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Finite Element Modelling
What? Why?

The Finite Element Method may be described as a systematic procedure
through which any function is approximated by a discrete model.

The function is defined over some region in space over which it is
continuous. This discrete model consists of a set of values of the given
function at a finite number of points in its domain, together with piecewise
approximations of the function over a finite number of subdomains.

These subdomains are known as finite elements, and the approximation
to the function is made locally over each finite element.

These local approximations are uniquely defined in terms of the discrete
values of the function at preselected points on the elements known as
nodal points, or simply nodes.

E||I_|I-III..EI lI ” 28/03/2019 4



Finite Element Modelling
What? Why?

The finite element model is constructed using the following steps:

« A finite number of points are identified in the function's domain, and
the values of the function specified at these points. These points are
generally known as nodal points, or simply node.

« The domain is divided into a finite number of subdomains called
finite elements. These are usually of a simple shape, for example
triangles or rectangles in two-dimensional space, and tetrahedra or
hexahedral in three dimensions. The model of the actual domain can be
considered as an assemblage of the finite elements connected together
appropriately at the nodes on their boundaries.

« The given function is approximated locally over each element by
continuous functions which are uniquely defined in terms of the values of
the function (and possibly its derivatives) at the nodes on each element.

Eill_II-IILEI II || 28/03/2019
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Finite Element Modelling

What? Why?

Finite Element formulation defines a relationship between
external forces applied to certain points of a generic element,
and the displacements that these forces induce at the same
points.

The points that are used to apply forces and evaluate the
corresponding displacements are called nodes.

F=kx

Actually, a single finite element could be compared to a simple
spring where the force is equal to the stiffness times the
displacement.

The “only” difference is related to the fact that a simple spring
usually exhibits one degree of freedom while a generic finite

element exhibits a higher number of degrees of freedom
(depending on the element type).

E:_ll-llﬁ II ” 28/03/2019



Finite Element Modelling
What? Why?

‘ In the following, the stiffness matrix of the

simple plane triangular element is derived.
A typical triangular element is shown in
figure with corner nodes i, j and k
numbered in counterclockwise order. The
(x,y) displacement components at nodes |,
j and k are (uivi), (ujvj) and (uk,vk)
= respectively.

u(x,y)=o,+o, x+0; y

v(,\‘,j’) =04 +0s5 x+0g Yy

EII.II-IILEl II|| 28/03/2019 .
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MSC Marc Mentat

Open the software in Linux

Open a terminal
o Type mentat2013.1 -ogl -glflush
o Press Enter

Marc: pre-processing and post-processing software
Mentat: no-linear solver

gII,I'-IILEl II|| 28/03/2019



MSC Marc Mentat

Files

Input file: .mud or .mfd
Graphic view

Input file: .dat

Text format

Output file: .t16 or .t19
Graphic view

Output file: .log or .out
Text format

Optional file: .proc
It is a text file that allows the automatic setup model to be built

E{_II-IILEI II ” 28/03/2019
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MSC Marc Mentat

Open Input File

= Marc Mentat 2013.1.0 (64bit) (OpenGLY model5.mud DER

The file is generically named model5.mud

The menu FILES allows the files to be managed:
OPEN, SAVE, RENAME, MERGE, ...

VISHALIZATION

CyCopyright 1994-2018. HSC ¢

E'ﬁllﬁ II|| 28/03/2019 11




MSC Marc Mentat

Open Input File
™ Marc Mentat 2013.1.0 (64bit) (OpenGL): model5.mud EE®E

IHEHIIHHHHHH!
DESCRIPTION

It is noted that to manage a file the
directory must be specified by the menu
CURRENT DIRECTORY.

™ HMERGE RENUMBER

¥ DEFAULT STYLE

INTERFACES

IMFORT

The file path must contain lower case

READ

letters and the spacing must be substituted

WRITE

e E— by the _ «underscorey.

EDIT FILE

FILL RESET VIEW

VIEW DYN. MODEL - i = A — A i : o SETTINGS HELF

E‘ﬁII[EI II|| 28/03/2019 12




MSC Marc Mentat

Open Input File

PTIOH

HET

[ = Marc Mentat Select Model File
OPEN FILE

¥ DEFAULT FILTER * mud * wfd

DIR FIL)
nodell mud
1 mud
nodeld mud
nedeld . mud
RENUMBER ALL

WRITE

CURRENT DIRECTC

ume:
thunbnail:

EDIT FILE

ELECTION )] t in _riferine

CANCEL

RETUEN HAIN ) FILL T VIEW

VIEW D¥N. MODEL

E:_ll-llﬁ II ” 28/03/2019



MSC Marc Mentat

Save and Save as ...

FILE IO

Save is used to overwrite an existing file;

MODEL

Save as ... is used to save a new file;

in a well defined directory.
HER! MERGE RENUMBER = Marc Mentat Select Model File

EILTER * mud * mfd

FILI
nodell mud
el o mud
INPUT FILE nodeld mud
READ nedeld . mud
RENUMBER ALL

WRITE

'RENT DIREC

un
! thunbnails

EDIT FILE

ELECTION

CANCEL

RETURN HAIN ) FILL RESET VIEN

E:_ll-llﬁ II ” 28/03/2019
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MSC Marc Mentat

Save and Save as ...

Save is used to overwrite an existing file;

Save as ... is used to save a new file or a file with a new name;

HET

in a well defined director
B Marc Mentat Select Model File

OPEN FILE

FILTER ® mud *.m

DIRECTORIES
murd
e nud
e mud

QFTION modeld . mud

RENUMEER ALL
WRITE
atplotlib

CURRENT DIREC .pdf

i ents
D nen thumbnails

BB EEEE LU

LECTION

HAIN TUKRDO g FILL RESET VIEW

UTILS PLOT VIEW DVH. MODEL

E1|I_|I-||[EI II ” 28/03/2019 15




MSC Marc Mentat

Open Output File

= Marc Mentat 2013.1.0 (64bit) (OpenGL): model5.mud
HAIN MEHU

P OCESS

HE! RERATION
GECMETRIC PROPERTIES

MATERIAL PRO

POSTPROCESSING: RESULTS
) OPEN DEFAULT

D INC : INCS

L This command opens the post file associated with

¥ DEFORMED

the current job.

SCALAR PIOT
CENT E£S Or
OPEN

The command opens a file containing Marc results
and makes it available for use in postprocessing.

MAIN UNDO
VIEW

28/03/2019 16
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Thin-walled profile in torsion UPDATE
Mesh convergence

References
’E1II_I|-|II_E| II| | 28/03/2019

17



MSC Marc

MAIN MENU

= Marc Mentat 2013.1.0 (64bit) (OnenGL): model5,mud CE®

MSC A Software

MAIN MENU (left hand side, area in
TOOLBAR (Area underlined in )

COMMAND PROMPT (Lowest area,
highlighted in yellow)

VISHALIZATION

RESET WIEW

DYN. MODEL

28/03/2019 18



MSC Marc

MAIN MENU

The MAIN MENU consists in four sections:

PRE PROCESSING: create the problem model
ANALYSIS: perform the numerical analysis

POST PROCESSING: exhibit the results
CONFIGURATION: options e.g. view, colours, ...

The order of the main submenus is not random, they
follows the rational steps used to setting up a Finite
Element Analysis.

