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ESTADO PLANO DE TENSAO — CONCENTRACAO DE TENSOES AO
REDOR DE ORIFICIOS — PARTE 1

INTRODUCAO

Quanto um corpo elastico que estd submetido a um regime de tensdes
possuir em sua geometria um ponto de irregularidade ou uma mudanca brusca,
como, por exemplo, um orificio ou um entalhe, aparecerd em sua vizinhanca
uma variacao localizada do regime de tensdes. Os niveis das tensdes de pico
podem ser diversas vezes maior do que a tensdo nominal que ocorreria no
corpo caso ndo houvesse esta irregularidade. A este aumento das tensdes
causado pela irregularidade da geometria denomina-se concentracdo de
tensdes. Podem-se citar algumas referéncias classicas de tal assunto é
discutido:

e Peterson, R. E. Stress Concentration Factors in Design, John Wiley &

Sons, Inc. New York, 1953;
e Savin, G. N. Stress Concentration Around Holes, Pergamon Press, New
York, 1961;

Conta-se hoje com uma ferramenta da otimizag&o da forma para minimizar
estes picos de tensdes. O uso desta ferramenta ndo € o objetivo deste curso
introdutorio.
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Figura 1 — Esquema das placas a ser analisado.
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E importante se discutir também, a estimativa da precisdo das solucdes
aproximadas obtidas numericamente via MEF. Na utilizacdo de cada elemento
na Biblioteca de Elementos resulta extremamente importante conhecer o grau
de precisédo alcancada pela solugcdo, em problemas com resultado conhecido,
realizando-se também um estudo da convergéncia, utilizando-se diversas
malhas e subdivisdes. Visando a discussédo destes dois assuntos propostos,
inicia-se 0 estudo pela analise de uma placa esbelta, quadrada, submetida a
um regime de tensdes uniformes em uma das dire¢des. A seguir, simular-se-a
uma pequena fissura central perpendicular a direcdo das tensdes uniformes,
percebendo-se assim a perturbacdo que ocorre. O estudo da evolugcdo das
fissuras pode ser realizado com o auxilio da Mecéanica da Fratura, ndo sendo o
seu uso, objetivo de um curso introdutério. Na sequéncia estudam-se diversas
formas de orificios, analisando-se em especial a perturbacéo introduzida no
regime de tensdes da placa, ou seja, a concentracdo de tensdes em torno dos
diversos orificios. Por se conhecer a solucdo exata de algumas destas
solucdes, pode-se discutir a convergéncia das solucBes para o estudo de
diversas malhas e elementos. A figura 1 mostra um esquema de diversas
placas a serem analisadas.

A) Placa submetida a um regime uniforme de tensdes:

Se a solucéo exata € um campo de tensdes uniforme, a solucéo obtida por
Elementos Finitos coincidird com a solugcdo exata, qualquer que seja a malha.
No caso da placa esquematizada na figura 1 (a), ou seja, uma placa fina
quadrada e de espessura constante, composta por um material cujo Modulo de
Elasticidade E = 3E10 Pa, Coeficiente de Poisson v = 0.3, submetida a um
carregamento uniforme em um dos bordos, porém sem considerar a fissura na
regido central, a solucédo é um regime uniforme de tensoes.

Ox = 1000 Pa;
oy =0;
Ty = 0.

B) Placa submetida a uma pequena fissura central:
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Figura 2 — Esquema de ¥4 da placa com a fissura.
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Ao se introduzir uma pequena fissura central na placa descrita no item
anterior, uma grande perturbacdo aparecera no campo de tensfes e na regiao
proxima a fissura aparecerd uma concentracao de tensdes. Visando avalia-la,
gera-se um modelo de elementos finitos, que devido a consideracdo de
simetria, podera conter apenas um quarto da placa, conforme o esquema
apresentado na figura 2, desde que aplique-se as condicfes cinematicas de
contorno apropriadas nesta simulacéo.

