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Problema 2   

 

Barra Circular (𝑉 = 𝑃 − 𝑅!): 

𝛿! =
𝜕𝑈
𝜕𝑉

=
1
𝐸𝐼

𝑀(𝜃)
𝜕𝑀(𝜃)
𝜕𝑉

!
!

!
𝑅 𝑑𝜃 

𝑀 𝜃 = 𝑉𝑅 sin 𝜃 

Barra Vertical (𝐴 = 100𝐼 𝑅!): 

𝛿! =
𝑅
𝐸𝐴

𝑅! =
𝑅!

100𝐸𝐼
𝑅! 

(i) Trecho AB 

𝑀! 𝑦 = −𝑃(𝑎 − 𝑦) 

𝜕𝑀!

𝜕𝑃
= −(𝑎 − 𝑦) 

𝜕𝑈!"
𝜕𝑃

=
1
𝐸𝐼

𝑃(𝑎 − 𝑦)!𝑑𝑦
!

!
=
𝑃𝑎!

3𝐸𝐼
 

 

(ii) Trecho BC 

𝑀! 𝑧 = −𝑃𝑧 

𝜕𝑀!

𝜕𝑃
= −𝑧 

 

𝑀! 𝑧 = −𝑃𝑎 

𝜕𝑀!

𝜕𝑃
= −𝑎 

𝜕𝑈!"
𝜕𝑃

=
1
𝐸𝐼

𝑃𝑧!𝑑𝑧
!

!
+
1
𝐺𝐽

𝑃𝑎!𝑑𝑧
!

!
=
𝑃𝑎!

3𝐸𝐼
+
𝑃𝑎!

𝐺𝐽
 

(ii) Trecho CD 

𝑀! 𝑧 = −𝑃𝑎 

𝜕𝑀!

𝜕𝑃
= −𝑎 

 

𝑀! 𝑧 = −𝑃𝑎 

𝜕𝑀!

𝜕𝑃
= −𝑎 

𝜕𝑈!"
𝜕𝑃

=
1
𝐸𝐼

𝑃𝑎!𝑑𝑧
!

!
+
1
𝐸𝐼

𝑃𝑎!𝑑𝑧
!

!
=
2𝑃𝑎!𝐿
𝐸𝐼

 

𝛿! =
𝜕𝑈!"
𝜕𝑃

+
𝜕𝑈!"
𝜕𝑃

+
𝜕𝑈!"
𝜕𝑃

=
𝑃𝑎!

3𝐸𝐼
+
𝑃𝑎!

3𝐸𝐼
+
𝑃𝑎!

𝐺𝐽
+
2𝑃𝑎!𝐿
𝐸𝐼

=
2𝑃𝑎!

3𝐸𝐼
1 + 3

𝐿
𝑎
+
3
2
𝐸𝐼
𝐺𝐽

 



𝛿! =
𝑉𝑅!

𝐸𝐼
sin! 𝜃 𝑑𝜃

!
!

!
=
𝜋𝑅!

4𝐸𝐼
𝑉 =

𝜋𝑅!

4𝐸𝐼
(𝑃 − 𝑅!) 

Portanto: 

𝜋𝑅!

4𝐸𝐼
𝑃 − 𝑅! =

𝑅!

100𝐸𝐼
𝑅!    ⇒      𝑅! =

25𝜋
1 + 25𝜋

𝑃 = 0,987𝑃   

 

Flambagem: 

𝑅! = 0,987𝑃 < 𝜋!
𝐸𝐼
𝑅!

      ⇒      𝑅! < 10,0
𝐸𝐼
𝑅!

 

 

 

Problema 3  

 
(a) 

Parede Interna (𝑟 = 𝑎) Parede Externa (𝑟 = 𝑏) 

 

𝜎!! 𝑎 = −𝑃 = −60,0 MPa 𝜎!! 𝑏 = 0 

𝜎!! 𝑎 =
𝑏! 𝑎! + 1
𝑏! 𝑎! − 1

𝑃 = 100 MPa 𝜎!! 𝑏 =
2

𝑏! 𝑎! − 1
𝑃 = 40,0 MPa 

𝜎!! 𝑎 =
𝑃

𝑏! 𝑎! − 1
+

𝑎𝑀
𝜋 𝑏! − 𝑎! 4

= 87,9 MPa 𝜎!! 𝑏 =
𝑃

𝑏! 𝑎! − 1
+

𝑏𝑀
𝜋 𝑏! − 𝑎! 4

= 156 MPa 

(b) 

Parede Interna (𝑟 = 𝑎) Parede Externa (𝑟 = 𝑏) 

𝜎! = 𝜎!! 𝑎 = 100 MPa 𝜎! = 𝜎!! 𝑏 = 156 MPa 

𝜎! = 𝜎!! 𝑎 = 87,9 MPa 𝜎! = 𝜎!! 𝑏 = 40,0 MPa 

𝜎! = 𝜎!! 𝑎 = −60,0 MPa 𝜎! = 𝜎!! 𝑏 = 0 

𝜏!"# =
𝜎! − 𝜎!
2

= 80,0  MPa 𝜏!"# =
𝜎! − 𝜎!
2

= 78  Mpa 

𝜎!" =
1
2

𝜎! − 𝜎! ! + 𝜎! − 𝜎! ! + 𝜎! − 𝜎! ! = 154 MPa 𝜎!" =
1
2

𝜎! − 𝜎! ! + 𝜎! − 𝜎! ! + 𝜎! − 𝜎! ! = 140 Mpa 

𝑛!"#$%& =
𝑆! 2

max {𝜏!"#}
= 4,00 

𝑛!" =
𝑆!

max {𝜎!"}
= 4,15 
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