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ESTUDO DO COMPORTAMENTO DE UM PORTICO PLANO COM
DIFERENTES VINCULACOES VIGA-PILAR

INTRODUCAO

O primeiro exemplo que vamos apresentar tem o intuito de verificar a
mudanca de comportamento estrutural em um pértico extremamente simples,
com as diferentes hipdteses de vinculagdo viga-pilar. Para tal, tomemos um
portico plano com apenas 3 barras (1 andar) submetido a cargas verticais e
horizontais como mostra a figura 1.
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Figura 1 — Portico plano a ser analisado.

Este exemplo € apresentado por Pamplona na pagina 109 de sua
dissertacdo de mestrado. As vigas do portico em estudo sdo compostas por
perfis | laminados 203 x 27.4 (propriedades da secédo transversal: Momento de
inércia 1,=2,4E-5m* e area A = 0,00349m?) de aco MR-250 (Médulo de
Elasticidade ou de Young E=2E8 kN/m?). Pretende-se simular nos nos livres, 2
e 3, os trés tipos de modelos de ligacdes:

e LigacOes rigidas: coeficiente de rigidez a flexdo da ligagdo K
tendendo ao infinito;

e LigacOes articuladas: coeficiente de rigidez a flexdo da ligacdo K = 0;

e LigacOes semi-rigidas: coeficiente de rigidez a flexdo da ligacéo
O<K<infinito (ver figura 2);
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Outro resultado de simulagéo que se apresentara €, a partir da adogao de
um modelo para a ligacdo, similar ao comportamento elasto-plastico ideal,
como mostra a figura 2, altera-se os valores do coeficiente de rigidez da ligacéo
K e o valor do momento para o qual ocorre o "escoamento” da ligacao (ou seja,
a resisténcia ultima aplicavel da ligacéo).

| Ky

Fotation

[ -M,
Figura 2 — Modelo de relacédo M-© a ser adotado para o comportamento da
ligacao.

Para viabilizar a simulagdo deste funcionamento utilizaremos o elemento
COMBIN40 cujo comportamento encontra-se na figura 3.
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Figura 3 — Comportamento adotado para o elemento COMBIN40.

O primeiro modelo, mostrado na figura 4, sera composto apenas por barras
de vigas. Pode-se utilizar, para tal, o elemento BEAM4. Para simular o segundo
modelo, mostrado na figura 5, necessariamente utilizar-se-a elementos de viga
gue tenham a possibilidade de simular rotulas nas ligagdes viga-pilar. Para tal,
0 elemento de viga BEAM44 sera utilizado para simular o elemento 2, bi-
rotulado. Para o terceiro modelo, mostrado na figura 6, utilizar-se-a4 os
elementos BEAMA4 para as vigas e o elemento COMBIN40 para a ligacéo.
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Figura 4 — Malha de Elementos Finitos do modelo 1 (simula ligag@es rigidas)
composto apenas por elementos BEAMA4.

ELEMENTO BEAM 44 bi-rotulado

P
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Figura 5 — Malha de Elementos Finitos do modelo 2 (simula liga¢des rotuladas)
composto por elementos BEAM4 e BEAM44.

Visando inconsisténcias numeéricas pos plastificacdo das sec¢bes, vamos
acrescentar um elemento "falso”, nos mesmos locais das ligagdes com uma
rigidez K=1 unitaria e um momento de plastificacdo da se¢do MP=1.000.000.
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Figura 6 — Malha de Elementos Finitos do modelo 3 (simula ligacdes semi-
rigidas) composto por elementos BEAM4 e COMBIN40.
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COMANDOS ANSYS®9.0ED

MODELO 1: COM LIGACOES RIGIDAS

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: “Pértico 1 com trés
barras — modelo 1 — ligacfes rigidas”;
v" Clicar em OK.

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

Jobname...”;
o Na nova janela que aparecer, digitar novo nome do arquivo:
“Portlrig”;
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

Q 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?”, “ 3D Elastic 4” e clicar em “OK”;
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Y ANSYS ED Utility Menu (Portlrig)

FECEEER

- ==

N\ Element Types

2| 2]

Defined Element Types:
INONE DEFIN

o {
D33

I\ Library of Element Types

Only structural element types are shown

Library of Element Types

Apply

&

Drop Test
Topological Opt

ROM Tool

DesignXplorer VT

Design Opt

Prob Design

Radiation Opt -l

Solid-Shell

1
Cancel

Z|[ 2node 188 =
plastic 24 3
tapered 44 -

T 1|3D elastic 4

Help

]
2|

!

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>lsotropic”;
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 Médulo de Elasticidade
do material e na lacuna PRXY o valor do Coeficiente de Poisson e clicar
em “OK”:

o EX = 2E8;

o PRXY =0.3;
Fechar a janela “Define Material Model Behavior”.
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Y ANSYS ED Utility Menu (Portlrig)

JMAJJJJE EEEE

Preferences
B Preprocessor

Material Models Defined Material Models Available

WY tcio Miodel Number | el it

N\ Linear Isotropic Properties for Material Number 1 ==

Linear Isotropic Material Properties for Material Number 1

ItiField Set Up

Solution
General Postproc

TimeHist Postpro
Drop Test
Topological Opt
ROM Tool

ElblEpEkEERRRRR]

| 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 4” ira aparecer.
Deve-se inserir:

<\

o Real Constant Set No. =1

o AREA =0.00349
o 12z =2.4E-5
o IYY =

o TKZ =0.274

o TKY =

v" Clicar em “OK”;
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P\ ANSYS ED Utility Menu (Portlrig)

) =]

[ ] { A\ Real Constant Set Number 1, for BEAM4

EEEEEE

1 A\ Real Constants

Element Type Reference No. 1

Real Constant Set No.

P l Cross-sectional area  AREA 000349
8.7y Area moment of inertia 122
=] Area moment of inertia VY
Thickness along Zaxis ~ TKZ
Thicknessalong Y axis ~ TKY
Orientation about X axis THETA
Initial strain ISTRN
Torsional moment of inertia IXX
Shear deflection const Z SHEARZ

Shear deflection const Y SHEARY

Rotational frequency SPIN

d 5 Added mass/unit length  ADDMAS

G
Tin
Drop Test

Topological Opt

T g

EEEEa

oK Apply Cancel Help

Radiation Opt
un-Time Stats

[ Session Editor

[ Finish ~|

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

2.4. Cria o modelo geométrico:
2.4.1. Numera os noés e elementos:
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 Utiity Menu (Portlrig) -8 X
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
Dj=als| sl &l 2= ElFE

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

ANSYS Main Menu

B Preprocessor 2
Element Type [/PNUM] Plot Numbering Controls
Real Constants
B Material Props
aterial Library
emperature Units

KP Keypoint numbers

LINE Line numbers

AREA Area numbers

o Clle [ ls |

VOLU Volume numbers

[ Change Mat Num

bl Crvcasy NODE Node numbers
Write to File
Read from File Elem / Attrib numbering
Sections
Modeling TABN Table Names  off

SVAL Numeric contour values [~ Off

[/NUM] Numbering shown with Colors & numbers 5
[/REPLOT] Replot upon OK/Apply? Replot -

& Physics oK Apply Cancel | Help |

Path Operations
Solution
General Postproc
TimeHist Postpro
rop Test
Topological Opt
ROM Tool

wllbkklbbebaaRpRe

)

| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1 |
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2.4.2. Cria 0s nos que compde a malha de elementos finitos no sistema de

v

v

v

coordenadas ativo:
Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, ©
Active CS”;
Na nova janela que abrir, inserir um namero para o n6 que sera criado
em “NODE Node Number” e as coordenadas X e Y;
Para criar o primeiro no:

o NODE Node Number : 1;

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

o NODE Node Number : 2;

o X,Y,Z Location in active CS : X=0 Y =3;
Clicar em “APPLY”;
Para criar o proximo no:

o NODE Node Number : 3;

o X,Y,Z Location in active CS : X=5 Y =3;
Clicar em “APPLY”;
Para criar o préximo no:

In

o NODE Node Number : 4:
o X,Y,Z Location in active CS : X=5 Y =0;
Clicar em “OK”;

