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ESTUDO DE UMA VIGA PAREDE COM ABERTURA

INTRODUCAO

O objetivo deste exemplo é a verificagdo do comportamento estrutural de
uma viga parede com abertura. A estrutura a ser analisada corresponde a uma
viga de concreto armado cuja espessura é pequena se comparada as outras
dimensdes (altura e comprimento). Esta viga possui uma abertura para a
instalacdo de uma porta. A figura 1 mostra esquematicamente tal estrutura.
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Figura 1 — Esquema da viga parede.

Trata-se de uma estrutura tridimensional, porém, adotando-se algumas
aproximacodes aplicaveis a esse problema, a viga pode ser analisada através
de um modelo bidimensional. Como ja mencionamos, a viga possui altura e
comprimento predominantes sobre a outra dimenséo (espessura). Todos os
carregamentos podem ser considerados como aplicados no plano médio da
viga parede, que corresponde ao plano vertical que intercepta a viga na metade
de sua espessura. As cargas da viga e das lajes suportadas pela viga parede
sdo consideradas como cargas concentradas e distribuidas uniformemente. A
influéncia da viga Il sera considerada, de forma aproximada, como uma carga
distribuida uniformemente ao longo da altura. Os apoios sobre os pilares serdo
considerados, de forma aproximada, como bilaterais e pontuais.

Adotamos um sistema de coordenadas cujo plano xy coincide com o plano
médio da viga parede e cujo eixo z coincide com a direb¢do normal a este
plano. Verificamos que nestas condi¢cdes a componente de tensdo o, ao longo
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do eixo z é nula embora a deformacado ¢, seja diferente de zero. As demais
componentes de tensdo Oy, Oy € Oxy, N0 plano xy, sdo ndo nulas. Estas séo as
caracteristicas de um Estado Plano de Tensdes, que pode ser analisado
através de um modelo bidimensional composto apenas pelo plano médio da
viga parede (plano xy), conforme a figura 1.

PROPRIEDADES GEOMETRICAS

¢ Modelo bidimensional utilizando estado plano de tensbes;
o Dimensdes conforme a figura 3;
o Espessura: 0,20 m.

PROPRIEDADES DOS MATERIAIS

e Concreto Armado:
o EX = Modulo de Elasticidade Longitudinal ou de Young: E =
2.5E6 tf/m?;
o NUXY = Coeficiente de Poisson = 0.2

CARGAS

e Conforme figura 1.
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RESOLUCAO

O procedimento de resolucdo pode ser demonstrado no seguinte fluxograma:

Inicio da Analise ]

Y
Escolha do Elemento )

A~
>
W N—

A s ( )

B

[ Define as Propriedades 3
Geomeétricas

v

[ Define as Propriedades |
dos Materiais

Preprocessor

Cria o Modelo
Geométrico

v

Gera Malha de
Elementos Finitos

Y
[ Aplica Condicoes de ]

Contorno

(e )

Fluxograma de Analise Numérica

E
- N
\ J

Solucéo

4 ™

Analise dos Resultados

. J

tzf

{General Postproc ]

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 4



COMANDOS ANSYS®9.0ED

®1.

1.1.

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: “Viga parede com
abertura”;

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:
‘vparede”;
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¢éao “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”.
Clicar em “OK”;
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I\ ANSYSED Utility Menu (vparede)
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Pick 2 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

Triangle 6node 2) e, na nova janela, selecionar;

o Element Behavior K3 Plane stress w/thk

v" Clicar em “OK”;

I\ ANSYS ED Utility Menu (vparede)
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Options for PLANE2, Element Type Ref. No. 1

Element behavior K’
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TimeHist Postpro
Drop Test
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ROM Tool
DesignXplorer VT
Design Opt

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

2.2.

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

Define as propriedades geomeétricas do modelo:
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v" Na nova janela que abrir, clicar em “Add...” para adicionar novas
constantes geométricas;

v Uma nova janela se abrird entdo selecionar o tipo de elemento em
“Choose element type” e clicar em OK;

v A janela “Real Constants Set Number 1, for “PLANE 2” ira aparecer.
Deve-se inserir:

o Real Constant Set No. =1
o Thickness THK =0.2
v" Clicar em “OK”.
/\ ANSYS ED Utility Menu (vparede) o |[& ][ =
JLJLI:JJJ;J@ EEIE

A\ Real Constants =2 l

]

NONE DEFINED 4

oEr?

| 4]

1\ Real Constant Set Number 1, for PLANE2
Element Type Reference No. 1

Real Constant Set No. 1
02
Concel |

Real Constant for Plane Stress with Thickness (KEYOPT(3)=3)
Thickness THK

Apply ‘

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

D

Q 2.3. Define as propriedades do material:

