Deslocamento

Y
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Deslocamento

Y

Translacao

T

X
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Deslocamento

Y

Movimento de Corpo Rigido

Translacao + Rotacao

T

X
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Deslocamento

Y

Translacao + Rotacao + Deformacao

T

X
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Deslocamento

Y i

F’(XyZ)

u(x,y,z)=u (x y,z)|+u (X,¥,2)J+U,(XY,2)k

7 —

: X
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Deslocamento

Deslocamento é uma grandeza vetorial (o campo de
deslocamentos):

uix,y,z)=u,(x,y,z)1+u,(xYy,z)J+u,(XY,2)k

u,, Uy, e U, sao as componentes do vetor deslocamento
nas direcoes x, y e Z.
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Deformacao — 1D
Medidas de Deformacéo

1) Lagrangeana

L. —L

L AL g =t = AL/,
L, 2) Euleriana
Lf_ i

' Eg = =AL/L;

f

3) Logaritimica

Lf
glog = In T
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Deformacao — 1D

L. - AL Grandes
| deformacdes
| Pequenas
|_]c deformacoes
| |
£ = f|: L= AL/L L | 10m | 1,0m | 10m | 1,0m
| L, | 20m | 05m |1,001m 0999 m
gp =——— =AL/L, g | 100% | -50% | 0,10% |-0,10%
fL £ | 50% | -100% | 0,10% |-0,10%
Eiog = ”{fj Eng | 69,3% |-69,3% | 0,10% |-0,10%
|
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Deformacao — 2D
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Deformacao — 2D
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Deformacao — 2D

.
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Deformacao — 2D —

Nao ha distorcao
do elemento
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Deformacao — 2D —

Nao ha distorcao
do elemento
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Deformacao — 2D
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Deformacao — 2D



faro
Text Box


Deformacao — 2D

0
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Deformacao — 2D — —

Ha distorcao no
elemento (cisalhamento)
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Deformacao — 2D — —

Ha distor¢&o no
elemento (cisalhamento)
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Deformacao — 2D

Medida de Deformacao — Relacoes entre
deslocamentos e deformacoes



faro
Text Box

faro
Text Box


Deformacao — 2D

Medida de Deformacao — Relacoes entre
deslocamentos e deformacoes

/
_-1
-7 !
- l
e ]
D’ ————— ,
_ '
= 1
! '
! '
! ]
! !
! !

1
1
1
1
A’ ' -1
1 ’,’
II—”’

HIPOTESE
Peguenas
Deformacoes e

Rotacoes!
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Deformacao — 2D

y A D’ //,,//’//”/// C
/ / . AB'—AB
// // Exx = AI”TE) AB
/ ] X—>
D /// //// Bl
| i AD'=AD
Ay N W 50 AD
| = lim(£ZBAD - ZB'A'D’
y
y ' A B 7, ( )
AX—0
> Ay—0
X AX
> X
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Deformacao — 2D

Cf

Deslocamentos
uA = UX(X, y)l + Uy(X, y) :

Ug =U, (X+AX, y)I +U, (X+AX, Y)]

Up =U, (X, Y +AY)I+U (X, y +Ay)]

» X
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Deformacao — 2D

D’ C’

yA

A B’

HIPOTESE
Pequenas Deformacodes
e Rotacoes!
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Deformacao — 2D

. A'B'—AB
g, = 1lim
Ax—0 AB
AB = Ax

AB' = [Ax+u, (x+AX, Y)]-u (X, y)
u, (X+Ax, y) = u (X, y)+(6u, /Ox)Ax
A'B’ = [Ax+u, (X, y)+(6u, /ox)AX|-u, (X, y) = |[Ax + (du, /Ox) AX]
¢~ lim |Ax+ (0u, /oX)Ax|-Ax _ au,
AX—0 AX OX
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Deformacao — 2D

yA

u, (X, y +Ay)

