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INCORPORANDO A ELASTOPLASTICIDADE A UMA BARRA EM TRACAO

INTRODUCAO

Nesta aula, voltamos a trabalhar com o elemento de barra em tragao,
porém incorporando um comportamento elasto-plastico. Esse € o caso, por
exemplo, quando uma forca € aplicada em uma barra de maneira a exceder a
tensdo limite de escoamento do material. Sera utilizado aqui um exemplo
existente na literatura, cujo material possui um encruamento néo linear, e se
conhece a curva tensdo-deformacédo. Neste caso, tal curva sera aproximada
por uma relacdo multilinear que procura aproximar a curva nao linear do
material.

Barra em tracdo submetida a uma carga crescente

Através do seguinte exemplo didatico, apresentado em pela Universidade
de Alberta, pretendemos demonstrar como determinar os esforcos a que esta
submetida uma barra tracionada, quando submetida a um carregamento
crescente.

PROPRIEDADES GEOMETRICAS

e Comprimento da barra: L = 100 mm;
e Secao transversal retangular: “b” =5 mm e “h” =5 mm,;

PROPRIEDADES DOS MATERIAIS

e Material ndo-linear cuja curva tensdo-deformacéo (stress-strain) é
dada na figura abaixo;

» Stress-Strain Curve TENSAO | DEFORMACAO
(MPA) (USTRAIN)
400} // 1 75 0.001
350} P . 150 0.002
sl ] 225 0.003
s 240 0.004
g 250

= 250 0.005
£ 200 T 300 0.025
150% 1 355 0.060
& 390 0.100
K| 420 0.150
435 0.200
00 0 E)S Ol1 0.I15 0.2 0:25 0,'3 0.35 449 0250
Strain (microstrain) 450 0.275

Figura 1 — Gréfico tensdo-deformacédo do material que compde a barra.
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COMANDOS ANSYS®9.0ED

A
O 1. INICIO DA ANALISE

1.1. Introduz o titulo do problema a ser resolvido:
v" No ANSYS Utility Menu clicar em file e acessar a opcdo “Change
Title...”;
v" Na nova janela que aparecer, digitar novo titulo: “Barra tracionada com
material nao linear”;
v Clicar em OK.

1.2. Alterao nome dos arquivos:
v No ANSYS Utility Menu clicar em file e acessar a opcao “Change

Jobname...”;
o Na nova janela que aparecer, digitar novo nome do arquivo:
“‘Barra_EP”;
v" Clicar em OK.

1.3. Escolhe o tipo de analise que se pretende executar, visando filtrar
comandos a serem apresentados na telas de entrada:
v" No ANSYS Main Menu clicar em “Preferences”;
v" Na nova janela que aparecer, em “Discipline for filtering GUI Topics”,
selecionar a opg¢ao “Structural”;
v Clicar em OK,

2. ENTRA NA FASE DE PRE-PROCESSAMENTO

O v" No ANSYS Main Menu, clicar em “Preprocessor”.
B

2.1. Escolhe o tipo de elemento finito que sera usado:
v Dentro do “Preprocessor”, selecionar “Element Type”;
v Dentro do “Element Type”, selecionar “ Add/Edit/Delete”;
v" Na nova janela que abrir, clicar em “Add...” para selecionar um novo
elemento.
v' Outra janela se abrira, entdo no “Library of Element Types” selecionar o
elemento “Link”, “2D spar 1” e clicar em OK.
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Defined Element Types:

‘neral Po

N\ Library of Element Types

Only structural element types are shown

Library of Element Types

Li B || 30 finit stn 180
Beam 5

spar 8
Pipe bilinear 10
Solid actuator 11

Shell
Solid-Shell

proc
Postpro

T o
Pick a menu item or enter an ANSYS Command (PREP7) ate1 [opet P Py secn=l
2.2. Define as constantes geométricas da sec¢ao das barras que compde
0 modelo:
v Dentro do “Preprocessor”, selecionar “Real Constants”;
v Dentro do “Real Constants”, selecionar “Add/Edit/Delete”;
v" Na nova janela que abrir, clicar em “Add...” para adicionar uma nova
area de secao transversal das barras;
v Uma nova janela se abrira entdo selecionar o tipo de elemento em
“Choose element type” e clicar em OK;
v" A janela “Real Constants Set Number 1, for LINK 1” ira aparecer. Deve-
se inserir:
o Real Constant Set No. =1
o Cross-sectional Area AREA =25
v Clicar em “OK”;
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Al e, =

_JLJLDJJJ_’J% EEEE

N\ Real Constants = ‘[

Set

ignXplorer VT
ign Opt

& Session Editor

Finish

A\ Real Constant Set Numbe:

Element Type Reference No. 1
Real Constant Set No.