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

v" Na nova janela que abrir, para o “Material Model Number 1”7, no quadro
“Material Models Available” selecionar:
“Structural>Linear>Elastic>Isotropic”;

v" Dar um duplo cliqgue em “Isotropic”;

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

o EX = 2.5E6;
o PRXY =0.2;
v' Fechar a janela “Define Material Model Behavior”.
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/\ ANSYS ED Utility Menu (Bloco) STe=s
s =TT A | EIEE
. #|

5%

|

Preferences
B Preprocessor
Element Type
Real Constants
B Material Props
Material Library
Temperature Units
Electromag Units Material Models Defined Material Models Available

|

A\ Define Material Model Behavior
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A\ Linear Isotropic Properties for Material Number 1

=]

Convert ALPx

[ Change Mat Num
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Write to File
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Meshing
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Numbering Ctrls
Archive Model
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ath Operations

Solution

[ General Postproc oK | Cancel ‘ Help \
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Drop Test

Topological Opt

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

2.4. Cria o modelo geométrico:

2.4.1. Numera area, lines e keypoints:

v" No ANSYS Utility Menu clicar em “PlotCtrls” e acessar a opcgao

“Numbering”;
v" Na nova janela que aparecer, selecionar:
o Keypoints ON
o Lines ON
o AREA ON
v Clicar em “OK”.

A\ ANSYS ED Utility Menu (Puxador) o[ [=
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Di=aslslze & B

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

E :::,:f;:, m A\ Plot Numbering Controls
Element Type [/PNUM] Plot Numbering Controls
Real Constants
B Material Props

Material Library
Temperature Units
B Electromag Units

KP Keypoint numbers ¥ On
LINE Line numbers ¥ On

AREA Area numbers ¥ On

VOLU Volume numbers [~ Off

Change Mat Num

‘F,zirli\:;e‘grgle;ria NODE Node numbers [~ off

Read from File Elem / Attrib numbering Wnunibeiing =

Sections
Modeling TABN Table Names I off
Meshing
Checking Ctrls SVAL Numeric contour values I off

Numbering Ctrls

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

Coupling / Ceqn
FSISet Up [/REPLOT] Replot upon OK/Apply? [Replot <]
MultiField Set Up
Loads
Physics oK Apply Cancel ‘ Help ‘
Path Operations
Solution
General Postproc
TimeHist Postpro

o Sl s |[»

e le[e [z lelels|olelalelalaale|@|e i

Drop Test

Topological Opt

ROM Tool | £
| 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 0 modelo geométrico:

v

v

“In Active CS”;

Dentro do “Preprocessor’ selecionar “Modeling”, “Create”,

Keypoints”,

Na nova janela que abrir, inserir um nimero para o keypoint que sera
criado em “NPT” e as coordenadas X e Y;

Para criar o primeiro keypoint:

o NPT Keypoint Number:

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

o NPT Keypoint Number:

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

o NPT Keypoint Number:

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

o NPT Keypoint Number:

o X,Y,Z Location in active CS :
Clicar em “APPLY”;
Para criar o proximo keypoint:

o NPT Keypoint Number:

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

o NPT Keypoint Number:

o X,Y,Z Location in active CS :
Clicar em “APPLY”;
Para criar o proximo keypoint:

o NPT Keypoint Number:

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

o NPT Keypoint Number:

o X,Y,Z Location in active CS :
Clicar em “APPLY”;
Para criar o proximo keypoint:

o NPT Keypoint Number:

o X,Y,Z Location in active CS :
Clicar em “APPLY7;
Para criar o préximo keypoint:

o NPT Keypoint Number:

o X,Y,Z Location in active CS :

1;
X=0
2;
X=3
3;
X=4
4,
X=7
5;
X =10
6;
X =13
7,
X =13
8;
X =10
9,
X=7
10;
X=4

Y =0;
Y =0;
Y =0;
Y =0;
Y =0;
Y =0;
Y =3.3;
Y =3.3;
Y =3.3;
Y =3.3;
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v Clicar em “APPLY”;
v' Para criar o préximo keypoint:

o NPT Keypoint Number: 11;

o X,Y,Z Location in active CS : X=3 Y =3.3;
v" Clicar em “APPLY”;
v Para criar o préximo keypoint:

o NPT Keypoint Number: 12;

o X,Y,Z Location in active CS : X=0 Y=33
v Clicar em “APPLY”;
v' Para criar o préximo keypoint:

o NPT Keypoint Number: 13;

o X,Y,Z Location in active CS : X=3 Y = 0.6;
v" Clicar em “APPLY”;
v Para criar o préximo keypoint:

o NPT Keypoint Number: 14;

