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Part 26: Contact-Analysis of a Glass-Balustrade and
a Laminated Glass Plate

Part 1: Contact-Analysis of a Glass-Balustrade

The glass balustrade assembly consists of a glass-plate, aluminium-bracket and
steel-uprofil. What displacements and stresses are there when the left side is loaded
with 1000 N. The bracket is clamped fixed in the uprofil. The uprofil is not
calculated because there are low stresses.

Point Load with 1000 N

Aluminium-Bracket with
E-Modulus =71 000 N/mm?
Poisson-Zahi=0.33

- - Bracket clamped fixed on the outside

Glass-Plate

consists of 45 864 tedrahedral elements and 10 804 nodes are generated with
NETGEN with E-Modulus = 75 000 N'mmm? and Poisson-Zahl = 0.17
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Aluminium-Bracket

consists of 44 928 tedrahedral elements and 10 354 nodes are generated with
NETGEN with E-Modulus = 71 000 N'mmm? and Poisson-Zahl = 0.34
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FEM-Merge

Select register ,Files“ and menu ,FEM-Merge“ in order to combine both structures to
one FEM mesh with 90 792 tetrahedral elements, 21 158 nodes and 2 element
groups.

80 FEM System MEANS V12 - FEM Structure File C\projekte\vitroplena\ned'glassT fem

7M™ -

| Files | View  MeshGenerstion  EditFEM-Project  FEM-Analysis  Postprocessing  Training

| "M | FEM-Merge | Import [STL - ‘ ‘ . . © German
[~ | 1. Cprojektelvitroplenalneu\platte2.fem - &

| e /|| MPCc-Contact | Export: DxF - ‘ u @ English

New i Open s Save Unit cAD Path 1 Last opened FEM-Projects 5 languagers

ON EG-1

o — with Mesh

To sdit colours cick on o the frames.

a5 Wireframe visible

o | )
without Mesh

Create Element Grougs.
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Create Load Case 1

The glass balustrade is loaded with 1000 N on the left side.

-

At first create a Surface Model with Register ,View" and the icon surfaces

e@7M -
Files | View ‘ Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing Training
(® Rendering () Wireframe Light | 10% ~ Q 3D G - | - Backg:
) 2 ; - "% | 1. Mamn View = | 2. Node-Modus - "
() with Mesh \.Nlﬂ’] Ed.g.es ~ | Hidden-Linenew | Srsil Priview Zoom || Surfaces | Nodes h ! [ Axi
Surface Modus is active - Surface= 21 -
) = O X

B8 Create Surface Model

() very course

(® complste V12

(® moderate O veryfine (O very much

Surface Accuracy:

) complate V8

[k |
() Quick with 3 Range

[] with more EdgeChecks but need longer untime

= Generate Suface Modzl

Suface  Nodes Lines

Number of Surfaces = 48

- Surface
- Surface
Surface

e~ @

- Surface
- Surface §
- Surface 10
- Surface 11

Surface 12
- Surface 13
- Surface 14

Surface 15
- Surface 16
- Surface 17

Surface 18
- Surface 19

Hidden-Line erzeugen
Create a Surface Model

Sort and Hide Sufaces
Hide some Surfaces ‘

Select register ,Edit FEM-Project® and ,Point Load” and create a Point Load with
Value of Load = 1 in x direction in order to select Surface 14 on the left side.

sw  Mesh Generation | Edit FEM-Project | FEM-Analysis

Postprocessing

Training

@ Q7iM -
Files Vi
F
—
Loads | 1. |Point Load
2. |Line Load
3. |Surface Load
5. |Gravitation Load
4. | Centrifugal Load
6. | Temperature Load
7. |Nonuniform Loads
8. |Edit Load Case
9. |Editor
B - u] e
Suface 14 DELETE
- CLEAR
_EDT
Modes Surfaces
Elements Edges
[ canceL | [ cReATE |

3 |
1. Point Load w-| D—+ | 1. Boundary-Condition: ~

[

-

—

/ 6. Loa

Boundary-Conditions [ Show Boundary-Conditions Element-Groups | Material-Datas | Editor
Surface Modus is active - Surface= 14
o5 Loads = O #
Curmrent Loadcase: |7-7| E|
Number of Values: EI [ Mew
Walue of Load: ffor example: N)
Degrees:
(®) in X Direction (O in Z Direction
() in Y Direction
Selection:

@) Select Sufaces
() Select Nodes

-——

() Define a coordinate range

(O) Dragging a model region

(O Select all showing sufaces




Part 26: Contact-Analysis of a Glass-Balustrade and a Laminated Glass Plate 70

Select ,Editor* and multiply the load values with the Load Factor 2.82 which is
calculated with 1000 N / 355.