EII_II-IILEI II” 28/03/2019

MaA_H HMBEHU

SH GEYEEATION

CEOMETRIC PROPERTIES

HATERIAL FROPERTIES

MODELING ToOOLS

CONTACT

LINKS

INITIAL COHNDITIONS

BEOUNDART CONDITIONS

WRSH ATRPTTVITY

LESIGH

CONFICURATION

LEVICE VISTALIZATION

QuiIT
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MSC Marc

TOOLBAR

Funzioni che
consentono di traslare, ruotare il

SAVE mi consente di salvare modello lungo le direzioni del
i modelli ed i risultati ottenuti sistema globale X, Y, Z a passi
. 1 1. . .

delle cartelle che desidero discreti ZOOM BOX: mi consente di
UNDO: Torna FILES: permette di aprire e - V%suahzzare m dfzttagho la zona
indietro di una chiudere file .mud centra il modello della di un modello, di un grafico, ...
ed una sola finestra grafica che ho selezionato
dlgltailonde . riporta il modello IN e OUT: mi focalizzo o mi
canee ffa ndo 1 alla configurazione di partenza sul allontano dal plot per passi
suot etfettr. pinao xy discreti

SAVE DRAT IEHE RESET VIEW i 7 di ! - 3 )
ITILS HITEES PLOT VIEW [YN. MODEL T SPEED HELP
Consente  di PLOT: Consente di plottare o DYNAMIC MODEL: Se attivo consente di spostare il HELP: raccoglie una vasta
esportare i dati di output in non plottare 1 nodi, gli modello nella finestra grafica in particolare: documentazione relativa alle
excel, di misurare distanze elementi, ... e le etichette caratteristiche del software. Per

-ZOOM IN o OUT: tasto dx mouse € si trascina il

(DISTANCE), ... . In relative sul modello entrando ) ) i i del migliorarne la  consultabilita
: . : cursore rispettivamente verso l’interno o I’esterno de . .
questo menu posso nei vari sottomenu mediante -
selezionare lo sfondo con SETTINGS modello; alcqnl ma;r.o argomejntl S
Z . stati raccolti in Volumi

cui visualizzare la finestra
grafica da SNAPSHOT,
PREDEFINED CONTOUR
MAP,..

- ROTAZIONE: cliccando il tasto centrale del mouse;
- TRASLAZIONE: premendo il tasto sinistro del mouse.

II” 28/03/2019 20




MSC Marc

TOOLBAR: UTILS

UTILITIES

P PT r —
COLOR FRINT 1 ! PRINT 1 , APPEND UTILS
)R PRINT 2 { PRINT 2
COLOR FRINT 3 5 { PRINT 3 PROCEDU RE
COLOR FILE FILE LOAD
APSHOT ANTHATION thin_walled_profile_in_torsion.proc

OK

UMP 1 XDUMP 2
ALIAS MENU RECORD

"YTHON —
NET HODUL Bk Marc Mentat Select Procedure File

EDIT FILE LIST DIRECTORY LOAD PROCEDURE
FILTER * . proc

file in ¢t

HORE

SELECT S ersxnanto umnen

RETURN
RESET

m_lab

28/03/2019 21




MSC Marc

TOOLBAR: UTILS

UTILITIES

OR PRINT 1
)R PRINT 2

EDIT FILE
TEM COMMAND

DISTANCE
ANGLE

ZES
GENERALIZED

MORE

SELECT
RETURN

Y PRINT 1

{ PRINT 2
GRAY PRINT 3

! FILE
ANTMATION

MP 2

PYTHON

LIST DIRECTORY
TEM SHELL

PLE ELEMENT

MAIN

th
sman tod

|
P

Marc Mentat Procedure Control - | START an d STO P

)CEDURE FILE
E

C:“users‘mantoNdocuments \201819_esami\paon’2

RT~CONT

MENU RECORD

OK

APPEND

» MENU EXECUTE

run automatically the procedure

STEP
runs the procedure line by line

QUIT
Abandons the procedure execution




UL TTIES
POS RIPT
COLOR PRINT 1
COLOR PRINT 2
X PRINT 3
COLOR FILE

PARAMETERS
PROCEDURES

EDIT FILE
EM COMMAND

MORE

SELECT
RETURN

MSC Marc

TOOLBAR: UTILS

SETTINGS

GRAY FILE

ANTMATION
XDUHP 2
PYTHON
NET MODU:
LIST DIRECTO
TEM SHELL

CALCULATE

PLE ELEMENT

MAIN

28/03/2019

Setting the modelling area with white background
UTILS

SNAPSHOT

Predefined colormaps

2

Evaluate DISTANCE, ANGLE, ....

| DREW FILL
VIEW

SHORTCUTS
SETTINGS

23



MSC Marc

TOOLBAR: UTILS

MS-Windows

JPEG

4

RETURN

E:_II-IILEI II ” 28/03/2019

MESsoltwore

Setting the modelling area with white background
UTILS

SNAPSHOT

Predefined colormaps

2 (choosing the 1, the background returns black)

Capture and save an image
UTILS

SNAPSHOT

CREATE A SNAPSHOT FOR VIEW
Choose the file extension that you prefer.

SAVE | DRAU FILL RESET VIEW

FILES PLOT VIEW DYN. MODEL X TY z 3¢ Y ouT



MSC Marc

MOUSE GESTURE

ZOOM IN or ZOOM OUT
left button

When in the TOOLBAR
DYNAMIC MODEL
is switched on.

|

28/03/2019

ROTATE

' center button

ORIZZONTAL or VERTICAL MOVEMENT
right button

25
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Thin-walled profile in torsion
The problem

40

Y, skew-symm.

1ol

fl;"/)B
Y
I —~
- i =
ka N |
X !
z l i
|
i
. . . l
centroidal axis + posit. constr. |wy =0 :
|

z: outward = 40 mm

: midsurface

Open thin walled rectangular cross section profile where a crack is present at the lateral wall,
a twist is imposed at the extremities of the profile.

Evaluate the torsional stiffness and the stress field occurring on the profile for the twist
loading condition imposed by a rotation of 0.001 rad/mm, and the axial profile length (/) is
equal to 40 mm.

Ell,lﬂlﬁ II" 28/03/2019 27




Thin-walled profile in torsion
The problem

40

- >

! > C (-19,59,0)

!
} 7/‘4 A :
B !
!
I
|
|
|
Y Y

‘ L1 4 D (~19,0,0) ‘ T .A (19,0.05,0)

“ ¢ eyl : — & -

0 (0,0,0)

B (19,59,0)

0gT

z: outward = 40 mm

: midsurface

rgﬁllﬁ II” 28/03/2019
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Thin-walled profile in torsion
MESH GENERATION

Definition of the crucial points that define

| the section
C (-19,59,0)

NODES: ADD
000

Yj 190.050
D (-19,0,0) ' I_’,T_., (19,0.05,0) 19590

—_—-—— -

0 (0,0, 1959 0
1900
RESET VIEW
FILL

MESH GENERATION

EII,I{-IILEI II” 28/03/2019 29



Thin-walled profile in torsion
MESH GENERATION

MESH GENERATION E MEZ ) Saltware
ADD EN EDIT
ADD tEM EDIT
aDD REY EDIT
ADD 4 EDIT
ADD RED EDIT
ADLD

tFACE TY
SOLID TYPE

AUTOM
CHEC

SELECT
RETURN

II" 28/03/2019



Thin-walled profile in torsion
MESH GENERATION

MEZ ) Saltware

ADD: This command adds a node, element, point,
curve, surface, solid at the specified location.