o X,Y,Z Location in active CS : X=4 Y = 0.6;
v Clicar em “APPLY”;
v Para criar o préximo keypoint:

o NPT Keypoint Number: 15;

o X,)Y,Z Location in active CS : X=4 Y=1.7;
v" Clicar em “APPLY”;
v' Para criar o préximo keypoint:

o NPT Keypoint Number: 16;

o X,Y,Z Location in active CS : X=4 Y =2.8;
v Clicar em “APPLY”;
v Para criar o préximo keypoint:

o NPT Keypoint Number: 17,

o X,Y,Z Location in active CS : X=3 Y =2.8;
v" Clicar em “APPLY”;
v' Para criar o préximo keypoint:

o NPT Keypoint Number: 18;

o X,Y,Z Location in active CS : X=3 Y =17,
v Clicar em “OK”;
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I\ ANSYS ED Utility Menu (vparede)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help
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ANSYS Toolbar ®|
SAVE DB| RESUM_DB| QUIT| POWRGRPH ﬂ
ANSYS Main Menu ®| - Eﬁ[
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[ Pick a menu item or enter an ANSYS Comman d (PREP7) mat=1 [type=1 [real=1 csys=0 [secn=1 |
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 6 e clicar em “APPLY”;
v" Apontar os keypoints 6 e 7 e clicar em “APPLY”;
v" Apontar os keypoints 7 e 8 e clicar em “APPLY”;
v" Apontar os keypoints 8 e 9 e clicar em “APPLY”;
v" Apontar os keypoints 9 e 10 e clicar em “APPLY?;
v Apontar os keypoints 10 e 11 e clicar em “APPLY”;
v Apontar os keypoints 11 e 12 e clicar em “APPLY”;
v Apontar os keypoints 12 e 1 e clicar em “APPLY”;
v Apontar os keypoints 2 e 13 e clicar em “APPLY”;
v" Apontar os keypoints 13 e 18 e clicar em “APPLY?;
v" Apontar os keypoints 18 e 17 e clicar em “APPLY”;
v" Apontar os keypoints 17 e 11 e clicar em “APPLY?;
v Apontar os keypoints 3 e 14 e clicar em “APPLY”;
v" Apontar os keypoints 14 e 15 e clicar em “APPLY?;
v" Apontar os keypoints 15 e 16 e clicar em “APPLY?;
v" Apontar os keypoints 16 e 10 e clicar em “APPLY?;
v" Apontar os keypoints 14 e 13 e clicar em “APPLY”;
v Apontar os keypoints 16 e 17 e clicar em “APPLY”;
v Apontar os keypoints 5 e 8 e clicar em “OK”;
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I\ ANSYS ED Utility Menu (vparede)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= 88| 8l 7| &

ANSYS Toolbar

EIEE]

= s

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
@ Keypoints
B Lines
& Lin

A In Active Coord
A Overlaid on Area
A Tangent to Line

R Tan to 2 Lines
R Normal to Line
R Norm to 2 Lines
R Atangle to line
R Angle to 2 Lines
@ Arcs
& Splines
R Line Fillet
Areas
Volumes
Nodes
Elements
E Contact Pair
@ Piping Models
@ Circuit
Transducers
Operate

" poINTS

TYPE NUM

Viga parede com abertura

Bl pkkbbRRBR

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

2.4.3. Refinando a malha para os keypoints selecionados:

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

v Dentro do “Preprocessor” selecionar “Meshing”, “Size Cntrls”, “Manual

Size”, “Keypoints”, “Picked KPs”;
v' Selecionar “PICK ALL”;
v" Na nova janela, definir:

o [KESIZE]

v" Clicar em “OK”".

SIZE

1.1

/\ ANSYS ED Utility Menu (vparede) o |& =
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
|z alo| s« 7| & dz

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

[ Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
Mesh Attributes
MeshTool
B Size Cntrls
@ SmartSize
B ManualSize
Global
Areas
Lines
B Keypoints

&
A Picked KPs
A Cr Size
Layers
Concentrat KPs
Mesher Opts
Concatenate
@ Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model ~l

LINES
TYPE NUM

/\ Element Size at All Keypoints

[KESIZE] Element Sizes on All Selected Keypoints

SIZE Element edge length

Show more options

0K

Viga parede com abertura

Cancel

e [o]e [z |o|o]s |o]e

)

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

[reat=1 [esys=0 [ secn=1

v Dentro do “Preprocessor” selecionar “Meshing”, “Size Cntrls”, “Manual
Size”, “Keypoints”, “Picked KPs”;

v" Apontar os Keypoints 13, 14, 16 e 177;

v" Na nova janela, definir:
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o [KESIZE]
v" Clicar em “APPLY”;

