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Cronograma de aulas
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Tópicos

► Composição de tensões

► Método das seções

► Diagramas de esforços e flexão

PMR-3320
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Carregamentos

➢ Forças

▪ Concentrados

▪ Distribuídos

➢ Momentos

𝑭𝒂

𝑭𝒃

՜
𝑭𝒄

𝑷𝒂

𝑷𝒃

՜
𝑷𝒄

𝑴𝒂

𝑴𝒃

𝑴𝒄
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Apoios                Reações

• Fixo

• Deslizante

• Engastado

• Com cabo

• Com contato









𝑅𝑏

𝑅𝑎

𝑅𝑏
𝑅𝑎

𝑅𝑏

𝑅𝑎
𝑅𝑏

𝑅𝑎

𝑅𝑏

՜
𝐹𝑎

՜
𝑇
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Corpo apoiado sujeito a carregamentos

՜
𝐹𝑎

𝐹𝑏

՜
𝐹𝑐

Ref

•

𝐴1

𝐴2
՜
𝑀

x

y

𝐹𝑏

՜
𝐹𝑐

𝐹𝐴2𝑥

𝐴1
𝐹𝐴2𝑦

𝐴2

Ref

•
՜
𝑀

𝐹𝐴1𝑦

՜
𝐹𝑎

x

y
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Apoios e reações no equilíbrio

