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MODELAGEM DE FUNDACAO ELASTICA

INTRODUCAO

O objetivo deste exemplo € a discussdo do comportamento de uma
estrutura quando se considera a elasticidade de suas fundacbes (apoios).
Vamos analisar o comportamento de um edificio de 14 pavimentos, modelado
como portico plano, quando submetido a acdo do vento e verificar 0s
resultados obtidos considerando as fundacdes engastadas e elasticas. A figura
1 mostra a estrutura a ser analisada e o carregamento (vento) atuante.
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Figura 1 — Esquema do edificio (pértico plano).

Na analise do pértico plano deste exemplo vamos utilizar o elemento de
viga bidimensional elastica — BEAM3 do ANSYS. Antes de iniciar a andlise da
estrutura, descrevemos as principais caracteristicas deste elemento.

A) BEAM 3 - Elemento de viga bidimensional elastica.
I Descricao do elemento BEAM 3:

BEAM3 é um elemento uniaxial, bidimensional, linear com capacidades de
atuar na tracédo, compressao e flexdo. O elemento tem 3 graus de liberdade por
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no, sendo elas, 2 translacées segundo os eixos x e y, e 1 rotacdo em torno do

eixo z.

HEIGHT

Figura 4 — Elemento BEAM 3.

ii. Caracteristicas do elemento BEAM 3:

a.
b.
C.

Nome na biblioteca do ANSYS ED 9.0: BEAM 3;

Nos: 2 (i —j);

Graus de liberdade: 3 DOF - UX, UY e ROTZ, duas translacfes
segundo 0s eixos x e y e uma rotacao ao redor do eixo z;

e KEYOPT (6) = 0 No printout of member forces and moments;

1 Print out member forces and moments in the
element coordinate system;

e KEYOPT (9) = N usado para informar o nimero N de pontos

intermediarios entre 0os ndés i e j que se
solicitam os resultados (cabo);

e Propriedades dos Materiais: Comando MP, label, NSET, valor onde label

é:

o O O O

EX = Modulo de Elasticidade Longitudinal ou de Young: E;
G = Mddulo de Elasticidade Transversal:

ALPX = Coeficiente de dilatacao térmica;

DENS = Densidade;

e Constantes Geomeétricas;

o R: = Area da secao transversal A;
o Rz =Momento de inércia |;
o Rj3=Espessura nadiregéoy.
e C(Cargas:
o Admite prescricdo nos deslocamentos: comandos D, DSYM e DK;
o Admite cargas concentradas nos nos: comandos F, FK;
o Admite cargas distribuidas no elemento: comandos SFBEAM,
label PRESS;
o Para a insercdo de cargas de inércia (por exemplo, 0o peso

préprio), utilizar ACEL.
= LOADKEY: 1 - sentido ij; dire¢do — y normal;
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= LOADKEY: 2 — sentido ij; direcédo + x tangente;
= LOADKEY: 3 —sentido i; direcdo + x axial;
= LOADKEY: 4 — sentido j; direcao — x axial.
e Resultados: (os mais importantes fornecidos pelo programa
o Deslocamentos e deformacdes;

Figura 5 — Resultados fornecidos.
i. Deslocamentos e deformacdes: Para o KEYOPT(9)=0

1. Esforco normal nas barras;
a. NGO inicial NXI=SMISC(1)
b. N6 final NXJ=SMISC(7)

2. Esforgo cortante;
a. No inicial QYI=SMISC(2)
b. N6 final QYJ=SMISC(8)

3. Momentos Fletores;
a. NO inicial MZI=SMISC(6)
b. N6 final MZJ=SMISC(12)

ii. Deslocamentos e deformagdes: Para o KEYOPT(9)=1

1. Esforgo normal nas barras;
a. NGO inicial NXI=SMISC(1)
b. N6 IL intermediario: NX1=SMISC(7)
c. No final NXJ=SMISC(13)

2. Esforco cortante direcdo y;;
a. No inicial QYI=SMISC(2)
b. NO IL intermediario: QY1=SMISC(8)
c. No final QYJ=SMISC(14)

3. Momentos Fletores em torno do eixo z;;
a. NO inicial MZI=SMISC(6)
b. NO IL intermediario: MZ1=SMISC(12)
c. N6 final MYJ=SMISC(17)

iii. E assim por diante parao KEYOPT(9)=3,5,7¢e9
o Tensoes:
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Nomes da tensoes ETABLE e ESOL

Item E I )
SDIR LS - 1 | 4
SBYT LS - 1215
SBYB LS - [3]6
SMAX NMISC - I |3
SMIN NMISC - 2 14
e Restrigcdes:
o Comprimento do elemento deve ser positivo;
o Area da secéo transversal ndo deve ser negativa;
PROPRIEDADES GEOMETRICAS
e Vigas 12 x 60 cm.
o R1 = é&rea da secdo transversal A =0.072 m2
o R2 = momento de inércia 1ZZ = 0.216E-2m*;

o R3 =espessura h=0.60 m;
e Pilares externos do 1° ao 6° pavimentos e pilares centrais do 7° ao
14°: 20 x 60 cm.
o R1 = é&rea da secdo transversal A =0.120 m2
o R2 = momento de inércia 1ZZ = 0.360E-2m*;
o R3 =espessura h=0.60 m;
e Pilares externos do 7° ao 14° pavimentos: 20 x 40 cm.
o R1 = é&rea da secdo transversal A =0.080 mz.
o R2 = momento de inércia 1ZZ = 0.107E-2m*;
o R3 =espessura h=0.40 m;
e Pilares centrais do 1° ao 6° pavimentos: 20 x 80 cm.
o R1 = é&rea da secdo transversal A =0.160 mz.
o R2 =momento de inércia 1ZZ = 0.853E-2m*;
o R3 =espessura h=0.80 m;

PROPRIEDADES DOS MATERIAIS

e Moddulo de elasticidade longitudinal = E: 2.9E7 KN/m?;
e Modulo de elasticidade transversal = G: 1.16E7 KN/m?;
¢ Constantes elasticas:

o Kj;=45000 KN.m/rad;

o K, =90000 KN.m/rad;
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COMANDOS ANSYS®9.0ED

MODELO 1: COM FUNDACAO RIGIDA

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 op¢ao “Change
Title...”;
v" Na nova janela que aparecer, digitar novo titulo: “Fundacéo elastica”;
v" Clicar em OK.

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

Jobname...”;
o Na nova janela que aparecer, digitar novo nome do arquivo:
“fundacao_elastica”;
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 serd 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' Qutra janela se abrira, entdo no “Library of Element Types” selecionar o
elemento “Structural Beam?”, “ 2D Elastic 3” e clicar em “OK”;
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FA\ ANSYS ED Utility Menu (fundacao_elastica)

Dz 26| 2 2 2] H EIE

IE

o
nz=|7

LENEEEEEREEREEBE

@

General Postpr
TimeHist Postpro

Drop Test

Topological Opt

ROM Tool

DesignXplorer VT
Design Opt

Prob Design
Radiation Opt

N\ Element Types = [

Defined Element Types:
[NONE DEFINED

N\ Library of Element Types

Only structural element types are shown

Library of Element Types

Pipe 3D finite strain
Solid 2node 188
Shell
Solid-Shell

Help

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

v

Fechar a janela do “Element Types”;

©

2.2.

