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Agenda

* Motivacao
* Calculodeo,ert,,
— Teoria de Euler-Bernoulli
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(a) Stress resultants. (b) Normal (flexural) stress. (€) Transverse shear stress.
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Motivacao

* Projeto/Andlise dos elementos estruturais
(Vigas)
— Distribuicao de tensdes( Normal e Cisalhamento)

Ox = 0, escoamento?

Txy = Tescoamento?
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TensOes de Cisalhamento

* Hipoteses
o Problema é independente do tempo.

o O formato da viga € um prisma reto, cujo comprimento é muito maior
que as outras dimensodes (Esbelta).

A viga é constituida de um material linearmente elastico.
O efeito Poisson é negligenciavel.
A secao transversal é simétrica em relacao ao plano vertical.

Planos perpendiculares a linha neutra permanecem quase planos e
perpendiculares ao eixo deformado depois da deformacao (Navier).

O angulo de rotacao da secao transversal € muito pequeno.
o O efeitos de momento de inércia da rotacao é desprezado.
o—Flexae-Rura.

o Aviga é constituida de material homogéneo .

o The distribution of flexural stress on a given cross section is not affected by the
deformation due to shear.

o Distorcao da secdo transversal € pequena o suficiente para ser desprezada!
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https://pt.wikipedia.org/wiki/Prisma
https://pt.wikipedia.org/wiki/Coeficiente_de_Poisson

TensOes de Cisalhamento
* Hipoteses

o Distorcao da secao transversal € pequena o suficiente para
ser desprezada!

(a) Antes da deformagio

= 10 i3 ¥
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(b) Apds a deformagio
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TensOes de Cisalhamento

* Objetivo

o Relacionar
e | V() > A, 1() - I
\ T(x) /

1
T(x)~V(x) T(x)~ m
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TensOes de Flexao

e Caminho

1. Premissa plausivel da deformacao da secao transversal

* we have no convenient way to characterize the displacement
due to shear (like the “plane sections” assumption that was
used to characterize displacement due to flexure) we must
follow a different approach

2. Equilibrio da Secao (Forcas)



TensOes de Cisalhamento

near strain distribution

DO

Because of shear deformation, plane sections do not
remain plane, as they do in the case of pure bending
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TensOes de Cisalhamento

Tabuas sem acoplamento ———>  free to slip along the surfaces of contact

|
=
O

Slip between non-bonded

* Planes parallel to the neutral surface (i.e., horizontal
planes) must be able to transmit shear!
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TensOes de Cisalhamento

Tabuas com acoplamento

l
~ No shear

Maximum | |
v distortion * the beam will undergo shear deformation

shear distortion \

| [f- J

* Because of shear deformation, plane
sections do not remain plane

/],I * Shear deformation has little effect on the
Plane sections: - distribution of flexural stress as long as the

no shear distortion beam is slender

4/17/2020 10



TensOes de Cisalhamento

e Formula
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TensOes de Cisalhamento

Y
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() Profile view. (b) Cross section.

Consider the segment from x to (x+A4 x)
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the transverse shear stress is equal
to the longitudinal shear stress at

Tensoes de Cisalhamento

the same point.
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(8) An element of length Ax.  (b) The distnbution of flexural stress.
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(€) A free body diagram (nmnus

(d) The flexural stress
vertical shear on ac and bd). contnibuting to .
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Tensoes de Cisalhamento
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y (€) A free body diagram (nmnus (d) The flexural stress
vertical shear on ac and bd). contributing to F.
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Tensoes de Cisalhamento

: c_d !

| —— |

I e pou N

M(x) Mx+ Ax) 1 la ! AR
4 bRl “(=}8
| i | 1

1 Y ! 1

1 \ : \\-~_T5 ] ffif :

Wx) Ux+Ax) | Shear stress :

: F at “b” :

v L

(8) An element of length Ax.  (b) The distnbution of flexural stress.

i:/;
3

(€) A free body diagram (nmnus (d) The flexural stress
vertical shear on ac and bd). contnibuting to .



AH

Fluxo de Cisalhamento (shear flow)

q

AH_
Ax
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Tensoes de Cisalhamento
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Tensoes de Cisalhamento

Fluxo de Cisalhamento (shear flow)
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Tensoes de Cisalhamento

We divide AH by the area over which it acts, we get an average shear stress on the
longitudinal plane at level y

Vo _"iH V I)G{I- F]
Tavg(X, Y) = Ao tAx I{I]”:_f'-’_ _"'—]

where

7 = the average transverse shear stress at level y in section x, Arca= A’
Plano da se¢do

0O = A'Y' = the first moment, with respect to the neutral axis, of the cross sectional
area above level y,'®

I = the moment of inertia of the entire cross section, taken with respect to the neutral
axis, and

t = the width of the cross section at level y.

* The sign convention is that the shear stress
acts in the same direction as the resultant ;
shear force V. - (b)
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TensOes de Cisalhamento

e Formula

Plano da seg¢do

2(AA *y)= bdy (yl+y2+y3+...)
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Exemplo

The rectangular beam of width b and height /2 (Fig. 1) is subjected to a
transverse shear force V. (a) Determine the average shear stress as a
function of v, (b) sketch the shear-stress distribution, and (c) determine
the maximum shear stress on the cross section.

Fig. 1

4/17/2020
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Exemplo
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LIMITATIONS ON THE SHEAR-STRESS FORMULA

* slender beam, linearly elastic behavior, etc.

* |tis applicable only to narrow beams
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(B) A “narrow beam.”
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“wide beam™ of Fig. 6 44a. “narrow beam” of Fig. 6 44b.



LIMITATIONS ON THE SHEAR-STRESS FORMULA

* slender beam, linearly elastic behavior, etc.

* |tis applicable only to narrow beams

* the shear stress formula does not apply where the width, t(x, y), varies rapidly

(b) The shear-stress distribution
on a circular cross section.

(8) A beam with circular cross section.

theory of elasticity
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