REM: This command removes nodes from the
model. You must specify a list of

nodes.

EDIT: This command allows you to relocate an
existing node. You must specify node, element,
point, curve, surface, solid and its new coordinates.
SHOW: This command displays information about
the specified node, element, point, curve, surface,
solid at the prompt command.

SELECT
RETURN UNDO

RIS

EII_II-IILEl II|| 28/03/2019 31




Thin-walled profile in torsion
MESH GENERATION

Midsurface definition by 1D elements.
Any element is defined between two
nodes, in this model three curves are
adopted: AB, BC, CD.

C (-19,59,0) B (19,59.0) MESH GENERA‘“ON

ELEMENT CLASS: LINE (2)

CURVES: ADD

Select node A

Select node B

y
D (-19,0,0) | r LA (19,0.05,0) Select node B

—————-

0 (0,0,0) Select node C
Select node C
Select node D
RESET VIEW
FILL

Eﬁlli-El II ” 28/03/2019 32




Thin-walled profile in torsion
MESH GENERATION

MESH GENERATION

MEZ ) Saltware

ADE
ADL
ADD

ADT
NODE

¥ LIKRE
¥ QUAD

¥ BL

MOVE
RENUMBER
OLIDS
UEDIVIDE
MET

END LIST (#)
RETURN UNDO

| DRAW |FILL |RESET VIEW X TV+ RZ+ OM | IN

UTILS S - |[PLOT VIEV DYN. MODEL ouT

imand
r line

EII,I'-IILEl II|| 28/03/2019 33




Thin-walled profile in torsion
MESH GENERATION

NODE PLOT SETTIN

MEZ ) Software

Nodes Iabélling check:

ATTACH INFO

PLOT
NODES: SETTING
LABELS

REGEN

RESET DEAW REDRAW REGEN

RETURN MAIN

34




Thin-walled profile in torsion
MESH GENERATION

NODE PLOT SETTINGS

MEZ  Soltware

ATTACH INFO
ANSE( INFO

RELATED PLOT SETTINGS

DRAW REDRAW REGEN

RETURN MAIN




Thin-walled profile in torsion
MESH GENERATION

CURVE FACETTING

+ RELATIVE

TOLERANCE

MIN DEPTH

MAX DEFTH

PREDEFINED SETTINGS

LOw MEDIUM HIGH

ARROW PLOT SETTINGS

REGEN

E:_ll-llﬁ II ” 28/03/2019

MeZ ) saltware

Curves labelling check:

PLOT
CURVES: SETTING
LABELS
DIRECTIONS
REGEN

36



Thin-walled profile in torsion
MESH GENERATION

MeZ ) saltware

+ RELATIVE
TOLERANCE
MIN DEPTH

DEPTH

MEDIUM HIGH

ARROW PLOT SETTINGS

REDRAW REGEN

37
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Thin-walled profile in torsion
MESH GENERATION

CURVE DIVISIONS

RESTRICTION

MESH GENERATION

AUTOMESH

PRELIMINARY: CURVE DIVISIONS
TYPE: UNIFORM

INPUT: TARGET LENGTH

TARGET LENGTH: 20

APPLY CURVE DIVISIONS

ALL: EXIST

Curve division:
|:> INPUT |¥ TARGET LENGTH
TARGET LENGTH 20

:> ALL SELEC VISIB
EXIST UNSEL INVIS
SELECT END LIST (#) . e s . . . .
= e e e 1NEe curve division is defined my the engineering =
LU practice, and it is strictly related to the elements &

mesh size.




Thin-walled profile in torsion
MESH GENERATION

MEZ Saltware

CURVE DIVISIONS
TYPE ¥ UNIFORM

INPUT |¥T
GET LENGTH

ICTION
¥ NONE

CURVE DIVISIONS

SELECT END LIS
RETURN

Command
Fnter mur

ELII-IILEI II ” 28/03/2019 39




Thin-walled profile in torsion
MESH GENERATION

AUTOMESH CURVES MEZ ) Soltware

t From curves to elements:

MESH CURVES

TOOLS
CHECE MESH CLEAR MESH

MESH GENERATION

AUTOMESH

PRELIMINARY: CURVE DIVISIONS
CHOOSE: CURVE MESHING

LINE ELEMS: MESH CURVES
ALL: EXIST

:> ALL SELEC VISIB
EXIST UNSEL INVIS

SELECT END LIST (#) )
RETURN MAIN UNDO SAVE DRAV FILL RESET VIEW X+ T+ Z+ A+ W+ Z+ | ZOOM IN SHORTCUTS
UTILS |FILES FLOT VIEW DYN. MODEL y 2 Y- Z— - Y- Z— | BOX OUT | SETTINGS | HELP



Thin-walled profile in torsion
MESH GENERATION

AUTOMES

MEZ ), Soltware

LINE ELEMEN
MESH CURV.

CLEAR MESH

T
SELECT END LIST (&%)
RETURN MAIN U FILL
VIEW

gll_ll-llﬁ II ” 28/03/2019 41




Thin-walled profile in torsion
MESH GENERATION

;ENTROID : ‘ From 1D elements to shell elements
MESH GENERATION
o [T EXPAND
HEETTITE— TRASLATIONS:
SRS NS N— 0020
s e e REPETITIONS
MODE: REMOVE
ELEMENTS
ALL:EXIST
S The elements size is defined my the engineering practice, and it is
L related to average size of the component under scrutiny. In the
RETURN HATH g present model, along the Z axis, we decide to adopted two

§ elements to maintain the elements almost squared. .
on
42
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Thin-walled profile in torsion
MESH GENERATION

AND MEZ ) Saltware

CENTROID

S (DEGREE!

FROM

HODE o SHIFT

NODES ELEMENTS POINTS

EII,I'-IILEl II|| 28/03/2019 43



Thin-walled profile in torsion
MESH GENERATION

MEZ ) saltware

MODE:
REMOVE specifies that the elements specified in
an expand elements command will be

removed from the model upon completion of the
command.

SHIFT  specifies the eclements in an
expand elements command to be shifted to

the final position upon completion of the command.

SAVE specifies  the elements in  an
expand elements command to be saved upon
completion of the command.

RESET VIEW
= DYN. MODEL

IN
ouT

SHORTCUTS
SETTINGS

FILL ZOOM
"O%

HELP

Ell_ll-llLEl II|| 28/03/2019 44



Thin-walled profile in torsion
MESH GENERATION

MEZ ) seltware

mmeres e For geometry view-point, the rectangular open
:> : : o profile is symmetric respect to xz plane with
' normal vector the y axis.

MESH GENERATION
SYMMETRY
SYMMETRY PLANE
POINT

000

NORMAL

010

ELEMENTS

VTS ALL:EXIST

INVIS
END LIST (#)
HALIN SAVE DRAV FILL

FILES PLOT VIEW

SHORTCUTS
SETTINGS

RESET VIEW
=DYN. MODEL

HELP

martedi 26 marzo 2019
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Thin-walled profile in torsion
MESH GENERATION

MEZ ) seltware

SYMMETRY PLANE

POINT
0
NORMAT

The lateral crack is
difficult to be
detected.