[, Point Load =

1. Boundary-Condition: + I?
sde [ Show Loads

Boundary-Conditions [ Show Boundary-Conditions Element-Groups
Surface Modus is active - Surface= 14

MaterialI)atas

Editor |

6. Loads -

BE Edit Loads — O *
Nr. MNode FHG Value [ad
3 10356 1 282
2 10357 1 2.82
i 10359 1 282
4 10360 1 282
5 10409 1 282
[ 10410 1 282 .
7 10411 1 282 8! Edit Load Case
3 10412 1 282
9 10413 ] £8 Actual Load Case < >
10 10414 1 282
1 10415 1 282 Factor:
12 10416 1 282 5

(O divide
() replace

(®) multiphy

Load Case: < > LoadCases: ) add

Number of Loads/Load Case:[ 355 | Load Type: |1 Pairt Load

| canceL [ox |
New Load Case ‘ Combine Load Cases |
Delete Load Case \ Copy Load Case |
‘ Convert Temperature to & Load Case |
\ |

Pressure-=Paint Load Change FHG

| |
| |
I Load Factor I
| |
| |

Paint Load->Line Load
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Create Load Case 2 with a Master-Surface Load

Load case 2 is the Master-Surface-Load for contact between plate and bracket.
Select register ,Edit FEM-Project® and ,Surface Load® to create a surface load
,vertical to Surface® with the Surfaces 3 and 6, the load value is zero because it is
not used.

@i -

Files  View  Mesh Generation | EditFEM-Project | FEM-Analysis  Postprocessing  Training
F 3. Surface Load on: D / ra'!
- o = . 6. Loads ]
Loads [/ Show Leads Boundary-Conditions [ Shew Boundary-Cenditiens | Element-Groups | Material-Datas | Editor TeripErTie

Surface Medus is active - Surface= &

L=
Suface 3 DELETE
Suface &

CLEAR
EDIT

Nodes Surfaces
Elements Edges

o Loads

CANCEL CREATE Cument Loadcase:

Number of Values:

Value of Load O inMPa @ orinhN
Load i 1 Info
Degress: - o
O inXDiection (O in Z Direction
() in Y Direction @ vertical to Suface
Selection:
@ Select Suraces O Dragging 2 model region
O Select Nodes
(O Define a coordinate rangs () Select all showing surfaces
Calculate Value of Suface Load SLColor: -
Cancel Edtor Create a Surface Load
Delete Loads
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Create Load Case 3 with a Slave-Surface Load

Load case 3 is the Slave-Surface-Load for second contact between plate and
bracket. Before the next step you must hide Element Group 2 with menu ,Element
Groups* so that only show the bracket part.

@iM -

Files View Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing Training
F 3. Surface Load - H 1. Boundary-Condition: - D | /
—- - = - 6. Loads
Loads [/ Shew Loads Boundary-Conditions 4] Show Boundary-Conditions | Element-Groups | Material-Datas | Editor

Surface Modus is active - Surface= 6

ON EG=1
[Jon EG=2 \ ;

Select register ,Edit FEM-Project® and ,Surface Load® to create a surface load
,vertical to Surface® with the 9 bracket contact surfaces (see below in black).

N Files  View  MeshGeneration | EditFEM-Project | FEM-Analysic  Postprocessing  Training

|>~+ 1. Boundary-Condition: ~ D _ / — - E:.::
5 Materi itor

Boundary-Conditions ) Show Boundary-Conditions | g Teriperatire

Surface Modus is acti

\
it |

4, |Centrifugal Load
6. | Temperature Load
7. | Nonuniform Loads
8. |Edit Load Case

| 9. | Editor

a
Curent Loadcase: | 3

Number of Vaives:; [ 1664 | New

Value of Load 5 OmnMPa @ ormN
LoadinN R Info

Degrees:

() in X Direction QO in Z Direction

O in Y Direction @ vertical to Suface
Selection:

@ Select Sufaces (O Dragging a model region
(O Select Nodes

(O Define a coordinate range O Select all showing sufaces

Calcuate Value of Suface Load stcoor: [

z
Cancel Editor Create a Surface Load
% Delete Loads

X A
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Boundary Conditions

The Bracket is clamped fixed in the uprofil. Select register ,Edit FEM-Project” and
,Boundary Conditions“ and clamped fixed the 6 surfaces of the bracket.