SIZE

0.30

I\ ANSYS ED Utility Menu (vparede)

So =
File Select List Plot PlotCtds WorkPlane Porameters Macro MenuCtrls Help
Dl=laslsls e E i)
ANSYS Toolbar ®|
SAVE_DB' RESUME‘ M POWRGRPH ﬂ

ANSYS Main Menu ®| - [~ @
Pref E oINTS
Preprocessor | - | @
Element T o
Real Constants 8| 2|
@ Material P vl
oo ]
Modeling @ E
2 e;he's"z ek A\ Element Size at Picked Keypoints 8]
MeshTool [KESIZE] Element size at picked keypoints =]
B Size Cntrls SIZE Element edge length
SmartSize @
it Show more options B
® A
8 Lnes
B K int:
B AP ok Concel Q
Pl g
A r Si ,
Laye:s . ||
@ Concentrat KP:
Mesher Opts &
G itenat
e |
B Modify Mesh o)
bl 4]
Clear 0
Checking Ctr
Numbering Cols 2
Archive Model Viga parede com abertura
Coupling / Ceqn ~| A
[ Pick a menu item or enter an ANSYS Command (PREP7) [mat=1 [type=1 [real=1 csys=0 secn=1
. ”,
v" Apontar os Keypoints 15 e 187;
v" Na nova janela, definir:
o [KESIZE] SIZE 0.5
. “ ”,
v" Clicar em “APPLY”;
I\ ANSYS ED Utility Menu (vparede) o & |[=
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D|zalo| s« 7| E EEIE
ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬂ

ANSYS Main Menu

®|

[ Preferences ~ PoINTS
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
Mesh Attributes
MeshTool
B Size Cntrls
@ SmartSize
B ManualSize
Global
Areas
Lines
B Keypoints

TYPE NUM

/\ Element Size at Picked Keypoints

SIZE Element edge length

Show more options

OK

A
A dr Size
Layers
Concentrat KPs
Mesher Opts
Concatenate
Mesh
Modify Mesh
Check Mesh
Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn

Viga parede com abertura

&l

[KESIZE] Element size at picked keypoints

Cancel

e [o]e [z |o|e]s |o]e

)

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

[ mat=1 [type=1

[ reat=1 csys=0 secn=1

v" Apontar o Keypoint 2, 3, 14 e 117

v" Na nova janela, definir:
o [KESIZE] SIZE
v Clicar em “APPLY”;
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v' Apontar o Keypoint 17;
v" Na nova janela, definir:

o [KESIZE] SIZE 0.9
v Clicar em “OK”;

2.4.4. Criando as areas:

v' Dentro do “Preprocessor’ selecionar “Modeling”, “Create”, “Area”,
“Arbitrary”, “Through KPs”;

v" Na nova janela que abrir, apontar os keypoints 5, 6, 7 e 8;

Clicar em “APPLY”.

Na nova janela que abrir, apontar os keypoints 3, 4, 5, 8, 9, 10, 16, 15 e

14;

Clicar em “APPLY".

Na nova janela que abrir, apontar os keypoints 3, 14, 13 e 2;

Clicar em “APPLY”.

Na nova janela que abrir, apontar os keypoints 16, 10, 11 e 17,

Clicar em “APPLY”.

Na nova janela que abrir, apontar os keypoints 1, 13, 18, 17, 11, 12 e 1;

v Clicar em “OK”.

SN

LU RRS

\"ANSYS ED Utilty Menu (vparede) [F=R[=8
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtdls Help ‘
b= =8| & & 2| H EIEE
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH
ANSYS Main Menu ®| ?
Preferences -
o Preprocessor ()
Element Type
Real Constants @
Material Props 3~
Sections
& Modeling 5
B Create
@ Keypoint:
@ Lines
B Areas
B Arbitrary

Polygon
A AreafFillet
@ Volumes

el kkkbbeRaaRpee

B Operate
Move / Modify Rall |viga parede com abertura
J — |
[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1 |

O,

2.5. Geraamalhade elementos finitos:

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

)

v" Clicar em “PICK ALL”;
v" Clicar em “OK”

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 14



I\ ANSYS ED Utility Menu (vparede)
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Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up
FSISet Up
MultiField Set Up
Loads
Physics
Path Operations
Solution

Bl |v:92 parede com abertura

el pklkbbRRBR

)

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

mat=1 [t

pe=1

real=1 csys=0 secn=1

©

2.6. Aplicar as condi¢cfes de contorno na modelagem solida:

2.6.1. Fornece condicdo de contorno:
v" Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Displacement”, “On Keypoints”;

v Apontar os Keypoints 1 e 6 e clicar em “APPLY”;

v' Qutra janela ira aparecer entdo selecionar no campo “DOFs to be
constrained” a opcéo “UY”;
v" Clicar em “APPLY”;

v" Apontar o Keypoint 4 e clicar em “OK”;
v' Outra janela ird aparecer entdo selecionar no campo “DOFs to be

constrained” a opcao “ALL DOF”;
v Clicar em “OK”;

