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ANALISE DE UMA LAJE CONSIDERANDO TRES TIPOS DE APOIO:
ENGASTADA, SIMPLESMENTE APOIADA E COM VIGA DE BORDO

INTRODUCAO

Entre os muitos problemas tridimensionais que podem ter sua formulacéo
matematica simplificada encontram-se as placas e cascas em flex&o. Placas e
cascas sao sélidos tridimensionais, cujo material se confina na vizinhanca de
uma superficie que é chamada de superficie média por bissetar em todos os
planos a espessura. Caso a superficie média seja plana, temos uma placa,
enquanto que nas cascas ela € curva. As direcdes das restricbes nos
deslocamentos e dos carregamentos nao necessitam coincidir com o plano de
definicdo da placa. Placas séo estruturas resistentes a esforcos de membrana
e de flexdo. Geralmente elementos de placa possuem 6 graus de liberdade por
né, sendo 3 translacdes e 3 rotacdes.

AN

Figura 1 — Esquema de uma placa em flexao.
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Elemento de casca fina
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Note -« and ¥ are inthe plane of the element

Figura 2 — Elemento Finito SHELL 63.

i. Caracteristicas do elemento SHELL 63:

a.
b.
C.

Nome na biblioteca do ANSYS ED 9.0: SHELL 63;

NOs: 4 (i—j—k=1);

Graus de liberdade: 6 DOF — UX, UY, UZ, translacdes segundo
os eixos x, y e z e ROTX, ROTY e ROTZ, rotacdes em torno dos
eixos X, y e z, respectivamente;

. Constantes geométricas:

i. R1=Espessuradono 1,
i. R2, R3eR4=espessuradonodj,k, I,
iii. Outros...
Propriedades dos Materiais:
i. Médulo de Elasticidade, Coeficiente de Poisson e
Densidade;
Cargas:
i. Admite concentracdo de cargas nos nds (comando F) e
cargas distribuidas nos elementos (comando SFE);
1. SFE: label PRESS
a. Loadkey 1- ijkl direcdo + z: carga aplicada na
superficie inferior;
b. Loadkey 2 — ijkl direcdo — z: carga aplicada
na superficie superior;
c. Loadkey 3 —face ij — direcao +y;
d. Loadkey 4 — face jk — direcdo —x;
e. Loadkey 5 — face kl — direcéo -y;
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f. Loadkey 6 — face li — direcédo +x
g. Resultados:
i. MX=SMISC, 4;
ii. MY =SMISC,5
iii. MXY = SMISC, 6
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Figura 3 — Resultados SHELL 63.

Andlise estatica linear de uma laje considerando trés tipos de apoios:
engastada, simplesmente apoiada e com viga de bordo.

Neste exemplo vamos analisar uma laje, apresentada pelo professor
Antdnio Stramandinoli em seu material didatico, com dimensfes 4m x 6m, feita
de concreto armado submetida a um carregamento distribuido p = 0.6 tf/m?,
com espessura de 0.12 m, com viga de bordo de secéo transversal 0.10 m x
0.50 m. Utilizaremos dois tipos de elemento SHELL63 e BEAM44. Inicialmente
faremos uma comparacdo do comportamento da laje engastada e
simplesmente apoiada para, a seguir, considerar a influéncia da viga de bordo.
Fazendo uso da simetria podemos trabalhar com apenas ¥4 da laje. Existem
algumas formas de se considerar a excentricidade existente entre a viga e o
pilar sendo que duas delas estdo mostradas na figura abaixo.
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Figura 4 — Esquema da laje com viga de bordo.

Usaremos a segunda consideracdo da viga neste exemplo.

PROPRIEDADES DOS MATERIAIS

e EX = 1.5E6 tf/m?:
e NUXY =0.2.

CARGA

e Carregamento nos lances: P1 = 0.6 tf/m?;
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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: “Exemplo de laje com
viga de bordo”;

Clicar em OK.

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

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

Clicar em OK.

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

Escolhe o tipo de elemento finito que ser4 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 abrir4, entdo no “Library of Element Types” selecionar o
elemento “Structural Shell”, “Elastic 4node63” e clicar em “APPLY”;
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Y ANSYS ED Utility Menu (laje)

_JLJLDJJJ_’J% EEEE

5 A\ Element Types = [ =
JANSHL lement Types:
Pr D
B Pr

a

I\ Library of Element Types

Only structural element types are shown

Library of Element Types Structural Mass

in
Beam
Pipe

=) |Plastic 4nodel43
Hyper 4nodelsl

Plastic 4node 43

Solid-Shell
Element type reference number 1
oK Apply Cancel

[ Etastic 4node 63

Help

YEEENEEEEREEREEBH

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

Prob Design
Radiation Opt

rlolole]s

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

v’ Selecionar o elemento “Structural Beam”, “tapered 44” e clicar em
“OK”;