PROPRIEDADES GEOMETRICAS

e Modelo bidimensional utilizando-se estado plano de tensoes;
o Pode-se considerar a espessura unitaria, obtendo-se para
resultados tensdes por unidade de espessura;

PROPRIEDADES DOS MATERIAIS

e EX = Moddulo de Elasticidade Longitudinal ou de Young: Ex = 3E10
Pa;
e NUXY = Coeficiente de Poisson: NUXY = 0.3

CARGA

e Pressdo p =-1000 N/m (além disso, considerando-se medido por
unidade de espessura.
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RESOLUCAO

O procedimento de resolucdo pode ser demonstrado no seguinte fluxograma:

Fluxograma de Analise Numérica
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COMANDOS ANSYS®9.0ED

A) PRIMEIRO ESTUDO:

®1.

1.1.
v

v

1.2.

v

1.3.

INICIO DA ANALISE

Introduz o titulo do problema a ser resolvido:

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

Na nova janela que aparecer, digitar novo titulo: “Concentracao de
Tensoes — Exemplo 1 — Placa com fissura central”;

Clicar em OK.

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

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

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

comandos a serem apresentados na telas de entrada:

v
v

No ANSYS Main Menu clicar em “Preferences”;

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

Clicar em OK.

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

Escolhe o tipo de elemento finito que serd usado:

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

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

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

Outra janela se abrira, entdo no “Library of Element Types” selecionar o

elemento “Structural SOLID”, “Triangle 6node 2” e clicar em “OK”;
Fechar a janela “Element Types”.
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/\ ANSYS ED Utility Menu (Puxador) o |[& [ =R

s =TT A | EIEE
LR S ®|
N\ Element Types =

o @
D23

YEENEEEEEEEEEEEE

TimeHist Postpro
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt

/\ Library of Element Types

Only structural element types are shown

Library of Element Types Structural Mass
Link

~|[Quaddnode 42 -
Z|l| 4node 182
=] 8node 183

olid [} Triar le2 | -

Element type reference number 1
oK Apply Cancel

ElblEpEkEEbkRRRpEB

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

©

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 1”, 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 ir4
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 = 3E10;

o PRXY =0.3;
Fechar a janela “Define Material Model Behavior”.

O,

2.3.

Cria 0 modelo geométrico:

2.3.1. Numera area, lines e keypoints:
v" No ANSYS Utility Menu clicar em “PlotCtrls” e acessar a opc¢ao

“Numbering”;

v" Na nova janela que aparecer, selecionar:

o Keypoints ON
o Lines ON
o AREA ON

v" Clicar em “OK”".
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/\ ANSYS ED Utility Menu (Puxador)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= uo & & 2| & EIEE!

ANSYS Toolbar

SAVE_DB| RESUM_DB -QEJ POWRGRPH

ANSYS Main Menu ®|

Preferences
B Preprocessor

= A\ Plot Numbering Controls
[/PNUM] Plot Numbering Controls

KP Keypoint numbers ¥ On

ri -

e s LINE Line numbers ¥ On

%g;ag f’:‘iﬁ“ AREA Area numbers  On

VOLU Volume numbers I~ off

NODE Node numbers I~ off

Read from File Elem / Attrib numbering Nonumbsiing
@ Secti

TABN Table Names [~ Off

SVAL Numeric contour values [~ Off

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

oK Apply Cancel | Help |

Solution
General Postproc
TimeHist Postpro

el pkkbbRRBR

Drop Test

Topological Opt

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

2.3.2. Cria 0 modelo geométrico:

v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Keypoints”,

“In Active CS”;

v" Na nova janela que abrir, inserir um namero para o keypoint que sera

criado em “NPT” e as coordenadas X e Y,

v Para criar o primeiro keypoint:

o NPT Keypoint Number: 1;

o X,Y,Z Location in active CS : X=0
v" Clicar em “APPLY”;
v' Para criar o préximo keypoint:

o NPT Keypoint Number: 2,

o X,Y,Z Location in active CS : X=6
v" Clicar em “APPLY”;
v Para criar o préximo keypoint:

o NPT Keypoint Number: 3;