Ay

u,(x,y)|

A
HIPOTESE

Pequenas Deformacodes
e RotacoOes!
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Deformacao — 2D

. AD'-AD
Ey = lim
Ay—0 AD
AD = Ay

A'D' = [Ay+ u, (X, y+Ay)]—uy(x, Y)
u,(x,y+Ay)=u,(x,y)+(ou, /oy)Ay
A'D' = [Ay+ u, (X, y)+ (6uy/8y)Ay]—uy(x, y) = [Ay+ (8uy/8y)Ay]
¢, = lim [Ay+(@uy/8y)Ay]—Ay _au,

Ay—0 Ay ay
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Deformacao — 2D

yA

C’
Dl
V>
D e @ B’
o
Ai‘ “““““““““““ B

Vi = lim(£BAD - ZB'AD')=y, +7,

AX—0
Ay—0



faro
Text Box


Deformacao — 2D

U (X+AX y)—uy (X, Y)

C’ tany, ~
D’ 7/1 AX
Y
72 u, (X+Ax,y)=u,(XY)
B’ /

D o .. T

[

| : g

N u, (X+AX,Y)

| u, (X, Y)
A B
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Deformacao — 2D
u, (X, y+Ay)—u,(X,Y)

tany, =
7/2 Ay
% > u (X, y+Ay)—-u. (X,
— (X, y+4Ay)—u, (X y)
u (X y+4y) |/ D’ C
ﬁ e
u, (%, Y) W
D SR o B’
— 7
- A u, (X, y)
A B
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Deformacao — 2D

u, (X+AX,y)—u,(XY)

yyrany, = Ax
u, (X+AX, y) = u, (X, y)+(0u, /0X)Ax
7,1:% B ~du, ou,
ax 7/xy_7/1+7/2_8y+8x
u (x,y+Ay)—u (X,
v, ~tany, = Y TAY) U, (X, ¥)
Ay
U, (X, Y +4y) = U, (X, y) +(0u, /oy) Ay
ou,,
V2 =

oy
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Deformacao — 2D

Medida de Deformacao — Relacoes entre
deslocamentos e deformacoes

C
A Digsgiii ou

AL
1 1,0u ou,

gxy — _7/xy — _( + )
2 2 0y OX



faro
Text Box


Deformacao — 2D

Medida de Deformacao — Mudanca do sistemas
de coordenada

' A y C ou’
’
D C B , auy
Al X Ey,y o '
oy
[} /
A B y = ou, N ouy
Xy ayl axr
0
> X
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Deformacao — 2D

Medida de Deformacao — Mudanca do sistemas
de coordenada

. _ Ouy _ 0uy OX au oy

APV oy Ox'

g”:au’y ou, X ou; oy

oy 5X 5y 5y 9%
ou’ +5U'y ou, X ouy oy au'y OX +5u'y oy
oy/  ox'  ox oy 8y 8y ox ox" oy oX

7/Xryr —
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Deformacao — 2D

X=X'cosd-y'sind
y=Xx'sind+Yy’siné

4
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Deformacao — 2D

=V, C0s&+V, sind

v,
, :
LY V, ==V, SINf+V, CcosH
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Deformacao — 2D

XX’

ou ou
— (aux cos@+—Lsin Hjcose{aux cos@+—>Lsin Hjsin 6
oy oy

OX OX
ou ou, . ou. ou, \ .
=—Xc0s* @+—2sin” @+ —*+—L |sinfcosb
OX OX
Egyw = €4, COS* O+¢,,5IN* O+, sindcosd
E,, & E,, — & 1 )
£y =—— W 4 W o520+ =y, Sin26
2 27
e, +¢& E, — & )
£ =———2+——2 00520 +¢,,5in 20
2 2 g
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Deformacao — 2D

