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Introducao

Cargas usuais de projeto

Projeto: EDI-49 Concreto Estrutural Il

!

ASSOCIACAO
BRASILEIRA
DE NORMAS
TECNICAS

ABNT
Av. Traze du Maio, 13 - 28 andar
20031501 - Rio de Janeiro - RJ
ol « 5521 36742300

Fau: » 5621 3074.2346
steiabnl.org b

W 800 09 b

AcOes verticais

| NOV 1980 ‘ NBR 6120

Cargas para o calculo de estruturas de
edificacoes

Procedimento

Origem: Projeto ABNT - NB-5/1978

CB-02 - Comité Brasileiro de Construgao Civil

CEF-'02:03.11 - Comissdo de Estudo de Cargas para o Célculo de Estruturas de
Edificios

Esta Norma incorpora a Errata 1 de 30.04.2000

Palavras-chave: Edificagao. Estrutura 5 paginas

ASSOCIACAO
BRASILEIRA
DE NORMAS
TECNICAS

ABNT

Av. Traze de Maio, 13 - 28° andar

20031-901 - Rio de Janeiro - RJ
Tol: + 56 21 3074-2300
Fax « 6521 3974-2348

AcOes horizontais

| wnise | NBR 6123

Forcas devidas ao vento em
edificacoes

Procedimento

Origem: Projeto NB-599/1987 ;

CB-02 - Comité Brasileiro de Construgéo Civil i
CE-02:003.16 - Comisséo de Estudo de Forgas Devidas ao Vento em Edificacdes
NBR 6123 - Building construction - Bases for design of structures - Wind loads -
Procedure

Descriptors: Wind. Edification

Incorpora a Errata n® 1 de DEZ 1990

Reimpressao da NB-599 de DEZ 1987

Palavras-chave: Vento. Edificagao 66 paginas
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Concreto Estrutural |
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Introducao

Exercicio 1 — Acoes horizontais

Largura efetiva

ABNT NBR
BRASILEIRA 6118

Terceira edicao
29.04.2014

Valida a partir de
29.05.2014

Projeto de estruturas de concreto —
Procedimento

Design of concrete structures — Procedure

Portico 2D

Forcas devidas ao vento
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Modelagem

Parametros

: File | Tools | Geometry Connect

‘ Model Info

[@] Meshing Toolbox Define Variables

PostProcessing Toolbox

a|qeL ejeq [ ==

Variable Name Value or Equation

[:l‘ Data Surface Editor

I . Data Table

Programming

Other Windows Define Variables X
Toolbars

o
=
S
Q
=
o
3
3
o

Variable Name Value or Equation

0.85*5600*sqrt(!fck)*1e6

= 26071593737, Equation Editor OK Cancel

ayers...
@ Text.

Measure

Bupeys |F

= SE Parameters...

Mass Properties
Section Properties
Check

f Stress Wizard

EDI-38
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Modelagem
Parametros

i File Tools Geometry Connect Model Mesh Modj

Delete Group View Window

v Connection
: Model Info

Model
S35 % A
@A Coordinate Systems
[ Geometry
® & Connections

+ R Aero Model

Output

View...
Model Info

Destination...

Variable Stored Value Defining Equation
E 2€071593737.
fck

0.85*5€00*sqre(!£fck) *le€
30. 30

Portico 2D
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Modelagem

Geometria

e ponto

Geometry : Point : Method(Locate) :

ID1 (0.,0.,0.) ID2 (0.,3.,0.) ID3 (6.,3.,0.) ID4 (6.,0.,0.)
® CUrva

Geometry : Curve-Line : Points :

ID1 (Pt1To Pt 2)ID2 (Pt2 To Pt 3) ID3 (Pt 3 To Pt 4) ID4
e cOpia

Geometry : Copy : Curve : Method(Locate) :

{Repetitions} = 14

{Base} = (0.,0.,0.) & {Topo} = (0.,3.,0.)

EDI-38
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Modelagem

Geometria e material

eCUrva

View : Options : Labels :
Curve / Surface Directions : Curve Arrows

i
1
T

e material

Model : Material : Isotropic
Title : Concreto fck = 30MPa
E:!Ev:0.2&0: 2500

| |
v»?, o~ 4 e - .y 1
| 1} | 1! |
| | {

EDI-38
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Modelagem

Propriedades Pilares

epropriedade 1

Model : Property : Beam
Title : Pilares
Rectangular Bar & Height : 40e-2 & Width : 20e-2

epropriedade 2

Model : Property : Beam

Title : Vigas

T Section & Height : 40e-2 & Width : 40e-2 & Thick = Thickness : 20e-2
Largura efetiva

EDI-38
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Modelagem

Malha

e refinamento (4 elementos/3m)
Mesh : Mesh Control : Size Along Curve :