P\ ANSYS ED Utility Menu (laje)

FECEIEEE] — ’ EIFIE

A\ Element Types [ = [ :
4| Defined Element Types: 5
8 Pr APR 1
=] 13:54:16

J\ Library of Element Types

Only structural element types are shown

Library of Element Types Structural Mass

»|| 2node 188

F 3node 189

| |3D elastic 4
lastic 24

e
Solid 1
Shell

Solid-Shell tapered 44

Element type reference number 7
oK Apply Cancel Help

LENEFEREEEEEEEBE

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

Prob Design
Radiation Opt

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

v' Fechar a janela do “Element Types”;

2.2. Define as propriedades do material:
v" Dentro do “Preprocessor”, selecionar “Material Props”, “Material Models”;
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v" Na nova janela que abrir, para o “Material Model Number 1”, no quadro
“Material Models Available” selecionar:
“Structural>Linear>Elastic>lsotropic”;

v Dar um duplo clique em “Isotropic”;

v A janela “Linear Isotropic Material Properties for Material Number 1 ir4
abrir. Inserir na lacuna “EX” o valor referente ao Médulo de Elasticidade
do material e na lacuna PRXY o valor do Coeficiente de Poisson e clicar
em “OK”:

o EX = 1.5E6;
o PRXY =0.2;
v Fechar a janela “Define Material Model Behavior”.

PAY ANSYS ED Utility Menu (laje)

[ Preferences
B Preprocessor
Element Type

Real Constants
& Material Py

Material Models Defined Material Models Available

rial Model
Y Vioterial Model Number | 2l | G Favorites

\ Linear Isotropic Properties for Material Number 1 ==

Convert ALPx

Change Mat Num

Failus ia

B Write to File

[ Read from File
Sections

Linear Isotropic Material Properties for Material Number 1

Set Up
ItiField Set Up

— | Add Temperature | Delete Temperature Graph || £

ok el | e |

TimeHi
Drop Test

Topological Opt

ROM Tool &l

klblEbblbklbbpbplkle:

%

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

2.3. Define Constantes Geométricas:

v Dentro do “Preprocessor”, selecionar “Real Constants”;
Dentro do “Real Constants”, selecionar “Add/Edit/Delete”;
v" Na nova janela que abrir, clicar em “Add...” para adicionar novas
constantes geométricas;
v Uma nova janela se abrira entdo selecionar o tipo de elemento em
“Choose element type” e clicar em OK;
v' A janela “Real Constants Set Number 1, for “SHELL 63” ira aparecer.
Deve-se inserir:
o Real Constant Set No. =1
o Shell Thickness  TK(l) =0.12
v" Clicar em “OK”.

<
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P\ ANSYS ED Utility Menu (laje)

JﬁJﬂJJJ;J% EEEE

- A\ Real Constants (S \[
JEID | I ONE DEFINED
Pl
B Py
Real Constant Set No.

Shell thickness at node I TK(@)

at node J TK())

at node K TK(K)

atnode L TK(L)

Elastic foundation stiffness EFS

THETA

Element X-axis rotation

Bending mom of inertia ratio RMI

Dist from mid surf to top CTOP

Dist fi bot CBOT

SOVYENEEERNEEEEREEBE

it area  ADMSUA

BE&8

Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

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

s

&l

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

v Na janela que abrir, clicar em “Add...” para adicionar novas constantes
geomeétricas;

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

v A janela “Real Constants Set Number 2, for “BEAM 44” ira aparecer.
Deve-se inserir:

o Real Constant Set No. =2

o AREAl =0.05

o 1Z1 =0.0000416
o 1Yl =0.00104166
o TKZB1 =0.25

o TKYB1 =0.05

o DX1 =

o DY1 =

o Dz1 =-0.19

o TKZT1 =0.25

o TKYT1 =0.05

o AREA2 =0.05

o 122 =0.0000416
o 1Y2 =0.00104166
o TKZB2 =0.25

o TKYB2 =0.05

o DX2 =0

o DY2 =0

o Dz2 =-0.19

o TKZT2 =0.25

o TKYT2 =0.05
v" Clicar em “OK”;
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P\ ANSYS ED Utility Menu (laje)

/\ Real Constant Set Number 2, for BEAM44

BEFEEEE]

N Real Constants =

=
nE3z

EEEEEEEEEEEEB

Drop Test
Topological Opt
ROM Tool
DesignXplorer VT
Design Opt

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

Element Type Reference No. 2
Real Constant Set No.

