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ESTUDO DE UM BLOCO DE FUNDACAO PARCIALMENTE CARREGADO

INTRODUCAO

O objetivo deste exemplo é a verificagdo do comportamento estrutural de
um bloco de fundacéo parcialmente carregado. Neste exemplo consideramos
um bloco de concreto armado servindo como estrutura de ligagdo de um pilar,
com uma das dimensdes bastante grande, e uma cortina de estacas existentes
sobre todo o comprimento do pilar. A figura 1 mostra esquematicamente tal
estrutura.

Pilar

Bloco

Estaca

Figura 1 — Esquema de bloco de fundacéao.

Trata-se de uma estrutura tridimensional, porém, adotando-se algumas
aproximacdes aplicaveis a esse problema, este bloco pode ser analisado
através de um modelo bidimensional. Verificamos que o bloco possui uma das
dimensbes predominantes sobre as outras duas ao longo desta dimensao
(comprimento). A sec¢éo transversal permanece constante. O carregamento
(pilar) € constante ao longo de todo o comprimento do bloco e possuem
componentes apenas no plano da secéo transversal. Os apoios (estacas), por
sua vez, também ocorrem ao longo do comprimento. Com sistemas de
coordenadas vamos situar o eixo z ao longo do comprimento do bloco e os
eixos x e y no plano da sua secéo transversal.

Verificamos que nestas condi¢cdes a componente de deformacéo ao longo
do comprimento do bloco €, é nula embora a tensao o, seja diferente de zero.
As demais componentes de deformagéo &, € e &y, N0 plano xy, séo nulas.
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Estas sdo as caracteristicas de um Estado Plano de Deformacdes, que pode
ser analisado através de um modelo bidimensional composto apenas pela
secao transversal do bloco (plano xy), conforma a figura 2. Como o modelo é
simétrico em relacdo ao eixo y, podemos impor condi¢cdes de contorno de
simetria e utilizar o modelo apresentado na figura 3.
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Figura 2 e Figura 3 — Secdao transversal e modelo adotado.

Utilizaremos uma formulacdo cinematica, isto é os deslocamentos serdo
interpolados. Na escolha do elemento finito a ser utilizado verifica-se que o
problema plano de deformacées estd bem definido no espaco (H:(Q))* e,
portanto a interpolacéo a ser adotada para os campos de deslocamentos deve
ser tal que garanta a continuidade de deslocamentos em todo o dominio do
corpo Q, podendo suas derivadas serem descontinuas entre elementos. Pode-
se escolher desde elementos de deformagdes constantes, como o triangulo de
trés ndés e o quadrilatero de quatro nés, até elementos de ordem mais elevada,
como o triangulo de seis n6s e o quadrilatero de oito noés. A malha de
elementos finitos devera ser densificada nas regiées onde ocorre concentracdo
de tensdes. Nas regibes de imposicdo do carregamento distribuido, a malha
também nao deve ser pobre para garantir uma melhor distribuicdo das tensdes.

PROPRIEDADES GEOMETRICAS

e Modelo bidimensional utilizando estado plano de deformacdes;
o Dimensdes conforme a figura 3.
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PROPRIEDADES DOS MATERIAIS

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

CARGAS

e Pilar:
o Carga do pilar: 1400 tf/m
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RESOLUCAO

O procedimento de resolucdo pode ser demonstrado no seguinte fluxograma:

Preprocessor

r(adl

Inicio da Analise ]

v
' B I[ Escolha do Elemento )

©

( Solution
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Propriedades dos
Materiais

v
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Contorno

Y
Gera Malha de

\

Elementos Finitos

v
( Solucédo ]

(General Postproc ] H

(Anélise dos Resultados]

Fluxograma de Analise Numérica

[ Preprocessor ]

[ Solution

X
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v

Elementos Finitos

) [ Redefine Malha de ]

( Solucéo ]

[ General Postproc ] L

( Anélise dos Resultados )
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COMANDOS ANSYS®9.0ED

A) PRIMEIRO ESTUDO:

®1.

1.1.
v

v

1.2.

v

1.3.

INICIO DA ANALISE

Introduz o titulo do problema a ser resolvido:

No ANSYS Utility Menu clicar em “File” e acessar a op¢ao “Change
Title...”;

Na nova janela que aparecer, digitar novo titulo: “Bloco parcialmente
carregado”;

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:
“‘Bloco”;
Clicar em OK.

