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Introduction

Even though it is widely recognized that surface waves at the edges of sedimentary basins significantly contribute to strong ground motions [START_REF] William | Strong motion from surface waves in deep sedimentary basins[END_REF] (Meza-Fajardo, et al., 2015), their effects on long-period infrastructures such as liquid storage tanks, high-rise buildings, and tall bridge pylons are still not widely studied.

Several research studies have been conducted to assess the response of these modern large-scale infrastructures to strong ground motions [START_REF] Shuoyu | Long period ground motion simulation and its application to the seismic design of high-rise buildings[END_REF]. However, to our knowledge, the direct effect of surface waves (in particular, Rayleigh waves) on their seismic fragility has not been explicitly assessed. It is known that the recorded seismic motions (obtained from strong motion databases) are -total‖ signals, i.e., they contain the Rayleigh wave component. If such records are used in the design, they incorporate the effects of surface waves. However, seismic motions recorded on rock outcrops are mainly exempt of the basin-generated surface wave component and classical one-dimensional site analyses cannot reproduce them. Thus, it is important to understand and quantify the contribution of Rayleigh waves on the seismic response of long-period structures from recorded seismic motions within the basin. 1 Corresponding author: carolina.franco@geodynamique.com -ORCID: 0000-0001-6276-2121
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A few research studies have suggested a decomposition of strong ground motions into a body wave and a surface wave component and have then quantified the effect of the surface wave component on high-rise buildings (Meza-Fajardo, et al., 2018) (Meza-Fajardo, et al., 2019), and bridge piers [START_REF] Chatzigogos | Nonlinear response of bridge pylons to surface wave passage[END_REF] (Perraud, et al., 2022).

The proposed and implemented methodology is based mainly on the following steps:

1) Identification and extraction of Rayleigh wave component from 3D recorded ground motions 2) Estimation of the seismic response of the analyzed structure subjected to ground motion with and without Rayleigh waves through, for example, time history analyses 3) Estimation of response amplification associated with the incidence of Rayleigh waves for a number of relevant engineering demand parameters (EDPs) according to the context of application.

These studies highlight maximum response amplifications comprised between 2 and 3 for linear analyses (Meza-Fajardo, et al., 2018). For nonlinear analyses, response amplifications can reach up to an order of magnitude (~10) for certain signals and certain relevant EDPs ( (Meza-Fajardo, et al., 2019) (Perraud, et al., 2022)).

In the present work, the results of several possible single-performance scenarios for realistic bridge pylon configurations are coined up within a probabilistic framework using the notion of fragility function for two distinct but dependent loading cases: (i) ground motions from which the Rayleigh wave component has been extracted (i.e., body wave component) and (ii) total ground motions, containing the Rayleigh wave component. A singleperformance scenario refers to the analysis of a unique bridge pylon under a given loading case, taking case (i) as a reference. The fragility is then measured by the probability density function (PDF) of a relevant EDP for an intensity measure (IM) of the characteristic ground motion exempted of Rayleigh waves: P(EDP-IM (i) ).

An important number of studies is available for the analytical fragility assessment on bridge pylons. Early works of [START_REF] Nielson | Analytical fragility curves for highway bridges in moderate seismic zones[END_REF] [START_REF] Bryant | Analytical Seismic Fragility Curves for Typical Bridges in the Central and Southeastern United States[END_REF] are dedicated to fragility curves for bridges in the United States. All the seismic fragility curves are provided as functions of peak ground acceleration (PGA). [START_REF] Pitilakis | Typology Definition and Fragility Functions for Physical Elements at Seismic Risk[END_REF] provide an in-depth analysis on the derivation of fragility functions for structural components and infrastructure. Recently, [START_REF] Camilo | Development of Fragility Curves for Single-Column RC Italian Bridges Using Nonlinear Static Analysis[END_REF] have generated fragility curves for single column RC Italian bridges using various nonlinear static analysis methods and have considered the spectral acceleration ( ) at a characteristic period as IM. More into the selection of IMs, [START_REF] Wei | Evaluation of optimal ground motion intensity measures and seismic fragility analysis of a multipylon cable-stayed bridge with super-high piers in Mountainous Areas[END_REF] evaluate 16 ground motion IMs for the fragility of cable-stayed bridges with super-high piers finding peak ground velocity (PGV) as the best correlated IM. [START_REF] Xu Chen | Fragility analysis of tall pier bridges subjected to near-fault pulse-like ground motions[END_REF] carry a fragility analysis on 10m to 80m high piers to compare near-fault and far-field ground motions. The seismic demand is represented in terms of curvature ductility as a function of PGA and (

). In [START_REF] Xu Chen | Fragility analysis of tall pier bridges subjected to near-fault pulse-like ground motions[END_REF], ( ) has a better correlation with the selected EDPs. The accuracy and reliability of these fragility functions highly depend on the adequacy of the adopted modeling approach [START_REF] Eyitayo | Mangalathu Sujith Seismic fragility assessment of bridges with as-built and retrofitted splice-deficient columns[END_REF]. In the present study, fragility curves are generated within an Incremental Dynamic Analysis (IDA) framework for both loading cases (i) and (ii). The nonlinear analyses are conducted following the methodology described in (Perraud, et al., 2022) for various realistic bridge pylon configurations.

Herein, taking into account the efficiency and practicality of several IMs presented in [START_REF] Wei | Evaluation of optimal ground motion intensity measures and seismic fragility analysis of a multipylon cable-stayed bridge with super-high piers in Mountainous Areas[END_REF] [START_REF] Wen | Effects of ground motion scaling on the response of structures considering interdependency between intensity measures and scale factors[END_REF] (Perraud, et al., 2022), PGV is selected for the derivation of fragilities for the studied bridge piers.

The objectives of this study are three-fold:

 Propose a methodology to compare fragility curves derived for two dependent ground motion loading cases (with and without Rayleigh waves) based on IDA results on bridge pylons  Quantify the influence of the Rayleigh wave components on the seismic fragility of bridge pylons  Provide further insight into how to incorporate the effects of surface waves on seismic risk assessment This paper is divided into four sections. The first section presents the adopted methodology together with the selected ground motion dataset, the assumptions behind the numerical model used for the bridge pylons and the selected EDPs. The second section focuses on the characterization of the nonlinear response of the studied bridge pylons via nonlinear static analysis for the definition of damage state limits and IDA for establishing the correlation between the selected IM and EDPs. Difference between the nonlinear response for both loading cases i) and ii) is highlighted. The fourth section is dedicated to the derivation of analytical fragility curves and the quantification of the effects of Rayleigh waves using three methods: i) median shift, ii) curve area, and iii) risk amplification for fragility curves of a given damage state. Finally, conclusions and perspectives of this study are presented.