2.6.2. Aplicar as cargas concentradas e distribuidas:

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

“Structural

”
)

Force/Moment

On Keypoints”;

v Apontar o keypoint 11 e clicar em “OK”;
v" Na nova janela, inserir:

o LAB
o Value

FY
-8

v Clicar em “OK”;
v" Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,

“Structural”,

Force/Moment

On Keypoints”;

v Apontar o keypoint 13 e clicar em “OK”;
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v" Na nova janela, inserir:
o LAB FY
o Value -5
v" Clicar em “OK”;

v" Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”’, “Force/Moment”, “On Nodes”;
v" Apontar os nés 1 e 14 e clicar em “OK”;
v" Na nova janela, inserir:
o LAB FY
o Value -3
v" Clicar em “OK”;
v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”’, “Force/Moment”, “On Nodes”;
v" Apontar os nés 20, 22 e 24 e clicar em “OK?”;
v" Na nova janela, inserir:
o LAB FY
o Value -5
v Clicar em “OK”;
v' Dentro do “Preprocessor’ selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Force/Moment”, “On Nodes”;
v Apontar os nos 21 e 23 e clicar em “OK”;
v" Na nova janela, inserir:
o LAB FY
o Value -6
v Clicar em “OK”;

v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Pressure”, “On Lines.”;
v' Apontar as linhas 7, 8, 9, 10 e 11 e clicar em “OK”;
v" Na nova janela inserir o valor da carga a ser distribuida na linha:
o VALUE 10;

v" Clicar em “OK”;
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I\ ANSYSED Utility Menu (vparede)

File Select List Plot PlotCtrls

Di=las sl H

ANSYS Toolbar

WorkPlane Parameters Macro  MenuCtrls  Help

EIEE]

SAVE_DB| RESUM_DB ‘Q‘l—JEJ POWRGRPH

ANSYS Main Menu

‘erences

»rocessor

lement Type

eal Constants

taterial Props

ections

todeling

teshing

hecking Ctris

lumbering Ctris

rchive Model

oupling / Ceqn

LOTRAN Set Up

SISet Up

lultiField Set Up

oads

3 Analysis Type

3 Fast Sol'n Optn

3 Define Loads

Settings
B Apply
B Structural

@ Displacement
Force/Moment
=Ry

R On Areas

A On Nodes

A On Node Components
A On Hements

R On Element Components |
»

" ELEMENTS

/\ Apply PRES on lines
[SFL] Apply PRES on lines as a

If Constant value then:
VALUE Load PRES value

If Constant value then:

Constant value v
10

Optional PRES values at end J of line

(leave blank for uniform PRES )

Value

—

Cancel

Viga parede com abertura

Blel:: plelelols

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

v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”’, “Pressure”, “On Lines.”;
v' Apontar as linhas 4 e 5 e clicar em “OK?”;

v" Na nova janela inserir o valor da carga a ser distribuida na linha:

o VALUE -20;
v" Clicar em “OK”;

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

\"ANSYS ED Utility Menu (vparede) F=N (I ]
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
b|= al6| 8| & o| EEE]

ANSYS Toolbar ®|

SAVE'BE| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

®|

erences
»rocessor
lement Type
eal Constants
taterial Props
ections
todeling
teshing
hecking Ctrls
lumbering Ctris
rchive Model
oupling / Ceqn
LOTRAN Set Up
SISet Up
tultiField Set Up
oads
3 Analysis Type
g Fast Sol'n Optn
3 Define Loads

@ Settings

B Apply

B Structural
Displacement
Force/Moment

A On Nodes

A On Node Components

A On Elements

A On Element Components |
»

ELEMENTS

Viga parede com abertura

Ble sz plelelole

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

real=1 csys=0 secn=1

2.6.3. Salvando dados no arquivo vparede.db
v" No ANSYS Toolbar clicar em “SAVE_DB".
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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” para salvar os dados mais a

solucéo no arquivo.