Escolhe o tipo de andlise que se pretende executar, visando filtrar

comandos a serem apresentados na telas de entrada:

v
v

No ANSYS Main Menu clicar em “Preferences”;

Na nova janela que aparecer, em “Discipline for filtering GUI Topics”,
selecionar a opc¢ao “Structural”;

Clicar em OK.

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

Escolhe o tipo de elemento finito que serd usado:

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

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

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

Outra janela se abrira, entdo no “Library of Element Types” selecionar o

elemento “Structural SOLID”, “Triangle 6node 2” e clicar em “OK”.
Clicar em “OK”;
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/\ ANSYS ED Utility Menu (Bloco)

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

EIEE]

N\ Element Types

Ll fe

Defined Element Types:

/\ Library of Element Types

Only structural element types are shown

Library of Element Types Structural Mass
inl
Beam

Pipe

" Shell
Solid-Shell

1
Cancel

Element type reference number

oK __ Apply

EEEEEEEEEEEEEE

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

Prob Design
Radiation Opt

Triangle 6node 2

de 25
8node 83
Brick8node 45

Help

|

Le|

2 Ellsfo e

ElblEpEkEERRRRRpEE

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

ecn=1

v Ainda na janela “Element Types”, clicar em “Options” (para o elemento
Triangle 6node 2) e, na nova janela, selecionar;

o Element Behavior K3

v" Clicar em “OK”;

Plane strain

/\ ANSYS ED Utility Menu (Bloco)

EEFEEEE]

EIEE]

N\ Element Types

Defined Element Types:

o @
D23

/\ PLANE2 element type options
Options for PLANE2, Element Type Ref. No. 1

OK

Cancel

EEEEEEEEEEEEEE

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

Prob Design
Radiation Opt

Element behavior 3
Edrastressoutput K5 NG i GUipGE
Element output K6

Basic element v
Help

L

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

secn=1

2.2. Define as propriedades do material:

v Dentro do “Preprocessor”, selecionar “Material Props

LTS
3

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 cliqgue em “Isotropic”;

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

o EX = 2.5E6;
o PRXY =0.2;
v" Fechar a janela “Define Material Model Behavior”.
/\ ANSYS ED Utility Menu (Bloco) o |[&@ 22‘
NEFEEERC ElFE]
save ] sesum ] qur] po :

Preferences
B Preprocessor
Element Type
Real Constants

Change Mat Num

A\ Define Material Model Behavior

Material Models Defined

=]

Material Models Available

() Favorites

0 ool Mioe Number

A\ Linear sotropic Properties for Material Number 1

[ Eislels) |

Failure Criteria
B Write to File

Linear Isotropic Material Properties for Material Number 1

o
General Postproc
TimeHist Postpro

ElebllkkkkkRRERER

Drop Test

Topological Opt

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

©

2.3. Cria o modelo geométrico:

2.3.1. Numera area, lines e keypoints:
v" No ANSYS Utility Menu clicar em “PlotCtrls” e acessar a opc¢ao

“‘Numbering”;
v" Na nova janela que aparecer, selecionar:
o Keypoints ON
o Lines ON
o AREA ON

v" Clicar em “OK”".
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/\ ANSYS ED Utility Menu (Puxador)

S @ =
File Select List Plot PlotCtrls WorkPlane o MenuCtrs Help ‘
Di=laslsle e E 1z

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB .QEJ POWRGRPH

ANSYS Main Menu ®| =] @]

Preferences

B Preprocessor
Element Type
Real Constants

Pi

eria
Write to File
Read from File
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up
MultiField Set Up
Loads
Physics
Path Operations

Topological Opt

N\ Plot Numbering Controls

[/PNUM] Plot Numbering Control

KP Keypoint numbers
LINE Line numbers
AREA Area numbers
VOLU Volume numbers
NODE Node numbers
Elem / Attrib numbering
TABN Table Names
SVAL Numeric contour values

[/NUM] Numbering shown with

Is

[/REPLOT] Replot upon OK/Apply?

