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TRELICA COMPOSTA POR 7 NOS E 11 BARRAS COM DIVERSAS
CONDICOES DE CARREGAMENTO USANDO O METODO DOS
ELEMENTOS FINITOS

INTRODUCAO

O exemplo apresentado a seguir visa demonstrar os procedimentos
necesséarios quando introduzimos a hipétese de mais de uma condi¢do de
carregamento atuando na estrutura. Trata-se de uma trelica plana composta
por 7 nés e 11 barras, submetida a 3 diferentes condicdes de carregamento. A
figura 1 mostra a geometria da trelica. Suas condi¢cdes de carregamento estédo
na figura 2. Ja a figura 3 contém o modelo de elementos finitos.
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Figura 1 — Geometria da trelica a ser analisada.
condicdo de carga 1 condicdo de carga 2 condicdo de carga
J 200 kgf J 200 kgf
Figura 2 - Dlversas condigbes de carregamento.
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Figura 3 - Malha de elementos finitos utilizada.
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PROPRIEDADES GEOMETRICAS

e Area da secdo transversal das barras que compde o banzo inferior e
o0 banzo superior: 0.006 [m?].

e Area da secéo transversal dos montantes: 0.003 [m?].

PROPRIEDADES DOS MATERIAIS

e Mbdulo de elasticidade do material das barras: 2.1E10 [kgf/m?.
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RESOLUCAO

O procedimento de resolucdo pode ser demonstrado no seguinte fluxograma:
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COMANDOS ANSYS®9.0ED

A
O 1. INICIO DA ANALISE

1.1. Introduz o titulo do problema a ser resolvido:
v" No ANSYS Utility Menu clicar em file e acessar a opcdo “Change
Title...”;
v" Na nova janela que aparecer, digitar novo titulo: “Trelicaplana-
7nosllbarras-divcondcarregamento”;
v Clicar em OK.

/\" ANSYS ED Utility Menu (Aula) [E=0 (I
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Clear & Start New ... @ EI ﬂ § E
Change Jobname ... | Bl Z|
_ Change Directory .. | ®|
 Title .. 1| powrareH| =
7 Resume Jobname.db ... ®
Resume from ... '—J : *—J @
Save as Jobname.db @ @
Saveas & 2
Write DB log file ... [
BN
Read Input from ... &
Switch Outputto  » 8| _J
= ; o
File Operations 4 N\ Change Title i)
ANSYS File Options ... [/TITLE] Enter new title
Import ’
il oK Cancel | =
ancel @
Report Generator ... Y
=3 ey
=y
Q|
a
-]
=
a
@
L
<
&
I
| Pick a menu item or enter an ANSYS Command (BEGIN) [ mat=1 [type=1 [ real=1 csys=0 secn=1 |

1.2. Alterao nome dos arquivos:
v No ANSYS Utility Menu clicar em file e acessar a opcao “Change
Jobname...”;
o Na nova janela que aparecer, digitar novo nome do arquivo:
“Trelicacondcarga’;
v Clicar em OK.
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I\ ANSYS ED Utility Menu (Aula) =& =

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

| 2l e EIEE]

Change Title ... | PowRGRPH|
| Resume Jobname.db ...
,—@‘ 1] ®
Resume from ...

@

Save as Jobname.db
S

@

sl s

aveas .. 8| 2
Write DB log file ... @

ERM|
Read Input from ... o
Switch Output to » _J
List »
File Operations »
ANSYS File Options ... [N\ Changelcbme
] R [/FILNAM] Enter new jobname ] Trelicacondcarga|
import
Export New log and error files?

Report Generator ...

oK
Exit ...

splelo|e|:|olelslolefolalalalee @

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

1.3. Escolhe o tipo de anélise que se pretende executar, visando filtrar
comandos a serem apresentados na telas de entrada:
v" No ANSYS Main Menu clicar em “Preferences”;
v" Na nova janela que aparecer, em “Discipline for filtering GUI Topics”,
selecionar a opgao “Structural”;
v Clicar em OK,

I\ ANSYS ED Utility Menu (Trelicacondcarga)

S @ =
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘
Di=lao s e B s
ANSYS Toolbar ®|
save_pe| ResuM_DB| QuIT| POWRGRPH| =
ANSYS Main Menu ®| A\ Preferences for GUI Filtering ’G %
[KEYW][/PMETH] Preferences for GUI Filtering 2|
Individual discipline(s) to show in the GUI D @
Solution ¥ Structural
e SO 8| 2|
TimeHist Postpro [~ Thermal @ (3]
Drop Test
Topological Opt [~ ANSYS Fluid 8|
ROM Tool [~ FLOTRAN CFD
DesignXplorer VT : Q‘
Design Opt Electromagnetic:
Prob Design I~ Magnetic-Nodal
Radiation Opt [}
Run-Time Stats [~ Magnetic-Edge
% :F‘f:’“ Editor [~ High Frequency _J@
inis
[~ Electric
Note: If no individual disciplines are selected they will all show. Q
Discipline options =3
& h-Method @
€ p-Method Struct. a
¢ p-Method Electr. =
€ LS-DYNA Explicit
o)
il
Cancel
_ Concel | =
&
3|
Pick a menu item or enter an ANSYS Command (BEGIN) mat=1 [type=1 real=1 csys=0 secn=1

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

2.1. Escolhe o tipo de elemento finito que sera usado:
v Dentro do “Preprocessor”, selecionar “Element Type”;
v Dentro do “Element Type”, selecionar “ Add/Edit/Delete”;
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v" Na nova janela que abrir, clicar em “Add...” para selecionar um novo
elemento.

v Outra janela se abrira, entdo no “Library of Element Types” selecionar o
elemento “Link”, “2D spar 1” e clicar em OK.