O
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' Selecionar:
o “STRESS”;

= X - Component of stress.
v" Clicar em “OK”;

J\" ANSYS ED Utility Menu (vparede) (= e
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
PEEECERL ] S|
ANSYS Toolbar ®|
SAVE_DB| RESUM_DE| QUIT| POWRGRPH
ANSYS Main Menu ®| TG
[ Preferences -
Preprocessr ®le
Solution
B General Postproc | 2
Data & File Opts |3~
sults Summary
ad Results |
@ Failure Criteria
| Plot Results @
Deformed Shape
& Contour Plot Bl
=]
E El
ge il
[ Line Elem Res

Vector Plot
Plot Path Item
Concrete Plot
ThinFilm

List Results

Query Resu

[ Options for Outp

Results Viewer

ite PGR File

oad Case ~ = -192.32
Check Elem Shape -255.44
Write Results | m abertura

e [o]e 2 |o|o]s |o]e

)

| Pick a menu item or enter an ANSYS Comman d (POSTL) [ mat=1 [type=1 [reat=1

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

Results”, “Contour Plot”, “Nodal Solu”;
v" Selecionar:

o “STRESS”;
» Y - Component of stress.
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v" Clicar em “OK”;

/\" ANSYS ED Utility Menu (vparede) [E=R (I

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

b= a8 &l & 2 &l Xz @

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu

Preferences
Preprocessor
Solution

B General Postproc

o Els [ le

Failure Criteria

8 Plot Results
[ Deformed Shape
2 Contour Plot

[ Elem Table
Line Elem Res
Vector Plot
Plot Path Item
oncrete Plot

hinFilm

ist Results

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

Blelale[z|olelslolerlalalae=iale

Check Elem Shape -4 4 .06 .487 147.092
B Write Results Viga parede com abertura
'
| 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 “Path
Operation”, “Define Path”, “By nodes +”; (cria um “caminho”, de um no
até outro, onde se desejam plotar resultados).

o Apontar os nés 249 e 85 e clicar em “OK”;
o Na nova janela, [PATH], definir:
= Name: porta_es;
= nSets: 30;
= nDiv; 20;
v" Clicar em “OK”;

I\ ANSYSED Utility Menu (vparede)

0
&
3

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Dlz|as| s 2| E EIEE

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

®

ANSYS Main Menu ®|

[ Preferences
Preprocessor
Solution
B General Postproc
Data & File Opts
[ Results Summary
Read Results A By Nodes
ailure Criteria
lot Results [PATH] Define Path specifications
List Results
Query Results
Options for Outp
B Results Viewer
B3 Write PGR File nDiv Number of divisions
Nodal Calcs
Element Table
B Path Operations
B Define Path

| Ells 2|

Name Define Path Name :

nSets Number of data sets

Eo 9
3 By Location
Path Status
Modify Path
B Path Options

Delete Path

B Plot Paths

B Recall Path

E Map onto Path

55
-170.066

wllzltkkklkRRaoRRee

B List Linearized ~l

)

[ Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 real=1 csys=0 secn=1
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v' Dentro do “General Postproc” clicar em “Path Operation”, “Define Path”,

“Map onto path”;
v" Na nova janela inserir:
o Lab TX;
o Item, comp Stress;
e X —direction — SX;
v Clicar em “OK”

\ ANSYSED Utility Menu (vparede)
File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

Dlz|as| s o 2| EIEE

ANSYS Toolbar

SAVE_DB| RESUM_DB m POWRGRPH

ANSYS Main Menu ®|

Preferences
Preprocessor
Solution s N\ Map Result Items onto Path
B General Postproc [PDEF] Map Result Items onto Path
[ Data & File Opts b
[ Results Summary .
Read Results | Item,Comp Item to be mapped
Failure Criteria
Plot Results E
List Results Energy XY-shear SXY
Query Results Strain-elastic VZ-shear SYZ |
[E Options for Outp Strain-thermal
[E Results Viewer Strain-plastic X-direction SX
Write PGR File
Nodal Calcs = [AVPRIN] Eff NU for EQV strain
Element Table
[ Path Operations
Define Path
Delete Path
[ Plot Paths Show path on display

User label for item

Average results across element

[/PBC] Show boundary condition symbol

Plot Path Item
Linearized Strs
[ List Linearized
B Add

B Multiply
Divide

Exponentiate -
Differentiate 7.224
Integrate Rall |Viga parede com abertura

K1 |

wbllpkkbbRRER

)

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

v' Dentro do “General Postproc” clicar em “Path Operation”, “Plot Path

Item”, “On Graph”;
v" Na janela, selecionar “TX” e clicar em “OK”;

I\ ANSYS ED Utility Menu (vparede)

S @ =
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘
Sl 20C - IR | ElEE

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

[ Preferences -l

@ Preprocessor

@ Solution

B General Postproc
[ Data & File Opts
[ Results Summary
Read Results

Failure Criteria 3 A\ Plot of Path Items on Graph
'L’:t‘é‘::"'t‘: [PLPATH] Path Plot on Graph
Queey Results Lab1-6 Path items to be graphed

