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𝑏 = 3𝑗 − 6  𝑓𝑜𝑟 3𝐷

𝑀 = 𝑏 − 3𝑗 + 6 = 𝑠 − 𝑚

≥



 

�̃�

𝜌𝑠
∝ (

𝑡

𝐿
)

2

�̃� 𝜌𝑠

�̃�

𝜎𝑝𝑙

𝜀𝑑



𝛿

𝐹 ∝ 𝜎𝐿2

𝛿 ∝
𝐹𝐿3

𝐸𝑠𝐼

𝐼 =
𝑡4

12

𝐸𝑠

𝜀

𝜀 =
2𝛿

𝐿

�̃�

𝐸𝑠
∝ (

�̃�

𝜌𝑠
)

2

𝑀𝑓 =
𝜎𝑦,𝑠𝑡3

4

𝑀 ∝ 𝐹𝐿 ∝ 𝜎𝐿3

𝜎𝑦,𝑠



𝜎𝑝𝑙̃

𝜎𝑦,𝑠
∝ (

�̃�

𝜌𝑠
)

3/2

𝜀𝑑 = 1 − (
�̃�

𝜌𝑠
) (

𝜌𝑠

𝜌𝑠
)⁄

𝑈 ≈ 𝜎𝑝�̃�𝜀𝑑𝑉



 

�̃�

𝐸𝑠
≈

1

3
(

�̃�

𝜌𝑠
)

𝜎𝑝𝑙̃

𝜎𝑦,𝑠
≈

1

3
(

�̃�

𝜌𝑠
)



 







 





 

𝜈

𝜈 =
−𝜀𝑡

𝜀𝑙
⁄

𝜈





 





 





 

 



 



 



 

 



 



 





 









 

 

 





 

α 𝜗

𝜑

α

α

𝜗



𝜗

𝜑

 

• 

• 

• 





 

 

 

 

 

α 𝜗







 

α 𝜗

α

𝜗



α 𝜗 α1 𝜗1

𝜗

α



 

α 𝜗



 

 𝜗

α



 

 





 

 



 



𝜃

𝜃

𝜃



 

 



 



 

𝜆 ≝ ℎ
𝜌⁄   

𝜌 = √𝐼
𝐴⁄   

𝜌 ℎ 𝐼

𝐴



𝜆 4ℎ
𝐷⁄

𝐼 = 𝜋𝐷4

64⁄

𝐴 = 𝜋𝐷2

4⁄

𝜆 = ℎ
𝐷⁄



• 

• 

• 

• 

• 

• 

• 

• 



𝜆





𝜆



𝜆





 













 

• 𝜃1

• 𝐻1:

• 𝛼1



• 𝜑

• 𝐶𝐻: 10 𝑚𝑚

• 𝐷𝜃 𝜃1⁄

• 𝐷𝐻 𝐻1⁄

• 𝐷𝛼 𝛼1⁄

• 𝜃1
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• 𝐷𝜃 𝜃1⁄

• 𝐷𝐻 𝐻1⁄

• 𝐷𝛼 𝛼1⁄

𝜃 𝐷𝜃

𝐷𝐻 𝐻1

𝐷𝛼 𝛼1

𝐷𝛼

• 𝐷𝜃  [ 0; −1; −2; −3 ]

• 𝐷𝐻 [ −0.8; −0.4;  0;  0.4;  0.8 ]

• 𝐷𝛼 [ 0;  0.04;  0.08;  0.12;  0.16 ]
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Loading along the Z direction 
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• 𝜃1

• 𝐻1:

• 𝛼1

• 𝜑

• 𝐶𝐻: 10 𝑚𝑚

• 𝐷𝜃 𝜃1⁄

• 𝐷𝐻 𝐻1⁄

• 𝐷𝛼 𝛼1⁄
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2724 13960 76 3456 1320 1195 4.5 ⋅ 10−3
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