Cross-sectional area AREA

[ Pick a menu item or enter an ANSYS Command (PREP7) [mat=1 [type=1 real=1 csys=0 secn=1 |

v" Clicar em “CLOSE".

O,

2.3.

\

Define as propriedades do material que compde as barras:

Dentro do “Preprocessor”, selecionar “Material Props”;

Dentro do “Material Props”, selecionar “Material Models”;

Na nova janela que abrir, para o “Material Model Number 17, no quadro
“Material Models Available” selecionar:
“Structural>Linear>Elastic>Isotropic”;

Dar um duplo clique em “Isotropic”;

A janela “Linear Isotropic Material Properties for Material Number 1 ira
abrir. Inserir na lacuna “EX” o valor referente ao Modulo de Elasticidade
do material e clicar em “OK”:

o EX = 75000;
o PRXY =0.3;
Clicar em “OK”;

No quadro “Material Models Available” selecionar:
“Structural>Nonlinear>Elastic>Multilinear Elastic”;
Dar um duplo clique em “Multilinear Elastic”;
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FA\ ANSYS ED Utility Menu (BARRA_EP)

JﬁlililJJ;J% EEEE

Preferences 1 | NODES
B Preprocessor
Element Type
Real Constants
B Material Props
@ Material Library

Teimpeiatare UnES Material Edit Favorite Help
El’;;i;;;";i%é.’;‘.‘,“ Material Models Defined Material Models Available
PRESEES: INEa
Eg:x;: n:al::« . [Material Model Number ] &8 Favorites
jlure Criteria o Structural
rite to File 8 Linear
ead from File (&3 Elastic
;E:;:i’:g 8 Nonlinear
Meshing 8 Elastic

Checking Ctrls
Numbering Ctrls

(&8 Hyperelastic
[Muttilinear El:
i
(8 Inelastic
@ Viscoelastic
@ Density

@ Therm

General Postproc
TimeHist Postpro

Drop Test
Topological Opt
ROM Tool &l

| Pick a menu item or enter an ANSYS Command (PREP7) [ mat=1 [type=1 [ real=1 [ csys=0 [ secn=1 |

v" Na janela “Multilinear Elasticity for Material Number 1”, inserir:
o Strain Stress:
= 0.001 75
o Clicar em “ADD Point”;

P2 ANSYS ED Utility Menu (BARRA_EP) - = BLX

ETTF T m— Tl

b |3

[ Preferences

B Preprocessor
Element Type
Real Constants

& Material Props ten N\ Multilinear Elastic for Matei'al Nuibei ;_
Material Library
B Temperature Units ateria

Electromag Units Multilinear Elasticity for Material Number 1
atorial Modek

. - Material Mod |

wx.n—v_.w.}m, B ebiiimiein.
Convert ALPx e | T
Failure Criteria

B Write to File 1 0.001 175

Coupling / Ceqn
FSISet Up

MG S5t Up Add Temperature | Delete Temperature Add Point | Delete Paint | Graph
Loads
Physics 0K ‘

Cancel [ Help |
Path Operations =

plllll

%

| Pick a menu item or enter an ANSYS Command (PREP7) [ mat=1 [type=1 real=1 csys=0 secn=1

o Strain Stress:

= 0.002 150;
o Clicar em “ADD”;

= 0.003 225;
o Clicar em “ADD”;

= 0.004 240;
o Clicar em “ADD?”;
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= 0.005 250;
o Clicar em “ADD”;
= 0.025 300;
o Clicar em “ADD”;
= 0.060 355;
o Clicar em “ADD”;
= 0.100 390;
o Clicar em “ADD”;
= 0.150 420
o Clicar em “ADD”;
= 0.200 435;
o Clicar em “ADD”;
= 0.250 449;
o Clicar em “ADD”;
= 0.275 450;
[\Multlhnear Elastic for Material Number 1 (X
Multilinear Elasticity for Material Number 1
no[ 2]
STRAIN STRESS
6 025 00
|7 06 55
8 1 90
9 |o1s 20
10 2 35
11 25 49
;12 0.275 50 3
Add Temperature | Delete Temperature Add Point' Delete Point I Graph I
oK I Cancel ‘ Help l
v Clicar em “GRAPH?” para visualizar o gréfico;
v Clicar em “OK”;
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FA\ ANSYS ED Utility Menu (BARRA_EP)

