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Extended Abstract 
The evaluation of the seismic response expected at road and rail tunnels is a critical factor in ensuring the structural 

integrity and safety of such critical infrastructures. However, these underground infrastructures are far less investigated than 
their above-ground counterparts (e.g. bridges and viaducts). Furthermore, it is also much less common to find case studies 
with fully dynamic monitoring systems; even less in active seismic areas.  

The dynamic behaviour of man-made tunnels differs substantially according to several factors such as their design and, 
most importantly, the different geological conditions. Indeed, tunnels excavated at shallow depths in soft soils are generally 
expected to be more vulnerable to earthquake loads than those bored through dense soil or hard rock. That derives from the 
kinematic loading induced by the surrounding materials, with their different stiffnesses and amplification effects, by the 
depth, and other factors. Nevertheless, few direct comparisons, based on experimental recordings, are available in the current 
scientific literature; for instance, Cui & Ma [1] tested tunnel portal sections located in the soft-hard rock junctions with 
laboratory shaking table tests; Tsinidis et al. [2] summarised the main empirical findings for different tunnel typologies and 
soil characteristics; and Cilingir et al. studied the effects of depth on the seismic response of square [3] and circular [4] 
tunnels – but only with scaled-down laboratory experiments and numerical simulations. 

To shed light on these aspects, the seismic responses of one underwater rail tunnel and two nearby road mountain tunnels 
to the same seismic event have been investigated. More specifically, the recordings of the Mw=4.4 Berkeley Earthquake of 
04 January 2018 aftermaths on the Bay Area Rapid Transit's so-called Transbay Tube (between Oakland and San Francisco, 
California, USA) and Bore 3 and 4 of the Caldecott tunnel system (between Oakland and the town of Orinda) have been 
considered. Furthermore, these represent some examples of ‘Cut-and-Cover’ (Transbay) vs ‘Bored’ (Caldecott) underground 
structures, which are known to behave differently under comparable seismic inputs [5]. For completeness’ sake, these case 
studies have also been compared to the response of a nearby above-ground infrastructure, the famous Bay Bridge, to the 
same earthquake. In particular, the time-frequency analysis and the Arias Intensity build-up curves of selected acceleration 
time series, captured at key locations near the tunnel portals and at mid-length cross-sections, allowed us to discern 
similarities and differences in the dynamic response of these above- and below-ground infrastructures. 

Based on recent and ongoing studies [6], [7], the results experimentally confirmed, considering a true, real-scale seismic 
event, the expected hierarchy of seismic resilience. That is to say, both shallow tunnels in soft ground and deep tunnels in 
hard rock can be considered generally safer than aboveground structures [8], [9], with the latter being even safer, even if 
never completely earthquake-proof, than the former [10]. These insights will help structural and geotechnical engineers to 
better address the challenges posed by designing tunnels in soft soils and hard rock capable of withstanding seismic events. 
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