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Introduction 1.1.Background

Ground movements may have different sources such as the influence of nearby excavations (tunnels) and the presence of underground voids such as mining subsidence, sinkhole, etc. As shown in Figure 1, these movements are characterized by vertical and horizontal displacements with other effects (ground curvature, slope, etc.) that cause differential soil settlement under the building and may lead to major damage [START_REF] Serhal | Damage of masonry structures relative to their properties: Development of ground movement fragility curves[END_REF][START_REF] Franza | Continuum solutions for tunnel-building interaction and a modified framework for deformation prediction[END_REF]. However, the transmission of ground movements to structures may be considerably affected by the soil-structure interaction phenomenon which is strongly dependent upon the stiffness of the structure as well as that of the soil [START_REF] Zhang | Prediction of tunnel displacement induced by adjacent excavation in soft soil[END_REF]. As shown in Figure 1, considering a quasi-static framework, the free-field ground movement represents the soil displacement produced by the source (tunnel, mine, etc.), without taking into account the influence of possible constructions on the surface. In the presence of an existing structure, the free-field ground movement is partially or totally transmitted to the building which may result in a structural or functional damage.

By neglecting the impact of the interaction between the soil and the structure (SSI), the free-field ground movements are integrally transmitted to the building. Under this assumption, ∆ indicates the maximum deflection of the building. It represents the maximum free-field deflection under the building that is totally transmitted to it. ∆ depends upon the ground radius of curvature R and the building length L (Figure 2). The estimation of R or ∆ is not the object of this paper. For movements of mining origin, [START_REF] Deck | Étude des conséquences des affaissements miniers sur le bâti[END_REF] [START_REF] Deck | Étude des conséquences des affaissements miniers sur le bâti[END_REF] has grouped empirical formulas for describing surface subsidence. For movements induced by tunnels excavation, the formula of [START_REF] Peck | Deep excavations and tunnels in soft ground[END_REF] [START_REF] Peck | Deep excavations and tunnels in soft ground[END_REF] is commonly used. In both cases, the order of magnitude of the free-field movements is variable, with radii of curvature varying from hundreds of meters to a few kilometers. For a building of 20m of length, these curves are then associated with building deflections of millimetric to centimeter order [START_REF] El Kahi | Étude de l'influence de la plasticité du sol sur la transmission des mouvements du sol affectant l'interaction sol-structure[END_REF]. By considering the impact of the SSI, the ground movement may be partially transmitted to the structure which results in a building deflection characterized by its maximum value ∆ with ∆ ∆ . Consequently, as shown in Figure 3, if the structure is stiff, it can resist the ground movement and the induced deformation is limited (∆ ∆ ); if it is flexible, then it perfectly follows the soil settlement (∆ ∆ ).

For a symmetrical free-field movement with respect to the structure, the deflection ∆ corresponds to the maximum differential settlement under the building. For the non-symmetrical free-field movement case, Δ represents the maximum deflection of the building whether the structure has a concave or a convex deformation (Figure 1-a). The ∆ / L ratio, called the deflection rate, is frequently used to assess the behavior of structures subjected to differential settlement and evaluate their damage [START_REF] Basmaji | Analytical model to predict building deflections induced by ground movements[END_REF][START_REF] Deck | Analytical model for the prediction of building deflections induced by ground movements[END_REF].

The objective of this paper is to evaluate the structure response to the ground movement through the deflection transmission ratio, defined as ∆/∆ , which is used to quantify the rate of movement transmitted to the building. 

1.2.Literature review

Different methods (analytical, numerical, experimental, etc.) have been developed to predict the building deflection in response to the ground movements [START_REF] Basmaji | Analytical model to predict building deflections induced by ground movements[END_REF][START_REF] Deck | Analytical model for the prediction of building deflections induced by ground movements[END_REF][START_REF] Son | Evaluation of building stiffness for building response analysis to excavation-induced ground movements[END_REF][START_REF] Potts | A structure's influence on tunneling-induced ground movements[END_REF][START_REF] Haji | Mixed empirical-numerical method for investigating tunneling effects on structures[END_REF][START_REF] Giardina | Experimental analysis of a masonry façade subject to tunnelling-induced settlement[END_REF][START_REF] Franza | A simple method to evaluate the response of structures with continuous or separated footings to tunnelling-induced movements[END_REF][START_REF] Saeidi | La vulnérabilité des ouvrages soumis aux aléas mouvements de terrains : développement d'un simulateur[END_REF][START_REF] Giardina | Numerical analysis of a masonry façade subject to tunnelling-induced settlements[END_REF][START_REF] Fu | Numerical analysis of framed building response to tunnelling induced ground movements[END_REF][START_REF] El Kahi | Étude de l'influence de la plasticité du sol sur la transmission des mouvements du sol affectant l'interaction sol-structure[END_REF][START_REF] Fatahi | Effects of Soil Plasticity on Seismic Performance of Mid-Rise Building Frames Resting on Soft Soils[END_REF][START_REF] Far | Advanced computation methods for soil-structure interaction analysis of structures resting on soft soils[END_REF][START_REF] Fatahi | Finite difference modelling of soil-structure interaction for seismic design of moment resisting building frames[END_REF][START_REF] Tabatabaiefar | Significance of considering soil-structure interaction effects on seismic design of unbraced building frames resting on soft soils[END_REF]. With the exception of empirical methods that are based on observations of real existing structures, these methods do not consider a specific study of a particular case but they are generally applied to simplified structures, such as elastic 2D beams, in order to assess the global trend of ground movements induced phenomena. The response of particular cases, presenting complex structural configurations, remains hardly predictable and thus, engineers need to carry out their 3D numerical modelling, which is time-consuming, during preliminary design stages [START_REF] Franza | Continuum solutions for tunnel-building interaction and a modified framework for deformation prediction[END_REF].

Previous research on the SSI subject addresses the question of building stiffness compared to ground stiffness, which is known as "relative stiffness". It suggests to assess the transmission ratio ∆/∆ as a function of a relative stiffness parameter ρ* between the soil and the structure [START_REF] Deck | Analytical model for the prediction of building deflections induced by ground movements[END_REF][START_REF] Son | Evaluation of building stiffness for building response analysis to excavation-induced ground movements[END_REF][START_REF] Potts | A structure's influence on tunneling-induced ground movements[END_REF].

Most of this research relies on Eq. ( 1), to evaluate the relative stiffness parameter ρ*. This definition depends upon the structure length L, inertia I* (per linear meter), Young's modulus E and the soil Young's modulus Es. Eq. ( 1) has the advantage of being non-dimensional and of being well adapted to the synthetic representation of ∆/∆ .