OK

Apply

¥ On
¥ On
¥ ©n
[~ Off
[~ Off
No numbering
[~ Off

[~ Off

Colors & numbers -
Replot -

Cancel | Help |

ROM Tool

el pkkbbRRBR

)

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

csys=0 secn=1 |

2.3.2. Cria 0 modelo geométrico:
v' Dentro do “Preprocessor” selecionar “Modeling”, “Create”, “Keypoints”,

v
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“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:

o X,Y,Z Location in active CS :

Clicar em “APPLY”;
Para criar o proximo keypoint:
o NPT Keypoint Number:

o X,Y,Z Location in active CS :

Clicar em “APPLY”;
Para criar o préximo keypoint:
o NPT Keypoint Number:

o X,Y,Z Location in active CS :

Clicar em “APPLY”;
Para criar o proximo keypoint:
o NPT Keypoint Number:

o X,Y,Z Location in active CS :

Clicar em “APPLY”;
Para criar o proximo keypoint:
o NPT Keypoint Number:

o X,Y,Z Location in active CS :

Clicar em “APPLY”;
Para criar o préximo keypoint:
o NPT Keypoint Number:

o X,Y,Z Location in active CS :

Y =17,
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v" Clicar em “OK”;

/\" ANSYS ED Utility Menu (Bloco) =® ==
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

EEFEEEERE EEIE]

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH _jj

ANSYS Main Menu ®|

Preferences el " poINTS

B Preprocesr Zm ®| e
Element Type * o
Real Constants

Material Props
Sections
B Modeling
B Create
B Keypoints
R On Working Plane
B )

A On Line
A On Line w/Ratio
A On Node
A KP between KPs
A Fill between KPs
@ KP at center -
@ Hard PT on line
Hard PT on area
Lines
Areas
Volumes
@ Nodes
@ Elements
Contact Pair
Piping Models
Gircuit
Transducers
Operate
Move / Modify
@ Copy Bloco Parcialmente Carregado
Reflect -l

e ]2 [z |o|o]s o]0

)

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

v' 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 “APPLY”;

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

Apontar os keypoints 4 e 5 e clicar em “APPLY”;

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

v" Apontar os keypoints 6 e 1 e clicar em “OK”;

LSRN VRN NN

/\" ANSYS ED Utility Menu (Bloco) =58 )

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help

D|=| 8|8 &l o 2 & EIEE

ANSYS Toolbar

6]
SAVE_DB| RESUM_DB| QUIT| POWRGRPH ﬂ

ANSYS Main Menu ®|

B Preferences i " POINTS
B Preprocessor
Element Type
Real Constants

@ ]

TYPE NUM

@
s

Material Props
Sections
B Modeling
& Create

Keypoints

| Lines

B Lines

PalStr

Aln

R Overlaid on Area
A Tangent to Line
A Tanto2 Lines a
A Normal to Line
A Norm to 2 Lines
A Atangle to line
R Angle to 2 Lines
@ Arcs
Splines

A Line Fillet
Areas
& Volumes
@ Nodes
@ Elements
B Contact Pair
Piping Models

‘K 2.3

lelole[zlolelslolelala|alale

Circuit
Transducers Bloco Parcialmente Carregado
Operate -
Lt _I —_ 1
Pick a menu item or enter an ANSYS Command (PREP7) [bloco.pdf (PROTEGIDO) - Adobe Reader ) csys=0 secn=1
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v" Dentro do

“Preprocessor” selecionar “Modeling”,

“Arbitrary”, “Through KPs”;
v" Na nova janela que abrir, apontar os keypoints 1, 2, 3,4, 5,6 e 1;

v" Clicar em “OK”.

“Create”, “Area’,

J\" ANSYS ED Utility Menu (Bloco)

[E=HfsH )
File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrs Help ‘
Di=lE6seleH EIEE!
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH jj

ANSYS Main Menu

Preferences
B Preprocessor
Element Type

Real Constants
Material Props

Sections
B Modeling
8 Create
Keypoints
Lines
B Areas
B Ar
A

A
A By Lines
R By Skinning
A By Offset
Rectangle
Circle
@ Polygon
A Area Fillet
@ Volumes
Nodes
Elements
] Contact Pair
Piping Models
@ Circuit
[ Transducers
Operate
Move / Modify
Copy
Reflect

n Area

POINTS

TYPE NUM

Bloco Parcialmente Carregado

L«

o Ells |2l

[Blelofe|slolelsloloplajalale|s|e

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

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

2.3.3. Refinando a malha para os keypoints selecionados:

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

v' Selecionar “PICK ALL”;

v" Na nova janela, definir:

o [KESIZE]
v" Clicar em “OK”.

