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LAJES COM CARREGAMENTOS ESPECIAIS

INTRODUCAO

O objetivo deste exemplo é a verificagdo do comportamento estrutural de
lajes com carregamentos especiais. Na literatura técnica sdo facilmente
encontradas tabelas para a determinacdo dos esforcos em lajes retangulares
sujeitas a uma carga uniformemente distribuida em toda a superficie. Porém,
tabelas para lajes com carregamentos especiais, tais como cargas
concentradas e cargas linearmente distribuidas (parede), sédo dificeis de
encontrar. Neste exemplo, vamos analisar uma laje retangular de concreto
armado de 4m x 6m, com 10 cm de espessura, apoiada nos bordos e com uma
parede de alvenaria provocando uma carga distribuida linear de 52 tf/m,
conforme a figura 1. O peso préprio da laje e a carga uniformemente distribuida
na superficie devido a sua ndo serdo considerados nesta analise. Este exemplo
foi pelo Prof® Antdnio Stramandinolli em seu material didatico para a disciplina
Topicos em Estruturas de Edificios.

RN

Figura 1 — Esquema da laje.
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Trata-se de uma estrutura tridimensional, porém, adotando-se algumas
aproximag0des aplicaveis a este problema, esta laje pode ser analisada atraves
de um modelo bidimensional como a placa em flexdo. Neste problema
utilizaremos o elemento SHELL63 do Ansys e os resultados encontrados serdo
comparados aos obtidos pelas tabelas de Czerny e por outro software de
elementos finitos.

PROPRIEDADES DOS MATERIAIS

Concreto armado:

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

PROPRIEDADES DOS MATERIAIS

e Altura da laje: 10 cm;

CARGA

e Parede no centro da laje: Py = 0.52 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 opcao “Change
Title...”;

Na nova janela que aparecer, digitar novo titulo: “Laje com
carregamento especial’;

Clicar em OK.

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

Jobname...”;
o Na nova janela que aparecer, digitar novo nome do arquivo:
“Lajel”;
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 serd usado:

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

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

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

Outra janela se abrira, entdo no “Library of Element Types” selecionar o
elemento “Structural Shell”, “Elastic 4node63” e clicar em “OK?”;
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Y ANSYS ED Utility Menu (laje)

Dz 26| 2 2 2] H EIEE

A Element Types = [ ﬁl
E1| Defined Element Types: &

B #
=

LERNEEEEEREEREEBB

]

General Postpr
TimeHist Postpro

Drop Test

Topological Opt

ROM Tool

DesignXplorer VT
Design Opt

Prob Design
Radiation Opt

I\ Library of Element Types

Only structural element types are shown

Library of Element Types

sl EbblkblkbkbRRpEE

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:
Dentro do “Preprocessor”, selecionar “Material Props”, “Material Models”;
Na nova janela que abrir, para o “Material Model Number 1”, no quadro
“Material Models Available” selecionar:
“Structural>Linear>Elastic>lsotropic”;
Dar um duplo clique em “Isotropic”;
A janela “Linear Isotropic Material Properties for Material Number 1 ir4
abrir. Inserir na lacuna “EX” o valor referente ao Modulo de Elasticidade
do material e na lacuna PRXY o valor do Coeficiente de Poisson e clicar
em “OK”:

o EX = 1.5EG6;

o PRXY =0.2;
Fechar a janela “Define Material Model Behavior”.

Método dos Elementos Finitos Aplicado a Engenharia de Estruturas Pagina 5



Y ANSYS ED Utility Menu (laje)

JMAJJJJE EEEE

al Constants
B Material Props
@ Material Library
Temperature Units
nits

Material Models Defined Material Models Available
B
[ Convert ALPx

[Material Model
laterial Model || (& Favorites
B Chanoe Mat Num R —

N\ Linear Isotropic Properties for Material Number 1

Failure Criteria
Write to File

Linear Isotropic Material Properties for Material Number 1

ltifield Set Up
ds

ysics

Path Operations =
Solution

General Postproc

TimeHist Postpro

sl bl bbbl lbbkpkeb

Drop Test

Topological Opt

ROM Tool

et ey - - - | |
| 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(I) =0.12
v Clicar em “OK”.