Constants 1-24 (basic set)

Constants at nodeI (end 1)
Cross-sectional area ~ AREAL
ZY moments of inertia 1Z1 IV1
Z)Y bottom thickness TKZB1 TKYB1

Torsional moment of inertia IX1

XY, Z offsets DX1 DY1 DZ1

ZY top thickness  TKZT1 TKYTL
Constants at node J (end 2)

Cross-sectional area  AREA2

ZY moments of inertia 1Z21v2
ZY bottom thickness TKZB2 TKYB2

Torsional moment of inertia IX2
XY.Z offsets DX2 DY2 DZ2

ZY top thickness TKZT2 TKYT2

Shear defl const SHEARZ SHEARY
Constants 25-30 (for shear and torsional stresses)

ok |

Apply ‘

2
0.05
0.0000416 0.00104166

[02s [005
—
[0 [o [-019

025 0.05
0.05

0.0000416 0.00104166
025 0.05

o]
£23
2

ﬂ
&

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

|mat=1 [type=1

|real=1

2.4.

Cria 0 modelo geométrico:

2.4.1. Cria 0 modelo geométrico:

v' Dentro do “Preprocessor’ selecionar “Modeling”,

“Rectangle”, “By Dimensions”;
v" Na nova janela que abrir:

o X1, X2
o Y1,Y2
v" Clicar em “OK”;

PAY ANSYS ED Utility Menu (laje)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help

“Create”,

“Al’ea”,

Di=las|slee &

ANSYS Toolbar

- E =

SAVE_DB| RESUM_DB M POWRGRPH

3|
[ Preferences =
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
Keypoints
Lines
B Areas
@ Arbitrary
B Rectangle
A By 2 Corners
A By Centr & Cornr
b

ANSYS Main Menu

Circle
@ Polygon
A Area Fillet
@ Volumes
@ Nodes
Elements
B Contact Pair
Piping Models
@ Circuit
@ Transducers
@ Operate
Move / Modify
Copy
Reflect
Check Geom
Delete _'j

[RECTNG] Create Rectangle by Dimensions
X1,X2 X-coordinates

YLY2 Y-coordinates

<

@
)
8| @

5

@
ool |

)

B
*

@

o

dplelo|s|tolplslolofalajalajale|a|e

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. Define tamanho dos elementos da malha:

v Dentro do “Preprocessor” selecionar “Meshing”, “Size Ctrls”, “Manual
Size”, “Lines”, “All Lines”;

v" Na nova janela inserir:

o SIZE Element edge length

0.15
v" Clicar em “OK”.

P\ ANSYS ED Utility Menu (laje)

File Select List Plot PlotCtrs WorkPlane Para

D|=| 6o a8 2=

- ==
ANSYS Toolbar
SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu 3|

[ Preferences -

B Preprocessor

Element Type

Real Constants
1P

/\ Element Sizes on All Selected Lines
® o S
@ ng [LESIZE] Element sizes on all selected lines
B Meshing SIZE  Element edge length
Mesh Attributes
MeshTool NDIV  No. of element divisions
B Size Cntrls

(NDIV is used only if SIZE is blank or zero)
KYNDIV SIZE,NDIV can be changed

SPACE Spacing ratio

Show more options

oK Cancel Help

Mesh

Modify Mesh

Check Mesh

Clear

ecking Ctrls
Ctrls

Exemplo de laje com viga de bordo

or enter an ANSYS Comman d (PREP7) mat=1 [type=1 real=1

2.5. Aplicar as condi¢des de contorno na modelagem sélida:
2.5.1. Aplicar as cargas:

v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Pressure”, “On Areas”;

v' Apontar a area 1 e clicar em “OK”;

v" Na nova janela inserir o valor da carga a ser distribuida na area:
o VALUE - 0.6;
o LKEY 2

v Clicar em “OK”;
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FA\ ANSYS ED Utility Menu (laje)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Di=laslsls e E

ANSYS Toolbar

EIEE]

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu (i 15 @
hecking Ctris z AREAS

lumbering Ctris —— . @J
rchive Model =

oupling / Ceqn s e
SISet Up @ @
tultiField Set Up =
oads B|B=]

3 Analysis Type
3 Fast Sol'n Optn
3 Define Loads
Settings
B Apply
8 Structural
@ Displacement
Force/Moment
B Pressure

A\ Apply PRES on areas

[SFA] Apply PRES on areas as a
If Constant value then:

VALUE Load PRES value

LKEY Load key, usually face no.