/\ ANSYS ED Utility Menu (Trelicacondcarga)

NEFEEEE] a— I
sve ool sesun ps] qur powssrer]

== N Element Types
[ Preferences

B Preprocessor
B Element Type
=JAdd/Edit/Delete}
Switch Elem Type
Add DOF
Remove DOFs
5 Elem Tech Control

Defined Element Type:
TS A\ Library of Element Types

Only structural element types are shown

Library of Element Types

Element type reference number

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

Prob Design
Radiation Opt
Run-Time Stats

% e o> |8 |2 [ b sloReaae@e

&

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

C
O 2.2. Define as constantes geométricas da secao das barras que compde
0 modelo:
v Dentro do “Preprocessor”, selecionar “Real Constants”;
v Dentro do “Real Constants”, selecionar “Add/Edit/Delete”;
v" Na nova janela que abrir, clicar em “Add...” para adicionar uma nova
area de secao transversal;
v Uma nova janela se abrira entdo selecionar o tipo de elemento em

“Choose element type” (no caso, havera o elemento LINK 1) e clicar em
OK;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 7



/\ ANSYS ED Utility Menu (Trelicacondcarga)

BEFEEEE]

- ==

o8| Resum o8| (qurr| p

[ Preferences
B Preprocessor
Element Type

A\ Real Constants
Defined Real Constant Sets

Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up
MultiField Set Up
Loads
Physics
Path Operations
Solution
General Postproc
TimeHist Postpro
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT Close Help
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

Add...

El

/\ Element Type for Real Constants

Choose element type:

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

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

v" A janela “Real Constants Set Number 1, for LINK 1” ira aparecer. Deve-

se inserir:

o Real Constant Set No.
o Cross-sectional Area AREA

v Clicar em “Apply”.

=1
= 0.0006

/\ ANSYS ED Utility Menu (Trelicacondcarga)

0
&
&3

NErEEEERLE

R =

_os| Resum_og| qurr| powRrereH]

&

Preferences
B Preprocessor

N\ Real Constants
Element Type <
=]

Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up
MultiField Set Up
Loads
Physics
Path Operations
Solution
General Postproc
TimeHist Postpro
Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt
Prob Design
Radiation Opt
Run-Time Stats

[ Session Editor
[ Finish

&l

E DEFINED i

=2

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

Real Constant Set No.
Cross-sectionalarea  AREA

Initial strain ISTRN

Cancel |

ekkRkkfs
e s fele] |

sl

x|

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

[type=1 [reat=1 ['csys=0 [ secn=1

v A janela “Real Constants Set Number 1, for LINK 1” ira aparecer. Deve-

se inserir;
o Real Constant Set

o Cross-sectional Area AREA

v" Clicar em “OK”;

No. =2
=0.0003
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/\ ANSYS ED Utility Menu (Trelicacondcarga) o e ][s=
s =TT A | EIEE
v B3|
e el resuvtoe] qur] owrceet] =]
g =T
[ Preferences 2aa ==
B Preprocessor A\ Real Constants < ‘j

Element Type

@ Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up
MultiField Set Up
Loads
Physics
Path Operations
n

[set 1 |

A\ Real Constant Set Number1, for LINKL
Element Type Reference No. 1

Real Constant Set No.
Cross-sectional area  AREA

Initial strain ISTRN

Finish

El

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

v' Verificar na janela “Real Constants” se as duas constantes de secao

geométrica, “Set 1”7 (referente as barras que compde o0 banzo inferior e 0
banzo superior) e “Set 2" (referente as barras que compde os
montantes) foram criadas;

Clicar em “CLOSE”.

2.3.

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas

<\

Define as propriedades do material que compde as barras:
Dentro do “Preprocessor”, selecionar “Material Props”;
Dentro do “Material Props”, selecionar “Material Models”;
Na nova janela que abrir, para o “Material Model Number 1”7, no quadro
“Material Models Available” selecionar:
“Structural>Linear>Elastic>Isotropic”;
Dar um duplo clique em “Isotropic”;
A janela “Linear Isotropic Material Properties for Material Number 1 ira
abrir. Inserir na lacuna “EX” o valor referente ao Modulo de Elasticidade
do material e clicar em “OK”:

o EX=21E10;
Fechar a janela “Define Material Model Behavior”.
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/\ ANSYS ED Utility Menu (Trelicacondcarga)

BEFEEEE]

