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Abstract

A five-span prestressed concrete bridge has been subjected to a loading test up to failure in
Kiruna, Sweden. The bridge was 55 years old and had a length of 121.5 m. The test has been used
to validate and calibrate existing nonlinear finite element programs for predicting the shear
behavior of reinforced and prestressed concrete structures.

Two 3D finite element (FE) models of the Kiruna Bridge are built in commercial software Abaqus,
one using shell-elements and one using a combination of shell and beam elements. Predictions
obtained from these two models are well consistent with mode shapes and eigenfrequencies
computed from acceleration measurements on the bridge before and after loading it to failure.
The shear failure of the bridge is also simulated using the built-in concrete damage plasticity (CDP)
model in Abaqus. The predicted load-displacement curve is in good agreement with the
measurements. Verification of the CDP model is conducted at element and member level with two
different damage parameter evolutions. The verification indicates that the damage parameter will
affect the predicted shear behavior. It does not seem to be reliable to adopt the CDP model to
simulate the shear behavior in the present research.

A long term goal is to use use the measured mode shapes, eigenfrequencies and FE models for
evaluating methods for damage identification. Such methods are important for maintenance of
different structures, for extending their life span and for better knowledge of their load carrying
capacity. The use is described of so-called sparse regularized finite element method updating
(FEMU) methods. Some important properties of such methods are demonstrated using
simulations on a Kirchhoff plate. For instance, the simulations suggest that both eigenfrequencies
and mode shapes should be used for precise localization of the damage.
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