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VIGAS COM CARGA DISTRIBUIDA E PESO PROPRIO

INTRODUCAO

Nesta aula, trabalharemos com elementos de barras bidimensionais,
procurando-se apresentar o uso de alguns elementos disponiveis no programa
ANSYS através de exemplos praticos.

Através do seguinte exemplo didatico, apresentado por R. J. ROARK na
referéncia Formulas for Stress and Strain, 4th Edition, Mc Graw-Hill Book Co,
pagina 109, pretendemos demonstrar como determinar os esforcos a que esta
submetida uma viga esquematizada na figura abaixo, quando submetida
inicialmente apenas a acdo do peso proprio, e em seguida limparemos a
memoria, para apos a recuperacao dos dados gravados anteriormente aplicar
uma carga distribuida ao longo da viga.

PROPRIEDADES GEOMETRICAS

e Vao=L=100Iin;
e Secao transversal retangular:
o b=2in;
o h=2in;
e Area da secéo transversal = 4 in?;
e 1Z = Inércia = 1.3333 in%;
e Aceleracdo da gravidade = g: 386.4 in/sec?.

PROPRIEDADES DOS MATERIAIS

e Moddulo de elasticidade do material = E: 30E6 psi;
e Massa especifica = p: 0.00073 Ib-sec?/in*;

OBS: No comando DENS deve ser fornecida a massa especifica.

LSSy

= Ts

4 /l

a=42.15in

<

L=100in

Figura 1 — Esquema da viga a ser analisada.
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Figura 2 — Malha de elementos finitos — Numerag&o dos nos.
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Figura 3 — Malha de elementos finitos — Numeracao dos elementos.

ANEXO

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

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

HEIGHT

Figura 4 — Elemento BEAM 3.

ii. Caracteristicas do elemento BEAM 3:
a. Nome na biblioteca do ANSYS ED 9.0: BEAM 3;
b. Noés: 2 (i—j);
c. Graus de liberdade: 3 DOF - UX, UY e ROTZ, duas translacdes
segundo os eixos x e y e uma rotacao ao redor do eixo z;

e KEYOPT (6) = 0 No printout of member forces and moments;
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1 Print out member forces and moments in the
element coordinate system;

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

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

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

7

e:

©)
©)
©)
©)

EX = Mdédulo de Elasticidade Longitudinal ou de Young: Ex;
G = Moddulo de Elasticidade Transversal:

ALPX = Coeficiente de dilatacao térmica;

DENS = Densidade;

e Constantes Geométricas;

o R: = Area da secao transversal A;
o Rz =Momento de inércia I;
o R3=Espessura nadiregcédoy.
e C(Cargas:
o Admite prescricdo nos deslocamentos: comandos D, DSYM e DK;
o Admite cargas concentradas nos nés: comandos F, FK;
o Admite cargas distribuidas no elemento: comandos SFBEAM,
label PRESS;
o Para a insercdo de cargas de inércia (por exemplo, 0 peso

préprio), utilizar ACEL.

= LOADKEY: 1 - sentido ij; dire¢do — y normal;
LOADKEY: 2 — sentido ij; direcdo + x tangente;
LOADKEY: 3 — sentido i; dire¢ao + x axial;
LOADKEY: 4 — sentido j; direcdo — x axial.

e Resultados: (os mais importantes fornecidos pelo programa

o

Deslocamentos e deformacdes;

Figura 5 — Resultados fornecidos.
i. Deslocamentos e deformacdes: Para o KEYOPT(9)=0
1. Esforgo normal nas barras;
a. No inicial NXI=SMISC(1)
b. NO final NXJ=SMISC(7)
2. Esforgo cortante;
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a. NO inicial QYI=SMISC(2)
b. N6 final QYJ=SMISC(8)
3. Momentos Fletores;
a. NO inicial MZI=SMISC(6)
b. N6 final MZJ=SMISC(12)
ii. Deslocamentos e deformacdes: Para o KEYOPT(9)=1
1. Esforco normal nas barras;
a. NOo inicial NXI=SMISC(1)
b. NO IL intermediario: NX1=SMISC(7)
c. NOo final NXJ=SMISC(13)
2. Esforgo cortante direcéo y;;
a. No inicial QYI=SMISC(2)
b. NO IL intermediario: QY1=SMISC(8)
c. NO final QYJ=SMISC(14)
3. Momentos Fletores em torno do eixo z;;
a. NO inicial MZI=SMISC(6)
b. NO IL intermediario: MZ1=SMISC(12)
c. NO final MYJ=SMISC(17)
iii. E assim por diante para o KEYOPT(9)=3,5,7e9

o Tensoes:
Nomes da tensoes ETABLE e ESOL

Item E I |
SDIR LS - 1 | 4
SBYT LS - 215
SBYB LS - 316
SMAX NMISC - I |3
SMIN NMISC - 2 | 4

e Restri¢des:
o Comprimento do elemento deve ser positivo;
o Area da secéo transversal ndo deve ser negativa;
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RESOLUCAO

