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Modelagem
Parametros
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Modelagem

Geometria

eSuperficies
Geometry : Surface : Corners :
ID1 (0.,0.,0.) ID2 (3.,0.,0.) ID3 (3.,0.6,0.) ID4 (0.6,0.,0.)

erefinamento
Mesh : Mesh Control : Size Along Curve : Cr5 Cr7: (32 el), Cr6 Cr8: (8 el)
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Modelagem

Funcao

eFuncao Tensao-Deformacao
Model : Function: Title : Tensao-Deformacao Concreto : Type : 13..Stress Vs. Strain :
Single Value :

|| Concreto - Bloco de notas

Arquivo Editar Formatar Exibir Ajuda
.00351 -1821428.571
.0035 -1821428.
.002 -1803214.
.0019 -1798706.
.0018 -1785182.
.0017 -1762641.
.0016 -1731085.
.0015 -1690513.
.0014 -1640925
.0013 -1582320.
.0012 -1514700
.0011 -1438063.
.001 -1352410.
.0009 -1257741.
.0008 -1154057.
.0007 -1041356.
.0006 -919639.
.0005 -788906.
.0004 -649157.
.0083 -500391.
.0002 -342610.
.0001 -175813.
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Modelagem

Funcao

eFuncao Tensao-Deformacao

Model : Function: Title : Tensao-Deformacao Concreto : Type : 13..Stress Vs. Strain :
Single Value :

Mesh  Modify B ° Function Definition
Coord Sys...

Node... Ctrl+N

Element... Ctri+E X -Strain Y -Stress [(JxAxisLogScale  []Y Axis Log Scale
: ENET ST N ~ | | Stress
Material... -0.0035 -1821429. 0.

-0.002 -1803214.
Property... 0.0019  -1798706. 227675.
i -0.0018 -1785182. -455357.
LAt -0.0017 -1762642. -683036.
g oo
; y -1.138+6
Constraint -0.0014 -1640925.
-0.0013 -1582321. -1.366+6
Analysis... -0.0012 -1514700. -1.594+6
g 182146
00008 1257742, 0.00351 -0.002925 -0.00234 -0.001755 -0.00117 -5.85E-4 0.
Aeroelasticity -0.0008 -1154057. Strain

- - Data Entry
| &y @m OD @ single value (O Edit Phase (X)

Output Olinear Ramp () Edit Magnitude (Y )
(O Equation (O Periodic

(ot | Y[, | | ok

ID 1 T[ﬂe’ Tensdo-deformacdo concreto I Typel 13..Stress vs. Strain v

Copy Function... Get XY Plot Data
Update Load from Library...C | Paste from Clipboard

Save to Library... Copy to Clipboard

OK Cancel
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‘Modelagem

Materiais e Propriedades

eMatetial Elastico Nao-Linear
Model : Material : Title : Concreto

Define Material - ISOTROPIC
. . | . .
General : E: 'En: 0.2 &d : 2500 = e e [55] r
Nonlinear : Nonlinear Elastic Generl FunctonReferend@_Torinesr Deep  ecriclOptca pose

Nonlinearity Type

Function : 1. Tensao-Deformacao Concreto (© Nonknear Bt

OnNone
ePropriedade
Model : Property : Plate
Title : Elementos planos o -
Material : Concreto S
Thicknesses : 20e-2

(O Plastic

Nonlinear Properties
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Modelagem
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Modelagem

Condicoes de Contorno

e carregamento
Model : Load : Create Set : New: Title : Peso Prdprio
Model : Load : Body : Ay: -10*10

e restricoes
Model : Constraint : Create Set : New: Title : Engaste
Model : Constraint : On Curve : Select Cr 8 : Fixed
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Analise & Pos-Processamento
SOL 101

e solucao linear
Model : Analysis : New : Title : Linear : Static : Analyze

e configuracao deformada
View : Select : Deform : Total Translation (Scale deformation : 1)

Equilibrio na configuracao
praticamente indeslocada.
(linearidade geométrica)

No entanto, € necessario uma
analise nao linear devido ao
modelo constitutivo adotado.
(nao linearidade fisica)
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Analise & Pos-Processamento

Analise Nao-Linear

e Configuracoes de analise nao-linear

| ; Load tions for Nonlinear Analysi
Model | Mesh Modify | {§§ Create/Manage Set... Ctri+F2 SR PR ERNCIR (L PO Ny
| Coord Sys... Load Set 1 Peso Préprio

Body— Solution Type
Node—J Cul: Nodal... Qoff @static (Ocreep (O Transient

Element... Ctrl+E Nodal on Face...

Material... Elemental...

Property Number of Increments [] Displacement

Nonlinear Force...

Layup... Enforce Motion ... . ' 0, MLoad sl
: - Max Iterations / Step O work 1E-7

Stiffness Updates Solution Strategy Overrides

Basic Convergence Tolerances

Load ’ On Point...
Constraint On Curve...
ot Ml onsuace. Method | 2..ITER v] [(J Arc-Length Method

Optimization... Expand... Iterations Before Update (® None or Advanced Overrides
(O Full Newton-Raphson

f"\eroelamdty | Output Control (O Modified Newton-Raphson
Function... Nonlinear Analysis... )

Line Search

Intermediate 1..YES v I

Quasi-Newton

Output

Bisection

[ ox ]

Heat Transfer...