2.4.3. Cria os elementos:

v

Dentro do “Preprocessor’ selecionar “Modeling”, “Create”, “Elements”,
“‘Elements Attributes” para selecionar qual dos atributos definidos nos
itens 2.2 e 2.3 devem ser inseridos nos elementos que seréo 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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FA\ ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

Di=as|sle e E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
@ Keypoints
@ Lines
Areas
Volumes
Nodes
B Eles
=]
@ Auto Numbered
@ Surf / Contact
SpotWeld
Pretension
User Numbered
[E] Write Elem File
[ Read Elem File
@ Superelements
B Contact Pair
Piping Models
Circuit
Transducers
Operate
Move / Modify
Copy
Reflect
Check Geom

/\ 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 1Nonedﬁfmgd v

[TSHAP] Target element shape Straight line ~|

Cancel

el pllkbblRRE

)

l 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 nés 1 e 2 e clicar em “APPLY”;
v Apontar nés 2 e 3 e clicar em “APPLY”;
v" Apontar nos 4 e 3 e clicar em “OK” (observar sentido do eixo local);

Y ANSYS ED Utility Menu (Portirig)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

3

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

ANSYS Toolbar

R =

SAVE_DB| RESUM_DB % POWRGRPH

L |®

ANSYS Main Menu ®|

[ Preferences
B Preprocessor
Element Type

Real Constants
Material Props
Sections
E Modeling
B Create
Keypoints
Lines
Areas
@ Volumes
@ Nodes
B Elements
] Elem Attributes
B Auto Numbered

At Coincid Nd
Offset Nodes
@ Surf / Contact

& SpotWeld
Pretension
User Numbered
[ Write Elem File
[E] Read Elem File
@ Superelements
[ Contact Pair
Piping Models
Circuit
Transducers

Operate Portico 1 com 3 barras - modelo 1 - ligacoes rigidas

Move / Modify E|

| Els [l |2

lelole[zlolelslolelalalaee|o e ]

)

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

mat=1 [type=1 real=1 csys=0 secn=1 |

2.5. Aplicar as condi¢fes de contorno na modelagem solida:

2.5.1. Fornece condi¢do de contorno;
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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-AXIS;

v" Clicar em “OK”;

i) ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

b= uo & & 2 & Xz @

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu @

8 Meshing j 7ELE!-’INTS

8 Checking Ctris i

2 Nu Ctris ELE O

8 Archive Model
8 Coupling / Ceqn
B FSISet Up
8 MultiField Set Up
3 Loads
Analysis Type
[ Fast Sol'n Optn
B Define Loads

l# Els [l [2

Settings
B Apply
8 Structural

wllbkklbbebaaRpRe

AEEea

T
33283,
3 &
2908

2 £

] L4 |

Portico 1 com 3 barras - modelo 1 - ligacoes rigidas

|«

)

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

2.5.2. Fornece apoios:

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

v" Apontar os n6s 1 e 4 e clicar em “APPLY”;

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

v" Clicar em “OK”;
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P\ ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

Di=laslsls e E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH

ANSYS Main Menu

3|

@ Meshing
@ Checking Ctrls
3 Numbering Ctrls
3 Archive Model
3 Coupling / Ceqn
@ FSISet Up
@ MultiField Set Up
3 Loads
Analysis Type
& Fast Sol'n Optn
B Define Loads
Settings
B Apply
B Structural
B Displacement
R On Lines
R On Areas

Bl | eieents
ELEM NUM

[D] Apply Displacements (U,ROT) on Nodes

Lab2 DOFs to be constrained

Apply as
I Constant value then:
VALUE Displacement value

Constant value b=

Cancel |

& Antisymm B.C
@ Force/Moment
@ Pressure
Temperature
Inertia
B Pretnsn Sectn
E] Gen Plane Strain
@ Other

el pllkbblRRE

@ Field Volume Intr

Initial Condit'n Bl |eortico 1 com 3 barras - modelo 1 - ligacoes rigidas
I I | =
[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=t real=1 coys=0 secn=1 |

2.5.3. 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 FX
o VALUE Force/moment value 30
v" Clicar em “OK”.

P\ ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

D= uo & & 2 & EIEE

ANSYS Toolbar

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH

ANSYS Main Menu ®|

3 Meshing B ELEMENTS
@ Checking Ctrls

3 Numbering Ctrls
3 Archive Model
8 Coupling / Cegn
a FSISet Up

ELEM NUM

@ MultiField Set Up
3 Loads
Analysis Type
& Fast Sol'n Optn
B Define Loads
Settings
B Apply
B Structural
@ Displacement
B Force/Moment
A On Keypoints
EOn Noded

A On Node Components

From Reactions
From Mag Analy
@ Pressure
@ Temperature
@ Inertia
B Pretnsn Sectn
[ Gen Plane Strain
Other
Field Volume Intr
@ Initial Condit'n
@ Load Vector
Functions

«

\ Apply F/M on Nodes

[F] Apply Force/Moment on Nodes

Lab Direction of force/mom
Apply as

If Constant value then:

VALUE Force/moment value

X v
Constant value -

—

Cancel |

Bl |eortico 1 com 3 barras - modelo 1 - ligacoes rigidas

el pllkbbRRE

)

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

mat=1 [type=t

real=1 csys=0 secn=1 |

v" Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”’, “Force/Moment”, “On Nodes”;
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v" Apontar os nés 2 e 3 e clicar em “OK”;
v" Na nova janela inserir:
o Direction of forca/mom FY
o VALUE Force/moment value -50
v Clicar em “OK".

i\ ANSYS ED Utility Menu (Portlrig) =@ X |

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

b= uo & &l 2 & Xz @

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

3 Meshing E| ELEMENTS
3 Checking Ctrls -~
8 Numbering Ctrls S
8 Archive Model

@ Coupling / Ceqn

 FSISet Up
I MultiField Set Up
3 Loads /\ Apply F/M on Nodes
Analysis Type
[ Fast Sol'n Optn e
B Define Loads Lab Direction of force/mom
Settings

| Els [ 2

[F] Apply Force/Moment on Nodes

Apply as

If Constant value then:

VALUE Force/moment value

oK

Pretnsn Sectn
B Gen Plane Strain
& Other
@ Field Volume Intr
tial Condit'n

wllbkklbbebaaRpe

Bl |Portico 1 com 3 barras - modelo 1 - ligacoes rigidas

)

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

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

O,
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 “List
Results”, “Reaction Solution” para listar as reagcdes nodais;
v" Inserir na janela que abrir:
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o Lab All ltems
v" Clicar em “OK”;

P\ ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

ojz|a|sl & &l 2] E EIEIE]

Solution

B General Postproc
[ Data & File Opts
EJ Results Summary

ANSYS Toolbar ®|
SAVE DE| Resum_DB| quiT| POWRGRPH

ANSYS Main Menu 1] @
Preferences " ELEMENTS @

- ; &)

Read Results [PRRSOL] List Reaction Solution @ x|
Failure Criteria 2 Lab Item to be listed
Plot Results | E
B List Results

[ Detailed Summary

E Iteration Summry All struc forc F

Percent Error Struct moment MX

Sorted Listing My

Nodal Solution Mz

Element Solution All struc mome M

Section Solution
[ Superelem DOF
[ SpotWeld Solution

Allitems

[ZJReaction Solu
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

Cancel | Help [

el pklkbbRRE

)

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

File

PRINT RERCTION SOLUTIONS PER HODE
pkoek POST] TOTAL REACTION SOLUTION LISTING sebteker

LOAD STEP= 1 SUBSTEP= 1
TIRE=  1.0000 LOAD CASE= 0

THE FOLLOHIHG ¥,Y,Z SOLUTIONS ARE IN GLOBAL COORDIMATES

HODE F¥ FY FZ X HY Hz
1 -15.048 42.963 0.0000 0.0000 0.0000 27.512
2 0.0000 0.0000 0.0000
3 0.0000 0.0000 0.0000

4 -14.952 57.037 0.0000 0.0000 0.0000 27,3011

TOTAL YALUES
VALUE  -30.000 100.00 0.0000 0.0000 0.0000 54.813

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”;
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Y ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

