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Nowadays, monopiles are the most common foundation type for offshore wind turbines, consisting of a single open steel pipe
that is driven into the seabed to support the weight of the turbine and tower. Traditionally, monopiles are installed by impact driving,
where a hammer repeatedly strikes the pile until it reaches the required penetration depth [1]. However, for large-diameter monopiles,
impact hammering can be impractical due to significant underwater noise emissions [2] and the necessity for oversized structures
to withstand the high stresses induced by the hammering. Stressing the importance of this issue, it is worth noting that as national
standards become stricter in this aspect, noise mitigations face challenges in keeping up.

Furthermore, it should be emphasized that vibratory hammering, although continuous rather than impulsive, also produces sig-
nificant underwater noise. Currently, noise regulations predominantly concentrate on impulsive noise. However, as more becomes
known about the effects of continuous noise emissions on the environment, vibro-driving methods may also be subjected to stringent
norms. In recent years, there has been a growing adoption of vibro-driving techniques for installing monopiles, which employ a
hydraulic vibrator to generate vertical vibrations that reduce the soil resistance around the pile, facilitating its insertion into the
ground

Accurate predictions of the installation of monopiles using the vibro-driving technique are still challenging, as open questions
currently remain on the soil reaction during driving and the pile-soil-equipment interaction [3]. The effectiveness of vibro-driving
depends on several factors, including soil conditions, pile diameter, and the frequency and amplitude of the induced vibration.
Limited data are available for model calibration and validation, especially for offshore conditions; presently, various research works
are contributing to the development of new vibratory pile driving modelling frameworks, with a view to engineering practice [4.5].

This presentation shows some of the results of an ongoing research project, namely the Sustainable Installation of XXL Mono-
piles (SIMOX) in the Netherlands. In particular, the focus is to illustrate the interpretation of the vibratory installation of lab-scale
piles (32 cm diameter and 1.5m long) performed in saturated sand and well-controlled initial conditions. This took place at the
Deltares research facilities in Delft, the Netherlands. Several properties were varied during the penetration-controlled tests, including

the penetration rate, the loading frequency, and the soil relative density.
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Figure 1. Vibratory driving test of a "vibrating' pile.
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Figure 2. Vibratory driving test of a "penetrating’ pile.

In the SIMOX laboratory experiments on vibratory pile driving, two distinct installation regimes have been identified, i.e. the
‘vibrating” and the ‘penetrating’ regimes, governed by the interrelation between penetration rate and periodic pile velocity — see
Figs. 1 and 2, respectively. For these two regimes, the soil reaction during driving differs in both quantitative and qualitative terms.
Through detailed analysis of the experimental data, we have observed that the vibratory pile installation process is majorly influ-
enced — apart from the driving input excitation itself - by the dissimilar soil reaction experienced by the pile for different installation
settings. These findings highlight that the effectiveness of vibratory pile installation is not solely dependent on the method of exci-
tation, but also on the specific installation settings employed (i.e. eccentric moment, driving frequency and crane load). By under-
standing this mechanism, we can comprehend and improve further the present state of drivability modelling approaches and the
vibratory pile driving process.The present results serve as a basis for further numerical and experimental investigation, with the aid
of field data to be collected in subsequent onshore field tests.
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