՜
𝐹𝑎

𝐹𝑏

՜
𝐹𝑐

𝐹𝑐𝑥

𝐹𝑎𝑥

𝐹𝑎𝑦

𝐹𝑐𝑦

𝑎

𝑐

𝐹𝑏𝑥

𝐹𝑏𝑦

𝑏

𝐹𝐴2𝑥

𝐴1
𝐹𝐴1𝑦

𝐹𝐴2𝑦

𝐴2


𝑅𝑒𝑓

𝐹𝑛 = Ԧ𝐹


𝑅𝑒𝑓

𝑀𝑛 = 𝑀

Ref

•
՜
𝑀

x

y
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𝑭𝒂

𝑭𝒃

՜
𝑭𝒄

Ref

𝐹𝑐𝑥

𝐹𝑎𝑥

𝑎

𝑐

𝐹𝑏𝑥

𝑏
𝐹𝐴2𝑥

𝐴1

𝐴2

𝑭𝒓𝒆𝒇𝒙
= 𝟎

𝐹𝑎𝑥 = 𝐹𝑎 . cos 𝜃𝑎 ,

𝐹𝑐𝑥 = 𝐹𝑐 . cos 𝜃𝑐 ,

−𝐹𝑏𝑥 = 𝐹𝑏 . cos 𝜃𝑏 ,

𝐹𝐴2𝑥

𝐹𝑎𝑥 + 𝐹𝑐𝑥 − 𝐹𝑏𝑥 + 𝐹𝐴2𝑥 = 0

•

𝐹𝑎 . cos 𝜃𝑎 + 𝐹𝑐 . cos 𝜃𝑐 − 𝐹𝑏 . cos 𝜃𝑏 + 𝐹𝐴2𝑥 = 0

Apoios e reações no equilíbrio

x

y
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՜
𝐹𝑎

𝐹𝑏

՜
𝐹𝑐

Ref

𝐹𝑐𝑥

𝐹𝑎𝑥

𝐹𝑎𝑦

𝐹𝑐𝑦

𝑎

𝑐

𝐹𝑏𝑥

𝐹𝑏𝑦

𝑏

x

y

𝐴1
𝐹𝐴1𝑦

𝐹𝐴2𝑦

𝐴2

𝑭𝒓𝒆𝒇𝒚
= 𝟎

𝐹𝑎𝑦 = 𝐹𝑎 . sin 𝜃𝑎 ,

−𝐹𝑏𝑦 = 𝐹𝑏 . sin 𝜃𝑏,

𝐹𝑐𝑦 = 𝐹𝑐 . sin 𝜃𝑐, 

𝐹𝐴2𝑦 ,

𝐹𝐴1𝑦

𝐹𝑎𝑦 + 𝐹𝑐𝑦 − 𝐹𝑏𝑦 + 𝐹𝐴2𝑦 + 𝐹𝐴1𝑦 = 0

•

Apoios e reações no equilíbrio

𝐹𝑎 . sin 𝜃𝑎 + 𝐹𝑐 . sin 𝜃𝑐 − 𝐹𝑏 . sin 𝜃𝑏 + 𝐹𝐴2𝑦 + 𝐹𝐴1𝑦 = 0



10

PMR-3320

Ref

𝐹𝑎𝑥

𝐹𝑎𝑦

𝐴1

𝐴2

•

𝑑𝑎𝑦

𝑑𝑎𝑥

𝑀𝑎

•

𝑀𝑎 = 𝐹𝑎𝑥 ∗ 𝑑𝑎𝑦 − 𝐹𝑎𝑦 ∗ 𝑑𝑎𝑥

x

y

𝐹𝑏𝑥

𝐹𝑏𝑦

𝐴1

𝐴2

•
𝑑𝑏𝑦

𝑑𝑏𝑥

𝑀𝑏

x

y

𝑀𝑏 = −𝐹𝑏𝑥 ∗ 𝑑𝑎𝑦 − 𝐹𝑏𝑦 ∗ 𝑑𝑎𝑥

Ref


𝑹𝒆𝒇

𝑴𝒏 = 𝟎 +

Apoios e reações no equilíbrio
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𝐹𝑐𝑥

𝐹𝑐𝑦

𝐴1

𝐴2

•
𝑑𝑐𝑦

𝑑𝑐𝑥

𝑀𝑐 = −𝐹𝑐𝑥 ∗ 𝑑𝑐𝑦 + 𝐹𝑐𝑦 ∗ 𝑑𝑐𝑥

𝑀𝑐

Ref

𝐴1

𝐴2

•
𝑑𝐴1𝑥

𝑑𝐴1𝑦

𝐹𝐴1𝑦

𝑀𝐴1 = 𝐹𝐴1𝑦 ∗ 𝑑𝐴1𝑥

𝑀𝐴1

x

y

x

y

Ref


𝑹𝒆𝒇

𝑴𝒏 = 𝟎 +

Apoios e reações no equilíbrio
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Ref

𝐹𝑎𝑥

𝐹𝑎𝑦

𝐹𝑏𝑥

𝐴1

𝐴2

•

𝑑𝑎𝑦

𝑑𝑎𝑥

𝑀𝑎

•

𝑀𝑎 = 𝐹𝑎𝑥 ∗ 𝑑𝑎𝑦 − 𝐹𝑎𝑦 ∗ 𝑑𝑎𝑥
x

y

𝐹𝑏𝑥

𝑑𝑏𝑦

𝑑𝑏𝑥

𝑀𝑏 = −𝐹𝑏𝑥 ∗ 𝑑𝑎𝑦 − 𝐹𝑏𝑦 ∗ 𝑑𝑎𝑥

𝐹𝑐𝑦

𝑑𝑐𝑦

𝑑𝑐𝑥

𝑀𝑐 = −𝐹𝑐𝑥 ∗ 𝑑𝑐𝑦 + 𝐹𝑐𝑦 ∗ 𝑑𝑐𝑥

𝑑𝐴1𝑥

𝑑𝐴1𝑦

𝐹𝐴1𝑦

𝑀𝐴1 = 𝐹𝐴1𝑦 ∗ 𝑑𝐴1𝑥

𝑀𝐴1
𝐹𝑎𝑥 ∗ 𝑑𝑎𝑦 − 𝐹𝑎𝑦 ∗ 𝑑𝑎𝑥 − 𝐹𝑏𝑥
∗ 𝑑𝑎𝑦 − 𝐹𝑏𝑦 ∗ 𝑑𝑎𝑥−𝐹𝑐𝑥 ∗ 𝑑𝑐𝑦
+ 𝐹𝑐𝑦 ∗ 𝑑𝑐𝑥 + 𝐹𝐴1𝑦 ∗ 𝑑𝐴1𝑥 = 0