Dl=|alo s s e ElE

Read Results 0 & DOF Solution
Failure Criteria :

& X-Component of displacement
Plot Results

ANSYS Toolbar ®|
SAVE DE| RESUM_DB| QUIT| POWRGRPH
ANSYS Main Menu @
Preferences " ELEMENTS
Preprocessor )
B ELEM NUM Item to be listed
Solution &
B General Postproc U =
[ Data & File Opts ROT & 2
Results Summary & Nodal Solution 2
3>

@ Y-Component of displacement

B List Results
B Detailed Summary @ Z-Component of displacement
[ Iteration Summry L JDisplacement vector su
Percent Error &) X-Component of rotation
Socted Listing & V-Component of rotation
=[Noda :
Element Solution @ Z-Component of rotation
Section Solution @ Rotation vector sum
[ Superelem DOF 8 Stress
[ SpotWeld Solution 2 Total Strain
Reaction Solu m Lomen
Nodal Loads & Elastic Strain
Elem Table Data <

Vector Data

g e Value for computing the EQV strain
Query Results 3
Options for Outp Cancel |
Results Viewer
Write PGR File
Nodal Calcs
Flement Table

[elole[zlolelslolelalolalaale@|e @

)

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

File

|
PRINT U MODAL SOLUTION PER HODE
ook POST] HODAL DEGREE OF FREEDOH LISTING detetokek

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

THE FOLLOWING DEGREE OF FREEDOH RESULTS ARE IN GLOBAL COORDINATES
HODE X Uy 1z USUH
1 0.0000 0.0000 0.0000 0.0000
2 0.11685E-01-0.18465€-03  0.0000 0.11686E-01
3 0.115776-01-0.24515€-03  0.0000 0.11580€-01
4 0.0000 0.0000 0.0000 0.0000
HAXIHUH ABSOLUTE YALUES
HODE 2

3 0 2
YALUE  0.11685E-01-0.24515€-03 0.0000  0.11686E-01

v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Element
Table”, “Define Table”, “Add”;
v" Na nova janela, definir:
o LAB MZi
o Item, comp By sequence number SMISC

SMISC,6
v" Clicar em “APPLY”.
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ANSYS ED Utility Menu (Portlrig)

- =2

BEFEEEE]

/\ Element Table Data

AE

Label ftem  Comp Time Stamp Status
Pr| >
Prl
Sq \ Define Additional Element Table Items
B G

[AVPRIN] Eff NU for EQV strain

1

[ETABLE] Define Additional Element Table Items

Lab User label for item

Item,Comp Results data item

nEAMEE & @6 [0E

(For "By sequence num", enter sequence

[ |

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

in Elements Manual for seq. numbers.)

oK Apply

=
Find Maximum
[ Find Minimum
Exponentiate
Cross Product
Dot Product
Erase Table
Path Operations
Surface Operations ~|

il B

Help

Cancel

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

v" Na nova janela, definir:
o LAB
Item, comp

MZj
O

v" Clicar em “APLLY”.

ANSYS ED Utility Menu (Portlrig)

By sequence number

real=1 csys=0 secn=1

SMISC
SMISC,12

NEFEEEE]

- =@

N\ Element Table Data

Label Iem  Comp Time Stamp _ Status
B Pr £ SN S b 2 A
P
sq I\ Define Additional Element Tabie Items
|

[AVPRIN] Eff NU for EQV strain

[ETABLE] Define Additional Element Table ltems

Lab User label for item

Item,Comp Results data item

nEAAHsEE @6 EEo

(For "By sequence num", enter sequence

|
Close

no. in Selection box. See Table 4.3

in Elements Manual for seq. numbers.)

Strain-thermal
Strain-plastic
Strain-creep
Strain-other
Contact
Optimization

SMISC, 12

| oK Apply Cancel Help 5
Find Maximum 7
Find Minimum
Exponentiate °»
Cross Product =
Dot Product @
B Erase Table .
Path Operations g L‘
Surface Operations - R
Kl ol 2|
| Pick a menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=1 [ real=1 [ csys=0 [ secn=1 |

v" No ANSYS Main Menu dentro do “General Postproc”
Results”, “Element Table Data”

v" Selecionar MZIl e MZJ;
v" Clicar em “OK”;’

clicar em “List
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File

PRINT ELEHENT THBLE ITEHS PER ELEHENT
btk POST] ELEHENT TRBLE LISTING sekebkex
STAT  CURRENT ~ CURRENT
ELEH  HZI HZY
1 -22.512 17.633
2 17.633 -12.554
3 -22.3m 17.554
HINIHUH YALUES
ELEH 1 2
YALUE  -272.512 -17.554
HAXIHUR YALUES
ELEH

2 1
VALUE  17.633 17.633

v Os sinais dos momentos dependem da escolha dos eixos locais. Repare
que neste exemplo fornecermos a incidéncia do elemento 1 e do
elemento 2 coincidente com o eixo XG.

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

o Fact -1
v" Clicar em “OK”;

A\ ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

D|=| 6o 8l 2= EIFE]

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

B Preferences " ELEMENTS

Preprocessor

ELEM NUM

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

Results Summary

Read Results [PLLS] Plot Line-Element Result

& s ool

Failure Criteria Labl Elem table item at node 1
2 °ka‘“'“d e Lab) Elem table item at node J
& Deformed Shape
& Contour Plot Fact Optional scale factor
Nodal Solu
Bemant Soks KUND tems to be plotted

Elem Table @ Def shape only

Vector Plot ( Def + undeformed
t Path Item
ncrete Plot
infilm
List Results
Query Results
[ Options for Outp Apply
B Results Viewer
Write PGR File
Nodal Cales
Element Table
Path Operations
Surface Operations
Load Case

€ Def + undef edge

wbllEpkkbbRRRRRRREE

Check Elem Shape
Write Results ~|
4 »
—[ — 1
| Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=1 real=1 csys=0 secn=1
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i) ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= 8|88l & 7| & i)
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH
NSVS Main Menu ®| - [ @
s |- ®| 2|
@ Solution
: I Postproc E_U @|
le Opts
Rt Sy 8| 2|
Read Results B[
FlotRests 8| |

Deformed Shape
lot

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 ~|

el pllkbblRRE

)

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

v" No ANSYS Toolbar clicar em “SAVE_DB".

MODELO 2: COM LIGACOES ROTULADAS OU FLEXIVEIS

O,

4.2. Introduz o titulo do problema a ser resolvido:
v No ANSYS Utility Menu clicar em “File” e acessar a opgado “Change
Title...”;
v" Na nova janela que aparecer, digitar novo titulo: “Pértico 1 com trés
barras — modelo 2 — ligacdes flexiveis”;
v Clicar em OK.

5. ENTRA NA FASE DE PRE-PROCESSAMENTO

O 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”;

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

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

v" QOutra janela se abrira, entdo no “Library of Element Types” selecionar o
elemento “BEAM”, “3D tapered 44” e clicar em “OK”.

<\
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P\ ANSYS ED Utility Menu (Portlrig)

BEFEEEE]

- ==

N\ Element Types

[Type 1 BEAM
P
=]

Defined Element Types:
Y e

A ey e 5

Only structural element types are shown

Library of Element Types Structural Mass 2node 188 =
Lin 3node 189
___Bean =) 13D elastic 4 -
Pipe lastic 24 5
Solid peict 28 I
Shell

Solid-Shell

tapered 44

Element type reference number

—

L]

=]

Cancel

EEEEEEEEEEEEBE

[Eea=|
@ So

General Postproc
TimeHist Postpro

Drop Test

Topological Opt

ROM Tool

DesignXplorer VT

Design Opt

Prob Design ~|

b

Help

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

v Ainda na janela “Element Types”, clicar em “Options” (para o elemento

BEAM 44) e, na nova janela, selecionar;
o Stiffness released for nodel K7;
= Ligar ROTZ;
o Stiffness released for nodeJ K8;
= Ligar ROTZ;
v" Clicar em “OK”;
v Clicar em “CLOSE”;
v" Fechar a janela do “Element Types”;

