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Towards numerical models for seismic and Newtonian noise
due to anthropogenic sources

Source identification Figure 4 shows the predicted PSD of the acceleration compared to mea-

Anthropogenic vibration sources (figures 1 and 2) in the Euregio Meuse- surements in the Terziet borehole [Koley et al. (2022)]. The freight train
Rhine (EMR): generates the highest acceleration around 2-3Hz. The freight line L24 is
» Roads and railway lines (Montzen route L24, HSL3) situated at about 3km from the borehole.

» Wind turbines (Aachen wind farm)
» Quarries
» Industry

106

x=10 km
z=250 m

1

S

3
N
)

1

PSD acceleration [(m?/s*)/Hz|
2

PSD acceleration [(m?/s*)/Hz]
=
|

[t
=

—

—_ .
O =

=
—_
@)

—_

(a ) Frequelr(l)i):y [Hz| . ( b) Frequency [Hz|

Figure 4: PSD of ground acceleration at (a) 1km and (b) 10 km from the track. Measured borehole data
(gray) are compared to numerical predictions for freight, IC and Thalys trains.
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Figure 1: Examples of vibration sources: railway traffic, wind turbines and mining activity.
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Source characterization (railway traffic) increased with respect to the wavelength A\, = 80 m.
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» Resonance of the coupled axle-track system (P,, 50-90 Hz)
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Figure 5: (a) FE mesh for numerical integration (for R/, = 1), (b) plane P-wave with A\, = 80m, and
(c) validation of NN with analytical expressions [Harms (2019)].
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Between 1 and 10 Hz, the dynamic axle loads are highest for the freight
train (no secondary suspension); at higher frequencies, the axle loads for
the Thalys train are highest (higher speed results in higher unevenness).

The P2 resonance frequency decreases with increasing axle mass. Wave scattering? Subdomain formulation |Papadopoulos et al. (2018)]:
~ . 1 Incoming wave field G, (without cavity), locally diffracted wave
3 | & . field Qg0 and scattered wavefield G, (FE-PML model).
H 107 o 10°| 2 Wave field in soil: U = 0. + Qg9 + Ug.
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e T e a— T R e 1 A detailed geological model is required to improve predictions.

(a) Frequency [Hz] (b) Frequency [Hz 2 Source models for wind turbines will be developed next.
Figure 3: PSD of (a) track unevenness and (b) dynamic axle loads for freight, IC and Thalys trains. 3 Vibration map of the EMR:
e |dentify suitable locations for ET corner positions
Seismic noise (rai|way traffic) ® Assess vibration mitigation measures (e.g. TMDs for wind turbines)

Seismic noise is predicted by:
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