<\
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ANSYS ED Utility Menu (Lajel)

;Jﬁﬂiﬁﬁkﬂﬁjﬁlgl EEEE
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SOVYENEEERNEEEEREEBE

BE&8

Drop Test

Topological Opt

ROM Tool

DesignXplorer VT

Design Opt
Prob Design
Radiation Opt

Run-Time Stats

& Session Editor
Finish

A\ Real Constants [ = \[

NONE DEFINED

Element Type Reference No.

Real Constant Set No.

Shell thickness at node I TK(@)

at node J TK())

at node K TK(K)

atnodeL TK(L)

Elastic foundation stiffness EFS

Element X-axis rotation THETA

Bending mom of inertia ratio RMI

Dist from mid surf to top CTOP

Dist from mid surf to bot CBOT

Added mass/unitarea  ADMSUA

Cancel ] Help

| Pick a menu item

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

O,

2.4.

Cria 0 modelo geométrico:

2.4.1. Cria 0 modelo geométrico:

v

v

<\

v

Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Keypoints”,
“In Active CS”;
Na nova janela que abrir, inserir um nimero para o keypoint que sera
criado em “NPT” e as coordenadas X e Y;
Para criar o primeiro keypoint:

o NPT Keypoint Number: 1;

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

o NPT Keypoint Number: 2;

o X,Y,Z Location in active CS : X=4 Y=0 Z=0;
Clicar em “APPLY”;
Para criar o proximo keypoint:

o NPT Keypoint Number: 3;

o X,Y,Z Location in active CS : X=4 Y=3 Z=0;
Clicar em “APPLY”;
Para criar o préximo keypoint:

o NPT Keypoint Number: 4;
X,Y,Z Location in active CS : X=4 Y=6 Z=0
Clicar em “APPLY”;
Para criar o proximo keypoint:

o NPT Keypoint Number: 5;

o X,Y,Z Location in active CS : X=0 Y=6 Z=0;
Clicar em “APPLY”;
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v Para criar o préximo keypoint:

o NPT Keypoint Number: 6;

o X,Y,Z Location in active CS : X=0 Y=3 Z=0;
v Clicar em “OK”;

\

Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Lines’,
“Straight Line”;

Na nova janela que abrir, para criar as linhas:

Apontar os keypoints 1 e 2 e clicar em “APPLY”;

Apontar os keypoints 2 e 3 e clicar em “APPLY7;

Apontar os keypoints 3 e 4 e clicar em “APPLY7;

Apontar os keypoints 4 e 5 e clicar em “APPLY7;

Apontar os keypoints 5 e 6 e clicar em “APPLY”;

Apontar os keypoints 6 e 1 e clicar em “APPLY”;

v" Apontar os keypoints 6 e 3 e clicar em “OK”;

SRV NENE R NN

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

NECECEKE EIEIE

ANSYS Toolbar

SAVE_DB| RESUM_DB _Qﬂ POWRGRPH

ANSYS Main Menu ®|

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

Polygon
A Area Fillet
@ Volumes

@ Operate
Move / Modify

Copy Laje com carregamento especial
t

el -
[Pick 2 menu item or enter an ANSYS Command (PREPT) = [ e = =
v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Area”,
“Arbitrary”, “Through KPs”;
Na nova janela que abrir, apontar os keypoints 1, 2, 3 e 6;
Clicar em “APPLY”;
Na nova janela que abrir, apontar os keypoints 6, 3, 4 e 5;
Clicar em “OK”.

bplelols 2l blpl2ala

AN NI NI
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Y ANSYS ED Utility Menu (Laje1)

File Select List Plot PlotCtrils WorkPlane Parameters

Macro  MenuCtrls  Help

D= 8|88l 7| &l

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Preferences i=]
B Preprocessor
Element Type
Real Constants
Material Props
Sections
B Modeling
B Create
Keypoints
Lines
B Areas
@ Arbitrary
A Overlaid on Area
A By Lines
A By Skinning
A By Offset o)
Rectangle
@ Circle
@ Polygon
A Area Fillet
Volumes
Nodes
Elements
Contact Pair
B Piping Models
@ Circuit
@ Transducers
Operate
Move / Modify

Copy Laje com carregamento especial

Reflect Lj

sfplelnle 2 olelollafala

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

mat=1 [type=t real=1 ceys=0 secn=1 |

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

v" Clicar em “OK”.