o X,Y,Z Location in active CS : X=6
v" Clicar em “APPLY”;
v' Para criar o préximo keypoint:

o NPT Keypoint Number: 4,

o X,Y,Z Location in active CS : X=0
v" Clicar em “APPLY”;
v Para criar o préximo keypoint:

o NPT Keypoint Number: 5;

o X,Y,Z Location in active CS : X=0
v Clicar em “OK”;
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v' Dentro do “Preprocessor’ selecionar “Modeling”, “Create”, “Lines”,
“Straight Line”;
v Na nova janela que abrir, para criar as linhas:
v Apontar os keypoints 1 e 2 e clicar em “APPLY”;
v Apontar os keypoints 2 e 3 e clicar em “APPLY”;
v" Apontar os keypoints 3 e 4 e clicar em “APPLY”;
v" Apontar os keypoints 4 e 5 e clicar em “APPLY”;
v" Apontar os keypoints 5 e 1 e clicar em “OK”;
v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Area”,
“Arbitrary”, “Through KPs”;
v" Na nova janela que abrir, apontar os keypoints 1, 2, 3,4,5 e 1;
v Clicar em “OK”.
/\ ANSYS ED Utility Menu (Fissura) \E;\@H@‘
SECET D] — B
ANSYS Toolbar ®|
SAVE DB| RESUM_DB| QUIT| POWRGRPH JJ

ANSYS Main Menu

Preferences

B Preprocessor
Element Type
Real Constants
Material Props
Sections

@ Polygon

@ Volumes

Operate
Move / Modify
Cor. Concentragdo de tensdes - exemplo 1 - Placa com fissura central
Reflect

o Els [ le

eblibpklllekplpoe:

)

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

©

2.4. Aplicar as condi¢des de contorno na modelagem sélida:
2.4.1. Fornece condicdo de contorno:

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

“Structural”, “Displacement”, “Symmetry B.C.”, “On Lines”;
v" Na nova janela que abrir apontar as linhas 1 e 4 e clicar em “OK”;

2.4.2. Aplicar as cargas:

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

” o«

“Structural”, “Pressure”, “On Lines.”;
v" Apontar a linha 2 e clicar em “OK”;
v" Na nova janela inserir o valor da carga a ser distribuida na linha:

o VALUE -1000; (sinal negativo = presséo “saindo” do corpo)
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v" Clicar em “OK”;

/\ ANSYS ED Utility Menu (Fissura) o|[@ ][R

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help

o= o &l & 2 & EEE!

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QuIT| POWRGRPH ]J
ANSYS Main Menu ®| ?
erences -

rrrrrr @
lement Type

o ot 2|
taterial Props N 3
bpidony N\ Apply PRES on lines

todeling [SFL] Apply PRES on lines as a g
teshing

hecking Ctris I Constant value then:

lusnbiering Ctrls VALUE Load PRES value

rchive Model

oupling / Ceqn -

bt If Constant value then:

\ultiField Set Up Optional PRES values at end J of line

] (leave blank for uniform PRES )

Value

Apply Cancel | Help |

el bkklbbebaaRpRe

R4l |concentragdo de tensSes - exemplo 1 - Placa com fissura central

)

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

2.4.3. Salvando dados no arquivo fissura.db
v" No ANSYS Toolbar clicar em “SAVE_DB".

©

2.5. Geraamalhade elementos finitos:

v" Dentro do “Preprocessor” selecionar “Meshing”, “Mesh”, “Areas”, “Free
+”.

v" Na nova janela apontar a area 17;
v Clicar em “OK”

v' O programa criard uma malha com 26 elementos e 69 nos.