Define as propriedades do material:
Dentro do “Preprocessor”, selecionar “Material Props”, “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 Mddulo de Elasticidade
do material e clicar em “OK”:

o EX = 2.9E7,;
Fechar a janela “Define Material Model Behavior”.
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FA\ ANSYS ED Utility Menu (fundacao_elastica)

JﬁlﬂjJJ;lﬂ EEEE

al Constants
& Material Props
& Material Library

Material Models Defined Material Models Available

=iv

B} Convert ALPx Sy m‘ﬁ"‘m 2l | G Favorites
Change Mat Num
/\ Linear Isotropic Properties for Material Number 1 =)

Failure Criteria
Write to File

Linear Isotropic Material Properties for Material Number 1

itiField Set Up
ds.

ysics
Path Operations — 9 Graph
Solution

General Postproc = () | Help ‘
TimeHist Postpro -
Drop Test e
Topological Opt

ROM Tool ,:J

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

2.3. Define Constantes Geométricas:

v Dentro do “Preprocessor”, selecionar “Real Constants”;
Dentro do “Real Constants”, selecionar “Add/Edit/Delete”;
v Na nova janela que abrir, clicar em “Add...” para adicionar novas
constantes geométricas;
v Uma nova janela se abrira entdo selecionar o tipo de elemento em
“Choose element type” e clicar em OK;
v' Selecionar o elemento 1 em “Choose element type” e clicar em OK;
v" A janela “Real Constants Set Number 1, for “BEAM 3” ira aparecer.
Deve-se inserir:
o Real Constant Set No. =1
o AREA =0.072
o 1ZZ =0.216E-2
o HEIGHT =0.60
v' Clicar em “APPLY”;

<\
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FA\ ANSYS ED Utility Menu (fundacao_elastica) - | X

_JLJL!_’JJJ_’J% EEEIE

N Real Constants =

— : RS = /\ Real Constants for BEAM3 kS
NONE DEFINED ] || Element Type Reference No. 1
& P
2 P Real Constant Set No 1 ;
= Cross-sectional area  AREA 0072

Area moment of inertia  [ZZ

Total beam height HEIGHT

Shear deflection constant SHEARZ

Initial strain ISTRN

|| [1

Added mass/unit length ADDMAS

oK Apply Cancel | Help |

EEEEEEEEEEEEB

Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

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

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

v A janela “Real Constants Set Number 2, for “BEAM 3” ira aparecer.
Deve-se inserir:
Real Constant Set No. =2
AREA =0.120
1ZZ = 0.360E-2
o HEIGHT =0.60
v" Clicar em “APPLY”;

O O O

b= €l 6| #| = 2| = O Z @

N\ Real Constants =

/\ Real Constants for BEAM3
[ —

Pl | Element Type Reference No. 1
k=l
=y Real Constant Set No.

Cross-sectional area AREA 0.120

Area moment of inertia  [ZZ 0.360E-2

Le|

Total beam height HEIGHT 6

Shear deflection constant SHEARZ

Initial strain ISTRN

J11]

Added mass/unit length  ADDMAS

oK Apply Cancel | Help ‘

Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt
Run-Time Stats
Session Editor

[ Finish

2lebol: | bllkkkklbllelels

%

[Pick a menu ftem or enter an ANSYS Command (PREPT) == [per | [reet | |
v' A janela “Real Constants Set Number 1, for “TBEAM 3” ira aparecer.
Deve-se inserir:
o Real Constant Set No. =3
o AREA =0.080
o 12z = 0.107E-2
o HEIGHT =0.40
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v" Clicar em “APPLY”;

FA\ ANSYS ED Utility Menu (fundacao_elastica)

NEFEEED : STa e

A\ Real Constants

T —
Element Type Reference No. 1

/\ Real Constants for BEAM3
s

Real Constant Set No.

Cross-sectional area AREA

Area moment of inertia  [ZZ

HEIGHT

Total beam height

Shear deflection constant SHEARZ

Initial strain ISTRN

Added mass/unit length ADDMAS

oK Apply Cancel | Help ‘

Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

v A janela “Real Constants Set Number 1, for “BEAM 3” ira aparecer.
Deve-se inserir:
o Real Constant Set No. =4
o AREA =0.160
o 1Z2z = 0.853E-2
o HEIGHT =0.80
v Clicar em “OK”;

JAY ANSYS ED Utility Menu (fundacao_elastica)

PECEEED] m— ’ ElEE

N\ Real Constants 29 B
= f \ Real Constants for BEAM3
" L
~ E:m; Il Element Type Reference No. 1
- n
=i o 4 Real Constant Set No. i
14:50:08
a Cross-sectional area  AREA

1zz

Area moment of inertia

Total beam height HEIGHT

Shear deflection constant SHEARZ

Initial strain ISTRN

Added mass/unit length ADDMAS

oK Apply Cancel |

LYEFRNEEEEEEEBBBE

G _Glose |
i
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

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

v' Fechar a janela do “Real Constants”;

O
2.4. Criao modelo geométrico:
2.4.1. Numera os noés e elementos:
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v" No ANSYS Utility Menu clicar em “PlotCtrls” e acessar a opcédo
“Numbering”;
v" Na nova janela que aparecer, selecionar:
o NODE Node Numbers ON
o Elem-Attrib numering Element Numbers
v Clicar em “OK”.

JAY ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

bl=us & &l 2 & Xz @

ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬂ
ANSYS Main Menu ®| @
T 2|
n [/PNUM] Plot Numbering Controls
Real Constants @
& Material Props KP Keypoint numbers =
B Material Library 2
T nit: 3|
8]

VOLU Volume numbers

NODE Node numbers

Elem / Attrib numbering

TABN Table Names I~ Off

Meshing

Checking Ctrls SVAL Numeric contour values I off

Numbering Ctrls

Archive Model [/NUM] Numbering shown with Colors & numbers -
Coupling / Ceqn

FSISet Up [/REPLOT] Replot upon OK/Apply? Replot -
MultiField Set Up

=
Loads
& Physics Apply Cancel ‘ Help ‘

wbllEpkkbbRRpERRERE

ROM Tool -

)

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

2.4.2. 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 niimero para o n6 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 “APPLY”;
v' Para criar o préximo no:
o NODE Node Number : 15;
o X,Y,Z Location in active CS : X=0 Y =42;
v" Clicar em “OK”;

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “Fill
Between Nodes” (esta ferramenta serve para criar nos entre noés
preexistentes);

v" Na nova janela que abrir, apontar os nés 1 e 15, anteriormente criados,
e clicar em “OK”;
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v" Uma nova janela se abrird. Entdo determinar:
o NFILL (nimero de nés a serem criados entre 0s nés
selecionados) = 13;
o NINC (Inc. between filled nodes) = 1;
o SPACE (Spacing ratio) = 1.
v Clicar em “OK”;

P2 ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

bl=us & &l 2 & Xz @

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH j]

ANSYS Main Menu 3|

B Preferences
B Preprocessor ——
Element Type /\ Create Nodes Between 2 Nodes

Real Constants
terial Props
Sections

[FILL] Create Nodes Between 2 Nodes
NODE1,NODE2 Fill between nodes

a g?:e"a':ﬂe NFILL Number of nodes to fill
@ Keypoints NSTRT Starting node no.
@ Lines
o NINC Inc. between filled nodes
g ‘h"‘;‘;’;‘“ SPACE Spacing ratio
A On Working Plane
In Active CS ITIME No. of fill operations -
; gt CK"W“*W: Ctr - (including original)
n Keypoint
S ﬁm = INC Node number increment -

- (for each successive fill operation)

Operate
Move / Modify
Copy
B Reflect
B Check Geom
K|

Fundacao elastica

or enter an ANSYS Comman d (PREP7) [ mat=1 [type=1 real=1

v Para criar o préximo no:

o NODE Node Number : 16;

o X,Y,Z Location in active CS : X=6 Y =0;
v" Clicar em “APPLY”;
v' Para criar o préximo no:

o NODE Node Number : 30;

o X,Y,Z Location in active CS : X=6 Y
v" Clicar em “OK”;

42:

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “Fill
Between Nodes”;
v Na nova janela que abrir, apontar os nés 16 e 30, anteriormente criados,
e clicar em “OK”;
v" Uma nova janela se abrird. Entdo determinar:
o NFILL (nimero de nés a serem criados entre 0s nos
selecionados) = 13;
o NINC (Inc. between filled nodes) = 1;
o SPACE (Spacing ratio) = 1.
v Clicar em “OK”;
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FA\ ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

b= uo & & 2 & EIEE!