EDI-38

MOdeIO 2D de Vlga de Concreto armado Concreto Estrutural |

Laboratério / Projeto



Analise & Pos-Processamento
SOL 101

e solugcao nao-linear
Model : Analysis : New : Title : Nao-Linear : Nonlinear Static :

B " Analysis Set Manager (Active: 2..Ndo-Linear ) Nonlinear Control Options

[#- Analysis Set : 1..Linear Use Load Set Options >

=I- Analysis Set : 2..N&o-Linear
Solver : NX Nastran
Type : Nonlinear Static
Analyze : Local

Control Options  AdvancedOptions

Skip NLPARM Creep

[#}- Options Basic Convergence Tolerances
[=-Master Requests and Conditions 7 . = — =
Title : Untitled - J isplacement 0,001

(=) Nonlinear Options FEvew oo > Tnicy 0, Load 0,001

(- Boundary Conditions MultiSet. .. Ma | ; | Ste Work 1.E-7
N; c(:.;t;u;::::: = Copy Stiffness Updates Solution Strategy Overrides

Delete " i 0..Defaul Arcdength Method
None or Advanced Overrides
Full Newton-Raphson
Output Control Modified Newton-Raphson

Line Search
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Analise & Pos-Processamento
SOL 101

e Distribuicao das tensoes normais na direcao X
View : Select : Deformed countour data : (7020 Plate Top X Normal Stress)
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Modelagem

Funcao
eFuncao Tensao-Deformacao

Model : Function: Title : Tensao-Deformacao Concreto : Type : 13..Stress Vs. Strain :

Single Value :

_| Concreto - Bloco de notas

Arquivo Editar Formatar Exibir Ajuda

.0013
.0012
.0011
.01

0009
.0008
.0007
.0006
. 0005
.0004
.0003
.0002
.00l
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0007
.0008
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.0017
.0018
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-1514700
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Modelagem

Funcao

eFuncao Tensao-Deformacao
Model Info : Functions : Tensao-Deformacao Concreto : Edit

B ° Function Definition

ID|1 Tut!e[ Tensdo-deformacdo concreto Type l 13..Stress vs, Strain

' Coord Sys...

X -Strain Y -Stress [Jx Axis Log Scale [y Axis Log Scale

-0.00351 -1821423. P9
Element... Ctrl+E -0.0035 -1821429,
) -0.002 -1303214.
Material... -0.0019 -1798706.
p -0.0018 -1785182.
roperty... 0.0017 -1762642.
-0.0016 -1731086.
Layup... 0.0015  -1690513.
-0.0014 -1640925.
Load -0.0013 -1582321.
: -0.0012 -1514700.
Constraint -0.0011 -1438063. . r )
- -0.001 -1352411.
T -0.0009 -1257742. 0.00325 0.00663 e
-0.0008 -1154057. S

Data Entry
@ single Value (O Edit Phase (X) Add Copy Function... Get XY Plot Data
Function... (Olinear Ramp (O Edit Magnitude (Y )

Node... Ctrl+N

Aeroelasticity

Update Load from Library... Paste from Clipboard

Output

J
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Analise & Pos-Processamento
SOL 101

e solugcao nao-linear
Model : Analysis : New : Title : Nao-Linear : Nonlinear Static : Analyze

NX Nastran Analysis Monitor Message Review
Status : Complete
Num Queued : 1 Active Set: 2 1 Fatal Emor(s)
Job Name : N&o-Linear
Model Name : C:\Users\Milagre de Quarta\Desktog 706 Waming Message(s)
Elapsed Time : 00:09:21 4247 Information Message(s)
Qlog (O sparse Matrix Solver
f04 Nonlinear History .
8f06 g Load Step Convergence .

|~ —

G %% USER FATAL MESSAGE 4551 (NCONVG)

Load Factor *%% STOPPED PROBLEM DUE TO FAILED CONVERGENCE
User information:
Ww‘- A solution is not possible. Review NLPARM requests and modify
e~ Egnselect a better solution approach.

“*” USER INFORMATION MESSAGE 9210 (NLSTATIC)
NONLINEAR STATIC ANALYSIS COMPLETED.

CLavwsE o N0

0 228 456 685 913 1141 1369 1597 1825
fteration Number
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Introducao

Exercicio 2 — Viga de concreto armado
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Modelagem

Parametros

Tools ] Geometry Connect M
o @ undo Ctrl+Z
| Rl Redo Ctrl+ Shift+Z Variable Name Value or Equation

Define Variables

Workplane... F2 I f\/k

Model Info

s | Meshing Toolbox ! Equation Editor E Cancel

PostProcessing Toolbox

ajqeL ejeq [

Charting

Entity Editor

Data Surface Editor
Entity Info Variable Name Value or Equation

Data Tabl
| s ! |Es

Define Variables

o ORI - -

3|14 wesboid |}

Programming

Other Windows ] Equation Editor E

Teolbars

Parameters...

onvert Units... : .
Define Variables

Ak

|fx ‘ Variables... Ctrl+L
= Variable Name Value or Equation

3YErs...