EEFEEEE]
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Preferences -
B Preprocessor
Element Type
Real Constants
B Material Props
@ Material Library
Temperature Units

[ Convert ALPx
Change Mat Num
Failure Criteria
Write to File
Read from File
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctris
Archive Model
Coupling / Ceqn
FSISet Up
MultiField Set Up
Loads
Physics
Path Operations =
Solution
General Postproc
TimeHist Postpro
Drop Test
Topological Opt

Table Data MELA Table Preview

T1

Barra tracionada com material nao linear

lefelele

Le

e

=
44
s

|
R

ROM Tool
v | s
Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 sys=0 secn=1 I

2.4. Cria o modelo geométrico:

2.4.1. Numera nés e elementos:

v" No ANSYS Utility Menu clicar

“Numbering”;
v" Na nova janela que aparecer, selecionar:

o NODE

o Elem-Attrib numering
v Clicar em “OK”.

Node Numbers ON

Element Numbers

em “PlotCtrls” e acessar a opcéao

=)
I\ ANSYS ED Utility Menu (Cascavel) o Jle? ][R
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Di=laslss2H EEE

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH j

ANSYS Main Menu ®|

Preferences A
B Preprocessor
Element Type
Real Constants
B Material Props
Material Library
Temperature Units
8
=]
[ Convert ALPx
Change Mat Num
Failure Criteria
Write to File
Read from File
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSI Set Up
MultiField Set Up
Loads
Physics
Path Operations
Solution
General Postproc
TimeHist Postpro
Drop Test
Topological Opt
M ROM Tool -

A\ Plot Numbering Controls

[/PNUM] Plot Numbering Controls

KP Keypoint numbers
LINE Line numbers
AREA Area numbers
VOLU Volume numbers
NODE Node numbers

Elem / Attrib numbering
TABN Table Names
SVAL Numeric contour values

[/NUM] Numbering shown with

[/REPLOT] Replot upon OK/Apply?

OK

Apply

I off
I~ off
I off
I~ off
i On
[Etement numbers
Element type num

Real const num
Section numbers_ hs

|Colors & numbers =]

| Replot -

Cancel ‘ Help |

Cobertura do Acidente em Cascavel

<

&le]e
o Ells (o le

Blelele|z olelslolelol@]alale
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2.4.2. Cria os keypoints:

v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Keypoints”,
“In Active CS”;

v" Na nova janela que abrir, inserir um namero para o keypoint que sera
criado:
v Para criar o primeiro keypoint:
o NPT : 1,
o X,Y,Z Location in active CS : X=0 Y =0;

v" Clicar em “APLY”;
v Para criar o proximo keypoint:

o NPT : 2;

o X,Y,Z Location in active CS : X =100 Y =0;
v" Clicar em “OK”;

2.4.3. Cria as lines:

v' Dentro do “Preprocessor’ selecionar “Modeling”, “Create”, “Lines”,
“Straight Line”;

v" Apontar os keypointas 1 e 2;

v Clicar em “OK”;

FA\ ANSYS ED Utility Menu (BARRA_EP)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

o= ulo & & 2| & EEIE]

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH j’

ANSYS Main Menu ®|

Preferences
B Preprocessor
ent Type
Real Constants
Material Props
Sections
B Modeling
B Create

=]

s
A Atangle to line
A Angle to 2 Lines
@ Arcs
@ Splines
R Line Fillet
Areas

Barra tracionada com material nao linear

[Pick @ menu item or enter an ANSYS Command (PREP7) [mat=1 [type=1 [real=1 [esys=0 [secn=1 |

2.4.4. Define tamanho dos elementos da malha:
v Dentro do “Preprocessor” selecionar “Meshing”, “Size Ctrls”, “Manual

Size”, “Lines”, “All Lines”;
v" Na nova janela inserir:
o SIZE Element edge length 5

v" Clicar em “OK”".
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JA\ ANSYS ED Utility Menu (BARRA_EP)

-3 X
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help
Dl=|alo s s e EEE
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH =]
ANSYS Main Menu ®| @
[ Preferences -