(required only for shell elements)

Ao

R On Nodes
R On Node Components
R On Elements
A On Element Components
[ From Fluid Analy
R On Beams
Temperature
@ Inertia
[ Pretnsn Sectn
[ Gen Plane Strain
Other
Field Volume Intr
Initial Condit'n

i |
T —] ]

Exemplo de laje com viga de bordo

palelols sl bl la

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

2.5.2. Fornece condicdo de contorno:

v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Displacement”, “Symmetry B.C.”, “On Lines”;

v' Apontar as lines 2 e 3 e clicar em “OK?”;

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= ul o & & 2 &l EEIE]

ANSYS Toolbar ®|
M] RESUM_DB M POWRGRPH. A
ANSYS Main Menu @ ﬁ—j @
e | Wi a1 20 | 9|
e : | e
:ﬂ;l:sﬁeld SetUp 8|2

@ Analysis Type
Fast Sol'n Optn
B Define Loads
Settings
B Apply
& Structural
B Displacement
R On Lines
A On Areas
R On Keypoints
R On Nodes
A On Node Components
Bl Syr

3
A On Areas
[ On Nodes
Antisymm B.C
Force/Moment
Pressure
Temperature
Inertia
Pretnsn Sectn
B Gen Plane Strain
Other

. . |
HT e —] ]

Exemplo de laje com viga de bordo

paleols sl 2la

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

2.6. Geraamalhade elementos finitos:
v" Dentro do “Preprocessor” selecionar “Meshing”, “Mesh”, “Areas”, “Free
+u.

v" Selecionar “PICK ALL”;
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Y ANSYS ED Utility Menu (laje)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help ‘

D= 6o & & 2 &l B

ANSYS Toolbar

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH

ANSYS Main Menu ®|

dplelo(s|t|olplslololalalalajale|a|e

|
@
g

®
o)
@
2

Preferences

B Preprocessor
Element Type
Real Constants
Material Props
Sections

ELEMENTS

sl

=

Modeling |3
B Meshing
Mesh Attributes E
B MeshTool

Size Cntris
Mesher Opts
& Concatenate
B Mesh
A Keypoints
A Lines
B Areas
Mapped
e

AL
A Target Surf &
@ Volumes
Volume Sweep
Tet Mesh From
Interface Mesh
Modify Mesh
Check Mesh
@ Clear
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn [J| |=xevplo de laje com viga de bordo

il |

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

2.6.1. Salvando dados no arquivo laje.db
v" No ANSYS Toolbar clicar em “SAVE_DB".

MODELO 1: COM A LAJE ENGASTADA

©

2.7. Insere condicdo de contorno para simular laje engastada:
v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”’, “Displacement”, “On Lines”;
v" Apontar as lines 1 e 4 e clicar em “OK”;
v" Na nova janela selecionar:
o LAB ALLDOF
v" Clicar em “OK”;
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P\ ANSYS ED Utility Menu (laje)

File Select List Plot PlotCtds WorkPlane Parameters Macro

MenuCtrls  Help

NECEEERL -

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

ELEMENTS

r

Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up
MuitiField Set Up
Loads
Analysis Type =
Fast Sol'n Optn
B Define Loads
Settings
B Apply
B Stru
B2 D

'\ Apply UROT on Lines

[DL] Apply Displacements (U,ROT) on Lines
Lab2 DOFs to be constrained

All DOF
Constant value -

Apply as
VALUE Displacement value
oK Apply ‘

Cancel ‘ Help ‘

Bl |=xemplo de laje com viga de bordo

dslelsle| |

kil

4

2[alel»[s 1 [0plz ool 2faaleflo

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

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

3. SOLUCAO

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

LS”:
v" Clicar em “OK”.

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

4. POS PROCESSAMENTO

Gera, lista e plota

0s resultados:

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

o LAB
o Item, comp

v" Clicar em “APPLY”.

MX
By sequence number

SMISC
SMISC,4
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Y ANSYS ED Utility Menu (laje)

JMAJJJJE EEEE

Element Table Data

&

<

Z

AN Label fem  Comp TimeStamp  Status Al
| B 7
Prl ﬂ
Sq 8

\ Define Additional Element Table Items

&

¥

[AVPRIN] Eff NU for EQV strain

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

¢ &lls

Item,Comp Results data item Strain-thermal
Strain-plastic

FlekRkpRRE

nEAAAEEE @S

(For "By sequence num”, enter sequence

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

£l

in Elements Manual for seq. numbers.)

oK Apply |

Cancel Help

B Find
Find Minimum

Exponentiate

Cross Product

Dot Product

[ Erase Table

Path Operations

Surface Operations &

« i

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

sl 220

v Na nova janela, definir (momentos em Y):
o LAB MY
o Item, comp By sequence number SMISC
SMISC,5
v Clicar em “APLLY".