07w -

Files View Mesh Generaticn ! Edit FEM-Project | FEM-Analysis Postprocessing Training

: | T
F 3. Surface Load - | 1. Boundary-Condition: ~ @ L[_ / - l
el c 2 = 6. Loads i |
Loads [ Show Loads | Boundary-Conditions Show Boundary-Cenditions Element-Groups | Material-Datas | Editor | Temperatu
Info Line

B8 Boundary Conditions — O b

Walue of Boundary 1E-10

Constraints displacement in

[ in % Direction [ in Z Direction
[ in ¥ Direction [ Clamped fixed
Selection:

®) Select Sufaces (O Dragging a model region

Select Nodes

(O Define a coordinate range

Edit BC-Symbols-Size

| TumBCSmbos | Colors ||

Cancel | ‘ Editor | | Create BCs |

| Delete BCs |
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Material Datas

Select register ,Edit FEM-Project®, ,Material Datas” and ,Material Data-Base" to
enter the material datas for the Glass-Plate with E-Modulus = 75000 N/mm? and
Poisson-Value = 0.17 and for the Aluminium-Bracket with E-Modulus = 71 000
N/mm? and Poisson-Value= 0.34.

@76 -

Files View Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing Training

e =N 3
3. Surface Load H 1. Boundary-Condition _\ 6. Loads = i!j

Loads L[] Show Loads Boundary-Conditions Show Boundary-Conditions | Element-Groups || Material-Datas | Editor Temperature
Info Line ]
& Edit Material Datas m} X ‘
| | Name Material Datas o Materizl Data Base
Poissan Ratio =i
! fe Material: [Atomivicm | Density Gegfrma): [2.70000262 143073806 | soedficHestca
Diensity | 2.200002E-06 | |?1000 | e |U e |
I 5 T . B eat Coefficent: . 3
| Heat Cosficient | 5.4E-06 Bl (a):
= I I Poisson Ratio: |U- 34 | Heat Conductivity (W fmmk): |0, 230000010924414 | Sort by:
Take Up
Add Delete ‘ Save ‘ Material ‘ Load Data Base Save Data Base O Meter @1
Material Young Modulus Poisson-Value Deensity Heat Coefficient
| 71000 ~|034 » | 2.700003E-06 » | 0.0000239 ~
Bronze 110000 044 8.700008E-0 0.000017
Cadmium 000 0.3 0 0
Celluloid 029 0 0
Ceramic 3 2.100002E-08 0.00003
[ Ciligium 0.28 6.300006E-06 0.000012
Element Group: | 2 Element TET10 Clirker 5 0 0000053
Concrete 0.1 2 0.000012
(@) lsotrop () Anigotrop Constantan 033 3. (1]
Glass - Window Glass 0.28 2.5 0.000011
Glass Quarz 017 2.2 0.0000054
Glass technical 50000 025 248 0
Gold 78000 042 1.925 0.000014
Copy Material Data Graphte 75000 0.371 1.050001E-05 0.0000015
Gray Cast 108000 0.22 7.200007E-06 0.0000104
lee (-4 °C) 9600 0.33 5.170003E-07 0.000065
Iron 211000 0.28 5. 07E-06 0.000011
Kupfer 123000 .35 8 0.000016
Lithium 4310 0.36 5 0.000058
Luranyl 2500 0.25 1 0
Magnesium 44000 28 1 0.000024
Marble 3 2. 0
Messing 0.35 8 0.0000183
Mica 0.17 2. 0.000013
Mickel 0.44 1 0.000023
Nickel Silver 0.37 8 0
PBT CRASTIN T841 FR 0.32 i 0
PBT Ulradur B 4406 0.32 1. 0
PBT Ulradur B 4406 GF-1( 0.32 1 0
Platin 0.39 . 0.0000088
Polyamid 66 032 T 0
Palystyrol 0.35 1 0
Porcellan 0.23 2 0.0
Rubber hard 044 1. 0
Rubber soft N | 0.44 ) 1 M0 2
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Contact-Analysis

Select register ,FEM-Analysis® and ,Contact-Analysis® to calculate the displacments
and stresses with the Quick-Solver.

7 I Q

@ Files View Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing Train

Structure Model

&~

.!g 6. Contact-Analysis v Select FEM-Solver 5 3
E== Model Dimensions u
FEM-Analysis I3 Select FEM 3 Structure Info o FEM-Assistent g
o5l Contact-Pressure — O x

C:\projekte'witroplena‘neu'glass 1 fem

Swap Mastersuface <-> Slavesuface (Loadcasze 2 - 3)

Start Contact-Calculation with Quick-Solver

Start Contact-Postprocessing

Cancel

The Contact-Analysis needs about 15 iteration for the calculation. The runtime for
the linear TET4 elements is 2 minutes and for the more precise quadratical TET10
elements is about 30 minutes.