B Preprocessor
Element Type
Real Constants

;"::;::l"""” A\ Element Sizes on All Selected L) |2

Modeling [LESIZE] Element sizes on all selected lines @P‘ﬂ
B Meshin
Mgsfmﬁbum SIZE Element edge length (= ]
[ MeshTool NDIV  No. of element divisions
B Size Cntrls
@ SmartSize (NDIV is used only if SIZE is blank or zero)
8 ManualSize KYNDIV SIZE,NDIV can be changed
& Global 4
Ko . SPACE Spacing ratio
B Lines

Show more options
A Picked Lines
A Copy Divs
A Fiip Bias =
A dr Size
Keypoints
Layers
Concentrat KPs
esher Opts
Concatenate
& Mesh
Modify Mesh
Check Mesh

paleols sl bl la

Clear
Checking Ctrls Barra tracionada com material nao linear
Numbering Ctrls &l
[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=t real=1 coys=0 secn=1 |

2.4.5. Gera a malha:
v" Dentro do “Preprocessor” selecionar “Meshing”, “Mesh”, “Lines”, “Pick
ALL”;

Po ANSYS ED Utility Menu (BARRA_EP)

C=ra
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘
0|z 8|8 8l o 2 & B
ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QuIT| POWRGRPH j}
ANSYS Main Menu @ ||| 1o @
Preferences = " ELEMENTS

2 ) @9
B Preprocessor ELEM NUM s

Element Type
Real Constants
Material Props
Sections

Modeling B |3
B Meshing
B Mesh Attributes 8|8
MeshTool
Size Cntrls )

[ Mesher Opts
Concatenate
B Mesh

;Kevpmnts 10_11 12 13 14 15 16 1

@ Areas
@ Volumes
Volume Sweep
Tet Mesh From
Interface Mesh
Modify Mesh iy
@ Check Mesh
@ Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up
MultiField Set Up
Loads
Physics &

sleloz sl lelafa]

Barra tracionada com material nao linear

>

Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1 |

3. SOLUCAO:
3.1.1. Escolha dos parametros da analise:

v No ANSYS Main Menu dentro do “Solution” clicar em “Analysis Type”,
“‘New Analysis”;

v" Na nova janela selecionar a opgao “Static” e clicar em “OK”;
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FA\ ANSYS ED Utility Menu (BARRA_EP)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Di=as|sle e E

ANSYS Toolbar

i)

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu @
Preferences -
Preprocessor
B Solution
B Analysis Type
.

ELEMENTS
ELEM NUM

Restart

Sol'n Controls
Define Loads
Load Step Opts

[ANTYPE] Type of analysis

SE Management (CMS)
Results Tracking
Solve

Manual Rezoning
FSISet Up

MultiField Set Up
ADAMS Connection
Diagnostics
Unabridged Menu
General Postproc

Cancel

DesignXplorer VT
esign Opt
ob Design

Run-Time Stats
[ Session Editor
[ Finish

Barra tracionada com material nao linear

El

@ Gisve]

o

© Modal
 Harmonic

© Transient

€ Spectrum

" Eigen Buckling

 Substructuring/CMS

Help

splelnleltlekoplal2lala

Pick a menu item or enter an ANSYS Command (SOLUTION) mat=1 ‘ type=1 real=1

csys=0 secn=1

3.1.2. Define os dados para a execucado da analise néo linear:
v No ANSYS Main Menu dentro do “Solution” clicar em “Analysis Type”,

“Sol’'n Controls”;

v' Os demais parametros da analise serdo agora configurados como na

figura abaixo:

Analysis Options

hd

l Large Displacement Static
I” Calculate prestress effects

Time Control

Time at end of loadstep
Automatic time stepping
& Number of substeps
" Time increment
Number of substeps
Max no. of substeps

Min no. of substeps

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas

Basic ] Transient ]Sol'nOptions} Nonlinear ]AdvancedNL]

e

‘Write Items to Results File

' All solution items
" Basic quantities

" User selected

Frequency:
I Write every substep :l
oK Cancel Help
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Basic

Nonlinear Options

H
d

Line search lOn

DOF selution [Prog Chosen
predictor

Equilibrium Iterations

!\Aaxumum number of 1000
iterations

Creep Option

I™ Include strain rate effect

Set convergence criteria ...

