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ANALISE ELASTO-PLASTICA
DETERMINACAO DA CARGA LIMITE DE UMA VIGA

INTRODUCAO

Pretende-se, neste exemplo, analisar o comportamento de uma viga de
secdo retangular, de base b e altura h, composta de um material eléstico
idealmente plastico, na hipétese de que o carregamento (carga concentrada P)
crescente possa gerar tensfes que venham a atingir a tensédo limite oyp do
material, mostrada na figura 1 abaixo. Este exemplo € apresentado por
Crandall na pagina 389 do livro “An Introduction to the Mechanics os Solids”.

T
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Figura 1 — Viga a ser analisada.

A resposta do material de que a viga € composta, quando submetido a um
ensaio de tracdo encontra-se esquematizado na figura 2, onde E € o Modulo de
Elasticidade ou de Young e oy = 0y, a tenséo de escoamento do material.

%—h—ﬂ—%—h—

Figura 2 — Material da viga.

Nestas condi¢cdes, supondo-se uma carga P crescente, temos alguns
estagios de carga a analisar:

Situacdo 1 - Viga totalmente elastica, com uma secdo atingindo o
limite de escoamento do material (M<=M,):
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A viga é considerada elastica enquanto nenhum ponto atinge a tensao
limite de escoamento do material o,. Neste momento, o diagrama de tensoes
da secdo de momento maximo € aquele obtido a partir das consideractes
mostradas na figura 3:

G, h/a

] — G h/4

Figura 3 — Esquema das tensdes na se¢cdo no momento do inicio do
escoamento.

O momento fletor nesta se¢do é entdo calculado por:

hoh oo h?
M, =(T},—I—?=}—
13 6

E é chamado de momento de escoamento da se¢do My.

Situacdo 2 - Viga com uma secéo recém-plastificada (My<= M<=M,)

A partir do momento em que a tenséo atinge a tensao limite de escoamento
do material o, em algum ponto da viga, qualquer incremento de carga implicara
em plastificacdo da secdo. A figura 4 mostra um esquema de como ocorrera
esta plastificagéo ja que como vimos anteriormente a regido 0>0y € inacessivel.

G, G,

h A

BN

A A Fy

o, o,
4.a My< M< M, 4.b-M=M,

Figura 4 — Esquema das tensdes na sec¢ao plastificada.

O momento fletor para o qual toda a secao estara plastificada é calculado
por:
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E chamado momento de plastificacéo M.

M,=c

Situacdo 3 - Viga com uma secdo totalmente plastificada (M= M»)
tendo formado uma rdétula plastica

Qualquer incremento de carga a partir deste instante implicara em uma
redistribuicdo dos esforcos até o momento em que outra secdo atinja o
momento M,. E assim sucessivamente até a estrutura se tornar hipoestatica,
guando assim terd alcancado a sua carga limite.

A figura 5 apresenta o diagrama Momento curvatura para a rotula plastica.

| Ky

R otation

| -mL
Figura 5 — Diagrama momento-rotagéo das roétulas plésticas.

A figura 6 mostra o esquema da viga com a formacéao das rétulas plasticas
nas seces C e B no momento em que a estrutura atinge sua carga limite.

Figura 6 — Viga antes de atingir a carga limite.
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CARGAS, PROPRIEDADES GEOMETRICAS E DOS MATERIAIS

Adotaremos para o0 presente exemplo as seguintes propriedades e
carregamentos, como na referéncia (Crandall).

Propriedades materiais Propriedades geométricas Carregamento
E=30x10° psi A=50 in’ Load step | — P=-1000.0 Ib
v=03 1,=20 in® Load step 2 — P=-1388.8 Ib
M=27.7717.77 1b-in h/2=3.93597 in Load step 3 — P=-1390.0 1b
K,=1x10"1b/in

Tabela 1 — Cargas, propriedade geométricas e dos materiais.

Uma andlise da estrutura nos permite verificar que ela € uma vez
hiperestética e calculando-se a carga para a qual aparecera a primeira rétula
plastica verifica-se que esta aparecera na secao transversal C quando a carga
P atingir 1.000,00lb. A seguir, uma segunda rotula plastica aparecera na se¢ao
B quando a carga P atingir 1.388,88lb tornando assim a estrutura hipostatica.
Esta €, portanto, a carga limite da estrutura.

Para utilizarmos o programa Ansys nesta estrutura vamos simular a viga
através do uso do elemento BEAM4 e as rétulas plasticas com o uso do
elemento COMBIN40, conforme malha esquematizada na figura 7. Neste
elemento vamos adotar o grau de liberdade rotacdo em torno do eixo y e,
portanto, a figura 5 esquematiza seu funcionamento, onde a rigidez adotada
serd KY=1x1012 Ib/in e 0 momento de plastificacdo da se¢cdo MP=27.777,77 Ib-
in.

Visando inconsisténcias numéricas poOs-plastificacdo das secbes, vamos
acrescentar um elemento "falso", nos mesmos locais do com uma rigidez KY=1
Ib/in unitaria e um momento de plastificacdo da se¢cdo MP=1.000.000lb-in a
malha de elementos finitos apresentada na figura 5.
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Figura7 — Malha de Elementos Finitos.
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COMANDOS ANSYS®9.0ED

O

1.1.
v

v

1.2.

v

1.3.

. INICIO DA ANALISE

Introduz o titulo do problema a ser resolvido:

No ANSYS Utility Menu clicar em “File” e acessar a op¢ao “Change
Title...”;

Na nova janela que aparecer, digitar novo titulo: “Analise limite de uma
viga’”;

Clicar em OK.

Altera o nome dos arquivos:
No ANSYS Utility Menu clicar em file e acessar a opcédo “Change

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

Escolhe o tipo de andlise que se pretende executar, visando filtrar

comandos a serem apresentados na telas de entrada:

v

No ANSYS Main Menu clicar em “Preferences”;

Na nova janela que aparecer, em “Discipline for filtering GUI Topics”,
selecionar a opgao “Structural”;

Clicar em OK.

ENTRA NA FASE DE PRE-PROCESSAMENTO
No ANSYS Main Menu, clicar em “Preprocessor”.

v
v
2.
v
)
2.1

Escolhe o tipo de elemento finito que ser4 usado:

Dentro do “Preprocessor”, selecionar “Element Type”;

Dentro do “Element Type”, selecionar “ Add/Edit/Delete”;

Na nova janela que abrir, clicar em “Add...” para selecionar um novo
elemento.

Outra janela se abrira, entdo no “Library of Element Types” selecionar o
elemento “Structural BEAM”, “3D ELASTIC 4” e clicar em “OK”.

Clicar em “APPLY”;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 6




i\ ANSYS ED Utility Menu (Uinsite) o =@ x

_JLJLDJJJ_’J% EEEE

5 A\ Element Types = [
MY Defined Element Types:
Brd| [I D
8 P

a

General
TimeHist
Drop Test

Topological Opt

ROM Tool

DesignXplorer VT

Design Opt
Prob Design

Radiation Opt

I\ Library of Element Types

Only structural element types are shown

Library of Element Types Structural Mass

~|[ Znode 188 =

=l |_3node 189

- D e "a .~
plastic 24 ke
tapered 44 -

3D elastic 4

Solid
Shell
Solid-Shell

Element type reference number 1
oK Apply Cancel Help

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

v

v

v

Na janela “Element Types”, clicar em “Add...” para selecionar um novo
elemento.

