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Comparing the Key Properties of 
Laminated Safety Glass

Case Study:

SentryGlaS® interlayer provides  improved load 
 bearing strength and stiffness of glass façade for the  
enzo  Ferrari Museum
the visually stunning cable-stayed glass facade that surrounds the recently-opened enzo Ferrari 
Museum in Modena, italy, is  another  outstanding demonstration of the qualities and capabilities of 
 SentryGlas® ionoplast interlayer.

to learn More about puShinG the liMitS oF GlaSS, viSit  

www.SentryGlaS.CoM

ionoplast interlayer

physical properties of sentryglas®  
ionoplast interlayer and Kuraray Butacite®

Originally developed for glazing in hurricane zones, SentryGlas® ionoplast interlayers are significantly 
stiffer than standard PVBs such as Butacite®. As a result, the laminate can either bear greater loads or 
– at the same load – can be reduced in glass thickness without compromising safety.

To learn more about pushing the limits of Glass, visit  

www.SentryGlas.com
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Originally developed for glazing in hurricane 
zones, SentryGlas® ionoplast interlayers are 
significantly stiffer than standard PVBs such 
as Butacite®. As a result, the laminate can  

�physical properties of  
sentryglas® and Butacite®

either bear greater loads or – at the same 
load – can be reduced in glass thickness with-
out compromising safety.

Most laminated safety glass interlayers are 
viscoelastic. Viscoelasticity is the property 
of materials that exhibit both viscous and 
elastic characteristics when undergoing de-
formation. Viscous materials resist shear flow 
and strain linearly with time when a stress 
is applied. Elastic materials strain when 
stretched and quickly return to their original 
state once the stress is removed. Viscoelastic 
materials therefore have elements of both of 
these properties and as such exhibit time-
dependent strain.

stiffness and elastic properties

How are Stiffness and Elasticity Measured?

If two sheets of glass, lying on top of one 
another, are placed under load, they will 
start to bend (distort) independently. Dis-
placement occurs between the two inner 
surfaces, which are in direct contact with 
each other. This is because one of the two 
surfaces is being stretched while the other 
is being compressed. If both sheets are lami-
nated with an adhesive polymer interlayer, 
this must be able to internally compensate 
for the distortional differences (i.e. absorb 
shear forces).

Important materials design values for the 
calculation of stresses and deformations are 
represented by the elastic constants, i.e. the 
modulus of elasticity (Young’s Modulus) and 
Poisson’s ratio. The modulus of elasticity, 
which by definition can be used as a direct 
comparison parameter for material stiffness, 
shows a dependence on the material and 
temperature.

Comparison of short-term stiffness and strength of  
butacite® and SentryGlas® interlayers
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Shear modulus or modulus of rigidity is de-
fined as the ratio of shear stress to the shear 
strain. Shear modulus’ derived SI unit is the 
pascal (Pa), although it is normally expressed 
in Megapascals (MPa), or in thousands of 
pounds per square inch (ksi).
The shear modulus is always positive. Young’s 
Modulus describes the material’s response to 
linear strain. The shear modulus describes 
the material’s response to shearing strains.

Stiffness (Young’s Modulus and shear modu-
lus) and Poisson ratio vary as a function of 
temperature and load duration (creep).

For designers of architectural glazing, it 
is therefore important to assess the likeli-
hood of achieving full design load at the 
design temperature and load duration. How 
can structural designers ensure that the 
specified laminated safety glass interlayer is 
capable of meeting the design specification 
and building codes? The appropriate elastic 
property values need to be selected for the 
design case and assigned to an effective 
elastic interlayer. Kuraray Glass Laminating 
Solutions can provide technical support and 
guidance here.
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l  see APPENDIX in
 this chapter 

When designing static-loaded laminated glass 
panels, structural engineers must consider 
the changes in the mechanical properties 
and behavior of the interlayer, in particular, 
the constraints when using PVB rather than 
SentryGlas® ionoplast.