3.1.3. Aplicar os apoios:

] Sol'n Options‘ Nenlinear ] Advanced NL]

Cutback Control

Limits on physical values to perform

bisection:
ois
[0.1—
[O—’

Incremental displacement 10000000
Points per cycle 13

& Cutback according to predicted number of
iterations

Equiv. Plastic strain
Explicit Creep ratio

Implicit Creep ratio

" Always iterate to 25 equilibrium iterations

oK Cancel Help

v" Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,

“Structural”, “Displacement”, “On Keypoints”;

v" Na nova janela que abrir apontar o keypoint 1 e clicar em “OK”;
v' QOutra janela ira aparecer entdo selecionar no campo “DOFs to be

constrained” a opcao “ALLDOF” e clicar em “OK?”;

P2\ ANSYS ED Utility Menu (BARRA_EP) -l X
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D|z|alo| s« 7| & ElEIE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

1 Preferences
1 Preprocessor
1 Solution
& Analysis Type
B Define Loads
Settings
B Apply
8 Structural
 Displacement
A On Lines
A On Areas
FaJ0r Keypoints
A On Nodes
R On Node Components
Symmetry B.C.
Antisymm B.C.
Force/Moment
Pressure
Temperature -

" ELEMENTS

ELEM NUM

A\ Apply UROT on KPs

[DK] Apply Displacements (U,ROT) on Keypoints
Lab2 DOFs to be constrained

Apply as
b3l it Constant value then:
VALUE Displacement value

KEXPND Expand disp to nodes?
Inertia

Pretnsn Sectn
Gen Plane Strain oK

Constant value -

[~ No

Concel |

Help ‘

Other
Field Volume Intr
Initial Condit'n
Load Vector
Functions
Delete
[ Operate
[ Load Step Opts
[ SE Management (CMS) 5|

T 1

Barra tracionada com material nao linear

splelnlelslollolalafa

[ Pick a menu item or enter an ANSYS Command (SOLUTION) mat=1 [type=1 real=1

csys=0 secn=1
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3.1.4. Aplicar as cargas:

v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,

“Structural”, “Force/Moment”, “On Keypoint”;
v Apontar o keypoint 2 clicar em “OK”;
v" Na nova janela inserir:
o Direction of forca/mom FX

o VALUE Force/moment value 10000

v" Clicar em “OK”.

P2\ ANSYS ED Utility Menu (BARRA_EP) -l X
File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help ‘
|z alo| s o 7| & ElEIE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu @ |||
] Preferences s} " ELEMENTS
1 Preprocessor

1 Solution ELEM NOUM

& Analysis Type
B Define Loads
Settings
Bl Apply
B Structural

Displacement
B Force/Moment [FK] Apply Force/Moment on Keypoints

Lab Direction of force/mom FX j

A On Node Components
From Reactions
From Mag Analy
Pressure
Temperature
Inertia
B Pretnsn Sectn

Apply as
If Constant value then:

LA VALUE Force/moment value

Constant value v

10000

Cancel [ Help [

[ Gen Plane Strain
Other
ield Volume Intr
itial Condit'n
Load Vector
Functions
Delete
Operate
[ Load Step Opts
@ SE Management (CMS)
[ Results Tracking

B Solve M| |52rra tracionada com material nao linear
i e
[ Pick a menu item or enter an ANSYS Command (SOLUTION) [ mat=1 [type=1 [reat=1 [esys=0 [ secn=1 |

FA1 ANSYS ED Utility Menu (BARRA_EP)
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

0|z 89| s o 2 EIEE

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

1 Preferences Bl | e
1 Preprocessor —
1 Solution S

Analysis Type
B Define Loads
Settings
B Apply
B Structural
Displacement
B Force/Moment

A On Nodes
A On Node Components
From Reactions
From Mag Analy
Pressure
Temperature
Inertia
B3 Pretnsn Sectn
Gen Plane Strain
Other

Field Volume Intr
Initial Condit'n
Load Vector
Functions
Delete
Operate
[ Load Step Opts
@ SE Management (CMS)
[ Results Tracking

Solve B4j| |B2rra tracionada com material nao linear
T [ — [ l
[ Pick a menu item or enter an ANSYS Command (SOLUTION) [mat=1 [type=1 [reat=1 [esys=0 [secn=1 |

3.1.5. Salvando dados no arquivo Barra_EP.db
v No ANSYS Toolbar clicar em “SAVE_DB".
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4. SOLUCAO

v" No ANSYS Main Menu dentro do “Solution” clicar em “Solve”, “Current
LS” (Resolve o LS atual);

v" Clicar em “OK” (information: solution is done).