A\ ANSYS ED Utility Menu (Lajel)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

0.30

Dis|as| sl 2|

ANSYS Toolbar

= =

SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu ®|

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
B Meshing
@ Mesh Attributes
MeshTool
& Size Cntrs
SmartSize
B ManualSize
Global
@ Areas

A Picked Lines
A Copy Divs
R Flip Bias =
A Cir Size
@ Keypoints
@ Layers
@ Concentrat KPs
[ Mesher Opts
Concatenate
Mesh
Modify Mesh
@ Check Mesh
@ Clear

A\ Element Sizes on All Selected Lines =)
[LESIZE] Element sizes on all selected lines
SIZE  Element edge length

NDIV  No. of element divisions

e
——

(NDIV is used only if SIZE is blank or zero)
KYNDIV SIZENDIV can be changed ¥ Yes

SPACE Spacing ratio

Show more options

Checking Ctrls Laje com carregamento especial

Numbering Ctrls =

splelols ool pR2le

Pick a menu item or enter an ANSYS Command (PREP7)
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2.5. Aplicar as condi¢fes de contorno na modelagem solida:

2.5.1. Fornece condi¢do de contorno:

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

v' Apontar as lines 1, 2, 3, 4,5 e 6 e clicar em “OK”;

v' QOutra janela ira aparecer entdo selecionar no campo “DOFs to be
constrained” a opgao “UX”;

v Clicar em “APPLY?;

Apontar as lines 1, 2, 3, 4, 5 e 6 e clicar em “OK”;

v' QOutra janela ira aparecer entdo selecionar no campo “DOFs to be
constrained” a opgéo “UY?”;

v" Clicar em “APPLY”;

v' Apontar as lines 1, 2, 3, 4,5 e 6 e clicar em “OK”;

v' Qutra janela ira aparecer entdo selecionar no campo “DOFs to be
constrained” a opgao “UZ”;

v" Clicar em “OK”;

\

FA\ ANSYS ED Utility Menu (Lajel)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D|z|as| a8 o 2= 1= @

ANSYS Toolbar ®|
M] RESUM_DB M POWRGRPH. j’
ANSYS Main Menu ®| -] @
= i ®| |
s Gonrans 8| e
1Y
Modeling EX
Checking Ce 8] %

Numbering Ctrls
Archive Model
Coupling / Ceqn
FSI Set Up
MultiField Set Up
Loads
Analysis Type
[ Fast Sol'n Optn -l
B Define Loads
Settings
B Apply

Laje com carregamento especial

2[ple o[22 lo[o |z b[o 2z ]a

i«

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

2.5.2. Cria um novo sistema de coordenadas:
v No “Utility Menu”, ir em “Work Plane”, “Local Coordinate System”,
“Create Local CS”, “at WP Origin” para criar um sistema de

coordenadas;
v" Na nova janela, inserir:
o KCN Ref Number of new coord sys 11
o KCS Type of coordinate system Cartesian 0

v" Clicar em “OK”
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v" Dentro do “Preprocessor” selecionar “Meshing”, “Mesh Attributes”, “All
Areas”;
v’ Selecionar:
o ESYS Element coordinate sys 11
v Clicar em “OK”

Y ANSYS ED Utility Menu (Laje1)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

b= o & & 2 & Xz @

ANSYS Toolbar

SAVE_DB| RESUM_DB w POWRGRPH

ANSYS Main Menu ®|

[ Preferences -

B Preprocessor
Element Type
Real Constants

[AATT] Assign Attributes to All Selected Areas

fololole| |

terial Props
ns MAT Material number
lodeling EM

B Meshing
B Mesh Attributes
Default Attribs
B All Keypoints
R Picked KPs
All Lines
R Picked Lines

REAL Real constant set number

o

TYPE Element type number

ESYS Element coordinate sys

e T

: SECT Element section None defined =
A Picked Areas
All Vol
A Picked Volumes
@ Volume Brick Orient

MeshTool

Size Cntrls

B Mesher Opts

Concatenate

Mesh

& Modify Mesh

@ Check Mesh

Clear

Coupling / Ceqn M| |15 com carregamento especial

« ]

| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 csys=11 secn=1

2[ple 2]t plleopRRepRE e

©

2.6. Geraamalhade elementos finitos:

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

v" Selecionar “PICK ALL”;

2.6.1. Salvando dados no arquivo Lajel.db
v" No ANSYS Toolbar clicar em “SAVE_DB”.
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MODELO 1: COM A PAREDE NO SENTIDO DE TRANVERSAL (DIRECAO

DE X)