- ==

£ 08| Resum 0| quir| powrcreH|

1 [l

[ Preferences
B Preprocessor
Element Type
Real Constants
B Material Props
Material Library
e Units

N\ Define Material Model Behavior
Material Edit Favorite Help

Material Models Defined

Cha

ing / Ceq
FSISet Up
MultiField Set Up
Loads
Physics
Path Operations
ion

Drop Test
Topological Opt
ROM Tool
DesignXplorer VT

Material Models Available

(& Favorites
&8 Structural
8 Linear
8 Elastic
@ Orthotropic
€ Anisotropic
(8 Nonlinear
© Density

&) Damping
@

Erictinn Cneffiriant

”&u

A\ Linear Isotropic Properties for Material Number 1

Linear Isotropic Material Properties for Material Number 1

Graph

Concel | Heb |

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

mat=1 [type=1

real=1 csys=0

el |

®
2.4. Cria o modelo geométrico:

2.4.1. Cria 0s nés que compde a malha de elementos finitos no sistema de

coordenadas ativo:
v

Active CS”;

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

Na nova janela que abrir, inserir um namero para o né que sera criado

em “NODE Node Number” e as coordenadas X,Y e Z (no caso de estar
trabalhando com um modelo 2D, utiliza-se apenas as coordenadas X e

Y);
Para criar o primeiro né:
o NODE

Clicar em “APLY”;

Node Number :
o X,Y,Z Location in active CS :

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

o |[e =R
File Select List Plot PlotCtris WorkPlane Parameters Macro MenuCtrls Help
Di=laslsle e E B
ANSYS Toolbar ®|
save 8| Resum_pB| QuIT| POWRGRPH| =

ANSYS Main Menu ®|

[ Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create

Keypoints

@ Lines

@ Areas

@ Volumes

B Nodes
A On Working Plane
&t

A At Curvature Ctr
A On Keypoint
A Fill between Nds
A Quadratic Fill
Rotate Node CS
[l Write Node File
[ Read Node File
Elements
E] Contact Pair
@ Piping Models
@ Circuit
Transducers
Operate
Move / Modify

/\ Create Nodes in Active Coordinate System

[N] Create Nodes in Active Coordinate System
NODE Node number

XY,Z Location in active CS

THXY, THYZ THZX

Rotation angles (degrees)

Apply ‘

elReE

ol

5

Concel |

Ble ol 2 llols

@ Copy
@ Reflect
@ Check Geom
@ Delete | 2|
Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=0 secn=1
v' Para criar o préximo no:
o NODE Node Number : 4:
o X,Y,Z Location in active CS : X =18 Y =0;
v" Clicar em “OK”;
I\ ANSYS ED Utility Menu (Trelicacondcarga) o [e =
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ) ‘
DizlasseleH B
ANSYS Toolbar ®|
save_pB| ResuM_DB| QuIT| POWRGRPH| =

ANSYS Main Menu ®|

[ Preferences
© Preprocessor
Element Type

Keypoints
@ Lines
@ Areas
@ Volumes
B Nodes

A At Curvature Ctr
A On Keypoint
A Fill between Nds
A Quadratic Fill
@ Rotate Node CS
[ Write Node File
B Read Node File
Elements
B Contact Pair
B Piping Models
@ Circuit
Transducers
Operate
Move / Modify
Copy
Reflect
& Check Geom
Delete -l

/\ Create Nodes in Active Coordinate System
[N] Create Nodes in Active Coordinate System
NODE Node number
XY,Z Location in active CS
THXY, THYZ THZX

Rotation angles (degrees)

il

o Sl 2]

lefelzlaleEee

r

Concel |

Trelicaplana:

Blelols s lo[ol

L]

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

mat=1 [type=1 [real=1

[csys=0 [secn=1

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

preexistentes);

v" Na nova janela que abrir, apontar os nés 1 e 4, anteriormente criados, e

clicar em “OK”;

v" Uma nova janela se abrird. Entdo determinar:
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o NFILL (nimero de nés a serem criados entre 0s nés
selecionados) = 2;
v Clicar em “OK” e os nés 2 e 3 serao criados entre os nés 1 e 4.

/\ ANSYS ED Utility Menu (Trelicacondcarga) EEE[ES

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Di=als| sl 2 E EIEE
ANSYS Toolbar @I
sAVE_DB| RESUM_DB| QuIT| POWRGRPH| =
ANSYS Main Menu ?
Preferences
B Preprocessor @
T
i Fill between Nds 2
z Create Nodes Between 2 Nod =
@ pick " Unpick fleooie sl 3|
: P N S P} [FILL] Create Nodes Between 2 Nodes
B Modeling 5 = o
S Create NODELNODE? Fill between nodes
B Koot NFILL Number of nodes to fill
@ Lines
A NSTRT Starting node no.
Volumes 0
B Nodes 5 NINC Inc. between filled nodes

A On Working Plane
[ In Active CS
A At Curvature Ctr
A On Keypoint
balFiil between Nos
adratic Fill
g:m’:»:;dle s . Max, Inc INC  Node number increment -
[E] Write Node File
B Read Node File
nts