Adopted methodology for the calculation of fragility curves

Methodologies for the calculation of fragility curves have by now been studied extensively and they have been described by numerous guidelines. In the form developed by the Pacific Earthquake Engineering Research (PEER)

Center, a fragility calculation can be implemented via four methods: hazard analysis, structural analysis, damage analysis, and loss analysis as mentioned by [START_REF] Biasio | A simple numerical approach for the pushover analysis of slender cantilever bridge[END_REF] and [START_REF] Nielson | Analytical fragility curves for highway bridges in moderate seismic zones[END_REF]. In the present work, these methods entail four steps: a) ground motion selection, b) structural response assessment, c) damage state definition and d) generation of fragility curves.

In the first step, the available set of natural seismic records is studied and characterized through the distribution of IMs. We assemble the ground motions and introduce several IMs to represent this seismic dataset. In this work, we make use of a set of 12 records in which Rayleigh wave components are extracted through the procedure developed in (Meza-Fajardo, et al., 2015).

The second step involves structural seismic response assessments in a nonlinear framework through transient analyses. We select samples (or configurations) of the studied structure type (here: reinforced-concrete bridge pylons). The pylon height is varied from one configuration to another. For each studied structure a mechanical model is developed and subjected to the seismic excitation records selected in the previous step. Peak responses are extracted and plotted versus a specific IM for that ground motion. The correlation between the EDPs of the studied bridge pylons (e.g., maximum structural drift, maximum curvature ductility ratio) and the selected IMs is analyzed.

At this stage, we establish a probabilistic seismic demand model (PSDM) that fits the data (e.g., Log-normal distribution model).

The third step concerns the definition of characteristic damage limit states. The damage thresholds are highly dependent on the material and geometric properties assumed for the studied structures. Several damage states such as slight, moderate, extensive, and collapse are defined either according to the literature (e.g., HAZUS-MH (FEMA, 2003)) or based on nonlinear numerical simulations (i.e., pushover analysis).

Finally, the generation of the fragility curves for each damage state is performed in the fourth step. For that, the fragility parameters (median and dispersion ) are calculated.

It is recalled here that our final interest is to identify and quantify the effects of Rayleigh waves on the fragility of long-period structures. In order to do this, a comparison of the results is made at each of the aforementioned steps between two seismic loading cases: 

Ground motion selection

The ground motion dataset consists of 12 natural seismic records from four earthquake events: Niigata-ken Chuetsu ( 2004), El Mayor-Cucapah (2010), Chi-Chi aftershock (1999), andTohoku (2011). The records were obtained from national databases and their Rayleigh wave component was extracted via a time-frequency procedure based on the normalized inner product (polarization filtering) developed by (Meza-Fajardo, et al., 2015), and recently implemented by [START_REF] Jorge | Influencia de las ondas superficiales en la respuesta sismica de edificios durante el sismo del 19 de septiembre de 2017[END_REF][START_REF] Jorge | Observation of Rayleigh waves in Mexico City Valley during the 19 September 2017 Puebla[END_REF]. These records have been used in previous works for the study of the effects of Rayleigh waves on the response of bridge pylons [START_REF] Chatzigogos | Nonlinear response of bridge pylons to surface wave passage[END_REF] [START_REF] Perraud | Effect of Rayleigh waves on seismic response of bridge pylons via Incremental Dynamic Analyses[END_REF] and high-rise buildings (Meza-Fajardo, et al., 2018) (Meza-Fajardo, et al., 2019). Herein, the characterization of ground motions is performed by several IMs such as peak ground acceleration (PGA), peak ground velocity (PGV), Arias intensity ( ), cumulative absolute velocity (CAV), spectral intensity (SI), and spectral acceleration ( ). Refer to Table A.1 in Appendix 1 for the full list of the records and their IM values.

The acceleration records of the Niigata-ken Chuetsu earthquake (Mw = 6.8), recorded on station CHB026 for Case1

and Case 2 are displayed on Figure 1. PGAs for both cases are the same but between 100s and 200s it is noticed that there is a significant contribution linked to the presence of Rayleigh waves. Figure 2 gathers the PGA and the 5% damped spectral acceleration values for the selected records. The red color is for the signals obtained after the Rayleigh wave extraction procedure (Case 1), and the blue color provides information about the total signal (Case 2).

Note that the strongest ground motion record is the one recorded during the Tohoku event at station TKY018 (PGA=1.73m/s2). A 20% increase is obtained in PGA in passing from Case 1 to Case 2. The central frequency of the extracted Rayleigh wave components has been reported in (Meza-Fajardo, et al., 2018) and varies between 0.14Hz and 0.20Hz for the considered signals. A radar representation for the intensity measures of both loading cases is also presented in Figure 3. In this figure, all records are scaled at a reference PGV = 0.2m/s for Case 1. The Case 2 records are multiplied for the same factor used for Case 1. 

Studied configurations

This study focuses on five realistic RC bridge pylons with heights : 21m, 30m, 40m, 50m, and 60m. These multiple configurations allow the assessment of the pylon response for several vibration frequencies (1 st mode vibration frequencies between 0.17Hz and 0.89Hz) within the typical frequency content of Rayleigh waves, which is rich in the low-frequency range (< 1Hz). The transverse cross-sections of all the bridge pylons are kept circular and uniform throughout their height. The pylon diameter is = 3m for all studied cases. The longitudinal steel ratio corresponds to 1.10% of the cross-section. (Perraud, et al., 2022) have assessed the influence of large (11m wide)

and small foundations (7m wide) for the pylons of 21m, 30m, 40m implementing a nonlinear macroelement [START_REF] Chatzigogos | A macroelement formulation for shallow foundations on cohesive and frictional soils[END_REF] at the foundation level. Results demonstrate that large foundations favor the incursion of the superstructure in material nonlinear domain resulting in major degradation. On the contrary, pylons with reduced foundation dimension present large displacements (settlements and rotations) at the foundation level while keeping an almost elastic behavior of the superstructure. For the present work, it has been decided to focus on the nonlinear response and the subsequent damage states that develop at the superstructures of the studied bridge piers. The analyses are thus performed under the assumption of fixed-base conditions: this places all nonlinearity at the bridge pier itself and simplifies the model since there is no need for modeling the bridge foundation.

Modeling assumptions

The model used to compute the nonlinear response of reinforced concrete bridge pylons is presented on Figure 4.

The model is developed using the finite element method (FEM)-based software SeismoStruct (Seismosoft, 2011) which also implements the discretization of the section into nonlinear multifiber beam elements based on [START_REF] Spacone | Mixed formulation of nonlinear beam finite element[END_REF] formulation. The mathematical model considers the following assumptions:

 The pylon is modeled as a vertical segment with a circular cross-section discretized using multifiber beam elements (MFEM). Thus, the cross-section behavior is assigned based on the fiber approach. Each fiber is associated with a uniaxial stress-strain relationship; the sectional stress-strain state of beam-column elements is then obtained through the integration of the nonlinear uniaxial stress-strain response of a number of individual fibers (typically, around 200 fibers) in which the section is subdivided (Seismosoft, 2011) (See Figure 4).

 The model takes into account both geometric nonlinearity and material inelasticity. In SeismoStruct, large displacements and rotations are described through the co-rotational formulation developed by [START_REF] Correia | Nonlinear Analysis of Space Frames[END_REF].