©

2.7. Insere carga para simular parede:

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

“Structural”’, “Force/Moment”, “On Nodes”;

v" Apontar os nés do meio da laje na direcdo x (15 nés no total, como na

figura abaixo) e clicar em “OK?”;
FAY ANSYS ED Utility Menu (Laje1)

File Select List Plot PlotCtrils WorkPlane Parameters Macro MenuCtris Help

1
]
x

o= ao &l & 2 & BN

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

eferences = ELEMENTS
eprocessor

Element Type

Real Constants Apply F/M on Nodes
Material Props =

Sections

Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSI Set Up
MultiField Set Up
loads = J| Minimum
Analysis Type
Fast Sol'n Optn
B Define Loads

i oo o0ooo00ooo0o0o0oo0n

Cance.

dslelsle| |

kil

Ed

pplelolsslolplrlopRl22Rla[2flo i

| [F] Pick or enter nodes for force/moment loading [ mat=1 [type=1 real=1 csys=11 secn=1 |

v" Na nova janela selecionar:

o LAB FZ

o VALUE -0.1387
v" Clicar em “OK”;
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Y ANSYS ED Utility Menu (Laje1)

-3 x
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrs Help ‘
Di=as|sle e E i)

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH j’

ANSYS Main Menu ®|

r

Element Type
Real Constants
Material Props

Sections
Modeling
Meshing

Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn

FSI Set Up

MultiField Set Up

Loads

Analysis Type
[ Fast Sol'n Optn
B Define Loads

ELEMENTS

[\ Apply F/M on Nodes
[F] Apply Force/Moment on Nodes
Lab  Direction of force/mom

Apply as

Constant value >
-0.1387

If Constant value then:

VALUE Force/moment value

oK Cancel [ Help [

Laje com carregamento especial

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

[type=t real=1 coys=11 secn=1 |

O,

3. SOLUCAO

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

v Clicar em “OK”.

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

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

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

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".
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JA\ ANSYS ED Utilty Menu(laje) o e @] X

JMAJJJJE EEEE

Element Table Data B3l L

&

<

ltem  Comp Time Stamp  Status
Pr|
sq
a I\ Define Additional Element Table Items

[AVPRIN] Eff NU for EQV strain

&
&

il
[ETABLE] Define Additional Element Table Items o (E
Lab  Userlabel for item %

Item,Comp Results data item

nEAAAEEE @S

(For "By sequence num”, enter sequence

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

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 a menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=1 [ real=1 [[csys=11 [ secn=1

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

v" Clicar em “APLLY”.

ANSYS ED Utility Menu (Laje1)

- E @

mp 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 Strain-thermal
Strain-plastic
Strain-creep
Strain-other
Contact
Optimization

nEAAHE @6

SMISC, 5
A (For "By sequence num", enter sequence

no. in Selection box. See Table 403

in Elements Manual for seq. numbers.)

oK Apply Cancel Help

EJFind Maamam
Find Minimum
E Exponentiate
[ Cross Product
[ Dot Product

Erase Table

Path Operations
Surface Operations Laje com carregamento especial

-« il

| Pick a menu item or enter an ANSYS Command (POSTL) [ mat=1 [type=1 real=1 csys=11 secn=1

lel=[e|s]e

%

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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Y ANSYS ED Utility Menu (Laje1) =8 X |

SEFOEED] m— — =

Label kem  Comp TimeStamp  Status
Brq|  Mx SMIS Time= 10000 (Current)

P fime= 10000 (Cur

sq

a I\ Define Additional Element Table Items

[AVPRIN] Eff NU for EQV strain
[ETABLE] Define Additional Element Table ltems
Lab  Userlabel for item MXY

Item,Comp Results data item

Strain-thermal
Strain-plastic

DEAEAREEE R

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 , ;
B Dot Product
B Erase Table & QAL Ll I B & A :

Path Operations

Surface Operations |

« i

s

| Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=1 real=1 csys=11 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 ltable MX
o Avglab Yes - average
v Clicar em “OK”;

Y ANSYS ED Utility Menu (Laje1)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

b= do & & 2 & J oz @

ANSYS Toolbar

SAVE_DB| RESUM_DB w POWRGRPH

ANSYS Main Menu @/ -

B Preferences i) " ELEMENTS AN‘SYS
Preprocessor APR 18 2010
& Solution i L b e ke 204

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

B Plot Results =
Deformed Shape |\ Contour Plot of Element Table Data
£ Cantoii Plot [PLETAB] Contour Element Table Data

B Nodal Solu

ent Solu
= bie)

[ Line Elem Res

Vector Plot

Plot Path Item

& Concrete Plot

@ ThinFilm i
List Results
Query Results
[ Options for Outp
Results Viewer
Write PGR File
Nodal Calcs
Element Table
Path Operations
Surface Operations

Itlab Item to be plotted

Avglab Average at common nodes?