O procedimento de resolucdo pode ser demonstrado no seguinte fluxograma:

( A ]( Inicio da'Anahse ]
( B ] [ Escolha dc') Elemento ]
Preprocessor ' C [ Fc’;rg g;%?r?gaess ]
D | Propriedades dos i
Materiais PESO PROPRIO
‘ E Criar a Geometria
: Aplicar as Condicdes
J de Contorno
~ Y
g Solution ] ( G ] ( Solucéo ]
\w . '
£
2 General Postproc ] [ H ] [Anélise dos Resultados]
m \
E 4 2 1S i
P Preprocessor : I ][ Reinicio da Anélise ]
E > s ¥ CARGA
: ( Solution NE ][ Solugéo ) DISTRIBUIDA
5 g > 2
= [General Postproc i K ] ( Anélise dos Resultados ]
..
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COMANDOS ANSYS®9.0ED

A)VIGA COM PESO PROPRIO

O,

1.1.
v

v

1.2.

v

1.3.

INICIO DA ANALISE

Introduz o titulo do problema a ser resolvido:

No ANSYS Utility Menu clicar em file e acessar a opcédo “Change
Title...”;

Na nova janela que aparecer, digitar novo titulo: “Exemplo — Viga sob
acao do peso proprio”;

Clicar em OK.

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

Jobname...”;
o Na nova janela que aparecer, digitar novo nome do arquivo: “Viga
2D”;
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.

2. ENTRA NA FASE DE PRE-PROCESSAMENTO
O v" No ANSYS Main Menu, clicar em “Preprocessor”.
B
2.1. Escolhe otipo de elemento finito que sera usado:

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

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

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

Outra janela se abrira, entdo no “Library of Element Types” selecionar o
elemento “Structural Beam”, “2D Elastic 3” e clicar em “OK”.
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/\ ANSYS ED Utility Menu (Viga2D)

0| =] @] o] 2 | »| EIEE

N\ Element Types =

Defined Element Types:
[NONE DEFINED

pEen

A\ Library of Element Types

Only structural element types are shown

Library of Element Types

Element type reference number

YEEEEEEEEEEEEEE

<]

eHist Postpro

ignXplorer VT

Design Opt

Prob Design

Radiation Opt ~|

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

@
2.2. 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...”;

RS

“Choose element type” e clicar em OK;

<\

Uma nova janela se abrirA entdo selecionar o tipo de elemento em

A janela “Real Constants for BEAM 3” ira aparecer. Deve-se inserir:

o Real Constant Set No. =1
o Cross-sectional Area AREA=04
o Area momentofinertia 1ZZ =1.33333

v" Clicar em “OK”".
v" Clicar em “CLOSE".
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ANSY! iility Menu (Viga2D) =
ANSYS ED Utility M: (Viga2D) & |[=

L= = 6| #| = 2| o B

o @

nm3?

YEEEEEEEEEEEEE

]
o

@ G
@ Tir

Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design
Prob Design
Radiation Opt
Run-Time Stats
Session Editor

Finish

A\ Real Constants 2

Lele 2

NONE DEFINED 4

\ Real Constants for BEAM3

Element Type Reference No. 1
Real Constant Set No.

2 sl o

AREA

Cross-sectional area

Area moment of inertia  [ZZ

Total beam height HEIGHT

Shear deflection constant SHEARZ

Initial strain ISTRN

[ (== e
[oee | [ b |

Added mass/unit length  ADDMAS

opt

Elellllbkkbklppbbpels

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

2.3.

Define as propriedades do material:

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

\

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

v" Na nova janela que abrir, para o “Material Model Number 17, no quadro

“Material Models Available” selecionar:
“Structural>Linear>Elastic>lsotropic”;

v" Dar um duplo cliqgue em “Isotropic”;
v" A janela “Linear Isotropic Material Properties for Material Number 1 ira

abrir. Inserir o valor na lacuna “EX” e “PRXY” e clicar em “OK”:
o EX = 2.07E11;
o PRXY =0.3;

v' Fechar a janela “Define Material Model Behavior”.
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/\ ANSYS ED Utility Menu (Viga2D) o &=

_JLJLDJJJ_’J% EEEE

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

A\ Define Material Model Behavior

=

Convert ALPx ¢ [ el = & Favorites
B Change Mat Num
Failure Criteria
Write to File

A\ Linear sotropic Properties for Material Number 1 =

ekl

Read from File Linear Isotropic Material Properties for Material Number 1
Sections
Modeling =
Meshing