Medida de Deformacao — Mudanca do sistemas
de coordenada

E,TE E, — €

£y =———+—— c0s20 + ¢, sin20
2 2 !
e, & E, — €& ]
€y =———+———>C0820-¢,,5in26
2 2 g
1 Exx ~Ey .
Evy = — Vo = ————228IN20 + £, C0S 20
Xy 2 Xy 2 Xy
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Deformacao — 3D

_gxx gxy gxz_
Tensor de Deformacao l£]= Ey Ey €y
_gxz gyz gzz_
ou, ou, ou,
Exx = Ew = =
OX Yooy 0z
ou 1 1, 0u, ou,
gxy:17xy:£(8ux+ ") Eo ==V =7 + )
2 20y 0O 2 2 0L OX
0
. 1 :1( uy+6uz)
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Medida Experimental de Deformacoes

Técnicas para medida de deformacao
— Mecanicas
— Eletricas
— Opticas
— Acusticas
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Medida Experimental de Deformacoes

ExtensOmetros Elétricos Resistivos

Filme protetor

— Grid de material metalico
-~ (elemento sensor)

—_—

lme polimérico (base)
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Medida Experimental de Deformacoes

Extensdometros Elétricos Resistivos
Extensdmetros uniaxiais

e >
< > R:,oL
i = > A

R — Resisténcia

r — Resistividade

L — Comprimento do fio metalico
A — Area
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Medida Experimental de Deformacoes

Extensometros Elétricos Resistivos
ExtensOmetros uniaxiais

VVVVY
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Medida Experimental de Deformacoes

Extensometros Elétricos Resistivos
ExtensOmetros triaxiais (rosetas extensometricas)

ED\ ‘Y
E m e
ET B
oL X
O

E,, +& E,, — & .
g(0) =220 L T "W 60520+ £ sin20
2 Y
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Medida Experimental de Deformacoes

Roseta a 45°

Y a
&g = &(45°)
yay
% 0 =6(09)= 2,
&. = &(—45°)
E.+e, &E,—&

g(@) == > LLAE > 205260 + ¢,,5in 26
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Medida Experimental de Deformacoes

Roseta a 45°
E, T+ E Ey—E& E, T+ E
gy =——2+-2—2¢0s(90° +¢,,5in(90°) =—=—L + ¢,
2 2 2
E,T & Ey—E& . E,T &
Eo =— 5 v A > % c0s(-90°) + &,,, sin(-90°) = —= 5 Y _ g,

gy = &(45°) _
% gxx T gA
X E..L = EB +6'C —EA
gA :g(OO):gxx
% &g —¢&¢
gxy =
&. = &(—45°) 2
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Relacao Tensao vs. Deformacao

el de Hooke Generalizada
— Material Isotrépico
— Material Elastico
— Material Linear
— Pequenas Deformacoes
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Relacao Tensao vs. Deformacao

Ensaio de Tracao

[

Figuras reproduzidas de:
Beer, Johnston & DeWolf, Mechanics of Materials, 4™ ed., McGraw-Hill, 2002
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Relacao Tensao vs. Deformacao

Ensaio de Tracao

(;Erig ____________________ ! Rupture 0'68 _______________ Rupture
| —k ik
| | i
é Ty | E »Zi Ty :
S . | % s | R
20 | I 20 H! I
| P e > I |
| I'Yieldi Strain-hardening Necking i E
| | | . . |
t 002 02 025 I 0.2
0.0012 0.004
(a) (b (ﬂ) Low-carbon steel (b) Aluminum ‘dllOY

Figuras reproduzidas de:
Beer, Johnston & DeWolf, Mechanics of
Materials, 4™ ed., McGraw-Hill, 2002

VIV VAT IV U v il o
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Relacao Tensao vs. Deformacao

Ensaio de Tracao

Rupture
By Sl s smn———

€

Fig. 2.11 Stress-strain diagram for a typical
brittle material.

Figuras reproduzidas de:
Beer, Johnston & DeWolf, Mechanics of
Materials, 4™ ed., McGraw-Hill, 2002

Niecanica dos Sdiidos i
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Relacao Tensao vs. Deformacao

Relacao entre Tensao e Deformacao
o =FI/A

Regime
Elastico

......................

