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Extraction of Structural Matrices

Difficulty arises due to the fact that most structural mechanics
finite element analysis packages do not allow the user to 
output the Mass(M), Damping (C), and Stiffness (K) matrices.
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Nastran was chosen as a tool due to its flexibility for outputting 
the structural matrices through its user interface module.



Sap2000 Model of the Building



Converted Nastran model of the Building



Nonlinear Response

Due to the presence of nonlinear behavior, linear superposition 
principles do not apply.

Modal analysis can not be used for nonlinear response.

In addition, frequency response analysis is not possible. The 
solution has to be done in the time domain.

The only applicable method is direct transient response analysis
in the time domain.
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Modal Dynamic Analysis
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Mode shapes obtained from undamped free vibration:
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Damping Effects
Modal damping:

Rayleigh damping (mass and stiffness proportional):
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* Nastran allows modeling viscous damping effects by using 
discrete damper elements.



NASTRAN USER MANUAL



NASTRAN USER MANUAL



Transient Analysis - Implicit Time 
Integration
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Linear acceleration assumption:

Compute effective stiffness matrix and force vector
and solve for unknown displacements:



Implicit Time Integration (C’td.)
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Integration constants:

Velocity and acceleration:
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