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

Loads
Zhy}s‘ig Add Temperature | Delete Temperature Graph
ath Operations

Solution

& General Postproc ok | cancel | He |

TimeHist Postpro
Drop Test
Topological Opt
ROM Tool

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

v Ainda dentro do “Material Props”, na janela “Define Material Props
Behavior” selecionar “Structural>Density” e inserir;
o DENS = 0.00073;

/\ ANSYS ED Utility Menu (Viga2D) o|[@[=

NEFROEERC - “Talp
Saveos] esow oo] ] pownceen] E
=

>

L 8

Preferences NODES
B Preprocessor
Element Type
Real Constants
B Material Props
Material Library
Temperature Units
| nits Material Models Defined Material Models Available
Seld

A\ Define Material Model Behavior

P Js 1 (@ Favorites
[ Change Mat Num Linear Isotropic
Failure Criteria A\ Density for Material Number 1
Write to File
Read from File

Sections Density for Material Number 1

Modeling

Meshing T

Checking Ctrls —
0.00073

Numbering Ctrls
Archive Model
Coupling / Cegn
FSI Set Up
MultiField Set Up
Loads
Physics Add Temperature | Delete Temperature
Path Operations

Solution ok | cancel

eneral Postproc

imeHist Postpro

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 nés e elementos:
v" No ANSYS Utility Menu clicar em “PlotCtrls” e acessar a opc¢ao
“Numbering”;
v" Na nova janela que aparecer, selecionar:
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o NODE Node Numbers ON

o Elem-Attrib numering Element Numbers

v" Clicar em “OK”.

/\ ANSYS ED Utility Menu (Viga2D)

S @)=
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Di=lalel sl &l 2 E ElE =
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬂ

ANSYS Main Menu ®|

p OBES, A\ Plot Numbering Controls
[/PNUM] Plot Numbering Controls

Real Constants
Material Props
Sections
B Modeling

KP Keypoint numbers

VOLU Volume numbers

NODE Node numbers

Elem / Attrib numbering

TABN Table Names I off
A On Keypoint 1)
A Fill between Nds SVAL Numeric contour values I off
A Quadratic Fill
[ Rotate Node CS [/NUM] Numbering shown with Colors & numbers -
B Write Node File

[E] Read Node File [/REPLOT] Replot upon OK/Apply? Replot -
@ Ele
C air

oK Apply Cancel ‘ Help ‘

Operate

Move / Modify

Copy

Reflect

Check Geom =l

o Sl s o

e lele [t lolels|olelalelalaale|@|e

)

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

2.4.2. Cria 0os nés que compde a malha de elementos finitos no sistema de

coordenadas ativo:

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “In

Active CS”;

v" Na nova janela que abrir, inserir um nimero para o né que sera criado

em “NODE Node Number” e as coordenadas X e Y;

v Para criar o primeiro no:

o NODE Node Number : 1,

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

o NODE Node Number : 2;

o X,Y,Z Location in active CS : X=42.15
v" Clicar em “APPLY”;
v Para criar o préximo no:

o NODE Node Number : 3;

o X,Y,Z Location in active CS : X =100
v" Clicar em “OK”;

2.4.3. Cria 0s elementos:

Y =0;
Y =0;
Y =0;

v' Para criar os elementos que compde o banzo inferior da trelica: dentro
do “Preprocessor’ selecionar “Modeling”, “Create”, “Elements”, “Auto

Numbered”, “Thru Nodes”;
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v" Apontar os n6s 1 e 2 e clicar em “APPLY”;
v Apontar os nos 2 e 3 e clicar em “OK”;

I\ ANSYS ED Utility Menu (Viga2D) [ole =
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D|=| 8|8 &l & 2 & B

ANSYS Toolbar @J
SAVE_DB| RESUM_DB| QUIT| POWRGRPH, j

ANSYS Main Menu ®|

B Preferenc es a " NODES

NODE NUM

| Ello [ |2

umber
[ Write Elem File
[ Read Elem File
& Superelements
Contact Pair

cllpklbebakpRpRe

rans
Operate
Move / Modify 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¢gdes de contorno:

2.5.1. Aplicar apoios:

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

v" Na nova janela que abrir apontar o n6 3 e clicar em “APPLY”;

v' QOutra janela ird aparecer entdo selecionar no campo “DOFs to be
constrained” a opgao “ALLDOF” e clicar em “APPLY?”;

v" Na nova janela que abrir apontar o n6 1 e clicar em “OK”;

v' Outra janela ira aparecer entdo selecionar no campo “DOFs to be
constrained” a opcao “UY” e clicar em “OK”;

2.5.2. Aplicar as cargas:

v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Inertia”, “Gravity”, “Global”;

v" Na nova janela [ACEL] inserir:

o ACELY 386.4
v Clicar em “OK”.

