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Abstract

New railway lines are continuously being constructed and existing lines are
upgraded. Hence, there is a need for research directed towards efficient design
of the supporting structures. Increasingly advanced calculation methods can
be motivated, especially in projects where huge savings can be obtained from
verifying that existing structures can safely support increased axle loads and
higher speeds.

This thesis treats the dynamic response of bridges under freight and
passenger train loads. The main focus is the idealisation of the train load and
its implications for the evaluation of the vertical bridge deck acceleration. To
ensure the running safety of train traffic at high speeds the European design
codes set a limit on the vertical bridge deck acceleration. By considering
the train–bridge interaction, that is, to model the train as rigid bodies on
suspension units instead of constant moving forces, a reduction in bridge
response can be obtained. The amount of reduction in bridge deck acceleration
is typically between 5 and 20% for bridges with a span up to 30 m. The
reduction can be higher for certain train–bridge systems and can be important
also for bridge spans over 30 m. This thesis aims at clarifying for which system
parameter combinations the effect of train–bridge interaction is important.

To this end, a thorough literature survey has been performed on studies
in train–track–bridge dynamics. The governing parameters in 2D train–
bridge systems have been further studied through a parameter screening
procedure. The two-level factorial methodology was applied to study the effect
of parameter variations as well as the joint effect from simultaneous changes
in several parameters. The effect of the choice of load model was thus set in
relation to the effect of other parameter variations.

The results show that resonance can arise from freight train traffic within
realistic speed ranges (< 150 km/h). At these resonance peaks, the reduction in
bridge response from a train–bridge interaction model can be considerable.

From the screening of key parameters it can furthermore be concluded
that the amount of reduction obtained with a train–bridge interaction model
depends on several system parameters, both for freight and passenger
train loads. In line with the European design code’s guidelines for dynamic
assessment of bridges under passenger trains an additional amount of damping
can be introduced as a simplified way of taking into account the reduction from
train–bridge interaction. The amount of additional damping is today given as
function of solely the bridge span length, which is a rough simplification. The
work presented in this thesis supports the need for a refined definition of the
additional damping.
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