 The concrete fiber behavior is modeled following Mander nonlinear model [START_REF] Mander | Theoretical stress-strain model for confined concrete[END_REF]. The concrete fibers can either be modeled as confined concrete (core fibers) or as unconfined concrete (cover fibers). The fibers corresponding to reinforcing steel bars obey the Menegotto-Pinto stress-strain relationship [START_REF] Menegotto | Method of analysis for cyclically loaded R.C. plane frames including changes in geometry and non-elastic behaviour of elements under combined normal force and bending[END_REF], coupled with the isotropic hardening rules proposed by [START_REF] Filippou | V Effects of bond deterioration on hysteretic behaviour of reinforced concrete joints[END_REF], with a modulus of elasticity a, up to the yield strength a. The material mechanical properties of the bridge pylons are listed in Table 1.

 The pylon supports a portion of the deck. The mass associated with the deck is included as a nodal mass at the top end. The mass of the deck and its moment of inertia are considered.

 We consider that the earthquake excitation is planar. Each free node has three degrees of freedom, two translations and one rotation: , , and . The curvature ( ) is computed from the integration on fiber at each section.

 Maximum Total Drift (MTD), defined as the ratio between the relative top displacement and the height of the bridge pylon . Although this damage measure has already been shown to be an invalid index for tall piers (Xu, et al., 2020) (tall piers can stand very large displacements without incursion in nonlinearities), here it is intended to control the displacements affecting secondary structural bridge components such as the bridge deck, bearings, or girders.

 Absolute maximum Vertical Displacement (VD), linked to P-effects due to the weight of the deck and its self-weight, and the horizontal component of the seismic loading. VD is not commonly considered in seismic fragility analyses because the vertical ground motion component is often neglected. However, in this study, the analyses in the large displacement framework may show relevant vertical displacements .

3 Characterization of the nonlinear response of RC bridge pylons

Damage state limits from nonlinear static analysis

Pushover analyses are conducted over the five bridge pylon configurations in order to examine their yield displacements and subsequent inelastic response to define damage limit states. All the analyses are performed in SeismoStruct (Seismosoft, 2011) with consideration of geometric nonlinearity. The pylon is subjected to its selfweight and, at the top, to a constant vertical point force, . An incremental displacement at the top end of the pylon is imposed. This loading is continued till the collapse of the pylon. At the collapse point, there appears to be a sudden drop in the pier bearing capacity (shear force or moment) and the analysis is stopped.

The base shear vs. top displacement ( -) response and the bending moment vs. curvature ( -) response are illustrated in Figure 6 for all tested configurations. As the P-effects are also considered it can be observed that once the -peak is reached, the base shear decreases gradually until the collapse of the structure is reached.

Note that the -response is conditioned by the geometry of the pylons with second order effects presenting a stronger influence on slender pylons. As a result of P-effects, the peaks in -and -diagrams do not occur at the same increment. In fact, for a given deformation state of the pier, nonlinear geometric effects produce an increase of bending moments along the pier (Di Re, et al., 2022). Consequently, the peak of the shear force is reached when bending moment at the base cross-section is lower than the peak bending moment (see and the corresponding values in Table 2). Notice that the slenderness ratio has a strong influence on the importance of geometric nonlinearity effects. For larger slenderness ratios , the difference between ( ) and increases. Finally, the ( -) response is bi-linearized using the principle of equivalent energy. So, represents the area under the ( -) curve. Based on and and by assuming that the area under the bi-linearized ( -)

response is equal to , the coordinate ( ) is found using the following expression: Referring to the work of [START_REF] Yael | Seible Performance Evaluation Database for Concrete Bridge Components and Systems under Simulated Seismic Loads[END_REF], the elastic limit strain between 0.0006 and 0.002 corresponds to slight damage and defines the boundary with moderate damage state. The first steel yielding appears near the defined ( m)(see Figure 8). The beginning of the peeling of concrete cover corresponded to the strain of 0.0035, and this corresponds to the boundary between the moderate and extensive damage states of concrete components. The complete spalling of concrete cover corresponds to a strain of 0.006 and corresponds to the boundary between the extensive and collapse damage states corresponding to curvature values not higher than ( m). The collapse of the pylons is observed with the fracture of the reinforcing steel fibers at and curvature values of ( m).

( ) ( )
To sum up:

 Slight Damage: minor cracking, minor spalling at reinforced concrete structural elements. This state is bounded by the following strain values for concrete and steel: CDR limits are then computed as expressed in Equation ( 1) substituting ( ) by the associated curvature value for the damage level. Then for each damage state (slight, moderate, extensive, and collapse), the CDR values of 1, 3.0, 6.0, and 10.0 are respectively adopted. These values are quite consistent with values considered in the literature (1, 2.0, 4.0, 7.0) [START_REF] Pitilakis | Typology Definition and Fragility Functions for Physical Elements at Seismic Risk[END_REF]) (Choi et al., 2004), which are defined based on results from laboratory experimental tests and recommendations of previous studies. It is recalled that these limits vary depending on several factors including the type of pier (e.g., RC effective section) and the structural modelling assumptions (e.g., small displacements, boundary conditions, material properties).

Concerning MTD, no specific limits are assigned from the pushover analysis for the set of pylons. The total drift displacement does not seem to be an appropriate damage indicator because of its strong dependence on the level of slenderness, and P-effects, for more severe damage states. Only the slight damage limit coincides for all pylons at a drift of 1.45%, matching suggested values in the literature (e.g., Li et al., 2013). Then, in this study, damage limit states in terms of MTD follow the ones defined in (Li et al., 2013): 1.45%, 2.46%, 4.30%, and 6.90% to control damages in secondary bridge components.

The maximum admissible vertical displacement of the deck ( ) can be determined based on the length of the deck and the design vehicle speed of the bridge according to (CEN 2005a(CEN , 2005b)). It is assumed that the studied pylons support decks larger than 40 m and that vehicle speed is 200 km/h. These conditions limit the vertical displacement of the deck to L/1500, . Thus, taking into account the presence of additional structural components, VD values measured at the tip of the pylons are limited to 0.02 m for slight, 0.05 m for moderate, 0.08 m for extensive, and 0.10 m for collapse limit states. [START_REF] Pitilakis | Typology Definition and Fragility Functions for Physical Elements at Seismic Risk[END_REF] 

Incremental Dynamic Analyses (IDA)

Transient nonlinear analyses are conducted in an IDA framework using the ground motion dataset of the 12 signal records presented in section 2.1. In order to capture the response at several intensity levels, 16 scale factors (SF) equally distributed are utilized. This means that a single ground motion record is multiplied by 16 incremental SF to reach desired levels of PGV ranging from 0.1m/s to 1.6m/s. As our final objective is to compute the effects of Rayleigh wave on the fragility curves of the tested bridge pylons, two loading cases are then of interest: Case 1: body waves (i.e., the total signal exempted from the Rayleigh wave component) and Case 2: the total signal (including the Rayleigh wave component). Considering that the two loading cases are distinct but dependent on the same ground motion (GM), it is decided to perform the scaling process taking the PGV of Case 1 as a reference following (Perraud, et al., 2022) Case 1 (red) and Case 2 (blue). The maximum value of the horizontal axis for each EDP is set to the value that corresponds to collapse damage state.