& Options for Outp
[ Results Viewer
Write PGR File -
Nodal Calcs
Element Table
[ Path Operations
Define Path
Delete Path
E] Plot Paths
Recall Path
Map onto Path
B Plot Path Item
=] h
On Geometry
[ List Path Items
[ Path Range
Linearized Strs
List Linearized
Add
Multiply |
K1 i

W

o Sl |2 [»

[elole[zlolelsloloalalalale@|e i

)

[ Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 real=1 csys=0 secn=1 |
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v" O programa plotard em um gréfico o valor da tensdo na direcdo de X

entre 0s noés 249 e 85 selecionados anteriormente;

/\" ANSYS ED Utility Menu (vparede) [E=R (I
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
b= a8 &l & 2 &l o E B

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu

Preferences

Preprocessor

Solution

B General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
Options for Outp
Results Viewer
Write PGR File
Nodal Calcs
Element Table
B Path Operations

Define Path

Delete Path
Plot Paths
Recall Path
Map onto Path
a8 P 'm

et
ist Path [tems
ath Range
Linearized Strs
[ List Linearized

[l Add

B Multiply

B P

o Els [ le

Blelofe|slelelslolelalalalalale|ale

\PDL - Bloco de notas | [ real=1 csys=0 secn=1

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

Operation”, “Define Path”, “By nodes +7;

o Apontar os nés 1 e 14 e clicar em “OK”;

o Na nova janela, [PATH], definir:
= Name: vao2;
= nSets: 30;
= nDiv; 20;
v Clicar em “OK”;

A ANSYS ED Utility Menu (vparede) o & |[=
File Select List Plot PlotCtls WorkPlone Parsmeters Macro MenuCtls Help ‘
b=us & 2 & EIEE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

[ Preferences
Preprocessor

Solution

B General Postproc %
Data & File Opts - N\ By Nodes
Results Summary g
R 5 [PATH] Define Path specifications

Failure Criteria
Plot Resuits
List Resuts
Query Results

Name Define Path Name:

nSets Number of data sets

Options for Outp s nDiv Number of divisions
Results Viewer
B Write PGR File
Nodal Calcs
Element Table
B Path Operations
B Define Path

Cancel

h Options
Delete Path
Plot Paths

E Recall Path

E Map onto Path
Plot Path Item
Linearized Strs
List Linearized Bl |vioa parede com abertura

5 i

elolelzlolels ol

)

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

v' Dentro do “General Postproc” clicar em “Path Operation”, “Define Path”,

“Map onto path”;
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v" Na nova janela inserir:
o Lab TX;
o Item, comp Stress;
e X —direction — SX;
v Clicar em “OK”

I\ ANSYS ED Utility Menu (vparede)

S & =
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
|z alo| s« 7| & ElEIE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

[ Preferences
::Tft';f‘es”' s /\ Map Result Items onto Path
B General Postproc 2 [PDEF] Map Result Items onto Path
Data & File Opts Lab  Userlabel for item FTX
[ Results Summary
Read Results Ttem,Comp Item to be mapped DOF solution
Failure Criteria i
Plot Results = | |Z-direction SZ
List Results Energy XY-shear  SXY
Query Results Strain-elastic VZ-shear SVZ i
Options for Outp Strain-thermal
[ Results Viewer Strain-plastic X-direction SX
[ Write PGR File
Nodal Calcs - [AVPRIN] Eff NU for EQV strain
Element Table
B Path Operations
B Define Path
Delete Path
[ Plot Paths Show path on display

Average results across element

[/PBC] Show boundary condition symbol

Plot Path Item
earized Strs
List Linearized
Add

B Multiply

[ Divide
Exponentiate
Differentiate
E] Integrate R4)| |vioa parede com abertura

i

olele

5

e ol 1 lolol

)

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

v' Dentro do “General Postproc” clicar em “Path Operation”, “Plot Path

Item”, “On Graph”;
v" Na janela, selecionar “TX” e clicar em “OK”;

I\ ANSYS ED Utility Menu (vparede)

S @ =
File Select List Plot PlotCtds WorkPlane Porameters Macro MenuCtrls Help ‘
bjzluslsecH ElEE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|
Preferences -
Preprocessor

Solution

B General Postproc
[ Data & File Opts
[ Results Summary
Read Results

Failure Criteria s 3 A\ Plot of Path Items on Graph
'L’:t‘é‘::"'t‘: 7 [PLPATH] Path Plot on Graph
Query Results Lab1-6 Path items to be graphed

& Options for Outp

[ Results Viewer

Write PGR File —

Nodal Calcs

Element Table

[ Path Operations
Define Path
Delete Path
E] Plot Paths
Recall Path
Map onto Path

