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ABSTRACT

KEYWORDS: moving load analysis; mode-superposition method ; surrogate
models ; vibration control; inertial amplifier; resonator; nega-

tive stiffness; genetic algorithm

The analysis of design parameters of high-speed railway bridges in critical locations such
as canal, road /railway crossings is an important aspect of bridge engineering. Nevertheless,
there are concerns about the structural safety and stability of high-speed rail bridges, par-
ticularly those with simple support, due to their elevated speeds. The situation can become
even more complex in two-way loading scenarios, where two trains may cross at varying

speeds.

In the present work, the analysis of bridges under one-way as well as two-way loading
is analyzed under two support conditions: simply support (SS) and elastically-supported
(ES). For the sake of brevity, the moving load models were considered and the bridge is
idealized as an Euler Bernoulli beam of uniform cross-section. Three cases, namely single
moving load, series of moving loads at equal spacing (HSLM-B), and as per conventional
train configuration (HSLM-A) recommended in Eurocodel: EN 1991-2 (2003), are consid-
ered. A non-dimensional framework is developed to systematically analyze the resonance
and cancellation phenomena under various incidental load and bridge parameters. Such
analysis reduces the parametric space and time for computation. Additionally, a parametric
investigation was comprehensively addressed to determine the effect of these parameters on

the dynamic response of the bridge.

However, to bypass the high-fidelity models, surrogate models were developed in con-
junction with the non-dimensional framework. A predictive surrogate model employing
feed-forward multi-layered neural networks is adopted to conserve computational effort and
reduce the amount of expertise needed in the preliminary evaluation of dynamic responses.

Furthermore, the robustness and efficiency of the best-fitting surrogate models were com-
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pared, and a user interface was designed to assess responses in accordance with the standards
outlined in Eurocode EN 1990:20024+A1:2005 (E) and HSR Rating Code (TZY2014-232
2014).

In order to address the vehicle-induced vibrations caused by the passage of high-speed
trains, the vibration absorbers adopted in the present analysis are resonator, inertial am-
plifier (IA), and negative-stiffness inertial amplifier. Various configurations of the negative-
stiffness inertial amplifier vibration absorber (NSIAVA) were explored by adjusting the mass
ratio (), including the negative-stiffness based vibration absorber (NSBVA) and inertial
amplifier-based vibration absorber (IABVA). The optimization of the absorber parameters

was performed using a genetic algorithm.

Comparative studies between the resonator and TA revealed that A, with a lower mass
ratio and higher values of the speed parameter (1) and inter-spatial distance between loads
(€), proved more effective in reducing vibration amplitudes due to significant mass ampli-
fication. Furthermore, IA was found to achieve vibration suppression while maintaining

lightweight characteristics, distinguishing it from resonators.

The NSIAVA exhibited distinct mass characteristics, with NSBVA possessing negative
mass and TABVA having positive mass. However, as the mass tuning ratio increased from
0.6 to 0.9, the effect of negative mass diminished, eventually becoming positive at x = 1
for TABVA. At resonance condition, and varying main mass ratios, an efficiency of 70-90%
is achieved for different configurations of vibration absorber, particularly x=0 to 0.8. Ad-
ditionally, the outcomes demonstrate that the Negative Stiffness-Based Vibration Absorber
(NSBVA) outperforms the Inertial Amplifier-Based Vibration Absorber (IABVA).

Therefore, special consideration is required when designing high-speed railway bridges
to account for resonance as well as cancellation speeds that occur under specific train load
configurations. These resonance speeds are associated with particular bridge lengths. Engi-
neers can select this cancellation speed for critical bridge locations. Furthermore, optimizing
the parameters of vibration absorbers makes it possible to minimize vibration induced by

vehicle resonance.
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