Apply

Llefelal=

5

ole [ [s [+ oo s

Load Case

Check Elem Shape

Write Results RaJ| |L2i= com carregamento especial
| i &l
| Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=1 real=1 csys=11 secn=1
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Y ANSYS ED Utility Menu (Laje1)

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 sl AVG ELEMENT SOLUTION
Preprocessor

Solution

8 General Postproc
Data & File Opts
Results Summary
Read Results

Failure Criteria
B Plot Results
[ Deformed Shape
& Contour Plot
Nodal Solu
E 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

sfplelnle 2 olelollafala

Load Case
Check Elem Shape
Write Results 5
K : ol
[ Pick a menu item or enter an ANSYS Command (POSTL) [mat=1 [type=1 [real=1 [esys=11 [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 ltable MY

o Avglab Yes - average

v" Clicar em “OK”;

A\ ANSYS ED Utility Menu (Lajel)

-3 X
Flle Select List Plot PlotCtls WorkPlone Parsmeters Macro MenuCtls Help ‘
D=us & 2 & EEE

ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH 4
ANSYS Main Menu @ |||

Preferences sl E ELEMENT SOLUTION

@ Preprocessor

& Solution

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

(BVG)

Deformed Shape ![\ Contour Plot of Element Table Data
8 é,";}":';';k’" [PLETAB] Contour Element Table Data
odal Solu

Itiab Item to be plotted

Avglab Average at common nodes?
e Elem Res

5]
& Vector Plot
@ Plot Path Item

Apply
Concrete Plot OK pply

average

Cancel |

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 Resuts g

HEeee e = EEE

« i

-.001122

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

real=1

csys=11 secn=1
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Y ANSYS ED Utility Menu (Laje1)

File Select List Plot PlotCtrils WorkPlane Parameters Macro MenuCtris Help

D= 6o & & 2 &l B

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH, ﬂ
ANSYS Main Menu ®| @
Preferences sl 72‘,‘,"5 ELEMENT SOLUTION

Preprocessor /%

Solution

8 General Postproc
Data & File Opts
Results Summary
Read Results

Failure Criteria
B Plot Results
[ Deformed Shape
& Contour Plot
Nodal Solu
E 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

s ——, - .
Check Elem Shape —— * tesaos : 5 _sseE-02
Write Results 3 l:rregamento

il .

Pick a menu item or enter an Al [mat=1 [type=1 [real=1 [esys=11 [secn=1 |

sfplelnle 2 olelollafala

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

FA\ ANSYS ED Utility Menu (Lajel)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

NECEEEKIE] EIEIE]

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH i’
ANSYS Main Menu ®| - @
Preferences 1 7AVS ELEMENT SOLUTION

el = ; ®| =
Solution S

B General Postproc B, =L ﬁj @

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

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

bplelols 2okl ala

Load Case
Check Elem Shape
B Write Results ;J
" 2
[ Pick a menu item or enter an ANSYS Command (POSTL) mat=1 [type=1 real=1 csys=11 secn=1 |
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MODELO 2: COM A PAREDE NO SENTIDO DE LONGITUDINAL (DIRECAO

DE Y)
O

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

4.3. Insere carga para simular parede:
v" Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Force/Moment”, “On Nodes”;

v" Apontar os n6s do meio da laje na direcao y (21 nés no total, como na
figura abaixo) e clicar em “OK?”;

JAY ANSYS ED Utility Menu (Laje1)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

bl=us & &l 2 & el

ANSYS Toolbar
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

L |®

eferences
eprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctris

o Sl s |02

Coupling / Ceqn
FLOTRAN Set Up
FSI Set Up
MuiltiField Set Up
Loads

Analysis Type
Fast Sol'n Optn
B Define Loads

Settings
B Apply

oooOoooooooooooooooaoo

wblpkklbebaaRpRe

)

[TF1 Pick or enter nodes for force/moment loading [mat=1 [type=t real=1 oys1l e
v" Na nova janela selecionar:
o LAB FZ
o VALUE -0.1486
v" Clicar em “OK”;
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JL ANSYS ED Utility Menu (Lajel) s e x

