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Summary

We use traffic induced noise generated by vehicles over a river embankment to retrieve seismic
surface wave dispersion curves along the embankment structure. The vehicle transit is tracked in the
noise records in space and time and the trace closer to the source at each time interval is used as a
virtual source. Interferometry is applied and a dense dataset is obtained and processed to retrieve
dispersion curves. The results are compared with active data dispersion curves and show that a small
number of vehicle transits allow for the seismic characterization of the embankment and the
foundation soil.
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Traffic induced noise analysis for river embankment monitoring.

Introduction

River embankments are subjected to increasing extreme weather events induced by climate change and
the monitoring of their integrity is a fundamental asset for the resilience of areas prone to flooding.
Among geophysical methods that can be used for embankment characterization and monitoring, seismic
investigations are attractive because they provide a detailed mapping of the mechanical properties
within the infrastructure. On the other hand, the acquisition of seismic data is time consuming and
expensive, making seismic methods not convenient as monitoring tools.

To reduce the acquisition time and cost, ambient noise measurements can be applied and several
researchers (Quiros et al. , 2016; Cheng et al. ,2016; Brenguier et al., 2019) have shown the possibility
of using traffic induced noise and retrieve seismic surface wave data through seismic interferometry
(Douetal., 2017; Fang et al., 2020; Spica et al., 2020). If the data are acquired along a road, the vehicles
are likely to be source in the stationary phase region, making the identification of the direction of
propagation of the noise wavefield unnecessary. Most of the approaches use the passive records without
identifying the position of the vehicles, Zagar et al (2023) have shown that using the information of the
position of the source improves the signal-to-noise ratio of the dispersion curves.

In this work, we compare surface wave dispersion curves obtained over a river embankment through
the analysis of traffic induced noise, with dispersion curves obtained through an active survey on the
same site and we show that, thanks to the identification of the source position, it is possible to retrieve
high quality dispersion curves with the transit of a very limited number of vehicles.

Methods

The seismic data acquired with continuous recording by a line of receivers is analysed following the
method proposed by Zagar et al. (2023) according to the following steps:

1. The data are subdivided into windows of different lengths according to the speed of the vehicle
travelling along the embankment. Each window is processed with a detrend, demeaning and a
low-cut filter at 100 Hz.

2. The records where a vehicle transit is present are automatically recognised.

The vehicle is tracked in time and space identifying the maximum of energy along each trace
4. The trace closer to the vehicle at each time is used as virtual source and cross-correlated with
all the other traces using a window of 1.5s around the maximum of the vehicle signal to generate

a virtual shot gather for every position of the source

5. The virtual shot gathers are used as densely sampled seismic survey and processed with a
classical dispersion curve picking algorithm over a moving spatial window along the line

6. For each spatial window position, multiple sources coming from different position of the
vehicle and from different vehicles passing along the line are used to stack the velocity spectra
and improve the signal-to-noise ratio
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Data and results

In July 2024, seismic measurements were carried out along a 300 m portion of the Verolengo
embankment of the Po River, near Torino. This embankment was recently raised to guarantee improved
protection levels with respect to recently occurred flood events (October 2000). The raising was
performed in different periods in two different working lots that are covered by the survey.

The seismic data were acquired using 100 one-component wireless geophones (4.5 Hz) with a spacing
of I m and a 5-kg hammer source with 10 meters shot spacing along the line. Three separate acquisitions
were carried out in three consecutive days with 10 receivers overlap between different acquisition. The
data were acquired with continuous recording and for every line a vehicle was driven at low speed
several times along the line of receivers. The number of transits is equal to 7 for the first day, 9 for the
second day, and 4 for the third day.

In Figure 1 we show a75 s passive record with a vehicle transit tracked as energy maxima (red dots), a
virtual shot records obtained through cross correlation with the traces close to the vehicle, and an
example of active seismic record in the same portion of the seismic line. The vehicle is clearly identified,
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and the time-space position is accurately identified. For the processing of the data and the extraction of
the dispersion curves we used the portion of virtual shot gathers opposite to the direction of the vehicle
to avoid the disturbance of the vehicle itself.
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Figure 1 From left to right.' seismogram containing a vehicle travelling along the deployed geophones,
cross-correlation plot for trace 20 with all traces and an example of an active recording for shot
location S3 located at 10 meters from the first geophone. Red stars in the left plot shows the energy
maxima along each trace. Traces in all plots are normalized to the maximum of each trace to highlight
the seismic recording.

In Figure 2 we show examples of velocity spectra of active and passive data. The passive data are
obtained by stacking more than 100 velocity spectra computed for different position of the vehicle and
for different vehicles travelling in both directions along the embankment during the same day. For the
passive data, the number of shots used for the stacking varied between 7 and 22 for the same vehicle;
for the active we stacked the 10 repetitions at each shot location but not the data from different shots.
The spectra were computed using a window of 10 and 12 receivers for the active and passive data,
respectively, with a step of 1m.
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Figure 2 Examples of velocity spectra of passive (left) and active (right) data for the first day of
acquisition. Black dots show the picked Rayleigh-wave dispersion curve.

Figure 3 reports the picked dispersion curves from active and passive datasets for the three days. The
colour of the curves identifies their spatial location along the line. The retrieved phase velocities are in
good agreement and the frequency band are comparable for all three days. The passive DC are noisier,
particularly at low frequency. By using each receiver as a virtual source, we obtained a much denser
dataset from the passive data than from the active, resulting in a larger and denser set of DCs.
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Active seismic
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Figure 3 comparison between the dispersion curves extracted from the active (top row) and traffic
induced passive data (bottom row) for the three acquisition days. The blue to red colorbars reflect the
position along the deployment line from the first to the last geophone, respectively. For the top row the
colors are linked to the shot location, while for the bottom row the colors refer to the mid-point of the
window of 12 traces used for the computation of dispersion curves.

In Figure 4 we report the dispersion curves of the three days in the form of pseudosections where the
DC are depicted on their midpoint as a function of wavelength; the colour scales represent the phase
velocity. The investigation depth and coverage at shallow depth are comparable, with active data (top
row) having a slightly greater investigation depth due to the different range of picking. Bottom row of
Figure 4 shows a zoom into the shallowest 15 meters for the pseudosection generated using vehicles
traces. Resolution for this plot starts at about 5 m, not enough to identify variations in the embankment
(height of 3m).
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Figure 4 comparison between the active (top row) and passive (bottom rows) dispersion curves in
form of pseudosections.
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Conclusions

We applied time-space source tracking and interferometry to generate a dense set of seismic data from
traffic induced noise records. The results show that with a very limited number of vehicle recordings, a
dense set of dispersion curves can be obtained over a river embankment. The obtained curves agree
with those obtained with active data and cover the required investigation depth between 5 and 35 meters.
To investigation the 3m embankment, the picked dispersion curves for the passive data should be
extended to higher frequencies increasing the resolution in the shallowest 5Sm.This experiment opens to
the use of traffic noise for seismic monitoring of river embankment also for those sites where there is a
very limited traffic expected. In the future we plan to repeat a similar experiment with longer acquisition
and using fiber optics for the recording.
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