2.5.1. Altera o modo de plotagem para calcular o erro na norma da energia:
v No “Ansys Utility Menu”, selecionar “Plot Ctrls”, “Style”, “Hidden Line
Options...”;
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J\"ANSYS ED Utility Menu (Fissura) =
File Select List Plot PlotCtris WorkPlane Parameters Macro MenuCtrls Help ‘
0|l @@ &| PenzoomRotate .. EIEEE
il o ]| e z
ANSYS Toolbar ®|

———————— Numbering .. e
SAVE_DB| RESUM_DB| Q| gymbols . -l

LT B
ANSYS Main Menu e ,|  Sizeand Shape e ®

Ereferences Window Controls ¥ ks Options ®| &
B Preprocessor Erase Options »|  Contours »

Element Type Eﬂ 2
Real Constants Anstn »| Sraphs 5 /..
Material Props i ,| Colors Y |3
Sections
Modeling Device Options ... Hght Source: | °s
Bl Meshing Redirect Plots o =g N

Mesh Attributes - ,|  Teduring »

[ MeshTool sbhorod

Size Catris Save Plot Ctrls ... Eackaruna i

[ Mesher Opts
Concatenate

Multilegend Options
Floating Point Format ...

Restore Plot Ctrls ...

o Mesh Reset Plot Ctrls
A Keypoints T Iage Displacement Scaling ...
Lines Vector Arrow Scaling ...
é‘mm i ector Arrow Scaling

Write Metafile » Shell Normals ...
Solid Model Facets ...
Symmetry Expansion

; Target Sul Multi-Plot Controls ...
@ Volumes Multi-Window Layout ..
@ Volume Swey
@ Tet Mesh Fra
Interface Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn R4l |concentracdo de te exemplo 1 - Placa com fissura central

Best Quality Image

el pklkbbRRBR

)

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

v" Na nova janela, em [/[GRAPHICS], selecionar “Full Model” e clicar em

“OK”;

/\ ANSYS ED Utility Menu (Fissura) SRS
File Select List Plot PlotCtils WorkPlane Parameters Macro MenuCtrls Help ‘
Di=laslsls e & EEE

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH j
ANSYS Main Menu ®| A\ Hidden-Line Options = i ®

[/TYPE] [/SHADE] Hidden-Line Options

WN Window number Window 1 foad

[/TYPE] Type of Plot Z-buffered -
[/CPLANE] Cutting plane is [Normaltoview |

Preferences ELEMENTS

B Preprocessor
Element Type
Real Constants
Material Props
Sections

@ Modeli

; Mes:i:;g (for section and capped displays only)
B Mesh Attributes [/SHADE] Type of shading [Gourad. 5]
[ MeshTool

[/HBC] Hidden BCs are Displayed hd

[/GRAPHICS] Used to control the way a model is displayed

Size Cntris
[ Mesher Opts
Concatenate

E Mesh Graphic display method is
A Keypoints
A Lines [/REPLOT] Replot upon OK/Apply? Replot =
B Areas

@ Volumes
@ Volume Sweep
@ Tet Mesh From
Interface Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn ~|

Cancel

Concentragdo de tensdes - exemplo 1 - Placa com fissura central

ebllbkkbpReRl

)

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

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

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

Results”, “Contour Plot”, “Nodal Solu”;
v" Na nova janela selecionar:
o Stress;

= X - Component of Stress

v" Clicar em “OK”;

/\ ANSYS ED Utility Menu (Fissura) = & [ =
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘
Dz e s s e e H A\ Contour Nodal Solution Data ==
ANSYS Toolbar Item to be contoured ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH, & Favorites =] -l
@& Nodal Solution =
ANSYS Main Menu )l - & DOF Solution el
[ Preferences Bl | 0 Stress =
Preprocessor [ _‘® @

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

[ Y- omponent of stress
@ Z-Component of stress
& XY Shear stress

@ YZ Shear stress

@ XZ Shear stress

G 1st Principal stress

@ 2nd Principal stress

& 3rd Principal stress

G Stress intensity

lu

S
[ Elem Table
[ Line Elem Res

Vector Plot

Plot Path Item

Concrete Plot

£

Undisplaced shape key

ole

ThinFilm Undisplaced shape key | Deformed shape only

"

