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Abstract

One of the significant parameters in design as well as fatigue assessment of railway bridges is the dynamic factor. The dynamic
factor, also called dynamic amplification factor (DAF), must be applied to the static load model in order to take account of dynamic
magnification of stresses and vibration effects in the bridge. The dynamic factor which actually enhances the static load effects
depends on many parameters that are difficult to take into account with reasonable accuracy. The maximum bridge-span, train
speed, self-weight, expansion joints if any is placed in bridge, the type of bridge supports and finally soil-structure interaction are
among these parameters. This paper studies the variations of the analytical and experimental observations on steel railway bridge
dynamics. For this purpose the measured stresses due to passing a locomotive through a historical steel railway bridge in Germany
are compared with the calculated stresses contemplating the dynamic factor proposed by EN1991-2 [ applied to the static load
model of the same locomotive.
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1. Introduction

There are lots of historic railway steel bridges in the German Railway Network which are still (more than 120
years) in service. These bridges have been long subjected to daily traffic including heavy trains. In order to get a
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better understanding of structural behavior of the bridges as well as the dynamic interaction between the bridges
and vehicles, it is necessary to consider the dynamic factor. The theoretical value of the dynamic factor defined in
EN1991-2 depends directly only on a single variable, i.e., the determinant length of the bridge. It is very clear that the
dynamic factor is also indirectly affected by the shape of the influence lines of bridge members. In other words, some
other significant parameters affecting the dynamic factor, including dynamic characteristics of the bridge (e.g., bridge
natural frequencies, bridge damping effects, etc.) and train (e.g., train mass and center of gravity, train speed, resonance
effects due to high speed trains, etc.) are being ignored in the Eurocode 1 [1]. As a result, the calculated values of the
dynamic factor seem to be conservative and consequently result in dynamic effects that might not necessarily
correspond to static effects.

On the other hand, since the fatigue assessment has not been carried out at the time of the design of these historic
bridges, the German Railways (Deutsche Bahn) has decided to provide a reliable database of stress values by
measuring the stresses in vital members (in terms of fatigue) of one of the most fatigue critical bridges in order to
evaluate its remaining fatigue life. The database has been used in this paper to investigate the level of conservatism of
the calculated dynamic factor and also to verify whether this level of conservatism is acceptable or not.

2. Case Study

A single span railway (single-track) steel truss bridge with a span of 20 m along Niirnberg-Schirnding route, lying
in a curve of 641 mradius, is investigated to evaluate the variations of stresses due to passing a locomotive over the
bridge with different speeds. The bridge is made up of two 1.92 mhigh steel trusses as main load carrying system and
two cross steel trusses as secondary system. The distance between the axes of the main trusses is 1.7 m.

The speed limit for freight trains is 110 knvh and for tilting passenger trains 140 krm/h. The bridge is since 1899 in
service and has been recalculated in 1957.

2.1. Measurement set-up

The objective of strain measurement of critical members in any bridge is to get reliable information on the real
structural behavior due to dynamic loading in order to decrease model uncertainties associated with the static
calculations in the design process as well as bridge fatigue assessment.

The diagonal members as well as bottom chords near the supports in both trusses have been identified as fatigue
critical members of the studied bridge. Four strain gauges were positioned at each diagonal member and one sensor at
lower chords near each support of the bridge. In addition, three other strain gauges are positioned in the middle of the
bridge.

This point must be noted that the live load strains (stresses) near the gusset plates were measured to determine the
stiffness of connections as well as secondary bending moments in connections. The locations of the sensors are shown
in Fig. 1 and 2 [2].
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