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Fundamental mode
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3

b
variable

ω/ω1

h fixed

Cross section

x  / l0 0.5 0.750.25

0.5

0.75

A/A2

Problem V → ωmin Problem V → ωmin
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3 2 1
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V/V+0.750.5

1.2

1.0

ω/ω1

1.4

A.B
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1 2 3

C
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1.4

D

B
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A
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1 2 3

1.8

Problem V → ωmax
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1 2 3

0. 50 0.25 0.75 x / l
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Problem V → ωmax

0. 50 0.25 0.75 x / l

3

2
1

r variable

Cross section

x  / l0 0.5 0.750.25

0.75

0.5

A/A2

Problem V → ωmin

13 2

x  / l0 0.5 0.750.25

Problem V → ωmin
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0.5 0.75 V /V+

1.5

0.8

ω/ω1

1.4

A

B

C

D

31 2

ω/ω1

1.0

0.8

1.2

0.5 0.75 V /V+

AB

C D

1 2 3

1.4

0.75

0.5

A/A2

Problem V → ωmaxProblem V → ωmax

0 0.5 0.750.25 x  / l

3

1

2

x  / l0 0.5 0.750.25

0.75

0.5

A/A2

3 2

1

r variable

Problem V → ωminProblem V → ωmin

x  / l0 0.5 0.750.25

0.75

0.5

A/A2

1 32

x  / l0 0.5 0.750.25

0.75

0.5

A/A2

1

3

2
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Bernoulli-Euler theory (BE)

Problem V → ωmin

Problem V → ωmax

Fundamental mode Second mode

0.5 0.75 V /V+

ω/ω1

0.5 0.75 V /V+

1.0

1.5

A

B

C D

1 2 3

2.0
BE

Tim

ω/ω1

1.0

1.5

A

BBE

C DBE

1 2 3

2.0

BT

DT

BE

Tim

Bernoulli-Euler and Timoshenko theories

Problem V → ωmax

Timoshenko theory (Tim)

x / l0 0.5 0.750.25

0.75
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A/A2

321 0.75
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0 0.5 0.750.25 x / l

3

1

2

x / l0 0.5 0.750.25
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0.5

A/A2

1 32

x / l0 0.5 0.750.25

0.75

0.5

A/A2

1

3

2

x / l0 0.5 0.750.25

0.75

0.5

A/A2
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1
3
2

Problem V → ωmax
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