JAY ANSYS ED Utility Menu (Portrig) . SLIEY

b

%

| | | ] ) ¢ :Jél
| ANSYSalinal /\ BEAM44 element type options | =)
A\ Element Types -
E 1 | Options for BEAMA4, Element Type Ref. No. 2
Selecti - =
S Defined Element Types: cecion [Consistent ~|

Type 1

fype 2

BEAM4
Pr{ Type BEAMA4
=]

Member force + moment output K6 =
No intermed pts >

Length units -

Exclude output

Output at extra intermed pts K9

Load offset interms of K10

Stiffness release at nodel K7

51

¢ s sl

ROTZ v

ROTY r

ROTX r

uz r &

uy r

u

X r

(| ptons. 3| tiffness release at node ) K8

= "

ROTZ @i

= ROTY

ose r
Sou= ROTX r
General Postproc ¢
TimeHist Postpro Uz r J
Drop Test uy r o
Topological Opt =
ROM Tool Ux r =
DesignXplorer VT ®
Design Opt <
Prob Design oK Cancel Help &

o b
J =
| Pick a menu item or enter an ANSYS Command (PREP7) | mat=1 [type=1 [ real=1 [ csys=0 [secn=1 !
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Define Constantes Geométricas:

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;

Selecionar o elemento 2 em “Choose element type” e clicar em OK;

Na janela “Element Type for Real Constants” selecionar o “BEAM 447;

A janela “Real Constants Set Number 2, for “BEAM 44" ira aparecer.

5.2.

\

<\

Deve-se inserir:
Real Constant Set No.

O

o At Node I

o Cross-sectional Area

o Area moment of inertia
o Area moment of inertia
o TKZB1

o TKYB1

o At Node J:

o Cross-sectional Area

o Area moment of inertia
o Area moment of inertia
o TKZB2

o TKYB2
v" Clicar em “OK”.

=2

AREA1
1Z1
Y1

=0.00349
=2.4E-5
=2.4E-5
=1

=1

AREA2
122
Y2

=0.00349
=2.4E-5
=2.4E-5

Y ANSYS ED Utility Menu (Portlrig)

| A\ Real Constant Set Number 2, for BEAM44

| | Element Type Reference No.2
Real Constant Set No.

NEFREED] m—

A Real Constants =]
[ | 2= Constants 1-24 (basic set)
Constants at node (end 1)
: I
LANSE l Cross-sectional area  AREAL
B Pr s
=t Z,Y moments of inertia 1Z1 IVl
B 7.\ bottom thickness TKZBL TKYBL
B}l Torsional moment of inertia Xt
Sl X v,7 offsets  DX1DY1DZL
i
=2
Z)Y top thickness  TKZTL TKYTL
Constants at node J (end 2)
Cross-sectional area  AREA2
ZY moments of inertia 1Z21V2
Ed De
I (R [ Z)Y bottom thickness TKZB2 TKYB2
Torsional moment of inertia X2
sq Close
p _Close | XYZoffsets  DX2DV2DZ2
Tin STTOSPTO
Drop Test Z)Y top thickness TKZT2 TKYT2
Topological Opt
ROM Tool

DesignXplorer VT
Design Opt

Prob Design
Radiation Opt
Run-Time Stats

Shear defl const SHEARZ SHEARY

Constants 25-30 (for shear and torsional stresses)

2 ! &|

[oooms
N
—

\ \ I

I

0.00349
24E-5 24E-5
1 1

EleblllekkkkkkRpRpk

Session Editor ok | Apply | Cancel | Help |
I
[Pick a menu item or enter an ANSYS Command (PREPT) S S 7= S ET =5 Te0 Teeer
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v" Clicar em “CLOSE".

5.3. Modifica o tipo do elemento:
v' Dentro do “Preprocessor”, selecionar “Modeling”, “Move/Modify”,
“‘Elements”, “Modify Attrib”;
v" Na nova janela, selecionar:
o STLOC Elem Type TYPE
o I1 2

v" Clicar em “OK”;

Y ANSYS ED Utility Menu (Portirig)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D|=| 6o &l 2= EIEE

ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH
ANSYS Main Menu ® |||
B Prefes =] "LINE STRESS
B Preps
@

al Constants
terial Props

Sections
B Modeling
Create
Operate
B Move / Modify [EMODIF] Modify Element Attributes
@ Keypoints
A Lines

o Sl s [0

STLOC Attribute to change [Bemtpe WE =]
L Newattribute number E

(not used with 'All to current’)

oK Apply Cancel ‘ Help |

Copy

& Reflect

@ Check Geom

Delete

Cydlic Sector

s

Genl plane strn ~l

| |
[Pick a menu tem or enter an ANSYS Command (PREPT) == [ et [0 o]
v Dentro do “Preprocessor”, selecionar “Modeling”, “Move/Modify”,
“Elements”, “Modify Attrib”;
v" Na nova janela, selecionar:
o STLOC Real const REAL
o 11 2
v Clicar em “OK”;

lelole[zlolelslolelalalaee|o e ]

)
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P\ ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Di=as|sle e E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences
B Preprocessor

s
B Modeling
@ Create
B Operate
B Move / Modify
Keypoints
Li

Add Mid Nodes
B} Remove Mid Nd
A Shell Normals
@ Transfer Coord
Reverse Normals
Copy
Reflect
Check Geom
Delete
@ Cyclic Sector
s
B Genl plane strn ~|

"LINE STRESS

B8 A\ Modify Elem Attributes
JI| (EMODIF] Modify Element Attributes

STLOC Attribute to change

I New attribute number

(not used with "All to current’)

oK Apply

Real const REAL a4
2

Cancel | Help |

el pllkbblRRE

)

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

[ mat=1 [ type=1

[ csys=0 [ secn=1 |

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" 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 “List

Results”,

Reaction Solution” para listar as reagcdes nodais;

v Inserir na janela que abrir:
o Lab

v" Clicar em “OK”;
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A\ ANSYS ED Utility Menu (Portlrig) -3 X
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Djzlas s 2l 2 E EIEIE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences
Preprocessor
Solution

B General Postproc

B Data & File Opts A\ st Reaction Solution o) 2| 2
Results Summary = =

Read Results [PRRSOL] List Reaction Solution E|
Failure Criteria .63 Lab Ttem to be listed
Plot Results y @ E
B List Results

[ Detailed Summary

[ Iteration Summry All struc forc F

& Percent Error Struct moment MX
orted Listing My

odal Solution Mz

B Element Solution All struc mome M

Section Solution
Allitems

[ Superelem DOF
[ SpotWeld Solution
Nodal Loads

Elem Table Data
Vector Data

Path Items

[ Linearized Strs

Concel |

ebllbkkbpRaE

)

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

File

|
PRINT REACTION SOLUTIONS PER HODE
bioek POSTL TOTAL REACTION SOLUTION LISTING ebtoker

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

THE FOLLOMING ¥,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES

HODE F¥ FY FZ HX HY hZ
1 -15.029 50.000 0.0000 0.0000 0.0000 45.086
2 0.0000 0.0000 0.0000
3 0.0000 0.0000 0.0000

4 -14.971 50.000 0.0000 0.0000 0.0000 44.914

TOTAL YALUES
YALUE  -30.000 100.00 0.0000 0.0000 0.0000 90.000

v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Element
Table”, “Define Table”, “Update”;
v Clicar em “Close”;
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ANSYS ED Utility Menu (Port1rig)

JMAJJJJE EEEIE

"
7 A Element Table Data =)

Currently Defined Data and Status:

Label tem  Comp TimeStamp  Status
Mz = 1.0000  (Current)

£ Pr
Prl

@ Sd

o
)

B NcR |} foRcRoReNalE [

Add... Update Delete

Close Help

Dot Product
Erase Table
Path Operations
Surface Operations ~|

|

ElblEpkkbEkkRRR]

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

v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Element Table Data”;

v' Selecionar MZI e MZJ;

v" Clicar em “OK”;’

A ssevie_conrd 0 ==

File

|
PRINT ELEHENT THBLE ITEHS PER ELEHENT
sepkick POST] ELEHENT TRBLE LISTING ekorok
STAT  CURRENT  CURRENT
ELEH  HZI HEZJ
1 -45.086 0.0000
2 0.0000 0.0000
3 -44.914 0.0000
HINIHUH YALUES
ELEH 1 1
VALUE  -45.086 0.0000
HAXIHUR YALUES
ELEH