𝑹𝒆𝒇

𝑴𝒏 = 𝟎 +

Apoios e reações no equilíbrio
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Modelo de viga

x

y

13𝐴1

𝐴2

x

y

•Ref

•
Ref
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Modelo de viga

՜
𝐹𝑎

𝐹𝑏

՜
𝐹𝑐

𝐹𝑐𝑥

𝐹𝑎𝑥

𝐹𝑎𝑦

𝐹𝑐𝑦

𝑎

𝑐

𝐹𝑏𝑥

𝐹𝑏𝑦

𝑏

𝐹𝐴1𝑦

𝐹𝐴2𝑦
14

𝐼 ⇒ 𝑚𝑜𝑚𝑒𝑛𝑡𝑜
𝑑𝑒 𝑖𝑛é𝑟𝑐𝑖a

Á𝑟𝑒𝑎

𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 (𝐸, 𝜐)

𝐹𝑐𝑥
𝐹𝑎𝑥

𝐹𝑎𝑦

𝐹𝑐𝑦

𝐹𝑏𝑥

𝐹𝑏𝑦 𝐴1

𝐹𝐴1𝑦
𝐹𝐴2𝑦

՜
𝑀

𝐹𝐴2𝑥

𝐹𝐴2𝑥

𝐴1

𝐴2

Ref
•

•Ref

•Ref

x

y
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Método das seções

1º. Passo - Cálculo das reações

x

y

𝐹𝑎 . cos 𝜃𝑎 + 𝐹𝑐 . cos 𝜃𝑐 − 𝐹𝑏 . cos 𝜃𝑏 + 𝐹𝐴2𝑥 = 0𝑭𝒓𝒆𝒇𝒙
= 𝟎

𝑭𝒓𝒆𝒇𝒚
= 𝟎 𝐹𝑎 . sin 𝜃𝑎 + 𝐹𝑐 . sin 𝜃𝑐 − 𝐹𝑏 . sin 𝜃𝑏 + 𝐹𝐴2𝑦 + 𝐹𝐴1𝑦 = 0

𝐹𝑎𝑥 ∗ 𝑑𝑎𝑦 − 𝐹𝑎𝑦 ∗ 𝑑𝑎𝑥 − 𝐹𝑏𝑥 ∗ 𝑑𝑎𝑦 − 𝐹𝑏𝑦 ∗ 𝑑𝑎𝑥−𝐹𝑐𝑥 ∗ 𝑑𝑐𝑦 + 𝐹𝑐𝑦 ∗ 𝑑𝑐𝑥 + 𝐹𝐴1𝑦 ∗ 𝑑𝐴1𝑥 = 0
𝑹𝒆𝒇