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH
en:

3
el @
I\ Create Nodes Between 2 M &
2 [FILL] Create Nodes Betw:
Sections NODELNODE? Fill between nodes 2|
" 3
® g"fi'!l‘i NFILL Number of nodes tofill E
Keypoints NSTRT Starting node no. ]
Lines
e NINC Inc. between filled nodes
g x‘;:’:s‘“ SPACE Spacing ratio
A On Working Plane -
& i Actiie cs ITIME No. of fill operations -

A At Curvature Ctr
A On Keypoint
A Nd

- (including original)
petweea NG INC Node number increment -
A Quadratic Fil

[ Rotate Node CS
) Write Node File
B Read Node File

- (for each successive fill operation)

Cancel

Operate
Move / Modify

2alel»[s 1 [0pl ool a2alaleflo

Copy
Reflect
Check Geom &l
| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1 |

v' Para criar o préximo no:

o NODE Node Number : 31;

o X,Y,Z Location in active CS : X=12 Y =0;
v" Clicar em “APPLY”;
v Para criar o préximo no:

o NODE Node Number : 45;

o X,Y,Z Location in active CS : X=12 Y =42;
v" Clicar em “OK”;

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “Fill
Between Nodes”;
v" Na nova janela que abrir, apontar os nés 31 e 45, anteriormente criados,
e clicar em “OK”;
v" Uma nova janela se abrira. Entdo determinar:
o NFILL (ndmero de nés a serem criados entre 0s nos
selecionados) = 13;
o NINC (Inc. between filled nodes) = 1;
o SPACE (Spacing ratio) = 1.
v Clicar em “OK”;
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¥A\ ANSYS ED Utility Menu (fundacao_elastica) - B X
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Di=las sl H oz @

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

6]

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
Keypoints
Lines
Areas
@ Volumes
B Nodes
R On Working Plane
[ In Active CS
A At Curvature Ctr
A On Keypoint

[@ Rotate Node CS
B Write Node File
[E] Read Node File
Elements
B Contact Pair
Piping Models
@ Gircuit
@ Transducers
Operate
Move / Modify
Copy
Reflect
Check Geom

A\ Create Nodes Between 2 Nod

[FILL] Create Nodes Between 2 Nodes
NODEL,NODE2 Fill between nodes

NFILL Number of nodes to fill
NSTRT Starting node no.

NINC Inc. between filled nodes
SPACE Spacing ratio

ITIME No. of ill operations -

- (including original)

INC Node number increment -

- (for each successive fill operation)

Cancel

Fundacao elastica

=l

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

FA\ ANSYS ED Utility Menu (fundacao_elastica)

real=1 csys=0 secn=1 |

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Di=las8 sl H

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH
Ieros)

SAVE
ANSYS Mmanu

®|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
& Keypoints
@ Lines
Areas
Volumes
B Nodes
A On Working Plane
[ In Active CS
A At Curvature Ctr
A

A Quadratic Fill
Rotate Node CS
Write Node File
[ Read Node File
@ Elements
B Contact Pair
& Piping Models
@ Gircuit
Transducers
Operate
Move / Modify

splelols slolpllopR2]2

Copy
Reflect Fundacao elastica
& Check Geom _‘
Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1 |

2.4.3. Cria os elementos:
v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“Elements Attributes”;
v" Na nova janela que abrir escolher:
o TYPE 1
o MAT 1
o REAL 1

v Clicar em “OK”.
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FA\ ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= us & & 2 & EIE!

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH j’
: ®|

NODES
NODE NUM

/\ Element Attributes
Define attributes for elements
[TYPE] Element type number

[MAT] Material number

[REAL] Real constant set number

[ESYS] Element coordinate sys

=] ere:

Surf / Contact [SECNUMISection nurmbee None defined ~]
SpotWeld

@ Pretension [ISHIAR] STarget efement shapie Straight line ~

@ User Numbered
[ Write Elem File

Re ok | Cancel | Help |

Operate
Move / Modify

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

v Para criar os elementos: dentro do “Preprocessor” selecionar “Modeling”,

“Create”, “Elements”, “Auto Numbered”, “Thru Nodes”;

v" Na nova janela que abrir, apontar os n6s 2 e 17 e clicar em “APPLY”;
v Apontar nés 17 e 32 e clicar em “OK”;

v' Dentro do “Preprocessor” selecionar “Modeling”, “Copy”, “Elements”,
“Auto Numbered”;
v" Na nova janela, selecionar os elementos 1 e 2 e clicar em “OK?”;
v" Na nova janela [EGEN], que copia os elementos, numerando-0s:
o ITIME=14
o NINC=1
v Clicar em “OK”;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 15



VA ANSYS ED Utility Menu (fundacao_elastica) - 3 X
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Dizlas s & 2 EIEIE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB w POWRGRPH

ANSYS Main Menu ®|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
Create
Operate
Move / Modify
2 Copy
A Keypoints
A Lines
A Areas
R Volumes
AR Line Mesh
A Area Mesh
Nodes
B Elements
Pal/uto Numbered| ~
A User Numbered
Reflect
Check Geom
Delete
Cyclic Sector
ms
Genl plane strn
Update Geom
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model ;1

[EGEN] Copy Elements (Automatically Numbered)

ITIME Total number of copies -

- including original
NINC Node number increment

MINC Material no. increment

TINC Elem type no. increment

RINC Real constant no. incr
SINC Section ID no. incr
CINC Elem coord sys no. incr
DX (opt) X-offset in active
DY  (opt) Y-offset in active

DZ  (opt) Z-offset in active

Cancel |

Fundacao elastica

sfplelnle 2 lelolelafala

l Pick a menu item or enter an ANSYS Command (PREP7)

mat=1 [type=t

real=1 [esys=0 [secn=1 |

v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“Elements Attributes”;
v" Na nova janela que abrir escolher:

o TYPE
o MAT
o REAL

v" Clicar em “OK”.

1
1
2

FA\ ANSYS ED Utility Menu (fundacao_elastica) -3 X
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D= a8 s &l 2 H EIEE

ANSYS Toolbar @l

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu ®|

[ Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
& Keypoints
@ Lines
@ Areas
@ Volumes
Nodes
B2 Elem
i
B Auto
A Thru Nodes =
At Coincid Nd
Offset Nodes
urf / Contact
SpotWeld
Pretension
@ User Numbered
] Write Elem File
B Read Elem File
Superelements
B Contact Pair
Piping Models
Circuit
@ Transducers
[ Operate
Move / Modify &5l

I\ Element Attributes
Define attributes for elements

[TYPE] Element type number
[MAT] Material number
[REAL] Real constant set number
[ESYS] Element coordinate sys
[SECNUM] Section number

[TSHAP] Target element shape

Cancel

[None defined -
Straight line v

Fundacao elastica

| Pick a menu item or enter an ANSYS Command (PREP7)

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

[ csys=0 secn=1

v' Para criar os elementos: dentro do “Preprocessor” selecionar “Modeling”,
“Create”, “Elements”, “Auto Numbered”, “Thru Nodes”;

v" Na nova janela que abrir, apontar os n6s 1 e 2 e clicar em “APPLY”;

v" Apontar nés 31 e 32 e clicar em “OK”;
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v' Dentro do “Preprocessor” selecionar “Modeling”, “Copy”, “Elements”,
“Auto Numbered”;
v" Na nova janela, selecionar os elementos 29 e 30 e clicar em “OK?;
v" Na nova janela [EGEN], que copia os elementos, numerando-os:
o ITIME=6
o NINC=1
v Clicar em “OK”;

JAY ANSYS ED Utility Menu (fundacao_elastica)