2 1
VALUE  0.0000 0.0000

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
o Fact -1

v" Clicar em “OK”;
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Y ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help

o= uo & & 2 & oz @

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH
NSVSMainMenu ®| - =] @]
Pr:firen(es B LINE STRESS @ @
8| @
B resi e 5| 2|
Read Results & NdERd
Potbaas B 8
Deformed oSthape _@J
i =)
=]
Q|
1 it Rl R =
@ Query Results ||
Bl R Vewer” q
,E,Ie;:;ntTa:le ﬂ
CheccFim Shape 2
B Write Results ~|
B —
[ Pick a menu item or enter an ANSYS Command (POSTL) [mat=1 [type=1 [real=1 [esys=0 [secn=1 |
v" No ANSYS Toolbar clicar em “SAVE_DB”".
MODELO 3: COM LIGACOES SEMI-RIGIDAS
O
8. REINICIO DA ANALISE
8.1. Limpa memoria:
v" No “ANSYS Utility Menu”, clicar em “File”, “Clear and Start New”;
v" Na nova janela, selecionar “Do Not Read File” e clicar em “OK”;
v" Uma nova janela aparecera, entao confirmar clicando em “Yes”
8.2. Carregaarquivo previamente salvo:
v" No “ANSYS Utility Menu”, clicar em “File”, “Resume from...”;
v Abrir o arquivo “Portlrig.db”.
8.3. Introduz o titulo do problema a ser resolvido:
v No ANSYS Utility Menu clicar em “File” e acessar a opgado “Change
Title...”;
v

barras — modelo 3 — liga¢cdes semi-rigidas”;
v" Clicar em OK.

Na nova janela que aparecer, digitar novo titulo: “Pértico 1 com trés
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9. ENTRA NA FASE DE PRE-PROCESSAMENTO

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

9.1. Escolhe o tipo de elemento finito que seré 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.

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

v Clicar em “OK”;

P\ ANSYS ED Utility Menu (Portlrig)

EFEET T m— EET

N\ Element Types

A

Defined Element Types:
Type 1 BEAMS

o
032

/\ Library of Element Types

Only structural element types are shown

e s e |2

Library of Element Types

Superelement
Surface Effect
Not Solved

Element type reference number P—
A Options
oK Apply Cancel Help

General Postproc
TimeHist Postpro

Drop Test

Topological Opt

ROM Tool

DesignXplorer VT

Design Opt

Prob Design &l

. Radistinn Ont

YENEEEEEEEREEBE

]

eleblkkkkkkkpppeel

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

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”;
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P\ ANSYS ED Utility Menu (Portlrig)

BEFEEEE]

- ==

N\ Element Types

2]

o {
D33

Defined Element Types:
Type 1

BEAM4
COMBING

/\ COMEIN40 element type option B
Options for COMBINAO, Element Type Ref. No. 2 | s
8
Gap behavior Kl Standard ga = &
- =
Element degree(s) of freedom K3 ROTZ | ;‘
SR o
Produce element output for K4 All gap conditns = =
&
Mass location K6 Mass at node M &
\ | :
=
® ok Cancel | Hep | =
e &
=
o
=5
2|
j &
| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [ type=1 real=1 csys=0 secn=1 |

O
9.2.

v

<\

Define as constantes geométricas:

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 abrirA entdo selecionar o tipo de elemento em
“Choose element type” e clicar em OK;

Na janela “Element Type for Real Constants” selecionar o “COMBIN 407;
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 = 45000
o Limiting sliding force FSLIDE =10

Clicar em “OK”;
Fechar a janela;
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ANSYS ED Utility Menu (Portlrig)

o] =] ] ] 2] ] 1] 8 I
e P =

Tansy = I

cE |

; I\ Real Constant Set Number 2. for

Element Type Reference No. 2 =
Real Constant Set No. 2 =zl
i
a8
Spring constant K1 45000
Damping coefficient c
Mass M
Gap size GAP
h
A Limiting sliding force FSLIDE [0
Spring const (par to slide) K2
sq '

plllEbkkbbbRRp]

oK Apply Cancel ] Help ‘
n-Ti
[ Session Editor
B Einich Ei|
[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 coys=0 secn=1 |

9.3.
9.3
v

v

v

Cria geometria:
.1. Cria 0s nos:
Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “In
Active CS”;
Na nova janela que abrir, inserir um nimero para o n6é que sera criado
em “NODE Node Number” e as coordenadas X e Y;
Para criar o primeiro né:

o NODE Node Number : 5;

o X,Y,Z Location in active CS : X=0 Y =3;
Clicar em “APLY”;
Para criar o proximo no:

o NODE Node Number : 6;

o X,Y,Z Location in active CS : X=5 Y =3;
Clicar em “OK”;

9.3.2. Deleta elemento:

v
v
v

Dentro do “Preprocessor” selecionar “Modeling”, “Delete”, “Elements”;
Selecionar o elemento 2;
Clicar em “OK”;

9.3.3. Cria os elementos:

v

v

Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“‘Elements Attributes” para selecionar qual dos atributos definidos nos
itens 2.2 e 2.3 devem ser inseridos nos elementos que serdo criados;
Na nova janela que abrir escolher:

o TYPE 1

o MAT 1
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o REAL 1
v" Clicar em “OK”.

Y ANSYS ED Utility Menu (Portlrig) -8 x
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Dlz|as| 8 4 2| & EIEE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences "ELEMENTS

D@

B Preprocessor ELEM NUM |\ Element Attributes et J J
Element Type 5 Eﬂ @
Real Constants Define attributes for elements =
Material Props @ 2 ‘
Sections [TYPE] Element type number 1A ]

B Modeling
B Create [MAT] Material number
& Keypoints

@ Lines [REAL] Real constant set number
Areas

Volumes [ESYS] Element coordinate sys
Nodes

= ée’“e"“ — [SECNUM] Section number rem—— =
& ed & [TSHAP] Target element shape [staighttine =]
@ Surf/ Contact Straight line

SpotWeld
Pretension

User Numbered
[ Write Elem File
[ Read Elem File
@ Superelements L
Contact Pair 2 Cancel
Piping Models
Circuit
Transducers
Operate
Move / Modify

plelol:FllkkkRRR

@ Copy
Reflect Portico 1 com 3 barras - modelo 3 - ligacoes semi-rigidas
@ Chart Ganm =l
[Pick @ 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”, “User Numbered”, “Thru Nodes”;
v" Inserir nimero do elemento:
o Number to assign to element 2
v Clicar em “OK”;

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

FEile Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Dis|as| sl 2| EIEE

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

B Preferences 1= " ELEMENTS
B Preprocessor

Element Type

Real Constants

Material Props

Sections

B Modeling

B Create

ELEM NUM

Keypoints

@ Lines

@ Areas

@ Volumes

Nodes

B Elements
Elem Attributes
Auto Numbered
@ Surf / Contact
& SpotWeld
@ Pretension
B User Numbered

| s [l |2

Number to assign to element

Apply [ Cancel ‘

[ Write Elem File
[ Read Elem File
& Superelements
E Contact Pair
@ Piping Models
Circuit
Transducers

]| | =octico 1 com 3 barras - modelo 3 - ligacces semi-rigidas

plelrlelzplklkpRrRRRERRE

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

v" Na nova janela que abrir, apontar os n6s 5 e 6 e clicar em “OK”;
v' (Observacao: quando apontar o n6 5, o programa enviard a mensagem

que existem 2 nds neste ponto. Escolher “NEXT” para escolher o n6 5
“OK”)
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v' (Observacao: quando apontar o né 6, 0 programa enviara a mensagem
que existem 2 nés neste ponto. Para escolher o n6 6 apertar “NEXT” e
em seguida “OK?");

A\ ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

|z alel sl &l 2 & dZ @
ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH
ANSYS Main Menu Bl — @
Bl | eeents é
ELEM NUM
|
2
o 55l
= KSpoinu ﬂ
Lines
A
® Volumes
@ Nod

B Elements
] Elem Attributes
Auto Numbered
Surf / Contact

Operate

,,,,,,

Portico

1 com 3 barras

- modelo 3 - ligacoes semi-rigi

plelolsFelekbkpRRRRERE0

Pick a menu item or enter an ANSYS Comman

d (PREP7)

mat=1

[type1

v Criar os elementos de mola:

v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“‘Elements Attributes” para selecionar qual dos atributos definidos nos
itens 2.2 e 2.3 devem ser inseridos nos elementos que serdo criados;

v" Na nova janela que abrir escolher:

o TYPE

o MAT

o REAL
v" Clicar em “OK”.