No “Library of Element Types” selecionar o elemento “Combination”,
“Combination 40” e clicar em “OK”.

Clicar em “OK”;

FA\ ANSYS ED Utility Menu (Limite) - | X

BEFEEEEI EIEE]]

- I\VE‘emEMTypes = [ Aﬂl
s | efined Element Types: [i=] &
P| PO :
o ol

General

oStpi
TimeHist Postpro

Drop Test

Topological Opt

ROM Tool

DesignXplorer VT

Design Opt
Prob Design

Radiation Opt

Le

Only structural element types are shown

Library of Element Types

Element type reference number

oK Help

Cancel

ToC

szl EbkRRRRRERE

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

v

v

Ainda na janela “Element Types”, clicar em “Options” (para o elemento
Combination 40) e, na nova janela, selecionar,;

o Degree of freedom K3 ROTY
Clicar em “OK?”;
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JA\ ANSYS ED Utility Menu (Limite)

N\ Element Types

- ==

Type

Defined Element Types:

1

Prf
(T o 2 COMBING
a

Gap behavior K
Element degree(s) of freedom K3
Produce element output for K4

Mass location K6

EEENEEEEEEEREEBE

Radiation Opt

Options for COMBINAO, Element Type Ref. No. 2

Standard gap -

All gap conditns v

Mass at nodel S

Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [ type=1

real=1 csys=0 secn=1 |

O
2.2.

v

<\

Define as constantes geomeétricas:
Dentro do “Preprocessor”, selecionar “Real Constants”;

Dentro do “Real Constants”, selecionar “Add/Edit/Delete”;

Na nova janela que abrir, clicar em “Add...” para adicionar novas
constantes geométricas;
Uma nova janela se abrird entdo selecionar o tipo de elemento em
“Choose element type” e clicar em OK;
A janela “Real Constants Set Number 1, for “BEAM 4” ira aparecer.
Deve-se inserir:

0O O O O O

o

Real Constant Set No.
Cross-sectional Area

Area moment of inertia
Area moment of inertia
Thickness along Z axis
Thickness along Y axis

Clicar em “OK”;

=1
AREA =50
1ZZ =20
Yy =20
TKZ = 3.93597
TKY = 3.93597
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JA\ ANSYS ED Utility Menu (Limite) -

o= 6l 5| #| 2| 7| i)

= /\ Real Constant Set Number 1, for BEAM4 =]

7 A Real Constants =

Element Type Reference No. 1
Real Constant Set No.

—| [

Pr| <
o Pr Cross-sec tional area  AREA 2
Area moment of inertia  IZZ 4

= 2
Area moment of inertia  IYY 2

Thickness along Z axis  TKZ

Thicknessalong Y axis ~ TKY

Orientation about X axis THETA

Initi ain ISTRN

Torsional moment of inertia IXX

Shear deflection const Z SHEARZ

Shear deflection const Y SHEARY

Rotational frequency  SPIN

B

Added mass/unit length ADDMAS

Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt
Prob Design

ti

slebl:kbllkllkllbEpRlle

v" Na janela “Element Type for Real Constants” selecionar o “COMBIN 407;
v A janela “Real Constants Set Number 2, for “COMBIN 40” ira aparecer.
Deve-se inserir:
o Real Constant Set No. =2
o Spring Constant K1 =1E12
o Limiting sliding force FSLIDE =27777.8
v" Clicar em “APPLY”;

Ji\ ANSYS ED Utity Menw (Umite) =@

_JA:JJJ_J_H 2] EIEE

A Real Constants %= ] [ ﬂ
= P A
r %
B Py =
g Element Type Reference No. 2

Real Constant Set No.

s o

Spring constant KL

C

icient

M

GAP

Limiting sliding force FSLIDE

Spring const (par to slide) K2

@ Sq Cancel | Help ‘

Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt
Prob Design

ti

ElblEkkEEERRRpRbEE

Finish

%

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

v" Na janela “Element Type for Real Constants” selecionar o “COMBIN 407;
v" A janela “Real Constants Set Number 3, for “COMBIN 40” ira aparecer.
Deve-se inserir:
o Real Constant Set No. =3
o Spring Constant K1 =1
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o Limiting sliding force FSLIDE = 1E6
v Clicar em “OK”;

FA\ ANSYS ED Utility Menu (Limite)

EEFEEEE ’ S|
— xlaealccn;{ams : 7\ g \[ :le

I

o[

nErz|5

Element Type Reference No. 2
Real Constant Set No.

Spring constant K1

C

Damping coefficient

Mass M

Gap size GAP

Limiting sliding force FSLIDE

Spring const (par to slide) K2

@

oK

OCYFHEEEEEEEREEBB

]

op Test
pological Opt

Session Editor
Finish

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

v" Clicar em “CLOSE".
)

2.3. Define as propriedades do material que compde as barras:
v Dentro do “Preprocessor”, selecionar “Material Props”;

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

v" Na nova janela que abrir, para o “Material Model Number 1”, no quadro
“Material Models Available” selecionar:
“Structural>Linear>Elastic>lsotropic”;

v Dar um duplo cliqgue em “Isotropic”;

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

o EX = 3E7,
o PRXY =0.3
v' Fechar a janela “Define Material Model Behavior”.

<\
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P ANSYS ED Utility Menu (Limite)

JﬁlﬂjJJ;lﬂ EEEE

Preferences
B Preprocessor
Element Type
Real Constants
B Material Props
B Material Library
Temperature Units
lectr i

Material Models Defined Material Models Available

L BMaterial Model Number 1 2l G Favorites

\ Linear Isotropic Properties for Material Number 1 ==

Linear Isotropic Material Properties for Material Number 1

Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up
MultiField Set Up
Loads

Physics
Path Operations = 1 erature Graph
Shn

Cancel | Heb |

ROM Tool ;]

:;M

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

®
2.4. Cria o modelo geométrico:
2.4.1. Cria 0s n6s que compde a malha de elementos finitos no sistema de
coordenadas ativo:
v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “In
Active CS”;
v" Na nova janela que abrir, inserir um nimero para o né que sera criado
em “NODE Node Number” e as coordenadas X e Y;
v' Para criar o primeiro no:
o NODE Node Number : 1;
o X,Y,Z Location in active CS : X=0 Y =0;
v" Clicar em “APLY”;
v' Para criar o préximo no:
o NODE Node Number : 2;
o X,Y,Z Location in active CS : X =100 Y =0;
v" Clicar em “APPLY”;
v Para criar o préximo no:
o NODE Node Number : 3;
o X,Y,Z Location in active CS : X =100 Y =0;
v" Clicar em “APPLY”;
v' Para criar o préximo no:
o NODE Node Number : 4,
o X,Y,Z Location in active CS : X =150 Y =0;
v" Clicar em “APPLY”
v Para criar o préximo no:
o NODE Node Number : 5;
o X,Y,Z Location in active CS : X =150 Y =0;
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v" Clicar em “OK”;

JA\ ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help

|z 8o 8 & 2 ElE
ANSYS Toolbar
SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

NODES

NODE NUM

n
Real Constants
Material Props
Sections

e
Surf / Contact
@ SpotWeld
[ Pretension

Operate
Move / Modify
Copy

Reflect Analise limite de uma viga
Check Geom &

dslelsle| |

lo? i

2ple 2|2 [ [0 olefelea@afslelo &

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

2.4.2. Numera nés e elementos:

v" No ANSYS Utility Menu clicar em “PlotCtrls” e acessar a opc¢ao

“‘Numbering”;
v" Na nova janela que aparecer, selecionar:
o NODE Node Numbers ON
o Elem-Attrib numering
v Clicar em “OK”.