SIZE 0.2

/\ ANSYS ED Utility Menu (Bloco)

SoI=
File Select List Plot PlotCtls WorkPlone Parsmeters Macro MenuCtls Help ‘
b=as & 2 & EIEE
ANSYS Toolbar 3|
SAVE_DB| RESUM_DE| QUIT| POWRGRPH ﬂ

ANSYS Main Menu

®|

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

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

&l

POINTS
TYPE NUM

/\ Element Size at Picked Keypoints
[KESIZE] Element size at picked keypoints
SIZE Element edge length

Show more options

oK Cancel Help

Bloco Parcialmente Carregado

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

[ mat=1 [type=1 [ reat=1 ['esys=0 [ secn=1
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Dentro do “Preprocessor” selecionar “Meshing”, “Size Cntrls”, “Manual
Size”, “Keypoints”, “Picked KPs”;
Apontar o Keypoint 47,
Na nova janela, definir:

o [KESIZE] SIZE 0.15
Clicar em “APPLY”;
Apontar o Keypoint 5%
Na nova janela, definir:

o [KESIZE] SIZE 0.0625
Clicar em “APPLY”;
Apontar o Keypoint 67;
Na nova janela, definir:

o [KESIZE] SIZE 0.0625
Clicar em “OK”;

©

2.4.

Aplicar as condi¢cBes de contorno na modelagem solida:

2.4.1. Fornece condicdo de contorno:

v

v

Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Displacement”, “Symmetry B.C.”, “On Lines”;
Na nova janela que abrir apontar a linha 6 e clicar em “OK?”;
Dentro do “Preprocessor” selecionar “Loads”, “Define Loads”, “Apply”,
“Structural”, “Displacement”, “On Keypoints”;
Apontar os Keypoints 1 e 2 e clicar em “OK”;
Outra janela ira aparecer entdao selecionar no campo “DOFs to be
constrained” a opcao “ALL DOF” e selecionar:

o KEXPND Yes;
Clicar em “OK”;
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/\ ANSYS ED Utility Menu (Bloco)

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

eferences POINTS
‘eprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
Meshing
Checking Ctrls
Numbering Ctrls
Archive Model
Coupling / Ceqn
FSISet Up
MultiField Set Up
Loads

@ Analysis Type
Fast Sol'n Optn
B Define Loads

TYPE NUM

A\ Apply UROT on KPs
[DK] Apply Displacements (U,ROT) on Keypoints
Lab2 DOFs to be constrained

Apply as

&

| constant value

If Constant value then:

VALUE Displacement value

KEXPND Expand disp to nodes? © Ves
Settings
B Apply
B Structural
B Displacement
R On Lines
A On Areas

Apply | Cancel ‘

A
A On Nodes
0 Components

B.C

B Antisymm B.
Force/Moment
Pressure

Bloco Parcialmente Carregado

«

el pkkbbRRBR

)

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

2.4.2. Aplicar as cargas:
v' Dentro do “Preprocessor”’ selecionar “Loads”, “Define Loads”,
“Structural”’, “Pressure”, “On Lines.”;

v" Apontar a linha 5 e clicar em “OK”;

v" Na nova janela inserir o valor da carga a ser distribuida na linha:
o VALUE 1400;
o VALJ 0;

v Clicar em “OK”;

“Apply”,

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

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

ANSYS Main Menu ®|
‘erences iz g PO S
wrocessor -
Ty TYPE NUM /\ Apply PRES on lines
<al Constants [SFL] Apply PRES on lines as a Constant value 52
aterial Props
ections If Constant value then:
Badeting VALUE Load PRES value 1400
teshing
hecking Ctrls
b s If Constant value then:
rchive Model Optional PRES values at end J of line
oupling / Ceqn (leave blank for uniform PRES )
S1Set Up .
ultiField Set Up
s

3 Analysis Type
g Fast Sol'n Optn
1 Define Loads
@ Settings
B Apply
B Structural
Displacement
Force/Moment
=Ry
A
Al
A On Nodes
R On Node Components
R On Elements
A On Element Components
] From Fluid Analy