-8 X
File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help ‘
D|z| a0 s« 7| & ElEIE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH i}

ANSYS Main Menu ®|

Preferences -
B Preprocessor
Element Type

I\ Copy Elements (Automatically

[EGEN] Copy Elements (Automatically Numbered)
Real Constants

e ITIME Total number of copies - 6
aterial Props
Sections - including original
Cl “2"“":9 NINC Node number increment 1
@ Create
:’APE”'/"MM_W MINC Material no. increment
@ Move i
& Copy TINC Elem type no. increment
A Keypoints
A Lines RINC Real constant no. incr
; C::;m SINC Section ID no. incr
A Line Mesh CINC Elem coord sys no. incr
A Area Mesh
Nodes DX  (opt) X-offset in active
DY (opt) Y-offset in active
DZ  (opt) Z-offset in active
Reflect
@ Check Geom
Delete

Apply Cancel |

Fundacao elastica
rchive Model

i ] =l

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

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

Dlz|as| sl 2| EIEE

ANSYS Toolbar
SAVE_DB| RESUM_DE| QUIT| POWRGRPH i}

ANSYS Main Menu )]

Preferences & s

Preprocessor
El S NODE NUM

Sections

oa

Modeling
Create
[ Operate
& Move / Modify
B Copy
A Keypoints
A Lines
A Areas
A Volumes
A Line Mesh
R Area Mesh
@ Nodes
B Ee
A

Reflect

@ Check Geom
@ Delete

Cydlic Sector
s

[ Genl plane st
Update Geom

Fundacao elastica

=l

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

v' Para criar os elementos: dentro do “Preprocessor” selecionar “Modeling”,
“Create”, “Elements”, “Auto Numbered”, “Thru Nodes”;
v' Apontar nés 22 e 23 e clicar em “OK”;
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v' Dentro do “Preprocessor” selecionar “Modeling”, “Copy”, “Elements”,
“Auto Numbered”;
v" Na nova janela, selecionar o elemento 41 e clicar em “OK”;
v" Na nova janela [EGEN], que copia os elementos, numerando-os:
o ITIME=8
o NINC=1
v Clicar em “OK”;

P2\ ANSYS ED Utility Menu (fundacao_elastica) =] X ]

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

Dls|as| s 2| EIEE

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QuIT| POWRGRPH i}
ANSYS Main Menu ®|
Preferences B v -
2] i |
) Pregrocass /\ Copy Elements (Automaticall
Element Type [EGEN] Copy Elements (Automatically Numbered)
Real Constants ITIME Total number of copies - 3
Material Props
Sections - including original
B Modeling NINC Node number increment 1
Create
B Operate
™ |
e INC Material no. increment
3 Copy TINC Elem type no. increment
A Keypoints
A Lines RINC Real constant no. incr
R Areas )
Sl SINC Section ID no. incr
A Line Mesh CINC Elem coord sys no. incr
R Area Mesh
Nodes DX (opt) X-offset in active
Bl
EL e DY  (opt) Y-offset in active
A User Numbered DZ (opt) Z-offset in active
Reflect
B Check Geom
Delete
Cyclic Sector

s

Genl plane strn

Update Geom
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model

Apply

Cancel |

Fundacao elastica

i e El

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

FA\ ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help ‘

D= 6o & & 2 El B

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH ﬂ

ANSYS Main Menu

6]

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
Create
Operate
Move / Modify
B Copy
R Keypoints
A Lines
A Areas
A Volumes
A Line Mesh
A Area Mesh
Nodes
B Elements

A User Numbered

Reflect

Check Geom

Delete

Cydlic Sector

s

Genl plane strn

Update Geom
Meshing
Checking Ctrls
Numbering Ctris
Archive Model

Fundacao elastica

=l

MAY 14 2010
15:15:15

ppleols sl la

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

[esys=0 [secn=1 |

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,

“Elements Attributes”;
v" Na nova janela que abrir escolher:
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o TYPE 1
o MAT
o REAL 3

H

v" Clicar em “OK”.

Y ANSYS ED Utility Menu (fundacao_elastica)

File Select

1
]
x

List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

o= uo & &2 & Xz @

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

5 T [TSHAP] Target element shape Straight e =
u

A Thru Nodes =
At Coincid Nd
Offset Nodes

@ Surf / Contact

Operate
& Move / Modify &l

e
Keypoints
Lines

@ Areas [ESYS] Element coordinate sys

@ Volumes

& Nodes [SECNUM] Section number [None defined =

" NoDES A\ Element Attributes

NODE NUM Define attributes for elements

[TYPE] Element type number

Jololole] |

kil

[MAT] Material number

1t
[REAL] Real constant set number

|

e Elem File
d Elem File

2alel»[s[110plelopRl2 2z 2o

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

v

v
v

Para criar os elementos: dentro do “Preprocessor” selecionar “Modeling”,
“Create”, “Elements”, “Auto Numbered”, “Thru Nodes”;

Na nova janela que abrir, apontar os nés 7 e 8 e clicar em “APPLY”;
Apontar nos 37 e 38 e clicar em “OK”;

Dentro do “Preprocessor’ selecionar “Modeling”, “Copy”, “Elements”,
“Auto Numbered”;
Na nova janela, selecionar os elementos 49 e 50 e clicar em “OK”;
Na nova janela [EGEN], que copia os elementos, humerando-os:
o ITIME=8
o NINC=1
Clicar em “OK”;
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A e =N - N

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

o= uo & & 2 & oz @

Genl plane strn
Update Geom

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH j’
ANSYS Main Menu ®| 1v] @
Preferences i
B Preprocessor o @ ﬂ
Element Type - [EGEN] Copy Elements (Automatically Numbered) & &
Real Constants ITIME Total number of copies -
Material Props 2| 2
Sections - including original a5
. 3>
a8 °é’;"a':ge NINC Node number increment X
8] %
Operate’. MINC Material no. increment b
Move / Modify 8
& Copy TINC Elem type no. increment
A Keypoints =l
R Lines RINC Real constant no. incr
g o SINC Section ID no. incr 8]
g @)
? Line Mesh CINC Elem coord sys no. incr g
Area Mesh
Nodes DX (opt) X-offset i active ey
< <
8 Eei&,'le'i%mw‘ ] DY (opt) Y-offset in active ﬂ
R User Numbered DZ  (opt) Z-offset in active LY
Reflect
Check Geom ey
Delete q@
Cyclic Sector
iz Cancel | »
@
2
<
&
&l

Meshing
Checking Ctrls
Numbering Ctrls Fundacao elastica
Archive Model =
[ Pick a menu item or enter an ANSYS Command (PREP7) [mat=1 [type=1 [real=3 [esys=0 [secn=1 |

v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“Elements Attributes”;
v" Na nova janela que abrir escolher:
o TYPE 1
o MAT 1
o REAL 4
v Clicar em “OK”.

