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ABSTRACT

Procedures for computing the dynamic response of structures with viscoelastic damping
devices are developed. These procedures are based on performing a transformation from
geometric coordinates to a set of reduced coordinates by using load dependent transformation
vectors. Unlike the eigenvectors of the system, load dependent transformation vectors utilize
information of how the structure is loaded, which leads to transformation vectors which
participate highly in the solution. The load dependent transformation vectors can be used in the
same manner as eigenvectors to uncouple undamped systems of equations, or to reduce the size

of systems with viscoelastic damping or with non-proportional viscous damping.

A systematic procedure for obtaining the equations of motion of structures with elastic and
viscoelastic materials is derived. The elastic-viscoelastic equations of motion are derived for
different types of linear viscoelastic material models, including fractional derivative models.
Numerical procedures for solving the elastic-viscoelastic equations of motion are developed.
This is accomplished by incorporating fractional derivative numerical integration techniques
into traditional methods for solving equations of motion directly. The procedures derived
include the fractional order-central difference method and the fractional order-backward
difference method. In order to improve the efficiency of these solution techniques, a
transformation of the elastic-viscoelastic equations of motion into reduced coordinates can be

accomplished by using either eigenvectors or load dependent transformation vectors. Numerical



studies show that while the fractional order-backward difference method is more stable for
certain problems, the time step discretization must be much smaller to achieve accuracy in the

results.

The closed-form steady state solution for a single degree of freedom system with linear
viscoelastic material is derived in order to verify the derived numerical procedures. Examples
show that for multi-degree of freedom systems with high levels of damping, solving the elastic-
viscoelastic equations of motion in reduced coordinates is very effective, since higher frequency
vibrations are damped out fast, and the remaining oscillations can be captured accurately with a

small number of vectors.