In order to evaluate the elastic properties 
of laminated safety glass interlayers over a 
range of specific test temperatures and load 
duration (time), Kuraray Glass Laminating 
Solutions has conducted a series of tests 

on SentryGlas® (SG5000) interlayers, using 
dynamic mechanical analysis and creep tests 
(according to ASTM D 4065). In these tests, 
the interlayer was subjected to a specific 
load at different temperatures from 10 °C 
(50 °F) up to 80 °C (176 °F) for a duration of 
time ranging from 1 second up to 10 years.
As well as internal tests by Kuraray Glass 
Laminating Solutions, external independent 
tests have also been conducted, including 
comparison tests of SentryGlas®, PVB and 
monolithic / tempered glass.

Stiffness (shear modulus) of butacite® PVB and Sentry-
Glas® interlayers at room and elevated temperatures

The stiffness behavior of  
SentryGlas® at increased  
temperatures also shows  
improvements compared  
to PVB.
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When exposed to sudden, short temporary 
loads, PVB interlayers such as Butacite® are 
able to internally compensate for the distor-
tional differences (i.e. absorb shear forces) 
due to the glass sheets. Therefore, laminat-
ed safety glass produced with PVB interlayer 
provides excellent protection against, for 
example, the effects of vandalism, hurri-
canes or explosions. However, standard PVB 
is a soft polymer that starts to creep under 

comparison tests: sentryglas® vS  
Butacite® pvb interlayers

long-term loads. As a result, two glass sheets 
laminated together using PVB – and exposed 
to a long-term flexural load – behave in ex-
actly the same way as two sheets that have 
not been joined together. Therefore, static 
calculations to date only consider the prop-
erties of the glass components and not of the 
overall laminate coupling effect of laminated 
safety glass.

Effect under bending load

glass

glass

shear deformation

glass

glass

interlayer

interlayer

F

Laminated safety glass with SentryGlas® 
interlayers react quite differently to PVB 
interlayers. In tensile tests, the strength of 
SentryGlas® is considerably higher than PVB. 

In addition, the stiffness of SentryGlas® is up 
to 100 times greater than PVB.
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• �Reduction of glass thickness (often in the region of one to two standard  
glass thicknesses).

• �Installation of larger glass panels at determined loads.

• �Or, a reduction in the number of fixing points for frameless glazing.

• �Significant increase in post-glass breakage performance.

Results
The results of all two sets of tests consis-
tently showed that the rate of deflection of 
laminated safety glass with SentryGlas® was 
less than half of that with the PVB interlayer, 

and that this rate of deflection is similar 
to – or even less than – that recorded with 
the monolithic sheet. Mechanical tension ac-
cumulated in the glass was correspondingly 
lower.

The test results above (and subsequent 
tests) show that the stiffness of SentryGlas® 
interlayer is so high that there is an almost 
perfect transfer of load between the glass 

Compared to PVB laminates, laminates with SentryGlas® provide significant opportunities for 
designers in the following areas:

Conclusions

Significant Benefits

sheets. This applies to a wide temperature 
range and also under long-term conditions. 
This means it is possible to produce high 
load-bearing laminates from SentryGlas® with 
exceptional performance / weight ratio.

For users, this enables both a reduction in costs and  
a reduction in the overall weight of the glazing.

elastic Properties of SentryGlas® SG5000 for structural  
calculations

Data has been evaluated according to ASTM.

Appendix

Young’s Modulus E 
MPa (psi)

Load Duration

1 s 3 s 1 min 1 h 1 day 1 mo 10 yrs

Te
m

pe
ra

tu
re

10 °C 
(50 °F)

692.
(1.00 E+05)

681.
(98 745)

651.
(94 395)

597.
(86 565)

553.
(80 185)

499.
(72 355)

448.
(64 960)

20 °C 
(68 °F)

628.
(91 060)

612.
(88 740)

567.
(82 215)

493.
(71 485)

428.
(62 060)

330.
(47 850)

256.
(37 120)

24 °C 
(75 °F)

581.
(84 245)

561.
(81 345)

505.
(73 225)

416.
(60 320)

327.
(47 415)

217.
(31 465)

129.
(18 705)

30 °C 
(86 °F)

442.
(64 090)

413.
(59 885)

324.
(46 980)

178.
(25 810)