FEM-Project: C: projekte VITROP~1'neu’glass2

Please start the postprocessor...

Start Posprocessing MEANS V11

Runtime: 0:10:1:0:552
[] Beep-Voice deactivate

iteration 15

Number of contact spring elements=32149

Using up to 1 for the stress calculation.

Using up to 1 c for the symmetric stiffness/mass contributions.

Factoring the s m of equations using the symmetric spooles solver
Using up to 1 c for the stress calculation.

ine search factor=1.0806000

Using up to 1 cpu(s) stress calculation.

average force= 44,
time avg. forc= 44.669
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Postprocessing

B

Select register ,Postprocessing“ and the icon to evaluate the displacements

and stresses.

@i« -

Files View Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing Training

. 1 Displacement-Factor Legend 1 - DXF-Postprocessing FEM INP 5 YT
L 4 Show Results FEM-Richtlinie for wel -
Pick, Search Values Diagram 1 - Value-Animation - STA  FRD
Postprocessing P Factor/Malues 1 Legend/Diagram s Animations o ListFiles o Fatique-Analysics 1
o Postprocessing = O x
Results:
Load Case: |1 ~
(® Contour of Displacement it -
{C) Nodal Stress Contour ) Reaction Forces
(") Element Stress Contour (") Contour of Forces
Accuracy: r
e e R SRR RS Edit Accuracy: Displacement Factor
' Edit Colours for Legend
1) 3 4 Pick, Search, Save Values
Select Result Component:
Displacement in y direction
Displacement in z direction

Displacement in =, y and z direction
Displacement in x and y direction
Displacement in % and z direction

Displacement in y and z direction /

Max. Displacements in x-direction = 74 mm (exactly 77 mm)

B Dermo FEM System MEANS V12 - FEM Structure File Ci\projeltelviroplens\glasssfem
[OF
Fles  View  MeshGenertion  EdtFEM-Project  FEM-Analyss | Postprocessing | Training
Dispacement-factor | [Legend 1
2 Show Resuls

Postprocessing 13 Factor/Values i Legend/Diagram 1y

cessing | FEM INP
STA FRD

FKM-Richtinie for wel -

s G LstFiless  Fatique-Analysis

Displacements.
inx direction

74569 Exactly: vx=F*L°/E*|
- o =1000 N * 1250° mm?* 12 /( 3 * 75000 N/mm? * 400 mm * 15° mm~)
=77 mm
53261
2608

31952

21258

10684
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Max. v.Mises-Stress of the Glass-Plate = 88 Nmm? (exactly 83 N/mm?)

8 DemoFeM Vi - 8
07M -
Fles Ve  MehGenention  EdRFEM-Project  FEM-Anshsis | Postprocessing | Triming
=) Factor 1 - F-f ing | FEM INP
Bl 1 how s | Dipocementfactor | [Legend DXF-Postprocessing || FEMINP | (o
L 70 Pick SearchValues | Disgram1 - | Value-Animation - | | STA' FRD
Posprocesing i FactorValues i legend/Disgramrs  Ammatons i ListFless | Fotiquednalyss 1
[
Contour of Suess
1o = von Mises Stress
Gon el B
e Exactly: Stress= M/W =F *L/B"H/6
- = 1000 N * 1250 mm *6/400 mm * 15 mm *15 mm
63034 = 83 N/mm*
029
e
25219
: It
Toustcmous okon o pames
-,
2 2 Wrerame vitle
e B EE

[Goupa 1-7 Y]
Crente Bment Gross

Max. Tensile-Stress of the Alu-Bracket = + 57 N/mm?
Min. Compressive Stress of the Alu-Bracket = -71 N/mm?

a = Fie Chore e .
@ Fis  View  MeshGeneton  EdtFEM-Projsct  FEMeAnsysis | Posprocesing | Trining
Displacement Factor | llegend | -| | DXF-Pospocessing | FEM INP
Show Results || o0 = e 1 FKM-Richtlinie for wel -
' Pick SearchValues || [Diagram 1~ | || Value-Animation | || STA FRD.
Posprocessing i Factoralues i Legend/Disgrams  Animations G ListFilests  Fatiue-Anabsiz o
- 2 L0AD CASE= 1
Norma Stress
Bon 1 || sigmax

Oon EGe2 - 57,880

Bracket

only on the
Tension-Stress =+ 57 N/mm?
Compressive Stress =-71 N/mm?*
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Part 2: Linear Statics-Analysis of a laminated Glass Plate

The previous glass plate 1333 mm x 400 mm x 15.33 mm is now calculated as
laminated glass with a three-layer glass structure and the following material data:

Glass Pane 1: Thickness = 6 mm Modulus of Elasticity = 75000 N/mm? P =0.17
PVB Film: Thickness = 3.33 mm Modulus of Elasticity = 3 N/mm? P =0.498

Glass Pane 2: Thickness = 6 mm Modulus of Elasticity = 75000 N/mm? P =0.17

Glas Pane 1 with 6 mm

: PVB-Film with
_—_-— — — 333 mm
E.

i Glas Pane 2 with 6 mm

Create Layer 1 with 3D Mesh Generator GMSH

Glass pane 1 with the dimensions 1333 mm x 400 mm x 6 mm is first entered in the
CAD system and saved as a STEP file. In MEANS V12, select the “File” tab and the
“‘New” menu and select “3D mesh generator GMSH (STEP).

a! NEW PROJECT = O x

i) 3D Mesh Generator NETGEN (STEP, IGES, STL)
(® 30 Mesh Generator GMSH (STEP)

() 2D/3D Beam Madel with Line-Modus

() 3D Shel Model with a Cortainer Mesh Genenerator
{) 2D Plane Model with a Bearing Mesh Generator

() 2D axizlsym. Model with a Screw Mesh Generatar

NEW FROJECT
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Like NETGEN, GMSH is a very powerful STEP tetrahedron mesh generator that is
very easy to use. Select menu "3D" to first generate a moderate tetrahedral mesh of
256 elements and 112 nodes, whereby the upper and lower mesh density should be
the same.

A Gmsh - filestp s m] x
File Tools Window Help

[ Madules
Geometry
] Mesh
Define
1D
2D
3D
Optimize 3D
Optimize 3D (Metgen|]
Set order 1
Set order 2
Set order 3
High-order tools
Refine by splitting
Partition
Unpartition
Smooth 20
Recombine 20
Reclassify 2D
Experimental
Reverse
Delete
Inspect
Save
Solver

£

S0XYZI® 118 Dane optimizing mesh (Wall 0.0156248s, CPU 0.0156255)

Refine by splitting

The mesh refinement will only be carried out later in MEANS V12. In GMSH,
however, the “Refine by splitting” menu can also be used to mesh 8 times more
finely.

k Grsh - file.stp

iZIC8 Tools Window Help

Mew... Ctrl+N
Open._ Ctrl+0
Open Recent 14
Merge... Ctrl+Shift+0
Watch Pattern...
Clear
Rename. Ctrl+R
Delete
Remote 4
Save Mesh Ctrl+Shift+5
Save Model Options Ctri+J
Save Options As Default Ctri+Shift+J
Quit Ctrl+Q
Smootn 2U
Recombine 2D
Reclassify 2D
Experimental
Reverse
Delete
Inspect
Save

Solver
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Export in INP Abaqus format

Select the menu “File” and “Export” as well as “Mesh - Abaqus INP (* .inp)” and
export the INP file with the same name so that it is automatically loaded and
displayed in MEANS V12.

Guess From Extension (7.7)

Geometry - Gmsh COptions (F.opt)

Geometry - Gmsh Unrolled GED (*.gec_unrolled)
N |Geometry - OpenCASCADE BRep (*.brep)
Geometry - STEP (*.step)

Mesh - Grmsh M5SH (*.mszh]

A Export

Crganisieren =

Mesh - Abagus INP (*.inp)

. Programm Mesh - LSDYMA KEY (*.key)

] Mesh - CELUM (*.celum]

| projekte | pMesh - CGNS (Experimental) (*.cgns)
100t Mesh - Diffpack 30 (*.diff)

: Mesh - |-deas Universal (*.unv)

- beamtest Mesh - Iridum (*.ir3)

hezh - MED (*.med)

| behaeltel oo - INRIA Medit (*.mesh)

dino Mesh - CEA Triangulaticn {*.mail)

) Mesh - Matlab (*.m]}

| Exzenter | 1ech - Nastran Bulk Data File (*.bdf)

Mesh - Plet3D Structured Mesh (*.p3d)

Mesh - STL Surface (*.ztl)

- FEM-215] Mesh - VRML Surface (Fowrl)

Mesh - VTE (*wtk])

- fachwerlg

FFhA-Rerd

The glass pane is automatically displayed in MEANS V12 and has a Z depth of
0 mm to 6 mm.