For all pylons, although Case 2 (comprising Rayleigh waves) exhibits larger demands if compared to Case 1, the collapse is reached only for some of the scaled record with the tested PGV interval (from 0.10 to 1.6 m/s). For P21L, P30L, and P40L (Figure 9), it is observed two known phenomena identified by Vamvatsikos [START_REF] Vamvatsikos | Incremental dynamic analysis[END_REF] as -hardening‖ and -structural resurrection‖, the latter being a case of extreme hardening. The structure seems to recover after an increase of intensity level. These phenomena have their origins in the evolution of dynamic characteristics during transient nonlinear analyses. As the records are scaled up, the pattern and timing for each seismic cycle generate peaks of response while the period of the structure elongates. So, for higher levels of IMs, the response can be the same or lower. In this study, the -structural resurrection‖ of P30L at a PGV of 1.2 m/s is not allowed and their corresponding values are discarded for the fragility analysis.

By examining the response of different pylons, it is noticed that the pylon height governs the EDP that controls the performance level of the structure according to the chosen damage state. For example, P21L yields higher demands of CDR than P60L, reaching collapse CDR values for several records. Moreover, VD collapse values are exceeded at lower PGV levels (0.90 m/s) for P60L.

In general, the shortest pylons seem to have larger demands in terms of CDR and MTD than the tallest ones.

Several factors govern the response:

 Stiffness properties: considering two pylons with a horizontal force, the tallest one can experience much higher displacement demands than the shortest one. The seismic response amplifications obtained for the studied pylons are coined up within a probabilistic framework using the notion of fragility function. Figure 11 and Figure 12 present the distribution of the amplification due to the Rayleigh waves together with the probability of exceedance of the computed amplification in terms of CDR and MTD, respectively. The probability of exceedance is given by the dots and is referred to as an empirical cumulative distribution function exceeding a given amplification. Two fitting curves are also presented; a probability curve and a power curve. The fitted probability curve defined by a median value and dispersion value is calculated using a fragility fitting approach called method of maximum likelihood [START_REF] Jack | Efficient analytical fragility function fitting using dynamic structural analysis[END_REF]. For the amplifications related to CDR, is equal to 2.49. This means that there is a 50% of probability of exceedance of an amplification factor = 2.5, if CDR is considered. In a similar way, there is 50% probability of exceedance of an amplification factor = 1.88 if MTD is concerned. Parameter is interpreted as the dispersion of the data. 

Effects of Rayleigh waves on the vulnerability assessment of bridge pylons

Generation of analytical fragility curves

The scaling approach through IDA analysis allows generating a set of relationships between the structural demands for each bridge pylon at each intensity level of the selected motions. In addition, the definition of damage limit states completes the required steps to perform a seismic fragility assessment through the derivation of fragility curves.

The probabilistic seismic demand model (PSDM) for the tested pylons is defined for seismic demands in terms of CDR, MTD, and VD as a function of the PGV values of body waves (i.e., signals without the Rayleigh wave component), whose relationships are assumed to follow a logarithmic correlation. Thus, the fragility curve parameters can now be computed by applying the least-squares regression procedure (or power-law approximation) (Cornell, et al., 2002). Figure 13 illustrates and compares the results of the PSDM in terms of CDR, MTD, and VD for all the pylons under the two loading cases; Case 1 and Case 2. The regression coefficients and of the logarithmic relationship between the selected EDP and the IM (i.e., PGV of body waves) are listed in Table 5 with the associated coefficient of determination .

The PSDM graphs do not give any additional information as compared to what is already observed from IDA curves concerning the effects of Rayleigh waves (comparison between Case 1 and Case 2). We verify that the pylons yield much higher seismic demands when subjected to Case 2 than when subjected to Case 1 loading. However, this result allows verifying that in the logarithmic scale the linear correlation between CDR and MTD with PGV is more efficient than the correlation between VD and PGV of the tallest pylons (

), whose values are mainly associated with P-effects. In general, the tallest pylons (i.e., P40L, P50L, P60L) show smaller coefficients than the shortest ones (i.e., P21L and P30L) when subjected to Case 2. For example, concerning CDR, the coefficient of P50L is 0.86 and 0.66 for Case 1 and Case 2 respectively. The reason for this may be the fact that higher seismic demands are attained with Case 2 than with Case 1 and in return larger dispersions are obtained.

Figure 

The parameters of the log-normal cumulative distribution in terms of median values and dispersion factors ( | ) are listed in Tables 6 -8 considering the defined damage limit states for each pylon and each EDP for Case 1. Each table corresponds to a different EDP: CDR, MTD, and VD, respectively. Depending on the selection of the EDPs, very different fragility curves can be obtained. Hence, the most critical EDP for each pylon is assumed to be the one with the smallest median value (at an exceedance probability of 50%).

By looking at the values given in theses tables, it is observed that slightly increases as the height of the pylon increases while the dispersion decreases. This applies for all the EDPs.

If CDR is considered, it is observed that there is 50% probability of exceedance of slight damage states for PGV values beyond 0.68m/s for pylon P21L. This same probability can be reached with a PGV of 2.26m/s for the pylon P60L. The higher the damage state, the larger the gap between the median PGV values for the shortest and the tallest of the tested pylons. The shortest pylons appear to be the more fragile in all damage states, especially the more severe ones.

Note that CDR governs the fragility of P21L for the slight damage ( ). For the rest of the pylons, MTD defines the critical fragility at all the damage states. So, final fragility curves are generated using the parameters and ( | ) according to MTD as EDP for all damage states except for slight damage of P21L for which CDR is used. Here, it is necessary to remember that the curvature ductility ratio limits are defined based on a nonlinear static analysis of each pylon while the MTD limit values are taken from the literature for displacement control rather than for structural capacity (which for the tallest pylons can be significantly larger values). VD is not found to be very relevant for the performed fragility analysis. The median PGV value to exceed slight damage state limit in terms of VD must be larger than 1.82 m/s.