SPACE Spacing ratio

ITIME No. of fill operations -

- (including original)

cessive fill operation)

Operate
& Move / Modify
Copy

Reflect

Check Geom
Delete

sfplelolssopllollalplaplello

[ [FILL] Pick or enter beginning and ending nodes for fill [ mat=1 [type=1 [ real=1 ['csys=0 [ secn=1 |

LE 1

v Dentro do “Preprocessor” selecionar “Modeling”, “Create
Active CS”;
v' Para criar o préximo né:
o NODE Node Number : 5;
o X,Y,Z Location in active CS : X=3 Y =5;
v Clicar em “APLY”;
v Para criar o préximo no:
o NODE Node Number : 7,
o X,Y,Z Location in active CS : X =15 Y =5;
v" Clicar em “OK”;
v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Nodes”, “Fill
Between Nodes”;
v Na nova janela que abrir, apontar os nés 5 e 7, anteriormente criados, e
clicar em “OK?”;
v" Uma nova janela se abrird. Entdo determinar:
o NFILL (ndmero de nés a serem criados entre 0s nos
selecionados) = 1;
v" Clicar em “OK” e 0 n6 6 sera criados entre os nés 5 e 7.

” o« ” “I

, “Nodes”, “In

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

\' ANSYS ED Utility Menu (Trelicacondcarga) =R )

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

EE‘EJ@ PIanZoom Rotate ... _ | g EX

ANSYS Toolbar ®|
il S
save_pB| REsuM_DB| Q
—_— ,
ANSYS Main Menu . P
Preferences Window Controls »
Plot Numbering Controls = @
B Preprocessor Erase Optiori ) N umbering J
[/PNUM] Plot Numbering Controls 2
Animate » >
——_ ) KP Keypoint numbers ]
ns
B Modeling Dane Opton D LINE Line numbers o
B Create : 3
@ Keypoints Redirect Plots AREA Area numbers
@ L Hard Copy »

Save Plot Ctrls .. VOLU Volume numbers

Restore Plot Ctrls ...

R OnWorkil  Reset Plot Ctrls
[ In Active (

NODE Node numbers

Elem / Attrib numbering

Capture Image ..
At Curvatd
; Ottt Restorelmage . TABN Table Names
PN Write Metafile 4 SVAL Numeric contour values :
drati
g:;:?»;; Multi-Plot Controls ... Fa vl Ly

[/NUM] Numbering shown with [Colors & numbers 7]
[/REPLOT] Replot upon OK/Apply? Replot -

oK Apply Cancel ] Help ‘

[ Write Nod  Multi-Window Layout ..
B Read Nod(

Best Quality Image

Operate
Move / Modify
& Copy

Reflect Treli nosllbarras-divcondcarregamento
Check Geom

el kpkbpRRuoEkee s

)

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

2.4.3. Cria os elementos:

v" Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“‘Elements Attributes” para selecionar qual dos atributos definidos nos
itens 2.2 e 2.3 devem ser inseridos nos elementos que seréo criados
(serdo atribuidas as propriedades referentes as barras do banzo inferior
e superior);

v" Na nova janela que abrir escolher:

o TYPE 1
o MAT 1
o REAL 1

v Clicar em “OK”.

v Para criar os elementos que compde o banzo inferior e 0 banzo superior
da trelica: dentro do “Preprocessor’ selecionar “Modeling”, “Create”,
“Elements”, “Auto Numbered”, “Thru Nodes”;

v" Na nova janela que abrir, apontar os nés 1 e 2 e clicar em “APPLY”
(entdo o elemento “1” sera criado entre os nés 1 e 2);

v Da mesma forma, na sequéncia, apontar os nés 2 e 3 e clicar em
“APPLY” (entdo o elemento “2” sera criado entre os nos 2 e 3);
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/\ ANSYS ED Utility Menu (Trelicacondcarga)
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

Di=laslsls e E i)

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®| [ @]

Pref Bl | wooes

Wosems “ al ol el
dement Type Elements from Nodes 2 8| 2|
Sections

Material Props @ pick " Unpick & |[3 ]
E Modeling ¢
B Create
& Keypoints
B Lines

B Volumes
Nodes
EJ Elements
[ Elem Attributes
ed

Offset Nodes
Surf / Contact
@ SpotWeld

@ Pretension

[ Piping Models
@ Circuit

B Transducers
Operate
Move / Modify ~|

plelolszlkbkRpRae

)

[[E] Pick or enter nodes defining the clement [mat=1 [type=1 [real=1 [esys=0 secn=1 |

Apontar nés 3 e 4 e clicar em “APPLY”;

Apontar nés 5 e 6 e clicar em “APPLY”;

Apontar nés 6 e 7 e clicar em “OK?;

Dessa forma, os elementos que compde o banzo inferior e 0 banzo

superior da trelica estardo prontos;

Antes de criar os montantes, deve-se alterar as propriedades dos

elementos, de acordo com propriedades definidas nos itens 2.2 e 2.3 pra

0S montantes;

v Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Elements”,
“Elements Attributes”;

v" Na nova janela que abrir escolher:

RS

\

o TYPE 1
o MAT 1
o REAL 2

v" Clicar em “OK”.

v Para criar 0s elementos que compde os montantes da trelica: dentro do
“Preprocessor” selecionar “Modeling”, “Create”, “Elements”, “Auto
Numbered”, “Thru Nodes”;

Na nova janela que aparecer apontar os nés 1 e 5 e clicar em “APPLY?”;
Apontar os nés 2 e 6 e clicar em “APPLY?;

Apontar os nés 3 e 7 e clicar em “APPLY?;

Apontar os nés 2 e 5 e clicar em “APPLY?;

Apontar os nés 3 e 6 e clicar em “APPLY?;

Apontar os nés 4 e 7 e clicar em “OK?”;

A geometria da trelica esta pronta.