Comparison of analytical, numerical, experimental and field data results from previous research

Mair (2013) [START_REF] Mair | Tunneling and deep excavations: Ground movements and their effects[END_REF] compared the transmission ratio versus the relative stiffness results, derived from the finite-element analyses of Potts and Addenbrook (1997) [START_REF] Potts | A structure's influence on tunneling-induced ground movements[END_REF] and [START_REF] Franzius | The response of surface structures to tunnel construction[END_REF] [START_REF] Franzius | The response of surface structures to tunnel construction[END_REF]. He also considered the results of finite element parametric analyses done by Goh (2010) [START_REF] Goh | Response of Ground and Buildings to Deep Excavations and Tunnelling-Doctorate Thesis[END_REF], of deep excavations in soft clay on adjacent buildings, using the Modified Cam Clay soil model. The comparison of these studies shows that the obtained results fall into a relatively narrow envelope known as Mair envelope (Figure 4). a. [START_REF] Mair | Tunneling and deep excavations: Ground movements and their effects[END_REF] [START_REF] Mair | Tunneling and deep excavations: Ground movements and their effects[END_REF] envelope is based on physical centrifuge modelling of building response to tunneling and their results are compared with both, (a) the finite element analyses reported by [START_REF] Potts | A structure's influence on tunneling-induced ground movements[END_REF] relative stiffness ratio, and other models, [START_REF] Vesic | Beams on Elastic Subgrade and Winkler's Hypothesis[END_REF] [START_REF] Vesic | Beams on Elastic Subgrade and Winkler's Hypothesis[END_REF] formula (Eq. ( 3)) is used. Eq. [START_REF] Zhang | Prediction of tunnel displacement induced by adjacent excavation in soft soil[END_REF] defines k values as a function of the beam length L, width B (with L>B) and the ground characterized by a Young's modulus Es and a Poisson's ratio υ. In this case, B is taken equal to 1m. Noting that various formulas link the Winkler modulus to the soil Young's modulus [START_REF] Vesic | Beams on Elastic Subgrade and Winkler's Hypothesis[END_REF][START_REF] Biot | Bending of an infinite beam on an elastic foundation[END_REF][START_REF] Drapkin | Grillage beams on elastic foundations[END_REF][START_REF] Klöppel | Theoretische und Experimentelle Untersuchungen zu den Traglastproblemen Biegeweicher[END_REF][START_REF] Henry | The Design and Construction of Engineering Foundations[END_REF], Vesic's formula is chosen since it takes into account the presence of a beam (through the "EI" term) contrary to other formulas. [START_REF] Franza | Continuum solutions for tunnel-building interaction and a modified framework for deformation prediction[END_REF] methodology is based on elastic and elastoplastic continuum solutions that consider the structure as an equivalent simple beam, assuming that the free-field settlement is given by a standard Gaussian curve, contrary to other models that give elastic solutions based on a polynomial free-field settlement. In addition, the structure is connected to vertical and horizontal coupled springs that model the elastic homogeneous half-space continuum, the soil, while other models assimilate the soil to a juxtaposition of elastic vertical springs. Also, Franza et al. (2019) proposed a formulation that accounts for the change in settlement trough shape and compared it with numerical, experimental and field data from previous research.

Comparison with a finite-element model

This paper develops an elastic finite element model (FEM) to compare the results of previous studies in the literature with a set of numerical simulations. The objective of the FEM is to model the ground curvature induced by ground movements and calculate the elastic transmission ratio of the free-field deflection. In fact, Basmaji et al. (2017) [START_REF] Son | Evaluation of building stiffness for building response analysis to excavation-induced ground movements[END_REF] and Deck & Singh (2010) [START_REF] Potts | A structure's influence on tunneling-induced ground movements[END_REF] validated their analytical elastic results with numerical models; however, they considered an elastoplastic ground behavior in their numerical studies, and they modeled the subsidence by a uniformly distributed load imposed on the lower boundary. On the contrary, the numerical model presented in this paper intends to fully reproduce the elastic conditions in order to well verify the effectiveness of the previous elastic analytical results. Subsequently, this FEM model considers a linear elastic ground behavior. By considering a linear behavior, a generalized rupture of the ground at the level of the lower boundary is avoided [START_REF] Kahi | A new simplified meta-model to evaluate the transmission of ground movements to structures integrating the elastoplastic soil behavior[END_REF].

A ground curvature is obtained that allows a suitable comparison between the FEM calculations and the analytical ones. Note that the FEM generates a horizontal deformation; however, this deformation does not have a significant influence on the deflection transmission ratio.

The numerical model is performed with a finite element software (Plaxis 2D) under the plane strain hypothesis. The model consists of an elastic soil layer, 125 m thick and 800 m long, with a building located at the center (Figure 5). A fine mesh is used for soil elements and the subsidence is imposed without adding a uniform load on the lower boundary. For the boundary conditions, the horizontal displacement is fixed on the right and left boundaries and the vertical displacement is fixed only at the bottom boundary right and left sides (L1) while the central region of the bottom boundary is free.

The soil Poisson's ratio ν is 0.3 and the unit weight is 20 KN/m 3 . The structure is modeled by a beam that is loaded with a vertical uniformly distributed load q. Figure 5. Description of the finite element model used to compare analytical results of the deflection transmission ratio with numerical results.

Three computations are performed as follows:

(a) A first computation is performed by fixing the vertical displacement on all the lower boundary in order to generate the initial ground situation under the soil weight. All the evaluated displacements are then set to zero.

(b) A second computation is performed by fixing the vertical displacement on L1 (on both sides), without considering the structure, in order to assess the free-field displacement ∆ of the subsidence. ∆ is evaluated and the displacements are set to zero.

(c) A third computation is performed with the precense of both the structure (with the vertical uniformly distributed load) and the subsidence in order to assess the final building deflection ∆ considering the soil-structure interaction.

The equivalence between the FEM and the analytical solution is maintained as follows:

-A linear elastic soil behavior is considered that is equivalent to the elastic analytical approaches (Winkler, etc.).

-A value of L1 is selected in order to reach a value of ∆ in the FEM that is equivalent to the one of the analytical model (Figure 5).

-Mechanical properties and buildings dimensions are chosen so that values are identical with the ones considered in the analytical approach (q, EI and L).

As shown in Figure 4, a set of 10 simulations are performed that cover the distribution range of the relative stiffness ρ*, for different values of EI/B, Es, L, q and ∆ . Globally, numerical results presented in Figure 4 

1.3.Presence of uncertainties

As shown in Figure 4, even-tough the results of SSI studies are globally consistent in the literature, the comparison shows a large margin of discrepancy in the estimation of the transmission of the ground movements to structures. An important portion of this discrepancy may be explained by the influence of uncertainties [START_REF] Serhal | Damage of masonry structures relative to their properties: Development of ground movement fragility curves[END_REF][START_REF] Basmaji | Analytical model to predict building deflections induced by ground movements[END_REF][START_REF] Saeidi | Development of building vulnerability functions in subsidence regions from empirical methods[END_REF].

