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Study Model: Supported
• 𝑃𝑠 = 𝑃0 + 𝜌𝑔ℎ

• 𝑃𝑖 = 𝑃0 + 𝜌𝑔(ℎ + 𝐷𝑛)

• 𝑑𝑃 = 𝜌𝑔𝐷𝑛

• 𝐹 = 𝑑𝑃 ∙ 𝐴𝐿

• 𝑞 =
𝐹

𝐿
 

• 𝐴𝐿 = 𝜋𝐷𝑛𝐿

𝑷𝒔 → 𝒒𝒔

A B

A B

F

𝑅𝐴 𝑅𝐵

A B
𝑅𝐴 𝑅𝐵

A B

Free body diagram

Shear 
S 𝑥 = −𝑞𝑥 + 𝑇0

Bending moment  

𝐵𝑚 𝑥 = −
𝑞𝑥2

2
+ 𝑇0𝑥 + 𝑀0

𝐵𝑚𝑚𝑎𝑥

Von Mises’ Stress (two-dimensional case)

𝝈𝑽𝑴 = 𝝈𝒙
𝟐 + 𝟑𝝉𝒙𝒚

𝟐

• 𝜎𝑥 =
𝐵𝑚 𝑥 ∙𝑦

𝐼

• 𝜏𝑥𝑦 =
𝑆 𝑥 ∙Q

𝐼∙𝑡
Jouraski

• 𝑄 =
𝜋𝐷𝑛

3
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L = 5 m 𝑷𝒊 → 𝒒𝒊
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Study Model: Supported
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Study Model: Full Contact (sandy soil)

• 𝑘 = 106𝑁/𝑚

• 𝑃𝑠 = 𝑃0 + 𝜌𝑔ℎ

• 𝑃𝑖 = 𝑃0 + 𝜌𝑔(ℎ + 𝐷𝑛)

• 𝑑𝑃 = 𝜌𝑔𝐷𝑛

• 𝐹 = 𝑑𝑃 ∙ 𝐴𝐿

• 𝑞 =
𝐹

𝐿
 

• 𝐴𝐿 = 𝜋𝐷𝑛𝐿

• 𝛽 =
4 𝑘

𝐸𝐼

𝑷𝒔 → 𝒒𝒔

A B

In our case, the solution is:

𝑤 𝑥 = 𝐴𝑐𝑜𝑠 𝛽𝑥 + 𝐵𝑠𝑖𝑛 𝛽𝑥 + 𝐶𝑒−𝛽𝑥 + 𝐷 𝑒𝛽𝑥

• 𝐵𝑚 𝑥 = −𝐸𝐼
𝑑2𝑤(𝑥)

𝑑𝑥2

• 𝑆 𝑥 = −𝐸𝐼
𝑑3𝑤(𝑥)

𝑑𝑥3

• 𝜎𝑥 =
𝐵𝑚 𝑥 ∙𝑦

𝐼
       and       𝜏𝑥𝑦 =

𝑆 𝑥 ∙Q

𝐼∙𝑡

Boundary Conditions

• 𝑤 0 = 0 and     𝑤 𝐿 = 0

•
𝑑2𝑤(𝑥)

𝑑𝑥2  = 0     and    
𝑑2𝑤(𝑥)

𝑑𝑥2  = 0

Von Mises’ Stress (two-dimensional case)

𝝈𝑽𝑴 = 𝝈𝒙
𝟐 + 𝟑𝝉𝒙𝒚

𝟐

𝒒(𝒙)

L = 5 m

𝑬𝑰
𝒅𝟒𝒘 𝒙

𝒅𝒙𝟒 + 𝒒𝒗 𝒙 = 𝒒𝒆𝒔𝒕 𝒙 → 𝑾𝒊𝒏𝒌𝒍𝒆𝒓 

• 𝑤 𝑥 =vertical displacement of the beam

• 𝑞𝑣 𝑥 = 𝑤(𝑥) ∙ 𝑘

• 𝑞𝑒𝑠𝑡 𝑥 = 𝑞0

𝑘

𝑥 = 0 𝑥 = 𝐿

𝑷𝒊 → 𝒒𝒊
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Study Model: Full Contact (sandy soil)
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Study Model: Basement (sandy soil) • 𝜎′ = 𝛾𝑠 − 𝛾𝑤 ℎ𝑠

• 𝑢 = 𝜌𝑤𝑔ℎ𝑠

• 𝜎𝑣 = 𝜎′ + 𝑢

• 𝑃𝑠 = 𝑃0 + 𝜌𝑤𝑔ℎ + 𝜎𝑣ℎ𝑠

• 𝑃𝑖 = 𝑃0 + 𝜌𝑤𝑔ℎ + 𝜎𝑣(ℎ𝑠+𝐷)

• 𝑑𝑃 = (𝜌𝑠 − 𝜌𝑤)𝑔𝐷

• 𝐹 = 𝑑𝑃 ∙ 𝐴𝐿

• 𝑞 =
𝐹

𝐿
 

• 𝐴𝐿 = 𝜋𝐷𝑛𝐿

• 𝑘 = 106𝑁/𝑚

• 𝛽 =
4 𝑘

𝐸𝐼

𝑷𝒔 → 𝒒𝒔

A B

In our case, the solution is:

𝑤 𝑥 = 𝐴𝑐𝑜𝑠 𝛽𝑥 + 𝐵𝑠𝑖𝑛 𝛽𝑥 + 𝐶𝑒−𝛽𝑥 + 𝐷 𝑒𝛽𝑥

• 𝐵𝑚 𝑥 = −𝐸𝐼
𝑑2𝑤(𝑥)

𝑑𝑥2

• 𝑆 𝑥 = −𝐸𝐼
𝑑3𝑤(𝑥)

𝑑𝑥3

• 𝜎𝑥 =
𝐵𝑚 𝑥 ∙𝑦

𝐼
       and       𝜏𝑥𝑦 =

𝑆 𝑥 ∙Q

𝐼∙𝑡

Boundary Conditions

• 𝑤 0 = 0 and     𝑤 𝐿 = 0

•
𝑑2𝑤(𝑥)

𝑑𝑥2  = 0     and    
𝑑2𝑤(𝑥)

𝑑𝑥2  = 0

Von Mises’ Stress (two-dimensional case)

𝝈𝑽𝑴 = 𝝈𝒙
𝟐 + 𝟑𝝉𝒙𝒚

𝟐

𝒒(𝒙)

L = 5 m

𝑬𝑰
𝒅𝟒𝒘 𝒙

𝒅𝒙𝟒 + 𝒒𝒗 𝒙 = 𝒒𝒆𝒔𝒕 𝒙 → 𝑾𝒊𝒏𝒌𝒍𝒆𝒓 

• 𝑤 𝑥 =vertical displacement of the beam

• 𝑞𝑣 𝑥 = 𝑤(𝑥) ∙ 𝑘

• 𝑞𝑒𝑠𝑡 𝑥 = 𝑞0

𝑘

𝑥 = 0 𝑥 = 𝐿

𝑷𝒊 → 𝒒𝒊

𝑆𝑜𝑖𝑙

𝑊𝑎𝑡𝑒𝑟

ℎ𝑠
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Study Model: Basement (sandy soil)
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Thank you for your 
attention
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