OBS: para aplicar o peso préprio agindo no sentido contrario ao eixo y, usa-se
sinal positivo.
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/\ ANSYS ED Utility Menu (Viga2D)

S @ =
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘
D= uo & & 2 & B <=

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬂ
ANSYS Main Menu @ 1e] &

@ Modeling Bl | wooes

& Meshing NA_EDW‘, 8| e

& Checking Ctrls solvls

bering Ctrs
ive Model
Coupling / Ceqn
FSISet Up

@ MultiField Set Up

N\ Apply (Gravitational) Acceleration

B Loads
@ Analysis Type [ACEL] Apply (Gravitational) Acceleration
[ Fast Sol'n Optn ACELX Global Cartesian X-comp
B Define Loads
Settings . ACELY Global Cartesian Y-comp
8 AEP';"' i ACELZ Global Cartesian Z-comp

OK

(Global
[E] On Components
Inertia Relief
Pretnsn Sectn
en Plane Strain
Other
Field Volume Intr ~|

[ — (L1

el pkkbbRRBR

)

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

csys=0

secn=1

2.5.3. Salvando dados no arquivo Viga2D.db
v" No ANSYS Toolbar clicar em “SAVE_DB”.

©

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.

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

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

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

o Item, comp By sequence number

v" Clicar em “APPLY".

SMISC, 6
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/\ ANSYS ED Utility Menu (Viga2D)

BEFEEEE]

N\ Element Table Data

Item

Comp

Time Stamp

Status

Ll fe

B G

nEAAHe R [

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

oK

A\ 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

(For "By sequence num", enter sequence
no. in Selection box. See Table 4.0-3
in Elements Manual for seq. numbers)

Strain-thermal N smisC,
Strain-plastic NMISC,
Strain-creep Ls,
Strain-other LEPEL,
Contact = |LEPTH,

Optimization

LTI ~ | [ SMISC, 6

Cancel Help

Apply

Exemplo -

Viga scb agdo do peso prépric

o 3l G o

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

[mat=1

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

v" Na nova janela, definir:

@)
@)

LAB
Item, comp

v" Clicar em “OK”.

MZJ
By sequence number SMISC

SMISC, 12

/\ ANSYS ED Utility Menu (Viga2D)

NEFROEERC

- E =

M\ Element Table Data

Status

0 |

Item

T SMIS it

Prl SMIS Tim
Pr|
Sa
B6

DEAAAEEE® @ EE

[ Find Maximum
Find Minimum
Exponentiate

Cross Product
Dot Product
Erase Table

Path Operations
Surface Operations

OK

N\ Define Additional Element Table Items
[AVPRIN] Eff NU for EQV strain

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

Item,Comp Results data item

(For "By sequence num’, enter sequence
no. in Selection box. See Table 4.x-3
in Elements Manual for seq. numbers.)

Strain-thermal R
Strain-plastic

Strain-creep

Strain-other

Contact F

O - |[smisc, 12

Optimization

Cancel Help

Apply

Ra)| |Exemplo -

Viga sob agdo do peso préprio

i

|
=]
E

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

[ mat=1

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

v' Apbs, verificar a listagem da tabela e clicar em “CLOSE”.
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v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot

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

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

I\ ANSYS ED Utility Menu (VigaZD)

[E=TIEH )
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
b= a8 &l & 2 &l o E B
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH j
ANSYS Main Menu ®|

ral Postproc
ta & File Opts

o Ells (2 ls

Vector Plot
Plot Path Item
Concrete Plot

=
Options for Outp

Results Viewer

Write PGR File -
5 Cales

wllbkklbbebaaRpRe

= | e - Viga sob agdo do peso préprio

)

| 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 “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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/\" ANSYS ED Utility Menu (Viga2D) o e[ =

File Select List Plot PlotCtris WorkPlane Parameters Macro MenuCtrls Help ‘
=8l

ANSYS Toolbar ®|

E&\f:?ﬂ RESUM_DB SLJEJ POWRGRPH jl

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
B Element Solu

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
B Write Results

A\ Plot Line-Element Results
[PLLS] Plot Line-Element Result
Labl Elem table item at node

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

wlolelolklelle

)

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

T\ ANSYS ED Utility Menu (Viga2D) =8 ol 5
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘
= = ;
D= a o8 & o =i Az 3l
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬂ
ANSYS Main Menu ®| |
)

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

LINE STRESS

ANSYS

FEB 24 2010
6

ds (ol

B

elofsfzlolelslolelaajaalele

)

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

v Os resultados aparecerdo em uma escala de cores;

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”;

All U’'s UCOMP
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/\ ANSYS ED Utility Menu (Viga2D)

S[@I=
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
ST G ]| EEE
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬂ

