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1. INTRODUCTION
The vertical (V) component of earthquake ground motion alone 
becomes less influential to the seismic response with respect to 
the horizontal component (H). However, simultaneous 
occurrence of strong motion in both components of motion 
would have greater consequences. In this respect, simultaneous 
arrivals of H and V components become important, a condition 
referred as to synchronism, which is defined as a phase difference 
or time delay between H and V:

2. SYNCRHONISM AND STRUCTURAL RESPONSE: SIMPLIFIED 2DoF SYSTEM

The numerical models carried with OpenSees 
platform (McKenna, 2011):
• Linear material properties
• Geometric nonlinearity (e.g., co-rotational

formulation, Hardyniec and Charney, 2015).

𝜙𝜙𝐼𝐼𝐼𝐼 = ∆𝑡𝑡 𝐼𝐼𝐼𝐼 𝐻𝐻−𝑉𝑉

3. SYNCRHONISM IN NEAR-FIELD CONDITIONS:
SEISMOLOGICAL CHARACTERISTICS

4. SYNCRHONISM IN FAR-FIELD CONDITIONS:
BASIN-INDUCED SURFACE WAVES.

1. Basin-induced Rayleigh waves are extracted from ground motion records by
means of a time-frequency polarization processing technique. The method is
based on the analytical framework initially proposed by Pinnegar (2006), and
later extended by Meza‐Fajardo et al. (2015).

2. Synchronism of basin-induced surface waves (SW) for the Po-Plain.
Synchronism of SWs dominated records linked to the fundamental period of
SWs.
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𝑃𝑃( 𝜙𝜙𝐼𝐼𝐼𝐼 < 𝑋𝑋𝑡𝑡) = 𝑃𝑃( ∆𝑡𝑡 𝐼𝐼𝐼𝐼 𝐻𝐻−𝑉𝑉 < 𝑋𝑋𝑡𝑡)

Catalogue based study:
• NESS (Near-Source Strong motion) v2 (Sgobba et al., 2021)
• SIMBAD v6 (Smerzini et al., 2014) - used for verification

purposes
• BB-SPEEDset v1 (Paolucci et al., 2021)

Probability of synchronism: probability of smaller than a 
preselected threshold value Xt:

Derived distributions

• Maximum excitation on the structure when Xt ~ 90%Th1 .On the other hand, the
maximum constructive interference between the horizontal and vertical response
of the structure may amplify the horizontal displacement demand up to 10%.
Analysis with more realistic frame structures foreseen considering non-linear
response and the insights from §3 and §4 are

• Predictive models generated for 𝑃𝑃 𝜙𝜙𝐼𝐼𝐼𝐼 ≤  𝑋𝑋𝑡𝑡  by using NESS and NESS + 
BB_SPEED.

• Proposed criteria for selecting records dominated by Rayleigh wave motion based
on the correlation coefficient ρ(𝑣𝑣 ̂, r) and coefficient rdz of the extracted SW waves.
Similar studies on sedimentary basins around the globe are in progress.
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