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Elastoplastic Bending Behaviors of Steel Plates 
via 2D Isogeometric Analysis Solution with 
Higher-Order Shear Deformation Theory

Predicting the plasticity failure of metallic plates under 
transverse bending load is critical for structural integrity 
yet traditionally requires high computational costs. 

To address this challenge, this work presents a 
computationally efficient, isogeometric analysis (IGA) 
approach combined with a four-variable higher-order 
shear deformation theory (HSDT) to analyze complex 
elastoplastic responses. By using exact CAD geometry and 
incorporating the von Mises yield condition with isotropic 
hardening rules, this high-continuity approach seamlessly 
captures plastic zone evolution and transverse shear 
dominance without the severe computational burden of 
full 3D continuum models.
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Introduction Numerical examples

➢ The HSDT-IGA framework efficiently captures critical 
out-of-plane effects without the high computational 
cost of full 3D continuum models.

➢ Higher-order spline basis functions ensure exact CAD 
fidelity and smooth continuity, stabilizing convergence 
during severe elastoplastic deformation.

➢ Outer-surface yielding is driven by bending, while 
midplane yielding is dominated by transverse shear, a 
critical transition underestimated by plane stress theories.

Conclusions

➢ Displacement field
Comparison between different materials behaviors

➢ von Mises Stress field (𝑞 = 12. 5 MPa)

Methods

Elasto-plastic materials (without hardening, 𝐸𝑡 = 0)

• Geometry: Thick Square (𝐿 = 𝑊 = 1 m, ℎ = 𝑎/10 = 0.1 m)

• Shear deformation function: Reddy 𝑓𝑧 = z − 4z3/(3h2)

• Material: SUS304 (𝐸 = 200 GPa,  𝜈 = 0.3, 𝜎𝑦 = 215 𝑀𝑃𝑎, 𝐸𝑡 = 10 𝐺𝑃𝑎)

• Boundary conditions: Full simply supported (at 𝑥 = 0 or 𝐿,  𝑣0  = 𝑤𝑏 = 𝑤𝑠 = 0, at 𝑦 = 0 or 𝑊, 𝑢0  = 𝑤𝑏 = 𝑤𝑠 = 0)

• Load: Incremental Uniformly distributed (𝑞 = 30 MPa)

Elastic materials

Elasto-plastic materials (with isotropic hardening, 𝐸𝑡 = 10 GPa)
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➢ Yield lines and Failure mechanism
Outer surface 𝑧 = ±ℎ/2 Midplane 𝑧 = 0 (Computational plane)

HSDT Refined plate theory

[1] Hughes et. Al., Isogeometric analysis: CAD, finite elements,  NURBS, exact geometry and mesh refinement, 
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Strain fieldDisplacement field

where

NURBS approximation of Displacement and Strain fields

where

where

Elasto-plastic Stress-Strain modelIGA solution for elasto-plastic HSDT bending plate analysis

HSDT model correction of the elasto-plastic tangent modulus

(at state 𝑡𝑛+1)
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