According to the presented median PGV values, it seems that there is a low probability that a seismic event can yield advanced degradation states (extensive or moderate) for the tested pylons (PGV values larger than 1 m/s have been recorded for -exceptionally‖ strong ground motion earthquakes (Joyner, 2000)). However, site effects can substantially amplify the ground motions as it has been reported on large basins due to the presence of surface waves. Thus, from now on, we focus on the quantification of the Rayleigh wave effects by comparing fragilities obtained under loading Case 1 and Case 2. Figure 14 provides the fragility curves as a function of PGV of body waves from slight to collapse for all pylons under loading Case 1. Each color line represents a different pylon. All the EDPs have been combined, plotting the most critical case for each pylon (that is, the fragility curve with the smallest median value). The fragility curves show that the peak ground velocity for a 50% probability of exceedance of slight damage ranges from approximately 0.68 to 0.96 m/s for the five pylon configurations. PGV values over 2.6m/s are required to exceed the collapse limit for the shortest pylons. As aforementioned, pylons P21L, P30L, and P40L are observed with lower median values and larger dispersions compared with the tallest ones. These discrepancies seem to increase as the damage state gets more severe. The tallest pylons need higher intensity levels to exceed the damage limit states than the shortest ones, being the pylon P60L the least fragile to the studied loading case. One should recall that the selected damage thresholds and the modeling technique strongly influence these results. Different conclusions could be obtained if, for instance, second order nonlinearity effects were not considered and a less sophisticated constitutive law for the reinforced concrete was used. In addition, the level of uncertainty of the fragility curves is highly dependent on the seismic records, modeling, and damage assumptions. Nowadays, there are different techniques to quantify the uncertainties linked to analytical fragility assessment. The reader may refer to (Bradley,

2013) (Iervolino, 2022

). This quantification is out of the scope of this study. The interest now lies in quantifying the effects of Rayleigh waves for each pylon. Figure 15 shows the fragility curves as a function of PGV of body waves obtained for the simulations without the effects of Rayleigh waves in red (Case1) and with the effects of Rayleigh waves in blue (Case 2). Each damage state is represented with a different type of line. Continuous, dashed, dotted-dashed, and dotted line are for slight, moderate, extensive, and collapse damage states, respectively. Tables 17 and18 present the fragility parameters for Case 1 and Case 2, respectively.

Main observations are listed below:

• For all the tested pylons, fragility curves including Rayleigh wave effects present a shift to the left (at 50% exceedance probability) for all damage states. That is, the defined damage limit states are exceeded at lower PGV values than without the presence of Rayleigh waves. This implies that the probability of exceedance for any damage state is higher when pylons are subjected to Case 2 (including Rayleigh waves). The important point to notice here is that fragility curves are defined in terms of the PGV of body waves both for Case 1 and Case 2. This is a deliberate choice in order to have a common IM for comparison of the two loading Cases so as to study the anticipated shift in fragility curves due to the addition of Rayleigh waves. If we were to plot the fragility curves for Case 2 using the PGV of the total signals, the fragility functions would still be different from Case 1 but there would be no clear shift as the one obtained in Figure 15. A meaningful interpretation for this definition will be discussed in section 4.2.3.

• Slight damage is exceeded with median values starting from 0.41 m/s under Case 2, which is 38% lower than under Case 1 (0.66 m/s). Similar differences are obtained for the other damage states. For example, for collapse damage state, median values of 1.634 m/s for Case 2 and 2.596 m/s for Case 1 representing 37% difference taking Case 1 results as reference values.

• Up to 3 m/s, there is no superposition or interceptions of the fragility curves for Case 1 and Case 2 for all damage states.

• From the fragility curves for loading Case 2, we verify the conclusions made above: P60L is the least fragile of the pylons. When comparing with P21L, the difference between median values can almost be doubled especially, for the most severe damage states.

In the next section, the difference between fragility under both loading cases Case 1 and Case 2 is further discussed. 

Quantification of shift in fragility due to Rayleigh waves

The quantification of shift in fragility functions because of Rayleigh waves as shown in Figure 15 is performed following three methods: i) median shift, ii) curve area, and iii) risk amplification for fragility curves of a given damage state. Methods 1 and 2 depend on the fragility curve parameters already estimated for the pylons subjected to Case 1 and Case 2. Method 1 computes the relative difference of the median values between the fragility curves for each loading case at every damage level. Method 2 relates the area under the curve within specific exceedence probability bounds. On the other hand, Method 3 involves the computation of seismic risk. Each strategy provides a quantification of shift in fragility functions associated with the presence of Rayleigh waves. The greenred scale representation helps to highlight that the effects of Rayleigh waves increase with the height of the pylon at lower damage levels; slight and moderate damage. Althoughs pylon P21L is found to be more fragile to the individual Case 1 and Case 2, the structural response of this pylon is less affected by the presence of Rayleigh wave component than the response of pylon P60L ( of 26% against 41%). This tendency may be linked to the relationship between the fundamental period of the structure and the period of the signal including the Rayleigh wave component for low damage levels (the relationship is around 0.2). Furthermore, when considering the extensive and collapse damage states, tends to increase for the shortest pylons (P21L and P30L) in which period tends to -elongate‖ due to high incursions in the nonlinear regime and gets closer to .

Method 1: Median shift

However, the opposite occurs for the tallest pylons in which decreases from 40% to 17%. This may occur because the periods of the tallest pylons are much higher at low damage levels (around 1s) and the relationship is already around 1.12. As the damage increases, the periods elongate even more and the relationship increases beyond 1. [START_REF] Perraud | Effect of Rayleigh waves on seismic response of bridge pylons via Incremental Dynamic Analyses[END_REF] demonstrate that for values of over 1, the seismic response amplification due to Rayleigh waves is less important than for values under 1. A physical interpretation of the integrated area is less evident than the one given on parameters and .

However, method 2 quantifies the effects of both fragility parameters and helping to complement the information provided by Method 1.

The values of for each pylon are given in Table 12 in percentage. Similarly to the results from Method 1, the response of the pylon of 60m height for slight damage is observed to be more affected by the presence of Rayleigh waves with equal to 34%. Concerning collapse, the pylon P30L has the highest amplification factor (37%).

The general observations can be summarized as follows:

• When comparing pylon to pylon for the slight and moderate damage states, we observe that pylons of 50m and 60m height are slightly more prone to Rayleigh wave amplifications than pylons of 21m to 40m.

• The Rayleigh wave effects on the shortest pylons fragility can significantly increase for severe damage levels, namely extensive and collapse. The opposite occurs for the tallest pylons.

• The average amplification due to the presence of Rayleigh waves oscillates between 20% and 35%. This is in agreement with the relative median difference computed with Method 1. The third method proposes to quantify the amplifications due to the effects of Rayleigh waves by means of seismic risk assessment. This method will only be discussed for illustrative purposes to provide an interpretation of the -shifted‖ fragility functions for loading Case 2 (blue curves), presented on Figure 15.

Recall that seismic risk can be computed via the convolution of hazard and fragility as follows:

∫ ( ) ( ) ( )
where ( ) is the fragility curve, which expresses the probability that a given IM induces a level of damage greater than a given level and ( ) is the hazard curve, which typically expresses the annual probability of exceedance of this IM level.

If we were to use equation ( 5) for the quantification of seismic risk with consideration of the effects of basingenerated Rayleigh waves, it would be necessary that the utilized hazard curves ( ) indeed encapsulate the additional hazard component which is due to the presence of these seismic waves. However, available hazard maps, such as the European ESHM20 (Danciu, et al., 2021), the 2018 US National Seismic Hazard Map NSHM, the 2010 New Zealand NSHM etc. typically provide acceleration levels at a reference rock and for most of engineering applications, the consideration of site effects is performed via site response analyses performed on 1D soil columns which are not sufficient for grasping the effects of basin-generated surface waves. Actually, the consideration of 2D/3D basin effects (which are the sources of surface waves) is much more difficult and it is seldom performed in engineering practice. It is thus understood that if seismic hazard is defined via a reference rock motion which is then transferred in ground surface via 1D site response analyses (conventional hazard definition), the resulting motion may be insufficient for grasping the effects of basin generated waves, which, if present, may be particularly detrimental for long-period structures.