In present comparable results that were validated by the FEM (Figure 4) and can be reasonably used to evaluate the transmission ratio. However, in comparison with numerical and experimental results and with empirical observations of [START_REF] Mair | Tunneling and deep excavations: Ground movements and their effects[END_REF], the margin of discrepancy may reach ± 0.3 in the estimation of ∆/∆ . Consequently, this paper aims to investigate the influence of uncertainties affecting the estimation of ∆/∆ , define confidence intervals identifying the discrepancy of results and identify the factors presenting the highest influence on the prediction of the structure response.

Various studies have focused on the treatment of uncertainties in geotechnical structures and SSI phenomenon [START_REF] Schweiger | Basic Concepts and Applications of Random Sets in Geotechnical Engineering[END_REF][START_REF] Giasi | Probabilistic and fuzzy reliability analysis of a sample slope near Aliano[END_REF][START_REF] Castaldo | Partial safety factor for resistance model uncertainties in 2D non-linear finite element analysis of reinforced concrete structures[END_REF], these can fall into three major categories [START_REF] Baecher | Reliability and statistics in geotechnical engineering[END_REF]:

a. Natural variability that is associated with the "inherent" randomness of natural processes.

b. Knowledge uncertainty that is attributed to lack of data or information.

c. Model uncertainty that corresponds to the degree to which a chosen mathematical model accurately reproduces reality.

By considering the variability of the main SSI parameters, this paper combines the three categories. The "basic random variables theory" is used to model the uncertainty of the SSI properties through the Monte-Carlo simulations. This method imposes the uncertainties on the input data of the model to determine the effect of each parameter on the result obtained by this model. To use the Monte-Carlo method, it is necessary to have probability distribution functions (normal, lognormal distribution, etc.)

with their corresponding characteristics for the input data [START_REF] Jacques | Pratique de l'analyse de sensibilité : comment évaluer l'impact des entrées aléatoires sur la sortie d'un modèle mathématique[END_REF][START_REF] Piegay | Optimisation multi-objectif et aide a la decision pour la conception robuste[END_REF]. The developed approach for approximating the SSI parameters uncertainties is based on using estimates obtained from published values that are appropriately expressed in terms of the coefficient of variation (COV).

1.4.Simplified probabilistic approach

Since the Deck & Singh (2010) analytical model (Euler-Bernoulli beam sitting on elastic vertical springs) is a simplified approach that provides moderate results of the transmission ratio ∆/∆ compared to others (Figure 4), and the results vary between 0 and 1 which fits well with the definition of the maximum free-field deflection (∆ ∆ ), this study will proceed by considering this approach.

However, Deck & Singh (2010) simplified approach presents numerous model uncertainties and their results may be affected by various uncertain factors. These factors include the structure equivalent stiffness, particularly for structures with significant wall openings, the geometric and the geological characteristics and the mechanical properties of the soil in addition to the characteristics related to the source by itself that may affect the free-field deflection shape [START_REF] Fatahi | Soil-structure interaction vs Site effect for seismic design of tall buildings on soft soil[END_REF].

For example, Franza & DeJong (2017) [START_REF] Franza | A simple method to evaluate the response of structures with continuous or separated footings to tunnelling-induced movements[END_REF] presented a simplified elastic method to assess tunnelinginduced deformation by investigating simple beams, frame structures and bridges on shallow foundations (either continuous foundation or individual footings). They revealed the effect of this uncertainty, however, results indicated that modeling the structure with equivalent beam elements represent a useful preliminary assessment tool for the structural response since the maximum transmission ratio difference does not exceed 0.05 [START_REF] Franza | A simple method to evaluate the response of structures with continuous or separated footings to tunnelling-induced movements[END_REF].

On the other hand, El Kahi et al. (2018) [START_REF] El Kahi | Studying the Influence of Uncertainties on the Transmission of Ground Movements Affecting the Soil-Structure Interaction. 10èmes journées Fiabilité des Matériaux et des Structures[END_REF] studied the influence of the free-field deflection shape based on the Deck & Singh analytical model; they considered different geometrical profiles (Gaussian, Trapezoidal, Sinusoidal, Triangular, Polynomial, etc.). All of these shapes are characterized by the same value of the maximum free-field deflection ∆0 except for the dissymmetrical side triangular case where it goes to 2∆0 , to be compared to a convex symmetrical triangular case characterized by ∆0 at the two ends. Also, since the Gaussian curve depends upon the curvature length and the horizontal position of the inflection point, a configuration that considers L building ≈ L curvature and an inflection point located at 0.3 L is evaluated.

As shown in Figure 6, results vary slightly from one shape to another and the influence of this uncertainty on the prediction of the deflection transmission ratio Δ/Δ0 is limited, the relative difference between Δ/Δ0 (Deck & Singh) polynomial shape and Δ/Δ0 for other shapes does not exceed 10%. Consequently, a polynomial shape may be used to represent the free-field profile. On the other hand, this "model" uncertainty may partially explain the discrepancy in the results shown in Figure 4, but it has to be added to other uncertainties in order to improve the prediction of the transmission ratio.

Other model uncertainties may also affect the prediction of the transmission ratio. However, these uncertainties correspond to particular cases, presenting complex configurations where a 3D numerical modelling has to be carried out. However, this paper aims to provide a simplified probabilistic evaluation that can be used by engineers and designers during preliminary design stages, to have an efficient assessment of the rate of the ground movement that is transmitted to structures. This requires a comprehensive analysis of the variability of the main SSI parameters and their impact on the structure response which constitutes a useful tool to evaluate risks associated with the impact of ground movements on nearby existing structures [START_REF] Fu | Numerical analysis of framed building response to tunnelling induced ground movements[END_REF][START_REF] El Kahi | Étude de l'influence de la plasticité du sol sur la transmission des mouvements du sol affectant l'interaction sol-structure[END_REF].

Since a probabilistic study requires a significant number of simulations, and the Deck & Singh analytical approach is based on a set of forth differential equations with the corresponding boundary conditions (Eq. ( 5) and Eq. ( 6) defined in the next sections) involving time and computation constraints, meta-modeling is considered as an effective technique to evaluate the variability of parameters [START_REF] Jacques | Pratique de l'analyse de sensibilité : comment évaluer l'impact des entrées aléatoires sur la sortie d'un modèle mathématique[END_REF][START_REF] Piegay | Optimisation multi-objectif et aide a la decision pour la conception robuste[END_REF][START_REF] Giardina | Sensitivity study on tunnelling induced damage to a masonry façade[END_REF].

A simplified meta-model representing the transmission of the ground movement as a function of the relative stiffness is evaluated. Analytical and numerical confidence intervals are then set and sensitivity analysis are evaluated to quantify the effect of the variability of SSI parameters on the transmission of ground movements.