Apply

Bloco Parcialmente Carregado

K1l

[+

o Els [ le

el kkkpkRRRRREEOE

)

| Pick a menu item or enter an ANSYS Command (PREP7) mat=1 [type=1 real=1 sy{ ANSYS ED Utility Menu (

2.4.3. Salvando dados no arquivo Bloco.db
v" No ANSYS Toolbar clicar em “SAVE_DB”.
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2.5. Geraamalhade elementos finitos:
v Dentro do “Preprocessor” selecionar “Meshing”, “Mesh”, “Areas”, “Free”;
v" Clicar em “PICK ALL”;
v" Clicar em “OK”
/\" ANSYS ED Utility Menu (Bloco) ol ]
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help
0|z = 8| & & 2 E I E e
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB M POWRGRPH j
ANSYS Main Menu ®| - =] @)
E:::::;:;:r 2l ELEMENTS @ @
e o 8|2
i Bp
& Modeling _@JE
i S 8]
el Bl
=l
s =
Ql
= =y
ey
Q|
»;wif:rr{:;:hmes" ﬂ
B Check Mesh m
I\e(::rrlg Ctrls °
i Bl
Coupling / Ceqn Bal| (Bloco Parcialmente Carregade
J -
[ Pick a menu item or enter an ANSYS Comman d (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”.
v" No ANSYS Toolbar clicar em “SAVE_DB” para salvar os dados mais a

solucéo no arquivo.

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

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

Results”, “Contour Plot”, “Nodal Solu”;
v" Selecionar:
o “STRESS”;
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= X — Component of stress.

v" Clicar em “OK”;

/\ ANSYS ED Utility Menu (Bloco)

File Select List Plot PlotCtrls

WorkPlane Parameters Macro  MenuCtrls Help

Dlz|as| s 4 2| &
ANSYS Toolbar

SAVE_DB| RESUM_DB 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
mETI

[ Element Solu
Elem Table
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
Write Results

AreeeeaEEE

Bloco Parcialmente C

\ Contour Nodal Solution Data

Item to be contoured

5 Nodal Solution
(&8 DOF Solution
o Stress
P J-C of stres:
@ Y-Component of stress

&2 Z-Component of stress
& XY Shear stress

@ YZ Shear stress

& XZ Shear stress

@ 1st Principal stress

@ 2nd Principal stress

& 3rd Principal stress

G Stress intensity

@ von Mises stress

E3 |

Undisplaced shape key

o |[&@][=

=
3|
5 -
= <l

Undisplaced shape key | Deformed shape only

Scale Factor [Auto Calculated

=

Additional Options

Cancel | H

|

o Sl |2 &

wllbpklbphRupEkee s

)

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

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

\' ANSYS ED Utility Menu (Bloco)

File Select List Plot PlotCtrls

WorkPlane Parameters Macro  MenuCtrls Help

[E=mEE

D= 88| 8l 7| &l

ANSYS Toolbar

- ==

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

3|

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

8 lu
Elem Table
[ 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
] Write Results

-121

Bloco Parcialmente C

T 114.139

eblbkkbpReRl

)

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

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

v' Para modificar a escala de cores ir no “ANSYS Utility Menu”, “Plot Ctrls”,

“Style”, “Contours”
preencher a tabela:
-1400;

-1000;

-500;

-250;

-100;

-50;

o

0O O O O O

. “Non-uniforme contours”,

“Contour

value” e
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o O
o 100.
v" Clicar em “OK”;

/\ ANSYS ED Utility Menu (Bloco)

o [ [ &R
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
0|z 6o &l 4 ¢ = B
ANSYS Toolbar @]
SAVE.DB| ResuM,0B| QUIT| POWRGRPH| A = ] A

[/CVAL] Non-uniform Contours
WN Window number

ANSYS Main Menu

3|

[ Preferences

Preprocessor Contour values

Solution vi
B General Postproc
Data & File Opts V2
Results Summary e
Read Results
Failure Criteria v
B Plot Results
Deformed Shape Vs
& Co

V6

Element Solu
[ Elem Table
[ 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
Write Results

v
V8

/REPLOT] Replot Upon OK/Apply?