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

o= uo & & 2 & oz @

ANSYS Toolbar

3|
SAVE_DB| RESUM_DB M POWRGRPH ﬂ

ANSYS Main Menu ®|

eferences
eprocessor
Element Type

Real Constants
Material Props

Sections
Modeling
Meshing
Checking Ctrls
Numbering Ct

Coupling / Ceqn

Apply as v v
FLOTRAN Set Up PRY Constant value

FSI Set Up

MultiField Set Up VALUE Force/moment value -0.1486

Loads

ris

Analysis Type
BF Optn
s

ELEMENTS

& |3~
[\ Apply F/M on Nodes | # =
[F] Apply Force/Moment on Nodes J EJ

Lab Direction of force/mom

If Constant value then:

oK Cancel [ Help [

el pllkbblRRE

)

[ Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=t real=1 coys=11 secn=1 |

©

SOLUCAO

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

Clicar em “OK”.

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

O,

6.1.

6.

POS PROCESSAMENTO

Gera, lista e plota os resultados:

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

Na janela “Plot Deformed Shape”, selecionar a opg¢ao “Def+undeformed”
e clicar em “OK”;

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

o LAB MX

o Item, comp By sequence number SMISC

SMISC,4

Clicar em “APPLY”.
Na nova janela, definir (momentos em Y):

o LAB MY
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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”;

A\ ANSYS ED Utility Menu (Lajel)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D= a9 8| o] & EEE
ANSYS Toolbar 3|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH j
ANSYS Main Menu ®| )
[ Preferences bl G \VG ELEMENT SOLUTION
Preprocessor |
Solution
B General Postproc @
Data & File Opts )
Results Summary
Its 3|
ri
s 8|

Deformed Shape
B Contour Plot
[ Nodal Solu
Element Solu
Eeiem Tabid
B Line Elem Res
Vector Plot
Plot Path Item
Concrete Plot

s Viewer
Write PGR File
lodal Calcs

wbllEpkkbbRRERRRR6R

Write Results

| |

)

[ Pick a menu item or enter an ANSYS Comman d (POSTL) [ mat=1 [type=1 [ reat=1 [esys=11 |

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

v" Clicar em “OK”;
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Y ANSYS ED Utility Menu (Laje1)

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

Di=as|sle e E

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M 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
nen

u

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

i3 |

AVG ELEMENT SOLUTION

el pllkbblRRE

)

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

[mat=1 [type=1 [real=1 [esys=11 [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 ltable
o Avglab
v" Clicar em “OK”;

FA\ ANSYS ED Utility Menu (Lajel)

MXY
Yes - average

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

Sl 20C - IR |

ANSYS Toolbar

EIEIE]

SAVE_DB RESUM‘D_B‘ M POWRGRPH

ANSYS Main Menu

Preferences
Preprocessor
Solution
B General Postproc
[ Data & File Opts
EJ Results Summary
Read Results
Failure Criteria
B Plot Results
Deformed Shape
B Contour Plot
[ Nodal 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
oad Case
Check Elem Shape
Write Results

l

\VG ELEMENT SOLUTION

10056

Laje com ci amento especial

.129301

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

)

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

mat=1 [type=1 real=1 csys=11 secn=1 |

7. SALVANDO ARQUIVOS E SAINDO DO PROGRAMA:

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

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

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

Salientamos que o programa Ansys ao plotar os esforcos considera a
notagdo americana, onde os esfor¢os séo plotados conforme o sentido do eixo.
Esta ndo é a notacdo usual para os padrdes da engenharia civil brasileira,
portanto, os momentos fletores obtidos pelo Ansys apresentam sinais

contrarios aos por nés considerados.

Nesta analise foi utilizado um modelo com 280 elementos finitos. Com o
aumento do numero de elementos, ou seja, refinamento da malha, € possivel

melhorar ainda mais os resultados.

A tabela a seguir apresenta a comparacdo entre 0s resultados
apresentados pelo Prof® Antonio Stramandinolli utilizando as tabelas de Czerny
e o0 programa de elementos finitos SAP90 e os resultados obtidos para a nossa

primeira analise.

Momentos no Centro da Laje (tf.m/m)
My My My
Tabela de Czerny 0,173 0,200 -
SAP90 0,231 0,237 -
ANSYS 0,18949 0,18945 0,07116
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