LR O] S
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\ ANSYS ED Utility Menu (Trelicacondcarga) =& =]
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Dizlasl s 2 2 E EIEIE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
& Keypoints
@ Lines
Areas
Volumes
Nodes
B Elements
[ Elem Attributes

A
B At Coincid Nd
Offset Nodes
Surf / Contact
@ SpotWeld
& Pretension
@ User Numbered
[E] Write Elem File
[E] Read Elem File
Superelements
Contact Pair
@ Piping Models
@ Circuit
@ Transducers
Operate T ras-divcondcarregamento
Move / Modify

Bl pkkbbRRBR

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

2.5. Aplicar as condi¢fes 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 1 e clicar em “APPLY”;

v' Qutra janela ira aparecer entdo selecionar no campo “DOFs to be
constrained” a opg¢ao “ALL DOF” (ira restringir o movimento do né 1 em

todas as direcdes) e clicar em “APPLY;

/\ ANSYS ED Utility Menu (Trelicacondcarga)

So =
File Select List Plot PlotCtds WorkPlane Porameters Macro MenuCtrls Help |
D= uls & & 2 & EIEE

ANSYS Toolbar ®|

SAVE_DB RESUME‘ M POWRGRPH

ANSYS Main Menu

eferences
eprocessor
Element Type
Real Constants
;‘:::;:: Frops \ Apply UROT on Nodes

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

?he:::,?g Ctrls Lab2 DOFs to be constrained

Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up

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

R On Node Components

Symmetry B.C.
@ Antisymm B.C
Force/Moment
Pressure
|

Applyas
If Constant value then:
VALUE Displacement value

Constant value »

Cancel ‘ Help l

Trelicaplana-7Tnosl as-divcondcarregamento

i )
el
8| 2|
Flx
] %)

el

L

el ls [z ol

)

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

v' Da mesma forma, apontar o n6 4 e clicar em “APPLY”;

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas
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v" Na outra janela selecionar no campo “DOFs to be constrained” a opgao

“‘UY?” (ira restringir o movimento do no 4 na direcdo do eixo “Y”) e clicar
em “OK”;

2.5.2. Aplicar as cargas:
v" Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Force/Moment”, “On Nodes”;
v" Apontar o n6 2 e clicar em “APPLY”;
v" Na nova janela inserir:
o Direction of forca/mom FY
o VALUE Force/moment value -200
v Clicar em “OK”.

I\ ANSYS ED Utility Menu (Trelicacondcarga)

S @ =
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrs Help ‘
b|=als| sl &l 2= ElFE
ANSYS Toolbar ®|

SAVE_DB| RESUM_DB QLJEJ POWRGRPH

ANSYS Main Menu ®|

eferences B
eprocessor

Element Type
Real Constants
Material Props
Sections
Modeling

[ Els |2

Meshing A\ Apply F/M on Nodes

el CO [F] Apply Force/Moment on Nodes

Numbering Ctrls

Archive Model Lsb  Direction of force/mom v =

Coupling /

o ;’,_,';'%Q E Apply as Constant value ~
MultiField Set Up If Constant value then:

Loads

[1 VALUE Force/moment value -200

Cancel [ Help [

wllbkklbbebaaRpRe

)

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

v" Dentro do “Preprocessor” selecionar “Loads”, “Load Step Opts”, “Write
LS File” para gravar o primeiro STEP de carga;
v' Na janela inserir:
o LSNUN Load step file number n = 1
v" Clicar em “OK”;
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I\ ANSYS ED Utility Menu (Trelicacondcarga) o e l=
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D= uo & & 2| & Bl <=

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu @

Material Props Bl | rooes
Sections

NODE NUM

Set Up

MuitiField Set Up \ Write Load Step File

B Loads
Aunaliids Type [LSWRITE] Write Load Step File (Jobname.Sn)
Fast Sol'n Optn LSNUM Load step file number n

Define Loads
B Load Step Opts
B Output Ctris 2 oK

Physi
B

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

Apply

Bl |7:<licaplana-Tnosill
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[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 [real=2 [esys=0 [secn=1 |

v

Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”,

“All Load Data”, “All Forces”, “On All Nodes”;
Clicar em “OK”;

Dentro do “Preprocessor’ selecionar “Loads”, “Define Loads”

“Structural”’, “Force/Moment”, “On Nodes”;
Apontar o n6 7 e clicar em “APPLY?”;
Na nova janela inserir:
o Direction of forca/mom FX
o VALUE Force/moment value 100
Clicar em “OK”;

“Delete”,

’ “Apply”,

Dentro do “Preprocessor” selecionar “Loads”, “Load Step Opts”, “Write

LS File” para gravar o segundo STEP de carga,;
Na janela inserir:

o LSNUN Load step file numbern = 2
Clicar em “OK”;

Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”,

“All Load Data”, “All Forces”, “On All Nodes”;
Clicar em “OK”;

2.5.3. Salvando dados no arquivo Trelicacondcarga.db

v

No ANSYS Toolbar clicar em “SAVE_DB”.