" Datei  Ansicht  Metgenerieung  FEM-Projekibearbeiten | FEM-Analyse | Ergebnisauswertung  Training

= Infos zum FEM-Modell
1. Statik ~ | FEM-Solverwahlen
= Medell-Abmessungen

FEM-Analyse L} FEM-Ablauf 1o Infos Strukturmedell FEM-Assistent 5

o Abmessungen i [m] X

Abmessungen der eingeblendeten Elementgruppen

Breite: won Qmm bis 1333 mm
Hohe: von Qmm bis 400 mm
Tiefe: von Qmm bis &mm
Volumen: 3204330 mm®

Dichte: 7.8E-06 kg/mm*

Gewicht 2439kg
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Smooth the mesh

So that the FEM mesh can be clamped from 1250 mm to 1333 mm, create the
following Range of Nodes with a Coordinate Range from X = 1150 to X = 1300 and

&

= O X
Suface MNodes | Lines
Number of Nodes = 112

il
BE Create a Coordinate Range = O X o

Show Nodes

from % [1150 | untix: [1300] Create 2 Range of Nodes

Create a Range of Nodes
'
wtlz: [0 | fomz: [6 R

Delete 3 Range of Nodes
| Create a Range of Nodes Delets Range of Nodes

Edit a Range of Nodes

Coordinate-Factor

fomY: [0 | unity: [200

[ Node numbering
[ Elemert numbering

[1 Elemert groups

[] Show Load Values
Edit Node-Size:

3

replace all X values of the Range of Nodes with 1250 mm with “Coordinate Factor”.

ﬂ Coordinate Factor i 0 5
Input Factor
O Mutiply () Divide
O Add (® Replace
Change Axis

(O Change x-values with y-values
(O) Change x-values with z-values

(O Change y-valuss with z-values

Change Coordinates

] X Coordingtes ~ [] Y Coordinates  [] Z Coordinates

[ Using the selected nodes

from node:

to node: 112

Coordinate Factor:
[] Moving point 0 / 8 # 0 through the node:

| Change Coordinates with a Factor |
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The mesh can later be clamped exactly from 1250 mm to 1333 mm. Save this
model under the name “Layer_1.fem”.

Create Layer 2

To move the PVB film to the center, select the "View" tab and

:iIEl Coordinate Factor — O %
[nput Factor
(O Muttiply (O Divide
® Add () Replace
Change Axis

() Change x-values with y-values

() Change x-values with z-values

() Change y-values with z-values

Change Coordinates

[] X Coordinates [ ] ¥ Coordinates  [»] Z Coordinates

[ Using the selected nodes

from node:

to node: 112

Coordinate Factar: |.|51 |

"Node Modus" and "Coordinate-Factor" and add 6 mm in the Z direction. Then
select the “FEM analysis” tab and “Model Dimensions” to check the new Z depth of
6 mm to 12 mm.
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o5 Measures e O -

Measures of the activated Flement Groups

Width: from {'mm until 1333 mm
Height: from 0'mm Ll A00 mm
Deep:  from &mm urtil 12 mm

Move Range of Nodes

The nodes of the upper surface must be subtracted from 12 mm to 9.33 mm. To do
this, create a Coordinate range of 11.8 mm to 12 mm in Node Modus.

27} = 0 X

Suface MNodes | Lines

ol Create a Coordinate Range - O X Mumber of Nodes = 112

fomx [0 | umix [1333 |

fom¥: [0 | umily: [400 | unti: [ 56
wiiz fm Z L Sowlodes

Create 3 Range of Nodes
Create a Range of Nodes
| Sufscstodss |
| Edge Nodes Suface

Delet= 3 Range of Nodes
| Delete Range of Nodes |

Edit 3 Range of Nodes

| Coordnatefactor |
Node: [enm

[ Mode numbering
[] Blement numbering
[] Blement groups

[] Show Load Values
Edit Node-Size

Then select the Coordinate-Factor and add the value -2.67 mm in the Z direction to
get the value 9.33 mm. With the “Model Dimensions” menu, the input must be
checked again. Save the FEM-Mesh with "Layer 2.fem".
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Create Layer 3

Load the first model "Layer_1.fem" again and add all Z values with a Coordinate-
Factor of 9.33 mm. Save the mesh with a Z depth of 9.33 mm to 15.33 mm as
"Layer_3.fem".

ol Abmessungen = O >

Abmessungen der eingeblendsten Elementanippen

Breite: won {'mm his 1333 mm
Hohe: won {'mm his 400 mm
Tiefe: wvon 533 mm his 1533 mm

Merge Layers together

Load the first mesh "Layer_1.fem" again with the "File" tab and load the mesh
"Layer_2.fem" and "Layer_3.fem" one after the other with the "FEM-Merge" menu,
so that a main mesh with 3 layers is created.

Select the “Edit FEM Project” tab and “Element Groups” to display the mesh made
up of 3 element groups.