148.
(21 460)

34.7
(5 032)

15.9
(2 306)

40 °C
(104 °F)

228.
(33 060)

187.
(27 115)

91.6
(13 282)

27.8
(4 031)

13.6
(1 972)

9.86
(1 430)

8.84
(1 282)

50 °C 
(122 °F)

108.
(15 660)

78.8
(11 426)

33.8
(84 901)

12.6
(1 827)

8.45
(1 225)

6.54
(948.3)

6.00
(870)

60 °C 
(140 °F)

35.3
(5 119)

24.5
(3 553)

10.9
(1 581)

5.10
(739.5)

3.87
(561.2)

3.24
(469.8)

2.91
(422)

70 °C 
(158 °F)

11.3
(1 639)

8.78
(1 273)

5.64
(817.8)

2.52
(365.4)

1.77
(256.7)

1.44
(208.8)

1.35
(195.8)

80 °C 
(176 °F)

4.65
(674.3)

3.96
(574.2)

2.49
(361.1)

0.96
(139.2)

0.75
(108.8)

0.63
(91.4)

0.54
(78.3)
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Shear Modulus G 
MPa (psi)

Load Duration

1 s 3 s 1 min 1 h 1 day 1 mo 10 yrs
Te

m
pe

ra
tu

re
10 °C
(50 °F)

240.
(34 800)

236.
(34 220)

225.
(32 625)

206.
(29 870)

190.
(27 550)

171.
(24 795)

153.
(22 185)

20 °C
(68 °F)

217.
(31 465)

211.
(30 595)

195.
(28 275)

169.
(24 505)

146.
(21 170)

112.
(16 240)

86.6
(12 557)

24 °C
(75 °F)

200.
(29 000)

193.
(27 985)

173.
(25 085)

142.
(20 590)

111.
(16 095)

73.2
(10 614)

43.3
(6 279)

30 °C
(86 °F)

151.
(21 895)

141.
(20 445)

110.
(15 950)

59.9
(8 686)

49.7
(7 207)

11.6
(1 682)

5.31
(770)

40 °C
(104 °F)

77.0
(11 165)

63.0
(9 135)

30.7
(4 452)

9.28
(1 346)

4.54
(658.3)

3.29
(477.1)

2.95
(427.8)

50 °C
(122 °F)

36.2
(5 249)

26.4
(3 828)

11.3
(1 639)

4.20
(609)

2.82
(408.9)

2.18
(316.1)

2.00
(290)

60 °C
(140 °F)

11.8
(1 711)

8.18
(1 186)

3.64
(527.6)

1.70
(246.5)

1.29
(187.1)

1.08
(156.6)

0.97
(140.7)

70 °C
(158 °F)

3.77
(546.7)

2.93
(424.9)

1.88
(272.6)

0.84
(121.8)

0.59
(85.6)

0.48
(69.6)

0.45
(69.6)

80 °C
(176 °F)

1.55
(224.8)

1.32
(191.4)

0.83
(120.4)

0.32
(46.4)

0.25
(36.3)

0.21
(30.5)

0.18
(26.1)

Poisson Ratio, U

Load Duration

1 s 3 s 1 min 1 h 1 day 1 mo 10 yrs

Te
m

pe
ra

tu
re

10 °C (50 °F) 0.442 0.443 0.446 0.450 0.454 0.458 0.463

20 °C (68 °F) 0.448 0.449 0.446 0.459 0.464 0.473 0.479

24 °C (75.2 °F) 0.452 0.453 0.458 0.465 0.473 0.482 0.489

30 °C (86 °F) 0.463 0.466 0.473 0.485 0.488 0.497 0.499

40 °C (104 °F) 0.481 0.484 0.492 0.498 0.499 0.499 0.499

50 °C (122 °F) 0.491 0.493 0.497 0.499 0.499 0.500 0.500

60 °C (140 °F) 0.497 0.498 0.499 0.500 0.500 0.500 0.500

70 °C (158 °F) 0.499 0.499 0.500 0.500 0.500 0.500 0.500

80 °C (176 °F) 0.500 0.500 0.500 0.500 0.500 0.500 0.500
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