2.4.3. Cria 0s elementos:

Element Numbers

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“‘Elements Attributes” para selecionar qual dos atributos definidos serao

introduzidos nos elementos a serem criados:
v" Na nova janela que abrir escolher:

o TYPE 1
o MAT 1
o REAL 1

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

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= us & & 2 & EIE!

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH j’
e ®|

NODES
NODE NUM
\ Element Attributes

[TYPE] Element type number
[MAT] Material number

[REAL] Real constant set number

[ESYS] Element coordinate sys

[SECNUM] Section number

= [TSHAP] Target element shape Straight line -

er

e

Surf / Contact

SpotWeld

@ Pretension

@ User Numbered

[ Write Elem File
Re:

Operate
Move / Modify

Copy
Reflect Analise limite de uma viga
Check Geom =
[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 [real=1 [esys=0 [secn=1 |

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“Auto Numbered”, “Thru Nodes”;

v" Apontar os nés 1 e 2 e clicar em “OK”;

v" (Observacao: quando apontar o n6é 2, 0 programa enviara a mensagem
que existem 2 nés neste ponto. Escolher o n6 2);

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“Auto Numbered”, “Thru Nodes”;

v' Apontar os nés 3 e 4 e clicar em “OK”;

v" (Observacao: quando apontar o né 3, 0 programa enviara a mensagem
que existem 2 nos neste ponto. Para escolher o n6 3 apertar “NEXT”);

v" (Observacao: quando apontar o n6 4, o0 programa enviara a mensagem
que existem 2 nds neste ponto. Escolher o né 4);
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PAY ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrls

WorkPlane Parameters Macro  MenuCtrls Help

D= 8|88l & o] &

ANSYS Toolbar

- E e

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

6]

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
8 Create
Keypoints
Lines
Areas
@ Volumes
@ Nodes
B Elements

urf / Contact
SpotWeld
@ Pretension
@ User Numbered
B Write Elem File
[E] Read Elem File
Superelements
B Contact Pair
Piping Models
@ Gircuit
@ Transducers
Operate
Move / Modify
Copy
Reflect
Check Geom

=l

Analise limite de uma viga

paleols sl bl 2la

[ Pick a menu item or enter an ANSYS Command (PREP7) [mat=1 [type=2 [real=2 [esys=0 secn=1 |

v Para criar elementos de mola 3 e 4:

v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“‘Elements Attributes” para selecionar qual dos atributos definidos seréo
introduzidos nos elementos a serem criados:

v" Na nova janela que abrir escolher:

o TYPE 2

o MAT 1

o REAL 2
v Clicar em “OK”.

1Y ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrls

WorkPlane Parameters Macro  MenuCtrls Help

|z alo 8l ¢ E

ANSYS Toolbar

SAVE_DB| RESUM_DB AQEJ POWRGRPH

ANSYS Main Menu

3|

[ Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
& Create
Keypoints
Lines
@ Areas
@ Volumes
@ Nodes
=]

to Numbered
urf / Contact
@ SpotWeld
[@ Pretension
@ User Numbered
[E] Write Elem File
[E] Read Elem File
Superelements
Contact Pair
@ Piping Models
@ Circuit
@ Transducers
Operate
Move / Modify
Copy
Reflect
Check Geom

&

7\ Element Attributes i3 2 @
Define attributes for elements @ 2
[TYPE] Element type number 3 COMEID &l = |ER]
[MAT] Material number 8] %

[REAL] Real constant set number

[ESYS] Element coordinate sys

k PRIl [SECNUM] Section number None defined -
[TSHAP] Target element shape Straight line 5

Analise limite de uma viga

o[p e [ [2 |2 oo [0]

| Pick a menu item or enter an ANSYS Command (PREP7) [ mat=1 [type=2 [ real=2 [ csys=0 [ secn=1 |

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“Auto Numbered”, “Thru Nodes”;
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v" Apontar os nés 2 e 3 e clicar em “OK”;

v' (Observacao: quando apontar o n6 2, 0 programa enviara a mensagem
que existem 2 ndés neste ponto. Escolher o n6 2);

v' (Observacao: quando apontar o n6é 3, 0 programa enviard a mensagem
que existem 2 ndés neste ponto. Para escolher o n6 3 apertar “NEXT®);

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“Auto Numbered”, “Thru Nodes”;

v' Apontar os nés 4 e 5 e clicar em “OK”;

v" (Observacao: quando apontar o n6 4, 0 programa enviara a mensagem
que existem 2 nds neste ponto. Escolher o n6 4);

v' (Observacgao: quando apontar o n6 5, o programa enviara a mensagem
que existem 2 nds neste ponto. Para escolher o n6 5apertar “NEXT”);

v Criar elementos de mola extras para garantir a estabilidade;

v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“‘Elements Attributes” para selecionar qual dos atributos definidos seréo
introduzidos nos elementos a serem criados:

v" Na nova janela que abrir escolher:

o TYPE 2
o MAT 1
o REAL 3

v" Clicar em “OK”.

P\ ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

ozl a ol &l 2 o E @

ANSYS Toolbar @l
SAVE DB RESUM_DB| QUIT| POWRGRPH j]
ANSYS Main Menu )l —

Preferences
& Preprocessor

Element Type

Real Const):lts /\| Element Attributes
Material Props
Sections

B Modeling [TYPE] Element type number
B Create

@ Keypoints [MAT] Material number
@ Lines

Define attributes for elements.

[REAL] Real constant set number

[ESYS] Element coordinate sys

[SECNUM] Section number None defined =

[TSHAP] Target element shape Straight line -

Offset Nodes
Surf / Contact
SpotWeld
Pretension
@ User Numbered Cancel
[ Write Elem File

File

@ Transducers

@ Operate Analise limite de uma viga
Move / Modify &

| Pick a menu item or enter an ANSYS Comman d (PREP7) [ mat=1 [type=2 [real=2 [ esys=0 [ secn=1 |

v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“Auto Numbered”, “Thru Nodes”;
v' Apontar os nés 2 e 3 e clicar em “OK”;
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v' (Observacao: quando apontar o né 2, 0 programa enviara a mensagem
que existem 2 nés neste ponto. Escolher o n6 2);

v' (Observacao: quando apontar o n6 3, 0 programa enviara a mensagem
que existem 2 nds neste ponto. Para escolher o n6 3 apertar “NEXT”);

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“Auto Numbered”, “Thru Nodes”;

v' Apontar os nés 4 e 5 e clicar em “OK”;

v" (Observacao: quando apontar o né 4, o programa enviara a mensagem
que existem 2 nds neste ponto. Escolher o n6 4);

v' (Observacao: quando apontar o n6 5, o programa enviara a mensagem
que existem 2 ndés neste ponto. Para escolher o n6 5 apertar “NEXT”);

2.4.4. Direcao da visualizagéo:
v' Para mudar a direcao da visualizagao ir no “Utility Menu”, “Plot Ctrls”,
“View Settings”, “View Direction”;
v" Na nova janela inserir:
o [/VIEW] View direction:
o XV, YV, 2zZV Coords of view point 0 -1 0
o [/VUP] Coord axis orientation Z-Axis up

v" Clicar em “OK”;