Cancel ‘ Help ‘

Apply |

lor Ells 2|

wbllEpkkbbRRRRRERbR

)

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

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

v Selecionar:

“STRESS”;
= X - Component of stress.

v" Clicar em “OK”;

o

“Plot

\"ANSYS ED Utility Menu (Bloco) [oe ==
File Select List Plot PlotCtds WorkPlane Parameters Macro MenuCtrls Help ‘
NECEEEKE] EEE

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

] Element Solu
Elem Table
[ 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
Write Results

Bloco Parcialmente C

AreeeeaEEE

wbllpkkbbRRER

)

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

No “ANSYS Main Menu” dentro do “General Postproc” clicar em “Path
Operation”, “Define Path”, “By nodes +”; (cria um “caminho”, de um né
até outro, onde se desejam plotar resultados).

o Apontar os nés 1 e 46 e clicar em “OK”;

o Na nova janela, [PATH], definir:

= Name: diry;
= nSets: 30;
= nDiv: 20;
v" Clicar em “OK”;
7\ ANSYS ED Utility Menu (Aula) S @ =

File Select List Plot PlotCtrls WorkPlane Parameters Macro

D= e8| s 4 2| 1= @
ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH j
ANSYS Main Menu ®| =

Element Table -l E %

A\ By Nodes

B Modify Path
[PATH] Define Path specifications

Path Options
Delete Path

Name Define Path Name :

nSets Number of data sets

nDiv  Number of divisions

Exponentiate

Integrate
in

clllpkkbbRRBR

Archive Path
[ Clear Path Items |

)

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

v" Dentro do “General Postproc” clicar em “Path Operation”, “Define Path”,
“Map onto path”;
v" Na nova janela inserir:
o Lab TX;
o Item, comp Stress;
e X —direction — SX;
v" Clicar em “OK”
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/\ ANSYS ED Utility Menu (Aula) o |[& [ =R
File Select List Plot PlotCtls WorkPlane Parameters Macro MenuCtrls Help ‘
D= uo & & 2 & B <=

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

ANSYS Main Menu

®|

Element Table
[ Path Operations
Bl Define Path
R By Nodes
[l On Working Plane
By Location
@ Path Status
B Modify Path
Path Options
Delete Path
B Plot Paths

Linearized Strs
List Linearized
B Add

B Multiply

[ Divide
Exponentiate
Differentiate
Integrate
Cosine

[ Sine

[ ArcCosine

[ ArcSine
Natural Log
Cross Product
Dot Product
Unit Vector
Archive Path
[ Clear Path Items

i

" NODAL gasmzzo

/\ Map Result Items onto Path
[PDEF] Map Result ltems onto Path
Lab User label for item

f Item,Comp Item to be mapped

Y-directi SY
Z-direction SZ
XY-shear SXY
YZ-shear SYZ

[AVPRIN] Eff NU for EQV strain

Strain-thermal
Strain-plastic

—

7 || X-direction SX

Average results across element

[/PBC] Show boundary condition symbol
Show path on display

el pkkbbRRBR

)

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

[csys=0 [secn=1 |

v' Dentro do “General Postproc” clicar em “Path Operation”, “Plot Path
Item”, “On Graph”;
v" Na janela, selecionar “TX” e clicar em “OK”;

/\ ANSYS ED Utility Menu (Aula)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

Di=las|sl e &

ANSYS Toolbar

- Ee

SAVE_DB| RESUM_DB SEJ POWRGRPH

ANSYS Main Menu

Element Table

[ Path Operations
Define Path
Delete Path
B Plot Paths
[ Recall Path
Map onto Path
B Plot Path Item

=

0 m
[ List Path Items
[ Path Range

[ Linearized Strs

List Linearized

Add

Multiply

Divide

E Exponentiate

[ Differentiate

Integrate

Cosine

ine
ArcCosine
ArcSine
[ Natural Log
[ Cross Product
Dot Product
Unit Vector
Archive Path
Clear Path Items

Surface Operations

Load Case

®|
2l

A\ Plot of Path Items on Graph
[PLPATH] Path Plot on Graph
Labl-6 Path items to be graphed

wblpkkbbRRER

)

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

[mat=1 [type=1 [real=1

[esys=0 [secn=1 |

v' O programa plotard em um gréfico o valor da tensdo na direcdo de X
entre 0s nos 1 e 46 selecionados anteriormente;
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A\ ANSYS ED Utility Menu (Aula)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

=R <]