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas
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P\ ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtds WorkPlane Parameters Macro

MenuCtrls  Help

Di=las sl H oz @
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH
ANSYS Main Menu ®| - = @
Pref M
) R | oo ol 8|
Define attributes for elements 8| @
s Il (TYPE] Element type number 8| 2|
B Modeling NdERd
B Create [MAT] Material number J
5 |

@ Keypoints
@ Li

u

Thru Nodes

B Write Elem File

B Read Elem File
1

Gircuit

® Transducers
& Operate
Move / Modify
Copy
M Rafiars

[REAL] Real constant set number
[ESYS] Element coordinate sys

[SECNUM] Section number

None defined -
Straight line -

- [TSHAP] Target element shape

lements

modelo 3 -

plelolsFllkkkRRR

ligacoes semi-rigidas

J cf om 3 barras -

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

v

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas

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

Na nova janela que abrir, apontar os nés 2 e 5 e clicar em “APPLY”;
(Observacao: quando apontar o né 2, o programa enviara a mensagem
gue existem 2 nds neste ponto. Escolher “NEXT” para escolher o n6 2
“OK”)

(Observacao: quando apontar o né 5, o programa enviara a mensagem
que existem 2 nés neste ponto. Para escolher o n6 5 apertar “NEXT” e
em seguida “OK?);

Na nova janela que abrir, apontar os nés 3 e 6 e clicar em “OK”;
(Observacao: quando apontar o né 3, o programa enviara a mensagem
gue existem 2 nés neste ponto. Escolher “NEXT” para escolher o n6 3
“OK”)

(Observacao: quando apontar o né 6, 0 programa enviara a mensagem
que existem 2 nés neste ponto. Para escolher o n6 6 apertar “NEXT” e
em seguida “OK?");

No “ANSYS Utility Menu”, clicar em “List”, “Elements”, “Nodes+Attributs”
Clicar em “OK?”;
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File

LIST ALL SELECTED ELEMENTS. (LIST HODES)

ELEH HAT T¥P REL ESY SEC HODES
s A R [ 1 2 0
2 15t 5 6 0
ke O S K| | 3 4 0
4 - 2 2 0 A 2 5
L K [0 T 3 ]

9.4. Aplicar as condi¢fes de contorno:
9.4.1. Fornece condicdo de contorno;
v' Dentro do “Preprocessor” selecionar “Loads”, “Load Steps Options”,
“Output CTRLS?”, “Solu Printout”;
v" Na nova janela que abrir inserir:
o Valueof N ALL
v" Clicar em “OK”;

A\ ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

0|z 6o &l 4 ¢ = EIEE

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

B Preferences " ELEMENTS

Bl Preprocessor
Element Type

ELEM NUM A\ Solution Printout Control:

¢ Els ool

Real Constants [OUTPR] Solution Printout Controls

Matesh Prope Item Item for printout control [Brcquniie 5]
Modeling FREQ Print frequency

Meshing & None

Checking Ctris

Numbering Ctrls € Last substep

Archive Model

ot o € Every substep

FSI Set Up

MultiField Set Up

B Loads Value of N ALL
Analysis Type
Fast Sol'n Optn

Define Loads
£ o Step Ot Cname Component name - [Arenttes =]

B Output Ctrls - for which above setting is to be applied

€ Every Nth substp

(Use negative N for equally spaced data)

Y50l Pri
B Grph Solu Track
B Show Status I
PGR File 8 Cancel ‘ Help |
B Incl Mass Summry
[ Integration Pt

@ Other

B Stop Solution

E Reset Options

Read LS File

B Write LS File Portico 1 com 3 barras - modelo 3 - ligacoes semi-rigidas
= Phei B

plelolsFelelbpRRRRERE0

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

®
10.SOLUCAO

10.1. Critério de convergéncia:
v Dentro do “Solution” clicar em “Analysis Type”,. “Sol'n Controls;
v Clicar em “Nonlinear”;
v Clicar em “Set convergence criteria...
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Y ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Di=laslsls e E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB w POWRGRPH

ANSYS Main Menu ®|

Preferences |
Preprocessor
B Solution
B Analysis Type
[ New Analysis
Restart
i'n Controls
Define Loads
Load Step Opts
SE Management (CMS)
[ Results Tracking
Solve
Manual Rezoning
FSI Set Up
MultiField Set Up
ADAMS Connection
Diagnostics
[ Unabridged Menu
General Postproc
TimeHist Postpro
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

Solution Controls

| sorn Options  Nenlinear | Advanced NL

Nonlinear Options

Line search [Prog Chosen =
DOF solution | Prog Chosen |

predictor

Equilibrium lterations

Maximum number of

iterations Brog Chosen

Creep Option

I™ Include strain rate effect

Set convergence criteria ...

Cutback Control

Limits on physical values to perform

bisection:
Equiv. Plastic strain
Explicit Creep ratio
Implicit Creep ratio
Incremental displacement

Points per cycle

iterations

" Always iterate to 25 equilibrium iterations

fo1s™
—
—
[faoooo00
o

= Cutback according to predicted number of

Cancel

JI| | Pocico 1 com 3 barras - modelo 3 - ligacoes semi-rigidas

plellsFllkbkRRR

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

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

[esys=0 [secn=1

v" Na nova janela, selecionar a linha

‘REPLACE”;

FA ANSYS ED Utility Menu (Portlrig)

referente ao M e clicar em

EEFEEERC

- E2

/\ Default Nonlinear Convergence Criteria

Default Criteria to be Used:

Label Ref. Value Tolerance
F

Norm Min. Ref.

10

calculated .001

001

3 10 :

@ P

Di
4 Close

RO
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

JoflREREERlEE &

Ef

Replace.

Help

o
%
|

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

[mat=1 [type=2 real=2

csys=0 secn=1

v" Na nova janela, escolher:
o Lab Structural
o VALUE 10
o TOLER 0.001

v Clicar em “OK”;

Moment M

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas
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P\ ANSYS ED Utility Menu (Portlrig)

ofalalel

22| 2| B — — ElEIE

A\ Default Nonlinear Convergence Criteria

Label Ref. Value Tolerance Norm  Min.Ref.
Al F calculated 001 L2 10
Pd M calculated 001 0
B Sq \ Nonlinear Convergence Criteria

[CNVTOL] Nonlinear Convergence Criteria

Lab Convergence is based on

Displacement U
Rotation ROT

Moment M

VALUE Reference value of Lab [10—

TOLER Tolerance about VALUE [0

NORM Convergence norm [um,m—ﬂ
MINREF Minimum reference value

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

S“ofpErEEEfEEE

D "

Tq —J
RGS oK Cancel Hell
DesignXplorer VT 4 P

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

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

v' Fechar a janelas;
10.2. Acoplatranslagfes nos nds das ligacdes:

Na nova janela, apontar os nos 2 e 5;
Clicar em “OK”;
Inserir:

o NSET

o LAB
v" Clicar em “OK”;

RS

o
cC P
x

Dentro do “Preprocessor” selecionar “Coupling/Ceqgn”, “Couple DOF’s”;

File 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 TELEMENTS

Bl Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls

Archive Model [CP] Define Set of Coupled DOFs

[=K¢e

ELEM NUM

INSET Set reference number

Lab Degree-of-freedom label

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

Physics Portico 1 com 3 barras - modelo 3 - ligacoes semi-rigidas
{1 Path Onaratinne

o Cllols |2l

plelals:pllbblRRpEpBEo i

[ 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 “Coupling/Ceqn”, “Couple DOF’s”;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas
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v" Na nova janela, apontar os nés 2 e 5;
v Clicar em “OK”;
v Inserir:
o NSET =2
o LAB =UY
v Clicar em “OK”;