However, either by
adopting the node
labelling plot, or by
a zoom box it might
' be easily checked.

SELEC
UNSEL INVIS
END LIST (#)

HAIN SAVE DRAV FILL
FILES PLOT VIEW

RESET VIEW
=DYN. MODEL

martedi 26 marzo 2019
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Thin-walled profile in torsion
MESH GENERATION

MEZ ) seltware
YHMET
FPOINT

Zoom box

UNDO SAVE Al RESET

! VIEW
UTILS FILES C =DYN

MODEL

martedi 26 marzo 2019

28/03/2019 47




Thin-walled profile in torsion
MESH GENERATION

SWEEP

SWEEP
TOLERANCE 0.0001

MODE| ¥ MERGE
ELEMENTS
CURVES

REMOVE UNUSED
NODES

ALL FREE NDS

ALL FREE PNTS

ADVANCED PROJECTION SETTINGS

SELECT
RETURN MAIN

28/03/2019

UNDO
UTILS

027 Sattware

The SWEEP contains commands for cleaning up the
model. There are commands for removing coincident
entities, renumbering entities, and removing unused
entities. Entities affected by these commands include
points, curves, surfaces, nodes, and elements. The
number of the entities deleted is collected in the
prompt area.

MESH GENERATION

SWEEP

TOLERANCE: 0.0001 (default value)
NODES
ALL:EXIST

SAVE DRAV FILL
FILES PLOT VIEW = DYN

48



Thin-walled profile in torsion
MESH GENERATION

SWEEP

M6 Soltware

SWEEP
TOLERANCE

MODE| ¥ ME

ELEMEN

CURVES
ALL

POINTS

ADVANCED PROJECTION S

SELECT
RETURN MAIN

ELII-IILEI II ” 28/03/2019 49



Thin-walled profile in torsion
MESH GENERATION

NODE PLOT SETTINGS MEZ) Sattware

ATTACH INFO
ANSFORMS INFO

RELATED OT SETTINGS
TRANSFORMATION

The nodes located at a

distance that overcome

the tolerance threshold

| * are deleted, the further
e remain inalterated.

’ Therefore, the lateral

crack remains.

DRAW REDRAW

RETURN UNDO SAVE FILL RESET VIEW ¥ Y Z00 SHORTCUTS
UTILS |FILES 1.0 = DYN. MODEL ¥ = 37 ¥ 7. 52 SETTINGS | HELP

1 nuova notifica
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Thin-walled profile in torsion
GEOMETRIC PROPERTIES

MEZ ) Saltware

Assignment of uniform thickness
(2 mm) property to the profile.

JCTURAL GP

MAIN MENU
GEOMETRIC PROPERTIES
SECTION BE&AM NEW
— STRUCTURAL 3-D

SHELL

ID GEOM

SELECT
RETURN

structural_pm)

EII.I'-IILEl II| 28/03/2019 =5




Thin-walled profile in torsion
GEOMETRIC PROPERTIES

MEZ ) Saltware

CL. STRUCTURAL 3-D SHELL FROPERTIES

STRUCTURAL

HEW REM
NAME th
TYPE nech
COPY

PROPERTIES

JJ

BEAM SECTIONS
"INGS {E} IYPE 49 ONLY)
SHELL
DIRECTION

Assignment of uniform thickness
(2 mm) property to the profile.

ID GEOMETRIES

NAME

thickness_2mm (optional)
sErEcT PROPERTIES
e — == = [HICKNESS: 2

OK

53
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Thin-walled profile in torsion
GEOMETRIC PROPERTIES

STRUCTURAL

NEW REM
NAME thickn

COPY

PROPERTIES

SHELL
THICKNESS DIRECTION

INVIS
END LIST (#)

MAIN

E:_II-IILEI II ” 28/03/2019

MEZ) saltware

Assignment of the uniform thickness
(2 mm) property to the profile.

ELEMENTS: ADD
EXIST

54
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GEOMETRIC PROPERTIES

GEOME MEZ) saltware
ANAL
STRUCTURAL
REM T ; ?:}
thickne /
Xy x X
e
M\-&\
¥ ;
X\ ¥ | X
\ 1\
[ i
‘*\._1\\ \(
THICENES \X *}( & A
.
I P L
:“-\\ . £
A >{ ‘)( f ; ‘}(
7 H“—-_v_
5 | "‘1_\_
“\‘\\‘ JI X ]
X Ny / X
"w_\
ID GEOMETRIES \H\\N : -
X X 3
X
END LIST (

MAIN UNDO
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GEOMETRIC PROPERTIES

MES sotware

STRUCTURAL
NEW REM [Jthlckness_me

NAME thickness 2mn

Visual check to
geometric properties
BEAM SECTIONS 3 : definition

PLO TINGS

TYPE mech_three shell
COPY

SHELL
JIRECTION

ID GEOMETRY

SELECT
RETURN ; FILL
VIEW
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GEOMETRIC PROPERTIES

C PROPERT

MES sotware

STRUCTURAL

NEW REM
NAME thickne

ryeE : | Moving to the menu
- PLOT SETTING:

SHELL

m 1D GEOMETRIES

MENTS ADD
ADD

MAIN

Command
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GEOMETRIC PROPERTIES 3D visual check of

geometric properties

SHELL FLOT SETTINGS PLOT EXPANDED
SHE 5 PLOT OFFSET
The thickness is

SOLID
D‘F.‘.“HJ ']‘ZI_EHENTE- . X eq ua”y dlStrlbUted
— e . ’ from the midshell

DEAW REDRAW REGEN

RETURN MAIN UNDO SAVE DRAV FILL RESET VIEW ¢ 34 Y iz IN SHOR
UTILS FILES PLOT VIEV =DYN. MODEL X Y Z Y OUT | SETTIN
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GEOMETRIC PROPERTIES

Modelling Visualization

Ll
=l

At the corner, the visualization differs from the modelling aspect. In fact, the shell
thickness remains normal to the elements located at the mid-plane, therefore the
visualization is not coherent with the modelling aspect.

The mid-plane is a reference plane commonly adopted for the evaluation of the
stress and strain fields of a shell element during FE analysis. However, ...

EII,I{IILE' II” 28/03/2019
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GEOMETRIC PROPERTIES

However, we can modify the reference plane used for the output evaluation by imposing a offset.

GEOMET
CLASS
STRUCTURAL
NEW
NAME

SELECT
RETURN

28/03/2019

STRUCTURA
THICK
D

ELEMENT TECHNOLOC

TNDK
uT

) SHELL

PROPERT

TYPE 49 ONLY)

MODEL

PROPERTIES

SHELL OFFSET

MEZ ) saltware
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GEOMETRIC PROPERTIES

However, we can modify the reference plane by imposing a offset.

B! Marc Mentat 2013.1.0 (64bit) (OpenGL): medel2.mud
GEOMETRIC P ES

==

MES ) sattware

SHELL OFFSET
CONTROL

THICEN DIRECTION

USED OFFSET

OFFSET -1

ID GEOMETR
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GEOMETRIC PROPERTIES

However, we can modify the reference plane by imposing a offset, calculated from
the normal vector of each element, and with the magnitude prescribed by te designer.