Procedure and modeling

Various approaches have been used to study the behavior of structures subjected to differential settlement. These can be gathered into five main groups [START_REF] Aissaoui | Amélioration de la prévision des affaissements dans les mines à l'aide des approches empiriques[END_REF]: numerical, empirical, semi-empirical, physical and analytical. Since the objective of this paper is to develop an uncertainties study, an analytical approach, based on Deck & Singh (2010) model, is used first, due to the fact that analytical modeling allows rapid results to be obtained for a large variation range of model parameters and sensitivity studies. A numerical model is then applied to compare the analytical results to a set of numerical simulations.

2.1.Analytical modeling

The Deck & Singh (2010) analytical approach models the building sitting on an elastic soil, by an elastic Euler-Bernoulli beam of length L, width B, inertia I and Young's modulus E (Figure 7). The work is developed in linear meter considering that B=1 m. In both research and practice, it is common to simplify the structures to equivalent linear elastic beams to decrease computational costs during initial assessment. Generally equivalent beams are identified by matching the bending stiffness EI [4-6, 10, 14 -16].

By assessing the transmission ratio, Deck & Singh (2010) approach aims to evaluate the movement that the building must resist before suffering significant damage. Thus, the choice of an elastic building behavior corresponds to the objective of ensuring building safety because if the building does not suffer significant damage, its behavior may be assumed elastic [START_REF] Deck | Analytical model for the prediction of building deflections induced by ground movements[END_REF]. Ground is thus modelled with an elastic behavior; this choice is consistent with ensuring building safety, because an elastoplastic soil behavior would lead to a decrease in the apparent ground stiffness and a decrease in the estimated transmission ratio [START_REF] Basmaji | Analytical model to predict building deflections induced by ground movements[END_REF]. Thus, a simplified correlation is proposed by El Kahi et al. (2018) [START_REF] El Kahi | Étude de l'influence de la plasticité du sol sur la transmission des mouvements du sol affectant l'interaction sol-structure[END_REF], based on Deck & Singh elastic model, to evaluate the transmission ratio (∆/∆ ) for an elastoplastic soil (Eq. ( 4)).
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Where α is a coefficient that depends upon the SSI parameters and the soil bearing capacity.

The beam is loaded by a uniform vertical load q. The differential equation of the building displacement y(x) can be written as follows:

y x q -p x EI 5 
Where p(x) is the soil reaction. If v x represents the free-field ground displacement, y x and d represent the building deflection and rigid vertical displacement respectively, the condition of no interpenetration is given by: y x 9 d v x 9 w x 7

The characteristic differential equation of the beam deflection of Eq. ( 5) can then be written as follows:

y x q -k. y x 9 d -v x EI 8 
To solve the problem, six boundary conditions are used; the building deflection, the bending moment and the shear force at the beam extremities (from both sides) are equal to zero.

According to the considered cases, the equilibrium of the system may lead to a tension zone under the building having no physical meaning and which can be interpreted as the occurrence of a detachment between the ground and the building. This particular case is not considered in this paper. Therefore, it is verified that the solutions obtained are all characterized by values of p (x) > 0 over the entire length of the building. To represent the free-field ground movement, the polynomial function v x is used:
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2.2.Development of the meta-model

An analytical model is developed by investigating 2700 cases by considering the combinations of all possible values mentioned in Table 1, for the considered model parameters. The building length is taken between 10 and 30 m to model small and intermediate buildings [START_REF] Deck | Analytical model for the prediction of building deflections induced by ground movements[END_REF]. The To avoid time and computation difficulties while investigating the influence of the variability of the main SSI parameters on the transmission of the ground movement, an analytical meta-model is developed based on the analytical results. According to this meta-model, the deflection transmission ratio curve is assumed to respect Eq. ( 10) that fits the analytical results of Figure 8.
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2.3.Sensitivity analysis methods

To quantify the relative importance of each input parameter of a model, on the variability and uncertainty of responses, sensitivity analysis (SA) methods have to be developed. Three SA methods are evaluated: one local method that evaluates the impact of variability on the output around a particular value of each input parameter (other inputs are fixed); two global methods that quantify the contribution of each input parameter on the variability of the response in the entire domain of variation (Sobol and

McKay) (Table 2). • One-way sensitivity analysis (Local method): This test examines the change in output as each parameter is individually varying, while other input parameters are fixed, according to its mean and standard deviation σ values, in addition to the associated distribution function. Thus, this method considers the input parameter variability and the associated influence on model output [START_REF] Kala | Sensitivity assessment of steel members under compression[END_REF].

• Sobol and McKay (Global methods):

The difference between these two global methods used in this paper is that Sobol basic method is not valid when there is a dependence between input variables contrary to McKay's method. Furthermore, McKay is characterized by the first order sensitivity indices S P that estimate the variance of the output (∆/∆ ) produced by the influence and the variation of a given input parameter (SSI parameter). However, Sobol's method is characterized by different indices such as the first order and the total indices: the first-order sensitivity index S P is also based on the variance of the output for every input parameter. However, the total order index ST P assesses the sensitivity of the variance of the output with respect to the standalone (independent) and every interaction of the considered factor with other input factors. If the differences between the first order indices and the total indices are significant, it means that the effect of the interactions between the variables is not negligible and it can then be useful to estimate the indices of intermediate orders [START_REF] Piegay | Optimisation multi-objectif et aide a la decision pour la conception robuste[END_REF]. Another difference between these two global methods is related to the sampling techniques. The first method (Sobol) is based on the random Monte-Carlo simulations (MCS) that generates, by random and arbitrary draws, a large number of values respecting the distributions of the associated random variables. The second method (McKay) is based on the replicated Latin Hypercube Sampling (r-LHS) that consists on subdividing the variation domain of each random variable into N equalprobability sub-intervals. A uniform random sampling is then performed within each subinterval [START_REF] Jacques | Pratique de l'analyse de sensibilité : comment évaluer l'impact des entrées aléatoires sur la sortie d'un modèle mathématique[END_REF][START_REF] Piegay | Optimisation multi-objectif et aide a la decision pour la conception robuste[END_REF]. Consequently, this paper investigates the impact of the variability of the SSI parameters on predicting the structure response (∆/∆ ) in the entire domain of variation of ρ*.

Local SA are evaluated to assess the influence of the variability of each input parameter separately, for specific values of ρ*, for particular combinations of EI/B, L and k, based on Eq. [START_REF] Franza | A simple method to evaluate the response of structures with continuous or separated footings to tunnelling-induced movements[END_REF]. Global SA are evaluated in order to quantify the variability of all parameters in the entire domain of variation, and to check the absence of interaction and/or dependence between the SSI parameters (based on the considered equation (Eq. ( 10))), using different sampling techniques.

Results and discussion

3.1.Sensitivity analysis results

To conduct a sensitivity analysis (SA), numerous iterations should be developed according to a particular sampling method. The three considered SA (local and global) are based on the MCS sampling method (random MCS and r-LHS) that requires a minimum number of iterations.