P\ ANSYS ED Utility Menu (laje)

N\ Element Table Data

JHIA|

Label tem  Comp Time Stamp  Status

&
@ Se

@
3

\ Define Additional Element Table Items.

o
[2)

[AVPRIN] Eff NU for EQV strain

[ETABLE] Define Additional Element Table ltems

Lab User label for item

Item,Comp Results data item Strain-thermal
Strain-plastic

Strain-creep

Strain-other
Contact
Optimization

nEAAHE @6

A (For "By sequence num", enter sequence

no. in Selection box. See Table 43
in Elements Manual for seq. numbers.)

oK Apply |

Help

Cancel

ETFind Maamom
Find Minimum
E Exponentiate
[ Cross Product
[ Dot Product

Erase Table

Path Operations
Surface Operations

-« il

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

v" Na nova janela, definir:
o LAB MXY
o Item, comp By sequence number SMISC
SMISC,6

v" Clicar em “OK”.
v
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P2\ ANSYS ED Utility Menu (iaje) =8| X ]

NEFEEE] m— — S|

N\ Element Table Data % [
= 0 |

Label ltem  Comp TimeStamp  Status
Brf| Mx Time= 1.0000  (Current)
[Ty s e i {Cmer
sd
= I\ Define Additional Element Table Items

[AVPRIN] Eff NU for EQV strain

[ETABLE] Define Additional Element Table Items

Lab User label for item MXY
Strain-thermal
Strain-plastic
Strain-creep
Strain-other
Contact
Optimization

Item,Comp Results data item

DEAEAREEE R

Booz222

A (For "By sequence num", enter sequence

no. in Selection box. See Table 4.3

in Elements Manual for seq. numbers.)

oK Apply | Cancel Help

B Find Maamuam
Find Minimum
Exponentiate
[ Cross Product
[ Dot Product
[ Erase Table
Path Operations
Surface Operations 5

« ]

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

Pl P

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Element Table”;
v" Na nova janela selecionar:
o ltable MX
o Avglab Yes - average
v Clicar em “OK”;

P ANSYS ED Utility Menu (laje)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

o= uo & & 2 & oz @

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH j’

ANSYS Main Menu

Preferences ELEMENT SOLUTION ®
A ‘ i ®| 2

Solution
B General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
B Plot Results
[} Deformed Shape
B Contour Plot [PLETAB] Contour Element Table Data

Nodal Solu
B Element Solu ltiab Item to be plotted
e

2 Avglab Average at common nodes? Yes - average -

JEle
Line Elem

Vector Plot
Plot Path Item
Concrete Plot
ThinFilm

List Results

Query Results

B Options for Outp

[ Results Viewer

Write PGR File

Nodal Calcs

Element Table

Path Operations

Surface Operations

Load Case

Apply Cancel ‘ Help ‘

sfplelnle 2 olelollafala

.640496 .4223 32234
Check Elem Shape -.531405 -.3132; 0 .341325
Write Results Exemplo de laje com viga de bordo
«
[ Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=t real=1 ceys=0 secn=1 |
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PAY ANSYS ED Utility Menu (laje)

File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help

D= 88| 8l & 7| &l

ANSYS Toolbar

- E e

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH

ANSYS Main Menu

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

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

341325

pplelols sl bplla

| ==
[Pick a menu item or enter an ANSYS Command (POSTL) | iall ﬁ [type=t

[real=1

[csys=0 [secn=1 |

v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Element Table”;

v" Na nova janela selecionar:
o Itable MY

o Avglab Yes - average

v" Clicar em “OK”;

PAY ANSYS ED Utility Menu (laje)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help

Di=as|slse &

ANSYS Toolbar

- E e

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

[ Preferences

Preprocessor

Solution

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

Ves - average

Cancel |

& Plot Results : =
Deformed Shape 1]\ Contour Plot of Element Table Data
2 E’Tﬁ:';"s’ﬂ' [PLETAB] Contour Element Table Data

odal Solu
B Element Solu | tlab Item to be plotted
Avglab Average at common nodes?
es
Vector Plot
Plot Path Item
App

Concrete Plot pPly
@ ThinFilm

List Results

Query Results

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

Check Elem Shape
Write Results &

< |

o
341325

d[plelo|e|t|olelslolofelala

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

real=1

csys=0 secn=1 |
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PAY ANSYS ED Utility Menu (laje)

File Select List Plot

PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D= 88| 8l & 7| &l

ANSYS Toolbar

- E e

SAVE_DB| RESUM_DB ‘Qﬂ POWRGRPH

ANSYS Main Menu

6]

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

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

«

= AVG ELEMENT SOLUTION

016
| |=xemplo de laje com viga de bordo

.161831

pplelols sl bplla

[ 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”, “Element Table”;

v" Na

Y ANSYS ED Utility Menu (Ia

nova janela selecionar:

o Itable MXY

o Avglab Yes - average
v" Clicar em “OK”;

je)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrs Help

Di=aslslzeHE

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB ‘QLJEJ POWRGRPH

ANSYS Main Menu

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

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

«

es

3|

= ELEMENT SOLUTION

[PLETAB] Contour Element Table Data
[ Ttlab Ttem to be plotted

Avglab Average at common nodes?