JAY ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

Dis|as| sl 2| EIEE

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

Preferences

B Preprocessor
Element Type 1 Define attributes for elements
Real Constants
Material Props
Sections

/\ Element Attributes

[TYPE] Element type number

E Modeling [MAT] Material number s = YIeE
a Cmre'::quims [REAL] Real constant set number i o
@ Lines -
Areas [ESYS] Element coordinate sys
Volumes

Rodes [SECNUM] Section number [None defined =
B Hements
[TSHAP] Target element shape Straight line =

=

@ Auto Numbered
@ Surf / Contact
SpotWeld
Pretension
User Numbered
] Write Elem File
[ Read Elem File
@ Superelements
Contact Pair
Piping Models
Circuit
Transducers
Operate
& Move / Modify

splelols ool pR2le

@ Copy
Reflect Fundacao elastica
Check Geom &l
[ Pick a menu item or enter an ANSYS Command (PREP7) [ mat=1 [type=1 [real=3 [esys=0 [ secn=1

v Para criar os elementos: dentro do “Preprocessor” selecionar “Modeling”,
“Create”, “Elements”, “Auto Numbered”, “Thru Nodes”;
v" Apontar nés 16 e 17 e clicar em “OK?”;
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v' Dentro do “Preprocessor’ selecionar “Modeling”, “Copy”, “Elements”,
“Auto Numbered”;
v" Na nova janela, selecionar o elemento 65 e clicar em “OK”;

v Na nova janela [EGEN], que copia os elementos, numerando-os:
o ITIME=6

o NINC=1
v" Clicar em “OK”;

JA\ ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

|z a8 &8l & 2 H EEIE

ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH i}
ANSYS Main Menu )]

Preferences

= NODES
B Preprocessor

NODE NUM

ng
Create
& Operate

& Move / Modify

Reflect
& Check Geom
& Delete

Cydlic Sector
s

Fundacao elastica

d (PREP7) mat=1 [type=1 real=4 csys=0 secn=1 |

2.5. Aplicar as condi¢fes de contorno na modelagem sélida:
2.5.1. Fornece apoios:

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

“Displacement”, “On Nodes”;
v' Apontar os nés 1, 16 e 31 e clicar em “OK?”;
Outra janela ira aparecer entdo selecionar no campo “DOFs to be

constrained” a opcao “ALLDOF”;
v" Clicar em “OK”;
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FA\ ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D= us & & 2 & EIE!

ANSYS Toolbar

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH

ANSYS Main Menu ®|

eferences -
eprocessor
Element Type
Real Constants
Material Props
Sections
x:;':";g [D] Apply Displacements (U,ROT) on Nodes
Checking Ctrls Lab2 DOFs to be constrained
Numbering Ctrls
Archive Model
Coupling / Cegn
FSI Set Up
Multifield Set Up
Loads Applyias Constant value ~
Anslysic Tye If Constant value then:
E ;a:;ifgllzgz‘" VALUE Displacement value
Settings
B Apply
B Structural
B Displacement
R On Lines
R On Areas

Apply ‘ Cancel l Help l

A
A
A
5]

Fundacao elastica

sfplelnle 2 lelolelafala

[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=t real=4 coys=0 secn=1 |

2.5.2. Aplicar as cargas:

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

“Structural”’, “Force/Moment”, “On Nodes”;
v" Apontar o n6 15 e clicar em “OK”;
v" Na nova janela inserir:
o Direction of forca/mom FX
o VALUE Force/moment value 5
v" Clicar em “APPLY”.

PA\ ANSYS ED Utility Menu (fundacao_elastica)

- 3 X
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D= uo & & 2 & Bl <=
ANSYS Toolbar ®|

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH

ANSYS Main Menu ®|

eferences B
eprocessor

Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn "
FSI Set Up Apply as Constant value -
Muttiield Set Up If Constant value then:

Loads

Anatjiis Type VALUE Force/moment value 5

[ Fast Sol'n Optn
Bl Define Loads

Lab Direction of force/mom

Settings Cancel [
B Apply
B Structural
Displacement
B Force/Moment
ints

omponents
From Reactions
From Mag Analy
Pressure
Temperature

Inertia j Fundacao elastica

sfplelnle 2 lelolelafala

[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=t real=4 coys=0 secn=1 |

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

“Structural’, “Force/Moment”, “On Nodes”;
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v' Apontarosnés 2, 3,4,5,6,7,8,9, 10, 11, 12, 13 e 14 e clicar em “OK”;
v" Na nova janela inserir:
o Direction of forca/mom FX

o VALUE

Force/moment value 10

v" Clicar em “OK”.

P ANSYS ED Utility Menu (fundacao_elastica)

=8| X |
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Di=la6lsel 2 H EIEE
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH, ::J
ANSYS Main Menu @ ||| [ @]
fe 2 "NoD
oo ml | ®| 3|

Element Type

Real Constants
Material Props
Sections

Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Cegn
FSI Set Up
MultiField Set Up
Loads

Analysis Type

NODE NUM

[F] Apply Force/Moment on Nodes

Lab  Direction of force/mom
Apply as

If Constant value then:

VALUE Force/moment value

Fast Sol'n Optn
B Define Loads

Settings

Fundacao elastica

2[ale =22 [0[plz[p 22 [a

| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=4 csys=0 secn=1

2.5.3. Salvando dados no arquivo fundacao_elastica.db
v" No ANSYS Toolbar clicar em “SAVE_DB".

0,

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" No ANSYS Toolbar clicar em “SAVE_DB”.

4. POS PROCESSAMENTO

4.1. Gera, lista e plota os resultados:

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

Table”, “Define Table”, “Add”;
v" Na nova janela, definir:
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o LAB MZ|

o Item, comp By sequence number SMISC

v" Clicar em “APPLY”.

FA\ ANSYS ED Utility Menu (fundacao_elastica) e (8| X

SMISC,6

NEFEEEE] m— Talp

N\ Element Table Data x|

AIE

Label tem  Comp Time Stamp _ Status
& Pr
Pr|
sq
5 I\ Define Additional Element Table Items

[AVPRIN] Eff NU for EQV strain

[ETABLE] Define Additional Element Table Items
Lab User label for item

i

Item,Comp Results data item Strain-thermal
Strain-plastic
Strain-creep
Strain-other

Contact

DEAEAREEE®EEQ

R (For "By sequence num", enter sequence

no. in Selection box. See Table 4.3
in Elements Manual for seq. numbers.)

oK Apply |

& Find
Find Minimum
Exponentiate
Cross Product
B Dot Product
[ Erase Table
Path Operations
Surface Operations Fundacao elastica

K1l i

| Pick a menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=1 real=4 csys=0 secn=1

v" Na nova janela, definir:
o LAB MZJ
o Item, comp By sequence number

v" Clicar em “OK”".

FA\ ANSYS ED Utility Menu (fundacao_elastica) . e (8| X

SMISC
SMISC,12

SEFEEED] m— — Tzl 8

N\ Element Table Data % | [

L081 Label tem  Comp Time Stamp  Status
P A7 ; z |
Pr|
Sd
5 I\ Define Additional Element Table Items

[AVPRIN] Eff NU for EQV strain

[ETABLE] Define Additional Element Table Items
Lab User label for item

Item,Comp Results data item Strain-thermal
Strain-plastic
Strain-creep
Strain-other
Contact
(8]

nEAAAEE R

I~ |[smisc, 12
(For "By sequence num", enter sequence

no. in Selection box. See Table 4.3
in Elements Manual for seq. numbers.)

Cancel Help

oK Apply |

EJFind Maamam
Find Minimum
Exponentiate
Cross Product
Dot Product
[ Erase Table
Path Operations
Surface Operations 5

K1l il

Fundacao elastica

| Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=1 real=4 csys=0 secn=1

v' Fecha a janela;
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v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot

Results”, “Deformed Shape” para visualizar a configuracdo deformada
da estrutura;

v" Na janela “Plot Deformed Shape”, selecionar a opgao “Def+undeformed”
e clicar em “OK”;

P ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

D= =8| 8 & 2 H ElEE
ANSYS Toolbar ®|
SAVE_DB| RESUM _DB| QUIT| POWRGRPH 4
— : i @]
T ol )
GonertPestprc 8| |
B e ey Lol
BB
8| =

@ Vector Plot
Plot Path Item
ret

rface Operations
d Case

& Fatigue
Safety Factor

J EHE

Fundacao elastica

2[ale = ]2 2 [0[plzo[p 2 2 [a

| Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=1 real=4 csys=0 secn=1

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Line Elem Res” para plotar os resultados do

elemento;
v" Na janela “Plot Line-Element Results, selecionar:
o LABI MZI
o LABJ MZJ

v" Clicar em “OK”;
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‘ LINE STRESS ANSYS