D= uo & & 2 & EIE

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu ®|

Element Table -l

B Path Operations
Define Path
Delete Path
E] Plot Paths
Recall Path
Map onto Path
B Plot Path Item

=

On Geometry

[ List Path Items

[ Path Range

Linearized Strs

List Linearized

Add

Multiply

[ Divide

E Exponentiate

[ Differentiate

Integrate

Cosine

Sine =

ArcCosine

[ ArcSine

[ Natural Log

[ Cross Product

Dot Product

= Unit Vector
Archive Path
Clear Path Items

Surface Operations

Load Case ~|

el pkkpbbRRBR

)

[ Pick a menu item or enter an ANSYS Command (POST1) mat=1 [type=1 real bloco,pdf (PROTEGIDO) - Adobe Reader |

v' Dentro do “General Postproc” clicar em “Plot Results”, “Vector
“Predefined”;
v" Na nova janela, selecionar “Stress”, “Principal S” e clicar em “OK”.

Plot”,

I\ ANSYS ED Utility Menu (Aula) o @[
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
_DJ _‘i‘ ,HJ E@J @ _?_! EI A\ Vector Plot of Predefined Vectors =

ANSYS Toolbar [PLVECT] Vector Plot of Predefined Vectors = ®|
SAVE DB/ RESUM_DB w POWRGRPH Item Vector item to be plotted OF solution S | ﬂ

Strain-total

Strain-mech+thrm
Strain-elastic
Strain-thermal
Strain-plastic

ANSYS Main Menu ®|

Solution -l
£ General Postproc
Data & File Opts
Results Summary
Read Results
Failure Criteria
B Plot Results
Deformed Shape
Contour Plot
B Vector Plot

Principal S

Mode Vector or raster display
& Vector Mode
(" Raster Mode
Loc Vector location for results

& Elem Centroid

=] ' Elem Nodes
Plot Path It
. = Edge Element edges [~ Hidden

Concrete Plot
ThinFilm
List Results
Query Results
& Options for Outp
[ Results Viewer
[ Write PGR File
Nodal Calcs
Element Table L
Path Operations
Surface Operations
Load Case
Check Elem Shape
[E] Write Results
ROM Operations
Submodeling
Fatigue
Safety Factor

Define/Modty :‘J | oK Apply Cancel Help

[/VSCALE] Scaling of Vector Arrows
WN Window Number Window1 -
VRATIO Scale factor multiplier 1

KEY  Vector scaling will be Magnitude based =~

OPTION Vector plot based on Undeformed Mesh -

il ]
ol
8| 7|
FllE
8] %)

EYE]

elllekklpR

)

Pick a menu item or enter an ANSYS Command (POST%
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A\ ANSYS ED Utility Menu (Aula)

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help

[E=mEE

D= 6o & & 2l B

ANSYS Toolbar

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu @

Solution t]
B General Postproc
Data & File Opts
[ Results Summary
Read Results
Failure Criteria
£ Plot Results BRINL
Deformed Shape PRIN2
Contour Plot

B
Plot Path Item
Concrete Plot

Write PGR File
Nodal Calcs

el pkkpbbRRBR

)

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

B) SEGUNDO ESTUDO (melhorar malha de elementos finitos visando

melhorar os resultados obtidos)

5. REINICIO DA ANALISE
5.1. Limpa memoria:

v" No “ANSYS Utility Menu”, clicar em “File”, “Clear and Start New”

v" Na nova janela, selecionar “Do Not Read File” e clicar em “OK?”;
v" Uma nova janela aparecera, entao confirmar clicando em “Yes”

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

6. ENTRA NO PRE-PROCESSAMENTO

6.1. Definindo uma nova densidade para a malha de elementos finitos:
v" No “ANSYS Main Menu” dentro do “Preprocessor” clicar em “Meshing”,

“Size Cntrls”, “Smart Size”, “Basic”;
v' Selecionar nivel:
o LVL 6 (default);
v" Clicar em “OK”;
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/\ ANSYS ED Utility Menu (Aula) o |[&@][=

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

o= uo & & 2 & EEIE]

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB ‘Q—l—JEJ POWRGRPH

ANSYS Main Menu

Preferences
B Preprocessor
Element Type
Real Constants
Material Props
ections
Modeling
 Meshing
Mesh Attributes

=)
] MeshTool N\ Basic SmartSize Settings j
=)