ANSYS Main Menu

Preferences

Preprocessor

Solution

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

Detailed Summary

Iteration Summry
Percent Error

@ Sorted Listing
jodal Solution)
B Element Solution
B Section Solution
Superelem DOF

SpotWeld Solution

Reaction Solu
Nodal Loads
Elem Table Data
B Vector Data
E] Path Items
Linearized Strs
Query Results
Options for Outp
Results Viewer
Write PGR File
Nodal Calcs
Element Table

/\ PRNSOL Command
File

LOAD STEP= 1 SUBSTE
THe= 1.0000

HODE

HAKIHUH ABSOLUTE VALUES
HODE

PRINT U HODAL SOLUTION PER HODE
ek POST] HODAL DEGREE OF FREEDDH LISTING #ekkk

P= 1
LORD CASE= O
THE FOLLOWING DEGREE OF FREEDOH RESULTS ARE IN GLOBAL COORDIKATES
Uy U: USUH
.0000 0.0000 0.0000 .|
2 0.0000  -0.15277€-02 0.0000 0.152776-02
3 0.0000 0.0000 0.0000

0 2
YALUE  0.0000  -0.15277€-02 0.0000 0.15277€-02

-141.036
-11

Exemplo - Viga scb a

| Zllo o [»

cllhlekkbkrkRRRRRERE

)

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

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

v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Reaction Solution” para listar as reagdées nodais;
v Inserir na janela que abrir:

v" Clicar em “OK”;

o Lab

All Struc Forc F

A\ ANSYS ED Utility Menu (Vi

ga2D) S =
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrs Help ‘
Dizla8 s eleH EEE

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

ANSYS Main Menu

Preferences
Preprocessor
Solution
B General Postproc
[ Data & File Opts
[ Results Summary
Read Results
Failure Criteria
Plot Results
B List Results
[ Detailed Summary
[ Iteration Summry
Percent Error
Sorted Listing
Nodal Solution
Element Solution
Section Solution
[ Superelem DOF
SpotWeld Solution
Sod

Nodal Loads
Elem Table Data
Vector Data
Path Items
[ Linearized Strs

Query Results

B Options for Outp

Results Viewer

Write PGR File

Nodal Calcs

Element Table

/\ PRRSOL Command
File

LOAD STEP= 1 SUBSTEP=
THe=  1.0000 LORD

HODE & FY
4.2311
3 0.0000 2.0518
TOTAL YALUES
YALUE 00000 11.283

|
PRINT F REACTION SOLUTIONS PER HODE
bk POSTL TOTAL RERCTION SOLUTION LISTING kkkk

1
CRSE= O
THE FOLLOHING ¥,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES

o Ello |2 |e

wblibkkklhleheRplee

)

[ 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” para listar o conteudo da tabela obtida
como comando “ETABLE” (“Element Table”, definido no inicio do pds

processamento);

v" Na janela “List Element Table Data”, selecionar:

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas
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o Lab1-9
= MZI
= MZJ
v" Clicar em “OK”.

\' ANSYS ED Utility Menu (Viga2D) [ol& ===

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

IS0 e | E|EJE]

ANSYS Toolbar

SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

L |®

ANSYS Main Menu

Preferences
repr

\ PRETAB Comman:

ral Postproc
ta & File Opts

Results Summary

PRINT ELEHENT TRBLE ITEHS PER ELEHENT

| Ello o &

Read Results ek POSTL ELEHENT THBLE LISTING bk
Fallure Criterta STRT  CRRENT  CURRENT
Plot Results ELEH K2 HzJ
B List Results 1 020316613 78,113
B Detailed Summary 2 A3 4104
Iteration Summry HINIHU YRLUES
Percent

YALUE  0.21316E-13 -141.04
HAKIHUH VALUES

ELEH 2
UALUE  78.113

B Sorted Li
Nod: n
Element Solution

Section Solution
B Superelem DOF
SpotWeld Solution
Reaction Solu
Nodal Loads
FHen

1
8113

Dat:

ptions for Outp
Results Viewer
ite PGR File
Nodal Calcs
Element Table

wllbkklbbebaaRpe

)

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

B)VIGA COM CARGA DISTRIBUIDA

©
5. REINICIO DA ANALISE
5.1. 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”

5.2. Carrega arquivo previamente salvo:
v" No “ANSYS Utility Menu”, clicar em “File”, “Resume from...”;
v" Abrir 0 arquivo “Viga2D.db”.

5.3. Introduz o titulo do problema a ser resolvido:
v" No ANSYS Utility Menu clicar em file e acessar a opgédo “Change
Title...”;
v" Na nova janela que aparecer, digitar novo titulo: “Exemplo — Viga sob
acao de carga distribuida”;
v" Clicar em OK.
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5.4.