“Delete”,

©

3.

SOLUCAO

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas
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No ANSYS Main Menu dentro do “Solution” clicar em “Solve”, “From LS
Files” para resolver lendo os dados dos arquivos LS;
v" Na janela “Solve Load Step Files” inserir:
o LSMIN
o LSMAX
o LSINC
v" Clicar em “OK”.

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

BN e

4. POS PROCESSAMENTO
4.1. Gera, lista e plota os resultados para o primeiro caso de carga:

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

Results”, “First Set” para recuperar, plotar e listar os resultados para o
primeiro STEP de carga;
Entdo, ainda dentro do “General Postproc” clicar em “Element Table”,
“Define Table”, “Add”;
v" Na nova janela, definir:

o LAB FX

o Item, comp By sequence number SMISC

SMISC,1
v Clicar em “OK” (Define itens adicionais para a tabela de resultados).

v Ap0s, verificar a listagem da tabela e clicar em “CLOSE”.

/\ ANSYSED Utility Menu (Trelicacondcarga)

_JﬁJiJ_’JJJ_’IE EEE

{ N\ Element Table Data

Preferences i Label Item Comp Time Stamp Status
Preprocessor . T

n -

B General Postproc A\ Define Additional Element Table Items
Data & File Opts
Results Summary
Read Results [ETABLE] Define Additional Element Table ltems
Failure Criteria
Plot Results
List Results Item,Comp Results data item
Query Results
Options for Outp
Results Viewer
Write PGR File

[AVPRIN] Eff NU for EQV strain

Lab User label for item

Op i
Nodal Calcs 0 on __ -
B Element Table B T ~ | [ SMIsC, 1
Derine Table
g ;I"‘H' = (For "By sequence num’, enter sequence
ot Elem Table

List Elem Table no. in Selection box. See Table 403
Abs Value Option
Sum of Each Item
Add Items

in Elements Manual for seq. numbers.)

oK Apply Cancel Help

iate

Cross Product

Dot Product

Erase Table
Path Operations
Surface Operations

K1l

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

J\" ANSYS ED Utility Menu (Trelicacondcarga)

[E=HIE
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Rl o TR | EEE
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH
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

)

| Pick a menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=1 [ real=2 [ 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 FX
o LABJ FX

v" Clicar em “OK”;
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/\ ANSYS ED Utility Menu (Trelicacondcarga)

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

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| 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
Element Solu

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

LabJ Elem table item at node )
Fact Optional scale factor

KUND Items to be plotted

@ Def shape only

Vector Plot  Def + undeformed
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

 Def + undef edge

Cancel

ras-divcondcarregamento

)

el pkkbbRRBR

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

mat=1 [type=1 real=2 [esys=0 [secn=1 |

v" Os resultados aparecerao em uma escala de cores;

N

ANSYS ED Utility Menu (Trelicacondcarga) =R
File Select List Plot PlotCtils WorkPlane Parameters Macro MenuCtrls Help ‘
D=8 & & 2 &l - Z| @

ANSYS Toolbar )]

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

®|

[ Preferences
Preprocessor
Solution

B General Postproc

[ Results Summary

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

Check Elem Shape
Write Results

4

[elo]e[zlolelsloleelalalale@|e i

LINE STRESS

Data & File Opts

Read Results
Failure Criteria
B Plot Results
Deformed Shape
B Contour Plot
Nodal Solu
[ Element Solu
=]

Vec
Plot Path Item
Concrete Plot
ThinFilm
List Results
Query Results

)

9

W

o Sl [2 [

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

[mat=1 [type=1 [reat=2 [csys=0 [secn=1

v

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

Results”, “Nodal Solution” para listar os deslocamentos dos nds;

Inserir na janela que abrir:
o Item, comp

Clicar em “OK”;

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?”;

DOF solution All U's UCOMP

All Struc Forc F
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/\ ANSYS ED Utility Menu (Trelicacondcarga)

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

Plot Results

B List Results
Detailed Summary
E Iteration Summry
B Percent Error
Sorted Listing
Nodal Solution
Element Solution
Section Solution =
Superelem DOF
[ SpotWeld Solution

Elem Table Data
Vector Data
Path Items
Linearized Strs
Query Results
& Options for Outp
Results Viewer
Write PGR File

N\ List Reaction Solution
[PRRSOL] List Reaction Solution
Lab Item to be listed

All items
Struct force FX
FY

All struc mome M
Al struc forc F

Cancel | Help ‘

lel=|s|zloels|loea

Nodal Cales
Element Table ~|
| 1
[ Pick @ menu item or enter an ANSYS Command (POST1) [mat=1 [type=1 [real=2 [esys=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 FX

v Clicar em “OK”.

