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ABSTRACT

Force identification, as a specific type of inverse problem, involves reconstructing the force distribution
on a structure from measured data. Having an accurate knowledge of the exact loading on a structure
or mechanical system is important in any situation where theloading forms a crucial component in
the design of the structure, i.e. when the unknown load can beregarded as critical and dictates the
design. Measuring these loads is not always possible resulting in the necessity to obtain them by means
of such reconstruction. Since the wind load may constitute acritical loading for high towers or mass
structures and since it is in general difficult to measure a time-varying distributed load on a structure, the
identification of time-varying wind loads on a structure presents itself as an interesting and challenging
force identification application. Obtaining these forces requires an indirect computation using measured
response data in conjunction with a mathematical model of the structure.

In its broadest sense, force reconstruction can be viewed asbeing comprised of two main steps, the first
of which involves the creation of the mathematical model that relates the observed data to the unknown
forces. In the case where a linear elastic behaviour is assumed for the structure, force reconstruction is
a linear inverse problem and the relation between the data and the unknown is given by a coefficient
matrix. The content and structure of this matrix depends on the specifics of the formulation used and are
dictated by, for instance, the domain in which the solution is obtained (frequency/time), the available
information used to establish the input-output link (impulse response functions, the output from a strate-
gically chosen forward problem, etc.) as well as the input quantities used (displacements/accelerations).

The second step, referred to as regularization, comprises the manipulation of this, mostly ill-
conditioned, coefficient matrix in an attempt to make it better suited for meaningful inversion. These
manipulations are a function of the specific type of regularization used which, in turn, is a problem-
specific issue.

The wind load application studied has as its main objective the investigation of the feasibility of re-
constructing time-dependant wind pressure data from the structural response in a limited number of



observation points. A synthetic example based on a cantilever beam model for a tower structure is stud-
ied, the force being a time-dependant wind pressure distribution of which the spatial variation in the
vertical direction is considered. The pressure distribution is obtained from a wind velocity field, where
a superposition is made of the mean wind velocity, which is typically a log-profile in height, and a
stochastic component that varies in time and in the verticaldirection. The stochastic component is gen-
erated from a given power spectral density function for the time dependence and a given autocorrelation
function for the variation with height. The observed data consists of accelerations and displacements
in a number of points along the height of the structure. An appropriate mathematical model is created
and Tikhonov regularization applied in the inversion process, which serves not only to relieve the in-
herent ill-conditioning of the problem, but is used to, in the space dimension, incorporate oura priori
knowledge of the load distribution into the reconstructionprocess.
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