OFFSET =0 OFFSET = -1

rg;_lﬂlﬁ II‘ 28/03/2019
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GEOMETRIC PROPERTIES

Top

. 1/ Midplane
<« ¥

In the present treatise, the reference surface is assumed to be the
plane where the nodes lie.

o2
. >
N | & e

An offset term is considered that pointwisely shifts the geometric
midsurface with respect to the reference surface.
A positive offset shifts the midsurface towards the top.

gII_II-IILEl II” 28/03/2019
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SHELL PLOT SETTINGS

Thin-walled profile in torsion

GEOMETRIC PROPERTIES

ELEMENTS

DEFAULT THICK

HELL ELEMENTS
OT OFFSETS

ELEMENTS
WIREFRAME

DRAW

RETURN

Eﬂ-llﬁ II ” 28/03/2019

+ SOLID

REDRAW REGEN

top/front

top/front/inside

bottom/back/outside

Check of bottom and
top surfaces.

ID BACKFACES

TOP: blue
BOTTOM: ochre
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GEOMETRIC PROPERTIES
MESH GENERATION

aay CHECK
moes FLIP ELEMENTS
% - ‘_‘ ZERO "E‘IUHE- : ALL: EXIST

top/front
CROSS ELEMENTS

top/front/inside

FLIP ELEME
bottomsback/outside

FLIP CUR

FLIE ¢

ALIGN SHELLS

REORIENT ELEMENTS

mID

END LIST (&)
MAIN
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MATERIAL PROPERTIES

uei‘/t..u‘m:

STRUCTURAL

NEW MATERIAL
! STANDARD

EXPERIMENTAL DATA FIT
¥ SHOW MODEL
ID MATERI

SELECT
RETURN MAIN UNDO
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MATERIAL PROPERTIES

MATERIAL
MATERIAL PROPERTIES STAN DARD
ifrnnr'rnn AL NEW
— NAME: alluminio
TYEE ;i;:x:{ - » , e ! Enter
. " GENERAL
) MASS DENSITY
T —— 2.7¢-9
GENERAL OK

STRUCTURAL

The mass density unit
is tonn/mms,

EXPERIMENTAL DATA FIT
¥ SHOW MODEL

SELECT
RETURN
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MATERIAL PROPERTIES

STRUCTURAL
YOUNG'S MODULUS
. 70000

OGS ; POISSON'S RATIO
standard 0 ) 3
OK

VISCOP

DAMAGE A THERHAL EXPANSION

EXPERIMENTAL DATA ~ —
DAMPING FORMING LIMIT

SELECT
RETURN
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MATERIAL PROPERTIES

ELEMENTS
ADD

NEW alluminio ALL: EXIST

Nj"aME alluminio = ID MATERIALS

TYPE standard

STRUCTURAL

GENERAL

UCTURAL

{PERIMENTAL DATA FIT
W MODEL
mID HATERIA

ELEMENTS

REMOVE UNUSED

XIST i VIS
SELECT END LIST ¢
RETURN

er add material element
Fnter add material
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Thin-walled profile in torsion
MATERIAL PROPERTIES

MES A Saftware

STRUCTURAL PROPERTIES

SN TYPE |¥ ELASTIC-PLASTIC ORTHOTROPIC

HEW REN READ

aluminium_ortho

G'S MODULI

tandard

THERMAL E

L DATA FIT - -
FORMING LIMIT

STRUCTURAL
TYPE: ELASTIC-PLASTIC
ORTHOTROPIC

9 MATERIAL CONSTANTS

RETURN

il!gllllll

A local orientation system must be
defined!!!!
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MATERIAL PROPERTIES

PLOT
I ELEMENTS: SETTING
— DRAW:
® ELENENTS WIREFRAME

SOLID + WIREFRAME

+ 100

OUTLIKRE

THICKNE DIRECTION

DRAW REDRAW REGEN

RETURN

Command
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MATERIAL PROPERTIES

ELEMENT PLOT SETTINGS

DRAW
mELEHMENTS
SOLID + WIREFRANE
SIZE + 100 a0
70 60
LABELS

B FACES
FULL + SURFACE

+ SURFACE OUTLIKRE

OUTLINE

RELATED PLOT SETTINGS
BEAM SHELL
THICKNESS DIRECTION

RESET DEAW REDRAW REGEN

RETURN UNDO

uT

E{_II-IILEI II ” 28/03/2019

By wireframe visualization,
the element area is defined
by a cross, the orientation is
defined by an arrow located
on the first edge of the
element (direction deifined
by the first to the second
node).

Element local orientation:

A counterclockwise
orientation defines the top
view point.

A  clockwise orientation
defines the bottom view
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MATERIAL PROPERTIES: orientation

MATERIAL PROPERTIES

B MATERIAL PROPERTIES

® ORIENTATIONS

SURFACE PROPERTIES

RETURN

il

MAIN

28/03/2019

UNDO

UTILS
HISTING

SAVE

FILES

DRAW
PLOT

FILL
VIEW

RESET VIEW
=DYN. MODEL

To align the elements
orientation to a preferred
system

MATERIAL
ORIENTATIONS
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MATERIAL PROPERTIES: orientation

ORIENTATIONS MEZ S oftwar

I ORIENTATION

To align the elements orientation to a preferred system

MATERIAL
ORIENTATIONS
NEW

|:> User-defined intersecting plane types, for 2-D elements.

For type uu plane, the plane determined by 2 user-defined
vectors is intersected with the surface tangent plane.

The first preferred direction is defined by the vector 1. The
third preferred direction is given by the surface normal, and
the second preferred direction is given by the cross product
of the third and first directions (right-hand rule).

RETURN UNDO SAVE DRAV FILL RESET VIEVW TX+ TY
= FILES PLOT VIEW ®DYN. MODEL TX- TY

TZ+ RE+ RY+ RZ+
TZ= RE- RY-—
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MATERIAL PROPERTIES: orientation

’3

DIRECTION:
1: RED

2: GREEN
3: BLUE

Vector 1

The direction 1 would be coherent
with the global axis Z of the model.

rcdﬁ-lli_El II” 28/03/2019
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MATERIAL PROPERTIES: orientation To align the elements

orientation to a preferred

system
|:> NEW REM
ORIENTATION

MATERIAL
ORIENTATIONS
NEW

UU PLANE

ORIENTATIONS

RETURN UNDO SAVE DRAV FILL RESET VIEVW X+ ¥+ Z+ X - RY XZ+ Z00} IN SHORTCUTS

SETTINGS | HELP

UTILS |FILES - |PLOT VIEW mDYN. MODEL X Z X W ouT
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MATERIAL PROPERTIES: orientation To align the elements

orientation to a preferred
ORTENTATIONS system
: | MATERIAL
- | ORIENTATIONS
NEW
ECTOR 2 UU PLANE
;- VECTOR 1
ROTATE ; ‘ | | i 001
:> ELEMENTS ADD REM 32 VECTOR 2
L
— ) ELEMENTS: ADD
ORIENTATIO = INGS : L E ALL EXIST

ALL SELEC VISIB
EXIST UNSEL INVIS

END LIST (#)

UNDO SAVE DRAW FILL
UTILS FILES PLOT VIEW
) [ENE
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MATERIAL PROPERTIES: orientation To align the elements

orientation to a preferred
ORTENTATIONS system
: | MATERIAL
- | ORIENTATIONS
NEW
ECTOR 2 UU PLANE
;- VECTOR 1
ROTATE ; ‘ | | i 001
:> ELEMENTS ADD REM 32 VECTOR 2
L
— ) ELEMENTS: ADD
ORIENTATIO = INGS : L E ALL EXIST