According to the random MCS sampling method, the evaluation of results becomes better as the number of iterations increases [START_REF] Sudret | Meta-models for structural reliability and uncertainty quantification[END_REF]. This number is selected based on an acceptable approximation with an admissible potential error. Thus, the number of iterations is steadily increased until getting a mean value of the output result that is relatively stable (COV<10 -5 %). In this paper, 50,000 iterations are studied using the MCS method while evaluating the SA.

On the other hand, the number of replications has to be more than 20 while applying the r-LHS sampling method [START_REF] Jacques | Pratique de l'analyse de sensibilité : comment évaluer l'impact des entrées aléatoires sur la sortie d'un modèle mathématique[END_REF]. The number of replication applied in this study is 50, and the considered number of LHS segments is 100.

The influence of the variability of the main SSI parameters (EI/B, L and k) on ∆/∆ is investigated according to three approaches shown in Figure 9, with the range of variation described in Table 1.

Figure 9. Three approaches to evaluate the influence of the variability of SSI parameters on ∆/∆

To highlight the relative influence of each parameter in comparison with others, a coefficient A is introduced to normalize the influence of every parameter according to the influence of L. For Sobol and

McKay methods, since they are based on the variance σ 2 , the square root of the indices are compared, and A is defined as follows:
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Where S is an SSI parameter (EI/B, k or L).

The three considered approaches are the following:

First approach: Uniform distribution and global parameters range

In this approach, the entire range of variation is considered to get a general overview of the variability of the SSI parameters. To consider the global parameters range, the local one-way sensitivity method cannot be applied since all parameters are varying simultaneously in the entire domain of variation.

Thus, SA are evaluated according to the global methods for a uniform distribution, according to the chosen variation range of the SSI parameters (Table 1): 20 ≤ EI/B ≤ 500 GN.m 2 /m, 10 ≤ L ≤ 30 m and 20 ≤ k ≤ 500 MPa/m.

Results presented in Table 3 reveal that EI/B gives higher effect than k, but the effect of L is higher than both in the considered range of variation of the SSI parameters. Sobol and McKay methods give comparable results with S P d ≤ S P ef/g ≤ S P h . Results also reveal that the difference between the Sobol first and total indices is not significant; consequently, the effect of the interaction between the SSI parameters can be neglected. Consequently, as shown in Table 3, since there is no dependence and the interaction can be neglected between the input parameters, the results of these two global methods are comparable; therefore, this 4 presents the results corresponding to one of the combinations presented in Figure 9, the combination of the mid-values of the considered range of variations (Table 1.

Table 4 shows that all the local and the global methods give relatively the same result since local combinations are considered around particular values of the relative stiffness. EI/B and k have nearly the same effect, while L has a 4 times higher effect.

Having the same probability distribution function and the same COV for all the variables, the obtained results can be justified by Eq. ( 2) where L has the power 4. Thus, by considering the same variability for the three SSI parameters, L has the highest influence in the meta-model equation (Eq. ( 10)), consequently, from a mathematical point of view, L is the parameter presenting the highest influence.

This approach is equivalent to the evaluation of the first differential equation Eq. ( 10), according the EI/B, L and k. It is important to note that the other combinations of EI/B, k and L were evaluated and gave similar results to those obtained for the combination shown in Table 4. Results indicate that the variability of L has the highest effect on ∆/∆ in the entire domain of variation of ρ*, with considering the same COV for all the variables.

Consequently, in absolute terms and from a mathematical point of view, L is the parameter having the highest influence on the variability of ∆/∆ .

Third approach: Normal distribution with realistic variability of parameters for various local values

This approach considers a normal distribution of each parameter with different but realistic coefficient of variation (COV) noting that the probabilistic distribution type may be different [START_REF] Baecher | Reliability and statistics in geotechnical engineering[END_REF] which may affect the results. This approach aims to evaluate the parameter that has the highest influence considering both, mathematical influence and realistic uncertainty, corresponding to a suitable variability for every parameter. This last analysis is performed in the perspective of an operational use of Figure 8.

Sensitivity analysis are evaluated for the 27 combinations considered in the first approach.

The realistic COV for each parameter, which are considered for the third approach in this paper, are the following:

a. For L: from the perspective of evaluating its value, L can be determined from plans, aerial photos, or in situ measurements. A descriptive investigation done by Kimathi (2016) [START_REF] Kimathi | Investigation into estimation of building projects variation contract period[END_REF],

shows a 5% COV on the structure length. Based on engineering judgment, this value seems to be logical to adopt in this study when considering the uncertainty of the equivalent length of L, particularly for geometrically irregular structures.

b. For EI/B: considering a 1m width beam, only the uncertainty of EI is investigated. First, the variability of the inertia I is investigated. The structure is simplified by an equivalent linear elastic beam. However, this approach results in equivalent regular beams presenting numerous uncertainties related to the bending and the shear deformability with respect to the target building. These uncertainties are associated with the difference in the evaluation of various factors like the inertia between regular and irregular structures. Various studies suggest a procedure to identify an equivalent beam stiffness for structures with openings aiming to match the total structure stiffness. This might effectively capture the effect of openings in a simplified manner, but presents a significant uncertainty that needs more thorough understanding of the effect of the non-regularity of the structure geometrical and mechanical properties, particularly its inertia [START_REF] Franza | Continuum solutions for tunnel-building interaction and a modified framework for deformation prediction[END_REF]. Second, this uncertainty must be combined with the evaluation of the Young's modulus E that presents its own variability. A developed experimental investigation of the variability of concrete durability properties [START_REF] Aït-Mokhtar | Experimental investigation of the variability of concrete durability properties[END_REF] found that the elastic modulus E can follow a normal distribution with a COV that does not exceed 10%. Knowing that this study is more focused on masonry structures, it was observed from data collection of published experimental work on masonry structures that the COV of E is around 20% [START_REF] Sykora | Evaluation of Compressive Strength of Historic Masonry Using Measurements[END_REF][START_REF] Parisi | Uncertainty in Seismic Capacity of Masonry Buildings[END_REF][START_REF] Dymiotis | Allowing for uncertainties in the modelling of masonry compressive strength[END_REF]. Thus, by combining the variability of E and I, a final COV(EI)=40% was assumed to be realistic.

c. For k: since Winkler assumes that all springs under the structure are characterized by the same soil modulus (k), this paper considers the variability of k without propagating geostatistical conditions. However, a preliminary study was realized by El Kahi et al. ( 2019) [START_REF] El Kahi | Influence of Spatial Variability of Soil Properties on Structures Response[END_REF] to evaluate the influence of the soil spatial variability on the transmission ratio. A modified Winkler model is considered, with a juxtaposition of elastic springs characterized by a particular modulus value (k) for every spring, according to the SGS (Sequential Gaussian Simulation) method. Results revealed that various factors affect the transmission ratio while considering the geostatistical conditions, such as the soil homogeneity (correlation length), the building length, etc. However, they revealed that the margin of discrepancy does not exceed ± 0.05 in the estimation of ∆/∆ by considering the spatial variability.

