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Laminated Glass & Layered Structures

v Layered limit: Monolithic limit:
— free sliding glass plies slide-constrained glass plies

o,

Intermediate response:
partially slide-constrained glass plies

Young modulus

* Glass: 70000 MPa

* Interlayer: 0.1 - 100 Mpa

(time and temperature dependent)
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The Challenge: Modelling Stiff/Soft Layered
Composites

Problem Statement:

« Traditional plate theories are unreliable for stiff/soft laminates due to
significant transverse shear strains in soft interlayers, causing irregular
cross-sectional warping.

« 3D finite element discretization is computationally expensive.

Limitations of Some Existing Dedicated Software:

« Often limited to flat geometries.
 Not exact for large deformations.
 May not be suitable for general instability problems.
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Solid-Shell Approach

Reference curved configuration:

X[$,n,¢] = (1 = O Xpottoml$, nl + (1 4+ 0) XeoplE, m]

Fully nonlinear strain tensor:

1
&j =599~ Gi-Gj)

To avoid numerical lockings:

Plane Stress + Assumed Natural Strain e

Developed in collaboration with the University of Parma
Magisano, D., Leonetti, L., Garcea, G., & Royer-Carfagni, G. (2023). A constrained solid-shell model for the geometric nonlinear finite-
element analysis of laminates with alternating stiff/soft layers. Int. Journal of solids and structures, 274, 7172287
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Core Assumptions
4 N 4 N

Inplane & = & + { £ 3/+ {3/2.£)) 3 Enforced plane stress

Transverse &3; = sgj + ¢ sng -

, 0 033 5 A&7+ A g5+ (A + 2p) €33
Thickness  g55 = €35 d

\_ / \_ /

¢ O / Shear locking \

]_ .’L/Q . .
3 / / Elenc C Elen¢ d¢ Trapezoidal locking
J—h/2

1 | T R B T
=35 Elen Cley Elen o/ TTrmee————T 4
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Advantages

Combutational efficienc » Reduced number of parameters
P y  Simple strain expressions and locking free
« Geometrically exact strain measure
Accuracy « Demonstrated accuracy in large deformation
(also curved geometries) and buckling case-
studies
* Applicable to various multi-layered composite
Versatility structures with alternating stiff/soft layers
* Allows modelling of connections and 3D stress

concentrations by coupling with full solid
discretization
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Laminated Shell

Surface embedding in 3D
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Geometry

Extrusion along normals

Quadrilateral 2D mesh generation
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The GLASSS

AFFE'S HOME FEATURES TUTORIALS F.GERIN@MAFFEIS.IT ¥
engineering

Software .
oo MyWorkspace

S wotves v Designing with GLASSS
has never been so easy.

> Web application =

Start for free > Learn more

} Cloud based

> F re e O f C h a rge Precise and Reliable Speed and Precision

Calculations at Your Service.
in One Click.

the design of glazing elements witt

Visit our site at
www.maffes.it/glasss
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The GLASSS
Software

Visit our site at

www.maffes.it/glasss
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Example 1

Outside

Curved Shell 4

gEl

1000.0

" 2 Sides Supported

< Inside

Normal Uniform Load

B L L e L L T
e m e

s wt

1570.0

A A A

Interlayer: E = 2.0 MPa, v=10.5

i WIND: Wind pressure, outside: 10.0 [kPa)

Wind Pressure
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Example 1

/ Comparison with \ Displacement vs Load 600 Stress vs Load
'S 90.00 ’
. £, 80.00 100.00
HE ® 405) 70.00 T 20,00
B ri ]I’ ] £ 6000 g
[ ] o 50.00 = 60.00
FINITE ELEMENT ANALYSIS 3 40.00 —o—H38 o —.—H8
2 3000 s 40.00
< —e—H20 = —e—H20
X 20.00 26,00
[ ] § .
H8 and H20 brick elements 10.00 —e—Ours —e—oOurs
0.00 0.00
& / 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Load [kPa] Load [kPa]
Displacement vs Mesh Stress vs Mesh Time vs Mesh
— 79 109 1000
E 78 = 108 —o—Hs
=7 =, 107 — 100  =e=H20
c 76 @ 106 B
£ 75 —e=—HS8 g ::gi -—g= {8 e o === 0urs
() n |:
2 73 2 102 o 5
O urs
a 72 == 0urs E 101 == 1
x 71 a 100
= 70 (>é 99 0.1
120 480 1920 4320 7680 = 120 480 1920 4320 7680 120 480 1920 4320 7680
# Elements # Elements # Elements