2.4.5. Salvando dados no arquivo Limite.db
v" No ANSYS Toolbar clicar em “SAVE_DB”.

O
2.5. Aplicar as condi¢gdes de contorno:

2.5.1. Retira graus de liberdade fora do plano Oy;;

v" Dentro do “Preprocessor”’ selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Displacement”, “Symmetry B.C.”, “On Nodes”;
v" Na nova janela que abrir selecionar;

o DSYM Norml = Y-AXis;

v" Clicar em “OK”;
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JAY ANSYS ED Utility Menu (Limite)
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

o= uo & & 2 & oz @

ANSYS Toolbar

3
SAVE_DB| RESUM_DB| QUIT| POWRGRPH =]
ANSYS Main Menu (i‘ @
Checking Ctrls -
Numbering Ctrls D@
Archive Model
Coupling / Ceqn 8@
FSI Set Up I}
MultiField Set Up o 2
Loads

Analysis Type
[ Fast Sol'n Optn
B Define Loads
Settings
B Apply
B Structural Norml Symm surface is normal to
B Displacement
R OnLines
R On Areas
A On Keypoints
A On Nodes
A On Node Components
Bl Symmetry B.C &
A OnLines
A ..with Area
A OnA
=]

[DSYM] Apply Symmetry Condition on All Selected Nodes

KCN  Coordinate system no.

oK Cancel |

.
orce/Moment
ressure
Temperature
Inertia

B Pretnsn Sectn
Gen Plane Strain

M| |analise limite de uma viga

[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=2 real=3 coys=0 secn=1 |

JA\ ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help ‘

D=8l 8l & ¢ ElE

ANSYS Toolbar

SAVE_DB| RESUM_DB AQEJ POWRGRPH ﬁ

ANSYS Main Menu @ H @
W 4 @]
i el 8o
S EIE
Loads

Analysis Type
[ Fast Sol'n Optn
B Define Loads
Settings
B Apply
B Structural
B Displacement
R On Lines
R On Areas
A On Keypoints
A On Nodes
R On Node Components

Force/Moment
Pressure
Temperature
Inertia

B3 Pretnsn Sectn
Gen Plane Strain

Y I [

Bj| |2nalise limite de uma viga

palelols s lole bl 2la

| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=2 real=3 csys=0 secn=1 |

2.5.2. Acopla translacdes nas rotulas plasticas:
v Dentro do “Preprocessor” selecionar “Coupling/Ceqn”, “Couple DOF’s”;
v" Na nova janela, apontar os nés 2 e 3;
v" Clicar em “OK”;
v Inserir:
o NSET
o LAB = UX
v Clicar em “OK”;

1
H
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JA\ ANSYS ED Utility Menu (Limite) - | X

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

b= uo & & 2 & EIEE!

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH, ﬂ
ANSYS Main Menu ®|

Preferences i=]

B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
& Coupling / Cegn

B Gen w/Same Nodes
B Gen w/Same DOF
Coincident Nodes
Offset Nodes
Del Coupled Sets
Constraint Eqn
Gen w/Same DOF i
[ Modify ConstrEqn
[ Adjacent Regions
Shell/Solid Interface
A Rigid Region
Del Constr Eqn
A Dist F/M at Mstr

FSI Set Up

MultiField Set Up

pplelols sl bplla

Loads
Physics B[ |2nalise limite de uma viga
« 2l
[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=2 [real=3 [esys=0 [secn=1 |

v Dentro do “Preprocessor” selecionar “Coupling/Ceqn”, “Couple DOF’s”;
v" Na nova janela, apontar os nés 2 e 3;
v" Clicar em “OK”;
v Inserir:
o NSET
o LAB =Uz
v Clicar em “OK”;

I
N

L
x

A\ ANSYS ED Utility Menu (Limite) - J
File Select List Plot PlotCtils WorkPlane Parameters Macro MenuCtrls Help

b= o & & 2 & Xz @

ANSYS Toolbar

SAVE_DB| RESUM_DB w POWRGRPH

ANSYS Main Menu ®|

ANSYS

MAY 11 2010

2 21

[ Preferences

B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
8 Coupling / Ceqn

=

okl |

\i

B Gen w/Same Nodes
Gen w/Same DOF
Coincident Nodes
Offset Nodes
Del Coupled Sets
Constraint Eqn
B Gen w/Same DOF A
[ Modify ConstrEqn
Adjacent Regions
Shell/Solid Interface
A Rigid Region
Del Constr Eqn
A Dist F/M at Mstr
FSISet Up
MultiField Set Up

E@@@@EBB@]@E\
&

5

ole [ [s [+ oo s

Loads

Physics B|| |2oelise limite de uma viga
K1l ] &l
| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=2 [ real=3 [ csys=0 [ secn=1 |

v" Dentro do “Preprocessor” selecionar “Coupling/Ceqn”, “Gen with same
DOF”;
v Inserir:
o ITIME =2
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INC
NSET1
NSET2
o NSET3
v" Clicar em “OK”;

o O O
]
P NPFPDN

JAY ANSYS ED Utility Menu (Limite) -3 x
File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrs Help ‘
bj=lalo| sl &l e = ElEE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB w POWRGRPH

ANSYS Main Menu ®|

8 Preferences Bl |’ ANSYS

MAY 11 2010

B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model ITIME Number of generations
8 ;'&ﬂ'ﬁ:é;‘}: INC Node increment

A Cupl DOFs w/Mstr
B Gen w/Same Nodes

NSET1,NSET2,NINC Range of nodes

- to be included in new set

Offset Nodes
Del Coupled Sets
B Constraint Eqn
B Gen w/Same DOF A
[ Modify ConstrEqn
Adjacent Regions
Shell/Solid Interface
A Rigid Region
Del Constr Eqn
A Dist F/M at Mstr
FSISet Up
MultiField Set Up

Apply ‘ Cancel ‘

5

ole o2 [+ oo s

Loads

Physics -l Analise limite de uma viga
K1l | @l
| Pick a menu item or enter an ANSYS Command (PREP7) [ mat=1 [type=2 [ real=3 [ csys=0 [ secn=1 |

v’ Para verificar a lista com os acoplamentos:

v" No “ANSYS Utility Menu”, selecionar “List”, “Other”, “Coupled Sets”, “ALL

CP node selected”;

Y ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

ol = Files 4 h En
J J L Status » gjl &l g &
ANSYS Tooll 3|
—————  Keypoint > £ =
2 RE lines.. e j
T Areas
_ANSYSMain|  yigjumes 1 @
] Preferent  Nodes ..
BPeproce  peee @@
@ Elemet
RealC,  Components & @
Materi [}
Sectiof  Picked Entities + ] 2|
Modeli — = |
Meshir roperties
Checki ~ Loads 4 | g
Numb( 7 » =
Archiv FT I—

Archiv Local Coord Sys
B Couplifigrcexer R
i Master DOF

A Cupl DOFs w/Mstr Gap Conditions

Any CP Node Selected

Offset Nodes
B Del Coupled Sets
[E Constraint Eqn
Gen w/Same DOF Components
Modify ConstrEqn
Adjacent Regions
Shell/Solid Interface Superelem Data ...
A Rigid Region Genl Plane St
B Del Constr Eqn T
R Dist F/M at Mstr
FSI Set Up
MultiField Set Up

Parameters
Named Parameter ...