Besides the soil spatial variability, the variability in the evaluation of the k value is investigated.

In addition to the expression suggested by Vesic (1963) (Eq. ( 3)), many others were developed as well [START_REF] Vesic | Beams on Elastic Subgrade and Winkler's Hypothesis[END_REF][START_REF] Biot | Bending of an infinite beam on an elastic foundation[END_REF][START_REF] Drapkin | Grillage beams on elastic foundations[END_REF][START_REF] Klöppel | Theoretische und Experimentelle Untersuchungen zu den Traglastproblemen Biegeweicher[END_REF][START_REF] Henry | The Design and Construction of Engineering Foundations[END_REF][START_REF] Sadrekarimi | Comparative Study of Methods of Determination of Coefficient of Subgrade Reaction[END_REF][START_REF] Matsubara | Soil Spring Constants of Buried Pipelines for Seismic Design[END_REF][START_REF] Terzaghi | Evaluation of coefficient of subgrade reaction[END_REF]. However, none of these can represent precisely the soil with all its complexity and its variability [START_REF] Imanzadeh | Effects of uncertainties and spatial variation of soil and structure properties on geotechnical design. Cases of continuous spread footings and buried pipes[END_REF]. [START_REF] Vesic | Beams on Elastic Subgrade and Winkler's Hypothesis[END_REF] expression, considered in this study (Eq. ( 3))

depends upon four parameters (Es, EI, B and υ). In order to determine the variability of k, the corresponding COV and probability distribution function are assigned to these four parameters:

• The variability of the structure width B is not considered (B=1m).

• Based on the above, EI follows a normal distribution with COV(EI) = 40%.

• Based on the literature [START_REF] Baecher | Reliability and statistics in geotechnical engineering[END_REF][START_REF] Giardina | Sensitivity study on tunnelling induced damage to a masonry façade[END_REF][START_REF] Sudret | Meta-models for structural reliability and uncertainty quantification[END_REF][START_REF] Imanzadeh | Effects of uncertainties and spatial variation of soil and structure properties on geotechnical design. Cases of continuous spread footings and buried pipes[END_REF], a normal distribution can be assigned to Es and υ with COV(Es)=40% and COV(υ)=5%.

Nine combinations of these parameters, with the corresponding COV and probability distribution function, are considered, as presented in Table 5, with 50,000 iterations for each combination as per the Monte Carlo Simulation (the variability of the structure width B will not be considered). Results show a COV of the Winkler parameter k of around 40% for all of the combinations, which validates the fact the k depends mainly upon the soil Young's modulus Es [START_REF] Imanzadeh | Effects of uncertainties and spatial variation of soil and structure properties on geotechnical design. Cases of continuous spread footings and buried pipes[END_REF], as shown in [START_REF] Vesic | Beams on Elastic Subgrade and Winkler's Hypothesis[END_REF] formula (Eq. ( 3)), and its variability follows the variability of Es.

A first analysis is done with mean values of EI/B=250 GN.m 2 /m, L=20 m and k=250 MPa/m that correspond to the mid-values of the studied range of variations (Table 1 In order to have a global overview, the 27 combinations for SSI parameters (EI/B, L and k) mentioned in Figure 9 are considered and the effect of their variability on ∆/∆ is evaluated. Even-though the overall effect is nearly the same, results differ according to the relative stiffness and the mean values of the SSI parameters. Globally, the effect of EI/B increases with the increasing values of the relative stiffness ρ* (Figure 10). However, the effect of k decreases when ρ* increases. This is attributed to the fact that the variability of L (5%) is limited compared to the one of EI/B and k (40%).

Consequently, since ρ* (Eq. ( 2)) is proportional to EI/B and inversely proportional to k, these results are justified. For low relative stiffness values (ρ* ≤ 0.001), k has the highest influence (A≥5.0), while On the other hand, seeking to have a more accurate estimation of the transmission of the ground movement, the COV of EI/B and k can be reduced to 20%. The corresponding results are presented in Figure 10.

It is observed that by decreasing the COV, the relative influence for both EI/B and k decreases.

AWS P _`abc \ for COV(EI/B,k)=20% is lower than AWS P _`abc \ for COV(EI/B,k)=40%, for EI/B and k. As shown in Figure 10, the results of the relative influence of the three parameters are nearly the same in the second case (close to 1). These results are associated to Eq. ( 2) where L has the power 4.

Even-though its variability is limited to a COV of 5% while it is 20% for EI/B and k, but they (EI/B and k) have the power 1.

Thus, by considering a 40% COV for EI/B and k, the influence of their variability dominates that of the length L, while by considering a COV of 20% for EI/B and k, the influence of the 3 SSI parameters variabilities is comparable.

3.2.Confidence intervals of ∆/∆ m versus ρ*

By considering SSI parameters variability, a confidence interval is plotted in order to allow a probabilistic assessment of ∆/∆ instead of the deterministic one shown in Figure 8. For different combinations of the parameters, corresponding to their mean values with realistic COV, a MCS with 50,000 iterations is developed. Results allow to plot the confidence interval of ∆/∆ versus ρ*.

Nine curves are plotted in Figure 11, the middle one corresponds to the mean value of ∆/∆ and is strictly equal to the deterministic curve of Figure 8. Four of the curves correspond to the results for a COV(EI/B)=COV(k)=40% and COV(L)=5%, by considering one standard-deviation (30% probability of exceeding the value), or 2 standard-deviations (5% probability of exceeding the value). Similarly, four curves of Figure 11 that correspond to the results for a COV(EI/B)=COV(k)=20% and COV(L)=5% are presented in order to show the influence of a reduction of the parameters variability if additional investigations are done.

Figure 11. Confidence intervals of the transmission ratio Δ/Δ0 versus the relative stiffness ρ*.

Thus, to consider the uncertainties related to the estimation of SSI parameters and their variability, Figure 11 shows a simplified evaluation of ∆/∆ though the evaluated confidence intervals.

3.3.Comparison with Finite Element Models

One of the objectives of this paper is to numerically evaluate the confidence intervals of ∆/∆ . A significant number of simulations has to be evaluated. To do so, a remote scripting interface is added to Plaxis, this interface that is based on the Python language, allows to control both the input and output of Plaxis program via an external Python handler. Consequently, three particular cases are chosen that cover the distribution range of the relative stiffness corresponding numerically to ∆/∆ of 0.102, 0.467 and 0.768 (Figure 4). For every case 1,000 simulations are evaluated according normal distributions of L (COV=5%) and EI/B and k (COV=40%).