Apply

B

Ves - average

Cancel |

016
Bl |=xemplo de laje com viga de bordo

il
lo[ols[»

\i

Ed

Blelole]zlolelelolefozalale@l|e

-]

| Pick a menu item or enter an

ANSYS Command (POSTL) mat=1 [type=t

real=1

csys=0 secn=1
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PAY ANSYS ED Utility Menu (laje)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

D= 6o & & 2 &l B

ANSYS Toolbar

®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH j’
ANSYS Main Menu ®|
[ Pref -

Plot Path Item
Concrete Plot
ThinFilm

1

General Postproc
Data & File Opts
sults Summary

= ELEMENT SOLUTION

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

real=1 csys=0 secn=1 |

MODELO 2: COM A LAJE SIMPLISMENTE APOIADA

©

4.2.

4.3.

v
v

DEVE-SE REPETIR O EXEMPLO DO INICIO ATE O ITEM “F”:

Insere condicdo de contorno para simular laje simplesmente
apoiada:

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

“Structural”, “Displacement”, “On Lines”;
Apontar as lines 1 e 4 e clicar em “OK?”;
Na nova janela selecionar:

o LAB uz

Clicar em “OK”;

O,

SOLUCAO

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

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

, “Current

O,

6.

POS PROCESSAMENTO
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6.1. 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 (momentos em X):

o LAB MX
o Item, comp By sequence number SMISC
SMISC,4
v Clicar em “APPLY”.
v" Na nova janela, definir (momentos em Y):
o LAB MY
o Item, comp By sequence number SMISC
SMISC,5
v Clicar em “APLLY".
v" Na nova janela, definir:
o LAB MXY
o Item, comp By sequence number SMISC
SMISC,6

v" Clicar em “OK”.

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Element Table”;
v" Na nova janela selecionar:
o lItable MX
o Avglab Yes - average

v" Clicar em “OK”;

Y ANSYS ED Utility Menu (laje)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

Dl=alo 8 & 2 & B s

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH _dJ
ANSYS Main Menu ®| =] @]
::::::Li:::r = “ave ELEMENT SOLUTION 5 . @ @

Solution

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

Failure Criteria
B Plot Results
Deformed Shape

Vector Plot

@ Plot Path Item
rete Plot
il

tions for Outp
sults Viewer

el pkkpkRRE

d Case

3| 5]

)

[ Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=1 real=1 csys=0 secn=1 |
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v" No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Element Table”;
v" Na nova janela selecionar:
o ltable MY
o Avglab Yes - average

v" Clicar em “OK”;

PAY ANSYS ED Utility Menu (1aje)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

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

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

[ Preferences Bl | ELEMENT SOLUTION

Preprocessor

Solution

B General Postproc
Data & File Opts
Summary

o Sl s |02

i
8 Plot Results
Deformed Shape
B Contour Plot

Plot Path Item
Concrete Plot
& ThinFilm
List Results
Query Results
& Options for Outp

Write PGR File
Nodal Cales

lelole[zlolelslolelalalalale oo ]

Elem Shape
ite Re

ite Results i |

)

enu item or enter an ANSYS Comman d (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”, “Element Table”;
v" Na nova janela selecionar:
o lItable MXY
o Avglab Yes - average

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

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Di=laslsls e E

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
B Plot Results

Deformed Shape

B Contour Plot

@ Vector Plot
Plot Path Item
ret

t Results
Query Results
Options for Outp
Results Viewer

Check Elem Shape
[ Write Results

A ELEMENT SOLUTION

el pllkbblRRE

)

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

real=1 csys=0

MODELO 3: LAJE COM VIGA DE BORDO

O,

6.2. DEVE-SE REPETIR O EXEMPLO DO INICIO ATE O ITEM “F”;

6.3. Insere condicdo de contorno para simular laje com viga de bordo:
v' Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,

“Structural”, “Displacement”, “On Keypoints”;
v' Apontar as lines 1, 2, 3 e 4 e clicar em “OK?”;
v" Na nova janela selecionar:

o LAB

v" Clicar em “OK”;