List Results
Query Results
& Options for Outp
Results Viewer

Scale Factor [Auto Calculated

Additional Options

=

Write PGR File
Nodal Calcs

Cancel |

Element Table
Path Operations
Surface Operations
Load Case 73.
Check Elem Shape 6.416

e e =

5 i

Write Results M| |Concentragdo de tens: xemplo 1 - Placa com fissura central

e[z [t ol

)

| Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 real=1 csys=0 secn=1

/\" ANSYS ED Utility Menu (Fissura)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Dlz|as| s 4 2|

ANSYS Toolbar

A2 @

SAVE_DB| RESUM_DB —Qﬂj POWRGRPH

ANSYS Main Menu ®|
Preferences ia]
Preprocessor

Solution

B General Postproc

B Data & File Opts

[ Results Summary

Read Results

Failure Criteria

B Plot Resuits
Deformed Shape
B Contour Plot

lu
] Elem Table
Line Elem Res
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

e e e = EEE

lel=|s|zlolelsloea

Load Case
Check Elem Shape
Write Results R4)| |concentracao
_“ — |
[ Pick a menu item or enter an ANSYS Command (POST1) [mat=1 [type=1 real=1

v" Tensao méaxima = 2257Pa;
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v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Element Solu”;

v" Na nova janela selecionar:
o Stress;

= X - Component of Stress
v Clicar em “OK”;

I\ ANSYS ED Utility Menu (Fissura)

File Select List Plot PlotCtrls

WorkPlane Parameters Macro MenuCtrls  Help

D|z|as| sl & 2H

ANSYS Toolbar

X E B

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
Deformed Shape
& Contour Plot

=]
B Elem Table
B Line Elem Res
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

freee e EE

=]

3|

ELEMENT SOLUTION

T T |
24

Concentragdo de tensdes - exemplo

f

1
-117.546

1

1691
- Placa com fissura central

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

[ mat=1

[type=1

real=1

[ <s{ ANSYS £D Utilty Menu (Fissura) |

v" Tensdo maxima = 2294 Pa
v' Dar um zoom na regido da fissura para verificar a distribuicdo das
tensoes;

/\" ANSYS ED Utility Menu (Fissura) [E=m=E <
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
b=als & & 2 &l - Z| @

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

ANSYS Main Menu

3|

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

=]
B Elem Table
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
& ThinFilm
List Results
Query Results
B Options for Outp
B Results Viewer
Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
Write Results

ELEMENT SOLUTION

1e3.8
-117.546
tens - exemplo

Concentragdo de

- Placa com £

1691
sura central

bl

)

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

mat=1

[type=1

real=1

csys=0

secn=1

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas

Pagina 13



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

Results”, “Percent Error” para listar a porcentagem de erro;

/\ ANSYS ED Utility Menu (Fissura) o |[& =R

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help J

D= uls & & 2 & EIEIE]

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

Ll ®

ANSYS Main Menu

Preferences
Preprocessor
S I\ PRERR  Command
B General Postproc File
& Data & File Opts |
[ Results Summary
Read Results
Failure Criteria

STRUCTURAL PERCENTRGE ERROR IN ENERGY HORH (SEPC) =

o Sl |2 &

Plot Results

B List Results
Detailed Summary
B Itera Summry

Sorted Listing
Nodal Solution
Element Solution
Section Solution
Superelem DOF
[ SpotWeld Solution
Reaction Solu
Nodal Loads

Elem Table Data

wllbpklbphRupEkee s

)

[ Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 real=1 csys=0 secn=1 |

v Erro=7.7464

B) SEGUNDO ESTUDO - REFINANDO A MALHA

©
5. Entrano Pré - Processamento
5.1. Refinando a malha na regido da fissura:
v" No “Preprocessor’, “Meshing”, “Modify Mesh”, “Refine Mesh”, “at
Keypoints”;
v Apontar o Keypoint 5;
v" Na nova janela selecionar “LEVEL of refinement” = 3 e clicar em “OK”.
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/\ ANSYS ED Utility Menu (Fissura)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Di=las sl H

ANSYS Toolbar

EIEE]

SAVLDEI RESUM_DB _Qﬂj POWRGRPH.