I\ ANSYS ED Utility Menu (Trelicacondcarga)

o [@][=
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
Di=la 6 s el e H EEE
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
B List Results
[ Detailed Summary
Iteration Summry
Percent Error
& Sorted Listing
Nodal Solution
[E Element Solution
B Section Solution
Superelem DOF
SpotWeld Solution
Reaction Solu
Nodal Loads

=]

B Path Items

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

N\ List Element Table Data
[PRETAB] List Element Table Data
Lab1-9 Items to be listed

Items 11-20 GRP2
Items 21-30 GRP3
Items 31-40 GRP4

1
-54.

divcondc:

o Ells |2 ls

plell:lbpkbpkRaokkee s

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

real=2 csys=0 secn=1 I
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4.2. Gera, lista e plota os resultados para o segundo caso de carga:

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

Results”, “Next Set” para recuperar, plotar e listar os resultados para o
segundo STEP de carga,;

v' Entdo, ainda dentro do “General Postproc” clicar em “Element Table”,
“Define Table”, “Add”;
v" Na nova janela, definir:
o LAB FX
o Item, comp By sequence number SMISC

SMISC,1
v Clicar em “OK” (Define itens adicionais para a tabela de resultados).

Apos, 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 opgéo “Def+undeformed”
e clicar em “OK”;

/\ ANSYSED Utility Menu (Trelicacondcarga)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

Dz as| a8l & 2= EIEE

ANSYS Toolbar
SAVE_DB| RESUM_DE| QUIT| POWRGRPH

ANSYS Main Menu ®|

[ Preferences
Preprocessor
Solution

B General Postproc

Data & File Opts
[ Results Summary
Read Results

Failure Criteria

Vector Plot
Plot Path Item
Concrete Plot
ThinFilm

List Results

@

B
2]

BEEa&

eck Elem Shape
] Write Results
ROM Operations
bmodeling
Fatigue
Safety Factor M)l |:e1icaplana-Tnosilbarras-divcondcarregamento
&
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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 FX
o LABJ FX

v" Clicar em “OK”;
v" Os resultados aparecerdao em uma escala de cores;
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J\" ANSYS ED Utility Menu (Trelicacondcarga) =& =

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

Dl=lalo s & ¢ B s

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

:NSYSMain Menu ®| - =] @]

= Pref STRESS

@ Preprocesar | | —— ®| e

@ Soluti

i SO 8| 2|
E5 Data & File Opts Q‘ 3]
Results Summary
Read Results | E
Failure Criteria

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 ~|
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[ Pick a menu item or enter an ANSYS Command (POST1) [mat=1 [type=1 [real=2 [esys=0 [secn=1 |

v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Nodal Solution” para listar os deslocamentos dos ndés;
v" Inserir na janela que abrir:
o Item, comp DOF solution All U's UCOMP
v" Clicar em “OK”;
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:
o Lab All Struc Forc F
v" Clicar em “OK”;
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 FX

v" Clicar em “OK”.

4.3. Gera, lista e plota os resultados para o terceiro caso de carga
(neste passo, criaremos um terceiro caso de carga sobrepondo o efeito
do primeiro e do segundo casos):

v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Load
Case”, “Create Load Case”;
v" Na janela “Create Load Case” selecionar “Results file” e clicar em “OK?”;
v" Na nova janela criar caso de carga a partir do arquivo de resultados:
o LCNO 1

o LSTEP 1
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v" Clicar em “APPLY”;

/\ ANSYS ED Utility Menu (Trelicacondcarga)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Di=las|slsq &

ANSYS Toolbar

- Ee

®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences

Preprocessor

Solution

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

Plot Resuits
List Resuts
Query Results

Write PGR File

Nodal Calcs

Element Table

Path Operations ()
Surface Operations

Write Load Case
B Calc Options
Add

Subtract

B Square

B Square Root
SRSS

Min & Max

Line Elem Stress

List Load Cases ~|

N\ Create Load Case from Results File
[LCDEF] Create Load Case from Results File
LCNO Ref. no. for load case

LSTEP,SBSTEP
Load step + substep nos. -

- to be defined as the load case

0K

“bllpkkbblRpREpRe s

)

o Sl [2 &

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

[mat=1 [type=1 [reat=2 [csys=0 [secn=1

v" Na janela “Create Load Case” selecionar “Results file” e clicar em “OK?”;
v" Na nova janela criar caso de carga a partir do arquivo de resultados:

o LCNO
o LSTEP
v" Clicar em “OK”;

2
2

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

Case”, “Add”;

v" Na nova janela adicionar caso de carga 1 ao banco de dados que no

momento contém os resultados do caso de carga 2:

o LCASE1l
v" Clicar em “OK”:
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/\ ANSYS ED Utility Menu (Trelicacondcarga)
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ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH
ANSYS Main Menu ®| )
Preferences " NODES
e ®| o
@ Solution ot o
B General Postproc —E-U @
[} Data & File Opts @[3~
=] Results S
el N\ Add Load Cases | °g

