24 3,65 4,3553 4,72 5,42

30 3,86 4,5833 5,0339 5,8788

40 4,65 5,793 6,6155 7,8872

Bottom panel - stress 8+1,52+8 (mm)

Temp. C° EVA

1 min 24 h 1 month 10 years

10 15,62 16,856 17,478 18,579

24 16,775 18,329 19,132 20,672

30 17,233 18,831 19,821 21,694

40 18,971 21,503 23,376 26,319

RESULTS WITH EVA

Deflection 8+0,76+8 (mm)

Temp. C° EVA

1 min 24 h 1 month 10 years

10 2,86 3,2419 3,4547 3,8672

24 3,21 3,7216 4,0149 4,624

30 3,35 3,8953 4,2662 5,0284

40 3,94 4,9129 5,7198 7,1842

Bottom panel - stress 8+0,76+8 (mm)

Temp. C° EVA

1 min 24 h 1 month 10 years

10 15,442 16,279 16,742 17,627

24 16,208 17,314 17,944 19,243

30 16,522 17,687 18,481 20,105

40 17,781 19,858 21,576 24,805
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- EVA shows a increase in stress over time and temperature, indicating softening but still 
offering structural support

- PVB has a more pronounced rise in stress, especially at higher temperatures and longer 
durations — it degrades more with time and heat

- Ionoplast maintains almost constant stress regardless of time or temperature — the stiffest 
and most stable interlayer here



- Ionoplast exhibits the lowest deflection across all conditions — confirming its high 
stiffness

- PVB shows increased deflection with time and temperature — indicating the weakest 
structural contribution over long durations

- EVA behaves between Ionoplast and PVB — with moderate creep and temperature 
sensitivity



- Ionoplast keeps stress levels low, even after 10 years at 40 °C
- PVB and EVA show rising stress over time and heat



- Ionoplast maintains the lowest deflection again, confirming high stiffness and minimal 
time-temperature sensitivity

- PVB shows progressive deflection growth, especially beyond 24 h at elevated 
temperatures

- EVA behaves in between, showing moderate sensitivity to time and temperature



- EVA and PVB both exhibit rising stress over time, indicating a load shift from the 
softening interlayer to the glass

- Ionoplast handles load much more evenly, maintaining consistent stress in the bottom 
glass



- Ionoplast shoes the lowest and most stable deflection, even at long durations and elevated 
temperatures

- PVB sees the greatest deflection creep, especially beyond 24 h and 30–40 °C
- EVA falls between the two in performance —  softer than Ionoplast, but more stable than 

PVB



- EVA and PVB show significant stress increases with time and heat
- Ionoplast has constant stress, indicating good load-sharing capacity of the interlayer over 

long durations



- Ionoplast again shows excellent stiffness — minimal increase in deflection even at 40 °C 
and 10 years

- PVB exhibits the highest deflection creep over time and temperature
- EVA performs moderately, with clearer separation from Ionoplast at elevated conditions



- Ionoplast keeps stress low
- EVA and PVB transfer more stress to the glass over time due to softening of the interlayer



- Ionoplast again maintains high stiffness with minimal deflection increase even after 10 
years

- PVB shows the highest deformation, especially at elevated temperatures
- EVA performs better than PVB but still shows increased creep with time and temperature



- Ionoplast continues to distribute stress efficiently, minimising transfer to the glass
- EVA and PVB allow increased stress buildup in the glass, especially at high temperatures 

and longer durations



- Ionoplast again performs best with minimal deflection, maintaining stiffness across all 
durations and temperatures

- PVB shows the most pronounced creep, especially after 1 month and at 40 °C
- EVA deflects more than Ionoplast but remains stiffer than PVB under long-term conditions



EVA PVB Ionopast

Short-term 
stiffness

moderate poor very good

Long-term 
stiffness

moderate poor very good

Thermal stability moderate poor very good

Glass stress 
protection

moderate poor very good

SUMMARY



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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