JAY ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

D|=| 6o a8 2= ElEE

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

B Preferences " ELEMENTS
B Preprocessor

Element Type

ELEM NUM
Real Constants
Material Props
Sections
Modeling

o Sl s |02

Meshing
Checking Ctrls '\ Define Coupled DOFs
Numbering Ctrls
Archive Model [CP] Define Set of Coupled DOFs
2 Coupling / Ceqn NSET Set reference number
PalCouple DOFS]
A Cupl DOFs w/Mstr Lab Degree-of-freedom label

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

Apply Cancel j

plelostpkkbblRaEpapo

Loads
Physics Portico 1 com 3 barras - modelo 3 - ligacoe:
M Path Onarstinne B
| Pick a menu item or enter an ANSYS Command (PREP7) [ mat=1 [type=2 [real=2 [ csys=0 [ secn=1 |

Dentro do “Preprocessor” selecionar “Coupling/Ceqgn”, “Couple DOF’s”;
Na nova janela, apontar os nos 3 e 6;
Clicar em “OK”;
Inserir:
o NSET =3
o LAB = UX
v Clicar em “OK”;

ASRANENRN
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P\ ANSYS ED Utility Menu (Portlrig) -3 X

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

D= us & & 2 & EIE!

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

ANSYS Main Menu Bl — 1v] @
Preferences Bl | ceens

B Preprocessor ; ®| %

M NOM
Element Type ELEM NUM

Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model [CP] Define Set of Coupled DOFs
& Coupling / C

INSET Set reference number

; Cupl DOFs w/Mstr Il Lab Degree-of-freedom label
Gen w/Same Nodes
Gen w/Same DOF
[ Coincident Nodes
[ Offset Nodes
[ Del Coupled Sets
Constraint Eqn
Gen w/Same DOF
Modify ConstrEqn
Adjacent Regions
[ Shell/Solid Interface
A Rigid Region
B Del Constr Eqn
A Dist F/M at Mstr

FSI Set Up

MultiField Set Up

Cancel |

plellsFllkbkRRR

Loads
Physics Portico 1 com 3 barras - modelo 3 - ligacoes semi-rigidas
5 Path Naratinne £
[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=2 [real=2 [esys=0 [secn=1 |

v Dentro do “Preprocessor” selecionar “Coupling/Ceqn”, “Couple DOF’s”;
v" Na nova janela, apontar os nés 3 e 6;
v Clicar em “OK”;
v Inserir:
o NSET
o LAB =UY
v" Clicar em “OK”;

I
N

P4\ ANSYS ED Utility Menu (Port: - 3] X
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D|=| 6o 8l 4 2= EEE

ANSYS Toolbar @‘

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu ®|

L«

B Preferences ELEMENTS

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

ELEM NUM

A [N )

[CP] Define Set of Coupled DOFs
INSET Set reference number

P Il Lab Degree-of-freedom label
B Gen w/Same Nodes
[ Gen w/Same DOF
Coincident Nodes
Offset Nodes
Del Coupled Sets
Constraint Eqn
E Gen w/Same DOF
[ 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

Loads

Physics Portico 1 com 3 barras - modelo 3 - ligac
@ Bath On =l

Concel |

Blelele]z|lelsloleelalalale|a|e o

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 “Coupling/Cegn”, “Gen with same
DOF”;
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v Inserir:
o ITIME =
o INC
o NSET1
o NSET2
o NSET3 =
v" Clicar em “OK”;

P NDNEFEPDNDN

A\ ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

0|z 6o &l 4 ¢ = EIFE

ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH
ANSYS Main Menu Bl — )

o wELL‘EN’fS

[ Preferences

B Preprocessor
Element Type
Real Constants
Material Props
Sections

Modeling ( h
e /\ Generate Coupled DOF Sets w/Same J
Checking Ctrls [CPSGEN] Generate Coupled DOF Sets w/Same DOF

Numbering Ctrls

e ITIME Number of generations

B Coupling / Ceqn INC Node increment

A Couple DOFs
R Cupl DOFs w/Mstr NSET1,NSET2,NINC Range of nodes
Gen w/Same Nod

ELEM NUM

sl

e

o ks |

- to be included in new set

Offset Nodes
Del Coupled Sets Apply ‘

Constraint Eqn
B Gen w/Same DOF

B Modify ConstrEqn

Adjacent Regions

Shell/Solid Interface

A Rigid Region P

Del Constr Eqn

A Dist F/M at Mstr
FSI Set Up
MultiField Set Up

plelols slolpllopRl2la

Loads
Physics Portico 1 com 3 barras - modelo 3 - ligacoes
1 Path On 5|
[ Pick a menu item or enter an ANSYS Command (PREP7) [ mat=1 [type=2 [ reat=2 ['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”;

A\ ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

olsld " H EIEE]

Status
ANSYS Toolb ®|
=—————  Keypoint » £
SAVEDB| RE  |ine: . §RPH
Areas i
ANSYS Main|  Volumes : (3
[ Preferen¢  Nodes.. [ " ELEMENTS
B Preproce:  Elements »> ™ @
Elemet  Components o @
Real C¢ @
Materi 2
Sectio  Picked Entities J
Model  properies  » 2
Meshir K
Chedd 2% " E
Numby__Results 4
Archiv, [ Local Coord Sys

B Coupling / Ceqn Master DOF »

R Couple DOFs Gap Conditions
A Cupl DOFs w/Mstr
en w/Same Nodes

Any CP Node Selected

Constraint Eqns

Parameters

Del Coupled Sets Named Parameter ...
[E Constraint Eqn Components
[ Gen w/Same DOF
Modify ConstrEqn Database Summary

djacent Regions Superelem Data ...
hell/Solid Interface Genl Plane Strn
R Rigid Region -

[ Del Constr Eqn
A Dist F/M at Mstr
FSI Set Up

plelolspkkbblkRppElo

Portico 1 com 3 barras - modelo 3 - ligacoes semi-rigidas
1 Path Anarstinne

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

|
LIST ALL COUPLED SETS HITH ALL HODES SELECTED
COUPLED SET= ) 1 DéRECTIUN: UX  TOTAL HODES= 2

HODES=

COUPLED SET= 2 DIRECTION= UY  TOTAL HODES= 2
HODES= 2 5

COUPLED SET= 3 DIRECTION= UX  TOTRL HODES= 2
HODES= 3 ]

COUPLED SET= 4 DIRECTION= UY  TOTAL HODES= 2
HODES= 3 f
HAXIHUH COUPLED SET MUHBER= 4

v" No ANSYS Toolbar clicar em “SAVE_DB”.

10.3. Soluciona:
v No ANSYS Main Menu dentro do “Solution” clicar em “Analysis Type”,
“Sol'n Controls”;
v Definir:
o Number of substeps 3
v Clicar em “OK”;

A\ ANSYS ED Utility Menu (Portlrig)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

D|=| 6o 8l 4 ¢ = EIFE]

Define Loads
Load Step Opts
SE Management (CMS) @ User selected

[ Calculate prestress effects " Basic quantities

ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH.
ANSYS Main Menu Bl — @
[ Preferences J " ELEMENTS 2
P )
o ELEM NOM Basic ] Transient | Sof'n Options| Nonlinear | Advanced NL
B Analysis Type @
New Analysis Analysis Options Write Items to Results File 2
Restart
[Sol'n Controld Small Displacement Static =l Al solution items |

Results Tracking
Solve
Manual Rezoning
FSISet Up
MultiField Set Up
ADAMS Connection
Diagnostics
Unabridged Menu
General Postproc
TimeHist Postpro

Time Control

Time atend of loadstep [0
Automatic time stepping  |Prog Chosen  v|

@ Number of substeps

" Time increment

Number of substeps

Drop Test Maxno. of substeps
Topological Ot Min no. of substeps
ROM Tool

Nodal DOF Solution -
Nodal Reaction Loads
Element Solution

Element Nodal Loads

Element Nodal Stiesses ~|

Frequency:

Do not write any substeps |

DesignXplorer VT
Design Opt

Prob Design
Radiation Opt

Run-Time Stats Cancel

[ Session Editor
[ Finish

plelostpkkbblRaEpBEo

J Portico 1 com 3 barras - modelo 3 - ligacoes semi-rigidas

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

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”.