GLASS PERFORMANCE DAYS 2025 10 -12 JUNE 2025 | NOKIA ARENA - TAMPERE, FINLAND




Example 2

. Qutsice : Triple Laminate 4
y 2 Sides Support 4
1 Pseudo-concentrated Load 4
g - _
-4 £ Inside
Interlayer: E = 2.0 MPa, v=10.5 4
Point Load 1
t -‘ITUIII ec Toad tkN s it orthogonal? . uﬂ‘
[ " 48000 ‘f'# L s Ouddide
(BDD.D \ 1550.0 o
YA < Inside
Widtl [ 1 1&iIgnt |
100.0 100.0 N
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Example 2

/ C . ith \ Displacement vs Load Stress vs Load
omparison wi - »
E4° 70
° £ 40
HE ® ; 35 3 60
5= oUldNd / x E
FINITE ELEMENT ANALYSIS §25 5 40 —o—H8
D —ene % 30 —e—H20
215 <
° H2 20 —e—Ours
. x 10 —o—o N
H8 and H20 brick elements s s

0 0
K / 2 4 6 8 10 2 4 6 8 10
Load [kN] Load [kN]

Displacement vs Mesh Stress vs Mesh Time vs Mesh
__ 46.46 75 10000
£ 46.44 === =] 74 ./.
. 73
éjg’ig / S 72 = 1000
?, 46.38 ~— ° = N 2
= 70
g ig.gi ——H3 = 6o —t—H8 = 100
o : 68 )
8 46.32 == H20 é 67 =——H20 E_) 10 /
0 46.30 = 66 —o—H8
O 46.28 == 0urs 65 == 0urs
X 46.26 64 1 —e—H20
= 50 25 16 12 50 25 16 12 50 25 16 —e—Ours
Mesh Size [mm] Mesh Size [mm] Mesh Size [mm]
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e | Example 3

{14

2 Sides Supported 4

SEL

Pendulum Impact 4

< Imside
Loaded Area
dependent on spring strain DI N EN 12600 4
2000
. 3200
i
1200
my=50kg; h=1m 1000
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X-axis: y-axis: x-axis: yraxis: Exam p le 3

Time ~ | | Pendulum, plate displacement - Time ~ | Maximum principal stress ~
5.000 130.000 136
0.000
5000 120.000
-10.000 110.000 10
-15.000
_20.000 100.000
-25.000 90.000 90
T -30000 "
£ -35000 &  80.000
3 -40.000 &
3 _s5000 § 70000 70
= f5]
= -50.000 £ 80.000
I 55000 =
£ -60.000 5 50.000 50
2 .g5.000 =
3
g -70.000 I 40000
o -75.000 30.000 30
-80.000
-35.000 20.000
-30.000
05,000 10.000 10
-100.000 0.000
-105.000
-110.000 -10.000 <=
0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.000 0.100 0110 0.000 0.010 0.020 0.030 0.040 0.080 0.080 0.070 0.080 0.080 0.100 0.110
Time Time
_____________ =
0.019 5
WER= | |
il
T :;
] L = T T =
1200
S11 S11 S11
-2.4e-06 4.62 9.24 N i
1000 e06 9 0.022 57.1 114 0.102 28.3 56.7

Sarior
[T

G 10 - 12 JUNE 2025 | NOKIA ARENA - TAMPERE, FINLAND #GPD2025
n..lf') GLASS PERFORMANCE DAYS 2025 | :




Neural netwok FEM preview

Mirror as calcualted by FEM, layer 1, bottom Mirror as predicted by Al, layer 1, bottom
A trained neural network can 200 300 1 "
predict the outcomes of the >0
FEM calculator in almost zero 200 200
time and with excellent
precision 100 100

* We display here S,, when
calculated by the FEM and
when predicted by the Al for a
mirror undergoing a pointy,
non-uniform load, self-weight,
wind and snow

Y axis (mm)
o

Y axis (mm)
o

-100 -100

—200 —200 4

-300 -300

. —-1000 -500 0 500 1000 —100 -500 0 500 1000
* Analogous results for climate X axis (mm) X axis (mm)

load and barrier loads!
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The GLASSS Software

Very soon available, free of charge

4 )
Visit our site at

apps.maffeis.it
\. J

o m - g o . 3 " o o
Masres ou  wase wes  wsmesresry @ | MAEFEIS e reannes o roomenwrea + @) [ DB@BTXKOE~0 955N AT E40.50.080000 (@500, .2-;‘ E aa Rias e %g&&:
e g e ctowey sumows oaos  orrions  awausvs b o A0 = e acE
P 3@
iani I So My Workspace 2 R SIS ,
Designing with GLASSS = . o :_31‘10’_ LOADS
has never been so easy. & Archives v ASD 3 - Oy'.ﬂ"ﬁ-

-----

X Ourside neide
Precise and Reliable Speed and Precision
Calculations 3t Your Service

in One Click i i 1 I
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