...................

= JlL

Miecanica a0s S01100S |
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Relacao Tensao vs. Deformacao

Deformacao longitudinal

ma s

:) & =ofE

kLOJrALﬁ
P P

-
— o ——
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Relacao Tensao vs. Deformacao

Deformacao transversal
& =AD/D,

| AD/D, = —v(AL/L,)

DO
:) & =—ve, =—v(o/E)
T

l D, +AD

——

-
—
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Relacao Tensao vs. Deformacao

Estado uniaxial de tensao (direcao x)

A Z
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Relacao Tensao vs. Deformacao

Estado uniaxial de tensao (direcao x)

AL
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Relacao Tensao vs. Deformacao
Estado uniaxial de tensao (direcao y)

r 7
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Relacao Tensao vs. Deformacao

Estado uniaxial de tensao (direcao y)

t oz g, =—v—2L
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Relacao Tensao vs. Deformacao

Estado uniaxial de tensao (direcao z)

7 A

> Y
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Relacao Tensao vs. Deformacao

Estado uniaxial de tensao (direcao y)

7 A

O-ZZ

> Y
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Relacao Tensao vs. Deformacao

Estado triaxial de tensdo (emprega-se o principio

da superposicao):

z

o o o
£, = XX _ 1y Yy _y
E E E
o o o
gyy — XXy yy _y =
E E E
o o o
g, =—V XX _ 1 yy 4z
E E E
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Relacao Tensao vs. Deformacao

Cisalhamento puro (plano xz)

]

v

4
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Relacao Tensao vs. Deformacao

Cisalhamento puro (plano xz)
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Relacao Tensao vs. Deformacao

Cisalhamento puro (plano yz)

]

v

4
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Relacao Tensao vs. Deformacao

Cisalhamento puro (plano yz)
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Relacao Tensao vs. Deformacao

Cisalhamento puro (plano xy)

]

v

4
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Relacao Tensao vs. Deformacao

Cisalhamento puro (plano xy)
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Relacao Tensao vs. Deformacao

Empregando o principio da superposicao:

£ = 1 V. = Oy
Y2t 2G
s = E y, = Oy
XZ 2 XZ ZG
g, = 1 v, = Oy
272G
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Relacao Tensao vs. Deformacao

Acoplamento
entre tensoes y
longitudinais e T
deformacoes
cisalhantes b
- C
O

XX

/\/N

d



faro
Text Box

faro
Text Box


Relacao Tensao vs. Deformacao

Supondo-se que
exista o acoplamento: T y
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Relacao Tensao vs. Deformacao

Considerando uma
rotacao do bloco de y
180° em torno de x: T

XX

. 180°

/\/C\&
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Relacao Tensao vs. Deformacao

Material e isotrépico,
logo a deformacao y
cisalhante deveria ser T

Idéntica a verificada —
antes da rotacéo. [
< d : Y <
o ¥ T--- ~

XX L

= |
/ T "
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Relacao Tensao vs. Deformacao

Para materiais isotropicos, tensdes normais nao
produzem deformacoes cisalhantes. Pode-se mostrar
que tensoes cisalhantes também né&o produzem
deformacoes longitudinais.
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Relacao Tensao vs. Deformacao

EquacOes constitutivas para material isotropico, linear
(pequenas deformacdes) e elastico

g O xx —v ny —v Oz 1 ny

“E E E P ANTe
o, O o 1 o
o o o 1 o

e =—py—XX_y W_|_ 22 :_7yz yz
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Relacao Tensao vs. Deformacao

Considerando variacoes de temperatura:

o
SVl VSIS, 1
E E Yo lN

o, Oy O 1

g, =—V—+ —v—=2+aAT =—
yy E E XZ 27/xz

o

822——1/0”—1/ W Cu o o AT yz—iyyz

E E E 2
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