<\
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11.POS PROCESSAMENTO

11.1. 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
v Clicar em “OK”;

/\/PRRSOL Command X

File

All ltems

PRINT REACTION SOLUTIONS PER HODE
btoek POSTL TOTAL REACTION SOLUTION LISTING ebkork

LOAD STEP= 1 SUBSTEP= 3
TIRE=  1.0000 LOAD CRSE= O
THE FOLLOWING ¥,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES
NDUE ¥ FY FZ HX HY HZ

-15.029 46.000 0.0000 0.0000 0.0000 35.086
2 0.0000 0.0000 0.0000
3 0.0000 0.0000 0.0000
4 -14.911 54.000 0.0000 0.0000 0.0000 34.914

TOTAL YALUES
YALUE  -30.000 100.00 0.0000 0.0000 0.0000 70.000

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
v" Clicar em “OK”;

Displacement vector sum

J1Y ANSYS ED Utility Menu (Portirig)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

0|z 6o 8l o ¢ = EIEE

ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

[\ List Nodal Solutio:

[ Preferences

Preprocessor
Solution
B General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
Plot Results
B List Results
Detailed Summary
Iteration Summry
Percent Error
Sorted Listing

Element Solution
Section Solution
Superelem DOF =

SpotWeld Solution
Reaction Solu
[ Nodal Loads
[ Elem Table Data
Vector Data
Path Items
Linearized Strs
Query Results
Options for Outp
[ Results Viewer
[ Write PGR File
Nodal Cales
Element Table

0 Dath Onaratinne El

Item to be listed

(83 Favorites
& Nodal Solution
& DOF Solution
§ X-Component of displacement
G Y-Component of displacement
@ Z-C onent of displacement
& X-Component of rotation
@ Y-Component of rotation
@ Z-Component of rotation
G Rotation vector sum
& Stress
& Total Strain
&8 Elastic Strain

SRR

il

Value for computing the EQV strain

cwest_|

& Els ool

el pkkpbeRRpRREpx

Pick 2 menu item or enter an ANSYS Command (POSTL)
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File

PRINT U HODAL SOLUTION PER HODE
#ekick POST] HODAL DEGREE OF FREEDOH LISTING stk

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

THE FOLLOWING DEGREE OF FREEDOH RESULTS ARE IN GLOBAL COORDIHATES

HODE U Uy 1z USUR
1 0.0000 0.0000 0.0000 0.0000
0.18804E-01-0.19771E-03  0.0000 0.18805E-01

0.18698E-01
0.0000

0.18805E-01

0.18698E-01

2
3 0.18696E-01-0.23209E-03 0.0000
4 0.0000 0.0000 0.0000
5 0.18804E-01-0.19771E-03  0.0000
6 0.18696E-01-0.23209E-03  0.0000
HAXIHUK RBSOLUTE YALUES
HODE
YRLUE

2 3 0 2
0.18804E-01-0.23209E-03  0.0000 0.18805€-01

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

Table”, “Define Table”, “Add”;
v" Na nova janela, definir:

o LAB MZi
o Item, comp By sequence number SMISC
SMISC,6
H 113 ”
v Clicar em “APPLY".
JA ANSYS ED Utility Menu (Portlrig) - & X
- = @
.7 q A Element Table Data =] 2
NS Label Item Comp Time Stamp Status
& P ONE DEFINED.
Pr|
(S; \ Define Additional Element Table Items
a
[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 NMISC, =
Strain-creep LS,
= Strain-other LEPEL,
= Contact LEPTH, i
Optimization
2 B SMISC, 6
: AT (For "By sequence num", enter sequence
no. in Selection box. See Table 4.x-3
in Elements Manual for seq. numbers.)
= 0K Appl G | Hel,
Find Maximum e LJ g
Find Minimum
Exponentiate
B Cross Product
B Dot Product
[E] Erase Table
Path Operations
Surface Operations
B 1nad Caca El
[ Pick a menu item or enter an ANSYS Command (POST1) [ mat=1 [type=2 real=2 csys=0 secn=1
v" Na nova janela, definir:
o LAB MZj
o Item, comp By sequence number SMISC
SMISC,12

v" Clicar em “APLLY”.
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i) ANSYS ED Utility Menu (Portlrig)

EFEEEE ElEE

ANSYS-Zaal &
—2ve] /\ Element Table Data (=]

A Label Item Comp Time Stamp Status

6

\ Define Additional Element Table ltems

=]

[AVPRIN] Eff NU for EQV strain
[ETABLE] Define Additional Element Table Items
Lab User label for item

Item,Comp Results data item
NMISC,
LS

LEPEL,
= |epTh, -

£ SMISC, 12

nEAAfEEEE @l 3D

(For "By sequence num", enter sequence 1
no. in Selection box. See Table 4203 RN
in Elements Manual for seq. numbers.) =
oK Apply Cancel Help j
@
o)
Cross Product -
Dot Product S
Erase Table =
Path Operations A3
Surface Operations
B Voad Caca =l &
| Pick 2 menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=2 [ real=2 [ csys=0 [ secn=1 |

v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Element Table Data”;

v' Selecionar MZI e MZJ;

v Clicar em “OK”;

File

PRINT ELEHENT TRBLE ITEHS PER ELEHENT
#pkick POST] ELERENT TABLE LISTING obeetek
STAT  CURRENT  CURRENT
ELEH  HZI HZ]
1 -35.086 10.000
2 10.000 -10.000
3 -10.000 34.914
4 0.0000 0.0000
5 0.0000 0.0000
HINIHUH YALUES
ELEH 1 2
YALUE  -35.086 -10.000
HAXIHUH YALUES
ELEH 2

3
YALUE  10.000 34.914

v" Os sinais dos momentos dependem da escolha dos eixos locais. Repare
gue neste exemplo fornecermos a incidéncia do elemento 1 e do
elemento 2 coincidente com o eixo XG.

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
o Fact -1
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v" Clicar em “OK”;

FA1 ANSYS ED Utility Menu (Portlrig) -8 X
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrls Help

Rul 20 o el <) ElEE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB _Qﬂj POWRGRPH

ANSYS Main Menu ®|

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

ELEM

@& 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
1 ROM Onaratinne =

Heeee e s EBE

ELEMENTS

NUM

A\ Piot Line-Element Resulte

[PLLS] Plot Line-Element Resuit
Labl Elem table item at node I

Lab) Elem table item at node J
Fact Optional scale factor

KUND Items to be plotted

+ Def shape only

™ Def + undeformed

" Def + undef edge

Cancel

ANSYS

MA

Portico 1 com 3 barras - modelo 3 - ligacoes semi-rigidas

13 2010
13

W

| Cllo[o |8 [»

plelolslopklblRpagRpo

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

mat=1 [type=2 real=2 csys=0 secn=1 |
PA1 ANSYS ED Utility Menu (Portlrig)
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D= a8 s el 2 H EIEEE

ANSYS Toolbar

®

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu ®|

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

Vector 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
o ROt (i -

fAerpErE®

STRESS

753 52

Portico 1 com 3 barras - modelo 3 - ligacoes

AN )

plelols:plkbkhbRpeEbeq

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

[ mat=1 [type=2

[real=2

[ csys=0

[ secn=1

v" No ANSYS Toolbar clicar em “SAVE_DB”.

12. 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

Alterando-se o valor de K1 e SLIDE temos:

K1 ‘ FSLIDE M; M, Ux; ROT;
rotulada 45,086 0 0,028 -0,0141
10 10 44,93 0,15363 0,028 -0,01399
1.500 10 35,0 9615 0,019 -0,008089
4.500 10 35,073 10,01 0,018 -0,00783
15.000 10 35,080 10,006 0,018
43.636 3,38 41,70 3,38 0,025 -0,01197
43.636 15 30 15 0,014 -0,004713
45.000 10 35 10 0,018 -0,078
45.000 100 27,98 17,156 001213 -0,003384
rigida 27,512 17,633 0,011 -0,0031
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