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Motivation

FE versatile but
computationally

expensive

ROM: faster
solutions able

to reproduce FE

Simulationof beamsmade of composite materials

Isotropicmaterials
- FE

- Beam theory

Orthotropicmaterials
- FE

- Beam theory

bROM: new beammodel for
isotropic and orthotropicmaterials
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Beam theory
• Euler-Bernoulli

• Timoshenko

6 degrees of freedom: 3 translationsand 3 rotations

Analytical dependencywith beam length

[1]
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BROM

• ROM

• Condensation

• Regression [3]

[2]
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BROM

• ROM

• Condensation

• Regression
[3]

[2]
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Multiscale method for periodic structures using domain

decomposition and ECM-hyper reduction [2]

Offline stage

Training (FE)
Model order reduction

Provide reliabledataof the problem

Finda reducedparameterizationof the data

Online stage

Solve the ROMand reconstruct3D solution
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BROM

• ROM

• Condensation

• Regression
[3]

[2]
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Condensation

Apply perturbations to rigid body modes

Assemble elemental matrix and apply perturbations
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BROM

• ROM

• Condensation

• Regression
[3]

[2]
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Regression

Linear interpolationwith local support

- Not as easy implementation

- Stable elements
- Error approaches to 0 at the end of the segment
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CASE STUDY
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Geometry and Material
Laminate Unidirectional

E1 20.2 GPa 46.7 GPa

E2 18.5 GPa 7.75 GPa

E3 7.33 GPa 7.75 GPa

G1 7.33 GPa 2.46 GPa

G2 2.32 GPa 2.46 GPa

G3 2.32 GPa 2.46 GPa

1 0.299 0.0466

2 0.0466 0.0466

3 0.0466 0.0466
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ROM vs FE

FE

ROM

160.000 elements

200 elements
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Condensation

Coupling
- Geometrical: due to non-symmetry of the cross

section

- Material:due to the orthotropy of the material

Run with isotropicmaterial to spot geometrical coupling

Material couplingcannot be captured with classical
theories but it can be with the bROM
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Validation

• Comparison bROM vs ROM

• Element size influence

• Stable solutions

• bROM can reproduce ROM solutions
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Conclusions

Stable elements
Capableof
reproducing full
ROM solutions

Orthotropy
captured

bROM a method for
analyzingcomposite
beams in the traditional
way
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