In this particular time-consuming process, serious computational difficulties are involved, which proves the advantage of using an analytical approach to evaluate the parameters variability.

The mean value and standard-deviation are calculated for every case, and results are shown in Figure 12. Globally, numerical confidence intervals evaluated with 1,000 iterations for each of the 3 particular cases fit-well with the analytical confidence intervals results. Consequently, the analytical approach seems to be sufficient to predict the confidence intervals of the transmission ratio taking the SSI parameters variability into consideration. Figure 12. Comparison between the analytical confidence intervals and the numerical confidence intervals evaluated for the 3 particular cases, 1,000 numerical simulations for each case.

Conclusions

A large margin of discrepancy is shown between different SSI methods presented in the literature to evaluate the transmission of the ground movements to structures. This discrepancy may be explained by the influence of uncertainties. This paper aims to investigate the uncertainties affecting the prediction These two global methods present differences with respect to the sampling techniques and the evaluation of the dependence between the input variables. In addition, Sobol method evaluates the existence of a possible interaction between input variables.

SA results reveal that ∆/∆ highly depends upon the variability of the SSI parameters, upon their probability distribution function and their COV.

-A first approach is performed by considering a uniform distribution of each parameter over its entire distribution range. The target is to get a global overview of the influence of the parameters in the considered distribution range. Results show that L has the highest influence; its influence is comparable to the influence of EI/B and k (approximately 1.5 times higher effect). In addition, in this approach, the effect of EI/B is higher than k, since its range of variation is higher (Table 3).

-A second approach is performed by considering a normal distribution of each parameter with the same COV. The target is to assess the parameter having the highest influence from a mathematical point of view. Results show that L has the highest influence, which is 4 times higher than the influence of EI/B and k (Table 4).

-A third approach is performed by considering a normal distribution of each parameter with realistic COV defined in the literature. The target is to evaluate the parameter that has the highest influence considering both, mathematical influence and realistic variability. This approach is performed in the perspective of an operational use of the deterministic results of ∆/∆ shown in Figure 8.

According to the third approach, it was found that the effect of every parameter varies according to the considered ρ* value. Globally, the effect of EI/B increases with the increasing values of the relative stiffness ρ*; however, the effect of k increases when ρ* decreases.

The variability of L is limited (COV=5%) compared to the one of EI/B and k (COV=40%) according to the literature. Thus, L has the lowest influence of L for the entire variation range of ρ* (Figure 10). Finally, confidence intervals are developed analytically and validated numerically by considering the variability of the SSI parameters. A range of results of ∆/∆ is associated with every value of the relative stiffness by considering a level of confidence that is set between 70 and 95% (Figure 11). These confidence intervals provide a simplified probabilistic evaluation that can be directly adopted by engineers for design purposes during preliminary stages to assume a ∆/∆ value, to have an efficient assessment of the rate of the ground movement that is transmitted to structures when considering the uncertainties related to the estimation of SSI parameters.

Figure 1 .

 1 Figure 1. Building deflection caused by ground movements: (a) Case of tunneling. (b) case of underground mine.

Figure 2 .

 2 Figure 2. Free-field deflection Δ0.

Figure 3 .

 3 Figure 3. Behavior of structures subjected to ground movement. (a) High-stiffness structure on soft ground. (b) Intermediate ground and structure stiffness. (c) Flexible structure on stiff ground.

Figure 4 .

 4 Figure 4. Comparison between Mair, 2013; Deck & Singh, 2010; Pasternak-Basmaji et al., 2017; Winkler-Basmaji et al., 2017, Franza et al., 2019 results and numerical (Plaxis 2D) results.
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 2 and Franzius et al. (2006), and (b) the field data of building performance reported by Goh (2010). b. Deck & Singh (2010) [5] analytical model is based on Euler-Bernoulli beam sitting on vertical springs as per the Winkler model. They plotted their results using their own definition of the relative stiffness that is based on the Winkler reaction modulus (Winkler parameter k). In fact, they defined the relative stiffness ratio ρ* by Eq. (2) characterized by the Winkler parameter k and the structure width B. This equation is comparable to other relative stiffness ratios defined in the literature. It also presents the advantage of being non-dimensional and suitable to have a synthetic representation of ∆/∆ based on Winkler model. * In order to make the comparison between Deck & Singh (2010) model, based on their own

  et al. (2017) [START_REF] Basmaji | Analytical model to predict building deflections induced by ground movements[END_REF] developed a new approach to assess the transmission ratio and the building response to differential settlement, considering the influence of shear deformation. Their model is based on both, Pasternak and Winkler soil models. For both soil models, a methodology has been implemented to justify the parameters values, k (Winkler parameter) and Kp and Gp (Pasternak parameters), as a function of the elastic properties of the soil, the thickness of the compressive ground layer and the building length. Their methodology considered Flamant's theoretical solution of induced vertical settlement, to adjust the displacement for Pasternak and Winkler methods and justify the parameters values for both methods. d. Franza et al. (2019)

  are superimposed with the curve of the transmission ratio calculated with the models of (a) Deck & Singh (2010) using Winkler model combined with Vesic (1963) formula, (b) Basmaji et al. (2017) using Pasternak model and (c) Franza et al. (2019) continuum model. Therefore, these three models can be reasonably used to evaluate the transmission ratio.

  fact, Deck & Singh, 2010; Pasternak-Basmaji et al., 2017; and Franza et al., 2019 analytical models

Figure 6 .

 6 Figure 6. Deflection transmission ratio Δ/Δ0 versus the relative stiffness ρ* for different forms of free-field ground movements.

Figure 7 .

 7 Figure 7. Presentation of the SSI parameters.

  beam loading represents the building self-weight and service loading. 100 kN/m is approximately the weight of a 5 m high wall with a thickness of 0.5 m with service loading, 200 kN/m is approximately the weight of a 10 m high wall with a thickness of 0.5 m and 400 kN/m is roughly the weight of a whole building with three 5 m tall walls with a thickness of 0.5 m including service loading.The beam bending stiffness EI is between 20 and 500 GN.m 2 . The smallest value represents the stiffness of a 0.5 m masonry wall thickness with 5 m height and a 3000 MPa equivalent Young's modulus for the masonry. The largest value represents the stiffness of a 0.2 m thick concrete wall, 12 m tall with aThe ground stiffness values vary between 20 and 500 MPa according to Eq. (3), for values of soil Young modulus between 40 MPa (soft ground) and 500 MPa (stiff ground) and a Poisson's ratio of 0.3[START_REF] Deck | Analytical model for the prediction of building deflections induced by ground movements[END_REF][START_REF] Kahi | A new simplified meta-model to evaluate the transmission of ground movements to structures integrating the elastoplastic soil behavior[END_REF].The free-field ground radius of curvature is set between 250 and 5000m to represent a wide range of scenarios. Results of the analytical model are shown in Figure8.

Figure 8 .