Text... 1 |eyd [ 1fyk/1.15/IEs
Measure
Mass Properties Show Result 0. Equation Editor E Cancel

Section Properties

Check
f Stress Wizard
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Modelagem

Parametros

i File Tools Geometry Connect Model Mesh Modj Delete Group View Window

= ' Connection
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Modelagem

Funcao

eFuncao Tensao-Deformacao

Model : Function: Title : Tensao-Deformacao Aco : Type : 13..Stress Vs. Strain :
Single Value :
[ Model | Mesh Modiy |

- B ° Function Definition O %
Coord Sys...

T Dz | Tik[Tene e e T R
Element.. Ctrl+E X -Strain Y -Stress [IxAxislogScale [ AxisLog Scale
Material... 0.01 -434782609. Stress

-0.00207039 -430434783. 2347348
Property... 0.00207039 430434783, S
L 0.01 434782609,

— i.ua%oa

1.087+8

. Analysis... ig‘;zg
= -4.348+8 i T =

£.01 -0.0075 -0.005 -0.0025 0. 00025 0005 0.0075 0.1

Constraint

l Data Entry
@ single value (O EditPhase (X )
QOlinearRamp () Edit Magnitude (Y )
() Equation O Periodic

: : Save to Library... Copy to Clipboard
s ] ¥ ost

Reset OK Cancel

Update Load from Library... Paste from Clipboard
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‘Modelagem

Materiais e Propriedades

eMatetial Elastico Nao-Linear
Model : Material : Title : Aco

Define Material - ISOTROPIC X

General : E: IEsn: 0.3 D 2 Title [ Aco | color[55 | paette...| Layer[1 || Type..

General Function Referenceep Electrical/Optical Phase

Nonlinear : Nonlinear Elastic TEE—— Yiekd Function

(®) Nonlinear Elastic

Function : 1. Tensao-Deformacao Aco Otone  OElasto-Plstic (Biinear)

. (O Plastic
ePropriedade —

Model : Property : Beam . —
Compute From Tangent Modulus, Et...

Title : Barra & Rectangular Bar — 0. Tsotropic

Height : 1e-2 & Width : 10e-2 G L

0,
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Malha

ends & elementos
Model : Element : Nodes : 74, 40 : Property : Barra

Define BEAM Element - Enter Nodes or Select with Cursor

D (3] cor[25 ] oten] Lo (1] propry (200 ||

Orientation Offsets

Nodes Node l:] [Juse Reference Point

End A... No Offsets

] [ ous | e

Vector : Method (Locate) : {v} = {Tip} — {Base} = (0.,0.,-1.) - (0.,0.,0.)

EDI-38

MOdeIO 2D de Vlga de Concreto armado Concreto Estrutural |

Laboratério / Projeto




Modelagem

Malha

onos & elementos

Group : Create/Manage : New Group : Title : Armadura : Done :
Group : Element : Property : ID = 2

Mesh : Remesh : Refine : Group = Armadura : & Per Elem = 32
Group : Element : Property : ID = 2

Group : Node : On Element : Group = Armadura

Show Full Model
Tools : Check : Coincident Nodes : Select All : Ok

Show Full Model

Check Coincident Nodes
328 Node(s) Selected...
31 Node(s) Merged.
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Modelagem

Malha

enos & elementos
View : Options : Element- Orientation/Shape : Show Cross Section
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Analise & Pos-Processamento
SOL 101

e solugcao nao-linear
Model : Analysis : New : Title : Nao-Linear : Nonlinear Static : Analyze

e configuracao deformada

View : Select : Deform : Total Translation (Scale deformation : 1)

Na analise nao-linear o equilibrio é
satisfeito para a configuracao deformada
(nao-linearidade geométrica) e também
leva em conta de forma simplificada a
nao-linearidade fisica dos materiais com
os diagramas tensao-deformacao.
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Analise & Pos-Processamento

SOL 101

e Distribuicao das tensoes normais na direcao X

View : Select : Deformed countour data : (7020 Plate Top X Normal Stress)

3116E+5
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1.921E45
31B1E+5

-4.440E+5 [R5
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-6.959E+5
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-1.074E+6
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Exercicio — Casa

Au boulot!

Para o0 modelo nao-linear de viga de concreto armado, pede-se:

(1) As distribuicoes da norma do vetor deslocamento;

(2) As distribuicoes de tensoes e de deformacdes principais;

(3) Considerando que o concreto fissura para € >1 (por mil), indique
qual regiao da viga esta fissurada;

(4) Nesse exemplo, a nao-linearidade geométrica deve ser considerada
junto com a nao-linearidade fisica?

(5) Por que a analise nao-linear com um diagrama tensao-deformacao
bi linear para o concreto nao convergiu em sala de aula?
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