Database Summary

Loads
Physics Y| |2catise limite de uma viga
« i
| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=2 real=3 csys=0 secn=1 |
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JA\ ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

o= uo & & 2 & oz @

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

Preferences

B Preprocessor
Element Type
Real Constants
Material Props

Sections LIST ALL COUPLED SETS WITH ALL HODES SELECTED
Modeling

Meshing COVPLED SET- 4 DIRECTION: UK TUTRL OES- 2
Checking Ctrls
Numbering Ctris COUPLED SET= 2 DIRECTION= UZ  TOTAL HODES= 2
Archive Model Wiess™ @ 3
& Coupling / Ceqn COUPLED SET= 3 DIRECTION= UX  TOTAL NODES= 2
A Couple DOFs fOES= 4 S
A Cupl DOFs w/Mstr
E] Gen w/Same Nodes
B Coincident Nodes
Offset Nodes
Del Coupled Sets
Constraint Eqn
Gen w/Same DOF
[ Modify ConstrEqn
[E] Adjacent Regions
Shell/Solid Interface
A Rigid Region
Del Constr Eqn
A Dist F/M at Mstr
FSISet Up
MultiField Set Up

COUPLED SET- 4 DIRECTION- UZ  TOTHL MODES= 2
- g
HRRIHUH COUPLED SET WUMBER= 4

2 Ellolo 2| il

sl lnle s leklplelolRE Rl 5

Loads
Physics Bl |2celise limite de uma viga
« i
| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=2 real=3 csys=0 secn=1 |

2.6. Entranasolucdo para executar a primeira analise elastica:

2.6.1. Fornece condicdo de contorno:

v Dentro do “Solution” clicar em “Analysis Type”,. “Sol'n Controls;

v" Clicar em “Nonlinear”;
v' Clicar em “Set convergence criteria...

P ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= uo & & 2 & EIEE

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu @

Preferences |
Preprocessor R
B Solution Basic ] Transie ] Sol'n Options  Nenlinear | Advanced NL
B Analysis Type
New Analysis
Restart

Define Loads

bisection:
Load Step Opts DOF solution | Prog Chosen |

A\ Solution Controls

Nonlinear Options Cutback Control

Line search  |Prog Chosen | Limits on physical values to perform

SE Management (CMS) predictor Equiv. Plastic strain 15
Some " ExplctCrep rtio .

FSISet Up
MuiltiField Set Up Maximum number of Incremental displacement 10000000

Prog Chosen
AADAMS Connection ; iteaticns Points per cycle 13

Diagnostics
Unabridged Menu & Cutback according to predicted number of
Creep Option iterations
General Postproc
TimeHist Postpro
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt
Prob Design
Radiation Opt

o
0.]
Manual Rezoning Equilibrium Iterations Implicit Creep ratio 0

- ) ’ :
i e e sitees Always iterate to 25 equilibrium iterations

Set convergence criteria ...

L«

e Ellolo 2| o

Blelole]sololslolejozalale@le|e

Run-Time Stats Cancel
[ Session Editor
[ Finish
Bl |2cclise limite de uma viga
il ] &l
| Pick a menu item or enter an ANSYS Command (SOLUTION) [ mat=1 [type=2 real=3 [ csys=0 [ secn=1 |

v" Na nova janela, selecionar a linha referente ao M e clicar em

‘REPLACE”,
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i\ ANSYS ED Utility Menu (Uinsite) o =@ x

D@ 26| 2 2 2] H EIEE

A\ Default Nonlinear Convergence Criteria

Default Criteria to be Used:

L8 Label Ref. Value Tolerance Norm Min. Ref.
Pd| F calculated 001 L2 10
Pl Y calculated 001 2 10
B Sq
g

Replace...

G
Ti
Di
Td Close Help
R

SignXplorerV
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
[ Session Editor

B Finish
Bl |2oa1ise linite de uma viga &
K1 i el
[ Pick a menu item or enter an ANSYS Command (SOLUTION) [mat=1 [type=2 real=3 coys=0 secn=1 |
v" Na nova janela, escolher:
o Lab Structural Moment M
o VALUE 27778
o TOLER 0.001
v Clicar em “OK”;
YAV ANSYS ED Utility Menu (Limite) -8 X

NEEEEER EIEE]

~ A\ Default Nonlinear Convergence Criteria X [ i‘
S| Label Ref. Value Tolerance Norm  Min.Ref. &
Pl F calculated 001 [P 10 e i—
el " calculated 001 B 0 B2
B Sq \ Nonlinear Convergence Criteria < 2

[CNVTOL] Nonlinear Convergence Criteria

Lab Convergence is based on Structural W [Force E j
Thermal Moment M | !
Magnetic Displacement U ‘,J
Electric Rotation ROT -
Fluid/CFD
Moment M

VALUE Reference value of Lab 27778
TOLER Tolerance about VALUE 0.001
NORM Convergence norm 12 norm =

G MINREF Minimum reference value
i
Di

Tq

R

D VT oK Cancel Help
Design Opt

Prob Design

Radiation Opt
Run-Time Stats

i fcNcNclcNcRol: foNchc)

W

(Used only if VALUE is blank. If negative, no minimum is enforced)

Session Editor

2lebole [z bblblbkRbk

B Finish
K1 | sl
[ Pick a menu item or enter an ANSYS Command (SOLUTION) mat=1 [type=2 real=3 csys=0 secn=1 |

v' Fechar a janelas;

v" Dentro do “Solution” selecionar “Define Loads”, “Apply”, “Structural’,
“Displacement”, “On Nodes”;

v' Apontar o n6 1 e clicar em “APPLY?”;

v' QOutra janela ira aparecer entdo selecionar no campo “DOFs to be
constrained” a opgao “UZ”;
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v" Clicar em “OK”;

JA\ ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help

D= alo &8l ¢ E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

[ Preferences

Preprocessor

& Solution
Analysis Type
B Define Loads

@ Settings 3
Apph
8 i A D] Apply Displacements (U.ROT) on Nodes
B Displacement Lab2 DOFs to be constrained
A On Lines
A On Areas

A On Keypoints
Jor Neded

Tedebide
A On omponen
Symmetry B.C. Apply as

Antisymm B.C.
Force/Moment
@ Pressure
@ Temperature =
[ Inertia
B Pretnsn Sectn
[ Gen Plane Strain

If Constant value then:

VALUE Displacement value

Constant value v

Cancel | Help |

Other
Field Volume Intr
@ Initial Condit'n
@ Load Vector
@ Functions
Delete
Operate
Load Step Opts
SE Management (CMS) B4l |2nalise limite de uma viga

il I —

<

®
0]
8| @

[

@
ololele| |

)

B
*

@

o

dplelo|s|tolplslololelzlalaje|ala|e

| Pick a menu item or enter an ANSYS Command (SOLUTION) mat=1 [type=2 real=3 csys=0 secn=1 |

v' Dentro do “Solution” selecionar “Define Loads”, “Apply”, “Structural’,

“Displacement”, “On Nodes”;
v" Apontar o n6 4 e clicar em “APPLY”;
(verificar que tem 2 nds e aceitar o0 4);

\

v' Outra janela ird aparecer entdo selecionar no campo “DOFs to be

constrained” a opcao “UZ e UX”;
v" Clicar em “OK”;

P2\ ANSYS ED Utility Menu (Limite) =8 X
Flle Select List Plot PlotCtls WorkPlone Parsmeters Macro MenuCtls Help ‘
D=us & & 2 & EIEE

ANSYS Toolbar 3|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu )]
Preferences -
Preprocessor

B Solution

Analysis Type
B Define Loads

Settings N Apply UROT on Nodes

Apph
. D] Apply Displacements (U,ROT) on Nodes
B Displacement Lab2 DOFs to be constrained
A On Lines
A On Areas

A On Keypoints

A On Node Componen
Symmetry B.C. Apply as
® Antisymm B.C.