Numera nés e elementos:

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

“Numbering”;

Na nova janela que aparecer, s
o NODE
o Elem-Attrib numering

Clicar em “OK”.

elecionar:

Node Numbers

opcao

ON
Element Numbers

v" No ANSYS Utility Menu clicar em “PlotCtrls” e acessar a opcédo
“Symbol”;
v’ Selecionar para “Boundary Condition Symbol” [/PBC]:
o All Applied BCs

v Clicar em “OK”.
/\ ANSYS ED Utility Menu (Aula) o l@ ][
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Dz 0|8 o 2| = A Syt mj
ANSYS Toolbar [/PBC] Boundary condition symbol = ®|

SAVE_DB| RESUM_DB @ POWRGRPH

ANSYS Main Menu

®|

Preferences

TimeHist Postpro
Drop Test

|

ELEMENTS

ELEM NUM

Individual symbol set dialog(s)

" All BC+Reaction

@ All Applied BCs

Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

to be displayed:

[/PSF] Surface Load Symbols
Visibility key for shells
Plot symbols in color

Show pres and convect as

[/PBF] Body Load Symbols

Show curr and fields as
[/PICE] Elem Init Cond Symbols
[/PSYMB] Other Symbols

CS Local coordinate system
NDIR Nodal coordinate system
ESYS Element coordinate sys
LDV Line element divisions

P LDIR Line direction

OK

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

" All Reactions E _@
© None @ —@
 ForIndividual: ﬁj@
¥ Applied BC's @ 5
¥ Reactions =
¥ Miscellaneous ﬁ E
b O ]
I~ off
=4
@ on
Face outlines -
P H oY
o a
&
- off ﬂ
I~ off =
I~ off j
Meshed |
I off ﬂ

Cancel Help

)

©

6.

6.1.

v

v

6.2.

SOLUCAO
Modifica carregamento:

No “ANSYS Main Menu” dentro do “Solution” clicar em “Define Loads”,
“Delete”, “Structural”, “Inertia”, “Gravity”;
Clicar em “OK”, o que tornara zero todos os dados referentes a

aceleracéo.

Aplica novo carregamento:

No “ANSYS Main Menu” dentro do “Solution” clicar em “Define Loads”,

”

“‘Apply”, “Structural”, “Pressure”,
o LKEY =1;
o VALI

“*

On Beams” e

=1.128288;

inserir:
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o VALJ

v" Clicar em “OK”

=1.128288,;

I\ ANSYS ED Utility Menu (Aula) ol [s=
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
b=as & e 2 & 4 Z

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

hecking Ctris
lumbering Ctrls
rchive Model
oupling / Ceqn
SISet Up
tultiField Set Up
oads

®
A

ELEMENTS

ELEM NUM

3 Analysis Type
3 Fast Sol'n Optn
1 Define Loads
Settings
B Apply
B Structural
B Displacement
Force/Moment
B Pressure
A On Lines
A On Areas
R On Nodes
R On Node Components
R On Elements
R On Element Components
[ From Fluid Analy
A

@ Temperature
@ Inertia
[ Pretnsn Sectn
[l Gen Plane Strain
Other
Field Volume Intr
Initial Condit'n

A\ Apply PRES on Beams
[SFBEAM] Apply Pressure (PRES) on Beam Elements
LKEY Load key
VALL Pressure value at nodel
VAL Pressure value at node )
(leave blank for uniform pressure)

Optional offsets for pressure load
IOFFST  Offset from I node

JOFFST  Offset from J node

Cancel |

1128288
1128288

——
—

Help ‘

de carga dis

| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1 |
I\ ANSYS ED Utility Menu (Aula) o @ =)
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
)20~ TR e | - E
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH
ANSYS Main Menu @ _ 1v] ®

1 (£ |
hecking Ctrls | ELEMENTS
lumbering Ctris i @ e
rchive Model i
oupling / Ceqn | 2|
SISet Up @[]
tultiField Set Up
I 8| s

3 Analysis Type
3 Fast Sol'n Optn
1 Define Loads
Settings
B Apply
B Structural
@ Displacement
Force/Moment
B Pressure
R On Lines
R On Areas
R On Nodes
R On Node Components
R On Eements
A On Element Components
BF Analy

@ Temperature

& Inertia

[ Pretnsn Sectn
[ Gen Plane Strain
ther

ield Volume Intr

iga sob agdo de carga distribuida

le ]2 [z |olels oo

)

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

6.3. Resolve

LS”;
Clicar em “OK”.

maAglo | |tpesl real=1

csys=0

secn=1

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

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

solucédo no arquivo.

No ANSYS Toolbar clicar em “SAVE_DB” para salvar os dados mais a
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7. POS PROCESSAMENTO

v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Element
Table”, “Define Table”, “Add”;
v" Na nova janela, definir:

o LAB
Item, comp

O

v" Clicar em “APPLY"”.