Cr n : Pilares (4 el)
Crn : Vigas (8 el)

e NOs & elementos
Mesh : Geometry : Curves(1, 4, 7 ... 43), Curves(3, 6, 9 ... 45) : Property : Pilares
Method (Locate) : {v} = {Tip} — {Base} = (0.,0.,-1.) - (0.,0.,0.)
View : Options : Labels : Element — Orientation/Shape : Show Cross Section
Mesh : Geometry : Curves (2, 5, 8 ... 44) : Property : Travessa
Method (Locate) : {v} = {Tip} — {Base} = (0.,0.,-1.) - (0.,0.,0.)
View : Options : Labels : Element — Orientation/Shape : Show Cross Section

EDI-38
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Concreto Estrutural |
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Modelagem
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Modelagem

Malha

e NOs
Tools : Check : Coincidents Nodes : Merge

281 278 279 280

EDI-38
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Modelagem

EDI-38
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Modelagem

Condicoes de Contorno

e carregamento
Model : Load : Create Set : New
Title : Vento
Model : Load : Elemental :
Distributed Load : 6000 N/m.

e restricoes
Model : Constraint : Create Set : New
Title : Engaste

Model : Constraint : Nodal :
Nd 1,150: Fixed

Portico 2D

E000
E000.
B000
6000.
6000.
6000.
6000.

6000.
6000.
6000.
6000.

6000.
6000.
B000.

6000. )\
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Analise & Pos-Processamento

Analise Linear

e solucao estatica linear

Model : Analysis : New :
Title : Linear & Type : Static : Analyze

e configuracao deformada

View : Select : Deform (Total Translation)

Post Options : Scale Deformation : 10

123456 123456

EDI-38
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Analise & Pos-Processamento

Analise Linear

e diagrama de deslocamentos
View : Select : Beam Diagram (T1 Translation)

3.87E-1

3.62E-1

3.38E-1
3.14E-1
2.90E-1
2.66E-1
2.42E-1
2.17E1
1.93E-1
1.69E-1
1.45E-1
1.21E-1

Maximo deslocamento T1 : 38.7 cm

9.67E-2
7.25E-2
4.83E-2
2.42E-2

123456 123456 0.00E+0
EDI-38
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Analise & Pos-Processamento

Analise Linear

e diagrama de momento fletor (DMF)
View : Select : Beam Diagram (Bar EndA Plane2 Moment)

3.39E+5
2.97E+5

254E+5
2.12E45
1.69E+5
1.27E+5
B4TE 4 Maximo momento Mz : 339. kN.m
4.24E+4

1.63E+1

4,23 +4 Minimo momento Mz : -339. kN.m
-8.47E+4
-1.27E+5

-1.68E+5
-2.12E+5
-2.54E+5
-2.96E+5

% S 339E45
123456 123456
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P é rtl CO 2 D Concreto Estrutural |

Laboratério / Projeto




Analise & Pos-Processamento

Analise Nao-Linear Geomeétrica

e Configuracoes de analise nao-linear

Load Set Options for Nonlinear Analysis
Model I Mesh  Modify || {8} Create/Manage Set... Ctrl+F2 LoadSet 1

Coord Sys... Body... Solution Type
Node..  Ctrl+N Nodal... Qoff @statc (Ocreep (O Transient

Element... Ctrl+E Nodal on Face... Basic Convergence Tolerances

Material... Elemental... Number of Increments E Displacement 0,001
Property... Nonlinear Force... Inct 0, Load
Layup... Enforce Motion ... Max Iterations / Step CJwork

Load ¥ | OnPoint... Stiffness Updates Solution Strategy Overrides

Cargas de Vento

Constraint On Curve... Method \ > ITER G ‘ [[] ArcLength Method

Analysis... ¥y OnSurface. Iterations Before Update (®) None or Advanced Overrides
Optimization... Expand... (O Full Newton-Raphson
Output Control (O Modified Newton-Raphson

Aeroelasticity

Line Search

- - 5 Intermediate 1..YES v
Function... Nonlinear Analysis... ' [ } Quasi-Newton

Output ' 14 Bisection

Heat Transfer... | III Cancel

EDI-38
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Analise & Pos-Processamento

Analise Nao-Linear Geomeétrica

e Solucao nao-linear
Model : Analysis : New :
Title : Nao-Linear & Type : Nonlinear Static
Master Requests and Conditions : Nonlinear options :
Edit : Use Load Set Options : Analyze

eConfiguracao deformada final

View : Select : Deform (Total Translation)
Post Options : Scale Deformation : 10

123456 123456

EDI-38

P é rtl CO 2 D Concreto Estrutural |
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Analise & Pos-Processamento

