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ÇMotivation & Objective

ÇCarrera Unified Formulation (CUF) for refined 1D models

ÇVarious cross -section expansion models
Á Taylor expansions (TE)
Á Lagrange expansions (LE)
Á Serendipity Lagrange expansions (SLE)

ÇNumerical examples

ÇNode -dependent kinematics (NDK)

ÇConclusions and future developments
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Motivation

Reddyôs third order theory for plates
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Classical to Refined Kinematic Models

Limited by the 
Saint - Venant

Principle

What about this?

The richer the kinematic field, 
then the more accurate is the 1D model

General guideline [1]

[1] K. Washizu. Variational Methods in Elasticity and Plasticity. 
Oxford , 1968.

Stress concentration 

regions
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Motivation

3D finite element analysis

Ni - 3D shape 

functions
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Classical to Refined Kinematic Models

What about this?

Stress concentration 

regions

Computationally 
Expensive!

3D stress fields?

Carrera Unified Solution (CUF)

Proposed Solution
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Generalized beam theory (GBT)

(Thin - plate theory is adopted)
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(for prismatic thin - walled beams )
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The Unified Formulation - Overview

Taylor - like 

polynomial 
expansions 

(TE)

Lagrange 

polynomial 
expansions 

(LE)

Serendipity 

Lagrange 
expansions 

(SLE)

Computational expansion of the displacement field 
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3D structure Cross -section 
expansion

1D FE model
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Ref: E, Carrera. Finite Element Analysis of Structures through 
Unified Formulation. Wiley Publications, 2014.
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3D structure Cross -section 
expansion

1D FE model
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3D structure Cross -section 
expansion

1D FE model
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Computational expansion of the displacement field 

Taylor - like 

polynomial 
expansions 

(TE)

Lagrange 

polynomial 
expansions 

(LE)

Serendipity 

Lagrange 
expansions 

(SLE)

p =2p =1
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3D structure Cross -section 
expansion

1D FE model
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Advanced Numerical 

Techniques 1 
(7 th July Morning 

session ï9:40) 

- Sergio Minera
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Numerical Results

T-section beam structure

488 L9 66 SL8

Cross -section mesh
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DOFs ~550k
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Numerical Results (T -section beam structure)

Shear stress along the flange at mid -span
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Numerical Results (T -section beam structure)

Through - thickness shear stress in the web at mid -span
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