B Size Cntrls [SMRTSIZE] Smartsizing
8 é‘”"s"e 10 (coarse) .1 (fine)
B Adv Opts LVL Size Level & g

[ Status
@ ManualSize
Concentrat KPs Cancel
B Mesher Opts
Concatenate

Checking Ctrls
Numbering Ctrls

MultiField Set Up

Loads
Physics

Blel:: plelelols

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 “Meshing”, “Mesh”, “Areas”, “Free”;
v" Clicar em “PICK ALL”;
v" Clicar em “OK”;

T\ ANSYS ED Utility Menu (Aula) =& =

File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘

D= u o &l & 2 &l Xz @

ANSYS Toolbar ®|
SAVE_DB| RESUM_DB| QUIT| POWRGRPH

ANSYS Main Menu

Preferences ELEMENTS
B Preprocessor
Element Type
Real Constants
Material Props
Sections
Modeling
E) Meshing
Mesh Attributes
[ MeshTool
Size Cntris
Mesher Opts
Concatenate
B Mesh
A Keypoints
A Lines
B Areas

o Ells |2l

Palfreel

A Target Surf
@ Volumes

@ Volume Sweep
Tet Mesh From
Interface Mesh

Coupling / Ceqn
FLOTRAN Set Up

Blelofe|slelelslolelallalaalel@le i

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

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”.
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L
O 8. POS PROCESSAMENTO

4.1. Gera,

lista e plota os resultados:

v No “ANSYS Main Menu” dentro do “General Postproc” clicar em “Plot
Results”, “Contour Plot”, “Nodal Solu”;
v’ Selecionar:

O

“STRESS?,

= X - Component of stress.

v" Clicar em “OK”;

I\ ANSYS ED Utility Menu (Aula)

[E=m=E <
File Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help ‘
D= = 8| 8 & 2 E EIEE
ANSYS Toolbar @l

SAVE_DB| RESUM_DB M POWRGRPH

ANSYS Main Menu

3|

[ Preferenc es

Preprocessor

Solution

B General Postproc
Data & File Opts
Results Summary

ead Results

lure Criteria
2 Plot Results

Deformed Shape
B Contour Plot

Vector Plot
Plot Path Item
Concrete Plot
& ThinFilm

P
rface Operations
oad Case

Check Elem Shape
Write Results

ROM Operations

l2 Elole |

el kkklbpkRaaRpRe

)

| Pick a menu item or enter an ANSYS C

mmand (POSTL) [ mat=1 [type=1 [ real=1 [ esys=0 |

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

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

o

“STRESS”,

» Y - Component of stress.

v" Clicar em “OK”;

“Plot
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I\ ANSYS ED Utility Menu (Aula) =& =

File Select List Plot PlotCtrs WorkPlane Parameters Macro MenuCtrls Help ‘

D= ul o & & 2l B

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

Elem Table
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
ROM Operations

el pkkbbRRBR

)

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

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 opgao “Save everything” e clicar em “OK”.
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CONCLUSAO

Podemos observar no modelo proposto que neste tipo de estrutura ocorrem
concentracbes de tensdes nas regides de contato pilar x bloco e bloco x
estaca. Verificamos também que a redistribuicdo de tensdes ao longo do bloco
gera tensbes de tracdo na direcdo X em algumas regibes do bloco. Estas
caracteristicas devem ser cuidadosamente observadas para garantir um
correto dimensionamento do bloco e suas armaduras.

A figura a seguir apresenta o artigo “Erro no Morumbi poderia gerar
tragédia”, publicado no jornal Folha de Sdo Paulo em 6 de abril de 1997. Neste
artigo é relatado um erro de projeto nos blocos de apoio das colunas de
sustentacao da arquibancada do Estadio Morumbi em S&o Paulo. Estes blocos
foram executados sem armaduras horizontais, resultando no aparecimento de
fissuras nas regidbes onde ocorrem as tensdes de tracdo, devido as
redistribuicbes de tensao.

A concentracdo de tensdes ocorre em diversas estruturas como, por
exemplo, pilares com estreitamento da secdo. Estes pilares, embora sejam
estruturas  tridimensionais, também podem ser modelados planos
(bidimensionais) considerando a ocorréncia do Estado Plano de Tensdes.

Figura 4 - Artigo Folha de Séo Paulo.
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