The idea behind the -shifted‖ fragilities in Figure 15, is then that the hazard component due to basin-generated surface waves (that may be missing in conventional hazard curve definitions) has been -transposed‖ and integrated within the definition of fragility curves. These -shifted‖ fragilities can thus be convolved with conventional hazard estimates for quantifying the additional effect of basin-generated surface waves on seismic risk. This is thus an indirect way of quantifying basin effects, which is here not performed via an additional correction factor in the definition of hazard, but directly on the definition of fragility of a vulnerable structure. Because of the nature of surface waves (waves characterized by long periods and long durations), the most vulnerable structures are expected to be long-period elongated structures, such as bridge pylons, which have been the object of the present study. If the engineer can possess estimates of these -shifted‖ fragilities, he can have a quick access to the increase in seismic risk for this class of structures and this can provide a means of verifying possible assumptions for the direct quantification of basin effects in hazard definition.

Finally, it can be noted that the derivation of -shifted‖ fragilities has been presented here for a generic situation, with consideration of motions from different basins for the definition of an IDA record set. For a particular engineering application, the same procedure can be performed for a particular basin and structure, if total records are available and if the surface wave extraction procedure for isolating body waves can be implemented. The general procedure to quantify the effects of Rayleigh waves by means of the risk amplification factor computation would then entail the following steps:

1. Selection of the methodology to derive fragility curves.

2. Derivation of fragility curves for the nonlinear response of the structure subjected to total wave component and the body wave component.

3. Selection of hazard curve based on site and design return period and consideration of 1D site effects 4. Computation of risk using Equation ( 5) for both groups of fragilities using the same hazard curve.

5. Estimation of as the ratio between the risk evaluated using the total wave over the risk obtained for the body wave fragility functions.

One should recall that each methodology for the derivation of fragility curves can affect the estimation of risk.

However, as the amplifications are computed as ratios of two risk estimates (with and without Rayleigh waves), the amplification factors are believed to be exempt of the uncertainty related to the methodology for fragility curve calculation.

A final comment on the use of Equation ( 5) is related to the consistency of IM between fragility and hazard. As a common practice, hazard curves are defined in terms of PGA and/or . It is indeed the case of the recent 2020

European Seismic Hazard Model --ESHM20 that provides hazard on reference rock. In the present work, fragility is expressed in terms of PGV as IM, which is usually not common for risk analysis but was proven convenient for fragility analysis (because PGV is more relevant for long-period motions). A conversion of the hazard curve would thus be necessary for obtaining PGV at the reference rock which can then be convolved with the proposed fragilities.

Otherwise, the fragilities can also be directly derived in terms of PGA, or other convenient IM for risk assessment.

Conclusions

This study investigates the effects of Rayleigh waves on analytical fragility curves for multiple pylon configurations using nonlinear dynamic analyses. To the authors' knowledge, this is the first time that it has been aimed to explicitly quantify the effects of Rayleigh waves on the fragility of reinforced concrete bridge pylons.

In the regard of a reliable seismic fragility assessment, a coherent methodology has been presented for the selection of appropriated engineering demand parameters, the definition of damage state limits, and the derivation of analytical fragility curves. The methodology is illustrated to five bridge pylon configurations based on the case studies used in (Perraud, et al., 2022) [START_REF] Franco | Seismic Fragility Functions of Bridge Pylons: Effects of Rayleigh -surface waves[END_REF]. In the present work, sophisticated reinforced concrete constitutive law and P-effects are integrated to the numerical model. Prior to the derivation of the analytical fragility curves, damage state limits in terms of curvature ductility ratio (CDR) are defined based on pushover analyses for each of the studied bridge pylons. CDR limit values for slight, moderate, extensive, and collapse are defined to be equal to 1.0, 4.0, 6.0, and 10.0, respectively. Nonlinear time history analyses within an IDA framework are conducted following the procedure proposed by (Perraud, et al., 2022). In agreement with the results reported by [START_REF] Perraud | Effect of Rayleigh waves on seismic response of bridge pylons via Incremental Dynamic Analyses[END_REF], seismic response amplifications in terms of CDR and maximum total drift (MTD) are obtained up to an order of magnitude. The empirical distribution of the amplifications related to CDR and MTD leads to 50% of probability of exceedance of values up to 2.5.

Three strategies to quantify the shift and the amplification in fragility curve for each damage state due to the presence of Rayleigh waves are proposed: i) median shift, ii) FC area, and iii) quantification via assessment of seismic risk. Significant shift and amplification in fragility curves are obtained because of the presence of Rayleigh

waves. An increase in the probability of exceeding a damage state at a given PGV is obtained for all pylons when the Rayleigh wave effects are taken into account. The results show that pylons of 50m and 60m height are the most fragile to Rayleigh wave effects for the slight and moderate damage limit states. Similar conclusions are obtained in [START_REF] Franco | Seismic Fragility Functions of Bridge Pylons: Effects of Rayleigh -surface waves[END_REF], despite differences on the material properties and the numerical models.

The final results are seismic fragility amplification coefficients associated with the presence of Rayleigh waves. The magnitude of the coefficients (between 20% and 35%) demonstrates that the contribution of the Rayleigh wave component in fragility could be significant for the reliability assessment of long-period bridge pylons depending on the structural characteristics and the studied damage state.

This study also brings to discussion a procedure for the computation of seismic risk including Rayleigh waves on the hazard assessment. The risk assessment represents a delicate task as classical hazard curves do not account for the amplification due to 2D/3D basin effects which are directly related to the presence of Rayleigh waves. Nevertheless, this study implies that the computation of the risk thought the convolution between the fragility expressed in terms of body waves and the classical hazard curve could lead to significant risk amplification factors when the Rayleigh waves are considered. Future works in the continuation of the present work will be dedicated to the development of a strategy that allows engineers to include amplification coefficients for the construction of fragility accounting for the Rayleigh wave component and in the comparison of the herein obtained results with other types of quantification of 2D/3D basin effects for long-period structures.
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a) Case 1 :

 1 The signal without the Rayleigh wave component b) Case 2: The total signal, i.e., including the Rayleigh wave component The signals without the Rayleigh waves are assumed to be entirely composed of body waves and grouped in a seismic loading called Case 1. The total signals have both body and Rayleigh wave components and are grouped in loading Case 2.

  Figure 2. PGA (a) and spectral acceleration ( ) (b) of the seismic records with Rayleigh wave effects (blue) and without Rayleigh wave effects (red).

Figure 3 .

 3 Figure 3. Radar diagrams for the intensity measures of scaled seismic records at a reference PGV 0.2m/s with Rayleigh waves (Case 2-blue) and without Rayleigh waves (Case 1-red).