Constant value >

@ Force/Moment
[ Pressure
Temperature
Inertia

B Pretnsn Sectn
E] Gen Plane Strain

I Constant value then:

VALUE Displacement value

—

Cancel ‘ Help \

& Other
@ Field Volume Intr
Initial Condit'n
Load Vector
Functions
Delete
Operate
Load Step Opts
SE Management (CMS) Bl| |2calise limite de uma viga

T B

| Pick a menu item or enter an ANSYS Command (SOLUTION) [ mat=1 [type=2 [ real=3 ['csys=0 [ secn=1 |

v' Dentro do “Solution” selecionar “Define
“Displacement”, “On Nodes”;

v" Apontar o n6 5 e clicar em “APPLY?”;

v’ (verificar que tem 2 nés e aceitar 0 5);
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v' Qutra janela ira aparecer entdo selecionar no campo “DOFs to be
constrained” a opgao “ROTY?”;
v" Clicar em “OK”;

FA\ ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= a8 s el 2 H - Z|

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH 4
ANSYS Main Menu ®|

[ Preferences
Preprocessor
B Solution
Analysis Type
B Define Loads
Settings

Appl = = = |3~
= E”‘;{mm. [D] Apply Displacements (U,ROT) on Nodes (ERd]
@ Displacement Lab2 DOFs to be constrained 3|
A On Lines
A On Areas 8

2 On Keypoints

(
A On Node Componen
Symmetry B.C. Apply as
Antisymm B.C. .

)
: il
Constant val -
onstant value
S ;?:z:me"t VALUE Displacement value Q

@ Temperature -
Inertia

B Pretnsn Sectn

[l Gen Plane Strain

I Constant value then:

v

Blelolsls olols

Cancel | Help |

Other
& Field Volume Intr
@ Initial Condit'n
@ Load Vector
Functions
Delete
Operate
Load Step Opts
SE Management (CMS) Bl |20a1ise limite de uma viga

|

)

| Pick a menu item or enter an ANSYS Command (SOLUTION) mat=1 [type=2 real=3 csys=0 secn=1

2.6.2. Aplicar as cargas:
v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”’, “Force/Moment”, “On Nodes”;
v" Apontar o n6 2 e clicar em “OK”;
v" Na nova janela inserir:
o Direction of forca/mom Fz
o VALUE Force/moment value -1000
v" Clicar em “OK”.

P2\ ANSYS ED Utility Menu (Limite) -8 X
File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help ‘
D=as & 2 & EEE

ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH 4
ANSYS Main Menu ®|

1 Preferences -

| Preprocessor MaY 31, 2010

) Solution

23 3
@ Analysis Type
 Define Loads
Settings
Bl Apply
B Structural
Displacement
B Force/Moment

A On Keypoints

R On Node Components
From Reactions
From Mag Analy
Pressure
Temperature
Inertia
B Pretnsn Sectn
[ Gen Plane Strain
Other
ield Volume Intr
itial Condit'n
Load Vector
Functions
Delete
Operate
Load Step Opts
@ SE Management (CMS)
[ Results Tracking
@ Solve =

i ——— .

Lab  Direction of force/mom
Apply as

If Constant value then:

VALUE Force/moment value

Z o~
Constant value -

-1000

Cancel [ Hep |

Analise limite de uma viga

[ Pick a menu item or enter an ANSYS Command (SOLUTION) mat=1 [type=2 real=3
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Y ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

D= 6|88l & 7| &I

ANSYS Toolbar

EIEE]

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|
] Preferences =]
1 Preprocessor
1 Solution

Analysis Type
E] Define Loads
B Settings
B Apply
B Structural
Displacement
B Force/Moment
A On Keypoints
PALO:
A O omponents
From Reactions
From Mag Analy
Pressure
Temperature

Operate
B Load Step Opts
@ SE Management (CMS)
B Results Tracking
Solve

= L |
T

Analise limite de uma viga

[ Pick a menu item or enter an ANSYS Command (SOLUTION) [ mat=1 [type=2

[real=3 [csys=0 [ secn=1

v' Dentro do “Solution” selecionar “Loads Step Options”, “Output Ctrls”,
“Solu Printout”;
v" Na nova janela, selecionar:

o OUTPR
o Freq

v" Clicar em “OK”;

FA\ ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help

All ltems
Every Substep

|z 6o 8l ¢ E

ANSYS Toolbar

- E =

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu ®|
[ Preferences -
Preprocessor

8 Solution

Analysis Type

Define Loads

B Load Step Opts
B 0

B Grph Solu Track
Show Status
[ PGR File
[ Incl Mass Summry
B Integration Pt
Other
B Stop Solution
Reset Options
Read LS File
Write LS File
@ Initial Stress
SE Management (CMS)
[ Results Tracking
olve
lanual Rezoning
SISet Up
ultiField Set Up
DAMS Connection
Diagnostics
[ Unabridged Menu
General Postproc
TimeHist Postpro
Drop Test

K |

B)| |2ralise limite de uma viga

/\ Solution Printout Control:

[OUTPR] Solution Printout Controls

Ttem Item for printout control

FREQ Print frequency

Value of N

Allitems =~

€ None
" Last substep

& Every substep

" Every Nth substp

(

(Use negative N for equally spaced data)

Cname Component name -

- for which above setting is to be applied

All entities |

Cancel |

I«

riElsis el o

Blelole[z|olelzlolofelalalale|a|e o

>

| Pick a menu item or enter an ANSYS Command (SOLUTION) mat=1 [type=2

real=3 csys=0 secn=1

2.6.3. Salvando dados no arquivo Limite.db
v" No ANSYS Toolbar clicar em “SAVE_DB”.
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3. SOLUCAO

v" No ANSYS Main Menu dentro do “Solution” clicar em “Solve”, “Current
LS

v Clicar em “OK”.

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

v’ Desprezar os “Warnings”;

v No ANSYS Toolbar clicar em “SAVE_DB” para salvar os dados mais a
solucéo no arquivo.

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

v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Reaction Solution” para listar as reagcdes nodais;
v Inserir na janela que abrir:
o Lab All Items
v" Clicar em “OK”;

JA\ ANSYS ED Utility Menu (Limite)

FEile Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

Dls|as| s 2| EIEE

ANSYS Toolbar ®|
SAVE DB RESUM_DB| QUIT| POWRGRPH 4
ANSYS Main Menu ®| R

Preferences
Preprocessor
Solution

ral Postproc
ta & File Opts

Rects Sineeeay B B\ List Reaction Solution | o Q‘ 2|

Read Results [PRRSOL] List Reaction Solution =] |ERY]
Failure Criteria

Plot Results Lab Item to be listed RNiiB — gl %
B List Results E ruct force J _J
[ Detailed Summary

All struc mome M
E SpotWeld Solution

All items
feeackon Sany
E Nodal Loads

B Elem Table Data Cancel | Help |
B

10 20
15

Cumulative Iteration Number

|
2

[ Pick a menu item or enter an ANSYS Comman d (POSTL) mat=1 [type=2 real=3 csys=0 secn=1

splelrlz s bekppRER
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JA\ ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= 6o & & 2 &l B