Na janela “Information: Solution is done” clicar em “CLOSE”.

v" No ANSYS Toolbar clicar em “SAVE_DB”.

<\

5. POS PROCESSAMENTO
4.1. Gera, lista e plota os resultados:

v" Para visualizar o elemento em 2D ao invés de em uma linha:
v" No ANSYS Utility Menu dentro do “Plot Ctrls” clicar em “Style”, “Size and
Shape”;

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

,DJ?’JEJ_@ Pan Zoom Rotate ... | gj EX

View Settings »

ANSYS Toolbar 8l
e e i D
SAVE_DB| RESUM_DB 2 Symbols ... z’
| Style 7
ANSYS Main Menu A —
Preferences Font Controls »
Preprocessor Window Controls > = ‘_JID
B Solution Erase Options »| Contours
AstalysE Type Graphs » 8| &
Define Loads Animate LI | @\ -
Load Step Opts Annotation »
SEManagement (@ " Light Source ... _@ &=
Results Tracking S 5
B Solve Redirect Plots > Rnsiicency. o %
Current LS} Hard Copy ,|  Texturing »
B From LS Fies Background »
Partial Solu Save Plot Ctrls ... : ,
Manual Rezoning | Restore Plot Ctrs .. Multiegrnd Options
FSI Set Up e Floating Point Format ...

MultiField Set Up

Displacement Scaling .. R 0 @ 1 - -
[ ADAMS Connectioi  CaptureImage ... =P "9 8 9 10 11 12 13 14 15 16 17 18 19 20

. < Vector Arrow Scaling ...
Disgrostics Restore Image .. -

B Unabridged Menu | \yrite Metafile »|  Shell Normals ...
General Postproc
Solid Model Facets ...
TimeHist Postpro Multi-Plot Controls .. S‘” : eax e
i fee
Drop Test Muiti-Window Layout ... il b clid
Topological Opt

ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt
Run-Time Stats

Best Quality Image

Session Editor

splelnle s olelolalala

[ Finish
:J Barra tracionada com material nao linear
| 2
[ Pick a menu item or enter an ANSYS Command (SOLUTION) [mat=1 [type=1 real=1 csys=0 secn=1 |

v" Na nova janela, selecionar:
o Display of element ON;
v" Clicar em “OK”;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 14



JA\ ANSYS ED Utility Menu (BARRA_EP)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Di=as|sle e E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH

=
ANSYS Main Menu ®| I\ Size 2 SR ———
PreltieRes Bl | e [/SHRINK] Shrink entities by Dpeice =

:;Tf{;:e’“" ELEM NUM [/ESHAPE] Display of element [ On

Analysis Type
Define Loads

Load Step Opts

SE Management (CMS)
B Results Tracking

& Solve

LS Files

Partial Solu
Manual Rezoning
FSISet Up
MultiField Set Up
ADAMS Connection
Diagnostics
Unabridged Menu

General Postproc

TimeHist Postpro

Drop Test

Topological Opt

ROM Tool

DesignXplorer VT

Design Opt

Prob Design

Radiation Opt

Run-Time Stats

[ Session Editor

[ Finish

il 2l

shapes based on real
constant descriptions
SCALE Real constant multiplier

[/EFACET] Facets/element edge

[/RATIO] Distortion of Geometry
WN Window number

RATOX X distortion ratio

Jll RATOY Y distortion ratio

Barra traciona

[/CFORMAT] Component/Parameter Format
NFIRST, NLAST Widths

[/REPLOT] Replot upon OK/Apply?

0
1facet/edge v

Window 1 ol

Cancel

l Pick a menu item or enter an ANSYS Command (SOLUTION)

JA\ ANSYS ED Utility Menu (BARRA EP)

mat=1 [type=t real=1

csys=0 secn=1 |

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help

D=8l 8l & ¢

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu Bl —

[ Preferences Bl | eeents
Preprocessor ——
@ Solution A

Analysis Type
Define Loads

Load Step Opts

SE Management (CMS)
B Results Tracking

& Sol

From LS Files
Partial Solu
Manual Rezoning

FSISet Up
MultiField Set Up
ADAMS Connection
Diagnostics
Unabridged Menu
General Postproc
TimeHist Postpro
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
[ Session Editor
[ Finish

