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Abstract (Arial, Regular, 10,5pt, Interlinea: 1.0) The paper focuses on the effects of soil-structure interaction in the seismic response of multi-span viaducts on pile foundations. Analyses are performed by means of the substructure approach: the soil-foundation systems are studied in the frequency domain to obtain the foundation input motion and the dynamic impedance functions; inertial interaction analyses are carried out in the time domain accounting for the material nonlinear behaviour. 
AIM AND SCOPE (MAIUSCOLO Arial, bold, 10,5pt, Interlinea: 1.0)
Testo paragrafo (Arial, 10,5pt, Interlinea: 1.0, colore 0,0,0) Seismic design of bridges are generally performed by assuming piers fixed at the base and considering code acceleration response spectra, defined based on local hazard and soil classification. Local soil conditions and soil-foundation interaction may modify the seismic motion to such an extent that code spectra become not conservative. In this paper Soil-Structure Interaction (SSI) andesite effects on the seismic response of bridges are evaluated with reference to a set of 10-span viaducts having different span length L (25,50 and 75).
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Figure 1: figure description (Arial, italic, 10,5pt, Interlinea: 1.0, colore 0,0,0).
PROJECT DEVELOPMENT (MAIUSCOLO Arial, bold, 10,5pt, Interlinea: 1.0)
Testo paragrafo (Arial, 10,5pt, Interlinea: 1.0, colore 0,0,0) In both the longitudinal and transverse directions the seismic action is entrusted to the piers, equipped with lock-up devices, while multi-directional bearings are used at the abutments to exclude a dual-path mechanism. A single layer soil deposit of type D (Figure 2a), constituted by normally consolidated clays with properties reported in Figure 2c, is considered; the profile of the shear modulus at low strains G0 is shown in Figure 2a.

	Table value (Arial, Regular, 10,5pt, Interlinea: 1.0)
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Table 1: table description (Arial, italic, 10,5pt, allineato al centro, Interlinea: 1.0) 

Testo paragrafo (Arial, 10,5pt, Interlinea: 1.0, colore 0,0,0) The seismic design of bridges is performed by means of a displacement-based approach by imposing different ductility demands at ultimate: in particular, circular piers of diameter 2.4 m and with different height have been designed to achieve the ductility demand μ ≈ 1 (elastic behaviour),μ ≈ 2 and μ ≈ 4. The soil type D elastic displacement response spectrum of EN 1998-1 (2004) is adopted by considering a peak ground acceleration of 0.47g. The “30%-rule” is used to account for the bidirectional seismic action. Foundations, constituted by groups of bored concrete piles, are designed according to hierarchy principles in order to avoid the pile plasticization (Figure 2). 
[image: image2.emf]
Figure 2: figure description (a) Maximums relative displacement at the top of the piers, (b) displacement ductility demand and (c) rotation demands and capacity of plastic hinges

Testo paragrafo (Arial, 10,5pt, Interlinea: 1.0, colore 0,0,0) The modified curves of Vucetic and Dobry (1991) (Figure 2b) are used to account for the nonlinear soil behaviour according to the maximum shear strain level occurred during the bidirectional shaking. Figure 3 compares, for case H15L75, the mean geometric displacement response spectra at the ground surface (grey lines) with the relevant design response spectrum (dotted line); the arithmetic mean spectrum (black line) obtained by averaging the individual geometric mean spectra is also reported. It can be observed that the arithmetic mean spectrum is able to represent the target code spectrum up to a period of about 2.0 s.
FINAL REMARKS (MAIUSCOLO Arial, bold, 10,5pt, Interlinea: 1.0)
Testo paragrafo (Arial, 10,5pt, Interlinea: 1.0, colore 0,0,0) The analyses of the soil-foundation systems (kinematic interaction analyses) are performed by means of the numerical model proposed by Dezi et al (2009) which allows obtaining the Foundation Input Motion (FIM) and the frequency-dependent impedances necessary for the subsequent 

inertial interaction analyses. The seismic input is constituted by the bidirectional free-field motion within the deposit obtained from site analyses. The frequency-dependent impedances are approximated by suitable Lumped Parameter Models (Carbonari et al. 2013) in the nonlinear time-domain inertial interaction analyses performed by means of distributed plasticity finite 

element models. Furthermore, Compliant Base (CB) and Fixed Base (FB) models are developed. With reference to bridges H15L#, effects of SSI on the dynamic response are discussed by comparing average results (from all the set of ground motions) obtained from the CB and FB models in terms of displacements, ductility demand and plastic hinges rotation demand. Figure 4a compares the absolute maximum relative displacement of the top of piers with the design displacements; these are well reproduced by FB models and SSI affects slightly the maximum deck displacements only in the case of bridge H15L25. Figure 4b compares the ductility demand of each pier with the relevant capacity. Consistently with displacements, the ductility demand of piers is almost coincident with the design one and SSI slightly increases the demand in the piers of bridge H15L25. 
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