𝑴𝒏 = 𝟎

𝐹𝑎 . cos 𝜃𝑎 ∗ 𝑑𝑎𝑦 − 𝐹𝑎 . sin 𝜃𝑎 ∗ 𝑑𝑎𝑥 −⋯ + 𝐹𝐴1𝑦 ∗ 𝑑𝐴1𝑥 = 0

𝐹𝑐𝑥
𝐹𝑎𝑥

𝐹𝑎𝑦

𝐹𝑐𝑦

𝐹𝑏𝑥

𝐹𝑏𝑦 𝐴1

𝐹𝐴1𝑦
𝐹𝐴2𝑦

՜
𝑀

𝐹𝐴2𝑥

•Ref
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Modelo de viga

𝐹𝑎 . cos 𝜃𝑎 + 𝐹𝑐 . cos 𝜃𝑐 − 𝐹𝑏 . cos 𝜃𝑏 + 𝐹𝐴2𝑥 = 0𝑭𝒓𝒆𝒇𝒙
= 𝟎

𝑭𝒓𝒆𝒇𝒚
= 𝟎 𝐹𝑎 . sin 𝜃𝑎 + 𝐹𝑐 . sin 𝜃𝑐 − 𝐹𝑏 . sin 𝜃𝑏 + 𝐹𝐴2𝑦 + 𝐹𝐴1𝑦 = 0

𝐹𝑎𝑥 ∗ 𝑑𝑎𝑦 − 𝐹𝑎𝑦 ∗ 𝑑𝑎𝑥 − 𝐹𝑏𝑥 ∗ 𝑑𝑎𝑦 − 𝐹𝑏𝑦 ∗ 𝑑𝑎𝑥−𝐹𝑐𝑥 ∗ 𝑑𝑐𝑦 + 𝐹𝑐𝑦 ∗ 𝑑𝑐𝑥 + 𝐹𝐴1𝑦 ∗ 𝑑𝐴1𝑥 = 0
𝑹𝒆𝒇

𝑴𝒏 = 𝟎

𝐹𝑎 . cos 𝜃𝑎 ∗ 𝑑𝑎𝑦 − 𝐹𝑎 . sin 𝜃𝑎 ∗ 𝑑𝑎𝑥 −⋯ + 𝐹𝐴1𝑦 ∗ 𝑑𝐴1𝑥 = 0

𝑭𝑨𝟏𝒚 , 𝑭𝑨𝟐𝒚 , 𝑭𝑨𝟐𝒙
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Método das seções

𝐹𝑐𝑦

𝐹𝑐𝑥
𝐹𝑎𝑥

𝐹𝑎𝑦

𝐹𝑏𝑥

𝐹𝑏𝑦
𝐴1

𝐹𝐴1𝑦𝐹𝐴2𝑦

՜
𝑀

𝐹𝐴2𝑥

•Ref

x

y

0
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Método das seções

𝐹𝑏𝑥

𝐹𝑏𝑦

𝐹𝐴2𝑦

՜
𝑀

𝐹𝐴2𝑥

•Ref

x

y

0

x

y

0

𝐹𝑏𝑥

𝐹𝑏𝑦
𝐹𝐴2𝑦

՜
𝑀

𝐹𝐴2𝑥

•

𝑭𝒓𝒆𝒇𝒙
= 𝟎

𝑭𝒓𝒆𝒇𝒚
= 𝟎


𝑹𝒆𝒇

𝑴𝒏 = 𝟎

՜
𝑀𝑉



19

PMR-3320 Shigley’s Mechanical Engineering Design, McGraw−Hill, Eighth Edition, 2006
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PMR-3320 Shigley’s Mechanical Engineering Design, McGraw−Hill, Eighth Edition, 2006
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PMR-3320 Shigley’s Mechanical Engineering Design, McGraw−Hill, Eighth Edition, 2006
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PMR-3320 Shigley’s Mechanical Engineering Design, McGraw−Hill, Eighth Edition, 2006
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PMR-3320 Shigley’s Mechanical Engineering Design, McGraw−Hill, Eighth Edition, 2006
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PMR-3320 Popov, E. P. Introdução a mecânica dos sólidos, Edgard Bluecher, 13°reimpressão, 2016
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Exercício – Aula 01

Fuso bi –apoiado,

Fuso em balanço

𝑎
𝑏

𝑐

𝑎 𝑏
𝑐

Ftotal

L/4

L/2
L

Ftotal

L/4

L/2
L

𝑎

𝑎

𝑏

𝑏
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Exercício – Aula 01

Fuso bi –apoiado,

𝑎
𝑏

𝑐

Ftotal

L/4

L/2
L

𝑎 𝑏

𝐹𝑎𝑦

𝐹𝑎 𝑥

Ref

0

𝐹𝑏𝑦

Ftotal

𝑎 𝑏

•

L/4
L/2

L

x

y
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Exercício – Aula 01

Fuso em balanço

𝑎 𝑏
𝑐

Ftotal

L/4

L/2
L

𝑎 𝑏

𝐹𝑎𝑦

𝐹𝑎 𝑥

Ref
Ftotal

𝑎

𝑏
•

L/4
L/2

L

x

y

՜
𝑀
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