STEP=1 4 MAY 111 2013
SUB =1 16:31:48

TIME=1

MZI MZJ
MIN =-196.676
ELEM=65

MAX =B86.248
ELEM=67

-196.676
-165.24

Fundacao elastica

v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Nodal Solution” para listar os deslocamentos dos nds;
v" Inserir na janela que abrir:
o Item, comp DOF solution Displacement Vector Sum
v Clicar em “OK”;

P ANSYS ED Utility Menu (fundacao_elastica) -3 x

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

Di=la6lsel 2 H EIEE

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH _%J
ANSYS Main Menu Bl — 1 @
[ Preferences Bl | e stress A\ List Nodal Solution ]
@ Preprocessor @ %
Solution Ttem to be listed
& General Postproc i 8 2|
Data & File Opts . . & Favorites @ 2
Results Summary " 3 & Nodal Solution —
':e-?d R‘:E‘"", 8 DOF Solution BB
ailure Criteria
Plot Results e & X-Component of displacement | *g
B List Results @ Y-Component of displacement
Detailed Summary @

Iteration Summry
Percent Error
Sorted Listi

3 Z-Component of rotation
@ Rotation vector sum
(8 Stress

58 Total Strain
Section Solution
Superelem DOF

] @ Elastic Strain

SpotWeld Solution (58 Plastic Strain
B Reaction Solu & Creep Strain
B Nodal Loads & Thermal Strain
[ Elem Table Data al

Vector Data

Path Items

Linearized Strs Value for computing the EQV strain
Query Results
B Options for Outp
B Results Viewer
[ Write PGR File To6.676 e
Nodal Calcs -165.24
Element Table B]| | Fundacao elastica

i ]

| Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=1 real=4 csys=0 secn=1

d[plel=|e|t|ololslolejala]a
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File

P

PRINT U HODAL SOLUTION PER HODE
#ktoek POST] HODAL DEGREE OF FREEDOH LISTING ebtork

LOAD STEP= 1 SUBSTEP= 1
TIHE=  1.0000 LOAD CASE= O

THE FOLLOWING DEGREE OF FREEDOH RESULTS ARE IN GLOBAL COORDINATES

e

HODE 1R Uy 1z USUH
1 0.0000 0.0000 0.0000 .0000
2 0.23137€-02 0.18481E-03 0.0000 0.23211€-02
3 0.65780E-02 0.35061E-03 0.0000 0.65873E-02
4 0.11194€-01 0.49327E-03 0.0000 0.11204€-01
5 0.15674E-01 0.61306E-03 0.0000 0.15686E-01
6 0.198776-01 0.71153E-03  0.0000 0.19889E-01
7 0.23766E-01 0.79054E-03  0.0000 0.23779-01
8 0.27981E-01 0.88254E-03 0.0000 0.27995E-01
9 0.31708E-01 0.95190E-03 0.0000 0.31722E-01
10 0.34960E-01 0.10019E-02 0.0000 0.34974€-01
11 0.37729€-01 0.10357E-02 0.0000 0.37744€-01
12 0.40011E-01 0.10566E-02 0.0000 0.40025€-01
13 0.41800E-01 0.10678E-02 0.0000 0.41813€-01
14 0.43102E-01 0.107256-02 0.0000 0.43115€-01 X,

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

v" Clicar em “OK”;

/\ PRRSOL Comma

File

PRINT REACTION SOLUTIONS PER HODE
ekick POSTL TOTAL REACTION SOLUTION LISTING sebtekk

LORD STEP= 1 SUBSTEP= 1
TIHE=  1.0000 LOAD CRSE= D

THE FOLLOWING &,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES

HODE F¥

1 -32.492 -214.38 86.171
16 -70.760 0.30561E-01 196.68
31 -31.748 214.35 84.825

TOTAL YALUES
YALUE  -135.00  -0.11369E-12 367.67

v No ANSYS Toolbar clicar em “SAVE_DB”.

MODELO 2: COM FUNDACAO ELASTICA

@ 5. ENTRA NA FASE DE PRE-PROCESSAMENTO
v No ANSYS Main Menu, clicar em “Preprocessor”.
5.1. 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 janela “Element Types”, clicar em “Add...” para selecionar um novo
elemento.

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 27



v" Selecionar o elemento “Combination”, “Combination 40” e clicar em
“OK”.

P ANSYS ED Utility Menu (fundacao_elastica)

EFEET P m— EPT

N\ Element Types

AR

o[
D23

N\ Library of Element Types

ral ele

Only st nent types are shown

i
Library of Element Types

Element type reference number

aic)
EEEEREEEREEEEBE

[Picka menu tem or enter an ANSYS Command (PREPT) [t e s [ ==t
v Ainda na janela “Element Types”, clicar em “Options” (para o elemento
Combination 40) e, na nova janela, selecionar,
o Degree of freedom K3 ROTz
v" Clicar em “OK”;

|
O 5.2. Define as constantes geométricas:
v Dentro do “Preprocessor”, selecionar “Real Constants”;
Dentro do “Real Constants”, selecionar “Add/Edit/Delete”;
v Na nova janela que abrir, clicar em “Add...” para adicionar novas
constantes geométricas;
v Uma nova janela se abrira entdo selecionar o tipo de elemento em
“Choose element type” e clicar em OK;
v" Na janela “Element Type for Real Constants” selecionar o “COMBIN 407;
v A janela “Real Constants Set Number 5, for “COMBIN 40~ ird aparecer.
Deve-se inserir:
o Real Constant Set No. =5
o Spring Constant K1 = 45000
v" Clicar em “APPLY”;

<
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FA\ ANSYS ED Utility Menu (fundacao_elastica) -

_JLJL!:JJJ;J% EEEE

1 A\ Real Constants [ = ‘[

== Set

Element Type Reference No. 2

P 15 30 45
R e w

Real Constant Set No.

Spring constant K
Damping coefficient c

Mass M

Gap size GAP

Limiting sliding force ~FSLIDE

]

Spring const (par to slide) K2

&
EEEEEEEEEEEEB

Drop Test ok | Appty | Cancel | Help ‘
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt
Run-Time Stats

e -
« |
[Pk men tem oreneran ANSYS Cormmand (PREP7) [moct [oped [woms [0 [seencd |
v A janela “Real Constants Set Number 6, for “COMBIN 40~ ird aparecer.
Deve-se inserir:
o Real Constant Set No. =6
o Spring Constant K1 = 90000

v" Clicar em “OK”;

FA\ ANSYS ED Utility Menu (fundacao_elastica) -

0| =] @] o] 2 | ¢ e EIEE]

1 A\ Real Constants %=

i Set

L |

Pr 15 3 45 - ,
8 Pr 3
b A
+ — = 1 A
=) [/\|Real Constant Set Number 6, for COMBIN40S === -
1 i,
Element Type Reference No. 2 J
Real Constant Set No. 3

Spring constant K

Damping coefficient €
Mass M

Gap size GAP

Limiting sliding force FSLIDE

]|

Spring const (par to slide) K2

B8

SOYEEEEREEREEEEBE

@
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design

ok | Apply | Cancel | Help |

2lebole [z bblblbkRbk

Radiation Opt Sec.e76
Run-Time Stats -16!
& Session Editor - Fundacao elastica

il |

[Pick 2 menu item or enter an ANSYS Command (PREPT) == = real=d o0 el |
5.3. Deletar apoios:
v" Dentro do “Preprocessor”, selecionar “Loads”, “Define Loads”, “Delete”,
“Structural”, “Displacement”, “On Nodes”;
v Clicar em “PICK ALL”;
v" Na nova janela, selecionar:
o Lab ALL DOF

v" Clicar em “OK”;

%
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FA\ ANSYS ED Utility Menu (fundacao_elastica)

x
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
Di=laslsls e E i)
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB w POWRGRPH j’