& bl

Barra tracionada com material nao linear

palelols s lole bl 2la

l Pick a menu item or enter an ANSYS Command (SOLUTION)

[ mat=1 [type=1 [ real=1

[ csys=0 [ secn=1 |

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot

Results”, “Contour Plot”, “Nodal Solution”;
v" Na nova janela, selecionar:
o DOF SOLUTION;
= X Component of Stress;
v Clicar em “OK”;
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FA\ ANSYS ED Utility Menu (BARRA_EP)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

Dis|asasem ]

ANSYS Toolbar

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH

ANSYS Main Menu ®|

Preferences -
Preprocessor
Solution
8 General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
8 Plot Results
[ Deformed Shape
& Contour Plot

ent Solu
[ Elem Table
[ Line Elem Res

Vector Plot

Plot Path Item

Concrete Plot

ThinFilm e

List Results
Query Results

B Options for Outp
[ Results Viewer

[ Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case

Check Elem Shape

il 2l

ELEMENTS
ELEM NUM

Item to be contoured

& Favorites
& Nodal Solution

& DOF Solution

]

J\ Contour Nodal Solution Data

& Y-Component of displacement

& Displacement vector sum

& Stress
& Total Strain

& Elastic Strain
& Plastic Strain
& Creep Strain

& Thermal Strain

(8 Total Mechanical and Thermal Strain

& Swelling strain

EX |

Undisplaced shape key

Undisplaced shape key [ Deformed shape only

Scale Factor

Additional Options

[True scale

l Pick a menu item or enter an ANSYS Command (POST1)

FA\ ANSYS ED Utility Menu (BARRA_EP)

mat=1 [type=1

real=1

csys=0

secn=1

File Select List Plot PlotCtrs WorkPlane Parameters Macro

MenuCtrls Help

D|=| 8|8 &l & 2 &

ANSYS Toolbar

o E| @

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu 3|

[ Preferences
Preprocessor
Solution
B General Postproc
Data & File Opts
B Results Summary
Read Results
Failure Criteria
B Plot Results
Deformed Shape
B Contour Plot

B olu

[ Elem Table
Line Elem Res

Vector Plot

B Plot Path Item

@ Concrete Plot

ThinFilm

List Results

Query Results
Options for Outp
Results Viewer
Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case

Check Elem Shape
Write Results j

« il

NODAL SOLUTION

42

Barra tracionada com material nao linear

3.725

lelefe

5

Blelnls [t PR

)

| Pick a menu item or enter an ANSYS Command (POSTL)

v" No “ANSYS Main Menu” clicar em “TimeHist Postpro”;

[ mat=1 [type=1

real=1

[ csys=0

[ secn=1

v" Na janela que abrir, clicar no botdo verde com sinal “+” para adicionar
uma variavel;
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FA\ ANSYS ED Utility Menu (Aula)

-3 X
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help
D= e8| 8 4 2|
ANSYS Toolbar ®|
SAVE DB REsuM_DB| QuIT| PowRgRH] /A Time History Variables - Aulasst L—&JE =]
[ File Help
ANSYS Main M =
Ao Monies @J) Hx B E S s e =S8 Fpince, Bl i @
B Preferences -
Preprocessor Variable List ®| @
Solution = =
e P e Element |Node esult Item Minimum _ [Maximum _ [X-Axis B 5| @
req 0.005 05 o
a ostpro) @ 2
Variable Viewer
ettings (1) 3‘j
Store Data
B Define Variables @ QE
Read LSDYNA Data @
il 3|
Calculator il
Math Operations T | 12
Table Operations
] Smooth Data
[ Generate Spectrm = =
Reset Postproc ( ) [ —I I J B—J
MIN  CONJ e’ 8
MAX | asib | LN | 7 | 8 l 9 | / ‘ CLEAR ‘ g
RCL Q
sTo I | L0G l 4 ‘ 5 ’ 6 | | - ‘ ‘_"’J
INS MEM SQRT L
ABS | ATAN | xA2 1 ‘ 2 ’ 3 | ‘ E ®
N
INTL  IMAG T <
E
Al mv | oerw | Rear 0 ’ | . | R ®
< 21 &l
| Pick a menu item or enter an ANSYS Command (POST26) | mat=1 | type=1 | real=1 | csys=0 | secn=1 |

v" Na nova janela selecionar o grau de liberdade desejado, no caso:
o NODAL SOLUTION > DOF Solution > X- Component of
displacement;

v Clicar em “OK”;

