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FEA model – Elasto-plastic (bilinear) behavior
to evaluate peak stress
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Geometry & Mesh of the complete tetrahedral model
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Load and constraints of the complete tetrahedral model
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V-Mises Stress plot of the complete tetrahedral model (LC 5)

Elasto-Plastic Analysis
• Bilinear Isotropic Hardening

• Yield Strength – 189 MPa
• Youngs Modulus – 200 GPa
• Tangent Modulus – 2.835 MPa
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V Mises Stress Plot in area of interest (LC 5)

- Max Stress around 215 MPa
- Element edge length around 5mm 
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Total Strain of the Sub-model

- Total max strain 1.42e-3
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(Proposed) analytical method 
to evaluate peak stress



9

Extract reaction forces and moments

Contact region
(used to extract reaction 
forces and moments)



10

Extract reaction forces and moments

Section located on the 
foot beam nearby the 
contact region

Fx [kN] 16.5

Fy [kN] 1.4

Fz [kN] 0

Mx [Nxm] 0.6

My [Nxm] -9.7

Mz [Nxm] 880

z
x

y

Assumption – forces and moments will not 
have a significant variation between the 
contact region and the marked section
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Head tube – geometrical properties

A =1.77in^2 or 1142 sq-mm
Ix or Iz = 4.4 in^4 or  1.83*10^6 mm^4
Iy = Ix+Iz = 3.66x10^6 mm^4
H = 4in or 101.6mm
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Head tube – geometrical properties

V-Mises eqv. stress = 35.7MPa, 
factor 5.3 smaller than the 
allowable stress (190 Mpa). –
stresses in the head tube are fine.
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Buckling Analysis 
(Expanded the buckling slide from 2nd June 2021)
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Head tube – geometrical properties

Radius of gyration of a 4"x4" long tube in the 
unbraced direction

Slenderness ratio shows that the Euler formula for 
critical buckling load is accurate

Factor of 1.5 applied for additional tension from 
cooling wires

Shows a safety factor of 10 against buckling, even 
if the load was applied in a configuration that 

allowed for buckling

This buckling consideration has been used for several previous 
reviews and has approved.
EDMS #2142671 & 2100877
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Buckling Analysis – Analytical method based on AISC
G.Gallo
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Buckling Analysis – AISC source
Geometrical properties of the box beam 4in x 4in x 1/8in
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Buckling Analysis – AISC source
Definition of nonslender/slender element



18

Buckling Analysis – AISC source
Nominal compressive strength
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FEA linear buckling analysis 
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FEA model – Linear buckling analysis

Eigenvalue buckling – Linear 
Large displacement ON

Load Multiplier 9.4 