ANSYS Main Menu ®|

r

Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up
MuitiField Set Up
Loads
Analysis Type
[ Fast Sol'n Optn
B Define Loads o

Settings

Apply

B Delete

All Load Data

’/\ Delete Node Cons
[DDELE] Delete DOF Constraints on Nodes

Lab DOFs to be deleted

[Picka men tem or enter an ANSYS Command (PREPT) R e e 0 === |
5.4. Criar novos nés na base da estrutura:
v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “In
Active CS”;
v" Na nova janela que abrir, inserir um niimero para o n6 que sera criado
em “NODE Node Number” e as coordenadas X e Y;
v' Para criar o0 no:
o NODE Node Number : 46;
o X,Y,Z Location in active CS : X=0 Y =0;
v" Clicar em “APPLY”;
v' Para criar 0 no:
o NODE Node Number : a47;
o X,Y,Z Location in active CS : X=6 Y =0;
v" Clicar em “APPLY”;
v' Para criar o no:
o NODE Node Number : 48;
o X,Y,Z Location in active CS : X=12 Y =0;
v" Clicar em “OK”;
5.5. Criar novos elementos:
v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“‘Elements Attributes”;
v

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas

Na nova janela que abrir escolher:

o TYPE 2
o MAT 1
o REAL 5

v" Clicar em “OK”".
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FA\ ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

o= uo & & 2 & oz @

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH
en:

HOIES /\ Element Attributes

NODE NUM
Define attributes for elements

[TYPE] Element type number

&
Sections
& Modeling [MAT] Material number

B Create

2 Ellolo 2| il

Keypoints [REAL] Real constant set number
Lines

Areas [ESVS] Element coordinate sys
@ Volumes

@ Nodes [SECNUM] Section number

B Element:

Austo Number::i [TSHAP] Target element shape Straight line m

Surf / Contact
SpotWeld

@ Pretension

@ User Numbered

Operate
Move / Modify

2[alel»[s 1 [0plz ool 2faaleflo

Copy
Reflect
| Pick a menu item or enter an ANSYS Command (PREP7) [ mat=1 [type=1 [ real=4 [ csys=0 secn=1 |

v Para criar os elementos: dentro do “Preprocessor” selecionar “Modeling”,
“Create”, “Elements”, “Auto Numbered”, “Thru Nodes”;

v" Na nova janela que abrir, apontar os n6s 1 e 46 e clicar em “APPLY”;

v Apontar nés 31 e 48 e clicar em “OK”;

v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“Elements Attributes”;
v" Na nova janela que abrir escolher:
o TYPE 2
o MAT 1
o REAL 6
v" Clicar em “OK”.
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A\ ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help

Di=las|sls e &

ANSYS Toolbar

- E e

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences
B Preprocessor
Element Type
Real Constants

aterial Props
Sections
B Modeling

8 Create
Keypoints
Lines
Areas
@ Volumes

A Thru Nodes
At Coincid Nd
Offset Nodes
@ Surf / Contact
@ SpotWeld
Pretension
User Numbered
Write Elem File
& Read Elem File
@ Superelements
[ Contact Pair
@ Piping Models
Circuit
Transducers
Operate

K1l

'\ Element Attributes
Define attributes for elements

[TYPE] Element type number
[MAT] Meaterial number
[REAL] Real constant set number
[ESVS] Element coordinate sys
[SECNUM] Section number

[TSHAP] Target element shape

None defined v
Straight line -

sfplelnle 2 lelolelafala

l Pick a menu item or enter an ANSYS Command (PREP7)

[mat=1 [type=2 [real=5

[esys=0 secn=1 |

v Para criar os elementos: dentro do “Preprocessor” selecionar “Modeling”,

“Create”, “Elements”, “Auto Numbered”, “Thru Nodes”;

v' Apontar nés 16 e 47 e clicar em “OK”;

5.6. Aplicar as condi¢gdes de contorno:

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 =Z-

v" Clicar em “OK”;

AXis;

P2\ ANSYS ED Utility Menu (fundacao_elastica) -8 X
File Select List Plot PlotCtils WorkPlone Parsmeters Macro MenuCtls Help ‘
b=als & 2 & EIEE

ANSYS Toolbar 3|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu @

Settings =]
Bl Apply
B Structural
B Displacement

R On Lines

R On Areas

A On Keypoints

A On Nodes

R On Node Components

B Symmetry B.C

A On Lines [DSYM] Apply Symmetry Condition on All Selected Nodes

ith Area

Norml Symm surface is normal to

KCN  Coordinate system no.

B.C.
Force/Moment
Pressure
Temperature oK Cancel
Inertia
B Pretnsn Sectn
Gen Plane Strain
Other

Field Volume Intr

itial Condit'n

Delete
Operate
Load Step Opts

Physics
Path Operations Bl |Fundacao elastica

K [

| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=2 real=6

csys=0 secn=1 |
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v

v

Dentro do “Preprocessos” selecionar
“Structural”, “Displacement”, “On Nodes”;
Apontar o n6 46, 47 e 48 e clicar em “APPLY”;

Outra janela irA aparecer entdo selecionar no campo “DOFs to be
constrained” a opcao “ALLDOF”;

Clicar em “APPLY”;

“Define Loads”,

“Apply”,

JA\ ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

1
LT
X

Diz|as| s 2|

ANSYS Toolbar

A2 @

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|
MultiField Set Up |
Loads

Analysis Type
[ Fast Sol'n Optn
B Define Loads
Settings
Bl Apply
B Structural
B Displacement
R OnLines
R On Areas
A ints

A
A omponents
@ Symmetry B.(
@ Antisymm B.C
Force/Moment
Pressure
Temperature
Inertia
Pretnsn Sectn
Gen Plane Strain
Other
eld Volume Intr
itial Condit'n
Load Vector
Functions
Delete
Operate
Load Step Opts
Physics B]| |Fundacac elastic

] (i — ]

'\ Apply UROT on Nodes

[D] Apply Displacements (U,ROT) on Nodes
Lab2 DOFs to be constrained

Apply as

If Constant value then:

VALUE Displacement value

Constant value -

——

Cancel ‘ Help |

a

sl 1o

sple s tlollllplleplakleflo

[ Pick a menu item or enter an ANSYS Command (PREP7)

[mat=1 [type=2 [ real=6

csys=0 secn=1

v' Apontaroné 16 e

clicar em “OK”;

v' Qutra janela ira aparecer entdo selecionar no campo “DOFs to be
constrained” a opcao “ALLDOF”;

v" Clicar em “OK”;

JA\ ANSYS ED Utility Menu (fundacao_elastica)

- B X
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D= a8 s el 2 H EIEE
ANSYS Toolbar @l

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

MultiField Set Up | s
Loads
& Analysis Type
Fast Sol'n Optn
B Define Loads
Settings
B Apply
B Structural
B Displacement
R On Lines
A On Areas

NODE NUM

Syn
@ Antisymm B.C.
Force/Moment
Pressure
Temperature
Inertia
Pretnsn Sectn
Gen Plane Strain
Other
eld Volume Intr
itial Condit'n
oad Vector
Functions

Delete

Operate
[ Load Step Opts
Physics B)| | Fundacao elastica

N —— ]

|\ Apply UROT on Nodes

[D] Apply Displacements (U,ROT) on Nodes
Lab2 DOFs to be constrained

Apply as
If Constant value then:

VALUE Displacement value

Constant value >

—

Cancel | Help |

| Pick a menu item or enter an ANSYS Command (PREP7)

mat=1 [type=2 real=6

csys=0 secn=1
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SOLUCAO

Clicar em “Basic”;
Inserir:

RN

o Number of Substeps

v" Clicar em “OK”;

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

oY ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

0|z 6o &l 4 ¢ =

ANSYS Toolbar

- = @

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main M
ain Menu @1 /\ Solution Controls

Preferences 5|
Preprocessor

B2 Solution Basic

B Analysis Type
[ New Analysis
B Restart

Define Loads

d Step Opts

General
TimeHist Postpro
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT

] Transient | Sof'n Options| Nonlinear | Advanced NL

Analysis Options

[~ Calcul

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

Write Items to Results File

lodal DOF Salution

lodal Reaction Loads
Element Solution

lement Nodal Loads
Element Nodal Stresses

Frequency:

Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

5 i

[ Pick a menu item or enter an ANSYS Comman d (SOLUTION) [ mat=1 [type=2 [ real=6 [csys=0 [ secn=1 |

_.J Fundacao elastica

sflelnle s ol lplefolala

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" No ANSYS Toolbar clicar em “SAVE_DB”.