Figure 5

 5 illustrates a deformed bridge pylon and the associated kinematic variables, with the vertical axis and and the axes lying on the crosssectional plane, with parallel to the direction of the seismic loading motion. The total transverse displacement, , includes the base displacement due to the seismic ground motion , and the transverse displacement at the top end. The vertical displacement, , is associated with P-effects induced by the constant vertical force (weight of the deck), the pier self-weight, and the transverse load from the ground motion.  The foundation system is assumed to be rigid and large enough so that the foundation response remains linear and all possible damage is placed within the superstructure. Soil-foundation interaction effects are neglected. Fixed-base conditions are considered. The moment at the base , the shear force , and the axial force correspond to the force reactions.  Outside of the dissipation induced by nonlinear laws, we consider a minimum global damping ratio equal to 5%. Steel fiber model Concrete fiber model Figure 4. Bridge pylon model

Figure 5 .

 5 Figure 5. Global kinematics of the studied bridge pylons

  Figure 6. (a) Base shear and top displacement ( -) response and (b) the bending moment -curvature ( -) response for the five pylons: P21L (green), P30L (purple), P40L (yellow), P50L (orange), and P60L (blue).

Figure 7 .

 7 Figure 7. Momentcurvature ( -) response (grey) and its average linearized curve (red). ( ), , ( ).



  Figure 8. Material damage on the average linearized ( -) response.

  strategy. So, both signals (with and without Rayleigh wave) are amplified by the same SF. The set of body wave V values are equally spaced from 0. 0 m s to .60 m s (i.e., 0. , 0.2, 0.3 … .4, .5, .6 m s). Thus, each pylon is subjected to (12 16 = 192) time history analyses per each loading case. In total, 1920 time history analyses are performed. The maximum values for the selected damage indicators (maximum curvature ductility ratio (CDR), maximum total drift (MTD) and maximum vertical displacement (VD)) are plotted against PGV of body waves and the results pertaining to each record are gathered and represented in a continuous IDA curve in Figure 9 and Figure 10. IDA curves obtained for all tested configurations (P21L, P30L, P40L, P50L, P60L) are presented for both loading cases:

Figure 9 .P60LFigure 10 .

 910 Figure 9. IDA curves obtained for the shortest pylons P20L, P30L, and P40L. Each line represents a specific GM. Each dot provides the value of PGV of body waves for an EDP. Red means Case 1: Body waves and Blue refers to Case 2: total waves (including Rayleigh waves)

  Figure 11. (a) Distribution of response amplification and (b) probability of exceedance of a specific amplification in terms of CDR due to the horizontal component of Rayleigh waves for all the studied pylons.

Figure 14 .

 14 Figure 14. Fragility curves of Case 1 for all pylons and damage state limits.

Figure 15 .

 15 Figure 15. Comparison of fragility curves of each damage state for Case 1 (red) and Case 2 (blue) for P21L, P30L, P40L, P50L, and P60L.

  

  

  

  

Table 1 .

 1 Geometry and material properties of the pylons

	Parameter	Unit	P21	P30	P40	P50	P60
	Pier height	[m]	21.0	30.0	40.0	50.0	60.0
	Pier section diameter	[m]			3.0		
	Reinforcing steel area	[m 2 ]		0.074 (92 -32 mm)	
	Mass density of the bridge pier	[t/m 3 ]			2.5		
	Mass of the deck	[t]			1200		
	Moment of inertia	[tm 2 ]			23400		
	Concrete compressive strength	[MPa]			35		
	Concrete tensile strength	[MPa]			2		
	Concrete modulus of elasticity	[MPa]			30000		
	Basic damping ratio of pier	[%]			5.0		
	Steel yield strength	[MPa]			500		
	Steel modulus of elasticity	[MPa]			200000		
	Strain hardening parameter	-			0.005		
	Total weight of bridge pier	[MN]	15.41	16.97	18.71	20.44	22.17

Table 2 .

 2 Shear force peaks for each pylon and their associated bending moment at the base cross section

		(	).	
	Pylon		(MN)	(	) (MNm)
	P21L	7	2.85		66.2
	P30L	10	1.83		66.1
	P40L	13.33	1.19		63.7
	P50L	16.67	0.78		60.2
	P60L	20	0.48		57.4

Table 3 .

 3 presents the computed values for for each pylon. As the response does not vary much from one

	configuration	to	another,	the	average	linearized	response	is	illustrated	in

Table 3. Momentcurvature ( -) response values for the computation of the linearized ( -) response

Table 4

 4 lists the damage state limits for the selected EDPs.

	Table 4. Damage state limits for the selected EDPs	
	EDP	Units Slight Moderate	Extensive	Collapse
	Curvature Ductility Ratio-CDR	(-)	1.00 3.00 (2.00)* 6.00 (4.00)* 10.00 (7.00)*
	Maximum Total Drift-MTD	(%)	1.45	2.46	4.30	6.90
	Vertical Displacement-VD	(m)	0.02	0.05	0.08	0.10
	*Values proposed in					

  The derivation of the fragility curves for each pylon with the three EDPs: the CDR, MTD, and VD is then performed.

	Case 2	P21L 3.093	1.601	0.851	0.032	1.263		0.872	0.015	1.205	0.882
		P30L 2.979	1.602	0.806	0.040	1.294		0.851	0.012	0.980	0.756
		P40L 1.783	1.252	0.663	0.038	1.052		0.709	0.009	0.695	0.332
		P50L 0.883	0.919	0.664	0.029	0.832		0.607	0.011	0.611	0.354
		P60L 0.600	0.865	0.685	0.023	0.791		0.548	0.014	0.611	0.328
	The fragility curves can be generated following Equation (3) once the dispersion values and the damage state
	limits represented by the median demand values	are defined. In agreement with current practice, a log-normal
	cumulative distribution function is assumed for the damage fragility curves.	values vary for each EDP and each
	damage state as presented in								
	Table 4.									
		(	)	(		| )	(	(	⁄ ) )	

13. Regression of the probabilistic seismic demand model of P21L, P30L, P40L, P50L and P60L for the selected EDPs

(CDR, MTD, VD) 

Table 6 .

 6 Fragility curve parameters for the tested pylons for CDR as EDP.

	CDR	Slight (m/s)		Moderate (m/s)	Extensive (m/s)	Collapse (m/s)	
	P21L	0.684	0.626	1.500	0.626	2.460	0.626	3.543	0.626
	P30L	0.809	0.642	1.762	0.642	2.880	0.642	4.136	0.642
	P40L	1.069	0.508	2.521	0.508	4.332	0.508	6.456	0.508
	P50L	1.614	0.325	4.533	0.325	8.697	0.325	14.056	0.325
	P60L	2.258	0.265	6.819	0.265	13.693	0.265	22.890	0.265

Table 7 .