ANSYS Main Menu

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
Mesh Attributes
[ MeshTool
Size Cntris
[ Mesher Opts
Concatenate
Mesh

3 ELEMENT SOLUTION

A\ Refine Mesh at Keypoint
[KREF] Refine mesh at keypoints
LEVEL Level of refinement

Advanced options

B Modify Mesh
B Refine At
A Nodes oK
A Elements
PalKeypoints
A Lines
A Areas
EaAn
@ Improve Tets
[ Change Tets
Phys Morphing
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls .
Archive Model ‘ 1691
Coupling / Cean e issura central

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

J\ ANSYS ED Utility Menu (Fissura)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Dlz|as| sl 2| EEE

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

[ Preferences Bl | coens
B Preprocessor
Element Type TYPE NUM
Real Constants
Material Props
Sections
Modeling
B Meshing
Mesh Attributes
MeshTool
Size Cntris
Mesher Opts
Concatenate
Mesh
B Modify Mesh
B Refine At
A Nodes
A Eements

A Lines
A Areas
B Al
Improve Tets
Change Tets
& Phys Morphing
& Check Mesh
Clear
Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Ceqn Bl| |concentragio de tensdes - exemplo 1 - Placa com fissura central

[ 2
®| 2

B8R
8] %
o

khlslkRBlR

el

)

| Pick a menu item or enter an ANSYS Command (PREP7) [ mat=1 [type=1 [real=1 [ ANSYS £D Utilty Menu (Fissura) )

v A nova malha terd 102 elementos e 231 noés.

6. SOLUCAO

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

LS
v" Clicar em “OK".
v" Na janela “Information: Solution is done” clicar em “CLOSE”.

, “Current

7. POS PROCESSAMENTO
7.1. Gera, lista e plota os resultados:
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v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot

Results”, “Contour Plot”, “Nodal Solu”;

v" Na nova janela selecionar:
o Stress;

= X -Component of Stress

v" Clicar em “OK”;

/\ ANSYS ED Utility Menu (Fissura)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

E _Bj E E@ @ ﬂ E]i A\ Contour Nodal Solution Data

ANSYS Toolbar

Item to be contoured

SAVE_DB RESUMiDB‘ w POWRGRPH (ga Favorites

€ Nodal Solution

ANSYS Main Menu

& DOF Solution

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

[ Element Solu
Elem Table
Line Elem Res
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

Heeee e o EEE

®|

" ELEMENTS @ stress

@

TYPE NUM

E3 |

Undisplaced shape key

Scale Factor

Additional Options

& Y-Component of stress
@ Z-Component of stress
& XY Shear stress

K VZ Shear stress

@ XZ Shear stress

@ 1st Principal stress

& 2nd Principal stress

& 3rd Principal stress

@ Stress intensity

Undisplaced shape key | Deformed shape only

[Auto Calculated

Cancel | Heb |

Write Results j Concentragdo de ten: - exemplo 1 - Placa com fissura central
gl 5 2
[ Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 real=1 csys=0 secn=1
I\ ANSYS ED Utility Menu (Fissura) =8l <)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= a8 8l & 7| &l

i)

ANSYS Toolbar ®|
SAVE_DB' RESUME‘ M POWRGRPH ﬂ

ANSYS Main Menu ®|

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

ent
Elem Table
B Line Elem Res
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

lu

Heeee e = EEE

1155
R4)| |concentraca exemplo 1 - Placa com fissura central

3869

i )
el
8| 2|
Fix
hi:)

slafoalala
n

L

llss ool

)

[ Pick a menu item or enter an ANSYS Command (POST1) [mat=1 [type=1

real=1

csys=0

secn=1

v" Tensao

maxima = 5226Pa;

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

Results”, “Contour Plot”, “Element Solu”;

v" Na nova janela selecionar:
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o Stress;

= X - Component of Stress

v" Clicar em “OK”;