MZI
By sequence number

SMISC
SMISC, 6

/\ ANSYS ED Utility Menu (Viga2D) o |l& ][R
0] 2| €| 6] &« 2| = EIEE

SYS Tanlha 3|

A\ Element Table Data = =

ently Defined Da B

HiA

Label Ttem

[ufcNch|

DAl eflloY >

Path Operations
Surface Operations

Time Stamp  Status

\ Define Additional Element Table Items

[AVPRIN] Eff NU for EQV strain

[ETABLE] Define Additional Element Table ltems

Lab User label for item

Item,Comp Results data item

(For "By sequence num", enter sequence
no. in Selection box. See Table 403
in Elements Manual for seq. numbers.)

OK

NMISC,
Ls,

LEPEL,
=| |LepTH,

1~ |[smisc.6

Apply Cancel Help

7
B,

lelolalololelole

Bl ek

| Pick a menu item

or enter an ANSYS Ci

d (POSTL) [ mat=1

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

v" Na nova janela, definir:

o LAB
Item, comp

o

v" Clicar em “OK”".

MZJ

By sequence number SMISC

SMISC, 12
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\ ANSYS ED Utility Menu (Viga2D)

o= 6l 5| #| 2| 0| EIEE]

A\ Element Table Data = ‘

|

Ll [

Label ltem  Comp Time Stamp
MZI SMIS 6 Tin

=@
£33

\ Define Additional Element Table ltems

[AVPRIN] Eff NU for EQV strain

[ETABLE] Define Additional Element Table Items

Lab User label for item Mz

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

o]
2]

DAl ® @ EE

B - |[smisc, 12

(For "By sequence num", enter sequence

no. in Selection box. See Table 403
in Elements Manual for seq. numbers.)

oK Apply Cancel

Help

[ Find Maximum
[ Find Minimum
[E] Exponentiate
Cross Product
Dot Product
Erase Table
Path Operations

Surface Operations j Exemplo - Viga sob agdo do peso préprio

|

Le|

s ks ol

ElblEpEkEERRRRRpEE

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

v' Apbs, verificar a listagem da tabela e clicar em “CLOSE”.

v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Deformed Shape” para visualizar a configuracdo deformada

da estrutura;

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

e clicar em “OK”;

J\" ANSVS ED Utility Menu (Aula) = )le =]
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘
Dz 00| & & 2| = 4| Z| @)

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB ﬂ] POWRGRPH

ANSYS Main Menu

Preferences

Preprocessor

Solution

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

ntour Plot
ector Plot
Plot Path Item

& Concrete Plot

ThinFilm
List Results
Query Results
Options for Outp
Results Viewer
Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
Write Results
ROM Operations

Submodeling

Fatigue
Safety Factor 2 Exemplo - Viga sob agdo de carga distribuida
| Pick a menu item or enter an ANSYS Command (POSTI) [ mat=1 [type=1 [ real=1 [ csys=0 | secn=1 |

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

elemento;
v" Na janela “Plot Line-Element Results, selecionar:
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v" Clicar em “OK”;

o LABI
o LABJ
o Fact

MZ|
MZJ

/\ ANSYSED Utility Menu (Aula)

S® =
File Select List Plot PlotCtis WorkPlane Porameters Macro MenuCtrs Help

Dizlas s eleH o =

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QuIT| POWRGRPH

ANSYS Main Menu ®|

Preferences

Preprocessor

Solution

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

& Ve

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

Hreee e = EHEE

Check Elem Shape
Write Results ~|

A\ Plot Line-Element Results
[PLLS] Plot Line-Element Result

Labl Elem table item at node I

Lab) Elem table item at node J

Fact Optional scale factor

KUND Items to be plotted

ANSYS

@ Def shape only
" Def + undeformed

€ Def + undef edge

Cancel

opkRRR

el ls [z ool

)

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

mat=1 [type=1 real=1 csys=0 secn=1 |
N ANSYS ED Utility Menu (Aula) = e e
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtris Help ‘
NECEEEKE] ElEE
ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QuIT| POWRGRPH

ANSYS Main Menu ®|

Preferences

Preprocessor

Solution

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

@ 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 ~|

"LINE STRESS

e[zt ol plealalala

)

[ Pick a menu item

v

or enter an ANSYS Command (POST1)

[mat=1 [type=1

[real=1

[esys=0 [secn=1 |

Os resultados aparecerdo em uma escala de cores;

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

Results”, “Reaction Solution” para listar as reagcdes nodais;

Inserir na janela que abrir:

o Lab
Clicar em “OK”;

All Struc Forc F
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N\ ANSYSED Utility Menu (Aula)