ALL SELEC VISIB
EXIST UNSEL INVIS

END LIST (#)

UNDO SAVE DRAW FILL
UTILS FILES PLOT VIEW
) [ENE
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MATERIAL PROPERTIES: orientation o oot the local

ORIENTATIONS coordinate Syste m
vED R previously defined:

HAME orientationl

TYPE uu_plane

ORIENTATIONS
COORDINATE
SYSTEM

ALIGHN
ADD REM
LOCAL
REMOVE UNUSED
TEMS
SETTINGS

UNDO
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MATERIAL PROPERTIES: orientation
To plot the local

coordinate system
ORIENTATION PLOT SETTINGS preVIOUSIy deflned
ORIENTATIONS
EFEEOERTHD - 4 COORDINATE
o — | =1  SYSTEM

DRAW:

CUSTOM

ARROV PLOT SETTINGS

RESET DRAW REDRAW REGEN

RETURN
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LINKS: RBE2

LINKS

LINKS = KINEMATIC RELATIONS BETWEEN NODES
SPRINGS/DASHPOTS The RBEZ2 is a nodal tie, it is a rigid link type of tie.
RETS A number of tied nodes are rigidly connected to a retained

L node (ONLY ONE).

The retained node can have loads and boundary conditions
applied to it.

The tying can be done for separate degrees of freedom or for
all degrees of freedom.

The RBEZ2 supports large deformations and rotations.

INSERTS

CONNECTIONS

DISCONNECTED DOF-SETS

In the present model, the prescribed rotation will be applied to the
retained node of the RBE2, as described in the following.

RETURN MAIN UNDO SAVE DRAV FILL RESET VIEW

UTILS FILES PLOT VIEW =DYN. MODEL
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LINKS: RBE2
To create a RBE2:

RBE2'S

NEW REM

NAME rbe2_1 RB E2
COF : EDIT PICK : N EW
F.'E;‘EENED ( REFERENCE “102 e } RETAI N E D
TIED NODES ' ; Y k NODE
\ 104

TIED NODES: ADD

il

SELECT
RETURN HAIN

BLEL VIEW = 1
VIEW ¢ MODEL X X Z SETTINGS
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Thin-walled profile in torsion

LINKS: RBE2
To create a RBE2:

RBE2'S

NEW REM

NAME rbe2_1 RB E2
COF : EDIT PICK : N EW
F.'E;‘EENED ( REFERENCE “102 e } RETAI N E D
TIED NODES ' ; Y k NODE
\ 104

TIED NODES: ADD

il

SELECT
RETURN HAIN

BLEL VIEW = 1
VIEW ¢ MODEL X X Z SETTINGS
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LINKS: RBE2
To create a RBE2:

e _ RBE2
;:ET;;INED ( REFERENCE ) = | U-P,IREHTL UEH—N%{“ f‘ET‘:‘ node 1 NEW

NODE 102 t 0 = : RETAI NED
TIED NOD 7 NODE

2 |3 JEL 104

TIED NODES: ADD
SET
tied nodes z40

DRAW FILL RESET VIEW
PLOT VIEW ®DYN. MODEL
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LINKS: RBE2
To create a RBE2:

RBE2 'S

NEW REM RB E2

NAME rba2 1

COPY EDIT PICK 5 N EW

RETAINED (REFERENCE)} : o RETAI N E D

NODE 102

TIED NODES ‘:‘ ‘ > N O D E

E— o FRETTTTTE CATET WY 104
‘ N\ TIED NODES: ADD

A:FEI\ ANAL SET
tied nodes z40
O .

OUTL
INVIS SURF
END LIST (#)

ZOOM

BOX

IN
ouT

SHORTCUTS
SETTINGS

| DRAW FILL
PLOT VIEW

RESET VIEW £
= DYN. MODEL TX= TY= TZ=- RX- RY- RZ-

HELP
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BOUNDARY CONDITIONS

BCs: xy-skew symmetry
definition at coordinate z=0

CONDITION BOUNDARY CONDITIONS
NEW

e STRUCTURAL

' FIXED DISPLACEMENT

FILL VIEW
VIEW 1y HMODEL

II” 28/03/2019 89
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METHOD ¥ ENTERED VALUES

REFERENCE P! TION ¥ POSITION

: TIHE DEPENDENCE ¥ TAB
COPY -
L X

| v b5 1111 |
BCs:xy-skew-symmetry definition at coordinate z =0

BOUNDARY CONDITIONS
NEW

STRUCTURAL

NAME: skew_symm_xy

TYPE: FIXED DISPLACEMENT
DISPLACEMENT X
DISPLACEMENT Y
ROTATION zZ

OK

28/03/2019

MEZ ) Saltware

k! JHELP
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BOUNDARY CONDITIONS

MEZ ) Software

LY DEFINED
node
TYPE fixed_displacemnent node
~0PY node

node

BCs:xy-skew-symmetry
definition at coordinate z=0

NODES: ADD

REMOVE ALL BOUND COND SET
skew_symm_nodes_xy
OK

NODES

SELECT END LIS
RETURN MATH UNDO SAVE
UTILS FILES

2 nuove notifiche
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BOUNDARY CONDITIONS

MEZ ) Saltware
ANATY
STRUCTURA.
NEUW
NAME

T

SELECT S )
RETURN 12 UNDO | DRA SET VIEW
5 VIEW {. MODEL
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SKEW-SYMM and RBE2 dof

BOUNDARY CONDITIONS RBE2
NAME: skew_symm_xy NEW
TYPE: FIXED DISPLACEMENT RETAINED
DISPLACEMENT X NODE
DISPLACEMENT Y 104
ROTATION Z TIED NODES: ADD
SET
tied nodes z40
DOF:
1
2
6

- The rigid element dofs constraints are equal to the skew-symm, therefore,
the retained node of RBE2 might be thought as a skew-symm BCs, free
referring to Z displacement, and free to the rotations associated to Z.
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BCs: rotation Z prescribed

The imposed rotation Z must
be 0.001 rad/mm, this rotation
relies on the length of the
profile.

BOUNDARY CONDITIONS
NEW

STRUCTURAL

FIXED DISPLACEMENT

Ell,lillﬁ II" 28/03/2019 94



> TRANSFORMATIONS

Thin-walled profile in torsion

BCs: rotation Z prescribed
The imposed rotation Z must

be 0.001 rad/mm, this rotation
= | relies on the length of the
Py — PP profile.

PREV

BOUNDARY CONDITIONS
NEW

STRUCTURAL

FIXED DISPLACEMENT
TABLES

ADD REM
ADD REM
ADD REM
ADD REM

SELECT
RETURN THDO SAVE DRAW FILL RESET VIEW X T+ - K Y 7 ZOOM IN SHORTCUTS
UTILS FILES PLOT VIEW = DYN. MODEL X . . K Y RZ ouT SETTINGS | HELP

enent @popdown{apply_type_pm)

28/03/2019 95
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BCs: rotation Z prescribed

The imposed rotation Z must be
— 0.001 rad/mm, this rotation relies
> ' on the length of the profile.