<\

7. POS PROCESSAMENTO

7.1. Gera, lista e plota os resultados:
v No ANSYS Main Menu dentro do “General Postproc” clicar em “Element
Table”, “Define Table”, “Update”;
v Clicar em “Close”;
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FA\ ANSYS ED Utility Menu (fundacao_elastica)

_JfJiJ_’JJ_J_’l% EIEE

lbar
| A\ Element Table Data

Currently Defined Data and Status:

Pk Label Item Comp Time Stamp Status
P MZI SMIS 6 )
P [N SMIS___12
Sd
2 G

nEAAHe 66

Add.. Update Delete

R W
Find Minimum
Exponentiate
Cross Product
Dot Product
[ Erase Table
Path Operations
Surface Operations E|

& |

Fundacao elastica

[ Pick a menu item or enter an ANSYS Command (POSTL) [mat=1 [type=2 [real=6 [esys=0 [secn=1 |

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

“Plot

Results”, “Deformed Shape” para visualizar a configuracdo deformada

da estrutura;

v" Na janela “Plot Deformed Shape”, selecionar a opg¢ao “Def+undeformed”

e clicar em “OK”;

FA\ ANSYS ED Utility Menu (fundacao_elastica)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= ulo & & 2 & EIEE

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences
Preprocessor
Solution
B General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
B Plot Results
=]

ntour Plot
ctor Plot
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
ROM Operations
Submodeling
Fatigue
Safety Factor M| |Fundacao elastica

T ol

splelnle 2 olelolafala

[ Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=2 real=6 csys=0 secn=1 |

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

“Plot

Results”, “Contour Plot”, “Line Elem Res” para plotar os resultados do

elemento;
v" Na janela “Plot Line-Element Results, selecionar:
o LABI MZI
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o LABJ MZJ
v" Clicar em “OK”;

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

ojz|a|sl &l &l 2| E ElES

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH j‘
ANSYS Main Menu ®|

Preferences
Preprocessor
Solution

B General Postproc
Data & File Opts
Results Summary
@ Read Results [PLLS] Plot Line-Element Result

&
i)

Failure Criteria Labl Elem table item at node o
B Plot Results
B Deformed Shape LabJ Elem table item at node J
=] ’;:°:’}PS‘°“ Fact Optional scale factor
& Nodal Solu

[ Element Solu KUND Items to be plotted

@ Def shape only

ctor Plot
ot Path Item
ncrete Plot  Def + undef edge
ThinFilm

st Results

Query Results )
Options for Outp Cancel
Results Viewer

" Def + undeformed

Write PGR File
Nodal Calcs
Element Table

ath Operations
urface Operations

=]
=]

splelols sl bpRRRER

oad Case
Check Elem Shape
3 Write Results ]| |Fundacao elastica
[ Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=2 real=6 csys=0 secn=1

LINE STRESS

STEP=1
SUB =3

ANSYS

MAY 14 2010
16:45:44

TIME=1

MZI MZJ
MIN =-2940
ELEM=65

MRX =403.737
ELEM=2

-2940
-2568

Fundacao elastica

v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Nodal Solution” para listar os deslocamentos dos nds;
v" Inserir na janela que abrir:

o Item, comp DOF solution Displacement Vector Sum
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v" Clicar em “OK”;

Y ANSYS ED Utility Menu (fundacao_elastica) -3 X

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= uo &l &2 E J oz @

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH _%_J
ANSYS Main Menu ®| : : 3 [ @]
::::;:;:r =] fnzz STRESS i i - @ _@J
e SO i B8] e|

= il &3 Favorites

oL L. ez

Read Results
Failure Criteria

& DOF Solution BB

Plot Results ! & X-Component of displacement @ E
B List Results @ Y-Component of displacement

Detailed Summary @ cement n

Ve Sy & Z-Component of rotation

] e

odal Salutio & Stress

Element Solution (&8 Total Strain

i i 3 ElsticSrain

SpotWeld Solution (58 Plastic Strain

Reaction Solu (8 Creep Strain

B Nodal Loads & Thermal Strain

[ Elem Table Data |

Vector Data

Path Items

Linearized Strs Value for computing the EQV strain
Query Results
Options for Outp
[ Results Viewer
[ Write PGR File

palelols sl [ala

Nodal Calcs
Element Table B | runcacao elas
| Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=2 real=6 csys=0 secn=1

i

J\ PRNSOL Command

File
| -
PRINT U HODAL SOLUTION PER HODE
sk POSTL NODAL DEGREE OF FREEDON LISTING okt
LOAD STEP= 1 SUBSTEP= 3 =
TIHE=  1.0000  LOAD CASE= O
THE FOLLONING DEGREE OF FREEOOH RESULTS ARE IN CLOBAL COORDINATES
NODE U y iz UsUH
1-0.524016-02 0.17975  0.0000  0.17983
2 0.433046-01 017975 00000  0.18489
304287 0.0798 00000 0.21783
4 021344 017999 00000 0.27897
§ 0.30611  0.18010  0.0000  0.3516
§ 0.20063  0.18020  0.0000  0.43843
7 04930 0.08028 00000 0.50512
§ 058713 0.18037  0.0000  0.6142
9 063050  0.18044  0.0000  0.70410
10 0.0 0.18040  0.0000  0.79436
11 0.86610  0.18052  0.0000  0.88471
12 095812  0.18054  0.0000  0.97490
13 1.0497 0805 0.0000  1.0651
141407 08056 0.0000  1.1549 ~

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

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

o= uo & & 2 & oz @

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences 1 | LINE STRESS

Preprocessor

Solution

B General Postproc
Data & File Opts

Results Summary Y A\, List Reaction Solution

dd Resolts [PRRSOL] List Reaction Solution
ailure Criteria % -
ot Resuts Lab Item to be listed
B List Results
Detailed Summary
Iteration Summry
Percent Error
Sorted Listing
Nodal Solution
[E Element Solution
[ Section Solution

Superelem DOF Allitems
= SpotWeld Solution

IReaction Solul
odal Loads
[ Elem Table Data Aeely Cencd | cele [
B Vector Data

Path Items
B Linearized Strs

e ololsle| |

All struc forc F
Struct moment MX
MY
MZ

All struc mome M

Query Results
Options for Outp
Results Viewer
[ Write PGR File
Nodal Calcs
Element Table ;I Fundacao elasti,

< ]

| Pick a menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=2 [ real=6 [ csys=0 [ secn=1 |

A conrs S |~
e

File

-2940

sl lnle s leklplelolRE Rl 5

[
PRINT REACTION SOLUTIONS PER HODE
sepkick POST] TOTAL REACTION SOLUTION LISTING setokork

LOAD STEP= 1 SUBSTEP= 3
TIHE=  1.0000 LOAD CASE= D

THE FOLLOWING X,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES

HODE FX FY HZ
16 -607.58 0.12618E-10  2940.0
46 236.21 0.0000 0.0000

47 0.0000 0.0000 00000
48 236.37 0.0000 0.0000

TOTAL YALUES
YALUE  -135.00 0.12618E-10 2940.0

v" No ANSYS Toolbar clicar em “SAVE_DB”.

8. 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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