I\ ANSYS ED Utility Menu (Fissura) S =
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Dz e e e e H N\ Contour Element Solution Data ==
ANSYS Toolbar Item to be contoured 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH @ Favorites =] =
0 Element Solution =l
ANSYS Main Menu ®| 0 Stress = ®
Preferences Bl | wopar sovoTzon i
Preprocessor - @ 8| &
Solution 2 &3 Z-Component of stress

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

[ Deformed Shape
B Contour Plot
Nodal Solu

em Table
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
Options for Outp
Results Viewer
B Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
[ Write Results ~|

& XY Shear stress

@ YZ Shear stress

& XZ Shear stress

G 1st Principal stress
& 2nd Principal stress
& 3rd Principal stress
G Stress intensity
@ von Mises stress

|

Undisplaced shape key

Undisplaced shape key | Deformed shape only

Scale Factor [Auto Calculated

Additional Options

wlllRkkpbbRRBR

)

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

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

el |

\' ANSYS ED Utility Menu (Fissura)

File Select List Plot PlotCtrs WorkPlane Parameters Macro

MenuCtrls  Help

Di=las|sls e E

ANSYS Toolbar

= s

EIEE]

SAVLDB! 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
Deformed Shape
B Contour Plot
[ Nodal Solu

3 ELEMENT SOLUTION

[ Line Elem Res
@ 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

reee e = EEE

Load Case )
Check Elem Shape -1605
5 Write Results Ral| |concentracdo de te

wbllpkkbbRRER

)

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

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

v" Tensao maxima = 5491 Pa

el |

v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Percent Error” para listar a porcentagem de erro;
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/\ ANSYS ED Utility Menu (Fissura)

S @ =
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
Di=laslsle e E i)

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH ﬂ

ANSYS Main Menu

3|

Preferences

::::;:.emr A\ PRERR  Command

B General Postproc File

[ Data & File Opts
Results Summary
Read Results
Failure Criteria
Plot Results
B List Results
[ Detailed Summary
[ Iteration Summry

STRUCTURAL PERCENTRGE ERROR IN EHERGY HORM (SEPC) =  3.3565

Nodal Solution
Element Solution
B Section Solution
[ Superelem DOF
[ SpotWeld Solution
Reaction Solu
Nodal Loads
Elem Table Data
Vector Data
B Path Items
[ Linearized Strs
Query Results
Options for Outp
Results Viewer
Write PGR File
Nodal Calcs
Element Table |

-1605

5 1943 3717
Concentragdo de tensdes - exemplo 1 - Placa com fissura central

el pklkbbRRBR

)

[ Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 real=1 csys=0 secn=1 |

v Erro = 3.3565

v' Dar um zoom na regido da fissura para verificar

tensoes;

a distribuicdo das

\' ANSYS ED Utility Menu (Fissura) [E=a )
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
o= uo &l &2 & Bl =

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

ANSYS Main Menu

Preferences OLUTION
Preprocessor
Solution
B General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
Plot Results
B List Results
[ Detailed Summary

B Nodal Solution
[E Element Solution
[ Section Solution
[ Superelem DOF
SpotWeld Solution
Reaction Solu
Nodal Loads
Elem Table Data
B Vector Data
B Path Items
[ Linearized Strs

Query Results

Options for Outp

Results Viewer

Write PGR File 2493 _ 1086
Nodal Calcs 654
Element Table s - exemplo 1 - Placa

[ Els [ le

plebl:lbpkbpRaoEpee s

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

C) TERCEIRO ESTUDO - SUGESTAO PARA MALHA

8. REINICIO DA ANALISE
8.1. Limpa memoria:

v" No “ANSYS Utility Menu”, clicar em “File”, “Clear and Start New”;
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Na nova janela, selecionar “Do Not Read File” e clicar em “OK”;