2 INDEPENDEN
3 INDEPENDEN
4 INDEPENDEN

ExpERIMENTAL DATA FIT BOUNDARY CONDITIONS
NEW

STRUCTURAL

FIXED DISPLACEMENT
TABLES

1 INDIPENDENT VARIABLES

¥ SHOW TABLE
FILLED ¥ CURVES
GENERALIZED
CLIPBOARD

RETUEN A UNDO SAVE | DRAW FILL RESET VIEW ¥ K XY 7@[}1[ IN SHORTCUTS
UTILS FILES PLOT VIEV = DYN. MODEL 7 X 7 OUT | SETTINGS | HELP

: #*new_nd_table 1 1
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BCs: rotation Z prescribed

tablel MEZ ) Saltware
NEW EM WRITE F
NAME

COPY EDIT

VARIABLES FIT
INDEPENDENT VARIABLE V1

TYPE z0_coordinate

MIN 0 T
1
STEPS 10

FUNCTION VALUE F
MIN 0

il

10

NEW
TYPE: z0_coordinate
FORMULA

SHOW FROH C
FILLED ¥ CURVES

UNDO SAVE | DRAW |FILL | VIEW Y+ 7+ Y- : SHORTCUTS
UTILS - |FILES - |PLOT VIEW ‘ X TY X Y 2 SETTINGS
OIMILE T
r the type for V1 L =
_md_table_type 1

ordinate

e
Command
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BCs: rotation Z prescribed

MEZ ) soltware
FIXED DISPLACEMENT

METHOD ¥ ENTERED VALUES

¥ POSITION AT ACTIVATION OF BC

splacemnent

1]
0
0
0
0
0.001 tablel

\x ! PROPERTIES

' DISPLACEMENT X
DISPLACEMENT Y
DISPLACEMENT Z
ROTATION X
ROTATION Y
ROTATION Z 0.001
TABLE
table1
OK

ADD

SELECT =108 =T |
RETURN 3 SAV FILL RESET VIEW
VIEW =D¥YN. MODEL

X [ [ [ [x] [x]
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BCs: rotation Z prescribed

ME)) satware

STRUCTURAL

NEW REM

fized displacement
PREV

MERGE DUPLICATE BOUND CONDS
REMOVE ALL BOUND CONDS

NODE: ADD
104
END LIST (#)

UNDO
OTILS
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Thin-walled profile in torsion
JOBS

MAIN MENU
PRE
MESH GENERATION

METRIC PROPERTI

MATERIAL PROPERTI

MODELING TOOLS - 5 A ) [\ MAIN MENU
CONTACT > ,. ‘ , O | JOBS

LIN k

INITIAL CONDITIONS

EOUNDARY CONDITIONS

MESH ADAPTIVITY

DEVICE

00 .mud opened for reading

=

MEZ)) Soltware
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JOBS

MEZ S ottware

MAIN MENU
JOBS

NEW
STRUCTURAL
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Thin-walled profile in torsion

JOBS

A jobl

STRUCTURAL

DEACTIVATION DMIG OUT

INPUT FILE T INCLUDE FILE
ELEHENT TYPE TITLE
CHECK RENUMBER ALL m TABE

USER DOMAINS

SELECT
RETURN MATIN

28/03/2019

ME ) seltware

MAIN MENU
JOBS
NEW
STRUCTURAL
PROPERTIES
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Thin-walled profile in torsion

JOBS
. — MAIN MENU

il e JOBS

' NEW
STRUCTURAL
PROPERTIES

INITIAL LOADS

DEACTIVATION DMIG OUT

INPUT FILE T INCLUDE FILE
ELEHENT TYPE TITLE
CHECK RENUMBER ALL E

USER DOMAINS

- INERTIA RELIEF SYMME
RON .

TE ROLLING S DIMENSION

CTIONS
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Thin-walled profile in torsion
JOBS

MAIN MENU
JOBS

NEW

i : : e STRUCTURAL

| iweors fixed_displacenent PROPERTIES
INITIAL LOADS
SKEW_SYMM_XY
ROTATION_Z

OK

INITIAL CONDITIONS

DEACTIVATION DHIG OUT
INPUT FILE TEXT INCLUDE FILE
TITLE
® TAE
USER DOMAINS

RUN

SELECT
RETURN MAIN

structura
mmand
mmnand > ; t_3J 4 s strw

|| 28/03/2019 105
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JOBS
. — MAIN MENU

— iietne i JOBS

' NEW
STRUCTURAL
PROPERTIES
INITIAL LOADS

JOB RESULTS

DEACTIVATION DMIG OUT
INPUT FILE T INCLUDE FILE
ELEHENT TYPE TITLE
CHECK RENUMBER ALL E
= INITIAL 1O
INERTIA RELIEF SYMME

USER DOMAINS

RON =
TERS

TE ROLLING S DIMENSION

CTIONS
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Thin-walled profile in torsion
JOBS |

OUTPUT FILE
INCREMENT F LINES

STATUS FILE

+ ALL POINTS CENTROID

QUANTITIES + DEFAULT

JOB RESULTS

AVAILABLE ELEMENT TENSOR
Stress in Preferred Sys (OUT & MID)

AVAILABLE ELEMENT SCALAR

Equivalent Von Mises Stress (MAX & MIN)

1st Element Orientation Vector (DEFAULT)

2nd Element Orientation Vector (DEFAULT)
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JOBS

JOB RESULTS

e SELECTED NODAL QUANTITIES
Crones —Tcke CUSTOM

AVAILABLE NODAL QUANTITIES
Displacement

Rotation

Reaction Force

Reaction Moment

Tying Force

Tying Moment

O [ K & [x [x] [

ELEMENT RESULTS +ALL FO CENTROID

L QUANTITIES CLEAR DEFAULT CUSTOM
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JOBS

MAIN MENU
STRUCTURAL JOB = ‘J(:)IE;ES

7 LVI;iEVA‘F.‘h }‘ELVA‘VE‘T ¥S E NEW

FERSEETS STRUCTURAL

’ PROPERTIES
INITIAL LOADS

ANALYSIS DIMENSION
3-D

AVAILABLE

DEACTIVATION DHIG OUT
INPUT FILE TEXT INCLUDE FILE
ELEMENT TYPES TITLE
CHECK RENUMEER ALL W TABLES
USER DOMAING BN ITATS
- INERTIA RELIEF CYCLIC SYMMETRY

STEADY STATE ROLLING

SELECT MODEL SECTIONS
RETURN
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JOBS

ME ) seltware
REM
jobl

srencruma MAIN MENU

' JOBS

NEW
STRUCTURAL
ELEMENT TYPES

DEACTIVATION DMIG OUT

INPUT FILE T INCLUDE FILE
|:> ELEMENT TYFE TITLE

CHECK RENUMBER ALL mTAE

USER DOMAINS

SELECT
RETURN MATIN
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JOBS

M) sattware

CLA
0 [B_! Marc Mentat 3-D Shell/Membrane Structural Element Types
> DIMENSION

THICK SHELL — REDUCED INTEGRATION
THIN SHELL

MAIN MENU
JOBS
NEW
STRUCTURAL
e — ‘ . ELEMENT TYPES
{ SHELL/MEMBRANE
THICK SHELL
75
OK
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JOBS