ALLDOF
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P ANSYS ED Utility Menu (laje)

File Select List Plot PlotCtrils WorkPlane Parameters Macro MenuCtris Help

Di=as|sle e E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctris
Numbering Ctrls
Archive Model
Coupling / Ceqn
FLOTRAN Set Up
FSI Set Up
MultiField Set Up =
B Loads
Analysis Type
[ Fast Sol'n Optn
B Define Loads
Settings
8 Apply
B Structural
B Displacement
R On Lines
R On Areas
A

Val
A On Node Compon
Bl Symmetry B.C
A On Lines
A .withArea |
e 5]

Apply UROT on KPs
[DK] Apply Displacements (U,ROT) on Keypoints
Lab2 DOFsto be constrained

Apply as
If Constant value then:

VALUE Displacement value

KEXPND Expand disp to nodes?

Constant value o

[~ No

Cancel ‘ Help ‘

el pllkbblRRE

)

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

mat=1 [type=t real=1

csys=0 secn=1 |

6.4. Adotar propriedades para criar os elementos da viga de bordo:
v" No “ANSYS Main Menu” dentro do “Preprocessor” clicar em “Modeling”,
“Create”, “Element”, “Elem Attributes;
v" Na nova janela, selecionar:

o TYPE
o REAL
v" Clicar em “OK”;

2 BEAM44

2

PAY ANSYS ED Utility Menu (aje) - x
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
Dj=als| sl &l 2= ElFE

ANSYS Toolbar ®|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

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

nt:

/\ Element Attributes
Define attributes for elements

[TYPE] Element type number
[MAT] Meaterial number
[REAL] Real constant set number
[ESYS] Element coordinate sys
[SECNUM] Section number

[TSHAP] Target element shape

Cancel

None defined v
Straight line v

o Sl el le

wllbkklbbebaaRpRe

)

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

mat=1 [type=1 real=1

csys=0 secn=1 |
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6.5. Geracado da Malha de Elementos Finitos:
v Dentro do “Preprocessor” selecionar “Meshing”, “Mesh”, “Lines”;
v Selecionar as lines “1 e 4” e clicar em “OK”;

7. 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”.

8. POS PROCESSAMENTO

8.1. Gera, lista e plota os resultados:
8.1.1. Seleciona elementos da laje:
v No “Ansys Utility Menu”, clicar em “Select”’, “Entities”;
v" Na nova janela selecionar:
o Elements
o By Attributes
o Elem Type Num
o Min, Max 1,1
v Clicar em “OK”

PA\ ANSYS ED Utility Menu (laje) =@ X

File Select List Plot PlotCtrls WorkPlane

Parameters

Dl=assls 2 H

ANSYS Toolbar

- Z

&l

SAVE_DB| RESUM_DB M POWRGRPH

4| |[Etements ~|

ANSYS Main Menu ®|

Analysis Type

Define Loads

Load Step Opts

SE Management (CMS)
Results Tracking

FSISet Up

MultiField Set Up

ADAMS Connection

Diagnostics

B Unabridged Menu
General Postproc
TimeHist Postpro

N Select Entities (825 _—®J

By Attributes  ~ ,l_j .@

' Material num

@ Elem type num ,@ @
© Real set num Q‘ @
 Elem CS num | IEAEE
© Section ID num O] =a|

" Layer num

Min,Max.Inc
1.1

@ From Full
" Reselect
" Also Select

" Unselect

Sele All Invert
Sele None| Sele Belo
OK Apply
Plot Replot
| Cancel| Help I

el pllkbblRRE

)

v" No “ANSYS Main Menu” dentro do “General Postproc” clicar em
“Element Table”, “Define Table”, “Add”;
v" Na nova janela, definir (momentos em X):
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o LAB MX
o Item, comp By sequence number SMISC
SMISC,4
v Clicar em “APPLY”.
v" Na nova janela, definir (momentos em Y):

o LAB MY
o Item, comp By sequence number SMISC
SMISC,5
v Clicar em “APLLY".
v" Na nova janela, definir:
o LAB MXY
o Item, comp By sequence number SMISC
SMISC,6

v" Clicar em “OK”.