 7 Fragility curve parameters for the tested pylons for MTD as EDP.

	MTD	Slight (m/s)		Moderate (m/s)	Extensive (m/s)	Collapse (m/s)
	P21L	0.737	0.446	1.175	0.446	1.924	0.446	2.921	0.446
	P30L	0.700	0.497	1.093	0.497	1.752	0.497	2.612	0.497
	P40L	0.665	0.431	1.052	0.431	1.708	0.431	2.575	0.431
	P50L	0.741	0.382	1.254	0.382	2.187	0.382	3.503	0.382
	P60L	0.962	0.345	1.760	0.345	3.333	0.345	5.723	0.345

Table 8 .

 8 Fragility curve parameters for the tested pylons for VD as EDP.

	VD	Slight (m/s)		Moderate (m/s)	Extensive (m/s)		Collapse (m/s)	
	P21L	1.817	0.480	4.177	0.480	6.400	0.480	7.838	0.480
	P30L	3.758	0.433	12.486	0.433	23.116	0.433	30.968	0.433
	P40L	5.338	0.464	72.757	0.464	277.83	0.464	524.86	0.464
	P50L	9.805	0.473	84.472	0.473	254.946	0.473	430.737	0.473
	P60L	12.992	0.341	188.239	0.341	741.727	0.341	1422.283	0.341

Table 9 .

 9 Parameters of fragility curves for bridge pylon limit state (Case 1)

		Slight		Moderate	Extensive		Collapse	
		(m/s)		(m/s)		(m/s)		(m/s)	
	P21L	0.684	0.626	1.182	0.444	1.940	0.444	2.952	0.444
	P30L	0.700	0.497	1.093	0.497	1.752	0.497	2.612	0.497
	P40L	0.666	0.430	1.056	0.430	1.719	0.430	2.596	0.430
	P50L	0.741	0.382	1.254	0.382	2.187	0.382	3.503	0.382
	P60L	0.962	0.345	1.760	0.345	3.333	0.345	5.723	0.345

Table 10 .

 10 Parameters of fragility curves for bridge pylon limit state (Case 2)

		Slight		Moderate	Extensive		Collapse	
		(m/s)		(m/s)		(m/s)		(m/s)	
	P21L	0.504	0.470	0.867	0.327	1.388	0.327	2.066	0.327
	P30L	0.469	0.415	0.716	0.415	1.119	0.415	1.634	0.415
	P40L	0.410	0.511	0.687	0.511	1.184	0.511	1.878	0.511
	P50L	0.441	0.509	0.836	0.509	1.644	0.509	2.915	0.509
	P60L	0.563	0.546	1.109	0.546	2.269	0.546	4.162	0.546

Table 11

 11 The values on this table are coloured in the greenred scale. The light green and the strong red colors represent the lowest and the highest relative difference, respectively.

	presents the relative difference of the median	computed with	(	)	, where refers to
	the IM value at a 50% exceedence probability of a specific damage state of the loading case : 1 for Case 1, and 2 for
	Case 2. Values of	reach almost 40% at slight damage states for the tallest pylon and values around 40% at collapse for
	the shortest ones.			

Table 11 .

 11 Comparison between fragility curves with and without the Rayleigh wave effects through the relative

		median difference	in percent (Method 1)	
	Pylon	Slight	Moderate	Extensive		Collapse	
	P21L	26%	27%	28%		30%	
	P30L	33%	34%	36%		37%	
	P40L	38%	35%	31%		28%	
	P50L	40%	33%	25%		17%	
	P60L	41%	37%	32%		27%	
	4.2.2 Method 2: Fragility area amplification						
	In order to compare the fragilities for the two studied load cases (with or without the Rayleigh wave effects)
	integrating both fragility parameters (i.e., the dispersion	and the median values ), we compute the ratio between
	both fragility curve areas	through the amplification factor	defined in Equation (4). The fragility curve area is
	bounded by the PGV values at probabilities of exceedance of 0.05 and 0.95.		
			∫	(	)			( )
	where,							
	*	|	|	+		*	|	|	+

Table 12 .

 12 Comparison between fragility curves with and without the Rayleigh wave effects through the amplification

			factor	(Method 2)
	Pylon	Slight	Moderate	Extensive	Collapse
	P21L	24%		33%	35%	36%
	P30L	33%		35%	36%	37%
	P40L	33%		30%	27%	24%
	P50L	35%		29%	21%	14%
	P60L	34%		30%	26%	22%
	4.2.3 Method 3: Seismic Risk amplification			

Table A .

 A 1. Earthquake events and seismic records together with the intensity measures for the total signal (with Rayleigh waves) and the body wave signal (without Rayleigh waves)

			Earthquake	Niigata-ken Chuetsu	El Mayor-Cucapah	Chi-Chi aftershock 1803	Tohoku
			Year		2004		2010		1999		2011
	Record		Magnitude Depth [km]		6.80 300.00		7.20 206.70		6.20 60.00		9.00 29.00
			Record Name	CHB0 26	CHB0 13	SIT0 11	TKY0 15	GVDA 10	GVDA 00	TCU1 40	TCU1 45	TCU1 18	TCU1 12	TKY 020	TKY 018
			PGA [m/s2]	0.06	0.07	0.26	0.15	0.18	0.17	0.36	0.40	0.45	0.36	1.15	1.73
			PGV [m/s]	0.01	0.01	0.03	0.03	0.03	0.03	0.16	0.14	0.15	0.12	0.25	0.36
	Case 2: Total signal	(with waves) Rayleigh	PGD [m] [m/s] CAV [m/s]	0.01 0.002 1.56	0.01 0.002 0.017 0.013 0.02 0.02 0.83 2.69 3.17	0.06 0.009 1.72	0.04 0.010 1.67	0.13 0.110 0.085 0.091 0.061 0.975 0.12 0.10 0.09 0.10 6.35 5.44 4.63 3.63 23.28	0.10 2.01 3 32.2 0
			SI [m]	0.303	0.323 1.017 0.986	0.501	0.509	3.487 3.141 3.806 2.934 7.973 10.9
			Effective Duration [s]	243.26 87.94 70.16 157.70 46.01	40.77	58.33 62.01 47.76 43.33	103.3 2	95.4 0
			PGA [m/s2]	0.06	0.07	0.26	0.15	0.11	0.16	0.31	0.36	0.36	0.25	1.07	1.42
			PGV [m/s]	0.01	0.01	0.03	0.02	0.01	0.01	0.10	0.08	0.11	0.07	0.23	0.29
	Case 1: Body wave component	waves) Rayleigh (without	PGD [m] [m/s] CAV [m/s] SI [m]	0.01 0.00 1.42 0.285	0.01 0.00 0.78 0.291 1.003 0.967 0.02 0.02 0.02 0.01 2.51 2.98	0.02 0.00 1.36 0.313	0.01 0.01 1.36 0.367	0.08 0.06 4.73 3.173 2.818 3.269 2.087 6.833 0.07 0.07 0.06 0.10 0.05 0.06 0.03 0.69 4.06 3.62 2.43 19.01	0.10 1.23 25.2 6 7.78 5
			Effective Duration [s]	261.95 81.11 75.97 170.54 78.37	51.56	61.87 64.50 49.39 50.24 96.92	95.0 8