CLEAR
ALL
EXIST
SELECT

RETURN

Ell_II-IILEl II|| 28/03/2019

FILL
VIEW

RESET VIEW
DYN. MODEL

MAIN MENU

JOBS

NEW
STRUCTURAL
ELEMENT TYPES
SHELL/MEMBRANE
THICK SHELL

75

OK
ALL:EXIST

MEZ S oltware
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Thin-walled profile in torsion
JOBS

OBS g
JOBS MEZ Saltware

— MAIN MENU
STRUCTURAL JOBS

PROPERTIES ==} C H E C K

Verify the prompt

RUN

DEACTIVATION DMIG OUT

INPUT FILE TEXT INCLUDE FILE
ELEMENT TYPES TITLE
= TABLES

Ul

SELECT
RETURN UNDO DRAW FILL RESET VIEW
VIEW DYN. MODEL

INFO

INFO: Found
INFO: Job c
Fnter add ann
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Thin-walled profile in torsion
JOBS

MAIN MENU

o

CHECK
T v

-- SUBMIT

EXIT NUMBER 3004

KILL

Complete
(1)
7.7981e-017

DEACTIVATION DMIG OUT
INPUT FILE TEXT INCLUDE FILE
ELEMENT TYPES TITLE

:> CHECK RENUNMEER ALL ES -
ATIC ]
USER DOMAINS e 1004

OUTPUT FILE LOG FILE

S MENU)

RETURN 17 5 o : c SHORTCUT
UTILS FILES VIEU DY} TY 4 ouT SETTINGS

bmit
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Thin-walled profile in torsion
JOBS

OUTINE FILE

s o s ok ok ok ook ok ok sk ok ook ok sk ok R ok ok kR sk sk kol R R sk R R R sk R ROk R R ok ok ok R kR ok ok R R s ok ok ok ok ok ok

ION/GPU No DD

This is a successful completion to a Marc simulation,
indicating that no additional incremental data was
found and that the analysis is complete.

o ok ok ok sk ok sk ok sk ok sk sk sk sk sk ok sk sk sk ok sk ok sk ok ok ok sk ok ok ok ok ok ok ok ok ok sk R ok ok sk sk kol ok ok ok ok sk ok kol ok kol ok ok ok kR ok ok ok ok ok ko ok Rk ok ok ok

Marc 2013.1.9

Exit number 3004
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Agenda

Finite Element Modelling
MSC Marc Mentat

Thin-walled profile in torsion

The problem

Mesh generation
Geometric properties
Material properties
Links: RBE2
Boundary conditions
Jobs

Results

Thin-walled profile in torsion UPDATE
Mesh convergence
References
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Thin-walled profile in torsion
RESULTS ST

OPEN POST FILE (RESULTS MENU) —
DEFOMED SHAPE  Sotve: Tiree
STYLE: DEFORMED AND ORIGINAL

CLOSE

Inc: 0
Tiyme: 0.000e+000

7981e-017

EXIT NUMBER

EDIT OUTPUT FILE
LAR PLOT

+ OFF

PLOT
GN PLOT

SELECT
RETURN M A /E DRAW EIEL RESET VIEW
UTILS FILES PLOT VIEW ®DYN. MODEL



Agenda

Finite Element Modelling

MSC Marc Mentat

Thin-walled profile in torsion
Thin-walled profile in torsion UPDATE

Boundary conditions
Jobs

Mesh convergence
References
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Thin-walled profile in torsion
BOUNDARY CONDITIONS

MES ) soltware

DISPLACEMENT
¥ ENTERED VALUES

REM

HAME positioning_z

TYPE fixed displacement
COPY PREY

PROPERTIES

RANSFORMATIONS

ADD REM
REM

BOUNDARY CONDITIONS \q’*
NEW
STRUCTURAL
| FIXED DISPLACEMENT
DISPLACEMENT Z
NODES: ADD
Select only one node of the model,
e.g. at the skew symm-plane (5) o
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Thin-walled profile in torsion UPDATE

BOUNDARY CONDITIONS

NANE
TYEE
COFY

MERGE DUPLICZ CO
REMOVE ALL BOUND CONDS

® TABLES TRANSFORMATIONS

NODES ADD REM 1
ADD REM 0
REM
EM 0
i S OUTL
JNSEL SURF

SET END LIST (#)

SAVE DRAW FILL RESET VIEW
FILES PLOT VIEW = DYN. MODEL

gII_II-IILEl II” 28/03/2019

The motion of the rigid body must
be removed, therefore the BCs
must be reviewed.

BOUNDARY CONDITIONS

NEW

STRUCTURAL

FIXED DISPLACEMENT

NAME positioning_z
DISPLACEMENT Z

NODES: ADD

Select only one node of the model,
e.g. at the skew symm-plane (5)
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Thin-walled profile in torsion UPDATE
JOBS

The jobs must be uploaded including the
new BCs named positioning_z.

SELECTED INITIAL JOB
skew_symm_xy
rotation_z
positioning_z

OK

All the BCs must be switched on. Then the
INITIAL CONDITIONS CLEAR model is ready to be calculated once again
starting from the JOB menu:

DEACTIVATION DMIG OUT
INPUT FILE TEKT INCLUDE FILE

T SR I — (A CHECK
— RUN
> SUBMIT

OUTL
; SURF
END LIST (#)
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Thin-walled profile in torsion UPDATE
JOBS

Now, we evaluate the model results, as
seen before, from the menu:

RUN JOB

USER SUBROUTINE FILE

OPEN POST FILE (RESULTS MENU)
DEFOMED SHAPE
e S TYLE: DEFORMED AND ORIGINAL

lver Thread
No GPU(s)

PARALLELIZATION/GPU Ho DDM
1 &
IS
¥ TABLE-DRIVEN SAVE MODEL
ADVANCED JC M ION
MONITOR KILL

Complete

0 (1)

0.013275

DEACTIVATION DMIG OUT
INPUT FILE TEXT INCLUDE FILE

ELEMENT TYPE TITLE
|:> K RENUMEER ALL ® TABLES

USER DOMAINS NUMBER

RUN y
OUTPUT FILE : STATUS ANY

FILE (RESULTS

SELECT
RETURN
VIEW
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Agenda

Finite Element Modelling

MSC Marc Mentat

Thin-walled profile in torsion
Thin-walled profile in torsion UPDATE
Mesh convergence

References
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Thin-walled profile in torsion
MESH SIZE: CONVERGENCE

1600 ¥
T30
1400
1200 | 129
No.of 1000 | 128 stress
Elements ] (MPa)
800 t27
600 1
126
400

200 125

0 24

Convergence

== No. of Elements
-+ Stress

iE | ||
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Agenda

Finite Element Modelling

MSC Marc Mentat

Thin-walled profile in torsion
Thin-walled profile in torsion UPDATE
Mesh convergence

References
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References

LAB Marc Mentat files saved as:
torsione rev0l labile.mud
torsione rev0l labile.tlo6
torsione rev0l nolabile.mud
torsione rev0l nolabile.tlo6

thin walled profile in torsion.proc
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Sara Mantovani

Via Vivarelli, 10

41125, Modena, Italy

Mail: sara.mantovani@unimore.it
Mail: millechili@unimore.it
Phone: +39 059 2056280

«lIt is much easier to make
measurements than to
know exactly what you are
measuring».

J. W. N. Sullivan
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