v" Uma nova janela aparecera, entao confirmar clicando em “Yes”
8.2. Carrega arquivo previamente salvo:
v" No “ANSYS Utility Menu”, clicar em “File”, “Resume from...”;
v Abrir o arquivo “fissura.db” para recuperar os dados até o item 2.4.
(W)
9. ENTRA NO PRE-PROCESSAMENTO
9.1. Definindo uma nova densidade para a malha de elementos finitos:
v No “ANSYS Main Menu” clicar em “Preprocessor’, “Meshing”, “Mesh
Tool”;
v" Na nova janela, selecionar a op¢ao “Smart Size” e deslocar a barra até o
Nivel 4;
v" Clicar em “MESH” e a malha de elementos finitos sera criada;
/\ ANSYS ED Utility Menu (Fissura) MeshTool T ==
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help Element Attributes:
Dls|as| sl 2| 1= @ Erm— Y
ANSYS Toolbar @
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ZSrnavtSj o
ANSYS Main Menu @| e A e - @)
E::’i’;:ﬁ:r ] Size Controls: @| &
al ?nﬂants Araas i‘ E’ @,E
be  [w| e 8| %
| | o
Laye set | ok | |
Keypts Set Clear @
8|
Meshi [heas <]
Shape: " Tii @ Quad g
© Free " Mapped %
&
Il [Gortsded =] a
o7 Mesh Clear ﬂ
s o
Drop Test o | Refine
| Pick a menu item or enter an ANSYS Comman d (PREP7) mat=1 [type=1 1=1 csys=0 secn=1 r‘& M
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\' ANSYS ED Utility Menu (Fissura)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

[E=mEE

Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

eld S
)AMS Conn
iagnostics
nabridged Menu

R4l |concentragdo de tensdes - e

b= =8| & & 2| H ElIE!

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ® B i)

Preferences Bl | eievents li _‘

el o]

" 8| 2|

Fl=
| |

el pklkbbRRBR

)

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

[esys=0

[secn=1

v A nova malha tera 318 elementos e 685 nos.

O,

10.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”.

©

11.POS PROCESSAMENTO

11.1. Gera, lista e plota os resultados:
v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot

Results”, “Contour Plot”, “Nodal Solu”;

v" Na nova janela selecionar:
o Stress;

= X -—Component of Stress

v" Clicar em “OK”;
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I\ ANSYS ED Utility Menu (Fissura) =l )

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= u o & & 2 &l EEIE]

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

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

B Element Solu
Elem Table
Line Elem Res
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 Concentragdo de te - exemplo 1 - Placa com

lelo|e |t |@le)s|o|e

Heepee e = EEE

)

[ Pick a menu item or enter an ANSYS Command (POST1) [ mat=1 [type=1 real=1 csys=0 secn=1

v Tensao maxima = 1831 Pa;

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Element Solu”;
v" Na nova janela selecionar:
o Stress;
» X -—Component of Stress
v" Clicar em “OK”;

/\" ANSYS ED Utility Menu (Fissura) =05 X

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D|z|as| a8 o 2= EIEE

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

=
ole|
/0]
i
EIRY

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

em Table
[ Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
B Options for Outp
Results Viewer
Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations

el»[t [t Rl ols[alalala

feeeee &

Load Case 2 : 070 i
Check Elem Shape 9 1324
Write Results | c central
_‘ —_1
| Pick a menu item or enter an ANSYS Command (POST1) [ mat=1 [type=1 real=1 csys=0 secn=1

v Tensdo méaxima = 2449 Pa.

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 21



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

Results”, “Percent Error” para listar a porcentagem de erro;

/\ ANSYS ED Utility Menu (Fissura) S e [ =

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= uo & & 2 & EIEIE]

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Solution
B General Postproc
Data & File Opts
sul

A\ PRERR  Command
File

o Sl [2 &

STRUCTURAL PERCENTRGE ERROR IN ENERGY HORH (SEPC) =

B List Results
Detailed Summary
Iteration Summry
Sorted Li
[ Nodal Sol
Element ion
Section Solution
Superelem DOF
SpotWeld Solution
Reaction Solu
Nodal Loads
[ Elem Table Data

e lo]e[zlolelslolelalalalale@|e @

Path Operations
Surface Operations

)

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

v Erro = 6.0165.

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 opg¢ao “Save everything” e clicar em “OK”.

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 22