FA\ ANSYS ED Utility Menu (BARRA_EP)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Di=as|slze &

ANSYS Toolbar

3
save 0| ResuM_08| Quit| PowRGReH /A Time History Variabies - BARRA EP.st ::]
ANSYS Main Menu ®| ,, =

HXBE Bl S & vene [ S 1 @
[ Preferences B
Variable List 21 )
W /\ Add Time-History Variable == I B & @
. Result ltem @ 2
:eﬁi'“li; & Favorites - |
tore Data
Define Variables o Nodal Solution | °s
8 DOF Solution a
4 P Componet ot dpcemen ]
e 1 & Y-Component of displacement [i=1)
3 [_— (&3 Stress = &
B Claii Chrain
« |
=
Reset Postproc ; . Result Item Properties ey
rop Test MIN  CONJ A 2
3 Variable Name [UX_2 S

MAX +ib LN ®
DesignXplorer VT
Design Opt RCL Q
Prob Design =
Radiation Opt sT0 I | LOG oK | Apply ‘ Cancel Help
- THne Stats INS MEM SQRT L
Session Editor =

[ Finish ABS I ATAN [ x%2 l f ‘ 2 ’ 3 | l 3 ®
N
INTL  IMAG T <
E
- NV I DERIV | REAL l 0 ‘ | + l R &
K 2l =
| Pick a menu item or enter an ANSYS Command (POST26) [ mat=1 | type=1 | real=1 | csys=0 [ secn=1 |

v' Deve-se selecionar o n6é que se deseja avaliar o deslocamento, no caso,

onob2;
v" Clicar em “OK”;
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JAY ANSYS ED Utiity Menu (BARRA_EP) =& X

File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
Dj=luolslsqH
ANSYS Toolbar ®|
save_0B| ResuM_0B| QuIT| POWRGRPH /A Time History Variables - BARRA EP.st

ANSYS Main M — =
e = EEL TEEE = =
Preprocessor Variable List Nodefor Dot @ |

Solution
neral Postproc
oS

proj
Variable Viewer
Settings e (ol
B Store Data 2

B Define Variables
Read LSDYNA Data

List Variables :
— g |

List Extremes .

Graph Variables Calculator ‘

=)
i =l
Math Operations = ooe iz
Table Operations e
E Smooth Data (¢ List of Items
E] Generate Spectrm o - =
Reset Postproc ( ) C Min, Mex, Inc | Q
Drop Test MIN  CONJ  e’x =
Topological Opt 2
ROM Tool MAX LN 7 CLEAR ®
DesignXplorer VT —_—
Design Opt RCL ox apply g
FrohDesion sT0 106 4 s ®
Radiation Opt Reset Cancel I
Run-Time Stats INS MEM SQRT @)
Session Editor Help ~
Finish ABS I ATAN | x*2 L | e ‘ E @
N
INTL  IMAG T ﬂ
E
- INV | DERIV | REAL 0 . + R &
1l ] &l
[Node [ mat=1 [type=1 [ real=1 ['esys=0 [ secn=1 |

v Clicar no botéo “Graph Data” para gerar o grafico;
v" Fechar a janela “Time History Variables” para visualizar o grafico;

A\ ANSYS ED Utility Menu (BARRA_EP)
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

|z 8o &l & 2 ST

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH j}

ANSYS Main Menu ®|
[ Preferences |

Preprocessor
Solution

Settings
B Store Data
Define Variables
Read LSDYNA Data
List Variables
List Extremes
[ Graph Variables
Math Operations
Table Operations
Smooth Data
Generate Spectrm
Reset Postproc
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
[ Session Editor

palelols s lole b l[a

[ Finish
M| |5::r2 tracionada com material nao linear
< i
| Pick a menu item or enter an ANSYS Command (POST26) [ mat=1 [type=1 real=1 csys=0 [ secn=1 |

" by 9

v Para renomear 0s eixos “x” e “y” aproximadamente ir em:
o “Utility Menu”>"Plot Ctrls">"Style”>"Graphs™>"Modify Axes”.

5.0 SALVANDO ARQUIVOS E SAINDO DO PROGRAMA:

v" No ANSYS Tollbar, clicar em “SAVE_DB” para salvar no Data Base;
v" Ainda no ANSYS Toolbar, clicar em “QUIT”;
v" Na nova janela, selecionar a opgao “Save everything” e clicar em “OK”.
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