Analise Nao-Linear Geomeétrica

e diagrama de deslocamentos
View : Select : Beam Diagram (T1 Translation)

3.87E-1

3.63E-1

3.38E-1
3.14E41
2.90E-1
2.66E-1
2.42E-1
2.18E-1 7 .
e Maximo deslocamento T1 : 38.7 cm
1.69E-1
1.45E1

1.21E-1

9.67E-2
7.25E-2
4.83E-2
2.42E-2

123456 123456 0.00E +0
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Analise & Pos-Processamento

Analise Nao-Linear Geomeétrica

e diagrama de momento fletor (DMF)
View : Select : Beam Diagram (Bar EndA Plane2 Moment)

3.33E+5

2.97E+5

2.54E+5
2.12E+5
1.70E+5
1.27E+45

8.48E+4
[

4.24E+4 [

Maximo momento Mz : 339. kN.m

7.07E+1 §

e Minimo momento Mz : -339. kN.m

-8.46E +4
-1.27E+5

-1.69E+5

< 212E+5
== 254E45
o
—— 2.96E45
o 339E+5

123456
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Introducao

Exercicio 2 — Imperfeicoes

Imperfeicdo geomeétrica global

Portico 2D




Modelagem

Parametros

Tools] Geometry Connect M
0 @ Undo Ctrl+Z

Define Variables

Workplane... F2 Variable Name Value or Equation

Model Info
Meshing Toolbox
PostProcessing Toolbox s [ Equation Editor ] [
Charting

Entity Editor

Data Surface Editor Define Variables

Entity Info
Data Table
FrogEmmng ! v] = l0.85‘5600'sqrt(!fd<}‘1e6
Other Windows
Toolbars Show Result I = 26071593737. Equation Editor

Parameters...

ajqeL eleq [

Variable Name Value or Equation

DL [EEERE «

3|14 wesboid |}

Variables... Ctrl+L

Define Variables
Variable Name Value or Equation

! [Theta

Measure
Mass Properties

ion P i
zehct c:(n roperties I Show Result A Equation Editor
ec

Stress Wizard

EDI-38
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Modelagem

Geometria

e ponto

Geometry : Point : Method(Locate) :
ID1 (0.,0.,0.)

ID2 (3.*tan(!Theta) , 3., 0.)

ID3 (6.+ 3.*tan(!Theta), 3., 0.)
ID4 (6.,0.,0.)

® CUrva
Geometry : Curve-Line : Points :

ID1 (Pt1To Pt 2)ID2 (Pt2To Pt 3) ID3 (Pt 3 To Pt 4) ID4
e cOpia

Geometry : Copy : Curve : Method(Points) :

{Repetitions} = 14

Base Point ID =1 Tip Point ID = 2

EDI-38
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Modelagem

Geometria e material

eCUrva

View : Options : Labels :
Curve / Surface Directions : Curve Arrows

e material

Model : Material : Isotropic
Title : Concreto fck = 30MPa
E:!Ev:0.2&0: 2500

EDI-38
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Modelagem

Propriedades

epropriedade 1

Model : Property : Beam
Title : Pilares
Rectangular Bar & Height : 40e-2 & Width : 20e-2

Pilares

epropriedade 2
Model : Property : Beam
Title : Vigas
T Section & Height : 40e-2 & Width : 40e-2 & Thick = Thickness : 20e-2

EDI-38
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Modelagem

Malha

e refinamento (4 elementos/3m)
Mesh : Mesh Control : Size Along Curve :

Cr n : Pilares (4 el)
Crn : Vigas (8 el)

e NOs & elementos
Mesh : Geometry : Curves(1, 4, 7 ... 43), Curves(3, 6, 9 ... 45) : Property : Pilares
Method (Locate) : {v} = {Tip} — {Base} = (0.,0., -1.) - (0.,0.,0.)
View : Options : Labels : Element — Orientation/Shape : Show Cross Section
Mesh : Geometry : Curves (2, 5, 8 ... 44) : Property : Vigas
Method (Locate) : {v} = {Tip} — {Base} = (0.,0.,-1.) - (0.,0.,0.)
View : Options : Labels : Element — Orientation/Shape : Show Cross Section

EDI-38
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Modelagem
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Modelagem

Malah e Condicoes de Contorno

e NOs
Tools : Check : Coincidents Nodes : Merge 6000, -

ecarregamento =

]
|

Model : Load : Create Set : New =

Title : Cargas de Vento 6000, |

Model : Load : Elemental : 5000 /‘

Distributed Load : 6000 N/m. B'-”O"’D”DD F;

e restricoes —
6000. /

Model : Constraint : Create Set : New 6000,

Title : Engaste 6000,
6000.