[ Options for Outp
Results Viewer
Write PGR File

th Operations )
Surface Operations
B Load Case

Create Load Case

Read Load Case

Write Load Case

B Calc Options

= JAdd

Line Elem Stress
[ List Load Cases

[LCOPERLADD Database = Database + (LCASEL * LCASE2)

LCASE1 1st Load case

Oper2 Operation w/2nd load case

LCASE2 2nd Load case

Trelicaplana-Tnosllbarras-divcondcarregamento
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v

[mat=1 [type=1 [real=2 [esys=0 [secn=1

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

Results”, “Next Set” para recuperar, plotar e listar os resultados para o
terceiro STEP de carga;

“Define Table”, “Add”;

o

Na nova janela, definir:
o LAB
Item, comp

FX
By sequence number

SMISC
SMISC,1

Entdo, ainda dentro do “General Postproc” clicar em “Element Table”,

Clicar em “OK” (Define itens adicionais para a tabela de resultados).
Apos, verificar a listagem da tabela e clicar em “CLOSE”.

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

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

e clicar em “OK”;
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Read Results
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Vector Plot
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ThinFilm

List Results
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Write Results
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Fatigue
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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 FX
o LABJ FX
v Clicar em “OK”;
v Os resultados aparecerdo em uma escala de cores;

/\" ANSYS ED Utility Menu (Trelicacondcarga)
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[ Preferences
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Solution
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Data & File Opts
Results Summary
Read Results
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B Plot Results
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& Contour Plot
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Query Results

B Options for Outp
[ Results Viewer
Write PGR File
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Element Table
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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:

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas

Pagina 26



o Item, comp DOF solution All U's UCOMP
v Clicar em “OK”;
v No ANSYS Main Menu dentro do “General Postproc” clicar em “List
Results”, “Reaction Solution” para listar as reagcdes nodais;
v" Inserir na janela que abrir:
o Lab All Struc Forc F
v Clicar em “OK”;
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 FX

v" Clicar em “OK”.
5.0 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

Seguem os resultados do presente exemplo.

Para o primeiro caso de carga:

DESLOCAMENTOS NODAIS
NO U(X) u(Y)
1 0.00000 0.00000
2 0.76190E-06 -0.12660E-04
3 0.19048E-05 -0.72445E-05
4 0.22857E-05 0.0000E00
5 0.25397E-05 -0.65588E-05
6 0.10159E-05 -0.10295E-04
7 0.25397E-06 -0.37365E-05
REACOES E FORCAS APLICADAS
NO U(X) U(Y)
1 0.00000 133.3333
2 0.00000 -200.0000
3 0.00000 0.00000
4 0.00000 66.6667
5 0.00000 0.00000
6 0.00000 0.00000
7 0.00000 0.00000
ESFORCOS NORMAIS NAS BARRAS
BARRA F(X)
1 80.00
2 120.00
3 40.00
4 -160.00
5 -80.00
6 -155.49
7 77.75
8 77.75
9 155.49
10 -77.75
11 -77.75
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Para o segundo caso de carga:

DESLOCAMENTOS NODAIS
NO U(X) u(Y)
1 0.00000 0.00000
2 .7937E-06 -.1270E-06
3 .1270E-05 .1270E-06
4 1429E-05 .0000E00
5 .2251E-05 -.3016E-06
6 .2568E-05 -.1429E-06
7 .3203E-05 -.1587E-07
REACOES E FORCAS APLICADAS
NO U(X) u(Y)
1 -100.0000 -27.7778
2 0.00000 0.00000
3 0.00000 0.00000
4 0.00000 27.7778
5 0.00000 0.00000
6 0.00000 0.00000
7 100.0000 0.00000
ESFORCOS NORMAIS NAS BARRAS
BARRA F(X)
1 83.33
2 50.00
3 16.67
4 33.33
5 66.67
6 32.39
7 32.39
8 32.39
9 -32.39
10 -32.39
11 -32.39
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Para o terceiro caso de carga:

DESLOCAMENTOS NODAIS
NO U(X) u(Y)
1 0.00000 0.00000
2 .1556E-05 -.1279E-04
3 .3175E-05 -.7118E-05
4 .3714E-05 .0000E00
5 4791E-05 -.6860E-05
6 .3584E-05 -.1044E-04
7 .3457E-05 -.3721E-05
REACOES E FORCAS APLICADAS
NO U(X) u(Y)
1 -100.0000 -105.5556
2 0.00000 -200.0000
3 0.00000 0.00000
4 0.00000 94.4444
5 0.00000 0.00000
6 0.00000 0.00000
7 100.0000 0.00000
ESFORCOS NORMAIS NAS BARRAS
BARRA F(X)
1 163.33
2 170.00
3 56.67
4 -126.67
5 -13.33
6 -123.10
7 110.14
8 110.14
9 123.10
10 -110.14
11 -110.14
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