=] h

On Geometry

[ List Path Items

[ Path Range
Linearized Strs
List Linearized

lelole |t |@le|s|o|e

Add

Muitiply |
Kl 5 =
[ Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 [reat=1 csys=0 [secn=1 |

v' O programa plotard em um gréfico o valor da tensdo na direcdo de X

entre os nés 1 e 14 selecionados anteriormente;
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\TANSYS ED Utilty Menu (vparede) e ==
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
D= 6o & & 2l Bl <=

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®| )

[ Preferences il

@ Preprocessor | e
Solution

B General Postproc
[ Data & File Opts
Results Summary
Read Results
Failure Criteria
Plot Results
List Results
Query Results
Options for Outp
Results Viewer
E Write PGR File —
Nodal Calcs
Element Table
Bl Path Operations
Define Path
Delete Path
Plot Paths
Recall Path
Map onto Path

A28

E] On Geometry
[ List Path Items
Path Range
Linearized Strs
List Linearized
Add
B Muitiply ~|

com abertura

el pkkpbbRRBR

)

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

v' Dentro do “General Postproc” clicar em “Plot Results”, “Vector

“Predefined”;

mat=1

[type=1

real=1 csys=0 secn=1 |

Plot”,

v" Na nova janela, selecionar “Stress”, “Principal S” e clicar em “OK”.

/\ ANSYS ED Utility Menu (vparede)

S 2=
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrls Help ‘
o] E’_J E;J 3| ;éj @ZJ _?_! 2] \ Vector Plot of Predefined Vectors =
ANSYS Toolbar [PLVECT] Vector Plot of Predefined Vectors ; ®|

SAVE_DB| RESUM_DB % POWRGRPH

ANSYS Main Menu ®|
Results Summary |
Read Resuits
Failure Criteria
B Plot Results

Deformed Shape
Contour Plot
B Vector Plot

B ed
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results
Options for Outp
[ Results Viewer
[ Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case —
Check Elem Shape
] Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor
Define/Modify
[ Nonlinear Diagnostics

B Reset ~|

|
[[Pick a menu item or enter an ANSYS Command (POST

Item Vector item to be plotted

Mode Vector or raster display

Loc Vector location for results

Edge Element edges

[/VSCALE] Scaling of Vector Arrows
WN Window Number
VRATIO Scale factor multiplier

KEY  Vector scaling will be

OPTION Vector plot based on

Apply

7
Strain-total A ‘
Strain-mech+thrm
Strain-elastic
Strain-thermal
Strain-plastic

~|[Principal s

* Vector Mode

" Raster Mode

' Elem Centroid
" Elem Nodes

[~ Hidden

Window1 =~
1
Magnitude based -

Undeformed Mesh -

Cancel Help

o Ells (2|

plell:lbpkbpRaoEkee s

~f

v" O programa plotara o caminho das tens@es principais;
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/\" ANSYS ED Utility Menu (vparede) [ e |a3)
File Select List Plot PlotCtils WorkPlane Parameters Macro MenuCtrls Help ‘
o= uo & & 2 & B <=
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH
ANSYS Main Menu ®| )
Results Summary -l
Read Results ®| @
Failure Criteria
B Plot Results -—E—DJ @

TIME=1
[ Deformed Shape £

Contour Plot

PRINL
PRIN2

User-d
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results

Options for Outp
Results Viewer

[ Write PGR File

Nodal Calcs

Element Table

Path Operations
Surface Operations
Load Case =
Check Elem Shape

[ Write Results

ROM Operations
Submodeling

Fatigue

Safety Factor
Define/Modify
Nonlinear Diagnostics

cpllekklpRRRE

B Reset R4l |Viga parede com abertura
J — 1
[ Pick a menu item or enter an ANSYS Command (POST1) [Aula 21- APDL - Bloco denotas | | real=1 csys=0 secn=1 |

5. SALVANDO ARQUIVOS E SAINDO DO PROGRAMA:

v" No ANSYS Tollbar, clicar em “SAVE_DB” para salvar no Data Base;

v" Ainda no ANSYS Toolbar, clicar em “QUIT”;

v" Na nova janela, selecionar a opg¢ao “Save everything” e clicar em “OK”.
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CONCLUSAO

Podemos observar no modelo proposto que nesta estrutura ocorrem
concentracbes de tensdes nas regides onde existem aberturas ou furos.
Percebemos também que por tratar-se de uma viga espessa, ou seja, com
altura significativa em relacdo ao comprimento dos véaos, o efeito de
cisalhamento ndo pode ser desprezado e o diagrama de tensdes no meio do
vao ndo corresponde mais exatamente ao diagrama triangular da teoria de viga
fina (viga de Euler — Bernoulli).
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