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Motivation

Nowadays, finite element method (FEM) is the most widely

used numerical method in civil engineering to analyze the

response of structures under different conditions. Although

many locking-free elements performs stably for linear problems,

artificial numerical instabilities are still possibly caused in the

finite deformation range. The aim of this thesis is to

implementation and investigate performance of the selected Q1

element and EAS element in the finite element formulations in

terms of locking and stability behaviour.
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Conclusion

• In case of displacement control, the stability spectrums of

both Q1 and EAS element are in good agreement with the

analytical solution for a column - like model. Simulation with

EAS elements is instable(hour-glassing effect) for a beam -

like model. The mechanical property of the material plays a

key role in the FEM analyze by using Q1 element.

• In case of load control, the simulated stability spectrum of Q1

and EAS elements are not in accordance with the analytical

solution over the entire r range. Further investigations for this

issue should be conducted to figure out the reason.

Numerical Example
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• Bisection method:      𝐷𝑒𝑙𝑡𝑎𝑙𝑎𝑚 =
1
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• Extended system: 
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Model of displacement control                                                                 Model of load control

Stability Spectrum 10*10 with Bisection Method, 𝜈 = 0 Stability Spectrum 10*10 with Extended System, 𝜈 = 0

Stability Spectrum of Q1 16*16 with Bisection Method, 𝜈 = 0.45 Stability Spectrum of EAS 16*16 with Bisection Method, 𝜈 = 0.45

Stability Spectrum 10*10 with Bisection Method, 𝜈 = 0.499 Stability Spectrum 16*16 with Extended System, 𝜈 = 0

Basic Equations of Continuum:

Elements:

• Kinematics (geometrically non-linearity): 𝑬 =
1

2
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• Material (hyperelastic):    𝑺 =
𝜕Ѱ

𝜕𝑬

• Equilibrium (principle of virtual work): 
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• Q1:              𝑲𝑇𝛿𝒅 = −𝑹
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Numerical Algorithms:

Stability Problem:

• State of equilibrium:           𝑹 = 𝑭𝑖𝑛𝑡 − 𝑭𝑒𝑥𝑡 = 𝟎

• Critical point of stability:     𝑲𝑇 − 𝜔𝑰 𝜱 = 𝟎