0
&
&

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

b= uo & & 2 & ElEE

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

Preferences
Preprocessor
Solution I\ PRRSOL Command
B General Postproc File
[ Data & File Opts
B Results Summary

|
PRINT F REACTION SOLUTIONS PER HODE

o Sl o |

Read Results ek POSTA. TOTRL RERCTION SOLUTION LISTING ek
ot e LR STEP- 1 SBSTEP- 1
Hat Kot TIE= 10000 LOWD CASE= O

B List Results
B Detailed Summary THE FOLLOWING ¥,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES
[ Iteration Summry
8 Percent Error L L
Sorted Listing 3 00000 70518
Nodal So!utior{ TOTAL VALUES
Element Solution UALUE 00000
Section Solution
[ Superelem DOF

Weld Solution

ion Soid

112.83

Nodal Loads
Elem Table Data
Vector Data
Path Items
[ Linearized Strs

Query Results

B Options for Outp

Results Viewer

Write PGR File

Nodal Calcs

Element Table

[elofe[zlolelslololelaalalel@|e i

)

[ 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” para listar o conteudo da tabela obtida
como comando “ETABLE” (“Element Table”, definido no inicio do pos
processamento);

v" Na janela “List Element Table Data”, selecionar:

o Lab1-9
= MZI
= MZJ

v Clicar em “OK”.

/\ ANSYS ED Utility Menu (Aula)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

el 20" 1l R | Bl

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

Preferences
Preprocessor
Solution I\ PRETAB Command
B General Postproc File
[ Data & File Opts
Results Summary

o |2

\i

PRINT ELEHENT TRBLE ITEHS PER ELEHENT

Read Results kkkk POSTI ELEHENT TRELE LISTING ke 5
Failure Criteria
Plot Results ST e CRRENT
G List Results 1 0.284926-13 78113
[ Detailed Summary 2 WL -14104

Iteration Summry
Percent Error
Sorted Listing UALUE  0.204226-13 -1410.4
MG Scitin HAKIHUN UALUES

Element Solution ELEH 2

B Section Solution UAE 78113
& Superelem DOF
SpotWeld Solution
Reaction Solu
Nodal Loads

HINIHUH YALUES
ELEH

8113

ctor Da

B Path Items

[ Linearized Strs
Query Results
Options for Qutp
Results Viewer
Write PGR File
Nodal Calcs
Element Table

clbllpkkkkrRRREREE

)

| Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 real=1 csys=0 secn=1 |
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8. SALVANDO ARQUIVOS E SAINDO DO PROGRAMA:

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

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

v" Na nova janela, selecionar a opgao “Save everything” e clicar em “OK”.
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RESULTADOS

A) VIGA COM PESO PROPRIO:

/\ PRRSOL Command
File

|
PRINT F REACTIOW SOLUTIONS PER MOOE
stk POSTT TOTHL REACTION SOLUTION LISTIHG dedebeiek

LOAD STEP= 1 SUBSTEP= 1
TIHE=  1.0000 LOAD CR3E= O

THE FOLLOWING ®,Y,Z SOLUTIONS ARE IN GLOBAL COORDIMATES

HODE Fi F
1 4,231
3 0.0000 20513
TOTAL MALLES

YALUE  0.0000 11,243

Figura 1 — Reacdes de apoio.

J\ PRETAE Command

File

PRINT ELEHEWT THELE ITEHS PER ELEHENT
ok PIST] ELEHENT TRELE LISTING ookt

STHT  CURRENT CURRENT
ELEH K1 HZT

1 0.21316E-13 73,113

2 .13 -141.04

HINIHUA YALUES
ELEH 1 2
YALUE  0.21316E-13 -141.04

HAXIAUA YALUES
ELEH 2 1
YALUE  78.113 M.113

Figura 2 — Element Table Data (MZI e MZJ).
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B) VIGA COM CARREGAMENTO DISTRIBUIDO

N\ PRRSOL Command
File

I
PRINT F REACTION SOLUTIONS PER MOOE
sk POSTL TOTHL REACTION SOLUTION LISTING dedokoick

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

THE FOLLOWING ¥,%,Z SOLUTIONS ARE IN GLOBAL COORDIMATES

HODE Fd Y
1 2.3
3 0.0000 70.518
TOTAL MALUES

YALUE  0.0000 112,83

Figura 3 — ReacoOes de apoio.

J\ PRETAE Command
File

FRINT ELEHEWT TRBLE ITEHS PER ELEHEHT
wick PST1 ELEHENT TRELE LISTING otttk

STAT  CURRENT CURREHT
ELEH  H/I HZl

1 0.28422E-13 781.13

P -1410.4

HININUH YALLES
ELEH 1 2
WALUE  0.28422E-13 -1410.4

HAXIHUA YALLES
ELEH g 1
WALUE  781.13 781,13

Figura 4 — Element Table Data (MZI e MZJ).
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