' @7 M -

Datei Ansicht MNetzgenerierung FEM-Projekt bearbeiten | FEM-Analyse Ergebnisauswertung Training

i F 1. Knotenbelastumn, | D—+ 1. Randbedingungen - D . I_l-l-_. /
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Node-Check

Carry out a Check Node Numbering with the snap radius "3.2" in the register "Mesh
Generation" in order to delete all double nodes. The structure now consists of 768

tetrahedral elements and 226 nodes.

u Files View | Mesh Generation | Edit FEM-Project FEM-Analysis Postprocessing Training

3D Mesh Generators = H . Check Mode Numbering
m] QUAD-Meshes, Refine, Delete...
Local Refinement e Jacobi-Determinante
3D Mesh Generation I 2D Mesh Generation Manipulate Meshes P Check Meshes M5
5 Bitte warten... - O P4
Ohne Ubemprifung:

Strukturmodell hat 336 Knotenpunkte und 7E8 Elemente sowie 3 Blementgruppen

Mit Ubemprifung:
Strukturmodell hat 226 Knotenpunkte und 768 Bemente sowie 3 Hementgruppen

Fangradius: |3.2

Einzelne Knotenpunkte chne eine Element-Verbindung loschen

| Cancel only Hddeniine | |  Numenenngprifen |

Refinement

Finally, select "Mesh Generation" tab and menu ,Local Refinement* and
twice the menu "FEM Mesh 8x finer" to get the laminated glass pane with 49 152
tetrahedral elements, 9541 nodes and 3 element groups.
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Create Load Case 1

The panel is loaded with 1000 N on the left side. First the surface model must be
created with the "View" tab. Then select the “Edit FEM Project” tab and “Point Load”
and generate a Point Load in the Z direction with the load value = 1 N by clicking on
the left Surface 4.

o oaa
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Select "Editor" and multiply the load value by the load factor 5.92, which can be
calculated from 1000 N / 169.
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Clamped fixed

The laminated glass plate is fixed clamped from 1250 mm to 1333 mm. Select the
“Edit FEM Project” tab, “Boundary Conditions” and “Define Coordinate Range” to
fixed clamp the plate.

85 Randbedingungen i | W

Anzahl Randbedingungen aktuell: | 1125 Meu

Wert der Randbedingunag: | 1E-10 |

Freiheitsgrad spemen:

[] in ¥-Richtung [ ] in Z-Richtung
] in ¥-Richtung Einspannung
Selectiersn
() Fachenmodus () Rechteck aufspannen

(@ Koordinatenbereich definiersn

RB-Symbole anpassen

— v —4

RB-Symbale umdrehen RB-Farbe: -

Cancel Editor RBs erzeugen
85l Keordinatenbereich . O b4
van Y:
von Z:

Finally, the input of the material datas of the 3 element groups and the Statics-
Analysis with the Quick-Solver follow as already described in Part 1.
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Results

This is followed by a comparison of the results between a monolithic glass pane and
the 3-layer laminated glass plate with 2 glass panes and a PVB film.

Max. Z-Displacements monolithic Glass Plate = -72.23 mm (exactly = 72 mm)

Max. Z-Displacements with a 3-layer laminated Glass Plate = -311.67 mm
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Max. v.Mises-Stress = 85.2 N/mm? with a monolithic Glass Plate

Max. v.Mises-Stress = 222 N/mm? with a 3-layer laminated Glass Plate

LASTFALL= 1 B

Vergleichsspannung
sssss

Laminated Glass Effect

The linear statics analysis is only valid up to the yield point of glass - therefore
unfortunately it cannot be taken into account that after the break the glass splinters
stick to the film and thus increase the load-bearing behavior again. Research into
this effect is currently being carried out on car windshields in particular.
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Part 3: Calculate glass plate with table legs

The tetrahedron glass plate mesh from Chapter 26 is connected to a mesh with 4
pentahedron aluminum table legs.

X

The node imprint of the table legs at Z = 0 must be inserted into the glass plate
mesh so that the glass plate and table legs have the same node structures.
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Step 1: Create a Range of Nodes

Load the table legs mesh and select the “View” tab and the “Node-Modus” menu
and “Surface Nodes” to create a range of nodes for surfaces 3, 5, 7 and 13 at Z = 0.

L.
[[5ataze = TELETE
|| Zurface 13
|| Surface 7 CLESA . -
; @ - 0O X
EDIT
b 3 & Suface MNodes | Lines
[ Fwgen & Sadcren
Beerte LA Manten Number of Nodes = 13200
CANCEL ERZEUGEN Last Node Range w
| Show Nodes
Create a3 Range of Nodes

Create a Range of Nodes

Surface Nodes

Edge.Nodes Surface

Defete 3 Range of Nodes
B Harins i Hons

Edit 3 Range of Nodes
Coordinate-Factor

Nade: EDIT
.