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences
Preprocessor
Solution

8 General Postproc

Command

I\ PRRSOL

Data & File Opts
Resuits Summary PRINT REACTION SOLUTIONS PER HODE
Read Results

e sk POST TOTL REACTION SOLUTION LISTING vt
Plot Results LOAD STEP= 1 SUBSTEP= 1

B List Results THE= 1000 LOAD CASE= O

Detailed Summary THE FOLLONING ¥,Y,Z SOLUTIONS ARE TH GLOBAL CODRDINATES
Iteration Summry

Loreeat b T R " ool
HI;Sorted Lisong 2 0.0000 . 0.0000 0.0000
B Nodal Solution 3 0.0000 0.0000 00000
B Element Solution 4 0.000 00000 85185 0000 0.0000

5 0.0000 00000 2. 0.0000

B Section Solution
Superelem DOF TOTAL VALUES
SpotWeld Solution | | YLUE ~ 0.0000  0.0000  000.0  0.0000 2. 0.0000
Nodal Loads
[ Elem Table Data
B Vector Data
Path Items
Linearized Strs
Query Results
Options for Outp
Results Viewer
[ Write PGR File

0

10

Cumulative Iteration Number

e ololsle| |

sl lnle s leklplelolRE Rl 5

Nodal Calcs
Element Table d
TR ol
| Pick a menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=2 [ real=3 [ csys=0 [ secn=1 |

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

Table”, “Define Table”, “Add”;
v" Na nova janela, definir (momentos fletores em 2Z):
o LAB MYi
o Item, comp By sequence number

v" Clicar em “OK”".

A\ ANSYS ED Utility Menu (

SMISC
SMISC,5

ment Table Data =] [

Item Comp Time Stamp Status

\ Define Additional Element Table Items.

[AVPRIN] Eff NU for EQV strain

[ETABLE] Define Additional Element Table Items
Lab  Userlabel for item

Item,Comp Results data item Strain-thermal

Strain-plastic
Strain-creep

Strain-other
Contact
Optimization

n0EAMEE& @

(For "By sequence num", enter sequence

no. in Selection box. See Table 4.x-3

in Elements Manual for seq. numbers.)

oK Apply Cancel Help

ETFina
[ Find Minimum
[ Exponentiate
Cross Product
Dot Product

Erase Table

Path Operations
Surface Operations

« 2

15
Cumulative Iteration Number

55 €0 |e» IitL

%

[ Pick a menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=2 [reat=3 [csys=0 secn=1

v" Na janela “Element Table Data”, clicar em “Add” e definir (momentos

fletores em 2):
o LAB MY]
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o Item, comp By sequence number SMISC
SMISC,11
v Clicar em “OK”.

[\ ANSYS ED Utilty Menu (Uinsite) o =@ X

_JLJLDJJJ_’J% EEEE

nent Table Data 23 [
m— = |

Label ltem  Comp Time Stamp __ Status

ECiIY SIS 5 Time= 10000 (Current) i

\ Define Additional Element Table Items

TAVPRIN] Eff NU for EQV strain
[ETABLE] Define Additional Element Table ltems
Lab  Userlabel for item MYj

Item,Comp Results data item Strain-thermal B
Strain-plastic

DEFAAAEEEE®EEQ

(For "By sequence num”, enter sequence

no. in Selection box. See Table 4.x-3

in Elements Manual for seq. numbers)
B Find Maamuam
Find Minimum

oK Apply Cancel Help
Exponentiate

Cross Product R f
o 10 20

1s
Cumulative Iteration Number

Dot Product
[ Erase Table
Path Operations
Surface Operations |

< 2l

| Pick a menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=2 [ real=3 [ csys=0 [ secn=1 |

=]
°p
@

2|
&

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

Results”, “Contour Plot”, “Line Elem Res ;
v" Na nova janela selecionar:
o LABI MFi
o LABJ MF;j
v" Clicar em “OK”;

JA\ ANSYS ED Utility Menu (Limite) -3 X

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

RECECER EIEE

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH i‘

ANSYS Main Menu ®|

Preferences

Preprocessor

Solution

B General Postproc
Data & File Opts \ Plot Line-Element Results : ﬂ @
Resuits Summary

Read Results [PLLS] Plot Line-Element Result ERd|
Failure Criteria Labl Elem table item at node
B Plot Results @ me

B Deformed Shape Lab) Elem table item at node J
& Contour Plot
Nodal Solu
Element Solu KUND Items to be plotted
[ Elem Tabl

Fact Optional scale factor

@ Def shape only

Vector Plot  Def + undeformed
Plot Path Item
Concrete Plot € Def + undef edge
ThinFilm ol
List Results
Query Results
Options for Outp Cancel
Results Viewer
B Write PGR File
Nodal Calcs
Element Table

bplelols 2l blpl2ala

Path Operations 1-0Kt00 - = ”
Surface Operations ° 0 N 20
Load Case
Cumulative Iteration Numb
Check Elem Shape umulative eratio umber
B Write Results ;'J
H ol
[ Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=2 real=3 csys=0 secn=1 |
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Y ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help

D= 8|88l 7| &l

ANSYS Toolbar

- ==

3
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬂ
ANSYS Main Menu ®| [~ @]
Preferences = "LINE STRESS

Preprocessor
Solution
B General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
8 Plot Results
[ Deformed Shape
£ Contour Plot
Nodal Solu
[ Element Solu
[ Elem Table

Vector P
Plot Path Item
Concrete Plot
ThinFilm
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
Write Results

i [ ol

Bl |Analise limite de uma viga

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

sfplelnle 2 olelollafala

mat=1 | i [esys=0 secn=1

5.1. Entra na solucdo para executar a segunda andlise elasto-
plastica:

5.1.1. Fornece condi¢do de contorno:
v Dentro do “Solution” clicar em “Analysis Type”,. “Sol'n Controls;
Clicar em “Basic”;

<

v' Inserir;

o Number of Substeps
v Clicar em “OK”;

FA\ ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D|=| @l o 8l & 2| E

ANSYS Toolbar

- = g

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu @
[ Preferences 5|

Preprocessor
B Solution
£ Analysis Type
New Analysis
[ Res
=fsol ol
Define Loads
Load Step Opts
SE Management (CMS)
Results Tracking
Solve
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

A\ Solution Controls

¢ | sofn Options| Nonlinear | Advanced NL

Analysis Options

Small Displacement Static ~|

I Calculate prestress effects

Time Control

Time at end of loadstep

Automatic time stepping  |Prog Chosen |

% Number of substeps
¢ Time increment
Number of substeps
Max no. of substeps

Min no. of substeps

—

Write Items to Results File

" All solution items
" Basic quantities
(% User selected
[Nodal DOF Solution

Nodsl Reaction Loads
Element Nodal Stiesses
Frequency:

Write every substep

palelols s lolo e l[a

Run-Time Stats Cancel
Session Editor
Finish
Bl |2021:5e limite de uma viga
| Pick a menu item or enter an ANSYS Command (SOLUTION) mat=1 [type=2 real=3 csys=0 secn=1
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5.1.2. Aplicar as cargas:
v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Force/Moment”, “On Nodes”;
v' Apontar o n6 2 e clicar em “OK”;
v (verificar que tem 2 nés e aceitar o 2);
v" Na nova janela inserir:
o Direction of forca/mom FZ
v VALUE Force/moment value -1388.8

v" Clicar em “OK”.