Model : Constraint : Nodal : 6000, |
Nd 1,150: Fixed el

123456
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Analise & Pos-Processamento

Analise Linear

e diagrama de deslocamentos

View : Select : Beam Diagram (T1 Translation)
4.93E-1

4.62E-1

4.31E-1

4.00E-1

3.70E-1

3.39E -1

3.08E-1

2.77E-1

2 46E-1

2161

1.85€-1

1.54E -1

1.23E-1

. | 9.24E-2

I J ; 6.16E-2
m—- 3.08E-2
0.00E+0

Maximo deslocamento T1 : 49.3 cm
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Analise & Pos-Processamento

Analise Linear

e diagrama de momento fletor (DMF)
View : Select : Beam Diagram (Bar EndA Plane2 Moment)

4.25E+5

{
3.71E+5

)F

4

}

317E+S
2.62E+5

7

Y

<

J 208645
-3

1.54E+5
9.966+4 | Maximo momento Mz : 425. kN.m

| ,
=
F 4.54E+4
-8.89E+3
.ﬂ_, "
:' -6.31E+4
-1.17E+5

-1.72E+5
-2.26E+5

S j_

Minimo momento Mz : -443. kN.m

-3.34E+5
-3.89E+5
-4 43E+5

123458 123456
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Analise & Pos-Processamento

Analise Nao-Linear Geomeétrica

e Configuracoes de analise nao-linear

Load Set Options for Nonlinear Analysis
Model I Mesh  Modify || {8} Create/Manage Set... Ctrl+F2 LoadSet 1

Coord Sys... Body... Solution Type
Node..  Ctrl+N Nodal... Qoff @statc (Ocreep (O Transient

Element... Ctrl+E Nodal on Face... Basic Convergence Tolerances

Material... Elemental... Number of Increments E Displacement 0,001
Property... Nonlinear Force... Inct 0, Load
Layup... Enforce Motion ... Max Iterations / Step CJwork

Load ¥ | OnPoint... Stiffness Updates Solution Strategy Overrides

Cargas de Vento

Constraint On Curve... Method \ > ITER G ‘ [[] ArcLength Method

Analysis... ¥y OnSurface. Iterations Before Update (®) None or Advanced Overrides
Optimization... Expand... (O Full Newton-Raphson
Output Control (O Modified Newton-Raphson

Aeroelasticity

Line Search

- - 5 Intermediate 1..YES v
Function... Nonlinear Analysis... ' [ } Quasi-Newton

Output ' 14 Bisection

Heat Transfer... | III Cancel
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Analise & Pos-Processamento

Analise Nao-Linear Geomeétrica

e diagrama de deslocamentos
View : Select : Beam Diagram (T1 Translation)

5.01E1

/ :
/ } 4.69E-1
If
{

/ 4.38E1
4.07E1

3.75E-1

——— 3.44E1
3.13E1

28261 Maximo deslocamento T1 : 50.1 cm

2.50E1

219E1

1.88E-1

1.56E-1

1.25E-1
9°39E-2
6.26E-2
313E-2

123456 123456 0.00E +0
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Analise & Pos-Processamento

Analise Nao-Linear Geomeétrica

e diagrama de momento fletor (DMF)
View : Select : Beam Diagram (Bar EndA Plane2 Moment)

,' f 4.34E+5
;}' . 3.79E+5
1- 323645
._, — 2.68E+5
| 4
213E+5
1.57E+5
1.026+5 Maximo momento Mz : 434. kN.m
4 65E+4

1.19E45

J
i
|
v
-8.81E+3
j’ SAZE Minimo momento Mz : -452. kN.m
;

-2.86E+5

:-" 1.75E45
-2.30E+5
_-" -3.41E+5

l-—-»x ‘I_ 3.96E+5

-4.52E+5

123458 123456
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Analise dos Resultados

Comparacao das analises

e Linear x Nao-Linear
Plane2 Moment : Mz

—e—Linear

—e— N3o-Linear

EDI-38
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Exercicio — Casa

Au boulot!

Refaca o modelo estrutural do poértico 2D, sem e com a imperfeicao
Geomeétrica, sujeito as forcas horizontais, considerando:

(1) O peso proprio da estrutura; .
[
v

(2) Os pilares sendo fletidos na direcao de menor inércia;
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Exercicio — Casa

Au boulot!

Determine para as analises linear e nao-linear do modelo estrutural do
portico:

(1) O diagrama de deslocamento horizontal e o valor do maior
deslocamento horizontal;

(2) Os diagramas DEC (esforco cortante) e DMF (momento fletor) para
a estrutura analisada;

(3) Os valores extremos (maximo e minimo) do esforco cortante e do
momento fletor nos pilares do portico;

(4) As curvas Mz x Y.
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