[ Node numbering

Step 2: Create a new Add-List

Select the “Mesh Generation” tab and “Local Refinement” as well as the “Create an
additional Point-List* menu and save the range of nodes under “tab14.Node”.

Mesh Parameters  Refining | Jacobi-Test | Infos

Step 1: Create a new Point-List and Suface-List of the actual FEM-Mesh

Create and refine a Add-List
o . [] Center-Poirts of TET-Edges
Step Z: Create a Range of Nodes Step 3: Create Add-List |
- 1 : Center-Points of TET-5urfaces

Step 4: Generate with Add-List Select Add-list: | Actual Add-List w [] Center-Poirt of TET-Volume

Create an existing Add-List or load a AddHist from a FEM-File

Load a Poirt-List from a FEM File | Load a Point-List from a Mode-File

Create an additional Poirt-List

Generate with the additional Point-List from Mode: 3654 urttil Node: 3873

Repair and Refine Tools
| Load a FEM mesh from ELE-File ' Refine all Elements to 8 TET Mesh Refine TET Mesh with V11
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Step 3: Create the node list of the Glass plate

Reload the glass plate mesh and select menu "Local Refinement" and
"Step 1: Create a new Point-List and Surface List of the actual FEM-Mesh*
to save the number of nodes and elements before inserting the add list.

Step 4: Insert the nodes from the .Node file

Then load the node list of the table legs with the menu "Load a Point-List from a
Node-File* and check on the model whether the nodes are displayed correctly.

Step 5: Generate with Add-List

Now use the “Generate with the additional Point-List* menu to call up the mesh
generator in order to insert the additional nodes of the table legs into the glass plate.

You get a new glass plate mesh with the knot imprint of the table legs
WAR A4 SR
AN Y,

o

Step 6: Convert a pentahedral mesh into a tetrahedral mesh

If the table legs are made of extruded pentahedra, the pentahedron mesh must first
be converted into a tetrahedron mesh with register "Mesh Generation" and menu
»,Quad Meshing / Refine ...“ and menu "HEX8 / PENG -> TET4" before loading.

85 Quad Meshing / Refine / Converter / Extrusion = O X

Quads Refine | Converter Extrusion Rotation Delete  Tum

Beam elements Flare elements Tetradhedral elements Hexahedral elements
BEAM2 = 2x BEAMZ TRI3S = 4 x TRIZS TET4 = Bx TET4 HEX8/PENG -= TET4
BEAM2 = 4x BEAM2Z TRI3S > 3= QLIALS TET4 -» 4« HEXA HEXE -= 2« PENG
BEAM2 = 8x BEAM2Z QUA4S = 2x TRI3S | = GUALS+TRIZS -» 4 x QLIA4S + 4 x TRIZS

BEAMZ -> 16 x BEAMZ GUALS - 4x QUALS |+ QUALS+TRIIS -> 4 x QUALS + 3 x QLIALS
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Step 7: FEM Merge

Then reload the the table legs mesh to the glass plate mesh with the register "File"
and "FEM Merge" and finally delete the overlaid nodes from the structure with the
register "Mesh generation" and the menu "Node Check".

The glass plate and aluminum table legs are now combined in one FEM mesh with
2 element groups.

Calculate CAD Assemblies

In this way, moderate CAD Assemblies with different Material Datas like E-Modulus
can be united together and calculated step by step.
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Postprocessing

Select register ,Postprocessing“ to obtained the results when the glass plate is
loaded with 100 kg weight and the table legs are fixed clamped.

Maximal Displacements in Z-Direction = -7.17 mm

LASTFALL= 1 n

Verformungen
in Z-Richtung

0.1168

-0.9250

-1.9668

-3.0087

-4.0505

-5.0923
- -6.1341
]

-7.1759

Bearbeiten D =

Maximal v.Mises-Stresses = 41 N/mm?

Vergleichsspannung
v.Mises

- 41.205

35319
295423
23.547
17.661
11,775
- 5.8888
]

Bearbeiten D =

0.0027
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Minimal Principal Stresses S3 = - 48 N/mm?

LASTFALL= 1

Minimale
Hauptspannung $3

5.3582
-22710

-5.5003

Bearbeiten D

—~

L

Maximal Shear-Stresses TAUxy = 9.3 N/mm?
Minimal Shear-Stresses Tauxy = - 11.25 N/mm?

LASTRALL= 1

Schubspannung
Tau xy

93352
6.3543
34533
0.5123
-2.4287

-5.3696

-8.3106

-11.252

Bearbeiten D
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