JAY ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

Dlz|as| s 2| EIEE

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

1 Preferences Bl | s
1 Preprocessor —
1 Solution TG

Analysis Type
B Define Loads
Settings

sl |

A\ Apply F/M on Nodes
[F] Apply Force/Moment on Nodes
Lab  Direction of force/morn =
e T
| If Constant val hen:
Pdiars SRS \/ALUE Force/moment value 13888
Temperature

Inertia
B Pretnsn Sectn
Gen Plane Strain
Other
Field Volume Intr
itial Condit'n

Cancel [ Help [

ctions
elete
Operate
[ Load Step Opts
@ SE Management (CMS)
[ Results Tracking
Solve _~J Analise limite de uma viga

i

[ Pick a menu item or enter an ANSYS Comman d (SOLUTION) mat=1 [type=2

dplela|s|slolelslololale|alajale|@|e i

U
3
5
il
)

5.1.3. Salvando dados no arquivo Limite.db
v" No ANSYS Toolbar clicar em “SAVE_DB”.

O,
6. SOLUCAO
v No ANSYS Main Menu dentro do “Solution” clicar em “Solve”, “Current
LS”;
v" Clicar em “OK”.

Na janela “Information: Solution is done” clicar em “CLOSE”.
v' Desprezar os “Warnings”;

<\

v" No ANSYS Toolbar clicar em “SAVE_DB” para salvar os dados mais a
solugao no arquivo.

O,
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7. POS PROCESSAMENTO
7.1. Gera, lista e plota os resultados:
v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Reaction Solution” para listar as reagcdes nodais;
v" Inserir na janela que abrir:
o Lab All Items
v Clicar em “OK”;

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

D|=| 6o 8l o ¢ = EIFE

ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QuIT| POWRGRPH, ij
ANSYS Main Menu )]

Preferences -

Preprocessor

Solution
B General Postproc
[ Data & File Opts
£ Results Summary
Read Results
Failure Criteria
Plot Results
B List Results
Detailed Summary
B Iteration Summry
B Percent Error
Sorted Listing
Nodal Solution
Element Solution
Section Solution

Superelem DOF = 0 Allitems
[ SpotWeld Solution
=[re J 0

etntoien RO
Nodal Loads .
Elem Table Data 5 Cancel | Help |
Vector Data
Path Items
Linearized Strs
Query Results
[ Options for Outp
Results Viewer
Write PGR File

Lab Item to be listed

Struct force FX
FY

FZ
All struc forc F
Struct moment MX

All struc mome M

Cumulative Iteration Number

Nodal Calcs
Element Table e
| Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=2 real=3 csys=0 secn=1 |

Y ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D|=| 6o 8l 4 ¢ = EIEE

ANSYS Toolbar @l

SAVE_DB| RESUM_DB| QUIT| POWRGRPH jj

ANSYS Main Menu

Preferences

Preprocessor

Solution

B General Postproc
Data & File Opts
B3 Results Summary PRINT REACTION SOLUTIONS PER NODE
Read Results
RIS skt POST TUTAL RERCTION SOLUTION LISTING sweee
Plot Results LOAD STEP= 1 SUBSTEP= 3
B List Results THE=  1.0000  LOAD CASE= O

Detailed Summary THE FOLLONING §,Y,Z SOLUTIONS ARE TH GLOBAL CODRDINATES
Iteration Summry

N PRRS

o Eescent bior EOM gl ok oo " o
Scirted Listing 2 0.0000 ’ 0.0000 0.0000
Nodal Solution 3 0.0000 0.0000 0.0000
Element Solution 400000 00000 41 00000 0.0000
e 5 0.0000 oo e 0000
Superelem DOF TOTHL YALUES

B SpotWeld Solution VALUE  0.0000 0.0000 1388.8 0.0000 2.

B e

Reactio
Nodal Loads
Elem Table Data
Vector Data
Path Items
Linearized Strs
Query Results
[ Options for Outp
Results Viewer
Write PGR File
Nodal Calcs
Element Table

Cumulative Iteration Number

| Pick a menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=2 [real=3 ['esys=0 [ secn=1 |

v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Element
Table”, “Define Table”, “Update”;
v Clicar em “Close”.
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JA\ ANSYS ED Utility Menu (Limite)

] 1B

D= w5

Loalhac

| /\ Element Table Data

——]| Currently Defined Data and Status:

AN Label Iem  Comp TimeStamp  Status
Pd|  Mv SMIS 5 Time= 1.0000  (Current)
Pr MY) Ti
Sd
a

DEAEAAEE0E ®AHS

T Fnd Mamom
Find Minimum
Exponentiate
Cross Product
Dot Product
[ Erase Table
Path Operations
Surface Operations E|

& |

s0

Iteration Number

o]
£23
2

ﬂ
&

[ Pick a menu item or enter an ANSYS Command (POSTL) [mat=1 [type=2 [real=3 [esys=0 [secn=1 |

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

Results”, “Contour Plot”, “Line Elem Res :
v" Na nova janela selecionar:
o LABI MFi
o LABJ MFj
v Clicar em “OK”;

JAY ANSYS ED Utility Menu (Limite) -3 x
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help ‘
bj=lals| sl &l e = EIEE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

[ Preferences
Preprocessor

Solution
B General Postproc
= . s.. (T
Data & File Opts /\ Plot Line-Element Results

B Results Summary
Read Results B4 (PLLS] Plot Line-Element Result
Fallire Celterty Labl Elem table item at node
B Plot Results
Deformed Shape S | Lab) Elem table item at node )
& Contour Plot
EJ Nodal Solu

Element Solu C KUND Items to be plotted
bl
E - )

Il Fact Optional scale factor

@ Def shape only

Vector Plot " Def + undeformed
Plot Path Item
@ Concrete Plot " Def + undef edge
@ ThinFilm )
List Results
Query Results
[ Options for Outp Cancel
Results Viewer
Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations

Llefelal=

5

ole o[z [+ oo s

Load Case

Check Elem Shape

Write Results j
I ] &l
| Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=2 real=3 csys=0 secn=1 |
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PAY ANSYS ED Utility Menu (Limite)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= 6o & & 2 El B

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences =] "LINE STRESS
Preprocessor

Solution

B General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
B Plot Results

[ Deformed Shape
B Contour Plot
Nodal Solu
[E] Blement Solu
[ Elem Table
ine i e
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm

List Results

Query Results

B Options for Outp

[ Results Viewer

[ Write PGR File

Nodal Calcs

Element Table

Path Operations

Surface Operations

sfplelnle 2 olplolelalala

Load Case
Check Elem Shape
Write Results 5
[ Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=2 real=3 coys=0 secn=1 |

5. 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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RESULTADOS

RESULTADOS NAO CONSIDERANDO A EXISTENCIA DA ROTULA

PLASTICA

REACOES NODAIS E MOMENTOS

NO

FX

FY

FZ

MX

MY

MZ

[ERN

0.00

205.75

0.00

0.00

0.00

0.00

0.00

0.00

1183.1

0.00

38578

0.00

Viga - Analise ilimitadamente elastica P=-1388.8

LNETE E. 6
JAN 0 u]
00-00:00
LINE STREZE
STEP==

ZUE =1
TIME==z

MYI MYT
MIN =-Z0E7E
ELEM=1

MA =33E72
ELEN=:z
—Z0E57E
=l4002
=74320
—-2L7.z84
5715
12288
12260
ZE4332
3Z005
o= 1A =]

BO00REOEN
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