 8 Figure 8. Development of an analytical meta-model for the deflection transmission ratio ∆/∆ versus the relative stiffness ratio ρ*.
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 312 paper will proceed next by evaluating the McKay indices that provide relatively rapid results compared to Sobol. Second approach: Normal distribution and particular local values of parameters with same COV In this approach, a given value is fixed for every SSI parameter (EI/B, L and k) making the use of local SA methods appropriate. Normal distributions are considered with the same COV of 10%. Sensitivity analysis are evaluated for 27 combinations of EI/B, L and k using the mid, maximum and minimum values of the considered range of parameters: EI/B = 20, 250, 500 GN.m 2 /m; L = 10, 20, 30 m; k = 20, 250, 500 MPa/m. Table

Figure 10

 10 shows the relative influence according to McKay indices (AWS P _`abc \) for different relative stiffness values obtained by different combinations of the SSI parameters.

Figure 10 .

 10 Figure 10. Relative influence AWS P _`abc \ of each parameter on Δ/Δ0 for various relative stiffness values.

  /B)=COV(k)=20% COV(L)=5% COV(EI/B)=COV(k)=40% COV(L)=5% for high ρ* values (ρ* ≥ 0.01), EI/B has the highest influence (A≥5.0). For intermediate ρ* values (0.001≤ρ*≤0.01), EI/B and k have nearly the same effect 2.0≤A≤3.0. Therefore, the influence of EI/B and k are inversely proportional with varying the value of ρ*. According to the considered distribution range of SSI parameters, ρ* is reaching high values corresponding to low values of Δ/Δ0 that are highly sensitive to the variability of parameters allowing the high values of AWS P _`abc \ ij/k (AWS P _`abc \ ij/k ≥ 10 for ρ*>1).

  /B) = COV (k) = 40% COV (L) = 5% COV (EI/B) = COV (k) = 20% COV (L) = 5%

  response to ground movements, through an analytical approach, taking into account the variability of the SSI parameters. This paper suggests a simplified meta-model (Eq. (10)) to evaluate the transmission of the ground movement to structures. This equation depends upon the relative stiffness, upon the SSI parameters (EI/B, k and L). This meta-model corresponds to Deck & Singh (2010) analytical approach that is based on elastic Euler-Bernoulli beam sitting on elastic vertical springs as per the Winkler model. This approach presents moderate results in comparison with other analytical, numerical, experimental and field data results. In addition, this approach is validated by an elastic finite element model (FEM) presented in this paper that intends to fully reproduce the elastic conditions of[START_REF] Deck | Analytical model for the prediction of building deflections induced by ground movements[END_REF] analytical approach.Then, a sensitivity analysis (SA) is performed using local and global methods: (a) One local method (One-way sensitivity analysis) is performed to evaluate the impact of variability on the output around a particular value of each input parameter. (b) Two global methods (Sobol and McKay) are applied to evaluate the contribution of each input parameter on the response in the entire domain of variation.

  On the other hand, for low ρ* values, k has the highest influence, while for high ρ* values EI/B has the highest influence. For intermediate ρ* values, EI/B and k have nearly the same effect.

  

  

Table 1 .

 1 Model parameters

	Symbol (Unit)	Description	Values
	L(m)	Beam Length	10, 20, 30
	q (KN/m)	Beam Load	100, 200, 300, 400
	EI/B(GN.m 2 /m)	Beam Stiffness	20, 50, 100, 250, 500
	k (MPa/m)	Ground Stiffness	20, 50, 100, 250, 500
	R(m)	Free-Field Ground Radius of Curvature	250, 500, 750, 1000, 1500, 2000, 3000, 4000, 5000

Table 2 .

 2 Comparison between local and global methods.

		Local methods						Global methods
	-	Evaluate the change	-	Evaluate the influence of every input parameter on the variability
	in	output	as each	of the response in the entire domain of variation (all parameters varying
	parameter is individually	together)					
	varying by fixing all other							
	parameters								
		One-Way Sensitivity		Sobol Indices				McKay Method
		Analysis							
	-	Monte-Carlo	-	Sampling	based	on	-	Sampling	based	on
	simulations		Monte-Carlo simulations			Replicated-Latin	Hypercube
	-	Evaluate the mean	-	Not valid if there is a	Sampling
	µ and the standard	dependence between input	-	Valid even if there is a
	deviation σ of the output	variables	(various	studies	dependence between input variables
				developed Sobol method to	-	Characterized by the first
				consider	the	parameters	order sensitivity index estimating the
				dependence [25])				variance of the output produced by
				-	Consider the interaction	the influence and the variation of an
				between the input parameters	input parameter
				through first, intermediate and	-	Relatively	rapid	results
				total indices					compared to Sobol

Table 3 .

 3 Effect of the SSI parameters on Δ/Δ0 (First approach with a uniform distribution for all SSI

	parameters).						
	Si(Sobol) AWS P XYZY[ \ STi(Sobol) AWST P XYZY[ \ Si(McKay) AWS P _`abc \ EI/B 0.244 0.69 0.272 0.69 0.227 0.68
	k	0.184	0.60	0.228	0.63	0.165	0.58
	L	0.511	1.00	0.572	1.00	0.491	1.00

Table 4 .

 4 Effect of the SSI parameters on Δ/Δ0 (Second approach with a normal distribution having COV = 10% for each parameter) -Combination of EI/B=250 GN.m 2 /m, L=20 m and k=250 MPa/m.

	Local μ ∆ ∆ T EI/B 0.234 0.017 0.26 Local σ A σ Si(McKay) AWS P _`abc \ ∆ ∆ T 0.052 0.24
	k	0.233 0.016 0.25	0.055	0.25
	L	0.236 0.065 1.00	0.871	1.00

Table 5 .

 5 Various combinations considered for the calculation of the variability of k.

		k = f(EI,Es,v,B)		
		EI (GN.m 2 )	Es (MPa)	v	B (m)
		20	20		
	Possible Values	100	100	0.3	1
		500	500		
	Distribution Function	Normal	Normal	Normal	NA
	COV	40%	40%	5%	NA
	9 Combinations of f(EI,Es,v,B) are considered -50,000 Iterations for each (normal distribution for each parameter)

Table 6 .

 6 ). Since McKay method provides a good assessment of the results, only McKay indices are shown in Table6. Effect of the SSI parameters on Δ/Δ0 (Third approach with a normal distribution for all SSI Results show that EI/B is the parameter that has the highest effect and k has more influence than L for all the considered SA methods. The relative influence for EI/B is around 3.4 while it is around 2.2 for k.

	parameters and COV = 40% for EI/B and k; COV = 5% for L) -Combination of EI/B=250 GN.m 2 /m,
	L=20 m and k=250 MPa/m.		
	Si(McKay) AWS P _`abc \ EI/B 0.584 3.4
	k	0.253	2.2
	L	0.050	1.0
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