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Element Table”;
v" Na nova janela selecionar:
o Itable MX
o Avglab Yes - average

v" Clicar em “OK”;

P2 ANSYS ED Utility Menu (1aje)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

bj=als & &l 2 &l ElEE

ANSYS Toolbar e
SAVE_DB| RESUM _DB| QUIT| POWRGRPH

ANSYS Main Menu S]]l - 1x] @

[ Preferences Bl | xvc eLeEnt soruTion » () ‘j
Preprocessor ) i 2|

Solution
B General Postproc
Data & File Opts

Plot Path Item

Concrete Plot
@& ThinFilm
List Results 2
Query Results
B 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 |

)

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Element Table”;
v" Na nova janela selecionar:
o lItable MY

o Avglab Yes - average

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 25



v" Clicar em “OK”;

) ANSYS ED Utility Menu (laje)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

D= d o 8 & 2 El Xz @

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

AVG ELEMENT

ral Postproc
Data & File Opts
Results Summary

B Li
Vector Plot

Plot Path Item
te Plot

a
ef

t Results
ery Results

Options for Outp
B Results Viewer
E Write PGR File

rface Operations
= d Case = .25699 -.0743;
ieck Elem Shape .01701 .199695

colkpREpERRR

ROM Operations

)

v No ANSYS Main Menu dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Element Table”;
v" Na nova janela selecionar:
o lItable MXY
o Avglab Yes - average

v" Clicar em “OK”;

8.1.2. Seleciona elementos do bordo:
v" No “Ansys Utility Menu”, clicar em “Select”, “Entities”;
v" Na nova janela selecionar:
o Elements
o By Attributes
o Elem Type Num
o Min, Max 2,2
v" Clicar em “OK”
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Y ANSYS ED Utility Menu (laje) =@ X |
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
Dzl @ o s s e E EEE
ANSYS Rooliet LA selectbntie: sl B
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

4| |Elements ~
ANSYS Main M =
aaaaaa Glfl - [By Atributes ~ 1] @]
Preferences Bl | o ®| @
2 " Material num
@ Elem type num ,@ @
" Real set num @_‘ 2
B Results Summary ==
ad Results € Elem CS num iz ]|
" Section ID num @ | °g

Vector Plot
Plot Path Item

Exemplo de laje com viga de bordo

ROM Operations |

' Layer num

Min,Max.Inc
2,2

“ From Full
" Reselect
" Also Select
" Unselect

Sele All Invert
Sele None| Sele Belo
OK Apply
Plot Replot
Cancel Help

cllllokkpklple

)

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

“Element Table”, “Define Table”, “Add”;

v" Na nova janela, definir (momento fletor no na inicial I):

v

o LAB
o Item, comp

MFI
By sequence number SMISC
SMISC,5
Clicar em “APPLY”.
Na nova janela, definir (momentos fletor no né final J):

o LAB MFJ

o Item, comp By sequence number SMISC
SMISC,11
Clicar em “APPLY”.
Na nova janela, definir (esforco cortante no né inicial 1):

o LAB Ql

o Item, comp By sequence number SMISC
SMISC,3
Clicar em “APPLY”.
Na nova janela, definir (esforco cortante no né final J):

o LAB QJ

o Item, comp By sequence number SMISC
SMISC,9

Clicar em “APPLY”.

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

tE 1]

Results”, “Contour Plot”, “Line Elem Res
Na nova janela selecionar:

o LABI MFI
o LABJ MFJ
Clicar em “OK”;
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JAY ANSYS ED Utiity Menu (aje)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D=8l 8l & 2 E

ANSYS Toolbar

4 = g

3|

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences

Preprocessor

Solution

B General Postproc
Data & File Opts

"LINE STRESS
STEP-1
SUB =1
TIME=1

ANSYS
APR 13 2010
16 31

Resuits Summary
Read Results
Failure Criteria
8 Plot Results
[ Deformed Shape
& Contour Plot
dal Solu
ment Solu

Vector Plot
Plot Path Item
Concrete Plot
ThinFilm
List Results i
Query Results
Options for Outp
B Results Viewer
B Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case -.310934 - -.109521
Check Elem Shape -.260581 -.159874 -.059168
B Write Results Exemplo de laje com viga de bordo
ROM Operations -~

=
[»

o] @
8| 3|
@
2
EXd)

@

a @
il )

B

[elolezlolelsloloelaalae e

)

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

Results”, “Contour Plot”, “Line Elem Res :
v" Na nova janela selecionar:

o LABI
o LABJ

Ql
QJ

v" Clicar em “OK”;

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Dlz|a o s e H

ANSYS Toolbar

i) )]

SAVE_DB| RESUM_DB @ POWRGRPH

ANSYS Main Menu ®|

Preferences
Preprocessor
Solution
B General Postproc
B Data & File Opts
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
B Results Viewer
B Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations
Load Case
Check Elem Shape
B Write Results
ROM Operations -~

"LINE STRESS
STEP-1
SUB =1
TIME=1
QI

-.512767

Exemplo de laje com viga de bordo

cllllokkpklRple

)
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9. 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 opcao “Save everything” e clicar em “OK”.
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